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VIAeFILE PATENT APPLICATION 
Docket No. 283386WOUS02 495230-102 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re patent of ) 
) 

CASALE SA ) 
) 

Control/Serial No.: 96/000,424 ) 
) 

Patent No. 11,286,168 ) Art Unit 
) 3991 

Issued: March 29, 2022 ) 
) 

Confirmation No.: 9950 ) 
) 

For: PROCESS FOR THE SYNTHESIS OF AMMONIA ) 
WITH LOW EMISSIONS OF CO2 IN ATMOSPHERE ) 

) 
Examiner: Jerry Johnson ) 

) 
Customer No.: 116407 ) 

NOTICE UNDER 37 C.F.R. § 1.565(a) OF LITIGATION INVOLVING U.S. PATENT 
NO. 11,286,168 

VIAeFILE 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Commissioner: 

As required under 37 C.F.R. § l.565(a), Patent Owner apprises the PTO of litigation 

activity involving U.S. Patent No. 11,286,168. On January 31, 2024, Topsoe, Inc. ("Topsoe") filed 

a complaint ("Complaint," attached hereto as Exhibit A) in which U.S. Patent No. 11,286,168 is 

involved against Patent Owner in the United States District Court, Southern District of Texas, 

Galveston Division (Case No.: 3 :24-cv-00033). The Complaint includes a first count requesting 

declaratory judgment of unenforceability of U.S. Patent No. 11,286,168, a second count alleging 

4880-0271-3789\l 
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unfair competition and false advertising under the Lanham Act, and a third count alleging common 

law unfair competition. 

Notices of the court action were filed with the USPTO on January 31, 2024 (attached as 

Exhibit B) and February 1, 2024 (attached as Exhibit C). Topsoe filed a First Amended Complaint 

(attached as Exhibit D) on May 2, 2024. At this time, litigation remains ongoing, and no decision 

has been rendered or judgment issued. 

The Commissioner is hereby authorized to charge payment of any of the following fees 

that may be applicable to this communication, or credit any overpayment, to Deposit Account No. 

50-6181: (1) any filing fees required under 3 7 CFR § 1.16; (2) any patent application and 

reexamination processing fees under 37 CFR § 1.17; and/or (3) any post issuance fees under 37 

CFR § 1.20. In addition, if any additional extension of time is required, which has not otherwise 

been requested, please consider this a petition therefor and charge any additional fees that may be 

required to Deposit Account No. 50-6181. 

MSS: JR: ss 

4880-0271-3789\l 

Dated this 28th day of May, 2024. 

Respectfully submitted, 

/Marcus S. Simon, Reg.# 50258/ 
MARCUS S. SIMON 
Registration No. 50,258 
Attorney for Patent Owner 
Dorsey & Whitney LLP 
Customer No. 116407 
Telephone No. 801.933.7360 
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.t.\utot:her1nal llefor111ing: 
c\ J?lexilJle S'vngas lloute wlt:h ,... ~--

Jlutu re Potential 

lJhdc GtnhH 

.Allt~JthtfJ·"tn.{tl tY(/L~rtning technoli~ffY has .br{'.:in 1-1-i~kle(v- clfsc:f.'1ssetl Ur th~:: .t~o;~-r ·nt C{}n~~ 

f/n_,,nces and in n:>dmicw' magazhJ~~s. ln com,rHttls:ou 1·1-'iih t/K· ,1fr•am--it1iidiane v~jbrrner 
(SA1R), wiih it, multitude of tubes, the aulothcrmul r,fhrmer (!JR) :-!{{h'.~· a wwch 
s hnpler nk·char1h:A set--ttp and SUJ/(t-fm· oper,uhmat tobtl'.<'HK'.SS. 17te A 7R -can pn,:,r·h.U s:1 

' · ' -1' - ' l''' -<'" • " ' ·r ' ., ,-, ~u') ·w.iaer syngus co.mpoltr!PN n:mge tkm Me .:s.h:iH, especwuy 8.1gnf,,-tC,:nit('/ io1-t,er 11:,.'(A, 

;\/unu.=:rt)U. .. i• .. A ~lRs <.tre i.n O/?e/'a! ion i-forlc/g5frle.. lrt/i{?e·ve1\ tnO.)"'l f:?( tht'.rn (.~11era:!~:: il}' 5-ef..>· 
ondory lt;k1rn1e,·s in ,:timtwnki qml metho1,,oi phm,w in colfobrv-;xth.m jt;.ifth stemn re-· 
./f!nmir\·. Onty a_p,,v true i,ian,,_/ .. afone ATN.s hm'l" betm realhfd up to twv,1. For anm-w-­
nia arul n,;eth$Jt~)/ I~lant.s·:- I.he: k?r~J.inol~?~tf has St> .liJr hf~'Jn ctit:tthlerr~~:f uni~f(lf-tt>fr1lc, 

l'latim.;} gas-based GT[.. p!ant,'1,for }t·hich the ATR i8 the heM choke, hat'C not been built 

q_f the t}ttn·iomic ~::frn~~ilit)l (~.f fU? .. -4)'n}{ ~.b<JSt.·t.t attf.ltl{}nia t)r 

It also ]'Jro~ 

Pid'i:<s; s1tt1ifk:mt1(v /f;--;;s li:'P."ik' ll<''i:if tlwn Hw S?vfR f>r proc·cJs .niedia p1·ehe1HiNfi and 
., <' ,. ·' - ''' ., /. ·• - 1 ,/ ,(, • < ·l ' ,-

.,':l.{(:'flfr1 .. ({.~?f1.{?l'i.}h(Jtl. :iO.__.l,it\ Ult d(~':lilU}fl(~ .. {~{Jef{itrrig CO~~.IS}Or i-,tt}'.Mf.l~t!JCS ar!(i t.~·1<? COf~1(S:1; 
- 1·- r ; ' . . J. - ,. • - - I 1· - / . -" / • , ' cost .. or we n·qi;wed eq1.ormwnt mffe eimWWfr',:, t -N! twstot vnnwgcs ry r w ,~wn,:J.---;.'ilone 

AT!t/iw am1nonfrt pfont:f mid, t!ppttrem"6', d.w hr rnethd1·ml pkwts, 
- . 

HmvevtN', ivlrh tvff-gn'Jwing p!unt rapadties, the n:m'ip~ilitivetiit~s of AL't..'--based 
pkm.1s is impt,wing n:mUm1m'_(y. A,!,:n'1·1J'.,v nwpnnsible. for thil are the di/j;:r,:mt fo.dldit\'f· 
ct.wFkH:'1:,pat:i(r n1toiionshi-p.~ ,~f SA1R,, mtd at~- S(tmration pla1:us. 

(Jlu/c cstobh,-iud an AJ'R e:fo\1:'/'rlpr,urm: progt\mmHt s-1.vm-.: y<'·tw,,: ago. A p'foV phmt 
her,: bet·n hHilr mid has bHdi. ln openUirm since .huw }0()9. l}ttT{: llie (,pplicahi!ity an,d 
r0lw.wness qf'dw tJhde .4.Tl? conce_pt is being ~.'f-~!idahtd. 

The paper describes t.hc pif<)t plant concept; it>, main de::dgti ,p,,.:lim··(;W, (tnd ex_twri<::JNY 

gained d1iril'(f{ ,nTc'tion and cmnm1\%ionh'tg, and it mdiini;,-s dw ~'Xfi,,-.,:i?ive i.rsf 
pn,g,'z:mmK·. AE~o. an A>'ff?.f:;r,._rt:d wnrmmh1 pruc.e$-sjli~•,-j,:d;i-twf f>; pre.nwted. P'ihn#y mi 
~,-conomic nm:i'}'.wrison betwr:,·:>n a tmnwn#mwtSA!/R--!}.~fsfd mr,monia plant 1vdh tin ATR,· 

I 
I 
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l{.·, /')lnet.kt;tf\ 
·.·.·.•.v, ., ... ~ .. ~ ........... . 

Ga:; rriixtures composed HM,dV (l.l h1 ,L<-W>--il aotl t,J,bt~,i Hl(lllt\>,Ltfo he '--uihn. .. ml,i n:-i""';:.,c;_r,,,,,1i~· 
·~ 1 .,l " ..... :~ 1~1 -h ~ i~~- ~-. :.. ·'--,~· • .... . ,,~'"' ~ . * ~ ... - ,.• • ··:-~-\f~tft~'t synthesis gases, oHen si,mtfne;: to 'syngaS , • .. KY J.tl\ b;;:. ,,-a.~t, L:. 1111po..;,t.Hh :Jf>5ccs,:t~:, l•tT'il\\ 

syntheses i)f an:imonfa and rnethan,:)l . 

.,\s required by the rcactk1ns '.Vhkh take place ln 
cornposition. 'Libk 1 lists the most imptHtmt pnxx:sses and names the m~dn 
rcsp<:.:tt to syngas coi:npotdtkm. 

(Ji~i/en their 
and. tarb·on 

carbon contiin;n~~ fo:.:d:tO('.k ii:i~li.1'.m!i 
nanJnU gns1 napnt~~i: ,c1::1H or P:f:)J?~ ~~;;­
phis vvakr via di:Kkmg ,~n:d NJ'fif~ 

:::~~~:sou;::king, has' also ~-

Due to the b,:ats of formation of the ~;peci~s in,,:n!ved all •nese •1r<irTSS·'':5' arc r,p,,h! ~'r>ik,U)'~i'~tY'"% ~ 1-.: ... • ·{ t. _, ,... :· • ... ~.. • , -"·•o..,.:,·{ .... ~.--·, > :.:\)tt~l 
The trnnsfor of heat to tbe process gasei. tn fr:wre the desirco re:wtwm, (.'.,m be dkx:t!;:<1 vi#%1l 
trnnsfo:r through sunonndhig ~vaHs or by imgrnal (amothennal) heat gcnernt.ion thnmgbjj~f~lf • 
co.rnbuslion of the process gas. ' :fri\i1:' 

A nmnber of syng1:ts generaiors me ~f\:;t~[i\~11 
cornp~~tmg witll each other fbr the ndk-nf~~~ 

'' d,~i@ 
do-vv.nstreari:l prrn:.:(~%C::l. Tahk. 2 narnts th(' mn§t r~itt■r 

~ ,. ' ,,:,,.,, ~ 

hixisriiii1e~ti-nn ··············.·.·.-.j.·.·-- .... ·.·.··.········.·: ·:::·""::::::·_-_-_-_-_-_-_-_-_·_1 pmiant syn.gas generator ('.Of,H.:Cpts ~)11(, tHfit'l\'nllai~~~w ~ : 
,"""'"'""""" __ ...... .. . --- .. ------ . ··----· . netv,.·ren \SxtemaHv and autoUu::,rrnahy heatt>d (kV1t~ll*\¥·;;;:; • • "l f ;, :II.I ,e. I $- '~ : ., ' ,,-. . ,.. • "--~~~ ' 

;:, {~~_r.:1_~~:~r!Tl~!-s..... .. ........... .t j~a,11ra _lJM,_:1apdtla) ~vfr~'<t nl ifr• SVWY·:is "''J:l(;T·'.ll('N o<·)(''"*' f\l~ ''\·d•·')t't{.-,t@V ' · : ~ ~ ,~ .... .._. .... --~-...... ~ .,.?,_,.,.,. .. ~:-...~ -· - ... ). ·- ·~-·. ,-~<.. .... ,. , -· ~, ·"~· .'.-~.;-':~ ... :~1~t\~ -
_S:~~E1_()11'.~~---------------~--,,,,." .. : .. CnB:1---------------- .. -- ------j bons HS Jeedstot..!->:B. fht cokt oven ba~;iu1Lty 1):1,11\tt*lf~ 

.. ,(\,,Jtcitheimal_{:nlenvil)hea!ing __ L__ \ fh·~ ''"il•:·til,, hv·~r,-c·1rh-ii1 ('•Y't10(1rl{:qJ, i'ri1r ('(\:~l (/:g~l®. 
• ~ -:!•~-- -:.•l •. d. .,.., . ~· (.:,. ~ .(. ·' • -• •'-:, ~- [ ... ~ ,..,, ·~ ~~~~I • '"'•".:::}~ft:::$.t~ 

(_,:~'J::?.~~!.':-'.~'._(tifom,er __ ---- -- \ Na!,;~~! ga_~--" .... -........ ) ,hstiHation). It deliver::; ,t svngu:, cornposition no(WfriWt_~' ~ 
' p, ,.,:.i • ./ t· ,. •' ' ~i : - ' ., :. • •• ' . < ' • 1..:%}'§~~~ ·l ___ --:a,,'.a_, o,<11.,~.!?0 rMic,i,, j ,~;:itumi i~is ,,, ~ difl,trcnt trmn tk~ steam rdorfrK'.f, ,iibnt witl%~i%~ 

1•,-.~·1·•:,· ' co~i •·)1>'"0'1>Ul1 C"''~" ' ' 'l'" ' ' ' t- ,. l b . .. ..... ,.,·..J.■$."\.'li __ ,,,:,, ,t,1 ( , ,~., , .,., >v l ,U"v l ~Wlcl .,,.,antJ.y }1 •Out'.'' f'V(tr-"\C<tr OP C{1fltent ·:,'':::::::'!i:1\~ 
-.------- ~------.. ~~ ~~~~~~~~-....... .---..... L------------------------ -----------·---' : ¢· ' ~v • : : 'e,, , ' ·':• , "·_ • , • .. • ~ --~' l , · \\It~~ 
~~y thdr ~:ry nature'. s?ng:i~ _g<.'.nerntors opc:nning ,v.tth mrtotne~1wt .htatm~ na~'('. sr~miH.::an\iY hi?!!t{:[]iRl( ; 
cO and CO2 tnntt1w, in wen> 1,y1uf,1;,,cg than the g~ncrators 1Nith eKtemal ncatini:I, L<::\ nn.tcn snqJ!yl}~i~ t1: 
fh : CO ratins, In syng;w, gcr.,e;-at~;ts with e_:.i.temal heating. th(: c,trbo:n oxides. a1; to b~~ frnm(l in tncirJl

11
·, f~·~~it 

.... ~, ' • ... • ~ : 1 .... , ' ,..-:_:;~-::~ 'It:@'. 
tru;:.' t~•'s;es.: of t•~t:'. e,.tennl N:a1,nu :fi~ . ·~, 

• ' ,,..,;:,"-A~ ~ •-'- • ,, ~~ - • ,.,; •• • .,;.,)_ ..:.,~ \ ~i- '~ ~: 

-~-: 
f FKt i; CoMrosmoN RANGES ~fi'OV!DED BY SYNGAS GENERA TORS ]\❖i ·~-~@, 
t ~~-~ X 

\ '])~. °£' 
l f l 1 • • • ' 1 ,1\-:ll~:@" I I ;>;;~;J;;;'::::;;:::;; '" •,_! ~ steam csio,mo, J-
: : : : ,11·&1:l-~1 
i l ! -~~&'@1',§J:J11W combined r-0forrning fcy~'C&• 
i J I i •• ra11a'i:I: I i @Wi!MiW\il\iMMl@IC":.·3s:.·;'.'.: Am ·t,~ 
! ' i F\\l-.~' 
l nTu.~1

1

::::::·:::=::::::h~:.:r~:::::::= POX,0ii-;;tor lll. 
l i • i:ai'llwl 
! ii_•. W@Jr&'t-:: . :::: : : ::: : : :::.:~lt::: ::u:: ::·:: ::.::;.L: :::-::: ::~::: :_ g.&~ifa,, I \II\\: 
I
' , · i \%:"i&t1M'it 

·,,,,c'.:. ______ ··------·---------------- • -----------,-~ -~~-~ .... , ....... t ...... • .. ----- L --"''"'"' 1·~:;ik:,.1,ff• . I q H) 2.0 !H,J : icorG ... ,,,~ ! lt ,i., 
'::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: ___ : __ :~-:::'··--"'"""'""'"""::::·::::-::::::-:::~:=::::::·----:--:::--:-::::,~:::::::::~·-:::::::::::::::_:~.- . ,_ .. , -·:-:·-;l {,. 

Nilr<)f,0t-"Sy-r:gas .2010 lntern-:it:on;s! G,,ri1Niltl.:!> (B;ihrnln. 28 i.}2 • OJD.J '.\l ,t, .. }t ~, 

;~f It 
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~1ll t@U ,.fotothe.,·nia! R,t(:wming: 4 Flexible S/ngas Route Hith Putu.,·c Potential 

~
-~~:~]:!:·,. -r~~J~~~~:1::··;·~;--~~~~~:~ -~~-;~:~~-n~:~i t~;---~·;;--·~:;· wmi fi-~,:·:·--,\:h,_< l\'. -t~~:~~::i~i~ 'al\ y---;~~~"-h :,.dn~~~:~;-";~ -nn) v kl~~~:;~~~: :;;~:--, 
!@\t:_·' :l ' ' '· '" ' • - ' ' •· ( 
~if';:;s"'"d"-itxJ<. 'l h.i bvdHw.,~n ha-; to 1_:nnK ~::nlns:h· frmn tr.Kh:d \,-;ikr ;ndc,;uk"', which 1Yunlrn-; rn(,1\~ 

1 

•
~-<-· ~,-, • ' '- ' ' 1 ~1·\A ,r-~nw ,~ompHr(:d !n th.'. c~;wk in~ nt' hvdr,K~u h1,in and h,tm..:e h~ a!!,~N:iah.:d \:\'(lh hid1,:r CO nnd CO, :

1
_,'',:,. ~1-~ ~- ,, ', A ' ' •• • ' •, > ,_. •• A < > > ' < " ' > ~ ' < > • : ~'.\ :-n,ithwunit I lm, h ilt,t½!rntrd by hg. J _ \'<-•htdl :c'-lw,v:,. l!H:.' md,vidtn! rmigi;r; d H:, { 0 rn1H~'> iri 11w 

~H ~,,
1
w;t~t:-- pmvfrh:d bs. th,: ,·Minu~, ::,;vmi:1~, r,_z:iK rn!nr:-; ~1/: ·2 ~ . .,) ., ~ .... {y 

@::i'-,',: 1 ' ' ' • ' ' ' ' ' I,{}\ 1
11 

,,,,n,,r,1, 1n:1V.'.!)1ng trn.:.• rndivHfo;,i :-,.v1l,\,!(>~i),,l:,-,:d lX(1C,,:-,,,t.'.:S \'-' llb !iw $\-'nQ,t·, tt,,1,cratnr:~, wh1rh can 
~%'§:'•> ' ;;, ' • \ ' • •• ' ' • ' • • Y, l,C, ' ~¾

1

\ n,\1, 1dt:' 1h~ l\~tntm.::o ga:-; tomp\,:,,.ttwns :-;tr,t,}l:bt ;;iw1rv. dF'<\ltd m,t ln,' mn:~t <:.'.:i.:()n,,irnc:J; z,dnii,,ns.. 
~1~· ) '');. '. ~ . ' < ,_ '- ' - ,.., • I\: H,1w,~wr, :h m~cu:--.i:.i~J tmr11y h,:io:w. th\~ l\'qW!\~l ga}'. f()mpo:-;1l1i)n,, nlllH<)l (dway-3 b.:- ,k,dh·C'r1..'d by 

lt,1 .,.1,1,:- :,','lHW:s ,:ctKWlO!' tyrn~ nn lii1 O\Vl'!. 
11.K"' ···-- ~ ,.~ 
~If , • 1:1· Arnnwma s~ uthesis 
l(·I n1,~ ;unn1,.lnla ~:vr\i.h\;l:'>i:-- !\X]Ull'\.'/,, ~w H:· 'N_i ntii, in th,:- ()rdt.:f ()f 3.0. nhvi,m"ly, 1hls ,:mild n1·1t b,~ 
&':,:$: ~ .,_, -
~.MJ\;,;,,/j·,ed b,,.: D ,::;ie1rff1 n;~li1•nwr (~n ii:s rw.,n l-lzw,:r··,·('l' ;, n.•n l"' i'V'l' <:l'l"I;__.. hv -·nr,,birn:(t refnnrirw ~@ :~·',' .<•.• . •:> ... ,, ., , . ,>.'. • ·;, " ,,, ;./ ' , • ''. ":, " • ,., ',~. > •·. ,'' ') -/ V•-· ,•, , ' :· ,. •,";> 

:®,~::,,:,: · ,+.-
1
nn, -,ir, '·'ff blct\li"\ «s:.•tond1\l"-1 r0n~rir,s:·•· ! h.' 'ii<'f'"-i{tr \vt,~r'' P1e ~i:<f()HtYF" ,·cton"'"'" pr--·,vidc, Pi'-<t th<'' l)%W( ' ,,, ' \ '. ' '·' . ' ,.. . ,, ,, ' ' ' . : ..' : .· ... : ' .. ' .. :· ' -- > ' '; "· '-- ;' . '. ' . . .,_ ' / ' •. '""' ' ,. "' • • ··- .. ' ' • ' •• 

ffat sn::iicmo,nein(, anH.rmH ot iHtrc~g~)n n:::quwc.d u1 tn:::, syntrK.s1s has been th,;; aoi:rtrnanl syng,rn 

g('lli:rntion crni.t.cpi: in mnnicmfat plants f(w Hw fom 50 yeHrs. 

<)thu· vi:x:a;i(mS op-ei-;:Hing \vii:h ,in t,xci..::~s nf nitrogen in the secondary reformer and ~1 downstream. 
f)rt:;,::C!i$ sk~p i:u rttnove th~ nurphrn nitrogc,n ha:v,::: also b,'.cn realized in considerable nu,nhers. A 
sttimtidimc ATR i,~ ahc~ ix,pi:1hk of fbfding ,'lrt mrin-icYnia ~.ynthrsis. It bas to ht operated with 
u:s;ygeIHm.tkhtd uir (ff pun.~ cixyg(rn crnnhined 'With a sub:.K'.qHt~m process step io introducr tht'. 

required mnount of nitrogen .. 

lrnt j l\lethanol svnthcsfa 
¾W:i i Stearn rd~~HTl;ing akHK ti~nnot pnwidit HK: i;yngas composition acrording HJ Tabk t best sn[kd to 

.
l[,_[_~:_":~,_i_.,~_-, •. [,·, __ l_,,_::,··:,•i, __ ,, •. ,,_.,,.'.,,,.•·,.•.:·•.·,,••··• .. \

1
,·. the reqnin:;mz~nrn of the nK~thanni :~ymlfr:~.h;. A quite aibsLantiai pnrge from the synth1:,;sls or other f• l.Hi;\im,, <;::.g, ,t pf,::,ssure 1<,Ving absmptinn (PS/\ L are requ\red to ren1ove the su.rph.,3 !tydrngtn. Pure 

·~"::r\,_,,•i, __ ,::',!':_l,,i.,i._ •.•• , •.•. , •. ·•.·,• • :::1~::~::,:1c~"i'.':~~:~tare11erntes n syngas ton low in hydrogen, rcqmring co ennver,ion ,md 
).. . Again .. ,_;ombinnl n.if<)flYling can generate the opbmun1 gaH tompositw.n for th,;; mcthatml f\yn(h(!t-,h 

@t. ~;trcai1hl awwv, k~t1dlt}R to ,~ siL:ni fkanti),' bdK.r consu1nvtion fittum ·for tfo~ ')lant, Othi~r ,;d,,s1nttlRC~ 
'•\V,••••· '-• ,._,. .\V -..:,. "' • • .-.;. • ~,... ~ ., ~.;, ;;s \ ·~ s1.id$ ('i$ .~l ~nnnlkt ~h~am refmrner siz.e and ,l highct OfK~rating pn.~ssnrc ltl tk< syngn~ gtrwrnhrm. 
~-,,~1) '_:_; sertkm are also gssociated 'Nith combined n:dbnning. Hence, aiUwngh 1\,tj1.1iring pm~ nxygpn, 
. , cornbtntd re-f<-,,rn.11ng appc,:1rs t() be the :mpcrior alh.:rnative for larg.:.~r pl.ant capaciti,:;s, 

!l:!; { I Hydrogen 
Hydrogen plants arm \(K rna:drm1m hydrogen prod1.H.:tion from a given amount of fomistot-k, 1:font(;\ 
most of thcf:.c plants :1rc bRstd on skarn refrrrrning, although sevcrd plants based on partial 
oxidation reactors arc stiU i,l use. Ho'wcvec, :is ATR and POx reactors require pure oxygen, stcarn 
refon-ning is nowadays cnn&iden~d the rrmrc c:conomic option, \Vhethcr that is valid for brger 
capw;:hies in excess of W0,000 Nrr//h, e.g. J\>r ht:<lVY oi1 upgni.dcr plants, remains to he set:n. 

Gas-to~Uquids 
As iHustratt.:d by Fig, L the ATR 1s the syr1gas generator best fluited to Fisch;:;r~Tropi?.,~h (FT) 
synthe::-es, as it provides the rcquist\d gr,s corn~x::sition dirtctly. Iksldcs using pure oxygen, it is 
technicaHy foasibk to opera.H:~ the ATR on plain uir and fred the nitrogen c<wtaining z,yngm, tn the 
FT synthe:,is, Hmvcvcr, this obviously increa:st.s the How raws in tbC entln.'.~ piw;(:ss t'()H:'<idera.hly 
and docs not ~eem to be Lhe .most ecnnomic solution. 

i This brief excursio11 into the lx,:sic:~ of syngas production slm\vs that autotherrrwl reforming his 
\ already bt:en an cstahtfahed. de,ncn! of synthef',is gas prodttction for quilt: some lirne. It ::;hould, 
[ hci\Vf.:vcr; be noted that -·· with the e.Kccpbon of the :,tand-alorK: /\TR rn GTL plant:':< ul! nther 

)_ • ~•• • •~~.-.••--• •--•--•• ~ ,• ••••---• • .n-.,...,__._._-.~-.••• •-•--•••H~~~ ... • • • •• • ...... , •• ~ ..... -.-.. •• • 943 Topsoe, Inc. – EX1003 
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l 

in thts proc1;:.ss cmii:xip( only n:-iarglna1 amounts of nitrogen depending on th~ oxygi,n purity :rrc 
introduced inw the i\TR, Henc,'., flmv rate"' in the ~rvnthcids r!as generation ;;,:ection take on their 1 . . .. ~ ....... t 
smal!e&( valut1,i, The nitrogen ix~qufred in (h~ armnonfa ~ynthe~is is intrnduCi.!d into th~ syngas just i 

qpstrrnm of the syngas compres:;;oc _for ~~xampk via ;:t liqmd nltn.Jgen \:Vash uni L 1,,,,,· .. • 

i\. na.tutal aJ,,..-;.mtaiit: of the proc,e.§5 tonccµts ushm fin,d c.rvo2.enic unit;,. in tht svngM i,reparntion is 
the pr.wticnHy inc~:t~free synthe:,;Jfi ga .. ,;;_ \Vithout a::.-:-:wmilatio~ nfinerts, the llize.ofthe\':quiprm.,nt in 
tJw ;:mununfa S\·nthesfa can he rn<luced in tlw order of I O'}h, l ,· 

l._ ·-·-------------- .. _________ .--------------------------~"·-------········--------------------------- _ ·"·· ··---...-w ... , ............................................................. . 
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I 
j 

! 
i 

! 

' 
J-r smmn j Opti~n 3:. Pure oxygsn as ox!rtizer stems', t 

N J . . 
l'_i -,~--~~~-➔B-111~~--~" 

.
-~1-· l ··< ~ 

_:.ll i t:i.xytHJn 
:: · . F' . L. ,,.,:'!,·· liquid r;i\rog~m 

> j a;r""""··~----~~l;!lt • • • • , 
... I . 
\ 

1

. i

1
·~

1
pth.m 1 <:.:perates with :i~t~ficantly la.r_ge.

1
r t~ov,·

1
rates than optiot\ 2 in the syd'ng~: gt:ncr~tion sec~!on, , 

< • us r.na.y}JC con:1pensfhe(, uy a somcwna snnp,er cryogernc um, coinparc·. Who ,.,.e atr sq:u.\.r,h!Otl., !. 

I

. sm,1.Her fin\:v rates in the synthesit,. and the missing purge gas tre.itrnent. Hence, the two nptions . 
. ,:· rnay have fairly simHar in.vest1n~11t costs, 

I O~sri1p~ti.11g npt\<:.m J ,vH.h optiot1 2, tb:} !bHnwing can lK pointl~d nut. Ttw crq:mdty of the rsir I 
• n~p;-:trntkm plant lrn.B- to he Rbtn,rt 4W\, forgrc .A .. nitn)g('.rt \.-.nu,h 1m.it is nmsiderahly nintc ] 
I co1nptit-s'ttfdtlwi1 a methtriath.m.iecdon. Whttherthls i8lld1y enmp-en:omted bythc ,:;nm~whr:iJ.iargzx l 
1

1· i:::quii)m~nt of tl-w vetskinj;; l ~Hid 2 remains doubtfi.1! t{t k~H,'>L FkiHX\ ophrm 3 b: llb:Jy to hJVt> th~'. l 
',,,_ .. • ',ic.,l\i:>Ot.i\l'''"«:.tiW',..,;t· ,.,,.,~.+,, .;:;;•)·«n~1,x JI.":, tj'"''Cc r·v·,:,,,·'\;'·•'« V"l'§J(.)t·,:;,_ ;1;-"'C'·"'S"d i !,,,._,t:::l:--.,.,,•·.;, . .. }._ ·~.-........-~•--;,"'·~:,t. ~1.,J·u:.,-,;,, "'""-.. .. h,,J, s;i.··(:l!\.-• ._ u..-...... :'"~v1 ·."1..._ •• ,..:--c,:, • ~, ..... -..: _._~ ...... ~ .. ..,~ w:-;. ,.,; • : 

i E£onomic comparison with steam reforming based phmts !,,,,:,· 

',:,_: The econnrnks of A1·R~based an:1inonia plants c.ompa.reJ "1-Yith phmts using conventiona\ tubular 
stea1n ret"t'innern has been acldrnsscd in a mimbl;:'..r of papers in recent years in more or k% detai1 pl, 

; [2}. The projections about posslb1e investment ct.1st redti.c:tions ·vary betv,.,een 20'% and non(:. '\Vtth 
i,,~ respect to crpei:ating ,::osts1 nn even larger range beiv, .. een JOt~,o rediw\:ion and none can bt derived 

fum1 the reforen,~es, These assessments do not ~lways reveal s,vhich c-ost components axe taken intc, 
i account_and ben,;;e rnnnotrezHy he compared. 
l. Uhde's assessment outlined b-'dov'-" .1eaifa to th;:, ci.:mch.i:;;ion that any defimte figure is misli:~ading, 
j ~inc{~ plant capacity is the decisive parameter. The break-e\.'tn pt}int indeixl appears to be in the l 
';4, •~ •.....,.~ • - • .••~- .• • .... .,,...,._._._._._._.,_• ••• • •••n •.,,,.._ •,·,u'-• •••. '-'"'•••• ••"'-'-"-""'-""'n•• .• • ,,,,~,.,~._.,_.,_ •••.•••• ,,..........,_. ••••••--.-..-.••-•••••-.,,V-"""'-•••••••n•'-'-"""• ................ .., .... .,_..,.,_._., ..... n ... ,-. .... •••-•••n • ,c•••• 

945
Topsoe, Inc. – EX1003 

Page 945 of 1210



f enriche<.f Bft / p1.}t$ ct<)!~'f:,'f.' 

2 re(iuct•d p.,~~r:~wUrift k:nrf}Dtr:turt~ wt~h ,<-t.:g,.1rd to highGr ox/ff\!;:· (;c•m'erd 

946 Topsoe, Inc. – EX1003 
Page 946 of 1210



sense to disru.ss (:tbsolute figures. ln tbb contcxL The ,ictu~d costs depi;:nd very rmid1 on the region 
'Nher~ the pbnt is to be built, specific n:quircnienb and tht\ oserall er.::onornk situation. 
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IN-V!::8TME/ff COST R~L4 l!ON1 STft<,M RtFO~MER VS. AlR SEPARA TlON 
PlA.NT 

i~ir sSt•p~ntfu:m tmhi~ 
prop◊i)~ll d,sHl 

Uhde has. extensive e.:qKn·icm.::e in the design (>f sticondary reformers for ainmonia plants. These.\ 
vessds operate undt,r simifo.r pressure and temperature, but in the folkw:ing t,vo irnporta.n! aspects J 
enjoy wnsiden:ib!y milder condidom, con:)pm:t;d with pure au~otherrrnJ refbnncn;. 1 

Stx:omfaty rdbrmen, pmcess p.ilrtly reformed g,ist~s w·hid1 contain signifi<.:a11t am,.::,unts of hydrog1:.1n l 
~:,; • ~md op_ tTatc \Vith quite high effective .stcai:n-to-.::arbon ratios, Ffoncc, the)., do not P. rovidc a basis W t 

detennine tb.: minimum pnsslbfo operating ternper.atures ,with respect to s:;oot fr.1rmation. This ' 
temperature is dirtctly rehh.\d to the ;,1mount of oxygen supplied, Therefore, to m1ni.mize plant i 
operating cost Uw ATR is tt'> OfNrak• at the lowe::.t possible operating k'.r!Tp(:rature. 

The he;:\:t generation rates of ~ec()ndary refr:irrncrs ,.\re rdatively small. \Vith dw q.ins.iderahly higher 
heat generation. in autothtmnai rt::fi.mnen;, i.ncn:a:,:ed \veir ,md tem· on Hw burner and thenriul 
In&uiation nrnst be expttded. They have to be taken care of by modified dctdgn features. Aho 
catalyJst bed design and ~izc c,m be e.x.pcckd to \-'ary, 

To gain further insight into _ATR openition and to prodw;;e th~ operationai data. required to adJust the 
design prnccdun.~s, Uhde set up a devt:krprnent progrmn se\'\:raI y~r:rs ago, Subsequently ki bt.iing 
siK.ccssfuI in findi.ng a cooperation partner in the 11Jssian cmnpany Kuib_y~hev A:znt, ,1 it.st fociHty 
wus. desigm,d, built ,lnd commissioned at K11ibyshev Amt's production site, 

,...,.,,n,,nnn,nn••••'-".".. •••• ••• ,•,, •,•C ,., n _.._ .. .,-, , .-.-.--,,-..-., .. -.. ......................... -.-.,,s.-.s,..,,y.'-'-n'-••nnn>nn•nuou•• ........................... •••••••-••-•••-•••••••• .. ••.._._..,._.._.,_,..,_...._.._.._ 
nv.•• 
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A'utotherrnal 1?:t/(>trnin.r;: /t l:?{t.~\ibie. 5).~ng'f.is }?fnite tY'ith.· firture .fYof(:titi::.~l 
••••••'-'-V.~•--•---••••••n--••••-•••-•••• .. --.. ••••••--,••. --------•---••••••••••••••1 

ful l 

~ 1:;' r-----······· ... -._--·······------~'!!'.~Ge:\:~::~ I / 

~ i 
~ 

t,1,1,(,:,.i:'••='.•:j.•.•,: .•. J .• ,• _, Slo;;m , )," ,)'), I 
l ,.~&r .•• : ..... , •• ••···-···-~---~:~=:=-::::~==:::::: ......... --.... r,· ··----~-·.<•·:.I I\Y-.-~·.' _ l '.1.r.;.i.::.: 
•. ;~ ~ 
1~1%( ! k-··'----~~ :.[.: .... '.:.!·• .. ··: ,~1: • , ; °""' ... ./.--,-1 g 
IT<:>J I i _.....,~." I . ---1 ,s:;. 
pi~•• : (-····-----'\ 

1 
........... '.'.::.~ .. e.:r.~~--"'L::} ;; 

~'\Ii ('"'\ {'')'.\ l r~---> r:-:(·l .......... ·----·········------•--•.•·······"---·----•w .• S~'.Pmtt ....... c;;.) ;. 
~~=;} • = l>·------··· h/ -··-- • ! : , · ·· r o··e~ct· 'l\l«te· ,,,,£,. "''' .,1 I l" ~1-1 ~ :}r~ ~ ·~t•n ................................... ¥n""'"•'-•-.-.......... -~"'.L~:.: .. :~--~--~~L,:!}_·_~--·(;~:~~~ I 
~*"X~~ \ ;: : 1~•-J:l , . ~: ~(j\\) ,,,, .. , l i : i : ~: 

IW~1 ~ P1-- i l Lt::':; l ......................... w .... ?~::2:.~:~~~ter owtl$t ..... , \1 
l
~~--t--3 t-----·¾.•· ~-----.-~ L .. v, ,_c}· ----···~---···t •••• ,> ;.i 
I ~ * lt':i" l :q_ ,'F it 

-~f{, •·~---"'"W&W&Wh~~'MJ~"''"'--~~ 
.!JJ"j~ure ."" con.tams ,the process flowshcet. or ~1c _test facihty The production, site 1;s-t1aliy o-;x~i~ate8. on 
~t;nfady h1~ht natunu fli:!S with low· t:ontents 01 higher hydrocarbons m1rl sulprH.iL J-lencc, to s.trnulate 
!~tr\~:,=:::r •.. • ' -' • V • ' > , . • • •• a ' ' . • • • > 

-~f;i/heavt£:r teed.stocks, the u.is! tac1hly \vas equipped wsth a device tu acta propmJ(: to tht:'. mconung 

I;'.~; r,aw1:a: gus. .. . . . . . , . 
,si!W]iProvisJ.ons '>Vhen: also made tor the s'Hiditron oJ a hydrogen ncti stream to tne naturnJ gas to snnulatc 
:tii<""·--·, •• '.. ~ ', "t1 · ' · ·1 l l ·1 · · · i' •• i ,. • • t· t· .h &,\¾Hi a pn.,•proccssea gas, \\i i 1 n~gm<i to t 1e nvl sup mr comcm ~: d..l-rther i esl..Hpnunza wn. o. t t.~ 
t%M?Jin,,x\n•ino· '''-ttrn."1.l t,--1& w·'ls cri•1::sitlf''t\i 1..rnw•ce~c;«,v lt vvas also de,'•de<l to t,,b·, th" r,-"'ql•ired i~~·oc,>ss ~:t::~~:::::=:::: t . , ..,,:,. l;:"j ,\!-~ (, :;_;i'C. "- (. ' .• ~,;_. ,. , .,. •~ • _,;_ ~ \o.' • , V• ~.,_~ -.• .,_ . • "- ~ . .-,..,..:_ • "-~ • .. ~ .• _...,_, . '-•" a:,., A • ..;,,_ ........ 

~iJ/JStcm:n from an e;,ternal source. The heaters fbr n::JturaL foci::Vskam mixture and oxidi;,:,er are 
:~:~~:::;:;:::: :.:· ~: .• ~ ·' 

~iit:+ powered ekc1rwal!v t¼t\{\.j(· ~ ' . ·_. . • ' • y. ,~ • ~· • 

i~Wn , At +,e A TR ~•Hs ('Ui'kt ri. sv·"t''f ('U"'w.:/1 is. installed Htn.ct- 011lv rnoderatc W-i:l" temper1tun~~ are ~-~~ff(:}:.;:.. • .., ~ .•' .. - . . ,._ ~ ~. .. '' - .,_ }.~ ~- i w • •,~ • '- . • .. .~ "" ' .. - 't • "' ~ .. , ..... ' • ·, ... ·.t-· ' ,,.. • 

~1if] p.re§(int outside the 1\TR prcSc~,ure vesi:!cL The ATR design capacity can be best dwract,,1ri;~cd by i.l 

Mt ! svnuas fiow ta:te ;:1:t reactor outkt in H,c on:for nf l.000 Nrn>/h at 30 har operating pressure. 

:
f.;,i,f,: .. :,r,'.;.:.:,:.;.'::.':;.'.•.·,•:,.,: .• , •. =.•.···•.• } {he--t%t rig is (;..:jUippcd 'Nith optical light extinction tm~as1rrenwnt d~vices to detect soot irl the gas 
:--· j pb.sc as ,vcll ;11:, b the prnces:. {,cmdem,ate. 
ff}?f ~ 
:=tr.·.··•: i During foe design phase of tbi~ AT'R itf§dt\ c<.m$hforn.hk dJhrt \Vit>, ~pent to optimlz.~ HKi gemm.:t.ry 
"==if < I of the combusti<rn {1r pa.rtfa.l oxid"1Hon (POx) ?(,m,:\ gn~, i.nkt vdtn.jty and :'::\"<'id and t<> fand the best 

• Pntiition fbr tln~ oxidizer i1ozzkis. CFD mrnJyds hu.s·hK-:cn i.m,pkryrd exk:n~ii,·dy for th(::;. step, As$. 

!,.

1 

result oftht:.~se studicH two .A TR reactnr top;:; \vith 1-".0lnpktcly diff,.:nmt shapes of the corrib:uslkm 
: zone have been n:mm.tfr1:cturcd. 

I \Vitb. regard to the higb design pressrnt., and either restrictions fr was decided early m the design 
·,1!· phnse to abandon (h('. klea of installing an optical access to tht cmnhustlon zrme. Also, tb;: nu1nber 

of noz:des which could be fated to the reactor ptt'.'$5\Jrc vessd, it:. Hrnited. as each one is quite bulky 
due to tfo: high design pressure. • 

·,. ! 
. Figure 5 shmvs a CAD dr,Twing of the ttst rig. The knvcr swei structures in th.e front contain the / 
1_: modti\es for burner cooling:,: hydrogen com.pression and foed prchcRting. The high steel tstructurn ut ; 

:.~:~~.~.~~c~k-co~-t·~·~1~~ .. ~~~~. ,<~~~-i{.~~.:.~.'.~~l~~~.t:}~: .. ~:.e(~i.~~~~.~1-·t3-~~~lC~~~'.~~-. ····~--··· ·······~· ........................ •.·····•·····• ········'· I 949 Topsoe, Inc. – EX1003 
Page 949 of 1210



·····.w.•.,x,.,.,_.""""iliilliiiiliPJ 

.. ·,·· ::::::.::··· : ====~··-····-= .. :::::: .. ::::~:::~~::;::.,::::~:;;;:;;,;;;;-'.,:::: : ::::::::: ···- =:::::::·:). 
i F!G. 5: CAD DRAWING OF THE ATR TEST R!G • ·~,,ti}]iJ: 
, 1 ··,,•"M 
~ • , •• •❖, ... ❖:tt . .. , , '}:)~~1i1w@Ji~ti,;iitt~:~'lf¾~\l1fu\\% ~ ... ,~ ."x ... l~tk 
, , , • , , ·:'>':'- ; , " , , ", '"'' ~""''~""<,t'illh:~'\°t."½'fuc·~-:::ti·,''t·w::::1:~~''·" , • , , ·@' , , , "\t:)1;:{'~ , "·. , .:::\,~\f~'<~,,, •• ,,«,,\~;;1,~tt:1@N/',il¾*'t%l\~\'ff,, ( ,. ,l .nti 

~... ,~, 

'" 
.... ·\, ~-. 

'\\:',;:i~-8 .. ~- -~•''.x\,@i:$-\,-.;,,~,:f,,:,,\»•~:i.sRl~R~ru$_1''"-'",~/fo,~:-:,;,\,,t~iw-i.Jf."i~{:i~""~ "~-~-~> ·,· ·-;~~\,.'·'.~ X ,· ·-,/\.l ::,~~-
.... ,, ~ -': • :.._ , • ;-;❖X•:-:,•,,-:,:-:~~~❖:_:• .. ;:.!-,_'-~~ ;_,.;,,;~X:❖\-":~~~ .;,---;;~:,.., ~~::.,,~~~X•" .,~ .J§_~\~·~=$, ,"X~ *;.}'. ~ ~"~"':'$:,-~• , .. '-'• •, ' -..: ' ..,.,;-
. ·,,,1_,,,,,,_,~t,·&)tff,:$}\-''' .{:::.{}*:t~:::::0 {%~~~,~~%)°1~?""'~~%,\\'4t·&.U"'tl]{t,1~ "":%:tt~·&<,_,x::J,%J -•~\/, , , ·"· \,''•\<-'.J .¼@ ~~f\~t\R;J>' ❖~\l~~ ... ~ ~l{ti~i\}tJt~it~:~rJm~i¾:~{~iT~'-~\15~,i~\..~~~~'i\i~f~ ,'\:~.~-~•\.:\~':;:_,,,ltll , :11~1~ 
,i,-=t,,, .)','.">"-,·,';:_<.·,\.,~ls'.'.,.,,.~<""•·· ❖ ·¥rt~,~~\-,0-"~~~~,,1{e,1¾:t,\\'W:~1~'\•\1t\~■~~'::',,,,. ~,-:1iltSl-l"-i,1 ,,""I~ 
, '·\· ;,, , , ·\,~ :\,, ., ,":"(;"::!§;~i:i,,;_f'.':' ;';~ :~-~ ~- t-:.: /'.\:(i,\~~z"'.\¾;Vf.~""~"'¾.\-i:'W,l,,W/~1f • ... ~:l ":~f@< 
:,: •\:\~:❖;:z.i~~t~t~:/A:"0::?¥ti:tfut~~,~-- tVk@f Z:«1\,,tttf0flit~tf1'}1t~~,t~:; ', .... :~:;:,~tl❖, "'l\t;~ 
: ~:""i,:~,:: :,,f.-J\\~,r:tt~ ·;\:.,;;,,f,\',\ -~':\::. -~-;~">-,GK'.;,.tfl>'¾, '9tth~fi.f',.k%~,,1r~\~1 .. ,,,;}~"<:'."t, /;W;,:: . 'j i. 
s~;~~\t t\it:~?1L.\f/.~\i)}f, °\'.·: • .\{\J'.\;t1~--~l12~~1~1~1tr\{0~i1,,\\1■·1]r{±tw Jfl\\t\t:/\Jim 11w 
: ~:;;:}tt/:~:j\t:, Uh de @ ~:'st~·:~ ;~\t z-:~:r/t1\::~~,~)1$~!;:t!!\\\\lt\".:::{< ~J~t-.'j <it. 
Lst~~;it:51i~:\rL~~ll:i~~1~~~{:li~h~~il~~!ltl:t;f:~t~jt!1\~]~Tll\~1t~r::~~~~~~fl >;''■■~-~: 

J@~.~-. The prore,,,:i p!nnt 00cm,1ics an ,H:S,".a of apprnxirnatc!y 30 rn h'-'_.' l l m. The height of th,~ ... cn1 r,d :-,tee·1,1·~~1-· 
.. ,. • ,. ,",~=:t~~ 

struciurn is ahnut t O m. ""j'&t~ 
',\-.&■· 

'
.,,,-~:~:-~~- • Th:: rnuin pmct of lbe tes( ng_ hai, lx.-en assernbkd on ~UZ! frorn prcfakkah.:-d parts. Ti,is ,, .. t,,,h,, •• , 

_.,,.-.·,_\'i.',',·,-1,,.,-~·-','.·<'.l··\, !',~,.f.)•,·'P. ,,,_-_w,•_t-.-,;'•.•,•.\,·C"•:··.l'.•1,,,.,. ~. !-J:.>j•> ' ; l.,.l ' <· •··, :•,•-•·-.-<- ",,,· <·' > •",'• <,,·, ,,, • ! •• • • •~~%~,-
,_ • (~ ..... "..... ,_ .......... ~: ... ,,._A ..... ,,.. ........ ~t ... t ~ co.n.trne-~e prea.:s-senn_..~); uno, 1..r:_ .. J.:.:1p~_-)~~- ~./.'i. t_h:l .. :t:.t,h~ .. t,\' 1-.:rrc .. :.:~~~~ 

' • V 't•fa~'i½• 
~;1nKtut\" to Hie prndudH.m ,;(Le. The three rnoduks in front vvcrc prrussernbkd and ,r~ui:-,p,}ttd as \\%'¾{ '. 

;::~;;::::,~uring erection and commissioning ]~ 
To obtain building m,d opcrathi,\,; 1.,errnbsion foe the test ri_;._; turned (!UL to be a time ·"q.;1:1"''1''' -~w' r:-:-'\ls:: 

,,_ ., . , , -..,11.i ~~• ~1, 'b '" .. 
1

-.•,f:-~~'1_ \~ 
relatively co::;tly proci;;dure. A safdy ::;tudy had to be cHrried out to ~Jm\~• conkrrn1tv oi t!H~ pltint" i ,){:fl •• 

- , . k\~,._::~ 
design and inslrumcnttition. "~-'iih n1-;;sian rcgu!ation~. Ai:so, tt :-,pccul dt11:un:tnlHli1,B \.'Vin!,,n1,m1; 1 0)¥"··~· 
'>Vith russ.ian standards had w he generntcd .frorn the plants engintcring do.cuments. ':<!;t@i~ , 

._.l,, :::_:_:·~-~,~,:'.,J,,;~:::_: «· Tr,msport:1ti,m of th,:;: mattrla! to the c<.mstn.H.::tion sit~ did not pn.}sent any prohlerns. <:;_::,,;I'.:': 
: ,;_::,_$-· ~ { ( : '-,:ftt 

.\;,;:~crnbly of tht~ test n'g presenwd no major pnh!en1 ~md cou.ld bt contimied cv,:.'.n flmmgb th1:; c,.Hc j \j~.}. ~. 
season. H shou.kl be n'Kntioned, hmvn.ie,, thu the \.vimu· nf :no?\ r,i 20iN ~""" ,ii\W",Wll)' mdd. , ;xw'~ 
,, , • , • ! • - , • • • • • • ,_l,~.'~ 1 :._-Mt¾J1,~· :Y,.lDsequent,y to tnc ltiorou.gn cxecuuon ot pt\>cnmrmssiornng ;:;:n(t cornmrnswmng proctdHres '" ~-❖--· 

A.TR wr1s ignited fbr the first timt: in Jni,e 2009, j hl\l'" • 
: ;,:\~t 
: '""':':::::i@. 

Op,'ttlion of the oplical sz){)t dtttX.'tH,n dcvic<:.'.:-, has sbown that the lo.vest soot c,,ntenf which ~:an b<: 
detcdcd in th.'. sampk:, tah:n from th: quench wuter off lake is in the nn-Jcr of 1 <~ pprn wt Quench 
,vn.ttr ::ind prOCl'.SS gt±s nuiss flov .. , rntcs icrc nnt really Hn.ktd but u;sually of the same order. !·lerKt, 
the (KHJt corn:.'.entrntion dderm ined ;n the qucncn vv-ati~r should corn.,spnnd roughly tn the 
cont!c~ntrniion in lhe process gm'. 

The minhnum rne,;isun1b!t soot concentration in th,~ prnC(i~:s gas named by the ,n,,mufactun;r of rhe 
nieasnring devic,'. -chould be in thr: nrder nf BO ing/Nn/ Hl. l ppm wu. During th;;.: tesl rnn<; tht onsfi 
of sunt alv;ays bfecmw ,ippun:nt :it first in the quench water. Hence, llw ,lcttml :'>,'.nsitivily oi' the 
nw::isurenwnt device appenrs to be at kast one nrder of rnagniwdc hnv(ir than pn'lnouncs:d. 

t~, • • • • •' ••••• •,• ,n~~-.-.~-.-.._._._._._ ... -.._._._._._'-._._._._._._ .. _._._._._._ • ._._._._._._._ .. ._,._ • ._ • • ._. v .... -.v ._._._._._._._~._._ ... _,._,._._._~ ------------~,---,,,~~_,__,.,,n,',,n • •• "'' •••n• •••nnn,,nn»H••->n••--"'" • • • • •• ••• 

·120 Nit:-01Jw:-tSyng:s:~ ::~o·1{} 1nte,nv~1t~)na! C-:)nft::-:-~mc:e {[~~2;hmin\ :28,02 - GJ.o::;.::~o-!G:: 

:->::::::~:.--. 

·\\ff: 
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1;!~~ r. 

L, 

() 

() 

operating pantn1etcn, 
C'> ftt:~~:tn1-h)~\~tirl,r.u1 rat~o 
0 corn busd,.m :wne tempern. ture- { ····t oxygt:rHo·•carhnri. r-.:1tio) 

t.v,h.lize, cornpnsifarn 
Obvirn.1sly, it is not tx:nnornk:nlly foa::;ihb, to irrveslig,1H.~ aH of rhf above rncntimKd p,warndcrs in 
Mt (~xpcrlrncnta.l pn;gnm:). T!:w numb-er of test n.!.n'.~ in-:id individmtl pieces of i..:quipn:i(',H ki he 

n:ian~:1fad11rixl s.v\x11d bt'.'. Blmply tol> btJW• 

\.1/ith the CH}w.hHitkis of i:noi:.k,rn CFD ca1culalions thi:-i could be corrnkh.~rnbly nxhKed. A..s discussed 
in cha.ptt,r 3 .1 ,ul optirnlzation of the g(;mnttrkal. parnrneten, around. the combtmdon 1.ont'. bas bt1.m 
earned out w ddemfrne the inn:;t proml:Wtg cornbimition-s f(ff t,vn difi~:::rcfit cornli,rntion zone 

On th.is basis a stiH quite extensive 
test progn-J.rn. ha;s been devi~t:d lo 
cover the re!evant rang;;:;,-, of thr 

~ 
. 

1, 

; != ••••• : • 1 
(<' ....... I ........ t··----· ·14·····-l· l 

As the firnt ~et of te~ts i:s specifically :;.•: __ N:':~~::.(.~.:~.•.::.Jj=~~\\Jmr~.,,~tmn.ccr1tent.:,;.·.·.·.· .. :.~.··;.·.· ... -·-•······ 0 \ 55 ...... 
11 

I 
designed to <.foterrnlne the soot fr.roHn•· • •• • 
don b,1i.mdary, t.e. the ,ninimmh ~ . .0~~1:~1ii17Q__flf(:~":_ire --··············-·---·········!.~~,, L 20 

•••• L ....... §9 .. •··.····· ·.'.· \i 

~ Stearn"t{)c-e:1rbnn n~tto ~ 0/5 l 3. 0 
kinptrnturn Jbr \oof.,Jh:\..: operntkm a.t , · ... · ~-· • • • ... • • i.......... .. ······'··· • • 1 

. 1,·.·e-.,:--.c~_.,11biisric;n .... ?.(.1.16 ;t;i11;;i.·.· ... •.•.•.• .. •.• .. •.•.•.• .... •.•• •• T .. l • I'\ •• \ •...... 8 ... •.... .•.• .. ·,,· .. '1 

givbn st~wrnAn--<:arhon rmfo:::;, ttwsi::. i HBL t~~s ,fasidel)ce fol:<:.\ con1b. z:c.;ne ~ • % ··_-----···· ; 0 •• .... f • .100 ~ 
tests -.vz~n., nm with(Hlt ,my catnly:st in • -- • • • ' ' 
place to avoid damage to the c,:1:talyt>t. l._Combl'.stit)i'l .2°'"0 _l<;i;,r,p;m;tUfiil ........• J .. "(: I 1 

H:il T 1
?~(}::::~J I 

These test rnn;,. carded mit w fa.r have <.kliv1.!rut satisl)·.tng results. The pt:rfon-1,mKe nf the AJR i 
rrin be drnrm:::tedzcd hy the three most irnpor~a.nt operating point~, depktixl i.n Table 6, ,\H points • 

I _. · ........................................ ·················· ················•·. - -~ - •• J 
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' ~ 

CONCLDSlON AND OUTLOOK 

St) far only a vt:ry limit1;.!d nun-iber of tru(, standu.akme autothcmrnl reforrning ,tppfa.:atiom, have beet\ 
realized !hough the technology has been invt~stigated extensively Jbr more th1m a decade no'<-\-'- .Ag 
tlis(:uR-sed above, the \Veil est[;l.bhsht:d combim1tfon of autothtrrnal refonnets 'Nith :,_;,team reforrners 
does not count in this respct.L The opern.Hng conditions of these se1;;ondary rnfonners are 

The amdy:-.;is presented in this paper invei:.tigates the reasons fr:ir this and illustrnks --, w·ith the mai!1J 
ilK:us on arnmonia plant& - '>vhy the convention.al syngw.} generation ba§ed on combined sw.mn andt 
autothennal rd:'om1ing still. {.krminatt~s ne'>vly lrum plants, The amllysis also shoovs that the cost 
advantei:ge i'>f the c.:mventional cnnc~pt against ATR~based syngas g-enern.tion is shrinking \:v'ith. ··•• 
increm,ing plant capadty, 

The c;:iparity of world sea.le ammonia phmt8 !um grown substantially tdnce the r.,arly beginnings and 
tnarkedly in the past 50 year::;. Though it is tedrnicaHy and logistca.Hy mt)re dwlfong.ing to provide ' 
the equipn;~~t fbr htr?c ca:pm::ity plmit§ th~xe is n<J indicatlnn that the economy of tK'.ille does no I 
longer wort( :tor today- s ,vutld scak t:apacities. , 

As distu:s~etl hefon.~ it is difficult to determine the actwd bre,~k-even capacity, 'Nhere investment I 

costs of both plant vern.ions b1;,corne equai. H1)\.Vever, then~ are subst~mthil ;:i.rgw:r1ents that fbr I 

capacit.ie!:< beyond ,4;000 t/cl the/\ TR-bm,ed plants wiU have increa::;in.g advantages, i 

! !,,,·. s-:·t .. i,c·'·1·1···•.··.;···,·•~a.-t.·1_._·,'l.c.·_·_.i,t.·_i_e_,_,s_: __ " __ a __ ·i __ i,·e ..•.... '.i_:_;i.._:s_··_u __ ~ __ ::~t.ci_,_:_··_[_1 __ :_-_!_·e_·_. ___ ·_•_~ __ ,_i_.t_·_h_ •• ____ ~tear~- :efonner bai,et1.~~l,~ntr!1 a\?hd-e ha~1:hsh~::1:~, ·.,v1~t:1,.~~ concep. pre~emeu on s11t~ ,"',.t .1\.i:. ammonm sa,e,y sy111pos.i.u:n1 .,;,\h .. '4 __ ,;J.i, nowever, : c n . . ~, a. Kil/,'(' 

,v=,~•••••••••••••••••••, •"'•••••••••~-•-• •n••••••••••••••••••~••••'-'••• 
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pre8sun:; for the tests coven, ATR applicationfi for 
H also provides a rnastmible b~si~ tn judge the ATR 
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Notice 
This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate, 
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or 
financial decisions, should not be based on machine-translation output. 

DESCRIPTION SU594048A 1 
10 Method for producing ammonia 

[0001] 
141 

[0002] 
1s The invention relates to a method for producing ammonia from gaseous hydrocarbons and can 

be used in the chemical industry. 

[0003] 
23 There is a known method for producing ammonia by "inversion of hydrocarbons and carbon 

monoxide, gas purification with subsequent synthesis of ammonia, with heat removal from the 
reaction of ammonia formation by evaporation of ammonia under pressure with multi-stage 
expansion of reheated ammonia vapor 1. 

[0004] 
JO The closest to the described invention in terms of technical essence and achieved result is a 

method for producing ammonia from hydrocarbons, including purification of natural gas from 
sulfur compounds, steam catalytic and steam-air conversion of hydrocarbons, two-stage 
conversion of carbon monoxide, purification of synthesis gas from carbon dioxide and ammonia 
synthesis at 320 atm with heat recovery at the indicated stages to produce steam and heat feed 
water with combustion of process emissions during the start-up period at flare unit 2J. 
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[0005) 
38 However, according to this method, additional natural gas is used as fuel to heat natural gas at 

the desulfurization stage and during steam reforming, while process gases are burned in a flare, 
polluting the atmosphere with unburned harmful impurities. 

42 In this case, up to 52 t/hour of steam is emitted with the process gas, which leads to an increase 
in the consumption of demineralized water during unit startup. 

[0006) 
47 The purpose of the invention is to reduce the consumption of natural gas and demineralized 

water, as well as to reduce emissions of harmful impurities into the atmosphere during the 
startup mode of the unit. 

[0007) 
53 This is achieved by the described method of producing ammonia, including purification of 

natural gas from sulfur, steam catalytic and; airy; conversion of hydrocarbons, two-stage 
conversion of carbon monoxide, purification of synthesis gas from carbon dioxide, synthesis of 
ammonia at elevated pressure with heat recovery at these stages to produce steam and heat 
the feed water. 

58 At the same time, part of the process gas, after each stage of synthesis gas preparation during 
the startup mode of the unit, is sent through Heat recuperators and condensate separators for 
combustion at the steam conversion stage at a fuel ratio of natural gas: process gas 1: (O.ZO­
O.ZZ). 

62 It is preferable to cany out steam-air conversion of hydrocarbons at a gas:air ratio of s 1:(2.0-
2.2). Distinctive features of this method are the use of technological emissions from the stages 
of synthesis gas preparation as fuel during the catalytic conversion of hydrocarbons, as well as 
the ratio of gas and spirit supplied to the stage of super-ear conversion vapors. 

66 The drawing shows a diagram for producing ammonia using the described method. 
67 Natural gas enters separator 1, into fuel gas separator 2 and after compressor 3 enters 

desulfurization stage 4, and then mixed with process waste into steam reformer 5 (tubular 
furnace). After steam refonning, process gas with the addition of a steam-air mixture enters the 
steam-air mixture. reforming 6 with poKyne1jaTopaMH heat, to produce steam f Air is supplied 
mixed with protective steam in an amount of 28,000 through a heater. 

12 Natural gas load 14000 im/hour gas:air ratio 1:2, the vapor-gas mixture is poured and then into 
the first-stage medium-temperature carbon oxide converter 7. From here, the converted gas 
enters the heat recuperators 8 (recovery boiler and heater), and then into the low-temperature 
carbon dioxide converter 9. Next, the gas enters the gas cooling and moisture separation unit 
10, which indudes a condensate injection unit, solution heaters, a stage of gas purification from 
carbon dioxide, a water heater and a moisture separator. The cooled converted gas, separated 
from the excess condensate, is sent to carbon dioxide purification absorbers 11 with a moisture 
separator at the outlet and then to a methanation purification unit with heat recuperators and 
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refrigerator 12. The prepared and purified nitrogen-oxide mixture enters the separator 13 to the 
suction of the compressor 14. The synthesis gas is then compressed into the ammonia 
synthesis stage with an ammonia refrigeration unit and heat recuperators 15. In addition to the 
main flow of process gas, with this method, additionally through shut-off and control valves, 
process gases after desulfurization are pumped into the fuel gas manifold of steam reforming 
burners 5, as well as bypass through the heat recuperator 8, bypass past the converter 9 and 
through the cooling unit 10 in Tot, the collector at the fuel gas inlet is empty. The steam-gas 
mixture after steam 5 and steam-air reforming is also fed past converters 7, 9 through a heat 
recuperator 8 and a cooling unit 10. 

88 The condensate formed from the process steam of the vapor-gas mixture in the cooling unit is 
supplied for use as feed water. Process gases, after separating the condensate in block 10, 
supply a portion ( 10000-12000 nm) to the collector at the thermal gas inlet to the tubular furnace 
5, and the rest to the flare unit 16. Converted gas after medium temperature. temperature 
converter 7 carbon monoxide heat recuperator 8 past the low-temperature converter 9 carbon 
monoxide through a cooling unit .1 O is supplied to the manifold, fuel gas is supplied to the 
tubular and to the flare unit 16. The converted gas after the low-temperature carbon monoxide 
converter 9 is also fed through the cooling unit 10 and, after separating the condensate, a part 
( 1000-12000 HMV 4ac) is distributed into the collector at the fuel gas inlet into the tubular 
furnace 5, and the rest is distributed to the flare unit 16. Converted gas after the stage of 
purification from carbon dioxide in the adsorber 11. also supplied to the manifold at the fuel gas 
inlet to the tube furnace 5 and to the flare unit 16. 

109 The nitrogen-hydrogen mixture, after cleaning from the separator 13 at the suction of the 
synthesis gas compressor, is supplied: part to the suction of the natural gas compressor 3 
(10000-10000), part (10000-12000 HMV4ac), to the manifold at the fuel gas inlet to the tubular 
furnace 5, and the rest to flare unit 16. In the drawing, additional introduced connections are 
shown with a dotted line. CDDTHO-LueHHe in the fuel at the inlet to the manifold of the 
tubular furnace is natural gas; process gas 1: {0,30-0,33). Combustion of hydrogen during 
steam-air reforming due to the gas:air ratio of 1 :(2.62.2) increases the amount of steam-gas 
mixture at the outlet of steam-air reforming, and also changes the composition of the gas 
towards increasing heat capacity, which increases steam formation in heat recuperators and 
condensate return. 
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METHOD OF MODERNISATION OF PLANT FOR PRODUCTION OF AMMONIA WITH FLUSHING OF RINSE FLOW BASED 
ON NITROGEN 

Abstract 

FIELD: chemistry.SUBSTANCE: hydrocarbon raw material (5) and air {14} are fed to the conversion section {1) 'Where the 
conditioned synthesis-gas (6) is received. The compressed conditioned synthesis-gas (6) is involved in reaction in the circuit (2) 
of high-pressure synthesis for obtaining ammonia. The flow (7) of rinse gas from the circuit (2) of the synthesis or the exhaust 
gas from the rinse gas recovery section, which comprises the inert impurities, is brought into contact with the nitrogen flow (10) 
produced in the process of air separation. The nitrogen flow (10) is in the liquid state or represents a mixture of liquid and 
gaseous nitrogen. The gas flow (8) is recycled to the synthesis circuit (2).EFFECT: invention enables to increase the productivity 
of the plant and to improve the efficiency of ammonia production process.12 cl, 4 dwg, 3 tbl, 3 ex 
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(54) METHOD OF MODERNISATION OF PLANT FOR PRODUCTION OF AMMONIA WITH FLUSHING 
OF RINSE FLOW BASED ON NITROGEN 
(57) Abstract: 

FJELD: chemistry. 
SUBSTANCE: hydrocartxm raw material (5) and 

air (14) nre fed to the con~rsion section (1) where the 
conditioned synthesis-gas (6) is recei\'ed. The 
compressed conditioned synthesis-~1s (6) is im\>l\'ed 
in reaction in the circuit (2) of high-pressure synthi;:sis 
br obtaining ammonia. The flow (7) of rim,e gas from 
the cin.:ui1 (2) of the synthesis or the edrnusl ga'- from 
the rinse gas reco-.-ery section, which comprises the 
inert impuritfos. is t-rought into contact with the nitro~n 
flow ( I 0) produced in the process of air scpo.rntion. The 
nitro~n floo· (IO) is in the liquid state or roprcscnts a 
mixture of liquid and ga:ieous nitrogen. The gas flow 
(8) is recycled to the synthesis cil'\:ttil (2). 

EFFECT: invention enables 10 increase the 

Orp.: 3 

pmdm:1ivi1y of the phrnt and to imprcwe the efficiency 
of ammonia production process. 
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RU 2 561 970 C2 

06JiaCTb TeXHHKH 

HaCTosnuee H306peTeHHe OTHOClHCff K ycoaepmeHCTBOBaHHIO cnoco6a H yCTaHOBKH .:urn 

npOH'lUO,!:lCTDa aMMHfflGl napoao~ KOHBepCHelit yrneBO}lOPO.lla, TaKOro KaK npHpO,lHbltt ra3. 

YpoeeHb rnxmnrn 
S AMMHaK npOH.3BOASIT nyTeM KanUIHTHYeCKOl:\ peaKI..ViH BO.!l,OpO,lla H aJOTa B KOHType 

CHHTe3a BbTCOKoro .uaane1-msi. B yponHe TexHm,H H:rnecTHa no,lalia B 3TOT KOHTYP BblCOKoro 

,!UtBJieHHH KOH;U[QHOHHOrO (.n:06aum1eMoro/cDe)Kero) CHHTe3-ra:sa. COCTOSimero. rm.UJHbIM 

o6pa30M, HJ so,uopO;la (H1) H aJOTa (N1) 11ptt coorneTCTByJ01ueM MOJUlpHOM COOTHOUJe}UIH, 

nony~1eunoro napouott Kouuepcttett yrneuo;:iopo;::moro Cblpbsi, 06hlq1:10 npupomroro ra:ia 

JO (MeTaHa) HJIH Ha$Tbl. 

CHHTe3-ra3 nonriamT B rOJIOBHOlit ceKl~HH ycraHOBKH JlJISI npOH3B0i.lCTBa aMMHaKa, 

BKmoqamwett. maDllhIM o6pa30M, Y<-"TaHOBKY nepBIPIHOit KOHBepcHH, ycTaHOBKY DTOPlflJHOtl 

KOHnepcHH, KOHBepTep OXJia)l(,!leHHstfKOHBepCHH, ceKQHJO OT,,Jenemrn CO2, ceK~HIO 

MeTam1poaa1-1usi H KOMrrpeccop CHHTe:3-raJa. 

l'f YcTatlOBKa nepaHqHon KOHDepcmt KOHBepTHpyeT nap tt Cblpbeoon o6eccepeHHblll 

_'() 

yrneno.aopo,ll, HanpHMep, npHpO,llHbltt ra3 HJIH 3aMeHHTeJlb npHpOJ.lHOl'O ra3a (311 r), B CMeCb 

MonooKcmw yrnepo,lla, D.HOKCH.aa yr.nepo,:ia H DOJ:lopo.o.a nyTeM nponycKa ua,:i 

COOTBeTCTBy10mnM KaTaJ1H3aTopoM npH ,llUBJieHHH, o6h[lJHQ B ,;l,Hana:JOHe OT 15 ,[\O 35 Gap, 

H BblCOKHX TeMnepaTypax OKOJIO 800°C PeaKQHH npoTeKaeT B pH;:te KaTaml3aTOpHbIX Tpy6, 

HarpeBaeMhlX H:nme npo.n.yKT3MH cropaHHSI TOllJIHBU, 

y IlOMSIHYTYIO CM.ecb 11 ponycKaK>T B ycTaHOBKY lHOpwrnon KOHBepcHH, KOTOpast pa6oTaeT 

C H'.l6bITKOM B03J1,yxa. ,!].JU( nonyqe1-1m1 Tpe6yeMoro MOJIHpHoro COOTHOIIIeHHH H2IN2 

(COOTHOWeHHSI HN) M, CJle.J,OBaTeJibHO, npHHHMaeT ,llOilOIIHHTeJibHblit IIOTOK B03,.:lyxa U3 

..!J COOTBC'fCTGyIOIUero B0'.l.llYIIIHOrO KOMrrpeccopa. 

Ko1mepTHponaHHblA ra3 H3 YCTaHOBKH llTOpHlIHOtl KOHnepc1m ,llaJiee o6pa6aTbIBaIOT D 

pH.rte e,.:::utHHU: o6opy,uooaHHSI HH)Ke 110 HOTOKY ,J:J;IUI yJJ.aJieHHSI OKCH,llOB yrnepo,.Ja H noJiyl.feHlUl 

COCTaDa nl3a, npHro.JHOro Jl,TISI CHHTC3a aMMHaKa, TO eCTb HMermuero COOTHOmeHHe HN 
6mf3KOe K 3. 06bftIHasr cxeMa BKJII01meT: CO-KOHBepTep(bJ), B KOTOpblX 60JlbllIUSI 11aCTb 

J(J MOHOOKCH.Ua yrnepo.aa, CO,IJ,epJfCamerocsi ll KOHBepTHpOBaHHOM nne, KaTamnwiecKH 

npenpawaeTCfi c aenpopearnpoeaernHM napoM B D.HOI<CHD. yrnepo.lla H ao,uopo.u: KOJlOHHY 

npOMbIBKlf CO2, B KOTOpoi\ JUfOKCJq yrnepo;:la 110lI'm Il()JIHOCTbIO y.l:(aJlSIIOT npOMbIBKOA 

ra3a COOTDeTCTBYIOIUHM paCTBOPHTeJJeM, TaKHM .KaK BO..:{Hhltt pacrnop aMHHa mrn Kap6oHaTa 

KttllHSI; peaKTOP MeTaHHPOB8HIUI, B KOTOPOM npoTeKaeT KanUIIHlfLiecKaff KOHBe~ml 

.H' OCTaTOl.fHbIX OKCH;:1,0B ymepo~a B MeTaH ,:urn HCJCJTIOtJeHHSI OTpaBJieHttJI K8Ta.JlH3aTopa CIUITe·1a 

aMMHaKa HmI<e no TIOTOKy. 

3aTeM P,aBJleHHe CHHTe3-ra3a B rnaBHOM KOMnpeccope CHHTe'.J-ra:Ja yeemiq110at0T AO 

pa6ot1ero .uaaJTelrnR B KOHType CHHTe3a aMMHaKa, rnaBHbIM o6pa30M, B .unana'30He OT 80 .uo 

300 6ap H o6hilJHO OKOJ10 150 6ap . 
. ,o IlaTeHT us 5736116 pacKpbIBaeT cnoco6 MO,IJ,epHH3aU,HH nyTeM MOHTa)Ka ycTaHOBKH 

pa3.aenettmr 003.uyxa, o6ecrrei:umaromen noTOK, 06oramettttb1n KHCJ1opo.um,1 H aJOTOM. fl0To1<, 

o6oramennhd:\ KHCJIOPO.llOM, HCil0Jlh3YJ0T ;'.lJUI o6oraweHJUl no..aaim DOJ.llyxa B ycTaHOBKY 

BTOpwrnott KOHBepcmt H yseJIHYeHHJ{ co.uep)KaHHK eo.uopo,l\a B KOH,;:{H[lHOHHOM ra:te AO 

JIUtt:feHHit, no cywecTBy npeBhlUIRIOIUHX npoeKTHbie nom1:nnem1CTexH0MeTpm111 

./S npOH3B0,!l;lf'Te.ribHOCTH; 

HOTOK, 06ora1.ueHHbl~ a30TOM, no.aaIOT B K◊trryp CHHTe3a ,llml o6ecnetieHHH Tpe6yeMOI'O 

COOTHOWeHHi BOD.OPO.!la I< R30TY ll flO,;laqe CHHTe3-ra3a B KOH.BepTepbl aMMH.aKa H 

KOMTieHcau.m1 H30bJTKa 90,UOpo,:ia B KOHD,Hl~HOHHOM ra1e. 

Crp.: -4 
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Mollepmnaumi: HJUI yaemfl..feHHe npOHJBo;rnTeJibHOl,'TH yCTaHOBKH JIJUI npOH3BO;JCTBa 

aMMmlKa CTaBHT PSIJ.l npo6neM B CBSl3H C B03poc111ett CKOpOl'TblO noTOKa. 

npoH3BO.)J}fTeJ1bHOCTb ycTaHOBKH nepBHl!HOt1 KOH BepCIO-f TeCHO CBSlJ!Ula C p83MepoM H l..fHCJIOM 

ypy6 B caMott ycrnnonKe Kottnepcmc aapuanr MOHTa)Ka nononmnenb11&1x Tpy6, KaK npammo, 

S HeB03MOiKeH HJUi ()lleHb orpaHH4eH; MOHTlliK AOilOJIHHTeJlbHOil. )'(...'TaHOBKH npe,;.i,aapHTeJlbHOtt 

KOHBepcHH B0'.3MOiKeH, O.ilH8KO 3TO o6xOJlHTCSI Jtoporo H .ll8eT npeHMYIUOCTBO JlHUib B IO-

I 59f. TruoKe Heo6xo~HMO o6ecrretJHTb 60JibllIYIO 110.lWIY KHCJIOpo.aa B yCTaHODKY DTOpncrnoA: 

KOHBepcHH H ysenw-lHTb 11JXHi3B0,UHTenbHOCTb ,ue'1cTByJOu.tero B03J.lYWHOro KOMnpeccopa. 

06a aapHaHTa MOH'Ta)l(a HOl3bIX BHYTPHKOpnycttblX yCTponcra B .nettCTBYIOUleM B03}lYlUHOM 

10 KOMnpet'Cope HJU{ o6ecnetJeHHSI )lOilOmrnTeJibHblM KOMnpeccopoM, ;1ettcTBYIOI.UHM 

napanneJlbHO C HMelOI.l.\HMC8, Tauce ~opont. MOHTa)K ,:.(O)KHMHOro KOt,mpeccopa, TO CC.':Tb 

KOMnpeccopa npe.JBapHTeJlbHoro C)Kanu1 llJISI yaeJIHt1eHH8 .uaa.11ettn11 Ha anycKe rnasHoro 

so3,nyumoro KOMnpeccopa, MeHee ,lopor, HO nm: )l(e Mettee Jq>q>eKnrneH. K so3pocwelt 

CKOpOCTH TIOTOKa TaK)Ke npHXO.llHTCSI npHcnoca6JIHBaTbCSI nyTeM pa3Meu.eHHH pa3JU1'IHOrO 

l'f 06opy.uosaum1 B rOJIOBHOA ceKUHH, HarrpHMep, yCTRHOBKH Y..laJieHHSl CO2, MeTUHaTopa H 

T.n., lffO MO)KeT noTpe6osaTb '.lH!P-nmeJibHblX 1<amrraJibHhIX JaTpaT, ecJIH KaKoe-Jrn6o 

06opy.uonam1e npH.n:eTCH MO,'.lHQ)HUH(X)BaTh. 

TaKJKe KPHTH'-IeCKHM rrapaMeTpOM H TIOTeHUHailbHb[M yJKHM MeCTOM HBJISJeTCSI 

npOH3BO,lHTeJibHOCTb KOMnpeccopa CHHTe'J-raJa. MoHTa)K mo6oro .LJ,0:JICHMHOrO KO.Mnpeccopa 

_'() •urn .[(OJIOJIHHTenbHOro KOMnpeccopa 06blL.IHO HenpHeMJieM, Ta[< l{l:U( BblXO.U H'.l CTJ)OSI mo6oro 

.UOllOJIHHTeJlbHOrO o6opy.L(oBaHHSI MO>Kel' no.useprHyTb pHCtcy Ha,1.1,e:JKHOCTb scett Yl~raHOBKH 

H npH'UiHHTb cep&eJHhitt Bpe;:t rJiaBHOMY KOMnpeccopy, 06bl4HO npe,I{TlOlfHTalOT '3aMeHy 

BHYTPHKOprryCHOrO Y'-'TPOhCTDa KOMnpeccopa H Typ6HHbl. o.uuaKO :no mv1ernaTeJ1bCTBO 

..!J 
o6XO,i.(HTC8 .-'.-(Oporo . 

)],pyroff npo6ne~mtt SlBJUICTCSl B03MO'lKHOe H~U<OruICHHC HHepYHbIX nnoB B KOHrype CHHTe3a. 

3TOT KOHTYP CHHTe'.la ~u:lCTO pa6oTaeT B npHC)'Tl.'TBHH ra1006pa3HbIX coe;::muemdi HJIH 

Be1ueCTB, SIBJUD:OIIJ,HXCSI 1rnepTHblMH, no MeHbWeA Mepe Il peaKU,HH CHHTeJa aMivmaKa. 

IlpHMepaMH TaKHX coe:.nmeHHA SBJUllOTCSI MeTaH JI aproH. HaKom1emre HHepTHbIX raJOB 

03HaCJaeT yoeJmqeHHe CKO()OCTH nOTOKa H CHHJI<eHHe BbIXO,Ua KOHBepcHH. npa yue;rn.i.iemu1. 

J(J npOH3B0,UHTeJlbHOCTH )Ta npo6JleMa, coorneTCTBCHHO, CTaHOBHTCll 60J1ee cymecTBeHHO~ . 

.HttepTHble ra3bl HMelOT HH3KYTO pat'TBOPHMOC'Tb B 8MMliaKe, KOTOpbtll BblBO).lSIT H3 KOH'rypa 

CHHTe3a, H e;.rHHCTBCHHblM cnoco6oM HCKJII04emut HX Ha1mrmeHHSl S!BJUICTCfl npOJJ.YBKa 4al.'TH 

CllHTeJ-raJa. B ypOBHe TeXHHKH ynOMSIH)'Tblff npOJ.l)'BOtJHbl~ raJ OOhI"LfHO o6pa6aThlBaIOT a 

cneuHaJibHbIX MO,n:yJijlX, TUKHX l<UI< MeM6paHbI iIJIH KpHoreHHhIA MO.r:lYJih, llJill MJBJ1e1.1eHHSI 

.H' co.u,ep)l(atuerocH B HeM no.uopo:.(a, HJIH yKa:iaHHblt1 npo.;.tYB04Hbllt ra3 HCflOJlb:i)'lOT 9 Ka4eCTBe 

TOTIJlHBa. 

Bee DbIWeynOM$1H)'Tble npo6neMbl HMelOT MeCTO npH MO.LJ.eptm3aUHH 11ertcrny1◊1uen: 

yciaHOBKli, HO TaKli<e npH npoeKTHpoaamrn HOBOA Yl,"TaHOBKH C nom,ITKOJ:i yaeJUtLieHHH 

o6u,lel:t npOH380J]JfTeJlbHOCTH, lfTO KacaeTCSI pa3Mepa r11aBHblX e~HHHU o6opy,:ionaHHSI, TaKHX 

•1° KUK yCTaHOBKH KOHBepcnH H KOMnpeccophl. 

./S 

YpoaeHb TeXHHKH ;'J,aeT JlHil1b qa(...'THflHOe pe111e1rne BbHIIeyI<a38HHb]X npo6neM. 

Ilpe.LI,1IO)Kel1HOe H306peTelrn.e HanpaB.lleHO mt o6ecnetJ:eHHe JIYtJIUelt HIHJIH 6onee IlO.llXOLUlIUClt 

HHTerpaU,Hll ycTaHO.BKH pa3JJ.eJreHHSI B03.Uyxa C npOI(eccoM/ycTaHOBKOtt .LUISI npoH'.lBO,.JCTBa 

aMMHaKa . 

CymHOCTb H:m6pereHHSI 

TiepBbIM 06beKTOM mo6peTeHHJI SIBIISICTCSI crroco6 rrpOH3B0,!lCTBa aMMHaKa. B KOTOPOM: 

KOH)lHI\HOHHbllt CHHTCJ-ra3 nonyllaJOT napoaott KOHBepctte~ yrneso;.(OpO.[lHOro CblpbSI, 

rraponast KOHBef)CHJI BKJII01•IaeT (.,'Tamm nepnwmon H BTOpHt.JHO.A KOHBepCHH, CTMHH 
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nocneityioweR. o6pa60TKH HJlH KOHBepcHH. y.aaneHHSI CO2 H .MeTaHHPOBaHHSI; KOH.JJHiiHOHHblR 

CHHTe'3-ra'3 C)t(HMaJOT C rrocne..::tyIOw.e&i peaKUHelt 13 KOHType CHHTe3a BblCOKOro ,!J.aBJleHHSI (.'. 

noJ1yc1eHHeM al'l!uvrnaKa; n0Ltat1y B03Jlyxa noasepramT rrpoQeccy pa3.n:enett1u1 Ha noTOI< 

KHCJiopo,a,a H no MeHbllleit Mepe OD.HH ITOTOK a30Ta, TIOTOIC KHCnopo;:ta HanpaBDSIIOT B 

ycTaHOBKY DTOpH4HOA KOHBepcmI )l)'Uf o6ecneT.IeHHH ,!J,OITOJlHH'TeJibHOro OKHCJIHTeJUl. IlOTOK 

a30Ta. TIOJ1r1eHHblit B ynoMi:tHYTOM npot(ecce pa3..ueneHHSI B03.llyxa, HCTIOJ1b3YIOT ,'.lJ1" 

o6pa60TKH TIOTOKa npo;:i.yBOYHOro ra3a, co.n:ep:itCa1.Uero HHepTHble npmtecH, TIOJiyt-laSI: TaKHM 

o6pa30M BOJtOpO;lCO)].ep»caJ~Hti H no cymecTBy ceo60)lHbl8 OT ,rnepTHblX npHMecett 

pel..\HPKYJmpyrowuit nOTOK ra3a. KOTOpbIR. peQttp1<y1rnpyIOT a KOHTYP ciune3a. 

Y1<a3aHHbll:! npo)lyB04Hbl8 nOTOK ll npe.,lI104THTeJlbHblX J3apHaHTaX ocymecrnneHHSI 

H306peTeHHH npe~cTaBJISleT co6ort npo.uynot:JHbTtt ra3, npo,nyTbltt H3 KOHTypa CHI-1Te3a, HJIH 

OTXO.llfflllH'tt ra•3 H3 ceKUMH H30.r1e11emrn npo;iyno4Horo ra3a. 

HOTOK npoi:tyBOtIHOro ra3a, CO,lep)KaLUHf'r i,rneprHbie npttMeCH, B COOTBeTCTBHH C 

npe,c.(.rtaraeMblM H306peTeHHeM, l<OHTaKTHpyeT C TTOTOKOM a10Ta, nony1:1eHHbIM C TTOMOll\blO 

l'f npOl~ecca paJ.n.enemtH B03,ll,yxa. 

TepMHHbl "noTOK KHCJlOpo.z:i.a" H "rtOTOK a30Ta" B .n.aHHOM omu::amm HCJ10Jib3YlOTCH co 
l'CbUIKOA Ha IlOTOI<H, HMCIOIIUIC Tpe6yeMy10 <.'TeneHb 1IHCT0Tbl. IloTOKH KHCJIOPO.lla H a10Ta 

rrpe,:tCTaBJISl:lOT co6oA IlOTOK, o6orameHHbJlt KHCJJOPO.D.OM H a30TOM, COOTBeTCTI3CHHO. 

ITpe,un04THTeJlbHO, nOTOK KHCJIOpO,D.a HMeeT CTeneHb I:BfCTOTbl TIO MeHbme;t Mepe 95%, 
_'() O,JJiaKO B mo6oM CJiy4ae MO)KeT HCf10.llb30Bl:lTbCSI MeHee tJHCTbIA ITOTOK KHCJ1opo.aa: TIOTOK 

a'JOTa npe.J.1104THTeJlbHO HMeeT 1rn(..·T0Ty 99% HJIH 60J1ee .UJUI. Toro, 1lT06bl H36e)KaTb 

OTpaaneHHSI 02 KaTanH'.laTopa. ttCflOJlbJyeMoro a KOHType CHHTe:la aMI\UUU<a. CTpOI.\Cl"C 

..!J 

pa:me.rreHHSI no:myxa BblilOJIHSllOT no MeHbmen Mepe B O,lHOtt ycnlHO.BKe pa3,lleJieHHSI 803,:tyxa, 

B COOTBCTCTBHH rm cyTH C mnecTHOA TCXHHKOlt . 

TloTOK U30TU MO'.ltCeT HaXO.ilHTbCjf B )KH,.!lKOM HJIM ra3006pa3HOM CO\...'TO~HHM JtJUI 

npe,:t(.'Tasmuh co6oA cMech )lomxoro H ra1006pa1Horo a:JoTa. Pa1.ri,enhHhie JKM)JKMe H 

ra'.J006pa3HbIC noTOKH a·3orn MO)KHO TaJoKe nonytntTb H3 ycTaHOBKH pa3,!:(eJleHHSI 803,rtyxa. 

B COOTBeTC..'TBHH C npe;maraeMhlM H'.306peTeHHeM, B03MOlKHbI pa3Hbie napnaHTbl 

ocymec-rBJieHHSI H3o6peTeHHH npH HCHOJlbJOBaHMH )KH,.'lKOrO HJlH ra3oo6pa:rnoro llOTOKa 

JO (OB) 830Ta. 

B COOTBe-rcrmm (.~ .JJPYrHMH BapHaJffaMH ocymecmnem-t.SI H306peTeHHSI, rrpoQecc pa'l,lleJieHHH 

no3,.'lyxa o6ecnetmsaeT no,aat1y 11epsoro noTOKa aJoTa, HCnOJib:JyeMoro ,lJUI perymiposaHHH 

COOTHOUleHHSI so.nopo.na H a30Ta ll CHHTeJ-ra1e. M BToporo llOTOKa aJOTa. HCTIOJlb3YeMoro 

mISI o6pa60TKH npo.D,yao~rnoro llOTOKa, TO eCTb npo;:lyBKH HJIH OTXO)JJIUiero ra:Ja. 
» n 6 f--1,pyroA BapHaHT ocywecTBJieHHSI H30 peTeHH9 OCHOBaH Ha TOM, '!TO 110,a_aqa KHC'JIOpo.n.a, 

.,o 

o6ecrreiurnaeMaj{ ynOM9HyrblM IlOTOI(OM KHCJIOPO..la B YCTUHOBKY BTOpHqJIOA l<OHBepc1m, 

06ecne1.rnsaeT H36bl'TOK BO,llOPO;:\a B BbinYCKe CHHTe3-ra3a H3 fOJlOBHOh ceK~HH, TO e(,'Tb 

COOTHOllleRHe HN 6onee 3, 1HO 6y,ueT KOMneHCHpoaaTb 6onee HH'.lKOe COOTHOUieHHe HN 
(Menee 3) B peu,HpKynttpyrouieM noroKe. B COOTBeTCT.BHH C 3TMM aapnaHTOM ocy1uecTDJ1eHHSI 

H306peTeHJUl, npH MO.D.epHl-l'JaI~HH, HanpaeneHHOl:t Ha yae.nmteHHe npOH'JBO.JHTe.rtbHOCTH 

,uettcTBYIOW.ett ycTaHOBKH, KOJ1Ht.ICCTBO KHCJlOPOAa, no,uanaeMoro B ycTaHOBKY BTOPH'-IHOJ:1 

KOHBepcml, 60JibWe TeopeTHt.IecKoro I(OJli:ttieCTBa, COOTDeTl'TDYIOUlero Tpe6yeMOMY 

yaeJntlfeHmo npOH3BO.D.HTeJ1bHOCTH. ,D.pyroe npeuMyIUeCTBO cm .• ,OHT B CHH)l(eHJUl Harpy3Kl-f 

.ueti<-'TBYIOWero B03.UYlllHOrO KOMnpeccopa. 
~ B 6 COOTBeTCTBHH C .!lPYrHM sapHaHTOM ocymeCTBJieHHSI: H3() peTeHim, ITOTOK rrpo.n.yuo~rnoro 

nna o6pa6aTbIBalOT a KpHoreHHOM npOLlecce, npH KOTOpm.f no MeHblllefi Mepe t.JaCTb 

npo,uynot.JHoro ra3a C)!(lf>KaCTC.s! C nonylleHHeM 'lKH..JKOf'O IlOTOKa, o6oraweHHOro MeTaHOM. 

H OT.UeJieHHeM nOTOKa pe1~HPKYJ1H.py1owero ra3a, COitep'lKaiuero, rnaDHblM o6pa30M, BO.JJOpo;i 

CTp.: e 
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H a30T. B COOTBeTCTllIIH C KOHKpeTHbIMH BapHaHTUMH ocyIUeC'TBJieHHS .1no6peTeHH'I, ITOTOK 

pe1mpKyJ1Hpy101uero ra'Ja IlO,:'lalOT Ha BcaCbl.BalUfe UHPKYJUill,HOHHOro Hacoca KOHTypa CHHTe'Ja 

1-tnH B rnaBHblfi KOMrrpeccop CHHTC3-ra:m. 

B HeKOTOpblX aapnaHTax ocyUleCTBJleHml H'J06peTeHHfl npo.ayBO'-lHbin noTOJ( npOMblBaIOT 

s l!H<.'TblM }KH.[lKHM HJIH CMernaHHblM IlOTOKOM )KH,.'.l.Koro/ra·Joo6pa3HOI'O a30Ta. IlpOMbIBKa 

CMemaHHblM TIOTOKOM )KH,ilKOro/ra1006pa:moro a:mnl stBmieTCSl 6onee ~cpeKTHBHbTM 

npOl..\eCCOM B 1.i)aBI-remm co CMelllemreM JIHUlb C raJoo6pa:JHbIM 830TOM, B ~ra<.'THO<.'TH. 

6naro.:..1apj{ MeHbweA nosepxHO(.,'TH Te1111006Metta, 6onee HH3KOit TeMnepaType CHHTe3-raJa 

Ha BCaCbrBllHHH l~HPKYJl}II.IHOHHOro ttacoca Hlmrn C1'YTieHHX CiKantst II, cne;'.lOBa1-eJ1bHO, 

10 ysenwmnaeT npOH3BOLlH.TeJibHOC1'b llHPKYJUIUHOHHOro Hacoca/KoMnpecl~Opa. YnOMjlHYTbI8 

npoQeCC npOMbIBKH )Klf,rlKHM mm. CMernaHHbIM )KH,:urnM/ra '3006pa3HblM a30TOM BbnlOJIHSUOT 

npH Kp110reHHOtl ·reMnepaType, TO ecTb B HH3KOTeMnepaTypHOM Y'JJle. B .JlPYrHX aapHaHTaX 

ocyute(.,'TBJieHH}I H306peTeHHH npo,llyao1.1Hbl8 IlOTOK CMeillIIBtUOT C IlOTOKOM ra3oo6pa3HOro 

a30Ta nepe,'l BTIYCKOM ynOMHHYTOro JTOTOKa B HH'}KOTeMnepaTypHbitt y3en. 
l'f B npe.nn01ITHTeJ1bHOM aapHaHTe ocymecrnJieHHH H'J06peTe1um HCTIOJib'.lYIOT nOTOK )l(H,lKOrO 

a:JOTa HJ npouecca pa3,r1e11eHHS1 BOJ.llyxa A/ljl nponmo·ro•rnon npoMbIBKH npo.:tysolIHoro 

nOTOKa B KpnoreHHOtt arrnapaType. rrper(TJQlJTHTeJlbHO B KpttoreHHOfi KOJJOHHe. 

Ilpe.nnoqTHTeJibHO. npOMblBKY TIPO.llYDO'-IHOro ra3a npoDO)lSIT B COOTDeTCTBHH CO CJle.llyIOutHM 

npOl..\ect:OM. Ilpo.a.yBOllHblA liJIH OTXO,:{HutHt.1 ra3 oxna>K;'.l.aJOT LlO KpuoreHHon TeMnepaTypbl 

_'() H JaTeM OXJia)K):JeHHblil npO,'lYB04Hblh raJ npOMblBaIOT B KpHoreHHOtl KOJlOHHe noTOKOM, 

co.uep)KalJ.lHM )KHJlKidt ,BOT~ npOMblTbltt npo..::tyBOtIHbiil IlOTOK OT6HpaIOT H'.3 yKa3aHHOtt 

I<OnOHHbl, ra1006pa3Hy10 c~paKU,HlO npOMbITOro npo,l1,yBC)llH0f'O IlOTOKa OT.O.eJUIIOT C 

IIOJlyt'ICHHeM npOMbITOro npo.nyaoqHoro ra3a, l(QTOpbJit HCilOJib3YIOT ;urn oxmt)IQleHHH 

npo,llyeo,rnoro raJa, no.aanaeMoro B Ten11006MeHHHK, Ja:reM npoMhITbiit npo.n.yBO'IHhltl raJ 

1.1 pe1\HPKYJIKPYEOT B KOHTYP CH.HTe'3a HIIH KOMnpeccop cmue1-ra1a. )KH,D.1<yro cppaKu,Hro, 

OT,UeJleHHYIO H3 npOMbITOro npo.D.ysoqHOI'O IlOTOKa, peu;HpKy.rrnpylOT ll KpuoreHHYJO KOJlOHHY. 

B ,l1,pyroM npe.n.rrOtfTHTeJibHOM BapHaHTe ocyIU,ecTBJieHJ{jf H'.J06peTeHHH ycTpOitCTBO 

pa3,neneHH" soJ.ayxa (YPB) 06ecne1.msaeT no,n.at.Jy noToKa a3oTa n cpopMe ra3006paJHoro 

rrOTOKa non mmJ:reHHeM. 31-oT m)TOI< a:mTa rro.rlatoT n ycrpon(.,'TDO H'.l11.r1e11eum1 rrpo.uyso•rnoro 

3() nt'.la, r.z:te ITO MeHhwett Mepe L{aCTb TIJX).J.yeoqHoro ra3a (.'.)KHiK1UOT C IlOMOlllblO KpHoreHHOro 

npoQecca, rronytJa" )f(H,ilKHit TIOTOK. :)TOT :lKH,UKHit IlOTOK o6oranieH MeTaHOM, H TIO)TOMY 

ra3006pa3Hbllt TIOTOK, BblXODJUUHil H3 ycTp08(.'TBa HJBJ1e11eHHH rrpo.aymm, CO,.!lep)KJfI', rnanHblM 

o6pa30M, BO,LIOpO,ll H a:ioT H MO)Ker 6bffb B03Bpa1ueH B KOHTYP CHHTe3a HJIH COOTBeTCTBYIOLUH~ 

KOMnpel.X:Op. npe,i:lnoqTHTeJlbHO, .. 'lo6aBJteHHOe KOJUftJeCTDO a30Ta SIBJt1'eTCSI H'J6bfTffllHblM 

J_'f ll cpam1eHHU co CTeXHOMeTplfllecKHM 3HatJe}IHeM. 

BhlweyKaJaHHble sapHaHTbl ocymecTBJieHH" mo6peTemu1, HCilOJlbJYIOIUHe :iKH;'.lKHtt H 

ra'Joo6pa'3lfbI8 aJOT, COOTBeTCTBeHHO, MO)KHQ KOM6HHHPOBUTb x.pyr c .npyrOM. 

CJie,UOBaTeJibHO, MOiKHO TaK)Ke HCTIOJib'.JODaTb KOM6HHHpoeaHHhllt pacrnop }I{IIJ:UCOrO nmoc 

ra1006paJHoro a1orn . 
. ,o ,QpyrHM aJILTepHaTHBUblM BaplfaHTOM OCYlllecTWlemm HJ06peTeHH.SI, H3BecTHblM B ypo13He 

TeXHHKH. SIBJU!e1'CSI o6pa6on;a npO.llYB01UtOro ra3a B l.'eK ... HH H3BJle4eHHSI npo.rtyl3KH C 

nonyqemfeM 0Txo.ri;1mtero ra3a, Ha'.lhrnaeMoro TaK}I,e c6pocHhJtt ra'l, co;i:ep:lKa1uero HCKOTopoe 

KOJUfl.IeCTBO oc·raTo~moro BO.rtopo,na. B COOTBeTCTBlfH C rrpe,.:umraeMbIM H'306peTeHHeM. 3TOT 

OTXO,'.J.}lll(Htt ra:s o6pa6aTbIBRlOT a'.lOTOM ,i],JUI H'3DJiel!emt11 OCTUT04HOro 80.!l.Opo,la . 

./S Ilpoll.yB01IHbl11: ra3 rrepe.u rrpOPdblBKOAf o6pa6oTKOtt a30TOM npenno1ITHTenbHO He co.uep)KITT 

RMMUaI(. AMMHUK MO»mo yaamrrb, nanpHMep, rrpOTHDOT01IH08 npOJ.{bIBl(On BO.llOn 

npo.n,yso~rnoro raJa. 3aTeM no.r1y Y.Ila.TUIIOT, HCnonbJYSI, nanpm,tep, cy111HJibHh1e arrnapaTbt. 

KHCJJOpO,UHbiit l10TOK npe.anOllTHTeJTbHO C}ImMaIOT B COOTBeTCTBYIOI.UeM KOMrrpeccope H 
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CMeum.Ba.fOT C no.!laqelt BO'.lllyxa B ycraHOBKY BTOPHlJHOA KOHBepcHH, 06ecne1.rnaaS1 TaKHM 

o6pa30M ITO,llatty 06ora1.ueHHOro KHCJIOpO.!:(OM 1303.llyxa B :ny ycraHO.BKy. 

JJ.pyrnM o6oeKTOM rrpe.r1JiaraeMoro mo6pereHHSI stBJUteTCR ycTaHOBKa, npttcnoco6neHHasi 

I< npoue,ueHHIO llbltUeonHcammro npm~ecca H pa3HblX ero oapHaHTOD. B COOTlleTCTBHH C 

s npe,unaraeMb!M HJ06peTeHHeM, ycTaHOBKa ~JUI npOH3B0.llCTBa aMMHaKa BKJUOttaeT: KOHTYP 

CHHTe3a H rorronHyIO CeKUHlO W]SI CHafotcemtSI I{(H{,llHl.{HOHHbfM CHHTe1-ra·10M yKalaHHOrO 

KOHTypa l.~IBTe'.la, ynOMJrnyrasi: fOJIOBHaB ceKl(IUJ BKJ1101.IaeT Y(;'T8HODKY nepnHqnon KOHnepc1m, 

ycTaHODKY BTOpUl.lH0'1. KOHBepCHH H ,!J.OHOJIHHTeJlbHOe o6opy.AOBaHHe ,!],JUI KOHBepl~HH, 

y,11arreHHR CO2 H MeTattuposamur; rnaBHbTA KOMnpeccop CHHTCJ-ra1a .llJTSI no.n;a1:rn 

10 l<OH;;lHl~I.IOHHOro CHHTe1-ra1a B KOHTYP CHHTe3a; no MeHhWeR Mepe O,UHO ycTpottcrno 

pa3~eJTeHH~ B03,nyxa, 06ecne1.rnuarou1.ee noTOK KHcnopo,na 1.1 no MeHhmett Mepe omrn noTOK 

aJoTa; 

l'f 

l10T01rny10 JIHHHIO, TTO.ll3l0IUYI0 llOTOK KHCJTOpo.aa B yc-raHOBKY BTOPH'·IH0'1 KOHBepl'HH 

HJIH 803./lYWHb{tt KOMnpeccop, flHTarOI.UHtt ycTaHOBKY BTOpH4HOtt KOHBepcJm; 

ycTaHOBKa OTJIWuteTCSI BKJHOlleHHeM cpe,u()TB, npHcnoco6neHHblX ;:I.JUT npOMhlBKH 

npo.n:yeo1:.J:Horo ra1a, co,n,ep*amero HHepTHble npHMecn, npo,ny'Th1e H3 KOHTypa cHm,e::.m., HJIH 

OTXOJlBIUero ra1a H3 ceKu;HH H3BJie1.1ettID1 nponyno1.rnoro ra:1a, no MeHbrnett Mepe {)llHHM 

noTOKOM a:mnt JlJrn nonr1eHH51 BOAOPOJlCO,ll,ep)Kaw.ero, no cymecTBy He co)l.ep)f(aw.ero 

HHepTHble npHMecH peu,HpKyJ1Hpyro1uero nOTOKa, H TIOT01JHOtt JlHHHH, npe,:lHa3HalJeHHOit ;:urn 

_'() peuHpKymunm 3Toro noTOKU B KOHTYP CHHTe'.3a. 

B coon3eTCTBI.II{ C pacKpblTblMH flb!Ule uap.HaHTaMH ocyu.1ecTBJleHH~ H306peTeHHJI, 

Yl-'TpOitCTBO pa3,n_eneHHSI B0'.3).lyxa (YPB) o6ecne~msaeT CHa6,KCHHe a'.lOTOM B )l(HJ~Koet: MJIH 

ra:1006pa311on cpopMe HJ'UI B o6enx cpopMax. YcTaHODKa M(nI<eT Bl(JUOt.IaTI, KPHOreHHblA 

annapaT, npe;i,nOllTHTeJlbH() KpHoreHHYIO KOJ10HHY, B KOTopon npO.llYB04Hhltt nt3 npOMhlBaIOT 

.2.1 npoTHBOTOt.JHblM noTOKOM )l(H,IJ,KOro a'.3oTa, noJ1yl1eHHbIM s YPB, ,IJ,JISI :v1JsJiet:!c11Hsi 

BO.n;OpO,JCO.D,ep:lKamero ra3a, He CO,ll,ep)Kaw.ero HHepTHbie npHMeCH. B JlOfiOJUIHTeJibl[blX 

sapna11Tax ocyuieCTBJlCHHH H306peTeHHR ycTaHOBKa MO)l(CT BKJllOttaTb Yl-7portc-rno ,::(J151 

H3ane1.1eHH~ npo11ynot.rnoro ra3a. r.21e ero O)l<H:iKaioT H 1<y,2.a no,laIOT ra3006pa3Hbili a10T, 

IlOJiyt1eHHblf;I B YPB, ,JJUI H3BJieiieHHB ra3oo6pa3HOro llOTOKa. co,;::rep')J(aiuero BO.llOPO.ll H 

JO a30T. 

npeanaraeMoe 1no6pei-eHne TaK)Ke np1n-o,rmo ;1,m1 MO;lepmoau,nn ,nelt.crny1011ten ycra.ROBKH 

,um:i npOH'JBO~CTBU aMMHaKa. ,n:onOJIHHTeJibHblM napHaHTOM ocymecTBJICHIUl n:m6pereHHSI 

'33TeM SIBJTSleTCSl cnoco6 yaeJIHtfeHHSl npoH3B0,UHTCJlbHOCTH ycTaHOBKH ,lJI51 npOH3BO,llCTBa 

aMMHaKa, BKJilOliarow.en KOHTYP CHHTe:la aM:r ... maKa u rorroBJ1yro ceKumo, 06ecne,uma10my10 
.H' 00,latiy IIOTOKa CHHTe3-ra3a, L'O..:J.ep)f(aUtero BO.llOPO.A H a301\ B KOHTYP CMHTe3a, npH4eM 

rom)BHaSI ceKI.\HSI BKJH01nteT ycTaHOBKH nepBH4H08 H BTOpHlJHO~ KOHBepc,-rn I.I 

JlOJlOJlHHTenbHOe 06opy.!l.OBa1me ,l!Ul KOHBepcmt. Y.lla.JieHHSI CO2 H MeTaHHpona1ma, a TaK)l(e 

.,o 

KOMnpeccop CHHTe3-ra3a ,llJlSI TIO,lla4H TIOTOl<a C~HHTe3-ra3a B KOHTYP CHHTe3a. Cnoco6 

MO,lepmnaUHJ·I BKJlIOlJaeT L'Ta,.'.lHH: 06ecnet1emu1 ycrpoACTBOM pa3.lleJJeHHSI 803.Z~yxa, 

npHcnoco6JieHHblM ,l],J1SI CHafoKeHlUI flOTOl<OM KHCnopoAa H no MeHbilleA Mepe o~:tHHM HOTOKOM 

iKH,:lKOro HJJH ra1006pa3HOro 830Ta; 06ecne1:.JeHHSI cpe.n,CTBaMH TIO)lRLJH l'IOTOKa 1rncnopori:a 

B ycTaHOBKY BTOpHtJHOit KOHBepcmt HJIH B03.:.yrnHbdt KOMnpeL'COp. IlHTUIOlllJdt ycTaHOBKY 

BTOpHttHOA KOHBepcirn; o6ecne4eHHSI cpeACTBaMH, npHcnoco6JieHHblMH ,l:],JUl HCHOJlb30BaHiUI 

TIOTOKa a10Ta ;:mg npOMbIBKH npo,nyn04HOrO rala, OTC>HpaeMOro I.I~) K0}£Typa cmne:1a, HJIH 
./S 6 6 OTX0rl51lllero ra3a, Bbl,IleJrnIOmerOCSI npH O pa OTKe npo.nyBOlIHOro ra'.la, C nony11eHHeM 

BO,.'lOPO.:lCO.D,ep)l(a1uero, 110 cy1uecrny cao601.1.Horo OT HHepntblX npnMece&t 

pe1.v1pKyJrnpyio1uero nOTOKa ,lJJUI peUHPKYJISll~HH 3Toro TIOTOKa 8 KOHTYP (.,'HHTe3a. 

I1pn MO,ll,epmna1~Hll .lletlcTByto1Ueli yc.,--i-aHOBKH MOJ!<HO peaJIH'30BaTb pacKpbITbie BbUUe 
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88.pltaHTbl ocywecrnneHJUl H306peTeHJISJ B COOTBeTCTBMH C noTpe6HOCUIMH H/Hmf 

xapaKTepHblMH oco6eHHOCTSIMH crnpon y<..'TaHOBKH .JJHI npOH3BO..:.<.,'TBa aMMHaKa. HanpHMep, 

eCJIH yc.,,aHOBKa Y)Ke o6ecne'4eHa ceKI{Hett H'3BJIC4CHHSI npOJlYBKH (HarrpHMep, MeM6paHaMH 

HJIH .lpyron CHCTeMotl), MO)I<HO npO.JYTb H3 KOH'rypa 6onbll.le nna nyTeM o6pa60TKH 

S ,!lOllOJIHHTeJihHOtt npo,lyBKH a30TOM H3 YPB. 
B npe;::moqnneJ11>HOM eapHaHre ocy1uecTBJTeHHJr H'.3o6peTeHHSJ r<om,tiecrno a'.lom H's YPB, 

nommaeMoro n yCTUHOBKY BTOpu~mon KOimepcau. 60JibWe, tJeM TeopeTHtfeCKOe KOJUPieCTDO. 

COOTBeTCTBYIOLUee YBeJIH4eHHJO npOH3BO.lU.freJlbHOCTH scett ycraHOBKH, ,llJUI CHHll<em,rn 

ttarpy3KH ::{ef\cTay,ouiero ao3.nyurnoro KOMnpeccopa. 

10 OcHOBHOe npeHMYllleG'TBO npe;:maraeMoro H306pe-reHHff 3aKJIIOttaeTCSI D HCilOJlb30DaHHH 

IlOTOI<a a101a H3 YPB WIS yneJntlJeHHSI aj)q>eKTHBHOCnt npoQeCCa nyTeM H3DJie4eHl{Sl BO~OPO.Lla 

np0Ayso1.rnoro raJa He TOJibKO ;msr perym1po13amu1 cooTHoweHHR HN Cblpbeaoro CHHTe3-

ra:ia. 

flpe,nnaraeMoe H306peTeHHe TI0'3BOmleT yneJIHqHTb npOH3B0.llHTe.JlbHOCTb ycTaHOBKH, 

l'f yMeHblllaeT B03pac.,'Ta1me CKOPOCTH noTOI<a BO acel1 rOJIOBHOit ceKUHH H cmnaHHbie C '3THM 

npo6neMbI, BI<mo1taS1 na,ueirne ~laanemrn H Harpy3KY ceKllHH y,'l.a.rteHHSI CO2 H MeTa1mpoeaHm1. 

f OJIOBHaSI CCKUIUI nonyqaeT JIHlllb lJHCTbdI UOTOK KHCJiopo,rm, Heo6xoaHMblit }l}ISI yaeJIHt.1e1-nu1 

npOH3BOJllfTeJlbHOCTH KOHeepCHH, TOr,na KaK IlOTOK a3oTa, K()TOpbltt ,llOJDKeH npOXO.ll}ffb 
11epe1 rOJIOBHYIO (;t!KQHJO no cy1ueCTBY KaK HHepTHbl~ ra3, COOTBeTCTBeHHO no.naIOT mnllb B 

_'() cem~HIO H3DJieqeHH8 npo..JyDOt.tHOT'O ra3a, r,:r,e OH Tpe6yeTC8 l<aI< O)lHH H3 peareHTOD _!].JUI 

npoH:mo~1cTBa aMMHaKa H .ll,JUI y<.mtHO.BJleHHH Tpe6yeMoro COOTHOUJeHH.SI HN KOH~Hll,}iOHHOI'O 

CHHTe3-ra3a. 

I1cnonh30eauHe ,KllUKOro a30Ta .!lJUi H'.lnJier1emu1 ao.Jopo.ua, CO.le p:it<ameroc11 n 

npo,!lyBO'-lHOM raJe, BMet-'TO nao,ua HJIH Henocpe,a<.'TBeH.HOro HCilOJih30BliHHSI B l'OJIOBHOtt 

..!J CeKu;HH, HMeeT npenMymeCTBO, KOTOpoe 3aKmoi:JaeTCSI B 3HatmTem,HOM CHH'.iKemu1 

m.tmnaJII:,HbIX 3aTpaT; cpaKTtt'IeCKH )1)' npOMblBKy/o6pa6oTKy BbIIlOJlHSUOT B OTHOWeHHU 

npo,llyao1.moro 1·a3a, CKOpOCTb llOTOKa KOTOporo, KaK npammo, B ,lleCSJTb pa3 MeHbWe, qeM 

CKOpOCTb IlOTOI{a KOH..JHUHOHHOfO CHHTe3-ra3a, no11aaaeMoro B I<OHT)'P CHHTe'.m, ,[(pyroe 

npettMymecTBO 3RKJU04aeTCSI B TOM, lfTO .rlJllI npOMbJBKH TIOTOKa, a MMeHHO npo;iyBOtIHOrO 

J(J mm OTXO]l51ll{ero ra.Ja, HCTIOJlb'lYIOT a'JOT, co~ep)Kawidt 6onee BblCOKOe KOJIH4eCTBO HHepTHblX 

npnMecen, tieM KOH.llHll,HOHHbltt CHHTe3-ra3, H TIO)TOMY npOMblBKa npoayBKH a'JOTOM SIBJISICTCS! 

BbICOKO)Q)q>eKTHBHOtt. 

floaaqa 1mcnopo,lla B yc.,'TaHOBKY BTOpH"IHOA KOHBepcHH HMeeT ,EI.OTIOJlHHTem:>Hbie 

npeHMymecTna. Harpy3KU B03.llYillHOfO KOMnpeccopa, IlHTa1owero Y(..'TaHODKY BTOPH"IHOR 

.H' KOH13epc1m, CHH)l(aeTCSI, TaK KaK llaCTb KHCJ10pO,Ja, He06XOJ.J,HMOro )].JUI ycraHOBJ<H BTOpH4HOfi 

KOHBepcKH, Tenepb o6ecnet.JHBaeTClJ YPB. '.?Tro 03Ha1.iaer, l.fTO rrpOH3B0;'lHTeJibHOCTb ycTaHOBKH 

MOil<HO yneJllfl.lHTb npH ,laHilblX paJMepe H nponycKH08 cnoco6HOt-'TH B03.llYlllHOro 

KOMnpeccopa 6e3 Heo6XOJJ,HMOCTH B 6onee KpynHOM H aoporoM KOMnpei.'COpe. IlpH 

MO.Jepmnau,HH .E1.dtcrny10wen ycTaHOBKH npe,.urmraeMoe H106pe-reHne o6ecne4HBaeT 

•10 ..lOilOJlHHTeJlbHYIO nponyCKHYIO cnoco6HOCTb/y.;::(06cTBO H npOCTOT)' HCrIOJib3013aHHSI 

ilei:k,'Toy1omero B03,nywHoro KOM.npeccopa a cnyt1ae yxy.JmeHHH u11emHHX ycnoaHli, 

yaenu1:1e1rne npOH3B0,llHTCJlbHOl'TH, B03MOmHOCTb HCm)JibJOBl.'I.HIUI pe:,eputtoro C)l(aToro 

B03,llyxa B ,llpyroM Met.'Te ycraHOBKH ,l:IJUI npOH3B0,ZlCTBa aMMHaKa. IlHTaHHe aettcTny1ou1ero 

803.llYlllHOrO KOl.mpet-'COpa IlOTOKOM, o6orameHHblM KHCJIOPOJ.lOM, IIO'JBOJUl:eT .uo6HTbC» 

./S 60J1bUJe8 npmt'.3DOJ.UITeJibHOCTH KOHDepcim npH TOA )J(e CKOJX)CTH TTOTOKa mt nnycKe 

KOMnpe(..'COpa, TO e<.'Tb 6e3 Heo6XO.D,HMOCTH M0,1mi>HKa1.µrn Cal\mro KOMnpeccopa. 

IlO)la4a .n:onOJIHJf1'eJibHOf'O KHCJlOpo~a 13 yCTaHOBKY BTOpH1-IH08 KOH13epc1nt Taiotce aMeeT 

npeHMyLUecTDO, 3aKJII0tJa1oweecs D lHal.UfTeJibHOM yaem111eUHH npOHlBO,UHTeJihHO<.'TH 
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KOHBepcHH 6e3 MO,llHQ)HKamrn ycTaHOBKH nepaHqHoh KOHBepcHH, Haxo.:u11uehc11 BbHlle no 

IlOTOKy. 3TO HllJU!e"fC,11 Ba)KHblM npeHMYllJ.e(.,'TBOM flOTOM.Y 4TO, KaK yTBep>K,Aa.JlOCb Bblllle, 

YBeJIHqeHHC npmnBO,'JJ{TeJlbHOCTH ycnlHOBKH nepBHlJHQj:t KOHBepc1m, Kai< npammo, 

HeB03MO:iKHO HJlH OOXO,lHTCJ:1 CJHIUIKOM ,aoporo. 
S TTyTeM pa3,neJieHH51 OCHOBHblX KOMilOHeHTOB B03AYXl:l (KHCnopo;l H aJOT) rrpe.Ll)laraeMoe 

1no6peTeHne HO'.!BOJl~eT .uo6awut:Tb KHCJlOPO.Il H a30T B OilTHMtUinHbIX TOlJKax cxeMbI 

yCTaHODKH. Tipu He06XO,llHMOCTlf MQ)KHO yneJIHtlHTb KOJU:flleCTBO KHCnopo.l{a, a HMeHIIO mt 

anycKe ycTaHOBKH BTOpH.lJHOit KOHBep<..'HH, a a30T ITO.llaIOT JUUU.b B cnyi.lae He06X.O.D.HMOCTH, 

TO ecTb 13 KOHTYP CrfHTe'3a llMMHaKa. 

10 CJTe,ilyeT OTMeTHTb, l.(TO CKOPO(.,"Tb nOTOKa H )laBJie1rne Ha nnycKe rnam1oro KOMnpeccopa 

cuHTeJ-raJa no cymecTBY ocTaIOTCJI HemMeHHbJMH, .na:it<e npH yae1mqemrn 

npOH3B0.UHTenbHOCTH ycTaHOBKH. Hpe.am1raeMoe mo6peTCHHe f103BOJHleT TaK)Ke CHH3HTb 

mtrpy3KY ,1ett<:Tay1omero 06opy.uoaamu1, rmtBH&IM o6pa30M, ynoM8Hyroro rmrnaoro 
KOMnpeccopa CHHTe3-ra3a H no'.l,llymHoro KOMrrpeccopa npoCTblM ysemtt1e1rneM ttarpy3KH 

l'f YPB. 06ecneqnaa11 ;:iorromune.11bHOe "npO(,,'TpaHCTBO" ,ZlJUl ynOMHHYTb[X ycTpott<...'TB; KPOMe 

Toro, yMeHbllleHHe Harpy3KH 0O3,ayw1wro KOMnpeccopa 1103BOJISieT CHIBHTb Ila.D.eHHe 

AaBJTeH1u1 B ronoatto.1% cerntHH 1n-1a a1OTa, paHee rro,naoaeMoro KOMrrpeccopoM. 

Ilapu,HaJibJ-IOe ,!lUBJleI-me CO2 ll CHHTe:J~ra3e D03paCTaeT DC.rie.r:tCTBHe MeHbllleA KOHU,el1'rpa1.um 

8'.JOTa. 3TO 03HatmeT, lJTO cern~HSI ynaneHHSI CO2 MO)t(eT pa6oTaTb 6onee 3{f>q>eKTHBHO, H qTO 

_'() npe,::maraeMoe «Jo6peTeHHe cnoco6cTByer TaKHce peweHHIO npo6JieMhI yBeJIHqeHus 
npoH3BOAHTeJibHOCTH ce1nurn y,aa.neHHJI CO2. 

CyMMHpyg BbIWeH3JIO)Kemroe, MO}l(HO KOHCTUTHPODRTb, tJTO npe..:maraeMoe H306peTemte 

o6ecnelJHBaeT 3cpcpeKTHBHOe H peHTa6enhHOe yseJmqeHHe npmrJBO,[IHTeJibH()(.,"TH ~etk."TBYlOll.leti 

..!J yCTaHOBKH ;1m1 npOH3B0,llCTB aMMHaKa HJIH yoeJIWiCHH.e nponyCKHOR cnoco6HOCTH H 

3<M>eKTHDHOCTlf HODOR ycnmoD.KH npH ,JaHl[b]X KamnaJJbHbJX '.laTpaTax, TO ecn, paJMepe 

rnaBHblX e,D.H.HHI.I 06opyi.1,oaa1rna. TaKMX KaK ycTaHOBKH KOHBepCHH, B03;'l.YWHbl~ KOMnpeccop 

H KOMnpeccop CHHTeJ-raJa, ycTa.HOBKH y.uaneHHSI CO2 H T.Jl. B lJRCTHO(.,'TH. npe.nnaraeMoe 

mo6peTeHHe o6ecnetmaaer CTpaTern~1ecKoe v1cnoJ10:1oaafme KHrnopo,aa H a3oTa i,1:3 yt,'Tpott<..,--na 

Jo pa3.ue.rrettHH B03.11yxa. 

flpenMywecTDa 6YLlYT 6onee O•1enam1b1 npu CJ1e.uy101ueM .lleTa.JihHOM onucaa:HH 

npe..:u1oqnn-enbttoro napuaHTa ocyme.cra11ettHS1 1no6pe-remu1. 

KpaTKoe onucaHHe •1epTeiKeR 

Ha npHJiaraeMbIX K omxcamno 11epTe:lKax rroKa3atto: 
.H' Ha q>Hr.1 - 6noK-,UHarpaMMa y<..,'TRHOBKH AJJSI npOH3B0,llCTBa aMMHaKa B COOTBeTCTBHM C 

npe,u.rmraeMbIM H306perefmeM HJlH MO.aep.HH3Hpooauuott B COOTBeTCTBHH C npe,L1,JiaraeMblM 

H306peTeHHeM, 

Ha qmr.2 -ynpo1uettHa5l cxeMa oapHaHTa ocyuleCTsneHusi H306pe-reHHSI c m:monb1oaattneM 

a'.JOTa .D.JUI npOMblBKH npO.JYDOt.JHoro nna B KOJI.OHHe, 

.,o Ha q>Hr.3 - ynpomeHHas cxeMa .D.pyrorn aapnaHTa ocyme(,,'TBJI.eHHSI H3o6peTeHH'4 c 

HCTTOJlblOBaHHeM a30Ta )]JUJ npOMblBKH OTXO):li:llllero ra1a, 

1m qmr.4 - cxeMa ;':lOnommTeJioHoro napHauTa ocymecToneuusi u106peTem1si c 

HCilOJib30BaHHeM ra3006pa3HOfO a30Ta ,l.JISI o6pa60TKH npo;'.:lyBOlIHOro nna. 
Iloapo6ttoe om1catme oapHaHTOB ocymecranemu1 H3o6peTeHHB 

./S KaK BH~HO H3 qmr.l, TpamtU.HOHHast YCTaHOBKa .D,JlSI npOH'.3B0,D.CTBa aMMHaKa muuo1meT, 

B OCHOBHOM, r◊JIOBHYIO cel(UHIO l KOHDepCHH, pa60Ta.I01uy10 IlO)J, ,.'.(i:lBJICHHeM OKOJIO 25-35 
6ap, KOHTYP CHHTe3a 2, pa6oTaIDLUHit noa 6onee BblCOKHM ,J,UB.rTemreM, HanpHMep, 150 6ap; 
ycrpoitCTBO 3 pa'.l,lleJteHHSI BOJ,r:iyxa (YPB) H yCTpOl:tCTBO 4 H'.lBJJ.etieHHSI npo;)yBKH. 
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B ceKumo KOHDepcHH l ITO..'lalOT COOTBeTCTBYIOlllee yrneno.:iopo,zmoe Cbipbe, TaKoe KaK 

npHpO,llHbll1ra35 H B03..'lYX 14 H3 803.llYUII-IOro KOMnpeccopa 15. KOH.llHUHOHHblrt CHHTe3-ra·.3 

6 H3 ceKLtWH l KOHBepc1m nocrynaeT 8 l(QHTYP 2 qepe3 rnaBHbltt KOMnpeccop 11 CHHTe3-f'338. 

fOJIODHUH ce1nuu1 1 H KOHTYP 2 H'.lBeCTHbl KaK TaKOBble H ,llaJiee He 6y.r:lyT onHCaHbJ. 

s B KOffrype CHHTeJ-ra:Ja 2 llOJ1yqa10T aMl\,lHal< 12 H npo,ayBolfHbll1 ra3 7 H'.J noro KOHTypa 

TIO,lll:HOT 13 ycTpOltCTBO 4 H'.lllJlet:Jemu1 rrpo,uymm. Ilpo.uyao1nihlrt ra:3 7 co.uep)t(HT BO.llOPOA, 

aJOT H ueKOTOpoe KOJIH'leCTBO m1epTHbJX npHMecett rnamlblM o6pa30M MeTa.H H aproH. B 
y(.,1pottcToe 4 H3Bne11eHH5I npo,uyBKH H3BJ1e1nUOT B0,UOpO,il, co.uep)KalUHJtC51 B npo,!lyBOl.lHOM 

ra'.le 7. o6ecnet.JHBRSI KOHTYP 2 pe1\HPKYJ1Hpy1ou.1,HM JlOTOl(OM 8, co.aep,KaLUHM l30)l0PO.:l, H no 

10 cywecTBy He CO,'l,ep,KalllHM HHepTHble npm,teCH. YKa3aHHbI8 peu,HpKymrpyrow.Htt llOTOK 8 
B03Bpama10T o6paTHO B KOHTYP 2. rm,!umas:i ero, HanpHMep, Ha npoMe)KyTOllHYlO C'ryneHb 

rnaBHoro KOMnpeccopa 11. 
YPB 3 npKHHM.aeT IlO)J.aqy BOJ,;::i,yxa 1 1 H CHafoKaeT KHCJIOPO,[(OM 9 yt~aHOBKY BTOpHtJHOA 

KOHBepc1m, pacnonmKeHHYIO B fOJlOBHO~ CCI{I~HH L H )fUl,ll,KHM HIHJIH raJoo6pa3HbIM aJOTOM 

l'f lO ycTpOilCTBO 4 H3BJietfeMIUI npo,nyao~moro ra:la. y <.--rpoitCTBO 4 H'JBJiet1emu1 npo,uyBKH 

BKJll01laeT, HanpHMep, npOMblBHYIO l<OJIOHHy. B KOTOpon npOMbIBalOT npo,l.yBOllHbdt n1'.l 7 
)KH,ilKKM a30TOM 10 ;us:r nonyt1eHH51 peI{KpKynttpyIOU.lero TlOTOKa 8. YPB 3 HeofonaTeJlbHO 

nocraans:reT .aonom-IHTeJlbHbJJt llOTOI( l 6 a30Ta, KOTOpbIA HCilOJib'JYJOT .DJI8 pery;mpoaa1ms:r 

COOTHOllleHH51 BO,ilopo..u.a H li30Ta B CHHTe'.J-ra3e 6. 
_'() Ha qmr.2 noKa3aH npe,uno~m-lTeJlbHbTff BapHaHT ocyu{eCTBJieHrUI H306peTeHHSI ;lllSI 

KpHoreHHOtt o6pa60TKH npo,nyaotrnoro ra3a. IIpo.!lyno•rnblft ra3 I 00, CO.llep)((amun 60-70% 
ao,nopo.ua, OKOJIO 20'x li30Ta H 5-6% MeTaHa H aproHa, OT6Hpa10T HJ KOHTypa CHH'TeJa. 

YKa3aHHbI8 ra3 I 00 OXJia)K,ZJJUOT n COOTBeTCTBy1omeM Tennoo6MeHHHKe 150 LIO KpHOretrnott 

TeMnepaTyphl, TaKOi:t KalC - 150°C. OXJia:ac,JeHHbltt rrpo,uyB04Hblh ra3 IOI no,riaIOT B 

1.1 KpHoreHHYIO Konotttty 120, r.ue ero npOMbJB~UOT )l(JUlKHM a'.30TOM 105 H'3 YPB. B np»Mepe 

npo.nyBOt:fHbI8 ra3 npOMblBaIOT ITOTOKOM l] 2, CO,llep:lKalUHM )KH,.'.11CH8 a30T 105, H 

AOilOJIHHTem,HbIM )l(H,!J.KHM m)TOI<OM l 04, co,aep)Kal[(HM, rnaBHbIM o6pa30M, a:JOT n B0.llOPO.r:l, 

KOTOpbltt pet(HpKynHpytoT H3 cenapaTopa 104. 
MeTan H cmcTwmo aproH, co.uep)fcamHecH n nt'3e 101. y.llamuoT B KOJIOHHe 120. Cnepxy 

J(J KOJIOHHbI 120 OTBOAJIT npo,uyno1:rnb1tt nt3 l 02, no cyme<.:TBy He CO)J.ep:>Kamun- MeTaH, TOr;J:a 

Kl:U{ )KH,1lKHA TIOTOK l lO, CO,!lep'lKaurn-n, rnaBHbTM o6pa'.30M, a30T, KOH,lleHCaT MeTaHa H aproH, 

01'6HpalOT CHH3Y Tott )Ke KOJlOHHbt 120. )Kn:ri,KOC'Tb 110 no,anepra1o-r MrHOBeHHOMY ncnapenmo 

a Knanatte 121, nonyi1as.i noTOK 106 co c6pomeHHbIM ;'.lawieHHeM. 

YnOMSIHYTbltt ra3 I 02, He CO,llepiKaumtt Menrn, no MeHbUJei:t Mepe '-ll:lCTHt.JHO KOH,.'l,eHCHPYJOT 

.H' D COOTBeTcrnyro.l[(e.M Tennoo6MeHHHKe 130 nyTeM TenJI006Meua C noTOKOM 106 co 

c6poweHHb(M ,JlaBJieHHeM. BbmycK KO~eHcarn 113 H3 KOH~eHca·ropa 130 o6pa6aThJBaIOT 

n cenapaTope 140 )KJI.LlKOCTb/ra3 c noJiyt.JetrneM ra3006pa·JHoro noTm<a 103 H JKHAI<oro 

Tl OTO Ka 104. ra:mo6pa3Hbl.A nOTOK l 03 OXJJa)((,!l,aeT Tennooo MeHHHK 110 H BblXO,J.IIT KUK 

TIOBTOJ')HO HarpeTbI.A TIOTOK 108 .ao TeMnepaTypbI, HanpHMep, OKOJJO - 40°C. 3TOT IlOTOK 

.,o l 08 no cywecmy cao6o.ueH OT MeTaHa H co.n.ep)KHT MeHhwee Kom1:qecTBo apro1m ( l -2% ), 
i.ieM anycKHott. npo,llynottHblt:t ra1 100, nocne Yero ero MO>KHO peu»pKyJrnpoBaTb KaK peareHT 

(KOH,!UU~HOHHbltt CHHTe'.3-nt3) ;msi KOHTypa CHHTe3a aMMHaKa. 

)KJUlKHR llOTOK 104 rrpe,lIIOlJTHTeJlbHO peuup1,ynHpy10-r 13 npOMbIBHYIO l(OJIOI-IHY 120, 
CMellIHBaSI, HanpHMep, C )KH,il,KHM a30TOM 105, Kal{ UOKaJaHO Hi:l qmr.2 . 

./S OcTaTOllHbln IIOTOK 106, o6orametmbitt MeTaHOM, no MeH&Uiett Mepe tJat,'THt:lHO HCnap2IOT 

II TenJI006Memume 130, Il0Jlytla2 TUKHM o6pa30M ra3oo6pa3HblA JlOTOI{ 109. I<OTOpbilt 

flOBTOpHO HarpeaalOT 13 Tern1006MeHHHKe 150, o6ecnet.JHBas.t Ti:lKHM nyTeM ,,lOIIOJlHKTeJlbHbl'1 

HCT()l::IHHK OXJUliK,i:lemlj! ,Z:UUI. TIOCTyna1owero npo,llyao~IHOrO ra3a 100. flOBTOpHblM HarpeBOM 
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nOTOKa l 06, o6oraweHHOf0 MeTaHOM, nony'-lalOT TOilnHBHblA ra3 J07 Ha BblXO,!le H3 

Tennoo6MeHHHl<a 150. KOTOpbHt peQHPKYJI1tpy10T 13 CHCTeMy TOflJJHBHOro raJa. 

rmrnHhl.MH e,llHHHI\aMH o6opy.n.oaaHHH, 06pa3y1011~HMH HH3K0Te.t,mepaTypHblll y3en .!{JUI 

o6pa6onm npO.ZlYBOllHOro nt3a 100. HBJUIIOTCSI KOJlOHHa 120, Tennoo6MellHHK 130. cenapaTop 

s 140 H Tennoo6MeHHHK 150. BcnoMoraTeJlbHOe o6opy;::toBaHHe, TaKOe IHU< KJianaHbl, HaCOChl, 

'.3KCnaH.uepb1 HT.TI. He TIOKa:latto. 

AnbTepttanmHbllt aapuaHT 0(.,)'JUeCTBJleHHfl mo6peTeHHH IlOKa'.JaH mi clmr.3. npo.ayBOlIHblfi 

ra3 100 npe.ll,BapHTeJlhHO o6pa6aTbIBaJOT B Yl.'TpO~CTBe 160 H3.1met1emu1 n po;~yBOlJHOro I'aJa 

C HJBJTetJeHHeM ttacn, CO.ll,ep)K8UlerocJI B HeM BO;J.Opo.ua. 1-h ynOMSIHyToro yc-rpottCTBa 

10 113onette1rnH npoayootJHoro ra3a OTBo;:urr 0Txo,nH1uun ra3 100a, co.z1epiKa11mn a301\ MeTaH, 

aproH H OCTa'fOllHhI.tt B0,'.l0p0,ll, B K0JIHlle(..'TBe, HanpHMep, 0K0.110 15%. OcmTOllHbltt BO,llOpO,l 

aanee H3B.JleKaJOT o6pa60TKOA OTXO.ll.Hlllero ra3a 100a BhHlleonHCaHHhIM cnoco6oM co 

CChIJIKOil Ha qrnr.2. 
B ,llpyroM aapHaHTe ocyu.eCTBJleHHSI H306peTCHHSI, IT0Ka3aHH0M Ha <tmr.4, HCTIOJib'JYIOT 

l'f ll0TOl( ra3oo6pa3HOf0 830Ta. f a3oo6pa'.JHhTit a30T 205 CMeunmaJOT C npO,lyBOlJHblM ra30M 

100 nepe.o. no,1la4elt B «HHJKOTeMnepaTypHhlA. yJen», TO e<.~r1:, nepe.!l. no,IJ,aYeit ra3a 100 e 11,u:n, 
yc-raHOBKH npH KpHoreHHOA. TCMnepaType. floJTylfeHHbdt TaKHM o6pa30M IlOTOK IOOh 
npo.ayaol.fnoro ra3a, 06ora1ue1moro a30TOM, oxJia)KJ'.la10T JaTeM n Tennoo6MeHHHKe 150 n 

IIO,i'.\aJOT B np0MblBH)'I0 KOJIOHHY 120, r,Ae ero npOMblBalOT IIOTOKOM 105 )KH..:.Koro a'.JOTa. 

_'() L{pyrne TIO.ll.POOHOCTH napttaHTOB OCYUleCTB.IleHHff lf'.106peTeHml, npe;.1crns.neHHblX Ha qmr.3 
H 4, amurorw:m1,1 TaKOBbJM, pacKpblTbIM co CCblJIKOtt Ha <tnrr.2. 

IlpnMep l 
Ll,H$pbl, npHBe)leHHble B H}UKeCJie,lly1omeM npHMepe. OTHQCjiTCii I( qmr. l. Tpa.uHU.HOHHYIO 

ycraHOBKy ,l)ljj npOH3B0,llCTBa aMMHaKa MO,llepHM3HPYJOT nyTeM MOHTa,Ka YPB 3. ooecnelJHBaa 
..!J IlOTOK 9 KHCJJOpo.aa M IlOTOI< 10, a:JOTa, HCilOJlb'.lyeMbdt ,[(JUI np0MbJBKH npo,nyBOl.JHOrO ra3a. 

CJ1e.nye1· OTMeTHTb cne.ay101uee: BblXO;'l aMMHaKa (IlOTOK 12) yae.rnttrnnc11 Ha 14%. TOr,lla KaK 

IlO)laqa B0:J,llyxa 14 B B03.llYlllHbltt K0Mnpeccop CHIBMmtCb Ha 11%; 0,1:lH,U<O, o6maH 11(),Ual:Ia 

KHCJIOpO)la n ycraHOBKY BTOpH4H08 KOHBepc1,m BO'.lpocna npHMepHO Ha 37%, T81( I<aK BO'.\.lYX 

14 co.::i.ep'llmT 21 % KHCJJOpo,ua, TOr,la KaK IlOTOK 9 co.r:1epJKHT 95% KHCJJOPO.!l.a, Ta6JIH~a l 
J(J pacKpblaaeT Il0,2lp06Hbl8 COCTaB IlOTOKOB, IlOI<a:ut.HHbIX Ha cjmr. l (MonepHH:JHpoaaHHbit\ 

aapnaHT). 

Ta('i;n11a la 
((la1011W!t 11npm1111-) 

Hmol( ~ 9 14 12 

napoea11 l}lpa1:1111g (M,x11, ► 1,00 1,00 0.08 

TCMl1Cpmypa .,, 76,!, .lH . .5 ),() 

llaaneime Psig 630,8() - 493,10 17.26 

Mom1pR1,tO 1101\)K ~l)'lrtm->m,ltJ 418!1,0 . 5840,0 8791,:t 

Macro111,11t nurn1: ()y1nl•1 69200.8 - 169153,9 149716,3 

.,o Tai'l1m11a lh 

(\l<V1epmn11po11aH11bltt 11ap11aHT) 

rllvwa: :i 9 14 12 

flapo11aJ1 tPlllOlllJI (~Jt)Jlls) LOO J,00 1.00 0 

Teumpa1yp,1 ''F 72.8 104,0 .~30,4 .~.o 
Jlaommne Psig 04:'i,00 522,14 ~OS,15 17,26 

./S MOJlllpllMll IIOH>IC (j)yn rMo;n,f,,1 4953.0 bl8,0 5200,0 l(X)!\5,1 

Maccoui.1n non,,;- th1nltJ &1907.:l 19947.8 1~0616.~ 111750,8 

6 7 

Crp., 12 
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KOHBepcHH, Y..l8.neHH8 CO:! H MeTaHHpOBaHJU:I; Cll<HMaIOT KOH;'.lHU,HOHHblA CHHTe3-ra3 H 

BOBJleKalOT B peaK~HlO B KOHType (2) CHHTe')a Bb[COKOfO ,laWleHHSI )].JUI IIOJ1r1eHHSI aMMHaKa~ 

no.uaepnuoT no.uaaaeMhitt B03.ZI.yx ( 17) npoueccy pa1.n.eJ1eHHJ1 na n(HOK KHCnopo.Ita (9) H no 

MeHblllett Mepe O,'.IHH TIOTOK a30Ta ( 10, 16 ); o6ecnetUfBaJOT 3a C\leT :noro TI OTO Ka KHCJIOpo.aa 

,i].OllOJIHHTenbHbift OKHCJlHTeJib ,D.JISI ycraHODKH BTOpw-rnon KOHBepCHH; 

OTJIHqalOlUU8CSI TeM. lffO TIOTOK (7) npO,.!l)'BO'-IHOro ra3a H3 KOH'rypa (2) CHHTe3a HJIH 

OTXOJJ.SUUHlt nn HJ ceK1:~1m ( 160) HJBJieqemrn npo,1:lyBOLJHOro ra3a, CO,!l.ep)KaIIudt HHepTHhie 

npHMecH, BBO)'.(STT B KOHTaKT c nOTOKOM ( 10) a'JOTa, rronyLJeHHblM B npou,ecce pa3,r1eneHHSI 

B03.llyxa H HtlXOJ.lSl]llllhlCSI B )KMllKOM COCT011HHM HJIH rrpe,ucTaBJI1110WUM cooott CMech )KH,;::tKOrO 
10 H ra'Joo6pa1Horo a3oTa, c no1Iy4eH1teM eo.o.opo,uco.o.ep*aw,ero w no cy1,ueerny He 

COJJ.ep)KaUlero HHepTHbie rrpHMCCH pe1mpKyJrnpyro1uero ra1osoro TIOTOKa (8), KOTOpbIA 

pe~HpKyJrnpyIOT D KOHTYP CHHTe3a. 

2. Cnoco6 no fl. l, OTJ1H4aJOIUHitCJI TeM, lffQ HOTO.K (7) rrpo.ayBOt.JHOl'O ra3a KOHTa.KTHpyeT 

C TTOTOKOM a'JOTa npH KpHoreHHon TeMnepa-rype, B pe3yJtbTaTe 4ero no MeHbUiett Mepe llaCTb 

l'f npo;::,_yao1rnoro ra3a (7) O>KmKaeTCjl C TIOJiyt-IeHHeM IIOTOKa ( 107), o6orameHHOrO MeTaHOM, 

H OT;:ten:eHHeM peqapKym1pyromero ra30BOfO llOTOKa ( 108), CO):lep)Kamero, rnaBHblM o6pa30M, 
souopo.:i M a'.lor. 

3. Cnoco6 no n. 2, OTJUJ1Ja1om1dtc~ TeM, 1ITO yrrOM11HYTbitt IIOTOK ( 100) npOJJ.YB01IHOrO 

nna npo:r11IbIBaIOT TIOTOKOM )f(H;IKOrO a30Ta HJlH CMemaHHbIM TIOTOKOM ra1006pa3HOro/ 

-'O )KHill<Oro aJoTa nocpe,ucrnoM rrpouecca nponmorn11JI08 npoMblDI<H n KJ»mreHHOM yc-rpoAcrne 

(120). 
4. Cnoco6 non. 3, 0Tm11.1a1ouinAc11 TeM, r.1To rrpo,a,yno4HbIA ra3 (100) HJlH OTXOJl:JUUHA raJ 

(IO0a) oxJia)l{Jla10T ,110 Kp,mreHHOit TeMrrepaTyphl n Teru1006MemmKe ( 150), nony-.1aK 

OXJla)K,UeHHbit\ npO.ilYBOl!Hbltt ra3 (IO l ), KOTOpbltt :JaTeM npOMblBal()T B KpnoreHHOA KOJIOHHe 

..!J (120) IlOTOKOM ( 112), oo,n:ep)KaIUMM iKH,.clKHtt ft30T ( 105): OT611paEOT H3 :non KOJlOHHbl 

rrpOMbJTbitt npo,1:lyBO'IHblil mno1c (102): raJoo6pa3HYI0 cppaK~HIO (103) npOMbITOro 

npo,uyB04HOrO IlOTOKa OT.D,emuOT ,/l,mf IIOJIYlJeHH.SI npOMblTOrO npo.uyBOlJHOfO ra3a, KOTOpbitt 

HCTTOJ'lb3YlOT D.J111 OXJ1a)K;leHH8 TenJI006MeHHHKa ( I 50) rryTeM Tennoo6MeHa C nocTyna,oIUHM 

npo,o:yooqHbIM ra30M (l(X}); npOMblTbllt npO,Il)'B04Hblt:t ra3 (108) 3aTeM peI~HPKYJJHPYIOT B 
3° KOHTYP CHHTe'Ja. 

5. Cnoco6 ITO IT. 4, B KOTOPOM npo.ayBOlfHblft ra3 ( 100) HJIH OTXO.ilSIIUH8 raJ ( 100a) 
CMellmBaJOT C ra3006pa3HblM a30TOM (205) rrepe.n: ero OXJil:i)I(J.leHHeM ,110 KpHoreHHOA 

TeMnepaTypbl B TemJ006MeHHHKe ( t 50). 
6. Cnoco6 non. I, OTJIH'ialOUUfttCS TeM, t:JTO TIOTOK a'.lOTa B BH.ile ra1006pa:moro IlOTOIUl 

.H' flO,l ,.'.laBJleHHeM 110.J.alOT B yc-rpoJkrno HJBJ1e4eHHjj npon,yeOLfHOro ra1a, r,ae B KpHoreHHOM 

npor~ecce no MCHbmen Mepe lfaCTb rrpo,uyBOlfHOrO ra3a 0:>KH)I{aeTCSI C IlOJlyt-IeHHeM ')f(H,llKOro 

noToKa, 06orame1rnoro MeTaHoM; a ra3006pa3Hhlft noToK, BbIXO,!JJllllHA H3 ycTponcrna 
M3BJ1ei.1emrn npO.LI.YBKH, co~ep)KaLQHA rnaBHblM o6pa30M DO~opo~ ll a:mT, peu,HpKyJrnpy10T 

. ,o 

./S 

o6pa:rno n KOHTYP CHHTe:m HJIH COOTBel'CTBYJOIUHft KOMnpeccop . 

7. YcTaHOBKa ,11m1 TIJ)OH3B0,ilCTBa :lMMHaica, BKJil011a1om.irn KOHTYP (2) CHHTeJa aMMHaKa 

H ronOBH)'IOC¢KU.lilO ( t) M~ o6ecnetJeHHJI no,lla ~m KOH.n;H[OiOHHOrO CHHTe3-ra'3a B ynOMSIH)'Tblt\ 

KOHTYP CHHTe3a, BKIIJOtJaIOWyIO yCTaHOBKY rrepBHl.JHOA KOHaepCHH, ycTaHOBKY BTOpHt.IH()it 

KOHBepcHH H ,'JOlWJIHHTem,Hoe o6opy;J,oBaHHe ,JJISI KOH13epcmt. y,la.JleHIUI CO2 H 

MeTaimpoaaHHH, a TaK)Ke rnaBHbiit KOMnpet.'COp cmm!3-ra3a ,JJUi TIO.Ill.t1:lM KOH,JMU,HOHH(>fO 

CHHTe3-ra3a B KOHTYP CHHTe3a; H yCTaHOBKa ,11ononmne.rn,HO llKmoi1aeT no MeH&llieH Mepe 

o.;.iHo ycTpo~<.,.'TBO (3) pa3.L1.eJ1e11HS1 so3;::i:yxa, o6ecneqHealOw.ee noTOK (9) KKc.11opo.aa H no 

MeHblUeA Mepe O,llHH non,K a3OTil, H TIOTOqHyJO JUiHHfO ,UJUI l'IO.llal.fH TIOTOKa KMCJIOPO.Ll.a B 

yCTaHOBKY BTOpHtIHOl-t KOHBepCHU HJIH 9O3.ZJ.YlllHblf\ KOMnpeccop. mrraJOIUHtt ycntHOBKY 

Crp., 1& 
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BTOpHt.IHOA KOHDepcHH, 

OTJlHlla!OlUaffcSI TeM, l:ITO omt m<moiiaeT: 

ycrpoACTBO (4) lflDJieqem-111 TTPOilYBKH, co;:iep)Ka1uee no MCHhUJeA Mepe Kp1mreHHOe 

npoMbIDHoe ycTpoAcrno MH npoMbIDKH npo.nyao1moro ra:m (7). coaep:l1Ca1Uero nuepTHbie 

S npHMecH, npo.r.yThle H3 KOHTypa CHHTeJa, mm OTXQ,ljlllJ,ero ra3a l!l'.3 ceKu,mt HJBJiel.leHIUI 

npo,nyB011HOro ra1a TIOTOKOM ( 10) a30Ta H3 ycTpott<,.,'Tna (3) pa:l.::teJICHH11 BO~~yxa C nonyqeHHeM 

no cywecrny cno6o.rmoro OT HHepTHblX npuMeceA peQHpKynnpy1omero nOTOKa (8). npatJeM 

'.HOT llOTOK a30Ta HaXO;IHTCJI B )KH,llKOM COCTOllHHH HJIH npe,l(..'Taam1er co60(1 CMOCb )KH,ilKOro 

H ra:mo6pa:rnoro a3orn, n 
10 TIOT04HYIO JUUUUO ,!],JUI no,1a1m peQHpKynupy1owero IlOTOKa (8) D KOHTYP CHHTe:Ja. 

8. YcTaHODKa non. 7, B KOTOpott ycTpOliCTDO (4) HJBJlelleHHSl npo,nyBICH BKJUOt.IaeT no 

MeH&Weit Mepe KpHoreHHYIO npOMblBHYlO KOJlOHHY (120), B KOTOpo8 JIOTOK npo.Jlyno~rnoro 

ra3a Hf!H OTXO,'J,Silllero ra3a npOMbIBaIOT npOTHBOTOKOM )Klf;:JKHM a30TOM (] 05) IUIH CMeCI:>JO 

ra"Joo6pa3HorohmuKoro a3oTa H'.l ycTpoi1cTaa pa3,aeneHmr uo3,uyxa. 

l'f 9. YcTaHOBKU non. 7 MJIH 8. Bl(JUOl¾lUOn:urn HH3KOTCMnepaTypHbllt yJe.ri. a KOTOpOM 

npOMbJBaJOT nOTOK (100) npo.rtyB04HOro ra3a HJrn IlOTOK ( IOOa) OTXOJlJIIUero ra:ia 

a30TCO,lCp'.lliaumM nOTOKOM. H ,AOnOJIHHTCJibHO BKJUOlil:HOUtaSJ mrnmo (205) ,ll.JlSI ,ao6aBKH 

ra3oo6pa3HOro a30Ta K npo,ayBOLIHOMY HJIH OTXO,;'.Ul:IUeMy ra3y Bhillle no IlOTOl(Y OT 

HH'.JKOTeMnepaTypHOI'O y:ma. 

_'() 10. Cnoco6 MO,Jepmna,~mi )'(;'T3HOBKH J]JlSI npomBO,.'.lCTBa aMMHaKa. BKJlIOl.!aJOIQeA KOHTYP 

(2) CHHTe3a aMMHaKa M rOJIOBHYIOCe1ni:n10 ( l) llJUI 06ecne11eHH.SI no;:uttm IlOH)I{a CHHTe3-ra3a. 

co.uep)Kall.l,ero BO,'lOpo.u M a30T, B KOHTYP CHHTe3a, CO,ilep)l<alll.yIO ycTaHOBKY nepBH1JHOA 

KOHeepcHH, ycTaHOBKY BTOPWIHOi:\ KOHBepCHH H ,ZlOIIOJIHHTeJlbHOe o6opy.uoaaHHe i:lJIJ! 

KOHBepcim, y,JaJieHHSI CO2 H MeTaHHposaHHSI H KOMrrpeccop (11) CH.HTe3-ra'3a .ll.JUI no,;:i,a1m 

.2.1 noTotca CHHTe3-ra'.la B KOHTYP CHHTe:1a, 

BKJIIO'IUJOI.QHti CTMHH: 

3() 

MOHTa:itCa ycTpot\crna (3) pa3,z:i:eHeHHjl eo:J.ri.yxa, npnc·noco6neHHOro .iIJill o6ecnet.J.eHH.R 

ITOTOKa (9) KHCJ10po.11a H no MeHbUJe11 Mepe O)l,HOro TTOTOKa ( 10. 16) )KHJJ.KOro HJIH 

ra3006pa311oro aJoTa; 

no;aat.m nOTOKa KHCJIO)X),l:la (9) B ycTaHOBKY DTOpHlIH0'1 KOHBepCHH HJUi B B0'.3.r\YUJHbltl 

KOMnpeccop. nHTafOlll,Ht\ YCTaHOBKY BTOpH4HOA KOHUepCHH; 

o6ecnet.JeHHJI yc'TpOACTBa ( 4) H3BJielleHMjl npo;zyBKH, B KOTOPOM Il()TQK ( 10) a30Ta H:J 

y<.,'TpOikTBa (3) pa3.uene1rnsi BO'l.J.yxa ucrrOJTb3yroT ;iJrn npOMblBKH npo.z:i:yso11Horo raJa (7), 
oT6HpaeMoro H:J KOHTypa cmneJa. MJIH 0Txo;um1ero ra:m, BbI,2leJimowerocB npn o6pa60TKe 

.H' npo,=tyl304HOro ra:ia, npHtieM l'lOTOK a30Ta HaXO;IHTCSl B )KH~lKOM 1.,'.0CTOSIHHH HJIH npe~craemteT 

co6on CMeCb )KU,!lKOro H ra:.mo6pa3HOrO a10Ta, C TIOJJy~1eHHCM TaKHM o6pa:lOM ITO cymecrny 
He co.n.epi!<aUtero HHepTHbie npH.MeCH pe1~HPKYJ1Hpy101uero ITOTOKa (8) H no.na11eA em B KOHTYP 

CHHTe3a. 

IL Cnoco6 non. 10, BKmo11a1011intt o6ecnet.IeHHe no Mettbmdt Mepe o.n,ttoA' Kpttorettttojl 

•10 npOMbIBHOn KOJIOHHbI (120), r,ne nOTOK npo..:i,yaoqHoro ra3a MJIH OTXO~SlIUero ra:.Ja 

npOMbIBaIOT nponiBOTOKOM iKH,.'.lKHM inoTOM ( l05) HJTU CMeCI:>IO ra1006pa3HOr0/)KH,UKOro 

a30Ta H3 ycTpOA.CTBa pa'.l,Lt,CJTeHH'I B03,uyxa. 

12. Cnoco6 no n. 11, OT J(HtJaIOUJH1:tCSI TeM, crro KOJtWieCTBO KHCJJOPOJia, nony--1e1rnoro B 

Y(..'TpOtk..'TBe pa.3,!le.rreHHSI B03.ilyxa H no.uauaeMoro B y<..'TaHOBKY BTOpH1-1HOi1 KOHBepc1m, 6onbme, 

./S lleM TeopeTH'•fecKoe l<OJUP-!eCTBO. COOTBeTCTDYIOIUee yoemtt.Jemuo npOH'3BO,JHTeJJbHO<..'TH Been 

ycTaHOBKH, )]JISI CHK)KeHKH Harpy3KK mt ,neff.(,,.,'TBYIOlllHtl 803,11,YWHbIA. KOMnpec.-cop. 

Crp,: HI 
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Ao 1w Case 3'.24-cv-00033 Docurnent 9 Filed on 02/01/24 in TXSD Page 1 of 1 

TO: 

l\lail Stop 8 REPflRT ON THE 
Director of the U.S. Patent and Trademark Office 

P.O. Box 1450 
FILING OR DETER.MINA TION or AN 

ACl'lON REGARDING A PATENT 
OR TRADEMARK Alexandria1 VA 22JB~l450 

In Compliance with 35 U,S,C, § 290 and/or 15 U.S,C § 1116 you a:re hereby advised that a court .1ction has been 
filed in. tht~ U -5, District Court for the Soufhem District of Texas on the foth.nving Trademarks or Patents. 

Docket No. Date Fik-xi: U. S District Court 
3:24-cv~OOOJ3 l/31/2024 SOUTHERN DISTRICT OF TEXAS 

Plainfiffls) 
I 
Defendant{ s) 

Top::.oe, foe. Casale US, lnc,, et aL 

PATENTOR DATE OF PATENT HOLDER OF PA TENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

A copy of the complaint ls ntt:ached. 

l. 

2~ 
., 
-'· 
4. 
5, 

In the a.bove-e11titled case, the following patentfo)/tradematkfa) have been included: 

DA TE INCLUDED INCLUDED BY Amendment Ansv-.rer Cross Bill Other Pleading 

PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK 
TRADEMARK NO. OR TRADEMARK 

1. 

2 . 
. .., 
;), 

4, 

5. 

Ju the a.hove-entitled case, the folk.1\ving decision has been rendered or ludgment issued: 

DECISION/JUDGMENT 

Clerk: I B. y D. eputy Clerk: 

'

Date: 
Nathan Ochsner, Cle:tk Vanesa. Anmda • .., 11 ,"·1 0.,4· 

#f ,.;..., ..... 
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Espacenet 

CN102502702A Method for preparing ammonia with natural gas as raw material 

Applicants: PETROCHINA CO LTD.CHINA HUANQIU CONTRACTING & ENG CORP 

Inventors: ANHUA YU,MIN ZHAO,KEXI WAN,MINGYAN MA,HAIJING Ll,JIAN HU,PING CHEN,HENG LIN 

Classifications: 
IPC C01C1/04; 

Priorities: CN201110301715A 2011-09-27 

Application: CN201110301715A-2011-09-27 

Publication: CN102502702A·2012-06-20 

Published as: CN102502702A 

Method for preparing ammonia with natural gas as raw material 

Abstract 

The invention provides a method for preparing ammonia with natural gas as a raw material. The process comprises the steps ot 
first-stage conversion, second-stage conversion, carbon monoxide conversion, carbon dioxide removal, methanation, ammonia 
synthesis, membrane separation of purge gas end the like, wherein during the first-stage conversion, mild reaction conditions are 
adopted and the conversion outlet temperature is 740-780 DEG C; the molar content of residual methane in the product obtained 
in the two-stage conversion step is 1.6-3.0%; the molar ratio of H2 to N2 in the product obtained in the methanatlon step is 2.6-
2.8; and the molar ratio of H2 to N2 in the charge of the ammonia synthesis step is controlled to be 2.9-3.0 by increasing or 
decreasing the purge gas amount in the synthesis system to adjust the hydrogen return amount of a membrane separation unit. 
According to the invention, the load of a first-stage conversion unit of natural gas is reduced to a greeter extent, thus the 
equipment investment of the ammonia synthesis device is significantly reduced. 
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Patent Translate 
Powered by EPO and Google 

Notice 
This translation is machine-generated. It cannot be guaranteed that it is inteUigible, accurate, complete, reliable or 
flt for specitlc purposes. Critical decisions, such as commercially relevant or financial decisions, should not be 
based on machine-translation output. 

CLAIMS CN102502702A 

L 
11 A method for preparing ammonia using natural gas as raw material, the process includes primary conversion, 

secondary conversion, carbon monoxide shift, carbon dioxide removal, methanatlon, ammonia synthesis and 
membrane separation of purge gas, characterized in that the temperature of the primary conversion outlet is 
740-780° C. 

2. 
2t1 The method for preparing ammonia using natural gas as raw material according to claim 1 is characterized in 

that the conversion rate of natural gas in the first-stage conversion step ls 48-55%. 

3. 
Z5 The method for preparing ammonia using natural gas as raw material according to claim l is characterized in 

that the temperature of the second-stage conversion is 880-920 ~ C. 

4. 
30 The method for preparing ammonia using natural gas as raw material according to claim l is characterized in 

that the molar content of residual methane in the product obtained in the second-stage conversion step is l.6-
3.0%. 

5. 
llf The method for preparing ammonia using natural gas as raw material according to claim l is characterized in 

that the molar ratio of H<sub>2</sub>:N<sub>2</sub> in the product obtained through the methanation 
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step is 2.6-2.8. 

6. 
1111 The method for preparing ammonia using natural gas as raw material according to claim l is characterized in 

that: after the product after the synthesis tower in the ammonia synthesis step is cooled and condensed to 
separate the liquid ammonia, part of it is used as the purge gas to carry out the membrane separation step to 
obtain the permeate gas and the non-permeate gas, wherein the hydrogen-rich penneate gas and the product 
obtained in the methanation step are mixed and used as the feed of the ammonia synthesis step; the non­
penneate gas contains nitrogen, CH<sub>4</sub> and Ar and is sent as fuel. 

7. 
SJ The method for preparing ammonia using natural gas as raw material according to claim 5 is characterized in 

that the molar ratio of H<sub>2</sub>:N<sub>2</sub> in the feed of the ammonia synthesis step is 
controlled to be 2.9-3.0 by adjusting the amount of purge gas. 

8. 
59 The method for preparing ammonia using natural gas as raw material according to any one of claims l to 7 is 

characterized in that the molar content of inert gas (CH<sub>4</sub>+Ar} in the feed to the synthesis tower 
in the ammonia synthesis step is 18-25%. 

25-04-2024 2 983 Topsoe, Inc. – EX1003 
Page 983 of 1210



(1 

Int. 01. 

984 Topsoe, Inc. – EX1003 
Page 984 of 1210



985 Topsoe, Inc. – EX1003 
Page 985 of 1210



986 Topsoe, Inc. – EX1003 
Page 986 of 1210



987 Topsoe, Inc. – EX1003 
Page 987 of 1210



988 Topsoe, Inc. – EX1003 
Page 988 of 1210



989 Topsoe, Inc. – EX1003 
Page 989 of 1210



990 Topsoe, Inc. – EX1003 
Page 990 of 1210



991 Topsoe, Inc. – EX1003 
Page 991 of 1210



992 Topsoe, Inc. – EX1003 
Page 992 of 1210



Topsoe, Inc. 

Casale US~ Inc. 
Cas.ale SA 

United States District Court 
Southern District ofTexas, Galvt~ston Divis.ion 

Plaintiff 
Case No.: 3:24-c,i-00033 

J1-1ry Trial Dernaud:ed 

Defendants. 

Cm~IPLAINT 

INTRODUCTION 

l. 'Hus action anses out .of Defend,mts' had faith, fraudu!em conduct aimed at 

false and misk~ad.ing statements, to unfairly compete against Plaintiff Topsoe, Inc. ("Topsoe'} 

Topsoe 1s the lLS, subsidimy of Danish company Topsoe A/S, \Vhid1 has been one 

of the 1,vorld's leading suppliers nf c:bemicaI processing so1utwns and related technology for over 

chemical and oil and gas industries, Topsoe helps these industries to get the most out of their 

process and products using the least possible energy and resomces and is at the fr.n"diont of 

developing sustainable technofogi.es. 

3. One of Topsoe's key environ.mentally sustainable technologies is its a.m.morna 

processes, cunently also refo1Ted to as blue or low carbon. ammonia processes, -which are used to 

reduce greenhouse gases that are emitted during the process of creating ammoni,i_ Ammonia 

chemicals produced in the ,;1,,,odd. rt is produced through a chemical reaction bet\veen hydroge.i1 
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and nitrogen at high pressure and ternperntun.'.s. The pn.x:ess is highly ene1:~y-inteusive, accounting 

fbr np to 2?-·•;} of energy consumption and 30,; of carbon emissions \'<'orld,vide. 

4. Topsoe is a pioneer in the field of ammonia tec:lrno1ogy, particularly targeting 

strategies for knvering carbon e.ffnssi_ons, and began c:oi.mnerciaHy ~ell.ing <1.nd instaHing its 

ammcmia technology in manuhidming facilities over 30 years ago, Dur:ing that time, Topsoe has 

exteusivel:l presented and published. on its Io\v carbon ammonia process and has obtained multiple 

patents protecting the technology in the ·united States a.n.d abroad 

5. Defo.n.da.n.ts Casale US, Inc. and Casale SA. (,:ol.lectively, "Casale") a.re direct 

competitors ,vith Topsoe, and market and sell their o\.vn anm.1011ia process. As described in more 

detail belo'<-v, in 2019 Casale filed for a U.S. patent application claiming to have "invented" foatmes 

cif a low c:arbon amn.10nia process that had heen used in Topsoe's n\vn process for decades. Casale 

\Vas v,reH m,va.re of this because, a.mong other things, over the previous frmr years it had received 

extensiv,:. exposure and access to Topsoe"s commercially installed mmnonia _process while 

,vorking on revamping a factory in I:udia that utilized the Topsoe process. Casale has also attended. 

presentation in 20{}9, ten _reors earlier. Casale received the pre-print ofthe Topsoe paper .relating 

to foe presentation, and the records from the conference confirm that Casale attended the Topsoe 

presentation. 

6. Casale procured the U.S. patent through deception. During pro~ecmion. of the 

patent application Casale failed to disclose as pno.r mt Topsoe's cornrnen:ial. pmcess or the 

publications describing it, ,vhid1 \Vere dearly material to the _process ('a-sale \Vas trying to patent 

Casale even foikd to disclose its 01,vn material prior art disclosures iiom many years earfo:.r which 

2 
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publicly· disclosed. the key feature it impennissibly was trying to patent and then.:fore precluded. 

Casak :from trying tQ patent the tedmology. 

Topsoe's customer rebbonsh.ips, faJseiy dain.1ing that it owns technology that 1vas developed by 

Topsoe, that Topsoe infringes its patents, and that any customer f.?.mpJoying Topsoe's technology 

--would be infringing its pilients as \.veH. \v1wn Topsoe asked Casale pomt blank '\.Vhether it had 

contacted an::,,.' of Topsc1e \_, custmners, C-1.sal.e falsely cl.a.imed that it had not. Casale ha:~ also been 

8. Topsoe accordingly brings this attion to have the Court declare that Ca.sale-, s patent 

is um.>.nforceable because of the fraud Casale comn:riHed in procuri.ng the patent from the U,S., 

appiicahons of its fiuniJy (collectively, the "Disputed Patents'') are unenfrm:.eahle, and. to eujom 

Casale from asserting the Disputed. Patents any further. Topsoe further seeks: to recu•,.rt:r damages 

and hold Casale accountable for its \Vro.ngfol. acts i.n a.sse1ti.ng the unenforceable patents, nrnking 

THE PARTIES 

9. Topsoe, Inc. is a Texas corporation, \Vitb its principal place of business at 18050 

Saturn Lane, Suite 400, }frmston .. Texas 77058. 

10 Defendant. Casale US,, Inc. is a Texas corpo.rnticin 1,vithaprincipal place of business 

at 2925 Richmond. Ave, Suite 1218, Houston, Texas 77098. 

11. Casale US, Inc, resides in the Southern District of Texas at least because it 1s 
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12. Casale US, Ine, is ,i \vhoHy owned subsidiary of OH.'>~lle SA, 

S ,,vitzerbnd. 

.JURlSDIC:noN AND 'VENl:rE 

14, This is an action arising under the Lanham Act, 15 U.S.C § 1125(a) and the patent 

Im.vs of the tTnited. States, 35 lLS,C. §§ 27L er seq, and the Dedaratory Judgement Act 18 FS.C 

§§ LBl and l-338(aJ. 

15. Topsoe's tmfair competition claim arises tmder Texas state hnv. This Court has 

subject rmrtter jurisdiction over that claim pursuant to 2g U.S,C. § B67, because it is so related. to 

or controversy. 

I 6. Th.is Comt has general personal jmhdiction over Casak US, Inc, due to its 

incorporation in Texas, and its principal place of business being located in the Southern District 

of Texas. 

arises out of and rdates to Casale SA\; affin:.native ads in the South:rn District of Texas. i\mong 

ofaer things, Casale SA contacted n:presentatives of Topsoe located in the Southern DistTict of 

Texas repeatedly through its attorneys at Za.rdi & Co, SA. in a.n attempt to enforce its hnproper!y 

obtained and unenforceable patent insisting that Topsoe's a.mmonia process omnot be used 

\Vithout its ,vritten consent Casale SA also purpc,sefutly directed its wnmgful activities, induding 

its false advertising and. misleading statements, to at least one potential Topsoe customer located 

-4-
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fricilities in Texas. Casale SA pmposefolly directed its unlawful conduct to this district bas 

subst-amial business conducted in this district, and published false advertising and misleading 

staternents and other tmhnvfuI acts in tbs district or affecting residents of this district. 

18 rvtoreover, Casale SA. controls its ,vhoUy O',v11ed subsidiary, Casale US,, Inc , ,vhich 

and share email dom.ains (casakd1}. Additionally, Casale SA holds itself out as a global company 

\Vith ''a nenvork of .representative offices and agents all over the world.'' See 

in Houston, Texas, and. Casale SA has at least one managing agent based out of Houston, Texas. 

19. Defendants, via faemsdves and/or their subsidiaries or affiliates, regularly conduct 

and transact bus.mess throughout the United States, in the State of Texas, a.nd \Vitbin the Southern. 

District of Texas. l:n addition, Casale SA .. is the assig11ee of the '168 PMent and Casale prosecuted 

Uu~ ., 168 Paten!' before the USPTO through its attorney representatives as described belo'>v. 

20. Venue is proper in the Southern District of Texas pursuant to 28 USC§§ l391(b) 

and (c), and 1400(b), at least because Casale is irJ.Corporn.ted in the State of Texas, Iw.s its principal 

advertising in the Southern DislTict of Texas and attempted to enforce their unenforceable patent 

in the Southern District of Texas. 

FACTLAL ALLEGATIONS 

21. Topsoe Inc. 1,cvas incorporated in 1961 and is a ,;.vholly o,;.vned <:.ubsidiary ofTopsoe 

AiS, Topsoe AJS 1,:vas founded iJ:1 1940 by chemical engmeer Dr. Hald(n- Topsoe and is 
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head.quartered in Ravnholm, Kgs. Lyngh:/, Denmark. It has been a provider of ind.ustry-kad.ing 

chemical processing solutions and related technologies in tbe 01..'er 80 :-.,rears since its founding. 

22. Topsoe, Inc. employs apprnxinrn.tdy 220 fi1H fone employees, indmling 128 at its 

corporate offices in Houston, Texas. 

23. Topsoe has long been a leader in the devdopment and conmH?rcial implementation 

processe& to produce amm.onia. Topsoe has v,rorked to develop arnnwnia processes, pmti.cubrly 

targeti.n2 kY~v cart.Km emissions. 1,vhich it rnrrentlv rnarkets comrnerciaH·v m1dt:r the name ~-- "--· .... -· 

Sy11C0Rn-i: ammonia, iO\V carbon, or blue ammonia, to reduce CCh emissions for n1ore than t'<.-vo 

decades. 

24. Topsc,e A./S owns rm.rne1-cms lJn.ited States patents .in the field of 1o\V carbon. 

of those patent rights in the United States. 

"><; Apart from ils patents, Topsoe's Jmv carbon amrnorna technology has been 

• · • l "" 1· • 1 ,,!. • l' • • ·i l l presented m m( m,try conterences a.m -tmp. emente1.t cmnmen::.rn .!y rn mnmnrn.a p1ants armmr t -1e 

'iVo.dd. 

26. A.n example is the 2009 Fenilizer Association of India (FA.I) A.1mual Seminar 

\.vhere Topsoe described aspects of its knv carbon arnmorua process in a presentation and 

of Topsoe's process split-ring the synthesis gas stream into t\vo streams one of 1vbid1 is used as 

fud-a key feature that Casale would claim to have invented. a decade later. 

-6-
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27 Another, much more recent example, h Topsoe's presentation and. publication 

about its blue ammonia process at the AICHE A.rnmonia Safety Confi:.renee on September 13, 

2022. Topsoe's paper entitled 'T)eca.rbonize ,vith blue anuuonia,'" and authored hy .Ameet Kakot1 

Topsoe intn:.iduced tbefoundations for the SynC0RTM con(:ept" 

Topsoe's ammonia tedmolog::,-' also has hc.:.en used in eomrnernaJ ammonia plants. 

December 1996. Both rnJits are based 011 Topsoe"s low- carbon ammonia technology, including 

t1H:. splitting of a synthesis gas stream into t"vfo slrearns of the sm..ne composition in 'i1>-'hich one of 

the streams is used as fuel. 

Casales Know'ledge of and A.ccess to Topsoe Tedmnlogy 

Casale has long; been a\vare of Topsoe 's lov,r carbon ammonia lechnology. 

30. Casale is a regular attendee and. presenter at Fertilizer ,~~ssociation oflndia ("FAT') 

meetings, attended the 2009 EAI _meeting, and received preprmts. of the &eminM papers. including 

the a.rnmon.ia paper authored by Topsoe_ 1\faterial& tiom the conference sho',V that Casale attended 

the Topsoe preseutation_ 

31. Casale also gained access to the IFFC0 plant in India described. above in 1vbich 

Topsoe"s Im~' carbon ammoma technok1gy had been i.nstaUeiL Ornale gained detailed inforn.u.i.tion 

abt)Ut Topsoe's amrnonia tedmology as part of a .revan1p prc~iect at rFFC0 in 2014. Ca&ale was 

responsible for the design and supply of equipment for the revamp, 

32. As part of Casale's 'Nork on the IFFC0 ammorria mJits, it vrns grven access to 

Topsoe's design for the a.mrnoma units and !earned-------simila.r to vdiat had been described m 
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Topsoe's 2009 paper-that Topsoe's (ksign included splitting a synthesis gas stn~am into t~vo 

strearns of the same cmuposition so one stream could. he used as a :f'!.K~L 

by Casale' s citation to Topsoe processes in prior patent appfo:ations, including citation by Casale' s 

Chief Technology Officer, Errmumo Filippi. See. eg, US2012i0279033 (refe1Ti11g to and 

pnsviding a diagnun ofa Tt··,psoe mmnoniasynthesis loop); US2019i0023565 (naming as mventors 

Ermanno Filippi, Francesco Baratto, and Raffaele Ostum, based upon a PCT application filed by 

entitled. "Process for the production of arnmoru.a'). 

34. Acconh:ngly, Casak has had .:Kc,:ss to, and detailed i.J:rfomiation about, Topsoe's 

Cmmle's AppHcatir.m for .and Prmiecutfon oftbe '168 Patent 

3.:L Casale filed the application for the '168 Patent \vith the US PTO on Au.gust 13, 

2019, shortly after completing its tvork 011 revamping the IFFCO plant where Topsoe 's technology 

had been instaHed. 

36. The '168 Patent issued on Ivbrch 29, 2022. 

The ,, 168 Patent is n.Jated to EP 3,583,067 (the "' 067 Patent"'), filed on J mrnmy 31, 

2018. Both the '168 Patent and the '067 Patent are related to EP 3)63,770 (the '"770 Patent"), 

filed on (ktr.iber 6. 2017. 

38. i\tton1eys of Dorsey & Whitney LLP, including l\ifarcu.s S. Simcrn (Reg. No. 

50,258) represented Casale in the prosecution of the '168 patent 

39. TI1e claims of the '168 pat'<.>.nt require, among other things, splitting a s)··ntb.esis gas 

- 8 -
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done by Topsoe's technology that had hee11 in US•i? at lhe IFFCO plant Specifically, claim l ofthe 

'168 patent requires "separation of a part of said CO2-depleted synthesis gas as fud fraction, 

1vherein said foe1 fraction is fed as fuel to at least one fnmace and 1vberein said separation of the 

fnd fraction ini.Jndes the split of said CO2-depleted synthesis gas into at least a first stream and a 

second stremn, said first and second streams having !he smne composition," See claim L 

40. A.J.1 patent applicm1ts and persons invol'w:d vvifo the substanfrve preparahon of a 

patent application have a duty of candm.- to disclose to the US PTO aH kn.01:vn prior art or other 

info:nnation that may he .material to the pa.tentabiLity- of the inventicm. Tfos prior a.rt infoi.11w.tion 

is disclosed i11 the fonn of an Infonnation Disclosure Statement- ("IDS") Casale filed one IDS 

dui-ing pros(~cution of the '"168 Patent on August 13,. 2019, In this IDS, Casale disclosed only a 

l.iiriited. nurnber of prior art references. 1 Casale did not d.isdose any prior mt references,. including 

prior uses,. that were ,\JITiihuted to ·rc1psoe, despite being aware of Topsoe':; l.01:v cn.rhon an1monia 

technology· since at least as early as 2009 and having been extensively exposed to it as part of its 

,vork at the IFFCO plant 

41. Casale's inclusion i.n its cl.aims of the reqt1irement of splitting the sy"nthesis ga.s into 

tvm strean1s having the sa1n.e com.position so one st.ream cot11d be used as fud------the concept \Yhich. 

it kr1e--.,v Topsoe \Vas already using mid had repeatedly pubhshed-pby<.:.d a crucial part in Casale's 

ability to pronu-e the patent To overcom.e a rejection by the US PTO of its claim, Casale argued 

to the Exa.m.i11er that the ''distinguishi.n8" foature of the 'first a.nd second t;treams havin~ the same 
._. ~-· ·'-'---' 

cO"i.nposit.ion.' .... plays a substantia.! .role in the solution f)f the technical. problem underlying the 

1 Casale disdosed only the fblfovting prior a.rt references: (1) 1J.S. Pub. No. 2004/0234-426:. 
,·.,, i-··s-· P·l· N. '"lr··i t''"('i,;;,•,()~ '~) r's-· Pb N'. '"l'll~-·,v}·"'1·r•' t 4)yi·1·pr) n,! N. t_L) ~..:., .. UJ .. 'o. :C.d.-",/t.,,A-.5.;;._),: t.:\ d., .. n,. J. 10. :C.t )/l.\~L\!o: ,'ct_ t/ __ '- _nl.O .. l'O. 

2010/018550: (5) International Preliminary Report on Patentability for International Application 
N1 Pf'T/PP"!i}18/0,?1"\R ryJ"lJI~l"-'t·,,,-1 1\l·~,., ·1(1 701Z1· 0 11A !6) T1,t"'•.-i·i·'t·1·1r1·~i Se0 1··"t1 n,,.,·i·v·t t-,-◊-l"1 .... t. ,,_,.1 ., _,;__, _....,'t _ c ... ~-· -'--~- ·-· c l'.{ ~- . ., ~.r;,,.. •,.,AJ .... lo.) _ . ~ ...... ,., . __ , :,· ,:.( _ ,~ r;,, __ ,• -~- x .i,,,.-i.x .u t ~- ed. ,-.. -f.t .\.. •. . f\ .. _'1..•t (._;r. -~- • . l. 

International Application No, PCT/EP-2018/052358 rrnliled July 31, 2018. 
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claimed sul~kct matteL Due to the fact that a stTe.am of CO2-depleted synthesis gas (i.e,, a gas 

very poor in CO2 and rich in nitrogen and hydrogen) is used as a fud in the fomace, instead. of a 

e1nissions of the process if compared to [the prior a.rt]-" Reply to Office A.ction dated April 28, 

2021. 

At the time Casale and its la-..,vyers made these statements, Casale knew diat the 

hid Hus infonnation frorn the Examiner in order to secme aUmva.nce of tbe patent. 

43. Casak's strateg:y· \vorked, and. the Examiner \Vithdre\"v the njection. The 

Examiner's reason for alknving the daims \Vas the "distinguishing featme of the first and second 

strearns having the same co111pc1sition." Notice of.AHo\v,mce dated Nov. 18-, 2021. 

44. As noted above, the European colmte1pmt to the '168 Patent, is the '{}67 Patent 

45. European Patent Office CEPO"') procedure aH01,vs for any member of the public to 

file an opposition to any patent g.rnnted by the EPO ,vi.thin the first nine months after the patent 

issues. .AJtnost .immediately after it \Vas granted,, Casale's '067 Patent vms in jeopardy, An 

opposition lo the '\)67 Patent V,'ilS filed by Linde AG and Thyssenkmpp Industrial Solutions AG 

(Hie "European Opposition''), bringing to the attention of the EPO additional prior art that Casale 

had .not put hefr.ire the FPO that called the v.iabi!ity of Casa.!e's patent into serious question. 

46. Casale recognized the severity of the challenge to its patent frcim the prior art 

included in the Enro,pean Opposition. Casale had not diselostxI this prior mt to the US PTO either, 

As discussed in mon:. detail below, Cas~lk filed a "supplemental exaniination"' in the US PTO and 

subrnitted the prior mt from the Emopean Opposition to the US PTO 
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47 Both the '067 Patent and the related '770 patent \Vere prosecuted on behalf of 

Casale by European iavJ firm Il.l Zardi & Co. SA ("Zardi"} 

inteUectnal prciperty. 

49. Both the US and European patents are based on the same PCT application filed by 

Zardi, and specifically, 1'Iarco Zan.ii, 

50. Zardi a!so is representing Casale in the Emopean Opposition. 

51. Z.ardi., i.ndm:b.ng :1\-farco Zan.ti and Riccardo B1azzi, aho were substantively 

involved in the prosecution of the '168 Patent 

52. The cum:nt ChiefExecuhve Officer of Casale is Frederico Zarch. 

53. On informaticm and belief 1\!arco Zardi and Federico Zardi are blood relatives. 

54 On inforrnatiou and belief, Casale engaged Zardi. rather than a hnv firm. '>Vith no 

affiliation \.vith Casale or its officers, to assist it in its \Vrongful scheme to prosecute foe U.S. patent 

,vithout disclosing the rn.aterial prior art, and to attempt to improperly enforce it by corresponding 

d.irectt:r ,vith Topsoe to de.mand a license,, and to assist vhth co1Tespondence to at least one Tops.oe 

potential customeL 

55. Unhekno'wust to To_psoe at the time, Casak began ;.;.:omrnu.rricating with Topsoe 

custou1ers about the Di:::.puted Patents and Topsoe's knv ,:arhon (bl.ueJ a_mm.oma tedrnology 

56. Casak raised the Disputed Patents, including the '168 PateIIt, in a Nove-1:nber 2022 

Jetter to at kast one Topsoe customer who is planning to de,.rdop low carbon (blue) ammonia 

prc~jects in Texas and Louisiana. 
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57. c:.asale ~s cornrnunic,ali()r1s tt) that cu~torner refe11~ecl to c.:asale:,s rigl1ts in tl1e 

Disputed Patents, indnding the '168 Patent and expressly represented that the Disputed P;,:itents 

'ivere enforceable. 

58 The one feature of the patented terhnology that is n1entioned in the letter is. the 

technique that, as Casale knevv, has been used by Topsoe in its commercial installations: and 

chsdosed in its publications since at least 2009 of splitting the synthesis gas stream into t,vo 

frff the syn thew~ of aimnoni.a 'Nherein pa1t of the hydrogen-containing pmcess gas is used as a fhel 

fraction to H.'..:_hlce the consumption ofhydrocmbon fod and, consequently, to redrn:e emissions of 

carbon dioxide,'' Casale repn:sented that, according to its evaluation, \\rithout the use of this 

59 Cas.ale's letter to the customer refer.red to Topsoe's blue arnmon.ia technology and 

Topsoe's 2022 AICHE paper and presentation and attached a copy of the Topsoe's paper claiming 

that it fell \-\-1th.in the scope of the patent, 

60. Casale\, corrnmmicati.ons 'iVere rnade to d.1sparage and malign Topsoe by 

d1arncterizmg Topsoe as an infringer, as 'Nell as to threaten custrnnern ,vith patent infringe1nent 

should they (:hoose to do business \Vith Topsoe. Casak:. \Vas hoping to scare cus:tm:ners away from 

doing business with T opso{~ now··, and in Hie future. 

61. The European Opposition. fi!ed-on Jm1e 8, 2022, predates Casale's co1rnmmications 

to Topsoe's custorner. Cat~ale's cmmrnmications did .not include any infonnation related to the 

European Opposition of the '607 Paten\ ho\-vevc:r, nor did Casale reveal that the prior art raised in 

those opposition procef:dings raised significant concerns about the enforceability and validity· of 

the Disputed Patents. 
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62. The European Opposition, in 'Nhich the validity ofthe '607 Patent is being disputed, 

\Vas relevant to the contents of Casak's communications at the time sent. The prior mt references 

Patents. 

63, Casak k:nevv that the European Opposition 1,:vas relevant to the contents of the 

Casak\; cormmmications to customers at the time sent Casale kne\v that the prior m't references 

cited in the European Opposition are rnaterial to patentahili.ty and enfbrceability of the Disputed 

Patents at the tirne Casale sent its con1immic:ations to Topsr1e's custnn-i.er-

64. In addition, no reference v-;ras made in Casale's cormmmications to any ofT<.)psoe's 

prior art publications to \Vhich Casale had Hccess, many ohvhich predate the '' 168 Patent or lo the 

frict that Topsoe had heen using the accused tec1rno1ogy .many years before the patent \Vas filed. 

,A.nd no .reforence was 1riade tn the fact that Casale had failed to put any of the Topsoe pnor axt or 

the prior mt raised in Uu~ European Opposition rvhen it oht:amed the patent from the US PTO. 

65. Casale knnv that its patent \Vas invalid and rmenforceable but engaged in these 

66. Casale's state.menb ',Vere al.so false and misleading because Casale represented that 

it \.vas the only legitimate somce for lmv carbon ammonia technology that uses a portion of the 

synthesis gas stream as fuel. Casale \va.s fully a\vare that this 'Nas not true. 

67. On February 24, 2023, after Casale began sending its false and misleading 

communications to customers, Casale, through Riccardo Biazzi of Zardi sent its fast 

com.~spondence ("First Letter to Topsoe") to T opsoe. 
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68. The First Ldter to Topsoe stated that Cas.ak 1vas "of foe opm1on that the 

SynCOR•M process ,;vith hydrogen firing includes: aH foe features recited, at least, m the 

imfopendent chums of the [Disputed Patents l" 

69 The First Letter to Topsoe did not include a claim chart or other detailed 

infrmge1nent analysis and instead again ernphasized that the synthesis gas is split into t\YO streams, 

one of \"-vhich is nsed as fueL Specifically, the First Letter to Topsoe states diat the Disputed Patents 

that a part of CO2-depleted synthesis gas (i.e. hydrogen-rich gas) is fod as fod to at kast one 

70. In a second letter tc) Topscie dated .h.i11e 1, 2023 ("'Second Letter to Topsoe") Casale 

pointed to the Topsoe September 13, 2022 paper that v,,'as presented at the AJCHE Amm.onia Safety 

Conference, alleging its "opinion that the SynCOR proce55 appears to include features patented by 

Casale is based on the folkn.ving diagram fron.1 the paper by Kakoti and DahL ,., This diagram is as 

,:,r•:: S!·'";:~:-:-

l t~ .~·-•.• ~ 

fl4'i'H~:;.;: 
~»~-.:;" .. 
. ·>- .{❖,•.:~ ... 

~--:•: .......................................... , ..... ·~~·-· 
~,;·•;:(·, 

"'" .. "" 
<-: .. , ~---~'"' : ••.•. ~,...:-,,;-;..;-;, 
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71. Casale explained: '"If\w: compare the above diagram \Vith claim 1 of US 11,286,168 

\Ve find sdf-evid.ent that the SynCOR process includes all featlu-es of the claim." 

72. NeitheI The First Letter or Second Letter to Topsoe disclosed that. Casale al.ready 

had eornmm.1.icated false, rnis!eadmg, and di.span1ging statements to c:nstorn.ers. Instead, Casale 

concealed that information. 

to Casale'} Topsoe pointed out that the Topsoe's SynCOI{_IM a.m.mon.ia :process "wa:~ using the 

identical to the one described in the diagram Casale had: inducted. in its second letter was described. 

iI1 at least the presentation and accompanying paper at the 2009 FAI meeting that Casale had 

preprints of the serninar papers, ind.uding the paper authored by Topsoe ... [\vhich} Ca.sale did 

not disclose ... to the patent office." Topsoe also noted that Casale had direct access to Topsoe' s 

technology implemented at the IIFCO plant \\"hen "Casale began a revamp of f_Topsoe's 

2018" and that. despite this revan1p being st.a.rtedand cf1mp!eted he.fore the fihng date of the '168 

Patent, tb.1;~ technology :implemented by Topsoe in the plant was not disclosed to the PTO, Topsoe 

closed HK'. letter by asking Casale to advise whether it had ;.;.:omrnun:icated. its infringement 

aHegation to customers and if so, to identify those customers and provide copies of any \vritte.n 

coi.nmunications. 

74. On September 15, 2023, representatives from Casale and Topsoe briefly discussed 

,>erbally Casafo's allegations. Casale's US attorneys and attorneys rvfarco Zardi and Riccardo 
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Technical Ofilcex, and Raffaele Ostmri, Head of Gas TeclmoJogies (-,vho also is named as an 

nrventor on the '168 patent} Topsoe asked \Vhether Casale bad cm:nmunirnted to customers its 

Technical Officer, Ermanno Filippi, stated unequivoc:al.!y that it had not done so. This ,vas a he. 

75. On February 16, 2023, shortly hei'bre its initial co1Tespondence '\.Vith Topsoe and. 

significantly after becoming avi:'are of the Oppositions filed in the European coi.mterpart '067 

patent Casale filed a request fr.ir supplemental examination of the '168 Patent at the tTSPTO. 

76. Casak's request for supplemental examination presented to the U.S. Patent Office 

eleven prior mi references d1at '<-Vere raised in the European Opposition proceedings stating: 

the European counterpart (EP Patent No. 3583067B1) to U.S. Patent 
No. 1 L286J68 \Vas challenged via hvo Notices of Opposition both 
filed before the European Patent Office on June 3, 2022. These 
opposition proceedings remain pending befbre the European Patent 
Office, vfifa the Pak"11t Ovvrn .. 1.· having filed a reply to the Notice of 
Opposition on Novernber 3,. 2022. Out ofan abundance of caution, 
the Patent Owner is s:nhmitting this Request, \Vhich includes as Hu.: 
ite1ns of infrffmati.ou to be considered the references cited in the 
Notice of Oppr:.siticirL 

Corrected Request for Supplemental Examination dated April 16, 2023. 

a patent that \Vas issued by HK iJS PTO. It is an ex parte procedure in -,vfach no party other than 

the patent ovmer can participate. By rmsing this prior art in the supplemental examination, Casale 

fa contrast to fhe 

supplemental examination proz:edme chosen by Casale, in an IPR proceeding, the third party \Vho 

files the petition is: allowed to fully participate. ('a-sale ,vanted to prevent this from occnn'ing so 

that it cuukl cmnpletely con.trcd the dialogue "\c\'ith the US PTO. 
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78. Casale did not include any other prior use or prior art reference in its request for 

supplemental examination beyond those that had been :raised in the European Opposition, 

mt. of •Nhich it '<Vas folly avn:rre. Casale did not include any reference to Toprne's 2009 FAJ 

presentation or publication in its request fr1r supplemental examination, or m1y ut11er Topsoe 

presentation or publication about its lovv carbon ammonia tech:nofog:,r 

79 Nonetheless, even vrithout the Topsoe prior art. and even without an adverse party 

participating in the proceedmg, 011 I:vfay LL 2023, the {JS PTO issued the Supplemental 

Examination Certificate, finding that there vvas "fa] s:nbstantial nov question of patent.ability 

affecting claims 1-23"' o:f the '168 Patent based 011 the prior mt references: that w<:.re included by 

Casale in its request for supplemental examination that Casale had not previousl_y disdosed during 

prosecution of the '168 Patent. 

Sil On June 28, 2023, an ex parte reexm:nination ,~'ils ordered by the US PTO pmsuant 

to 35 lT ,S_t·\ § 257. As the name implies, in a reexamination proceeding the validity of the patent 

is reexam_ined by the {JS PTO. That reexarnination proceeding is still ongoing as of the date that 

this Cc1rnp!amt is being filed. 

8 L Casale did not include any reference to its revamp of IFFCO's Aonla Fertilizer 

plant ti-om 2014 to 2018 in its request for supplemental examination or in any subsequently filed 

. ~ '• .. 
papers u1 me ex pane reeXAtnmatton. 

On Ncfvember 2, 2023, Casale Htbnu:tted an IDS in the ex pmi.e reexam that 

included "Response letter from Topsoe counsel dated June 13, 1023" and Topsoe's 2009 FA.I 

paper: '"Fertilisfi Policy for Sustainahk Agriculture', The Fertiliser Associate of India Annual 

Seminar 2009, December 3-5, 2009, 10 pages." 
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Casale has never retracted any of its statements to Topsoe 's: customers regarding 

the Disputed Patents and their enforceability-, despite krmw-i.ng that the US PTO has nmv placed 

the '168 Patent into reexarnmation_ becaw~e it found "[a] substantial rH'j\Y question of patentahihty 

affecting claims 1-23" and that the ·validity of the '067 Euiopean Patent is being seriously 

challenged in foe European Opposition_ 

FIRST COUNT 

(DECLARATOR\:' .JUDGi\U:NT OF FNENFORC:EARILITY O:F L,K PATENT NO. 
11,186,168} 

84. Topsoe il1co1ponltes by reforew .. :e the allegations set forth in this Compfaint as 

though folly set forth herein_ 

85_ />,_r1 actual and jnsticrnhle contrcrversy exists benveen Topsoe and Casale concerrting 

the '168 patent 

8fr Due, at least n1 part to Casale-, s repeated lettern to Topsoe and to at kast one T opsoe 

custcm1er, there is a substantial controversy benveen Topsoe and Casale and there is sufficient 

TI1erefore, a declaratory judgment action is appropnate. 

Topsoe seeks a judgment declaring that the claims: of Hie '168 Patent, and any 

related U,S, patents, are une11fi)11,eable under the doctrine of inequitable C()nduct. 

88_ The dain1s of the '168 Patent are unenforceable due to inequitable c(mduct 

committed. before tlH.>. US PTO by Casak\ Casale ''s attorneys: (including Zan.ti attorneys and Marco 

Zardi), attorney Simon, and. Casak's employees' and '168 Patent inventor<,' Francesco Baratto 

These imhvidnals deliberately and knmving!y 

',Nitbheld and/or ornitted nrnterial infonnation from Topsoe prior mt in ccmnectwn \vith the 

pro,secntion of the application that matured into the "168 Patent in violation of the dut_y of candor 
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to the PTO prescribed in 37 CER. § 156. Tbe iufr)rn:tation \Vithheld and omitted ,;vas highly 

material and \Vas withheJd and omitted \vitb an intent to deceive the PTO and/or '168 patent 

exa.miner, as described hdmv. 

89 The '168 Patent lists nvo inventors. Francesco Baratto and Raffaele OstunL 

9i} The '168 Patent \Vas prosecuted by the aHorneys of Dorsey & \.V1ritne:.,-' LLP, 

including !vfarcns S. Simon (Rt.'.g. No. 50,258) ("Simon"), assisted by Angefa 9asdlke and Holly 

n/lmton. 

91. ,As a registered patent attorney for Casale, Simon ,vas aware, or t;hrmld have been 

a,;van\ of his duty of candor to the US PTO. 

92. Each inventor listed on the '168 Patent ,;vas made a\vare of and aclaKnvledged their 

I ad..11mvledge the duty to disclose alJ infrn1nation ,:vhich is rnaterial 
to patentability as defined in 37 C.F.R. § 1.56, induding fi..)r 
continuahon-in-part applications, 1nalerial inf6nnation \Vhich 
b"'"·mp ·nt,,ihh!e r1ehveel' tl-ie filiw~- ·:hte oftfie nri--ff JIJ")Ji-,ati,-,n a11d .C,;,..(, ,_ -... -:. ... "<. -:. .• "· ,. 'I.. l. x _ .~-•- ~- b t ... . . \.._ x _ l: -l. {. 1- -~L> .. )lJ'. ,( .'I._ 

the national or PCT international filing date of Hit.'. continuation-in­
pm1 application. 

Co:mbined Dedarahon and Assignment signed August 28, 2019. 

93. Additionally, each inventor falsely declared in violation of 37 CF.R. § 1.63: "I am 

the original inventor or an original joint inventor of a dai1ned invention in the above-identified 

apphcation." Hc,th inventors \Vere folly aware that the invention claimed in the '168 Patent had 

already been publidy disclosed and in the prior art 

94. Both Ostnni and Simon have been actively involvf:d in 1xurnrmnications regarding 

95. The '168 Patent h;Js rm effective filing date ofJanmuy 31, 2018. 
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96. Prior to the dfoctive filing date of the '168 Patent, Casale had access to and 

knov-.rledge of several pieces of prior art attributable to Topsoe, including hut not limited to the 

technology installed in ffFCO's _A.onla Fertihzer plant, wl:w:h Casale \c\'as l_ured to revamp benveen 

2014 and 2018. Topsoe 's disclosures predate the '168 Pah~nt 

Biu,rtto, one of the t;;vo inventors of the '168 Patent, ,;vas appointed Deputy 

associated ,vith Hus I)osition include coordinating tec:bn_ica! 1)ro1)osa!s and feasihilitv studv 
~ I y ~ 

activities. On information and belie( due to Baratto\; position, and: the relatively smHU size of 

Casale, he 1,vould hcrve ,vorked on or at foe ,/ery least ki:10\\Tl of foe IFFCO project to re·vamp the 

including reva1rip prtjects such as the IFFCO revamp of the A .. onb Fertilizer Plant. T11erefore, 

prior to, at the time of and after the effr:ctive filing date of the '168 Patent, at least one .of the' 168 

i1rventors, Baratto, had direct, firsthand knowledge of at least one piece of Topsoe prior mt, 

nan1ely, the !mv carhon a.mmonia processes and products embodied 1n the .Aonfo Fertilizer Ph-int 

that ,vas instaUed hy Tcipsoe and revamped by Casale from 2014 to 2018. 

98. On information and hdief, Ostnni also had dired, firsthand. knowkdge of at least 

one piece of Topsoe prior art. As described above, 1nateria1s from the 2009 FAI conference sbo,;v 

paper, 

99, In addition, Topsoe has published and presented frequently on its lov;r carbon 

armnonia process and it is used commercial in many facilities \Vorldwide. Casale and Topsoe are 
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100. The '168 Patent is directed tovvards a process fi.)r synthesis of mnmonia from natural 

gas, The "168 Patent includes i.,vo independent claims, 

101. The first independent claim of the '168 Patent i:.:,; 

1. A process for synthf.~sis of ammonin from nat11rnl gns, 
the process comprising: 

conversion of a cmn-ge of desulphnrized m1J-tm.ll gas and 
ste::1m, viiith oxygen-enriched air or with oxygen, into a 
synthesis gas containing hydrogen, CO and C:02, in a 
conversion section; 

treatment of said symhesis gas including at least a shift 
reaction of the carbon monoxide into CO2, and suhse­
quent separ::.itio11 of CO2 from !he gas, thus obtriining a 
CO2-depleted syntht:sis gas and a CO2-rich gaseuus 
flow containing the CO2 separated from the gas; 

separation of a part of said CO2-depleted synthesis gas as 
fuel fraction, wherein said fuel fraction is fod a<s foel to 
at kxist one fumucc and wherein said separation nfthc 
fuel frad1011 i.ncludt~s th.:' split of s,1id C02-deplek"d 
synthesis gas into ar least a first :~tn,,am and a secxmd 
strt"1.ut1, said first and sec<.md streams having the srnne 
composition, \\·herein the Dn,t sln.!,UJ1 fonns the fuel 
frnctior1 and the second strcmn is process gas :intended 
1hr the synthesis nf ammonia. 

l ()2. 'I1H: seco.11d .inrle:pe11(ie1)t clai111 of the ~ 168 Pate11t is: 

- 21 -
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., 1 .,\ n·,::\1')><1··1 f·11· r·,:·,,-.,,.,·,,·n•t>,:_)· ,, 1\1•:11·<• i'.•1r s\111•),.,,,,;~- ··if' 
M. , ~: ~-\X~"' .(, .. l , l. ..,_ ,~.tJ..~f.~);. J:,¢:, ;)J • .f',"'< ·, A~· :$~; _ ,.'(' f -~'-,,,.,;~ :·,., 

tsm1:noni.a kom natural ga~ or ammomailirt' .. a plant. \Yhen:'.W 

the plant indnde:~ a 1x:fonning Bt.'Ctirm that incfod-e& n pti­
nUH)' 1:,temn ndimnt~r and an airNfked M)cou,:_h:H'y rc.fonncr, 
and <~ section ti.1r treatment of the ~ynih(':sis gas by a shill 
rt'.,:ICtion ofc;irbon nK,nox.idc into ,-:nrbon dioxkk, and d,;;.x:nr~ 
honation; tb.: method comprising; 

providing ~~ Omv of enr:h.:.'.hed air nr oxyg;:.m: and using ~1id 
fit)\V Im oxidnnt1 lrn,hxtd rif air, fr,r the tKx::ondary 
rd<>rrner; 

separnting ii part of the syntlK:sis gas, dm-'dl:Sln~;un of 
dec~iilxw .. ation, fr,:r u~tt as, ft.1-e] i:racdon. and aHoi:::ating a. . ~ ~ 

renwi1ting p..ro<-:~5s ll:'t,H;.'.fkm of the syntl1-e;:;is g~is for 
a1m.nnn1a conversion: 

fa't.•tHn1r sti.id focl fotctkrn nfthe a..trn. \vhich has ti red:nc,>d ,.,__. , .. · .· 

CO2 conle:m, ,;is foe! fbr at k~a~t one fo.n1,we of thi .. ~ 

Ex. l at coL 20, H.. 22-38 .. 

103.. A.s is apparent from the chrims above,. a key element of both daims is sepa .. rating 

out the synthesis gas into i>N1.) strem_ns. on_e of \vhich is then w~ed as _foel. 

W4.. During prosecution of the application that eventually issued as the '168 Patent, 

indept:ndent daim 1 1,vas independent claim 19 and independent claim 21 \Vas independent claim 

of Reddy et al (US 2004/0234426} in viev_,c of a .much earlier filed patent r.nvned by Casale, Ostuni 

et al {US 2016/0115017 Al)_ Office Action dated April 28, 2021.. 

105.. In response, Casale argued that ''[t]he PTO ha[d] not estHhlished aprim,;.,,_{.wie case 

of obviousness against iri.dependen.t claim_ [11 because,, at a rninimum .. the PTO ha[dJ not 

dern.onstrated frrnt the cited references teach or suggest ..... "'separation of ti pa.rt of said CO2-

depkt;;:.d s:y:nthesis gas as fuel fraction ..... ,vherein said separntion of the fuel fraction indudes the 

split of said. CO2-depleted synthesis gas into at lerrnl ,i first stream and a second stream., said fust 

and second streams hav.mg the same conxposition .. " Response dated Oct. 22, 2021.. (emphasis in 
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two s1reams haYing the same composition, but rather into ''rem hydrogen rich stream and a rne1hane 

rid1 stream." Casale argued foat the "distinguishing foattffe of the 'first and second streams having 

the same carnpositicin,' ... plays a subshntial role in the solution of the technical problem 

urder1ying the claimed subject fftatter " This is because using the CO2-depleted synthesis gas 

rnther tkm a methane rich gas (as Casale argued 'Nas taught in Reddy), reduces tlH:. CO2 emissions 

of the processes disclosed ill the '168 Patent2 

106. At the tiine Casale 1nade these staternents, it was ,sell ff1vare that the Topsoe knv 

carbon a.mrnonia technology included this sanle '\:hsti.ngu1shing feature" but intentionaHy 

concealed this: infonnation from the Examiner in order to secure alkn.vance of the patent. 

Casale's concealment strategy \vorked, and the Exmniner \'<,ithzfrevv the r~jectiotL 

' ' ' .:.! ' • • ' 'l ' • - ' " ": - _, \ 11 1· 'l ": l ., "{' - 1 \ ami seconu stn".'.ams f1<J.v1.ng t 1e sa.me co.mpos1tmn. • .t'-'otlce 01 h.1.mva.nce ( ateci .t'<OV. -_K, :.: .. fl __ ,\_s 

a result, the cbilns ,vere allowed as originaHy filed. Independent Chums 1 and 21 ill the issued 

patent are identical to independent claims 19 and 39, respechvdy, filed in the preliminary 

amendment on /\ngust 13, 2019. 

108. The 2009 FAJ P<)per states that ,,;Various schemes fi)r optirnizin.g the ai_m:noma 

process in order to minimize the ene1:gy consumptjon as \veH as the emission of CO2 will also be 

2 Casale did not make a separate argument dim::ted tovmrds the obviousness rejection of 
independent claim 21, but instead argued that in light of the arguments distinguishing Reddy in 
·view of Ostuni, "the other n:.jections: to the claims [were] moot and [didJ not, faen:.fore, need to be 
addressed individually." \Vhde Casale ac:kncn,vl.edged that mdependent claim 21 d1d not 
specifically· daim that "said fast and second streams having the same compz,sition," it chimed this 
'l; ''l'l-t-~"1· 01' nm, 'll''-;! ;c,t ("·3 !>- 0 }." co•1t"1J··l,c,•·l· r· fl"·! 1· ··i ,~l-, ;l"'l-'l" "}>ot "<-·"'na·1•oi-<1Jn ° 1°1•'1rt -1t"'tl'e "'·"J't' j><><;;, H _, u,i , __ , ,-~ ,.L ,_ ,1,u ,. -· n,.'-< _,., ,_ ,_ -'-'· .l wt ,_ 0. ' . 1 - ,... >«1 .<1 _, :::, 1 -"-' - ·"--'t•' ;_,!.,_ -::::, ;_, ,,{ _, ,_ - _, ' :,, .1 _, -''--•--'·-

gas, dmvnstrea.m of deca.rhonatio.n, frir use as fhel fraction, and al.locating a rei_nain_ing process 
:fraction of the s,y11thes:is gas for .ammonia conversion" and i11co1voniting the argmm.:.'lrt as tu claim 
1 by reference, it is implicit in the lang1mge of in.dependent claim 21 that the syn.thesis gas is 
separnted into two streams having the same composition. 

1015 Topsoe, Inc. – EX1003 
Page 1015 of 1210



discussed. ill debit" This reference specifically discloses using pmt of the synthesis gas stTeam as 

fueL stating that: "an excess of synthesis gas is produced, and this excess synthesis gas is used as 

fbr ammonia production, "plays a substantial rok in the solution" provided in the '168 Patent The 

1009 FAI Pa_pt'.r discloses that the exct'.SS syngas used. for fuel and the gas used. to produce ammonia 

' f l • 1 ' •• ) can ne .mm t.H.~ sa.me sou.rce gas (e.g., mve tne sm.ne crn.nposH1on . 

Thereftxe, this reference is highly material to the patentabifay of the '168 Patent and should have 

btX'.11 disclos;;.:.d d.ming prosecution. 

109. The 2009 FA.I .A.rn.mal Seminar presentation discloses substantially the same 

excess s:yngas being recycled back to the primary reformer as fueL Therefore, for the same rea5011s 

as discussed above 1Nith respect to the 2009 FA.I Paper, this reference is highly material to the 

- 24 -
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110. In addition, ,is pmt of Casale\. \Vork on revamping the IFFCO ammonia units fi:om 

2014-2108, it \Vas given extensive access to Topsoe's design for the ammonia units and learned 

composition so one stream could be nsed as a fueL Therefore, this mt-;__,rn:w:tion is l.ughly 1rmterial 

to foe claimed sut~rect matter of the '168 Patent and should have been disdost>:d during prosecution 

of the '168 Patent, 

111. Despite Casale' s clear and undeniable km.nvledge of the nurnerous materiaJ Topsoe 

di~;,dosures that predated the '168 Patent, no reforence was made to an}' prior art disclo:;,ures 

att1i1:mtable to Topsoe during prosecution of tbe '168 PatenL 

112, Casale also did nol disclose any of tbe Topsoe prior mt references or Topsoe's kv-;v 

carhc111 ammonia process that ;,vas in connnercial use v/hen Casale filed a request for supplemental 

Fertilizer plant iiom 2014 to 2018 after filing or during the peudenc:y of the ex parte reexammation, 

113. Casale intentionaU:-.,.- omitted and only finally submitted the Second: Letter that 

Topsoe had 0wdtten to Casale and the 2009 publication referenced in the Second Letter to Casale 

in an IDS filed on Novernber 2, 2023 in response to the reexm.nination non-final Office A.ction. 

Casale finally did so because it kne1,v that Topsoe \Vas ,:r1vare of the reexm:nination mid Casale's 

duty of disdos:ure to the USPTO, 

114. Casa:!e's disclosure during the ex pane reexa_mination of tbe Second Letter to 

CO2 reduction potential in ammonia plants based. on kan gas"' shnv,,'s tlrnt Casale knovvs and 

understands that Topsoe's disclosures of .its ammonia tedmo1ogy and the tedmology used in the 

IFFCO plant ;,vere rnaterial to patentahility of the '168 Patent and are prior art to the '168 Patent, 
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Therefbre, Casak's kno\ving and intentional nondisclosure of these prior mt references, and its 

access to Tops:oe's technology implemented m the IFFCO plant constitutes an intenhonal and 

nmterial nondisdosnre. 

115, Casale kne\v of the materiality of the Topsoe prior mi. references bdt)re, during, 

and after prosecution of foe '168 PateuL The '168 Patent has an effoctive filing date of January 

31, 2018, sh<.xtly after Casale completed. its revamp of IFFCO 's Acmla Fertilizer plant Casale 

began sending con1nm1ucations to customers in the Fall of 2022, shfni.ly after the '168 Patent 

issued on rvhlrch 29,. 2022. 

referenced in the Second Letter during thi?. n:.~:xaminahon does not, hi:nvever, satisfy its disclosure 

require1nents before the USPTO. 

117, In addition tn not disclosing the Topsoe prior mi. references, Casale 'Withheld its 

O\Vll material prior mt disclosures during prosecution of tlH:. '168 Patent, including at least 2012 

n.fEC-LA,J\J1'\IONIAA?- the 1:kga-A.:mrnonia Process: Hie Newest Trend in the ammonia Indnstr}'. 

a.m.mon.ia l:ndustry discloses a process in "'vhith C01 is rerwYved frorn synthesis gas and spl.it into 

two streams, one stream intended fbr s:ynthesis of ammonia and one stream intended for use as 

fheL 

119. This Casale prior mt reference vlaspublished prior to the effective filing date of the 

subject maiter of the '·168 Patent and should have been disclosed during prosecution of the '168 

Palent 

- 26-
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120. This reforence ,vas published by Casale, Therefore, it is undeniable Umt Casale 

knerv of this prior art reference hefb-re, at the time o( and afk~r the filing date of the '168 Patent 

ofthe '168 Patent 

122.. Casale dearly klK,\V that its 01,vn prior art references are material prior art lo the 

patentahility of the '168 Patent as Ostum et d. (US 2016./0115017 /\ l), a patent appI.ication also 

123. Similarly, in Casafo's US2019/0023565 (i;vhich names as inventors: Enmmno 

Filippi, Francesco Baratto, and Raffade Ostnni and originates from a PCT application filed by 

Ivbrco Zanli) Casale disclosed its (nvn prior a.rt references, and the US PTO cited Topsoe prior a.rt 

references, as 1veU as Topsoe prior art references ',vere material to pate11tability of the '168_ 

124. Casale's failure to disclose the Topsoe prior art references and its ow11 prior art 

This therefore constitutes an intentional and. r:.naterial nondisclosure. 

l 25 _ Intentional nondisclosure of nrnterial prior art during prosecution of a patent 

app!.ication_ constitutes inequitable conduct. 

patent unenforceable, 

127. All non-duplicative relevant prior mt nmst be disclosed and filed during prosecution 

of a patent application. A.n explanation for not submitting any relevant prior art nmst be included 
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during prosecuhon of a patent application, No such explanation \.Vas filed during prosecution of 

the '' 168 Patent as to the nondisclosure of the Topsoe references or the Casale rderences that ,vere 

knmvn to Ca:~ale. 

128. At least attorney Sin1011, inventors Baratto and Ostuni, and ~:l:arcn Zardi 1.vere m:vare 

of certain Topsoe and Casale prior art and. the materiality of Top<:,(H:. and Casale prior art to the 

claims they 'Net\-~ pursuing in the '168 Patent and intentionally v;rrthhdd. that infonnation 1iom the 

US PTO. 

129. Casa:!e's, Casale's attorneys, attorney Simon's,. and Casale's employees' and '168 

Patent inventors:" Banitto and. Ost-uni fi1ilure to disclose material infonnation to the US PTO was 

done kl:10\vingly and. intentionally, and 'Nifo intent to d.ecei've foe Examiner and the US PTO into 

isst1ing a patent even though the '168 Patent's claims 1.vere not patentable or 1,vhi.ch v-mllld be at 

BO, Casale, Casale\; attorneys, attorney Siruon, and Casale's employees and. "168 

Patent inventors.' Baratto and Ostuni engaged in this conduct to avoid the Examiner rejecting 

against other .members i;;f the industry, to rn.onetize the inte!1ecnrn1 property ofTopsoe that Casc1le 

derived. from its access to T(_)pso1/s p1\K1;~S"sf:.s as 1;veU as to recapture technology that already 1-vas 

part of Hie public domain_ 

131. i\.s a. res11it of t11e 11ne:nft1.n::.eabihty· {)f tl1e > 168 PateJJ.t arul (:asa1e~s assertio11 of the 

Topsoe has suffered and \.Vin continue to suffer harrn and seeks (kx:larntory judgment of 

unenforceahility ofH1e '168 Patent, and any related US, patents, 

- 28 -
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SECOND COlJNT 

(UNFAIR COMPETITION AND FALSE ADVERTISING UNDER THE LAl'\tIAlVI ACT) 

though foHy set forth herein_ 

133, ''i'\.11:y·- person ,vho, on or in cm:mection \vitb any goods or services, or m1y container 

for goods, uses in commerce any word, tem1, name, symbol, or device, or any combination thereof, 

representation of fact, wh.ich-------is likely to c<mse confusion, or to canse mistake, or to deceive as to 

the affiliation, connection, or association of such person •Nith another person, or as to the origin, 

sponsorship, or appruval of his or her goods, services, or commercial acfrvities by another fH:.rson, 

i:)r in commercial ach-'ertising or pro_motion, n1isrepresents the na.tme, drnrncteristics, quahties,. or 

be liable in a civil action by any person ,vbo believes that he or she is or is likely to be damaged 

by such acL''' 15 U.S_C. § 1125(a)(1)(A)-(B). 

134, Casale's comm1micabo11s to at least one Topsoe custorner in Novern:ber 2022. 

cc1rnpared its blue mnmonfa technology, 'iVhich it falsely claimed ,vere covered by the Disputed 

patents,. ,vi.th Topsoe's blue ammonia kx:hnology, Ca.sale's conmmnications falsely claimed that 

Topsoe's blue mnmorria technology infringed the Disputed Patents, including the '168 Patent and 

the only Iegitirnate source for k1,v carbon anuuonia technologies that uses a portion_ ofthe synthesis 

gas stream as fueL Casale kne-;v, b:)\vever that these comrmmications 1,vere false and misleading: 

Casak k:I1e,v that the '168 Patent -was invalid and unenforceable and foal it \Vas not foe only 

legitimate source frff this technology_ Casale also kne\v that its '067 Patent, vvhich it specificaHy 

- 29-
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referenced in its con:m:mnicatiom. \Vith the cnstomeL vnt:5 the subject of foe European Opposition, 

\vhich \Vas filed fonr months earlier in June 2022 and bad raised serious prior art invalidity 

135, Despite Casale's k:110\vledg,.;: of its inequitabk conduct and the resuJtmt 

tmenforceability of the '168 Patent, it s:tiH engaged in a cotffse of conduct in which it assert,~d its 

mu:t{fon::eable patent rights against Tt)psoe and notified customers of ih patent rights, falsely 

c!mming that its patents '\Vere vali.d and enforceable_ 

136. Casale, in asserting its unenftxceable patent rights and specifically stating that they 

\Vere "enforceable," despite knov.ri:ng that the Disputed Patents are unenforceable, if not also 

invalid, bas acted in bad faith and \Vith 1nahce. In so doing, Casale's actions are not guarded from_ 

Casale 1-ms acted ,,vith maJice and specific intent, as it had 

knov,rkdge offae falsehood of its statements amUor acted ,vith reckless disreg~m'i for the truth and 

made the statements regard.less, ,vith the intent to cause harm to Topsoe's reputation and business_ 

Topsoe'·s goods, Sf:.rvices and/or commercial activities, and are thus in violation the Lanham Ad, 

15 U.S.C. § 1125(a), The statements were intended to mislead or confuse consumers and direct 

UK Casale's conmmnications constitute i.mfair competition under 15 rr.s.c. § 

1125(a)(l)(A} Casale' s c01mnu11icahons included false and misleading descriptions and 

representations of facts, indnding the f:.nforceability of the Disputed Patents and their 

infringement. These false and1nisleading descriptions and representations of fact '>Vere rnade •.vith 
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knovvledge of their falsehood and ,vith the bad faith intent to cause confusion and mistake as to 

the ability of Topsoe and its: customers t.J make, use, sell, and offer to sen th;;.~ To_psoe\, knv carbon 

(blue) ammonia products and pn)ce'.~ses and \Vere Likely to cause such confusion and mistake. 

139. Casale's coffmmnication to custo_mers constitutes cnmn1erc1ai advertising or 

promotion as it constitutes comn1ercial speech by a competitor Vilith the intent to ini1nence 

consumers into buying Casale's services: ratht:.r than Topsoe's. Casale's comn:mnication to 

customers constitutes sufficient dissemination to the relevant pmchasing pnbtic to constitute 

ammonia k"'i.:lmology is incredibly small, ·with limited customers offering only a small number of 

very large pr1._~jects that ·wi.11 typically take years to instalL TI1erefore, Casale·'s communication to 

of the Lanham i\.ct Casale engaged in a course of conduct specifically to interfere ,vith Topsoe's 

relationships vviH1 its customers by noti±Ying at least one customer of Topsoe's alleged 

infringement, and creating uncenainty as to Topsoe customers:' abilities to do business \"\:'ith 

Topsoe \Vithont liability. This conduct is v,reH within the &COJ>e of commercial advertising and 

promotion. 

140. Casale's actions took place in interstate commerce. Casale, 'Nhich is a foreign 

cmporahon, and ,,vlrich has a United States headquarters: in Texas, sent a letter to at least one 

custo1ner ,vith operations i11 the U.S. and in this District. about use of Topsoe's blue ,nnmonia 

.A .. ddi.tionall:y, Casale has caused its blue 

am:mmria technology products to enter interstate commerce, including through its propo<;als to 

customers in foe U.S. 
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141. Casale's: communications deceived and/or had the capacity to deceive customers. 

As a result of Casale 's: communications, at least one customer is under the impression that Casale 

O•N11s valid, enfr)rceable. and exduMve rights to lo\v carbon (blue) a.mmonia technology. \vhich is 

not f.nw. 

142, Casale\; conmn.micahom are mat'<:rial and likely to influence the purchasing 

decisions of customers. As Casale well k:nevv, customers for blue ammonia technology \V(mld be 

mnviJ!ing to make the large capital expenditures needed to lmild or revamp an ,1tri.monia plant 

under threat of patent infrin.ge.ment (even when that threat is unfounded). Therefore, the frllse 

statements in Casale 's: c01m.mmications ,vere likely to influence purchasing decisions. 

143. As a direct and proximate result of Casale' s: fiilse and misleading statements: in the 

have caused at least one cus.torner to 'ivithhold trade frmn Topsc)e. 

144. Furtnt'L as a direct and proximate result of Casak's: folse and misleading 

statements:, Topsoe has: suffbed, and i.vi.H conhnue to suffor, monetary d.aill.Hges:, and seeks 

cc1rnpetition. Casale's false advertising and unfair competition \Yi.H continue to d,n.nage Tops.oe, 

causing im::parnble harm for \vh.ich therz-~ is no adeqrmte remedy at fa\v, unless: e~joined by this: 

Court, 

of Cas:ale's process: and its illicitly obtained. '"168 Patent and of Topsoe's process, To_ps:oe is 

entitled. to injunctive relief and to the recovery of all available damages, interest, attorneys' fees, 

costs, enhanced dmna.ges, and Casale's profits. 
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146. This is an exceptional case \'Vithin the meaning of Section 35 of the Lanham Act, 

15 lLS,C. S 1117, 

THIRH COUNT 

(COMIVION LA \V UNFAUl COMPETITION) 

147, Topsoe incorporates by reference the allegations sc:.t forth in this Complaint as 

though fully set forth fo .. '.U.'.ITL 

148- Topsoe aHeges herein that the daim for cornrnon hnv n..rrfair competition anses out 

of the s,~me facts that suppo.rtTopsoe's causes of actions for the Lrrn_ha.m Act vio!atirms. Therefore,. 

Casale's actions give rise to an actionable cause of action for common lasv unfair competihon .. 

149, As described in Topsoe's Lanham Act claims, Casale has, among other things, 

and enforceability of the Disputed Patents and their alleged infringement. These false and 

misleading descriphom and representations of fact 'Nere made •Nith kncnvledge of their falsehood 

and ·with the bad faith intent to cause confusion and mistake as to the ability of Topsoe and its 

processes and yvere likely to cause :.-;uch con.fusion and rnistake. A.s a result {)f Casale's unfriir 

competition, Topsoe has suffered monetary dmnages, and seeks recovery, in an amount to be 

proven at trial, adequate to cornpt'nsak for Casak 's false advertisrr1g and unfair competition. 

Casale's unfair competition -YViH coufome to d.mnage Topsoe, cam;ing irreparable hann for vl-'hicb 

there is no adequate remedy at frnv, unless enjoined hy tl..us Comt. 

150, As a direct and proximate result of Casak's fobe and misleading statements, 

Topsoe has suffered, is suffering, and 'Nill continue to suffor immediate and continuing in-eparahle 
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151. On info:nuation and behd: Casale·'s false and misleading statements are krn:nving 

and \viHfu.l, flagrnnL and/or \Vith intentional disregard. as to tht~ trne natme of the product it offers, 

Topsoe is entitled: to an a;vard ofrnmitive darn.ages 

\VHEREFORE, Topsoe prays for judgment and seeks relief against Casale as fblk,\?\:'s: 

A. For declaratory judgment that Casale''s '168 Patent, and mry related U.S. patents, 
are unenforceable: 

B. for judgmi?.nt a\~'arding attorneys' foes pursuant to 35 U.S.C. § 285, or othenvise 
pernutted by hnv; 

C. fbr judgn1e11t snvarding to Topsoe all gains, profits, and advantages: derived by 
Casale as a result of it& 'ivrongfol conduct; 

D _ for j udgrnent awarding; monetary damages sufficient to compensate Topsoe for the 
harrn sufiered as a result of Casale's 'iVrongful conduct; 

E fbr a judgment a\varding enhanced damages andfor attorneys' fees pursuant to 
15 U.S.C § 1117:. 

F, for a pemianent irtinnchon that (a) e~joins Casale, its officers, agents, st'rv,mts, 
and employees, and all persons in active concert and pa1ticipation 'Nith them, 

incl.ading their affiliates, fronl further disseminating the false and 1nisleading 
statements in any fmm or meclim:n, making the disparaging claims in any fzmn or 
mediurn: and (b) requires Casale tn 'ivithdra'iV, retract, aml.ior retrieve aU the 
offending false and misleading statement':.< and disparaging claims: 

G. for a judg_rnent av,mrding punitive da.mages for C-1sale's unfair co1npetitinn; 

ff fbr judgment aw,mJing costs of suit as w-dl as pre- and post-judgment interest; and. 

I f11· 1·" ···ln,1·1-el'" ,,,.,,,.,. •11· 'J<> 'I'0cn-- 1f' --,1,··1J oti1,,,,. "Jlc! .i:;,111-'""' 1-e1·1· "'-I, ··i·• tl'e '' 1"Jt 111°F --1·"'-e1~1 . t . _ ut c.c'- .. ,l "W<u U ., ·e . '--'r·;-,t ~ ~, .... 1 .. , .,. -..., ,., . ,> l.t, .. Lt-., . -'-·- < .~, , . ,..-t. ,., .. ·. «J ~ .... ,. 

just and propeL 
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DEI\L:\~'D FOR JURY TRIAL 

Pun,uant to Rnle 38.(b) of the federal Rules of Civil Procedure, Topsoe hereby demands a 

Dated: January 31, 2024 

K"'T '"'tl /~ •····· ,..c:p,,ti (,,,. i',,· .-. . ,-i-•-? f) ·tj -~ · .. o) _,.._,m_ ... 1 . -1 - _r-.. U\i\ , .•. _, '-Fl;) ',,fr, 1' ,L<.- _,Cl' _h.:QHH.n~ 

1vforrison & Foerster 
755 Page :vi:m Road 
Palo Alto, CA 94304 
Tde-.phone: (650) 8] 3-5688 
Email: kktnvavti)i)mofo, com 

' ~· '-~/ 

Berkeley G. Fife (two hoc vice forthc<.xning) 
l\torrirnn & Foerster 
755 Page IvfiH Road 
Pal.o i\Jto. CA 94304 
Tdephom.'.: (650) S.B-5626 
Ernai1: bfife@mofo,com 

Respectfhl.ly submitted 

Robert R. R..iddle (attorney-in-charge) 
Texas Bar No. 24035495 
SJ)_ Tex. No, l.553007 
Telephone: (713) 469-3881 
Facsim.ile: (713} 469-3899 
Email: niddJeraiTeedsmith. com 

X~-

Dauid A ·villa II 
Texas Bar :No, 24109601 
S.D. Tex. No. 3365513 
Reed Smith LLP 
1221 rvkKinney Street, Suite 2100 
1-fouston, TX 77010 
Tdeµhone: (713) 469-3869 
Email: d,1vilar{rreeds_mith.tom 

Jennifer Black (vro hac vice forthcomim1) 
Reed Smith LLf; ~--
17 l. 7 A.rch Street, #3100 
Phi1ade1phi1t PA 19103 
Telephone: 215-241-5460 
Email: jbhH.:k{treedsmith,com 

Gnmselfor PillintiJT 
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,t2J [I nited States Patt\nt 
BaraHo et al. 

i'Hl i>ROCE5:i FOR TflE SY:\THESJS OF 
AAlMON!A \VHH LO\V EMlii>Sl0)<}'> OF 
co21, AT'WOSPHERE 

C?2) :lff•,{~m~nr::;~ J,'r~:fit".~~-R'<)· lt;n .. ~ttt~~· .. (>>:H}i;} (i.'r)~ 
R>l{fad,; 0-;tl,d., L!.'f,iW, (CH) 

S1:thj('·tt t~) ~ff:,:.,,,· di•:.•.:.-:l,:ifrn~•.r .. th•~': h~f'D:t of1hf~ 
p~d~.:::itt i'.r :;:~;J,=x~J(-:d (:r r:<Uu$.t(:::} tn.:td~.:':r :;5 
l.3~S.(\ JS,::}(h} hy ~6' d:JyB. 

#' "\7"1 {ej{l \ 
fl) t)ffi,~".~ 

Fib. i.S: .1Ul7 
f).;J:. 6:- 201 ?" 

J hst. Ct 
(..'{i 1 (·· J/)}-1 

CMH 3/i,'J 
f~'ft J l) Jiif} 

r 

(2n06 ... 0l ) 
(2006.0J) 
()OH6.:Vl) 

rn )6;:% 
17l~}5J05 

(SX) tJ 3, Ct 
CPC C(HC i/(M (2()102,.!)T).:. CMM ,nus 

(2{U3JH)~ l)l}}J }..-4,N (Ji:J(10l\ 
{f:·:c,.;.1t:in<.1.ed·1 

(Y;) FMd iif Cb~,1fo:Mi•m Ss:-~rd, 
<:~Pc· r·n 1 c-· 1 /t)~t; (\l; tJ :1..-tr~ ~\ co i n 1.,·4~)< rx1.1 fl 

?OU4.:((~·:~44.~'(i :'\l. 
'-'':il.-l-'O?-:,t(\<)5 Al 

t J :}{)0.4 
j)/~~n jA. 

Rf~J,f,:• \:'l. ~tL 
A!hit; 

l;.,_i,;-i::rr:.~~i'i<~f~:.::l 1\,;,::j)_n~?J::::t:YY lf,:::_p<~r~- rm fr:o:f l~,;.:)i.~p·mti::o:~~;,}1 

./,.p,pH•.::att<<t!: ~(:-, !:( f ;:f p~~D l ~:\~::~-~~-:~st •.::)::,~-r~pk-:~:c;;~J ::'-:-1.:~y it). )(l.j 9., 

(():=nt int.~~!d.} 

fs.irt:-~:~~?~};~ .h~r 1}t:e::, :::yritht~sj~ ::)( ;:H)t(f-tonh~ {i-'c::n\ n~fHH·}1l 1~~-:~ 
~~<:..)tnth~lng (:(~~i'.\\:r~;i(m (~i· :::: }::h»rg_,~ (:f tJ\~~;t.?).f~-lVtl1.(:-d ~\~HDr<·i} 
g.:):~ ~-:n~r-~~-~,:.,;\:~Jn~ vfhh. t~xyg~~n,-;;;;~nfl,~h~~d Hir o.t f~~:yg.:.:.:~n~ fi•n:n ;~ 
.~\·H{h::~~::L~ ~~~~::~- ~if!,d. U\~:.ftn.1(:tH. <.•f th:? ·:;:itdh<:·~1~ .:~:;.~-:s ,~:ith :::.hift 
f~~~K~i.ion (iJ;1d -d~~,:.~irhon;~ttnn:, V?h:Jf~~t;:: » p<irl ··:)r th•l ()~)} .. 
,,Jt=1J1(~k:.d. i<~•·nli.H:?~i~~ g-::if .. :::+~H3}~~.~';:.,j ~tfft,:r dt:t.~~tht·,n.:~ti()_l): (~ 
::,:~p,w~:;k-:(f mJtf n:~~,:J ·.-:1~:. j\},:d fr:..{(:'ti•Jn J~.•r (_;;Je (.•r OJO{(~ n~:rn;~.'.':(:'$ 

;.):{· i:h:e.:;: ,~(H1Vi--r:j~xi ·:~:.,,.':t.k:n.:. ~·n3d rh::.~ t(~ff~N:i.i1~ng part t~f th~ J;~s 

h•; ~~~<=d to f•todiJ<:<=- ~lnHt).on~.~~-

~ '''' '' , , : i : , , , , , , ., -, ', ', •'>'>'-'-""""""""""•'-~nn'>n~n••n•••••••••••••-------,-,-,-,-.• 

J.4b 

lO 

23 
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(",)j lU,, CL 
ere {)~i//j }2('}/(;}.J4 {20f3~0J \ (:Olli 

.?.?03./0283 (2(HJ,{J.l \ .(~Of H 2.2'03/042 
(.2:Ul.J/}1 \. t.))/B 2)(lJ.:NS45 (2:Hl.).01 \ f)/l}J 

(2f}J).f}1 :t. ()}/B 

!S~) Fkld •lf Cl:i-s-sHk~tlvn S.rnr,,h 
C.P(~ ., .... ()lU-l .2'1\f>/\:)42:. (~Gt n 220.1/0445~ COlB 

::~(~fs.t(r}i9~f /'-: t i .. ::~'{jl'5 l{k~:·: 
?!) .t .:\;\> ! t ·:10 { 7 At ---::- .4..::;n t_<:i ()::;tH.~3.!. 

h~k:Yf~;1ti••)~(.~;_t s~:'~lH:=h }~~t•:·:.:~{ F~)i):i .h~fr:Y{i:::~.t~~>ni•J :--\ppt~:=i~ti::·:-f~ ;\,:,. 

PCl:tJ>J{nB.:(}}ll~0 fbl>::d J~_;J. 3l, Z\~1~~-
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lJS 
l 

f'ROCE5S FOR 'HIE SY\1HEBl~ Of 
A\falONl-\ \\HH U)\V tMl%ln:,,s OF 

co;u:--,: AT?l-lOSPHHt.12 

T1~:,t~ ~:\ tn.lYH)t)i.=~- tytt}hi.:."':&i~ r.lm)t"~ f~.f •i:h(~ ·t yp{: t::i}t}S.h::J.e::;,;.~1,.~f b.i:.~f~?. 

~--otnJ1r-~~(~ ~~- ~~,;,;x.~th~n ~id~~pt~":d ·t;) t~on\,.i.::rt th~- n::fti~r:.:fi 1~~t~~ inh~ ~i 

thi.::~~:.i~~· ;;i..;.....,_~'di.fn vJ\~r.;;::fn ~~~~.d rtt{~}:(~.-np g:}❖ .f'~':~~':°i:~ &.:()·~~~Jyf~H1}y 

:.::~· l>~g~~ pr~~:r(~t~': ;:;.,.> p::..~)d~i• ... ~•~~· ~unn:~)Xtii:~ .. 

·rh~t ~:('.{:t~~).H \:·~·hi(:h. g~~,:):CJ:}~{C:8 ~~~id :i:ni:~k(~"lJf1 i:~~$ t: t(;:fi:~ff~':d 

·;...} in ~h:: K~~hr(i(~;i} k~H~\H~g~~ ;r~ rht "'h\~nt 0i:/r~. Tht t.(T(H 

•;~-h~fi:...~k ~"=ttd.,: .. is in:t;f~~Ki u::-;(::d. to d~::.;.)\{i::~ th::~ ~:<=<-tk~a Jb-r tl.t'n:Jh:)1-:t.t:f 

~~yrt.th•;.':~i"$ ~ind ~h:~· rttpe(ti'}\_:- ~~~,:;t~>ling f;>-=:tti.on iut;__\nd.~:;d ·u.f :...:tx•l 

ih~ etnw~nt (:f th~ :-:.ynih::~::-;L-> 8:.:~cl~:)n i·n l:\fdl\f h) "$~l~lf~11(~ ·~h::~ 
;~.n}P)\;nfn. 

{n. th<.:~ fI~}r,::t >.:~qd. -n:~~t de~i4phnd::--.<.:~i.l n_;:thu;:cT :f~~ n.;1t'-k'~rf~<~>.:~::; 
t~?g>nn~~:1g .. !:~~~tihh)~! h). ;:t f~t::.. ~~0~1};t{f:.h~~\ ~.~~~(~n·d;:(U~l hydrfiv 
. j{t~rt, tarhoix nt,::rno~i.d~} (\l ~ind :::-~fr-hon d'tt~:x-kk~· ('()2:- f;{:ld 
gm; "t!1.;;;':n 1n1d~:rf~D*\:; .:~ ·~{:-Hi J'.;;;':;3,;, . .':t~i.~n \=-1:'lt~.~':h ~~on~ ... ~:rt~~ (X) ~nt~:c 
(\)/·:_ r:;.~fH.<)\·~d ()f (~f)} {(ki-c:).tb<)r1·::~tk:<n) ;3n.J r,r{:-fo~r~:ihl:-:t 
):!id.fo1m.<1.hm.. 

'Th..; .. f:;";~b.tn:tiD~~{ r~rot:~i~~ it} ,H (~OBJ.H30fi typ~: or pturt 
,:,~rapri::-~t~~ f>fiU:?.i<:c:y ~t~$~Hl~ r(::f~)hntn:g. ·;~t)d ,{ ::~i.; h~;,;,::qt1i:~rc.t ;.,_;;'lt~t·­

}yt~\.~ ~tir:-}h:..:~d ~.(~c..::i.:·;nd~~ty -r.;;~{i.f.nninf;. ··i·l::*~ ptiJHm:f .r~.dr1nth.':f i~ 
}H:-~~j.f:d h:,·· ht:tn.::.\t~· fn~d.h.:"d hy ~,~ J)iV\ ~>( th~ ~r:.,..aJ.kihl~~ n;:tti}ftcJ 

2 
lti: ,, ,,mdl mnmm.t (>f lh(: tqlill hid aHd ,.k,:f imi i,dy(: \h\! 
pti:thk~tn {~f th~~ ('(~2 (:tni~~i~)U3 in: th.,.;.~ <~1in~~:~ph::nt .. 

Th(: (i.b}>(::t (if th~} ~tt(·',":nti{>tt i~; t•) pr{-::.:..,j.,k: ~1 .::fr.::':thnd H~r 
Ct(ndt:i.::frti_g >~rn:11(~·:ii::~ ~)':i'il:h~~t~~ pn~~~~-=-\i~~- l';-~ih f))2 <:~ff:i,~-:­

:~¥0:u::-; int(~ tbx.-: ?~lXi~.~:~ph(=t~~- ,❖Jiich ~u-~:: gr<::,~~ti'f n~~}r!(x:d. ti.~n:i-­
p-:ft•,"\1 ·;o lh~- f>t~('ft ,;in .. A.t~i.)tb•~':f ~>lt~~':~':( ;;)f tl.R':· j·n~·s.>:}.t.hn} i\ h~ 

: (: r-:\n: h·k~ ~:: .(t~efht)d h)i"' }'x~t::_jffJpi;:1g rt~- p.h~~·~tS:; n f \bx' 
type- i.r-,;~.ttg ~tfr:~.fc<i ~,~,':(>t~•--b:1:\:• t~dhttn(/t"'~; t~hk': ·h~ r,~da>..:>.:..': d.r~~~-~ 
ti<~~>Hy rh:c::~ (X/2 eTnl✓~~~k~n:( \~1~0 ftw: ~~uno.~~phef'•...;-:: 

m;;;\~:t::{:~\~:;J:;,:; ,;~~ji:~:~~,1t::!'. ~l l'i'N'~% W)d ,:, r<Mirt!pin;~ 

}· .. {~ .. t~O:tdfr~Jt "fr~ i~h~::. rrt\.··~?.~.\(~ptt~ •~i pro.t:x":~·~ 

tiH.n:tQr~i.:~. ii::.ifn r:..~ft i.~raJ g:;:::~ 

ct:n:'./(~t~;intj ;;Jf ~~ c-"tKi};:\~ Df d(~:::niphu.ri:/:t,.::d tcHn.u·;~J ga.:< a)xi 
~t:.:..~~~tn" ,~:ifh t~J;y.g::;··JJ.-.~/tlrk:h<='ll ~rir nr trhh ·ijXY@~1.t1" to JhHh (l 

,;yndw\i$ g:,,,,; <::<iBl,ri,,i,ig hydn:,g<ilJ., CO ;.itid C{);L 

:'./;;:::\'..:;:'':'.;;: ~l::t:;~::i~:::(;;;~~;;'.}~t;t;;;~t'ising ;::l;~t:;;{::::;!~;;;;; 
t<:;'pttt;~t-i.i)n Df (\)::: j}~>tH t!::~~ g_H-~: ihu.:'.:. 
(k:r~}(~tt:d ;:;y.::~t'h<~:~i·~ fnB: .;~:f.t~3 ·~:: (\}2,.dd:1 
,;.ifoing ti,,r (:02. \q:\,irnlo::d lh•m. !he: ~:w; 

;:)l~Bl~Hing a C{)}.:. 

;)~:~t~l}W~ .;)ov:;: c·:(~n~-

~~d~.hti•)U :~~f n.i.Hq~·}:n to th•;.: ~;{n~J~(~~L~; gti~.: :)ht~ti.n:ing. ~f n:1Hk(~ ... 

·Hp f~::t~ 8:~JnWjnfri:£' .. t·:ht\>g~·n;u1d hy~'ln~}:~eti in~~ ~~·tfrW:bl!;~ n1oh~r 
r .. ~~Ht·~ -J;:>r ::<(fl:).::\nh~ :~y:n}hi•:~j~: 

~,h:n,-,,~,to::fri:0d 

obt:~d;.:6ng H fh,"=1 :fri.<<:ti•.;tt ~yf th<:. ~yi-:_th;..:::;i'$ g~~\: ·,\:h(t•~iu -.;·:Ad 
!t~<.>l Jf;{ctioI1 it. f~d a~ hi•A !n ~~i le.=:!.ti: DJi:tl ltt:~:H~i.X', 

g~w .. h~ H~:: ~,:))>..:~Jnd~:~} r::fonnl:':t rh~': C""'i1hH,;:~)l thnn ~h;: J~~jnt~~r)"· 
r•..::~H-1r.H'::-.:.~r b1:H'.::t~ dne ·io t.:~:)nt~:;::,J \vh:h th~~ .:}\"::'f~i•J .~·(·111t:::t~iltd ht ;s 
th(: ~dr. In ~~~ni~;'· pl~~ti1~· n(h~:Y rt:fottning i,'iJ~:dlg:tli.'~)tj9n:::; ~~t;,;,:: 

:m•.,:;~~~- fr~r·~~J:~n:npk~ ~in. ~itito·ihenn~d r:;.,.;:K~tni• .... w (/\.TH): pt¼~~':t'<:l~d 

·rhx~ jfl:\··~?n.t\}1;.) ::{1:/-~ t~~Jai:~~:~ 't:'} ;~ P).t~ih.<x'.j f(),r !:i:.~t~.~tnr,ing ~) 
pt;1n~ (~t~g}rmHy (\;tnpti~;in~ a n.::{i)tnJi.i}i s(:-c't~•'.)H \thi~h 
3n.:lnd~~$: ~j p:drn£•ir)' ti::.:~~~n\ ni:i~)tri:.~:e.;:r ~~n,J ai·r-.ftt1.,;Xl ~.;:,~~>t~•;t~ry 
t-.:.~f::;rn.1t'=r~ Hnd u~~;{Ui.:.:;,;,,~nt of tb(: t~ynth•~:~h;; :)ft"$ c>.WHftri·;;ing a 
shiH t'...;~n;;.~tion ~>i- (:~~fh:.:~n. n:H~n~>~<kt(~ :fri~n ,;._':~(d-:c~:n~ djoxtk~. 

h7· ic :fru1c~,~ci::;- H.w h<~~:(~r:.t ~h:;.~ t}~;)fi::>?. .· L~?.- ·th~~- g~~*{:.t}W~· t)~<j:t·n.;t~?. 

lbJ Ti:, ';;iid w,fonw"sr. 
·rh..;~ ::thD\"~ ~k~t~:.db~d m:ti"BJ.On.f~t -p"hu::i:; f'¼~~~nl( in ;,;igtii_j:h.,':.:.}!l.t 

'"m1~:,.;iqn, of (\l2 1 n:t\.> tlw ,°ltnl(,,,t,h~~r;,:; ,:;,,,,'.r,Jl ·1n th," r,,,_cri,,;., 
(tf J.00 u:dH:t(!B l<)Hnc·s (,-f (\)2 'fR~r y~~~n:, (:>ft(: ().r tht: Hn}iH 
-s:.~·1nr~~~:~~~ .::)!. Ct)2 etnj~~j~Jn ·~~n•.:).~j~t~ i::c th~::- -c:;:~J:uh11:;;-th:~n fhn:5~-:; 
(>fth•~': f>t~tt~;J(/ rt·fr>trn~i:r H{t•J (Hhc:f' ht:tHtrf.nfrn:.~(:<:-s tr~fH/. t~n­
,~·:.;:(Hnpk': <11ixfHar-:._.. h,;,;~.=~:t~:r:;. 

Ft>t e~1vhotUBt":.ttl;:t} t"t"=\~$nt~s:. h i:; r:.:.."=qnirt\l :tt~ u.1.inin:dte th;;.:: 
(\):2 ~~~):tj:;;t=ii:)ns frfnn fht: fi~.n.t:.;..r~~ ~!f ~ht Nlt~. pi.:·n\t~~~ ·Tl:,.,~ 
pn:·~hh~·nJ .:d}~X:\~ fn p;:~ftt::.::ub.r HJ~ (!}(k~r.=~n~:tnl'!:U.\:~~ r:-hi:.:Jh~ ,s::;.,.·hk:h 
~H(': };,;,_:::;::::• (:tlh::-k:nt tfrw.1 ih:::- .a~:'\\: <::n:ie~ ;wid: h.;;1:':,:(:: r..t·•~~;:tk:-r ('(}2 

f1~K~ ~':~ni~~.~<~i\n:s. in r--::;~}::(t~;:)Ji k~ Ih:.::~ qtm,ntf;y ~>i· :.:~n~Jfr:)<ti;~ rn~-.­
d:c.tct·d .. 'U i~ i~{;;o i~-"x:(~:~=~~~ty ~h~~t thet~\}n~:til•n·,:::f~h:} ~::nr~t;~i::.in:;. 

~.:hi.rui.J ~'3o·t \{1:(-.r::a~w ~':-:<;;.:t·~~$iv,~l'j/ th>;.;': .;;:\J·f:{~:. g)r :pt(>dt~,~ti•.).tt ~:,J 
th-:.~ ;nr:1:/nc::::u.j;J .. 

/\(.{:':;)J"d.ing. ~~) ~ h(:' fJ\'.:'~(:nt stt: t~:: •~: r th~:: ;,trt. th~:~ pt(:(:·~~Sl~~ 'f.~t 

-.h_:t:~~u-hnnn~\>l) &~1d D-fH'i()f1;~Uy j}~.-.:~t+~.:~n~ith>t>. 'fhe r~~V~ln~riint 
m\!lh(,d (('lnptif,(!fi !/l k:,1$C 

,i<:: prnvidi:ng ,; il<>°\-'.C .f,l' ,;,mkh;.;s:l ,;ir ,ir »xygdi :mil \Vii.ng ~:,iid 
n,-:-~~- ;):~·. ~{n ~X:(:kt~<nt. f:>r the• ~\g;:orc.d~fiy n::-J~.Jtn:t:;~( "in~~.,:,"ld (t f fh>;~ 

:~x~pur.=~:t).nr -~~ p:.:~rt !:>{'··~h~? :~yffh\.~~ii g~\:~ dn~:-_::~/~.B\:~~tn f~f di.:~...--:~H·:... 

b(1t::1-t~(;-n." 
~is fr~0~frng K:~.fd p~~-rt ~>i'th,;,; .. ~ynth~~.:h:. ;~~~t~~ ".:\J13<:h ha~ £t r•..::~d:u~:~d 

:(j)) ·~:iJnt-.;,:.nt t{$ fu~~l. fbt ~tt ~-.::~;.~:it },~!)_(:: h.i.tU<-i•~--:-~ 1)f th~;~ r~t:t.rtL 
Tlt .. (: i:~~nn: ,.,.i\·ttilW::~.l" ti tind.~~rBt~!'-Xi ;s~ :rn>;.;~;:n:~iJ}f? ~~n Hpp~it::l-~ 

\11::~ c-J)n:~ttn H·o.n:1 ::1nl<-i~\§f. .:~. ~h/~Hl\ r~:.n-~rr1:htt ~>r ft ,ch~~·rr~; 
Jfi:,d~.t~~~.t>.:~r (.:f ~~ ~ t~:-pJn g~':n.<::t~1tor :c:~r ~~ ~t>_:\;:gn fHJ.K~ds;..:~<t<:-:-r. • rh.cs~-= 

·;{: .:~.:pp~~r;Jttf:: ... ,i;.vhk:·J3_ 't:Cp(~t;~t~ hy tB<~=~:H~ ni' t,.~.Xftht}~t~;~:n. ::ttx ... 

hJ~':ntiHt~"J L~\ th~:~· t::~rn.r ''fir:;;·~J h;..~,~t:::t='•: s~~id H.:tn<:1.(•~ frt t;prt:tt~ 

c-tnlx~diH:..,~r~t~~ F.>nn~ t:~arf: (ff (fri:.:.: ~~;;::;;:-.~i<::.n fr,.r ,~ot~v,~rti{~g. fht· 
~}~tn;r~~l }J}~s h:ct::> :)"y.::~th:<~;·:.:~ g.:~.:~.- J~:1· t\~ftthi::1:t.:-d. ~tr~:wn.<)))i.:)/Br:;.~:,:~ 

fl~tt.1:ts :':';~::id futY~isr~:~ tH~:\y foJ·n.1: p;.}n l•f ·itt:::- ·tJf;..":~< :':';~::>:t~on .. 

,:::q--:·!n.d.ng fJ)2 n-~·?n~ .fr:Jnt~t; ~it(;; .. °t.<I*~!Id iin {·y~~~:t"t~nl \V"i~h -;.-:, 

:~~).h_.·:;n\b~ { fr:c ~=>;~:~?~}ph~- tht?. ~1-\i>:.:{~n,~ K.S<t l::.~ pr'i/dtiCt~d. 'by 
'fhi,i: p(H·tio.e: {:•f ~ynfht,;~~f~< ~.fiK ,=-/h~-::.-:h f:. :;tp:)t;ft:.:.::d ::H~d ~:,~i•:.i 

t~> ~n}d ::<t li.:~:.'lK~ ~)n~~ fhtn~~t~:: i::~ ·tenn::.>d .h~x~J :b~~~(:tin.n. of H~i: g~~.::: 
~tqfihibk': a'tttr th(~ $hi ft ;.;~(~p .. Pt'~~ft:t~;J~jy~ •s::::id ·hid fr{K~ttHJ i~: 
c~r~i}\prh;.::d. i~~~v,·<.x~iJ 1 :y~~ ~~nd 4(r:.t of ~h:::~· ;n,..~<H.::>hl~·? .::~i1·*· nJ(::<n~ 
.r~ti:;-:f(:n~hly h~::t1~\_-'.~._..n Io~::<) w1d ~tY\: ~\thl {:~-·~~n :t:iKW~;~ p.t•;.:f::-t,lh!)~ 

~ .. :fH~·dh~shi\·. °ftR~ Hs:~:<>th~te:d. :p!~·~nt~:: a.r~~ h(1·,:i;;\:·~·t:."·t:. •C'.{J~ft~: :~tHIJ 

t::f}n·.q!li(~:t1~x:•d. h~~\<.:~ ;~. hhrh ~tni.:~t)!.Y c~t>n~i.:.::<):pi)n_::~ ~=i.rc.d r~~qu:.r~?. 

r~<P~n❖·~>...:~~ ;~<~t~:~:.t·H, ··i·h~:l\~for<= tht":~<:· ()'\~ •.:::ip.tndrt~; ·pr::j•.:~~s.:~~;\:.; 
<..:::tnnn~ h~,r ::~ppl~.i,.;:d lo th..:;~- .r.·1=~.Ht~: (~t·~n~id..:..::n~:d l:i:::n~ ~im:~~: tb>= .. >· 
v•>fH..:.hJ jJl(:.t-;;;i:;~~. ~~~~.~~~~:~:~:~':{;,:~ly th~':. ~:<~~i~ .{~}t _rrto1Jn.<:\i(:;:1 ,::r f .~h.~~ 

::,{: }x~t\.:.: ~~\;~n '1.{f}{; ::titd 1-{ Y:{,., t\·r ~~x~tH3}jle.:: in :;·~ pr~~J~:n"'*\.J :.:~n1hf~df­
tnx~f1J 'th.:.:~ fh:::~t -i}~1r.:1·~1:::n i~ ~?qtK~} ii} '){}~t{,_. 'lli~;' r~;:-~nn~nh:~3!, -r~:~1rt .. 

\\.:i.J~(!h i.~~ :i~~k\::i~k~~: if: ·ht: (:'(\n.\·\:rf.(::d i~:Jh:· ~iUU:t~~Jni.:i: i:~ t~ijk::d 

in tnt:Ht .=u~J:D:ttHJi:.:t f<~:nih•;.;;-:t~:: p.::\:C~':<;~~::;•i~~::·D:f·~h(~ pri~w :.:lrt. p::~ri 

of 'the fbt"=·t .rn~~y b<:- '$lCf~pf(~d I?Y ;J 1,:ut~?:,(:: :Us.'(V{ (ih~.:Jiox;d) t~t 
,>":«:ctDJ~t~\ ffi:)JH a c,rfc:~gx~n~~: plff~H~~fi}c.:~n ~:.:~tjinn t!f th~: ·~r.n-- :;:.-:; 
the:;;.~:❖ g:,:c~t~* u:~ {t<)(l) ;s :PS·:\ }t::1h-. -S\thJ pH{g~?. Ho'-',;,,:.nv;y b~r..:\~ 
<i :t..'f'>,..h~ct.:d (·::r>.1 :;:{:mt::~1:t. }}(}\\>(~ .. /<::T .. s.ind pur:_Xt fhrff ~·H,.._'('.•.ni-t!'.~$ 

·pr(K:~·~<~:"· ff~~,:,,':t~i)n. 

Jt :::1:f.wiid b<:: n•Jt::~d t:h~f\. ~:;1.id. fu~d 'ti~~<:•ti;,_)ti .i~ t:d.=:1.t~'~:~fy h~:gh .. 
for 0~;m1pk ah.AH 'i; d' th"' toi:,,l. Th,' inv(,iifrc,n in fo,:.\ 

dvlt ~i .(}(~J~.:~u...:.:~il'i~~~}:J.:.~ f:t>rHn~r ()f ~~Y.(~tl1...:~s:l~ ~fr~ i:~ 
~d}~)c~if.;,~} U) ~l::(:·t itt ~)rd(~r ·~o rc--dn~:~': lh~~· (\)2 (;'H~Js•ski.n~ .. ··:rhh: 
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n;$1i(ti; :fn th-.;;~ ·rt~ttl to T''t(~tnx:t ~·i.n ~id•Jiri<:-f:.nJ (fJB.ttrity (ff 

.~<yn:th•..;:::.rt;· g~i~. hu.s:,. r::~ "'.i~,•fH }x~ l.;:>:v.kiht~~d JH~)"f• .. t c>1~:.:H:{?..t 'b~~k~\-.:· 
-~~·ith t:h>} ~c:id. :c:~f th~': };~X~):t)J}'t"k~~:~ ihi~ ne::::1:~~ .. ❖-hy r~ 1.,_':(>Us1p:::n:-::.c:;tr::d 
.i~:)J; hy thi.:~ wJ~ .. :~int~~.g~:~.<: oT 'th(;~ in\:•,tn\1~)n: 

4 
r(~ltt'ir:::tn.(:ttl -::~nd tii~"': ·:,.Bti~•..:: ~~w. ·i~"':ftlp~"':th!\tt(:.:. th~~- j~H:d th1.(:t~.{):a 

l~ ~t~g.htty i:f :t);?J.n(:',>t'=d lx:f~~t~ n.1~'=th~.trr::~t.it.~tt 

T'i:~x~ ~;,::p~:ff~l1k~P ..:::f Ji;,:': ftk:.! frt;::tk!n h~ ndv~::.:1t~·;gq<)·:·~:~ly s 
f~~':rfr~txw~':~J l(f ~i)Httint ~i pr")(':¢$~ fhri.~-~ K.1r (':X~:rffJ:})i~> ~=t pr<)(:t:_::·$ 
gm; ,;ft•ll:' $):iiH mid ci>,,;,;,rh-).narinli. :\.i; ii :-t:$'t!il of ,;,,id $f litli.ng., 
th~ frn::l fr~~ctk!J~ and.th;,;__~ r:::-ni~~inJng p~~n o:f\he)~?;\\ . .;:;J"$o c~~]k:d 
{)t()rt~~s fEK':{ion~ h~i,:i~': rfa~~ tian1(:· i..':'>)fnjx~~-iTl( 1JJ. 

·1tt(=t•::: ;.tr:;:~· n~> d:i::;.:.i•J.<~1n~~~~~;":t: H::-r t(:;?.~~Jd.::; ())2 ;,;..".:Jni~~:;ions·inro 

;;J(i:o(i~l~h.~.:~:Jt-_ '..:\: hi-c'·h ;:w:.:~ the $~-i.rn¢. by H:iin.g <f' h1:d. bt>~.h Jh~. g~'!$ 
u.:~~·trt•.:~-~cJ ~>f ·th~~ ~ni:•::h;:::r:J~to.r ~\~Jd. '!.h;,:~ gp::~ i.:\>;:s.:n~tre ... ~Hn of ·chx~ 

·~:;dd~h{:U.:- t}).t~ Ji1~} fra.<:i."iDn .;.~ ;-::.~pHn1t~?.d • b-.:~h)t~::. ::K\idi~)J; :IJttro, 
gt::n, ··1:1};;:"': ~1d\t::tfit~i\t i~ B g.r~<l~i:.;"':t <."':;~_{twifi~ ptr1.\et of fri~· 

:~ynthx"':~;h:. ftH~ :is~"':d ~f~ futd~ s•drk::h dt:r-~~~=- r::cH c·.on:t:::t~B niiTDf(t~n~ Jt ih(:tdd. bt~ .t)iA(~{i ·:b,;::,:t ih-.:": :r~rx~;{:':1t ·~~:z:-··f:-~~tk~-!\ (~~)\·}:~~~~lf~:~ 

d~"':)ih~"':t<H<::ty {t°(j•)(:-~ttin~.;~ Fart (~f th~"':- Fn;:i:,.:·~"':~:~~ ft(;:i.:'::· ~-:> ]h(: i\~s,;J 
frm.'lfon,. fa,, :fod !b<.'tirnJc lx,i\W d5.r,,,,fly :;;er.,mikd fo)n\ ti;,,, 
t~f1)/:~=:~;8 fi•.J~'/ ~~nd h~i\: i:ng-·~h::~ ~:~\U.K~ '-;t)tnpc!~~it{::?1): .• I1}e tq.{5.~r ~~rt~ 
(>n ti,," Glhd: J:@vJ, ,@ch\i~; ;Ady dkc,Hing_ ;_i~ fod any pi\r~:o 
~;tr~~~nt)$ d(':riv·i>1J (~\~~\l j~t:itH}t:;:i:tt::)n. p,nx~;.:~s:~x~:~ m\d t\)nt~::i.qjJ~I:. 

;.n(:th(~.n:::~ Th:;.--:· ~iHj.;J ~yutbJ::$·i~: .g~~f; y,.:•ith ~~ kr~~-. ("(}}. (:·(nlt<:U\ 

({:~{)2-:-ik"':ph.::~;;;"'<:t ~yngH~j pr~rtl:r::ib:ty c:tHltH-~ns flt! .n~nr~: ih::-tn. 
1000 ppni by ·~·(t{un,<=- ((}, ~::rf('()2.:- S~.1.id g~)':; -i~ ::::sA:r~p-._)~~~d 
(:s~~:nt?.~~Hy (>fhy:..h"'~)~~~) ((ffl) ~:i:t~rh ~tuy ~:~J~itH .rt~idu~1·t ~}\~an" 

:.:) 

/\.fh/r :-;~p;n:ffti·Hg th;;.~ fu:J! fr~icti(~({ .. H1:,: (\}2,;J(:pJ.;~:tcd ~Yn· 

tii-~"':1}$ ~a~~ ~n~\Y h(: (;ptifn}~~Hy lr0~i~~/J in.~~ pi}tifk::{~dt1n. :.::c~~-ti~)<~ 
; .. ~-:>tnph~ii:ig.: f\,>.f' c;:-~~-:.ti:nplc~ ~t Pt~A- t~filt i,)r ,~(~t-nf>t'tsit~~ <i dty(~r 

Th~~-: -pn::..-.itk:~-fi_~f'3:1 ~~::;;,:~;h(•n }\rod:th:k\~ r~J t~:~·~-1:,t on.l=-. ~ai:~-:;n):t t>f 

·~~u:1.1:n.i::tr:i.i. ~yntl:1;;::~i$ ·-f;~f~; ,\:\:•1th ~, ·.N.-:du~.a:t'·d ,;:t)Ht(:U\ o:f ~H•:;.:rt~~ ;~tJ).d 

::fj k\;~::~t ·{::.u_..::.~ :❖:•;;~1:~?. .:~ttt~;H}t t".-ont-2:i:.1)nt (:((. ::lnd. CFf4_. ·-rb:.t 
-:;,:-~-~~-:~~-~~ ::~.tY(~::~~,} n1};y i:~1~(·,: {x~w1.JLt) l--L?. t11}rt 1\2-. }n ~()n1.-.:-: ;,:~n~h(:.:dJ" 

tltj;,":S ~:~re:<) ;U:t_d (.'}}4 .. ·typk:~~-tl:'.:/ k~:;:~~ th~~\~ )?~{t 'h~ .. ,. ·vn}t.inK~ ~~}~:d. ::-:: ft1::?p;(~. -~::} k:~~$,t p:.:~rt (~f·t{Ht \~--~~·$.H:;" ff:~S· {~r :~~~j1J p::.frijj(:;H~:-\1) 

pfd'.i:,t;,ibl}' ls,,;:,: ti><-1,t) ·i,;<,. ,«,tli.(·,n ii, w,.::d ,;,; fod tf;)?~,th~-i: wlih tb.:c fr;d fo,:ti;hn. 
111~~- ~~~)Jii:hu.'5:·tiox1 1:>:t·· t;.:i:ld g;~~ '.f~~ t·uh:(;~;~_n·ii:~JJ\· ii:~i~: ft"i:)JiJ• 

fi~Y}dtw.tkrn ,:)rf f\)} :- h). i;:tct:. i}:i:~ t:<1~n1:wf~ii(1~·~ qf tht? lrydt:);=~(:t} 

d~~~"'::--;- tt•.)t tin~n.J (\)?:\ ~tnJ Drdy ~h::: ❖nla.H ~'{tKHltiiy ~>f (:() ~ff 

(JJ4., u· pr~-;~?nt., l)t=:t.~( Jbnx~ (J}Z. 
'fh~:'· h}~·(~1.1tfo~} ~:Ui-~J\<=-$t~: ·u~~ktg: ~i l~lti'-..';,;..::f~ :){;.::~· p~~t-t ~t:s fb_t'='t for 

~:en~~ or n:tl1.r~ J~n-n;K~e~ i)J. tht- r~tbn:ninft te(~t~Dn-.. dH1~"':f{.;t3:d·y 
h\).1:-t: lb*: ::wt >:.--~/h}:~]:r: f.H' thi:.; p~)_q;<~~-.:::·:. tB-.:.~s- p;~.t~ n.f ·tbt? 
:i:i~n,n•-a} }~~~$=· i,>J:; -~~ ·t1ydt~>(=·~~tbon. Th~"': pt;.::~x:s~- g~r~: JJ~n~1 (frt~"':°f 
:ir;:K~lh>i~) .fa :ft.ti"lih'J.:.:- stp<u·::~h~~r.~rfif.::"':r <i ():)2 r.;.;"'n1fJ~,.-~d n~~n~\~;.:;~n\ 
~H:tiL ~t~ (".::,rk:riu-~J :h~nht".:t ~ib•~':Y~\ j.( (;nntt{U3 <=:s$t:ntiiil}: 
Jn-•{lrogx"':n \\:hich tnay hurn \;,,=hfo::rut frH-rning ('(}2. (~\n~e­
lp_tf~tJ!ly it ·•.:.'~3n ~>-.:~ \t~~~k~ffi;::)od :b~:H ·tbx~ f:.15.:-tt~}~~:·)fl t:lk)\~:~ th~? 
(::{)/ c-.tJ>is~i(;f:/; ):::Ht> th~:· {tl"~n~:<~:,rth~"t~~ i~~ h~: df:~~~::~}:.::~ijly 
:,:,,,.b\i"d. 

S;1~d.·•:::.,y;{l=.n--t".:JU).tb•~J ~dr·ftl:i~:r~d)]y ~/('.tnn~it:~~: ~~t h .. ".:~~.$.f SO~\.c 
oxyg,:,;"'n by·vohunt~ ~tHd .. rnDt•h: pri:r(t;-rih}y at le.::!:si: ~Xf?\, <:r~yft~·n 

-:.,.·otuni~ ~,nd. ~?.\'(\f':. n):r:::crt: r~:'{:;fr~r~)bJ::,·· :::,J h~a~t :f?}t. ··rht? 
-::1dv;~nttig~"':~ ('•f ~l high ~r~yg~~tt ! .. ~-:..)tt~\"':nt ~n tht::· ~"':~\6<:hi:,;;~J <tif i4:r:.: 

('.(';rn;,,,::;:m.mtly. th,· fod fo;;;,fam m.ay h" :,:-a,du\i"d. 
·rh"x~ ~~{h\n~t:lft': nfth~?. "f:::~r~Ht;~\!°J"c::f1 "t~i:,,t:: r~ nr~t ::)l t~::.d.udnt 

th:: ~n(:rt:·:. i::~ ~nt>.::'i}t ·~t{ the :i:irn:k(~, ,~j~ g_a\ .. 1 .. -e·:rt.d 6.Hg. ·h~ kn(>\:;,,:n 

:~s ·t;dv~ii:il;:}.t<!~ R::r ·thx~ ;).r:i.U~)l}nih ·:~ynthx\'.;i:~ .. ltK\lr:dh)_g -~-i1~rt;lk:( 

(:::-,;•;.t$l~tnp-ti"-Jn fr.,;: ~.:fn.:t~h~rinn.. ~~nd. ,:c t\'=th.i-...,~i:ni (,,x. e;:;·~::.:.1 :::=ih:o.i:--. 
nf th\;~ pury-.~ no:>;,:-,:-- Df ti·}~"': ffB)Ji}j:).::riI3 ~ynfht..:«1~( JoDp. 

-:\:e·.(·.t--;rd~ng ·1::r:~ th<.:" }.::1-....-~?.ntln.t\ ·::h,~ n.~i•:t fr·..:,:.~~--t~l~.P (;: ;;tdt.:~_nt:,,­
J?(>(>i};-;Jy t:t·p>K.:n,~d ~~p~a":",=~~fn. uf ~h:J p:Hrdk:;ftj.,.~::t n{~}L C;~>H-~~t, 

~{: •~_U{~fi,fly. (~"Bly th~"': ~:cynih;.;::;::it; g~i-:'~- r•-Drl ~-o:n ~tipph~"':d °((~ tl"h.:"': 

~~ni.ro.qr:1~- ~ynth>;:t;fo; tin• ... k:'t:;?..(>}:::-; u~:;.:~,tui;,;..~nt ·in the }:,\;fiJ~~:~:ti.nn 
t~'<..~\~1:>n \-';:h3d\, \V~ffo:.:cnt h<iving lD pn•~i.-:cs~:: th.;:;"': ~~y.nth~:.:~b g~i~< 
~~1..~:tt~~~~ppt)i.:-Fr:g k, tbt} J1-itd i:~;:c:i:::t~.c:1ir .. i~o.:~~:;:- h~t r~;_:.;~Jh~:(?d ·~❖:•hh 

n~~i)•_JJ ~~Hl~~n-~:r di:.J).::.H~~j•,1:rt~~- Th~: {:·dY~tnh1gt::· (>f ~{0ffH"<ifri:tg th~"': 

·~s fi:ti::::l iiH~/1i{~f1 ·Hpt~:n~~~nJ. t~f fr~~: pui1'~k"':.:..:~.t1Dn tln·ii· ~~ th~{t •(}f 

~~~ .... (d~hng ::,;')<:;-::;·;ling ,;_:tf th~'=- pw·--tHtt~:U•.;n u~1:~t ~~ud th;;::· r:)rtl'=·-­
t_p<~.nd~n~~ -. ... ~.:}fl~::un:rr:(fro:-n ibJ: tht"' .iiJe{ fh~.c:di:}H ~>f th.;;;"': ~ynlh~~K~·:,: 
;;~~is:. A,r:intht:r ~~~d..:..:{~nt~tf~-1 b: \h~::: pns~~-l.hHiiy (·}f ~':<)t)~rf:clhnf 
iikt~m~ri~;;.:ty th~: fit0l frn~:TiOn ~1nd ~hv.ptitih<:~}l~'->H anit. 

;~S .ib-{}~;-·w.~<·: ff~~~t-t~r (~:.il"nd.i:k: pt:::i.:v\':~r. o·i· fhi-."'· ~>'n.ft~-~~~~-= :ft.::is~ ~is:: ·rtH.;;:r(~ fa: nc~ db;ih:Hnhtg_;..:: ·ht ~~.;:p::tf::'Hi~}¥, th~: ·t\K~! fr:.::~:~~-f:Sf} 

~~i)\l\i:~~~in :of th(:- t:~t-i.ri.hc~~lh>U fi°~;~fh th-.:.: pnlnt: ;;:{ , .. :it\'-: .of th>;~ 
())2 c·t~~l~~~Gt~f; ~j\to )jtffK,sph(~n~::. f:jnc-~ th~"':· (>{). (\)1. ~ind 
Cf }4 ~>or:t::~.h;\~d i~; th:.:~ .sytHhi•:~h~ ti~:~ :r:-~.f th..::.~ 'HH.:-:-.l :fri1t·.tj.c::6 \~:.:~Bk{ 

be $~"':p<itBt::d.-t~y th~.:- pHd1~(>::Tt~,w~ ·iint~ ·t(}· i~~tn~;; dR"':· \\-~ist~.t~•l-rc-·~~nJ 
and \t~l~d >1~ ru~:L 

.~1P.l~H-:.:r fi~t~❖'· q f :th::(': .d,i~ch~~t:tc:_ :;a~r. ~,;n.1~:-1.l(:r '/(;h::.u.k~Hi<:· J}o\~: 

·;.hf<fiigb fr.tf: ~:tpp~H':;}ttt~-: ~)ffh:i:;;~ ::_"':(>~r~;cT:'.i~{>(t :'Ss;,'),.,~t(nl ~H};;.i.. i..~•-~:i:t~;:c;:~ 

qu~:(:•!t~( :;51~~1Ut:f ::<r:~p.:~-~~~~ru~. 
Th~~ C~{:(r~-dct•J;_;.:lf·d \nit.l.R"':~i·~ ~H~~ JJrt:·fo:T.:·r.l--::(y .thnn$ :::1·u ,·.·,·-~ff 

:;1:~t-~~.n~B~.tit::Hy ::t'il-----thi :ilhd .~>.i· rhe fii:n-:-.:~•.:.>:;"':S u:s:~d }br ~h~~ ~i,-; 

p::)·)~t'=•':;·~-:- h} ~nu.K:· ~::ni.)i:t(UH)(.:-~~t:; .. h~>,:.:-.:.:'it.::(. it i~ pr::dl".:,:·r,;:d. tn 
r~"':~:J~ <t ${ff2tlf ~(~H~)tHJl (>f n~~ti,Jni.i:' 2}3$ ~':i·:hj..;,~h ts ~"':~iti . ..:::d >\tTfB 

hli~r~ <~ftht? tiH\w~:x>. l'?ref~t~:ihl:,•· ::;~,td :;:::n:)H ql:it~nt;~:::· m::::'.:o:·::ul)"s:; 

t«i;~d:~~t}~;;t::;::~
1~1:/~\Stt:~;1~:~~:l ~-~::\,~!~,;~ ~:~:j;;\:::,'\::: 

ib:r W.">i ~n~-~n: ~h,~-u ·1-s·>~)~ H).(:n-::: prei~:.r.:~bly i.H>i in::';•r~.:- th,~u ·rtr::.-;)~ 
nfth~ .. li)t~{l t(~fnh~f~•:fr~n.lt~~~r (duty) of '!h{;~ htrn~K::~·- ·rhe i-r1rn --:-:s::: 

:hydr~>.::~t:n ·>)6::i'~).t) t1\.:.~ ·~\'.=~:8l(~ g};>; k,; ~.r:~<::~:{ .Si~ hli:•! .:tqd Jo~~ :c)t>f 

J;t~:-tdt1c•~ (\/J -:;.~nti:f1i•::n~ i:nt.;: <-l~::t:O.o'$J:h>;~f(:·. Tt1.t'= fH~d ·fr.c:1:i::hon 
;.).{. thx"': ~)'nfi~~~j~.: i<tSi 1.t ~~)n~eqiHdtt}y r~g:vt~-lt\1 

ftl>}i ,-:cikY':'-'~- tht".: n~i".rt,{:(:'(:" to l~(' -ntpidfy (:t.•ntto'ik::(i:, ,1~.)r (~~~~{r::f•l:;,;,.~ 

~n .'>J.i'd<:t to qnitk.}~,;:- r.:fr:S{: (Jr }<)1..1,/("':r th-..: k~~~d ~f tR~-s;.le<t 
&:~j.d p.:::~r~~:~~nt~1i-t~:~ o fthe ~:nt)}l~ti~d<)tJ h-.:-:;~t ~ri~lY ht~ i~~~-Pf~:~:;,.~i~:..J 

~~~ ~:h(: .. pn~d·u~.:t 't~(.::-~>,\·-::~:::.n. th;,;..~ Ht>v-.:r~~li:- '-)( .:·nV.:t ~h:;~ 
,,,,dori!Jg v,,,Y{::: ill:;~ or Jimd). 

.::\.cC;,:)J''-..hP.;;t '{n ::z1.w~~k': :.:":n~1:R>~Jf~)Jx~:1t~ ~}f ·iJ::-.:\ j:u\,:"i"':j)"l.k;p.;. r:;..::.~tht:.v 

rmti~::tn ,)f th:: :---:ynth~"':~i ❖ g~H~ i~ :t~t-r!hnncd d(1~ .. :.;:nstt~"':B:i:u ot 
d*x\;:1.dx~f1:2:ifkm .. l\H:" o:v~~th.:1.i).nJk~:cJ ::o::ti~p i:::r::~n..:..:t,:-t't~ re.~jd.un:l ()) 
,~ud (:\/1 ·inlH (:.H.4·~ ,;t>HsHn:tirtg !Ji. ·hi ·~1r~.:nrd~'u).("::~ 1:vhh th::~ 
r~~·j:~:tfr·H)t C()+3HJ--.. ...-.(J-l4-f[-I2() e C\)2+4{J]_ .... -f-f:~H.4-.:t-21{1.(\ 

f.\~":-fi.=::-::thlr. th~~ .:~~.~r;:;.r.:}tf(;B. ,:)} that,? hidl h"~~.ctl~)~) fh:}_fl': HK~ 
(\).2rdvplCti.;:d ~;·y1.r(fo:~1?i;! i~t~~ ~S: JJ~~tk)rtti;_;;\l b~"':{hrt: (nt>~~trc~r~n 

~:cf ~;~id. rn.;:;"'itmn;~t~i::cn ·:.;~;;;~p. 

Tht i.td',{ai.st.~~g_(" .::1f ~(':l>~~t~)dnr .. th~:: fr:(~-t thtr~j<HJ h-.:..:f~_).fl:~ 
Tt~k~lh~-?n~rdi:ln fa. thI~t c:.~ f:nfil ~>v~:r<il1Bft th{;~ nii..::~hHBirti,-n ~~°'\.~t1i:).n 

<).f{h<;::- fhi::;:l dnd ~)r l)~")(·}O$.inR th;~ tTt(~th~lr::S-~fk!B hi.:~;rt 
{rf ~h(: hK:l TVk!J'C(~"v'("':J\ t):f" ftw· ~«HH(:' l!Jrnn .. x:, J-tt~fl 

I'!Vfornt:ly, 'krn'(,~.'i;'.l", t!w pl;.;.{ik,,t!<:)il Hl)-il h,i,; ;i ;::.; m~kiri:)y 
h~gh hydru{\c·n r;;,::};{n·-cT/ ~•·t:~3l tht~t ~h:J ftf>i:1 ~i~it1~(>H ~\(:(:(;t~n.r~: 

{br nf lf~:::~1: ·;iY}t, prx~fi:?t{t~h: .:1t k~~t~"i 40~\} ... :t~·v<.:~:). .ff:~)t~-~ 

-.:::rHhl)'· ~it t>_::<K•;t .50~}-t: pr th;,;..~ fun:U5~,:s::: d.:.~ty, Th~:" ,:cpphtAtnt h{:-~ 
-~.\ fo1ind i:h:al ihfa ;:.~nntfrt~i-).n i~ H~h··rnti.1~gt~t!n.~ ibT th;;.;"': ~~on:tn>l or 

~h;,:~ nlt:J:».~(~· itt-.:~Jr ~.n.d~?p-.:~ndx~qt}y nr :!}){': :i:.X~f~t;:\/ of lb.i.:~ P\fti" 

lit,;ti;.m ,1,:iiL 

Th..::.~ pur.H,~1-.\:~J:{0;1 :;t:~::..~~.i:r:}.q n.1i~}· 

~-i::;n o.f the ·w.}~\:-~:)r~chk: ~ .. :,::tn:1:,~nr~nt~; (Hlt<). ~t ~oHd. In S~)tH;.;..~ 

::,{: ~--D1bi.)<:i_iro.t~f1.r; ~~~fd fHJ.dfii...' .. j~-{(·!"n. ~,~t:·1~-on· ~~tHnfH:1~:c~~:s: .;1_ PS.:\. 
(p,n-::~:>nt~2· ~;-~}.,: :.~}g- :.:}d:::ru-pt~ n~J) t~~~i vvhk~ 1; lJ~f:·~ tJH>h::(:·n:kn .. 

•si0v(:~ :t(tr :-;),;..~p:;;;t:~df:J} (\~i~ (}1.4, .tr~ l12(} ~}t~~l t("'::~kiLt;-~} C(ti­
ln othtr ~:lDI~~:i-d.l~n:t:r1r~;: -~~<t1d ~;x"':..:_"':°t.:~ce:r:; <.X~n1fr-tKe~- ;rt .{~:a:(i i).n~ 

d.tyt'=r 'tbt .::;.-:Jpt~t;.1:tlH.f. t\'=·$~d:.Kl{ C'(~2 ;Jnd. ~~·Htr=K~ fr;fi(;•~".:-,'=d. by ,:c 

:\.:. ·• .... :r~{i~1?.;~ff1ls i~ni:1 ib.f' St,PHf'::{dDn ~>{"' {:~f):, {J--J.4 ~HJd .\r~ ·i~h~"': 

~:.~~:Yi')ff~~::)c :.>x·p~n:.:)\l~)n vnit ii;;. ·r,rt~!~~tf>hly ::3 l)qi,1~d r<fh.r~·>:;~_en 
\X/~i❖h (LN\;{i unit. 
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f\ t>S~-\. H.J:frt (~=pittiHy rn~~dtH.:\.'.'}, B ;.;~ngK: H(f,v •)f r,.~r~fii;_'d 
pn·!~ht~tf~ ~t:.h:4;~J1fr:d1)t ~H rh~.. k·~•d pr-*:::;:an:~~ :1nd ~t :~.ingk: 
~H·;,;__-:;)YO ;.)f -..:~--~~f;l~~": .t~~f~ ~-1~ ~t pr}:'.3~tn<:: HhidJ. t~.~';~i<:t th:Jn th~-: J}:~-:d 
pr;;;~~;;n:~:. S~t'~d --s~.:~i\<ix: ~;n>~~:~rn ~qnt:.t,in~ (\):, (11:4~ .:\r~ H2{) ~tnd 

ff ·iht p~trhi(=~~:t~.{>r~ • ;-s•~~:tfrn~· ·>,::/~~:::~p~~l-~;~.;,:;:; ~tt~;?0t~· ~HKl Lt✓\\. th~: 
JHltHJ•~:d p.rudu~:f ni~f/ :r.,;;:~nt~rg.e w~ on(' or n1t~rt~ ::;t::-.t,;;:,;nn~• .. ;~_ad 
.tn;~y ~1ltx..~:.}dy {:p_t\t~tin.. l.-12. ~:.u.d .N.1. ~u ~t ·$t.iH~1.bl~=~ t~1.tir~ .fbr- ·th::~ 
·$)·:ntht~::t~~ .:>f ~run:HOnia, 

·th(: (\J2 pn?du~fi(:~ti h:: ~tit{~ dtii~/~:d· j~t~rn ~ht >..:.(1:i:fibtt~t~.{>.ti 
('if th:;:: n~~:!h~tlii.t (.'.t~n:t~tined :fri. th-..:--- ~<ynihi..;':;:r·~~- {o,:>:p ptH1{~: J};;}\V, 

ht t~t:~~-= <-1 pn:r,ifk~atk~,;.1 i.tnh .j~ {H\:~(=tlt: (:(l} pt(id.qtfirtn j.:s. 
·t~l~o fkT~V{~d :tl"<>tn. ·th(;~ t~tnnb:e.tt~on of(\\ (~I-I4 m:id r•h':jdutil 

s (X}? <lf ·1h;,:~ df~tJJ}H'?~:: ;;~~~:~. 
/\(:•C:ording_ to ·c\nc ~~~:rt:i: ... ;~ <>f th~: iti\:,:r~d<>TL tht- fat-f :th:i(: t~.<:-:..t~ 

fo p:n::cdt:i..),.>d, ·~n t,:::~,:<;~~~; Cti:B\fi~irt~d k: tl::•~: .~i::.<::~l rt~l.}~Jir~d J(·w ~hi 
('.:;;):U\:;,;,.:r;.:,;fr~n ~<=-cti,>U,. th>=: qt:r~~utity of ~:).kl fud. fr:?:<:ti•~:.n >:?x.:..:,:,:d:v 
~ng rh~t j:'i..:~1t:ired h~..::in.g c·t<p,):rt<.::d f-('iJ.n th~- t1n)B-~~~sy \end t.hc 

! .::: r:-.:~t~u:i.::in~.':>.t~: rt(tht? {:;.)i}':;:"t~f::;i(l~~ _'.~~?>.:tkn~- i~- pt~t/l}ft1}-i.:'d by ff{(}d.:.f .... 

b{ir~g .. th~: .qu;~nt~fY ~>f ~nld fir:.,;;:} fr,:il,.,;1:).un diri_.::i:~,}(d ~o::\~:::;:r{b tht-:· 
cci:J-r\:-.;~tdoti :~~j.:.-:i:f{~-n and 'f:h:t.-:: ,;.{mtnHt:r eKp.:>rf.;~d by··th:-;~ pr(~~:t.-::2-:.~. 

·Th.~~-: t':()n:~/et.\i(~U t>f th;__:. H~r~l}ni:i. ::~:J~ ·int<~ ~ynlht:Sl$ gp:~ t£WY 

bt p~-:tfr•~-tn~\.{ Jl~~:itg difl}JJ.;:·nt ~c,:·t~niqtR::$, 

·rbx~ dryx~:: h2~·:~. ~1 ·t~~·f1. }3:~l\:: J)Y(~•;,)uct ..:;f (i~g~?.~ii;.)f~3th~n pf tht~ 
BkEk~,-:u!~·ii ~:fi_;::,c\r:; tl~~>d ~~)T ·~:;iptnrin~~ !B~~:ti~ly H2() H.nd. th~: 

;rn.:i-cc:, of t◊$:dn;1J. CO:J (:tmbin,-..:! J.fi tli,, .k,<;-,.J. ~vh]d; wou!d 
ih:.·\~?>=~· d:urfr;g tht: ct~•/i}g;,;,_:nk u-.:.~=:)tni;,;__:nt ht ·th:=~ LJ:,t\V t;rdL lh:=1 
dty~:r·H~;~y h(: ·r~:~:e:n)t:J:~~tj.;:':J.·~.;;,,::tth ·~~ TijJti.)i;;;1:: :n~.n~-- (f~\iln ~h(: ~~~r 
;;x~p~1r~~\kn~ vn.fi \ ln tb.{::: i,:.;:t~;;.~ t~x~ t~r~] :?:-~~~ (·:<n~i~)·h\h~f !<:"'?:. ff}() ~ s 
~H'.td c·crt U)~\'S'" h:;~ tU:~(:h~.\i:g(~d ln,t;.) ;;1:Uno"r~h~~r(:" ~)f t:pn~hl.n~::i:J. 
·-:.>-:~:1th .. ~h~~ t;~:i°J g~i:~ <)f ~he L.f'-J\V dt!~<.::t~h~~d hi..::}o;;.:.:'. 

:\.-.:.~t~o.rd~r~g· -k~ ;~n~)~::.:~ x:-t~Jhodi.;:l;i?t:.i:$. t:if fhx~ 1.n-:.:-.:~i~:t).:;n. ·,h~~ 
tt/p of n~1tu1:\~.1 r.~~:c~i ~.-i,:~\\··-.:.~r~·in_n ~r:.JQ: :$:y·n~h~:~~;fa; ~\~~$ ~~~Qrf~ftri~~:-:~ 

.fti"i~n;).:~y C'<di)nnh::g. fo·ik~sv~d by ::::•,:.~-:,:;,::cthn:~: .ft:j\n1n:::t":g. rn 
JJ1~~ LJ\~V:l ~Jt❖~) h~i~ ~rt ]z;.;;:~'j: t)H~ t~~u gH;;-; t\: 1::;~_~h \.':(1Ut:1;rr:~ ·th::~ 

h~?ttr,1:n c:wJ pt~~dti• .. -:t (':T Th~ t.N\V Hh:·:~ .. ~rJ?h)n (:(>h.:tx~Hl:. (:()H" 

t«:i:nh>g {Jl4 ~n::.d. {\.\ i.i) ~1dd.Hio.t1. ·tf:: 'N/. ;1rtd Ft.2:. 'Th<~ 
i:c"it.<:hH:J-~';:~- g<t~i (}fth::..: Lt-J\\.:" ff:.~~y i~~:> (:tHI~/i.::y-::d. ~f:.'::'.·~:}'' ·;._:t$ ft):d,. 

Jli~~: t~ril g~~~ t~f th~· J_.J•t\V' ff::;>y be ~J~~--d ~~t le::r4 p~ittfy fr;:t 

1h;,:~ r~~tt~r1~n~1t i<.?f1 nf ~h:::~ 1.Jry~?r ht?.:fbn~ ·h~~i.t;.g ..:..:<\~)\"<.:~/t.?.d ~~~~:~1')'· w; 

:~::~:;;;::::::~':c~i:~~'.:i:~~~: ~:~;;~:~h~:~:;;'ij~~:\{;;.t:~~:g~0~'.~1~:t':~~1f:~~t 
•:-,·: ~}Hy pr:.:~t~(?dx~d hr ~-~ r~t;.:"!l~p·d.;~J.r):- reF::r\~;.int (pr~---:<'H)nni·i-~f). 

.AH /\TH. ·\r..:ith.~:t~H pt~:Hn:dn~:lJ} :J"~;':f.1rinit~~r'i::•; ;Ji$...) c.c:dl::~(j. "'t•t~n:~ 

.:\TR_ ........ -:\th·.:u~B}k\e(•in.d;-::, ~n. tf:•~~:,::t,:;: •h'DJ.b.;dirn~~11,r~.~ .:~t ·1~:;Vir ;~ _p~:rt 
,:;f t~H} ~sn(b(~ii;i. f?if fh:::~i fr;K~ti:i:-~n. t~~>-::\1:~ ~3 {t:it1}~~l~)~: fc."':t pr~?.,-

fDc:L h(>~i.thx~ th•~: g:a~i. t1tjur ~(> ~~tli)tht:r(B~1 r:/k>tnt~ng. 
'fhx~ ::;y.n.thx~:~}s f~l~ v•..:~lh n k>\:.,:· tt)Jjf;_~t)~· ~>r int~rlS H)ity b~~ :~s 'fhe. ~}d':-:~li:~L~fV:' ::)fn:::.fr:$; .. :\TR:- pt:in~~ (!{ ·in Ci:::n~})·F}};}t~::}~} ·\>.d{h 

(•~:n','i.:\~:<:d r:::W(:~y .f<~r m.rttri::)n.i~< ::'~ynthi:~~j.:Z:- ~~ })f~:,,.r<.:·f~:rc_-~J\(\.,. ~3)r':..$htt; ~u ti.K: txn,~lk:r he~t~ t\xg.i.ir~~-n(~ff~ (tf 
t\·:tdh:~.rm!io!l ~Sc .Bn -~--Y..othcnn~~: r•h:.:::;;.:fton .. bt{t i:h.;..:r~: is f:.ut ~~ t!·},;.:;"' fh:~n.:r,.~~~· ~.i:nJtpan:~d 'tt~ t!:;~: con)}:in;:::tii:}H i:)fth~: . .-\]"R v,Jlh H 

~:uh~;t):h)ti;~lbt lan~~~ ::lff5(:tl'Uli. {:f .f\;'.2l:~·:fit'~n: ht?.:l( t~p{{ h h l~.s;'B~*lb,·· 
~:tol r-:::C(i\•·.:;~.r~:J. 

J\,·k~th~Bl=~t1°i).::t rh~fi:.;\nn~~ k--:-;;~\:~~ ~t ~~n;::dt qt:·.:.~nt~~y ~~f B}(ih~B}~~ 

iJ~ th;,_: ~\:tithe${~ fif;.:,; {.n:i::ih~~-fl~:'· ~~hp). The 1H\:~t:.n::X: )--~x ~;-~~1~J 
$cfn;~li •~_u:.:H:.iiik~~ o:f rn~:!hai":•...;: in flK> tyt:th~~ti~< g.:i::-~ . . is nol ~~ 

pn·ihh~·nr k-:rt thx~ fH.t:.--p>>S(~:~ ('if .2un~n<~.t;j.:~. f'~\:d:;.itn-.:)t\ :~it)~/~? 

ti~•j.hH-JR: ·i~~ :i.t}.CT~ 'tt~ tb•~: ~yr~thc.::•i~; t~:;,~cfri.)r~, .~{~~ih{nl~~ ~tr::.:.tnni~., 
k{t•~~~~- .~11 lhe ptit~~: .OD~"/ .:}f ·lh~~ ~;.;_:-H'!h:e.:,~f~ lot'?J:: .. I-J(·::,,f~~--r"~~r .. h~t 
lJ~itig· th~: l~·hrg~: n~),:.: <~f the :~:ynth•~:~h:~ h.?!,)f' ~':t~ fti_(:l. th:..: 
B}t!th;j_n~ ,;.:,;)i":'!~j)J~•~:d ther-t:h1 ,;_':,;)ii•:~n.tin<;~~ ~i ~.;~.ntttt"' t~f (\):~, 
,,lhdt vf ,s.:mnll 

·rh~~ (."~~tt•{~n. HJGi~i)::~j..J~~ ,:nnt{t.~n(:'d ~:H l::ti;· ~;yrah~":$~$ g_(i:f; ·~~}$(> 

~"C~f::~;~~tnt~~~· H ~<on:::i .. -:.~: o.i" (\)2~ aUx--H ~>.f ~;n1~d} ~nffry:_ ho~h 
(ff\·h.1§. ~<~ ;;,.;,1:n1bu;.:.a.i~->H <Yf Ht(~ ~;ynth~::~i~ g~t•; tl ❖~:d .~)-s Jb.<:.L ~~Hd 
~n~·-inir 't<> i:./nTd·n.tstion ~)f ~h::- :,,~;~~.$.t¢' g»:t~ (~r ~~ ·p~}(iti{-:;iiinn ttn:h .. 

v..:·h~~r~ r,,n,--::~i'!~Jt-. 
{g ~:i.)H{{: ~:n~h,~d .. ~rH~;;~:Jh; f;f rh~~ i1:r::""(:t11~(:n~ ii~ otd:::t·t~~ ri.;:dl.~(;(:: 

.:~J~tf thfa :;~}Hi't~·t~ nr (\Xt ({.~:. f~}i ~l:~·)J~:;ion:~- i..":fiB$~':d hy ~ht~ 
p:t).:\'.~::~11;,:__;;,;__~ of h>~klt~~1J ~-:~~~-+~PJ) n:t(~n•s~.i.d<:: ::.;f th<~ ~~ynth~:'~h; g~~~: >.: 

·;h¢' pi\)C'(~~:s i,..':iXHpt~~·~:~; ~t (:~it<ityt~(-:. Jr(ttHK-:;}tfr:.:n ,\hi,-:h :":S"~:k:<<: .... 
Jist).y ;:.:(·~o~:(:tts tbx~:r.'() 3ni~~ ('()} qp:).r;;:~~1(sl C:)fdt}t:::.~H·h:)n~tttoi::. 

s-:--~ktti:'/(:' c::·•·i;t.,(::~~~l(HJ. ;,:)f ~h::~ ~--:~1i{:'-~.~n tn,)tt5.~):._kk~ .nt<:~y. h<~ 
n1-:-p1{H.;;;~d~ .!·i.)r ~.:i.:-Hn~pk~ .. ·H~<~~;~~ th..:.;~ pro'-.:x~~t~- kn(~\~'n ;~.~ S~{!;~~i->-­
t,1~<)J·p .. ~ • ~"·hk:Jt c1·p;,;__:raf.:.::.~ \:i;: ~th t.hc .n:.:~st;ti(~t1 (\)+ ~--::{J}-·---:,-{'f)2 . 

Th{: (>\.y~t:H {;)t :~~:k::c:tj\\: ~~xid;5ffr:c:~) of ·1:h(:' (\J •ffmy h,~ ~i ·pBrl 
~"'~f the t)}~~;)nPl)ed. enrt~~ht~l--::tir ()t 1:;:t:..~:'f{?~r J1(i".\:'. 

,p-ti~)1;:;_ry n?.:k~r:t\l~~t: ;l}~<~ ~~<~t}~~dx~:.'lng tb~..? h;;.~~1t .!Y~qttir:~xt {hr 
g(:Ji~Y~:tii.),t~ ~~u.J ~)'\.:"f:J-h&·~·ihng iJf ~:t~~iB). .i:t::~}•.;c~{~~~~-rr fhr th~~ 

~<: p::))-:.:x""-::.s. 'J'11~·~-= h~ ,:'l"iH.:"' ·:ti-) th<.;~ f:)t·t ih~fi thx~ firth~{::6:t!i: t•...; .. n~p•h:>))-. 

tHn.::· :t)f the: /\:TR •k-:i::~d ~H\d td' t.hc: -:;r,tinnc:;1 .;--:t:::~>-:t•~h:.•;\n~:r 
~K~::(~rding tt1 t!::t"' ~n'.</t~iifrt.•B. ~~-= sn{t:-biy c:ho~,•~:>). ~~l ~~ '/::t{nx~ 't1::)t 

?/<:.~au.,~- ~J:ra~) 6::3U'$ .-:.:~- ' k)"\V>.:~r ·tb.;:3n lht~ qB{j~1}~ ~~.::-r: r~~::-...~ ~u.r:.::~- t}.f 

ih~ 11r)nlBtY t(:!t-::fffl0l~ ,i:in.d d:n~: ~'-> (h;..:: frR-:t tfi{I~~ iff thl-: 
~::,. p:::·:;_JK~.:}tini fiJ~---::1a~~:, thi..::r~ b :nt:: pt~>gr<;~~~;-l,).f!: o.f th•l ~;Je::::tB 

r-.:.:fr:ri~.1in.~r· rt~~l-til.)U (\):. hi-..~h ~:s ::~n.d<)tlt<:t.n:iit; }. 
:=\_ :f•i H:i.::: .-\J ·R ... or . :'(i • R hi. ,;.:.;>tnh~n;rt~i)n ·\viti 3. ~t pn~·-.:f•~:n~ nl: . .;.;\t\ 

a\:ly ::)d\-·;\n.L:3gtx•rif~ly f;px~r~:}.<:~ ·,:'.d(h ~: ~~·;:~?;lfft/~~.:~rb~>n {_$/C} ~':.:1i:i<) 

k-:$•~ ·;h~H~ ~h~tl of ~i pii.n}~ffJ•· :i>i-:fr1n:.n~:r, Pn;:-fcJ/thty" ~~~ijd 5/(: 
~i-:: r::::q·o ·b .Hot gn.:~Btr th~.i:n. 1·~ Hlor1.;-- pr~ k--::~~.hJy not g:r~:.Jh.;:r than 

r }, 1:,,t,.1) mNt, r,,\~lbd.:ly nr,t gi:;,,;r\~r lbin i. Tb, ;lb:, hdp, 
r;;;:dth:.-i;.-: lh~-: hc~ti. t~:q~.iirt:d by tbi:~~ }hn1~K\! V:)r fi-rt'b(~:ttt~g- ~ht 
{i~::?.d nf th~- ATR tUld ~>i~ti.C:).n:~J p.i·t~~-rx~Jhrr(Kzr. 

jn· rh~: ,-:~~$,-: of )d'}Z \>.:\th<'..>tff p:6:::n;·!.ry rcf~w.n:t~<t~ HK: ftt> .. ;;:l 
,i:;. fr:B~:tion 3~ frei;:.:.r-..:thly ,:n,n;~~rl.~,c,;~d b~H~-<::~(~H 't ::~nd .:)~t-~~:. tnnr~-­

t•rl:i~'~ntbl.>·· h>~t"':~··e.:.::-n } (i: ;;~rt.d '3(f.:{? i:: .. \:t:n nt(tr~:: i~n:d~~r~~h}y 
hi:;:~;\~·t~~n } 0 ~'i.nd 2Cr"'\;\ 

h; :~~>l)}~~ t·:_nhf;::J_hJ}<~t}i•f~ the :~t:.:~r'l• tbr· ~:<lr: v<.:~~:rit)g it~>.:> ~\~3(Ht;~.l 

g~~.s ~yu:iJ:c(=t~~; :;~~s ::::niYifWb~::~; ·;1. n,.:wi .. t~:·(~~5iyti~--: Pf)~{ fp~tr~ 
~<i ~1.i{! (r:d.<hf1l.c~n) ~~-tt:p. /\dv.nnJ{:.gx'{HEJy~ 'Fn ·th~~~~~ •h:?)1b~xED1~~f:lt 

.tt k:.~ttt <~ p~~H ::;f (h(:: f_>'nlh~;~;~:~ f.,:t$. Jt~t::f fr;:tcth.~.n R:,::t:h a 
1htniK=~ ibr pt(:ht~ding th~-: }}.:::~~ b-.d(trt· ❖>.~:kt F~"1~tt.~~1J. rK:~~l-~ 
(:;:ihdytk·· ~}~)il:~th-~.q. :)t' i\'.)f .:~t-~;::n~(l g<.:~:).t~r=~-~jOtl ~)f ~(l:"~f~n nu~~r-· 

)\u <-id'i:"'.":!D:{,;:::.gr •Jf :::;a.id :st{,~;t;_\.,\.' ,;~>o~-''.\t·3i•~:ri n{ (\.l -~r1{<~ .h(~~::t\tg~ 
{;t}2 .h: ~hat B"i: k~.=:~st p~n~i nfth.~-- .rx~~h:h~!J ({) .frt::tn ·lhe Schih i~ -;.-:; ·rt1~:·1·fd~.--<u-n:~~Jt~: ;J· nsing. :·~ rt))( ('O'l'Vii:4s 1.i~ th~~ ~:~~1jlh.:::r'h~-;;1~ 
(:(:.1:1.\'(':fl{~d .).f::in {X)) .::~nd J:\?~}h/ti,:~{ dt:i.6:1}£: d.xx:arb.i)f!:~:~tjr.s~)-~ rq,vti.r~nt:t:ent ~·)f (h:i:.:: .Hltt"!/1>.':~~ t.~(~n1pnn::d u·~ "Eh~? ~'{!BJ.hiq_~tt'k:tr:·of 
(\\n~;·C:qJi~\i:it.l)·; (bi;;~ );._"{~fHhr:,$H~)n or fht sy.t1:fht:.·~i~: g<"i.~i~. nf th(: 

~ynth~·::~=~:·.; h-~~>r- ,p1n·f~'~: i\>~='..:.. >)r (ff fh:i:..:: piJfiht:~tti-::1.iJ ':t:~,~~t~?. f:~::if, 

pn>dl.R':<:-:s <.:. tr(Wl:h~t qt:~tu~Jty :: 1f ClX~.-
.. :\(·c(:1:rchng to ·lht~ frPti~.nnnn .. tht~ (X)2 Huit ~n1fa~.k~n.~ ii:n~ 

.;:r::t:-injy d~::·t.:.:~':~~nfn*~J h~{ the C().: .Ct):? ~fi:~d C}J4 t~o:~.1:fe:}t (;f ~h~~ 

~~yn:t!:~:;">~~ EB~ tk)t-;·g:-;~~)_;_{\!-lt (~r·:sk:(:~ftb(i.ti;itiOn~ x~s ~~·(:{). <i~( by 

1he ~>plk~n;Jl n~!)J1 :E~c.t flov~·· v·~·:h~;;.:h \vlH h.:.;~ des;;.:ril:<.~d h~h>~~--
Tht (:{)f}}bi.t;~fh•n·;.)f~,;.::id g~~~ .i~·3Pbst~:cd~.i~J1y·iJ°~\~ n-~.rnl (t)2 

pr~tJn~:"l:~i-).11. h~. t.~u ~ th.~-- .hydr:.>~{t~1 c:on)l~1i~;ti:1,Jn do~~s :i1~A :E>rn:t 
(Y):\ ~nvl (:!nly i.h~:; ;~$\l~cn qn=~-~~_i"}ty <)f(f) <)f Clll: ·lf·r,re~~>::3L 
may foj'nt COL 

~f{:. /(fR ,(:i(h .::1 p:hrttnry r;~:frirn(:r~ ~~:tsc: ,::c:>l}:,;·id::6:ng th.(: h(:::;1t 

tY:qttin~1,.J {h.:.--· g;.:~r!{?J~.:i~~<)~,1' ~~-~)fl ()\':i,:\t'h,X\'.li:l?n~-· or ::;l<);:fffS t)~:':'..'.t?.~~-~ary 

for ltli,: pit,,;,,7;_ Uii, b ch."~ i,> ltw foN lb.it th;;1 t:rdi,,1,;,11,g 
is:: l,',:11p,,,~imn,, ut"tli~, !-'OX k<:'d ;1,,(·(,rdillf'. tc; th,' iil'hmti,)n is 

~-n~t~1h}_y ebns\.~~1 ~u ;:t "-"~~}hi;.:~ ·nt>t h:i.ih.>.:~r ·1.h~'tr: ~Off (~-. r:}.=td~>.:~:Uy 
kr-?(C'T" th:~Hi (ht· GtHpt.l.t ·k:rnp~:rai\~f(~ (if ·~h:.: p.d:nJ::::rr· :r~:f(;nn(::C-.. 

~tl~d d:H:~ to t~l"•.:.::·:fi~•::.:i: lh;rt 3n the pr~hx~;~t~})k~ fi.1.rn~t~~ ih~:r~' -i::c n(~ 

i=tlJ'gt~t~iou i.}ftiH:: ::;t:..~fft:n n~f~)HXti)~g n='~~(~h>n f\i,:b:i>.':t:;'. -~s ::~n'\.to·~ 
:::.-:. tht~c:rni~-:). f·dn::~)>V~~ .. ~ l'{:G{ t'n.:~y ~ith.-:::ttJ~~.:;~t~ntly -n~;;;;: ;l ft{~ 

r;.:~h~> t,}~\\.:~'· th}U.1.: )}t.:1'!: f:d~ i~. ·rrtn1~~'t)/ J\.:.ihrnH:~f ff(~n:r::'lhly .Q.l>t 

g_r<;:at:t.r't!}~3D .2. i.n(1t0 r-r<;;.j~:r-abJy B'-)·t gri;Ht~:r ~h~1:n 1~ ,:·-i::·i;H nt~nt:-
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pr;)k,,,;;;hly rn>l gr<::,1.WY fbm 1)5. 'Ih1.;: ,ib) hd(;,; r,,,;.h,;:,: tht 
h~=\~i: i\'=({t~hi::::d .by i:h~::· fH\'=h::~~~~iug J\1:tf:hc:=\ 

h) (b}:~· c·~~~t· 9f Pt)>~~- t.h:t: fo~:"l fo:t(:tk~n i'$ pr::d~-:i-.::!hiy c:)th.,... 

{~1).};:t,::d. b<:t' .. ~{~;,;__~n l ~Hid °3{}''\t n:rp1\~ pnd(:t~1bly bt~t:-:-;\.::(.-'.U. ·10 <Htd 
JU\·;:>~ ;.:::·v~tn n)(,f~'=- p_n?.{~-:}';~_h ty l::x~t~,~i:.~?.f}. } t) .:~_f:.d ):5}}~.-

Tht~ n~dqt.~i>).i} h:1 thx:- h~?.Ut n~qu.in.:~J by the pr~~)~'=~~·1:i::)g 
Fl~'i:W~~t!: F>r .:~. P()X .;1:1.d .{hr-~~ pB~Y: _:\fH. (~t::Cfftp.:~.t.\?d W:< ;~-~) )\J){ 
in {.':(~tn1'-:1D;:tti;:>.n- -..:dih H prin1~H'Y .f'.;.;~:tbrtn-..:~r rn:o\··id'.,.; .. ~~:· rh~~ ·{i:;l-· 

k::,ting :.:Hi:v~{n-r=~i'.,(~~<·: thx~ ht~l ·fr~i::H<:>ij (~r ih!.:~ :.:.yrah~~~i~ gns .b 
}-::~~~:-; ~tn.d 'it is.: f~f;,1.;:-:ibl~· t~:c r~dlH>:.:"' frl~· ({1»~nJ~1)'· (·1.f i:rin~ t~\:/l;­
tb~ln~r~.)f(: }\)\~:)_;;'.r (\)2 .fin(:· ,;:~ru-i::"i~~i;,)n_~ inay b~:.:~ (~}}h:j}R:"':d. 

B(;·th 'in lh~> ¢{t~(: tif }\).\ vs··itb tipti~::tn~tr p"t!t1H,"':~;t~•).tl nnfr (,-f 

tb~~ ~~yntb•;;~;~:~. g}t~ ~H.::,t ~J.~ rh~~ ! .. -:t~~t or .. \J\~~ ~>.:•hh~-:ttl J~~~.t.n~~t)'· 
re.:~i.(irn:~:}f ~~ud ·,~._:'frh (~pfa(>H~x} picrdk:<:1tic:;.1. unit ~.:t f\ht:· ~ynttK':i-i~ 
.~~~~~;:- .j~. i~ pi"<~~tt:-nihk". h:-: ~(':}(:.cl ~~ ru:d'ik~-idO~J ri::li\ ~8F.h hh;h 
hy:Jr(:g:.:..-:n r;..~;t)q;"rY~ fr,r~-:x;.:~tn}>k~ <~ HqtrJd. n.:l tf<>g~n ~~·m::h: .. ~.-:> ~cs 

:"::) ::?.~)::~nrx~- ·::}~;:tt ·th::?. f~.k~:j ·fr~~t:::fr(:-n (·!f n~:r:.:: :~yi)}bt~~h- gn~ i:.; 

:;td}1t:h~nHy i~lrg;;.~ k; ...:~:.:)U(t\>l th:.:~ h1r.:1ni:.·:e intl:p;;.~~~<.·!~~~tly (~f 

t::-o.qtn:::f (·jf i1h.~ _pnrd\~~l~k)J> 1H}.U. 

_;:\_Ht'Hh~t ~ff~'1;/::~.H~I~¥.t~ l:Cf th:.:~ P{}\: ai~tl /(rR 'tV~~ht!.Bt prin}Hf} 

r~ii)tni~t. (~c~:n-~..;;;~qu:£.:::n<.x~ t~f hoih {h(.;~ ~tn;~H~:r fu~} ~~:::tt:lioi:: ;~J~d 

(:<JB:~:·:.;:r~kit; q,~:p~ fot ¢:J~;:nnpk: dnting tht rtl~>i~iniJ1~ ~,-r p;:~d~,~t 
o.:d.d~nkiJ3. ~tttp, At1). ·11::<~t.~:;.·i:~t~d ~tdv~tf::1;~f.~ i~ ~~ liu"~h~~f redn;, .. >~ 
t{::;n •in (h::~ Cf)/ ~~n)i;;:=~:k 1·n·~. 

jJ} son~~~ '.~t:nbq(nwi.;;~nt~ ~l ft.:~rt t:cf 'th(~ ~iid (\)2-.d~pk~t~~j 
5 ~:~··PJh::?.:Ji!; g~:,:~ ~~- tt(~;:r:ted. )n ;~_ ~1jtJ:l>gx~n. {~J}.) ~~p::n.rri:i,~H ·nnjL_ 

T't<;:1~~r~ib}y ~~ r:.:t~;,::~.JJ.ht~~TH;.:· :t·tnit .. (:bt~tin}ii_f?.· ;.t n~tt"iJi•~•:.n.,d(;~j:k~~c:d 
S)"i'i~h~~h::,.g;~s. ~H'i-d ~t nflrqg.~~ft-. .fi\.~h n~•i:i..>{~ Hf k~~Vir ~~ p~tfi' (rf 
n:Hfl\J;..~n~h:.--fltfgJ ~yn.th{~·i; gp~ (Pr"d~:=t~ibif ~dJ of h) i:5- tr~~':i:J 
a~: th~rt th~~ H:"'=fH~i~nin~ p-~:fi ·~~; i;~~d ·1..:i ·ih:j ~nBn~;J:Ji~t ~;ynrht~$~t 

:.::: tof;;~::.tht~t ·:.:v~<h lhx~ ·n.tt(c::1g>.:'f1,.r~~-~:h t\:~-;;\ ... 

Th:f~;. ,-:~)T{fig~~nition i;.: t~~~ttii:,..;il"tad}: ~~dv):t:::ai:~§.<:<1u:~ if ~ht:;· 
()2--t~twi•.:..-:h:t~d ~t~r di}~~.Sc ntA h>r{t~ .:} ,._-,c/f?.t high pufrty U{:cr 
~::::..~Hnpk: k=-~S th~Hl '.}f.1-:{. 1.)f f)2)' m:K'.V-:.cr ·if ·~h:;~ ;J~iH;t~~! f{::;. 

--..~,>~J~~t~rW .U:~h--~->.~~j.L 'f'h.fi~X~ bt.Hi~~fil~~ HJ(~ (f°b:htin~~,:t .:'nl 1.ii.~-:r::~i~~.C' i.n 
~s :th~: f~~1l-o.rH~~~ _pt)\>._·..::.~r of the fu~d. t~~~;' $3 f~?.{tw.:J~<)n .\.rt fhf: e()\V Gf 

(::: 11.nhu'$dOrt fllt~.}(:~ (;~~nd. ftH:~· }>0'<❖·(:f ,>f th;..': {;,;.~tri<:-clh··(:" H) 'Uuf; 

::ti'id ~tH1~c.rvnt~Dn t>f 'th,;.~ t1l{t~:>g~:n. ;;..__:hi:h ·i:-: ~3 r<::)ag~:nt Jtff ~h~~ 
;~ran}tsn.i~ .. Th~: :tn~~~inhn~w-.: :t:ii•i.n.it<=•n ;:;-:,.:pi1J;J:tk:·n nn5i {:;. n.~r:J~.::~r 
plt.:":f¢.~rtd bi~~~~n.tse ~i.:'i~d r:.Tt~i ni~~y (f.-~~r::11~~· i~~;h1g_ th(~. ptVB~Vf~~ 

::-:: diH~~f::?.nc~;,:~ lx~t,>~:('•(:-:ft th::?. ~yntht:~t~- :;~~~~ {:ptc}!:h1:t.::f:.d. -~~·t h}t~h 
f!:<-':·:_-:·$1Jt•;.-:) i~ntt th;;..': ~~:nn~b<-~$.di::t~·~ 3-n tht· fhnJ:~)<:<:: {\~: hi:A~. ( 1,:-.::tf:-:~ 

~H .::::t.tnntp'hl°'J~~t": pn~~sut\;"'). ·~it'~n .. <,ji,:-c.:~ th~~ .itht~)g~·:n.-:-ikJi: !}o-sv~ 
":❖}3}c]) j~ n:~x\{ .kw :❖)'.~:c:th(~:~is ~ d(-:t:$ :q,)t tn:-:;f JJn::~~Htx~ .. i}~{': :~J~\:~}h~1~ .:;n}~l(fl:\:.·.~wht·~~l .;\}fi,:::,, r~ the fi));:'dk~- ~~nt:.::~j~)..:~:).~"}1f~ 

~lC'~~n.1 pt(~(h.:{-:~t1.n.a: '<"/h~ch r{Btif.\.:::; tit-~~ h~~~t .t;~'\.tuit0d f(}t· ~h:.: 
.:~.~:~!'.)c..·.h~•i•~~:} ('fV~~rh~:;H:~.t~g~ ·th~~ nu~.r fr$j~~tkn\ <h~:~ (X)!. Ht;;,:"-: .~5 

~:-:1xd:~;8:ii::tn.~ ~~.nd (tK-: ··tnt~d ti~ttnti:\l g~~:s t~-~f'..$.ttn.1r,ti,)tL 

'-Clt;/ >...:-i.)nfr~JJr;;~t~(wt d~~:·s'~Tih~~d <t~·:o-.1~·t~ \>.:'hi>~-:h ~"'=~:t ,:i:;ilic--s ❖Cp<t· 
t:)t~~>~:: qf tJK~ ::1j~n)g-.}~) fr~>~n fhe :~yr::tJ}t~~~~ f(l~: .t~ ~~ppU(~;:ihlx~ 

~,;J lh t)r:i'u.s;lry :.,.t.e~~t~J .t•~fo ru:K-:r 

Tht~: ::;1D.:ilk~r nnt(~g:(~nou~ $'t~~~n1 fH:t1dnt:lk~~:. rHa~.t t;;_~~;n:n 1.H .B 
hH.J.:.:. ('.: f VN.:~~.rn Fw d.d }.:·i.nf tht? n:trhit:1~?.~.; t}r <).f i~k~th··.k-hy Jhr 
po,. .. ~.<~ei):tg lh:t:: n:~(111.>t~ (if i:tw~· ·Ht~~d:tin~"'=$. ·Jh~~ ::ni~:-~;i~~g ~~~)-'~:<gy 
n~-.:~)/ fyt.:: ~~O.i'!•\:'t~.11i•,tntl:.t .frn:pori~~J .{t'c,ni t~~)t~~frk~· th.;...:~ pk~ni: ~t~< ~<: 

atid $(~ct1:nd<~ry 

tb.:1\ ~~: (~ p.f;r t\:~·qui.;:t:::d. H) rqqdi {\' t~r t.:!.D.::ln!.i;,~ th;.:~ rk (:;:-:ropf<.:~i~~· 

2·:ttr, ffo~'\,"~~'/<.;:=t. V•?i5h ;;·:· -:;~~i_,;(~nd:J~~\' ~tfr· .. nr~~d t~"':{hrJ:}).(;':f' ~f(td \'{~th­

i)\tl ~:tii.)dJj~:ing th•~~ cti:rn,r,re$:;o_r;- ~md :th~~t"•~Jhn~ \~{~~hotH: hd.t~g. 

~:-:kx:1iidty -~~··3th t-:..~d.u~>:-:d ('()2 :;~n;{~;:_-:}1);.1-:;: ·(;)r t·~~~PltiJ•~ gt~n" ~~t:J,-: \".'!- .i:rn:~:ri-:~:$.(':. \h(:- ~iit n~)W, th~:~ ~~d.d)lk>n~:J f::~.;-..~t~o-n. i:::tf 

:e.:-ntW~J by .r~:nt\\'<thk~ SD1.ift~~:-::.. It ~.hfnJ:td h:;;;~ p1.Ji}i◊d. c~:ii' ilKt·: ~Yff~hi!Ri~ .:?:=:!.~ (:~··.,q\t~·n;~d .::!.t htt~l) ,>~·o.E~kl h;:t\.-t::: tt~ h:t,.;: :pc·o:3:H.>t-d 

1.ljs. \yn~~rg_y· is·.)},;)}'. pt!}~&~h1..::•: ~f the pr(1(:{?~~ tilt~.:~3d:/ p,rn-.d·!K~>.:~.i~ hy 3.q~:.n.:);:;.;;h~.g H.'tf: c-.np~;~~hs· t"~{ ·~h~: p.dn)~~'t';/ r'-:.:~:frn~nx~f ~{nd/or 
~~:H t::--~ . .._-:~"':::;:-; .~ 4 ~;t~;·{un <>r ~~n;;::~g:y~ f;_>f i:;;-:);.x~.~:ti pl~· i tJ tf{•;;~ > ... ~·i•~~i-:- ~ J inB't~:dlhrg:: .;;:. ga~~ ... hc-~il{°\l .:t:~fr1~tn~~r (( :: f {Rt h{-:::th f:{Jttnk)n~:- h~"=it~g 

,~(~n~l~inat1~Yn t~f.rrfrn::H·y· :\tH~(nf:..;.~r Hfid .. \i"R. ,=-..dlh ;~ :b.ldy· :br~\~~ ~::- \··<~:~::r ~~O$t1'y: F(:r ~hx--::;;~~ n;"~t$<~~J:t::. th~ f~ii}"Df(~.n :~:c,:;:p;r:~·:il.(~.n 
fn>_::J d,i:).'.->~>:db-.:.:d }$. p::<rti<:u]<~xJ~/ pt~:-:f~:=-tre·i:_, in ;,,,;;.)H.1:bln~)ti~)r:.. vd~h lhk? 

in :-:orni.i: ~tnhiJ~hff::.:.;--nJ~ tt-:•...:~ $'t~p trf 1.,,~ntiV<::)tl:ii~g ·1he n::a1n~d ·H~~ 1:>C th:-...:~ (:aric:ht~d .:frt du.ring: :tJ~nv•.,,: .. r$itH1 (5f frl~· n:.:a1n1tf g~:~( 
iY~:;;· j_:\H:) :f:--·t~lb<~·:~is: r;~r~ ;:/~()'. :·:p.f~).JX'f~❖::?;:~ ~~ ~-Jm~_q.c ~\>fbtnJ.i.og :~tf:p. ifH{.'f ·~:::::::cJhi.:}:~iS· g~~-:~. 
/\.f{'.?~tnt>i:;:-(;:~$.}·f .h:~ the:~;(: ~::.ribo;:.Hn>:tJ{t; .. ;.rt k~~~s~. a p~itl ~)f ~h;;:; 
:;yrHh¢;~$\~. g.:~~; fh~tl ·iia~~.?iC~ti: J~~<l1- d~i~~ hut:H~t':; of 'thx~ _r;...:":H!nH.;:;~:c-_ 

.A. ft~lri; i>f tb~. 'hi¢:i tH:;)y b-=..: :.:cU:i::t,:~::t~\J. hi :'$nU:1;;_-: 

Jn B{>n>.c· c:rnlx•dht1:,~ntf;~ ·~i i~, •0(:".··{~;;t~?.:..':J i:t:<pand:ing~ ~){~tl) 
~i-:: r:::-odt:~tl.(·tn nf.HJ.;.~~hm:~k":.:.~J • ._"=·o.tk:- rh(i f::()2-depk~ttd. ~:~~··nrh~~~i~ 

~;;.,s ,-i!\~,· <,pl't\,n;,illy 11,~,itn;:; it .. 
>"'-:tnh~)d~B}◊i:t~~ t(). i\JnJ:'}(~'-:~~ j(u"' fhc p:r<xh.i.ttkn> ;).n.d/•.)t ~·aptr, 

··r-h~~ Xn·y·f·J1th~n al ❖<!: iiJk;-~:o;;·~ t~~ rn\\~.kr:.:~- tb)\~· (:(.-;;'> .. )r~.._-::ity ·w~":i: .. > 
{:~~siny :H w '! h<.:~ $Yfi~h~s.i~~ t rt't: B}HlO.ii!.:~ or (~ r ·it~~. d<;·.:~h-·arh:-~~ (:ffn-:· ~is 
~::;-.~:ctn.pt~ t~r::_::~,:) y~·it:h ]qy~_.- :in.:i:i.~:$.~u1.1'$ or ('(J2~ 1.1'$ing: ~f~ .. fw.::1 

(X)2~d:::.pk:tt=d :2;ynt1:,{~~~i~ 2:>3~~ fri.r (::X:~~B)J~1~~ in t!i:,~ f(~nc:~·~\jJ~g 
·~\:\=~)'8·~ 

S~t~,;.1 g(i~: ~:-s ~-r-{~tihlh!t: at~~ F~"(:'.:S$~:fr(~ high~rthiin th•"'~ p:t~~:~~:on.: 
~t~qu:;n~(} fhr t~:t)1nh~.:.8~:joq: in i~. n.1.n};~.(:{•: ::l~)d "ih::~t{~·F)f<;,~ ~~· H)tiy h~: 
~\XJ~~Hv..{(:d iJl 2.J: ~;~:it~~btt n:t~id.frHt= .. ~;\1>~-:h it:·; <iH ~_;\}"·P.~~w.J~"'=:r ur ;~ 
iurhiih:\ p::rnfod.ng_ iii,-....,himic,,il wrn'k. !"\·,, ,,xamph.:-, ❖aid 

t;;;;~:1t}~t:;::~i :: !~~;~::\;~:);::l\~:;\i;:i it~:~:~::;::\!,~:~;~:;:~;;~;~ 
T)J ~::.tld F)t 'th}s re:~~f~n ii$: x~xpl:~n:~Jt·,}} nJicy g.:.:~qi-:-:J3\t~ ;:l c·.(1.i}•· 

::-id.et~1b,i>;: ;:c,tw ... -rl1nt ~>f p:cy\;::.:..~r. Tb.t~ p;.Y~'-:-~:~r ~xbt:~in(:d. .tn~~y·l:•,}y\~r s.-:xt•.w1~ior;: irt ~} tw+:~q _:tt.:::U~::Y~:": h.?r (•f ~) :tk?'i~{ (>f :~.t~-:;Hn: }'tr~.t,,. 

th)re:J in H :$::ll?an} ~~:~~n(~rnto,r (~f' ~tt~~HB. ~iJJ):e.ih~,.;-:j~(,;"'_r, fr~d h~.( 
dk (:(l),<Jq,k~t,xl ,;ymhes1,, ,}ti$ a,; fi.1,,i; 

·;<: p;~.r!:'ly thx~ pr(·:• ... >..:':·:.;~ ·::-;~:.-~ft~n~~rn.:.:--nt~< • .tfii~kli}~t h n1on~: (~{n\.~i:.:~f:l. 

vu.1:tibt.?~tk~n. i.n ~t g::r~ tdib:jnc· ~~r ~D H g:~t❖ e:Hg~tH>. {k:.J by th,~ 
(\):: .... :,.i.t~p'h:~h:!d f-:.·'f\(h~?;l':~ t~~rn .as· fheL 

1n ~on\<:· ~::n:~hJtUrr~ .. e~H'$ dk~ ~;ttffr ~t:;~p c::,11.nr•d~;t:~8 tv~:':) :.,.t,:.--{j.J 

,,r d1Hktc{ii klJ:tiNr\illJ.i:b .. for cX;:iinrk pJ,;lbr;:;b!y (i,k higJ, .. 
tf::i:~1J-it~t;#iU~~· :::h:dl ~Jl'J\~j: .. {br t'::<r.1nt)lx~ ~:.:3rtit":d f~n:: -H~lnt ~~-ft 
iti:J~} .. lx~ ❖<::d. '=-:.~:ct~dyst:- (.,.Jh:•':i.);:·t-:d h>· ~) l.(t'.\•·-..t,..,.tnp~:t~cH.;r(..- ~hJH 

-;_-:; (LTS} or HK~d~ifrn-:-l;~~nlp:.: .. niH~.:~: ~hin {'fvfTS\ i!:)r <::'~xanJ;r:h: ... 

~-~n:rr.k~tJ o:.H n.:~l-ng .:t <:c:;r,:p•;;.~r--·h~::~etl >-~~~:ti~·}y·~t. ·;rht:: ?::i·~~>~~i;;:,Je.,J 

(Jc.::tl~~"i:~~nY: ·f;.1 ~H.n.Jxinn:ia pr~)l...':(:~:~i:..W-. ;.;c p;irginJ: ½'":.~~$ ·{s 

<:~-~<tnte:·1::.;~d frDn1 tli:•...:~· ::iitBJ1Dn1~~ :·;y·nthesi~ }~>.Of\ in (n::.:+•, .. n: t{'t 

:~/n1t~vx~ th~:~ }.;1i~ft suh::-:1.:>n~':i~:$. h\!BX ·th>.:~ ;;yfr:thi,}~i::Z k,np: ~)U·d 

2~aj:d ftn:·gitt§rg;;~s h:: b:\~a~~~d ·<-.=i(h ~·~ pt,)C'0~$ {hr rc:::(•V<::ry (>r-th(~ 

hY'-~lt(:f:·::?.n ~·:::>t:t~;1~~~,t~d in :it (}:f?JT}. \~~h~ rt:t:·~·),,::{--:ry J>t~:;<..:('::<:; 

g>_:~g;;_~n~t;..':~ {:: bydr1.>g~~n,fl~.:h g~~::; ~);:hi.ch .. nJ~<~· h(:: r,':"tiS(:'} r~r 
~)-':(1iht~<f~. ~~nd ~t · t;~i! .g.::::.~ {i~n:i:~ti:nit1g Jnnsi: t~f ·lhe. J1H~t'h~nJ.t~ :·,{: 
i:r:.hj~jny l·:·on}2~i;1t~d h~ t:h..::.~ fiBns~ng g.:).:;. · Th-.:~ .~n::?.th{~'l}~· .h:: th:.:: '!:~:-n 

§~{~~ ~:~. 'f~:'~1.(:'l~l~~~:Hy ·~:u (h:,;{{ (:(:nt~tii'R~d ·in. 'tjR~ {>t';:.)G"t~~~; frHs/J.l.(~ii: (}r 

·1he ~·ynth~~:~r~~ g::::.t .. ~~Jnnn~t1l~l ~;-~tld tiH g.:~:-: .. g~>.:·\;"'n )ts .. t~~trtl"/el)'' 
h!.:;.h :rH.i;~\h~tH~ c::\;JJ::~n~. i'$ ·u::~t~d •:::"~-"<-...··Ju;_;.) \~,-:1y ~:::; fo:d .. Ttri~· u~;:;~ 
() r ·t~il :~Flt~ lK!·\>/\~~·v~::-~ g<:~n-~t;:~'t~~< C(l]: !,;!fBi~·~k~n~~-

-:\<\:.(~{c..h~~? k~ ~)rK~ ~::~r~:;:-,;~t t:,f ·:·h;.:~· +i:r . .-·t~nH~:~n ·~~.t .i:;.:~~i~-:;: :.:J p~w1. f~f 
~-:~t!.d 'taij g/;i h- rt>..:-}'("=°h:-d ;~~ pr;.)(:e;~; ❖ ·~~i~;; dnr~ngJht n;itn.r:.:il g~:; 

~~d,;::B:i:ff~\~{(:· i~ th~~i (,f ~~bta.it::tf~g ~h0 n~~i\~t~·r:.:~iB t-\Jrtr>~\r~:k;n. ~)f 

ch~~ {J) Sftfr~ c:rr?:·. ~:-.:J1}(:}t ~:d,H tht.?~l h~ ~t~f-t,'.lf~~tx~i ~:lu:dr::g fr~J,:) 

dt~<:~~f'b~ 1:n~<d~-~n $.tct~.: .:~.(:t ;)'$ ~o o:htHi.n th~:' ;t:..in.lHJ:tUn t:::~:idt:~tl (\) 
·•.:.~nnk~nt iH i:he,;: ~}'1Hhe~i~ g;~~ Ui~~:i:-l ~l$ ft.t~:L Sii~t-:x~ rh~-- C(J ~i~ .n 
~<l:•tut~~?· (}f (:()}., d1).d.nt (:(::i}~_hn:~g~~'i.(. th;,;~ .::,;d~.::.:)ut::<f~~?. (;f nri~)J .. 

:Hfrtii~? ·th: {'.\)1. Hur ~"'=:i:ni~:-si(}ti~~ h• -:)ht~·ti:::ti;;:d. 

Iii ~(,m:,, ,,m'!-mdimt:;nis,. i.n '<Ylikh ii rdi;th--;.::ly bw D'il'.rnH 

S/C r~~iio i'$ ~~s<=-d ... f~.<r ~;.:x:._1n:~pL:- --~-;f7: tht-: :.-:hifl J)t•;.:f::nt:tbli~ 
:::.-:; ·•.:.~Drup:d~;-:_~~:. (\\:·n t4~~.Pt ~-n tt\d,;.;~:; (:<~n--k:d nui i~-v~r: ·•.:..~·it::~ly~~-t 

~B~{~c'i-'>!(~ 1-0 (~p-2::r::~j:;,::: ·\tffh ~c k:r:.N :~tt~~\i}~- t":t}t:t:i:.:.nt.~ Jhr :;~~;:;:~nph~· .=> 

c-<;r;p:.:F..:ba~:>;.:-:.J (:~tl,i}:f~:t. h~ ~hi~~ (t~rdif~lti~tj.~}H.; fhi::· nT::;1 ~~({) 
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> ... :•.)ft~;i~;l~.: ~)f ~i n\~~Jhtnl h~~l~r,>,.:r:.~tnrt: ;;J1iH {.~ffS\ \, ... J.1i(:h i~ 
prdh,;:hly p;;,,mdti--i~olhu:,:r,'iil WJ.d (:ptrn;ts ill lh<" Wtnp:.:,n,­
H.:re ,~irig,~ ~'If '1!JiJ<fi(F :wid ,lw ,,~,,\,,id :':\i:111 ·i, ,, fo,~ .. 
~~!tnpt::r.:~t!f!'t~ ~~!1lfl (l::rs} .t}p~~f'}~rht'-!: ~n. fh~: t~~n.p(~f;fttf!~ tHJft~ 

'fX{J.-:?StY: c··. 
'lht;:· (>()tr:/c:r:~k~(t <:>f th0 n..~~.rnn~i g-:i~; :u1~,} :-~}Ttth~~$.l$ ~tr~.: k:-t' 

~:>::>~.n~plt:: by D).~HBS .~~r.t~~tLcnnit1J(:, h pr::..:--:k~nthly p~--.dhr::t·:~.::'"d ~tf 

~~ p.r:;.~:$ttn.~ ki1-'{(:t th:J.n 50 ·k~J·: rrn.>t:~~. {H\:i~\r~ibly k::-y,,,:~~r {hitt JO 
hat~ and ~~\:\jg ·{i.iGt~~. prt:-f~~t.::h~y h .. r<'{CT th:fH .30 h:'if. 

(J,~~)t:;t;:ilty· \h~~ pd.C:)'i"" ;)ff "ti~:.'.~i)tx~; d)t·:: -p.:Y?f~~fX~).(~i_~- R~r t~]g}1 

>~•-)ft'-:~\r{f~~n ·~~J'C$:$tU'~:~; .. _ it~ ~)rd~:r·t<} i·i.R:~::-;. .. ~1:-;i:..;:: ~hr tti,pJ,:•i~y (:} th~: 
~~)n\,.•...;~r<frH1 f<t~~?i(~~3. (:th:~tiJ ~·n~\~ mid t<XhF..:~-- th(;~ •.:.·?>.n~:t:.JD?·lioB 

9f ;:;yJ)th(~f:-i'$ g:J-:; ::::s .. ?inp:n~~0·k;:n. Th~~ p_t.;;"~i:.:~:nt l.n\~~::tJti1)n. {3 
~t:~:.r~:;.~d pt~::k:nibJy irnph:.~n::_e:tff~;:-d \~·j\.h l<;·vr ,:~)·Hv~:n~i;:)n pt~:~., 

;.:i)t::th~:.i:.n::\ ~i.U(•;.: ·tb.t~ :'.'a.~;"..:Jn:f rt:fortai:c:tg t(~~1ctk~n i~ t~·•(:)t{c_-~~-,J ~~i: 
~~. hn'•-i"~~t pn::.f<:S-Hf'~\- Si.~ H:'~. 't(! fi;n-·e fh:s.:: .::Hin~i)JHD:t :::>1-2~-id.-~m.i 
.tn-.;.fhan;.;__~ e:·;•nt::~nt in tl1~~ :s.)'·nthe~-+~: f;1~ u::;::~d t:$ fr:.t::L Sini...-.::i:~ th::~ 
tt~~-<h~HR'. i~~ (i :$()\it"C(: ~~f(\):t ;;.htt~ng:·::~~ntbu:,.tinn .. ~h;:: .::•J"::"<ffi:n 

tng~~ (;f ~n\pJtJtf:~~)n;:\ the r·:(.(\ Ht:ie i.~.t)l).s.ii).c::::t~· i~ (+tL:tl.i,e~l. 

h) tb•~ -..~::1.:~:i::: (tf .. :\1){: ,~ h~gh tn~1h-::1Ht~· t~)U.'/l:.:·~~jo.u 1::-; if.i~rt 

ohtiin~,d ·br··Df~~:r~~t!ng. ~tl ~t r~~};~ti>.:·(Jy hig!:- outpnt te..;:fDJ'i~ra­

n:.r~?.. :: 9:)fF: c· .. p.r).:~t~~i:;:{hf~ .. : ·.:-.}(}on~·(~-; evx~l) n1~1{(~ prefi.:~f~:fhh-· 
>W:l•T' C. 

fa) th.::.,, >,.~;~.:~x~ ::){" 'f'())( __ .:~. b.fgh l~~.ei:h.:~r:e c·:·)~i-v; .. ~rs.l(!U r::: H).so 
Qhwh:~::::d by .:)ti:?t~~t~r::g: ~~t. if t•;.:1~:"tj.,..:.c::-ly higiJ ((c..Hpi:u t~:\:.l).pi:~r~~ ... 
!ntX\ :·,:-J2()i)~· (>~ Pf~~:t~:nihfy :>J30tr· {:~. 

rn 
w,~x,,;,,aty l<:; ln,:J\:;r$<: Hi" n:diK:(;' th;;: wul ikm:rnit (!f ,mhir,:l 
gH~:.: il~d fo ~h~ re{i.J.nnfr>g. ·f~~tion .. \vhkJc i.n turn c~"'(ttihtfa 

(:·c!:tnroi ~.cf th-.;,~ Jinn~~e::~, h .1.n~~Y ·h~~ w}-:k:t~tond ht~~, .. ,.. H.1~.:; 

pr~ ~~:~--,hi:n~ it. ~.:tp~t;~\·~~ ~~~:ll ly nn.d:;.;:~;h:--:~ bl~~: 
:\~~~t~~\fdinR ·h:~ ~)J}t::·2~:~r~>.:~·Ct ~:;fl.h.x~ t:rt.i.:~ntl.1.)n.: ·thx~ fih.:';l fr,:~f:·t\_;,)i} 

i1r pr-:!d\;-,,td irum •!'i(;'ti_!htcndmii mnul.lnl ·wi(h rt,{'~"'\ w \Jw 
.r~q:ttjr0.~n~~ft~ o:t· :f<~~~ti ~rt {t;;;i·:('! D:n~· ftttn::K.:t~~ ~,~. :) turphi:~- i~f 

:(?n.th:..~~is :gp;$ tu h(.:- u~;,;__:d .1:J:~· ·f:.~tt i-:; {'•ft,:th~t:·(:-(l '.Vhh re~;?>.::,:t {rt 
~ht totrt~•r,nnding, qi.~:t:nt~~y t.'!-fl~>;,<i~ R~q~fr::>,;:....J t,y tht fiirn<:·• .. -.i~:~ 

:,f ~-~nd th~· ~iUfhr::.> nf hi::.~t ~yuth~·~{(; g~~:~- ~~ -:.~~<p(ni.i.:'d fr<~nt <bx' 
:r:<)(.\;_:~~~~, ~.(~, i$ .t~<~t l\$(:d ~:id::~fr ·;r~ l:iK:·t ftt~,:t~•).i:i ~):f ::.~.$ pr(]'..,".•~::~~i 

il"~t::rk~·t}. ~Iltt~ av·afhthUHy of ~ynfh~.f~~·::c g.at -in.~~::,.,::;.::;;;:~;:,: (thr -H~~ 

;~~- {\J(:·0 alk~• .. :..:~ ts.~ t:i)ri,Jty t~:;.:ul.i:~t\:. :S~tid. 1:;t h.~:...1st i.;,tt::~ flJrn;~J...';(: 

:i.).:""ith(}t!J u~,.in~ .. or n;frttg t(> a k:s~~:r d~:~{t:~:yrl:K:. tt·lin {kt~::t~ ~~--hh 

For ,'XHrnp1•,\ lh{, ,.;nrplu& may b;;,; 
:::.?:t.p<H't~;d ;J'$ ;1 Hirthtt .rt, .. :d.p\--:i ::~x;11np.k=: ~f~ bydt'o~~}':H or 

·::~:,. (X)2~-d~;:p}c:~>;.">J fti>.d .fr:.r (:(:•~t:Snn{pti~~n (itff$idt th~: 
.:~fr: ffl(,niJ. pJ~:-'.Uf~ (,(' 

C\)ff:i/t:·y:=~d l•.) <:~. ~t:)r~~gi:~ 'b:.rfl~:J-; \)£ 

h> :·.:.:.Yk\r ,i"P f'2:~pkHy (:f~n:t~:<~d th~': ·htrn;:K~~;. frw ).t:.x:tt(f~_p,J~~ j)) 

i .. -:tsJ\;:r t(! qtt.ick!y t:3;$C f:<r k>~;;:-;;:r ~ht· k~~l>J in d:K:· ~-<h::.:::: i:) f nt::Jd~ 

'.~j. .th~~ n~:~·\>,,::t.:~~>.:~ (~f ·i;lJ(~ ':\Y nth~~·:~:i':~ fU~ ~t:irp}tr:: jS:i :~.ntt·:bJy 1.-:)~\:·x>re.d 
ot 'i"<:fr~;.;.'X:t~ ·,~:ith(::t.:tl .:tfH.:·i:·tiU5{ ;,;__~ith,-::r th<: fh,-:'1 frw,:t~ot1 ()t (h}:: 

~"'1rnt:~.S<~ ff~K:t~Dn. 
Tn ~t)~n.:.: >.:~n·: hQ:._:J.}.:):~:epts·. ~h~~ ::)\,.et:}H s:tt:~1n):f(~rrhon {_$/(' ! 

t<:i:~{(: du6J~g :._;,.::-:Ht'~:~~,,ion i~{ g_r(:<1t;~:r th~n 2:0:- l'n~:.lt:~-~ihly g_rr~t~~~r 
tkml.2 and.mor,, pr,,fo,nii',ly gniHkr ;h::,i-; 2,7. Ci<"fa'rnlly thii ,,:, 
j-':t:d..:::t ~:Jt ~-.;,:;it;h::~t; ;;;'. t-1r<d~~.r:}t1:i..~l~ f~.>t h.-n:-/ .$/(' :-,:~{i'o~; i.~l ~)t:d.er ·tQ 
~nc.r;;;;:;:~~,;,.:· the "'.:.:.:?p::K:~1y ·D·t· t{::~: (.).::HI\. .. ~:r:::.k~·n ~~~~k~ti {.ffoJcf ~::~it). 
"Th~?. :jn:v,::~(f~\;n }_q:~t:::":ttd :.::!r1:\:•it:}f~-~~~ ·;~ t-.:~b~i'vely hlgh S/(.: r~nic~ 

·rh.x~ ~1.n1~ hr~· ,.:-~.f Ji}d. :<-::·n:(bx~::;b f;:.):~ .::r:}:J· hx~- t;~kx:i~ fifitn th~ 
fwi:l fr.::>,;:,t).(1.ll: <ind fhrf(:{):)tt.;;: ha~~,: th,:• frmn:f: .:.:.'-•.Ri:1:p(>~ii.~0~1: {UEl 

p::::-~::~~u-r(~ w-; rh~-- fut-,J ~ynth~-~~·1·:~ :~~H:s, . 

.::\lkrn:;ithdy, if ,ct j>lH'ii'i(:l,<(i.c,n l-'Jl.1l (for ;:~;;_,ix;pk:c ,l FSA 
·Hnh) o.::-- ·.:.:: tn~~th;~.1:tHlk~E nn~f b:. pr-•h:~::t..;:nt~ lh<~ ~;nq)tu:( uf Jh~{ 

:;~:1;::::~;~:;n\~:;1:,1~~~;,;'; ~;-: 1:·:<'.'.1\:;:~:t ~~;;~;~;1;:~~;;;i (;'.~·\};2~~;'.:\:1t:'; ~n (ftdcT to ~n{i~\inJ.r:J ~h:.: • .. -:i-.-:~:{\:·;~:n;ion of Th(~ 1.n0th~Rt:: ;•i-nd ~h;:: 
(~() during th:;~ ~:trJt :-::·~:p ::u:~d n~dttc:t~ fh~-- ,:on~:,;,;:r::tn~tr~}H t~f 
(]14 ari:d ib t.hc ~yn\hf:.~-i~: ~f~:~~:~ 3-hK~t~ th•~.:.in::~th~:.U}.:~.<~.rt,d (."(} 
~ire ~~ ~<~·!nr{'-'.:.:~ t:rf (~()2.-: dutl:ng: (~OD:tbntf~.on~ th•~~ a~h-_:{Hini(~ of 

tnfuir~Ji.?.ir::g ~11\: Cfl2: fhtt~ x~1)1hrin1.J~ i::: l}hh~.3-::i~~i.i 

ft} th~: :.:.:H~;:(~ ;;>fpnr~· )dJZ (~.~pl!.(~m·iHy ·~t~. c<~·J.J)J~·tn~ttt~>H ~t:i~h 
pti.;:--n~E>.rni~~r) or P())t: th~: )JP,·'-;?-nlio.n i..::n~p:}{)y~,: ~~ S/(~ ni~i{) JtiA 

l.:dght~r ~h~ut 2 in th;.;.~ reJ(,rntin:f ~;et~k,u .. r-it\~~~~t~ih}y J\~r~:h(=·r 
2~t~:~nn {~ .<i•dd~d d~:rNi:;;tr:Jmn •.)ftb>,.;: tx:fr:-:~tntt~g. m.vJ np~::tJ(:~ffH 

vf'th~ ::;b.H\, ·Hi}U'l no >>Vet~:tH S/(: t;:tti~·> ;:~rx~~~t;,:::r fh~V$ ::( .=~.ftfJ 

,_,, ,,,X]Xil"l•,,d. 

T}t<:· ':;litth.r:-: h.:J{:.1 n.;~::y b-•~ ~s:}p::t:r,:.1\td fi:on~ th~ tia ~J~r~ i:Jf 
l"'1'iBjfi~HlkH:- (PS .. :\~ or dr.y('r-t:J .. ?<\V\ -.::::v~:n thot~_¥Ji ~nid ~0:'!n-.­
~~ p_q is· l~t:r; TiJ-.:1,E~r:ex~<{ .f.~}r ~>.,\.\) ~"x,;).~<)f1~: 

th:: i"~til g~~:,. hir:3 ~,t hY'l( r"fx:~;:;gr::.:-~ lh~:r;:_;,::.fOt(: ;5 i:,.:~.nx~}JF.:t~.~;i~Jn ~$ 

~i-:: r(~qnitx:d k! •~::xptH:l ~~::i~d ta~} g::~:s· (\\;•1th ~.>)ffs.:~d;;.;--.::--:~l:il~ ~n•~"rg_y 

(:~<·P~\r~dhtii\1 ·~~nd. {.1] ~).rit <:9~:t): 
th,: tt~·t tr<f~~ ;.,.-:{>nt~iftf~· (\\ (:{)2 a:nd (~HA in a ~:(>ni,..~,:ntN\tj.(>.ti 

.frl~}C.h rrx~;'.H:i,;'::' ~Jin::~ hp·th ·th(:.~ ::~~~:d r~--~nh~~t:-;}_;; g:~{:; ~<6d HJ{~ 
f>R~Jt:nibly· J:P'>;:".{t!CT th;,n 2-4~ ·~~;: f<::a:.:h,:...{ .~-:~~ ~~~; t,} tnnn~?lc- ·~h:.: 
pro~J~~~·iion t:f th~~ (.:.hifr -re~t~"!k>ti .:~_mJ ·th.;;"' a~~o~:~;~h~d .(·on:\t~t-·- ~i::-

pu6ik:~ti~:tn ptt~dn~~c tl1:,:r~.:::fbn> :ct f~Hr ~~ t:~s ·dC·$~t;)hh.:: (tnn· 
p<>~.l~ i-:.).fl: 

~~j•.hi t,f the ,,::;Jrb•jn :ttt(Wtu::•dd:~:: .. 
':Yl:it f}:':t;~ of fft,(: td:tn fii.tl s.()i\;(::-: th~ {~:n:~hlc-:H.:: ,)f J~ff~~,Hy 

t":-o.q:tn:).nt~}g th~?. J~~n:i}::::X' .. hut iJt ~ht~ (:f;.~:} ,:)fit)t::tt·:~t~jng thx;; ("f)J 
(:-tn~~'$.ion::-: -;nh:~ th,~ ~ifan:::3phete. r\_.t ;::~)n\~~. (:{'n .. fbp::t;:1:ti::n1:; pf 
thi,.;~ fi~;:-~--::i~ioti.. :ibr i,.;"~::tfnpl~: !ho~~: totnprisiii_g :f :$;Ji..:'~:Bn 

rt::i~.::r~n::::r. fh,~ fd:t:tl fw::l :t)}f(:·>.:?.'.~:?n.1~ ttK--: gx~~;;~l<::;t :;::~ ~ntdb;.1ti(~J~ t.Q 

·JJ:1.~ (\.)} ctni~;':,iof:·f: jn. tb"'~ t~t:J:.•.>:2:p"tH;.~~\::, 'fh.\~; \>/Hi hct ilhbtr-:::tt>J 
Fn ih~· <.:\xni}~:f~I::.?.:·.;. 

Xt1 ~c rr:d\~rt(:.d. entb:..}dit::.:i::..:~nt ~yf~h:t ~.:J-..:•~r:.t:i.,):rt th~:--: Uhn fhti 
i~ •·J3~>l U$•Xl m1d thx: .hJel f~l- rlK"' ·thrn::K::.:~ l~ ::-;·nly thit· •t)·ij~h:.:i~f~ 

;:'.:~1~. ·:n:w? ft~t~t fr~lct)~:)q, i~ t~(~~\;::l-.:Xlf~:r;:(y ;:'.:f~~~.t.:.:r i.h.~H~ .fr: th~":{.~,\'..\~;,:": 
,;?htt~~· th,: tf)tn fric:t ~~ 1:t:_-:fd .. bi.c:~{O~;i:~: ~ti~ r;.,;,-:qui:r(::~i. f(.5 -pnrtid(: 
,\J;.;iJ il,<i ~:;,gihu:,i:\im })(';,( ,·:,i· iJ,": i:t.it,l i\,.d wi;h ,lk~ hd 
fo,(.:li,:,n. 

ht~~\~· ;::~_{t,,~·:·$~nt-tH1Jy. 1.~-'-)t'.r~?.:~f<)f:•~·Hng t~;) fh.x~ h~~.:~t ri;.~qui.r~~d. ·h~-' ~h:.:~ 
ft·u--tm~:::i:~:. Jn (>fd-(:'.r t~~ .:~'i"ptdly i:,._.~)ntn~~r tb~~ .fi.~rn(~,-:~:~ i·br <:::x:~Hn:fJ(: 
~)1 (H:d•h~r rn qnkJ:}y nt~:-=~· ;:)f k~--..~•<.;:r fh~· k~Hd \';:ht:n ·nt:x:-d~(f., th-x: 
fi• .. :~~-:ftl't:? l•f fh"'~--: J\~::d. ft;J.•:tl~.'l:n. .i:; ~nitc:;h{y r:,}~8< .... d. ~--~f t~x--i:vc"'t;,;__:d. 

Thb :;..:~).n!r::-\1: .h•:>\~..'i~•v~--r~ h::t::= tho;:"'. tin(ki~~r::i~k: ;d3~·<:l ~>.f-.{Htyinr 
th~:~ 11~>--..~/r,:::te (d' ih:.:~ P.Jt:l~x~---np · g;:tK: ;nt•J thi.:n>f}rx~ ·1·h-.:~ VJY::drl\>­

:"i(:n .. h:t 1:':tnJi;.:r l(.5 r0··~$hthh$h ~h:: ~hiii<d t:tt(xJn~:ijOn~ ~t i ❖ 

Th(:: <P)~l.i'.::tity ~~f t.h~~ ~lltplw~ fhd.· :'.'Yn~.is,~'$~:; g~f~i i~; 'tH"t:d~~r~~h(y 
>2'.}{i~ ~n(>f<;: r1r.<:J~:r.::bty ~:-.,f:t .. ·~~{td C'~:i:;.:n :H~<~r,: pf<;:f~~ntb!y >6~~·:~ 
,:-:f thx~ {ut?] j\~K~flf~n. 1f th;.::: ::;u_q::his: ~>( th.x~ frit:l ~ynthe~j:~ ,;;~.~\~ 
i-:; s~,t){ >;?<p(•t"!:>.:·~\ l t~; qn~iJ::.tjt·y h~ r•rG i~:rab 1-y- n>)~ ~~rt~}h.:'r th.w.1 

-":-{: J :?:--~~ trt" lh~: ftiij i~:-. .:1.iJion-: Hnd t~·-:.;;..:.;:n ·inor~~ pr~K:r--:~bly nt!'~ 

gr<.::<it~:".l· thi~_n. i{}~~{ ,_;fth>~ -fi_~d: ft;)(t)~)J\ in i:Jr~-k~r t~) pi"~;"':-''<~r~t ~~n 
¢:~~:i:...-~~~: ~~~ V(:· ~-:~-.-:_n~;·(f J:trr ;j (1~:: th.er.:.:.~.) f. 

Th.x~ i·?r/x":~>"tk:n oi:,t;:~(~;,:;,- (\)). x-:.::r:f:,::::t~>r:* ·wh.i~~~b :J.r>=~ l.:.:·s..s t'h;\;l 

(LS t/t (h::nn.t~~.- ::.d· Cl)2 >::J:nh.1(:-d. 'f1~.:':t h::n_n.(:- ~>f m.ntnnn};J 

',, fm)dt:,>,,J\ i.::i 1mikrr,xl ~;mlx;.d.friHinh of ibi i.,w~-:ntii!n th,· 
en3-h~*i~·)o.::.: ~B'f"= t..:~:~·:: ·1:l);).1} o:.~· t\ nr -i~::~~: th~}n. ft 7. i/~: 

.. ~\.$ \>/Jj b~: iiht~~"tn~:t~>J hl ·th(:· >..::\~·~::::nph:~;,. iH. :$•.;{.n(: {~:re.J~:rt-cd 
e.t)Jhoi.:-Htrk:?..Q.t~ 'th.i.:~ C{)2. t:f~t).s:.;_jf~.i/~ n1~1y re~~ch t:.:~h~:.:~:~ h::;~ t'h;\;l 
(t 1 ~/t f~r ~::\:;,;__~n ·0))5 ~./t ~:•..;i:J\:$t>!)~t)<Hn .. g t•..; t~ ({}) <:{tfs\:1J.h.~ ·v~~h~~ 

A,,:;: .r~~:~-:1r~\~. i:h:t:: ph:ri/t: th..:~ j\~r~:c;:~c-~·J~ ~:n'i~ $Hl~ .. ::.:)ni.~g~:~::)H~J::-·· 
(:'.qn~rtK~d -~~.-~~Ji d.tt~~I-:t~::,:} huru~;.:J"$ ;>hh;;: ·i,) ht:rn b•)tb ·n;>tH::::~·t 
g~i:~ and :~yi}d},;,;:::.f-; f~~~~- ··i:hx: 1t:-\·~>rHio-n Tt:•.:i:y·.r'=~tuin~· frt~· ln~lrir­
h .. 1.ti'•..;n or~~n ;;Jh ~<~p~~~:t~:ti;;___itt ~tuit. (.:t,,:SU) fot lJ.1t~ pr::>d't)t:n~~n <::Lf 

:::.-:; th~~ ;;.;~:nr:.(:.h~.);1 ~:.fr .:~_nd opt~D:na:D;_v n~·:r1.Jl\;):n. 

·rh:t?. ii:;,--..:{\tH}:..>.n ·n);:ty ·1f~f, h,:- {~~"(pl(,·:.d k-- -:,iyH'h~n{:•Ji,t;•:.~1 

·f~t(.5i;s;~~~~<~~ Wld (i<Hlb . ..:\~;· ~~~};;;~f;;:~i~\; .. ;;~:~:~ ·;Jh:::~; ···s~;:- •• ::~ ~··:pi;:r.~;;.t 
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{u .. ~"::· C()2 :i:~':n:ti~~~;inn$ int(: th~· ;>tH:i..:.>~phtr:::~ Th~':· C {.)J~~~k~pk':rtd 
\~~ng<.\3 n.1t~')··· h~ n~~x~ din:'(:Hy fc)f ~HUJ:t·u:H\~~i .~;).-n1h:fji:~ Hfn::r 
{HJ:.;;~jbh::· tn•~-:than~<tiqn, 

>..:•.)t{ip:rit:tt.1.g ~i ffr'$~ {HniB()i:.~~ ::::fntt:•--:~~:~s. scftj.b:n B:n~J ~t :-s\.~-::6:{id 
:;(-:\:friJ~} :fr1r $Y,U\hl::~)~; (d .. urta frt•tn ,-:cnHn(•ni~~ ,1.tid (\/.\ 

-..":/t)_::~relu ,~t k:t:~1 ~;~ t"~wt •.::f d:K-: ti.tr;~th:)t\i~i p:.:-.:1du•:;,;._:0· .h) the- fu~t 

~¢1,.:Ji•Jn t5}~•iJ~ .tht~ §1~~.~~Jnd. $.(':~:tii.Jn. 'fn t.hi~ ,;;~:~.i:~. ~~l:,;iJ lht': (t)2 

:.;i:.:~p::w.:lt,.~~s dp.ti.;1g 'i·h{~ d1,:~(:;~~-r:h~:~~~;}t"t::}t} :~ti~p r~~~d.~ :.:t..:JV~}rlt~}~· 

Jn =~,-on).e }}~J).h.q•.Hhrt=:.ut:~ tt rt:~HY b¢: ~td'/~:t;\;)~';::~$)n:; .:ti.~ p(:.rfr~l"B1 
5 :.~~ t{t)J!,.:):.; ;;½;:>~ 'i~·HtHk~~r(~·);:1 fn ::>.rdx~r ti,:;. tt":d.:.u.::i~•· th~::: ~:rV(?t::<H 

tii";.':rgy t{H~$'lHnptS<:.a ({f :ih~ p~)<.':0~·s.. 

·rhx~ ~}}:)~~} ad~.';)~)~~)fi~:s.· nf th~· ·ip:~.:.endl}n 3nt~· H~h?.d b<.:~k,:\~::· 
1h~· :.;•h~p;1t;~fi(!}l (!f the· (\}2 i~ :r~·di:)tB}ed Jf<)tt3. ~i .:~:-:.:-nd::~~~;i~ 

;,;~.N :-\:hk~h h~i~:: .n high ~tH:J:.(~~~nr:;~~~.(·~n. trf (\)1 Ct S·.-2::?'.:·i:, ·i.no~'} 
~·ind ·i~ ::rt ;:!. r>.J;~t~,.•d:y h:3f~fi p3~ttt~tt,,. :::t.nd ·iht~fx~frH't: th:~~ 
$.~~panrtion (J ff'{)) ih)nl thi$ fhr?( i~~ {B"t.~~:·h •.:".a:~i~~r ~ind NXtHirt~.; 

\Vh~:o ~~p.r~t~ed. t::) rt~v~u~1riqt: ~::-f r~t~~r1:t~. th~· hrv~?.ntj::n1 
~:::chk:vl-:~ d2~trth(';~~:ut .~yrk~rg,i~-:s q:hidi idJt)q:~ th~ (:C~2 i~Jnb., 
:~i•nH:$;: ~{~ h~· :~•h .... J~.tt.:~d \\=hh:~)lH· .r.rc..,:·h1::ii?i~ h:t:~·:~~~~t-: li'n:1:.ffi~g 

:,f ~ni.:>d].H~\:~ti~:;.qs ·~H1d f<r~t$. Thi~ t::; }5*~~~~.tB~~ th~:: ht•,;·;;,~(;'i.).(i:::,: 

~i 1!:1\·{~r ~~nJ::-gy (~<~J:>~(?jJ;.pti~)rt tbH:n. (\)2. 8e"{.;<inik-:sl fh.>(~i'. 

(: (H nJ~ t ~~l i( in .t\un~~ ~. 
.. rhl';'· ?·{~;f•ttn ~)<:t::::1rdj.n_g" t.,:;t th:? ·~rric.:=-nhon d~.>e* n(•t tf=<}!itt': is 

~t~h:·;,;,~n{ :in :)r(l:i:~r to 1,.-:~)}~f:.;{r•~-: (\/1 frdtn ft.Un(-::; .. 
.~f1i~:~· :c..t8(::' i)f :t:i:,-..;ygt?.J.1 ... ~;11.d•:hf·•~t ~c:ir gi·\·:?f; .d~~i:_.:> 1:) \·ari:::n.J$ 

[~d\.•::{(Hi~):~t:~·-

it .;.~~C(i;,~~1~(::·:; ·!)1;;.~ hi,Nli ·~.:~>h¥': ~)r thx~ ~yfrth~?.i):8 g}~::;~ 

::.;~~.p~hn:;:;tkm (:f'tbt?. ;:;ynth{~:~iS· r~1~ g~~u.-.:~r;~tes: h-:·~& :h\~1:}~~:~ H}ai:, 

1h~, ;;rn:nh1:t~ti-rn •.!f na1,m;l g,;,;, .kt th.:: ~:inw: ;mmum of 
h0~i"! J':.Je::t::-:{xt h~:t..::j.n~,;,,~· nK> i..:tn1{bn~t1un i->1. h:-:-'d.t·\)~~~·n 

(t::i::'Ht~~·~-:1~~~ in thx~ sytnh::.~\i~ t;:~w) t:~ .. ~~n~~ :,,\·Hh ~~. t~.::}ht~·!iiY:·j 

of tb•~~ niJ(Hb~T ~)f n:i._~fa, 1.:inhk•~~ th(: ~>i}n:1htn:l~<Jn ~!f 

~nx~·th~:~Hi.:':. ·~(·:-: (h~:t ·th~:• <.:'.":tr\·f:<.~th.•;,:~ :t21~tt<:.~fri: i>fthe refr:nx~er .~s 
i's ~tst;:t}t~f ~~u,J 1-.;_xrufr::~::-; wi ·in•Jur>;~~J (h:\lf Of)) Jhn. \:i;: hi.:h 
t~ }~st:. :f':O\ .. {~tfut 

h Jh:U}b:i 'i:bt': ih:ti.:~ h:}:~~: l}.f nhr<~?•2n {\•~·h:ich i& ~< .r~:~fi~tH\. 

H~~i:..>idixtg. \~:(J:~1tltr~~ c(:-t &:H·':.~~-g.y for ~r1 :;~~p(::r~=t6un. (,ind 

(~lH)~pri~~::-::k~n:~ th•,.,:': g~--n:;~n~t~!)rt of nirrog~~n .ibr ·SYi~lh~iBtfSc ~<: 

n:Ht$t ;.HA. h~/ -~nc.r:;~as::~~1: 
fa a{}~)\~.:~:: t~ high !*~fHfK~ni!\tt¼~ !~.)r .;,>oi~v.;;---r:tiDn u:t· th~: nat1n~t} 

r:.:1s. f() h~/ 'i"~);1fi}t:~(n>.:~·d. 'U\:t~ -J:b:·~tn ·th~:~ ~~P.t\~b·;:lhlt <~f 
~iV\)i~hng th;~~ ~:::-{;n~•J:..S>.jl(:-H ;)f (:}(:~>i-::~~,.ivc ·tt~ft;.)~0n ):{t r::t~., 
rioi~ tc': th~: :-;l(}i•.:::htt°H)1t{try o.l.th.;;~.:t~H3 ~~yn:i:h•,.,; .. ~~b (l~Ti~~~;~·f ~:; 
~>f Ct)U\';,;._-:nt.i(':.fli~.l ;1i£ .. flr:~d pi:,:Jt<:·~,~•;.:B,) \~·jth ~t hi~~b. i:.:Qn-­

v:;~r~;kH~ ~rf th•~': n1t~lhm:1:.:;~ J':..:':t~.1,Jting ~n. n:t~nien;~I (J)2 
x~rn1:;::f}on~. 

h~ c(:tti:V(:Jn~(:t~}i,l pt~:JH~ '<~·"i"~h <i ~~~.._-::,yu.JB.ry H}f,ftd: .:.'>At•~'ti.~•~~r~ 
tb•h~ pr~)c.t~~~ ~~~r .~~-= fr~d l'o :-:~.i~d ~ec-t·Hld~H')''" rtd!\nn:;~r .fri. ~loi•.:.':htt~-- ~is:: 

;1wirk ;.Jl,,in,i\k$, i,,:'.1H !lw 1.JH,,uihy r;;:;.ntir<:,d.i,:, 1\~i:,di ,_, H/N 
(~ft~() td' .~ib(~!Sl :~ i.n ·u~~~ :u:~:-Sk:(:,l._\r i~~~:.. :Thi~ '(fi~~tn~~; ·;.h~tt (hi;· B{i" 

:::~-,::}:::.:~i:~:s;;;i:::;i::\::,t;;J~;~::,r;:;;):::'.'.:.t't;;~(::"~;::::;:;;'~;~,~!;:-:i::;: 
fr:. ::t8:hh::-·~ ... ~· :E~ti .(·.(~.n,t~fsloii {~ r ~h:;~ Nti·: ~i::-

h-:.st=~-.:.:~d- ·if th(=- :)>jd;:::nt ~ind 'fh~;~ ~::.."ftn:.1.:?:~-:n a.r:;:- f~':d 
·i;,.) th,~ PT~)¢:(:'.$$~ i~ i~ p(~:;~;ihk:' tf> ;,;_-:h(l):$~~ ft~t· n(':v/r;;f};_,~ oJ\::~<:i.d~(f{i: 
~t~ ::18. ~<:t ~>ht;tk: c.:~~::}P.pfx~tf: ~~<)tft.··t~:~~~:·).:): o:( Jb{~ n;~.t1n-::l'i g}}~ ;~.~1d 

opH:.1·niUy ;-1~.J.d .... ~} . .>f,n.1B.h"i:~gn, th.c· Jrhr~·1:;tn ·~~·hk:{~ L,~ u~~i.:>:Jt-:d 
:ii/c~ fhi~. d~~~.fr',; .. d rt::<tk<~·.·Itp gn:"~. t.:)Jnpt~:..:h:frn)~ ··i·h~·::tdv~n::J~~H{;~ t~f ·;{: 
ft-tJ} ~:~Ji)·~·.::':rsi:)n }~ t(; pt(~hK:(~ ~t :~_y:nlb.c::;i~ g;;i:3 -.;f}th ~~ ~nl<::;}k:·r 

n1c:ll1~l.::t::: .._-:(>~~~(tt~ <tt~d rhtt~dhn.:· l(1,~ic't' (\)2 ~~Jl1i.s~~ions· . 
. /~~n~:-:-tbx~r· ·~:.:;J\:i1nt::lg~/ of th<} irr,--.::nt~tirl h 1h~li• the· g::t~?Bti.:~r 

ti•J\~··r~.":ct);.'." ~.Yf r.a:;. ·~t~ th.i::" fr1.)Ut (ft~d ~clk~f•~Y~: HJ(~t(:· lt~:~~~t b) h:;~ 

.:>,.,,:i:-.:.':i:>v~:r<~d m;.d :::t:i.)f~: ~t~~::itil. hJ h•~': g~.:-K~n{l~~d .. ··i)K: gn~~tK·-r -;,-:; 
:c.1~.t~n1fly P.i· ~.t::.~~ti:n p;i}dl~f;·~.?d. }n. ~h;,:~ fro .. ~)~ i~•i~~d n~).1:l}$, H)i:• drny 
{rf th~': ri,.:::;p~"S..~tiv(~ ~n::~<-~ha.ry si>J~i.B).·i?,(:JH.:::.nH~ng <tpp~;_t:;=~l\t~•-~ ~iB 
~,~d\'::n:1}~~.;;~~ }~.;· (hiH th~·!: f:h?.} :.:·.(·:,n_:::t~.lnphptt (:H:d fif,~.<.:~f:tJi:J:l ~~f::ru,~--~~ 

Gf (\)J (~~n~t~k>rt~) is n._..f1J\~rs(:ti~ed ;.)uly by th;,;._~. prLthary 
·t•~':ib·rrnx~r or frr•id h<.;~;rt~~.... U • fh..;,;.. fu;,,J t·rf th~= .fk~·frH1n<.:~r i~ ::,{: 
.:)./Yklt;e.d ~~)th :~ynth~?;;i::; fi~~ (nt:\d ~f u>.:x:i::.:~:~:x:ny th~?. ;1:-::::~~x-.hHx~{{ 

b~~tn¢'.t":'S r~r~h~_(:-::-d.) a :·;nb~:{antLtf (Hi.nin.;;~.t~;\::t {~r :.-:.;~.~~\frnA (>f ·th(~ 
(\}2 .;,;-.._::tih;~;~offSc i::-: uhtfrn:;~d. 

rtd~iC<:? t.r0arl)t the- g;~~ fk!\Vf;ttc- jn th~~ fr(\nt i;;:'=nd .. and 
!het\;~:t~~n~ :ht.' ~t~~-o~iBt(!i.::l" ii:pp~t:r;~tu~: .. ~n}d (six.~(~ndary~ ~h~n 
i•i:t:~(t:lni}~ d~::>...:<.ikH:tix~t{i1.)U. :)r tn(:rh~tn~<ti~)n) pi11in~~ ·~~i\-: 
~nillihb ii)r ,;, ;:,.::,,,;ike GipBdty: 

:~;:(i:d i~ff:~r1:~?.r <:.=~.p~~t:·hy C-l)nt:~:~JK~r:l'h~ ·t{} :ht~ :~·ynth~-:)j::; gHf h} 

h~} ti~•;.':•d {~:-i Jik-:t 
~l high nHi·pH! k~rt:p<.;~rarnt.;,; .. ff'otn lh~· ~.t~c(·::nd~ff)=' r~j\:intr~~r 

(tJ~~y b:(': ·c)$<=4 (o~J:t~dnfu::! <:'(.:;.1:~t1i;,;,_:H~ ~-~(U)\;"(' . .r$iu,n of tht-: 

.t~:.;~':th~:tn~~\ ht:-,.·<B.1$~~· rhi .J\:Jt(~g.::~n: i:; ~hJ\J<xl ~~~P·~~~tii:¢:ly 
fi~,>~1l ·(b~?. ~>~}:];~;.:::fr ·th~?.f~d<~rx~ th~: ft)e::h;,,>tJ ;:;~:c(ird~Pf ·::::> ·tl:~>-=';­

~n~·;~~:lti~n} pr(>~h~t);~~ i}:?{tr~~· g<t~~ h) hi:;;: nscd ,:i.~i hJ.i;.':} \\.•·~ih~),U 
ti~q1frd.ng .;,.':.O~t'i.y .tt3~)difh.::~H~.(iH:'.; o·i·ti·~.;;~ pii.t::>~wy t•h':fi:~n-nx~r:. 

(~'>;?.J.). y,..-j.(~n .:~~tid {t'::t~:tU1}('.'·f +~. f~UlJ~t,h~tiiUy ~~~ dK' U;.rdr of 

ft:-; <::~it{ii:,..~hy:. 
·thx~·<.X)) ren1:,::rv.:tl :J .. :.~~tk:>P. ):; d~?.,·h~)Hlx~n~~t;t\~rt hi..'::<-~<~·t~;:-t:: tbx' 

inY~:'81tii::s1'.:.. in<:t•~~r~-.:..~~· fh>:~ p{:tttd. Ct)2 l)t{-:·~;:;;Jr::.:: ;)J::.d 
r(:d;K,,,,, 1h~, gH~ il<:1,,ir;w;;, in ilK' iih~orb(ir; 

tht~ :=::>.~n}h,\~$df'trt r~f thi? (\)2-{i>.::ph!ti::>J ~:yng.~~ ~k~n(1·;1t.<,~$ 

tt~l.\<:r firin::~; .thli:t th{/ l·{(! ·$1.) ~hx\~ the: ::~n):,s•~tr) ":-:>,..~ i .. -:tiJre:r~~ 

q,f the r;.:':J~)l'Hlt-:'i" ·~nxl xr:~ f~n.i\f~:. Je~~ ~~h~H)!(~l~ 

it j~ n~:C\.':S;o:.;;;ry t'-) n:s• .. >dii\· iJfdy th};'. h-:·:rtf i:.:":i=KL \:d::.ik~ th:=~ 
hB,~k:;~fi-d (~yntth ... ~1:( ~f~t:~ (~l}n:tr-r\~~~ot, r:tntBiJ::1"~;1 ~~ynthx~--

lh,:i;~,::t:;~J::i:::'.'1;\,;;t~~~;::;\;~ t'.~~:~::o:i::~~};(\;1:;~;;~ir:~~\~,, 
:;ytHh;;.~:::i::-. tJf .h) o.rdt':r ti> ::i:·n~:f~·,.•x~ th~· ln~ti:' '"~"):i)}pi.:}n;,:':~)t::\ 

i1 b\.-:{ijg .~·uftfr::li.::-:nt tu the.::: th(:: tn:?thB.n~~t•.>t (•.::ihii (h>:;· 
t;;:~.i~t~n~;;: ot:i.>h':\ ~n pm~:icHhn:-.. it ·i~-= Th)t ne(~~~~.=~t}· io J?~f:­
R~frtc ·2~ny ~'-~r;:u·~lJior1 {:f1h.~-: ~ynthe::.:i::: g;~::~ it;Jo·~~:·j Ill ~Hi! 
~s~1~;.l>;;': ga~; tht<'·/ 

FJ(i .. 1 ~hi)~-V~ ;:~ nr~J (~~~Ah(!-tfru~~ni {)f ·1)1-;,:~ j\}\"~?.~.tUP.~). 

F}(\. 2 ~h(~:.~-=-~ ~i ~(-:<.-::<>(~d ·t~.nhndh.n<ttfi'. 
f JG. J ;,h(fWi, fl 1ford ~,mlx,d.imtnL 

t)f$(~ftJP·l·t()f~· f)f PftCFISRFU:!.J> 
El\'lBODX\,lENT3 OF THC il'i\TNTJON 

F.lt)~ 1 ,:;h•.)~~-~.: ·~> t}t'-X.:(="~::;. ;;::,:t(ir(th~g. to a n..11.Yd.•~ <Jf in.:::f~k>-• 
:H;,~nt~ng. th(~ i.H.'{tui~un h;:i::;~-:.J ;.)rt ;n.1. ~x<Y,tc:n ~:"t'tK':•'ti~(~n.n~~t 

tekd·".i'i}i:~r /(CR ::!:t)d. 1)n~·,_:).:n·~t.-::11::?r . 

.. fl~~:" hl:: 1-::k:~ i£~ .FltJ. t i . .k:W)t<~: tht-: fi::tH~:r1::-di1t $y~:•t>;•.;.n..~ or 
s:}pl)~f:;~ttr:~.: 

... \:U:X 1..:.h;:rrg~:?. r·r;;_~,.l).;;.~a~er .ft:i'N)<:~~:t?.· ~~nd ?!~>dh~<({ lx:·~!(-:r 

PRf: p.ro, riJ(>fn~f'-.r 
.::'>.:TR .~1Ai.)th~:.rn1;:i} r<.:~fr)::-:Jni.:~r 
ft{)};. 1?~1:n~~~! (5~.kt~tk~n {¢;.~<:tnr 

~:,ur ,;hl.!l "'"'·'ihm 

MI"I. ,lJ.d1mrntl'-'t 
SYN ~yarl:w~h ,;;.;,~,itm 
l:fRU hyd_r,.;g:?n (¢t:o~\•\:ty $<:·ett0~l .:\m.,th,:-:r ;.,dvm,,,\i'-;:: :ii: ibil tk' i,w,/N:i;m <.be;, il.N {';;;.Juir:/ 

U(;('..::;;~:,iti!y 1:(,r:,arn1i<:>i1 t,f ll:ydn<!{{:a frc,m !ht; C02--d,-pi;.;';~-d 
;;::=:~}j:t:~::;_ .. F.<:~, plui}\::;:tJ(>t} :<)f thf: ('C)) ... ,i;~ph:1:i.:~J ::>y:~}f/>::; •inh} ~l 

gft; ·~-.:lt.~:::h fa. ri-..-.h ~n ll2 ·;~nd ~-. V?f~:5.1:c: }?.:~-:.$~ ~n ;.)td~~r to (:ht~~in 

:::.-:; .:\Str ~:.fr ·:~i:.:--par.:rt~i)n (fr~il-.'-~k·;n3.i":g) :~x~,~·di)n 

.. \ ch;~rg~?. l{~ ~~»~nptbl.~;g rtfint::-.:)l ;~~)~ :~lHd ·::t,":~Wn i~ fH·:.:~ .... 
l~> ... '.H.kxi h) ... :\i..fX: at~d <.\in:Ytft~d int() a ~~yn.th•l~;i~ tr~t~;·lf "ti<1 ·rht· 
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r0foriiWr:i P1Ui :\nd /\TR. Tht a,ll(!lh<::rf.i:wi n.:kim,,.::,r /\TR 
~ ~p~t>~t~~ :,,,:-,/dh ~·i :t tY~\,. 21 (·if' x--nrk:l~~~d ~ffr ~>f ~ ~>:.yg•..;'"n, 

·.th(: ty.~Jth~=~;1i:~ 1~~❖~·. v-:hk·h ::::s.~iH{~in:; i-fl: C:tJ .~HJ.d (\/ .. \ 
Ufi•:k>t~"?O~~~-~t :'.;h\ll f'~~~-~:t~-~)n_ t.n St{r ~~nd. rh~~H R~fn<Y,\J:l uf(\)2 
.tr: (J)R .. ·\)1-(: ::~-ei•:th:!~~: s11r· n~;~y- ~~~>.t,n.,ri ~x-- ih~ft trx~~:tnl(~~lt :~ ~rt s 
dlH(::r;.;:nt i(:::_:~j.pC:t\}t~Jr~:$. J"t~t- ~-~i>ti~~n (J):R ~!p(::t;~{C'$ r~)t' 

i.::>:.>~.:1ip"l:s-: ;;.~~th ;;,:hei:nh:·~t1./J~{~)"':~h:~tI ,=v:::!.~h~Bf ~-;ftl3s.: ~:;~t~ ·u~~inf;. ~tn 
~~:qi.t;.;__~t>H?-: ~{tnin::~. ~;.)ti/ti:;.1J}. 

Th~: ❖.;;:,:tion f"f)H pt">dH,':,:~ ~~ (\)1.~d:•,:pl:;.~r~xt -~ytJJf3~ tI (t~id 

14 
:tn th,, ;:\mnpk tib,.m:·t; l!i l'l{i·. :~. th,: rnrii,,,; J4.-, 'lf 

~Yi'i~h~:s::t~< g.:..~.S te:r~ir~tW:.J ~.t~~ ft'!•...::} .fr~il.J?.(1B,:. 1i:)ft¥~h~t ·}•/hfa ;~ ~;3.i{ 
gH~< ·zs ~/f·ihe PS:\.uHiL ib:,xhc tnx·:tw·~n(~·N~·u:(~r~ of-thx~ h'li.f<.:k 
:\lJX vh, Ih::? hd Him 16. 

Ft(t 4 s.ho~~:~ ~s r~n)::~:>.:::;-:~: h~::8<:d 

put'i{h..~atii:)n_ ~:r th~~ pn)C:'.:"f.:$ 

:~~_:...,:~~t~(i".i:l {-'l.)l{ ,~(>t~lpt~sn~Jl ~ftye:r ~ind 
,v;~•sh} 

(!il f·9\; (x,mpri~in;f 
~y1)Jh!-..~:iis g~t~ ~.u .J 

.i:...N\V (hq:~id lfrt{,):f?i":J:} 

1 n ~~ ;;hHH~ct fn~~-f't.i)t?-r tci fht:~ x\::1) bodh~)~~-n~: :/B>~\:•u fn FH}_. J .. 
.=t Hr\-V l:~ pf (\)2 -~\:'hh)~ n~~~·y h~~ s<.:~qH:::>:~t.:..·~:red or ~J:::*"'] ·fr1:r (:thi,:r i .:f ~tb~! in ~h~~~ t::~:::~~: lh~· fu:r,;;:l. Jht(~ti~>ii .t 4 ~(~pm:--:H~"'<J fr>:"~r;:f ~h~· 
pn!(-:,\~:'> .rhtp•.)i;~r~~ }hr >.:.":):~>ltnpt::- :rft on:k::r 1<.:- tti>dni,._~~: ·t:nm. (\)2 ·<.:for:,k~t;..:~l ::;yn·:h(•~h: g~t~ .t~ i~. t::pl~ r 1JH o ::~ {h~t f~)r~i(Hl 14<1 

~.l~:~.R~r~i:hty !he ~yt:!lt(~~.fa gHt tl: h;~.~ ~h:~~ !i)Ili-f't,';:~ng (~tnn: 
p~~~idnn~ ~)g~~+. {It l~~{. ())+Cff4.: O .. J\~:. (~(}2~ _f\t+tf2 tt9·~:-;:-. 

.. -=\ l~<ii:"t .14 ~)f ~:5id (::()1-~d).::":pl:J~~~:.1 ~~Yntr~ts .ll ·~~· us{td ;\~ t~i~d 
fr: .:l h.trn:::K~.t: in ·thi..~ n~o;:lt x::i:-Kt H):~ ~~_:,,::~l~,:,pl,2 tn i~ t·htif;?f: h;,;.~~lh/r i.~ 

('\U){ }.:lo:J~.} Th•~ n~ffi~~h:dug }>~sll i.S (:•.f :;;··t~.th::~~;{_:.; .~p:v~· l~ 
h~ttli•.;:~r tt:,.:nf(..,cJ in ·th~ .. Jnelh~ln~H·~)r f\-f[T. 

Xn th.~~~ :..~-~~~nit~!~\ ·th!-.~ ih<d ft~<(':tk~n i•l nf 3y.nth(:~i:~• t)!~~ 

t)g(:'th,:r v:(tth..a tB)J _g,~~~; 15: '(;f th(: H}~\I ~(tr·h(•n-: J~:~~ds ~H}(: ~~r 
fl)i:)ft:'. u~x~':,;. ()f thx~ h'i:">C:k }~ lJX: ·vi;~ i'hx~· $3x~1 JiP.~':: !.t\. f)ptln~J.~<Uy 
~~ ~~-::iu~hk:: ({:t~~1nt~ty n·f n~:"1:tur3·f g;)~ 17 (f:·.itH.)N~'$) k-: ?dd-'-:d. t-.) .th::..: 
g::11, U\. 

t<ntrof(:J~ l$ Jfn(n -~h~? i~.it :~x~p~ci·;rt~n·ft ~~~l/t.i.c:,i} _.:\.\t} ,j~ t:·ddi~l'J 
t(J. lh~~ pr~~,~,c.~;; ·fr~:i:..:1t.nJ JS of ]h.(: :=;ynrh~~$.~t f}3~~ an;.:::r :Uh~~:-: 
1
~'

1?(:~: ;~:::,\;:~:})~:}:~::;:;::;:,;:2t:~~t:::!~::~;,\ flqw ,)f hydx-,,~;!,H ,s 
!O t,-...,(11°,,i~d fr(:rn rii,' DRU swti,m, fodk fa" "YlJ:d;,i,:,h 
-:-:.i~t·i'i{1~J ~:rvl~. $;~:iri syfH.:):~:::Si1~ .:~~?.ttli.}.q prndt~.c~?.~~ ;:H)}.C).)~}nh:· 1:~ 
~::(HJ~. H<)~:.:• Ji (:.f f>Hrg.ing g~t~;- lr(~<tl~:i:J i~J. t.i1~~ $(x~·t~~>H llRt) ~iH· 

.r;,,;~~}}'ti~::-;· o.i· th<.;~ hydrt:g.t.n t.::>ijtrfi~.~:d in~.td.;.: ~t 
Th;;: $,,p,,r;:itinn "''"--'fom .·\f,U p1·,,;Ju{.:1:,, i.u ,1dditi, .. ,;:1 t,:, t!K: 

nJtn:.}g~:n J9': ib.o th•,.,;: g}>t~: 21 (·;f -. ... :nrk·Jit'd ~t~r i.fr o:--~y-gi~:n. fr).t 

i}~.f~ jl~ti.:}Hc,t,?n1:1}31.r~~R>rn3-.:.~t' .:\TW.~ 
FJ(\. 2 ~•'tkrf,; .. ~ {t pr!.)(:<:$~ ~~:.:.:,:~n-d:ing. k• ~ p:tcf(~nt:d ::no.Jc ~!f 

ftnpV...:':J:n~fifit:.g th•...:': ia·-..-;;.::r:Ji\}H h::~s~~d t~n prhu;n:~~ r~:frH-:tJ]~ng t:nd ~::,. 
ATR. 

Th~: hjD<:l.: Sf\:Ht ~n F.iC. l d~~l~Dh~~ lhi~: prlitH~ry c~~ti-fr:net 
((if :;::tt\::;J~:1 rt~f~).f~}Ji':t} .Ph~:S- ari:(il}}~~~~ :~~rpl'.cJ·;~:H;::~:: R':r. i':}{~cU\p:h~ 

~tc~~in .g~~tH.;:·r:.rtor~:: Th(: f;:tn::.:::iahtg. ~;}'nibo}$ .h:~ fJi:}. 2 (:un---~> 
:~p(~n.d lD th;~·.;;:,_..ff:.hott:. ht F{(}. l .nnd ~h~r;;.;".ibr~: ~h0 do;:":>;?..':l~pt~Dn ~i-:: 
. . 
,~ ll<.}t r:'."p~;;)t(:0. 

fl(( 1: ~~:t~(: :~h(>\:...:~i ~n •.)ptk}i~<il hn::- .l ~f !hr ~:>)::yd.in(~ JJm~i: 

'tE,.:;~d H~< :ii>~"l fr:tr (~~{rin~rk-.· 3n th;...::·· bk~t~k .. :\U){~ ~Hid ~~ ~;;!;~~./fH)d 

ix;r1.ion Mh ,;i,p(•tt;:d :w (,::s:w% fo,.:c'l. fai;J pot1.ion !4,,-, 
tO,:?.~C'th,~t ~kith H hti~ g<i~i J5 i>ftb•~: S.(~,~tf;)n r-~t..:n~ k~~~(fa {H\C' ~~r 
iJ\a;: i.!wn, d. ti;~, bk>(.:k _;,U>; vi:,1 ,h;: fod fa,;; .Mi. S,,,)d tail 
g<~::-; J$ 1\:~'U}f$ fr<:tn ~h(:: (X5n,hl .. t\f:.tj.iJn of th>::- t;.;H ~~~k; o:f (hi 
t::-:nv ,li}d (,/"ihe dtyd. 

Th<:· pr::.;(·•~;:i,.-':-; ;J•;G;.)hftn;{ f(J th~: {U'/l=U-l:i( 1H ~ui.)\'s·;:'; °j:{) pro-;J:c,J(:;:' 

;:nr1rf.tO{\hi -;:-..}!h ::::~H)::;,~jnn~ (()} of ~~·h>>rlt {}. 1' t/t <.:O(ilpi~tx~d 

~~> .:~ht::-nt 0:7 ·t ='l. jn the r~fk~r ;~rt 

-:\JI the .:..:<\~:1Hf~n.:~~:::t\f:}~::; H.h~:'.\i:c~~~t:.:~d h~.~ ~h.:..:' rt:~11:lt of 
re,::arn.pi.ng (~r ~Jn. ~HDJHD.H~Il pl:~.Hl \:...:hh ;~.fr::.fo~d .:·;x~,~()ff•J;t::"::· 

x-:.d{i ntK:t\ 

;_.;::;~~~1~:ttdly tfE;;": 1<>H.:..·y~~/8n,~~ :4(:'f~~(.: 
h~s·tN Hin§!. ih:.:~ ./-.. St) ~.n~ft i:n. (:fd~?.{ i.t> ~~eux~r~\~x~ itv~~ fknv ii <) f 
('~)'t<s, nr ,,midi.,,,J ;:,ir:, 
J~:.tx!1::ting. 1he ~x'<.~(~f:.d::tr:r ~>..::ihr::r:;~:r ~n. 1;>fd,(:r 'l.D .:~.c(:t~rif s~j.d 

.frt0H':,;:~:;)J~g H~:: {i·w::n()fj:' of {i~ift}f.;~J g~~~~ ·tn.~(::n(k:d hff th~': 
p.:>::~t~~~~; nnd n~dn<.':iU}!: th:~: .ir::K:tinii nt· n:~:tEn:{i1 g::~~ ini(~i~d,;,;"d 1hr 
l'zid: 
.t\::':\·~u1::ping. th~: ~x.i~tiBR s::;~'ihH} :n.w d~~<i;:}phn:r!l~rt~i.)lt or ~h~· 
~~~H{tr~~~l ;:~~l~ sq~~. to intti~;:r~..:.:~ i_h::?·::.:up~ti:.·:iJy·th*~tt/Df l}\:\:fng w~ fb:i~ 
}\t'>i:.:·~~Ct {1t(>i;>i1~~~ t~tS .n(~-..'ff'{ff;_;:~ 

r(~,:an~pi:rig :thx~ :-.;':X~~-::iin~~. ~t~t~frc~n (])R :;t> .:~:; ;:;;) frn: .. ':r~~bt~ th~ ... 

(:·~tp~J\'.lty th(~r::~i>f•.;~'-'.in~; ,t,~ ·th~.:: .:;:-i:~;Jt.<:t <fi-J;J.ntiy (:fC/)2 t~-~ h>.:~· 
:.-;cf>an1 t~::d. 

H .:..:;}n. ht: t;:n.d~?r~~!o~>d t.b<i~ ih..:.:~ t(~vicn11:\nf~ ~±(~e~~ n.c:':·t r~~qufrt 
~,,,~Hy iJ;.,.JdititMiNi,; w ,h;: n::fotil).(:"L th, ,,:x:d»mg;s-s ia,,:1 
viFing_ or lh~~ fh>Hl ~~t:.d ~l~ld ih~· ~hfh .~~-~~~(ft,n.. "j'hii -j~~. du:•~: -i~:t 

th::..': f~<<:t th~:;t th<=· vo]utn•;.-:t6t Ho\~:r~t1--.-:·::,:f th~:: g:~t~i rht~St{gh {h~~· 
fi'·onl C'ch.l d(~t::,_; ·i::.i~)i. fr:3~~r>..::.;i.2~)j~ di.r~p\f-;,;: ~ht ~.(':H,(:J~~h(\n ,,·r ;h:: ~::;.::;::;~~{\Iiti/$ fr»ni 1h,, ur,ii: HRU for kedh)f ilw ,w).a:;.,ii\· 

Fl(~. J ~~ho\~.:~< Ht1 .:\fR-.b::t~td rn:o•::x:~;~\ ~<'i'D1H.:Jr ~;;> Fl(/. l~.hnt 
(•~~w(p:d::.ing ~\ pt~dfk:~1.t{Q~~ qf ih•~ t•tt:> .. ~i::-:'.'~; ft:i~ctkwi ,:l th::..: 
:~yn.th~:~;h. _g.:~.~.r ~x~ B t::~]i(>i: PtH~:~ \\h~;;,.':h h-i thj~ ~~-xJi~ni~h.: 
f:t\c't1prh~:!'S:: .::; PS.-\ ·1>nii: 

~i::- ::t;,:'.id.Ufnf1:~l'I ~?3:~ fni.:.;::,kn> (fU~!} n~~~~~tlt~P:}. 

~y;;~t::,,::1:.~'ltti;;tl;~l:Ji~tj;:Ti:~;'.'.;:~'.i i::::t'~(;;~;:.,'./?,t·~~}j:f~::; '«: 

fat:) ~n. ~t ·iin:-n~K~t" in ~h.~ :i}niif ~nd~ n:!r ,;,;--xatnp{~= :tn th.~" ·blo(s\(._ 
./~'Cf)(, ,:cttd ~:l ~-=-~;.,,;;.)ttd r:.~}ttk.':U 14b ~:'::'ip::;rt:::'-:J --~$ t}(J::::;;t;~: fi..l,::L Tht~ 
;\:r.r~«).n.fr:8 -p.:tn :lS ::::f \Yi~U-hi~•~~~ i'.:~~~ fs. HJrth~?.r tr~.:~tt:d j:u. ih;,;.~ 
[:~ .. :'\ Uii.h, 

,\ p::,niNl %J nfik (!il1w~i)td'.l\wP!iA uni!;, (:..~td.)(>n:,Uy) ,,, 
e>~pi.:::lt:t:?,t:l t:~ x~~.:.::~?~~ .hi:::?.}. ~;~:i id ,P(\i\i(q:t 2J h~f~: ;:( g.rmn:;;.~r 
l,ydrog,t~n pl'tdl"?{ ·;han t!1;~~ g~~:.:: ri~H~t~<:Hi 14.b. 

'l"t~>i~ Hffhrv:({ng: ·c~htt. l f~:{i;;:;.:-~ f•.) a pi~H~I·\,:}(n ~~ (:Hp~·]:~':~'ty (>f 

-~0{){) ·u~t~i'dt h:,n.;.lt~t r<~r d~~Y (¾fll)) ::)f ::<:.t,JH)i}ni~~ .pJ:r~dr::t:(·:d. 

·n~hk:: ·1 •~(~.n~J:f:r•~~ th-2: fr>H,i,.,, .... ing l'1pti~-~!-.l~-: 
;) :i Flm:il (; f ih~i pd<:,r 1111 \~:.i ;h p.::inm-ry nifr:nwtr imJ ;J_fr,-kd 
:~('(:.:wid2,T~ .. ~ rx~h>tntt":·t 

(2:} Phin.t (~r th,:;:. ptior ~irC .:"i:~; t,~:t ~>1Hk:-n (l } .. ~.i:?h.h t·<ipt:.itic~g. (~r 

~hx~ (~~)) :i'~\;~):).. th~,: f.:.nJ~?.f t~if H~x~ p,d-~~:HWY i:x~frwtnx~r. 
Ptf:U\ ~f~:~:~JnJin~f {i.) \he ~tl•~:ent.i:5tt .~~~ p<=.:- FJ{3 .. l. 
Fhm Hts:rntfo1g l'! ;he h1','<?.nti>n. :is pct FJU·. 1. 

TABLE 1 
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._ ..................................................................... -..: ____________ ,.__,,...._..._..._..._..._..,._..._..._ .................................................................................................................................................................................................................................................... ..,.,.. 

(\f:" .-..=:ir:·~:.,_x.::!· .C::i ~;(::•=~-::-~~:::;: 

(::O.?' ::-:: =:::':-:·:c)::.:~,!:.:.'?;,;· ;.;::-/:i•s.h:.-:::~ !i: fJ:·:.(~ t:-;;.! 
(/) ~ ::,:; -:~:::::·:c:,::r,).:..:.:::x: ;·-:.;.,:f:~:x(~;:.::-,~ i,i:_ n::_,::· t:~❖-: 

~:·.::..:~, ·:::-;,.,:.:.•.• ......... ~; :~ • .. .:-..: , __________ _ 

~Y.>:1,~~:)· -~ ,.._:::•i(i1~:::.:;,· ~':-ci.[.:.:::··: 

t·>,:-.{-:-:: .... -.:: ~))~: n~ :.:.•:•·~,.:;1[ ... ~::-p$.,:i::y 

~-rru 
\f~\J 

(:: ;, '. ;~; 

::;:,,":• ~:i~'t,:'_ 1/:>: 

Th~- t~tl'::k-- -~~hi)\\·:s. ~hHl th:~~ pre~~ .. .> .. ..:-~~~ ~K~,~~>fd1n~r, ~nth~! frtv.:.;~n- ~v1,k{i i~ ~<tdf-~;nEi(~~_:smf fr{n:::~ Hi~: p{~int of vil~"i-\,. ofrh~· ~<t{"..:-~ni 

iic~_n. (c~p6:{~n :~q f<:;"<{Bi:>...:":~ ~~ :frc-:nt ('-rt{i Kt.t~f;;t.bk· fr~r p.~>~xhi:i.·iag and ~':k~clri:(: p(~,,~*~r .. ·Thx': r~n}(:~~<~ &):n:nrn~-:=~~-: ih~· t>:)<EaiD\p~it1.n 

~~hr}· th:x" f:.::t~ t~~:KJioli in r.!i..': i)~t·d ~f~; ·lht~! in thx"' .tiH:t1~K':.;.,>~~ in :frt~i •:-(: J\:':};}t~.ng. H) ti3.~ ,x~nlpf.;.;"':s.~;k:-li D.t· ~hi~ c:(}2 ~·t~qnx':~ft~f,;;;"d tip k: frt~· 

ih.s· qnitnrity ~\t'(\}2 ~~fptt:tr<:~d ~n ~h;;;;':·pri:x:e~~ H.::r:Dui~f:; tc~ S2{~l 
\fi'f) ~~Qu1p::tt~"<i ri.) 3600 i~>.r ~>prk~ti}:. (l) m:id (1.)., ~t~i:d tt:.x': 

~~yntb;,.;~~i~ g,_{i:~; H<)~~:t;;tt>..:.': in ·ih.0 .fr~:>~}:t tnd. h~ ib(n~t 2!Yi{. JH<iJXX': 

,km V!GS. l m:d 1.. (kspik tb>.;, iht ,:.:oMumpti<>,\ t;f tht 

(}(':~:J/;\.ff} ~-tn.d •i$ <:-(\J:~)J~),;.~tit~'/~ .:i.:{h.h th(~. ril~.i:U Y~)d:t(~t1t ~---:~>ptor~· 
~ng.;K-:,..':i:)tdh~t; ~<) (~-r,~tion (j \ tt,t:·J} duty •.~ftht· ftft~~m~,~~~i i~ 

(;c1::·Vin:Jipt~i-).n ~t-nd ·th~~ {:~'f)2 ~~fflitdoff:·~. indk~.:~t~d.~~°b:(~ t~)n~frk~r 

th::~ ~t:p(~rh.;..\:tl(~d.~rt.:::atnpco{i'iK~-lii-)n in..At)X. t~)t drh . .--~i~g ~t'H t'h.t 

?S tiwh3_:)~~~~~ .:·~Dd th~ prt:cdHi.:-frt1:n (~f·th,;;"- i~J•..;':t'iTk~ r~D\'.,'~f" t:~,:;,>;;':;·:·:~~f?)' 

ihr thi~ pr::x:~~~. 

·nt.bk~ 2 •.:.J:.)::r:p,:~J>h>i th:•~': }~)l}o-s~;:,~ng (~fifif!ns.: 

<.~n]y •'?5)~:f: n f G{:~tkift .( l ). ( }.) .PhH~~ ::t(::::ording_ i..:c~ frt~: h~,:•~':?Xdon .. \~:-Hh S.':\iF_ l·• .. :'(l-.R n;-; p~.c-

h) CCJ:tfk~1) (4) ~he ~.:~Bt~r~JY co·ff~lUUpd(-rn 1·.~ht~in¢'d. h k:·~~ fh~u~ ~<: f'H\. :1: .. -~n ~hi~ :fr:i}h:tv/{~1:g. v;~_d;~_nt:·,:: 

~n opt],):n (3)~ i.<=. ~:'•.pJ~tl to 6. 9 (}::..~~tl/f\JT: ~tnd ~tl::;~.; th.(: (x1::-~t :.:)f .:L ~\·i:hthx~ o-~/~'n{!l S/(~ nfi·:.c~ :<2. 7: ~h~n &:>:n:npo~<.:~d t~f u·i,s ::H~d 

the p:t:~~n~ i::-; .k:S~.--··rhh~ b~::.c~tH~~~\ -~n (5pti::jn_ t~\ {bf: qtK:t:Uhty·:.:yf 

(\)2 :-;s•;__':pf:J;;th::d ~u ih;;,,': pn: 1C.i~~~~~ ·j::;. l{~~:'; t'b~u1 i.n ::.~p-tk)n (JJ; th;;,,': 

d1ny :iJf·th~~ fi:H")Jttt~ot~ h- gn?..:lh:r th;:~n i.u ·:\1}~ ~$ t::t}ft}fi.:~n)}:h-: 

.;:r:}1ri>./dJy k:~:~· :th{~.tt (}-};. th{s:: Ht·nvr~~H:i;.\ in thi~ fh>t}i i;.~nd ~~ 

.;:r:)}rk•.tdly k?~~ th~~~} ()) ~)~·~d ~~n:~npar~>hk~ ~t:•hh { .l; .:~.ttd (2:). 
Tb~·. ~~>;;).tnpk?~ :~hi..y ... :-..~ h</\:,.. ·::i~{~ :c:1:((t:·x~l pro .. :::::·~~ i:~ rn.:.:>f;,:~ 

x~Hk':k~~Jl. ?U.d )~<)f:.H?i~thi-.:·x'; iJliJf:. ·th~? r~h~}r i~.r~ ·. 

·'"t1t::..:~· >.:?..~-~<r~tph::: ~~h;:::: d.s.:J~~·t: tht-: ~<ds.(iHt~~~~.-:..~ i:.:rf n.}<>thi~tl.n:::.;\ ~t 

rJ;:tii\ op~rntini m, pi;,r oplk,n ().}- pr,it,s::ii:iiy i.mpkm.t:,1ihig 
<<pfrm (-tj. b fa;A. hi lhis· ,_:;;1,,~ th~' d,Jty ,;f tii~, frtrn:,":,c::i, ,md 
tliit .u~)\\."?'~~tt: nr th(;~ g;~~X':~> .f'~':H\~iin :(Bhttafli~ttly nnv.;)ri~>:\ 

~);::ld.lt~: t:hi:.:> C\}:2, t~rni'$.ih>n:-> ~}f;,;_~ r:::~.h.1<:·e<L Th•;__': "in~-~~:'{tf'.Jn thu:; 

~·i,:.-:hi:-:•./t':~:: rl~.t. ·;.~t~j:t.:\ .. ·t D·t· xnia~ni~:-~·ing ·ihe (\)2 etn3.s~i(~n?~- {·;f H 

~:-(•ff",.··eu\\(•ni:. plw.it ,~t~th<H.:~ h)❖-~Hf. .w:riH)(>.Ui) g~,.r~,~i.JtJt~~lon. 

~::-

tTS~ n1:i.:::ih~in:Hnr~ ~J~ini .fr:.t~{ -s~.:tth ilo·f.:,r:.it;:: (~t-~r.t-,;':~,p~)f1-di1::9.- i"o-

lff··\, ,).flil,' dnty t,'(\!:i.::\.:,J i:ty fat: forn1K,,: 

h. ii~ for J ,1.. hnt wirht;.nt l):lrn fo~,L 
fl} Pl:~nl .:i:~~~':~)n:hBf.\"h~ lh~. h).Vt.J3H~~n~ v,:hh p::~:-.•f-:.~:nn:HH.:"I·f .:\}}{:_ 

~~~• p..;~t F)fi, J~ jn ·~h:: :ti~lh:n\·h.j:_g ~-=·~\6~:nt--::. 
~-J:~ -':-~ .. ~th fr~t{ •~)\-~}r:3U S:/C r~li.(T·<( <tfrn ci)i.np(6~>J (\r t-::frs ~it~d 

LT:S, PS/1.., ,rii\i fl.id with (!,,,,·tMe ,:,)m:,~p,irtdin,;:, k w;.;, <)f 
,v, ;h,:, dn,y rrqiJlr,:<l hy tb., funw,=";,,,: 

b .: ~l.~ ihr 2~~::, -:.,:/th'-)nt t6tn !ht~l~ \=•-::•hh tht~ S:;,;,,~l~:{A.('fx_;:/t'>.-~· ·pr::.i-.:(.~;::;.~ 

d~~~~·Ju~trt~H.n '.)f srtr-· ;n).d. tl}'f'->h·;,"';;·nn (~f (J)R. ~~)T i;{,n~-;~:rt~n~~ 
ih,:? r,i,,.id,.rnJ CO. 
(}·) Pk~Hi. H~~:>..:~)rding_ t~) th;~': ·ttn·,:(H~(:-n~ ~:.:\tJ~ P(}}L it~; p~r Ft(~. 

,1., 4 ,. i.n fa;.;, v,; riHni:s: 

~~~ ,,,,,.'·fth t.h~~ o:i;t~:".c.~Jj SJC ratl<:t·.:<!~ th"ifl. t~QiXlf~n:_;.t>d ,_;f hJrs ;~n).d 
{.:lS~ t .. N"\V (tty~t:: "!ri.J.l} ffat} ~~·ith n(~\>~-r~rk~ 1::{HTC$}X~ndin~ {(> 

i ~/::~:, :..·:.f r.i_~i,)~l}rt~d dt1"i:)' ::)f "(l}~?. n.t(C}$.:.::::~:: 

h: ;~f K:t ~~a..; y,,.:ithrn}t u-iu.1. .ft}:d .. with :;<~t~:·t·frx'i:::: <:.~tt.:~J/h'-: 
i)X~d.:~iiDn ni· (.X} (S~':k~ti)Xt??-ti: ptD . ..:·~~~) .dtJ\~:J'tsnn;~~i~n. i)_i· tho;;"' 
~hifi ;·,,'",'.liim ;;ind np:;iN,;;" ,)f th~, (\l) r,c,nw\,,11. 
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{'·():~ .l'~';:\i:::::-i::~::t:­
::, .. ~·, ::.J:r:i•,;.~ .. -L.rt 
r:..::::-'" ~~::;_,$ ::::): 

r:i'.'i:h;,;-:.:·L i• 
( >:) ~.:~ ?i:J-; :: 

ri~>~:<::s:~ 
(:0 ;:~ti> 
pr{;.::.>:%: 

t·<J~~ ~~l~ 

t.i:1,:~ :":•:·:·:,:~-.::s;;: ~.:::.::: 

... ~T.dn, fw:~r~ w~ d~?fir1~?d i.::, (h~: _p:,;1 ~x~nt .: 

lJS 

~J(J).:t ~nr~ ·~n lhx~ P.f<)(;i':~S h- fhf:· ·t;;.~Sifl\t:~:l ·n~{~th~:~n.;.: 
L\;nl•~~ni frf?he ty~::th(~~1Sc ~9Vi ptDdH~'-•;;;~J ~nth•..,;~ :froi':! ~ .. nd ~n 

(>~\·1It-l.:\:IR in ~)p-iio.n. l .. iit th~~ r:c~:-,::>~~n·itn:~~r+/\r}( .1i1 t,pt~D.n :~s 
2~ l~()}( in Dpt~~>.f: :~), ({t:Bntih~d ur--~~~n~~un. (·if (·:pt~tn1~t·i D1~::h~:.-. 
::,<Hkik 

--~r·\} ~::fip 1.n th ... ~ prfK~e·$~ g}}~,:- i~i th~~ r-c:~:-td:~.h;{ (;~ftb(:n 

:::O-.)i:tn:·:,:,.:{d•i~ i:.;:i.;nl.•;;~n:t (~r fl:iii{ ~;-ynihr~;i~ g,(i.~; d.(~'.;~··u:~H\!HB) of. 5h:: 
e'ltili: ;,;,:::::iion:, 

:-\~:((~ ~dtJ.~ h1 fh~~. pn ~~:;,;::~:~ gH(. l~ th~': r<:~Jd.u::1.1 ~:;.;.rbo:n 
d:Jox.id.i:~ ~~.)Ui.tf:..t i,:fth:~· synJhi:..:~i~- g ... f::~ dn>\'USH-c::.~H~J of tb:.~:-C()2 
f;;_~~l}:)··~hi} t;i.':t.n.:.:tr::.~ 

.~~~,::-~?rfci' t~.\)UlftK~.n.t~· f{:}5)' hx~ ffVJ.d~?. i.c;. \··i(~\"i.; -:::.r··r;:,})h? }~ 

h). thx~· t;~1~r: :·):f sr.\,ll{+)~J)< 'in ('ifd~;::n l~t: :J~{~ trhn· fHi":} ;:; 

pn·\ \·i{l'•.t:.; ~hi~ gri~{! .;:~f r:~:r(:(~f:.s;~;~~~- i )f th~·{ X)2 ~:n}~~~~i n:tt ~ 

::f'{tikl~nr th~ t:r~JB.:fi}~~1 hy ('\r:~.;r;:iag SD.:~ph:~-: fu~·i x~n:.:thk~~ 
lhc ~~rH}$~i~'->(H< t(~ b·<;~· ~i.~.:?H~fi:.::antty J~:-d.~i;._":,~d tt~ k~%~i rh~1:n: 
0, l ~~~; shD\\:n in the' -Y~5bk": fr:..r optj.<>i:t 1 h; ;5! th~~- s·;;·:JHt 

ihn•~~. ·1h(;' .~tti,:'in:tity of ~.:.:i~ftl(:·st:.:rtd (~f)Z ~n(:Ttil~~~~~ ji(!~tt '
1<: 

smn t(' SSO{J rvnn, 
tn. th~<:~}$<:: rtf St~tR·t/\l't-(, th(:- (\) :~hp in ·th~?J~tqi..x=~~ g~~::,; 

ph)'~·.k.~(~::3- thl~ ~{:tl.'.>t~.d gr(~:::::t::_:;~,;t 1x.::{Ctnttig~~ (•f th;.::. C{)2 
~~ir:3::~~:io~):,; lt} <~ptk~n l.:~-~ .:tq_d p:n/,.).-..fo~ fht/ f::,f;;.~;:<:k:-:~:1: pt~r, ~is 
i~-t'~/3t:tt;2 h:3 l)pti'n·.~~- 'th~ ~~-pp'i ~(:;:~tin·.~~- <~ f iJK~ Set~>-~t,):':t.<:t 
pro<~;;.~&:~ ·::n ~:>_ptk)n • L1 (·~r 1 b '.-V{fn!d. ~~.1:;.q_J fk:~n:H}y n.:~Jti~~::?. 

·1 h~> C.f) 2 ~~ffi.5 s~k>t}·t~-~ \h•.t (]:-14 ~Jip Fn ·t h1.; .. .r~rot~~-~~~ g_h~~- ~·: nd 
th~: ( \ )2. t;l~r ~Jl th-~~· p.:\:t.;.x~~~,. »~t~~ r~r::::.\•·:kk~:,c ;~ '3.nK}H(~t 

f\*~n:~·n:tag~: 9f th:.:~ C():1 ~~ni~t:k!-ns, ·;<: 
··Tht{· ()~-.. ;~~f<i]l t:n~~rgy ),..'•)n8\}tnJ~~kni: (:r th.0 ')fn<)B:"i h~-i~~t-d (:n 

~\fR ;ittd. P(J\: +{)!Jrifi.c~~lit>fi (2 and 3) ~.~:. d£.::>,..'idtd.ly 
:i(~ \t~~t ftmH ·th;ll ~.!f The- ~ ~pti{)t~~~ b;>:>.:~~:.;.i nn S::\·l R + .A: rR 
m.1d lh}:·~hk•; i" t?.l~~h.Jy du~~ t~) th~~ ~:y.;Jth~::;..;•)~ f:-H~; pl~tn} ... 
t~<fl~.(~.Jl ~\":::hk~h jJnpt~:)\"~~~ lh~ ~ .. :nF~~~-~i~~·~?{ H:f'tl)i::: S)':tnlxi~i~ ·\':, 
~;.x·,tk·t.~). tm:d .. :r:.-'<>~~Js. ·thx~· fiiH1>~!)~. the qt~~:~~~tit/ (4' ():)::?: 
~~~~'fd(1;~i.:"'.r::-d in th~~$t upti{)n~: (2H-.. ){i:: (:!.r 2.h~ .}b) i:; 
>.~o~:::~l.?(p.k':r:Hy {t-:·$S· fr~af1 i?~ ~}ptt!:>.i}\ } ;:t {1:f ·J h. 

·n:1(:·.<:·tnl.:s'$Jon~ •Jc.~::? h>-'th'-.~- \~~<:- ::.:{ tl:'ie: H)rn 'Hlt-:1 i.n. opt)o·n.s .2:H 
(..'\TR) and 'Ji, ,irn •)LihrnJt 20'"·,, Dhb-:: t'.:,i;l( ,.-mi;;;;i-!n~, ,:,,:: 
r~r:.~d) :k~s.:~ th;~r,; ·h1. <>t::Hi.}n 1 ;:t. hv ':~:~~·\· <~f t.:(,nh n;;;~tjnn (!f 
ftH;,": j;K~i. Hi~n rhc: h~;i~ n.~qt:i;J_;,)i by (t~)~": nxtn•:J(:0 ;Ti th~~~;;_~ 
h\:o opt~~;n~: it :ixu~h. ·1x~:~.:~ th:.=-nt ~n i?flk~f:: l,:.:L 

tn tht~ ~-:1nb•.::dhnenf$ ·,1d:th /~~fl{ ~-~r Pt}}L th~~ r\-:s1d.iJil ()") 
{HHl (]14 ~if(~ ur htgh:--;·.t ·N~h~·vm:tc\~: (·t,>fhig ~{~ thX': k~~:,,;:;_ . .;"'r :;;.-:. 

$/C: ·nit¼o ·~~l. }thkt~ .. ·\fR ;~.rtd P((K o_pet;:ih} ~~.<)~!}jX~r~~J ~q 
.S]\{lf~,~\::i:lZ; f~{);\. (>ptr~~i{":~ ~:tl :.:~ high(~r itinr~-;;~ntHri.'~": (h~fB 

.,.\TR .. \~:hkJ: r;.:.':s:t1h.:~ l.~~ ;1 ;;rti-=~~J;;.1r re$·id:n~1i' .. :nrti}t.u)~ <if 
(ll$:-.. hut h~ ~~l ~:;r:.:~::}t~tr r{:~:i::3::.~~,~ ~nnqin~t nf C\J 

Tn;;;:~~'.;t;~:i~~;:;:t\;~~'.;':1'.~';t;;::l:::t:~l.::::,t~~)~~;''.:::~i;';,,;\l;,::'.t:t~ 
:,Hr .. ,;;id hy ;)soi.di!));\ tri.m foe!, i;; t'Yid<rnL 

It th(·1.nl{l l'~~- not~"(! ttKff 'b.:>th ·p{)X .:Htd .t(rR. ~ithi:;_~\,.~ ··v~t)' 

t:\~· ,~n~i\~;~~.>.ff~; ·····x~s }(,~,f it•:. n.OS for PCf{ :.:rt~d O. t .fr~r 

ht:~ v:rith k:v...-::•(~r e:W..::r~y >..:fKt8\Hnt:~ri~>u, .:ind .th~~n5f~)T<: 
pn;:f<,r,,kk; 

·rh~:: ~:rh.:)·f~:~ :::~~~:~rnph::. :{how.~ hc:~,f ·: h~ h} '\;"}}"l.Hirtn. {$, -~)bk~ i~,~ 
:.:tcb.it':Vi:· ~:xtr<::tn~~ly ks\V (\)2 :=~nxh<o-n !~~'; ... <+::•;~ ,;,->.t.rf:st)Qnding 
w~ ;:tl.O).C:1tt ~:;:~t;~l ~:}::ptrift: ~:d~.t,l~?. tn;t).n5·.:~inin;t ~~~>~np~~t~~­
t).,,h~ .:.~i)etr~·· i:l}~1.:~1_~t)}})n~)~} h~--, .. ~h •. 

Th>: ·irr•/t:n:dc:n >)hiiHJ:~~d is:. 
l . .:-"\ 11·.t\;-,:,:~:::1~ fr~r :iytn.h.t-:~~$ (rt° ;_:ctnJno.n.i~f ffotn n:-<tW.".:~l g~k; ... 

ih,:> pt~)c,%$ ,;,)t1lprio-lng: 
t.(:;tnvt~·:-:;)(i:n. t:~f .:3:. t)~~t:t:>-=~ :t::d: dt:~·if1p:1'1::-1ri/~?d ~1;:~t~H;.~~ f/~:~. ::tr~.~J 

~H~~)D): ~~:~th (>\Yf;?:'n..:·•;~nd:..~ht~d .=~ir or ?thh (i:~ygx?-iJ ... itt.iO- ~1 

?,;:~J!h;.~:~i:~ §;i~s t:t)~1:t~1tnhlg .hydfc:)~~:~:n: t.,\) ;Jn.d Cf)/: i.n ~~ 
,~~ns•.;; ... r~:tnn ~~~i.::!k~n~ 

trt~~tfnJ~tn i).i- ~.:~i} ~yn:ff:~.:.:--:-~i:,:. g~}r tn}.":J:Hihtlg ~i~ k~:.:~.~t ;:~ :~hHt 
r~·::K:)~O.li. o.ftb:;;;~ i,:~~irl;o:(~.n .lB~>i'ii.;x~d.;:~ 'i'n.k: (\)2~. ~H:-d ~ubw.>:­
qti•;;~nt .~;tJ:tHf1H'1.(•B ,>r (:{)2 fr~1in ~he ~f}~; .. thui ()bi~3}fi.ittg ll 
(\).2,;.~:k~{~:k~t::-d :-Synrh~\~~:; tr~t~: <r{~d ~ (\)1:"d(h ?B~(Xit,i.~: 

fl•.)'<~- ~~on~;nt:iing th~~ C()2 ::;;~~p:ff~·i:f\::d. hti'B} :;~i~~~ 

~i:.:ix::titk~n of~~ p~\r~ ,:sf ....;:jd ('(.J2.-d~:plct:~:d ~:ttHh<=S~i g~t"> -:t~ 
thil wlwt,'iti ,;aid fr,d ihi,,tkw: i~ f:d. ,,~ th~l t<i 

~t;t\:~i~:l~r:~::::];~::~:~<~!~:,1~:~:{;;n ,~~i :;;; :?~~::i: 1i'.:l:,;~1~,:!~~ 
Kynth(~k• g~:::~ hHf) i:tf h~~~:;'i: i1 Fr:~t :~tr::~.:in~: ::w!.d. ~::. ~t:t.t)nd 

St.fi:.~{i.JXL .$~tfd fin•;l ~~n.d ::,;c,_:::; .. :nnd :>:;U•J:::n:fr; h~t~il::..g thi:.: s:~~(~.1~ 

tntnpf!~::~tfrn}~ ~.:,: h~~T•~ ... in · :thJ.':~ ih~'t ~:are~u:n. :i~n:nr:s. th~: n~t:::l 
{j·;:~-..Jt~)J) a.n<l the· -~).,'.~<:•>~~d ~H-;;."::~n).! ~~ PJ~)<:;;.":::~$ P:-~)·~ ~.t)~~?~~-defl 

l(~r ·JJ::.(:'. :-;ynil:l~~:$~s ~)f ~tt:Jn(:.n:kt. 
:l, "{'i'h:~ r:xc:;t:e~~ (~f ~~t<i~n ).; -:.;)1~~.rk~.)/: the .Fr~t :~"B~":~~tn K~r::r::~ 

J1:.:::' ft..1<:-i fi~~5~~-t~on <:~ .. D.~J thi:.: .::~:;:ci.'trtd. :s:tr~-:iHH i~ th<:: ph.)ce~:-~ /~~~ 
3n:U .. ::n.d:,;~d ·the ~h:.:~ ~:.(Hfh.;~~i~ ~)i· ~fB)JH•:>.H~:'~ ~-in~:r· /inth>: .. r .r-1njh­

cm:.t(~P .. 
), The- {>flX.'\~~~~• ~>f t:'htiff1: l:. '<~·-h).;,":n~in :;~iid !hd fr-:.:K~l.i~}H it: 

T~i.:::n:~\~~~:: ·i ?<;• ~u~d 40~·~, i:;T th~: to!:.:J ~HtHJtH>f (·;f :s·~t-~d C{)J ... 
d<::t~J~t\-:d. $;.,ug~1~ _ 

4. 'Th•,.:~· fH).J~.>;.;':~;:: {•if ;:,,~b'l'in t. •;,,:;:•h•.;>f.;.;':iH tiid fr{~'j: n~21:•.: . .'-fft'!B. is 
h,.:~t},.:-t~~)P: · } ((\> 8}Ud ·-~-(;~!.,·::.. of 1:he · -~~)fa\l ttr~).<J1}nt t)f s.:~/d (\)2>­

d~~)iic:t>i'=-J ~-:/n~~h·, 
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lJS l I ,286, f 68 82 

w:;{1;;\;:;:;;;;'.~t~,;;(;1;~~;;;;;;:;r;-?!:';:;;;:(~::::;;_;g:~::~:J}i;~i;~;_;;~: 
t,) th~:> $.yU\h(::{{i .:;..~~~-

~}. 'l'he pt,);;.::~f$ <::F' ~j~\ltn -~,. \'/hi:::;vl;1 s~fid th~~ H~tf<:.n i~~ 

'.'i~~t::,i:::'~;:(:r,:z;i':::!);:1,c:~::,:, ji,d\1-')rnil!<)/'.' :,\t!f.' (>1" lll)&!n~:)i:,l (,f ' 

7 .. Tlli~- pt\;C~:>:f~· l}f ~-d~lifn l.: "-'i.)){~f~?.]J~ ~~<:id. (~(t!~-d~?.pJerx~d 

;;y lt•; _1~::'n~:;;::;:~~:, ::;m;~::::::n 1101;::'.,~;~:::;1 b~-i;;:;;! ;~:;~:~'.c'.;;~;l'( :i: ;. 
i.~i )nt :in~ -~-il k~.:.:1~t _:3(t~+; ~>xyg.tm. 

~J. ·-ri~~": ·tft.>););;1{~;: of ciHitn .l ~ \>?h~:J-~"=)t~ -:;;*id ~"=n6c·b-.;.-:J ~lfr 

> ... :<)hlii:irt~:· ~it k~.~;.$.t 9~/: . .;:t (f\y~ti: .· 

i 0. ·:rh.0 prf~(":~":$~ (~f rh~~Jn t. w.hcx>i':irt ~~iid fr:.;~~i ~~f 
the ::;yntht:~l:.:. ~pr:;. Jt~:d_::; Pi}(=" •}t tn• ... ~::i:.: of :i.he :f.;H::.,-..,:;-fn":~.- ~H.ii)·~~.,, . - ~s 
t;:1:\U~(i:s;:·.~1 ;.:;;t-:~.gxt -prt:dt:cti'-).U <-n1d/(n- ;.:;;t;p~-:tht'::.{drtg fl.Jn~~:.ci=t (W~:=~ 

'1;:/;::::::},i-;[~'.-'~\~,:,/1~:-:,~:;:;::;;:::;;,::''~~\:\:.:~:'.'r~~:'\~;:r :;;;;:'.1';;::(::.:~!} 
.;Yig>nnt?.t <:~-r p~lt'ti~-d ~>~j_{i~<t}~>r! ·re::::t:k)t (~r t~<~-~t;r~i~1.-g;.).~ d;,:~~ifl~· 

r~httr{~~~ti.i(;f~ ~.:.':t.~k't~>-

ll, Th1 pr:;x,0~~ of d,,im "l. ,,.'J:i,,.::-;.;,in: \\ pt;rgt:, .g,1~ oi' th~ 

;;::~i:l;:i::::,.,~:::'.:;;~;~:: ::l,';::~:~:~~c;;:~:::;i;;;~,::;:.:~;;~~i,;''.~:~~t J;::~;1~; 
~'.~~::~:; ,:;:::: (;;;~~:iii:,'.?,/1~'.;;::

1
;::::t\

1

,g:t;d ~:~;\ :);:~ i: i:'.;::.,t~~ 
.:t~ pro•.;;..:~:~ g~1~ ;J.nd. ~;v tj;:$:;::t~d- ·tp :~:;id ~:t>.?P <)f (~'-::.u:-..:.~r;)qn of th.:.:..~ 
n;:tl:tir:a:i gH~< ~Jtrn :.:·ynti.J::.:--:~;i:~ gm:-. 

i~~ii\~~~I{~i\~}ir;~~~I~ i~i!\~~ ,, 
l4. ··tti(: J1n~~~~~:$;:; {r( .cJ.:i·h:t~ I .. ".:':·l~t:-J:"<:'.il:l th:: (i\.'~~t:iH ~hi~H-n/ 

c:t;it\\:~?;,t~!;(,'.'.: ::;?\~;;;;[~t~_,,,:tl:~,::f~;-'~'.~~~'\,::;;'.'.~if -~:~,,,mi 
~~-~rh~.::n n~~ io iti th.;;;--: t:.:{~nv&::.n:i(·i n. ~:J~..:~p- b g.n~~aH.:~r th~H3. ].)~ •. 

t {s., ~fh<~ pr.;x: . .:.~~ ·:: of -~·:-l;~i~;~ t ·'-'-;,,:'}_B~::)2~.q \h~?. :;>vt~·t;~Jl -~~ ~t~~n.1/ 

,:~fflx>n tBti~) jn ~h:.::: c(~H':.-:c::~:i~>H ~lci:f1 -t~~ }iJ,~•~~~1lc::: rhttti 2 .. 7~ 
.17. Thi~_pr~:x:(~~-~ t~f >.--:.bjn;. l~- ".:~:lE.:~r~~n 

8~dd ~yndc<:::$;8. g~.i=~ fn:i::l fi~~(tk>n fr1nB:$ ~{u •)ftiht f~l1t:l <Yf th:.:..~ 
Jur:n-~~(x:--:~; ·u:~~{l ·in ~h~ ,--:rii~,.:·er:~i~it ~,;;;--:,~tit-:t:(::~. o:r 

,l):tf :~:'.(~:~:I::~:~:~:\~::~rtt:l~;,:.:ij•f';:\::;~i--:1i:~ t;l;\;_{,;t,::: :i~:(j ;~:~: 

11L Th!l Pff!Ct?:;)~ <~f i:)~~:h)} l:. ·\\-'h.:.:t:X)~r:: 

!}!x~:I}!:};~t::;i~~;:;,::~:~:·:}~~;}E~l~E :Fi~:Iit~:~(:m;;g}i;,:~;t~[ 
cxpn"kd r,,:,11J ·:]v, p<·,x·c;::,-~, ,wd • 

ro;::;;i;,~,~:~,~;li~i::tn:,!~:::~,~~:t~f i~:~ 
e~p(:}1'.t:d frt~rrt the f)f(:~2~~:~.~-

-~ 9. T.ht~ p_r~x:.;,:~&:~ t·~f <..:l;:1j~n_ l. v•,;{i_t?:rtjn:. 

hl':'n;~i\>?t_;- ·t hx~ tn:.:-:lh~$~ :::(:}np rh,i n~r-

pn;;;~~Jn; t ,;'.;'~I,,::~1
: :'"
1;:~:;:::t '\\t; ('~; i\t\s:l .,;:(:J ~:~:;~;_t:\~: 

r,::form,:r-: 
\i~~p;:1r:~t6~:t~.r a p-;.,:~~ t'1f th<~ ~i•yntlt~~~-i-;; g:$$~ diYS\::.fi:~ir~{in:t ~::tf 

;'.;t:-:::;~~l:~:1\~:~:.;!;:; )_i;:,:~-~·~~d,i;:;,~~~:-,:~-:~~1~~-:::;'';::int:: 
;~n·:nit!ntt i..':Otn·:.;~f:~-~~>H~ 

Ji,;t:;li ~~;~~\,;;;;:j \~::;\{;(it ;;;,:l~~t 11~::~\ ~:;:::i+~:i:';:;~~'.-'\;?~i;~ 
j'.<bnL 
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The JS 44 c:r~il -..::r_;:;.:~- ~h~:i:tt and the im:btmshon t.'otli.aill~J. h-2t~m ne1ilier repi3:ce nor suppletEftlE-~- fue fiW:lg llil:d ~"t'""ttce t1fp1~a~ or t1fue.r paper,:..; as req·uir-2d h)' l.sVt-·~ ex.<.~Ji 33 
pt\)\,1de<l by kw.::ii1 n1les. of co1srt T~~ ibn:n.. apptuved Oy th~ J~Jdlt1id Coni"eren.<."'.e Df th,e Uniied States in 8~-pt.e1n.l.~- 197 4:- is, ta{~· fot· the 1.1se Qf ·tfat~ Cle:rk ~Jf Corut frn" the 
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Topsoe, Inc. 

VS. 

Casale US, Inc. 
Casale SA 

United States District Court 
Southern District of Texas, Galveston Division 

Plaintif( 
Case No.: 3:24-cv-00033 

Jury Trial Demanded 

Defendants. 

COlWPL.AINT 

INTRODUCTION 

l. This action arises out of Defendants' bad faith, fraudulent conduct aimed at 

procuring a patent on technology that they did nothrvent mid then \vielding that patent, and making 

false and misleading statements, to unfairly compete against Plaintiff Topsoe, Inc. ("Topsoe'?). 

2. Topsoe is the U.S. subsidiary ofDarrish company Topsoe i\/S, ,vhich has been one 

of the vmrld's leading suppliers of chemical processing solutions and related technology for over 

80 years. It supplies high-performance, proprietary technologies, engineering, and services to the 

chemical and oil and gas industries. Topsoe helps these industries to get the most out of their 

process and products using the least possible energy and resources and is at the forefront of 

deve I oping sustainable technologies. 

3. One of Topsoe's key envirnrnnentaUy sustainable tedmologies is its ammorna 

processes:, cunently also refoned to as blue or 1o,v carbon ammonia processes, which are used to 

reduce greenhouse gases that are emitted during foe process of creating ammonia. A.mmonia 

(NHJ) is critical in the mmmfacturing of fon.ilizers and is one of the largest volmue synthetic 

chemicals produced 111 the ,~.1orkL It is produced through a chernica.l reaction benveen hydrogen 

- 1 -
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and nitrngen at high pressure and temperah1res. The process is highly energy •intensive, accounting 

fbr up to 2~··o of energy consumption and 3°-o of carbon emissions \Vorkhvide. 

4. Topsoe is a pioneer in the field of a.mmonia technology, particularly targeting 

strategies for lowering carbon emissions, and began commercially selling and installing its 

ammonia tedmology in manufactming fa:cilities over 30 years ago. During that hme, Topsoe has 

extensively presented and published on its Iov,r carbon ammonia process and has obtained multiple 

patents protecting the technology in the United States and abroad.. 

5. Defendants Ca.sale US, Inc. and Casale SA (coUectively, "Casale") are direct 

competitors 1Nith Topsoe, and market and sell their mvn ammonia process. As described. in more 

detail belmv, in 2019 Casale filed. for a U.S. patent application claiming to have "invented" features 

of a lmv carbon ammonia process that had been used in Topsoe 's mvn process for decades. Casale 

was ,veU a•.:vare of this because, among other things, over tlle previous four years it had received 

extensive exposure and access to Topsoe's commercially installed ammonia _process while 

,vorking on revamping a factory in India that utilized the Topsoe process. Casale has also attended 

presentations where Topsoe had described these features of its a1nmon.i.a process, mduding a 

presentation in 2009, te11 years earlier. Casale received the pre-print oftlle Topsoe paper relating 

to the presentation, and. the records from the conference confmn that Casale attended the Topsoe 

presentation. 

6. Casale procured the US. patent through deception. During prosecution of the 

patent application Casale failed to disclose as prior art Topsoe's commercial process or the 

publications describing it, \Vhich were clearly material to the process Casale was trying to patent. 

Casale even failed to disclose its o\vn material prior art disclosures from many years earlier \Vhich 

- 2 -
1048 Topsoe, Inc. – EX1003 

Page 1048 of 1210



Case 3:24·CV-00033 DOCUffiEint 1 Filed on 01/31/24 in TXSD Pa;1e 3 of 35 

publicly disclosed the key feattffe it impennissibly was trying to patent and therefore precluded 

Casale from trying to patent the technology. 

7. After improperly obta1ning the patent, Casale set out to deliberately disrupt 

Topsoe's customer relationships, falsely cla.im.i.ng that it owns teclumlogy that was developed by 

Topsoe, that Topsoe infringes its patents, and that any customer employing Topsoe's technology 

would be infringing its patents as \Vell. \Vhen Topsoe asked Casale point blank \Vhether it had 

contacted any ofTopsoe's customers, Casale falsely clai1ned that ithad not. Casale bas also been 

\Vrongfully asserting to T opsoe that Tops.oe infringes the patent 

8. Topsoe accordingly brings this action to have the Court declare that Casale's patent 

is unenforceable because of the fraud Casale committed in prnctffing the patent from the U.S. 

Patent and Trademark Office ("US PTO"). ~,fore specifically, Topsoe asks the Court to declare 

that Casale's U.S. Patent No .. 11,286,168 (the '"168 Patent") and all related patents and 

applications of its family (collectively, the "Disputed Patents") are unenforceable, and to e1~jou1 

Casale from asserting the Disputed Patents any fortheL Topsoe farther seeks to recover damages 

and hold Casale accountable for its v,rrongful acts in asserting the unenforceable patents, 1naking 

false statements, and engaging in unfair competitive practices. 

THE PARTIES 

9. Topsoe, Inc. is a Texas corporation, \.Vith its principal place of business at 18050 

Saturn Lane, Suite 400, Houston, Texas 77058. 

ltl Defendant Casale US, Inc. is a Texas COJJl:Oration \Vith a principal place of business 

at 2925 Ridunond Ave, Suite 1218, Houston, Texas 77098. 

11. Casale US, Inc. resides in the Southern District of Texas at least because it is 

incml){)rated in Texas and its principal place of business is in the Southern District of Texas. 
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Casale lJS, Inc, is a \vholly o,~11ed subsidiary of Casale SA_ 

Casale SA is a privately c.wvned Swiss company \.Vith headquarters in Lngano, 

Switzerlan.cL 

.JURISDICTION AND VENUE 

14, This is an action arising under the Lanham Act, 15 U.S.C, § 1125(a) and the patent 

Javvs of the United States, 35 tLS,C. §§ 271, el seq, and the Declarntory Judgement Act 18 U.S,C 

§§ 2202 and 2202_ Accordingly, this Court has subject matter Jurisdiction pmsuant to 28 US.C. 

§§ 1331 and 1338(a). 

15. Topsoe's unfair competition daim arises under Texas state law. This Court has 

subject matter jurisdiction over that daim pursuant to 28 US,C § 1367, because it is so related to 

other claims in the action \vith.in the Court's original jurisdiction that it fonns part of the same case 

or controversy_ 

16. This Court has general pernonal jurisdiction over Casale US, Inc, due to its 

incorporation in Texas, and its principal place of business being located in the Southern Dishict 

ofTexas. 

17. This Conn has specific personal jurisdiction over Casale SA because this lavrsuit 

arises out of and relates to Casale SA 's aflnmative acts in the Southern District of Texas. A.rnong 

other things, Casale SA contacted representatives of Topsoe located in the Southern DistTict of 

Texas repeatedly through its attorneys at ZaJdi & Co, SA in an attempt to enforce its improperly 

obtained and unenforceable patent, insisting that Topsoe's an1monia process cannot he used 

\.Vithout its ,vritten consent Casale SA also purposefully directed its \-Vrongthl activities, including 

its false advertising and misleading statements, to at least one potential Topsoe customer located 

in the state of Texas to dissuade that custo.mer fmm installing Topsoe's mmnonia tedmology at its 
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facilities in Texas. Casale SA purposefoHy directed its: unlawful conduct to this district has 

substantial business conducted in this district, and published fidse advertising and misleading 

state1nents and other nnla\Yfnl act& in this district or affecting residents of this district. 

18. i\.foreover, Casale SA contrnls its ,vholly m:vned subsidiary, Casale US, Inc, v.,rhich 

it holds out as its agent Both share a ,vebsite (https://y1.rvn,v.casak.chicontacts/casak.-irHhe-\v0rk1) 

and share email domains (casale.ch). Additionally, Casale SA holds itself out as a global company 

with ·'a nenvork of representative offices and agents all over the world.'' See 

htrris:/i\>.:''\V\v.li.nkedi.n.comicotripa1Jy/casale-sa/ahom!. One of Casale SA's global offices is located 

in Houston, Texas, and Casale SA has at least one managing agent based out of Houston, Texas. 

19. Defendants, via themselves and/or their sub5idiaries or ,1ffiiiates, regularly conduct 

and transact business throughout the United States, in the State of Texas, and \Vithin the Southern 

District of Texas. In addition, Casale SA is the assig11ee of the' 168 Patent and Casale prosecuted 

the '168 Patent before the USPTO through its attorney representatives as desci-ibed belovv. 

20. Venue is proper in the Southern District of Texas pursuant to 28 U.KC. §§ 139l(b) 

and (c), and 1400(b), at least because Casale is 111corporated in the State of Texas, has its principal 

place of business i11 the Southern District of Texas and Defendants have comrnitted acts of false 

advertising in the Southern District of Texas and attempted to enforce their unenforceable patent 

in the Sou.them District of Texas. 

FACTUAL ALLJ~GATIONS 

T opsoe's Contributions to the :Field of Low Carbon Ammonia T ech110fogy 

2L Topsoe Inc. 1.vas incorporated iI11961 and is a \VhoHy oi.-vned subsidiary· of Topsoe 

A/S. Topsoe A!S \0vas founded in 1940 by chemical engineer Dr. Haldor Topsoe and is 
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headquartered in Ravnholm, Kgs. Lyngby, Denmark Uhas been a provider of industI}'-leading 

chemical processing solutions and related technologies iJ:1 the over 80 years since its founding. 

22. Topsoe, Inc. employs approximately 220 fhH time employees, including 128 at its 

catalyst manufri.cturing facilities located at Pasadena, Texas, and approximately 90 at its principal 

corporate offices in Houston, Texas. 

23. Topsoe has long been a leader in the development and commercial irnplementation 

processes to produce ammonia. Topsoe has ·worked to develop ammonia processes, particularly 

targetin2 low carbon emissions. \Vhich it currentlv markets commerciaHv under the name ~- ,.___ ' .,• ,.;' 

SynCORFM ammonia, lmv carbon, or blue ammonia, to reduce CO2 emissions for more than n.vo 

decades. 

24. Topsoe A/S 0\\:11S numerous United States patents in the field of lmv carbon 

ammonia technology, and Topsoe, Inc. is the exclusive licensee (v,,.ith rights to license to its clients) 

ofthose patent rights in the United States, 

25. Apart from its patents, Topsoe's lmv carbon ammoma technology has been 

presented at industry conterences and implemented commerciaUy in ammonia plants around the 

vmrld. 

26. An example is the 2009 Fertilizer Association of India (FA.I) iumtml Seminar 

vvhere Topsoe described aspects of its kn:v c:arb<:)ll amn1011ia process m a presentation and 

companion paper both title.d "'Energy efficiency and CO2 reduction potential i1l ammonia plants 

based on lean gas." Of particular relevance here, the presentation and paper both describe as part 

of Topsoe's process splitting the s:rnthesis gas stream ir1to two streams one of which is used as 

fuel-a key featme that Casale ,vould claim to have iJ:rvented. a decade later. 
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27. Another, much more recent example, is Topsoe's presentation and publication 

about its blue ammonia _process at the AICHE A.n:unoni,1 Safety Conference on September 13, 

2022. Topsoe 's paper entitled '"Decarbonize ,vit.h blue ammonia," and authored by Ameet Kakoh 

and Per Juul Dahl, noted that ''[m]ore than 20 years ago, i.e. before the decarbonization took off, 

Topsoe introduced the foundations for the SynCORTM concept.'' 

28. Topsoe's a:nm1onia tedmology also has been used in commercial ammonia plants. 

Topsoe designed an ammonia pl.ant for the Indian Farmers Fertilizer Cooperative Ltd. (IFFCO), 

Aonla, India. The first unit at IFFCO \Vas comrnissioned in 1\-fay 1988 and the second unit in 

December 1996. Both units are based on Topsoe's lm-v carbon ammonia technology, including 

the splitting of a synthesis gas stream into t\,vo streams of the same composition in which one of 

the streams is used as fuel. 

Casale's Knowledge of and Access to Topsoe Technology 

29. Casale has long been a,vare of To_psoe 'slow carbon ammonia technology. 

30. Casale is a regular attendee and presenter at Fertilizer Association of India (''FAI") 

meetings, attended the 2009 FA.I meeting, and received preprmh of the seminar papers, including 

the ammonia paper authored by Toprne. 1.faterials from the conference show that Casale attended 

the Topsoe presentation. 

31. Casale also gained access to the IFFCO plant in India described. above .in ·which 

Top.soe's lm:v carbon ammonia technology bad been installed. Casale gained detailed information. 

about Topsoe's ammonia technology as part of a revamp project at IFFCO in 2014. Casale was 

responsible for the design and supply of equipment for the revamp. 

32. As part of Casale's v,mrk on the IFFCO a1mnonia units, it was given access to 

Topsoe's de.sign for the ammonia units and leamed--similax to \Vhat had been described in 
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Topsoe's 2009 paper-that Topsoe's design included splitting a synthesis gas stTeam into two 

streams of the same composition so one stream could be used as a fueL 

33. Casale's bmwledge of Topsoe's \Vork. in aummnia sj11fhesis is fin-ther evidenced 

by Casale's citation to Topsoe processes in piior patent applications, including citation by Casale's 

Chief Technology Officer, Ennam10 Filippi . . See, e,g, US2012/0279033 (refe1Ting to and 

providing a diagram ofa Topsoe ammonia synthesis loop); US2019/0023565 (naming as inventors 

Ermanno Filippi, Francesco Barn.Ho, and Raffaele Osumi, based upon a PCT application filed hy 

Marco Zardi, and rejected by the PTO over Topsoe prior art references including a PCT application 

entitled. "Process for the production of axmnonia"). 

34. Accordingly, Casale has had access to, and detailed inf01mation about, Topsoe 's 

low carbon ammonia process si11ce as early as 2009, if not earlier. 

Casale's Application for and Prosecution of tbe ~168 Patent 

35_ Casale filed the application for the '168 Patent with the US PTO on August 13, 

2019, shmtly after completing its \.Vork on revamping the IFFCO _plant where Topsoe 's technology 

had been installed. 

36. The '168 Patent issued 011 March 29, 2022. 

37. The' 168 Patent-is related to EP 3,583,()67 (the "'067 Patent'} filed on January 31, 

2018. Both the '168 Patent and the '067 Patent are related t<:) EP 3,363,770 (the '"770 Patent"), 

filed on October 6, 2017. 

38. Attorneys of Dorsey & W1tii:ney LLP, including l\larcus S.. Simon (Reg. No. 

50,258) represented Casale in the prosecution of the '168 patent 

39. The claims of the '168 patent require, among other things, splitting a s-y11thesis gas 

stream into nvo streams of the same composition so one stream could be used as a fuel,just as was 
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done by Topsoe''s technology that had been in use at the IFFCO plant Specifically, claim 1 of the 

'168 patent requires "separation of a pmt of said CO2-depleted synthesis gas as fuel fraction, 

,vherein said foel fraction is fed as fuel to at least one furnace and wherein said separation of the 

fuel fraction includes the split of sa.id CO2-depleted synthesis gas into at least a fisst stream and a 

second stTeam, said first and second streams having the same composition,'' See claim L 

40. AH patent applicants and persons involved \Vith the substantive preparahou of a 

patent application have a duty of candor to disclose to the US PTO aU b10wn prior art or other 

infonnation that may he material to the patentability of the invention. 111is prior mt infonnation 

is disclosed in the fonn of an Infonnation Disclosure Statement ("IDS") Casale filed one IDS 

during prosecution of the '168 Patent on August 13, 2019, In this IDS, Casale disclosed only a 

hmited number of prior an rnferences.1 Casale did not disclose any prior art references, including 

prior uses, that \Vere attributed to Topsoe, despite being awai-e of Topsoe's low ca1'bon ammonia 

technology since at least as early as 2009 and having been extensively exposed to it as part of its 

vvork at the IFFCO plant 

41, Casale's inclusion in its chi1ns of the reqt1irement of splitting the synthesis gas into 

two streams having the same composition so one sn-eam could be used as fuel-the concept \Vhich 

it knew Topsoe was ah-eady using and had repeatedly published-played a crucial part in Casale's 

ability to procure the patent To overcome a rejection by the US PTO of its claim, Casale argued 

to the Examiner that the "distinguishing feature of the 'first and second streams having the same 

compos1tion,' .... plays a substantial role in the solution of the technical problem underlying the 

1 Casale disclosed only the foUmvingprior artreferences: (1) U.S. Pub. No. 2004/0234426; 
(·•·) l'S· Pb· N'- ·""l('!l'f;f'J7-•fQ••()-· (~) l'S' n,b N. ·""l('Jl'- 10t)""'lQlf• ··4·)YHJ.PO n..1 N' _.:.._ .,,,. U .. '0. L, ,,,.;,._;_,./-H.>L.)_, j ., .. rll. 1 0. L- .. •/•\:,., ~), l·. n-.. rtl). 1-0. 

2010/018550; (5) International Preliminary Report on Patentability for International Application 
No. PCT/EP2018/052358 completed !vfay 10, 2019~ and (6) International Search Repon fmrn 
International Application No. PCT/EP2018/052358 mailed July 31, 2018. 
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claimed subject matter. Due to the fact that a siTeam of CO2-depleted synthesis gas (i.e., a gas 

very poor in CO2 and rich in nitrogen and hydrogen) is used ,1s a fuel in the furnace, instead of a 

methane rich stieam as suggested by [the prior art] it is advantageously poss1ble to reduce the CO2 

emissions of the process if com.pared to [the prior art]." Reply to Office Action dated April 28, 

2021. 

42. At the time Casale and its lawyers made these statements, Casale knew that the 

Tapsoe ammonia tedmology included this same ''same distinguishing feature" hut intentionally 

hid this infonnation from the Examiner 111 order to secme allmvance of the patent. 

43. Casale 's strategy \Vorked, and the Examiner \VithdTevv the rejection. The 

Examiner's reason for allmving the claims was the "distinguishing foature of the first and second 

streams having the sarne composition." Notice of AUmvance dated Nov. 18,. 2021. 

Casal.e's European Patent 

44. As noted above, the European counte1pmt to the '168 Patent is the '067 Patent 

45. Europem1 Patent Office ("EPO"') procedure aHmvs for any member of the public to 

file an opposition to any patent granted by the EPO ,vithin the first nine months after the patent 

issues. Almost immediately after it was granted, Casale's '067 Patent \vas in jeopardy, An 

opposition to the '067 Patent •Nas filed by Linde AG and Thyssenkrnpp Industrial Solutions AG 

(the "European Opposition''), bringing to the attention of the EPO additional prior art that Casale 

had not put hdhre the EPO that called the viability of Casale's patent into serious question. 

46. Casale recognized the severity of the challenge to its patent from the prior art 

included in the European Opposition. Casale had not disclosed this prior mt to the US PTO either. 

As discussed in more detail below, Casale filed a "supplemental examination" in the US PTO and 

submitted the prior art from the European Opposition to the US PTO. 
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47. Both the '067 Patent and the related '770 _patent \Vere prosecuted on behalf of 

Casale by European la\v fam t,t Zardi & Co, SA ("Zardi'')_ 

48. Zardi \Vas founded in 1999 by fv-Iarco Zardi and is a Swiss lm.v firm specializing in 

intellectual property. 

49, Both the US and European patents are based on the same PCT application filed by 

Zardi, and specifically, Marco Zan.ii. 

50, Zardi also is representing Casale j11 the Emopean Opposition. 

51. Zardi, including !vfarco Zardi and Ricca.rdo Biazzi, also were substantively 

involved in the prosecution of the '168 Patent 

52. The cuITent Chief Executive Officer of Casale is Frederico Zardi. 

53. ()n infcirmation and belief, :rvfarcn Zardi and Federico Zardi are blood relatives. 

54. On information ,md belief, Casale engaged Zardi, rather than a la\v finn with no 
. ~ ~ . 

affiliation\vith Casale or its officers, to assist it in its \Vrnngful scheme to _prosecute foe U.S. patent 

vvithout disclosing the material prior art, and to attempt to improperly enforce it by corresponding 

directly V-lith Topsoe to demand a license, and to assist w·ith correspondence to at least one Topsoe 

potential customer. 

Casale's Communications ,,.Tith Topsoe Customers 

55. Unbeknownst to To_psoe at the time, Casale began communicating with Topsoe 

customers about the Disputed Patents and Topsoe's lmv carbon (blue) ammonia technology 

l• • • • l F 11 ~.., ")•">·, Jegm.mng mt 1e _•a_ ot ... { .:..:. 

56. Casale raised the Disputed Patents, including the '168 Patent, in a November 2022 

letter to at least one Topsoe customer who is plamung to develop lmv carbon (blue) ammonia 

projects in Texas and Louisiana. 
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5 7. Casale' s cormm1nications to that customer refoned to Casale' s rights in the 

Disputed Patents, including the '168 Patent and expressly represented that the Disputed Patents 

,vere enforceable. 

58. 111e one feature of the patented technology that is mentioned in the letter is the 

technique that, as Casale kne\v, has been used by To_psoe i:n its commercial installations and 

disdosed in its _publications since at least 2009 of splitting the synthesis gas stream into tvvo 

streams one of \Vhich is used as fuel. Specifically, Casale stated t1rnt the patent concerns "'a process 

for the S)'llthesis of ammonia ,,vherein part of the byrh'ogen-containing process gas is used as a foel 

:fraction to reduce the consumption of hydrocarbon fuel and, consequently, to reduce emissions of 

cmtwn dioxide." Casale represented that, according to its evaluation, ,vithout the use of th.is 

technique, "the result would any,vay be a higher plant cost and a lower efficiency." 

59_ Casal.e's letter to the custmner referred. to Topsoe's blue am.mania technology and 

T o_psoe 's 2022 AI CHE paper and presentation and attached a copy of the T opsoe 's paper claiming 

that it fell ,vithin the scope of the patent, 

60_ Casale' s c01m1nmications ,vere made to disparage and malign Topsoe by 

charncteriz.i.ng Topsoe as an infringer, as \Vell as to threaten customers \Vith patent infringement 

shoukl they choose to d.o business with To_psoe. Casale \Vas hoping to scare customers a\vay fi:om 

doing business vvit11 Topsoe novv, and in the future. 

61. The Europe.an Opposition, filed on June 8, 2022, predates Casal.e's comm1mications 

to Topsoe's customer. Casale's communications did not include any information related to the 

European Opposition of the '607 Patent, ho•.vever, nor did Casale reveal tlmt the prior art raised in 

those opposition _proceedings raised significant concerns about the enforceability and validity of 

the Disputed Patents. 
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5·::i The European Opposition, in v,.dlich the validity of the '607 Patent is being disputed, 

\Vas relevant to the contents of Casale's conum:mications at the time sent The prior art references 

cited 111 the European Opposition are material to patentability and enforceability of the Disputed 

Patents. 

63. Casale knev,i that the European Opposition \:vas relevant to the contents of the 

Casale's communications to customers at the time sent Casale kne,v that the prior art references 

cited iu the E.urnpean Opposition are n1aterial to patentability and enforceability of the Disputed 

Patents at the tin1e Casale sent its communications to Topsoe's cttstomer. 

64. In addition, no reference was made in Casale's communications to any ofTopsoe's 

prior art publications to which Casale had access, many of vvhich predate the '168 Patent or to the 

fact that Topsoe had been using the accused technology many years before the patent was filed. 

And no reference was .made to the fact that Casale had failed to put any of the Topsoe prior art or 

the prior art raised in the European Opposition vvhen it obtained the patent from the US PTO. 

65. Casale kne\v that its patent ,vas invalid and unenforceable but engaged in these 

communications regardless. 

66. Casale's statements were also false and misleading because Casale represented that 

it \Vas the only legitimate source for low carbon ammonia technology that uses a portion of the 

synthesis gas stream as :fueL Casale \Vas fully a\1.,rare that this was not true. 

Casale's Communications ·with Topsot 

67.. On February 24, 2023, after Casale began sending its false and misleading 

communications to customers, Casale, through Riccardo Biazzi of Zank sent its first 

conespondence ("First Letter to Topsoe") to Topsoe. 
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68. TI1e First Letter to Topsoe stated that Casale V-las "of the opmion that the 

S:ynCORTM process with hydrngen firing includes all the features recited, at least, m the 

independent clain1s of the [Disputed Patents J." 

69. 111e First Letter to Topsoe did not include a claim chmi or other deta.iled 

infringement analysis and instead again emphasized that the synthesis gas is split into t\vo streams, 

one of1;-vhich is used as fueL Specifically, the First Letter to Topsoe states that the Disputed Patents 

;'protect a process for synthesis of ammonia from natmal gas comprising the conversion of 

desulphurized natural gas and steam with oxygen-enriched air or oxygen, and further comprising 

that a part of CO2-depleted synthesis gas (i.e. hydrogen-rich gas) is fod as frie1 to at least one 

furnace." 

70. In a second letter to Topsoe dated June 1, 2023 ('"Second Letter to Topsoe") Casale 

pointed to the Topsoe Septe.mher 13, 2022 paper that ,~'as presented at the AI CHE Ammonia Safety 

Confe.rence, alleging its "opinion that the SynCOR process appears to include features patented by 

Casale is based on the follo,ving diagram from the paper by Kakoti and Dahl." ·nus: diagram is as 

folfows: 

"-;,·-, ,,,,,r,, 

I~ "I• H:i;:,;·,~ 
' ., ... s->: 

....... ,.~•)',•;..:,.:-,.-

~--:;❖:.;, 

'"" .... "' 

: .-..:~, :,,..:-:..:..- ····-, :.✓. .•• 

: .. ': .. , 
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71. Casale explained: '"Ihve compare the above diagrnm with claim 1 of US 11,286,168 

\Ve find self-evident that the SyuCOR process includes all features of the claim." 

72. Neither 111e First Letter or Second Letter to Topsoe disclosed that Casale atready 

had con1municated false, misleading, and disparaging statements to customers. Instead, Casale 

concealed that information. 

73. Topsoe responded to the Second Letter to Topsoe on June 13, 2023 ("Second Leiter 

to Casale"). Topsoe pointed out that the Topsoe's SynCORTM ammonia process "was ming the 

features pmvortedly claimed by Casale long before Casale filed its patents" and that a process 

identical to the one described in the diagram Casale had included in its second letter \'Vas described 

in at least the presentation and accompanying paper at the 2009 FiU meeting that Casale had 

attended. Topsoe noted that Casale had access to at least the "2009 FA.I m.eefa1g, and received 

pre.prints of the seminar papers, including the paper authored by Topsoe ... [vl:'11ich] Casale did 

not disclose , .. to the patent office.'' Topsoe also noted that Casale had direct access to To_psoe ·s 

technology implemented at the IIFCO plant when "Casale began a revamp of fTopsoe's 

technology implemented at IFFCO's: Aonla Fertilizer plant] m 2014 and completed the revamp in 

2018" and that despite this revamp being started and completed before the filing date of the '168 

Patent, the tedmology implemented by Topsoe in the plant ,vas not disclosed to the PTO. Topsoe 

closed the letter by asking Casale to advise whether it had connmuucated its infringement 

allegation to customers and if so, to identify those customers and provide copies of any ·written. 

communications. 

74. On September 15, 2023, representatives from Casale and Topsoe briefly discussed 

verbaJly Casale's allegations. Casale's US attorneys and attorneys 1-farco Zardi and Riccardo 

Biazzi from Zardi participated on the call, as did officers of Casale, Ennmmo Filippi, Chief 
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Technical OHicer, and Raffaele Ostuni, Head of Gas Technologies (v.d10 also is named as an 

inventor on the '168 patent), Topsoe asked. \Vhether Casale had communicated to customers its 

infrj11gement allegations about Topsoe's SynCORTM ammonia technology. Casale's Chief 

Tedmical Officer, Ermanno Filippi, stated unequivocally that it had not done so. This \Vas a lie. 

Casale~s Request for Supplemental Examination of the '168 Patent 

75. On February 16, 2023, shortly before its initial co1Tespondence with Topsoe and 

significantly after becoming m:vare of the Oppositions filed in the European com1teqmrt '067 

patent, Casale filed a request !t)I supplemental examination of the '168 Patent at the USPTO. 

76. Casale's request for supplemental examination presented to the U.S. Patent Office 

eleven prior art references that were raised in the European Opposition proceedings stating: 

the European counterpart (EP Patent No, 358306781) to U.S. Patent 
No. 11,286,168 \Vas challenged via tvvo Notices of Opposition both 
filed before the European Patent Office on June 8, 2022. These 
opposition proceedings remain pending before the European Patent 
Office, 1-vith the Patent Chvner having filed a reply to the Notice of 
()pposition on November 3,. 2022. Out of an abundance of caution, 
the Patent Ov,mer is submitting this Request, ,vhich includes as the 
items of inforrn.ation to be considered the references cited in the 
Notice of Opposition.. 

Corrected. Request for Supplemental Examination dated April 16, 2023. 

77, A supplemental examination is a process brought by the patent m.vner to reconsider 

a patent that was issued by the US PTO. It is an ex parte procedure in \vhich no party other than 

the patent mvner can participate. By raising this prior art in the supplemental examination, Casale 

precluded Topsoe or any other competitor frmn filing a petition for Inter Partes Revie,v ("IPR) 

\vith the US PTO raising any of the prior art that Casale had on1itted. In contrast to the 

supplemental examination procedure chosen hy Casale, in an IPR proceeding, the third party 'Who 

files the petition is alkwved to fully participate. Casale ,vanted to prevent this from occmTing so 

that it cou!d completely control the dialogue 1-vith the US PTO. 
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78. Casale did not include any other prior use or prior art reference in its request for 

supplemental examination beyond those that had been raised in the European Opposition. 

Incredibly, in requesting the supplemental. exam.ination Casale sti!J failed to raise the Topsoe prior 

mt of \vhicb it was fully a,vare. Casale did not include any reference to Topsoe's 2009 FA.I 

presentation or publication in its request for supplemental exa:m.inahou, or any other Topsoe 

presentation or publication about its lmv carbon ammonia technology. 

79. Nonetheless., even ,vithout the Topsoe prior art, and even without an adverse party 

panicipating in the proceeding, on r<.fay 11, 2023, the US PTO issued the Supplemental 

Examination Certificate, finding that there ,vas "[a] substantial ne\v question of patentabihty 

affecting claims 1 ~23"' of the '168 Patent based on the prior art referenc.es that \'Vere included by 

Casale 111 its request for supplemental examination that Casale had not previously disclosed during 

prosecution of the '168 Patent 

80. On June 28, 2023, an ex parte reexamination was ordered by the US PTO pursuant 

to 35 lLS.C_ § 257. As the name implies, in a reexamination proceeding the validity of the patent 

is reexamined by the US PTO_ That reexamination proceeding is still ongoing as of the date that 

this Complaint is being filed. 

81. Casale did not include any reference to its revamp of IFFCO's Aonla Fertilizer 

plant fiom 2014 to 2018 in its request .fbr supplemental examination or in any subsequently filed 

papers in the ex paite reexamination_ 

On November 2, 2023, Casale subm.itted an IDS in the ex parte reexam that 

included "Response letter fiom Topsoe counsel dated June 13, 2023"' and Topsoe's 2009 FAI 

paper: "'Fertiliser Policy for Sustainable Agriculture', The Fertiliser Associate of India i\nnual 

Seminar 2009, December 3-5, 2009, 10 pages." 

-17-
1063 Topsoe, Inc. – EX1003 

Page 1063 of 1210



Case 3:24-cv~00033 Document 1 FHed on 01/31/24 in TXSD Page 18 of 35 

Casale has: never retracted any of its statements to T opsoe 's customers regarding 

the Disputed Patents and their enforceability, despite knm:ving that the US PTO has no\v placed 

the '168 Patent into reexamination. because it found "[a] substantial ne\v queshon ofpate.ntabihty 

affecting claims 1-23'' and that the validity of the '067 European Patent is being seriously 

challenged in foe European Opposition. 

FIRST COUNT 

(DE CLARA TORY .JUDG~-"IENT OF UNENFORCEABILITY O:F LS. PATENT NO. 
11,286,168) 

84. Topsoe UlCOIJ)Onttes by reference the allegations set forth in this Complaint as 

though folly set forth herein. ,_ . 

85. ,An actual and justiciable controversy exists benveen Topsoe and Casale concerning 

the '168 patent 

86, Due, at least in part, to Casale' s repeated letters to Topsoe and to at least one Topsoe 

customer, there is a substantial controversy het\veen Topsoe and Casale and there is sufficient 

immediacy and reabty that Casale ,,,ill seek to assert and enforce its patents aga.inst Topsoe. 

TI1erefore, a declaratory judgment action is appropriate. 

87. Topsoe seeks a judgment declaring that the claims of the '168 Patent, and any 

related U.S. patents, are unenforceable under the doctrine of inequitable conduct. 

88. The claims of the '168 Patent are unenforceable due to inequitable conduct 

cormuitted before the US PTO by Casale, Casale's attorneys (including Zardi attorneys and r-..farco 

Zardi), attorney Simon, and Ca.sale's employees' and '168 Patent inventors' Francesco Baratto 

("Bmatto'') and Raibele Ostuni ('"Ostuni"). These individuals deliberately and kiwwin,gly 

withheld and:'or 01nitted material information from Topsoe prior mi in connection \vith the 

prosecution of the application that matured into the '168 Patent in violation of the duty of candor 
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to the PTO prescribed in 37 CF.R. § 1.56. The infonnation ,vithheld and omitted ,;vas highly 

material and 'Was withheld and omitted \Vith an intent to deceive the PTO and/or '168 patent 

examiner, as described helmv. 

89. 111e '168 Patent lists t\vo inventors, Francesco Baratto and Raffaele Oshmi 

90. The '168 Patent \~'as prosecuted by the attorneys of Dorse:y & \V1litne:y LLP, 

including I\.farc-us S. Simon (Reg. No. 50,258) ("Simon"), assisted by i\ngela Staschke and Holly 

l\fo1ton. 

91. ,As a registered patent attorney for Casale, Simon ,vas a,vaie, or shonld have been 

aware, of his duty of candor to the US PTO. 

92. Each inventor listed on the' 168 Patent was made a\0vare of and acknowledged their 

duty of candor to the US PTO and duty to disclose material 111fon11ation to the USPTO,. stating: 

I achmw!edge the dutv to disdose al.I 111fonnation ·which is material ........ ... 

to patentability as defined in 37 C.F.R. § 1.56, including for 
continuation-in-part applications, material infonuation \Vhich 
became available hen"reen the filing date of the prim application and 
the national or PCT international filing tfate of the continu:ation-in­
pan application. 

Combined Declaration and Assignment signed August 28, 2019. 

Additionally, each inventor falsely declared in violation of 37 C.F.R. § 1.63: ''I am 

the original inventor or an original joint inventor of a dai1ned invention in the above-identified 

application." Both inventors \Vere fully a,vare that the invention claimed in the '168 Patent had 

already been publicly disclosed and in the prior art 

94. Both Ostuni and Simon have been actively involved in rnrmnunications regarding 

Casale 's assert.ion of claims ofinfringeme.nt against Topsoe. Osumi and Simon were both present 

dming the Septen1ber 15, 2023, call betv,,een Casale and Topsoe. 

95, The '168 Patent has an effective filing date of January· 31, 2018. 
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96. Prior to the effoctive filing date of the '168 Patent, Casale had access to and. 

knmvledge of several pieces of prior art at1rihutable to Topsoe, including but not limited to the 

2009 Fe1tibzer Association ofl11dia Annual Seminar presentation: 2009 F.AI Paper; and Topsoe's 

technology installed 111 IFFCO's Aonla Fertilizer plant, 1.vhich Casale ,,ms hired to revamp ben:veen 

2014 and 2018. Topsoe's disclosures predate the '168 Patent 

97. Baratto, one of the t'.vo inventors of the '168 Patent, was appointed Deputy 

Depmtm.ent Head of the Syn.gas Process Depa11meut of Casale in December 2012. His duties 

associated ,vifh this position include coordinating technical proposals and feasibility study 

activities. On information and belief due to Baratto's position, and the relatively small size of 

Casale, he \Vottld have ,:vorked on or at the very least knm~•'n of the IFFCO pn~ject to revamp the 

Aonla Fertilizer Plant. Fmther, Baratto 'Nas involved in the design of Cmmle's ammonia plants, 

i11dud111g re·vamp projects such as the IFFCO revamp of the Aonla Fe1tibzer Plant Therefore, 

prior to, at the time of and after the effective filing d,1.te ofthe '168 Patent, at least one of the 'l 68 

inventors, Baratto, had direct, firsthand k:nov,'ledge of at least one piece of Topsoe prior art, 

namely, the lmv carbon ammonia processes and products embodied in the Aonla Fenihzer Plant 

that was installed by Topsoe and. revamped by Casale from 2014 to 2018. 

98. On infonnation and belief, Ostmri also had direct, firsthand knov-.rledge of at least 

one piece ofTopsoe prior art As described above, materials from the 2009 FA.I conference show 

that Casale representatives attended the Topsne presentation, and Casale received the accompanied 

paper. 

99. In addition, Topsoe has published ,md presented fiequently on its low carbon 

ammonia process and it is used commercial in many facilities world,vide, Casale and Topsoe are 

direct competitors and a\vare of one another generally in the indw~try. 
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100. TI1e '168 Patent is directed tmvards a process for syn thesis of ammonia from natural 

gas. TI1e '168 Patent includes t\vo independent claims. 

l O 1. The first independent claim of the '168 Patent is: 

l. A process fr)r synthesis of ammonin from rmtunil gas, 
the process comprisin,.g;: 

ccmver-;io.n of a charge of desulphnrized natural gas and 
steam, ·with ox:ygen-enriclwd air or with oxygen. into a 
sy11thesis gas containing hydrogen, CO and CO2: in a 
conversion section: 

treatment of said synthesis gas Jncluding at least a shift 
reaction of the carbon mouuxide into CO2, m1d subse­
quent separation of CO2 from the g;;ts, thus obtt1ining a 
CO2-depleted synthesis gas and a CO2-rich gaseous 
flow containing the CO2 separated from the gas; 

separ-ation of a part of said CO2-depleted syntl1esis gns as 
Ihc 1 fraction, ,vherein said fuel fraction is fed. as fuel to 
at 1eaffl one furnace and wherein said separation of the 
fnel fraction includes the split of said CO2-depleted 
synthesis gas into at least a first. stream and a second 
stream, said firnt and second streams having the smnc 
composition, wherein the firnt strcarn fnnn::; the fnd 
frm::tion and the s,·rnnd stremn is proct.-ss gas :int.::·n<lcd 
fbr the S)11lhc:'lis of ammonia. 

Ex. 1 at col. 18. ll. 38-57. 

102. The second independent claim of the '168 Patent is: 
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:ll, A mt.ithod fnr nA.-·mnping ;;i pbnt for :-;vnthc~is of 
M1Hnm1h:J from .m.lt1..nal gas or aii;monia/urca plu;1t, \vhen::'.in 
the phnt inch.Ide~~ u r;;_~frlrrning iK>ctinn that includes n pri­
lWlf)' f>lt~mn refim111.x and an air~Hrcd seco1Kkffy r.:._dimm.::r; 
and a section h)r t.n:-atment of the s:vnllK·si~ uas bv a shifr ,,., , ... · ,. 
1\:'.,Ktion of cm·bon .mo.n(>Xidc .rntn ,~iirbnn dioxklc, ,rnd 1:k't.'.nr~ 
bonalion; tfa.i mciho·d comprising: 

providing B f1mv nf enrk'.hed air or oxyg.,:.:n and vsing ~dd 
.tk~\V n1 oxklHnt1 irn,hxtd cif nir, for the ~,~'.Y!lldary 
reformer; 

:wparnting ,:i pmt of the ~yntlK'sis gas, dov.--m~tn.::~mn of 
dec.:arl:xmaHon, for u;.;e as foel fh.u:::t.ion: and allocating. a 
rem.;_:iinjng pr(J-Cess frw;.'.fion of the syntb;!~is gtJS Ji)r 
nim.n.nnia con vers:.ion: 

foi;.'tlin.g ~dd fm.>l fi:-,K~tkrn of1ht gas, \vhkh has a tcduc,xi 
CO2 cnnlcnt, ,% fnel fi..1r m ]cf~st one thnmce c,f the 
plan.L 

Ex. 1 at coL 20, 1L 22-38. 

103. As is apparent from the claims above,. a key element of both claims is separating 

out the svnthesis gas i11to t\vo strean.1s. one of ·which .is then used as foe1. 
--.' ....... ·' 

104. During prosecution of the application that eventually issued as the '168 Patent, 

independent claim 1 was independent claim 19 and independent <.'.laim 21 was independent claim 

39. The patent Examiner initially rejected both daims as obvious under 35 U,S,C. § 103 in light 

of Reddy et a.I (US 2004/0234426) in vievv of a much earlier filed patent mvned by Casale, Osnmi 

et al (1JS 2016/0115017 Al). Office Action dated April 28, 2021. 

105. In response, Casale argued that "[t]he PTO h:a[d.] not established aprimaf<1cie case 

of obviousness against independent claim [l] because, at a tninjmum. the PTO ha(d] not 

demonstrated that the cited references teach or suggest . , . 'separation of a pa.n of said CO2-

depleted synthesis gas as thel fraction .. , v.rherein said separation of the fuel fraction includes the 

split of said CO2-depleted synthesis gas into at least a first stream and a second. stTeam, said first 

and second streams having the same composition." Response dated Oct 22, 2021. (e111phas.is in 

original). Casale d1stinguished Reddy on the basis that Reddy did not split the synthesis gas into 
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two streams having the same composition, but rather into "an hydrogen rich stream and a methane 

rich stream." Casale argued that the "distinguishing feature ofthe 'first and second streams having 

the same composition,' ... plays a substantial mle in the solution of the technical problem 

underlying the claimed subject 1natter.." This is because using the CO2-depleted sy1.1thesis gas 

rather than a methane rich gas (as Casale argued ,vas taught in Reddy), reduces the CO2 emissions 

of the processes disclosed in the '168 Patent 2 

106. At the tirne Casale made these statements, it was \vell a,vare that the Topsoe knv 

carbon ammonia technology included this same "distinguishing feature" but intentionaUy 

concealed this infonnation from the Examiner in order to secure allowance of the patent. 

107. Casale" s concealment strategy \.vorked, and the Examiner vvithd.rew the rejection. 

111e reason the Examiner gave for allmving the claims was the "disting11ishing feamre of the first 

and second streams having the same composition." Notice of Allm,;,.r,.mce dated Nov. 18, 2021. As 

a result, the claims were allowed as originally filed~ Independent Claims 1 and 21 in the issued 

patent are identical to independent claims 19 and. 39, respectively, filed in the preliminmy 

amendment on August 13, 2019. 

108. The 2009 FA.I Paper states that '''Various sche.1.nes for optimizing the ammonia 

process in ordeI to minimize the ene1:gy consumption as ,..vell as the em.i.%ion of CO2 ,..vill also he 

2 Casale did not make a separate argmuent directed towards the obviousness rejection of 
independent claim 21, but instead. argued that in light of the arguments distinguishing Reddy in 
vie\v of Ostuni, ''the other rejections to the claims [were] moot and [ didJ not, therefore, need to be 
addressed individually." \Vhile Casale ack.nmvl.edged that independent claim 21 did not 
specifically claim that "said first and second. streams having the same composition," it claimed this 
!.imitation was implicit. Casale contended that, in daiming that "separating a part of the synthesis 
gas, dmvnstream of decarbonation., for use as foel fraction, and allocating a remaining process 
fraction of the synthesis gas for ammonia conversion" and incorporating the argument as to claim 
1 by reference, it is: in1plicit in the lang1rnge of independent claim 21 that the synthesis gas is 
separated into tvw streams having the same composition. 
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discussed in detail." This reference specificaUy discloses using part of the synthesis gas stream as 

fuel, stating that: "an excess of synthesis gas is produced, and this excess synthesis gas is used as 

foe! in the priinary reformer." As specified by Casale in d1stinguishing the Reddy prior an 

reference, the purpose of separating hvo streams of sy11thesis gas, one used as f1.1el and one used 

for ammonia production, '"plays a substantial role in the solution'' provided in the '168 Patent 11ie 

2009 FA.I Paper discloses that the excess syngas used for fuel and the gas used to produce ammonia 

can be from the same source gas (e.g., have the same composition). The reference explains: 

''excess synthesis gas is produced, and this excess gas is used as fael 111 the primmy reformer." 

Therefore, this reference is highly material to the patentahility of the '168 Patent and should have 

been disclosed during prosecution. 

109. The 2009 FAI Ammal Seminar presentation discloses substantially the same 

infonnation as disclosed in the 2009 FAI Paper, and includes the belmv figure, ,vhich shows the 

excess syngas being recycled back to the primary reformer as fuel. Therefore, for the same reasons 

as discussed above \Vith respect to the 2009 FAI Paper, th.is reference is highly material to the 

patentahihty of the '168 Patent and should have been disclosed during prosecution. 

w 
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110. In addition, as pmi ofCasale's \Vork on revamping the IFFCO ammonia units fi-om 

2014-2108, it was given extensive access to Topsoe's design for the ammonia units and learned 

that Topsoe's design included splitting a synthesis gas st.ream into tvrn st.reams of the same 

composition so one stream could be used as a foel. Therefore, this infonnation is highly material 

to the claimed subject matter of foe '168 Patent and should have been disclosed dming prosecution 

of the ' 16 8 Patent 

111. Despite Casale' s dear and undeniable knov,,ledge of the numerous material Topsoe 

disclosures that predated the ' 168 Patent, no reference was made to any prior art disclosures 

att1ilmtable to Topsoe during prosecution of the '168 Patent. 

I 12, Casale also did not disclose any of the T opsoe prior mi references or T opsoe' s low 

carbon ammonia process that ,vas j11 commercial use wt1en Casale filed a request for supplemental 

exan1i11ation of the '168 Patent Casale funher did not disdose its revamp of IFFCO's Aonfa 

Fertilizer plant from 2014 to 2018 after filing or dunng the pend.ency of the ex parte reexamination, 

113. Casale intentionally omitted and only finally submitted the Second Letter that 

Topsoe had \Vritten to Casale and the 2009 publication referenced n1 the Second Letter to Casale 

111 an IDS filed on November 2, 2023 in response to the reexamhrntion non-fhial Office A.ction. 

Casale finally did so because it kne\.v that Topsoe \Vas avvare of the reexamination and Casale 's 

duty of disclosure to the USPTO. 

114. Casale's disclosure during the ex paiie reexamination of the Second Letter to 

Casale and the reference cited in that letter, Topsoe's 2009 publication of '"Energy efficiency and 

CO2 reduction potential in ammonia plants based on lean gas" shows that Casale knows and 

understands that Topsoe's disclosures of its ammonia teclmology and the teclumlogy used in the 

IFFCO plant ,vere material to patentability of the '168 Patent and are prior art to the '168 Patent. 
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Therefore, Casale>:; kno,ving and intentional nondisclosure of these prior art references, and its 

access to Topsoe's technology implemented in the IFFCO plant constit11tes an intentional and 

nmterial nondisclosure. 

115. Casale kI1e,v of the materiality of the Topsoe prior art references before, during, 

and after prosecution of the '168 Patent The '168 Patent has an effective filing date of January 

31, 2018, shortly after Casale completed. its revamp of IFFCO's Aonla Fertilizer plant Casale 

began sending communications to customers h1 the Fall of 2022, shortly after the 'J 68 Patent 

issued on March 29, 2022. 

116. Casale's disclosure of the Second Letter to Casale and the 2009 publication 

referenced in the Second Letter during the reexamination does not, hm:vever, satisfy its disclosure 

requirements before the 1.JSPTO. 

117. In addition to not disclosing the Topsoe prior art references, Casale ,vithheld its 

mvn material prior mt disclosures during prosecuhon of the '168 Patent including at least 2012 

l\,fEGAl\.HvIONIA®- the Mega-Ammonia Process: the Newest Trend in the ammonia Industry. 

118. 2012 l'vrEGA1v1l\10N'IA·'.E· - the Mega-A111111011ia Process: the Ne'Nest Trend i.11 the 

ammonia Industry discloses a process in \Vhich CCh is renmved frmn synthesis gas and split into 

two stream.s, one stTeam intended for synthesis of ammonia and one stream intended for use as 

fuel. 

119. This Casale prior art reference \Vas published prior to the effective filing date of the 

'168 Patent and is therefore prior art to that patent The reference is highly material to the da.ilned 

subject matter of the '168 Patent and should have been disclosed during prosecution of the '' 168 

Patent 
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120. This reforenc.e ,,vas published by Casale. Therefore, it is undeniable that Casale 

kne\v of this prior mt reforence hdbre, at the time of: and after the filing date of the '168 Patent 

121. Despite Casale's dear and undeniable knowledge of its own m.aterial disdosme 

that predated the '168 Patent's effective filing date, no reference \Vas made to it dming prosecution 

ofthe '168 Patent. 

1 J ') Casale dearly kne,v that its mvn prior art references are material piior art to the 

patentability of the '168 Patent as Ostuni et al. (US 2016./0115017 Al), a patent application also 

mNned by Casale and invented by Ostuni, \Vas cited in the obviousness rejection of the '168 Patent. 

123. Similarly, in Casale's US2019/0023565 (vvhich names as inventors Enna1mo 

Filippi, Francesco Baratto, and Raffaele Ostuni and originates fiom a PCT application filed by 

Marco Zardi) Casale disclosed its ov;,rn prior m1 references, and tlle US PTO cited Topsoe prior an 

references 1.vhen rejecting the cl.aims presented by Casale. Thus, Casale knev,r its mm prior art 

references, as ~.vell as Topsoe prior art references vtere material to patentability of the '168. 

124. Casale's failure to disclose the Topsoe prior mt references and its ovvn prior ait 

disclosure during the initial prosecution of the '168 Patent v,/as done k:no\vingly and i11tentiouall:r, 

·with the intent to fraudulently obtai.i.1 the '168 Patent hy \Yithhold111g material prior art. references. 

Th.is therefore constitutes an intentional and material nondisclosure. 

125, Intentional nondisclosure of material piior a.rt during prosecution of a patent 

apphcation constitutes inequitable conduct. 

126. Inequitable conduct dming prosecution of a patent application renders any resultant 

patent unenforceable. 

127. AJl non-duplicative relevant prior mt must be disclosed and filed during prosecution 

of a patent application. An explanation for not .submitting any relevant prior art must be included 
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during prosecution of a patent apphcatiotL No such explanation \Vas filed during prosecution of 

the '168 Patent as to the nondisclosure of the Topsoe references or the Casale references that \~'ere 

knmvn to Casale. 

128. At least attorney Simon, inventors Baratto and Oshmi, and rvfo.rco Zarrli '\Vere mvare 

of ceita.in Topsoe and Casale prior art and the materiality of Topsoe and Casale prior art to the 

claims they \~'ere pursuing in the ' 168 Patent and intentionally ,vithheld that information iiom the 

US PTO. 

129. Casale's, Casale's attorneys, attorne:v Simon's, and Casale's employees' and '168 

Patent inventors'' Baratto and Osi1mi failure to disclose material infonnation to the US PTO \Vas 

done knowingly and intentionally, and ,,vith intent to deceive the Examiner and the US PTO into 

issuing a patent even though the '168 Patent's claims '\Vere not patentable or ,vhich would be at 

risk of not being paten.table due to material disclosures in at least T opsoe and Casale prior art 

130, Casale, Casale's attorneys, attorney Simon, and Casale's employees and '168 

Patent inventors' Baratto and Ostnni engaged in this conduct to avoid the Examiner rejecting 

claims of the '168 Patent so that Casale could monetize its intellecnwl property through litigation 

against other rnembers of the industry,, to monetize the intellectual property of Topsoe tllat Casale 

derived from its access to Topsoe's processes as ,vell as to recapture technology that already was 

part of the public domain. 

131. ,As a result of the m1enforc.eabil.ity of the '168 Patent and Casale's assertion of the 

'168 Patent and allegations of infringement of the '168 Patent against Topsoe and its customers, 

To_psoe has suffered and will continue to 'mffer hano and seeks declaratory judgment of 

unenforceability of the '168 Patent, and any related US. patents. 
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SECOND COUNT 

(UNFAIR COMPETITION 1\l~D FA.LSE ADVERTISING UNDER THE LANH.Al\i ACT) 

l 32~ To11soe i11co11x1rates -b~l reference the allegatio11s set fo1il1 i11 tl1is (:0111.plaint as 

though folly set forth herein. 

133. ·'Any person ,~.rho, on or in connection \vith any goods or services, or any ('.OUtainer 

for goods, uses in commerce any word, tenn, name, symbol, or device, or any combination thereof, 

or any false designation of origin, false or misleading description of fact, or false or misleading 

representation of fact, ·which--,is likely to cause confk<,.ion, or to cause mistake, or to deceive as to 

the affiliation, connection, or association of such person \Vith another person, or as to the origin, 

sponsorship, or approval of his or her goods, services, or commercial activities by another person, 

or i11 co.mmercial advertising or prornotion, misrepresents the natm-e, characteristics, qualities, or 

geographic origin of his or her or another person's goods, services, or commercial activities, sha1I 

be liable in a civil action by any person v,rho believes that he or she is or 1s likely to be damaged 

by such act'' 15 U.S,C. § l 125(a}(l)(A)-(B)_ 

134. Casale's comnm.nications to at least one Topsoe customer in November 2022 

compared its blue ammonia technology, ·which it falsely claimed ,vere covered by the Disputed 

patents, v,rith Topsoe's blue ammonia technology. Casale's communications falsely claimed that 

Topsoe's blue ammonia technology infringed the Disputed Patents, including the' 168 Patent and 

that the '168 Patent. •.vas valid and enforceable. Further, Casale falsel_y claim.ed that Casale ,~.ras 

the only Iegitim.ate source for low carbon ammonia technologies that uses a portion of the synthesis 

gas stream as fuel. Casale kne\Y, hov,'ever that these co1mnuuications were false and misleading: 

Casale kne,~' that the '168 Patent was invalid and unenforceable and that it \Vas not the only 

Iegitilnate somce for tfos technology. Casale also knew that its '067 Patent, -..vhich it specifically 
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referenced in its comnmnications \vith the customer, \Vas the subject of the European Opposition, 

\Vhich was filed four months earlier in Jlme 2022 and had raised serious _prior art invalidity 

concerns regarding the Disputed Patents. Thus, Casale misrepresented the nature, characteristics, 

and qualities of both Casale's products and ofTopsoe's products. 

Despite Casale's bmwledge of its inequitable conduct and the resultant 

uneuforceabihty of foe '168 Patent, it still engaged in a course of conduct in \Vhich it asserted its 

1menforceable patent rights against Topsoe and notified customers of its patent rights, falsely 

daiming that its patents ,vere valid and enforceable. 

136. Casale, in asserting its unenfbrceable patent rights and specifically stating that they 

\Vere "enforceable," despite kno\ving that the Disputed Patents are unenforceable, if not also 

invalid, has acted in bad faith and ,vith rnalice. In so doing, Casale's actions are not guarded from 

liability nnde.r the Lanham Act. Casale has acted with .malice and specific intent, as it had 

knov-lledge of the falsehood of its statements a11(Vor m:.'.ted with reckless disregard for the truth and 

made the statements regard.less, 1Nith the intent to cause harm to To_psoe's reputation ,md business. 

137. 111e false state1nents made by Casale as set forth here, constitute material 

misrepresentations and.io.r omissions of the nature, characteristics, and qualities of Casale's and 

Topsoe's goods, services and/or cmmuercial activities, and are thus in violation the Lanham Act, 

15 U.S.C. § 1125fa). The statements were intended to mislead or confuse consumers and direct 
u ' • 

them to Casale's products instead ofTopsoe's products, 

138. Casal.e's comm1.mications constitute m1fafr competition. under 15 U.S.C. § 

1125(a)(l)(A). Casale's conm1mrications included false and misleading descriptions and 

representations of facts, including the enforceability of the Disputed Patents and their 

infringement. These false and rnisl.eading descriptions and representations of fact \Vere made ,vith 
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knowledge of their falsehood and 'With the bad faith intent to cause confusion and mistake as to 

the ability of Topsoe and its cm,tomers to make, use, sell, and offer to sen the Topsoe's lm.v carbon 

(blue) m_mnonia products and processes and v,rere likely to cause such confusion and mistake. 

139. Casale's conm1m11catio11 to customers constitutes commercial advertising or 

promotion as it constitutes corrm1ercial speech by a competitor \Vith the intent to influence 

consmners into buying Casale's services rnther than Topsoe's. Casale's communication to 

customers constitutes sufficient rlissemimition to the rek;,rant purchasing rmbhc to constitute 

advenising \Vithin the relevant imlustty. Here, the relevant market for purchasers of lmv carbon 

ammonia technology is incredibly smaH, with limited customers offering only a small number of 

very large pr1..~jects that •;,:.,rill typically take years to install. Therefore, Casale's communication to 

customers, even in a vatum11, com,,titutes coffunercial advertising and promotion ,vithin the scope 

of the Lanham Act Casale engaged in a course of conduct specifically to interfere with Topsoe's 

relationships v.,rith its customers by notifying at least one customer of Topsoe' s alleged 

infringement, and creating uncertainty as to Topsoe customers' abilities to do business \Vith 

Topsoe v,rithout liability. This conduct is v,rell \:Vithin the scope of cmnmercial adve1tisi11g ,md 

promotion. 

140. Casale's actions took place in interstate commerce. Casale, ,vhich is a foreign 

corporation, and vvhich has a United States headquarters in Texas, sent a letter to at least one 

customer ,vifh operations in the U.S. and in this District, about use of Topsoe's blue ammonia 

technology in projects on the Gulf Coast in Texas. Additionally, Casale has caused its blue 

ammonia technology products to enter interstate commerce, including through its proposals to 

customers in the U.S. 
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141. Casale's co1m1mnications deceived and/or had the capacity to deceive customers. 

As a result of Casale' s communications, at least one customer is under the impression that Casale 

ow'r1s valid, enforceable, and exdusive rights to lmv carbon (blue) a.mm.onia technology. \Vhich is 

not true. 

142. Casale's coIImmnicahons are material and likely to int1uence the purchasing 

decisions of customers. As Casale \vell kne,v, customers for blue ammonia technology \:vould be 

mnvi!ling to make the large capital expendimres needed to lmild or re,rmnp an ammonia plant 

under threat of patent infringement (even when that threat is unfounded). Therefore, the false 

statements in Casale 's communications ,vere likely to influence pmchasing decisions. 

143, As a direct and proximate result of Ca sale's fillse and misleading statements in the 

marketplace, Casale caused economic injury to Topsoe; Casale 's false and misleading statements 

have caused at least one customer to ,vithhold trade from Topsoe. 

144. Further, as a direct and proximate result of Casale's false and misleading 

statements, Topsoe has suffered, and will continue to suffor, monetary damages, and seeks 

recovery, in an amount to he proven at trial, to compensate forCasale's false advertising and unfair 

competition. Casale's false advertising and unfair competition ,vill contilme to damage Topsoe, 

causing i1Teparnble hmm for \.Vb.ich there is: no adequate remedy at hwv, unless enjoined by this 

Court. 

145. Casale acted in bad faith, .i.ntentionall.v, ,...-ith knm"''Iedge of, and in vvillfill and 
. J• ~ . 

conscious disregard of Topsoe's rights, in misrepresenting the nature, characteristics and. quahties 

of Casale's process and its illicitly obtained '168 Patent and of Topsoe's process. Topsoe is 

entitled to injunctive relief and to the recovery of all available damages, interest, attorneys' fees, 

costs, enhanced damages, and Casale's profits. 
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146. This is an exceptional case \Vithin the meaning of Section 35 of the Lanham Act 

15 lLS.C § 1117. 

THIRl) COUNT 

(COMl\'ION LA \V Ul'<fFAIR COMPETITION) 

I 4·7 ~ ToJ;.1soe incorporates l~): refere11ce tl1e allegat.io11s set fiJttl1 in fllis C~o111plaint as 

though fi.11ly set forth herein. 

148. Topsoe alleges he.rein faat the daim for common lwN unfair competition arises out 

of the same facts that support Topsoe's causes of actions for the Lanham Act violations. Therefore, 

Casale"s actions give rise to an actionable cause of action for common la\v unfair competition. 

149. As described in Topsoe's L,mham Act claims, Casale has, among other things, 

knmvingly made false and misleading representations to Topsoe 's customers regarding the validity 

and enforceability of the Disputed Patents and theiI alleged infringement. These false and 

misleading descriptions and representations of fm:.'.t ,vere made ,~,ith k11mvledge of their falsehood 

and with the bad faith intent to cause confusion and mistake as to the ability of Topsoe and its 

customers to make, use, sell, and offer to sell Topsoe's lmv carbon (blue) ammonia products and 

processes and \Vere likdy to cause such confusion and mistake. As a result of Casale's unfriir 

competition, Topsoe has suffered monetary damages, and seeks recovery, in an amount to be 

proven at trial, adequate to compensate for Casale's false advertising and unfair competition. 

Casale's unfajr competition ,viH continue to dmnage Topsoe, causing irreparable harm for \vfoch 

there is no adequate remedy at lmv, unless enjoined by this Court 

150, As a direct and proximate result of Casale's false and misleading statements, 

Topsoe has suffered, is suffering, and '-Vill continue to suffer immediate and continuing ineparable 

inJm.y for which there is no adequate remedy at lmv. 
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151. On info1mation and belief~ Casales false and misleading statements are knowing 

and vvillful, flagrant, and/or \:vith intentional disregant as to the tme natme of the product it offers. 

Topsoe is entitled to an ,:nvard ofpm1itive damages. 

PRAYER FOR Rl~LIEF 

\VHEREFORE, Topsoe prays for judgment and seeks relief against Casale as follmvs: 

A. For declaratory judgment that Casale's '168 Patent, and any related U.S. patents, 
are unenfon::.eable: 

B. for judgment av,mrding attorneys' fees pursuant to 35 U.S.C. § 285, or othenvise 
permitted by hn,v; 

C. for judgment m.varding to Topsoe all gains, profits, and advantages derived by 
Casale as a result of its ,vrongful conduct; 

D. for judgment awarding monetary damages suffic1ent to compensate Tt:)psoe for the 
harm suffered as a result of Casale\; ,vrongful conduct; 

E. for a judgment awarding enhanced damages and/or attorneys' fees pursuant to 
15 U.S.C. § 1117; 

F. for a pernianent injunchon that: (a) enjoins Casale, its officers, agents, servants, 
and employees, and an persons i11 active concert and participation with them, 
including their affiliates, from fuxther disseminating the false and misleading 
statements in any fo1m or medium, making the disparaging claims in any form or 
medium: and (b) requires Casale to \Vithdraw, retract, and./or retrieve all the 
offending false and misleading statements and. disparaging claims; 

G. for a judgment a\varding punitive damages for Casale's unfair competition; 

H. for judgment awarding costs of suit as ,veil as pre- and post-judgment interest; and. 

L forjudginent awaiding Topsoe such other and fi.nther relief as the Comt may deem 
just and proper, 
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DEl\,L\l"'D FOR JURY TRIAL 

Pmsmmt to Rule 38(b) of the federal Rules of Civil Procedure, Topsoe hereby demands a 

trial hv jurv of this action. 
~ - -

Dated: January 31, 2024 

Kenneth A .. K1n;vayti (pro hac vice forthcoming) 
1-forrison & Foerster 
755 Page 1vfi11 Road 
Palo Alto, CA 94304 
Tele-phone: (650) 813-5688 
Email: kkmvayti@)mofr)_com 

Berkeley fr Fife (pro hac vice forthcoming) 
rvforrison & Foerster 
755 Page }.,Jill Road 
Palo A.Ito, CA 94304 
Telephone: (650) 813-5626 
Email: hfife@mofo_com 
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Respec.tfolly submitted 

By: /,../ Robert Riddle 

Rdben R. Riddle (attorney-in-charge) 
Texas Bar No. 24035495 
S.D. Tex. No_ 1553007 
Telephone: (713) 469-3881 
Facsimile: (713) 469-3899 
Email: n:iddle((ti-eedsmith. com 

Daniel A villa II 
Texas Bar No_ 24109601 
S.D. Tex. No. 3365513 
Reed Smith LLP 
1221 t.foKinney Street, Suite 2100 
:1-Iousto.n, TX 77010 
Telephone: (713) 469-3869 
Email: davila(g)reedsmith.com 

Jennifer Black (pro hac vice forthcom111g) 
Reed Smith LLP 
1717 ,Arch Street, #3100 
Philadelphia, PA 19103 
Telephone: 215-241-5460 
Email: jhh1ck(gneedsmith_com 

Counsel.for PlaintiJI 
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US 11,286.168 B2 
1 

PROO~SS FOR IHE S'fNIUESIS OF 
AM'.\-:IONIA \VJTH LO'\V EMISSIONS OF 

C02IN .ATMOSPHERE 

HELD OF APPLIC,\TION 

·n1e invi.'nthm rdates to ihe Jidd of ammonia S)'.n!hesis 
p!ams fo·d wi1h n;,turnl ga~ (NG.1. 

PRIOR /\RT 

2 
for n ~1m1!l mnount or the tot~il fu"'l and d,,cs 1101 solve the 
pmhkm ,1f th,~ CO2 ,~mb,ions i.n th,~ ,itmn,phcn,~. 

SlJMl\.,lARY OF THE JNVENTION 

The object of the invention b to pN)Vide a rndhod fr1r 
conduniJ1g ,immo1Ji;J symhes.i$ pr<.x:ess,:,s ,viih CO2 emi~-­
si,111, into tht' atmosphers~ ,vhich arn grct;tly rnduced com­
par;.;~J to ihe prior art Another object of the invC;ntfon. is. lO 

11l provide a m.:'lhod !i:ir rcv,m11)ing the existing. plants, ,rf th" 
type using nir-f<.xl ~ccondary reformcry, ab!;;, to K~Hi:t: drnli­
fo:aHy the CO2 erni½siom; imo lJ1e atmo~pherc. 

111>~ ohj,~t$ ;n-e ;jchievcd with a proc,J55 and 11 rnvamping 
me1hod an:cmling to !he daims. 

'Il1e ammonia !l}1llh:t'$iS phmts of ,he type (:onsidered heri.' 
,x,mpri.se a sio--ction ml,ipKxl to convert ilw n:::t11rnl ga& in:to ,t 
mike-up ga~ cont:::ining :tiydmgrn and nJ.tmgcn. ;md ::: ~yn· 

j 
IS 

ftle,;is :;~~,tion vdwrern s,iic mak.e--up g;,:; Nllds camlyilc:ally 
A.ccording to the inventi,m. il process for synth",;i" oJ 

rann1011iH .ih:nn nz~tu.ral ga~ cnn:t,p6se:;: 
al high pressure to produce anminnia. 

·me s,~ction whid1 generate$ $,tid make-up gas ·is. R~.!ened 
coiiv,:.:rsiofl of ,i charge of de:,ulplrnm:ed namral gu~ mid 
st,~aru, with ox:yg,m,emkhed ,,ir or IYii.11 o:'(.Ygen, to form a 
synthesis g,,~ containing hydrog,~n, CO and CO2; to in the k<:lmkal language clS 111c "'front end". The K·rm 

"h,1ck end"' i~ im1;:;,-;,d used i.<_) dt'B<)lic' Hw "i-et:tio.n fr,r nmmo11in 
;;yntht',i :<. and the re~pettiiie cnoling ;;,~d.ion inicndi:'-<l tn ,,,x,J 
the 1:ffltK'lJt .<)f the synt.hcsb ,,,;-et ion in nnkr io ~epDwie t.lK 
ammonia. 

In the fixmt "nd, th.:' desulplrnrized 1wtllrn1 gas m1dergo"~ 
reforming, R'$Uhing in a g,as ,,oniaining t:S$<mtia\ly hydrn­
g,~n, carbon mnnoxide CO ;ind carbon dioxid,~ CO2 Said 
giis then 1m.dergoes a ~hiJ1 relldion whi'-,h cmi:verh CO into 
CO2:. remMal of CO2 (decarbonmion) and preferably 
rndhanation. 

.2 1:i a 1n:a1rnent of said ~ynth.:',;i~ gas comprising at leasi o.ne shift 
reactinn <Yftht' c:nbon monnx:ick into CO2, ,md ~1ihs¢qlK'nt 
gepawtion of CO2 from th;.; ga~, Orn,; ohiaining ;; C02-
depkted synthesis gas and 11 C02.•rkh gaseous flow con-­
l.,ining the CO2 sq)<mJ!ed from tl1"' g,%; 

.2.-; up:tionally. a step for meth;m,Hion o:f !he synthesi,; gas andi,)r 
ndditk1n ,1fnitwgen to the ~ynthesis ga:;,, obMining (1 m,1kc· 
up gas c(mtaini11g nitmgen ,md hydrogen in a ,;nitahk molar 
rnric, t,Jr ammonia synihesi&, 
dmract<:ri:wd hy; 

,,.J sep;1tmio1J of ::: part nt" iaid CO2-depleted 8)Ti!hesh g;i", 
obwining a .fod fraction of the ~yntk,i:;, ga,, wherdn ,;;iid 
fod fraction is fod as fuel ,om lc;,st one forrnice. 

Tli~, reforming pm.ce~s, in a common type of pla11t, 
compri,es primal)' ~n:.mn Jt!forming and a subS"''qm:nt cat:,­
lyti,.; air-frr.ed secondary reforming. Tbeprimc1:ry refbrrner is 
heated by burners fud.kd hy a part of th" av:iilahk n;irnrn1 
gas. ln the ~(;'tcondmyrcfonnC;r the elllue:nl from the primary 
rufc:1rrni.:,r bums due ,P c:mxtm.'i with Hw oxyge11 co11t,tincd in h 

ihe ,rir. In ~onw plant, o,h;-:.r refonn\ng cnnfig1iratk1ns "*~ 
nsed, for e:,wmpk an autothermal reforrn;,;,r (/•SR) pR--ceded 
by a fi.u'nace for heating. !he charge, i.•~. th" gaseolJ~ .mix1m·,~ 
ti:.;rJ to :;a id rdc, nn~·r, 

The inwntion also rda,e,;. Isl :l method for revmnping a 
pfout originally comprising a reforming. section wlrid1 
includes ,l primary :,team reformer mid air•lit~:d s~x'<>nillll'Y 
reform¢r, nnd trt'atmcnt of tht, ;;ynthc,i:;, ga:;, mmpri,ing a 
ghiJ1: ruat:tlOn of carbon monoxide imo ~,,irbon dioxide, 
dee11rbona1ion and ,lplional.ly mdhanation. The. revamping. 
mcihod compn;;cs al least; 

Tli~, abnve des,,ribed arnmon.m pl.am,; n,,;uh ln ,;ig:nificant 
em.issinns of CO2 into thi:' atmo~pb,~rt, ,w"~·,,!J in thi:' region 
of 100 mi!!ion tonnes of CO2 per year. One of !riC; main 
som·ce~ o t' CO2 emission c,msis1s in the comhu!i!ion !bn1es 
ortbe primary rdomi~·r and other hum0r furnaces if any, for 
example a11x.ilim:y b~,:lters. 

•'-'l providing a !lo,,; d ~,nriclwd air or oxygen ,1.m! nsing s,tid 
th1v ;,,; an oxidant for the 5econdnry reformer imi.¢ad nf Hw 
air; 
separating. a part ,J:f th.:' synihesis gas cl(iwns,ream of dec:ar­
borw1ion, 

F,1r envitonment,il r¢,1,:;ons, it is ((;.'quired to .minimi:tt' tb,~ 
CO2 ;;.,mis;,ions from ll1"' fumes of the NH3 pbnts. The 
pmbfom a:!kx:ts in p;Jrlicular ihe older am1nonia plant~ which 

4S Heeding s/iid part nt"tli,, synHwsi,; ga~, viihich h:::s a Kdnced 
CO2 ,vn.knt, as fin) k)r ,:if k,,~i. nne fonwn' of ihe pl;mL 

ar<.:, k,s dlicknt tfom lhe 1ww pnc,. rn1d h;ive gr<.:'ater CO2 
flue emi.%ions in rebti()n to the guanti,y nf amrnonia pru- 5'l 

,.h,1cc.d It is also n<.:',,c~~my tlK,t the redll,;;i.k,n ,1fihe ;-:,mission~ 
;;hould Bot iuuca~c exce~$ivdy th~ co~Lo for prod1ictio11 of 
the ,immoni;i. 

The term "fi.1rriai:t'" 1s under:stond as rnemring an appaw-
tu:; cho,;.i.'n fnJm among: a ste:im i~fomkr o.r a charge 
preheater or ~J stean1 gcnc.r;:1h)r or a ~t~~U1l :$Up~rhe-ate.r ·These 
,1pparatm;, which /)j:ie.wte by me:ms ot· i:ombustion, am 
idcntified by the wnn "'fired hcater": S,iid furnan' in ;;onw 
ernbotlimen!s kirms part or tht· section fi:,r couve.tting th(;' 
nalllral g;H in1,,J ,;yntlwsis gas. In rnmbim:d ami1wnla/urea 
pfoni.s S<,id fumnc,~ rn,,y fr,rm p,irt of the wca senion. 

'Ilw portin.n of synthe~i~ gas whkch i,; s~:parnted ,uHJ sem 
io said at· Jea~t one li.trnace is ternkd fod fradion of 1h,: gas 
avaihible after the :shirt ~!ep. Prefembly. s,'rid foci frm.,lion i~ 
cmnpriscxl betwec.n 1 '% and 40'% of ihe available gas, more 
prdbwhlv ktween !()';·/, mid 30'h, and even more preforahlv 

c;,J fietWio'(;'IJ. 20')·:(; ,uHJ 30%,, For ~,:,;ample inn prcforrio-<l embo,l 
mem !h,, fod frac,ion is L'>:jua1 to 30':.{,. The 1~maining part, 
which i;; imenJ'-;J io h"' (:onvcrt"cd into au:urmnia. is called 
process Jhidifm., 

According io the prc:~eni- ,;,ate oftlw ,Irt, tfo,, proces,:;c~ for 
,c;ip11Jring CO2 from fomes at~' bas.ed on ',;,·ashing ,vith 5S 

~o.lvems (for example the sdvt'n! KS.Psi prnJm:ed hy 
)'vlitwbis.J1i). The assodc1tcd plant, arc, however, to~ily and 
(:ompHcaie;:t l111ve a high .:'!it'rgy con,;rnnption and requir.:' 
expcnsive ,o)vent. Therefore the,e CO2 (:apt11ring pron',o'.i~S 
,c;mnot be appI\cd 1o the pl:mi., c:onsldercd here since they 
would im.'1~ase eKcessivdy ihe cosB for productiun or ihe 
~lllf!lOflii.i. 

In som~, mmnonia &ynfoesi,; pmccss.e~ of 1lie pnor art, pllrl 
of lhe ftJd rn,iy be ~uppfa,d by <' purge flow ohi.aimxt for 
example, from a c.ryogenic: pm:iflrn1ion sectlo11 of llw sy11- ,;s 
the:;is gases ur from a PSA uniL Said pmgi.' i1mv may have 
a n,·duced CO2 content However, 8aid pllrge How a~·1.'<-JWl1.S 

It sh(intd lw noted. tlwi ,,,id hml tracti<..1n i, reb,tivdy high, 
for exmnplc a61Jut \·', of tlw tm,it. Thc inven1io11 Jn fac:1 
envisage,; 1hat a rnHHi.cg.lig.ihle p,nrtion of ,iynihesi~ g;i~ i:, 
a!loca!i.:~ 10 fod in ord(,r to reduce ,he CO2 emissions.. Thi~ 
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rcsuhs in th1:~ need to pn:,d.ucc an additi,1enal quanrity of 
t,ynthe;;is ga~, hul, as v,·ill he <'Xplaincd morn chtm!y hdow 
'>vith th,~ aid of the m;a1npks, thi~ necessity i~ compen~11ted 
for by th~! advam3ges 01· the invention, 

·n1e separation of ,he fuel fmd.ion i,;. aclvantageo,1,;ly 
petforrn;.;.\1 by splitting a prnces;; flos>.-, for ex,irtip!e ;.1 pr<)C<:$~ 
g11s ufkr shift and <."krnrbonation. As u result d·,;uid splitting, 
tht' fmd th1ctk1n and tb,1 remaining part of the g;i,, ;ifoo culled 
process fraction, ha1'e the ;;amc composition, 

J-t shuuld be .noted ,hat ,he pre,;ent invenlion envisages 
ddibernidy allocating a pm1 of the pnJ.·e~;-. flow to the fuel 
fo,..;1ion, Ow fnd fra<::tion being di.r;.,'<-,t!y scpurntc.e,;i fom:1 the 
prornss tlow ,md ht, ving Hw s:)mc comp{,sition. 11J.e pdor Drt, 
011 the 01hcr hand, te.iches on!y a!lo-cating as foe! rmy purge 
~lrlfiim~ de.rived from pur.itkation pnJcesse~ and c:onwining. 
n,ethane. Thl' ;;aid synihesis gas with ,l low CO2 C(mtcni. 
(C:02-depk!cd ~yngas,1 prdbr3hly contains no nion, limn 

4 
requiremcrn and the sarn;.;, gas temperature, the fud fraction 
i~ ~tightly kss if rrnK,v,xl beF.1(<.:' mNha11Dtk1n. 

There ;m~ m.1 di~adv&ntages ns wg,,rds CO2 emi,s1ons into 
;i.,m%ph~'re, ·whkh am i.he same by n,il1g 11& fuel both the iris 

-' upstream of !he mt.:tl:w.11a10.r and ,he g;.1s down,;.tremn ,J:f th<.' 
111elhamitor, J:i:1r the same Hov,1ra!e. In c:as(: of n.imigen 
11ddi!ion. !he fnd frnction is separn,IC'J. he:f,m,. adding nitro­
grn, The mlvm11;ige is a greater ,,alorific power of the 
syntbesi;; ga& 11s;.,·d ,b Ji.wl, ,vbi.cb doc~ rn-,, conwi1i nitmgeu, 

tr) or i:.1,nwins a s:rnaUer (Hno11nt lheren:L 
After s1;parn1jng_ the fud fract.ioi:!, tbe C:02-depkil'(I sy11-

thesi~ gas mny be optiomt!ly trea!~,J in a purifa:;.ition scetion 
l•omprising. Jbr <::xwuple, a PSA unit or comprising a dryer 

IS follo,v,~d by a cry,,genic unit. 

I 00(/ ppm. by vnlumc ((i.1 ~-\-,) nt' CO2 Said ga~ is cmnp0s,x-l 
essentially ofhydrog1;n (([·12) with auy snwll rewlnal quan­
tiiies of CO and CI-14, typ.kally le;;,; 1hm1 .21;,·!, by Hlume and .2 1:i 

prcfowbly k~;; than 1 '!-i. 

111>: pur.itic11i.k,n section produ~,.:;,; M ka&t mw ~tre-;im of 
ammonia ~ynths:~fo go,, with a redured contc.ni. ofint'rt,;, ;ind 
at lea:,l cme ,.vas,e s1remn contilinillg. CO .. and C!-14. The 
wasle stream may alrn con,ai.n H2 and N2. In some embodi­
ments. m .l61s·t parl ol' 'the \Vaste gas of :,aid puritk;iti,m 
sec1ic1n is used as fuel together ,vi1h the foe! frac,ion. 
Cons;.,-..1uent!y, th~, fuel frm:1ion may be reduced. 'Ihe (..'Ornhustion o:[ s.:;id g,,:; is substanti;,lly free frorn 

pmduc.ion o!"C02. In fac't, the combus,ion ,jfth!C' hydmg.en 
dc1~~,; uot form CO2, ,md on!y ilie small qumitiiy of CO or 
Cl:!4,. if pre~-~m. m,iy fonn CO2. 

The mlvaniag.e ,J:f th!C' _pnri!ka,Jon unit is that .rf reducing. 
1he inerts cOJJ:tml iu tlw rm.1k<,-up gas; tcsuhing in kno,vn 

.2.s advarnages for 'the ammonia synthesb,. including :,nwller 
con~nmption ibr cirrnfoti,1n and a HXilK'tion {or CVl'H dimi· 
nwion) 01· the purge fl.ow of the ammonia syntlw~.is l.oop. 

11l~ h:r~,.1.:11:tinri ~1Fggcst~ using o pro,c~i,s ga~ pirrt ~'ls fl.le-l fi)r 
one or more furn,ices of the reforming section, di:ff;,,renHy 
fmm 'tho;:, prhJr Ml whi.:h. for this pmj)ose. nst'S par! of the 
rwturt!l gas, i.e, a bydrocarb(ln. The process gas par! (fod 
frJC'tion) is suit;;hly s~:pawted after a CO2 H,moval 1rna1rnent J,.) 

and, ns explained hJrth,:,r nbnv,~, it ,,,}ni;1in~ csB,~Jlti,1Hy 
liydmgen 1;1.·ilid1 may hum -,,vitl:wut forming COL Cnnsc­
qucn!l.)' ii can ~, un(krs,ood ,hat 'the lnv~ntion alhJws the 
CO2 ,~missions into the atmoo;phere to h~, dr,1~tically 
:rt:'<iuced. 

According to the itw!C'nti,m, the fod fraeiicrn ii;. advanw-­
geott;ly ,;1;parakd upstream of 1he purification unit Coti;;e-­
guently, 01Jly tli~, ~ynfh;.;.,is gu,; pinion supp!i;.,--d to tli~, 
ammonia ~yntlw,i~ undcrgoc., treatment in the purificati,..1n 
se<:tion ,vhieh, ,1.-ithout having to pro..;cs., th;.; syn(hesi,; gas 
corresponding to the fi.1el frae1ion, .may be .mal.ized wi1h 
mw.,h ;;ui.alkr dimensions. The advantage of ;;q1;.m,1ting the 

Said oxygen-,:,nriched ,,irpreforobly contains ,,t lea~t 50(;.{, 
oxygen by volume and more preferably at le;,st 9{)% oxygen 
by v,J.lumc and ;.oven m(;re prel'er,ibly at kast •JS%,, ·n1e 
advantages (lf a high oxygen <.'Ontent in lh1; enriched air ;.we 

is fod frac,ion up~,ream. tJf the purifo.,3tion imi! fa; that or 
avniding ovcr~izing nf th,~ purjfication unit t,nd the cons:· 
sponding '-"llwwnp,lon for the Ii.id fraction of th;.; synilw~is 
Q:M. Amil.her :iJ.vmitage is the p(i~sibility of co.nirolling. 

;;s folio,,;~: l!-f~'ilter calorifa: power ot· tile synthesis g.,~s; 41) 

;;malkr flo.v nf tlne di:;.dtMgc ga~: smaller volnm,,,rk fk,,v 
thi'ough the apparnti.li. ofth;;.· .convctsioti ~;;.x,tion and, <.'<.msc­
qucn!l.y. smaller ,q)pam1m. 

St'p&aidy the fud fracl.i(lll and 1he purification uuit. 
"J:Jwre is !ll> disadvantage in separating the foe! li:m::1io1J 

up,i..rt'ilm of the purific,Hion from the p,1int ,1f view of the 
CO2 ctnissioris into atmosphere, sine<:: th,:, CO, CO2 and 
C!-14 co.niained in !he syn1hesis gas of the fuel frac ,Jon w6uld 
be :separntcd by the purification umt io form the ,vaste stream The C:02-deplcied.~ynthesis gas prefcrt1bly forms all-----{)!' 

suh~tmiti,illy ,dl-----1Jw fod 01· ,he fum;;t·es lls~d for the 
pro,x::;., ln B<Jl"ll'-' cn1.bndiment:;., however, it i:;. prefom:d tn 
h:t:p a s.m;ill atnount of naturnl g,is which is called "tritn 
fuel" ,jfthic' fumace. Preferably ,;aid small quantity m:cmm1;; 

4S mid used 3.s l'ud. 

for n~)t m.(JJ<.l than -rs·,,;,, more prcfornbly !NI more than 10''";, 
or tile total ,'<.,mbu~,k,n lwm idtHy} or the fmn.ace, The ,rim. 5') 
fod aUo\v, the fomac~ t<J bt· m·pid!y cunt:tolkd, for exmnpk 
in order to quickly mis;;., or k,wer the !oad if m.~ded. 

Said perc.entagic' o!"the combustion heal may~~ ic!:<pre~&ic!d 

Adva.nwgcoii,ly, the purificmion unit doc, not need to 
have ,m excessively high hydn)g1;n rcrnvery. becau~,~ the 
hydmgen ·'.lost" i.n !he w,ie;le gm; i,;. used as fod and does n,Jt 
prnducc CO2 t:mi~siom into 11i.nH.l:;.plwrc. ·me ftid fniction 
of the synthesis ga& is rnnseqncnt!y regula,;.,--d. 

Prefon,hly, h(W,·cver, tbc purification unit. ha:;. a ~ntlicicni.ly 
high h_ydrogen re,;;ov<-'tY sut,h lhM the for.:'! fr::telion ac(:omits 
for at le,,~, ·}0'%. preferably ,ll least 40%,, even more pref. 
ernbly at kast 50'h, nf tbe fumnn~ dnty. The applicant has as the pnx.hwt bei.wccn tb,1 Oowr,,li:' (kg,'s ,1r rnoh) and i.hi.3 

,,;itorific 1x1v1cr (Jikg or J/m.ol). 5S fomi.d that ,his '-"mdition is mh-·2,rnagernj~ for th~, c(mtm! of 
!Ile furnace itself lndepe.ndently of ,he comrol o:f !he puri-A.ccording ,o some embodimen!s of ,he invenlion, .nwtha-­

n,ition of th1; synthesi$ ga;; is pmformed downstre.irn of 
dccarhom1lion. ·11i" mc:•thana!ion stic!p cmiverts residual CO 
and C(>.2 intn CH4, com;1.1ming I-12, in nccnrd.;1nce v.-iih i.lw 
m;..;tions C0+31-U--'"'G-l4+I-I20 c C02+4H2·--,.CH4+2H20. 61) 

P:r:eforablyi the ~t.'f)amlion of thl: fud fr,Ktion frum !he 
C02-i..kpkt1;d synihe'si~ ga;; is perfr,tm1:-sJ befort' /upstR)aJ:tl 
of) of ~aid mcihmrntion ,;1cp, 

·n1e wh•·,m,nge of :<.cpnni,ing the fod frnciion bd1J1.., 
mdhmialion is that ofnc!I nversi'r.ingtbe nwllmnation .%--ction 
of the foe! ii11c!icm, and of.no!' losing. !he nwih.mmlion heat 
of the fod fra~·tion. Moiw,ver, for the same fi.miacc heal 

fication unit. 
The puriflcaition ;;~¾.':lion may cornpri;;e sde.:live adsorp. 

tion of il,e undesirabk comporwnts onto n solid. In ~ome 
emhndim.euis s:Jid pnrihcmion $ectlo11 com.pri$eS a 1-'SA 
(pres~1m~ swing adsorpti,m) unil ,vhkh u;;es molecular 
sieves for S;;.'parnting CO. CH4, ,\r, l-]20 arid rt.:8iduul C(.\2. 
In \J'tiJ~,r emhrnhmern,; said s;.,'Ction ,,ompri.scs ~t kas. fme 
dry,~r tr,r ,eparniing r,~sidnal CO2 <l.nd wHter, follow,~d by a 

,;s ,.:ryogenie mi.i, for separation of CO. Cl-14 and Ar. Tl,~, 
cryogenic separatiun uni:t is preft,rahly a Liquid Nitr.Jgen 
Wash (LN\V) unit. 
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The CO2 pwduciiou is fabo dcri,·ed from 1,he combustion 
of the nw1hmw contained it1 tlw synfoe,i,; :to()p purge tio,s;. 

hi ca~,, ,1 pnritica1.ion writ ls prc~,~nL CO2 prndi.ictinn is 
also derived from tbe .com.bustion of CO, CJJ4 and .1:<!:iidual 

A, I'S,\ unit typk:c1lly produces ,, single Jfow of pllrified 
pr0Juc1, subsi,mti,llly al tli~, it:,cd pN;;sure, ,md o singk 
~tr-:,a1n ,1f,v,,sli:' g'1s, at ,i prt%ure much Jo.ve.r tfwn the foed 
pm~;;nre. Said ,,·ask s1remn contains CO, CH4, Ar: H20 and 
residual CO2. and may <..-'o.niain Ill and N2. :; CO2 of lht' disc:har;~e gas. 

lf the purification ;;;;,;,,hon .·ompri;;e; dryer and LNW, the 
p,vifieJ pmctu .. ,i may <"meJge ;,~ one or more sin:mns, ;md 
nw.y already contuln H2 and N2 in r, ~trilabk ratio for the 
synthesis of ammonb, 

A,ccurding to one HSpc(.·, oftlie invention, thc fuel fraction 
is pmduc12d in exces'.; compared to the fod rcqu.ircd for the 
c,1.lwcn;;inn sc<:tk1n, tlw qur,niity of,;i.id fud fraction ilx,--eed­
ing 1hc1t requ-ired being exported from ihe process, .1lld the 

·n1e dryer ha:; a tail gas,. pi-oduct of regenc.ration of !he 
nwkcu!ar sieves md for capturing m.iinly H2O and the 
1rm:<"s oi· re;;idmil CO2 contained i.fl the foed, ,,-IJich ,;;s;mild 
freew during th-:, c0·,,g-:,nic ircatmcnt in the LNW lllllt 11K 
dtyer way be reg<:•ni:•rnti:•d with ,l nilrogen fto,v (_frnm the air 
"epamtion unit i, In this case the tail ;~as containing N2, 1-UO 1:; 

and CO2 may be dfadiargcd i.mo ;i1mn,:;.ph;;.,1~ N ,;;ombin;-:d 
with the t,;j I gas of the LNW deseribed bdow. 

11J rt'gulatio.n oi'the ccmver,io.n :;.x:!ion i,; perform.cd b)i inodu. 
fating the quantiiy of ~aid fud foMion dir1;(.,ted towardy, ihc 
coi1v,;:rsiot1 ~<'i..'ii.on om! (ht: quantity exported by the proct:ss. 

111>~ convct5ion of tb-:, nalt1,al ga~ i1llo wnth""is ,ws nwv 
be perfNrn<;\d using Jjfforeat ied;niques. - ,_ -

·nv,~ LNW also Ila:;, at k.:i,i. one H1il 1":HS which contain~ the 
bottom crid prod[ll't or the LN\V ab;orption eolnrnn, CO!l­

taining CH4 and C(t in addition to N2 aud H2. The .2 1:i 

discharge gn$ n f tb,, LN\V nK,y ht cooveFX1 away a~ foeL 
'Ihe tail g;,s of the LN\V may be used ,it least parlty for 

lhc regen~rntion oflhe dryer bd:"i,re bci.nft_ eonveyed 3\vay a" 
fod. 

'!be ,;ynthesis gas wilh a low conkn! o:f inerh may be .2.-; 

cnnv<.:,yed away for annn,1nia synthrnl,. 
Metlmrn11io11 i~ an 12xothcrm.ic r12m.;tton, bnt there is uot a 

suln!an1ially large amount of rcnc1ion heal mid it i" urnal.ly 
no-i l\'.CQver;;.;rj_ 

,-\ccording to ,;onk embodiments of the invc.niion._ the 
step of naturnl g(,~ c,mvt,1-sion ilrto synthe-,i~ gels cnmpri~rn 
pr.im;3ry reform.mg folk,wio--d by ·'""-"mdary rcforn1i.ng_, ln 
snn:w embodim(mts. lm)r<.:' prefornb!y. th<.:' ,,onversion ,tq, 
l,omprise~ a cawly1ic auiO!hermal r1=Ji:irming (ATR.l, option~ 
ally preceded by a preliminary reforming {p.re-r,.eforming). 
An A.JR ,:vithrnit preliminary reforming is ,ih,1 ,,alJed "pure 
Arlr'. Adv:miageom;Jy, in thc~t: 12ni:bodim.em½, at kast a part 
ol' 1he synthesis ga,; fod fraction :feeds ii fumm:e for pnc­
heating tb,: g,rn prior to amoth~·mrnl refomiing. 

The advanlage o:f using ATR, pure or in combinathm with 
n prc-refi\rmer, ,;;onsists in tbc smalkr hem ruwirt'nR~nt pf 
the formiec compared to the eombinotion of tht: :\TR with a 
primary n:'frmtieL iiho consid,'ring the heat required :for 
generation aud overh;:;11.ing_ of steam nen·ssary for the 

i\-kfoamition 1herefore k,aves a snwll gwmti!y of metliane 
in tb-:, ,ynthe~is gns (methane ~lip), The prc~ence of ~,iid 
~mall qnmil1tics 01· mt:1!Ja.fle in the sy.rnhesb ga,; i'.; not a 
pmb.lem for the 1)urp»se:, of ammonia 1,rodnc:tio.n, sint<:' 
methane 1s inert to- the ~yn1hesis re.iction. l\fot1wne acc:umu­
lak;; in 1he purge firnv of 1he synlhcsi.s loop. I-fow~,ver, by 
J.\~ing tb" pmg-:, now ,:,f the syntho;i" lo,1p a,; fueL tb" 
metlim:i.e ..;ot111ii.fli..':d therein ..;imstitmcs a ,;omn: of CO2, 
albdi of ,;mall entiiy, 

J;_J p:rm .. "'~s. This is d11e to tlic fad ilm1 the preht>mi.ng tcmpern· 
ture of the A.TR (<c'l'.:'tl ,md of the optional J\rn-rd"ormcr 
oc:cording to the invemion is snitnbly chosen at a value uot 
grc;.iter lhm, 650"' C., lower thim lhc oulpll! iempern!lJ.re of 
the prirrniry rdotmet, and due 10 th~· fact thaL in the 

is preheating fomace, there is no progression ni" the sieam 
reforming r<,..,actk1n (which i~ endothermic). 

.·\.p1irt: AIR, or .. ·\TR it1 ~,ornbirnition witli o pre-reformer, 
miiy advanlilgeo11,;ly opernle wi!h a Sl<?,im/carb,m (SiC) rn1io 
less than lfaH of a primary r1=former. Prcfornb1y, said SiC The carbon !llorioxide rnntain(,d in lh1: ;;ynthesis gc1s also 

,x,n,alt11tes ,t s(mn:12. oi· CO2, a!heit nf small emity, both 
mving io '-''-}tnbtistio.n of the ~ynth<.:',i:; gas \!St~d <1~ !hcl, and 
owing h:> combustion of ,he wask gas ofn purifkation unit. 
where present 

"-'l mtin is not greater than 2, mor~, prc!ernhly nol grea1~,r than 
1.5, ev-:,n more prefor,1bly Mt gre,ii.<:,r i.hM l. Tbi~ aho hdps 
nxh1c:1.:· the heat m,1uired by tlit· fomace for ·prdit·aliflg the 
:foed ,Jf the .ATR and opiional pre-.re:k-mier. 

lu ~0llii.;' ernbodirni:·!lh of the ·inv<,rllion. ·in order to- reduce 
:llw this sour,,e of CO2 (i.<'. !he emlssk)n,; rnnsio--d by the 
pre~eo,,-:, of re~idn<1.l cmhln monoxide of ihe synthrni, g,1s), 

ln the case of .\TR without primary reformer, tfa· fod 
"-S fra..;twn is prefotably ,,ompriscd lx:tween 1 .ind 30%,, :morn 

prcfornhly bctv>'e,~n l.0 ,md ·W'!-~. cv<:,JJ more prefornbly 
ht'l'Neen 10 mid 20~.;,_ tlw process ,.,onlpris;c;~ a cntc1lytic pnritkation which sdcc-

1lve1y converts -rhe CO iim, CO2 upstream oJ'decarbon.atio.n. 
Sdcctivc cnnve-r~ion ,1f lhe ,;;mhm m,1n(JXf(k may he 
oht;ciinio'il, for example, using the pro..;t;:~;; known ,is Sek,c_-.. 5') 

i.,1xr,P·1 which operate:; ,vith th,, ren,;;tioo CO+\-·.\O2---,.CO2, 
The oxygen for s;;c,kcth·,~ ox-iJ~ilion of the CO rlrny be n Jni.r! 
of the .. mentioned em'id1ed.air ,Jr oxygen ilow. 

An 11dvnn,ag13 of S-i1id 5ek--ctive ,,onv,~rsion of CO into 
CO2 i& !hat ;it kB,,t part oft!J~, residual CO from. 1he ~bifi .i~ 5S 

c:onvcrl<.cxl i.1110 CO2 :md removed during d.ecarhonation. 
Conseql1en1ly, th.,- c:ombustion of ihe synihe;.is gc1s, of the 
~ynthe~is loop purg,e. :tlow. or df 1he purification was1e ga:;, 
prod1Jces a snwlfor guantity of CO2 

ln so.me emhod.imenis the ~lep for co.nvcrii.ng the niilura.l 
ga$ intO $yni.he5i, gas C(>mprises a non-cam!ytk POX (par­
tial oxida1ion) ,;!ep. Advantageously, in these embodimeuh 
nt k:ist ,i p,irt of the synilwsis ga~ lhd fr;ictim1 k'¢ds a 
!i.Jrmice for preheating the gas befor;: ;mid parti:,I non­
catalytic ox.kblion Dr :EJr steam generation o.r steam ~uper­
hcath\~-

'Ilw ud\,-at1iagt> of 11,;in_g n Pf)X con~i~is ir1 the srnalfor ht>m 
requi.rcmenl of lhc flmucc com11ared to the combination of 
au /\TR vvith a primary refurnKr, "lw coti;;idering_ the heat 
required for generation and ,werheaiting of sieam .ne,:e:;smy 
for the pn:,c;;.'5S. 'Ihi5 is du<.:' t,1 tlw fact that (tl!3 preheating 

.-\ccording to 1he it1v~ntio11, !he CO2 Hue emissions nre 
mainly deiermined by the CO,_ CO2 and Cl-14 content of !he 
;-;ynth;;.,:;is gas do,vBslA·mn of decarbonation, fts well c1;-; by 

,;;J tcrnpcrnrnr~, of the POX ti;--cd ;,ecording to tlw invt>ntion i$ 
rnltably diosen HI a value not higher 1han 500° C., m:l!i:edly 

1he op1ional trim :fod How whidJ. will h~, des..:rihed bdm,v. 
·n1e comb11~tion d~aid ga~ i~ suhs,nni.i,,Uy free from CO2 

pmdm;tinn. Lil foci, t!J~, hydm_gen comb11s1ion do~,,; not form. ,;s 
CO2._ and only the small qwm1ity oi"CO or Cl-14, if presern., 
may form CO2. 

[ov,,-cr llic)n ihe output tempernnire of the ptirnury rd(;n:ner, 
oml d1Je.to the fa,:_'f that in 1he prebe,iting furnace iherc is no 
prngr-:,:;sion of(tw st-:,<1.111 rek)o:Uh\~ renction (which is endo-
1hermic). Moteovn,_ I'OX may mlvanrngeously 11se a SiC 
ratio lower than lha1 of a primary refcm11er, prdernhly 1101 

gtentt•f thc,u 2, more pn::fornbly not gr;:;1k,r than L even mmv 
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prefotubiy not greater H:mn OS Thi" a!so bdps r1;·thke the 
hc-111 n:,q1,irk'<l hy ,lw prehc-111ing fbmi:icc. 

In (tw c(,se of POK ,he hid fr,icti(>n i~ pn:fornbly com· 
prhed betw,x~n J and 30'1.c,;, inore prefotabfy bctwe,~.n 10 ,ind 
:10%,, even. m6re p.rd:hah!y het<,1,,xn .IO and 21.l':.-i,. 

'Il1e reduction in the heat required hy !he preheating 
furnace tiw a POX and Jbr H pure AI'R compared to an AfR 

8 
convcr1>ion ,Hep, for example during the rdorming or p,irtial 
oxidatio11 step, An <1S$0,;.,·i:ited advanwge b a !i.mher redm:­
tion in the CO2 emissions. 

tn some .ernho-dlrnents a pnrt of the s:iid CO2-depleted 
:; synthe,;is ga,; i~ treated in a nitrogen (N2) separnti<x, tmit, 

prefon,bly a nwmbn,ne unit, ubtainiug ;.1 nittogen-depkied 
symhesi$ g;,~ aud a 1J.itrog<:n·rich How: ;,t teas; a part of \he 
nitmge_o-d.:-pleted synihesis ga:, (prdctably all of it) is n~ed in <:ombim1ti1m wifo a primary rnforn1er provide,; the foJ. 

hwing advamages: the fod fraction of the ~yn:tlie~ls gas\$ 
les:i, and it i~. p-o:.;sihle to rt."'<.-lnt.-1;;: the qnant~ty of tdn~ llle!~ tr) 

therefort~ low1;•f CO2 tlm.~ emis;;ions may be obtained. 

a:; foet the rerrwining p:m is fod to ihe M:iinonia ;;ynlhesis 
1ogc1her \,'ith !he nitrogen,ridi ll.ow. 

Thh configurntion is partkufotly advm1!;.1geou:; if the 
O2--enriched air doe$ not trnve ;; very high purity (,for 
c,;.ampk ks,- tfom 95%., of 02) ;md/nr if lhc mlt1l!'nl gas 
l'Ontains nitrogen. Tlu'ee be!ld1b ate oblain~x1: an irKrea$e in 
!he (:11!01-i:fa; power of the fud gas. a n~duction in !he ilow oJ 
combn"tion l\u:m~" (;ind ilw p,r,H~r of the re>-pe.:tive JD fan) 

Both in 1he cas,~ of POX ,.vi1h optionid purification nn-it of 
the synthe,,i-; ga-; anJ in the ,.',l"e of ATR without primary 
reform.er ,md wilh optiomil p,lrifwai.ion unit nf tlw synthe,-is 1 _., 
gm;, it is prdcmhk 1,~ sekct ,i puriticaHon nnlt wiil1 high 
hydrogen fs'><-XW~'lY; l,,_;r ex,1mpk· a liqtiid 11itrogcn wash. ,o as and conserv;,tion (J! the nitwgen whid1 i~ ,i reagent fbr \he 

mnmonin. The lWimh1,:,nt' nitrogen ,ep,,wtkm m1it is fort.her 
prt:forred kc:mse ~aid tmit 1m,y opernie w;ing tbe presstm\ 

!D ensure that the foe! fraction of Ille s:,,1111hesis gas is 
sntlkienlly large tu conlml !he fonmce independently of 
c,mtml of 1he purification unit. 

i\noilwr adv,rntage of \he POX and ;:\TR ,vi1howt primary 
reformer, con~;,-qut:n<:e of hoth the srn,ilkr fuel fraction and 

-2 1:i ditl1c,rence betw<itct1 the synthesb gas (produc:ed a! high 
prcs .. ure) and the wmbu~tinn in tht'. fi.irnace (v<'hicb occurn 
at ,itmos_ptwri.: pressure). Ivforeover, the .nitrogrn-·rich !lo,v, 
which is used. for ~ynth.esi~, dol'8 1101 1,Jse pressure. lhe ~mallet steam/carbon rH!il~, is the ~nw Her aulogenons 

st<,w:ll prod1.Ktion, ,vbich n,,drn::-e;; tbe he.it rnquircd !i.w ilie 
as,;.,Jciated overheating, th,.c' foe! fradion .. the CO2 !foe _2_-; 

'Ih"' (.·onfigunYlion de~,.,ribed above, whit:h envisages sepa­
ratio.n of !he niirogecn :fhan !he synihesis gas, i~ applicable 
nho in a converniom,J proc~':Ss, with primary $le:rn1 rd'onner 
and secondary air-f:ire.cJ rdon:ner, resuhing in the advanwge 
th:il il i:; nN required to modHy or enlargt' !he air ,.,ompre:,­
sor. How~ver, with a seco11dary air-fot,d re.former and wilh-

cm.issinns and tht' total nntuni.l gas con,umptfon 
'Ihe ,;matler autogenous steam production may result in a 

Jack of ~!earn for driving the mrhines or of electrklly for 
p(,~h:ring the !ll(Jtors of th(;' m,Khines, The misswg energy 
n:wy be .:nm--~,niently imported :from onts\de the plant a& 
dectricity whh reducl,l CO2 emissiom. for <::!V•mpk g,\n· 
t:rnted hy rene,vable s,:mrces. It should he pmmed 01.11 Ihm 
lhis ~ymirgy is not possible if the _proeess already produces 

J;.:i out n:11.Jdifying the compresi<}t~ and therd,:1re without bdng 
nble i.,1 increac,e ihe ait tk,:v, tht' ndditional fraction nf 

nn exces:; of ste.:cml or energy, for "'Xnrnpie in 11!(;' t,a:;e of 
,x,mbim,tion ofpnm.ary rdbmK,r amlATR with;, fairly large is 

fod fraction. 

$)'Jl\hes.i$ g2s (required ;;s fod) would have to bt: pwdnwd 
by inc.reasing !he capacity of the primary .refomier andior 
installi1ig a ga$ •he:,1;;.;J rt:fomier (G !-m. \ botb soluiio1i;; being 
very .:ostty: For the,;e reason~, \he nit,Dgen separmion 
d;;':Scl'i.bed is panicularly prcfon-ild ln c,1mhination v..-ith the 

tn ~om;:: ernbodirnenh the step of co.nveni.ng the natnrnl 
gaei lntu synthesis gas also c:,Jmpri,;e;; a steam refomiing. skp. 
Advanv.igeunsly, in th.::se embodi:m,:rn.;; ,it least a pan of ilie 
synthesis gw; fuel ti:action fot:d)l fbe humer,; oftbe rdbrrner. "-') 

U$e (Jftbe enndi;,'d air dunng t:onsersi(m of the natnrnl gas 
imo synthesi~ gas. 

ln some embodiment;;, il !$ euvisag~·d exrm1ding, W}th 
p:rod:u.::iion ofrn;,--clmnit,al work~ the CO2·de_pleted ;;yntti~sis 
g,1s atkr optionally heating it. A pmt of tht~ fod fraction may ht' aHncawd. in s,-1m,~ 

t·mbodinwrns, i.o furnaces lt)t the prndud1un .. ind/or sliper• 
he:.iiin.g n:f ~team. 

Said gas i~ avaibbk al a Iil'<:S$llre higher than th<J ptt~~sure 

The invention also r!llows to produce the• ,,k-·,:iricity u;;.x,­
cssary for the sym)w$i~ ofammo.ni.i or ol'lb derivatives (for 4S 

t'>;.amplc un;ir,) with lnw emi$si(,n:; nf CO2, n,ing a, ftml 
CO2•depkted ;,ynthe~is gas, 1(,r example in the frillo,1,irig_ 

required for comhuslion in a :funia.ct' and th,~refore it may be 
;;.,xpanded in a suitable madiine, $Ut:h a:; an expander or c~ 
mrbHJ~', p:rodm.:ing :rmxhm1ic,1! wtJrk. For e,;.,unpl(', s,lid 
expansion may he .from ab,1u1 25 b1r to abolli 3 hnt Th,~ g,1s 
ha~ a high :.[1eci fie volt1rne given that it cornptiSes ,,\~;.e1lliaily 
Ill mid for !hi~ reason its expamion may generate a con-­
~idenibk amo1ml of po0wer. The p,1\ver nbt,1in,:d may cover 

W:l)iS: 

expan:,ion in a tm-1--,n getwn,tur of a flov,· of ,team pm­
dns:ed in ,t skmn g~,nwator or steam superhemer, fod by 
tht· CO2•depktcd synthesi$ gas as frid; 

cmnbn"iion in a gas turbine or in a gas <:iigiri~\ f(;.·d by the 
CO2-ckpkted synthe,;is ga:; ;.1$ hie!. 

(kn;;•1,1Uy, in amnwni,j pwc,w,t'>~, a pnrging gns is 
extract~,d frnrn tlw ammonia ,;ynthe$is loop, in order to 
remove the inert ~uh,mmccs from 'the synthesi~ loop, and 
;;aid purging g;is -is treat;;.,d with lei pro.:e~s for recovery of the 
hydrogen containi:!d in il ffIRU). Said recovery p1tK!es:o 
gene.mks a hydrogen•rkh g,js which may be reus-ed for 
~)THhes.i.s and a mil gas containing rn1Jst of the methane 
initially c:untained in the purging g;i:,. The melhane in !he tall 
gas is practicai!y ,:ill that cunta:im_.'d in the process frm:tioo of 
the synfhesi,.; gas. NDrmatly ~aid tail ga~, given its rdativdy 
high mt'il1,me content i;- lls,~d .;,,xcJusivdy as fuel. 111i, use 
of tail gas, however,. g~nerate~ CO2 emissions. 

A"ccording 10 O!JJ:' aspect of the invention at ka~t a par! of 
;;aid tail gas is recycled as proeess gas during the nat1.1f<1:l ga~ 

5,:i p;mly th~, pro~-c~s requirement~, making it m/Jre dfa,ienL 
In some cmbndinR~nl" the shift st('p compri&e:;. i\vo steps 

at difkf<-'i:!1 temperntur;;.,~, kir example preferably one high­
tempen1tm:e shia UTI'Si .. for c'.Xmnple ..:,irried out using an 
irnn-based ,,atnlyst folk,w(,d by a !mv-tempc,ature shin 

5S (ITS) or medi1mHem.perntwrc shift (IV!TS). for exan:i._pk 
carried ,mt. using a copper.based t,atalysL The a~sodated 
adv,mt;.1ge is that of obtaining the maxiultwl c:01x1,(;'rn10n of 
the CO into 0)2. which will then he sep,irnted d11rin,i ,he 
dec,,rbom,tion stc-p. ,n ao. to ohtnin tht· minim nm 1-e,,idn,,l CO 

,;;:i ,.:1mtent in the S)11thesis g,i~ ,1s-ed as fuel. Sin,:.x ttw CO i~ a 
source of CO2, during <:ombusiicm .. !he advantage of mini­
mi1:ing the CO2 !foe ernis;;i()n;; is obwinecL 

In some embodimerns, in v,ihich ~ rdmivdy low overall 
SiC rntio i;- u~cd, for ex amp k <2. 7. ,he shift prefo,ah!v 

,;s ,.:1.Jrnprisej twn steps ln seri~,s carried oui ov~r i.,H,1:ty;;\ 

rnltahk to oper:ile with a low $1:eam content. for exampk a 
,:upper;ba~t·d cntalysL ln 1.hb l'Onfigtu1,tion, the finn step 
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.·ons-isi;; of ,l medium kmp~·rnture ~hill (MTS}, which is 
prefornhly p~t!udo·isotlwm:ml mJd opern1es in the tempern· 
ture rang,' ,1f 2(.ll)-32()'· C,, and Gw ;;{:,;;Ond stq) is ,) !n,v 
tem1-wrnture sh.iii (LTSJ npernting in ihe tempernture range 
180.-250~ C. 

'Ihe couvcr;;ion of the natural gm; imo ;;ynthe~is gas. k"lr 
exm:npk by m.eans of.reform.iug, is prcforibly perforrntid al 

a presslir,, tov,'er tfwn 50 bar. mors, prdl,n,hly k1wk'f than 40 
bat\ and even more prdernb1y tower th:'tn 30 bar. 

Genera11y the prior m·1 tem:h.,""' the preference for high 
.·on 1'e1:sion pressur(;s, in order to incr~·as(;: the c:a1mc-ity of the 
c:rnJVilr.lion ~ec:1ion (fro.nt end) and redm:i;-: the '-'Dns·ump1io11 
of ~yntbe,;i:;. gc.,:;. ,;;mnprq;sion. Th<,~ pr~-~~,nt inventiN1 b 
rn~te,id prefrrnbly iwpkm,~uied 'Nilh fow come.n-;ion pres­
~unc'ii in order 1,i. oh!ain the maxi.mum coiwershm c,f !he 
n,ethane, ~i.nu' the sk';im. refonning r,,,,,::tinn i~ fovo,lrn<l ai. 
a lmvec'.f pre~sure, ;;.;J m; to have the- minimum re~idual 
methw1e ,:;onteni in the synthesis g,,~ used:)~ foeL Sin<:;(3 the 
methane ·is a soutcc of CO2, dunug combustion, ilie wJvan­
tag,.c' of minimizing the CO2 fl:ue emis,;ions .is ob1;ii.ned 

!n th,' rn,k' nf A.TR, a b.ig.b. .me,hane conversiim is nl~n 
obtained hy ()pt'f.:'!ting at a rdatively high outpnt temperJ.· 
llll'<:\ >95{F C, preferably >1(~:)0" C., t:ven 1nore preferably 
>1030'' C. 

In th,~ c;ise ,rf POX,_ ,l high. me1l:mne cunversion is .also 
nhwined by ,1pen:,ting at " rdativcly l1igh nntpnt k'Hlflk'n:•-
11.1re, >1200'' C., prdbr3hly >BOO'' C. 

tn \:ome embodiments the DV<:ral1 steam/carbon (SiC) 
ratio during conver, ion -i;; gn:,at.;;,,r than 2.0, p1·t' for:'lbly great<s'l' 
than 2.2 ,ind .more prefornbly gre.ater i!J;in 2.7. (kn~,rnlly ihe 
prk1r art k'achi;s ;i. prcfi,Ten-:e for low SIC ratios i.n order tn 
incre.,~e the '-'<ifl:'!Cily of the c:,niver:;io11 section (froni end}. 
]foe> invention instead envisages a rdativeJ:,...- high SIC ratio 
rn or,kr to maxunize ilie <.>onv;;.,r,;·1on of ti1,~ m,~kme wid ilie 
CO during !he shift s1ep and reduce the concentmti()n of 
CH4 and CO in the ~ynihesi$ g,is. Sin,,e th,' nKthane and CO 
are ,l so-nrce of CO2, during c:,nnh1.1stion, 11w advarnag.e oi" 
rn.inimi:?.ing the CO2 !lue crni,;.~ions is ob-tained. 

lu the c:ase ofpnre ATR (optionally rn ,,ombimnion 'Nilh 
prn-refornwr) or POX, the invention _,mploys a S/C rntin not 
hfo;hcr than 2 in tbe rek;nnim,; seciion Prd".:-n1b]y lh.rilwr 
;-,!;am is added dowrlstremn oi"tfH~ teforrning_ and ;1pstreai"n 

10 
nt·,:,~s~my lo inc:reasc or rcduc(, ilie !owl llowrnt<,, of natural 
gas fod to ihe reforming ~ection, ,vt1ich in mm requires 
c,1ntrol nf the fi.itnace. It mny bi:' tindenkwd how this 
prm .. -edure is operntionally nrnksirnbk 

:; Ac'",ording to one 11,;pect of the .invention: the :foel fraction 
-is prndwxxi in an over;)bundanl amount ,vith re~ped 1.0 the 
J:..quirement of &aid .it lrnsl one limi,lce, i.e. 3 surplu., of 
svntb,~~i~ gas io be u~,xl ;is foe! i~ pn:,drnx,d with respilct in 
11:e <::orresponding quantity of k·ai requirt'd by tlw fonwl'<~, 

11J 11nd tlk surplD~ o:f lhd synthe:;i,; gas is exporkd from the 
proc:e;;s, i.e. is not used either as fod fo)ction or :'ts pmlx,~s 
fraction. lhe availalnlity of syndw~is gas in ex,.;ess (fo.r u~e 
;i_, fo,d) ;ilfo,v, to rapidly r,-gu!Hte s;iid ,il k,a$l on"" fr~rn;i,'e 
W}thout using, or using io a lesser dq_u'-~, the trim fod, W}th 

1.-; a lhrliler advantag~ in k:rms of reduction oJ the (X)2 
emis,;ion, 

For e:,rnmpt~, the ,,nrplus may be: 
<'Xported a,; a fo,ihcr prodncl (frff exaruple ,,s hydrngq, or 

as ('.O2-d1;pkkd fud for cou~umption om~ide the 
;inunonia plant) or 

<;;onvcywi to il storngl'. bqtfor, or 
Hared. 
In order to rap.idly control the fonwce, for exampl~ in 

order to quickly raise ()l' low1:,r ilw load in the case of need. 
.2.-; the ll.owrntc of the ~)'nthesi,;. g;cts ~urplm is suitably lowcn:d 

or mi~e<.{, withrn,H ,1ffocting ,,ithcr the .foel fraction or ilw 
procei-s frndion. 

The surplus of fod ,;ynthc,;l~ gas may he Uken .from the 
fud fradion, and lherdi)rl:' have the ;-;ame conipo$1tio11 and 

, 1.) pressure a,; tiJ,, 11:ld symhes is gas. 
Ali.ernatively, if a purilkati@ unit (tr1r exmnple a PSA 

unit) or a mdhmmtioa 1m\t is prn~ent the ~urpl:us or fod 
synthesis gas may hie> collected dowmtre;im of pur.itlc;iti,m 
or m~'1.harwlion, ;-,o as to obtain gre,1ter purity or the surplus 

is exported. 
The .. urphis fbd may be :;qlawtcd from. t!K tail w,~ pf 

pnrilkatioa (PSA or dry~,r+LN\V), even though said ,0!11-

ti,m h li;-:% _prd;;-ned for hvo reasons: 
1.l1e t,1il gas has a low pre~~urc, therdi:,re c~ c:ompre;-;sion is 

"'') requin,-d to t!Xport said tail g3s {with .:on&\,krnbk energy 
exp,~nditure and plant cost); 

of "the shitL until an ;w<:rall SIC rati.J g,reater limn 2, and 
pre.forably gn,'~;ler tbmi 2.4, 1s n:,ac:IKxl ~o ,,s to promolc ilie 
progressk;n of ihe ,;hitl re;iction :md th~, associ.itec'(l conY<:.'.f- 4S 

sim'l of the rnrhon monoxid;:;,. 

the tail gas conkiiris CO, CO2 and CH4 -in a cotll'ent11,tion 
much grea"ter lhan h,Jth the fi:iel synth~,;i~ ga,; and the 
purification pro-c!lict, therefore it ha;-; a Jess ,ksirabfo com~ 
p(iSitiotL 

The q_1Jantily of the ~nrplu5 fod ,ynthc .. fo gn~ is prefornbly 
>2%,, more prdernbly >4%. arid cv;:;•n mote prdernbly ;,m,;, 
of the fi.1d fraction. If the ,nrphis of the fuel synthesis gas 
i~ not cxport~'(i. it8- quantity is prefornhly nnt greater tlwn 

The u:;;:;•- of the ttirn fud ~oh,l~~ 111e prnbkrn d ra11idly 
c,mtmlling. thic' furm1..:c._ hul at the c6st of increasing the CO2 
emi"'"'ions inio th;;' mm,,sphexe. For ~omc confignr;ilion$ of 
foil invention, for i.lXWJ1p:k 1ho~., ~-xJmprisi.flg_ .3 skmn 
rdbrmet': th;;' trim foe] represent~ th;;' grl,;ilest C(intribtition tn 
the CO2 emission~ in the aimosph(;'n~. 'I his \\.ill be illustrated 
in ihe exampl"',;· 

In a prelt~rred emh,1d inwnt nf the inventk1n, tfo,, trim fod 
is not used ;md the ti.id nt.tb~, fom:'!ce is only Hw symhes.b 
g.as. Thl: fod frnctiun is consequently gxcater thm-i in the case 
where the trim .fod is used, b(,CHU8t' it is rt·q11ited to pn:iv-1de 
als,i the (;Omhustion he;it ,if the trim :fod w.i1h 1he fod 
:fr,Jt;:7tion. 

l.n;, fo~t ernhodirnilllt. the fiid !ruction has a rnmbustinn 
heai :mhslmrtially con-~':iipo.nding tu the hl!.at requi.mJ. hy the 
i1.1tnac:e. In order to rapidly rnntrol th;,, fonwce, l\.)t example 
in order 10 qmc:kly rnise or. lower the load ,vb~,n m,'<:0ed, tlm 
t]o,.vra!C of tfo,, fuel fbwijon is ,ui tably rajsed or lnw,~r"--xt 
Thi~ c,mtrol, bmvever, h:'!s tb~, widesimble effect ()fvarying 
the fluwrate of the make-tip ga~, and therefore 1he pD.iduc-
1.ion, ln order to rek)Stnblish ,he inilia! production, it is 

5') 15%, of lhe fud frac1io11,_ and even more prefornbly no! 
grc,,ter than l (JC!..-,:, ofthi:'. fod fraction, in nrder lo pr;:;-vcut an 
exct,s;-;ive (,msump1io11 thernof. 

T}w inveniion ohlain~ CO2 crnk;io.ns which arc fo&s t}wn 
0.5 til (tonnrn of CO2 ,~milled p;:;'r lomw of mnmonia 

5S prndm'i.ld\ in pret1.:,rre<l embodiments or the invtintion ttw 
emi;;siom ,ire less 1lwn (U lit or Jes~ than. 0.2 tit 

As will bt' -illustrated in the t·x:'trnpks, in sorw:, preR,rred 
enib,)dim~nts the CO2 t:mis,;ion~ may reach values less t}wn 
0. J i/t or even() 05 tit, con,!spondin,i,; to a CO2 capi.Wt' vnh.1s, 

,;,) '-'lose lo 99'>.-i,. 
As regards !he planL the furnaces an:: ad:van1ageously 

equipped with drn)l,fod bumt'n; :,bk, to burn both nMun,l 
ga& mid syntbe,;is gas. The .invcrnion n:my nxp1ire ilw instal­
lation of an <,i.r scparatk1n n.nil (ASU) kx the production of 

,;s !he emic"ht!d air 1md optionatly ni1rogen. 
The inve.nticm nwy also h~ appli~d lo an-m,011ia/ure:1 

pmc:e~,,~s and plants. Au aunrmnhi/ure,1 plant is a plm1t 
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!cm CO2 t'missions into lhe cilmospht'rc. The C:02-dcpkied 
~yng,1:,; may bt, u;;«,xl directly for arnmonb ~ynthesis Hiter 
pn,~ibk mctlvmatinn. 

.·ompri:;ing ,; flrsl m1uno,uia ;,;ynth1:,~is section ;md a ;;;;,cond 
~ectio.n t1,r ~ym1wsis t)f 1.11~1 from ammtmia and CO2, 
wherein at least ;i p,wt oftht' arnmonin pmduc<c"-l in Hw fir~i. 
section foed:;, the second :;,"X:tinn. fo this c;i,t' (ilso the CO2 
,;epamted during the ,_focarhmwthm step lhxls advanw. 
geot1sly said secnnd urea synthe~i.~ section. 

hi some embodinwnis it nwy be mh·,,ntageous to perform 
s 11 syng:1:-i gas purilk:ation in ,Jrcler to reduce !he nvernll 

,~flt'PJY consumption of tl1(: precess. 
-nie nwin mlvantiges ,rf the im;ention are list~'>d. he.low. 
'Ilw ,;ep:milion or the CO2 is pt'rformed from a synthe~i~ 

gas v,ihich has a high cmicemrntlc1n of CO2 (15--25~--i, mol) 
and is ;it 3 rt'hitivdy high preS$Urn, ;ind therefore tk 
separntion ofC:02 from this fiO\,· is much <.:.'<i~i(,r and Rx1uirllii 
cl frwver e1k'.rgy (:nn:mrnption thun CO2 ~epMlikd from 
combu:;tion !'tunes. 

\V:hen applied to revmnping of plants. the lnv;;:nti,m 
;id,iev,~~ ~ignificam ~ynergks which ,,!low~ tht' CO2 t'mis­
~ions to be n,,duced without production lo;;~~- .lim.ili.ng 

i'l modiflcal.iom and costs, Th.is is because !he invt"lltion: 

11w sySti:'m according tn the invention ,kw5 noi. requite 1.., 

s,)lvent in m,'l",r to .;:apturt, CO2 frqm fomes:. 
1lu: use nf oxyg,m-enrkhed air gives rise to VMiou$ 

advantages: 
it increases the !:K'at value of the synth~i,; gas; 
cmnbu;;.lion o!"the ;;.ynthesis ItaS generaks less fomes. lhan .2,:i 

the combustion of natnrnl gw;, for the :imiw ;,moutH of 
heat rek::iscd, bernn~e the combustion of hydrogen 
(contained in the s:,...-nlhesis ga,;} oc;;m-s with a reduction 
of the imwber of rnols, unlike the ,,ombu~iion of 
m.ethune. so that the convcdive current of the reformer .2:; 

is smaller ,,ml require, an induced drat) OD) fan whi,;;l, 
is !es,; powerful; 

it limi!s lhe filk lo,;.~ of nitrogen (w·hkh is a re,1gen1), 
avoiding wr1~1.age of energy for N2 ~;;.,paraiion and 
compression; the !Fn,,mtinn of n.rtrogen for S)THhesi~ J;.:i 

mw,t not he fr;c1~1se.d; 
it itlo1N~ a high temp~,rnt,u·e for conversion of the nat1Jrn! 

gas to he rnaint;iitied. free from the c,mstraint of 
avoiding ibe introduction of excto;:dve nitrogen in rcJ.,1-
tioJJ to the stoi,:hiometry nl-tbe NIT\ s-yntbe,;is (typic,1] is 

of 1;,1nH,ntk1rn1l aidired pi»ce;,~t',) ;;,,,ith " high cnn­
vec'.rsion of the mctlimw re,;11Jting i11 mininrnl CO2 
erni,;.~ions. 

lu ,,o!lventional plant;; ,vhh a secowJary air-fed n,,·fonw:r, 
the process air is fod to said secondary rc:fornwr in stoi,:hio- .<,;:i 

m.ctri,;; q1,1nolitles. i.t'. in the gnnnihy required to reach ,1 I-J/N 
ratio of ;,1bout 3 in the rnake•u11 gas. This r110,~ns tlmt the air 
ilo,vrnt<:' (in particular the yuanthy ot',Jxygen introduced into 
the rd'orrner) cannot be freely cho~en, fix cxmnpk in order 
to achieve foll conve.rsion of the NG. 4S 

!nste-·Hi. if the: oxid;mt ;ind the nh.rogen are ~ep<waidy fixl 
i.o th.:, process, it is po;,sibk to choose the Jfowrnie of oxidai'!l 
so as JC\ ob!:1i11 cmnplek co.nversion ol" the natural gas and 
opti()nally <1dd, d,1wmi.rt'11.m., the nit1,,gen ,.v!Jich is nee,:kd 
for 1he desired m.ak~,-up ga,; ,x,mposition. The adv,mtuge of 5,:i 

foH ,;;nnvt~rsion is io pt,xln,,e " ,ynthe:;.fo gas wiih il small.er 
mcthane comen! aiid therefore lower CO2 emi~sions. 

redn(:es grc1>tly tlw gas flowrate in the front t'lKl, ,md 
therefore the associated nppamtw; and (se,x,rnfa.f)\ shift 
n.:~~~ction. decurhnn~]tJon or .tnc.:.-:(twrn1tinn) pi-pin,~ .:.-ire 
.'lllitablc for a greater capadty; 

s;J\d great;;:r capacity correspond,; to the synthe,;i:, gas w 
be us1:'<J a~ fod; 

a hi.gh output K:n1permure from the secondary rdbrrner 
may be used (ohtnining compkl<: i:nnvtTsion of the 
rndhane), be(.,mVie the nitrogen is added s0paratdy 
from th<:' oxygen:. therefore the method according t.i the 
inVt'nifon fHtiduces extra g.as to ht' used a~ fu1.;,J wiihout 
rcq11iring costly .tnodiJkmic1n~ ol.the pri.tmiry J'efbrrner, 
even when :,,,id ,e:t11nncr is suh~i.antially at th,,' limit of 
it~ ,,apadty: 

the CO2 1'i.!mcwal se,~,tion is d<:'-hDttlenecked hecause the 
invention incrt'a,;e~ the pa,titi! CO2 pre$~nni ;,nd 
rcdm;~,~ the g;is tk,wrnw i11 the absorbe.r; 

the C(>mbn,,tinn of the C02-depkted $yngi1s gencrntcs 
fower fomes 1km !he NG so !hat the cunve(.·tiY;;.' 1.curn~EH 
ol' the reformer and ID. fan are k~s di.arged; 

it fa n,11.,cs,,iry i.\.1 m,xllf}· nn!y llw front ic'll<.i, ,vhik the 
backeud {sy11lht'sis g;;s compressm, ammonia synthe­
sis, n'frigernting ~eel.ion) i~ ~i-1 bstnnlfa!ly ,rnchangt;d. 

the process do;;.\S. not rt~quir,:, im.:me purifa,ation of the 
synthesh ga,; i.n o.rdt"i' to n!move the inert cornpomin!S, 
it h,1ing Slil:licient it, u~e ih,~ me!hamlfor (otkn. the 
existing one): i11 p;inicu!;,r, it is not necessm:y iO per-
fonn any separation ,Jflhe synthe~i,; 1,>;;s into an I-12 and 
wasK' ga~ flmv. 

DESCRff'T!ON OF THE FJGllRES 

[-'Ki-. 1 shmvs a llrsl emhodi.ment of the invention. 
FlCL 2 shows a ~e,_;ond embodiment.. 
FIO, 3 .~hows a third embod.im~,nt. 
FIG. 4 shows a j,,_)mth ,~mhodimenl. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS OF 1HF 1NVENT!ON 

FlG. 1 ~how, a p(,1ccss ;ic,cording to a mo(k pf imr,k~ 
rn011ting the. invention ba~t,d on an oxyg,c'i:i ,mtoth0ruml 
refom1er ATR and pre.reformer. 

111t' blocks in F!G. 1 denote t!K~ t11Ho,,.·-ing sy~tems or 
AIK>th..-,r advant.1ge ,J:f !he invention i;. that the. gr~rkr 

t]o,.vra!C nf gas in the fro.ni- end al!o,vs more lw11i tn he 
N,:overed ;md mon., skam to b(' genernt;.,'d, Tlw greater 
quantity o:f steam prndm:ed in the frn.n! end limits lhe duty 
of the re;,p;;:,,,tivc auxiliary steam-genen,ting apparaius; an 
advantage is Ihm the fud consunipti,m (i.1.nd potential source 

5S appamtu~: 

of CO2 cmis:;.ion,) is represented '1nly by tb,, prim.my 
rdbrmer or !J.r('d hc,;ter. If tiJ~, foci of th<: reformer i& ,;;:i 

replaced wilh ~ynthesi.s gas (and if ne,ics;;ury the as;;odated 
lmnwrs replaced) a suhstanl'ial elimination or z0roing of the 
CO2 crni~;~ion& is obtained. 

Another <1dvnni.age is i.hm tb"' lnv1.3ntion does not require 
nece~sadly separation or hydrogen from the C02-(kpktcd ,;s 
~yng,1:;, i.e .. puri!kation of the C02--depfoted :;yngas into a 
gas which is rid1 in H2 and ,:i w,isk gas, in order to obta:in 

AUX charge pre,heater furnace and auxiliary !J<)ikr 
PRE pn::•refr,nnt'r 
ATR .i1ut01he.rma! refomie.r 
POX pnrti,,l oxidHtion r,~actpr 
S !-IF ,;hiti ~ectio11 
CDR CO2 removal sedion (d~',carhonaticm) 
MET metlrnnator 
SYN -~)11thesi.s ·'""'hon 
1-JRU hydrogen recovery section 
.-\SU air ~~~parntion (frac1ioni.ng.) %'Chon 

A dmrge .lit ;;om prising naturnl gas and steam is 1m> 
h-=ated in AUX and converted into ,1 ;;ynth1:\Sis ga~ 11 Ytci the 
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r<:formcrs PRE and AHL The auiothcrnrnl refr,nxit·r Al'R 
opewtes wi.th a thrn: 22 of em:idwd air or oxyg,m. 

·n,;;, synilwsi~ g,1s, which C(JlWl!B\\ H2. co ,,nd CO2, 
umkrgoes a ,;hiJl reaction in SlIF and lhen removul of CO2 
in CDR. The ~ec1ion SHF awy <.'omprise shift treatm.enb :it s 
different icrnpcr.Hures. Die s,x,tion ('DR opernks k"lr 
<'Xm:nple with ,.;he.micalfphysico! wa;;hing oftlie gas ·u~ing an 
aq1..1eolE, amine :;,1J11tio11. 

The s~">Ction CDR pmduc;;,s a CO2-depleted syugas 12 and 
a J:luw ·n o fCO2 which may ix, s,xiuesiered o.r used ti)r other 11l 

prnces;; purpnses, for i.:'X,miple in order to produl'i.:~ urea. 
Prdernhly the ;;ynthesis gas l2 !ms the foll;nving com.· 

po,ition: 98<!,.-,:, H2, E.--,:, CO+CH4, 00!%, CO2, Ar+N2 0.9%,. 
.Apart 14 of said CO2-dt·pkted syngas 1.2 i-; used ,ls fod 

in a fonwce in the front end, for •c'Xample i.n ,l charge heater 1.-; 

(AUX hlock). Th,' rcnmining pnrt 18 uf synt.b..;;sis g;i, is 
further treated rn the metlicinator .MTT. 

In t:lw e1\nmpk tile thd fr;,K,tinn 14 of ;;yntlw~i, gn~, 
together with a tcii! gI1s 15 of the HRU ~edi(ln, l"-xx-h one or 
mun~ users oflhe blnck.AUX 11ia "the :foel line 16 Optionally .2 1:i 

a suitable quantity o:t natural gas 17 (trim ga~} is nddcd i.o tb,~ 
gii~ 16. 

NllmgNi 18 from the air s,~paration sedion /\SU is added 

14 
In the example sliowu in FJG, 3, the portion 14a (Jf 

symhes.i$ g;;s separ,;1Wd a$ fud frac:tion, together ·with ,l tail 
ga& 25 of the !"SA uniL fo.,,<b one or more l1s-cr,; ofth~, blo,,k 
AUX via the iiJe! .line 26. 

FIG. 4 ,ho1.vs a proces$ b\,SCd on POX. ct,mprising 
purification of tlw proc.;;ss frnction of Hw ~ynth,~~i~ g,1~ in i, 
s,x,ion PUR c~>rllprisiug dt)•(:t ,md LN\V (liquid nitrogen 
wash}. 

In 11 ;;imi.lar manner 10 lile embodiment ;;ho,-vn in FIG. 3, 
abo in !his cu,;e the foe! fmctinn .14 s-cp;,rnt»--d from !he 
CO2-<:k'!1leted synthesis gas 12 is ~;plit irno o fast p1mion..14a 
U$ed % frid for exampk, in the block AUX, af!d a second 
pNi'ion 14b expo1t<::d as excess fod. Said portion l4a, 
Wgethei· w-ith a tail .gel,, 35 of tl1e section PUR. l\.x'cd~ one ,.1r 
more users oftbe Mock .A-UX via the fod line 36. Said tail 
gas 35 R'?$uhs from th,~ combination ,,f ilw tail g,is of the 
LNW and of ilw dtycr, 

The pro,,"',;; ;in,,1rding tn the invention allow, i.,1 produce 
ammonia wi!h emfasions. uf CO2 or ahmn 0.1 1/-r compan.cxl 
10 nbout 0.7 t/1 in !he prior art. 

A.!! the con!lgurmicrn,;. illDstf:ited may he the result of 
revum.ping of an ammonia plant with air-fod s;.,""t;umlary 
refr,rnwr. to the pmc,,ss fral'tion l 8 Qf the ;;ynthesis gc1s, ~1ft1.;·r it hm-; 

passed inside1he rndhanalor (optimwl_1: .2.-; In one embodiment._ the reviimping _procedure comprise~ 
1:,;;;-;e11lially tfa· following sl,:p;-;; 
in~ta1ling the .·\SU unit in order to genernie the flow 22 oJ 
o:,;.ygen or ,~nriched ,1ir:. 
rnodif)·ing the se,,omb:ry rel<.m:ner in order to ;;ccepi ~mid 

Th;-: g.M ih1is ,:,hiain,'d, togellwr vvith a tlmv ,1f hydmgtn 
20 r~x:overed from tile I-IRU section, feed,; the synthesis 
section SYN. Said synthesis ;;,x1ion pmduc-~>;; ammonia 23 
and a lfow 21 of purging g,h tn::ati.:;rJ in the section HRU for 
R"-'(JVery 01· lhe bydrog~,n ~,om.,ined inslde it. ,,_

1 
:thnv 22 in,it-,;K-1 or air: 
increasiriu the !h1c:tion of natural ii:,1s intended for the 
pnK't::ss a;.d redm:ing tile fniction of n;turnl gos intended for 
lhel; 

11w s,,pMatinn ,ection ,\SU produces, in additim'l to tb,~ 
11itmgi.:,n .19, ;;Jso the llov, 22 or enridwd air or oxygen for 
lhe mnolhermal refo.nner AIR, 

revornprng the e:<i:;trng s;.,--.:tion for desulp!m:riziition of the FIG. 2 sho'NS a prnc,~ss accurding tn ,1 prderred mrnfo of 
imp!e.m.eming the inventilln b;,s;.,'lion prlrnary reforming and. 
ATR. 

is rn1mriil. gas so as w increase the .:apaei!y-rhen.:of owing to !he 
gt1=akr proc:1:•;-;s gns lfowrnk; 

The blm:k SMR in FIG . .l denotes the pri.mci:ry refornier 
revmnping the existing &ectio11 CDR s1.J a~ to i1K,rea~e tli,, 
wp;icity thereof ovdng: in lb.c gre;i,et qmintily of CO2 to lw 
s.epar121ted. 

(or siearn rdin'lll<\t) plus auxiliary apparatu:i. for example 
st<,w:ll generatc,rs. The remmoing symbols in FlG, 2 co1re­
spo11d to the symbol,; in FIG.land th•c:rdilrn the (ks.:ription 
h: nnt rcp,~ated 

·"-'l It can be unders-rood tha! the revamping doe~ not .l'(:>guire 
l,ostly modificatiorl~ io tlw reforn1<:r. th1:, exc:hangtTS and 
piping of the front end .and ihe shift ,;i:':(_'\.i(ln. This i,; due ttJ 

tbe fact tlwt the volurndric fl_o,vm!e ofthc g:n~ through ilw 
front end does riot -increase, desp1t<J U1e g,Jnei'alion of ,he 

FIG. 2 ,,iw ~hows ,,n op!iorial !inc 15a kir recycling p,trl 

of the mi.I ga" .15 fmm the D.nil !-!RU for foeding the primary 
refon:oer S?V1R 

FIG. 3 slio'>li~ an ATR-h:,i_sed prot.'ess, similar to FIG . . 1, Dilt 
compfr,ing a purifo,,ation of th,' ptc,q'% fmction ,yf tb,~ 
;-,ynfhe~i~ ga~ iri ,, sectiorl PUR, \li·hich in this exampk 
c,lmpri:ies a PSA unit. 

-"S additional gas fraction (fi.1el friidion). 

·n,;;, !he! frnction 14 separawd from th,~ CO2-;.kp-kkd 
synthe:ii,;. gas l2 is divided into a first poni0.11 l4a. used ;i" 5,1 
fuel in a :fiirn,Ke in 1he from end, for ex:Hnpk in tile block 
/\ 1 rx. and ;i ,ee,1nd portion l 4b ~'xpn;tql as ,~xcess fi.icl, Tb,~ 
remaining p.;_ir! 18 ,rf synlhesi;. gas is further iteated in !he 
PS.,-\ unit. 

A p-mtion 23 of the dllwnt of the PSA ,u1ii is (opfa,na1ly) 
5
s 

exported as excess fuel, Said p<)rtion 23 .has ;.1 greate:r 
liydmgl,n puri.ty than the ga~ portion l4h. 

FXA!V!Pl . .F 

"Th(:' following "fabk ! rt~fors 10 1t plam with cl ,,,rpacity of 
V)(X) mdric tonnes pe.r day (MTD) Df ammonia produced. 

"fohle "f corni-wrrn the l:i)!lowing op,ions: 
(l) Plant of 1he prior art vnth p.rimary rdorrner and alr-led 
s,x,omfary retimner. 
(2) Plant of the prior art, as per oprio1i (l), with (:ap,u.ring of 
ille CO2 from the fome,; of !he primary rd""i;rmer. 
1)) Plant ,,ccnnling to the invenfa1n, % per FIG 1. 
(4) T-'brn according tf) the invention, ,,s per FIG. 2. 

TAJ3LE l 

u I c:; (\1 (4) 
r•tior ,~rt 11 ::-:-:::-r art" fo.v. ]h'i.', 

NH} pr•::•ducti.:-,rr ~•.,_.rfD ~flif:} Jli{:(l i{XV) J:)(10 
Nx:t N::,;.tur~ Ga~: i::rnllimn~1\i((iJ t1~~::;r,:,-d \}l~ gJiS Lr£\•" GcrJH· Nl:D 6"'1 ·:t,4 ~?.u 6.9 
ffEJ~.D + FUE;".. S'~~·;m: rxp·~}rt.z:d t::-.~:- t . .:.i ;;r,;;\'l} 
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]ABLE l<on!inw .. ,d 

(J) .:)t ~3·; i.4) 
~~r:-:.:r ::nt J)y_i,c,r :1j-:_ ]J~v·. hff. 

C'02 ,:::ptu.t6.~ ;51 pr,:";;:-:~::: MTIJ 
MID 
1/1. .NfU 

J(it:o 3-Qno 5~lH} ~.;~nn 
CO2 t,j ;:~:::~:,'jpiw?~- (,xJr!t~1i_1_;.,;,,d ir: f~:,, p_;;,:.-.._; 

co:2 (i) .n~:-::-:::,;..;p:H.1~~: (;,_:f}J"':1.:.liJs:.::d :1! i~:e ~;~:=-.: 
~: I r;r) 200 :•(1{: :.?O~i 

I')_","/ (l_ ~ 1).~ H.1 
M::~a E.q:::~ipm~n.l $iJ:t: 

T.;:1:_;~; ~ls:..:·,d b:::0Jt·-r -di}~)' 
{n:;fo_:---:::.~<::~r.:f~rc::':>:C ~t~:4(-r -~ a.•.~x~~(~1._ry b,~,i.::,:i:-; 
?.r.i_:;-c;.:;'::.:s- .CO2. n.:.:_;_,,.:;.vr.:.t .. ~;:-i:r~u:.;i•y 
AS~} 0.2 esp;~~~~~y 
Hn'\vr:...t,:. f':-f k(;,a~ ,t:_r~,i_ (:.e;:xo~Kb~:,• ,:-:,ufp:.:t<'.,\TR..) 

'Ilw t,ibk <hov,.-s that the pro~ess a..:-..-i>r<ling to the inven· 
tion (opiion 3) requires a front ~,ml mii::ibk for p:mdu..:ing 
aho the g.::is !r::ictin[l to be used as fod in tile fiirnan,s; in foe t 

mid ekctric pow~,1-. Th~, ixoce&s rnmpri~es ihe .:ons:umpiion 

2,:i rcl:lting to tlK, ,x,mpression of the CO2 scqn~,stcn,-d ·up to the 
the qmmtity of CO2 captured in the pmccss ~mounts to 5200 
/'STD Go.mparcd to 3600 for option,; (1) :md (2), aml th~, 
;;ynth;;.,;;is gas !lo-,vrak in 111,~ front ;;.,nd is c1bmit 20'h, mote 
th,,n F[GS. 1 c111d 2 .. Dc$pilc this. the cm:munption of the 
pkun i;; nrnd1 ks;; thau thut of option (2) (7.0 instead of 7.4 .2:i 

Gca1!MT) and i:s con:tpt·frtiV<~ with the phint w·ithout rnptur• 
ing according to option (l ). The total duly oflhe fi.11w1~·;;.,,, i~ 
nn!y 75°<, nf upiion (l ). 

press·tire of J 00 bar. For ea..:h pmccss, the namrnl g,ls 

consumption and the CO2 emission.a; indic1lted ;iiso consider 

the s:uperheated ste,un prodnction in AUX for driving all tiJ,, 

turbines, mid 1he p:mdu~tion of the elc..:!J:'ic po,vt'.r nc,;..,e~sary 

for 1he process, 

Table 2 ,:::rlrnpar'es th;;; follnv,ing option~: 

(1) Plant according to the invrntion, wi!h Sl\.-1R+ATR a,; per 

!n option ( 4 J the tneigy comnmptim'l obt,,ined h: le,;;:; ,han 
in optk1n (3), i.e. lXJlinl to 6.9 Gcal/1\,ff, nod n)5n tb,, cost t)f 
ihe pk,ni is le,;;:;.,. 'fois b,~cnusl\ in option {4J, the quantity t)f 
CO2 ~t'par;iicd in tb'-1 pn:-,cl'~s i$ k,:;; ,han in optk1n (3); tb'-1 
duly of the fonm,:l,s h;. g.r.?"ll:er than in (3), bw is c,nnparnhle 
vd1h that or op1ions ( 1) and (2):, the oxygen c>,msumption is 
markedly kss than ('.l}: !ht: flow.rak in the fo,m! end is 
markedly lt:ss lhan (3) and mmparablt: wilh (1) and (2). 

,;.) FIG. 2. in the follow.mg vari.mts: 

·nie e>:ampk,- show how tht' novel proeess is more 
e:!licier,l and compethiv;;, than th-.- prior art 

11w txample ,1h;o &bo•;v, tb'-1 <1dv,mt:igt: nf modilying <1 

plant ope.rnting as p~,r opiion (l ), p.rnfornbly implementing 

op,ion (4). In foct, in this casic' tht: dnty ,)fth'-1 fiimac~,,;; and 
foe !!iJ,,;,;r;:ite. of the g~;;es remain snb~iamially unvaried, 

while tlw CO2 emis.,ions m'-1 reduced. The inv,mtinn thu~ 

m.:hieve~ the ol~j,;._'l,t o:f minimizing the CO2 cmis.~ion:; d a 

conventional pkmt without k1$ing ammonia pro<.iuction. 

a, withthenve.rnll S/C rntio<2.7, shift rnmposedofHTS ::ind 

ers, methaimior; !rim :hid v,ith flnv,mte cone~pomiing. 10 

l 0%, 1Jf tl1e duty required by the fnmK,e; 

is h. zs for l a, hut Vtiithrnit trim foeL 
(2) Plant u..:~vr,hng to lhe invention, with pre·rnfom1er·L·\TR 
,1s per FIG, 3, in the folfowiug v·ari,1n1,,: 
a. with !he ovetall SiC rntio·cc2; shitt c.ompm;ed of MTS ,wd 
LTS. PSA, triln fud vdth flmvrate cqrresponding io Ht\;, nf 

.<,;) the duty rcgnir,~d hy th'-1 fi.imi,ce; 
b. a~ fiw 2a. ·,vitb,1u1 trim fod, .vith th,~ Sekctnxon1 pJ-occ,;s 
do1<-,·i:1;;!rcam ,:,f SHF and upsln,'.am of CDR k,r convtTting 
th<C' re:,idmil CO. 
(3 l Piani according to th;;., im·ention. with POX, a~ pct FIG. 

4S 4, in tlw vanm1ts: 
n. with the ()vemll S/C rntio 0···2, ,l1iH (.'()mp,1sed oflv!TS ;ind 
LTS, LNV/ dryer. trim fuel with ifowrnte rnrrespi:Htding lo 
It}'};, of requir"d duty ,J:f th<C' lh111aee; 

Tli~, foU1rn.cing hbk 2 refers ton plmit wrth a ~upacity of ,,) 

3000 metric tom.cs pet d;iy (\:tTD} ,1f flnnnonia produced. 

b. a, for 2<l, withnut trim fod. with sekci.ivc C{1Wlytk 

oxid;ition ot' CO (SekctoxorM process) down~tream of tiJ,, 
shift r;;';,ction and vp~tremn oftk CO2 removal. 

~Cll\X~(il.lj))j(}fl :)·f 

(l-l~:.: :·.::i. l g.:sx :. f1::.r-

J~.x.<:tmp.:-:: ~.,1:i. 

di.-.:.•~:1:,-:~01:k;=.;:j 

T\Hl.F 2 
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CO:?: tm.i~si.:,J~s 
int.;:,_} :;1.,~~-s-)~r>~Jf~{ .. ~ 

p;;::f WJj) <:,f 

.':-lll~!~ll~.l~:1 

~15"~,,~-Jw .. x::d~ 1" 

C:(}2:'i• }~~{.3 

~)ist:·i::iulio,1; or 
~k-:: CO? 
t'rni:;;:~irm::: 

pto.:..~l;'.:..::t, .~c;:.s 
CO sli~ ii, ,1:~. 

CO2 ~lip ift 
~J~~ p1\:•C'\;S-S ga~. 

In 'fohle 2: 

17 
TABLE 2-c:ontimi,~d 

"Trim fu;:,I" a" defi:n~,,-J ln th<: paknt; 
"CI-14 slip in the proeess gas" i:; the residtwl methane 

content of the symhesi;; gas pirn:hK'~'il in the front end (i.e. rn 
SMR+AIR in oplk)ll l, in the pre-rufc:1rrn~,r+ATR in option .2.s 

2 .. POX in option 3\ qwmtifled upstream of optional nH"lkl· 
rwtion .. 

''CO ;.,!ip in the pmccs:-, g.1-; rn the r(:whml carbon 
rn<)nuxid;,;\ (.:ont;;.~1t of lh"' $)'tllh(;'sis gas dow·nstrewn ()f 1.he 
~brn. ,cc1io11: ,;.) 

''CO2 slip in the pnK,~~~ gns'' i~ th,~ residi.1<11 c;,rbon 
dioxidi:' c,Jntent ofthe synthrni, g,.s dmi.·nstremn of the CO2 
renmval &eetion; 

Several comments may he made in vic,v ol'Tabl,.- 2: 
tn the l~ase df S~\.1R+.ATR. in opt1on la~ the tri-n1 i1.te1 ,s 

provide$ !he grcat<c:sl percem:lgc of !he CO2 em.ission.,5; 
1Jvoiding th"' trl.m fod by expnning_ S:nrphi~ fuel emible 
!he emis,,iom; tu be significanily reduced to less than 
0.1 tit, H.$ $ho\\·ri in tlw 'fabk· for option lb: al the sarne 
lirw..:t the quantity ()f sequestered (:()2 inc11Jasi:J~ fron1 41

) 

560H 10 5800 .MTD. 
ln tbt, c,ise nf %1R+AIR. i.he CO $lip in lhe pi»ccs~ gas 

pn.1vides the ~econd grcat,~;;i percentage of the CO2 
;:,rni,;.~ions i.n option .la. m1d _provides the f~teates1 1kr, "'S 
,:C:nlage in opthm 1 h:. app lic;iti,.m or the Selectoxo 
pnJce~s 10 ,lplion la or 1 b 'Wottld signiJic:an1ly .r;;duce 
the C02t.·rnlssion,;: the CI-14 ,;lip intbt., pmcc&s gas and. 
the CO2 slip in llw prnce~s gas provide~ a mmtlkr 
r~,rce1Jt:J.ge or !he CO2 emJSSl(IB:>. 5') 

The overnll energy t·onwmption of the 011tions based on 
AIR and POX+_purifi,:atiou /2 und 3I i~ de(.'idedly 
lower ihwi that of th<: options b,i~ed on Sl'vfR+ATR (la 
,md lb); i.his is mainly dw tn th,~ synthcsi~ g,,, purifi­
cation h:vfoch irnpmves ilw dlide.rn.:y of the S)Ti!hes.b ,s 
s.ectio.n and :ivoid~ 'the pm:ge); lhl: quantity of CO2 
s1x1ues1;;.,rcd in the~e option$ ()a, 3a: or 2b, 3h) i$ 

co.nseq1Jfi1!ly k:S$ than in opti.ms .1 a ,Jr l h. 
·111.;, c.mis~ion~ du<.l !<..1 tk use of th.;, trim fod in options 2n 

{,\TR) mid ?i:J are of ;ihont·20':\-i, of the tot»l emissinrn, ,;;) 
much les.s lhm1 in option la,. by way or confinmilion of 
tht· fact thal 111e heat t(x1uirt·<l by the l\.miace irl these 
tv,o options is much k,;s than in option la. 

In th.;, embodimeni.~ ,.vith A.TR or POX, the R~Bid1.ic1l CO 
a1Jd CH4 are of higher rdcvcincc owiJ1g to the lo,ver ,;s 
S/C ratio 111 which i\TR and POX operatl: compared 10 
S\,m_+/•:rR, POX op;.;,rn!;;.'.S ai a hig1Hc,r temp;.;,rntlm~ il:wn 

18 

),TR, whic.h resulls in il smaller residual mmmn! oJ 
CH4. hm in :i greater residua! amount of CO. 

tn h,Jth the 0111ions 2h and 3h, the .imp1~Jveme111 achieved 
by sdec:tive oxiifation of CO; in order to r<c.-<h1w the CO 
slip, .and by :m,iding trim .fod. is evident 

It shcmkl he mned thm both POX ,md /ffR achieve very 
low emis;;ioris ---i,S low a:; 0.05 for POX and 0. l ror 
ATR ---compmttble ,,vith !hos(; ad1ie1,;;,;,J by S?VlR+A.TR, 
but with lower ener,,;:y (.'OJhumption. and therdi..)r~= 
prdcwbk 

111"' ,1h,1ve cxmnpk ,how~ hmv the invcntinn is abk tn 
,1chievc extremely Jo,v CO2 emission kvds, c,11Te:;;pnndh\U: 
to almos-r lol:ll capture (>9B%)._ while m:iinmining crntlpt'li" 

;ive energy (:on:mmplion fovds, 

111"' inveniion cl<1.i1:m~d is: 
·1. A p1,Jc"'~" for ,ynthesis nf ammm1iti from nattir,i! g,is, 

the pr,1cc:;;s i.,ompfr;.Lng: 
conversion of ,l dmrg;:, of desulphurized 1wturnl fs1is and 

steam, with oxygen-enrkhed air or wilh oxygen. inl,J a 
;;yn1hesis gas containfog hydrog;:,n. CO und CO2, in a 
rnn:venion ~euioll; 

treatm.em of S.'t.id synthesi~ gus rnduding_ m k,3.~t ci shifl 
re,lction ol.th;; carbon monoxide into CO2, and ~-ubs~,, 
qw:nt ~eparntion ofC:02 from the gu~. thu8 dirnining ,, 
CO2-depleted ~ynthesis ga~ and ,1 CO2-rich g.ist~)(l~ 

tlmv c.ontciining the CO2 ~qiaratcd from ,he g.1%; 

,t'p1wiion of ,1 part d :,;iid CO2-depleted ~ynthcsis ga,; a~ 
thd fwction, ,,,_,herein sHid fi.1d fraction is fr..{J a:-. fod in 
111 kasi one lhm:ice and .vlwrcin ~aid. ~ep,,mtfon nf i.lw 
fud frnction includes th~· ~pl-it of :,aid· C02sdepkwd 
synthesi;; gas inlo al .least a first sh<C',lrn and 11 secnnd 
strt'aJ:u, said. firsi ,ind second ~trcm:us h,rving tht' s,1me 
,x,mpo,;itkm, wherein the first stream fonm the Ji.tel 
fraction and the second ~twam is pr,x,es~ gas intended 
for th,~ synthesis of ,)rnm,mia, 

2 The _process of claim I, wht:rd.n the firnt stream forms 
i.he thd frnction mid tht' S<.lcnnd s!R~am i, the pr,1t;css gas 
intended for !he ~yrnhesis ,,! aim11,mia altt'r further pnrifi• 
catinn. 

3. The pt<xes~ of c:birn L wfa,rdn ~aid fod fracti()n i~ 
benveen 1''.:u and 4{:l"ii, of tlw iot<1l am\)unt of s:Jid CO2, 
dcpktcd synga~. 

4. The pro.:e~~ of claim 1, whernin s3id fuel fraction i$ 

hetw,.~n l 0''/4, and 3m,;, of the tol;i.l amount of ,;aid CO2, 
d.::·pkwd ;;yngas. 
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5. 'Hie proc:~'ss of duirn l. furffi~,r ..;ornprising c1 step k"lr 
nK'.il:wrn1t:inn of the 5y11tlwsb gm; ,,nd!pr (1dditi,1n of uitmgen 
i.,1 (hi~ ~ynihesis gas. 

6. The prnce,-s of claim -~- wh~'l\?in s,tid fo,~l thcctk1n is 
,;epamted up,;lremn ot" the m-:'ttmnation step or ups:tream of -' 
the n.itmgen additiun ;;iep. 

7 The process of daim .1. wht'1·ein said C02--depleted 
$yni;i:as contains ilo more than 1000 p-prn hy vo!imw of CO2. 

8. The pmct~s of daim. I, wherdn said ~~nddwd air 
c:ontuins ui Je3:;t 50'\, nxw:e.n. 

9. Th0 pmc:(;';,,s of d,:i~n 1, whereiu said emich~·<l mr 
~-ontuins al least 90'}(, oxygen. 

10. The pro1x,ss (>f dairn 1. wherein :;aid fod frw.,iion of 
ihe ,ynthe"'i~ ga, !t'o.is o-ne or more of i.lw k;llowing ,lpp,1- 1.-; 

20 
an amom1t of rm rural gm; is pwvid";,J M txim fud, :mid trim 

fod acc,:,1.mtin.g for not more th,in 15'~{, of the tmal 
..,nmhu~tl<,n hCiit 

1K The proCIC'jS of tlnim 1, ,vherei.n: 
the fod ibcthm i:-i pr<:iduced in exces~ wilh respe..:l "to the 

fnd necec'ssary for the c:mi:version $t'Ction, t!ie g,iami:tv 
01· said fuel li-ac:tioll exu-:eding that required hdng_ 
exp.oned from 111e process: and 

rq,wlation . of 1he <.'<)nV1:;r,;ion ~t't:iiun is pt'rformeJ. by 
m<)dulatmg the qur,ntity ,,f s,,id ti.ml fm,,,imJ directed 
to.var<.h the conv~Ysinn section au4 the qunutity 
exported from the prnee~s. 

.19. The p.nx,ess of daim .t, \Vlkrein: 
1he cnnwrsi(m oftbe natural gas dwrg(' in:to :;yrnhesis gas 

mdndes a step of »utoH1erni,il reforming. or a stt'-p of 
11ci1·1.i<1l oxidaiio[l; mtuses: ,, sk,am -pmducti0n m1dinr supe,heating fomace; nm:, 

nr more hurn<c'l"S ofa primary ,sh:"1m rdi:,mwr; or nne ormN,1 
hu-naces fo.r p11,-hem.ing the di.arge of ,m m11othe.rma1 
reformer or partial nxidatio.n read,)r or nmD.ml--!las desu1-
plrnr.ization &eetio.n. ~· 

,;aid ,;tep ofarnoth,Jrmal reforming or partic1l uxida,ion is 
pe.dbt111t'd ,vi!h il ,i.earn/c,1rbon rntio not g_rl',Iter thnn 2. 

20 Th,1 pmcms of claim 1, ,;.•hen,in tht; con~'er~k1n oftlw 
naturnl gas into ;;ynthoc',;i:-; pt& hidwk:, primary 1\:forming of 

.2 1) !he tmturnl g.as in !he rm.:sence of ,team m1d ;;.~x.'<.mdmy 
reforming-performed with sald oxygen How or em:idwd :'tir. 11 . The prm.,ess of claim J, wherein: a purge ga~ or \he 

ammonia symhesi~ pro..:e.'i,;, containlng hydrngec'.n 1ind nw\h· 
:me, is tr~,.,ted so a$ t(1 rernve.r the hydrogen c:ontuined ln \he 
puri,w gas. obhtining a hydroge1H·ic:h g;.1~ m1d ,, wil g"s 
conla:ining rnet1wne; ai k,1;;i p,in of smJ. tail ga~ 1s re(:yded .2.-; 

as pffK'e,s ga,- ;ind sub_j<'.'C!.n-1 tn ,aid srnp ,..1 f n,nvers inn of the 
n;itura! ga& into synth~si;; gas. 

l:2. nw pt,,u,s,s of dnim I, ,vlwrein: a pan of ,;;,id 
C02-depkted syTig"s is !reakxl in a unit !i..1r sc-pam1ion of 
niiroge.n, ohtaining 11 flrsl str.:"irn or nitroge1i,.:l.q,leted S)'n- J;_) 

ga~ and_ a s-tcond nl trogi.:.~n~cnric}H~d strcan1; at least s-)ne pRrt 
of said Hc,i stream. i:i used as fwd: any rnmaining part of said 
first $11,~,im is fod io ihe synthe~i, ,1f a.mmonia k1gdher ,vith 
tb,.:1 $,xond SW,;'Wll. • ,_ • 

.13. The pm,,es~ of claim .L fi.irther comprising a skp of is 

~'xpnnsk1n, with -pn:iductlon of mechm1ic,d work. of the 
CO2-depleted syngas, iitkr lwml.ng the C02-dc.'-plekd ~yn· 

21. A method for revamping a plant lix synftwsi~ of 
mnmonia from natur~il gas or wnmoHiafurea plant, wb(;'rdn 
1.he plant indmJe$ a rdorming section tbal indudi:~ a pri­
mary steam reformer :'trnl mi ;ii.r-tlr("d ~"':(..'ondary reformer, 
,ind ,~ section for treatment of the ~yni.he$is gM by ii shift 
teactmn of (:atbon monoxidt' into cnrbon dioxide, and decar 0 

bonati,m; the method comprising: 
providing a tlm,v of ;;:,n.richeJ. "ir or (>Xygt'll and us-ing said 

flmv a~ oxidant, inste,id of air: for the s;,xurnL1J-v 
reformer: ' 

~;;_,pnrnliug a part or !ht' ,;ynlhe1;is g;:1s, J.o.wn~lremn of 
dct":ai'b<).mnion, for me as foe! fbctism, and al.lm:atin11. a 
(l'lmilniug pron',;~ fraction ,, f the synllws is g,h I,x 
3n1m(mia ,;011vernion; 

fmding said fod fnK~iion of the ua,. which lK1s ii reduced 
CO2 c:ontenl, iis fod for <'t i;:a:;1. O[!I:'. fornm.X' of the 
plant. 

22. 11w method of cbim 2 ·1, f'orth>Ir comprising: insuilliug 
.14. H1(;' pro1.,es~ of cfaim l. where-in the overnll stcM111 

carhon .mlio in !he conversiDn :>lt'j) is ;;1\:akr "than 2.0. 
15. The process of cbini I, wh,~rd.tl the <.w,~wll skami 

c:m:bon ratio i.r1 the crniversion &tq) is greater foal! 2.4. 
16. ·nw p.nx,ess o:f claim .t, v..-herein the ,wern.11 steam/ 

carbon rntio in the co!lver8ion st<:.11 is gn:;aic-r thim 2.7. 

,,.;) an air sepamtion uuii so as \o provide said oxy1,en or 
enriched uir fiu\'i\ wherein said sepamti,m uni! aho p1;JVides 
a nitrog_t'll fi;..1,.,v ,vhid1 is added to lh1; prnces~ fraction of the 
symhes.is g;JS in ,Jrd,"1' to ohtain !he ,ies.ir,cxl I-I2/N2 .mlio. 

.17. The prncess of daim L ,,.·herein 
said "-YH!hesis gas fud lh-1ctio11 fr;rm,_ all oftlw fud of the 

fortm..:;,:s used in !he Go.nversion .%xtion, m 

D. Tht' 111cthod of daim 2.l, ,.vlwrdn tlw ~cction for 
-"S treatment of the sylilhesis g;i~ by llw ~hit! H-'<ll'lionof carbon 

mornixide indudes rnelhanation. 
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Experience of Energy Saving and Naphtha 
to Gas Conversion Projects at IFFCO 

IFFCO (Indian Fam,us Fertiliser Cooperative Limited) is continually stril1ing to be the most 
effidt!llt energy cons111111!r in the fertilizer industry. To achieve its goal, a number of energy saving 
schemes hal1e been successfully implemented a11d envisaged s,wings are achie-..•ed. IFFCO-Phulpur 
Unit, the world's largest naphtha based Urea complex, consuming one full naphtha rake (2200 t) 

daily has been modified from costly feedstock of naphtha to re-gasified liquefied naJural gas (RLNG). 
There shall be national saving in Gol1ernment subsidy of about US S 210 millions per year due to 

co11version of Phulpur Unit to Re-gasijled Liquefied Natural Gas. This paper highlights the schen1es 
implemented under Energy Saving Projects and 1110dijications carried 011t 11nder the RLNG 

Co1niersio11 Job. It describes in tktail the t!\perie11ces gained during both project execution and 
implementation. 

M. Rajashekhariah, 
IFFCO-Phulpur, Allahabad, India 

Yogesh Nanda 
IFFCO-Phulpur, Allahabad, India 

Introduction 

he Indian Fertilizer Industry has come a 

Tlong way since the establishment of the 
first Super-Phosphate factory in 1906 at 
Ranipet (Tamil Nadu). The turning point 
in the Indian Agriculture Sector was the 

introduction of HYV (High Yielding Varieties) 
seeds of wheat and rice it1 mid-sixties. The 
expansion in area of land under cuhivation and 
switch-over to HYVs seeds led to a remarkable 
growth in fertilizer use and crop production. 

Subsequently, with the aid of government 
policies for fertilizer production, India became 
self-sufficient in food grain production. Today, 
fertilizers have become an essential input to 
Indian Agriculture for meeting the food gra.in 
requirements of the growing population of the 
country. Fertilizer Industries have a mammoth 
task of providing essential m1trients to Indian 
farmers so that the growth in the agricultural 
sector is sufficient for meeting the domestic 
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food requirements. 

Implications of Feedstock and 
Energy 

Main feed stocks used for manufachue of Urea 
in India are Natural Gas (65%), Naphtba (25%) 
and Fuel Oil (FO) 10%). Because of shortage of 
gas supplies to gas-based Urea plants, many 
units are operating on mixed feed options 
wherein naphtha is used along with gas through 
a pre-reformer system, which results in higher 
cost of production. 

Improving Reliability of Ammonia­
Urea Plants 

The most significant factor in improving 
productivity is plant reliability. Plant reliability 
is measured in terms of improvement in on­
stream days. All other parameters in operation 
of plant meet, finally at reliability. Plant 
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reliability determines directly profitability, 
safety and environmental perfonnance. 
The Ammonia-Urea complex is a high energy 
and capital intensive industry. Therefore, higher 
reliability and better energy efficiency is the key 
to its competitiveness. 

Use of Cheaper and Better 
Feedstock 

Type of feedstock has a major influence ou 
energy consumption in an Ammonia-Urea Plant. 
Hydrogen to carbon ratio increases as we move 
from liquid hydrocarbons (naphtha or fuel oil) 
to gaseous hydrocarbons (natural gas). Besides, 
associated impurities namely sulphur. etc. are 
present only in traces in case of gas. 

With the steep rise in the cost of liquid 
hydrocarbons in the last five-to-six years, 
Ammonia-Urea production from liquid 
hydrocarbons plants has become very costly. 
Keeping this in view, one of the main guidelines 
provided under the Government of India's New 
Policy was that all such plants should switch­
over to Natmal Gas or Re-gasified -Liquid 
Natural gas (RLNG) so that they can also 
become viable and compete in the business of 
Urea manufacturing. 

Use of Modern 
and Technologies 

Instrumentation 

Process 
Advanced 

Developments in science and engineering 
helped technologists to design and construct 
plants that are more reliable and energy 
efficient. There have been several developments 
in the past wbich have been adopted as part of 
the modernizations in old plants. Some of these 
measm·es are: 

• Addition of S-50 (Synthesis Converter) 
in the Synthesis Loop of the Ammonia 
Plant to reduce operating pressure and 
thus save energy. 
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• Highly active and sturdy catalysts in 
reformer/shift, etc. are giving higher 
conversion efficiency and longer periods 
of operation. 

• Improving performance of the CO2 
removal section by selecting better 
solvent and installing or modifying 
equipments. 

• b1stallation of molecular sieves or 
ammonia wash fur the purification of 
synthesis gas. 

• b1stallation of Purge Gas Recovery 
(PGR) Unit to recover hydrogen and 
ammonia from purge gas. 

• Installation of pre-refurmer to overcome 
gas shortage through the use of naphtha. 

• Change of material of constrnction of 
critical heat exchangers from carbon 
steel to stainless steel. 

• Use of additional Urea trays in the Urea 
Reactor for higher efficiency. 

• Increasing CO2 feed temperature to the 
Urea Reactor by recovering heat in an 
exchauger from the third stage of the 
CO2 Compressor. 

• Replacement of old HP Stripper with 
new Bi-metallic Stripper in Urea Plant. 

• Installation of pre-concentrator in the 
Urea Plant. 

• Installation of Urea MP Pre-decomposer 
in case excess low pressure steam is 
available in the complex. 

• Better integration of the steam network 
and preparation of Boiler Feed water for 
Utility Boiler iu Ammonia Plant by 
recovering heat from low level of 
energy. 

• Installation of variable speed drives for 
electric motors to optimize power 
consumption with variable speeds. 

• Recovery of waste heat particularly from 
reformer furnace flue gases. 

• Installation of Carbon Dioxide Recovery 
Plant in gas plant for meeting the 
requirement of CO2 to balance ammonia 
and Urea production. This will save the 
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costly naphtha fuel being used by 
various natural gas based plants. 

• Upgrading Plant and Instrwnent Air 
System by installing HOC (Heat of 
Compression) type dryers. 

• Installation of efficient movmg 
machineries. 

• Upgrading Instrumentation System by 
switching over :from pneumatic to DCS. 

• Increase in Capacity of existing plants 
by way of retrofitting & modification. 

The Indian Ammonia-Urea Plants have kept 
pace with the developments taking place aro\Dld 
the world. There is a marked improvement in 
the energy consumption and increase in on­
stream days. In the last fifteen years, the energy 
comumption for manufacturing of ammonia has 
been reduced by more than 25% while the 
average on-stream days of ammonia plants 
based on refomling process bas improved from 
290 days (1987-90) to around 320 days at 
present. 

Fertilizer Policy in India 

To increase self sufficiency .in fertilser 
production, the Government of India (GOI) 
started the Retention Pricing Scheme in late 
70's. TI1e retention price varied from unit to unit 
depending upon vintage, location of tbe plant, 
feedstock, technology used, etc. This led to an 
increase in fertilizer production. Many new 
plants were setup and the country became self 
sufficient in food production. However, there 
was an increase in the subsidy burden. To 
emphasize international competitiveness, global 
marketing, import liberaliz.ation, import price 
parity and free trade, the plant-specific 
Retention Price Scheme was phased out. The 
Govermnent of India (GOI) has implemented a 
new pricing policy fur urea manufacturing 
industries in effect as of April 2003. The new 
pricing policy is in the form of a group based 
concession scheme. The key objective of the 
new pricing policy fur urea units is to gradually 
move in the direction of parity with 
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international prices based on the use of the most 
efficient feedstock and the state-of-the-art 
technology. 

Strategies Adopted at IFFCO­
Phulpur in Meeting the Challenges 

Indian Farmers FertiHser Cooperative 
Limited (IFFCO), globally acclaimed 
cooperative in fertilizer production and 
marketing has been striving for socio-economic 
upliftment of the rural population of India since 
inception. To ensure timely availability of 
quality fertilizers to the farmers, IFFCO came 
into being on 3rd November, 1967. Initially, 
IFFCO conm1issioned Kalol and Kandla plants 
in Gujarat in early 1975. Subsequently, the 
society expanded its base by building two more 
plants at Phulpur and A.onla in U .P. in the years 
1981 and 1988 respectively. Subsequently the 
capacity of all these four units has been 
increased, either by installing new plants at the 
existing site or by revamping the existing plants. 
Last year, it acquired the DAP/NPK unit at 
Paradeep in Orissa having an annual capacity to 
produce 1.9 million tonne of NPK/DAP. The 
marketing of IFFCO's products 
NPK/DAP/UREA - are channeled through 
37.500 member cooperative societies and 158 
Fanners Service Centers in over 28 States / 
Union Territories in the country. IFFCO along 
with a joint venture partner, Oman Oil India 
Company (OOC) has set up Oman India 
Fertiliser Company (OMIFCO) at Sur in Oman 
with annual capacity of producing 1.65 million 
tom1e, of Urea. IFFCO launched another 
company ludo-Egyptian Fertiliser Company 
(IEFC), a joint venture with El Nasr Mining 
Company (EN1'11C), for setting up a Phosphoric 
Acid Plant in Egypt. 

IFFCO-Phulpur Unit, is located at Phulpur, 
Allahabad in the state of Uttar Pradesh. It has 
been the world's largest naphtha based Urea 
complex, consuming one fhll naphtha rake 
(2200 t) daily. Both of its units have been 
perfumring well since beginning. Unit -I started 
its connnercial production in March,1981 and 
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has a 977 metric tonne per day (MTPD) 
ammonia plant, 1670 MTPD Urea plant. three 
coal fired boilers having 125 MT/hr capacities 
each and 12.5 MW Turbo-Generator. 

The Second Unit started commercial production 
in December, 1997 and consists of a 1520 
MTPD ammonia plant, two streams of 1310 
MTPD Urea plants, a FO fired boiler of 200 
:MT /br and 18 MW Turbo-Generator along with 
other offsite facilities 

The Ammonia-Urea complex at Plmlpur has 
been based on naphtha since inception when 
cost of naphtha was quite low. The Plmlpur Unit 
has been perfonning well with tbe help of 
effective and efficient operation and 
maintenance practices. Specific energy 
consumption per 1\,fT of ammonia produced in 
Unit-I was initially at 42.6 GJ/Mf (36.6 
mmBTU LHV /short ton) and was being 
operated at 38.4 GJ/MT (33.0 mmBTU LHV 
/ton) later. Specific energy consumption per MT 
of ammonia in Unit-Il was 32.7 GJIMT (28. l 
mmBTU LHV /ton). The energy difference was 
due to tecl:mological difference of vintage as 
earlier plant was 1976 year based and later plant 
of 1994 year based. 

Realizing the importance of improving the 
productivity of the complex, IFFCO had 
initiated the following main projects in the year 
2004 to 2006 in a phased maimer: 

A. Energy Saving Projects (ESP) in an S 
Ammonia Plant 

B. Re-gasified Liquid Natural Gas 
(RLNG) Conversion at Phulpur 
(Naphtha to Gas Conversion). 

C. Installation of a Carbon Dioxide 
Recovery (CDR) plant at Phulpur & 
Aonla 

All achvrt1es pertaining to Energy Saving 
Projects, RLNG Conversion, and Installation of 
CDR have already been successfully completed. 

All the above steps were in line with the uew 
policy of the Government of India on fertilizer 
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to improve the productivity of plants by way of 
reduced energy consumption. and change over 
to cheaper feed stock RLNG to reduce the cost 
of production and thereby reducing the subsidy. 

A) Energy Saving Projects (ESP) 

A study was carried out in all the three units to 
find out the possibility of improving plant 
performance in order to make the Unit more 
energy efficient. It was observed that in 
ammonia plants, significant energy loss occurs 
in the funn of dumping heat to the cooling water 
system through coolers and condensers. 
Schemes were finalized for individual plant 
under Energy Saving Projects (ESP) with the 
help of Consultant and in-house studies: The 
schemes connnon for all the three Units and all 
5 Annnonia Plant are as follows: 

l. New LT Shift Guard, BFW Preheater 
and Separator 

2. Installation of S-50 radial flow synthesis 
conve1ter and HP / MP Boiler. 

Schemes other than above common schemes 
installed at Phu)pur Plant are shown in the table 
below: 

SL Description 
No. 

Pbulour-1 
LO Reduction in pressure drop of LT shift 

conve1ter. 
2.0 Revamp of CO2 Removal System to a 

modern 2-stage Mis Giammarco-
Vetrocoke (GV) Process layout 

3.0 Drying of make-up gas and synthesis 
loop re-piping. 

4.0 Synthesis gas compressor LP and HP 
case internal replacement. 

5.0 hlstallation of final gas chiller. 
Phulpu:r -II 

6.0 Installation offmal gas chiller. 

Phulpur-II being the latest generation plant with 
already low specific cousumptious, had limited 
options for further improvement More 
infonnation 011 the Phulpur-1 and II project is 
given in then next paragraphs. 
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Phulpur-1 

1. Improvement in outlet systems for LT 
shift converter 
The outlet system of LT Shift reactor was 
changed to decrease the pressure drop across the 
Reactor. Tiie elephant stool design outlet system 
provided by Kellogg was modified to Mis 
Hald.or Topsoe NS (HT AS) outlet system. This 
lowered pressure drop by 39 kPa (5.66 psi) and 
resulted in a higher suction pressure at the 
synthesis compressor, thereby reducing the 
steam consumption of the synthesis compressor 
turbine. 

2. New LT Shift Guard 
A new LT Shift Guard Reactor has been 
installed with 10 m3 (353.15 ft3

) of catalyst. CO 
slip at the outlet of LT Shift Converter, is 
lowered to 0.15% compared to the earlier 0.25-
0.30%,. Lower CO slip has resulted in additional 
ammonia production due to reduction in 
consumption of hydrogen in the methanator. 

3. Revamp of the CO2 Removal System to a 
Modem 2-Stage GV process Layout 
Originally, Benfield System was provided as the 
CO2 Removal System with design regeneration 
energy of 4414 KJ/Nm3 of CO2 (0.0425 
nunBTU/ lb-mole CO2). In 1993, it was 
modified to Low-Heat Ben.field System by 
employing a muhistage flash tank and steam 
ejectors with design regeneration energy of 
4012 KJ/Nm3 of CO2 (0.0387 mmBTU/lb-mole 
CO2). 

For further reduction of energy consumption, a 
revamp of the CO2 removal system to a 2-Stage 
GV Process Layout was the best available 
option in the existing system., as it did not 
involve nmch modification. 

The main features of a 2-Stage Mis Giammarco 
Vetrocoke (GV) Italy, Process are the operation 
of the two strippers at different pressm·es, i.e. 
one at high pressure (107.9 kPa i.e.15.65 psig) 
and the other at low pressure (13.7 kPa i.e. 1.99 
psig) using the same Benfield sohrtion with 
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activator ACT-I. Rich CO2 loaded solution is 
introduced to both HP & LP Strippers and semi­
lean and lean sohttion from HP stripper passes 
to LP StJipper before going to respective 
circulation pump suctions. In order to compress, 
the CO2 generated from tlle LP Stripper, a 
blower has been provided. Packing of the 
absorber bottom bed was replaced with Intalox 
Metal Tower Packing- 40 mm (IMTP 40) and 
the discharged packing (Hy-Pak No.2) was 
utilized to replace the bottom of HP Stripper. 
The above modification has enabled to achieve 
the lower CO2 regeneration energy with higher 
purity. 

4. Installation of S-50 radial flow synthesis 
converter and MP Boiler 
In Phu}pur-I, The original design Ammonia 
concentration at the outlet of the synthesis 
conve11er was only 15.5 % whereas the new 
generation plants are designed with ammonia 
concentration as bigh as 24 %. In order to 
increase ammonia conversion, a new S-50 
conve1ter with a lower heat exchanger and 
internal electrical start-up heater was installed 
down-stream of existing ammonia Synthesis 
converter. As a result ammonia conversion per 
pass has increased and the Gas circulation in the 
synthesis loop has decreased, thereby reducing 
the overall steam consumption of the synthesis 
compressor turbine. A new MP Boiler bas been 
installed down-stream of S-50 converter to 
recover heat and produce medium pressure 
steam to optimize the overall steam balance of 
the plant. 

5. Drying of make-up gas and synthesis loop 
re-piping 
It was observed that refrigeration load in 
Ammonia-I was very high in comparison to that 
of Ammonia-IT due to high circulation rate in 
the syntliesis loop. The piping armmd the 
synthesis compressor recycle was rearranged in 
such a manner that ammonia present in the 
conve11er effluent got condensed and separated 
before going to recycle stage of the compressor. 
Tiris system had a disadvantage because oxides 
of carbon present in the make-up gas were 
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getting fed to synthesis converter directly. After 
loop re-piping work, a new kick back cooler 
was installed at the discharge of synthesis 
compressor. as the existing water cooler was not 
being used to cool kick back gases. 
In order to send oxide-free make-up gas directly 
to the conve1ter, an ammonia wash unit has 
been installed between LP & HP case of the 
synthesis compressor. The make-up gas is 
being washed with atmnonia stream from the 
ammonia separator to remove the oxides .. 
Installation of ammonia wash unit and synthesis 
loop re-piping has reduced the circulation rate 
thereby reducing the power consumption in the 
synthesis compressor. 

6. Synthesis gas compressor LP and HP case 
internal replacement 

The original compressor is of mid-1970 design 
and the operating conditions have changed 
largely after the synthesis converter retrofit in 
which Kellogg design 4-bed axial flow quench 
type reactor was ux,dified to Casale design 
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axial-radial flow reactor. Moreover, after the 
installation of S-50 conve1ter and loop re­
piping, operating condition, particularly 
circulation rate, was expected to change 
drastically and would have decreased the 
operating pressw·e of the synthesis loop. The 
new internals of LP and HP case were designed 
to meet the new operating condition and with 
better efficiency. The combined effurts of 
matching the system and operating conditions, 
and the improvement in efficiency led to less 
steam consumption in the synthesis compressor 
turbine. 

7. Installation of Final Gas Chiller 
After the installation of S-50 converter and 
ammonia wash lmit, synthesis and ammonia 
wash unit, synthesis converter effluent gas is 
being cooled and chilled successively in three 
ammonia chillers. Due to higher loop pressure 
and lligher ammonia concentration, vapour 
generated in the first chiller, which is operated 
at a pressure corresponding to 3rd stage suction 
of regeneration compressor. will be high. 
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Schematk Diagram of modified back-end of the ammonia plant Phulpur-1 
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This would have caused improper distribution of 
ammonia vapor among the different stages of 
the refrigeration compressor, which would have 
resulted iu operation very close to the surge 
limit, even with a small kickback flow. 
Adding load on the I st stage and subsequent 
stages of the refrigeration compressor will 
improve its operation and reduce the wastage of 
power by the kickback flow. 
With the intention to increase load on the I st 

stage of the refrigeration compressor, a final gas 
chiller has been introduced to cool down the 
make-up gas to 6 °C (42.8 °F). This increased 
vohunetric efficiency due to lower inlet 
temperature of make-up gas has led to 
reduction in steam consumption in the synthesis 
gas ressor for the same work ou Jut 

Ammonia -I plant Ent>1·gy Saving Project 
Scbt>mt: S-50Convertn and MP Bollt>t' 

Ammonia-I plant Energy Saving Project 
Scheme: Dehydrator Column 

Phulpur-11 
1. Installation of S-50 Radial Flow Synthesis 
Converter and HP Boiler 
For energy reduction in the armnonia synthesis 
loop, installation of a M/s Ha)dor Topsoe A/S 
(HT.AS) S-50 ammonia synthesis converter and 
a new HP-WHB was found to be the most 
beneficial option. The S-50 convet1er and New 
HP boiler have been located in series in between 
the existing converter and existing HP synloop 
boiler. The S-50 converter increased the 
conversion and reduced the circulation rate, 
thereby reducing the pressure drop in the loop. 
Furthermore, to make an optimum overall steam 
balance, high pressure steam is being generated 
from the waste heat boiler to control the inlet 
temperature to the new converter. 

S-SO r a«lal flow Synthesis Co11wrte1 and fl> Boiler 
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2. New LT Shift Guard and BFW Preheater 

The purpose of installing a LT Shift Guard 
befure the LT Shift Reactor was to reduce CO 
slippage from shift section on a consistent basis 
without increasing the pressure drop. A new 
BFW preheater was installed at down stream of 
new LT shift Guard to control the inlet 
temperature of the LT Shift Reactor and to 
recover the exothennic heat of reaction. After its 
installation. CO slip from LT Shift Converter 
has come down from 0.20% to 0. l 2~'o. 

3. Installation of Final Gas Chiller 

In the earlier system, make-up gas was being 
cooled to 35 °C (95 °F) before being compressed 
in the synthesis gas compressor. The final gas 
chiller will be introduced to cool down the 
make-up gas to 6 °C (42.6 °F) from the present 
level of 35 °C. This will increase the volumetric 
efficiency due to lower inlet temperature of 
make-up gas leading to a reduction in steam 
consumption in the synthesis gas compressor for 
the same work output. 

Schemes installed at Kaloi Plant apart from the 
schemes installed at Phulpur plant are as 
follows: 

SI. Description 
No. 
1.0 Revamp of CO2. Removal System to a 

2-stage a-MDEA system. 
2.0 Revanro of Synthesis Gas Compressor 
3.0 Condensing tnode operation of ID Fan 

Tmbine and reduction in Steam/Carbon 
ratio to the refonner. 

4.0 Installation of new BFW Coil m 
convection section of Primary Refonner 

Schemes installed in Aonla Unit to reduce 
energy consumption other than the schemes 
installed at Phulpw· Unit are as fullows: 
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SI. Description 
No. 

AonJa -1 
LO Revamp of CO2 Removal System 
2.0 Replacement of Cooling Water Pwnp 

Tmbine and GV Booster Pump Turbine 
to Motor. 

Aonla-11 
LO Replacement of Cooling Water Pump 

Turbine and GV Booster Pump Turbine 
to Motor. 

2.0 Additional Process Condensate 
Exchanger 

3.0 New Combustion Air Module 

Ammonia-II plant Energy Saving Project 
Scheme: S-50 Converter and HP Boller 

Energy Saving Project Kaloi : Two Stage 
aMDEA CO2 Removal System 
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Benefits achieved from Energy Saving 
Project: As a result of Energy Saving, steam 
consumption in both Ammonia plant has 
reduced which in tum has saved costly fuel. The 
Investment made in the Project of 36 million 
USO has a pay-back of 4 years. Additional 
advantage of installing S-50 Converter has been 
in terms of extra capacity availability in back­
end of Ammonia plants. This margin has been 
appropriately utilized in Capacity Enhancement 
Project. 

B) Re-gasified Liquefied Natural 
Gas (RLNG) Conversion at IFFCO­
Phulpur 

IFFCO-Phulpur initiated the task of executing 
RLNG conversion along with Energy Saving 
Project. As the availability of indigenous natural 
gas was limited, the only possible alternative 
was to go for RLNG which was to be sourced 
:from outside and made available to Plmlpur as 
per the requirement. IFFCO held discussions 
with the concerned parties and finally au 
agreement was reached between Ws Gas 
Authority of India Ltd. (GAIL) and IFFCO on 
August 25, 2004. A separate 140 km pipeline 
was laid from Thulendi of District RaiBarelly to 
the Phulpur Unit from the existing HBJ gas 
pipeline. 

Important Technical Aspects in 
RLNG Conversion 

The most significant differences between 
naphtha and natural gas based ammonia plants 
are in the desulphurization section. Since natural 
gas does not contain nmch sulphur, unlike 
nRphtha, hence a pre-desulphurization section 
need not be operated. Other important aspect is 
in the ratio of hydrogen to carbon ratio, which is 
high in case of gas. As a resuh, less steam is 
consumed iu the reforming section and less CO2 
is generated. After the reforming section., plants 
operating on naphtha or gas are identical except 
.in the quantity of generated CO2. 
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Major technical aspects that have to be looked 
into are: 

a) To allow operation on RLNG, the main 
equipment / section which required 
addition or modification in existing 
sections were catalyst for the 
desulphuriser and the Primary Reformer, 
bumers and their control systems, 
Convection zone Coils, ID & FD Fans 
capacities, Gas Turbine & CO2 removal 
system. 

b) Since the carbon content in RLNG feed 
is less compared to Naphtha, CO2 
production would also be less. 
Conversion of all ammonia into urea was 
desired, so modifications would be 
needed to re-balance the CO2 production 
with the alillllOnia production. 

c) To provide flexibility in operation 
during any eventual shortage of RLNG, 
the new / modified equipment shall be 
designed to handle either 100 percent 
Naphtha or l 00 percent RLNG or any 
mixture there-of 

d) As the conversion required additional 
equipment, layout of new equipment 
posed challenges in the case of the old 
naphtha based plant where space is a 
major constraint. Maintaining 100 % 
Naphtha facilities along with new RLNG 
facilities was going to be very difficult. 

e) New generation Naphtha based plants 
generally include a pre-reformer as au 
additional f eann·e. For smooth operation 
with Mixed Feed, plants having Pre­
reformers may be chosen for 
implementing Mixed Feed operation 
facilities ranging from zero to 100 % 
percent of Naphtha 

f) For RLNG Conversion of a FO Fired 
Boiler, the perfonnance of the 
economizer & superheater needs to be 
examined, as they may be affected due 
to a change in flue gas composition. This 

AMMONIA TECHNICAL MANUAL 
1109 Topsoe, Inc. – EX1003 

Page 1109 of 1210



could result in higher tube metal 
temperature fur the superheater coils and 
thereby lower capacity of the boiler 
itself 

Necessary modifications have been can-ied out 
iI1 the following areas for RLNG Conversion 
Job: 

• Ammonia-I Plant: Complete Feed 
System and Complete Fuel System. 

• Ammonia -II Plant: Feed System and 
Complete Fuel System with provision 
for nsingl00% Feed on naphtha. 

• Boiler-4: RI.NG Modification with 
provision for 100% FO firing system. 

• Boiler-I, 2 & 3: Support fuel on RLNG 
in place of FO and usage of coal to 
continue as main fuel. 

After finalizing the road map for RLNG 
conversion, :M/s Haldor Topsoe A/S (Hf.AS) 
Demnark, was awarded the responsibility of 
basic engineering for RLNG conversion along 
with energy saving projects for Ammonia 
Plants . .Mis PDIL was engaged for the detailed 
engineering, procmement and M/s Thennax 
Babcock & Wilcox (TBW) Pune, India was 
awarded the contract for Boiler modification 
,engineering and supply of all related items of 
burners and gas stations. 

Modifications/ Jobs carried out 

A gas receiving and metering station to supply 
the gas to IFFCO-Phulpm was installed and is 
being operated by GAIL (India) Ltd. The gas 
metering station has the required facilities of 
metering, filtration, gas chromatograph for 
composition analysis and Gross Calorific Vah1e 
(GCV) / Net Calorific Value (NCV) 
detennination, pressure regulation, etc. A 
common header has been laid from metering 
station to annnonia-I, ammonia-II and boilers. 
Additional structural and pipe racks were 
provided for the gas and utility pipelines. 
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Ammonia-I: Major 1nodifications are listed 
below-

• Burners and Fuel Control Station: All 
liquid fuel burners~ 162 top arch, 9 
tunnel burners, 4 hydrocarbon preheater 
and 5 auxiliary boiler bwners were 
replaced with new RLNG burners of 
John Zink. 

• A New RLNG Coil and RLNG prebeater 
coil was installed in between the LT 
superbeater and the combustion air 
preheater. 

• Primary Reformer Catalyst: New gas 
reforming catalyst, supplied by Mis Sud­
chemie was loaded in primary reformer 
tubes. 

• DCS & ESDS System: Control logic, 
emergency slmt down system and 
annunciation system were modified as 
per the requirement. 

• Pre-Desulphurization Section: This 
section decommissioned and kept idle. 

RLNG Control station In Amm.-1 plant 

Ammonia-II: Major modifications are listed 
below-

• Pre-desulphurization section has been 
retained for operation with naphtha in 
case ofRLNG shortage. 

• Installation of new RLNG Coils: Two 
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RLNG heating coils have been installed 
in the waste heat section of primary 
reformer. 

• Modification of Primary reformer 
Burners: All existing 576 burners were 
modified by replacing air mixing nozzle 
and gas nozzle of the burners with 
suitable dimensions which were 
fabricated in the workshop. 

• Fuel system for GT including Skid, 
Nozzle and Control System: Necessary 
modification in fuel nozzles and 
combustion chamber liners were carried 
out A uew fuel skid along with control 
and safety system was installed. 

• Modification in Heat Recovery Unit 
(HRU) Burners and its Control system: 
Naphtha btrrners were modified to dual 
firing burners with facilities of on-line 
change over. 

• RLNG Fuel Preheater: RLNG is 
supplied at battery limit at 3923 kPa 
(569 psig) pressure let down station and 
a fuel preheater has been installed. The 
old naphtha vaporizer has been modified 
aud is being used as fuel preheater. 

• DCS and ESD Modification: DCS 
control system has been modified to 
handle either 100% naphtha and 100% 
RLNG or any mixture thereof with 011-

line switch-over facility. 

Steam Generation Plant: It was decided that 
the Coal fired boilers-I, 2 & 3 would continue 
to operate 011 Coal as main fuel. however, the 
support fi.1el would be changed from FO to 
RLNG. Boiler-4, originally 011 FO firing was to 
be modified to have dual firing facility ofFO as 
well as RLNG. 

Bollers-1, 2 & 3: These are corner fired boilers 
with inclining (tilt) arrangement. Previously, FO 
was used as support fuel to support Coal firing. 
New RLNG burners have been installed along 
with igniters and scam1ers. 

Boiler-4: Dual fuel burners suitable for I 00<!1o 
FO or 100 % gas or combination of both, were 
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installed. Modification in the boiler front panel 
to accommodate the new burners was carried 
out. The newly installed bmners have igniters 
and scanners. Wind box, air duct, and atomizing 
valves were modified. A new fuel control 
station, new burner management system and 
block/bleed arrangement for safety have also 
been provided. 

Benefits after RLNG Conversion: Natural gas 
is the ideal feedstock for ammonia production. It 
has several advantages besides being cheaper 
and easy to handle. Now there is an easy and 
shorter start-up of the plant, thereby reducing 
unproductive consumption. The reformer 
burners' choking phenomena is completely 
solved and CO2 emission from the furnace bas 
been reduced. The loading in CO2 section bas 
been reduced, therby giving extra margin in the 
front-end of Ammonia plant The plant also runs 
trouble free and the catalyst life has also 
increased. The savings due to switching over 
from costly Naphtha and FO to RLNG m1 

annual basis is 240 million USD. 

C) Carbon Dioxide Recovery (CDR) 
Plant 

The major disadvantage of RLNG conversion is 
less CO2 production due to lower CIH ratio in 
RLNG as compared to naphtha. The CO2 
generated with lean RLNG is not adequate to 
convert all ammonia produced to urea. To 
overcome the problem, the possible options are 
as follows: 
a. Use of costlier fuel i.e. naphtha along with 

RLNG in feed to the extent necessary to 
offset the CO2 deficit required for total 
conversion of ammonia to urea. 

b. Recycle of synthesis gas to the primary 
reformer as fttel which has the following 
bottlenecks. 
• Recycle of synthesis gas to the primary 

refonner as fuel would strain the front 
end. The reforming section, CO2 removal 
section etc. which may not be designed 
to handle the required increased load. 
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• Recycle capacity may not be sufficient 
to satisfy the total CO2 deficit, thus 
requiring front end modification and 
incurring capital expenditure 

• Using the existing additional front end 
capacity for recycling synthesis gas may 
be less economical than making 
additional ammonia and urea and getting 
benefits under uew policy. 

c. Recovery of CO2 from flue gas from 
various fiirnaces. 

A.u10ng all the above options available, CO2 
recovery from flue gases was found most 
economical and viable. Therefore IFFCO­
Phulpur has installed a Carbon Dioxide 
Recovery (CDR) Plant to recover CO2 from 
flue gases of Anuoonia-II plant primary 
reformer fi.unace. 

Similarly at the Aonla Unit the feed stock for 
the ammonia plant since inception was natural 
gas. There also, in order to meet CO2 deficit, 
naphtha along with gas was fed to the primary 
reformer in Amn10nia-I Plant. To meet tbe CO2 
deficit with 100% Gas operation, a CDR plant 
has been installed to recover CO2 from the flue 
gases of Ammonia-I plant primary reformer 
finnace. 

The capacity of the plant in both the units at 
Phulpur and Aonla is 450 MTPD of CO2 and 
Mis Mitsubishi Heavy Industries Ltd. (MIU) 
Japan, has provided the basic engineering for it. 
M/s Tecnimont ICB Pvt. Ltd. (TICB) Mumbai 
India, was engaged as turnkey contractor for 
detailed engineering, procrnement, erection and 
commissioning. The use of naphtha in the feed 
for ammonia plant is going to be completely 
stopped as the shortfall quantity of CO2 is being 
made available by recovery of CO2 from flue 
gases of the primary reformer. This is going to 
save the Government Subsidy outgo 
substantially aud would also reduce the 
emission of Green House Gases (GHG) to the 
atmosphere thereby providing cleaner 
environment. 
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Tiie CDR plant is basically a low pressure CO2 

removal section in which CO2 present in flue 
gases is absorbed and tben regenerated to 
produce CO2 having 99.93 % purity. CO2 

recovery from flue gases is a new concept in 
fertilizer industries. 

Basic steps involved in CDR plant are: 

a) Flue gas Pretreatment, 
b) Low pressure CO2 absorption m 
special soh1tion KS-1, 
c) CO2 regeneration and 
d) CO2 compression to desired level. 

Though regeneration energy is very higb in 
comparison to that of any normal CO2 removal 
section in ammonia plants, the cost 
effectiveness of the plant is very attractive 
because the use of costlier Naphtha as feed to 
balance the CO2 for Urea production shall be 
stopped completely. 

Brief Description of the Process 

Flue gas at a temperature of 180 °C (356 °F) is 
cooled down in a Water Cooler, a packed 
column using structured packing, by direct 
contact with water supplied from the top and 
then compressed in flue gas blower. 
Co1npressed flue gas is fed to a CO2 Absorber. 
The CO2 Absorber is a packed bed coh1mn 
using structured packing and having two 
sections, bottom for CO2 absorption and top for 
washing section. In this co hmm, CO2 is 
absorbed in a special soh1tion (KS-1) supplied 
:from the top of the absorption section. Flue gas 
after washing is then exhausted at a sufficient 
height. 

Rich KS-1 soh1tion is regenerated in the 
regenerator by supplying heat through LP steam 
(at 42.7 psig pressure) re-boiler. Lean solution 
from the bottom of the tower is cooled in Lean 
soh1tion cooler against cooling water and re­
circulated back to the CO2 Absorber. Overhead 
vapour is condensed and separated condensate is 
returned back to the top of the regenerator. 
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Sulphur in RLNG fuel being uot traceable, there 
is uo contamination .in CO2 product which is 
compressed and then sent to the Urea Plaut. 

I_ 

Q 

D.D:lal'lll:IU'.l:Ull 

PROCl:68 PLOW DIAGMK OF CDB PUNT 

Commissioning Experience 

Level of top section of CO2 Absorber 
The CO2 Absorber in CDR plant is divided in 3 
section I st wash section, 2nd wash section and 
the bottom CO2 absorber section. Flue gas from 
flue gas cooler is introduced in the bottom 
section of the CO2 absorber tln:ough flue gas 
blower while the CO2 lean KS-1 sohltion is 
introduced from the top of the absorption 
section onto the packing. Here the CO2 is 
absorbed in KS-1 soh1tion. The flue gas then 
moves upward into tile treated flue gas washing 
section where the flue gas comes in contact with 
water for washing of amine content in it. At the 
top of washing section, a chimney tray is 
provided. The level of each section is 
maintained by circulation pumps. Overflow of 
each section comes to the adjacent lower 
sections. 

During initial filling of column with OM water 
for starting circulation, there was a problem of 
level build up in top section of the colunm. 

2007 69 

Since there was no gas flow, the water was 
pouring down tbrough the chimney tray and 
packing to the bottom section of absorber, 
leading to an increase in level of the bottom 
section and a decrease in top section. To 
overcome this problem a 2" line was connected 
from the discharge of the rich soh1tion pump to 
the suction of 1st wash water circulation pump. 

Low flow thl'ough Flue Gas Blower 
During the start of the plant, the desired flow of 
flue gas from flue gas blower was not obtained 
at full opening of dampener provided at the inlet 
of blower. Although the indication at DCS was 
showing 100% full opening, it was found in the 
field that dampener was stuck at 901% opening, 
resulting in restriction of flow through blower. 
The dampener was opened and the problem was 
rectified. 

Final Shut-down Valve in CO2 Line 
Final Shut-down Valve (USV-01) is installed in 
CO2 product line connected to main CO2 lieader, 
which is closed in case the CO2 blower is not in 
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operation. Due to this, the CO2 blower was kept 
nmning even if it was not required at lower 
plant load. Now tbe closing of USV- 01 is 
connected to the flue gas blower trip and now 
the plant can be rnn without the CO2 blower 
mmung. 

Steam Flow :Measurement 
During connnissiouing of the plant, the reboiler 
temperature was going high, although the steam 
flow indication was well within limits. The 
steam flow meter was checked and it was fomid 
that the tube connected to LP tapping was 
blocked partially with foreign particles. The 
tube was cleaned and thereafter the steam flow 
was OK. 

Tripping of Condensate Pump (P-3710) 
During commissioning of plant the steiun 
condensate pmnp was tripping frequently on 
low suction pressure. The suction line was 
checked and it was found badly choked with the 
scaffolding clamps. The line was cleaned and 
again connected to pump suction.. Since then it 
has been running normally. 

Temperature Control of LP steam for 
reboiler 
LP steam to tbe CDR plant is available at 294.2 
kPa pressure ( 42. 7 psig) and 240 °C ( 464 °F). 
Before being introduced to the reboiler, this 
steam is brought down to 194.2 kPa (28.2 psig) 
pressure and 133 °C (271.4 °F) temp. by 
pressure let down and desuperheating. For 
quenching, steam condensate from the reboiler 
was used which was cooled to 70 °C (158 °F) 
from 133 °C (271.4 °F) in a plate type cooler. 
However, the temperature of the steam was 
higher than required during commissioning of 
the plant which is not at all recommended due to 
KS-I soh1tion degradation at temperatures 
higher than 135 °C (275 °F). It was found that 
the temperah.rre of condensate for quenching 
was higher, resulting in high temperah.1re steam 
to the reboiler. The system was modified to use 
a separate Demineralized (DM) water line 
which is at around 40 °C (I 04 °F) at the inlet to 
the cooler, is co1mected with the condensate line 
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to get the specified temperature of steam. 

The Carbon Dioxide Recovery plant: 
A view of all three towers 

Reduction in CO2 Emissions after 
Implementation of Energy Saving 
Project, RLNG Changeover and 
CDR plant 

Reduction In Steam Consumption through 
Revamping of Ammonia Plant: 

After implementation of schemes under the 
Energy Saving Project, reduction in HP steam 
consumption to a tune of 35 MT/hr in Ammonia 
Plants at Phulpur alone has been achieved, 
which has resulted in lesser fuing of Coal and 
Fuel Oil in Steam generation facilities, thereby 
CO2 generation from these furnaces has reduced 
to a great extent. 

Fuel Switchover from Naphtha / FO to 
Natural Gas in Furnaces: 

On burning gas in place of Naphtha, Fuel oil in 
firrnaces CO2 emissions are nmch less since 
these fuels contains higher carbon content than 
natural gas. 
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Feed Switchover from Naphtha to Natural 
Gas in Ammonia Plants 

Naphtha, being rich in carbon, produces more 
carbon dioxide than required for Urea 
production. This excess CO2 is being vented to 
the atmosphere. At IFFCO Phulpur unit, feed 
switchover from naphtha to NG was earned out 
NG being lower in carbon, produces less carbon 
dioxide thereby venting of CO2 has been 
eliminated. 

Installation of CDR Plant 

With natural gas as feedstock. less CO2 is 
generated than required for Urea production. 
Tius requires use of additional naphtha / natural 
gas as feed stock. 

In Ammonia -II plant, flue gases from tb.e 
Primary Reformer furnace contain sufficient, 
recoverable CO2 to meet the requirement of CO2 
for Urea production. Being impure, hot and 
corrosive, it is not possible to use this CO2 
directly in the Urea plant. Therefore, a Carbon 
Dioxide Recovery plant was installed to recover 
CO2 from flue gases, which was previously 
going to the atmosphere. 

The annual reduction in CO2 Emission for an 
IFFCO Projects is estimated to be mo1·e than 
0.9 million tons. 

Future Action Plan 

Presently the demand of Urea is met by imports 
which are very costly. Keeping this in view, 
IFFCO is going ahead with the Capacity 
Enhancement Projects (CEP) at Plmlpur and 
Aonla to bridge the gap to some extent in 
demand of Urea by Indian farmers. The 
following capacities are being aimed in the 
project: 
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Plant Present Enhanced 
Ammonia/ Ammonia/ 
Urea Urea 
Capacity Capacity 

Phulpur-1 Plant 970 / 1670 1215 / 2115 
MTPD MTPD 

Phulpur-II Plant 1520 / 2620 1740 / 3030 
MTPD ?vITPD 

Aonla -I Plant 1520 / 2620 1740 / 3030 
MTPD MTPD 

Aonla-II Plant 1520 / 2620 1740 / 3030 
:rvITPD :rvITPD 

This will enable au additional Urea production 
of 553,000 MT on yearly basis. It may be noted 
here that the expenditure involved in increasing 
the capacity of existing plants by 
debottlenecking works out to be armuid 011e­
fourth that of installing a grass root plant, 
besides saving significant subsidy of the 
government by cutting down costly imports. 

Various jobs have been identified in different 
plants witb the he]p of consultants and in-house 
studies. Some of the main schemes in Amnxmia 
Plant are: ?-.fodifications in Air and Synthesis 
Compressors and their turbines, replacement of 
exchangers, including the methanator effluent 
cooler, Secondary Reformer btrrner 
modification, one additional cooling water cell, 
etc. Major jobs identified in the Urea plants: 
CO2 Compressor replacement, additional HP 
Ammonia and HP Carbamate Pumps, MP Pre­
decomposer, Prill Cooling System, additional 
Ammonia Condenser & Preheater and an 
additional Cooling Tower Cell. 
Engineering and commercial activities for 
procurement have been completed. The Prill 
Cooling System bas already been installed and 
commissioned in Phu)pur Urea-I Plant. Most of 
the above activities sball be completed in the 
year 2007. 
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Conclusion 

Tiie business of indigenous Urea manufacturing 
is a very important industry fur food security 
and national pride. Today it is facing stiff 
challenges from many quarters, like high input 
cost, delay in late disbursement of subsidy, etc. 
However, if the fertilizer industry works in a 
positive frame of mind and the Govermnent 
brings out encouraging policies, suitable 
strategies cau emerge in meeting these 
challenges. IFFCO bas taken all the required 
actions in the right direction to overcome these 
challenges. It bas been the first fertilizer plant to 
have switched over to RLNG from liquid 
hydrocarbons, implemented Energy Saving 
projects and Carbon dioxide recovery Plant 
Project. Also, the Capacity Enhancement 
Project is under way. All these steps have 
resulted in more fertilizer at a cheaper price than 
the imported Urea price, which is the real need 
of the country at this juncture. 
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(54) A METHOD FOR MODERNIZING THE SYNTHESIS LOOP OF AN AMMONIA PLANT 

(57) A method for modernizing an ammonia synthe­
sis loop (1) with a first converter (10} and a second con­
verter (11) in series, the first converter (10) comprises a 
cartridge with one or more catalyst beds, the second con­
verter (11) comprises a catalyst bed in direct contact with 
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/ 
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( 

Fig.1 

said vessel. the method comprising the steps of ramoving 
the second converter, boosting the first converter by re­
placing the cartridge with a new cartridge comprising an 
isothermal catalyst bed, and reducing the concentration 
of inerts in said first converter. 
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EP 3 067 318 A1 2 

Description 

Field of the invention 

mant causes a severe stress to the pressure vessel. In 
particular, it has been not8d that under th&se conditions 
the presaur& vessel ia much more exposed lo corrosion 
due to attack of hydrogen and ammonia. Hydrogen and 

(0001] The present invention relates to the revamping 5 ammonia corrosion causes brittleness of the steel of the 
of ammonia plants. More in detail, the invention relates 
lo a method for revamping an ammonia plant where the 
ammonia synthesis loop comprises a converter system 
withe first converter and a second converter, the second 
converter being adiabatic and operating at a high tern- 10 

perature. 

Prior Art 

vessel and may lead to formation of stress cracks, espe­
cially in weak points such as weldings, and/or in points 
or the shell where 11ome residual stress ia found. 
(0008] In some cases, serious damages have been ob­
served in the second reactor after some years to an ex­
tent that the second reactor was shut down to avoid ex­
plosion. In other words, the experience shows that the 
above layout has a risk of failure of the aeoond reactor. 

[0002) A prior art layout of the synthesis loop of an 15 Summ ry of the invention 

(0000] The aim of the invention is to provide an effec­
tive way of modernizing an ammonia synthesis loop of 
the above discl0&ed type, in order to avoid the risk or 

ammonia plant comprises a converter system with two 
converters in series. The first oonverter receives the fresh 
ammonia make-up syngas and comprises an internal 
cartridge containing on& or more catalytic beds, poss:ibly 
with interbed heat exchangers. The second converter is 
a much simpler and low cost adiabatic unit, where the 
catalytic bed is in direct contact with the pressure vessel. 
[0003) For example, the first converter comprises a 
cartridge with two radial-flow catalyst beds and an inter­
bed heat exchanger. The second converter is a pressure 
vessel containing one catalyst bed enclosed in flow pan­
els mounted directly on the inside wall" the v&ssel, with 

2(l failure of the second reactor. 
(0010] This aim is reached with a method for modern­
izing the ammonia synthesis loop or an ammonia plant, 
wherein: 

26 • said loop comprises a conv&rter system with at least 
a first converter and a second converter in serias. 
the second converter receiving a process stream 
from the first converter. no cartridge. 

[0004) A heat exchanger such as a steam superheater 
i6 provided between the first and the second converter. 
The product stream delivered by the first converter is 
cooled by said heat exchanger, before entering the sec­
ond converter. Hence, the working temperature of the 
second converter Is controlled mainly by said heat ex­

30 - said first converter comprises a cartridge with one 
or more catalyst beds, 

changer, end is typically around 350 - 500 "C. 
[0005) Tha mass of catalyst of the second converter is 
comparable to the mass of catalyst of the first converter, 
which means that the second converter may contain 
around 50% or the total catalyst of the loop. 
[0006] Adding the second converter is considered an 40 
attractive way to boost Iha capacity of the loop, and de­
crease the energy consumption. An example is the S-
250 system currently available from Haldor Topsee. In 
the past years, some plants have bean revamped by add­
ing a second converter to the loop, in accordance with 
the above. 
[0007) There are however some drawbacks. The de­
sign of the first converter allows adequate cooling of the 
shell of the pressure vessel, e.g. by circulating the fresh 
feed syngas. before entering the converter cartridge, in 50 
an annular space around the cartridge. The very simple 
design of the second converter, however, does not allow 
any effective cooling of the she It The lack of a shell cool­
ing medium causes the pressure vessel of the second 
converter to operate constantly at about the same tern- M 

perature of the catalyst bed, which means over 350 •c 
and In 11ome cases close to 500 •c. The combination of 
high pressure, high temperature and corrosive environ-

2 

said sacond converter comprises a pressure vessel 
and a catalyst bed enclosed In flow distributors as­
sociated directly to said vessel, 

a purge rate containing inert gases is taken from the 
synthesis loop. 

the method being characterized in that: 

said second converter is by-passed or removed from 
the loop; 

the nrst converter is revamped by at least the step 
of replacing said cartridge with a new cartridge com­
prising an isothermal catalyst bed, and 

the purge rate of the loop is increased. 

(0011] The invention is based on the very unexpected 
finding that the combined effect of boosting the first con­
verter with said cartridge comprising an isothermal cat­
alyst bed, and of increasing the inerts purge from the 
loop, allows the first reactor atone to give substantially 
the same conversion rate of the former scheme with two 
reactors. This was surprising because - es stated above 
- the second reactor hosts a relevant fraction of the cal-
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alyst, namely around 50% of the catalyst of the loop. 
[0012) The catalyst bed of the second conv«ter is a 
cartridge-less catalyst bed, for example eaid catalyst bed 
is enclosed in flow distribution panels mounted on the 
inside wall of the pressure vessel of said second con­
verter. 
[0013) According to the invention, the original cartridge 
of the first ammonia converter is replaced with a new 
cartridge comprising an isothermal catalyst bed. The 
term of isothermal catalyst bed is used to mean that a 
heat exchanger is immersed in the catalyst bed, to re­
move heal and keep the temperature of the bed within a 
given range. The heat exchanger is fed with a suitable 
heat exchange medium. e.g. boiling waler or any other 
suitable medium. The heat exchanger may be a tube 
heat exchanger or plate heat exchanger, according to 
various embodiments of the inYention. 
[0014) Preferably, the purge rate is increased by 
around 30% to 100 %; more preferably by 40% to 80 ~ 
or more. The purge rate is preferably increased to obtain 
a concentration of inerts in the first converter less than 
10% molar. The purge rate may consist of one purge 
stream taken from a suitable point in the ammonia syn­
thesis loop; increase of the purge rate may be achieved 
by increasing the flow rate of said purge stream or addi­
tion of further purge stream(s). The purge stream remove 
from the loop is preferably send to a unit to recover at 
least partially the hydrogen contained therein. 
[0015) Usually the pressure vessel of the first container 
can be maintained. If necessary or appropriate. however, 
the whole converter may be replaced with a new one. 
The second converter does not need to be physicrally 
removed from the loop, it may be sufficient to by-pass It 
completely. 
[0018) The proposed method allows to eliminate the 
second reactor, which is a source of a possible, dramatic 
failure of the whole plant, without affecting the perform­
ance and. in particular, the concentration of ammonia(% 
mot) in the prcx:luct stream at the exit of the synthesis 
reactor. Th& method is further advantageous in that the 
other items of the loop, such as heat exchangers, com­
pressors, etc ... need not be modified. In particular, the 
expensive compression section of the make-up syngas 

Detailed description 

(0019] Fig. 1 is a scheme of an ammonia synthesis 
loop such as the S-250 system available from Haldor 

5 Tops0e. The ammonia synthesis loop 1 comprises a con­
verter system 2 with a first converter 10 and a second 
converter 11 in series, A superheater (or other types of 
gas cooler) 12 is provided on the flow line between the 
converters. 

10 (0020] The flrst converter 10 comprises a cartridge with 
two radial-flow catalyst beds and an lnterbed heat ex­
changer. The first converter 10 may be realized e.g. ac­
cording lo one of the embodiments disclosed in US 
4181701. Thesecondconverter11 consists of a pressure 

15 vessel containing one catalyst bed enclosed in flow pan­
els mounted directly on the inside wall of the vessel. 
(0021] The make-up syngas 13 is compressed in inter­
refrigerated compression section 14 and is fed to the first 
converter 10, via line 15. The product gas stream 16 de-

20 livered by the first reactor 10 is cooled in the steam su­
perheater 12 and fed to the second reactor 11. The prod­
uct stream 19 from the second reactor 11 is passed 
through a series of heat exchanger as shown; the loop 
delivers a product ammonia stream 17. 

25 (0022] A purge gas stream 18 is removed from the loop 
in order to avoid accumulation of inerts in the converters. 
Said purge gas stream 18 may contain hydrogen, nitro­
gen and a certain amount of inerts, mainly methane and 
argon. The hydrogen oontained in the purge stream 18 

30 is usually recovered in a hydrogen recovery section. It is 
common that the hydrogen recoYery section operates at 
a tower pressure than the loop, thus requiring a compres­
sor to feed the recovered hydrogen back to the loop Itself. 
[0023] The temperature of the catalyst bed of the sec-

35 ond converler 11 is controlled by the superheater 12 and 
is usually in the range 350 - 480 •c. Said temperature is 
also the temperature of the pressure vessel of the oon­
Yerter 11. causing a relevant stress to the vessel, for the 
above discussed reasons. 

40 [0024] The loop of Fig. 1 is known art and hence it is 
not described in further details. 
(0025] A method for modernizing said ammonia syn­
thesis loop 1 is characterized in that: 

is not affected. The recovery of more hydrogen from the 
purge stream may inYolve a little more energy consump- "' 
lion for comjJ'ession of said hydrogen, this effect being 
however overcompensated by the advantages <:A the in­
Yention. It should b& noted that the invention proyldes 
inexpensive and attractive method for making a double­
converter ammonia loop more reliable. 50 

said second converter 11 is removed ~om the loop; 

said first converter 10 is revamped by at least the 
step of replacing said cartridge with a new cartridge 
comprising an isothermal catalyst bed, and 

[0017) These and still further advantages of the inven­
tion will be elucidated with the help of the following de­
saiption of preferred and non-limiting embodiment. 

Brief desctiption of the drawing 

[0018) Fig. 1 Is a scheme of a known ammonia syn­
thesis loop comprising two ammonia converters. 

3 

the purge rate of the loop is increased, 

Claims 

1. A method for mcx:lernizing the ammonia synthesis 
loop ( 1) of an ammonia plant, wherein: 

1124 Topsoe, Inc. – EX1003 
Page 1124 of 1210



5 EP 3 067 318 A1 6 

• said loop (1) comprises a converter system (2) 
with at least a first converter (10) and a second 
converter (11) in series, the second converter 
receiving a process stream from the first con-
verter, 5 

• said first converter (10) oomprises a cartridge 
with one or mae catalyst beds, 
- said second converter ( 11) comprises a pres-
sure vessel and a catalyst bed enclosed in now 
distributors associated directly to said vessel, 10 

- a purge rate containing inert gases is taken 
from the synthesis loop, 

the method being characterized in that: 
11$ 

- said second converter ( 11) is removad from 
the loop; 
- the first converter is revamped by at least the 
step of replacing said cartridge with a new car-
tridge comprising an isothermal catalyst bed, 2Q 

and 
• the purge rate of the loop is increased. 

2. A method according to claim 1, said new cartridge 
comprising an isothermal catalyst bed with a heat 25 

exchanger immersed in said bed. 

3. A method accading to claim 2, said heat exchanger 
immersed in the bed being a tube or plate heat ex-
changer. JO 

4. A method according to any of the previous claims, 
the purge rate containing Inerts being increased by 
al least 30%. 

35 

5. A method according to any of the preceding claims, 
the purge rate containing inerts being increased to 
obtain a concentration of inerts in the first converter 
(10} less than 10% molar. 

40 

5() 
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Topsoe, Inc. 

VS. 

Casale US, Inc. 
Casale SA 

United States District Court 
Southern District of Texas, Galveston Division 

Plaintif( 

Defendants. 

Case No.: 3:24-cv-00033 
Jury Trial Demanded 

INTRODUCTION 

L This action arises out of Defendants' bad faith, fraudulent conduct aimed at 

procuring a patent on technology that they did not invent ,md then \Vtdding that patent, and making 

false and misleading statements, to unfairly compete against PlaintiffTopsoe, Inc. ("Topsoe"). 

2. Topsoe is the U.S. subsidiary ofDarrish company Topsoe i\/S, \Vhich has been one 

of the vmrld's leading suppliers of chemical processing solutions and related technology for over 

80 years. It supplies high-pertonnance, proprietary technologies, engineering, and services to the 

chemical and oil and gas industries. Topsoe helps these industries to get the most out of their 

process and products using the least possible energy and resources and is at the forefront of 

developing sustainable technologies. 

3. One of Topsoe's key env.irnn.mentaUy sustainable tedmologies is its ammonrn 

processes, cunently also refoned to as blue or lo\v carbon ammonia processes, which are used to 

reduce greenhouse gases that are emitted during the process of creating a1mno1Iia, A.mmonia (°N1b) 

is critical in the manufacmring of fertilizers and is one of the largest volume synthetic chen1icals 

produced in the \Vorld. It is produced through a chemical reaction bet\.veen hydrogen and nitrogen 

- 1 -
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at high pressure and temperatures. The process is highly energy-intensive, accotmting for up to 20.:.0 

of energy consumption and 3°-"o of carbon emissious world\vide. 

4. Topsoe is a pioneer in the field of ammonia technology, particularly targeting 

strategies for lowering carbon emissions, and began commercially selting and 1nsta11ing its 

ammonia technology in manufacturing facilities over 30 :years ago. During that time T opsoe has 

extensively presented and published on its Iov,r carbon ammonia process and has obtained multiple 

patents protecting the technology in the United States and abroad.. 

5. Defendants Casale US, rnc. and Casale SA (collectively, "Casale") are direct 

competitors 1Nith Topsoe, and market and sell their own ammonia process. As described in more 

detail belmv, in 2019 Casale filed for a lJ.S. patentapplication claiming to have "invented" features 

of a lmv carbon ammonia process that had been used in Topsoe' s mvn process for decades. Casale 

was ,veH a•.:vare of this because, among other things, over the previous four yean it had received 

extensive exposure and access to Topsoe's commercially installed ammonia _process while 

,vorking on revamping a factory in India that utilized the Topsoe process. Casale has also attended 

presentations where Topsoe had described these features of its ainmon.i.a process, mduding a 

presentation j112009, te11 years earlier. Casale received the pre-print of tlle Topsoe paper relating 

to the presentation, and the records from the conference confmn that Casale attended the Topsoe 

presentation. Casale misued Topsoe's infonuation by including it in a patent application and 

misrepresenting that it lmd been developed by Casale. 

6. Casale procured the U.S. patent through deception. During prosecution of the 

patent application Casale failed to disclose as prior art Topsoe's commerc,ial process or the 

publications desc1ibing it, \vhich ·were clearly material to the process Casale \Vas trying to patent. 

Casale even failed to disclose its own materia1 prior art disclosures fron1 m.any years earlier which 

- 2 -
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publicly disclosed the key featme it impennissib1y \Vas trying to patent and therefore precluded 

Casale from trying to _patent the technology. 

7, After improperly obtaining the patent, Casale set out to deliberately disrupt 

Topsoe's customer relationships, falsely cla.im.i.ng that it owns teclumlogy that ,~.ras developed by 

Topsoe, that Topsoe infringes its patents, and that any customer employing Topsoe's technology 

would be infringing its patents as \Vell. \Vhen Topsoe asked Casale point blank ,vhether it had 

contacted any ofTopsoe's customers, Casale falsely clai1ned that ithad not. Casale bas also been 

,vrnngfully asserting that Top.soe. infringes the patent. 

8. T opsoe accordingly brings this action to have the Court declare that Casale' s patent 

is unenforceable because of the fraud Casale committed in procming the patent fiom the U,S, 

Patent and Trademark Ot1ice ('"US PTO"). 1\,fore specifically, Topsoe asks the Court to declare 

that Casale's U.S. Patent No .. 11,286,168 (the '"168 Patent") and all related patents and 

applications of its family (collectively, the "Disputed Patents") are unenforceable, and to enjoin 

Casale from asserting the Disputed Patents any f"hrtheL To_psoe further seeks to recover damages 

and hold Casale accountable for its v,rrnngful acts in asserting the unenforceable patents, nrnking 

false statements, and engaging 111 unfair competitive practices. 

THE PARTIES 

9. Topsoe, Inc. is a Texas corporation, \Vith its principal place of business at 18050 

Saturn Lane, Suite 400, Houston, Texas 77058. 

10. Defendant Casale US, Inc. is a Texas c011l:oration with a principal place of business 

at 2925 Ridunond Ave, Suite 1218, Houston, Texas 77098. 

11. Casale US, Inc. resides in the Southern District of Texas at least because it is 

incml){)rated in Texas and its principal place of business is in the Southern District of Texas. 
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Casale lJS, Inc, is a \vholly o,~11ed subsidiary of Casale SA. 

Casale SA is a privately owned s,~'iss company \Vith headquarters in Lugano, 

Switzerlan.cL 

.JURISDICTION AND VENUE 

14, This is an action arising under the Lanham Act, 15 U.S.C, § 1125(a) and the patent 

Javvs of the United States, 35 tLS,C. §§ 271, el seq, and the Declarntory Judgement Act 18 U.S.C. 

§§ 2202 and 2202. Accordingly, this Court has slibject matter jmisdiction pursuant to 28 U.S.C 

§§ 1331 and 1338(a). 

15. Topsoe's tmfair competition claim mises under Texas state law. 'TI1is Court has 

subject matter jurisdiction over that claim pursuant to 28 US,C § 1367, because it is so related to 

other claims in the action \vithin the Court's original jmisdiction that it fonns part of the same case 

or controversy. This Comt also has jurisdiction under 28 U.S.C. § 1338(b) because Topsoe's 

unfair competition claim derives Hum a conm1(m nucleus of operative facts. 

16. This Court has general personal jurisdiction over Casale US, Inc. due to its 

inc01-1x)rntion in Texas, and its principal place of business being located in the Southern District 

ofTexas. 

17. Th.is Court has specific personal jurisdiction over Casale SA because this kn:vsuit 

mises out of and relates to Casale SA .,s affinnative acts in the Southern District of Texas .. Among 

other things, Casale SA contacted representatives of Topsoe located in the Southern District of 

Texas repeatedly through its attorneys in an attempt to enforce its improperly obtained and 

unenforceable U$. patent, insisting that Topsoe's ammonia process cannot be used without its 

written consent Casale SA also purposefully directed its wrongful activities, including its false 

advertising and misleading statements, to at least one potential Topsoe custo1ner to dissuade that 
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customer from installing Topsoe 's armnonia technology at its facilities in Texas. Given the 

facilities location in Texas, Casale US vvould have been aware of and involved in the pmsuit of 

potential Topsoe customers and ,vou!d have been mvare of and participated in these wTongful 

activities. Casale SA, in collaboration \Yith Casale US, is actively and forcefully using its U.S. 

patent in a competitive context within the fmm of this suit. Casale SA pmposefully directed its 

unlawfol conduct to this district, has substantial business conducted in this dist1ict, and published 

false adve1tising and misleading statements and other unlmvful acts in this district or affecting 

residents of this district 

18. l\.foreover, Casale SA contmls the day to day activity of its ,vhoHy mvned 

subsidiary, Casale US, Inc., \.Vhich it holds out as its agent. Both share a v.rebsite 

(hrtps:.i/v,t\V\v.casale.ch/contact:s/casale-in-the-\Vorld) and share email domains (casale.ch). 

Casale's \vebsite includes no mention of specific activities or individuals associated \Yith Casale 

US only. 

19. Consistent vvith this, Topsoe can find no reference to Casale US business activity 

online and can find uo individuals ontine hokbn.g themselves out as employees of Casale US. 

Rather, employees of Casale US,_ including its sole ofiker, hold themselves out as employees of 

Casale SA. The cmTent President of Casale US is ~-Ir. Chris Mancinelli who is employed "full 

time" by Casale SA as '·Sales h-fanager - Americas at Casale SA" and located in Houston. See 

Casale US thus appears to have no 

significant employees of its o-\vn. 

20. Upon infimnation and belief, Casale US appears to be undercapitalized, and does 

not have operations separate from Casale SA. Casale US 's certificate of fonnation shows that it 

has authority to issue l 0,000 shares \Vith no value., Casale US has no separate \vebsite and is 
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indistinguishable from Casale SA in public press releases and announcements. Casale US appears 

to exist fbr purposes of marketing, promoting, and selling Casale SA technology in the US_ 

21. On infrffmation and belie±: Casale SA uses Casale US's: property as its: mvn_ For at 

least these reasons, Casale US and Casale SA have fr1iled to observe corporate formalities and, 

accordingly, Casale US' s jurisdictional cont.acts may he imputed to Casale SA. 

Additionally, Casale SA holds itself out as a global company ·with "a network of 

representative offices and agents all over the vvorl.d." See 

in Houston, Texas, and Casale SA has at least one managing agent based out of Houston, Texas.In 

fact, in promotion materials for blue a1mno1ua Casale SA represents that it has ,1 branch office 

located in 1-Iouston. 
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