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VIA eFILE 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

VIA eFILE

Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
Dear Commissioner:

As required under 37 CF.R. § 1.565(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\1
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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 37 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.

Dated this 28™ 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

MSS: JR: ss

4880-0271-3789\1
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on Flscher-Tropsch synthesis with an Hy - O matio In e syngas in the order of 2.0,
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¥

Simee no catalyst had been fn place dwing these test rons the syngass still containg n
mothane ooatents. Also, the relatively havge specific howt losses of the still rather sradl tost faclin
load to extra U0, generation comparsd to g large production plant, Heace, gas conpositions 8t 1
teactor vutlel are not really significant and have therefve not boing included in the bl

CONCLUSION AND OUTLOOK

- So far oudy g very Bimdted smamber of trug stand-alons awdtothornal reforming spelications have bee
realized though the techoolngy hay been investigated extensively for more than & decade now. A
discussed above, the well established contbination of sunicthermal refonpens with stegm
does pot cobmt in this vespoot. The operating conditiony of these secondary raformers
considerably loss sovers then those of g e stand alone ATR,

foeus on ammonis plants ~ why the conventions] syoges generation bassd on combined steam an
sutothertial rofrming B domdngtes, pewly buill plants. The analysis also shows that the €
advantage of the conventionsl coneept againsl ATR-based syngss genwvation o shrinking w
tneressing plant capacity,

The eapacity of world seale anunonia plants bas grown substantisly since the garly begin
sorrkedly in the past 5O véars. Though it is tsohmically and logistically more challenging v
the equipment for large capacity plante thory is vo indication that the econtmy of scale ddes no
fonger work for today’s world scale capacities.

As discussed before it by difficult so determing the acwal break-even capacity, whare vestment
- costs of both plasg versions become sgual. However, thore are substmtisl avguenents that for
gapacities bevond 4,000 ¥/d the ATR -based plants will haes increasing advaniages.

Roch capneities are abe frasible with stesm roformer based plants ad Uhde hax shown with 8
gemsesnt prosented on the AICKE anwnonis safeby synmiposion 2004 [8] Howewer, the ATR allows |
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DESCRIPTION SU594048A1

10 Method for producing ammonia

[0001]

141

[0002]
18 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]

30 The closest to the described invention in terms of technical essence and achieved result is a
method for producing ammonia from hydrocarbons, ina&ﬂding puriﬁcaﬁcm of natural gas from
sulfur compounds, steam catalytic and steam-air conversion of hydmcarbans, 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.

Topsoe, Inc. — EX1003
Page 954 of 1210



[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 unburmed 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 fo 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, synthmis 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: (0.ZO-
0.ZZ). :

62 It is preferable to carry 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 reforming, process gas with the addition of a steam-air mixture enters the
steam-air mixture. reforming 6 with poKynefjaTopaMH heat, to produce steam f Air is supplied
mixed with protective steam in an amount of 28,000 through a heater.

72 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 gasy
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 includes a condensate injection unit, solution heaters, a stage of gas purification from
carbon dioxide, a water heater and a mbisture 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 puriﬂcaﬁaﬂ 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 synﬁ*&esis gas is then compressed into the ammonia
synthesis stage with an ammonia refrigeratiah 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 Tof, the collector at the fuel gas inlet is empty. The stéamgaa
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 r’est’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 .10 is supplied to the manifold, fuel gas is supplied to the
tubular and to the flare unit 16. The converted gas after the low-temnperature carbon monoxide
converter 9 is also fed through the cooling unit 10 and, after separating the condensate, a part
(1000-12000 HMV4ac) 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 $uctic:n{ 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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HaoGpeTenue OTHOCHTCR X CHOCOBY MPOH3~
BONCTBA AMMHAKA H3 ragoofpasHEIX YrIeBOnO-
ponoB M MOXeT GeITh HCNONBAOBAHO B XHMUYO-
CKOR} [POMBILITIEHH DO TR,

Waaee'rea cHOCOD HONyYeHHds aMMHaKa nyTeMm §
EOHBEPCHH  YIVIGBOAODOHOB H OKHCH YIVIEw
pona, OMHCTKH rasa ¢ NOCHeNyOURM CHATeSOM
BMMHAKA, © DTBOMOM Teia peskuuy ubpasopa=
HEY AMMHBAKA HYyTeM HCOApeHHS aMMHAKA Nom
pABMEHHEM C© MHOPOCTYNEHWaTHM pacwHpexnem 10

*

(54) CNOCOB NOAYYEHUS AMMHAKA

i

HEpErpeTHX HADOB AMMHAKA [1 . AycKax arperaTa.

Haubonoe GIIHOKHM K ONUCHIBASMOMY H306-

PETEHIIO MO TEXHKYECKON CYMHOCTH M ADCTH-~ pACKOAA NPHPOAHODD

TaeMOMY pesyaLTATY AMIAETCS Cnocod nonyie~.

2

Opsako no yKASAHHOMY cnocobyiuin mf.wrp‘e»

88 NPHPOMHOI'O I'a3a B CTANMH CEPOOMMCTKE M
ftpy naposoM pHGOPMHENCE B KauecTRe TonnAWsa |
HCUDNBLIYIOT AONOAHHTENLHD npHponustt ras, B

TO BpeM# KAK TEXHOIOUHYECKHE T3B! CKHPAIT
Ha $arenbHOR YCTAHUBKE, SarpasHas atMmoche-
Py He CropeBlMMH BpefHBIMH npuMecami, [Ipu
BTOM ¢ TEXHOIOUHIECKHM TAa30M BbpaCHBAST
cf 1o 52 r/yac napa; ¥T0 NPABOAKT X YBemH-
‘HEHWO PACKON8 NeMHHepANHI OBAHHOR ﬁmm HpH

Hentio #aobpeTenns ABIAETCS yYMeHBUWEHRHO

rass, AeMUHEPARNHADBAaH-

HOM BOABI, & TAKKES YMSHLIIeHHE BHOPOCOB Bpel-

WHS GMMHAKA H3 YPHeBOAOPONOB, nmmﬂawmun 15 HEx fipuMeceR B amMocdepy npH nyc:lmwm pe=
OUMCTEY HPHPOAHOTO rasa of CEPHUCTHIX COBOH=  KiMe arperara,

HERHA, NAPOBYI0 KATANWTHIECKYIO W NApOBO3AYUl-
HYI0 KOHBEPCHO YPHeBOHOPONOB, ABYXCTYNEHw -
HaTyo KOﬂB&pﬁHK’ OKHCH yraepoaa, O49HCTKY
CHHTES-1'A38 OT ABYOKHCH YrAepofa W CRATes 20
ammuaka npr 320 ar ¢ pekynepaumed Tenna’

HA YKA3BHHLIX CTAARSX ANS MONYYCHHA Napa

B NOHOrPeBs HHTATENHHON HOALL C CKHTEHHOM
TEXHOIOP RHECKUX BHIBPOCOB B MyCKOBOR nepuon -

© 3T0 ROCTHPAETCH OMUCHIBASMBIM CHOCOBOM
NOAYHEHNS BMMHAKA, BIMOYSIOUIMM OYHCTKY
NPUPOAKOT'O TA3& 0T Cephl, NAPOBYID KATANKTH-
HecKylo K’ HapOBOSHYWHYIO ! KOHBEPCHIO yriiepo-
AOPOROB, ABYXCTYNRHHATYIO KOHBEPCHIO OKHCH
yriepona, DYHCTKY CHHTeS-rasa oT HBYOKHCH
YIVIOpOna, CHHTES AMMHAKA TIPH NOBLIUISHHOM
nasnenut ¢ pexynepauHel Tenna HA YRAIOHHLIX

Ha ¢akensnof yoranoske 2] . 25  cranuax ang noAydexus NApS W NOROTPERS NH-
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© tavensHoft Boas, JIPH 9TOM HACTH TEXHNIODH-
‘qecERX BEGHOCOB NocHe KASGION CTANHM N~
POTOBRHE CHHTeS-PA38 ADR HYCKOBOM DeXMMe
arperarta HaNpABIHIOT 4epes Pekynepatopst
Tea R OTHEAHTENH KOHIGHCATA HA CHKAPEHREe g
B CTANNIO NApoBOf EONBEDPCHR NDH COOTHOWOHHA
B TONNEBE NPUPOARLI PA3: TEXHOIOTHYECKHE
raz = 1: (0,30-0,33).
MpeanouTHTeNLRO NAPOBOSHYWHYR KOHBEPCHR
YPAGBOAODOROR NPOBONRTE HPH COOTHOWEHAR
ras:poanyx = 1:(2,0-2,2),

10

ORI RTEAEELIME NpUaRaRamMi crnocoba SRS -
GTCH HCHONLIOBAHAS TOXHONOTHYECKHX Bhi0pO~
©OB CcTANHS NOATOTOBRH CHNTEA-TA%8 B KAReCT- 1%
BE TOWIABE NPH KATARUTHYOCKON KONBEDCHE Y
NeBoAoOpoNDE, & TAKKe CODTHOWeNHEe ra3s H BOd~
AYyXA, noNABAeMEIX HA CTARWIO napomoanyunof
RONBEDCHH,
 Ha veprexe waobpaxeHa cxena lonyuenps 20
AMMHAKA 110 OTHCHIBAEMOMY CODCOGY, “

puponusth ras nocrynaer v ocenaparop i,

B CENnapaTop TOWIMBHOPO raza 2 ¥ HOcHe KoM-
npeccopa 3 nocTynaet B CTARWO cppomxmzmn

4, & 5aTeM B CMECH © TEXHONODHHECKHM ha- 25

ﬂt}mw fApHBOLe pedopMmuira Texno)mmqecmn
raa ¢ NOCARISHHEN DAapPOBOAAYHHON CMECH
nocTynasT B MApoRosaywnuik pedopmurr 6 ¢
peKynepaToOpAMY TENRA S NPONSBOACTBA Napa.
iHlopayy Boanyxa DCYMECTBASIOT B CMECH C 3aU{HT -~
HEIM BapoM B xonrdectre 28000 umP/ uac Hepes
noorpesaTont, Harpyska o [pHPOAHOMY Tasy
14000 sM/yac coOOTHONIEHEE Pas BoaAyX=]1:2
NAPOTAZOBYIO  CMeCh HANPARISIOT # N4nse B 35
cpeHeTeMitepaTY il KoupepTop 7 OKHCH $UIe-
pona tepsoit crynenn, OTCioNa KOHPeDTHHOBAN~
el Tas nocTynaer s pekyneparops tenia 8
(KoTen~yTWIRIATOP #- HOHOrpeBaTens), 8 M4~
TEM B HHIKOTEMISPATYPHLEL KOHBEPTOD O DKl
cH yrRepona.

Jaee ras noctynaet B 6ok 10 oxpamie
HHS PAsa H OTISHeHNd BRACH, DRIOHSGIOUHE. yIen
BRPLICKA KOHOEHCATA, NOADPPEBATONH pacTBupa
B CTanis OYHCTEM Taza OT ABYOKHCH yraepona,
NOAOTpEBATENs BOA W cenaparop snard, OXnge
HASHABHE KONBEDTHPOBAHNLE Tas, orTHenususics
oT HAGKITOYHOPD KOHAGHCATA, HANPABIAGIOT B 86—
ﬁﬂpﬁépﬁf 11 ouucTEH 0T, ABYOKHCH YTHepaaa c
cenapaTopoM BAArN Ha BeiXOfle W naiee B GHOK
DUHCTKH METANHPOBAHHEM ¢ DeKYNepATOPAME
renna w xonomunsyukom 12, Tfonrorosnennas
H OMMIICHHAS AZ0TOBONOPOIHAS CMECE ~HOCTY~
naeT B cenaparop 13 KA BCOC KOMEIpeccopa
14 cwres-ras u nanee KOMIPeMHDYeTed B
CTANHIO CHUTESE ammuaxa ¢ aummw&»mamm&»

| O YeTAHOBKOH W pexynepampam: renna 15.

Kpome OCHOBHOTD XONa TeXHONDPHYECKOPO.
rasa, NpH STOM cHocobe MONOMHRTENBLHO HEpes .
SHNOPHO=PErYHRPYIOWYIO ADMATYPY CBAGH TeX-

3

55

ORR -

584048

“garyio fleds 5, a 0CTANBHYI HAcTh

4 ,
HONOP¥YECKHE 'a3bl TOCAS CEPOOYACTRE MONADT

~B KDAIGETOD TOWIHBHOTO DASA TOPENOK NAD0-

Boro pédopmmnra 5, & takke no Galnacy e
pes pexryneparop yenna 8, no BaBnacy MuMo
KOHBepTOpa O ® wepes Gnox oxnaxpenns 10
B TOT Me ROATEKTOD HA. BXOAS TOWIHBHOIO
raga B news. Tlaporasosas cMeck HOCHS Hapow
BOTO 5 HuapOBDIAYMHOPY 6 pedopMHATOB HO-
RaeTed TARMe MHMO Koxpepropon 7, O uepes
pekynepatop Tenna 8 w Gnok oxnaxnenss 10,
Konnencar, obpasopapunfics HS TeXHOnorates
CKOro napa naporasonofl cMecH B ON0Ke 0Xe
NAKIEHHS, HORAOT IH HCNONL30BAHEA 6r0 B
KavecThe murarenbiof sopsl. Texdonoruyeckns
PASKE TTOCTe. oTHeNeHEs KonnencaTa B Graoke
10 nopaior wacts (10000-12000 wu?) s
EOIIeKTOD Ha BXOAE TOIUIOBONO rasa B Tpyb~
- HE qﬁ‘*
KenbHyio yorasobry 16,

Konueprupopampit raa nocie cpefiieTeM-.
nepaTypHOrD KoHBepTOpa 7 OKHCH yriepona
wpes pekynepaTop Tea 8 MHMO HUGKUTeMIE-
PETYPHOTO KBHBEPTOPS O OKHCH. YIIepona qepes
Gnok oxnawuenus .10 nomatr B xannex*mp,
TORMHEROCD rasa soTpybuaTyw nets 55y ua
daKensiyo yorasosky 16, Kmmem*ﬂ‘ptm&mxwﬁ
ras foene HEGKOTEMITepaTYpPHONO KOHBEPTOpa
O oKHcH yraepona TOAAKT TAKKe Hepes Hnox
oxnaxpenns 10 ¥ nocne omieneHRd ammmxm’m
pacapenersior gacts (1000-12000 aMm % taac)
B KONAGKTOp Ha BXONE TOWIHBHOTO TASE B Tpy6-
yaryio reuk 5, a ac'ranmme = Ha-PAKeNBHY
yoranosky 16,

Konpeprupopaiisfl raa noche CTAIE OYHCT-
KW OT ABYOKMCH yriiepona b agcopbepe 11.
TakKe TORAIT B KOHIeRTOD HE BXONE TOIHIHB=
HOPOD PE3A BOTPYGUATYIO Neub 5 ¥ na daRenh~
HYIO yoranopky 16,

ABOTOBOROPOOHYID CMECH NDCHE DYRCTKH H3
cenaparopa 13 ma Booce iccmnpecwpa CHHTEO=
PA3A MONAIOT: MacTh HA BEOC Kommpeccopa 3
HPHIORIONO PA3A €1DO€)Q-10000 e mac),
wacrs (10000-12000 am*/aac), - B Kon-~
MeKTOP HA BXOHE TOMIHBHOFOD rasa B TpyfHua~
Tyio neus 5, A SCTANEROS ~ HA PAKSADLHYIO yO<
ranopky 16,

Ha wepreie AONONHUTE/IBHBIE BBEASHILIR
CBASH MOKABANE NYHEKTHPRON mwHHel, - CODTHD-
WeHKe B TONZMBE HA BXOAE B KOMIEKTOP Tpy6:
WaTOR MeMH COCTABAAET NPHPOAHEIE. DAZITOXHO~
noruseckn#t ras 1: (0,30-0,33).Cxyraune
BOHOpORA PN TapoBosAyuioM pedopmMuHre
BCASACTBHS cooTHOWeHMR rasipoanyx . 1:(2,0.
2,0) ypelMusBAST KONMYECTBO NApPOTasoBoi .
CMECH HA BHIXOAE H2 NAPDBOSAYUIHOTG pe~
GOpMUETE, A TEKKE HIMEHTeT COCTAB rasd B
CTORORY YBenwJyeHs! TeIVIDeMKOCTH CMECH, YTO
YREAWIRBAET HApoolipasDBalie B PERYISpaTO-
pax Temla O BOERPAT KOHIEHCATA.
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Henonbavsaure npemomemwn cnocoba
HONYTeHNR auummxwmnmm HA OREH TIONABIR
- HYCK NP BOCCTEHOBASHAHX KATWIEIATOPAX Cle-
AYCIEY NpeRMyniecTns {[IRTERLEOCTL NYCRa
4 Bufi 2 uaca), yMenbiiepue pacxona npEpoRorD
rasa Ha 644,5 Tuc.MM ) BoSBpAT KDHAGHCATE
AORDITERTENBHO (m«wamane p&cnona ABMAHS PO,
nR30BAHROR BOALI) woo M7, 8 TaKmMe yMei-
uenne BLGPOCOB s;zenm npmeceﬁ B} aTMoche—
PY: ABYOKHCH cepbl B 54,5 K&, NByORHCH yUw i
nepona He 229,5 THIC(HM T, 910 BURTONE HpH-
BefierT K SKOHOMHH Tennopofl SHeprin Ha
393,7 Mx.xan, '

15
BopMyna naobperTen®a.

1. Cuaocob nonyqenns aMMBAKA A3 OGPHDOR-~
HOVO TA38, BRUOUADUIAR CepOOMBCTKY, NapoByld 20
KATENHTRYECKYID B NAPOBDAAYUIHYIO KOHBED-

CHIO HPEPOAROTO T'A3A, MBYXCTYNEHYATYO KoHpep-
CHIO. OKWCH YTVIepoAd, OYBCTRY CHHTOG-TA38 OT
ABYOKHCH YrAiepofa, CRHTEA AMMHAKA np# BHCO-

XOM RARGGHAR C peKynepanmefl Temia ma ygasan-25 THAI M., 1974,

é .

RLIX CTANRSX QNS MONYWeRNs Hapa R fiofiorpenss
WRTATEALHON BOAL B CXEPEHNS TEXHONOTHUes
crsx pstbpocon Ha daxennyofl yoranopxe npa
NYCKORDM pEXHME arperars, o7 /i B 9 8 0«
gl K R C " TeM, 49TO, C HeNB yMeRbueHnsd
pACXZOna NPHPORROTD Fasa. H BOAM, A TAKXe
CHEXEeNES BPERRBX BRGpOCOB B atvoctepy,
TeXHONOTHYECKHE TASK HocHe Kawaol] vmnnx
TMDACOTOBEH. CHHTEI~I'EY aanpamsm &eﬁm
pexynepaTops Temna B OTAENHTENE KORNEHCA=
TH HA CTAARIO RATANHTHNECKOA KOHBSPCHE NPH
COOTHOWESHHE B TONAHBE NPAPORHEA ras irexs
ronoravecknt ras=1:(0,30-0,33),

2. Coocob no ", 1, oTrn @9 A ©0ME R
C i TeM, 4TO NAPOBOGAYUIHYI KONBEPCHO NpPH-
PONHONO 838 NPOBONAT NPR CODTHOWEHRH THS:
soanyt = 1:(2,0-2,2).

Horounaka mudopMauan, BPIEATHE BO BHA-
MaHEe PR SKCHepTHIE:

1. Apropcroe cpuperenscrso CCCP
Ne 280460, wi. C 01 C 1/04, 1960,

2, Tex, npoexr Ne 2522680, "Arperar
cunTess ammuaka s Bepeaprrosckoro AT3”

: f 2
fa3 nap
nap 6 Bo3dyx
r--—»
e e
i
| = 1 ! g8
: e L—f———=T2C
‘ f 7 j flap
[ SN I S B W O K e
ﬁﬁm‘; \;-l-mw % .........4
| [
15 i L.____“‘f ’ ¢! |
. ]!
i1 .1 | | =
L t l L
# 13 7 1" ; w ’
L. HHHHITH 3axas 755/24
: Kowndewcam } Tupax 654 Hopnecxoe

duanan TN *Taresr,
r. Ywropon, yn. Tipoexrsaa, 4
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METHOD OF MODERNISATION OF PLANT FOR PRODUCTION OF AMMONIA WITH FLUSHING OF RINSE FLOW BASED
ONNITROGEN

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 abtaining 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} isin 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 ¢l, 4 dwg, 3 tbl, 3 ex
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NPOU3BOACTRY. AMMUAKA. [APOROH  KoHBepeuHel
YIAeBOAOPOAa, TAKOPO KAK. HPUPOHBIL T
Yriesogopoitoe cuiphé (5) # sosayx (14) nogaior

B Cekipiior Komsepcuu (1), e moayuaor
KOHAMIHO I CHHTEI A 6). Corarniiy

KOHIMUHOHHBI cHiires-ras (0) BOBICKAKYT B PeaKkiiio
B KOHTYPe (2) CHHTE3A BBICOKOTO JIABTCHAS. s
aoayvueuus asyuaka Toror (7) npoayBoYyHOro rassa
B3 KOHTYDA (2) CHHTE3E WIH OTXONgnal ras My
Cert HIBCYEHHN NPOAYBOYHOrO  Ta%a.

colepRaniii MECPTHEIC HPUMECH, BBOIT B KOHTAKT
¢ NOTOKOM (10) a307Td, MONVHEHHBIM B Hpolecee
paxieneHns soyiyxa. Horox '('m) A30TA HaxoauTeH
BIKUTKOM COCTOSHUN WM NPeeTaniser coboleMeth
EKkoro i razoobpasioro asora. I'asospil norok
(8)  peunpryHpyior B KoHTYP cuHTesa (2).
Hsobperenne HOIBOJACT YBEITHYHTE
NPOHIBOMTENRHOCTE . YCTAHOBRKH M TTOBBICHTE
HPOEKTHRHOCT ITpotecca NPORIBOACTEA aMMBaKa.
3g. 9 Genst 4un, 3 rabi, 3 np.
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(54) METHOD OF MODERNISATION OF PLANT FOR PRODUCTION OF AMMONIA WITH FLUSHING

OF RINSE FLOW BASED ON NITROGEN
(57) Abstract:

FIELD: chemistry.

SUBSTANCE: hydrocarbon raw material (5) and
air-(14y are fed 1o the conversion section (1) where the
conditioned synthesis-gas  (6) is received. The
compressed conditioned synthesis-gas (6} is involved
in reaction in the cireuit (2) of high-pressure synthesis
for obtaining ammonia. The flow (7) of rinse gas from
the circuit (2) of the synthesis or the éxhaust gas from

the ringe gas recovery section, which comprises the.

inertimpurities, is brought into contact with'the nitrogen

flow (10) produced in the process of air separation. The

nitrogen flow (10)sin the Tiguid state orrepresents a
mixture of liguid and gaseous nitrogen. The gas flow
{8) s recycled to the synthesis cireuit (2).

EFFECT: invention enables to increase. the

(A

productivity of the plantaad to improve the efficiency

of ammonia production process.
12¢l, 4 dwg, 3tbL 3 ex
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O6nacTh TEXHUKH

Hacrosues uzodperenne OTHOCHTCH K YCOBEPLISHCTBOBAHMIO CIIOco8a ¥ YCTAHOBKY sl
MPOUIBOACTBA AMMIAKA NAPOBON KOHBEPCHER YIIEBOAOPOIA, TAKOTO KAK NPUPOTHBIN 143,

YpopeHs TEXHUKH

AMMUAK TIPOUZBOAKT MY TEM KATAMMTHYECKONR PeaKuuK BOJOPOIA U a30T4 B KOHTYPE
CHHTE3A BBICOKOTO JABNEHUS. B y],’JDBH% TEXHUKH H3BCCTHA NTOJAYA B 3TOT KOHTYD BBICOKOTO
JABJICHHA KOHAMIMOHHOTO (100ABISEMOT0/CBEKEro) CHHTE3-TA%a, COCTOMIIETO, TIABHBIM
obpazom, uz Bogoposa (Ha) n asora (N») npu COOTBETCTRYIOIEM MOISPHOM COOTHOLICHIH,
TIONYHEHHOTO NAPOBOH KOHBEPCUCH YINICBOAOPOAHOTO ChIPbS, OOBIMHO IIPHPOIHOTO Ta3d
(Merand) win HaQThL

CHMTGS“F&S no&yqaxm‘ B FONOBHONA COKHAM YCTAHOBKH JUTA OPOU3BOACTEA aMMuaKa,
BKITIOUAIONIEH, IIaBHEIM 60PA30M, YCTAHOBKY NEPBHYHON KOHBEPCHH, YCTAHOBKY BTOPHYHOMH
KOHBEPCHH, KOHBEPTED OXMIKASHUS/KOHBEPCHH, Cexuuio oTagnenus CO», cexpuo
METAHUPOBAHMA M KOMIPECCOD CHHTE3-Ta4.

Yeranopka nepsuvHoN KOHBEPCHH KOHBEPTUPYET NAD W Chipbenoii obecceper Hpil
YIEBOAOPO, HANPUMED, TPHPOIHBIA Fas WM 3aMeHuTes ipupoaHoro rasa (3111), B emecs
MOHOOKCHIA YITTepoaa, JHOKCHIA YITIepoIa U BOAOPOAA NYTEM TIPOIYCKa Hal
COOTBETCTBYIOLINM KATAIM3ATOPOM TIpH JiaBrieHny, 00buHO B Ararasode ot 15 no 35 Gap,
¥ BBICOKHX Temriepatypax okono 800°C. Peaxuus npOTeKAET B PAIE KATAIHMIATOPHEIX TPYO,
HATPEBASMBIX HIBHE IPOAYKTAMH CTOPAHUS TOTUIUBA.

VHOMSHYTYIO CMECH ITPOIYCKAIOT B YCTAHOBKY BTOPHYHON KOHBEDCHH, KOTOpas paboTaer
¢ M30BITKOM BO3AYX4, A8 OMYHCHHA TPEOYEeMOTO MONSPHOTO CooTHOWEeHUS HolNo
(coornomenus HN) u, Cle10BATENBHO, IPHHUMAET JONOIHUTEABHbIR TIOTOK BO3AYXA M3
COOTBETCTBYIOILErO BOSAYIIHOTO KOMBPECCOpa,

KoupepTHPOBAHHBIA Ta3 U3 YCTAHOBKH BTOPHYHON KOHBEpCHH Janee 0OpabaTsiBalor B
paae eauHul O00PYIOBARMS HIDKE IO NOTOKY J15 YAANSHUS OKCHAOB YINISPOAa M Oy IeHus
COCTABA I'd3a, MPUTOMHOTO JUTH CHHTE3a aMMHAKA, TO eCTh HMEIOWEro coorromeHne HN
Gmuskoe k 3. O0pranag cxema primouaer: CO-kouBepTep(bl), B KOTOPHIX GONBIIAS HACTh
MOHOOKCHIA YITIEpOaa, COUepKAUIerocs B KOHBEPTHPOBAHHOM 438, KATANHTHUSCKH
TIPEBPAIIACTCS ¢ HEOPOPSATHPOBABUINM TAPOM B IHOKCHI YITIEPOIA H BOAOPO/I: KOIOHHY
npoMbIBKH COs, B KOTOPOI MOKCH YIAEPOIA NOUTH TIONHOCTEIO YAAISTIOT NPOMBIBKOI
Ta3a COOTBETCTBYIOUINM PACTBOPUTEIICM, TAKHM KaK BOAHBIN pAcTBOp aMuHa Witn kapOoHarTa
KAJIMsl; PEAKTOP METAHUPOBAHHUS, B KOTOPOM NIPOTEKAET KATAIHTHYECKAS KOHBEPCUS
OCTATOHHBIX OKCHIOB YITICPOMA B METAN IS HCKITIOUCHHA OTPARICHUA KaT zmmtzampa. CHHTE3A
AMMHAKA HIKE 110 TIOTOKY:

3aTeM JaBleHMe CHHTE-Ia38 B IIIABHOM KOMIPECCOPE CHHTEI-TA3A YBEIIMYMBAIOT [0
pabouero JaBREHUS B KOHTYPE CHHTE32 aMMUAK, TIABHBIM 00pasoM, B auanasose ot 80 10
300 Bap i obprano oxono 150 6ap.

[Tarent US 5736116 packpsisaer crnocol MOASPHU3ALMY TIYTEM MOHTAKA YCTAHOBKH
paszieneHns BO3Myxa, obecneunBaromieli MoTok, 000rameHHBI KUCIopoaoM 1 asotom. Hotok,
OOOTAHEHHBIT KUCHOPOROM, HCHONBIYIOT A1 00OrdeH s TIOE4H BO3AYXA B VCTAHOBRY
BTOPHYHON KOHBEPCHM ¥ YBEIIHYCHUS COACPKAHUA BOAOPOAd B KOHANHMOHHOM rase 10
ZHAYEHNH, TIO CYHICCTBY NPEBLIIATONIMX IPOCKTHBIE TOKA3ATETH CTEXUOMETPUA U
POUSBOIUTENBHOCTH]

NOTOK, 000TAIEHHBIA 830TOM, TOAAIOT B KOHTYD cuuTesa s obecnevenus Tpebyemoro
COOTHOMISHHS BOAOPOAA K A30TY B HO/1AYE CHHTEF-Ta3a B KOHBEPTEPLI aMMHAKA 1
KOMITEHCAHHM U30HITKA BOAOPOA B KOHHIHOHHOM 1a3e:
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MozepHH3anua HIH YBEITHYCHHUE HPON3BOAMTEIBHOCTH YCTAHOBEM LS IIPOU3BOACTRA
AMMMAKZ CTABUT DAL NPOGHEM B CBIBK C BOZPOCLUEH CKOPOCTBIO IOTOKA.
HpousBOAHTENBHOCTE YCTAHOBKY NEPBIUHON KOHBEPCHM TECHO CBAZAHA C PASMEPOM I SHCITOM
TPyO B caMOi YCTAHOBKE KOHBEPCHH; BADHAHT MOHTAXKA HOTIONHUTEIBHBIX TPYD, KaK NpaBuiIo,
HEBOIMOKEH WK OUEHB OF DAHMUEH; MOHTAX AOTIOIHUTENBHOM YCTAHOBKH NPEABAPUTEIBHON
KOHBEPCHH BOZMOMEH, OIHAKOITO 0BXOMNTCH OPOTO ¥ A48T MPEHMYIIECTBO muinh B 10
15%. Taxoxe HeOOXOTHMO 00eCTIeunTs GONBUTYIO OAAY KHCIOPOA B YCTAHOBKY BTOPHIHOM
KOHBEPCHM W YBEANYHTD NPOHSBOMMTENBHOUTh ASACTBYIOErO BOBYIHHOTO KOMITPECCOPA.
O6a BapuaHTa MOHTKA HOBBIX BHYTPHKODIYCHBIX yeTPOHCTE B ACHCTBYIONIEM BO3AYIHHOM
KoMIpeccope unu obecneuenis JONOMHHTENBHEIM KOMITPECCOPOM, AEHCTBYIONIHM
HAPAUTENBHO C UMEIOLMMCS, TAKIKE J0POrH. MOHTaX J0KHMHOTO KOMIIPECCOPA, TO €CTh
KOMITPECcopa MPEABAPHTENBHOTO CKATHS LIS YBEIHHEHHUA JaBICHHS HA BITYCKE IIABHOTO
BOBAYIIHOTO KOMITPECCOpa, MeHee J0poT, HO Tak ke Meree stdextusen, K sospociueit
CKOPOCTH.NIOTOKA TAKOKE NPHXOANTCH H@HCIHOG&&JIHB&TI&CSI NYTEM PASMCIICHUA PA3NUYHOTO
0BOPYAOBANIS B FONOBHON CEKIMMN, HATIPUMED, YCTAHOBKY yaaaeaus CO-, MeTaHATOpA U
L, YTO MOXKET MOTPeOOBATE 3HAYNTEIBHBIX KATIUTAIBHBIX 3ATPAT, eCiu Kakoe-iubo
00OpyIOBAHKE TIPUILTCA MOANPHIMPOBATD.

Taike KPUTHUECKUM NAPAMETPOM U NOTCHHUATBHBIM Y3KUM MECTOM ABAACTCS
OPOHIBOAMTEIBHOCTE KOMIPECCOPa CuuTes-ras3d. MonTax moboro HOKUMHOTO KOMIPeCeopa
HITH JOTONHUTETBHOTO KOMITPECCODa ODBIYHO HEMPUEMITEM, TAK KAK BBIXOA H3 CTpos juoboro
JONOMHBTENBHOrO 00OPYAOBARU MOKET TIOABEPTHY Th PHCKY HAZAESKHOCTE BCEH YCTAHOBKH
H IPHYHHUTD CEPHEIHBIA BPELl TIaBHOMY KOMITpeccopy. OObIUHO MPEANOYUTAIOT 3aMEHY
BHYTPHKOPITYCHOTO YCTPOHCTBA KOMIPEccopa 1 TypOMHBL, OJHAKO 3TO BMEIIATEIBCTBO:
obxomures Joporo.

Hpyro#t npodaeMol ABIACTCS BOSMONKHOE HAKOTITCHHE HHEPTHBIX TA30B B KOHTYPE CHHTE3A.
DTOT KOHTYP CHHTE3a 4acTo paloTaeT B IPHCYTCTBHM Ta3000Pa3HbIX COSIMHEHUIT HWiN
BEUIECTB, ABIHIOIMXCH HHEDTHBIMM, 110 MEHbIUEH MEPE B PeakiuMu CHHTE3a AMMHAKA.
Hpumepamy Takux coeMHeHNH SBIHIOTCS MeTaH # aprot. Hakonnenue naepTHBEIX ra3on
03HAYALT YBEIMHSHHUE CKOPOCTH HOTOKA M CHIKEHME BhIxoda kousepenu, Ipn ypemmaennn
MPOU3BOANTEILHOCTH 3TA MPOBIEMa, COOTBETCTBEHHO, CTAHOBUTCH §OJIEE CYLIECTBEHHOM,
Hreprabie rassl HMEIOT HU3KYIO PACTBOPHMOCTE B AMMHUAKE, KOTOPBIH BRIBOIAT U3 KOHTYDA
CHHTE34, ¥ ¢ IMHCTBCHHBIM criocobom HCKTIOUCHHS UX HAKOTUICHHS SBIACTCH ITPOAYBKA YdCTH
cuHTe3-rasa. B ypoBHe TEXHMKH YIOMSHYTHU IPOIYBOUHBI Ta3 00bMHO 00padaTsiBaior B
CHCHUAIBHBIX MOIVIIAX, TAKHX KK n&emﬁipam HIIW KPHOTCH HbIH MOy, A8 H3BIACHCHHA
COABPHKAILETOCH B HEM BOAOPO ML, WM YKAZAHHBIH ITPOAYBOUHEIA I3 UCTIONB3YIOT B KAHECTRE
TOTUTHBA.

Bee phieynoMsigy Thie poOaeMbl HMEIOT MECTO XIPH MOIEPHU3AMH JeHCTBYIoNeH
YCTAHOBKH, HO TAKOKE APU NPOSKTHPOBAHUN HOBO! YCTAHOBKH ¢ NONBLITKON yBEMMUeHUS
0bImel TPON3BOIMTEIBHOCTH, YTO KACACTCH PA3MEDA IIABHBIX CAVHALL 00O DYIOBAHHS, TAKHX
KAaK YCTAHOBKH KOHBEPCHI H KOMIIPECCOPBIL

43}]}0]36}'{11 TEXHUKH JIACT JHh HACTHYHOC PCIICHUE BHITICYRASAHHBIX anﬁI!EM‘
HpemnoxkenHoe H300pETEHHE HATIPABIEHO HA OBECTIeueHIE Ty UILeH Wi 00TIEe TOAXOHSIIeH
MHTErPALUK YCTAHOBRM PASJCHEHNS BOIYXA C HPOUECCOM/YCTAHOBKON JUTH 1TPOM3BOCTRA
aMmuara.

CyigHocTs n3o0perenus

[epseiv 00BEKTOM H300PETEHUS SBISCTCA CHOCO0 TPOUZBOACTBA AMMUAKA, B KOTOPOM!
KOHAMHHOHHBIH CHHTE3-1a3 TIONYYAIOT IADOBO’ KOHBEPCHEH YrIeBOZOPOAHOIO ChiPhi,
AApoBast KOHBEPCHS BKITIOUALT CTAMH TICPBUMHONR H BTOPHIHON KOHBEPCHH, CTAAMK
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niocnenyomel odpaborku nny koHsepeuu, yaanenus CO» 1 MeTaHUPOBAHNS; KOHIHIMOHHBIA
CHHTE3-TA3 CKUMAIOT ¢ OCHEYIONIeN peakumell B KOHTYPE CHHTE3a BBICOKOI'O AaBJIeHNs ¢
TIONTYHEHHEM AMMUAKA; TIOAAYY BO3AYXA NOABSPraOT IIPOLCCCY PASICACHIS HA TTOTOK
KUCIIOPOAA ¥ 110 MEHbIIEH MEpe OJIMH TIOTOK A30T4, NOTOK KUCIOPOIA HANPABISIOT B
YOTAHOBKY BTOPUUHON KOHBEPCHH A5t 00eCeue HIs ZOMOIHUTENBHOTO OKMCHHTEINSE, I0TOK
43074, NOJNYICHHBI B YIOMAHYTOM TPOLECCe PA3HCICHUA BO3AYXA, HCTIONBIYIOT AMs
oOPabOTKH TOTOKA TIPOAYBOMHOTO TA34, COMEPKALIETO HHEPTHBIE TIPUMECH, TTOIYUAS TAKHM
O0PAzOM BOAOPOACOMEPKATIIAN ¥ MO CYIECTBY CBOGOIHBIN OT HHEPTHBIX IpUMeCel
PEOUPKYTHPYIOHINH TOTOK TA34, KOTOPSI PUMPKYIUPYIOT B KOHTYD CHHTEA.

Viasauustil npoayBOYHLIR HOTOK B HPSANOUY THTENBHBIX BAPUAHTAX OCYLUESCTBISHUS
u308peTeHs TPEACTABIACT COBOH NPOAYBOYHAIT Ta3, MPOAYTHI B3 KOHTYPA CHHTE3a, WK
OTXOMSIMI 143 B3 CEKUMM M3BIEUSHUs TIPOAYBOUHOTO Ta34.

Torox npoayBoMHOTO 1a3d, COACIKALIMA HHEPTHBIE TIPHMECH, B COOTBETCTBHIC
NPEUAraeMeiM U300 peTeHHeM, KOHTAKTHPYET ¢ TIOTOKOM 83074, TIONYYCHHBIM ¢ TTOMOIBIO
IPOLIECCa PASICHEHUS BOBIYXA.

Tepmunsl "noTok kucnoposa’ ¥ "HoToK a30Ta” B JaHHOM ONHCAHUH HCHOIB3YIOTCS CO
CCBUTKON Ha MOTOKY, MMEIOUTHE TPEOYEMYIO CTENEHD HUCTOThL TTOTOKH KUCIOpOaa M 43074
TIPEACTABNSIOT COOOH MOTOK, OOOTALIEHHBIN KHCAOPOIOM B 430TOM, COOTBETCTBEHHO,
[peanouTurensHo, NOTOK KUCIOPOAA HMEST CTENeHDb MHCTOTH IO MEHBIIEH Mepe 95%,
OAHAKO B JHOBOM CHIYUAE MOKET HCTTOTB30BATECH MEHEe YHCTHI ITOTOK KHCHOPOad: HOTOK
A30Ta NPSIIOYTHIENBHO uMeeT uueToTy 99% wnn Gosee fus Toro, 4rodst uzbexars
orpasnenus Oy KATATHATOPE, HCIOMB3YEMOTO B KOHTYPE CHHTE3a aMmuaka. TTpoiecc
paseneHus BO3AYXA BHITIOIHSIOT IO MEHBLIEH MEPe B OHON YETAROBKE PA3ISNSHHS BO3AYXA,
B COOTBETCTBIN TI0 CYTH C W3BECTHON TEXHUKOM.

TTOTOK a307Ta MOKET HAXOAUTHCH B IKHIKOM WM ra3000pasHOM COCTOSHUN MMM
APEACTABIATE COOONH CMECh XKHUAKOTO U Ta3000pasHoro asota. PA3IensHbie WHIKHE 0
ra3000pazHke HOTOKK a30Td MOXKHO TAKIKE NONYUATE H3 YOTAHOBKH DA3ICIICHIs BO3YXA.
B cooTBeTCTBAN C IIPEUTATASMBIM H30ODETEHHEM, BOZMOKHBI PASHBIC BADHAHTSI
OCYIUECTBIEHMS H30OPETEHMS HPH HCTIONB30BAHNM KUAKOTO WIH raz000pasHoro noroxka
(OB) azoTa.

B cooTBeTcTBUM C APYIHMU BADHAHTAMY OCYLIECTRIACHUA H300DeTEHMS, IIPOUSCT PA3ISISHMS
BO3AYXE O0eCeuUBAST NOAARY NEPBOTO NOTOKA 430TA, HCTIONB3YEMOTO VT8 PETYIHPOBARUS
COOTHOLICHHS BOJIOPOIA M A30T4 B CHHTE3-TA3E, ¥ BTOPOIO NOTOKA A307T4d, HCTIONB3YEMOTO
s 06 paBoTKH THOAYBOUHOTO TTOTOKA, TO €CTh IPOAYBKH HITH OTXOAALIErO rasi.

Apyrolt BapianT oCYLIECTBACHIS H300PeTEHMS OCHOBAH HA TOM, 9T0 1104443 KHCAOPO A,
ofecreunBaeMas YIOMAHYTHIM TTOTOKOM KHCIOPOAA B YCTAHOBKY BTOPWHHOH KOHBEPCHH,
obecreunsact n30BITOK BOAOPOIA B BBINYCKS CHHTE3-IA32 U3 IONOBHON CEKUMI, TO €CTh
cooTrHomenue HN Gonee 3, uto SyaeT komnencuposaTh Gonee HusKoe cooTHomenue HN
(MeHee 31 B PSUHPKYIHPYIOUEM TOTOKE, B COOTBETCTBIM € 9THM BAPUAHTOM OCYILECTBIEHMS
H300peTeHUs, IPU MOASPHM3AIMM, HATIPABIEHHOHN Ha YBEHYEHUE NPON3BOARTEIIBHOCTH
AeHCTBYIOMEH YCTAHOBKH, KOJIHYECTBO KHCIOPOAA, TOIABACMOTO B YCTAHOBKY BTOPHYHON
KOHBEPCHH, DOABIIE TEOPETHUECKOTO KOMMIECTBA, COOTBETCTBYIOIEro TpedyeMomy
YBEITHUSHUIO TPOH3BOANTENBHOCTH, Jpyroe npeuMyIHecTBO COCTONT B CHIBKSHIN HATPY3KHA
OEHCTBYIONIETO BOZAVUTHOTO KOMITPECCOpa. '

B COOTBETCTBHY C APYTHM BAPHAHTOM OCYIHECTBIICHNS H30ODETEHNA, TOTOK IPOAYBOYHOTO
rasa 00pabaTeBAIOT B KPHOTEHHOM IIPOLECCE, NIPH KOTOPOM 1O MEeHbIIeH Mepe 4acTh
NPOIYBOYHOTO T34 CRIBKASTCA C TIOMYUCHNEM FKHIAKOTO TTOTOKA. 000 A IIEHHOTO METAHOM,
HOTASHEHHEM HOTOKE PEIHPKYIUPYIONIEr O Ta3a, COASPKAIIEr0; TIABHBIM 00pasOM, BOJOPOI
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M a30T. B COOTBETCTBIM ¢ KOHKPSTHBIMH BAPDHAHTAMH OCYIICCTBICHHUS U300 PETOHNA, NOTOK
PELHMPKYIHPYIONIETO TA34 TIOAAI0T HA BCACHIBAHHE HPKWISHHOHHOTO HACOCA KOHTYDA CHHTE3A
W B [JIABHBIT KOMITPECCOD CHHTE3-Tajd,

B HEKOTOPBIX BAPHAHTAX OCYHIECTRIIRHISA H30OPETeHUS IPO1YBOYHBIN IIOTOK HPOMBIBAIOT
YHCTHIM JKHAKHM WIH CMELIAHHBIM OTOKOM KHAKOro/razoobpasnoro asora. IlpoMbiska
CMEITAHHBIM TOTOKOM XKUAKOTO/razoodpasHoro asota ssnsercs fonee sddexTunaniv
TPOHECCOM B CPABHEHHM CO CMEIICHHEM JIMIIE ¢ TA3000PAIHBIM 830TOM, B HACTHOCTH,
Graroaps MEHbIIEH MOBEPXHOCTH TemoobMena, bonee HU3KON TeMIIEPATYPE CHITE3-ra3a
HA. BCACHIBAHMK LM PKYASUMORHOTO HACOCA WHITH CTYTICHSX CIKATHS H, CIIENOBATENBHO,
YBEIUIHBACT TTPOH3BOIMNTIBHOCTE IHPKYISIHROHHOTO HACOCA/KOMITPECCOPA: YIIOMAHY ThIH
TPOLECC NPOMBIBKH KIUIKHM MM CMEIUAHHBIM MUIKAM/TA3000 pATHBIM 330TOM BBINOTHAIOT
NPU KPUOTEHHOM TEMIEPATYPE, TO €CTh B HU3KOTEMIIEPATYPHOM y3ie. B apyrux sapuaHTax
OCYIECTBISHNS H300PETEHUS ITPOAYBOUHBIN TOTOK CMEINBAIOT ¢ TOTOKOM TA3000pasHOTro
A30Ta NePe BIYCKOM YIOMSHYTOTO NOTOKA B HH3KOTEMIIEPATYPHBIH Y3,

B npeanouTHTENEHOM BAPHAHTE OCYLHECTBACHAR H30OPETEHH HCTIOMB3YIOT TIOTOK JKHIKOTO
ABOTA W3 MPOULCCH PASACIEHHS BO3AYXA WIS NPOTUBOTOUHON IPOMBIBKH ITPOYBOYHOTO
MOTOKA B KPHOTEHHON anmaparype, TPeanouTHTENBHO B KPHOTEHHON KOTOHHE,
TIpeaAnouTHTenBHO, TPOMBIBKY HPOAYBOUHOIO Ta3a HPOBOIAT B COOTBETCTBIM CO CASHYIONNM
npoueccon, ITpoayBoUHLI WK OTXOAS I ra3 OXI@KAAIOT 40 KPHOTEHHON TeMIIePaTY b
¥ 32°TeM OXHNICHHBI TIPOAYBOYHBIT ra3 NPOMBIBAIOT B KPHOTEHHON KONOHHE MOTOKOM,
COMEPHALLIAM SKHAKUI A30T; TPOMBITBIH TPOAYBOUHBIH TTOTOK OTOUPAIOT W3 YKAZAHHOM
KOJIOHHBL, ra3000pasHyio (PPAKLUMIO APOMBITOTO IPOAYBOYHOTO NOTOKA OTISASIOT ¢
TIONYHECHUEM TIPOMBITOTO TPOAYBOUHOTO TA34, KOTOPBI HCIOABSYIOT AN OXITAKICHHA
TIPOAYBOYHOLO 'a3a, NOJAABAEMOTO B TEILTOO0MEHHUK; 3aTeM TIPOMBITHIN ITPOAYBOUHbIHA a3
PELHPKYIMPYIOT B KOHTYP CHHTE3A MM KoMIpeccop cuutes-rasa. Mumkyio dbpaxiumo,
OTICNEHHYIO 3 IPOMBITOr O IIPOLAYBOYHOTO HOTOKA, PEUHUPKYIHPYIOT B KPHOTCHHYIO KONOHHY.

B apyroM npeanoyTHTENBHOM BADUAHTE OCYINECTBIESHUA H300PeTeHUS YCTPOHCTBO
pazgenenus sosayxa (YPB) obecrieunsaer nonavy notoka asora sopue razoobpaiHoro
NOTOKA IO AABICHHEM, DTOT MOTOK A30TA TIOAKIOT B YCTPOHCTBO H3BACUSHHUS IIPOAYBOUHOTO
£434, [Ae IO MEHBIIeH MEpe YaCTh NPOAYBOUHOTO Fa3a CKIDKAIOT ¢ TOMOIIBIO KPHOTEHHOTO
TPOUECCa, TOTYUAs KUAKHN TTOTOK. DTOT KUAKHA TOTOK OBOTAMEH METAHOM, i TIOITOMY
ra3000pasHbil [OTOK, BEEXOAAIINN U3 YCTPOHCTBA H3BIICUEHHS TTPOIY BRI, COIEDIKHT, TIABHBIM
00pasoM, BOJOPOA M a30T U MOKET ObITh BO3BPALIEH B KOHTYP CHHTE3d HIIM COOTBETCTBYIOLIMI
romrpeccop. Hpeanoararensro, 100aBACHHOS KOIMYECTBO a307Ta ABAsETCH H30BITOUHBIM
B CPABHEHHH CO CTEXHOMETPHHECKHM 3HAUSHHEM,

BaliieyKasaHHbIE BAPUAHTBI OCYILECTBIICHUS H30OPETEHUS, MCTIONB3YIOLIHNE WKHIKHI U
ra3000pasHeIil 4307, COOTBETCTBEHHO, MOKHO KOMOHHEPOBATE APYT € APYTOM.
CreIoBaTeNBHO, MONKHO TAKKE HCTIONB30BATH KOMOHHUPOBAHHLL PACTBOD KUAKOTO TWHOE
razoobpazHoTo 43074,

Hpyrum anbrepHaTHBHLIM BAPHAHTOM OCYLIECTBIICHHS H300PETe S, H3BECTHLIM B YPOBHE
TEXHUKH, sBigeTes 00paboTra NPOAYBOUHOIO TA34 B CEKUMN WIBICUSHUS TIPOIYBKM ¢
TIOTYSCHYEM OTXOISINET0 1233, Ha3hIBASMOTO TaKske COPOCHBIN Ta3; COASPIAILErO HEKOTOPOE
KOMHYECTBO OCTATOMHOTO BOAODOAA: B COOTBETCTBIN C IPEUTATaeMBIM H300peTeHHEM, 9TOT
OTXOAAMMHE ra3 00palaTHBAIOT A30TOM 15 H3BJEUEHHS OCTATOYHOTD BOIOPOIA.

TTpoayBouHbIH Ta3 TEpen POMBIBKOH/06pABOTKOM A30TOM NPEANOUTUTETBHO HE CONEIKHT
aMMHIAK, AMMUAK MOYKHO YAAIUTD, HATIPUMED, TIPOTUBOTOMHON NPOMBIBKOH BOAOH
NPOAYBOMHOTO Ta3d. 3aTeM BOAY YAAISIOT, MCTIONB3YS, HATIPUMED, CYLIMIbHBIE ATNAPATHL.

Kucnopoausiii NOTOK NPEANOYTHTEILHO CRUMAIOT B COOTBETCTBYIOWEM KOMIPECCOpe 1
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CMEHIMBAIOT C NOAa4edl BO3/IYXA B YCTAHOBKY BTOPHYHON KOHBEPCHH, oBectieunBas TakuM
obpazom noaaqy oGOTAIISHHOTO KHCIOPOIOM BOSIYXA BITY YCTAHOBKY.

Hpyrum o6BeKTOM IPeTAraeMoro Hio0peTeHus SIBNIETCS YCTAHOBKA, IpucocobrieaHast
K TIPOBEASHHIO BBILICOITHCAHHOTO IPOUECCa M PA3HBIX €10 BAPHAHTOB, B COOTBETCTBHH ¢
TIPeANAraeMsiM H300peTeHHEM, YCTAHOBKE JUTH IPOUIBOACTBA AMMHAKE BKIIOYAET: KOHTYD
CHHTE3A ¥ TOTOBHYIO CeKIMIO AR CHAOMEeHNS KOHIUIHOHNBIM CHHTES-TA30M YKAZAHHOTO
KOHTYPA CHHTESA, YIOMAHYTAS COTIOBHAS CEKUMS BRIOUACT YCTAHOBKY TEPBHYHON KOHBEPCHH,
YCTAHOBKY BTOPHYHON KOHBEPCHH M JOTIONHUTENBHOE 000 PYAOBAHME I KOHBEPCHM,
yranenns COs o METAHNPOBAHNS; TIABHBIA KOMITPECCOP CHHTEI-TA3a JUTA ITOIAYH
KOHMUMOHHOIO CHHTE3-ra34 B KOHTYP CHHTE3d; 110 MEHBILIEH Mepe OIHO YCTPOHCTBO
pasaencHun BO3ayxa, oﬁecneumsammee HOTOK KHCIIOPOLa B 1o MEHBIIICH MEDPE OOHH TTOTOK
asora;

NOTOMHYIO THHHIO, NOJAIOHYIO MOTOK KUCIOPOAA B YCTAHOBKY BTOI}H‘!HGI:&Q KOHBEpPCHUH
WITH BOBAYIIHBI KOMTIPECCOD, IHTAIONIMN YCTAHOBKY BTOPHYHON KOHBEPCHN;

YCTAHOBKA OTIHUAETCH BKIIOUCHHEM CPEICTR, NPHCTIOCOOICHHBIX ZUTH TIPOMBIBKN
HMPOAYBOUHOIO ra3a, COUePKAero HHePTHHIE MPHMECH, IIPOAYTHIC U3 KOHTYDA CHHTE3a, HITH
OTXOIAIIETO TA3A U3 CEKUMH H3BIEUCHUS TIPORYBOYHOTO Ta3d, O MEHBIIEH Mepe OXHIM
TOTOKOM a30T4 A7 TONYUECHHS BOAOPOICOASDKAIIETO, TIO CYIHECTBY HE COALPMALIETo
HHEPTHBIC TTPUMECH DEUMPKYIIAPYIONIETO MOTOKA, M I OTQ*‘IEOI‘;K JIHHWM, H{)éﬂﬁﬂi@ﬂﬂ‘lﬁﬂ}iﬁﬁ SIS
PELMPKYIISILIIE 3TOI0 HOTOKA B KOHTYD CHHTE3d.

B cooTBETCTBHN C PACKPBITHIMI BBIIIE BAPHAHTAME OCYUICCTBASHMUS H300peTeHs,
YETPORCTBO pasgenenus so3ayxa (YPB) obecnieunsaer CHabKeHUE a30TOM B KHIKON uim
razootpasuoit opme win B oGenx Gopmax. YCTAHOBKA MOWKET BKITIOUATH KPHOTCHHBIA
Annapar, NpeAnouTHTEIbHO KPUOTEHHYIO KOIIOHHY, B KOTOPOH IPOAYBOUYHBIA 143 IPOMBIBAIOT
ﬂpOTREOTG‘XHbIM TOTOKOM JKHIAKOrO 43074, NMONYYCHHBIM B ypﬁ.k JUTH WEBRACHCHUY
BOAOPOACOASDKAILETO Ta3d, HE COASPKALISro HHEPTHHIC IPHMECH, B IOTIONHHTEABHBIX
BAPUHAHTAX OCYIICCTBIICHHA Mi}(?ﬁpﬁ*l’éﬁﬁﬁ YCTAHOBKA MOKECT BKIIOYATD ‘yb"]‘pOﬁQ’iTBO SIS
M3BIICUEHHS MPOAYBOYHOTO TA3d, I/I€ €10 OXKIKAIOT H KY/4 TOAAI0T ra3000 pasHbii a30T,
nonyucHus B YPB, s usniieuesns ra3000pasHoro noroka, Coaepkaliero Bojopoa U
a30T,

Ipemaraemoe nzobpeTeHue TAKKE TPHIOIHO [ MOACDHUBA NI IeHCTBYIONICH YCTAHOBKH
IS TIPOM3BOACTBAE AMMUAKY, JlOTIOMHUTENBHBIM BAPDHAHTOM OCYIIECTBIACHUS H306peTeH s
FATEM ABITIETCH CIOCO0 YBCIHHCHUA IPOUIBOANTENBHOCTH VCTAHOBKY I8 TTPONEBOACTBA
AMMHAKE, BRIIOUAIOWICH KOHTY] CHHTE3A aMMHAKA M TONOBHYIO CEKLIIO, OOCCHeHUBAIOIIYIO
HOAAUY TOTOKA CHHTEZ-143a, COACTIKAIErO BOAOPO H-A30T, B KOHTYD CHHTESA,; NPHYEM
TOMOBHAA CEKII BKIIOUAST YCTAHOBKH TEPBUIHON W BTOPHIHON KOHBEPCHI
JAOTOTHUTEIBHOE 000DV AOBAHNE AN KOHBEPCHH, yaanerus CO» W METAHUPOBAHUS, A TAKKE
KOMIIPECCO] CHHTE3-TA3a JUTS TIOJAHUHM TIOTOKA CHHTE3-Ta3a B KOHTYD cuHTesa. Crocod
MOAESPHHZALMMA BRITFOUAST CTAAHK: ODeCIICUSH S YCTPOHCTBOM Pas/IeeHH BO3IYXA,
TIPHCIIOCOOIEHHBIM JU15 CHAOKEHMS NOTOKOM KMCTIOPOIA U 110 MEHBLLIEH MEPE OJHUM IOTOKOM
IHAKOTO MK Ta3000PasHoro azoTa; 00eCTCHeHHS CPEICTBAMME TIOAAaYH TOTOKA KHCIOPOa
B YCTAHOBKY BTOPHUHON KOHBEPCHH HITH BOJAYIIHBI KOMIIPECCOD, NUTAIOMWNA YCTAHOBKY
BTOPUYHON KOHBEPCHH; 0DECTIEUEHMS CPeACTBAMM, HPUCTIOCOOTEHHBIMM 15 HCTOB30BAHUS
MOTOKA A30Td AT% IPOMBIBKH ITPOAYBOMHOTO rasa, OTONPACMOTO U3 KOHTYDA CHHTE3A, Wy
OTXOIALLErO Ta34, BBIALISIOWErocs pu 086paboTke MPoaYBOUHOTO Ta3d, ¢ NOMYUeHHEM
BOAOPOACOASIKALIRTO, IO CYIIECTBY CBOGOAHONO OT MHEPTHBIX IpHMeceH
PEUMPKYIHPYIOHIErO NOTOKA Ut PELMPKYISUMH 3TOTO TIOTOKA B KOHTYD CHHTE R,

[Tpu MoaepHuzamyy ASHCTBYIOMEN VCTAHOBKH MOKHO PeASIM30OBATE PACKPBITHIE BhILIE
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BAPHAHTBI OCYIICCTRICHHA M306PEeTeHHsA B COOTBETCTBHM ¢ NOTPeCHOCTAMH WM
XapaKTEPHBIMU OCOOSHHOCTAMH CTAPOH YCTAHOBKH U181 TPOMIBOICTBA aMmuaka. Hanpumep,
CCTH YCTAHOBKA Yke obecrieuena Cexiiel n3aneueHnst HPoNysKu (HanprMep, MemOpanamMu
HITH JIPYTOH CHCTEMON), MOJKHO TIPOAYTH H3 KOHTYpa Donbiue rasza nyrem obpaborku
HOMOMHUTENLROA TIPOAYBKY d430TOM H3 YPB,

B nipeanoutuTenbHOM BAPHAHTE OCYINECTBIEH!S W300PETeHus KOnuecTBo asotaus YPB,
NOAABACMOTO B YCTAHOBKY BTOPUIHON KOHBEPCHH, SOMBIIE, UeM TEOPETHIECKOE KOMMIECTBO,
COOTBETCTBYIONIEE YBEAUUEHHIO TIPOUSBOAMTENbHOCTH BCEH YCTAHOBKHY, /UIs CHUKEHYS
HArPY3KH JeHCTBYIOWISro BOBAYIIHOTO KOMIIPeccopa.

OCHOBHO® MPEUMYLIECTBO HPeUTAraeMOro H300PETEHHS 3aKITIOUASTCS B HCTIONBb3OBAHAN
noroka azoraus YPB s yeeruenus shdhe R THBHOC T IIPOLECCa Iy TeM H3BICUEHUS BOJOPOHA
NPOLYBOYHOTO I'a3a HE TOABKO Ui PEryHpoBanus coorHouienss HN CoIpseBOro cuuTes-
T,

Itpennaraemoe uzobpeTenue NO3BOMAET YREIHYHT MPOUIBOANTENBHOCT b YCTAHOBKH,
YMEHBINACT BO3PACTAHNE CKOPOCTH MOTOKA BO BCCH TOMOBHOH CEKUMH U CBA3AHHBIC ¢ ITHM
npoGemMbl, BRIHOYAS AZCHNE JABISHUS 1 HArpy3Ky cexipn yaanenus COs u MeTAHUPOBAHMS,
TonoBHAK CERONS TIOMYHACT JIHLIbL HHCTHIH TOTOK KUCIOPOAd, HEOOXOIMMBIN U YBETHUCHUA
MPOU3BOIUTENIBHOCTH KOHBEPCHH, TOTHA KAK TOTOK 43074, KOTOPBI AOIKEH POXOAUTE
HEPES TOIOBHYIO CEKIHIO TIO CYUMIECTBY Kax H}iﬁpTRb}ﬁ Ta3; COOTBETCTBEHHO TOJAIOT JHIL B
CEKLHIO U3BJASYESHIA IPOIYBOYHOTO ras3a, re oH TpebyerTes KaK OiHH H3 pearewion 1
TIPOM3BOACTBA aMMHAKA 1 AUTst yeTaHosaeus rpedyemoro cooTHowenus HN KOHAMIMORHOTO
CHHTE3-TA34.

Menons30BaHUe IKHAKOTO A30T4 U1 H3BJICHEHUS BOJOPOAE, COMEPKAIIEIOcH B
HPOAYBOYHOM Ta3€, BMECTO BBOA MIIH HEIIOCPEACTBEHHOIO HCTIOMIB30OBAHUS B TOJIOBHOH
CEKIHM, HMEET NPCHMYIIECTBO, KOTOPOC 3AKMIOHACTCH B SHAUHUTCIBHOM CHIDKCHIH
KANMUTABHBIX 3ATPAT; PAKTHIECKH 9Ty NPOMBIBKY/00PabOTKY BBITOMHAIOT B OTHOMICHHH
MPOAYBOMHOIO TA3d, CKOPOCTH HOTOKA KOTOPOI'o, KaK NPAaBUIIO, B AeCHTH PA3 MEHBILIE, 4eM
CKOPOCTH NOTOKA KOHANIHOHHOTO CHHTES-Ia3a, N0JaBaeMOro B KOHTYp cuuresa. pyroe
FIPEHMYIIECTBO 3aKITIOUACTCH. B TOM, 4TO U1 IIPOMBIBKH ITOTOKA, 4 HMEHHO IPOJAYBOYHOIO
WUIH OTXOMSILIETO Ta3a, HCTIOIB3YIOT A30T, Cogep At Holee BBICOKOS KOMMUECTES HHEPTHBIX
TIPHMECeH, 9eM KOHAHIHOHHBHT CHHTES-1'A3, HTI09TOMY NPOMBIBKA TIPOAYBKM 830TOM SIBIAETCH
BBICOKOD(DERTHBHOM,

IMonaua xucnopona B YCTAHOBKY BTOPHYHON KOHBEPCHH MMEET AOTIOMHUTEIBHEIC
npeuMyecTsa. Harpyska BO3RYIIHOIO KOMIIPECCODE, MHTAIOMEro YCTAHOBKY BTOPHYHOH
KOHBEPCHH, CHIRACTCH, TAK KAK 9ACTh KHCAOPOAa; HEOOXOANMOTO 1S YCTAHOBKH BTOPHUHOMI
KOHBEPCHH, Teneps obecneunsaetes YPB. D10 03navaeT, 4T0 NpousBomMTeNbHOCTD YCTAHOBKH
MOMKHO YBEIHYATE 1IPH ALHHBIX PASMEPE U IIPOTYCKHOH CIIOCOOHOCTH BOZAYIIHOIO
Komupeccopa Oe3 neobxomumorTi B H0see KPYITHOM U Joporom xkomrpeccope. Tlpu
MOJCPHM3ALMH JEHCTBYIOmEH YCTAHOBKY NTpeanaraemoe n3obperenue obecneunsaeT
AOTOAHUTETBHYIO TPOTYCKHYIO CrIOCOBHOCTE/ YAOBCTBO U IPOCTOTY HCTIONB30BAHHS
ASHCTBYIOHIETO BO3AYIHHOTO KOMITPECCOPA B CIYYAE YXYIIICHUS BHEHIHUX YCIOBKH,
YBENUYCHNE TIPOHIBOANTENBHOCTH, BOIMOMKHOCTS HCTIONB30BUHES PE3CPBHOTO OKATOTO
BO3AYXA B APYIOM MECTE VCTAHOBKY g TIpoussocTea amvuaka. [uranue nelticrayioutero
BO3AYLITHOTQ KOMIIPECCOPA TTOTOKOM, 0BDOTAEHHBIM KUCTOPOAOM; TIO3BOASET A00UTHCS
GonbInelt MPOH3BOAHTENBHOCTH KOHBEPCHI NIPH TOH 3Ke CKOPOCTH NOTOKA HA BIYCKe
KOMIIPECCOPa, TO €CTh 0€3 HeOOXOAUMOCTH MOANDHKALIY CAMOTO KOMIIPECCOPE.

TToaaud AOTONHUTEIEHOTO KHCITOPOAA B YCTAHOBKY BTOPHYHON KOHBEPCHI TAKIKE MMeeT
NPEHMYIECTBO, 3AKITIOUAOIEeCs B SHAUHTIBHOM YBEHMEHUT TPOU3BOIUTENABHOCTH
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KOHBEpCHH 6e3 MOIMODMKALINH YCTAHOBKH IIEPBHYHON KOHBEPCHH, HAXOAAIICHCH BBILIE 110
HOTOKY. DTO ABASSTCH BAKHBIM NPEUMYILECTBOM MOTOMY HTO, KAK YTBEPKIAIOCH BEIIE,
YBENHISHUE TIPOUIBOAUTEIIBHOCTH YOTAHOBKI TIEPRUIHON KOHBEPCHH, KAK TIDABUNO,
HEBOIMOIKHO HIH OOXOIUTCA CHHIIKOM A0POTO,

Tytesm pazgenesus OCHOBHBIX KOMIOHEHTOB BO3AYXA (KHCIOPOA H 830T) NIPEAIAraeMoe
u300peTeHne no3BonseT 700aBAATE KUCTOPOI M 430T B ONTUMATBHBIX TOYKAX CXEMBI
yeranosku, TIpu HEOOXOAUMOCTH MOIKHO YBETHIHTD KOTTHUECTBO KHCIOPOAA, 4 HMEHHO HA
BIIYCKe YCTAHOBKH BTOPHYHOH KOHBEPCHH, 4 a30T MOAAIOT IMLIB B Clydae HEOOX0uMOCTH,
TO €CTH B KOHTYD CHHTE3a AMMHAKA.

CaenyeT OTMETHTE, UTO CKOPOCTH NOTOKA W NABISHHE HA BIYCKe INaBHOTO KOMIpeccopa
CHHTE3-TA34 HO CYWECTBY OCTAIOTCH HEUZMEHHBIMM, JANKE 1IPH YBEHUYCHHUT
NPOHIBOAMTENBHOCTH yeranosky. Tpeanaraemoe w300peTeHie NO3BOMSET TAKKES CHH3HTD
HATPY3KY AeleTsyionero 060opyaoBaHus, TIIABHBIM 00PAIOM, YIOMSHYTOT0 THABHOTO
KOMIIPECCOpa CHHTE3-TA3a ¥ BO3AYIIHOLO KOMIIPECCOPA TTPOCTRIM YBEANISHHUEM HATPY3KH
VYPB, obecrieunsas JONOMHUTENbHOE "HPOCTPAHCTEO " 715 YIOMAHYTBIX YCTpOHCTB: KPOME
TOrO, YMEHBIIEHHE HATPY3KH BOZIYIIHOIO KOMIIPECCOPA TO3BOMSET CHUSHTE ITajeHne
JABIECHUS B TOMOBHOH CEKIMM M3-38 A30T4, PAHEE TOIABAEMOTO KOMITPECCOPOM.

Hapupansioe dasnenue CO; B CHATES-TA3 BOZPACTAST BOMSACTBHE MEHBIIEH KOHLEHTPAIN
azoTa. Dro ozuavaer, uto cexist yaanemna CO» moxer paborare Gonee addextnnmo, muTo

npeanaraemoe nzodpererue CrnocoGeTRYET TAKKE PELICHHIO TIPOGIEMBL YBETHUCHHS
MPOH3BOAMTENBHOCTHY Cexuuu yaaenus CO».

CyMMItpys BEIIEH3IOKEHHOE, MOKHO KOHCTATHPOBATS, YTO IpeanaraeMoe nzodperenne
obecnieunpaer B(b(b&KTP}BHO@ 144 pﬁ?i—l’}‘ﬂﬁﬁﬂhlﬁ)e YBEIHHCHHC NPOHIBOAHTEABHOUTH aeﬁm‘ﬂymmeﬁ
VCTAHOBKY A8 TPOUSBOACTE AMMHAKA HITH YBEIMMCHUE TIPOTTYCKHON CHOCOBHOCTH 1
3 hEKTHBHOCTH HOBOH YCTAHOBKH IIPH JAAHHBIX KAIHTAIBHBIX 3TPATAX, TO €CTH PA3MEDs
CAABHBIX €IUHHL 000 PYIOBAHMS, TAKMX KAK YCTRHOBKH KOHBEPCHM, BO3AYIIHBI KOMIIPECCOD
W KOMITPECCOP CHHTE3-Td3a, yeranopky yaanerus CO, # Ta1. B 9acTHOCTH, IIpenarasMoe
u300peTERIE O0ECIEUNBAET CTPATEIMUECKOR HCTIONB30BARME KHCIOPOAA M 230TA M3 YCTPOHCTBa
pasIeneHus BO3AYXA.

[penmymectna Oyayr Gonee OueBHIHE IPH CHEIYIOWEM JeTAIRHOM OTIHCAHUN
HPEATIOYTHTENBHOTO BAPHAHTA OCYIHECTBIICHMS U300 peTeHMsL

Kparkoe onucanue ueprexei

Ha npunaraeMbIx K ONUCAHUIO YePTERAX MOKAZAHO!

Ha ¢ur.1 - Groxk-mMarpaMMa yCTAHOBKY [UIsS TIPOU3BOACTBA AMMHAKA B COOTBETCTBUM C
IPEATATACMBIM 300 PETCHHEM HITH MOOCPHUBHPOBAHHON B COOTBETCTEBUM C TPEATATaeMbIM
uzoOpereHueM,

Ha(pHr.2 = yOPOIIEHHAS CXEMA BADHAHTA OCYILIECTBACHUS M30ODETEHNS C HCTIONB30BA HUEM
A30Ta IS POMBIBEH IPOAYBOYHOIO ra3a B KOIOHHE,

Ha QU - yOPOIWEeHHAS CXEMA APYIOTO BAPHAHTA OCYILECTRIEHHS H300peTeHNSs ¢
HCITONB30BAHMEM @30TA [UTS TIPOMBIBEH OTXOASIICTO rasa,

na (ur.4 - cxema JOMOIHHTEILHOTO BAPUAHTA OCYLIECTBICHHS H300PETEHHA ¢
HCTIONB30BAHUEM Ta3000pa3sHore a307a s 06paboTiy IPOAYBOYHOTO TA3d.

[ToapoGHoe omucannue BAPHAHTOB OCYIICCTBICHUA H300peTeHuS

Kax sugno us dur. 1, Tpa uupoHHas YCTAHOBKA T8 MIPOHIBOACTBA aMMUAKA BKIIOYAET,
B OCHOBHOM, FOIOBHYIO Cexluio 1 Konsepeuu, padoTaionyio noA AasieHueM okomo 25-35
Gap, KOHTYp cHHTe3a 2, pabotarolmit noa Hosee BHICOKHM JaBICHUEM, HatipuMep, 150 6ap:
yerpoiierso 3 pasiaenenus Bosayxa (YPB)u yerpolierso 4 u3snedeHns npoayBKH.
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B cexmpio xoupepoun 1 mOAAI0T COOTBETCTBYIONIEE YIIEBOAOPOIHOE CHIPDHE, TAKOe KaK
NPUPOIHBIN ra3 5 1 BO3AYX 14 U3 BO3AYLIHOTO KoMrpeccopa 15, KOHAUUMOHHBIH CHHTE3-Ta3
613 ceximmn | KOHBEPCHM MOCTYNACT B KOHTYP 2 uepes ruasHbiit komnpeccop 11 cunres-rasa.
lonosHas cexkups | ¥ KOHTYD 2 W3BECTHBI KAK TAKOBbIE H Aasiee He BYIAYT OTNMCAHBL.

B xkoutype cHHTE3-rasa 2 nonayuaioT aMvuak 12 ¥ poiyBouHbI ra3 7 W3 HTOTr0 KOHTYpA
TONAIOT B YCTPOHCTBO 4 nsprieueHns npoaysku. [Ipoaysounsiit ras 7 COnEpKUT BOAOPOA,
30T ¥ HEKOTOPOE KOMMMECTBO HHEPTHBIX TIPHMECEH, IABHBIM 06pA30M METdH ¥ aprox, B
YCTPOHCTBE 4 U3BACHEHUS TTPOAYBKY HIBACKAIOT BOAOPOL, COAEPKAMMIACS B IPOAYBOHHOM
rasze 7, o0ecrneynsas KOHTYD 2 PEUHPRYIHPYIONIHM HOTOKOM 8, COASPRAIIEM BOIOPOI, 1 1O
CYILECTRY He COMEPMALIUM HHEPTHBIE TIPUMECH. YKAZAHH BN DELUPKYIHPYIOHMI OTOK §
BO3BPALIAOT O0PATHO B KOHTYD 2, TIOHABAS €1'0, HATIPHMED, HA HPOMEKYTOUHYI) CTYIEHE
rHABHOro KoMmrpeccopa 11,

YPB 3 npunumaer nogauy sosayxa 11 ucaabxaer KUCI0poaoM 9 yCTAHOBKY BTOPHIHO#M
KOHBEPCHH, DACTIONKSHHYIO B TONOBHOM CeKnpn |, M KHAKMM WiiTi Ta3000pasHBIM a30TOM
10 yCTPOHCTBO 4 MIBACUEHUA TIPOAYBOMHOTO ra3a. YCTPOHCTBO 4 H3BICHEHHS TPOAYBKH
BKITHOUAET, HATIPHMED, NHPOMBIBHYIO KOIOHHY, B KOTOPOH HPOMBIBAIOT IIPOAYBOYHBLHA ra3 7
wuakuM aszoTom 10 ams nonyuenus penupryaupyiomero notoxa 8. YPB 3 neobazarensno
FOCTABIAST HOMONHATELHBIA 1OTOK 16 43074, KOTOPHIA HCHONE3YIOT IUIH DEryIHPOBAHNS
COOTHOIEHHS BOJOPOAA H-430Ta B CHHTE3-1a3¢ b.

Ha duir.2 nokasan npeanodTvTe bHbli BAPHAHT OCYIIECTBICHHS H300peTeHNs 1s
KPHOTeHHO# 06paboTku npoayBouHOTO Tas3a. [Tpoaysounsiit ras 100, coaepskatmuit 60-70%
BOAOpOaa, ok0a0 20% azora u 5-6% MeTaHa waprosa, OTdUpaloT U3 KOHTYPA CHHTE34.
Vrasanusii ras 100 0XAax1a10T B COOTBETCTBYIONEM TennooOmennuke 150 10 KpHoreHon
TEMTIEPATYPBL, TAKOH Kak - 150°C, Oxnaxienusii npoaysounsiit ras 101 moaaior B
KPHOTeHHYO Koronruy 120, rae ero npoMeiBaior suakuM azotom 105 13 YPB. B npumepe
TEPONYBOUHBIA TA3 NPOMBIBAIOT TIOTOKOM |12, conepxatiam skuakuit azor 105,
JOTOAHATEABHBIM XKUKUM TTOTOKOM 104, comepanmm, TTABHBIM 00DA30M, 430T U BOAOPO,
KOTOPBHL PEHUPKYIMPYIOT U3 cernapatopa 104,

MeTaHn W YaCTHYHO - aproH, cogemranpecs g rase 101, yoansor B konoune 120, Ceepxy
KOAOHHB! 120 0OTBOAAT IpoayBouHbId a3 102, no ¢ymecTBy He Comepkaiuil MeTaH, TOrJa
Kax xuaAKKnit notox 110, copepikaitint, riasHsiv 00 pasoM, A30T, KOHIEHCAT METAHA W APTOH,
oTOMpaloT cHU3Y ToM ke konouus! 120, Xunkocrs 110 noasepraoT MITHOBSHHOMY HCTIAPEHHIO
B Knanane 121, nonyqasi notox 106 co cOPOLIEHHBIM JABIEHHEM,

Ynomsnytsiif ras 102, He conepatiiil MeTaH, 110 MEHBIISH MEPE 9ACTHYHO KOHACHCHPYIOT
B COOTRETCTBYIOMEM Teroobmennnke 130 nyrem Tennoobmena ¢ noroxkom 106 co
cOpoueHHbM AasieHuenM. Boimyck kougencara 113 uz xongencaropa 130 o6pabarsisaior
seenaparope 140 xuarocTh/ras ¢ oy eHHeM ra3000pagnore noToka 103 wkuakoro
notoka 104, Fazoobpasusit motok 103 oxmskaaer rennoodmennuk 110 u BBIXOIUT Kax
MOBTOPHO HATPeTHit ToTok 108 70 TemmepaTypsl, Hanpumep, oxoso - 40°C. DToT noTok
108 no ¢yiiecTny CBODOAEH OT METAHA W COASPIKUT MEHbLIE KOMMYeCTBO aproqa (1-2%),
HEM BIYCKHON OpoaAYyBOaHbIH 123 100, 510CHe Hero ero MOMHO PEUMPKYIHPOBATE KAK PEAreHT
(KOHANUMOBHBIN CHHTE3-T'a3) [ KOHTYDA CHHTE3a aMMHAKa.

Kukwt 110710k 104 NpeanoyTHISNBHO PEIMPKYIHPYIOT B IPOMBIBHYIO KOTonuy 120,
CMEIIMBAS, HATIPUMED, CKkuakum azorom 105, kax nokasaHo Ha ¢ur.2,

Ocrarounstit noToK 106, 060r4EHERIH METAHOM, TIO MEHBILIEH MEPE YACTHUHO HCTIAPSIOT
B rermoodMenuuxe 130, nomyuas Taxiam obpazom rasoedpasusit motok 109, koTopsii
HOBTOPHO HATPEBAIOT BTemtoobMennuKke 150, oBecneuuBast TAKHM Iy TeM JONOHHTETbHbIN
HCTOYHHK OXAaAIeHIs T8 HOCTYNAIoWero nponysousoro rasa 100, IoBTopHbIM HATPEBOM
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notoka 106, oforame Horo MeTaHOM, NOAYYAIOT TOTIIHBHEI Ta3 107 Ha BeIXone H3
TeIIO00MeHHUKA 150, KOTOPBIN PEUHPKYIUPYIOT B CHCTEMY TOIUIMBHOTO rada.

Prapssivu epuunavi 000 pynosaHys, 0GPAsyIOMMMI HU3KOTEMIEPATYPHBIR y3en Ui

obpaboTiu nponysourore raza 100, ssasores konouna 120, reruroobmennux 130, cenaparop
s 140 wu renooOmennuk 150, BenomorartenbHoe 060py10BaHHE, TAKOE KAK KJIANAHBL, HACOCHL,
FKCTAHACP DI W T.I1L HE TIOKA34HO,

ANBTEPHATHBHBI BAPHAHT OCYIECTBICHHA 300 peTenus nokasau Ha ¢ur.3. TIpoaysounbii
raz 100 npeasapurensho 06pabareiBaror B yerpoicrse 160 uspneueHns nponysoUnororasa
¢ M3BIIEYEHHEM YACTH COAEPKAIUErocs B HEM Boaopora. M3 yromssyToro yerpoicrsa

0 U3BICUEHHA NPOAYBOUHOTO ras3d OTBOAST OTXOAMILHA ra3 100a, cogepxaumi asor, METaH,
AProH | OCTATOYHBI BOAOPO, B KONHYSCTEE, HApuMep, 0kosto 15%. Ocratounsiit Bo10opoa
nafiee u3BnekaioT o0paboTKOM oTXoasEro rasa 1004 BIUEONHCAHHBIM CITOCO0OM €O
CCBUTKRO Ha, Gur.2.

B apyroM BapuaHTe OCYWIECTBIEHMS H300PeTEHUA, ITOKA3AHHOM HA (Qur.d, MCnoab3yior

5 AOTOK razoobpasnoro asota, Fazoobpasasii 4307 205 CMEHBAIOT C TPOAYBOUHBIM TA30M
100 nepea nojaveit B «<HU3KOTEMIIEPATYPHBIA y3€1», TO eCTh nepea nogavei raza 100 B yacts
VCTAROBKH IPH KpuoreHHol Temneparype. Honyuenusiit Taxum obpasom notox HOOL
NPOAYBOYHOTO ra3a, O00TANIEHHOTO A30TOM, OXJIAKIAIOT 3aTeM B TeroooMenHuke 150 n
NOAAIOT B TPOMBIBHYIO KonorHy 120, rae ero npomsisaior norokosm 105 xugkoro azora.

20 Jipyrve noApoGHOCTH BAPHAHTOB OCYUIECTRIEHHS H300PETEHIS, MIPEACTABIEHHBIX Ha Dur.3
¥ 4, QHATOTHYIHEL TAKOBBIM, PACKPBITEIM €O CCHUTKOM Ha dur.2,

TIpumep |

Lindpsl, APUBEICHHBIC B HIDKCCASIYIOWEM IpHMEpE, oTHOCHTCA K Gur, L. Tpaguunonuyo
YCTAHOBKY [UTH NPOH3BOACTBA AMMHAKA MOJSPHUSHPYIOT IyTem MoHTaxa Y PB 3, obecrieunsas

25 TOTOK 9 KHCIOpoaa v moTok 10, 430Ta, HCMONB3YEMBI 7T IIPOMBIBKH TPOXYBOUHOTO T34,
Crigztyer OTMETHTS CAAYIOIEE: BRIXO/ aMMuaka (motok 12) yeermauuncs Ha 14%, Toria xax
HOZaua BO3AYXe 14 B BO3AYIIHLIN KoMApeccop cHImIAch Ha 11%; onnako, obmas nonaya
KHOIOPOJA B YCTAHOBKY BTOPHYHON KOHBEPCHE BO3POCIA IpUMEPHO Ha 37%,; Tak KAk BO3IYX
14 conepyaut 21% gUCTOPOIA, TOTAR Kak noTok 9 conmepmut 95% xucnopona. Tabmina 1

30 PACKPBIBALT NOAPOOHBINA COCTAB MOTOKOB, MOKA3AHHBIX HA (ur. ] (MOTEPHUIMPOBAHHBIN
BAPHAHT).

Tatommia fa

{Ganomenli wa prapy
Thowog 5 o i4 12
A A poRaH Ppakima (MOs) 1,00 - 100 0,08
Temneparypa ki 5 6.5 - 3335 20
Harrenie Paig H3LE0 - 495,10 1126
Momgprsit noToR dveresioasly 41850 - S840,0 BYGgR
MuccoBrii noToK iy 692068 - 1601535 1497163

40 Tadmana ib
{MOTEPHUSHPORIIIBI BAPHANT)

Tcron 5 9 14 12

Tiapobas dparims (sMons) 100 1,00 1.00 0

TemnepaTypa s TR 1040 3304 30

Hlapsenne Pig 645,00 S22,14 508158 17,26
45 |[MomspHiT HoToR yrTMom/ 4953.0 18,0 52000 100851

MaccopriT noTOK vl $1007.2 19047 8 1506165 EPT508

Tabwma fe

oo | 5 6 7 & 9
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Haporas hpagis(mons) 100 100 1,00 10 1,00
Tomneparypa Y 728 450 54 I3 104.0
Hasnenie Psig 645,00 355,60 198667 890,00 32204
Monapisy noxok ynronsly 40530 223768 14400 13164 6180
Torox & [ 7 & 9
Muaccoprgt noTox Gyrerfa 819072 1028608 148540 126022 19047.8
Cocras GO
Hy - 74.495% 66.144% TL248% .
Ny 3403% 24587% 19.474% 27.480% 1,000%
NHj - - 1.869% - -
CHy 95,991% 04900 6.000% E
Ar - 0373% 5:522% 1,263% 4,000%
He 01215 0,035% (0.991% “ “
H0 . 0,042 « «
02 - - - 95,000%
con 0,118% .
Tabmana 1
{aponokenng)

Tloror 1] 12 14 16
Tlapowas dpaxisis (Monb} 000 0,06 100 1,00
Tosnepatypa ¥ <2400 30 3304 1220
Jlaanehie Pig Q00,08 1726 508,18 9000
Monsgpasii noroR dymmmonsiy 1984 10085,1 52000 R37.7
Macco il HOToK Gy 55582 1717308 1306165 2347L8
Cocras GeMOlTE
Hs - - - =
Ny 99,9505 . TR086% 99.950%
MH; . 99,968% -
CHL = Q0079 B =
Ar 0.050% - 09344 G050
He - - - -
H0 - 0,025% -
02 ' . E 20,048%

Tpumep 2

Crenyromas Tabnuia 2 OTHOCHTCH K YCTAHOBKE, HOKA3AHHON Ha hur. 2, TAe PO NYBOUHBIN
ras 100, conepikatuii oxono 66% sogopona v 21,5% asora nmoc 6,4% metana u 5,8% aproxa,
0BpabaATHIBAIOT B KPUOTEHHON CEKIAN ¢ TONYHEHREM PEIHpPKYIHpyoniero notoka 108 Hes
METAHA, coaepkamero okono 70% sonopoaa 1 28% azora.

Tabma 2

Hap 100 101 0m 103 104
Tlaposan Gpaxius (1ous) 10O 095 100 100 0,00
Towreparypa °F 140 2397 266,71 2170 2710
Jasnene psig 197667 1975.67 200,00 900,00 S00,00
Hap 100 L3 12 103 104
Momuprsii pacxoz dyrrsonsiu 1384,1 1384.1 15428 12781 2647
Marcconsiit pacxon Gywri 148848 14884.8 193363 126484 66870
Cocras Yoo
Hs 66,092%: 66,0929% HO446% 70.245% 13,139%
Na 21.586% 21.586% 37,589%: 2854 1% R1,272%
CHy 6473% 6:473% 0,001% 0,004%
Crpa A8
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Ar 58489 5.848% 1,964% 1,214% 5.585%
Tap 105 16 17 108
fi“;{ﬁ”"‘mmm 0,00 0.26 1,00 1,00
Temnepatypa ¥ =240.0 2044 22,0 4.0
Harisienie psig GO0 20,01 2801 29900
Momaprbitt pacxen dyrrvonniy 1984 it 305 1278.1
Maccopsili pacxon Givmniy 5558.2 T794.9 TH4D 126484
Covtan Temon
Hs ' . 5.584% 5,584% T0,245%
Ny 10,0005 43,504% 43:304% 2R.541%
CH, - 29427 29.427% -
Ar - LR 21 ABS% 1.214%
IIpumep 3

Hipkecnenyomas Tabiiua 3 0THOCHTCH K YCTAHOBKE, MOKA3aHHOH Ha dur.3, rne
oTxoasunit ras 100a, coaepxatmit okono 15% sonopona u 48% azora, 06pabaThiBAIOT B
kpuorenHoi cexnui. [onyuennsit perpprympyiomuit norox 108 cogepxur oxono 42%
BOZOpOaA 1 56% 43074,

Tabmuia 3

Hap 100a 101 102 103 104
fijg;;‘;“ {pasma 100 097 1.00 1,00 0.00
Tovnepatypa o 1220 <1846 “248F 2643 <2643
Hapnene Py 901,45 900,00 43511 435,11 435,11
Momspasli pacsion ynwessonnia SR 5370 $339 1700 320
Maceospi paexon yarfa 125885 125855 120625 29151 100478
Coeran Lemol

Hy 4.50% 14,542% 18.758% 42,334% 8.319%
Ny 48 A74% A8 AT4% T9.002% S6A02% S8:970%
CH, 25314% 25314% 0.009% 0.002% 0.012%
Ar 11L670% 11,670% 2:231% 1.172% 2.699%
Tap 105 106 107 108
Tlapaias hpaxmsiMons) 0,00 043 1,00 100
Temneparypa R -234:4 ~288.5 96.7 50,0
Hamcie psig 45433 26,11 2321 433,66
MO prsi noToK iyioacini 44,1 4311 4311 100
Muccospii HOToK v 12354 109069 HOROG9 29151
Cocras “mol

Ha - 2096% 2,006% 42,3345
N 100,000% 50,582% 50,582% 56,492%
CHy 0.000% 32,704% 32704% U.002%
Ar 0.000% 14.618% 14.618% L172%

B BhienpUBeieHHbIX Ta0Iuuax JaBieHue aetes 8 (GyHT-CIule Ha KBAAPATHBI TIOHM
oTHocuTeTbHO aTmoctepst (psig). Mepeson B eaunnupr CH MOXHO caenaTh ¢ MOMOMIBIO
ypasuerns 1 psi=6894,76 ITa. Maccossiit pacxoa aan B hyut/a (ynrst B uac), rae 1 1b=0.4536
KT

Popmyna uzobpeTeHus
1. Criocol npousBoACTBA AMMUAKY, B KOTOPOM NONYYAI0T KOHIHIMOHHBI CHHTe3-ra3 (6)
NAPOBOH KOHBEPCHEH YTIEBOZOPOIHOTO ChIPbs (5), BRIIOUAIOIHEH CTAAMN MEPBHMHON
KOHBEPCHH H BTOPHUHOM KOHBEPCHH U AOTIOMHUTEIBHBIE CTAAMM 06PabOTKH NPOAYKTOB

Crpa 14
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rkoupepcu, yaanesus CO» U METAHAPOBARKA] CKHMAIOT KOHAWIMOHHDBIHA CHHTE3-Ta3 1
BOBHEKAIOT B PEAKLUMIO B KOHTYPE (2) CHHTE3A BRICOKOTO AABICHUS JIIS NONYHEHHA AMMUAKA;
MOABEPTAIOT NOJABASMBIN BO3Oyx (17) mponecey pasaeneHus Ha NOTOK Kucnopozd (9) uno
MEHbLel Mepe oMK noToK a301a (10, 16); oGeCeuuBaior 3a CHET 3TOr0 NOTOKA KHCAopoaa
JOTONHITSIIBHBIN OKUCHHTEND I8 YCTAHOBKU BTOPHIHON KOHBEPCHH;

OTAHYAIOIHACS TeM, 9TO NOTOK (7) IPOAYBOYHOIO ras3a u3 KOHTYpa (2) cHHTe3a HITH
OTXOAgMMIE Tas u3 Cexipnit (160) w3BIeueHUs IPOIAYBOMHOTO TA34, COAEPKALMI HHEPTHBIC
MPUMECH, BBOISIT B KOHTAKT ¢ oTokom (10) azora, nonyyeHHsM B TPOLEcce PasiaeneHus
BOJIYXA M HAXOAALMAMCH BIKHAKOM COCTOSHIH WIH IPEICTABIZIONINM COG0H CMECH IHAKOTO
U ra3000pasHOro 43074, ¢ NOMYHEHHEM BOAOPOACOAEIKALIErO U 1O CYNIECTRY He
COASKAIIETO WHEPTHBIS IPHMECH DEHMPKYAHPYIOUIEr0 ra30Boro noToka (8), koTopsii
PEUMPKYIUPYIOT B KOHTYD CHHTE3A.

2. Cnocob no . 1, OTnMHaIOWNACs TeM, YT0 TIOTOK (7) POAYBOYHOIO a3 KOHTAKTHPYET
C HOTOKOM A30T4 NPH KPHOTEHHON TeMIEPATYDE, B PE3Y/IBTATE HEro 1o MeHbiel Mepe yacTh
HPOAYBOUHOTO T3 (7) OMMIKALTCS C movHeHieM ToToka (107), 080ramenHoro MeTaHoM,
HOTEICHAEM PEHPKYIHDYIOILEro ra30oBoro noroka ( 108), conepxkainero, riassem obpazom,
BOAOPOA W A30T.

3. Cniocol 1o m. 2, OTAHYATOWHMICH TeM, 9TO YIOMSHYTHIT ToTok (100) poayBoHMHOTO
Tasza npoMbBIBAIOT MOTOKOM KIIAKOTO d30Ta WM CMCUTAHHBIM MOTOKOM F&?GO@B&SHDT(}[
JKHZKOTO 30T NOCPACTEOM IIPOLISCCa MPOTHBOTOUHON TPOMBIBKH B KPHOTEHHOM YCTpoiicTBe
(120).

4. Cnocob o 1. 3, otnAgaromuiics Tem, 9o npoaysounsi ras (100) wm orxoxsumit ras
(100a) OXNEKAAOT JO KPUOTEHHON TEMIIEPATY S B TerInooOMennnke (150), nonyuas
oxsaxAeHHBI npoaysounbi raz (101), KOTOPbIT 3aTeM IPOMBIBAIOT B KPHOTEHHON KOJOHHE
(120) morokowm (112), comepxammm Ruakuit 23071 (105); 0rdupaioT w3 1ol KOMOHHBI
MPOMBITEIA TPOAYBOYHBIT TOTOK (102): razoobpasnyio dpakuuio (103) npoMerToro
HPOAYBOHHOIO HOTOKA OTHEHIOT A HOMYYEHNA TPOMBITOTO IPOAYBOYHOTO Ta3d, KOTOPBIH
HCHONB3YIOT U OXasik e Hus TertoodmermKa (150) nyrem TerniooOMeHa ¢ HoCTYHAIOmM
NpoIyBOYHBIM razoM (100); mpoMerreiit mpoxysodHsH ras (108) 3aTeM pelupKyupyioT B
KOHTYD CHHTE3A.

3. Cniocob 1o 11 4, B KotopoM npoaysouasii ras-(100) wmw oTxozsmmi ras (100a)
CMEIIHBAIOT € TA3000pasHBIM A30TOM (203) Tieper ero OXIAKICHHEM A0 KPHOTEHHOM
TeMTIepaTyphL B Tennoobmennuke (150).

6. Cniocod no 1. 1, ornHua1omsMiica TeM, YT0 OTOK a30Ta B BUAE Ta3000pasHoro noToKa
TIOA AABACHHEM TTOARIOT B YCTPOHCTBO USBNEHEHHS NPOAYBOMHOTO TA32, [1€ B KPUOTCHHOM
TIPOLECCE TTO MEHBIIEN MEPE HaCTh TPOAYBOUYHOTO TA3A OIMIKAETCS ¢ TOMYUCHUEM IKHAKOTO
TIOTOKA, OGOTAMIEHHOTO METAHOM; & TA3000PA3HEI TIOTOK, BRIXOASIIHA 13 YCTPOHCTRA
W3BJIEUSHUS TIPOAYBKH, COACPKAMA rIaBHBIM 00DA3OM BOJOPOIN H 430T, PEUHDKYAUPYIOT
obpaTHO B KOHTYD CHHTE3A WM COOTBETCTBYIONIHI KOMIIPECCop.

7. YCTaHOBKE Q1 NTPOMAIBOACTBA AMMHAKE, BKIIIOUAIOWAN KOHTYD (2) CHHTE3a aMMHaKa
H TONOBHYIO cexpio { 1) s oBecrieueHis Moaaam KOHIMIMOHHOTO CHHTE3-Ta3a B YITOMSHY THI
KOHTYD CHHTE3R, BRITIOHAIOLIYIO YCTAHOBKY NEePBUYHOH KOHBEPCHU, YCTAHOBKY BTOPHUHOMN
KOHBEPCHU 1 JAOTONHITENBHOE 000pyIoBanue ;uin kousepcun, yaanenus CO» u
METAHMPOBAHNA, § TAKKE [VIABHBL KOMIIPECCOD CHHTES-TA3A WIS HOJAMH KOHIUIHOHHOTO
CHHTE3-TA34 B KOHTYD CHHTE3A; ¥ YCTAHOBKA HONOMHUTEABHO BRIIIOWALST IO MEHBILEH Mepe
0AHE yeTpoicTso (3) pazsenenus Bo3ayxa, obecneunsaomes noTok (9) kuenopoaa 1 1o
MEHBILEH MEPe OMH HOTOK 43014, ¥ NOTOYHYIO JIMHMIO JJ1s 1O YH HOTOKA KHenopoad B
YCTAHOBKY BTOPHUHOH KOHBEPCHH WIIH BO3AYLIHBIA KOMITPECCOP, MU TAIOUIMHA YCTAHOBKY

Crpa 4%
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BTOPHYHOH KOHBEPCHH,

OTHHIAIOUIAACS TEM, HTO OHA BKIIOYALT:

VETPOHCTEO (4) H3BASUCHUS TIPOAYBKHY, CONEPKAILIES ITO MEHBIEH MEPE KPUOTEHHOE
TIPOMBIBHOE YCTPOHCTBO VIS TPOMBIBKH TIPOAYBOYHOTO rasa (7), CONepKaliero HHepTHeIe
APUMECH, TPOYTHIE 3 KOHTYDE CHHTER4, WIH OTXONSMIErO Iasd us CeKuun H3BneueHns
HPOYBOYHOTO raza noTokom (10) asotaus yerpoicTsa (3) pasieneHus BO3AyXa C Oy YeHHEM
TIO CYIIECTBY CBODOAHOTO OT HHEPTHEIX ITPUMECET DEINPKYIHPYIOEro TIOTOKA (8), mputeM
ITOTIMOTOK A30T HAXOAUTCS B XKHIAKOM COCTOAHAM AN npeacTaniser coboi CMECh IKHAKOTO
¥ ra3000pasHoro azora, u

TOTONMHYIO JHHMIO [UIS TIONAUH PELMPKYINPYIONIEro NOTOKA (8) B KOHTYD CHHTE34.

8. YoraHoska 10 11 7, 8 KOTOPOH yeTpolcTso (4) W3BNeYeHUS TIPOIYBKE BIILOYAET 10
MEHBLINEH MEPe KPHOTEHHYIO NPOMBIBHYIO KOJIIOHHY (120), B KOTOPOH NOTOK NPOAYBOUYHOTO
a3 WK OTXOAKIIEr) TA34 TPOMBIBAIOT TPOTHBOTOKOM KUAKHM azoTom (105) mam cmecsio
ra3000pasHOTOKHAKOTO A30TA M3 YCTPOHCTRA Pa3Aene s BO3AyXa.,

9. YeTanoska 1o 1. 7 Wik 8, BRITIOYAIOWAs HU3KOTEMIEPATYPHBIN Y37, B KOTOPOM
HPOMBIBAIOT TT0TOK (100) 1poayBOYHOTo rasa win notok (100a) oTxoasuero rasa
A30TCOASPIATIIMM TTOTOKOM, M JAOTIOMHHTENBHO BRIIOMatomast muamio (205) ans nobaskn
ra3’000paszHOro 43074 K NPOAYBOUHOMY WM OTXOAAWEMY Tajy BBIIe 10 NOTOKY OT
HHBKOTEMOEPATYPHOIO Y3714,

10. Criocod MOASPHI3ANHM YCTAHOBKY [UTS IIPOWIBOICTBA AMMUAKA; BKINOYAIOMIEH KOHTYD
(2) CHHTE3a AMMUAKA H TOIOBHYIO CeKIMIO (1) ang o0ecnieuenis noJaum moTOKa CHHTES-Ta34,
COASPIKALLErO BOAOPOI H A30T, B KOHTYD CHHTE3a, COAEIIKALLYIO YCTAHOBKY NepBHUHON
KOHBEPCHH, YCTAHOBKY BTOPHYHON KOHBEPCHH ¥ AOTIOMHUTENBHOE 000pyI0BAHME 118
kousepenu, yaanexus CO» W MeTaHupoBanus 1 KoMipeccop (11) curTes-rasa st nojauu
TNOTOKA CHHTEZ-TASA B KOHTYD CHHTE3A,

BRJTIOMA !Olllﬁﬁ CTaaun;

MOHTAIKA YCTPOHCTBA (3) pasaenenus BO3AyXa, npucnocobnennoro ms obecrieueHns
HOTOKA (Y) KHCAOPOAA VIO MeHbUIeH Mepe onHoro noroka (10, 16) Ruakoro v
razo0o0pasHoro a30Ta;

NojaYH TOTOKA Kucnopoaa (9) B yCTAHOBKY BTOPUYHON KOHBEPCHH WM B BOZAYIIHBIA
KOMIIPECCOP, MUTAIOWMIA YCTAHOBKY BTOPHUHON KOHBEDCHH;

obecnieueHns yeTpoHeTRa (4) M3BNEUCHNUS TPOAYBKHI, B KOTOpOM TOTOK (10) a30Ta u3
yerpoficTaa (3) pasneneHus BO3IYXA HCITONBIYIOT UTS NPOMBIBKH NPOAYBOUHOTO rasa (7),
OTOUPAeMOTO M3 KOHTYDA CHHTE3A, HIH OTXOZILIETO Tas3a, BelAensiomerocs npi oopaborke
TPOAYBOYHOTO TASH, IIPUYEM NOTOK A30TA HAXOAWTCH B MUAKOM COCTOSHUM WK HipeacTasiser
CcoBOM CMECh IKNUAKOTO M Ta3000Pa3HOr0 A30Ta, € MOMYYEHIEM TAKUM 00Pa30M 1O CYyHIeCTBY
HE COEPRALIRTO HHEPTHBIE IPUMECH PELHPKYIHPYIOIIETO noToKa (8) ¥ nozayeit ero B KOHTYD
CHHTE3A.

11, Croco® mo . 10, nogatonmit oGecnedeHue Mo MeRbel Mepe OHON KPHOTCHHON
MPOMBIBHOR KOAOHHLE (120), rie NOTOK HPOAYBOMHOTO Td3d WIH OTXOANIIErO rasa
TIPOMBIBAIOT MPOTHBOTOKOM HIAKAM a30ToM (105) unm cMecrio razoodpasHoro/;KuAKOTo
430Ta U3 YCTPONUCTBA PA3ACTEHUS BO3IYXA,

12. Crioco6 no 1. 11, oTHuaonmics TeM, 970 KOMMYeCTEO KUCIOPOAA, NONYUEHHOTO B
VCTPORCTRE PasaeIe s BO3IYXA H NOJABAEMOT0 B YCTAHOBKY BTOPHYHONK KOHBEPCHH, Bonbine,
HEM TEOPRTHYECKOE KOMHYECTBO, COOTBETCTBYIONIES Y BEMHUCHHIO IIPOUIBOIMTENBHOCTH BCeH
YCTAHOBKH, [UISL CHIDKEHUSA HATPYIKH HA AeHCTBYIOMINE BOSAYITHBIT KOMIIPECCop.
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Director of the U8, Patent and Tradesark Office
PO Box 1450
Alexandria, VA 223131456

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT
ORTRADEMARK

I Compliance with 358 US.C. § 290 amdior 13 LLR.CL § 1116 vou are boreby advised that & court action hay been
filed inthe UL, District Court fiw the Scuthern District of Texas on the following Trademarks or Patonts.

TRADEMARK NOY,

UR TRADEMARK

Docket Ny, Bate Filed: LS District Court
3: 24000033 13152024 SOUTHERN DISTRICT OF TEXAS
Plamntifi{s) Defendant{s)
Topsoe, Inc. Casale US, e, et sl
PATENTOR DATE OF PATENT HOLDER OF PATENT OR TRADEMARK

A eopy of the complsing is atiached.

N o [ R P

In {he above—entitled case, the following patent{sirademark(s) have been included:

DATE INCLUDED

INCLUDED BY Awmendment Amswer Cross Bill  Other Pleading

PATENT OR
TRADEMARK NO.

DATE OF PATENT
OR TRADEMARK

HOLDER OF PATENT OR TRADEMARK

v [ =

O B

In the above—entitled case, (he following decision has been rendered or judgment fssoed:

DECISIONJUDGMENT

Clerk:
Naghan Ochianer, Clegk

By Deputy Clerk:
Vanesa Arandy

Drate
E2024
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CN102502702A Method for preparing ammonia with natural gas as raw material

Applicants: PETROCHINA CO LTD,CHINA HUANGIU CONTRACTING & ENG CORP
Inventors: ANHUA YU, MIN ZHAO KEXI WAN,MINGYAN MA HAIJING LLJIAN HU,PING CHEN HENG LIN

Classifications:
IPC CO1C1/04;

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 of!
first-stage conversion, second-stage conversion, carbon monoxide conversion, carbon dioxide removal, methanation, ammonia
synthesis, membrane separation of purge gas and 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 methanation 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 {o-a greater extent, thus the
equipment investment of the ammonia synthesis device is significantly reduced.
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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.

CLAIMS CN102502702A

1.

13 A method for preparing ammonia using natural gas as raw material, the process includes primary conversion,
secondary conversion, carbon monoxide shift, carbon dioxide removal, methanation, ammonia synthesis and
membrane separation of purge gas, characterized in that the temperature of the primary conversion outlet is
740-780° C.

2.
20 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 is 48-55%.

3.
25 The method for preparing ammonia using natural gas as raw material according to claim 1 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 1 is characterized in
that the molar content of residual methane in the product obtained in the second-stage conversion step is 1.6-
3.0%.

5.

3 The method for preparing ammonia using natural gas as raw material according to claim 1 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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stepis 2.6-2.8.

6.

41 The method for preparing ammonia using natural gas as raw material according to claim 1 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 permeate gas and the product
obtained in the methanation step are mixed and used as the feed of the ammonia synthesis step; the non-
permeate gas contains nitm'gén, CHx<sub>4</sub>and Ar and is sent as fuel.

1.

53 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 1 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%.
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FREAL ST B L 3 0 1 BN, B KPR B A AL Dt A B B B B Bl BRIt
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[ e E R RET AEYE
BB SR Kmol/hr 2105 2105 2108 2105 2105

~Fxﬁfﬂ‘£§ REE C | 740 750 760 770 780
B s e Kmol/hr CF) | 5161 | 5296 | 5434 | 5534 | 5717
op © | H; JiiE Kmol/hr 3014 | 3150 | 3288 | 3428 | 3571
CHy 75 Kmol/hr 1241 | 1198 | 1154 | 1109 | 1063
CH, —BH#ILE % 48 49 50 51.5 55
=)y| 9105 | 9247 | 9376 | 9479 | 10391
870 870 892 204 018
4821 | 4916 | 5022 | 5114 | 5202
321 287 243 207 171
2159 | 2159 | 2185 | 2196 | 2207
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5706 | 5836 | 5983 | 6114 | 6238
351 318 279 245 212
2159 | 2159 | 2185 | 2196 | 2207
1839 | 1612 | 1474 | 1281 | 1038
959 839 784 684 539

TR s =

AN R s

’g g;ﬁ“ & 377 | 341 | 206 | 258 [ 221
‘ 394 | 333 300 | 253 202
32 32 32 32 32

B AL Kmol/hr 752 659 612 534 424

Hs ik Kmai/hr 667 | 583 545 | 476 | 375
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5.2 52 5.2 52 52
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ST CHY Wi Kmol/hr | 4496 | 4806 | 4796 | 5077 | 5606
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w&@ﬁ it 3558 | 3665 | 3777 | 3884 | 3996
AR 25417 | 26340 | 27568 | 29007 | 30217
0% 11429 | 11821 | 12674 | 13439 | 13628

4496 | 4806 | 4796 | 5077 | 5606
Ny Jfia Kmf:ﬂ/ht 4694 4690 4853 4564 5099
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Ar {fift Kmol/hr 382 451 521 634 814
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33 33 33 33 33
[0058]  _bIRRYE R T, T E— BB RERE PSR ] A X IR R LR, G
T40-T80°C, M1 1] LASE 76 — B AR AL LR oh AR i tb R 0 48-55% , ] DAZE —BUAP Y 1%
T AR PR R A P AR b R S S TR T e VTSR B i AL I S B K R .
T B AL BRI T B L, BT sk A i . i T — BRI e T
T B AL, BT DA — B 1 By T DA DB A2 5 R R R R G s Bt
(00591 A 7 5 AE LA B - Brak Ab kB rh, i AR R B B B R R T L A
1.6-3.0% (F ), I BARHA S RKIET 4, W AT LAk b A i 28408, FRIR T 80
Wk BRERE, PRAR T 2 IR ThEE. Sah AR () & BIAUIRA GRS BN A
WARSA L TR E, Ninwb T & vt.
[0060] A 75k oK B 40 B A BRI S S L, 2R RUUE M AUl R R 0085 2
B EEERR, JEHENRE
(00611 A p AR AT RAR BRI %
[0062] LA LIRS AR W IR AR Sl o, B AR BRI 2 R A PR &,
SRACH B O AR S 8 B b AR T AR DABR S8 AR AT BB AR S ER A
G FEAS I B A R BH R AR O S TR P9, 2 0] A R B S R A P 2 10 1 2 B B B 1
o 55 R AR A S5 R It (FL U R A R AR 7 BB P 2 I AR T A B AR S
A5 BB S BV A (18 4G el A5 R AR Ak S 1 W, 2308 T AR AR T RIS N

GRS

Topsoe, Inc. — EX1003
Page 991 of 1210



N 102502702 A w B B M A /1%

BERXRS ITE&EK

BES | B
TEws — ﬁ’@ m
3
COARHE
C0» &F% e - 81 4Tl -
3
it
p
EEMNH BAtrEs o
3 -
wWRE™ R
BAE B sam L

&

g

Topsoe, Inc. — EX1003
Page 992 of 1210



United States Disivict Counrt
Southern Dintrict of Texis, Gabveston Dividon

Topsoe, Inc.
Plamptdy,
Case Mo 3:34-0v-00033
v,
. N Jwy Trial Demanded
Casule US, Ine.
{asale 84
Diefendants.
COMPLAINT
INTRODUYCTION
This scHon avises owt of Defendanis’ bad fatth, frandulent conduct atmed at

procaing @ patent on technology that they did not invent and then wielding that patewt, and making
false apd nmuslzading staterpents, o anthtly compete sgamst Plamiff Topsoe, Ine. ("Topsoe™)

2. Topsee 15 the U8, subudiary of Dardsh company Topsos A/S, which bas beenone
of the world s leading supphiers of chemical processing selutions and velated fechnology for over

08

dneering, and Services o the

80 vears. ftsupplies high-perforinance. propoetary techuotoy

HC‘
HC{

chemical and ol and gas wdustries. Topses helps these mdustuies o get'the most out of theiy
process and products using the least possible cpergy and resowees snd 15 &t the forefront of

developing sustainalde technologies.

3 One of Topsee™ key environmentally sistaimabde technologies 1 ity anymowma
processes, cnrrenily alse reforred {o as bloe or low carbon aumionia processes, whish ave used o

- <

reduce groenhouse gases that are condted duwring the process of oreating atnmonts.  Asunona
{(NHbY 15 entfical 1 the manufotuving of fertilivers and s one of the lwrgest volume synthetie

chemicals produced 1 the world, It s produced dvongh a chenves! reaction befween bydiogen
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and nitrogen at lugh pressure and fernperatures. The process is hughly energy-mtensive, sccousting

for np 1o 2% of snergy consumplion and 3% of carbon enusstons worldwide,
4. Topsoe 15 a8 plonesy i the field of ammomia fechnology, partienlarly targeang
strategies for lowering caurbon enussions, and began conmmercially selling and wenaling s

anutieane techuclogy m ywanufactnring Trotlities over 30 vears ago, Duving that tune, Topsoe has

extenstvely preserded and published on s low erbon avurpona provess and has oblained multple

pafents proteciing the technology in the Uniied States and abroad.
3. Diefendants Casale UN, Ine. and Casale SA {vollectively, “Casale™) arg divect
cotppetiiors with Topsoe, amnd market and sell thetr own anuuonis process.. As desertbed m fnote

[

detal beldwy, 1 2019 Casale fled for s ULS. patent application changug to have “rmvented” featues
of 2 low carbon ammonia provess that had been wsed in Topsee™s own process for decades. Casale
was well aware of this becavse, amwong other things, over the previous four years it had vevedved
extensive exposwre snd access to Topsoe's conunercially msialled anunoma process wiile
working on revamping a fachry in Didia that utilized the Topsoe process. Casale bas slso attended
presedtations where Topsce had deseribed these featwes of is ammonta provess, including a
prexentation in 2008, fepr vears eorfior. Casale recetved the pre-print of the Topsos papey relating
to the presemiation, and the recovds from the sorderence confinm that Casale attended the Topsoe
presentation.
&, Casale procwred the 118, patent through deception. Dwring grosecution of the

patent application Casale faded to disclose as prior art Topsee™s commercial process or the
publications descrsbing 1, which werp ¢learly materis] o the process Casale was Irying o patent,

Casale even failed to disclnse ity own maternial prioy art disclosures from wany years eathsy wluch

3
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publicly disclosed the key feature 1 finpermissibly was frving o pstent and therefore precluded
Casale from frying to petent the technclogy.

7. After woproperly obtaimug the patent. Casale set out fo deliberately diusrupt
Topsoe's custorner relfaticnahips, falsely claiming that it owns technology that was developed by
Topsoe, that Topsee miiiinges ts patents, atd thal any onstomer exuploving Topsne’s fachuology
would be infringing s paterts as well, When Topsoe ssked Casale potnd blank whether # had
contacted any of Topsoe™s customers, Casale falsely claimed that # had not. Casale has also been

wrongfully asserting to Topsoe that Topsos imfrimgey the patent

G

Topses accordingly brings tus getion to have the Cowt declsre that Casale™s palent
15 tngrdorceable because of tie fraud Casale commutied m procuting the patent froma e US,
Patent and Tradennnk Office (UX PTONY Move specifically, Topsoe aska the Comt to declars
that Ussale's US, Patent Noo 11286168 (the “7168 Patent™) and all related patents and
applications of s fanuly {collectively, the “Disputed Patends™) are unendorgealle, and to enjom
{Cassle fom asseriing the Disputed Patents agy Ruther. Topsoe Huther seeks to repover datnages

and hold Casale accommiable for s wrongful ach in asserfing the nnenforceable patents, making

=

false stafements, and engaging in unfay competitive practicss.
THE PARTIES
% Topsoe, e, is a Texas corporation, with s principal place of business at 18058
g Topsoe, Inc. 15 8 Texas corporation, with ds puncipal place of busiiiess at 18030

Ratamn Lane, Suite 4890, Houston, Texas 77038,
k3

106 Defendant Casale UK, Inc. 13 & Texas corporation with a principal place of business

af 2078 Richmond Ave, Sutte 1218, Hoastory, Tedas 77088,

ponth
rms

Casale U8, Inc. resides 1 the Southern Distiiot of Texss at least beeawse o 1

meorporated i Texas and its priveipal place of business s in the Sowthem Distniet of Texas.

£

i
53
t
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3 Casale US, Inc. is a wholly owned subsidiary of Casale SA

fonsk

st
LD

Casale SA 8 a privately owned Swiss company with hesdgnarters in Lugane,
Rwitzeriand.

JURISIMOTION AN VENLE

14, Thes s et acton artsing under the Lanham Act, 1S US.C § 1128a) and the patent

b

awes of the Untted States, 33U R .CL 85 271, e seg, and the Declavaiory Jadgement Act IRTUIS.L.

TJ

2202 and 2242, Accordingly, thiy Connt hay subdect matter prrisdiction pursnant to 28 UIS.C

15 Topsee's wnfadr competition claim artses under Texas state Iaw. This Conrd has
subiject maiter purisdiction over that olaim pursuant to 28 US.CL§ 1367, because it iz so related io

other clamms in the action within the Comt’s oviginal fwisdiction that i forms part of the same case
O COREIOVErsY.
ia This Cotat has general personal junisdictinn over Casile US, Ine. due fo its

woorporation m Texas, and #5 procipal place of business being located v the Southern Dhstrict

This Coanrt Bas specific personal visdiction over Casale SA& because this lawamit
arises out of and relates to Casale SA s aflirmstive achs i the Southemn Disivict of Texes, Among

other thmgs, Casale SA condacted rgpresentatives of Topsoe located in the Scuthern Distriot of

Temas repeatedly through #s attorneys at Zardt & Co. 8A m an attempt to enforce s wnproperly
obtained and woenforceable patent, insisting that Topsoe’s amimnona process cannet be wsed

without its wititen copsent. Casale SA also prrposefully divected s wronghd sctivities, mcluding

rtial Topsoe custoner fooate

its false advertising and nuslzading statements, o at least one po

in the state of Texas to dissuade that custoner Fom mstalling Topsos™s ammonia fechuology af 53
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facihities 1 Texas. Cassle SA purposelully divecied s walawful conduct to this district, has

substaniial business conducted n this dstned, and published Blse advertising and muslesding

statementy and other indewful acty w s district o affeching restdents of this district,
1%, Movedver, Casale 8A confrols #y wholly owned subsicdhary, Casale UR, Ine., which
it holds out as ds agent. Both sharea websit

apd sharve email domsing {casale ohy. Addisonally, Casale 84 holds itself out a5 2 global company

with “a network of representative  offices and agents all over the would” See

e of Casale RA's slobal offives 13 lodatad

1 Houston, Texkas, and Casale 84 has at Joast one mensging agent based out of Houston, Texas.
190 Defendsis, vis themselves andior theit sabsidimt “affiliates, regndsrly conduct
and transact business throughout the Lnited States, in the State of Texas, and within the Southern

Pastoict of Texas, In addition, Casale SA s the assignee of the "168 Patent and Casale prosecuted

the "108 Patent before the USFTO through its sltorney representstives as descrthed below,

[394

200 Venue is propey o the Southern Dastriet of Texas porsuant {o 28 L A.C 8§ 1381
and {}, and LKD), at least because Casale 18 incorpovated in the State of Texag, has #1s principal
place of business in the Scuthern District of Texas and Defendanis have committed acts of false
advertising in the Seuthern Disivict of Texas apd sticmpted to enforee thetr unenforcesble patent

i1 the Southern Distriet of Texas,

FACTUAL ALLEGATIONS

Topsoe’s Contributions to the Field of Low Carbon Snunonls Technology
21, Topsoo Ine. was moorporated i 1961 and 15 & wholly owned subssdiary of Topsop

A8, Topsoe A/S was founded m 1940 by chemucal engineer Dr. Haldor Topses and 15
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headguartered i Ravahols, Kgs. Lyngby, Demrark. T has begn a provider of mdusiry-leading
chenceal processing solutions and related fechuologies in the over 80 vears smee is foanding.
22 Topsoe, Inc. employs approxamately 220 fall time emplovess, inchrding 128 at s

catalyst manufactiwing facthities Iocated at Pasadenn, Texas, and approxinately 90 af #s pringipal

coaporale offices i Houston, Texas.

230 Topsos hog long been a leader in the development aud conmmereial implementation
provesses i produce anwnomia. Topsoe has workied to develup amnmonia processes, partioulary
fargeting low carbon emissions. which & cwrrently markets commercially wder the nameg

il COR ™ gisbioy na low caﬁ}@n oy hine Bﬂl}iﬂﬂié o reduce OO chnssions for nore than fwo

[#4)
ot

24, Topspe ASY ¢ Ntates patents in the feld of low carbon

ff;
ot

ammonia technology, and Topsce, Inc. is the excinsive licenses (with vights to license to its clients)
of those patent rights in the Uhted Slates.

250 Apart from ts patents, Topsoe's low carbon snunonia technology has been
presevted at ndustry conferences and implemented commercially i ammonia plants avonnd the
waortd,

28, Ar example is the 2009 Fertilizer Assoctabion of India (FATY Annual Senuuar
where Topsoe described aspects of s low carbon dromonia process @ 8 preseptalion and

compamon paper both titled “Energy effictency and Ok reduction potantial in ammonia planty

 Of partieniar relevance heve, the presentation and paper both describe as pant
of Topsoe's process sphiling the symthests gas stream tio two streans one of whieh s nsed ag

fugl—a Key feature that Casale would clasn 1o have mvented a decade later.

-
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27 Anocther, nmch more vecert example, 15 Topsoe’s presentation and publication
about s blue ammonts process gt the AICHE Armoms Safety Conference on September 13,
3022, Topsee’s paper entifled “Decarbonize with blue amimoma,” and anthored by Amest Kakof
and Per haul Dadil, noted that “hinjore than 20 vears ago, Le. before the decarbamization took off,
Topses tfroduced the fomulations for the SyaCOR™ gonvept.”

& Topses's amnmoms fochinokogy also has been used i comrpercial sunnonia plants,

Topsoe destoned ap ammonia plant for the Indian Panmers Fartilizer Cooperative Lid, (IFFCO,

Aorda, Indis. The fost noit &t IFFCO was commisstoned i May 1988 and the second unit in

3

Drepernber 19948, Botli wuits are batsed et Topsod's low carbon arunenia technnlagy, mclading

&

o

the splitting of & synthesis gas strean: mto fwo streams of the sang cotmpositivn vt which sae of
thesireams s used as fuel
Casale’s Knowledge of and Acvess to Topsos Techuology
29, assle hes long been mware of Topsoe's low carbon snunoda techuology.

30, Casale v g regaday attendee and presenter at Fartilizer Assooiation of Tudia (FAD

inectings, attended the 2000 FAI meeting, and recetved preprints of the sewminar papers, including

the anunotda paper authored by Topsoe, Materials from the conference show that Casale atfanded
the Topsoe presentation,

31 {asale also gained access to the IFFCO plant in India desoribed above in whicl
Topsoe’s low carbon ammona technology had been tnstalled. Casale gaived detailed information
about Topsoe's ammoma technology as pat of a revamp progeet at IFFCO m 20814, Casale was

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

3 As part of Casale’s work on the IFFCO symmomms wuts, i was given sceess (o

Topsoe's design for the ammonta nnits and leamed—similar to what had been deseribed

-
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Topsoe™s 2009 paper

ssoe’s design inchuded splitting & synthesis gas stream o Two
streams of the same composition 50 one stream could be used av a fuel

33

.;J

Casale’s knowledge of Topsoe™s work m ammonia syatheais s Ruther evidencid

by Casale’s cifation to Topsoe processes i prior patent appdications, meluding citation by Casale’s

Chiel Technology Officer, HErmanno Filippt, See, eg, {referrmg o snd
providing a disgran of 2 Topsoe anumonia synthesis loopy, US201%/0023563 (nuning as tnveniors

Exmanno Filippt, Francesco Baratto, aud Railsele Ostini, based upon & POT application filed by

Marco Sardi, aud vejected by the PTY over Topsce prior art references including 8 PCT application
entitled “Proce or the production of atuipona™ b
34 Accorduigly, Casale bas had access fo, and defatled miformistiod about, Topsoe's

low carbon ammonia process since as early as 20080 i not earlie
Casale’s Appleation for and Prosecution of the 168 Patent
35 {Casske filed the apphication for the “168 Patent with the US PTO on August 13
2019, shortly after completing 18 wark on revainpdng the IFFCO plant where Topsoe’s technology

had been mstalled

36 The "168 Patent ssued on March 28,2023,
A7, The "168 Patent ix related to EP 3 383,067 (the * 067 Patent™), fled oo Jannary 31,

2018, Bothrthe "168 Patent and the “087 Patent are redated to EF 3,363,770 (he 7760 Patert™),

N

Hled on October 6, 2017,

3% Attorneys of Dorsey & Wininey LLP, melndmg Marcus & Sunon {Reg. No.
36,258) representaed Casake w the prosecution of the 168 patent.
30, The claims of the "168 patord reguitre, aspong other thungs, sphitbing a syothesis gas

stveamn Mo Bwo streams of the same composition s¢ one strsam could be nsed as & fuel. just as was

i

o,
4]

t

G
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done by Topsog's iechaology that bad been i use at the IFFCO plant. Specifically, claim 1 of the
168 patent requires “separgtion of a part of said COX-depleted synthesis gas as foel faction,

wherein sand fued fiaction i fed as fuel 1o at least one fumace and wherein said separation of the

/

fuel fraction fnelndes the split ofsad CO2-depleted synthesis gag into af least o first stremm and a
cond streany, said fst and seoonid shreams baving the same composition.” Sse clanin 1

46, Al patent apphcanis and persons wvalved with the substantive preparation of @
patent application have a duty of candor to disclose to the LIX PTO all known prior art or other
wmformation that may be material to the patentability of the invention. This prioy art information
18 disclosed i the forme of an Information Divclosure Statempent ("IDE™) Casale filed one ID
during proseciition of the "16¥ Patent on Atgust 13, 2019, In tlus IDE, Casale disclosed ouly a
Himited pumber of prior art references.’ Casale did not disclose any prior arf references, inchuding
prior uses, that were attritated to Topsoe, despite being aware of Topsoe’s low carbon anumoma
feclmalogy sinice al least as enslyas 2009 and having been extensively exposed fo it as part ot its
work st the FECOG plant.

41 Cazale’s melusion in #s claims of the requirement of splitting the synthesss gas inio
o sfreams having the same composition so one stream cotdd be nsed as fuel—the concept which
it knew Topsoe was already using snd had repeatedly published—plaved 8 orpotad past in Casale's
ability to proctge the patent. To overcome goreection by the US PTO of ¢s clanin, Cassle argued
to the Exanvner that the “distinguishing feature of the “first and second streams having the same

composition,”. . plays a substantial role my the solution of the techmical protdem anderlving the

"Casale disclosed ondy the Tollowing prior artrefertence A
i~ ?xﬁ}. No. 200440248205, (3) US. Pub. Noo 20 QLo (AYWIPO Pub. No.
3G (5) Internabionad Prelinuaty Report on Pateéptalulity for Intey x;zmodci Apphication
I\s} P .:?3?"{}25 52358 completed May 10, 2018 and (0} Intervational Search Report from
Intemstional Application No, PUT/EPZHIFAS358 waded July 31, ROIR

-
NS
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claimed subsect matter. Do do the fact that a stresm of CO2-depleted syvothesis gas (Lo, a 288
very poor m 002 and rich i mitrogen and hydrogen) s used a5 8 fuel i the fmace, mstead of §
methane rich stream as sugpested by [the prive art] i i3 advantageonsty possible to reduce the CO2
emissions of the process if commpared fo [the pricy art]” Reply to Office Action dated Aprid 28
2021

4% At the tme Casale aud s lgwyers wade these statenents, Casale kuew that the
Topsoe anvnonia fechnology ncladed iy samse “same distinguahing feature”™ g mientionally
hid this mformation from the Exanuner i order fo secre allowante of the patent.

43, Casale’s stratvgy workied, dnd the Exsimoer withdrew the rqjection The
Exanuuet’s reaseqt for allowing the clanms was the “dislingmshing feature of the {ust and second
streams having the same composition.” Nofive of Allowance dated Nov, 18, 2821

Casale’s European Patent

44, Asnoted above, the Furopean counterpart to the "168 Patent, 1s the "067 Patent.
45, Enropean Pglent Office ("EPCGT) proceduse allows for any roember of the pubdic to
file an opposition 1o any pafent granted by the ERO within the fivst nine mounths after the patent
wsues.  Almost nomediately affer it was granted, Casale’s 067 Patent way i jeopardy. An
oppostiion o the "067 Patont was filed by Linde AG and Thyssenkrupp Indusivial Selutions AG
{ihe “Envopean Opposiiion™), bringing to the aftention of the TPO additions] prior art that Casale
had uot poa before the PO that called the visbility of Casale™s patent mfosertous queshion.
46, Casale recognized the severtty of the challenge o s patent from the prior ant
mehuded i the European Opposition. Casale had not diselosed this prior art fo the US PTO either,
Asd sed i mere detal below, Casale fled 8 "supplemental exammation” tn the US PTO and

submitted the privor art from the Furepean Opposifion o the US FTO.

- 18-
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47, Both the "067 Patent and the related 770 patent were prosecuted on behalf of

Casale by Enropean faw firmi M. Zardt & Co SA& (Fandt™)

A8, Favdi was founded in 1999 by Marco Fardt and 15 a Swiss law finn specializing in
wieliectual property.

49, Boil the US and Buropess patentts are based on the sane PCT application filed by

Lavd, and specifically, Maveo fardy

A0 Zarch also is representing Casale in the Ewopeay Opposthion,
8 Favdi, moluding Mareo Fardi and Riccardo Biazzi, also were substantively

wyelved m the proseciiion of the "168 Pstent

82 The cuyrrent Chief Execntive Officer of Cassle is Fredenico Fasdh,
53 U inforosation aud behed, Marco Zardi and Federion Zardi ave blood relatives.
34 On infornmtion and belief, Casale engaged Zandi, rather than a law firn with no

aifiliation with Casale or s officers, o assist i m ds wronghd scherie to prosecute the U, patent
without disclosing the material poior &t and o atieraptto improperly coforce it by cotresponding
divectly with Topsoe fo demand a Heense, and to aasist with corvespondencs 10 at least ave Topsoe
potential customer.
Uasale’s Communicstions with Topsee Casiomers
55 Unbeknownst to Topsoe at the time, Cassle began congmucating with Topsoe
customers about the Disputed Patents and Topsee™s low cavbon (blue) ammonia technology

beginning i the Fall of 2022,

56, Cassle raised the Disputed Patents, mobnding the " 168 Patend, m 8 Novembey 2
fefler to at least one Topsoe cnstomer whe is planning o develop low carbon (blne) smmona

proajects din Texas and Louisiang,
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37 Casale’s communicsiions o that custoiper referred o Casale's nglis v the
Disputed Patents, mcluding the 168 Patent, and expressly represented that the Disputed Patonds
were enforceable.

5% The one fesnwe of the patented technology that is menticned in the letter & the
feclosque that, av Casale knew, has been gsed By Topsee @ is convperets! tstaliaiions and
displosed n s publivations sinece af least 2009 of sphtting the svnthests gas shream to hwo

-

streams one of which iz used as fugl. Specifically, Casale sisted that the patent concerns “a pog

for the syathexs of ammonia wherein paut of the hyvdrogen-containing process gax is nsed as a fuel

fraction to reduce the consumption of hiydrocarbon el and, consequently, t reduce enusstont ot
carbon diosade.”™ Cassle foprasented et according to s cvalustion, without the use of Hus

technigue, “the result would anyway be s higher plant cost and a lower afficienoy ™

o

39 Casale's lefter to the oustomer referred 0 Topsce’s blue anunania technology and
Topsoe's 2022 AICHE paper and preseidation and attachied a copy of the Topsoe's paper clainung

that it fell witlun the scope of the patent.

60, Casale’s conmmumncations were made fo disparage and malign Topsve by
characterizing Topsoe as an mftinger, as well as to threaten ouwstomers with patent miringement
should they choose {o do business with Topsee, Casale was hoping 1o scare custonigys awsy from
doing basisess with Topsoe now, and i the future,

61, The Furopean Upposition, filed on June 8, 2022, predates Casale’s communications
to Topsoe's eustomer, Cazale’s communications did pot mclnde any information related to the
Ewropean Opposition of the 607 Pgtent, however, nor did Casale reves! that the prioratt rassed i
those oppositing proceedings patsed significant conceins about the enforceability and validity of

the Dizputed Pateasts.

[
[
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63 The European Opposition, mowhich the validity of the "607 Patent 15 beyug dispuied,

was relevant to the confents of Casale’s compmurdontions at the thme sent. The prior art references
gitedd 1 the Furopean Opposition are material &0 patentability and enforceatality of the Disputad
Patents.

63, {asale knew thst the Eutopesn Qpposttion was relevant o the vonlents of fhe
Cassle’s commupnicaions 1 customers sf the e sent. Casale konew that the prior ast references
cited in the Buvopean Opposition are matenial to patentability and enforcesbility of the Disputed
Patents af the time Uasale sent i commumcatons to Topsoe's customet,

64, In addition, no veferenice was rpade 1 Casale’s comumuicativns i auy of Topsoe’s
prioy art pablications {o which Casale had sccess, nuany of which predate the "168 Patend ot e e
fact that Topsoe had been using the acoused fechnology many years before the patent was filed.
And no reference was niade o the fact that Casale had fatled to put any of the Topsos prior art op
the prior srf radsesd i the Exropean Qpposihion when i obtamied the patent from the US PTO.

&3, Casale kuew fhat s patent was mwalid and vnenforceable bt engaged i these
communications regardless.

66 Casale’s statements were alae false and misleading because Casale represented that
it was the ondy legtiimate sowee for low carbon ammonts techuolegy that nises a porpion of the

ream as fuel Casale was fully sware that thiz was not tae.

Casale’s Communicationy with Tupsee
67, Ou February 24, 2023, after Cuacale began sending ity false and musleading
comprEncations o customers, Casale, fwough Ricoawde Biavzr of Facdi, seat s first

correspondence (“First Letter to Topsos™) fo Topsoe.

s
R
3
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68 The Fust Letter to Topsoo sisted et Cassle was “of the opmon that the
SynCOR™ process with hydrogen firmg mcludes all the features rectled, at lesst, i the
wdependent olaimy of the [Disputed Patents]”

6% The Fau Letter 1o Topsoe did not elnde a claim chart or other detmled
infrmgement analyss and nstend agan copphasized that fhie synthesis gas is sphit into twvo streams,
et b wiach 1s used as fuel. Spectlically, the First Letter to Topsae stales thal the Disputed Patents

“protect a process fur synthesis of anymoms from netmeal gas comprising the conversion of

desuiphurized natural gas and steam with oxyzen-enviched aw or oxvesn, and further comprising

that g part of CO2-deplefed synthesis gas (1o, hydrogen-tich sy i as el {o gt least oue

pac

firnace”
Tk I a second letter fo Topsoe dated fune 1, 2023 ("Recond Letter to Topsoe™) Casale

preanted fo the Topsos Septemiber 13, 2022 paper that was presented at the ATTHE Anunonia Safety

Conference, alleging 13 “opinion that the SynCOR proce

5 appears fo nchade features patented by
{Cassle 18 based o the Sllcwing diagram from the paper by Kekott and Dahi™ Ths dingramyswoas

follaws:

SRR e

[
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Fi Casale explained “Iwe compare the above dingranywith olaim 1 of US 11,286,168
we find self-evident that the SynCOR process inchadies all featores of the elaim.”
73, Nether The First Letter or Second Letter to Topsos disclosed that Casale already

had commmnnicated false, musleading, and disparaging statenents to costorners.  Tnstend, Casale

3. Topsoe responded fo the Second Lelterto Topsoe cn June 13, 2023 ("Sepond Lefter
fo Casale™. Topsee pointed ont that the Topsoe's SyCOR™ anunoma process “was nsing the
features purportedly clammed by Casale long before Canale filed ity patents™ and that a process
identical to the one descrtbed v tie diagram Cassle had mcluded sy s second letter was described
i af least e prosentation dud acotunpanving paper ab the 2008 FAT meehing that Casale had

attended. Topsce noted that Casale bad access fo at least the “2009 FAI meeting, and receivad

preprints of the seminar papers, mclnding the paper anthored by Topsoe .. fwhich] Casale did
not disclose . .. o the patent office” Topsoe alse noted that Casale had divect aocess to Topsoe's

techoology suplemented 8 the UFCO play when “Casale began & revamp of [Topsoe’s

technology tnplemented at IFFCO s Aonla Fertilizer plant] in 2014 and completed the revanp i
20187 and that despite this revamp being started and completed before the Aling date of the 168
Patent, the technnlogy inplemented by Topsoe m the plant was not disclosed o the PTQ. Topsoc
closed the letter by asking Casale o advise whether # had commmudented s infiingement
allegation to custonters awd i 50, to identify those customers and provide coples of any wriiten
commmnncations.

74, {3u September 13, 2023, representatives from Casale and Topsoe briefly discussed
verbally Casale’s sllegations. Casale’s US attornevs and attomeys Marco fardt apd Ricoardo

bec)

Riazzi from Jarch parficipated on the call, as did officers of Casale, Ermanne Filippt, Chief

X

2
LA
3
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Technoal Officer, and Ralthele Ostung, Head of Gas Technologies {whe also 15 named as an
wrventor on the 168 patent). Topsoe asked whether Cassle hagd commumicatpd to custonmers 1
wmiringement allegations abont Topsoe’s RywCOR™ anvmemia technology.  Casale’s Chief

Technical Officer, Evmanne Filippt, stated nnequivocally that i had not dove so. This was g lie,

Casale’s Reguest for Supplemental Examiosiion af the "168 Patent

“een

L¥4]

Oue February 18, 2023 shostly before tg nutiad corresponddence with Topsoe and

significantly affer becoming aware of the Oppositions filed m the European counterpart "0687

o

patent, Uasale filed o request for suppleniental examitation of the “1638 Patent at the USPT:
6. Casele’s request for supplemental oxammation presepted to the US. Fatent Office

eleven prioy st references that were rased in the BEurnpean Oppositinn procecdings stating:

the Furopean counterpart {EP Patent No. 3383067RB} to U
Ne. 11,286,168 was challenged via two MNotices of Oppiw 3} Em{
filed before the Euvopean Patent Office on Jupe 8, 2022 These
ng‘;\ﬁmzz proceedings remain pending delore the Emo;}m;‘ Pateayt
Ofice, with the Patent Ow m.”l having filed a mg«i“ to the Notige of
Crpposttion on MNovember 3, 2022, Owt of an sbwndanss of caution,
the Patent Owner i subipiiiing this Resgest, sxi ich mclndes as the
ftems of information to be considered the references cited in the
Notice of Opposition.

&

Corrected Reguest for Supplemental Examination dated Aprd 16, 2023

77 Aosupplemental examingtion s 8 process brought by the patent owier 1o veconsider
& patent that was issuied by the US PTO. 1 i an ex parte procedure i which no party othier than
the patent owner can participate. By ramsing this prior art w the supplemental sxamination, Casale
precinded Topsoe or any other competitor from fhog a petiion for Infer Partes Review {“IPR}
with the US PTO rawsing any of the pror art that Casale bad omitted.  In contraxt fo the
snpplemental examinstion procedure chosen by Casale, inoan IPR proceeding, the third party who
files the pelition s allowead to fully participate. Casale wanted to prevent flus from ccomming so

that it could completely control the dislogue with the US PTO.

bosss
pa
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78 Casale did not inclnde any other prior nse or prior art reference in s reguest for

X

supplements! exarvinabion beyond those that had been rased i the Ewvopean Opposition,
Icrediblv, in requesting the supplemental exanunation Casale 517 fatlad to ratse the Topsee prioy
art of which it way fully aware. Casale did not melude any refevence to Topaoe™s 2009 FAL
presentation or publication in its reguest for supplemenial exsimupation, or any other Topsoe

presentation or publication ahowt #ts low carbon ammonts teclnlogy,

Te Nouetheless, even without the Topsoe prior art, and even without an adverse party

"2

participating 1w the proveeding, ou Mayv 11, 2023, the USRS PTO issued the Supplemental
Examingtion Cestificais, finding that there was “[a] substantis] new question of patentability
affecting clatms 1-337 of the "168 Patend based o the prior arf references that were meluded by
Casale i it requedt for supplentental exansuation that CUasale had not previonsty disclosed during
prosecution of the “188 Patent.

B0, Ondupe 28, 2023, an ex parte reexanination was ordered by the US PTO pursnant
o 3FUS.C 257, As thenatne nnphiss, 1 8 reevamingtion proceeding the vahdity of fhe patent
is reexanuned by the UX PTO. That reexamination procesding is still ougoing as of the date that
this Complaimt is being filed.

81 Casale dud sot mclnde any reference o s revanp of ITFFCOYs Aonla Fertilizer
plant from 2014 to 2018 w1 it reguest for supplersents] examitiation or 1 any subsequently filed
papers i the ex parte resxammation.

£2.  On November 2, 202%, Uasale submitted an IDS in the ex pavie reexam that
meluded “Respouse letter from Topsoe counsel dated June 13, 2023 and Topsoe’s 2009 FAT

paper: “ Fertdisey Poligy for Sustainable Agriculine’| The Fertiliser Assoemde of Indls Amuad

Semynar 2009, Degember 35, 2009, 180 pages.”
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3. Casale hes never retracted sy of ts stafements o Topsoe's customers regarding

the Disputed Patents and their enforceabiity, despite kuowing that the US PTO has now plaged

% o

the 168 Patent mio reexamimation becauze it fonnd “fa} substantial pew question of patentabality

affecting olaums 1-237 and that the validity of the "0687 FEuropean Pafent i bemg seriowsly

challonged 1 the European Oppostiion.
FIRST COUNT
{BECLARATORY JUBGMENT OF UNENFORUOEARBILITY OF LA PATENT NG,
131,286,168}
84 Topsee uworpomades by rolorence the allegations sef forth tn tdos Commplaint as
though fully set forth heremn,
8% Anactual and justiciable controversy exists betwesn Topsee and Casale concening

e

86, Die atlesstmipart to Casale’s repeated letters to Topsoe aud to @t least one Topsne
cugtomer, there 5 a sulstantal confroversy between Topsce and Casale and there is sufficient

mamedizgey and reality that Casale will seek 6 assert and enforcs s patents agamnst Topsoe.

Therefare, ¢ declaratory judamerd 8ot 15 appgoprate.
87, Topsee seeks & pnigment declanng fhat the claus of the "108 Pateni, and any

elated UK. patents, are unenforceatde under the doctrine of mequitabile conduet,

38 The olaims of the "168 Patent wre unenforcealde due fo weamiable conduet
cornmitied before the US PTO by Casale, Casale’s attorneys (imchultng Zacdt altorneys and Marco

Zardi), attorney Simon, and Casale’s sugployees” and "168 Patent inventors’ Francesco Baratin
{“’i:?s;u‘:ﬁm"} and Raffrele Ostum “Ostn™).  These individualy deliberately and knowingly
withlield and/or omitted maternal information fom Topsce prior art i cunnection with the

prosgeution of the application that matured mio the "168 Pstent i violshion of the duty of pandor

[
ol
3
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to the PTQ presouibed mm 37 CFR § 1,36 The mbvrmation withheld snd omifted weas lugldy
matenial and was withheld snd oomtfed with an odent o decarve the PTO andlor "16R patent
exammer; asdescribed below

88, The " Lo8 Patent isty hwo inventors, Fragcesco Barafto and Raffasle Oshmt

he attorneys of Dorsey & Wiatney LLP,

ror

90, The "168 Patent was proseouted by

mohnding Mavens 8. Smen (Reg, Neo 325381 (MSunon™}, assisled by Angela Steschke and Helly
Maotton.
31 Ax a registered patent attorney for Uasale, Sitnon was aware, or should have beegy

aware, of ng duty of catdoy o the USRS PTO
2. Each mventor hsted on the 188 Patent was roade awsare of and selnowledged they

duty of candor fo the TS PTO and duty to disclose material information o the USPTO, stating:

! acknowiledge the duty to disclose all information which is matenal

-

to patentability as defined m 37 CFR. § 154 tncludimg b
continuation-t-part spplicabions, matenal  information which
becams avaikahie between the filing date of the prioy application and
the natinnal or PCT mternstional filing dade of the coutinuationn-
part apphication.

Combined Declaration and Assignment signed Augost 28, 2019,

93 Addionally, each mrventor fnlsely declaved mviclstion of 37 CFR.§ 163 "Tan
the onginal mventor or an onginal ot wyenior of a claimed wvention i the above-identified
application.” Both wventors were fully aware that the mvention clstmed m the “168 Patent had
already been publicly fiselosed and 1 the prior att

G4 Hoth Ostum and Simon bave beer achively wwendved in copsmutoations regarding
Casale’s assertion of clatms of mEmgement against Topsoe, Oshmi and Simon were both prosent
dhring the September 15, 2023, call between Casale and Topso

9%, The "168 Malent bas an effective filing dale of Jantuay 31, 201

]

s
W
5
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LS Prigr to the cifective filing date of the “168 Patent, Casale bad aocess to and

knowledge of seversl preces of prior art atlributable to Topsoe, mchxding but not hmited 1o the
006 Ferilizer Assooiation of India Annual Sennnar presentation; 2008 FAT Paper; and Topsoe’s

techuology metalled w IFFCOY s Aonla Pertilizer plang; which Casale wags hived o evamp Letween

2014 aad 2018, Topsoe's disclosures predate the 168 Fatpnd
7. Baralto, one of the two wmveniors of the 168 Patend, was appomied Deputy

Drepartment Head of the Syugas Procesy Departiment of Casale in December 2012, His duties
aasociated with this position melude coordinating technical proposals and feauibility study
activitigs. Oun mfonmation and belief, dne to Baratio's potition, and the relatively small sizve of
Casale, B¢ would have worked dn or &t the very least known of the IFFCO project o révamy the
Aoula Fertilizer Plant. Further, Baratto was wvolved i the design of Casale’s snunoma plants,

noiuding revanp projects such as the IFFCO revamp of the Acule Fertthizer Plant. Therefes,
priovie, at the tme of, and sfier the effective filing dale of the "168 Patent, st least one of the 168

mwventors, Barailo, had divect, frsthand bnowiedge of at least one piece of Topsoe prior am,

mamely, the fow carlion ammonia processes and products embadied i the Aonla F
that was mstalled by Topace and revamped by Casale from 2014 o 2018,

42 Onmformetion sud behefl Ostint also had divect, firsthand kuowledge of at Jeast
pue prece of Topsoe priorart. As descrbed sbove, matertads from the 2008 FATL cordorence show
that Casale represesitafives attended the Topsioe preseniation. and Casale recetved the accompanied
paper.

99, In addition, Topsoe has published and presenied frequentdy on its low carbon
ammoma process and 111 wsed conmeremd in many fhethities worldwide, Casale and Topsoe are

divect competifors and aware of one another generally in the ndustry.

- 20-
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108 The "168 Patent s directed towards a process for syothesis of ammonia from natured

gag. The "168 Patent jnchndes two independent clamms.

P
Ao,

fa)
P

Ex 1 atool 18,

The first mndependent clairn of the 168 Patent

3

i

1. A process for synthesis of ammonia from natural gas,
the process: comprising;

conversion afa charpe of destlphurized hatoral gas and
steam, with oxygen-enriched alr or with oxygen, into a
synthesis gas vontainig hydrogen, CO and CO2, in a
conversion seclion;

treatment of said svnthesis gas including at least a shift
reaction of the carbon mondxide wte CO2, and subse-
quent separation of CO2 from the pos, thus oblaiping o
CO2-depleted synthesis gas and a CO2-rich - gasesus
How contamnmg the CO2 separated Hom the gas;

separation of a part of said CO2-depleted synthesis gas as
fael fraction, whereis said fuel fraction is fed as fuel to
at lesst one furnace and wherein said separation of the
fuel fraction meludes the sphit of said CO2Z-depleted
svnthesis gas o at least a first stream and @ second
streany, said {irst and second streams having the same
composition, wheyein the [rst streain forms the fuel
Traction and the sccond stroam 13 process gas intonded
for the synthesis of ammonia.

L 38-37

132, The second independentolaim of the 168 Patent i

i
3
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A A mwethod R revamping @ phag for synthexis of |
smmonis from saten! gas or ammoniadurea plant, wheretn |
the plast inehrdes 2 veformin 2 seation that selades & pei- |
ey sleson sofonmer amd an ir-lived secondary reformer,
and @ section for teslinent of the syiihesis gas by a shift |
seaction ot carhon monoxide into carbon dioxide, s devar
honation; the method congrising: 5

providing a flow of enriched wir or oxygen and wsing suid |
flow sy oxhbey, stead of air for the seovndmy |

reformen; 5
separating = part of the synthesiy gas dovwnatream of |
decarbonation, fov use ax fuel feaction, and allocating o |
roniing process {raction of the svinhesis gas ior
QELTEHE CORYErsinm
feeding said foe! faction of the gas, which has s reducad |
32 conient, as foel for at least one fumace of the

Ex. 1 ateol 20, 1 22-38.

[

03, As i apparant from the olaims above, a key element of both claims & separating
out the synthests gas it fwo streamy, ong of which i then used as fuel.

o

W4, Dunng prosecution of the applivation that eveninally issued as the "168 Patent,
wdependent claim 1 was wudependent clasm 19 and fndependent ¢lagm 21 was mndependent claim
The patent Examiner iutally rejected both clatms s obvions undsy 35 US T § 103 in Hglw

of Reddy et al {US 2004/0234426) i view of & mnch earlier filed patent owned by Casale, Ut

ef al (LIS 2016/0115017 A1), Office Action dated April 28, 2021

WS, Inrespouss, Cassle argued that "{ihe FTO hald] not established a prinee fooie' case
of obvionsngss sgamst indepandent ol {1] beoanse, al a mindnnwn the PTO a{d] not

demoratrgted that the oited refurences teach or snggest . . . “separafion of a part of said 002~

.L

deplefed synthesis gas as fuel fraction | . | wherein said separation of the fuel frachion mcludes the

sphif of sgid CO2-depleted synthests gas wio st least a first siream and a second stregmy, sand st

and second streams having the same composition.”™ Response dated Get. 22, 30821, {emphasis

origimal} Uasale distingnished Reddy on the basis that Reddy did not sphit the synthesis gas i
.22
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twao streams having the same compesition, but rather o “sn bydrogen nich stream and & methane

kS

vicivstreant” Casale argued that the “distinguisling feature of the "first and second sireams having
the same composition”. . plays & substantial role v the solution of the techiical problemy
wnderiving the-olatmed subiect matter.”™ Thin is becanse wsing the CO2-depleted sypthesis gas
rither than a moethane rich gag (as Casale argaed wastaught w Reddy), reduces the CO2 enissions
of the processes disclosed in the "168 Pafent ®

106, At the time Casale made these siatements, 1t was well aware that the Topsoe low
cathon anunonia fechnology meluded this sanee Vdistinguihing feanwe” but infentionally
concealed das ruformation from the Exammer i order fo secure allowance of the patent.

W7, Cassle’s copivenlnenyt strategy worked, and he Exsmmuer withdrow the tepction,

The reason the Examiner gave for allowing the claims was the “distingnishing featye of the fust

and sepond streams having the same composition.”™ Netive of Allowance dated Nov. 18, 2021, As

g resull, the clanns were allowed as origimally filed. Independent Clanns 1 oand 21 o1 the sy
patent wre wdentival o unlependent claims 19 and 38, respectively, filed 1 e prelunioary
amendment on August 13, 2018

108, The 2008 FAI Paper states that “Vanons schemes for optimizing the ammonia

provess it erdey fo nunnuze the energy consumption as well as the enussion of COz will alsoe be

2 Casale did not make a sepavate argiument divscied towards the obviousness rajection of
sudependent Qi&iﬁi 21, but msiead argued Shat m hight of the srgoments distinguishing Roddy w
view of Qutu, “the u“im rejections to the claimg §‘mu§ woet and [did] vot, therefore, need o be
addressed  mdividual While Casale ackpowledged that mdependent clam 21 did not
sprecifically clasm that “sasd fest aud second straams having the same composttion,” tholamed thus
hnitation was inpliont. Casale contended that, 1 claiming that “separating a part of the synthesis
283, {iﬁwmﬂugm of decarbonation, for nse as fuel fraction, and allocating & remaiming process
fraction of the svnthesis gas for smmonis conversion™ and mcorporsting the argument as o clsim
i
S€

by reference, i ik impi‘is:i* in the language of wdependent claim 21 that the syuthests gas 6
cpamted mio two sireams having the sane composition

R
R
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discussed m detail,” This reference specifically discloses using part of

fuel, stating that! “an oxcess of synthesis gas i produced, sad this e
fuel i the primary reformer”™  As specified by Casale in distingoishing the Reddy prior ant
reference, the purpose of separating bwo streams of synthesis gas, one nsed as fued and one wsed
for armmonia production, “playvs 2 substaniiad role 1 the solidbion” providedio the "168 Patent. The
2000 FATL Paper disclnses that the exoess syngas nsed for fuel and the gas nsed o provuce anunonia

can be from the samie source gas {e.g., have the same composition). The reference explains:

is produced, and this excess gas 18 ueed as fuel in the primary reformer,

Thetetore, this reference 1s Hghly misterial in the patentsbilily of the 168 Palent and shonld have
begn disvloskd during prosgeution.
108, The 2009 FAY Anpual Seminar presentation discloses substantially the same

mformation as disclosed i the 2000 FAT Paper, and inchndes the below figure, which shows the

et

excess syngas being recvoled back to the privagey reforiier as fuel. Therefore, for the same regsons
as discussed above with respect o the 2008 FATL Paper, this relerence 1 highly materigl to the

patentabality of the 168 Patent and should have been disclosed during prosecution.

_—
%

Exosas syngss

L4 -
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118 In addition, as part of Casale™s work on revamping the IFFCO anunonia ymits from
2014-2108, 1t was given extensive sccess fo Topsoe’s design for the ammonia wiuts and kamed

that Topsoe’s design inclnded splitting s synthesis gas stremm uto fwo streams of the same

comnposition 3o one stream conld be nsed a3 & fiel. Therefore, this mformation s bighly ninferial
i the clarmed stbiect matter of the "18% Patent and shownid have been disclosed duting prosecntion

of the "168 Patent.

111 Despite Casale’s clear and undentatile nowledge of the mumerons material Toproe
dizclosures that predated the "168 Patent, no referénce wad wmade fo any prior ant disclosupes
atiributable to Topsoe during prosecution of the 168 Patent.

112, Casale alse dd nobdisclose any of the Topsoe prior il telorences of Topsee™s low

garbon ammonia process that was in commercial nse when Casale filed a request for supplamsental

N

168 Patent. Casale further did not disclose its revamp of IFFUIYS Aouda

,,,s

examination of the
Fertilizer plant from 2014 to 2018 sfier filng or doring the pendency of the ex parte reéexannnstion.

113, Casele wrontionally oputted and cudy Goally soboutted the Second Letter fhat

Topsoe had written to Casale and the 2000 pubhication referenced in the Second Letter to (5
i an H2S filed on November 2. 2023 i response o the reexanuination non-final Office Action.
Cassle finally did so because #t kuew that Topsoe was swarg of the reexanination and Casale’s
duty of disclosure to the USFTOL

114, Casale's disclosurs during the ex parte veexamination of the Second Letter to
Casale aund the reference otted m that lefter, Topsee™s 26809 pubhication of “Enerey efficiency and
CO2 reduction poleatial I ammonia plants based on lean gag”™ shows that Casale knows and
understands that Topsoe’s discloswres of #s ammonts technology and the echanlogy psed @ the

IFFCO plant were naterial to patentalulity of the "168 Patent and ave prior art to the "168 Patent,

Topsoe, Inc. — EX1003
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Therelore, Casale’s knowing snd tnfentional nondisclosure of these prioy art references, and s
goeess to Topsoe's fechnology tuplementaed m the IFFCO plant constitnizs an mitentionsl and

material nondisclosure.

st

¥ Casale knew of the materiality of the Topsoe privr art refevences before, during,
and sfier prosgoution of the "168 Patend, The 148 Patent bas an efheotive fltng dale of Juiisry
31, 2018, shoutly afler Casale completed it revamp of IFFCO s Acuds Fertilizer plant. Casale

began sendling comumumicatons o customers i the Fall of 2022, shortly after the 168 Patent

wsted on Mareh 28, 2¢
116, Casele’s disclosure of the Second Letter to Casale aud e 2009 publication

referenced m the Seoasd Letter dunng the reexsmpation dees ned, however, satisty is disclosure

requirements before the USPTO.

117, In addiion to not disclosing the Topsos prioy atf ve Ferences, Casale withheld its

o anaterial prior art disclosures during proseomion of He T1ER Palend, swluding at least 2012

MEGAMMONIAR - the Mega-Anumornga Process: the Newest Trend ity the snsipoma Industry.

IS0 2012 MEC

AMMONIAE - the Mega-Ammuonia Process: the Newest Trend s the
ammona Industry discloses a process in which O is removed from svuthesis gas and sphit nto
twir stresms, one streamn mtended for synthests of ammoms sad one streamy intended for use gs
fel

119, Thas Casale priov ant reference was published prior to the effective filing dute of the

168 Patent and is therefore prioy st to that patent. The reference is ighly material to the claimed

subject watter of the "168 Patent and should have been disclosed during prosecution of the "188

Patent.
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136, This reference was published by Cassle, Therefore, 1t 15 undensable thet Casale
knew of flus prior art reference before, at the tme of, and afigr the filing date of the "168 Patent

121 Daespite Casale’s clear and undentabide kuowledge of U8 own matenal disclosure
that predated the "168 Patent's effective filing date. no veference was made to it diwiug prosecution
of the "168 Patent

32 Casale vlowdy koow that ds own prior ait referonces are matenad pray gl e the
patentalility of the "168 Fatent as Uninnt of of, {UN 20160113017 Al a patent application also
ownied by Casale and invanted by Ostuni, was cited in the obviousness rejection of the "16% Patént.

1230 Simtlady, i Casale’s US2019002356% (which names as inventors Ermanno
Filippt, Francesoe Barstto, sl Raftaele Ostunt and onigineies from a PCT application led by
Marco Jardt) Casale discloaed its own prios st referauces, and the UR PTO cited Topsoe prior art
references when rejecting the clatins mresented by Casale. Thus, CUasale knew #s own prior art
references, ss well as Topsoe prior art references were raaterial to patentability of the "168.

134 Chsale’s failure to disclose the Topsoe prior st relorences and iy owir prior art
disclosure during the mitial prosecution of the " 168 Patent was done knowingly and intentionally.
with the intent to frandulently obtain the " 168 Patent by withholding material prior art references.

Thus therefore constitndes an uentional and materisl nondisclosure.

o

23, Thulestional nondisclosure of matens] prior ant during prosecution of & patent
application constitutes meguitable conduct.

126, Ineguitable conduct during prosecution of @ patent apphication renders any resultant
paterit nnenforcesble,

37 Al por-duplicative relevant prigr art mmst be disclosed and filed doring prosecution

;,,,.

of & patent application. An explavation for not sulmmiting any relevant prior art must be melnded

]
af
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during prosecution of & patent application. No such explanation was filed dusing prosecution of

the "168 Patent a5 to the nondisclosmre of the Topsoe reforences or the Casale refevences that were
known to Cazale.

128, Atless!attornsy Rimon, mventors Bavatfo and Ostund, and Marco Zardt were aware
of cerlamn Topsoe and Casale prior axt and the mstentahity of Topsog and Casale prior et to e
clawns they were pursuing e 168 Patent and wienbonaily witldwld thet sfbrmation from the
VN PTO.

128, Casale’s, Casale’s attorneys, attorney Stimon’s, and Casale™s employvees” and 168

1%

Patent mventors” Baatto and Ostang fathure {o disclose material ndormation foothe US PO was
done knowngly and mlentionally, and with ndept to decerve the Exammer and the US PTO win

ssuing @ patent even though the 168 Patent’s claims were nof patentable or which would be at

of

risk of not bemg patentable due 1o matevial disclosures in at least Topsoe and Casale prior at

[

38 {Casale, Casale’s sttormevs, attorney Simon, and Casale’s emplovees and 168
Patent mventors’ Baratlo and Ostund sngaged tn this condnet tn avoid the Exarpiner rejecting
claims of the "168 Patent so that Casale conld movetize s intellectual property through Htigation
against other members of the industry, to monetize the mntellectual property of Topsoe that Casale
derived from s ac o Topsoe's processes as well a5 {o recaptupe techinclogy that already was
part of the public dumain.

131, As a resuil of the unenforceabiliny of the "16% Patent aud Casale’s assertion of the
168 Patent and allegations of wiftingement of the “168 Patent against Topsoe and 313 customers,
Topsoe has suffered and will conttmue o soffer harm and secks declaratory judgment of

unenforceatality of the "168 Patont, snd any related 1L8, patents,
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SECOND COUNT

{(UNFAIR COMPETITION AND FALSE ADVERTISING UNDER THE LANHAM ACT)

,,;

32 Topsoe moorporates by reference the allegations set forth in this Complamt as

though fully set forth herem,

133, “Any person who, on ot i connection with any goods oF SErvIces, oF auy contatner

for goods, Byes I CnnERETce any word, erm, narne, symbol, o device, or any cornbination thereof,

' o

or any false desiguation of onigin, false or misleading descoription of fact, or false o misleading
represeniation of fact, which—is hikely to cause confusion, or to cause nusfake, or to decelve as to

the affiliaiion, connection, oF sssociation of such person with snother person, or asto the ongn,

spanisorshipy, ot approval of Tus or ey goods, servipes, or corgriercial aciivities by apother person,
of w commercial advertising of promotion, misrepwesauts the natwe, charactensiios; qualities, oy
geographic origln of ks o her or another person’s goods, services, or cominercial activities, shall
be hable tn a civil action by any persent who believes that he or she is or i3 likely to be damaged

by sochact” IS U8 § HZAaIHARBYL

Casale’s comnnumieationy o at least one Topsoe vwsfomer wn November 28022
compared iy blue ammonia technology, which it falsely claimed were covered by the Dispured
patents, with Topsoe’s bloe ammonis technology, Casale’s communications falsely clsined that
Topsoe's Bue siunonga fechuology miliinges the Disputed Patents, mchuding the 168 Patent and
that the 168 Patent was valid aud enforceable. Further, Casale falsely claimed that Casale was
the only legitimate source for low earbon amimonia fechnologies that nses a portion of the synthesis
gas stream as fuell Casale kuew however that these conunmucostions were false snd musleading
Casale knew that the "168 Patent was mivehd and utenforceable and that i was not the only

legitunate sowve for this technelogy. Uasale alse kyew that fis 7067 Patent, which it specifically

Fad
W
5
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LA

referenced in its commppicstions with the custowmer, was the subject of the Ewropean Oppostiion,
which was filed four months earhier o Jupe 2022 and had raised serious prior art mvshdity

concerns regarding the Thsputed Patents. Thas, Casale mistepresented the uature, characteristics,

and guahities of both Casale’s products and of Topsoe™s products.
135, Despite Casale’s knowledge of v mognisble conduct and fhe vesultant

ungnforeeability of the "168 Patent, it sl engaged in s cowse of conduct in whick 1t asserfed 15
unenforceable patent vights agaiust Topsos and notified customers of i3 patent rights, falsely
clamaing that s patents were valid and enforceable.

136, Casale, i asserting its noenforceable patent vights and speeific ally ststing that they
were “enforceable” despiie Xuowing that the Disputed Patends wre nnenfotceable, 1 not alse
wvalid, has acted in bad fatth and with malice. Tn so doing, Casale’s actions are pot gnarded from
Liabihity under the Lavham Act. Casale bas acted with malice and specific intent, a3 it had
knowledge of the falsehond of s sistenonts and/or soted with reckless distegard for the truth and

rade the stgtements regacdiess, with the mtent 1o cguse harn to Topsoe’s reputation dnd business,

s
Ll
3

The false statements made by Casale as st forth here, constitute material
nisrepresentations and/or ondsstons of the nahwe, chavacteristics, and qualities of Casale’s and
Topsoe's goods, services amifor covmperciad srtivities, and are thus i vielation the Lanham Act,

¥ 125(a). The staloments werg intended to mslead or confise conswners and divect

L

[EN

Yand;
[

7

L8
them to Casale’s products mstead of Topsoe’s products

138, Casale’s communications constitute usfsir competiion wader 15 USC §
H2May Ay Cesale’s commmumications imcluded false and mislesding descriptions and
represepfations of facls, meluding the enforceability of the Disputed Patents and thew

mimgement. These false and nusleading descriptions and representations of fact were made with

- 30~
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knowledge of ther falschood and with the bad fath mtent to cause confusion and nusizke as to
the ability of Topsoe and 18 customess o make, use, sell, and offer to sell the Topsoe™s low carben
{blue} ammonis products and processes and were likely to cause such confusion and mintake.
139, Cassle’s commumicafion o customers cobstitnies commevcial advertising ov
promotinn 88 i constitutes commerial speech by 8 coupetior with the wtend o mfluence

<

corsumiers nto buving Casale's vathey than Topsoe’s.  Casale’s coramumicsiion w©

cnstomers constitutes sufficient dissenvination o the relevant parchasing public fo conatitute
advertising within the relevant tudusiry. Here, the relevant market for purchasers of low carben
ammonis eehnology 15 incredibly small, with linuted vustomers offering only 2 sinall siunber of
vory large projects that will tvpecally ke veurs o mistall, Thierefore, Cassle’s commugiestion fo
CUREOMErs, eVeR i A vacuum, comsittutes commercial advertising and promotion within the scops
of the Lanham Act. Casale engaged i a conrse of conduct speaifically to wterfere with Topsos™s
relationslups with s cuslomers by notifving &t least one onstomer of Topsoe's alleged
wivimesnent, and oreating nocerfainty 85 fo Topsoe customers’ shiltlies fo do busingss with
Topsoe withont Habality, This conduct is well within the scope of commercial advertising and
promotiog.

140, Casale’s gotions ook place in miersisle copmmerce. Casale, which s a foreign
corporation, wnd which hes a Untied States hesdgnariers in Texas, sent a letler to al least one
customer with operaticns m the ULS. and in this District, about use of Topsoe’s blue ammonia

~

technology in projects on the Gulf Coast m Texas,  Addidonally, Casale has cansed s blue

smmoena technology producis (o ender futerstate conunerce, mcluding through 1s proposals o

cistomers ny the |
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41, Casale’s conununications deceived andior had the capactly to decetve customers.
As aresult of Casale’s conpmnucations, atlesst one customer s under the impression that Casale
owns valid, enforceable. and exchanive rights fo fow carbon (blue) snumona technology, which is
fot e

142, Cassle’s conumumications are wabenal dmd hkely jo millvence the puchasing

decisions of custorners. As Casale well knew, custeners for blue sunpoma technology wonld be

wrwiiiing to nmke the large capital expendinmes needed to bald ov revamyp sy stamonia plont

under threat of patent tnfriugement {even when that threat 18 unfornded). Therefore, the false
slatenents 1w Casale s cotntpuogtions were hikely o wiluence prrchasing decisions.

143 Asa direct and proxinate resulf of Casale’s false and nusleading stalements m the
marketplace, Casale caused economic iy to Topaoe, Casale’s false and minleading siatements
have cansad at least ons customer to withhold trade from Topsoe,

144, Further, as a dueet and proximate resull of Casale’s false and misleading

siatenwenis, Topsoe has suflered, and will continue to suller, menetary dammges, snd seeks

alse advertising and nnfaiv

recovery, in an amount fo b proven af frial, w compenaate for Casale
compeiitton. Casale’s false advertising and unfar competifion will continne to damage Topsace,
capsing preparable harm for which there i3 no adeguaie remedy at law, unless enjomed by this
Court.

145 Uacale acted m bad fasth, mtentionally, with knowledge of, and tn willfigl and
conseious dsregand of Topsoe’s rights, o misrepresenting the nature, characteristics and qualities
of Casale’s process and ds ilictly obtained "168 Patent sl of Topsoe’s process, Topsoe 13

entitted o nsjunctive relief and fo the reoovery of all avallsble domages, inferest, attorpevy” fees,

e

]

osts, enhanced damages, and Casale’s profits.

33 -
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i

146, This is an exceptional case within the reaning of Section 33 ofthe Lanhany Ach,
1508 51117

THIRD OCQUNT

{COMMON LAW UNFAIR COMPETITION)

s

47, Topsoo weotporates by refutence the allegshions set fovth s flus Complaint as

though fully sef forth herens,

48, Topsoe alleges herain that the claim for common law wnfhr competition arises out
of the samefacts that support Topsoe’s 5 of actiony for the Lavham Act vislatious, Therefore,

Casale’s achions give 115 to s achionable cause of action for cotnmon law uifair competilion.

149, Ax desoribed m Topsoe’s Laitham Act olgnns, Casale has, apwnyg other things,
knowingly made false and nisleading representations to Topsee™s customers regarding the valudity
and enforceabiiity of the Disputed Patenty and thew allegad wmftingement.  These false and
nusleading descriptions and represantations of fset were made with knowledge of ther falsehood
and wiih the bad fauth et © canse confusion snd nusiske as to the ability of Tapsos and o
cnstoaners fo make, we, sell, and offer to sell Topsoe™s low carbon {blue} anmnorda products and
processes and ware hikely to cause such confusion and mistake. As a vesult of Casale’s wnfaw
cornpetition, Topsee has suffered monetary damages, and secks recovery, i an sssount in be
proven at frialy adeguate fo compensate for Casale’s false adveriising and unthr competition.
Casale’s unfair competition will continue to damage Topsoe, causing reparable harny for which
thete s no adeguate remedy at law, unless enjomed by this Court.

130, As p diect and proximste result of Casale’s fulse and misleading statoments,
Topsoe has suffered, s suffering, and will confinge to suffor inumediate and continning trreparable

-

mpnry for which there isno adequate remedy at law,
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Ony infornation and beliefl Casale’s false and misleading stgtoments sve knowing

gl willful, flagrant, sndfor with sdentional distegard as 1o the frue natore of the product it offers.

.
i

“opsee s entitled to an award of pauntive damages.

PRAYER FOR RYLIEY

WHEREFQRE, Topsoe pravs foy jndgment apd sceks velief sgast Casale as Blivws:

A

]

36

Foy declaratory judgment thal Casale’s 7168
ave npenforceabls

Patend, amd any related US. patents,

for judgmient awarding attommeys” fees pursuant 0 35 ULEC, § 285, or othenwise
pemnfied by law;

101 judgment swarding o Topsoe all gams, profits, snd advantages deprved by
axale axa fn&iﬁ( of its wrongtul conduct;

for judement awsrding monetary damages sufficient mwmﬂemat Topsoe for the
harm suffered as @ vesult of Casale’s wrongfid conduct

for 8 judgrment awarding enhenced dumages andior sttormeys’ fees pursnant
ISURC § T

for g pemsnest inunchion that () enjoins Casale, s officers, sgents, servanids,
and emplovess, and a §§ persoma i achive conecer! and partivipation with them,
meluding thelr affilintes. Som futhey dissenminating the false and muisleading
staternents i sy foom or medium, makiog the disparaging claims @ auy form ot
medivm: and () requires Casale o withdraw, vetract, andfor retuieve all the
offending false and oisles img statoments and disparaguig claims;

for a fudement awarding punitive damages for Casale’s unfair competition;

for pudgment swarding costs of suit, 85 well aspre- and post-fudgmant mtevest; and

oy fudenrent awarding Topsos such other and firther relie as the Cowt may deem
wst aad proper.

Y
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DEMAND FOR JURY TRIAL
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United States District Court
Ssuthern District of Texas, Galveston Division

Tag}see, Ine.
Plamtitt,
Case No.: 3:24-cv-00033
V.
Jary Trial Demanded
Casale US, Inc,
Casale SA
Defendants.
COMPLAINT
INTRODUCTION
1 This action arises ont of Defendanis” bad faith, frandulent conduct atmed at

procuring a pateitt on techiology that they did not invent and then wielding that patent, and making
false and misleading statements, to untairly compete agaimst Plamniff Topsoe, Inc. (“Topsoe™).

2. Topsoe is the U.S. subsidiary of Danish company Topsoe A/S, which bas been one
of the world's leading suppliers of chemical processing selutions and related technelogy for over
RO vears. It supplies high-perfonmance, proprietary fechnologies, engineering, and services to the
chemical and oil and gas industries. Topsoe helps these mdustries 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 keyv environnentally sustainabile technologies v ifs anunonia
processes, currently alse refyyred to as blue or low carbon ammonia processes, which areused fo
reduce greenhouse gases that are epufted durmg the process of creating ammonia.  Anunonia
{NHs) is critical in the manufacturing of fertilizers and is one of the largest volume syathetic

chemicals produced i the world. It is produced throngh a chemical reaction between hydiogen
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and pitrogen at high pressure and femperatures. The process s hughly energy-mtensive, accounting
for up to 2% of energy consumption and 3% of carbon emissions worldwide,

4 Topsoe is a pioneey i the field of ammnonia technology, particularly targeting
strategies for lowering catbon emissions, and began commercially selling and installing its
anunonia fechnology m manufacring facilities over 30 vears ago. Duriug that e, Topsoe has
extensively presented and published on its low carbon anunonia process and has ebtained multiple
patents protecting the technology in the United States and abroad.

N Defendants Casale UR, Inc. and Casale SA {collectively, “Casale™) are direct
cotnpetifors with Topsoe, and market and sell thear own anunonia process. As described mymore
detail below, m 2019 Casale filed for a ULS. patent apphication claiming to have “invented” features
of a low carbon aminonia process that had béen used in Topsoe's own process for decades. Casale
was well aware of this because, among other things, over the previous four vears it had received
extensive exposure and access to Topsoe's comunercially mstalled anunoma process while
workitig on revamiping a factory in India that utilized the Topsoe process. Casale bas slso attended
presentations where Topsce had described these featwes of its ammonia process, inchuding a
presentation in 2009, fer vears earfier. Casale received the pre-print of the Topsoe paper relating
to the presentation, and the records from the conference confinm that Casale attended the Topsoe
presentation.

6. Casale procured the 115, patent throngh deception. During prosecution of the
patent application Casale failed to disclose as prior ait Topsee’s commercial process or the
publications desciibing i, which were clearly material to the process Casale was trving to patent.

Casale even failed to disclose 1t own material prior art disclosures from many years eathier which

-3
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publicly disclosed the kev feature it impermissibly was frving to patent and therefore precluded
Casale from frving to patent the technology.

7. After improperly obtaining the patent, Casale set out to deliberately disrupt
Topsoe’s customer relationships, falsely claiming that it owns technology that was developed by
Topsoe, that Topsoe mfiiiges ifs patents, aud thal any cnstower emploving Topsoe’s fechuclogy
would be infringing s patents as well. When Topsoe asked Casale point blank whether it had
contacted any of Topsoe’s customers, Casale falsely clanned that # had not. Casale has also been
wrongfully asserting to Topsoe that Topsoe mfringes the patent

8. Topsee accordingly brings this action to have the Cowt declare that Casale’s patent
1s unenforceable because of the fraud Casale conunitied ti procuring the patent from the LIS,
Patent and Trademark Office (“UK PTO™). Move specifically, Topsoe asks the Cowt to declare
that Casale's U8, Patent No. 11286,168 (the 168 Patent™) and all related patents angd
applications of s fanuly {collectively, the “Disputed Patents™) are unenforceable, and to enjoin
Casale from asserfing the Disputed Patents agy further. Topsoe fither seeks to recover damages
and hold Casale accountable for its wrongful acts in asserting the unenforceable patents, making
false statements, and engaging in unfair competitive practices.

THE PARTIES

Q. Topsoe, Inc. 15 a Texas corporation, with iis principal place of business at 18050
Raturn Lane, Suite 400, Houston, Texas 77358,

10, Defendant Casale UK, Inc. is a Texas corporation with a principal place of business
at 2025 Richmond Ave, Suite 1218, Honston, Texas 77008,

il Casale US, Inc. resides i the Southem District of Texas at least because if is

incorporated in Texas and its principal place of business is in the Southern District of Texas.

[N%]
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13, Casale US, Inc.is & wholly owned subsidiary of Casale SA.
13, Casale SA is a prvately owned Swiss company with headqguarters in Lugano,
Switzeriand.

JURISDICTION AND VEXUE

14, This 1s an action arsing under the Lanham Act, 1SUS.C. § 1125a) and the patent
faws of the Untted States, 33 US.C, §§ 271, er seyg, and the Declaratory Judgement Act ISTLS.C
§§ 2202 and 2202. Accordingly, this Court has subject matter jurisdiction pursnant to 28 US.C.
§§ 1331 and 1338{a).

15, Topsce’s uofair competition claim arses uiider Texas state law. This Court has
subject matter purisdiction over that clam poisuant to 28U S.CL § 1367, because it 1s sotelated fo
other claims in the action within the Cowrt’s original jurisdiction that if forms part of the same case
OF CORITOVErsy.

6. Thus Court has general perscnal jurisdiction over Casale US, Inc. due fo its
mcorporation W Texas, and s prmeipal place of butiness being located i the Southern Disinet
of Texas.

17, This Court has specific personal jurisdiction over Casale SA because this lawsuit
arises out of and relates to Casale SA’s affirmative acts i the Southem District of Texas. Among
other things, Casale SA contacted representatives of Topsoe located in the Southern District of
Texas repeatedly through #s attorneys at Zardi & Co. SA i an atfempt to enforce its improperly
obtained and unenforceable patent, insisting that Topsoe’s amimonia process cannot be used
without its written consent. Casale SA also purposefully directed is wronghul activities, including
its false advertising and misleading statements, {o at least oue potential Topsoe customer located

in the state of Texas to dissuade that eustonier from installing Topsoe’s ammonia technology at its
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facilities m Texas. (Casale SA purposefully direcied its unlawinl conduct to this district, has
substantial business conducted in this district, and published flse advertising and misleading
staternents and other unlawful acts 1 this district or affecting residents of this district.

18, Moreover, Casale 8A controls 5 wholly ovwned subsidiary, Casale UR, Ine., which

it holds eut as ts agent. Both share a website (hfus:/www easale cicontacis/cssale-m-the-world)

and share email donwains {vasale.oh}. Additionally, Casale SA holds itselt ouf as a global company

s

with “a network of represemtative offices and agents all over the world™ See

hitpas www tinkedin comvcopanvicasalesafabony. One of Casale SA s global offices is located

1t Houston, Texas, and Casale SA lias at least onte managing agent based out of Houston, Texas.

19, Defendands, via themselves andfor ther subsidiaries or affiliates, regularly conduct
and transact business throughout the United States, in the State of Texas, and within the Southern
Dhstrict of Texas. In addition, Casale SA 1s the assignee of the * 168 Patent and Casale prosecuted
the "168& Patent before the USPTO through its attorney representatives as described below.

200 Veuue s proper in the Southern District of Texas pursuant to 28 UWA.C.§§ 1394b)
and {c}, and 1400(b}, at least because Casale i3 incorporated in the State of Texas, has its principal
place of business in the Southern District of Texas and Defendants have conunifted acts of false
advertising in the Scuthern Disirict of Texas and attempted to enforce thenr unenforceable patent
in the Southern District of Texas.

FACTUAL ALLEGATIONS

Topsoe’s Contributions to the Field of Low Carbon Ammouia Technology
21, Topsoe Inc. was incorporated in 1961 and 1s & wholly owned subsidiary of Topsee

A8, Topsoe A/S was founded m 1940 by chenucal engineer Dr. Halder Topsee and 15
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headquartered in Ravnholm, Kgs. Lyngby, Denmark. It has been a provider of indusiry-leading
chenical processing solutions and related technologies n the over 80 years since iis founding.

22, Topsoe, Inc. employs approximately 220 full time emplovees, including 128 at its
catalyst manufactwing facilities located at Pasadena, Texas, and approximately 90 at its principal
corporate offices i Houston, Texas.

23, Topsoe has long been a leader in the development and commercial implementation
processes 1o produce anunoma. Topsoe has worked to develop ammonia processes, particularly
targeting low carbon emissions. which it cwrently markets commercially under the name
SypCOR™ anrionia, low catboiy, or blue ammidnia, o reduce CO: emissions for more than two
decades.

24, Topsoe A/S owns numerous United States patents in the field of low carbon
ammonia techneology, and Topsee, Ing. is the exclusive licensee {with rights to license to its clients)
of those patent rights in the United Siates,

25, Apart from s patents, Topsoe's low carbon snuuiorua techoology' has been
presented at indwustry conferences and implemernted commercially in ammonia plants around the
world.

26, An example is the 2009 Fertilizer Association of India (FAT) Annual Seminar
where Topsoe described aspects of its low carbon aromonia process in a presentation and
companion paper both titled “Energy efficiency and O reduction potential in ammonia plants
based on lean gas.” Of particular relevance here, the presentation and paper both describe as part
of Topsoe’s process splitting the synthesis gas shream o two streams one of which is used as

fuel—a key feature that Casale would ¢latin fo have invented a decade later.
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27, Anpother, much more recent example, 18 Topsoe’s presentation and publication
about iis blue ammonia process at the AICHE Ammonia Safety Conference on September 13,
2022, Topsee’s paper entitted “Decarbonize with blue ammoma,” and anthored by Ameet Kakoti
and Per Tuul Dalil. noted that “[miore than 20 vears ago, 1.e. before the decarbonization took off,
Topsee wirodnced the foundations for the SynCOR™ ¢oncept.”

28 Topsee's ammonia technology also has been used i conunercial anuponsa plauts.
Topsoe designed an ammmonia plart for the Indian FParmers Fertilizer Cooperative Lid. (IFFCO),
Aonla, Indid. The first unit at IFFCO was commissioned in May 1988 and the second unit dn
December 1996, Both units are based on Teopsoe’s low carbon anuuonia teclinology, sicluding
the splitting of a synthesis gas stream itto two sfreams of the samie composition 1 which one of
the streams is used as fuel.

Casale’s Knowledge of and Access to Topsoe Techuology

29, Casale has long been aware of Topsoe's low carbon anmuonia techuology.

30, Casaleis g regular attendee aud presenter at Fertilizer Association of Tndia {FATY
meetings, attended the 2000 FAT meeting, and received preprints of the seminar papers, including
the ammonda paper authored by Topsoe. Materials from the conference show that Casale attended
the Topsoe preseniation.

31, Casale also gained access to the IFFCO plant in India described above i which
Topsoe's low carbon ammenia technology had 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 patt of Casale’s work on the IFFCO anmmounia tmts, it was given access (o

Tepsoe's design for the anupoma units and learped—similar to what bad been described in
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Topsoe's 2009 paper—that Topsoe's design weluded splitting a synthesis gas stresyn mfo fwo
streams of the same composition so one stream could be used as a fuel.

33, asale’s knowledge of Topsee’s work m ammonia synthesis is fiwther evidenced
by Casale’s citation to Topsoe processes in prior patent applications, meluding citation by Casale’s
Chief Technology Officer, Erxmanno Filippl, See. eg, US2012/0279033 (referrmg to and
providing a diagram of 2 Topsoe ammorua synthesis loop); US201%/0023565 {(naming as mventors
Ermanne Filippt, Francesce Baratte, and Raffaele Ostuni, based upon a PCT application filed by
Marco Zardi, and rejected by the PTO over Topsee prior art references including a PCT application
entitled “Process for the preduction of amnonia™}.

34 Accordingly, Casale has had access o, and defailed infornistion about, Topsoe™s
low carbon ammonia process since as early as 2009, if not earher.

Casale’s Application for and Prosecution of the *168 Patent

35 Casale filed the application for the ‘168 Patent with the US PTO on August 13,
2019, shortly after completing its work ou revamping the IFFCQ plaut where Topsoe’s technology
had been installed.

36, The "168 Patent ssued on March 29, 2022,

37, The "168 Patent is related to EP 3,383,067 (the *’067 Pateat™), filed on Jamuary 31,
2018, Both the "168 Patent and the *067 Patent are related to EP 3,363,770 (the 770 Patent™),
filed on October 6, 2017,

38 Attorneys of Dorsey & Whitney LLP, meluding Marcus S Simon {Reg. Ne.
30,258) represented Casale 1 the prosecution of the "168 patent.

3% The clanns of the "168 patent require, among other things, sphithing a synthesis gas

stream nfo two streams of the sanye composition so one siveam could be used as a fuel, just as was

Topsoe, Inc. — EX1003
Page 1054 of 1210



Case 224-0v-00033  Document 1 Filed on OUBLE4A I TXRD Page S of 38

done by Topsoe™s technolegy that had been i use at the IFFCO plant. Specifically, claim 1 of the
*168 patent requives “separation of a part of said CO2-depleted synthesis gas as fuel fraction,
wherein said fuel fraction is fed as fuel o at least one furnace and wherein said separation of the
fuel fraction includes the split of sasd CO2-depleted synthesis gas into af least a first streamand a
second streamt, said first and second streams having the <atie composition.” See clann 1.

40, Al patent apphicands and persons mvolved with the substantive preparation of a
patent application have a duty of candor to disclose to the LIS PTO all known prior art or other
information that may be material to the patentability of the invention. This prior art information
is disclosed m the form of an Information Disclosure Statement ("ID8”) Casale filed one IDS
during prosecution of the "168 Patent on August 13, 2019, In this IDS, Casale disclosed only a
limited nuumber of prior art references.) Casale did not disclose any prior art references, including
prior uses, that were attributed to Topsoe, despite being aware of Topsoe’s low carbon anunonia
technology since at least as early as 2009 and having been extensively exposed to it as part of its
work at the IFFCO plant.

41, Casale’s inclusion in its claims of the requirement of splitting the synthesis gas o
two streams having the same composition so one stream could be used as fuel—the concept which
it knew Topsee was already using and had repeatedly published—plaved a crucial part in Casale’s
ability to procure the patent. To gvercome a rejection by the US PTO of its claim, Casale argued
to the Exanviner that the “distmguishing feature of the “first and second streams having the same

composition,”.. plays a substantial role in the solution of the technical problem underlying the

' Casale disclosed ondy the following prior art references: (1) US. Pub. No. 2004/0234426;
{2} U.S. Pub. No. 2014/0248205; (3} U.S. Pub. No. 2015/0031016; ()WIPO Pub. No.
2010/018550; (5) International Preliminaty Report ou Patentability for Intemnational Application
No. PCT/EP201I8/052358 completed May 10, 2019; and (0) International Search Report from
International Application No. PCT/EP2018/052358 maded July 31, 2018

-9
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clanmed suhject matier. Due fo the fact that a stream of CO2-depleted synthesis gas {i.e., a gas
very poor in CO2 and rich i nitrogen and hydrogen) is used as a fuel i the furnace, mstead of a
methane rich stream as suggested by [the prior art] it is advamntageously possible to reduce the CO2
emissions of the process if compared to [the prior art].” Reply to Office Action dated Aprit 28,
2021,

43, At the time Casale and its lawyers made these statements, Casale knew that the
Tapsoe anpnoma technology inclided this samwe “same distingmishing feature”™ but intentionally
hid this information from the Examiner in order to seciue allowance of the patent:

43, Casale’s strategy worked, and the Examiner withdrew the rejection.  The
Exanuner’s reason for allowing the clayms was the “distinguishing feature of the first and second
streams having the same composition.” Notice of Allewance dated Novw. 18, 2021,

Casale’s European Patent

44, As noted above, the Furopean counterpari to the "168 Patent, is the "067 Patent.

45, Euwropean Patent Office ("EPO") procedure allows for any member of the publicto
file an opposition to any patent granted by the FPQ within the first nine months after the patent
ssues.  Almost mmediately after it was granted, Casale’s "067 Patent way i jeopardy. An
opposition to the 067 Patent was filed by Linde AG and Thvssenkrapp Indusirial Soluttons AG
{the “European Qpposition™), bringing to the attention of the EPO additional prior art that Casale
had not put before 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
wicluded in the European Opposition. Casale had not disclosed this prior art 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 RTO.
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47. Both the "067 Patent and the related "770 patent were prosecuted on behalf of
Casale by Earopean faw firm M. Zardi & Co, SA (“Zardi™).

48, Zardi was founded it 1999 by Marco Zardi and 18 a Swiss law firm specializing in
mtellectual property.

49, Both the US and European patents are based on the same PCT application filed by
Zardy, and specifically, Marcn Fardi.

50 Zardi also s representing Casale n the Ewropean Opposition.

31, Zardi, melading Marco Zardt and Riccardo Biazzi, also were substantively

mvelved m the prosecuiion of the "168 Patent.

52. The current Chuel Execntive Officer of Casale 1s Frederico Zardi.
53 U inforssation and belief Marco Zardi and Federico Zardi are blood relatives.
54, On- wfornsation and belief, Casale engaged Zardy, rather than a law firmy with no

atfiliation with Casale or its officers. to assist #f in iis wrongtul scheme to prosecute the ULS. patent
without disclosing the material prior art, and to attetapt fo unproperly euforce it by corresponding
divectly with Topsoe to demnand a license, and to assist with correspondence to af least one Topsoe
potential customer.
Casale’s Communications with Topsoe Customers

33, Unbekuownst to Topsoe at the time, Casale began communicating with Topsoe
customers about the Disputed Patents and Topsee’s low carbon (blue) ammonia technology
beginning in the Fall of 2022.

86, Casaleraised the Disputed Patents, including the "168 Patent, o November 2022
{etter to at least one Topsoe castomer who 1% planning to develop low carbon {blue) ammonia

projects in Texas and Louisiana.
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37, Casale’s communications to that customer referred fo Caseale’s nghts. in the
Dispuied Patents, includmg the "168 Patent, and expressly represenifed that the Disputed Patents
were enforceable.

58.  The one featwre of the patented technology that is mentioned in the letter 13 the
techrgque that, as Casale kunew, has been used by Topsoe in iis conuneraial installalions and
disclosed in its publications since at least 2009 of splitting the synihesis gas stream imto two
streams one of which is used as fuel. Specifically, Casale stated that the patent concerns “a process
for the synthesis of ammonia wherem part of the hyvdrogen-containing process gas is used as a fuel
fraction to reduce the consumption of hydrocarbon firel and, consequently, to reduce ermissions of
carbon dioxide.” Casale represented that, according to #s evalustion, without the use of flus
technique, “the result would anyway be a higher plant cost and a lower efficiency.”

50 Casale’s letter to the customer referred fo Topsoe’s blue anmimonia technology and
Topsee's 2022 AICHE paper and presentation and attached a copy of the Topsoe’s paper clainung
that it fell within the scope of the patent.

60, Casale’s communications were made to disparage and malisn Topsoe by
characterizing Topsoe as an infringer, as well as 1o thieaten customers with patent mfringement
should they choose to do business with Topsce. Casale was hoping to scare customers away from
doing business with Topsoe now, and in the futue.

61.  The European Opposition, filed on June 8, 2022, predates Casale’s communications
to Topsoe’s customer. Casale’s communications did not include any information related to the
European Opposition of the "607 Patent, bowever, nor did Casale reveal that the prior art raised i
those gpposition proceedings raised significant concerns about the enforceability and validity of

the Disputed Patents.
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62.  The European Opposition, m which the validity of the *607 Patent is being disputed,
was relevant to the contents of Casale’s communications at the timme sent. The prior art references
cited in the European Opposition are miaterial to patentability and enforceability of the Disputed
Patents.

63, Casale knew that the Ewopean Qppostiion was relevant fo the cointents of the
{Casale’s comupumications to custoniers at {he tiue seat, Casale kaew thai the prior art references
cited in the European Opposition are material to patentability and enforceability of the Disputed
Patents at the time Casale sent ifs commintcations to Topsee’s customer.

64, In addition, vo reference was made i Casale’s comminnications to any of Topsoe’s
prior-art publications {o which Casale had aceess, manv of which predate the "168 Patent ot {o 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 fatled to put any of the Topsoe prior art or
the prior art raised 1 the European Opposttion when i obtained the patent from the US PTO.

65, Casale kvew that 1t patent was invalid and upenforceable bal éngaged m these
communications regardless.

66,  Casale’s staternents were also false ad misleading because Casale represented that
it was the only legitimate source for low carbon ammonta technology that uses a portion of the
synthesis gas stream as fuel. Casale was fully aware that this was not true.

Casale’s Communications with Topsoe

&7.  On February 24, 2023, after Casale began sending its false and nusleading

conpnumications fo customers, Casale, through Riccardo Biazzi of Zavdi, seént ity first

correspondence (“First Letter to Topsoe™) fo Topsoe.

]
=
)

$
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68.  The Fmst Letter to Topsoe stated that Casale was “of the opimon that the
SynCOR™ process with hydrogen firing includes all the festures rectfed, at least, in the
mdepersdent claims of the [Disputed Patents]”

69, The Farst Letter to Topsoe did not inwelnde a claim chart or other detailed
miftmgement atialysis and 1ostead agam emphasized that the syathiesis gas 15 split into two streams,
one of whichasused as fuel. Spectlicallv, the First Letter to Topsoe stales that the Disputed Patents
“protect a process for synthesis of anymonta from natwal gas comprising the conversion of
desnlphurized natural gas and steam with oxygen-enviched air or oxygen, and further comprising
that a part of CO2-depleted synthests gas (1.e. hvdrogen-tich gas)'is fed as fuel to at least oue
fnnace.”

79, Inasecond letter fp Topsoe dated Tune 1, 2023 ("Recond Letter to Topsoe™} Casale
pointed to the Topsoe September 13, 2022 paper that was presented af the AICHE Anunomnia Safety
Conference, alleging s “opiunion that the 8ynCOR process appears to inchude features patented by
Casale is based on the following diagram from the paper by Kakoti and Dahl.™ This diagram is as

follows:

raspranas

14
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71, Casale explamed “If we compare the above diagram with clagm 1 of US 11,286 168
we find self~evident that the SynCOR process includes all features of the clamm.”

72, Neither The First Letter or Second Letter to Topsoe disclosed that Casale already
hiad comumnnicated false, misleading, and disparaging statements to customers. Instead, {asale

concealed that information.

=
Lk

Topsoe responded to the Second Letter to Topsoe on June 13, 2023 (“Second Letfter
to Casale™). Topsoe pomted ont that the Topsoe’s SynCOR™ annnonia proeess “was nsing the
features purportedly clammed by Casale long before Casale filed its patents™ and that a process
identical to the one described in the diagram Casale had included m ©s secound letter was described
tn at least fhe preseutation and accomnpatyviig paper at the 2008 FAT meeting that Casale liad
attended. Topsoe noted that Casale had access fo at least the “2009 FATI meeting, and received
preprints of the seminar papers, including the paper anthored by Topsoe . . . [which] Casale did
not disclose . . . tO the patent office.” Topsoe also noted that Casale had divect access to Topsoe's
technology puplemented st the HFCO plant when “Casale began & revamp of [Topsoe’s
technology implemented at IFFCQ’s Aonla Fertilizer plant} in 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 technology implemented by Topsoe in the plant was not disclosed o the PTO. Topsee
closed the letfer by asking Casale fo advise whether i had communicated its mifringement
allegation to customers and if so, to identify those customers and provide copies of any writfen
communications.

74, On September 15, 2023, representatives from Casale and Topsoe briefly discussed
verbally Casale’s allegations. Casale’s US attomevs and attorneys Marco Zardi and Riccardo

Biazzi from Zardi participated on the call, as did efficers of Casale, Evmanne Filippt, Chief
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Technical Qfficer, and Raffaele Ostuy, Hesd of Gas Technologies {who also is named as an
wventor on the "168 patent). Topsoe asked whether Casale had commwmnicated fo customets ifs
infringement allegations about Topsoe’s SyuCOR™ ammonia technology.  Casale’s Chief
Technical Officer, Ermanno Filippi, stated nneguivocally that 1t had not done so. This was a lie.
Casale’s Reguest for Supplemental Examination of the *168 Patent
75, On February 16, 2023, shortly before its putial correspondence with Topsoe and
significantly after becoming aware of the Oppositions filed m the Furopean counterpart "067
patent, Casale filed a request for supplemental exanvination of the 168 Patent at the USPTO.
76, Casale’s request for supplemental exanuniation presented to the U.S. Patent Office
eleven prior art references that were raised in the European Opposition proceedings stafing:
the Fuwropean counterpart {EP Patent No. 35383067B1) to U S, Patent
Ne. 11,286,168 was challenged via two Notices of Opposition both
filed before the European Patent Office on June 8, 2022, These
cpposition proceedings remain pending before the European Patent
Office, with the Patent Owner baving filed a reply to the Notice of
Opposition on Novermber 3, 2022, Out of an abundance of caution,
the Patent Owner 55 submitting this Request, which melndes as the
items of mformation to be considered the references cited in the
Netice of Opposition.
Corrected Regnest for Supplemental Examinationr dated Apnid 16, 2023
7 A supplemental examination is a process brought by the patent owuer to reconsider
a patent that was 1ssued by the US PTO. Tt is an ex parte procedure in which no party other than
the patent owner can participate. By raising this prior art 1n the supplemental examination, Casale
prechuded Topsoe or any other competitor from filing a petition for Infer Partes Review {(“IPR}
with the US PTO raising any of the prior art that Casale bad omitted. In contrast to the
supplemental examination procedure chosen by Casale, in an IPR proceeding, the third party who
files the petition 1s allowed to fully participate. Casale wanted to prevent this from ccontring so
that it could completely control the dialogue with the US PTO.
- 16-
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78 Casale did not melude any other prior use or prior art reference m its request for
supplemental examination beyond those that had been raised in the Furopean Opposition,
Incredibly, m regquesting the supplemental examination Casale s#i/l fatled to raise the Topsoe prior
art of which it was fully aware, CUasale did not melude any reference to Topsoe™s 2009 FAI
presentation or publication i its reguest for supplemental examination, or any other Topsoe
preseniation or publication about its low carbon ammonia technology.

78 Nonetheless, even without the Topsoe prior art, and even without an adverse party
participating m the proceeding, on May 11, 2023, the US PTO issued the Supplemental
Examination Certificate, finiduig that there was “[a} substential new guestion of pateutabality
affecting claims 1-237 of the "168 Pateni based oi the prior ant references that were mncluded by
Casale in its request for supplemental examination that Casale had not previously disclosed during
prosecution of the “168 Patent.

80.  On Jupe 28, 2023, an ex parte reexanination was ordered by the US PTO pursuant
to 33 ULS.CL 5 257, As the naine implies, in a reexamingtion proceeding the validity of the patent
is reexaniiiied by the US PTO. That reexamination proceeding is still ongoing as of the date that
this Complaint is being filed.

81, Casale did pot mclude auy reference to s revamp of TFFCO s Aoula Fertilizer
plant from 2014 to 2018 in its request for supplemental exanunation or in any subsequently filed
papers i the ex parfe reexamination.

R2. On November 2, 2023, Casale submitted an IDS in the ex parte reexam that
wmchided “Response letter from Topsoe comusel dated Jume 13, 2023 and Topsoe™s 2009 FAT
paper: ““Fertiliser Policy for Sustainable Agricultime’, The Fertiliser Associate of Tndia Annual

Sepunar 2009, December 3-3, 2009, 10 pages.”

]
[
e
¥
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¥3.  Casale has pever refracted anyv of its statements to Topsee’s customers regarding
the Disputed Patents and their enforceability, despite knowing that the US PTO has now placed
the "168 Patent into reexamination because it found “{a] substantial new question of patentalulity
affecting clanms 1-237 and that the validity of the "067 Furopean Patent s being seriously
challenged 11 the European Oppostlion,

FIRST COUNT

{(DECLARATORY JUDGMENT OF UNENFORCEABILITY OF UA. PATENT NO.
11,286,168)

84. Topsoe mcorporates by reference the allegations sel forth m this Complaint as
though fully set forth herein.

83, Anactual and justiciable controversy exists between Topsoe and Casale concerning
the "168 patent.

86.  Due atleast in part; to Casale s repeated letters fo Topsoe and o at least one Topsoe
customer, there IS a snbstantial controversy between Topsoe and Casale and there is sufficient
mmmediacy and reality that Casale will seek to assert and enforce its patents against Topsoe.
Therefore, a declaratory judgment action is appropriate.

87. Topsce seeks & judgment declaring that the claims of the "168 Patent, and any
related U 8. patents, are wienforceabie under the doctrine of inequitable conduet,

§8. The clams of the "168 Patent are unenforceable dué to inequitable conduct
commiited before the US PTO by Casale, Casale’s attorneys {inclnding Zardi atiornevs and Marco
Zardi}, attorney Simon, and Casale’s employees™ and "168 Patent inventors’ Francesco Baratio
(“Baratto™} and Raffaele Ostuni (“Ostuni”). These individuals deliberately and knowingly
withhield andfor omitted material information from Topsce prior art in connection with the

prosecutiot of the spplication fhat matured o the "168 Patent m violation of the duty of cander
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to the PTO preseribed dn 37 CFR. § 1.56. The miormation withheld and omuted was hughly
material and was withheld and opmtfed with an infent to deceive the PTO andfor "16R patent
examiner, as deseribed balow.
Q. The "168 Patent ists hwo inventors, Francesco Baratto and Raffaele Ostunt.
G, The "16% Patent was prosecuted by the atiorveys of Digrsey & Whitpey LLP,
inchuding Marcus S. Simon (Reg. No. 50,258} (*Simon™), assisted by Angela Staschke and Holly
Morton.
91. As a registered patent atterney for Casale, Simon was aware, or should have been
aware, of ns duty of candor to the USs PTQ.
92, Eachmventor listed on the " 168 Patent wias made awate of and ackuewledged therr
duty of cander to the 118 PTO and duty to disclose material information to the 1ISPTO, stating:
I acknowledge the duty to disclose all information which is material
to patentability as defined v 37 CFR. § 1.54, including for
continuatiop-in-part. applications, matetial nformation which
brecame available batween the filing date of the prior application and
the national or PCT miternstional filing date of the continuation-in-
part application.

Combined Declaration and Assignment signed August 28, 2018,

93,  Additionally, each mventor falsely declared in violation of 37 CFR. § 1.63 “Tamn
the original mventor or an original jout mventor of a claimed mvention i the above-identified
application.” Both inventors were fully aware that the invention claimed in the “168 Patent had
already been publicly disclased and i the prior art.

94 Both Ostuni and Simon have been actively involved in conmmunications regarding
Casale’s assertion of clatms of infringement against Topsoe. Ostuni and Sinwon were both present

dwring the September 15, 2023, call between Casale and Topsoe.

95,  The "]168 Patent has an effective filing date of January 31, 2018,
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4. Prior to the effective filing date of the "168 Patent, Casale had access to and
kunowledge of several pieces of prior art attributable to Topsoe, meliding but not lunited o the
2009 Fertilizer Association of India Annual Seminar presentation: 2009 FAI Paper; and Topsoe's
technology mstalled in IFFCO’s Aonla Fertilizer plant, which Casale wag hired to revamp befween
2014 and 2018, Topsoe’s disclosures predate the 168 Patent.

u7. Baraito, one of the two mventors of the "168 Pateni, was appointed Deputy
Departinent Head of the Syngas Process Department of Casale in December 2012, His duties
assoctated with this position mcluide coordinating fechnieal proposals and feasibility study
activities. Ou information and beliell due o Baratto's posifion, aund the relatively small size of
Casale, he would have worked on or at the very least known of the IFFCO project to revamp the
Aonla Fertilizer Plant. Further, Baratto was involved in the design of Casale’s amnonia plants,
including revamp prejects such as the IFFCO revamp of the Aonla Fertilizer Plant. Therefore,
prior to, at the time of, and after the effective filing date of the *168 Patent; af least one of the 168
mventors, Baratto, had divect, firsthand knowledge of at least one piece of Topsoe prior ar,
namely, the low carbon amunonia processes and products embodied in the Aonla Fertilizer Plant
that was installed by Topsce and revamped by Casale from 2014 to 2018,

98, Onioformation sad belief, Ostant also had direct, firsthand knowledge of at least
pue piece of Topsoe priorart, As described sbove, materials from the 2008 FAT conference show
that Casale representatives attended the Topsoe presentation, and Casale recetved the accompanied
paper.

99, In addition, Topsoe has published and presented frequently on its low catbon
ammonia process and it 1s used commeercial in mauny factlities worldwide, Casale and Topsoe are

direct competitors and aware of one another generally in the industry.

S 20
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100, The "168 Patentis directed towards a process for synthesis of amuonia from nahural

gas. The "168 Patent melades fwo independent elamms.

101,

The first independent claim of the "16% Patent is:

1. A process for synthesis of ammonia from natural gas,
the process counprising:

conversion ol i charge of desnlphutized natural gas and
steaun, with oxygen-enriched air or with oxygen. into a
synthesis gds coitlaining hydrogen, €O and CO2,'in a
sonversion setion:

treatment of said synthesss gagincluding at least @ shift
reaction of the carbon monexide infe CO2, and subse~
quent separation of CO2 from the gas, thus obtaining a
CO2-depleted syathests gas and a CO2-rich gaseous
low containing the CO2 separated fronn the gas;

separation of'a part of said CO2-depleted synihesis gas as
Tuet fraction, wherein said foel fraction is fed as foel w
at Teast one fumace and wherein satd separation of the
fuel fracuon inchudes the spliy of said COI-depleted
synihesis gas inie at least & first stream and o second
stream, suid {rst and second streams having the same
composition, wherein the firgt stream forms the fugl
fractior and the second streatn 1s process gas inténded
for the synthegis of ammonia.

102,

The second idependent clainrof the 168 Patent is:
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fhe plagt inchudes a reforming section that elades & pri- |
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flow as oxiley, instead of air for the secomimy |
reformer;
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sdecarbonation, fhr use ax fue! fraction, and slineating a |
regining process fraction of the svinhesis gas for |
REINEEER Conversion
feoding sald fue! fmotion of the gas, which has u reduced |
COF coatent, as fool for at least one fumace of the |

Ex. tafcol 20, 1L 22-38

103, As is apparent from the claims above, a key element of both claims is separating
ont the synthesis gas into two streams, one of which is then wsed as fuel.

104, During prosecution of the application that eventually issued as the "168 Patent,
ndependent claim 1 was wmdependent claim 19 and judependent claim 21 was independent claim
39, The patent Examiner inttislly rejected both claims as obvious undér 35 U.8.C. § 103 in Light
of Reddy et al (US 2004/0234426) in view of a mnch eatlier filed patent owned by Casale, Ostum
et al (UUS 2016/0115017 A1), Office Action dated April 28, 2021,

105, Inrespouse, Casale grgued that “Ttihe PTO hafd] not established a prima faore case
of obvionsness against independent claimi {1] because, af a punimwm, the PTO hald} not
demonstrated that the cifed references teach or suggest . . . ‘separation of a part of said CO2-
depleted svnthesis gas as fuel fraction . . . wherein said separation of the fuel fraciion includes the
sphit of said CO2-depleted synthesis gas nto at least a firsi siream and a second stream, said fist

and second streams having the same compesition.” Response dated Oct: 22, 2021, {emphasis in

original). Casale distinguished Reddy on the basis that Reddy did not sphit the synthesis gas into
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twn streams having the same compesition, but rather inte “sn hydrogen tich stream and a methane
rich stream.™ Casale argued that the “distinguishing feature of the “first and second streams having
the same composition,”.. . plavs a substantial role in the solution of the techuical problem
undertying the claimed subject matter.™ This 1s because using the CO2-depleted synthesis gas
rather than a methane rich gas (as Casale argued was faught in Reddy), reduces the CO2 emissions
of the processes disclosed in the "16R Patent.?

1068, At the time Casale made these statements, it was well aware that the Topsoe low
carbon aminonia technology inchided this same “distingnishing featwe™ but intentionally
coticealed this mformation from the Examiner in order {o secure allowance of the patent.

107, Casdle’s concealment strategy worked, and the Examiner withdrew the tejection.
The reason the Examiner gave for allowing the claims was the “distinguishing feanure of the first
and second streams having the same composition.” Netice of Allowance dated Nov. 18, 2021, As
a result, the claims were allowed as onigmmally filed. Independent Clanus 1 and 21 in the issued
patent sre identical o wdependent clainis 19 and 39, respectively, filed 1w the prelimivary
amendment on August 13, 2019,

108, The 2009 FAI Paper states that “Vanions schemes for optimizing the ammonia

process i order to minimize the energy consumption as well as the emission of CO» will also be

2 Casale did not make a separate argument directed towands the obvicusness rejection of
midependent claim 21, but mstead argued that i hight of the arguments distinguishing Reddy m
view of Ostun, “the other rejeciions to the claims {were] moot and {did] not, therefore, need o be
addressed individually.” While Casale acknowledged that independent clam: 21 did not
specifically clapm that “said frst and second streams having the same composition,” i clavned flus
linitation was implicit. Casale contended that, in claiming that “separating a part of the synthesis
gas, downstream of decarbonation, for nse as foel fraction, and allocating a remaining process
fraction of the synthesis gas for ammonta conversion” and incorporating the argument as to claim
i by reference, i iy implicit in the language of mdependent clamm 21 that the syuthesis gas is
separated wto two streams baving the same composition.

]
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discussed i detail.” This reference specifically 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
fuel in the primary reformer.” As specified by Casale m distinguishing the Reddy prior art
reference, the purpose of separating fwo streams of synthesis gas, one nsed as fuel and one wsed
for mmmonia production, “plays a substantial rele m the solufion” provided in the "168 Patent. The
2009 FATL Paper discloses that the excess syngas used for fuel and the gasnsed to produce anynoma
can be from the same source gas {e.g.. have the same composition). The reference explains:
“excess synthests gas 18 produced, and this excess gas is used as fuel in the primary reformer.”
Therefore, this reference s lughly naterial o the patentabiliiy of the " 168 Patent and should have
been disclosed during prosecufion.

109 The 2009 FAI Annual Seminar presentation discloses substantially the same
information as disclosed in the 2009 FAI Paper, and includes the below figwre, which shows the
excess syngas being recveled back to the primaary reforiner as fuel. Therefore, for the same reasons
as discussed above with respect to the 2008 FAT Paper, this reference is hughly material to the

patentability of the “168 Patent and should have been disclosed during prosecution.

Ty

Faeg
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110, In addition, as part of Casale’s work on revamping the IFFCO anunoria units from
2014-2108, it was given extensive access to Topsoe’s design for the anmonia units and learned
that Topsoe’s design inclnded splitting a synthesis gas stream into two streams of the same
composition so one streamn could be used as a fuel. Therefore, this information is highly material
to the claymed subject matter of the "168 Pateni and should have been disclosed during prosecntion
of the "168 Pateat.

111 Despite Casale’s clear and undeniabie knowledge of the numerous material Topsoe
disclosures that predated the "168 Patent, no reference was made to any prior arnt disclosures
atiributable to Topsee diuring prosecution of the "168 Patent.

112, Casale also did not disclose any of the Topsoe priot ant references or Topsoe™s low
carbon ammonia process that was in comnercial nse when Casale filed a request for supplemsental
examination of the 168 Patent. Casale further did not disclose its revamp of IFFCOYs Aonla
Fertilizer plant from 2014 fo 2018 after filing or during the pendency of the ex parte reexanination.

113, Casale iptentionally omitted and ondy finally subnutted the Second Letter that
Topsoe had written to Casale and the 2009 publication referenced in the Second Letter to Casale
i an IDS filed on November 2, 2023 i response to the reexamination non-final Office Action.
Casale finally did so because 1t knew that Topsoe was aware of the reexanination and Casale’s
duty of disclosure to the USPFTO.

114, Casale’s disclosure dwring the ex parte reexamination of the Second Letter to
Casale and the reference cited in that letter, Topsoe™s 2609 publication of “Energy efficiency and

~

CO2 reduction potential 11 anutionia plants based on lean gas” shows that Casale knows and
understands that Topsoe’s disclosures of its ammionia technology and the technology used m the

IFFCO plant were material 1o patentability of the "168 Patent and are prior art to the "168 Patent.

]
[
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Therefore, Casale’s knowing and intentional nondisclosure of these prior art references, and 1ifs
access to Topsoe’s fechnology tmplemented in the IFFCO plant constitutes an mtentional and
material nondisclosure.

115, Casale knew of the materiality of the Topsoe prior art references before, during,
and after prosecution of the "168 Patent. The "16& Palent bas an effective filing date of Janwary
31, 2018, shortly afier Casale completed its revamp of IFFCO™s Aenla Ferfilizer plant. Casale
began sending cominunications fo custorners in the Fall of 2022, shortly after the "168& Patent
issted on March 28, 2022,

116, Casale’s disclosure of the Second Letter to Casale and the 2009 publication
referenced in the Second Letier durmg the reexanmpation does not, however, satisty tis disclosure
requirenments before the USPTO.

117, In addition to not disclosing the Topsoe prior art references, CUasale withheld its
own material prior art disclosures during prosecution of the 168 Patent, including at least 2012
MEGAMMONIAR — the Mega-Anuwnorga Process: the Newest Trend in the stumonia Industy.

118, 2012 MEGAMMONIA® - the Mega-Ammmonia Process: the Newest Trend in the
anunona Industry discloses a process in which COz is removed from syithesis gas and sphit into
two streams, one streamn ntended for synthesis of ammonia and one stream intended for use as
fuel.

119, This Casale prior art reference was publishied 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 claimed
subject matier of the 168 Patent and should have been disclosed during prosécution of the "168

Patent,

-26-
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120, This reference was published by Casale. Therefore, it 1s undemable that Casale
kuew of his prior art reference before, at the time of, and afier the filing date of the 168 Patent.

121, Despite Casale’s clear and undeniable knowledge of ifs own material disclosure
that predated the 108 Patent's effective filinig date, no reference was made to it during prosecution
of the 168 Patent.

122, Casale clearly knew that ifs own prior et references are matenial prior aft {o the
patentability of the "168 Patent as Ustuni ef of. (1S 2016/01 13017 A1), a patent application also
owned by Casale and invented by Ostunt, was cited in the obvicusnessrejection of the " 168 Patent.

1230 Simlarly, i Casale’s US2019/0023565 (which names as mventors Ermanno
Filippi, Francesco Barstto, and Raftaele Ostont and originates. fiorn a PCT application fided by
Marco Zardi) Casale disclosed its own prior art references, and the US PTO cited Topsoe prior art
references when rejecting the claims presented by Casale. Thus, Casale knew s own prioy art
references, as well as Topsoe prior art references were material to patentability of the "188.

124, Casale’s failure to disclose the Topsoe prior artreferences and ifs own prior art
disclosure dwring the mitial prosecution of the " 168 Patent was done knowingly and mtentionally,
with the intent to fraudulently obtain the " 168 Patent by withholding material prior arf references.
This therefore constitutes an tfentional and material nondisclosure.

123, Titentional nondisclosure of material prior art during prosecution of a patent
application constitutes inequitable conduct.

126,  Inequitable conduct during prosecution of a patent application renders any resultant
patenit unenforceable.

127, All pon-doplicative relevant prior art nmst be disclosed and filed doring prosecution

of a patent application. An explanation for not submutting any relevant prior artinust be neluded

[ ]
e
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during prosecuiion of a patent application. No such explanation was filed during prosecution of
the "168 Patent as to the nondisclosure of the Topsoereferences or the Casale refevences that were
known to Casale.

128, Atleastaftorney Simon, inventors Baratto and Ostun, and Marco Zards were aware
of certain Topsoe and Casale prior art and the mateniality of Topsoe-and Casale prior avt to the
claims they were pursuing in the "168 Patent and intentionally withheld that information from the
US PTG

129, Casale’s, Casale’s attorneys, attorney Simon’s, and Casale’s emplovees” and "168
Patent miventors’ Baraito and Ostunt failure fo disclose material nformation fo the US PTO was
done knowngly and intentiopally, and with ntent to decerve the Examiner aud the US PTO uilo
issuing a patent even though the "168 Patent’s clatms were not patentable or which would be at
risk of not being patentable due to material disclosures in at least Topsoe and Casale prior art.

130, Casale, Casale’s attormeys, attorney Stmon, and Casale’s employees and "108
Patent imventors’ Baratio and Ostani engaged i this conduct to avoid the Exsmmer rejecting
claims of the "168 Patent so that Casale could monetize its intellectual property through litigation
against other members of the industry, to monetize the intellectual property of Topsoe that Casale
derived from its access fo Topsoe’s processes as well as to recapture technology that already was
part of the public domain.

131, As aresult of the unenforceability of the 168 Patent and Casale’s assertion of the
*168 Patent and allegations of wfringement of the “168 Patent against Topsoe and s customers,
Topsoe has suffered apd will confinue to suffer harm and seeks declaratory judgment of

unenforceability of the "168 Patent, and any related TS, patents.
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SECOND COUNT

(UNFAIR COMPETITION AND FALSE ADVERTISING UNDER THE LANHAM ACT)

132, Topsoe meorporates by reference the allegations set forth i this Complaint as
though fully set forth herein.

133, “Aany person who, on ot uicongection with any goods Gy setvices, or any container
for goods, nses m commerce any word, term, 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 confusion, or to cause mistake, or to deceive as to
the affiliation, connection, of association of such person with another person, or as to the ongii,
sponsorship, ot approval of his oy her eoods, services, of cormmercial activities by another person,
or inn commmercial advertising or promotion, misrepresants the nature, characteristics, qualities, or
geographic origin of his or her or another person’s goods, services, or comimercial activities, shall
be liable in a civil action by any persen who believes that he or she 15 or 1s likely o be damaged
by such act.” 1S ULS.CL § HI2Ma(1WAMB)Y

134,  Casale’s communications to at least one Topsoe customer in November 2022
compared its blue amumonia technology, which it falsely claimed were covered by the Disputed
patents, with Topsee’s blue ammonia technology. Casale’s conymunications falsely claimed that
Topsee's blue smumonia technology miringed the Disputed Patents; meludnig the "168 Patent and
that the ‘168 Patent was valid and enforceable. Further, Casale falsely clanmed that Casale was
the only legitimate source for low carbon amimonia techiiologies that uses a portion of the syathesis
gas stream as fuel. Casale kuew, however that these comnunications were false and misleading
Casale knew that the "168 Patent was mvahd and uvenforceable and that it was not the only

legitimate sowrce for this technology. Casale alse knew that its "067 Patent, whicl it specifically

-20.
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referenced 1n ifs commumications with the customer, was the subject of the Ewropean Oppesition,
which was filed four ynonths eatlier in June 2022 and had raised serious prior art mvahidiy
concerns regarding the Disputed Patents. Thas, Casale misrepresented the nature, characteristics,
and gualities of botl Casale’s products and of Topsoe™s products,

135, Despite Casale’s koowledge of s imeguiable condii and the resultand
unenforceability of the 168 Palent, if still engaged m a course of conduct in which it asserfed ifs
unenforceable patent rights against Topsos and notifted customers of its patent rights, falsely
clathing that its patents were valid and enforceable.

136, Casale, nyasserting 118 unenforceable patent rights and specifically stating {hat they
were “enforceable.” desptie kuowing that the Disputed Patenis are nnenfotceable, if not alse
invalid, has acted in bad faith and with malice. In so doing, Casale’s actions are not gnarded from
tiability under the Lanbam Act. Casale has acted with malice and specific intent, as it had
knowledge of the falsehood of ifs statements and/or acted with reckless disregard for the truth and
made the statements regardless, with tie intent fo cause hamu to Topsee™s reputation and business.

137. The false statements nwade by Casale as set forth here. constitute material
niisrepresentations and/or opdssions of the natwre, characteristics, and qualities of Casale’s amd
Topsoe’s goods, services and/or commercial sctivities, and are thus in violatjon the Lanham Aci,
15 US.C § 1125(a). The staternents were miended to mislead or confuse consumers and divect
them to Casale’s products instead of Topsoe’s produets,

138, Casale’s communications constifute unfayr competition under 15 UK.C

%)

H25aX1KA),  Casale's communications included false and misleading descriptions and
representations of facts, including the enforceability of the Disputed Patenty and their

mfringement. These false and misleading descriptions and representations of fact were made with
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knowledge of their falsehood apd with the bad faith mtentfo cause confusion and musiake as to
the ability of Topsoe and tfs custorzers to make, use, sell. and offer to sell the Topsoe™s low carbon
{blue} ammonia products and processes and were likely to cause such confusion and mistake.

139, Casale’s comnnmication 1o cistomers coistitutes comimercial advertising or
promotion as i consiitates commercial speech by a competitor with the tent {o pfluence
consnmers info buving Casale’s services rather than Topsoe’s. Casale’s communication 1o
customers constittes sufficient dissemination to the relevant purchasing public to constitute
advertising within the relevant industiy. Here, the relevant market for purchazers of low carbon
ammonia technology 15 icredibly small, with linuted customers offering only a small nuanber of
very large projects that will typically take years to msiall. Therefore, Casale’s communication fo
customers, even i a vacuwn, constitutes commercial advertising and promotion within the scope
of the Lanham Act. Casale engaged inn a course of conduct specifically to interfere with Topsoe’s
relationships with its cusiomers by notifving at least one customer of Topsoe's alleged
miringemnent, and creating uncerfainty as {o Topsde customers’ abilifies to do business with
Topsoe without Hability. This conduct is well within the scope of commercial advertising and
promotion.

140, Casale’s actions fook place in inferstate cornmerce, Casale, which is a foreign
corporation, and which has a Untled States headquarters in Texas, sent a letfer o ab least one
customer with 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 #ts blue
ammomna technology products to enter jnterstate commerce, imcluding through ifs proposals to

customers iu the U.S.

Topsoe, Inc. — EX1003
Page 1077 of 1210



Case 324-0w-00033  Docwnarg 1 Filed on Q31424 in TXSD Page 32 of 35

141, Casale’s commmunications deceived and/or had the capaciiy to deceive customers.
As a result-of Casale’s conmpunications, at least one customer is under the impression that Casale
owns valid, enforceable, and exclusive rights to low carbon (blue) ammonta technology, which is
not true.

142, Casale’s conmmmmucations are materal and likely fo mfluence the purchasing
decisions of custorgers.  As Casale well knew, customers for blue amumonsa technology would be
unwilling to niake the large capital expendifires needed to build or revamp an ammonia plant
under threat of patent mfringement {even when that threat 15 unfounded). Therefore, the false
statements 1 Casale’s connnunications were hkely to mwfluence purchasing decisions.

143, Asa divect and proxamate resuli of Casale’s false and misleading statements m the
marketplace, Casale caused economic injwy to Topsoe. Casale’s false and misleading statements
have caused at least one customer to withhold trade from Topsoe.

144, Fusther, as a direct and proximate result of Casale’s false and misleading
statements, Topsoe has suffered, and will continue to suffer, monetary’ damages, and seeks
recovery, in an amount to be proven at trial, to compensate for Casale’s false advertising and vnfair
competition. Casale’s false advertising and unfair competition will continue to damage Topsoe,
causiig irreparable harm for which there 13 no adegquate remedy at law, unless enjpined by tus
Court.

145, Casale acted m bad faith, intentionally, with knowledge of, and i willfusl and
conscious distegard of Topsoe’s rights, i misiepresenting the nature, characteristics and qualities
of Casale’s process and tfs ilictily obtained 168 Patent and of Topsoe’s process. Topsoe is
entitled to mjunctive 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 s an exceptional case within the meaning of Section 35 of the Lanham Act,

THIRD COUNT

{COMMON LAW UNFAIR COMPETITION)

147, Teopsoe meorporates by reference the allepations set forth w this Complamt as
though fully sef forth herein

148, Topsoe allezes herein that the claim for commmon law wndhir competition avises out
of the same facts that support Topsee’s causes of actions for the Lanhaum Act violations. Therefore,
Casale’s actions give rise to an actionable cause of action for common law unfan competition.

149, As desoribed m Topsoe’s Lanham Act clsnms, Casale hss, among other things,
knowingly made false and misleading representations to Topsee’s customers regarding the vahidity
and enforceability of the Disputed Patents and thew alleged infringement.  These false and
nusleading descriptions and representations of fact were made with knowledge of thewr falsehood
and with the bad faith mifent t© canse confusion and nustake as to the ability of Tapsoe and iix
customers to make, use, sell, and offer to sell Topsoe™s low carben {blue) apunomia products and
processes and were likely to cause such confusion and mistake. As a result of Casale's unfair
comppetifion. Topsoe bas suffered monetary damages, and seeks recovery, in an amount io be
proven at trial, adegnate to compensate for Casale’s false advertising and unfair competition.
Casale’s unfair competition will continne to damage Topsoe, causing wreparable harm for which
there is no adequate renvedy at taw, unless enjoined by this Cowt.

130,  As a dwect and proximate result of Casale’s false and misleading statemenis,
Topsoe has suffered, is sufferiug, and will continue fo suffer imnediate and continning wreparable

mjury for which there is no adeguate remedy at law.
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151

Onvinformation and belief, Casale™s false and musleadmg statements are knowing

and willful, flagrant, and’or with intentional disregard as to the {rae nature of the product it offers.

Topsoe is entitled to an award of punitive damages.

PRAYER FOR RELIEF

WHEREFORE, Topsoe prays for judgment and seeks relief agamst Casale as foltows:

Al

For declaratory judgment that Casale’s "168 Patent, and any related U.S. patents,
are unenforceable;

for judgment awarding afforeys’ fees pursuant to 35 U8, § 285, or otherwise
permitted by law;

for judgment awarding o Topsoe all pauis, profits, and advantages derived by
Casale as a vesult of #ts wrongful conduct;

for judgment awarding monetary damages sufficient fo compensate Topsoe for the
harm suffered as a resnlf of Casale’s wrongful conduct;

for & judgment awarding enhanced damages and/or attorneys’ fees pursnant to
1ISUN.C § 1117

for a permanent injunction that! (a) enjoins Casale, s officers, agents, servanis,
and emplovees, and all persons in active concert and participation with them,
including their affiliates, from further disseminating the false and misleading
staternents in any form or medium, making the disparaging elaims i any form or
medivn: and {1 requires Casale to withdraw, retract, andfor retrieve all the
offending false and misleading statements and dispataging ¢latms;

for a judement awarding punitive damages for Casale’s unfail competition;
for judgment awarding costs of suit, as well as pre- and post-judgment interest; and

for judgment awarding Topsoe such other and firther relief as the Court may deem
yust angd proper.
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DEMAND FOR JURY TRIAL

Pursaant to Rule 38(b} of the federal Rules of Civil Procedure, Topsee hereby demands a

trial by jry of thas action.

Dated: Janmary 31, 2024

Kenueth A, Kuwayt (pro hae vice forthcoming)
Morrison & Foerster

755 Page Mill Road

Palo Alto, CA 84304

Telephons: {650) 813-5688

Email: kkuwavti@moto com

Betkeley 3. Fife (pro bac vice forthcoming)
Morrison & Foerster

733 Page Mil Road

Palo Alto, CA 94304

Telephione: {6530) 813-3626

Email: biife@@mofo.com

Respectfully submitted

By: /& Robert Riddle

Robert R. Riddle (attomey-m-charge)
Texas Bar No. 24035493

S.D. Tex. No. 1553007

Telephone: {713) 469-3881
Facsumile: {713} 469-3899

Email: middle@ieedsanthcom

Dantel Avilla TI

Texas Bar No. 24109601

5. Tex. No. 3363513

Reed Smuth LLP

1221 McKnwmey Street; Suite 2100
Houston, TX. 77010

Telephone: (713) 462-3869

Email; davila@reedsmith.com
Jennifer Black {pro hac vice forthcoming}
Reed Smth LLP

1717 Asch Street, #3100
Philadelphia, PA 19103
Telephone: 215-241-3460

Email: jblack@reedsmith.comm

Counsel for Plaintiff
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Tase 3.2

1
PROCESS FOR THE SYNTHESIS OF
AMMONIA WITH LOW EMISSIONS OF
COZIN ATMOSPHERE

FIBELEOF ARPFLICATEN 3

The vvention relates toothe fleld of
s fed with. netwat gas (NG

antnonia syihesis

PRIOR ART t

The anuaonda syathesis plantsof the tepe considered here
comprise d seation adapted o convedt the patorat gas intod
nmke- up gas contaiping hydrogen and nitrogen, and a syn-
15 ssution whereln said mgke-up g3 veacts caalviically
at high pressure b produce soumonds,

The seetion which générates siid miake-up gis s
w1 the technics] language a8 the “front end™. The
“hack end” b instend used todenote
synthesiz and (he respective eooling section iniended t coul
the efffuent of the syathests section i order 1 separate fhe
BITRIGMA.

fn the front end, the desulphorized natural gas undergoss
n..iomum;, c‘xuhmg oA gas comaming essentiatly hydro- 2
2 0 and carbiom ¢ e 02 Said
5 o shift venction. which converts 0 into

e

amation,
The reforming process, 36 @ common tvpe of plast, 5
comprises prirgary stiam reforming and a subsequent cata-
Iytic atr-fired secondary reforming. The pimary refomger is
Heated by borpers foelled by @ part of the avalable patural
gas. i the secondary refomner the efluent frome the prime Ay
mi.um:ei. brimns due- fcontacr swith the oxyegen contatped v
the i In some plants other eforming ennfigurations are
ik, Jor exampde an awtothermal refonmer (ATRY preceded
byea femace for hesting the charge, fo. the gaseous mixte
fad 10 said reformer,

The above deseribed smmania plaats ros
emissions of CO2 hnto the atmospheris, dverall o the region
of 100 million fomnes of CO2 par vear. One of the main
sovrees of COZ amission consists n-the combustion s
of the panary refonmer wd other burner furnaces # any, for
sxample doxstly GRtETs.

Por eavirvoumental reasons, i s required to minkize the
CO2 emissions from the fumes of the NH3 plants, The
probletn sflects in particalsr the older aimona planty whick
are less efficient than he new anes and bave greater CO2
flue emisshms In refation o m@ qummw of dmyaonis pr@— 3
seed. s also o o of the ead
shovld not ineréase excessive y ths:. costa for production ui‘
the dmimoena.

According fo the present state of th
capheing CO2 fian fowes ace based on owashing Witk 3
sofvents {for example the solvent KB-1TM. prc shaced by
xiwhmhs} The associpted plants are, however, cosily sl
comphicatsd: hove d high energy consmmption sud requine
expensive solvent. Therefore these COZ capturing processes
cansot-be applied o th devech here since they
wonld fncresse e ey the costs Tty production of the
Gnumnosa,

I soame snumonig sy othesis process
m‘ Lha; %‘ud Ay L\ wuppiie{l h‘

i

b sigmiteant 4

for

1, the proce;

8¢

of Hie priorart; pan

i yedueed {02 content. However, smd pww ﬂ(M accounis

the section for aromemia o,

3

W
b

s
W

W
o

Gi1

fod on J1RLR4 In TXSD Page 8ol 17

2

A
foor & small dmuum of the wotal fuel and does not sobve the

probleny of the CO2 erissions i the atmwsphere.

SURIMARY £ THE INVENTEIN

The object of the mvention {5 Wy provide 8 rmethod for
condiiciiag sramonia syathests processes with (02 ewis-
sione into the stmospliess which ars greatly retluced com-
pared 1o the prios art. Acgother object of the myvention 18 to
provide a nwthod for revamping the existing plants, of the
fvpe using adr-fed settndary reformiers abl to reduce dras-
tieally the CO2-en asaalo the atmoesphers,

The objects are sehicved with a pro and @ révampiog
methed gerording o the olaims,

Aceording to the invention, @ process for synthesis of
sk from netnval gas conyprises:
convession of 3-cwige of desudphur
sheat, V\"tth OAYE

= nainreal gas and

o1 m'ichui :Tir o wiih m{vuen i fornia

¢ af least ove siift
and snbseguent
a CO2-
DTS flow coft-

mm 1:\11 ﬂt tho &y rbun nmnsm\k it (
sepacation of CO2 from the gas: thus oblalning
dq‘;}c‘mi a'mllea and g CO2-rich g
yted from the gas;

g @ makes
agen-and }ndmsfcyt m a snjtable molar
svisthesis;

M as o
Laticr Bt Annromiy
characterized by
sei\(sr'mou G a part of ssid CO2-depléted syahesis gas,
ohtginiag o kel fraction of the syath wherein said
fiael fraction ds fed as fuel to-ar least nne frnace.

The invention alse felatiss o & method for revamping a
plant onginally comprising a reforaung section wihich
chides 3 primwry steam reloomer st air-feed secoadnry
reformer, snd treatment of the svath
shift resction. of carban, monoxide o carboa dioxide;
decarbonation and vphionally methanation. The revamping
method comprises at. bessts
pmviding, d fow of mdchedialr or uxygon and sing said
How as an oxidast for the secondary reformer insiead nf the
airy
separstiog @ partof tue's
Boratic,
wdn i siidd part of the synthesis pos, which has @ reduced
T2 content, as foal for gt least one futace of the plant,

The term “Tumece™ 13 vnderstood as meaning an appar-~
s chosen fon amos@’ 3 s reftemer oroa charge
preheater or & steany generator or @ steam superbeater These
appamstus, whivh opesite by aiesng of combustion, ke
identified by the tenm “fived heéater’™ Said {urgace 1 some
eembodiments forms part of the section for convering ke
natird gas int senthesis was. I wmhum amunoniadires
planis A

The portion of syothesis
o said st least one Numace s termed el §

vathesis gas dowastresm of decar-

mmprm‘d b
preferably between 1075 ¢
betwpen 200 and 31 .E*‘n:)r s
et the fued fraction s aguad J
which v intendad 16 be converted inte mmnmﬂa. i cailcd
process. feaction.

H shondd be poted that said foe] i“ma:rion is relatively high,
for example ghowt W of the tomd, The nvention i fwo
envisages that a non-negligihle portion of %yll(ht‘bx\ 238 15
aflocated o foel in order 1€ redooe the CO2 enussicns, This
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resudis 10 the need w0 produce an additional quantity of
synthes) by, a5 will be expleined more clearly below
with the aid of the exaaples, this necessity is compensated
for by the wdvamages of the mvention.

The sepuaration of the fuel fetion i advantageousty
perforrmed by splitting a process fow, for exainple gprocess
gus after shift and decarbonation. As a result of said splitting,
the fuel fraction and the remaining part of the gax, also called
process faction, have the same compositio.,

It showld he noted that the present invention envissges
delibersiely dllocating a part of the process flow 1w the fuel
Fraction, he foel feetion beiag dieectly separated from the
process tow sad having ihe ssrog composition, Theprior art,
on the other haand, teaches only allocating as fuel any purpe
streams derived frony puriBeative processes and containing
methave. The sald syaihesis gas with a low CO2 content
{CO-depleted syngas) preferably contains no more than
1000 ppm by vedume (.19 J T2, Baid gas & eompased
o880 m vidrogen {02 ) with oy small restdunt quaps

155

3T

prekrzsbiy ess than 1%.

The combustion of said gas s substantislly free fonm
production o COZ. in faet, the combustion of the hedrogen
o oot form Q02 god ondy the smad] quantity of TO or
CE4, Ii plw“nt THAN i(\rm o2,

one o mare farasces of the ruinrmm sccium it «ntl\
frome thie priov-ad which, e dis poepose, uses part of the
natoral pas, bel o bvdmearbon. The process gas part (fuel

Encimgun ¥ Emh Wy hum W xﬂwut mrm-i £ i U

guenttly 1 can be wderstood. it the invention alfov
COZ emissions o the aimosphere. o be deastieally

reduced.

Sard oxvaor-erriched air preferably contains ot least 50%
axygen by volume ad more peefersbly at least 9% oxvg
By wolunie and even miore prefeably st Jeast’ #5%. Thi
advnntages ol & high axygen coment in the enached wir are
s faliows: gemter caforific p(swcr of thc, W(‘Ihuis’ 2
smaller flow of flae & S

nG

throvgh the apparatus of the convets
ynentidy, smaller apparans.
rthesis gas preters

The (O 2-depleted: -
suh\mmw}!x alb-the 1 Ent the
process. n some .uhudum s, however, it iz pmu‘x\d 0
keep s small amount of natural gas which is called “tem
fuel™ of the forgace. Preferably suid sl quantioy acconts

for not newe thag 13 wrably not muore than 10%;

by ROFE Pre

of the total comblsion hea (duy) of the lumiace, The trim 30

fued allows the furmace o be pxdi controlled, for example
inorder wo guickly raise or lower the doad i neaded.

Sud perventage of the combustion heat may beexprossed
as the product beiween the flowrate (ky's or molis) and {he
eatorific power (kg or Fimed). '
ing by some embodmments of the imvention, meths-

8 UIl-deXNc
ofy of said e &p

The advan p\am'mn the fuel frsction beliwe
raeihanation i that of nt o g the mmethatation section
of the fuel fracton, and of not losing- the methamation: beat
of the firel fraction, Morester, Ror the same furmace hea

and CH4, ¢ pmﬂ}v Fess thatt 2% by volume and 20

e

W

W
b

w

W
o

Gi1

e
P

Hod on J1RLR4 In TXSD Page

Qofiv

4
1m1ununem anrd the sane pas tamperanuee, the el fraction
s shighily fess i removed before methangtion,

There are no disadvantages as repaeds CO2 adssions into
atosphere, which are the sane by nsing as foel both the gas
apstresn of the méthanator angd the gas. downstream of the
methasator, for e same Townate g case of nitroven
addition; the foel fraction 13 separated before adding mitro-
The advamage iy 8 greer eslorific power of the
wmi:wxs warw psed s fuel, which does not contadn milroges,
oF contains a smakler ot thexeot.

After separating the fuel fraction; the CO-dephated syni-
thiesiygas niyy be optionadly treated i a'puntication sestion
cormprising, for example, 9 PSA unit or copiprising & drver
followed by s ot Uit

The purification seclion produses at least
smmonia svathesis gas with a reduced content of foerts, and
at least one waste strewn containiag and O T
waste streant may also vontam H2 and N2 1o seme embodi-
ot gl feast pant of the waste gas af said puriication
section 5 used as fuel together with the el fraction,
Consegquently, the fuel raciion may be reduced.

The advantage of e purification wiit - thatof reducing
ihe inerts content 1o the make-up gas, resuliig n Known
advantsges: for the ammonta »\nth 2als, dneluding shtalier
contumption o1 cirenlition andl & reduction (or even el
metion) of the purge fow of the ammonia syathests foop.

According to the invention, the Mel faction 45 advanta-

one slreany of

geously separated vpstrsam of the punfication vait, Conse-
gueaily, ouly the syothesis gy portion sipplied 1o the

aoas synthesis underpoes treatment i the. purifl
section which, witlout having to process the synih
correspording toothe, fuel fraction, may m vealtred vith
maeh smaller dimensions, The advan of sepa aling the
fuel fraction upstean of he punficstion unit & that of
sveiding oversizing of the purification unit snd the corre:
spanding: consumption e the fel fraction of the syathests
gav. Another advanlage I e posstbility of comrolling
separaiely the fuel fracion and he porification unit,
There is no-disadvantage i separatity the el acion
streain of the puriffostion fom the podnt of view ol the
TOT epussions into atimosphere, since the (O, COZ and
O comained i the synthesis gas of the Tuel fraction would
be sepaeatedd by the puriiication unit jo forn the waste stream
and wsedas fugl,
Advantageos

‘I’IEl‘ﬂ

the purifioaion wal does not need t©
fave an ¢ high hydrogen recovery. becanse the
hydooget “lodt™ i the wasie i s nsed as fied i does ot
pmdum CO2enissiony o atmm;ﬂhre The fuel fraction
> syothesis gas is conseqoently regnlated:

Proferably, however the punhm?mu unitha
high ndwmu regovery such that the fuet !mumn Feoonnty
for at kmi 300 iuaui. af beast P, even miore pref-
erahly at least ﬁﬂm of the fernece duty. The applicant has
foniid thay s condition is advailisgecns by Wie controlaf
the Tornace itsell ndependently of the contrad of the pun-
fention mi,

The pucification section may comprise selective adsorps
fton of the undesirable components onfe a solid. n some
embitiments said pu ¢n sevHOn comprises s PBA
{presspre swing adsorption} vodl which 1 motecolar
sieves for separating CO. CHY, Ar, H20 agd esiduad CO2.
I other embuduments sail section compases st least one
dnu fowr separpting residual CO2 and water, followed by a
ogenie unu Hhr sspdmtwn o €0, CHY and Ar.The
weele separation wnit & preferably @ Liguid Nitroges:
Wash (LNW} wnit.
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5
A PSA unit typieally produces y single ow of puritied
mmiuu, whammi,stiv gt the feed pressure, and 2 single
3t g pressure muoch lower thai the foed
& stream cantains CO, CH4A: An HIO and
residued (02, and may contain FZ and N2.

I the purification seetion coivprises dover and LKW, the
pagfied product may emerge 8% one ormore sheams: sad
may already contain H2 and N2 16 @ suitable catio for the
syihesis of amnonis,

The drver hay a tail gas, peodoct of regeneration of the
modecudar sieves used for capturing mainsly’ H20 and the
traces of residnsl CO2 contatned o the feed, which would
§ during the cryogenic treatinent it ihe LNW andt, The
drveryany be repenerated with s nitrogen Sow (from the air
separgtion waith I this case the tall gas containing N2, H20
and CO2-may be discharged inte atmosphere or wmhined
with the il gas of the INW described hejow,

The LNW also has at least vine toil gos which contalas the
bottom engd produst of the LNW ahsorption cohwn, cons
tainiyg, € }34 ad 70w addition 0 N2 aad H2.
dischange gas of the LNW may b copveyed away as fuel.

The tail gis of the TNW may be wsed 8t Jeast pacily foe
the regesration of the diver before belng conveyved awayas
foed,

o

corweyed away for amemonia :
Methanation & an exothermnie faon, b there is ot g
stibstantaily large anount of resetion lesat and 3t usoally
nob peeoverad,
Methanation thersk
in the symhesis pos (methane $iip). The presence of sad
small quanitties of methane n the syathesis 5 et 8
prablem for the porposes of anunorda production, st

nsing the puge Bow of the svithe
methane coatsiaed ihcmn coastitules a
(nht‘n U' 4

Ewep ag {\tel, the
sowes of COR,

entainedd in the synthesis gas alse
coﬁsﬁtnws & schgree of COZ, albeit of simall eqity buth
awing 0 combustion of the s s wsed as fuel, aad
owing 1o combustion of the waste gas o'
sehere presest.

Yot some emmbodiments of the fnvention. i erder toreduge
slse thig source of CO (e, the ealssitns caped bf,-' the
presence of residn mubﬂn mumwsde
the pr

Ehg ( () ums coz up\ir sun M di. 'xrhum(mn.
fon of \h:: msbnn worgxide may be
& known 35 Sefec-
lmn“‘ v\im,h u;\ W uh ﬂ\c :m L SO 0-002,
Thedxygen for selsctive oxidation of the T may bea pait
of the mentioned enrichedair or axyaen mm

> of said sefect o of 0 daio
st part of the
cotverfed dto €02 and removed during decarbonation,
¢ omcquumv, fhe- contbustion of the synthesis gas, of the
foop purge fwss or of the purtfication w st s,
pmduu,\ a smalter quaniity of COZ,

Acearding to the Tavengiot, he COZ flue em
nrindy determined by the 3, OO and CHY content ui 1}1:‘
syothesis gas downs f decarbopation, as well 46 by
the-nptivtal win fuel How wiich will be desoribed bei\:)w.

The combustion of said gas is substariially tree from CO2
production. lia facr, the Tvdesgen combusiies does nol firm
CO¥E angd only the small quantity of OO or CHA, 4F present,
may form €O

7]

The 20

re leives @ smal] quantiy of methane 30

Firean the shifi ds 3

W

>

B

e

Gi1

0 Page 10of 37

&

The CO2 predtietion 1s also dertvad from the vombustion
is toop purge § *in\&

of the methaas cwmmud in thc syathe

also derd -ccE from the combustion of O CH& snd residued
CO2 of the discharae gas.

According to one aspect of the iventing, the fuel faction
s produced i excess compared to the Tel reguired fur the
conversinn section, the quaniny of xaid fuel fraction pxceed-
g that reguired being exparied from the process, and the
regulation of the comversion section i performed by modu-
Tepapag - the quantity of said Tuel fracuon directed towards the
conversion section and fhe guantity exporied by the process.

The conversion of the natugal gas {nto Wl’lmt\ib aas may
be perfonued wsing different iu,hmqucs

Aceording to sowe embodiments of {he nvention, the
step ol paturel pas cofversion inty synthesis COUAPLises
primary reforming followed by seoondary reformiog. In

sonae enibodiments, wore preferably. the conversion &
3 citalyiie apothermal reforming (ATRY,
preceded by a preliminay reforming (pre-refirming).
An ATE without praliminary reforming s alse catled “puire
ATR Adv .mmsﬂemlk}\,. {n these embodiments, st feast 3 part
of the svothiesis g fiel fraction feads o furhace for pré-
hmtim the gas prios 1o autothenmial zummung.

whyantage »,f usm»r AFR, pure orin combinativpn with
q the smaller best requivenent of
furnace u‘amp‘m_si tm th_ combination of the ATR with a
prigary eformes; dlso Gonsidering (e heat reguived fur
generation and overheatig of steam necessary for the
provess: This is doe 1o the {set that the preheating e
tuie of the ATR feed and of the opticnal pre
according to the nvention is sultably chosen @ a value got
greater that §50° oseer than the output @mperatnre of
the promary seformer, and doe o the ottt m the
prehenting fumace, there 15 nd pogression of the sleam
reforming reaction (which iz endothermic).

A pre ATR. orATR Ja combioation with a pre-refonmer,
iy advantageoushy operte with a steamdcarhor (80T ratio
less than that of & primary reformer. Prefersbly, said 5/C
ratin is WOt gredier thay 2, more preferdbly nat greater Tun
L35, even more preferubl regier than | This also helps
sedues the heat required by the lumace for preheating the
feed of the ATR and o_p.uomal pre-reforer

In the case of MR withow priveary refonmer, the fuel
fFaction s prefirably comprised between 1 and 3%, more
preferably bepween 10 and 30%., even maore preforably
bebtveen 1 and 20%.

Bosorte embodiments ifie ste
fas intg syaihesd

2

P for’ comverting the natursl
a pote-catalytic PUX (par-
ml oxidation) sep. Advanmageously, in hese embodiments
ot least 3 pagt of the syiub fuel fie foeds &
furnace for preheating the gy before said partial non-~
catehvtic extdation or for steam. generation or steam super
heating,

The advauiage OF psing @ PON: consists e die saller e
requirement of fhe formace compared o the combination of
ar ATR with @ primary reformmer, also consi t
reguired for feneration and overbeating ol 1y
for the process. This is dueto the fact that the pn.h&:aung.,
fenapieranaee of the POX fved secording tethe mthmn in
suitabdy chosen al avalue not higher thant 5007 . 3
fower than the oelput 1 amperature of the primary e iuma-;,r,
e dive tor the faot that in the pmhwaum_ feenace thare 15 no
propression of the sieam refomaing resetion (which iv endo-
thegnic). Miteover, POX may advaningeously pse a 8
patio Jower than that of 3 primary reformer, preferably not
greater than 2, s prefarahly ot greater i 1, oven more

=
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7
preforably not gréater than 1550 This also helps seduce the
hewt reguived by the preleatiog fumae.

I the case of POX, the fuel fiaction ix preferably come
prived betweat 1and 0%, move preferably between 10 sind
3%, even more prefersbly betweien 10-and 209

The reduction i the heal reqoived by the puhmimf

furnace for a POX and for' s pure ATH compared 1o an .
in combination with o priméey wer provides the
lowing wdvamsges: the fuel fraction of the senthesds gas i
less, and 3t ds pussible toredoce the gqoantity of toim fuel,
therelore lower QO fhue emissions may be ohtained
Beih in the case of POX with eptionsd purifications myitof
the syothesis gas and i the case of ATR without primary
reformer st with optionsl purificaiion uait of the synthesis
gas, 1 bs preferable to select o puriticatton wall with high

soevery; Tor example a Hagnid nitrogen wash. ;
e that the {nel draction of the syathesis gas i
soflicienily. large 1o contmol the fenace ndependently of

control of the purfication wht.

Another adesage of the POX and ATR witheut privtary
reformet censequence of both the smaller Tuel fraction and
the soialler steanfcarbon rade, iy the smaller’ avtogenous
stesn prodection, whick reduces the heat required for the
associated overticating, e fwed faction, the O
emsgions and the otal weiveal gas eowsumption.

The smaller sptogenous steam production megy Itin s
lack of stesw for drbdng e wrbimes or of Slectr Hy o
powering the mctors of the machin e Arssing enerey

Ry be coaventently’ wnpirted ooy ontsade the plast ag o

electriclly witk redtced CO2 emisstong, for- example gens
erated by repewable sowrces. B shonld be potated oot that
this synergy is not possible it the process already produces
Fosteant of enerpy, for exmmple i the vase of

cobingtion o
fui Traction.
in some embodbuents the step of converting the patorad
gas into synthesis gas also comprises a demn eeformiag step.
Advaidagecnsty, nthose unbndmacnb at least & part of the
sytithesis gas fuel fraction feeds the burners of the réfentier.
A part of the fiel fraction way he allocated, i some
embodimeris, W firnaces for the pradocton and/or svuper-
Heating of steam,
ention alse aflows pmjuw thir clevipiciy
cssary for the syothests ofwnmbain or of #s derivatives
S m;‘riu 1 **n Wlkh inw emi ‘wm m LU 2, s

expansion v a tuwrbo geaerator of a How of steme pro-
duced
the {£O2-depleted synihesis gas
coambustion i gas turbine or in a g8y Sigtiie, fod by the
03« cpk‘toj synthiesis gas as fuel
Geperally, i ammonig processes,
extracind  fonn the agpnmon
remove the mert sabstances from the synthesis loop, and
said purging gas ¢ tréated with o process for récovery of the
drogen contained in it (IRLY. Said recovery process
genetaies o hyvdrogen-rich gas uluth may be rensed for
svivhesis agd a il 2 e methane
mde\ contiined in meym’ N I h». nyethane i the tail
gas is pmgumii;g all thin contadned i the process fraction of
the synthesis gas. Mormally said tl gas; glven its relatively
high methane vontent, is used-exclosively as fuel, This vse
of it gas, hewever, genedstes CO2 eabssions.
According trone aspent of the vention af least s partof
said il gas is reoyeled as process i doring the natueal gas

a pmglog ges B

B2 e 2

Fpriaaey refornter aad A TR with s fiirby lavge

tedm generator of sleday superhentar Jed by 30

a synthests loop, i ordir 13

5§

W

W
b

&

s
W

w

Gi1

0 Page liofid
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conversion siep, fur examiple during the rdarlum;_. o pitrtiat
oxidation steps Ans sated advantage s o Hather redup-
tton i the CO2 emissions: )

- some entbodinents a part of the said CO2-depleted
synthesis gas iv treated i a pitrogen (N2 separation unit,
preferably 8 membrane unit, ebtainng o nittogen-deplated
sythests . ges and g nitrogenerich fewsal keast & pank af ihe
gas {preferably all of i) is naed
he rengining part iy fad to the smumonta svithesis
mm_*ihm with the nitrogen-~rich fow.

This copifiguredion s - partivalardy advantapeons 4F the
OF-coriched atr does nel bave s very bigh puoty (for
exarople less than 93% of O2) andir it the: natirst gas
contging itrogen, Three benefits are obtained! an incresse in
the calorifiv power of the fuel gas, g e dm-:inm in 1)1{- i}mr n“
combnstion fumes ¥
agd copservation of the

prefened becowse said wni m& upm(m. u

31115 the prwb\m,
difference between the synthesds gas {produesd a igh

pressure) and the combisting i the firnace (which docurs
At ptmospheric pressuesy. Moreover, the aitegen-rich flow,
wwhieh is paed for syathesis, docs not lose pressure;
Theconfigunation despribed above, which envisypes sepa-
ration of ﬁw mirogen froan the svathesis gas, s dpphcabi‘,
alsiy in g conveéniionsl process, mrh pmmuu Steam
red refonmer, rosuliing i the advaniage
that it is ned required o modify or mhu‘.&e the air compres-
sor. However; with # secotidiry ade-fised reforner aud with-
et meodivig the compresson and therefore withous balog
ahle to increase the air flow, the wdditional raction of
stw gas-{reguired as Suei) wold have to be prodaced
by increasing the capacity of the primary refonmer-and/on
mstalling & gas-bested refomner {GHR), both soluions being

very posthy For these reasons, the nilrogen Sepanaticn
des is particularly prefenred it combination with {he

useof the eneched air during conversion of the patoral gus
i synthesis gas.

By some cmbodimnents, I 18 eny
production of mdchasicsl wod, the
gas afler optionally heating #.

Saichgas ix available ot a pressirehigher thaa the pressure
reauired for combpstionin s fornace and therefore 1t mag be
expanded i o soitabde maching such g3 ao expander vr a
ehitne pmduumi wechamcal wirk. For »\m}plc said
expagsion may be from about 25 bar to abont 3 bar, The gas
has o high spectiie vohune given that it comprises Miaily
HZ and for this reason M expunsicn mag generste a ¢t
si‘d(‘i‘abie ammmi nt’ p{\wcr Thg power nbt;simd may eover

ged expanding, wih
i

Z-depleted senthesis

VoG En.\Eh
k‘mpammm shiit :} ¢ :m;ne c\xmed Gt using an
innebased catal: Hlowed by a low-temperature shifl
LSy or me dnnw!uﬂpemtum s}ui‘t (MIESY forexample
The assoniated

carged unt bsing a copper-based eatalyst.

decarbopation step. so as o obtain the minioum residug)
congent syiibesis gasused @ Ruel, Since the E
sopree of CO2, during sombustion, the age of pini-
mizing the CO2 fue emissions is obtained.

o some embodiments, nowhich s reldively Jow averall

O ratie s used, for wample <27, the skift preferably
Coraprises teo  sreps W serles. davded our over tialyst
soitabde fo.operafe with a Jow steam comtent. for exauiple a
copper-based eatalyst. In o this configurtion, the first step
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comsists of @ medivm temperatireshift (MTS), sehich s
preferably prendo-tsotheonal and operates in the tempera-
fure. range of AM-320% O and e seeond step ds w ow
temperstuse shil (LTS apsrating 0 the tetiperstune unge
18ix250¢ C.,

This conversion of the naturad gas o synthesis gas, for

exuaple by means of ceforming, is prt,t srabhy performed at
& pressure Tower than S0 bar, more preforably Jower thar 40
bay, and even mor My fower than 30 bas.

Generally the prior a4 whes e preforence for high
CORTRISION Presauies; it prded by incregse the Capacity of the
CONVErsion sechon sl end) aad reduce the consumpiion
ol synth upression. The present invention is
wstend preferably oplemenied with lew conversion pres-
sy i arder by obtain the maxhmom conversion of the
nethare, stnce the seam reforming reastion s favourad gt
@ lower pressure, 50 as o have the minimum residuad
methane content in the syathesis gas used s fush Since the
methane fs 4 sovrce of CO2, Junge condwstion, the advaa-
tage of mintmizing e CO2 Hue emdssions 18 otained

Ia the case of ﬂL a high methane conversion s also
obtained by pperating at a ls.l-iii\\.'l% hig’ia otpat tempen-
fore, =M pren.mbiv LM AT, even thore preferubly
SO

It the case of POX, hig}i. meih;mc conviersion s alse 2

obiaingd by operai
SPI00% O prefers
o sonie ..nﬂm:hnwmx the m,z,mﬁ steayivarboay (840
ratic g conversion is grester than 3
thian 2.2 :md.mor-~ preterbly greater thaa 2.7
i A preference for oy S/AC ratios in order to
g i m;yaun of the conversion section { Fromi e i)
{hi: mumwn instead euv J\agx:i. a ft‘ldi]\c.h ¥
1w order to maximiye the vonve x
CO diding, the §6it diep aad. E*duw the '«
CH4 andf i the synihest Singe the mbiinm and CO
are s souree of CO2, dudng nbustion, the advaiage of
mitHnizing the CO2 foe entissions 15 obtained. )
o the L;Xac of pare ATR {optionally 16 combination with
pré=reformecy or POX, the nventioreemploys & 84 ratio gt
higher than 2 in the reforming section. Preferably funther
sieamt is added downsireat of the reforing and npstream
of the shift wntib g overall SAC ratiy greater thag 2, aod
preferably greater than 2.4, 3¢ reached i promete the
pmgmesi(w &f the shitle reaction sad e associnted convee-
oy menexide.
se of the toim foel sol
o e farnaie, ot i
crnissions iy the-stmesphere. Fors
mntitm 'fiar fe thuse Compes
J-;cm‘\‘ thc ost epnteibntion'to

]
e tarably greater

Rt R

siowe of the.om
The v

the pmhhm of papidly
i 1 thie CO2
aueations of

in thie emmpik..

Ta a preferred embodiment of the Twvention, the teim el
is ot nsed mnd e foel othe funace s iy € SNE
gas. The fuel fraction iv consequently greater than in the case
where the trim el i3 wed, becatise it s reguired 1o provide
50 the combustion heat of the tow fbel with the fued

Fet i st ormbadiment, the el Faction has 3 combistion
heat substantiaclly comesponding W the feat reguired by the
furnace. In order to rapidly conteol the firnace, for example
i arder o guickly ratse or Jower the Joad when aseded, the
tlowrate of the fuel fraction s suitably raised or lowered.
This contrad, bowever, basthe undesinbie effect of varying
the floverate of the meake-up gas, and therelore the produe-
o, I order to re-estabiish the - infdad prodoction, 718

CGegrerally the 30

e

3

W

AN

Gi1

2of 1F

10

ey o inerease or reducs the towl Bowstas of nstumt
gas Jedd fo the relirmdog section, which nowen requires
comfrol of the Runece. W may be undersioed  bow. thig
procedureds opecationally padesirdle

Aveording to one aspect of the tnvention: the fuel fraction
1y prodused man overabundant amount wiih respact 1o the
peguirement of said st least one famace; e 2 saeplis of
gas o be used as el I produced With respact i
ponding quantity of heat coquired by the fumaes,
sanned e surpﬁnx of frel synthesiz gas is exporled from the
procésy, 1. 18 not used oither ds el fraction or a8 precess
fraction. The availabtlity of syoihesis gas iy exuess {for use
as fuel) alloavs o rapidly repulate said at least pue finnace
without using, ornsivg to @ lessor deprae, the trim fuel, with
o fiether advantage in ferms of redoction of the €O2
emissions.

For example; the sorplus may be

exporied ag a Buther product Cor exanaple s hydrogen o

s -depleted fuel S consbmption owviside the
amnionix plant) or

cafveyed to a storegs bater, or

fared.

b order o raxpid]\-’ controt the frnace: for exanphs in
ordu 1o qmd\h fise or Em& ar $he foad 10 the case of need
¢ seirplus s soitably lowered
y erther the fuel fraction or the

The surplos.of fueh synthesis gos may be ke fromthe
fuel fraciion, and therefore have:dhe same composition and
pressure a5 the el syaihy e

Abiernatively, if a purification st {for example a PSA
umity ov @ methanation ondl s present, the suepius of fuel
syrthies asmay b collected downstreant of purtiication
or imethsanation, s asto oblan grester puety of the surphos
exported. )

The surplos fued may be separgied from the fal gas of
portfieation (PRA, or dryer+LNW}, even though sakd solo-
thonis hess peeferred for B8O teasons:

ihe tail gas has alow pressure, therefire o compression s
required woexport seid tall gas (with oossiderble energy
expenditure ad plant cost)y

the il pas comains OO, COZ and CHA in & concentration
mpch greater fhan both the fuel synthesis g d the
purtfication product, therefore it has a less desimble com-
posEio.

ihn guantity of the \ur,\hh el svathesis was s preforably
5, more preferahly ; auth even mere preferably =6%
Qi the fued o, 1 1}1# aumlus of the: fuel syniliedis gas
s not uxpu 1 ite quantity is prefevably oot greatep than
1 fraction, aad s ore preiudhi} I

N mnsumpziun thereodf.
Thedgvention obfains €O emissiong which ave Toss than
t (tornes of CO2 emiited per topne of ammonia
producedy, i prefirred embodiments of the invention the
emissons are less than 031t or than, (1.2 ¥

As will be tlhustrated o e examples, i some preferred
erbodinents the COL amissions may reach vaes less than
9.1 Vioreven 0.08 vt (.‘ﬂl‘I\.prﬂ(fH)é‘ o €002 capiure vale
Tlose 16 99%,

Ay regards the plant. the fumnaces are advaniageously
eqnipped with dual-fiel bumers able to burn both natumld
gt and synth Thi tovertion reay coguine the instals
lation of wre atr separation wpd T3 {or the production of
ihe engiehed iy sitd optionglly mimg i

The inventior mmay alse be applied fo awanonta’vres
provesses and planis. An asinonidgfuces plamd s plant
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comiprising o flest ammonia syuth section and g =
section for symbesis of wes from ammonts ad
wherein at least 3 part of the smmonia produced in the {m:
section feeds the second section. 1o this also the CO2
separated diving, the decarbonation step feeds advantas 3
geousdy said seeond wrea synthesis section.
The main advantages of the ovention are lsted balow:
Thie sepavaticn of e U0 15 pecirmed from & synthisis
wis which has o Bigh voncempation of COZ (15:25% mob)
apd is at g relatively Gigh presswee, and therefore e
separation & COL from this fow tsmueh 2 and requires
a lower energy consurption than CO2 separsted from
combustion fur
The syt ording, o e inveniion doos nok pequire
sotvent i m‘dm' o capiure COR ot fumnes
Th use of oxygen-eoriched afr gives rise 0 vatious
advanitages:
it ncreases the heat valn
combustion of te senthesis pas penerates less fomes thag
the vombustion of natu sl gaa, oy the Same smoualaf
heat released, beeause the combustion of hydrogen
{(:nntaim:\i invthie svnthests gas) ceooey with 2 reduction
of the gumher of mols, unhke e combastion of
mgthane. so that due convectivie current of the reformer 2
n\ mml‘cr amid rcquuu aninduced deali (103 Fan which

QY

[

e of the synthsis g
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it atlows ¢
gas o be maintaised,
avording the introdyetion of ex
tion to the siotchiometry of i
of conventional atr-fived pmces:
vegsion of the methsne resuRing
ertissinas.

Y conventional plants with o secondiry abi-fed refonmer,
the process alr Jecd bo said seconddry reformer To siviehio- 49
metric qmnhnnxi 2.1 the guamity ired 1o reach s TN

ratio of about 3-in the make-up gas. This means that the air

lowrate (fo particular the goantity of oxyger introdpeed into

the reformery camot be freely chiosen, for examplde in onder
to ackiove full convérsion of the NG,
i ant and the nittogen are separately-fed

le tochoose the Rowrate ¢

free From the C‘n)l}?'it‘a‘l?\i' o

.;'} v\uh a hmh e
n panbasl COZR

s
W

oy the pracess, # 3 > Of o

optionally
o the desi

> advintage
5 willia smaller

1 45 1o produce o syathe
methane content wnd therefore Tower CO2 einissions.

Apther advimtipge of the nvention s that the grégter
ate of gas o the fronl end allows more hest to be
recovered and more sicadi o be generated, The grester
quantity of steam produced in the front end Tmits the duty
of the re o aukiliary steam-genertting apparaiis; an
adwv hat the fuel consvenmion Gud potentiat somes
of CO2 emissivns) is represerded only by the primary
riefermer of - fired hester, H Ehc mci ui {ht ie §
with syathesis ga
eplaced) a ~ubsi<mhd§ ehmumtmn o ,E».r‘rmg of the
{632 enissions s obtained,

Aaother advantage is ket the vention sdoes not require
newqmnh separation of bydrogen from the COZ-deplaied
purilicativn of Fihe ( O depleted syngas 1o 2
sorich i B2 and 8 waste gas.in ovder to-ohtain

Gi1

'§ 3

R

12

Tow 0O2 pamissicins into the stmdsphidre. The CO2-deplited

syngas may be wsed directly for awmonts syathesis ¢

possible methanation.

T some embodimends i e be adventapeous to pedinm
@ syrgas gas puribieation n order o seduce the overall
energy consunption of the PIOCCSS.

Whe applied to! revamping of plants, the invention
ackdeves significant synargies which allows the £02 enis-
sions fo be reduced without preduction losses, Himitiag
madifications angd costs, This 13 because the invention:

reduces greatly the gas flowrate in the froot ead, and

theciire the associated apparstus and (secondacy, shilt

3 devarbonation or methanation), piping are

suitable fora Qreater eafrIcity;

safd greater ;,.Jpemmv correspomds to-the senthesis
he waed as [l\\,}

3 high. Oueput mxmcmmre,fmm the secondacy raforsy
may be used (higining complete conversion of the
piethate), because the nitrogen iy added sepaetely
from the oxegen; tereibee de method sccording o the
invention prodees extra gus 1o 'be used as fuel without
regaiviing costhe modificiaions of e poimnry refonmer
even wheg said reformer is substagdially ot the dimit of
its capacily;

the £02 remeval section i de-bottlenecked because the
iwentionr oreases the parfisl CO2 prosswre and
rednces the gas i the absoeber;

the condhustion: of the CO2-deplated syn generates
firveer fmes thar the NG so that the convertive outrent
of the redpemer and 11 o sred harged;

R )

it Is pec o wiodity endy the front end, while the
hackend {synthesis gas conmpressdn ammonis synthes

sis, refrigerating section} iy substantislly unchanged.
tie process does pot require intense panBeation of the
synthesisgas i ovder toremove the nertoompanents,
it hetag: sullicient 1 use the methausmor {often the
existiny onel i partouls, 8 & nol Necessarg o per-
frm any separation of the syothesis @as wato an H2 and

e

DESCRIFTION OF THE FIGURES

T shows g Brst cmhodiment of the Javention.
FIG. 2 shows a second embodiment,

FiGi..3 shows.a third emboddiment,

.4 shows a fourth embioditient.

DESCRIPTION OF PRE] }”RR}”D
S0P

EMBODIMENT THE

T3, 1 shows a proce ording g made of amples
menting the fnvestion based on 4o oxypest auothermal
veforrer AR and pre-reforiuer.

The blocks ta FIG. | denote the fnllowing systems or
appanitus:
cliarge pro-heater furmace and aoxiliary botler
E’l%.l pae-relonndr
ATR avtothermal refuriier
POX panial oxidation reactor
3T seciion
B CO2 remeval section {decarbonation}

MET methanator

SYN symthesis seeticn

HRU hydrogen recovery section

ASL dly sepiimtion (Faciioniag) section

A charge 10 comprising natural gas and steam s pre-
heated in AUN and convertedimo & syathesis gas 11 via the
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and ATR. The amtothermal refonyer ATR
fhow 22 of enviched air o ¢ 3
pas which eopfains H2, OO 'md & U"
: in SEHEF gmdthen removal of
- D R. The w..nmx SHEF may comprise shift tmammn
different Termperatures. The
exunple with chemicaliplvsieal washing of the gasusing an
aueous araiie solition

The section CDE produces 3 CO2-depleted syngay 12 aad
atftow 13 ofC02 which may he sequestered or psed for other
process purposes, for exaraple i order to produce ureg.

Preferably the symthests gas 12 hay the fllowing cein
jtton: 98% H2, 15 O OM‘HJ‘ 0.1 CO2, 4

Apart 14 of said COZ-depleted syopas I3 is wsed as tud
e g fhrmace in the: front end; for example in 8 charge }muer
{AUX Kok The reamaining part I8 of syothesis
further freated i the methsnator

Ta the example. the fuel feaction 14 of sy
together with gt pas 3 of the HRAY section,

reformers PRE
aperates with a

The svie
utidergoes

athesis

RN
seds o or
more vsers of the bk ALX via the foel line 16. Optionally 20
a suitable guantity of natural gas 17 {irimd gas) s sdded o the

5 16.
Nitrogen 18 from the air separation tecton ASLL s added

to the provess fraction B of the synthesisgay; after it has

passed 1nside the methanator (optiomaly.

Thez gas ihm; ﬂhhinod t‘fss,‘ hu‘ with a ﬂnw
280 recos ;
section SYN: Smd YL
and  How 2tof pu;mnA 2
recoverny of the hvdmocn L‘\)mdmui xr\\ci-.. i
U produges, i addition tothe

D of mrmhed i oroxyges foe
the sutotherial rﬁ:!imnﬂr 5\'11{,

FIGL 2 dhows @ progess aecording 1o 8 pref

implemeatia

red mode of

The biock SMR in FIG. 1 deaotes the primary reformer
for steam reformer) plus auxiliory apparatus, for example
stegen genertors, The remaiging symbals in TG, 2 cormes

spond toithe bots in FIG. 3 and hersfore the de aseriphion
is mat rep\ tv

PIG 2 ows-an optiogal line 18¢ for reeyeling post
of the t 13 IS Frow thie ot HRU for feeding e prinary

referraer B

FIG3 aht)\s\ afy ATR-based provess, simibsr o FRE 3, but
comprising a purification of the process fraction of the
synthesis gas I o section PUR, which o this example
comprises 3 PRA gnit

The fuel fraction 14 separated. tfom the €
syiithesis
fuel o froacs m the Froat end, for @

CiZ-deplisted

'Ampiﬁ 16 theblock
S exeess (ue‘l The

FeRtey pzm 18 of syathesis
PEA wait.

Aportion 23 of the efffusat of the PRA unit fs fopiicnally)
exported as excess Tueh Said portion
Bvdrogen: pucity than the gas poytioa 144,

tigh CDE operstes for

¢ the Jnventini based oo peiary refosming and

12 dx divided o o first portion 1da psed as

23 luis ao greater

14

g 28 uf Eh.e umL feeds- e aF moke users of the block
AUX viathe {bel Hne 26,

FIG. 4 shows o process besed on POX. compristog
pnmwaimn of the provess fraction of the wmh"‘ ia
section PUR comprising deyer and LNW (qund siteogen
wsshy,

fn o smilar msaer o the enbodiment shown 1 Bl 3,
alsu it this cdse the Juel fractivn 14 separdied from the
CO2=depdeted synthests as 1278 5pli o adirst pontien 14a
used as foel for example in the block A and g second
portion B8 exported as oxcess fuel Said portion T,
topether with 4 tail gas 35 of the section PUR, foedsone or
mere psers of the Bodk AUX via the fuel Bne 36, Soid 1wl
gas 35 pesulis frow the combination of the il gas of the
ENW and: of the drver.

The pracess according tn the invemiion allows e produce
arsmenta with enissions of OO of abouat- QU $1 compared
o aghaot B.F €1 in the prierant.

Al the configorations Hlstrated may-be the result of
revamping of wy amwmonis et with sie-fed secondary
reformer

hionetembodiment, the revamping provedirs comprites
stally the fallowing steps:
alling the ASL ondt i order to generale the flow 22-of

R

wmndidving the secondary reformer 1 osder w-sccept said
flow 22 instend o :
increasting the fraction of watueal gas intendad for the
process and rechiciag s fractioa ol meturat pas teaded for
fuel;
vevamiping the existiog section for desulplriastion of the
natnrd] gas so as toonerease the tapaciy thereof owing o' the
eregior process pas owraie;
revamiping the existng section CIIR 50 oy 10 1dcresse the
wapacity therenf owing 10 the greaterquantiiy of CO2 o be
separated.

1t cant be paderstood that the revamping: does not vequirg
costhy podifications 1o the reformer the exchagess and
piping of fhe feont ead and the shift section: This is die to
the fact that the velumelric Howraie of the gas through the
front end Joes mot nerease, despite the generation of the
additional gus fraction el fraction).

AMPLE

The following Table | refirs iy a plant witle 3 capucity-oF
3004 metric tonnes per day (MTD) of sramenda prodoced.
Table T comapares the follow ing Gptionst
{1) Phant of the prioe art wuh primary refomaer and sie-fed
secondary reformer
27 Phaat of the prior &1, as peroption (13, with capiuring of
the CO2 from the fomes of e primary reformer
{3y Pland secndding to the tnvention, s per FIG
{4y Plaw aceording to the jnvention, as per FI

TABLE 1

At Priow st

3004

30

+LF 03
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TABLE Lseomiinuad

~Hed on QU324 KSR Page 15 of &7

16

( 02 1
Siadn |

F)
15501

120 E plek3

143 Wl
T3, By
e} L ur

Thi table shows that the provess gocording 1 the Hiven-
Hon {option 3) requires a frout end suiiable for producing
also the gasdraction o be wsed aé (el in the forasces 1 fatt

the quantity of 02 taptured in'thie peocess drmaniids o 5200 B

MY compared 30 3000 for optivas (1) and (23 and e
sis g oserate inthe front end s about 20% wmore
mm FIGS: 1 and 2. Despite this, the consumiption of the
plast 15 moeh less than that of option {21 {733 instead of
Geal/MT1 and s cempetitive with the plant withont captor-
ing socording o option {1 The otal doty of the furnaces iy
nady TA% of option {11

o option(4) the energy comswaption obtsined is Tess
i optio (3),
the plant is Tess

2 separated do the process iy less than in optivy (3% the

duty of the Renaces is greater dian in (33, but is comparable

with that of options (1) and (2% the ouygen consunption is
mrrkedly Jess then (3 the fowsate i the front end i
markedly less thaie (30 and wonpacable with {13 sad {23,

The exmuples show how the novel process s amore
efficient snd competitive than the prior at.

T
plan opetatiog 85 per oplien {11, preferably Jmplementing
option (4. Jr set inthis case the dnty of the furmcces and
the flowrate of B o5 vemedn sobstaatially wovaried
while the CO2 emivsions are reduced.

suample also shows the advantage of modifviag a2

The invention thus
achievis the object of minimizing the €02 emissions of 8
conveational plant withou! losing ammonia production.

The Billowing Table 2 refers s plant with g
3000 metric tonnes per day (VT of sovmonda produced.

T4 23

than 5
e equal 1 6.9 GealdMT, and alsothe cost.of
This because, o oplion (4}, the guantity of

capacityaf 5

Whic’h is '\elf-‘;uﬁiuiem {rom fhe p(ﬁim of‘ VIS n!“thr: shEam

virdating W i’ht‘» compression x).E lhe.{. 32 sequasle}:ml up t(s ihe
presgure of 100 bar For sach peocess; the nanial gas
comsmmption asdthe €O emissions indicsted alsoconsider
the superbested sidam production in AN fiar driving all the

trbines; and the produciicn of the electric power e

e
for the prcess:

Table 3 compares the Dlowing opfions:
{1} Plat secording to e nvention, wil SMRE+ ATR a5 per
FHGE 2, thedollowiag vavimds:

. with the overall 5/Cratios shaft cosirposed Gf HTS aad
LIS, methagatos rin el with fowrate cormespotdiag o
0% of the duty sequired by the furasce;
b.oas for Tabut witheot mim fidd
2y Plat c‘L(.‘i‘thW 1 the mvumm) with pre-reformere AR
as per FYG 3, in ihe Im]Immn& variants:
a. witlf the overall shift composed of MTS and
LTS, PSA, irbw fied with flowrate comesponding io 10% of
the duty required by the Tumade;
. i o 2o, without tricd frel, with the Selestagg™ process
downstreanm of SHF and epstream of (‘.DR for converting
e residual CO.
€37 Playt according to the dnversion, with POX, as per FIG.
4 In e vertans:
f the overall S0 ratio=2, sheft composed of MTS and
W dever wrim fuel with fowrae corresponding to
i of reqquirad duty ol the  enace;
booas forZe, without wim fuel, with selestive catalytic
anxiidtion of 470 {Relectime™ privcess) dowastredm o the
shift renetion and ypstream of the O remeval.

TARLE 2

Ta: SREX

+ATR I AMR £ ATK 2 AR SHATR 30 POK - 3 POX

Biaily produetion

LT K 343000 34001 J0NY

100
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TARLE 2continued

0 Page lg&ofid

18

I SMR - AR 32 ATR

Wy

348 I % SO 4%
1% % 1% ki 1% i
]1‘1 Pabile 2¢ = ATR, which résulis i s smaller residual amoint of
“Trim foel™ as defited in the pdi‘,m CH4, bat i ¢ greater rediduad amount of
“CH4 slip ify the process aug” iy the residus] methane fn botl the opticns 26 and 3h e improvement aclieved

conten!
SMR+
2, POX in option 3 quantified upstream af aptional methas
1At
SO slip dn the provess gas” s the residual carbon
mronexide coitent Of the syithesis gas dowastreany of the
shilt section:
2COZ ship i the process pas™ iz the rexidual carbon
dionide contont of the svathesis gas dowastream of the 02
remmval seetion
Several comuments may beomade in ciew of Table 2
fr the ease of SMREATR iy option 1a; the i fued
pravidies the greaiest percenage pithe UO2 emissions:
avedding the tim § ¥ exporiag surplus fuel enables
the emissions to be sipnificantly. redpeed to less than
Q.1 11, as showt in the Table for option 1b; ot the saime

the syaihes

s gas produced i the froatend (e o

ATR incoption 1, iy the prerefonmer+ ATR 0 aphion-

tireie, the quantily of seynestered COZ inorsases fhom ™

SH00 w3800 MTD.

1a the case of SMR+ATR, the OO slip. in the process gas
prov ides the second greatest percentage of the CO2
entissions I option fa. and provides the. greatest pers
cerfage i option 1b; application of the Selectoxo
PBCess 10 op!mn P or 1h would stgnificantly redues
the COZ e he CHA slip intiie process gas and
the COZ ship hy the process pas provides o sigdler
percentage of the €O emissicns.

The oversl energy consumpltion of the optiois based on
ATR ad POXspurification (2 and 31 i decidedly
ower than that of the options based on SME+ATR (1a
and 10} us v mainly due to the synthesis gas mmis—
capon (which dmproves the etliciency of the sy
section and aveids the purge) the guantity of O
sequestered 10 these options {24, 3& or 2b, 3831
consequemly fess than in options. 1o or i

The emissions due 1o the wse of the trim fhelin options
(ATRY and 32 are of shant: 2056 of the taal amd )
mvich less than it apton 1a, by way ol coptlinuation of
the ot that the heat required by the firoace 1o these
twe options 1y mueh bess than inoption da,

Tn the emabodiments with ATR or POX, the restduat QO

<md CI4 dre of bigher relletunes owing s e Joder

i y it which AR aad POX bperate compaced 10

; POX operates ot o higher femperature than

3
3

5}

w

b3

b

Gi1

by selective oxddation of U0 {n onder to redoge the €6
slip, dod by syvoiding tim el & evident,

T shesld be noted tha both POX and ATR achisve very
loow exissions--as low as 0,03 for POX amd 0.1 for
AR compartblawiih those achioved by BVMR+ATR,
bal with ower ey constmiption. and therefore

preferable.
The shove example shows how the imvention is able

achieve extromely low
(i

o almost fotal capiure (3
thve. energy commption levels,

emission levels, corresponding
while mainkoning comipeti-

mhum of aminoits from. patursl gag,

e progess antaprising:

conversion of o charge of desulphorized natoral gay aud
gtk

stesim, with o
syathesis gas
COnvErsin secion;

treatment of said synthesis gas mohiding @ Keasta slull
reaction of the carhon moanxide inte COT, amd subse-

guent seporation o 02 from the gas, thus obtaliing i

CO2-depleted svamthesiv pas and 3 CO2-nck ;g.aseuus

flow contatning the T2 separated from the gus
sepatation 6f ¢ part of said CO2-depleted wnihc,s s gas e

el frasction, whet abd. faed irm.tmn i5 fed ax fuel o
@ furace and wherein oaration of e
Rie! fraction includes the sphit of sai adeplered
&\,mhew gm mio at least'a frst steedntand & sécond
$ second as having the seme
§ :mpuntwn. M chiin the first strcam forms e fwel
Traction and the secomd streawn 18 process gas intended

forthe synthesis of armmonid.

2. Fhe pro sfladm 1, swhereln {fe- st stream forms
fhe fuel Baction and the second stream is.the process gas
tended for He syhesis of ammonis after further porifi-
fetibieh i

& The process of clatn 1, wherein sad fuel fraction s
between 196 and 4% of the 1wl amount of said COZ-
depleted syngas,

The prodess of Sliim Y, whersin said fuel action is
between 1% and 3G OF the toisl amount of said (02
depleted syngas,

enriched airorwith o A, kD A
sontainitig hydrogen, €O and CO2;in s
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& The process of claim L Ruther compiising # step for

mcthanfmrm of the sypthesis gas andioraddition of pitrogen
i the synihesis gas.
& The process of claim 8,

wherein said toel fraction i

sepasstet-upsiream of the methanation step or bpstremn of

ihe mtrcws;en addition step.
. The process of elamy 1, wherem sadd COZ-depleted
SYREAS COntains 0o mare thag FOH0 ppe by volome o CO2.
The provess of olatm 1. whersln said enciched wir
comtaing af Jeast 30% oxygen.
The provess of Claim 1,
containg at least 90% oxvee.

18 Ih@ pmw

s gas feads oneor teove Of the tellowing appa-
r;msses: G stean pxu.mumn andior supethéating femace; one
armote bivners of a vpmmn steam relrmer; or e O IO
fumaces for pre-heating the charge of an avtothermal
veformer or partiad oxidation reactor or naipral-gas Jdesul-
phuertration seetion,

EE. The processof claim 1, wherein: & privige gas ol the
wnmoniy syahests proeess, conisining hydrogen and meh-
3ae, s tested 50 asto redover the bydrogemremaained Jn the
purge gas. shigdning o hydrogen-tich gos and a tail gas
containing reethane; at leos pm! of smd hul ga». IS u\v:.fc
35 I}BTJC'\'}RS g
saturad 1

12 The proc of clabm 1,
COZ-deplisted syngas s
nirogen, obtaining a i
atd o second Bt nwnrnlmi\trmnﬂi st Teast one part
of said Fiest steean, i wsed as fuel: any remeining part of satd
fest stream is fod v the synthests of anamemis ogether with
thie secend siream.

1A, The prodess of ¢
expansion, with production of mechanical work, of the
CO2depleted syngas, after heding the € ()"’-dcpiuui HyD-
Qas.

4. The prosess of claiim 4. wherein the overall stegny!
carbo ratic i the coreersion step is greater-than 2.0

15, The provess of claim 1, whe the overall steata’
carbon ratio b e conversion. step s grester fan 2.4

6. The process oftulaim 1, wherein the oversll steany/
carbon eatio in the CoBY ersion Step 1 greater than 2.7,

7. The process of Wlaim 1, whereds

said syrihesis gas el fuetion forms all of the fud of the
furaases wsed ) the converston setlion, of

wherete said enriched - aiv

wherein: a pard of said

oftglatin 1, wherein said fuel frastion, of

teated o & unit for separstion of
tstteam of nitrogei-depleted syg- 50

ik, 1ur{h L GOTRPHSLEE & step af ¢

1

5§

s
W

20
an agnount of paiuril gas is providid as trirn fuel, sad wim
fuel acconnting fus st more than 15% of the towml
copabustion he,
18 The proc of clatm 1

,swhevel

the foel fraction is praduced in Ath respect o the
foel necessiry foe'the conve secion, the guagtity
of satd feel Bacton exceeding fhat required belag
exporied from the process; and

eegulation of the conversion secllon ¥ pur{armcd by
wdulating the quaniity of soid fusl fraction divected
towards the conversion section and  the  quantity
exporied {ram the process.

9. The i 1, wlieretn

the cony e natora was charge into syithesis gas
inclodes @ step of muatothermal refooming, or a.step of
partial oxidmion,

said step O
performed v

2. The pr

natural ¢

e
the naturat gas in the prosenc
febirming perfomped with szii.ci HxvRen i:‘is;w‘ o e‘snriched ;zir,
21 A method for revamping a plant for synthedis of
ammenia Fore saboral gay or smmenda‘orea plant, wheren
the plant inclades o reforming section that nchdes & pa-
mary steam refomer sad an pic-Bred secondary refhomer,
section for resiment of the syoilesis gus by o shift
peaction of Carbon imeaide into-Sarbion Jioxide, and decar-
bonation: the method comprising:
previding a flow of guriched ate or oxygen s using said
e as oxidant, instead of a4 e ahe: seeoadary
reformer
H&pmddﬁ;:. & parl ui the ¥ mhe

i gas, downstream of

,lt!lldmlﬂj_.: pm
BITUTONIR QOTVES
feriding said tael ¥
02 content, as foel for
plant.
22. The method of ¢laim 21, Socther compy 1ssn\_m~cm}mﬂ
AR iy sgmr(ms\n wnkt 50 as o provide swd oxvg
enriched sw fow, wherein said separativn wnit also poi
& trogen fow which is added 1o the process fraction
smihem gas i order to-obtain the d fesired 112 ;
The method of claim 21, wheretn the gection for
!mmmm ufthe syathesis gas by fhe shifi regotion of cathan
menosdde mehdes methanation.

% W w %
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Experience of Energy Saving and Naphtha
to Gas Conversion Projects at IFFCO

IFFCO (Indian Farmers Fertiliser Cooperative Limited) is continually striving to be the most
efficient energy consumer in the fertilizer industry. To achieve ifs goal, a number of energy saving
schemes have been successfully implemented and envisaged savings are achieved. IFFCO-Phulpur
Unit, the world’s largest naphtha based Urea complex, consuming one full naphtha rake (2200 1)
daily has been modified from costly feedstock of naphtha to re-gasified liquefied natural gas (RLNG).
There shall be national saving in Government subsidy of about US $ 220 millions per year due to
conversion of Phulpur Unit to Re-gasified Liquefied Natural Gas. This paper highlights the schemes
implemented under Energy Saving Projects and modifications carried out under the RLNG
Conversion Job. It describes in detail the experiences gained during both project execution and
implementation.

M. Rajashekhariah,
IFFCO-Phulpur, Allahabad. India
Yogesh Narula 4
IFFCO-Phulpur, Allahabad, India

food requirements.
Introduction

Implications of Feedstock and
Energy

he Indian Fertilizer Industry has come a
r I Vlong way since the establishment of the
first Super-Phosphate factory in 1906 at
Rampet (Tamil Nadu). The turning point
in the Indian Agriculture Sector was the
introduction of HYV (High Yielding Varieties)
seeds of wheat and rice i mid-sixties. The
expansion in area of land under cultivation and
switch-over to HY Vs seeds led to a remarkable
growth in fertilizer use and crop production.

Main feed stocks used for manufacture of Urea
1n India are Natural Gas (65%), Naphtha (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.
Subsequently, with the aid of government ,
policies for fertilizer production, India became Improving Reliability of Ammonia-
self-sufficient in food grain production. Today, Urea Plants
fertilizers have become an essential input to
Indian Agriculture for meeting the food grain The most Sigugﬁgang factor in improving
requirements of the growing population of the productivity is plant reliability. Plant reliability
country F%I'tﬁ!l&l Industries have a mammoth is measured in terms of m}pyovmnent 1 on-
task OfPTOVKhﬂg essential nutrients to Indian stream days. All (}ther parameters in Qpe;‘aﬁon
farmers so that the growth in the agricultural of plant meet, finally at reliability. Plant
sector is sufficient for meeting the domestic
2007 57 AMMONIA TECHNICAL MANUAL
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reliability determines directly profitability,
safety and environmental performance.

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 on
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 Natural Gas or Re-gasified -Liquid
‘Natural gas (RLNG) so that they can also
become viable and compete m the business of
Urea manufacturing. '

Use of Modern Process
Technologies and  Advanced

Instrumentation

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 which have been adopted as part of
the modernizations in old plants. Some of these
measures are:

e Addition of S-50 (Synthesis Converter)
in the Synthesis Loop of the Ammonia

Plant to reduce operating pressure and

thus save energy.

AMMONIA TECHNICAL MANUAL
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Highly active and sturdy catalysts in

- reformer/shift, etc. are giving higher

conversion efficiency and longer periods
of operation. o
Tmproving performance of the CO;
removal section by selecting better
solvent and installing or modifying
equipments. ’

Installation of molecular sieves or
ammonia wash for the purification of
synthesis gas. ,

Installation of Purge Gas Recovery
(PGR) Unit to recover hydrogen and
ammonia from purge gas.

Installation of pre-reformer to overcome
gas shortage through the use of naphtha.
Change of material of construction of
critical heat exchangers from carbon
steel to stainless steel.

Use of additional Urea trays in the Urea
Reactor for higher efficiency. ‘
Increasing CO, feed temperature to the
Urea Reactor by recovering heat i an
exchanger from the third stage of the
CO, 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
i 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 in 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 CO; to balance ammonia
and Urea production. This will save the

2007
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costly mnaphtha fuel being used by
various natural gas based plants.

e Upgrading Plant and Instrument Air
System by installing HOC (Heat of

Compression) type dryers.
¢ Installation of efficient moving
machineries.

e Upgrading Instrumentation System by
sthchmg over from pneumatic to DCS.

e Increase in Capacity of existing plants

‘by way of retrofitting & modification.

The Indian Ammonia-Urea Plants have kept
pace with the developments taking place around
the world. There is a marked ilnpmvemem‘ in
the energy consumption and increase in on-
stream days. In the last fifteen years, the energy
consumption for manufacturing of ammonia has
been reduced by more than 25% while the
average on-stream days of ammonia plants
based on reforming process has 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. The retention price varied from unit to unit
depending upon vintage, location of the plant,
feedstock, technology used, etc. This led to an
increase in fertilizer production. Many new
plants were setup and the country became self
sufficient m food pro&ucﬁon; However; there
was an increase in the subsidy burden. To
emphasize international competitiveness, giobal
marketing, import liberalization, import price
parity and free trade, the plant-specific
Retention Price Scheme was phased out. The
Government of India (GOI) has implemented a
new pmmg policy for urea manufacturing
mdustries 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 for urea units is to gradually
move in the direction of parity with
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Indian Farmers

mternational prices based on the use of the most
efficient feedstock and the state-of-the-art
technology.

Strategies Adopted at [FFCO-
Phulpur in Meeting the Challenges

Far Fertiliser ~Cooperative
Limited (IFFCO), globally acclaimed
cooperative in fertilizer production and
marketing has been striving for socio-economic
uplifiment of the rural population of India since
inception. To ensure timely availability of
quality fertilizers to the farmers, IFFCO came

into being on 3 November, 1967. Initially,

IFFCO commissioned Kalol and Kandla plants
in Gujarat in early 1975. Subsequently, the
society expanded its base by bui{dmg two more
plants at Phulpur and Aonla in U.P. in the years
1981 and 1988 respectively. Subsequently the
capacity of all these four units has been

1ncreased, either by installing new plants at the

existing site or by revamping the existing plants.
Last vear, it acquired the DAP/NPK umit at
Paradeep in Orissa having an annual capacity to
produce 1.9 million tonne of NPK/DAP. The
marketng of IFFCO’s  products -
NPK/DAP/UREA — are channeled through
37,500 member cooperative societies and 158
Farmers 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

tonne, of Urea. IFFCO launched another
company Indo-Egyptian Fertiliser Company
(IEFC), a joint venture with El Nasr Mining
Company (ENMC), 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 full naphtha rake
(2200 t) daily. Both of its units have been
performing well since beginning. Unit I started
its commercial 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 capac1t1es
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/hr and 18 MW Turbo-Generator along with
other offsite facilities

The Ammonia-Urea complex at Phulpur has
been based on naphtha since inception when
cost of naphtha was quite low. The Phulpur Unit
has been performing well with the help of
effective  and ~ efficient  operation  and
maintenance  practices. ~ Specific
consumption per MT of ammonia produced in
Unit-I was initially at 42.6 GI/MT (36.6
mmBTU LHV/short ton) and was being
operated at 38.4 GI/MT (33.0 mmBTU LHV
/ton) later. Specific energy consumption per MT
of ammomnia m Umit-II was 32.7 GI/MT (28.1
mmBTU LHV /ton). The energy difference was
due to technological difference of vintage as
earlier plant was 1976 year based and Iatm 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 manner:

‘A. Energy Saving Projects (ESP) in all §
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 activities 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 new
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 oceurs

“in the form 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 common for all the three Units and all
5 Ammonia Plant are as follows: ,
1. New LT Shift Guard, BFW Preheater
and Separator
2. Installation of S-50 radial flow synthesis
converter and HP / MP Boiler.
Schemes other than above common schemes
installed at Phulpur Plant are shown in the table
below:

SL Description
No. | 4
Phulpur -1
1.0 | Reduction in pressure drop of LT shift
, converter.

2.0 | Revamp of CO» Removal System to a
modern  2-stage M/s Giammarco-
Vetrocoke (GV) Process layout.

3.0 | Drying of make-up gas and synthesis

' loop re-piping.

4.0 Synthesis gas- campressm LP and HP
case internal replacement.

5.0 | Installation of final gas chiller.

Phulpur -1
6.0 | Installation of final gas chiller.

Phulpur-1I being the latest generation plant with
already low specific consumptions, had limited
options  for further improvement. More
information on the Phulpur-I and II project is
given in then next paragraphs.
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Phulpur-l

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. The elephant stool design outlet system

provided by Kellogg was modified to M/s

Haldor Topsoe A/S (HTAS) 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 mnew LT Shift Guard Reactor has been
installed with 10 m® (353.15 %) 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 CO; Removal System to a
Modern 2-Stage GV process Layout

- Originally, Benfield System was provided as the
CO, Removal System with design regeneration
energy of 4414 KJNm’ of CO, (0.0425
mmBTU/ Ib-mole CO,). In 1993, it was
modified to Low-Heat Benfield System by
employing a multistage flash tank and steam
_ejectors with design regeneration energy of
4012 KI/Nm’ of CO, (0.0387 mmBTU/Ib-mole
CO,).

For further reduction of energy consumption, a
revamp of the CO, removal system to a 2-Stage
GV Process Layout was the best available
option in the existing system, as it did not
involve much modification.

The main features of a 2-Stage M/s Giammarco
Vetrocoke (GV) Italy, Process are the operation
of the two strippers at different pressures, ie.
one at high pressure (107.9 kPa 1.e.15.65 psig)
and the other at low pressure (13.7 kPa ie. 1.99
psig) using the same Benfield solution with
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activator ACT-1. Ricl CO; loaded solution is
introduced to both HP & LP Strippers and semi-
lean and lean solution from HP stripper passes
to LP Stripper before going to respective
circulation pump suctions. In order to compress,
the CO, generated from the 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 fo replace the bottom of HP Stripper.
The above modification has enabled to achieve
the lower CO; regeneration energy with higher
purity.

4. Installation of S-50 radial flow synthesis
converter and MP Boiler

In Phulpur-I, The original design Ammonia
concentration at the outlet of the synthesis
converter was only 15.5 % whereas the new
generation plants are deszgned ‘with ammonia
concentration - as iugh as 24 %. In order fo
increase ammonia conversion, a new S8-50
converter with a lower heat exchanger and
mternal 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 has been
mstalled 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 synthesxs loop
e~p:pmg

It was observed that refri 1gerat10n ioafi i1
Ammonia-I was very high in comparison to that
of Ammonia-II due to high circulation rate m
the synthesis loop. The piping around the
synthesis compressor recycle was rearranged in
such a manner that ammonia present m the
converter effluent got condensed and separated
before going to recycle stage of the compressor.

‘This system had a d:sadvantage because oxides

of carbon present in the make-up gas ‘were
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getting fed to synthesis converter directly. After
loop yre-"i},iping 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 converter, an amimonia wash umit has
been installed between LP & HP case of the
synthesis compressor. The make-up gas is
being washed with ammomnia 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 i 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 modified to Casale design

axial-radial flow reactor. Moreover, afler the
installation of S-50 converter and loop re-
piping, operating  condition, particularly
circulation rate, was expected to change
drastically and would have decreased the
operating pressure 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 efforts of
matching the system and operating conditions,
and the improvement in efficiency led to less
steam consumption in the synthesis compressor

; turhh}e.

7. Installation of Final Gas Chiller

After the installation of $-50 converter and
ammonia wash unit, 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 higher ammonia concentration, vapour
generated in the first chiller, which is operated
at a pressure corresponding to 3 stage suction
of regeneration compressor. will be high.
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This would have caused improper distribution of
apumonia vapor among the different stages of
the refrigeration compressor, which would have
resulted in operation very close to the surge
limit, even with a small kickback flow.

Adding load on the 1% 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 1%
stage of the refrigeration compressor, a final gas
chiller has been mtroduced to cool down the
make-up gas to 6 °C (42.8 °F). This increased
volumetric efficiency due to lower inlet
temperature of make-up gas has led to
reduction in steam consumption in the synthesis
£as compressor ‘

Ammonia -1 plant Energy Saving Project
Scheme: S-S0Converter and MP Boiler

i

- $.50 radial flow Synthesis Converter and HP Boiler

i R

Ammonia-I plan ergy’ Sa;’ing Prj&t
Scheme: nehydmmr Column

Phulpur-il

1. Installation of S-50 Radial Flow Synthesis
Converter and HP Boiler

For energy reduction in the ammonia synthesis
loop, installation of a M/s Haldor Topsoe A/S
(HTAS) S-50 ammonia synthesis converter and
a new HP-WHB was found to be the most
beneficial option. The S-50 converter 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 rafe,
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.
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2. New LT Shift Guard and BFW Preheater

The purpose of installing a LT Shift Guard
before 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 exothermic heat of reaction. After its
mstallation, CO slip from LT Shift Converter
has come down fiom 0.20% to 0.12%

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 Kalol Plant apart from the
schemes installed at Phulpur plant are as
follows:

SL Description

No. ,

1.0 | Revamp of CO, Removal System to a
2-stage a-MDEA system.

2.0 | Revamp of Synthesis Gas Compressor

3.0 | Condensing mode operation of ID Fan
Turbine and reduction in Steam/Carbon
ratio to the reformer. ,

40 | Installation of new BFW Coil i
convection section of Primary Reformer

Schemes installed in Aonla Unit to reduce
energy consumption other than the schemes
mnstalled at Phulpur Unit are as follows:
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SL | Description
No.
Aonla -1
1.0 | Revamp of CO; Removal System ,
2.0 | Replacement of Cooling Water Pump
Turbine and GV Booster Pump Turbine
to Motor.
Aonla -1
1.0 | Replacement of Cooling Water Pump
Turbine and GV Booster Pump Turbine
to Motor, :
2.0 | Additional Process  Condensate
Exchanger
3.0 | New Combustion Air Moduie

Ammani—ﬁ plant Energy Saving Project
Scheme: S-50 Converter and HP Boiler

Energy Saving Project Kalol 1 ’de 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 turn has saved costly fuel. The
Investment made in the Project of 36 muillion
USD has a pay-back of 4 years. Additional
advantage of installing S-50 Converter has been
m 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

[FFCO-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 Phulpur as

per the requirement. IFFCO held discussions
with the concerned parties and finally an
agreement was reached between M/s 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 much sulphur, unlike
naphtha, 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 result, less steam is
consumed in the reforming section and less CO,
is generated. After the reforming section, plants
operating on naphtha or gas are identical except
in the quantity of generated CO,.
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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 m existing
sections were catalyst for the
desulphuriser and the Primary Reformer,
burners and their control systems,
Convection zone Coils, ID & FD Fans
capacities, Gas Turbine & CO, removal
system. 2

b) Since the carbon content in RLNG feed
is less compared to Naphtha, CO,
production would also be Iless.
Conversion of all ammonia into urea was
desired, so modifications would be
needed to re-balance the CO2 production
with the ammonia 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 100 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 an
additional feature. 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 performance of the

economizer & superheater needs to be
examined, as they may be affected due
~ to a change in flue gas composition. This
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could result in higher tube metal
temperature for the superheater coils and
thereby lower capacity of the boiler
itself.

Necessary modifications have been carried out
in the following areas for RLNG Conversion
Job:
¢  Ammonia-I Plant: Complete
System and Complete Fuel System.
¢ Ammonia ~II Plant: Feed System and
Complete Fuel System with provision
for using100% Feed on naphtha.
¢ Boiler-4: RING Modification with
provision for 100% FO firing system.
e Boiler-1, 2 & 3: Support fuel on RLNG
in place of FO and usage of coal to
continue as main fuel

Feed

After finalizing the road map for RLNG
conversion, M/s Haldor Topsoe A/S (HTAS)
Denmark, was awarded the responsibility of
basic engineering for RLNG conversion along
with energy saving projects for Anunonia
Plants. M/s PDIL was engaged for the detailed
engineering, procurement and M/s Thermax
Babcock & Wilcox (TBW) Pune, India was
awarded the contract for Boiler modification

.engineering and supply of all relaied items of

burners and gas stations.

Modifications / Jobs carried out

A gas receiving and metering station to supply
the gas to IFFCO-Phulpur 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 Value
(GCV) / Net Calorific Value (NCV)
determination, pressure regulation, etc. A
common header has been laid from metering
station to anmumonia-I, ammonia-II and boilers.
Additional structural and pipe racks were
provided for the gas and utility pipelines.
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Ammonia-I:

below- ,

s Burners and Fuel Control Station: All
liquid fuel burners; 162 top arch, 9
tunnel burners, 4 hydrocarbon preheater
and 5 auxiliary boiler burners were
replaced with new RLNG burners of
John Zink.

e A New RLNG Coil and RLNG preheater
coil was installed in between the LT
superheater and the combustion air
preheater.

e Primary Reformer Catalyst: New gas
refornung catalyst, supplied by M/s Sud-
chemie was loaded in primary reformer
tubes.

e DCS & ESDS System: Control logic,

~ emergency shut down system and
annunciation system were modified as
per the requirement.

e Pre-Desulphurization  Section:  This
section decommissioned and kept idle.

Major modifications are listed

RLNG Control station in Amm.-1 plant

Ammonia-II: Major modifications are listed
below- ,
e Pre-desulphurization section has been
retained for operation with naphtha m
‘case of RLNG shortage.

s Installation of new RLNG Coils: Two
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RILNG heating coils have been mstalled
m the waste heat section of primary
reformer. ‘

e 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.

s Fuel system for GT including Skid,
Nozzle and Control System: Necessary
modification in fuel nozzles and
combustion chamber liners were carried
out. A new fuel skid along with control
and safety system was installed.

* Modification in Heat Recovery Unit
(HRU) Burners and its Control systen:
Naphtha burners were modified to dual
firing burners with facilities of on-line
change over.

e RLNG Fuel Preheater: RING 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
and is being used as fuel preheater.

e DCS and ESD Modification: DCS
control system has been modified to
handle either 100% naphtha and 100%
RLNG or any mixture thereof with on-
line switch-over facility.

Steam Generation Plant: It was decided that

the Coal fired boilers-1, 2 & 3 would continue
to operate on Coal as main fuel, however, the
support fuel would be changed from FO to
RLNG. Boiler-4, originally on FO firing was to
‘be modified to have dual firing facility of FO as
well as RLNG.

Boilers-1, 2 & 3: These are comer fired boilers
with inclining (tilt) arrangement. Previously, FO
was used as support fuel to support Coal firing.
New RLNG burners have been mstalled along
with igniters and scanners. ' '

Boiler-4: Dual fuel burners suitable for 100%
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 burners 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 CO, emission from the furnace has
been reduced. The loading i CO, section has
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 on
annual basis s 240 million USD.

C) Carbon Dioxide Recovery (CDR)
Plant

The major disadvantage of RLNG conversion is
less CO, production due to lower C/H ratio in

RLNG as compared to naphtha. The CO;

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 m feed to the extent necessary to
offset the CO, deficit required for total
conversion of ammonia to urea.

b. Recycle of synthesis gas to the primary

reformer as fuel which has the following
bottlenecks.
~ »  Recycle of synthesis gas to the primary
reformer as fuel would strain the front
end. The reforming section, CO, removal
section etc. which may not be designed
to handle the required mcreased load.
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. Recyéie capacity may not be sufficient
to satisfy the total CO, deficit, thus

requiring front end modification and

‘incurring capital expenditure

e 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 new policy.

c. Recovery of CO2 from flue gas from
~various furnaces.

Among all the above options available, CO;
recovery from flue gases was found most
economical and viable. Therefore IFFCO-
Phulpur has installed a Carbon Dioxide
Recovery (CDR) Plant to recover CO; from
flue gases of Ammonia-II plant primary
reformer furnace.

Similarly at the Aonla Unit, the feed stock for
the ammonia plant since inception was natural
gas. There also, in order to meet CO, deficit,
naphtha along with gas was fed to the primary
reformer in Ammonia-I Plant. To meet the CO,
deficit with 100% Gas operation, a CDR plant
has been iustalled to recover CO; from the flue
gases of Ammonia-I plant primary reformer
furnace.

The capacity of the plant in both the units at
Phulpur and Aonla is 450 MTPD of CO2 and
M/s Mitsubishi Heavy Industries Ltd. (MHI)
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, procurement, erection and
commissioning. The use of naphtha in the feed
for ammonia plant is going to be completely
stopped as the shortfall quantity of CO; is being
made available by recovery of CO; from flue
gases of the primary reformer. This is going to
save the Government Subsidy outgo
subatantxally and would also reduce the
emission of Green House Gases (GHG) to the

atmosphere  thereby  providing  cleaner
environment.
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The CDR plant is basically a low pressure CO,
removal section in which CO; present in flue
gases is absorbed and then regenerated to
pmduw CO, having 99.93 % purity. CO,
recovery from flue gases is a new concept in
fertilizer industries.

Basic steps mvolved in CDR plant are:

a) Flue gas Pretreatment,

b) Low pressure CO, absm‘ption in
special solution KS-1,

¢) CO; regeneration aﬂd

d) €O, compression to desired level.

Though regeneration energy 1is very hxgh ‘in
comparison to that of any normal CO» 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 CO; 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.
Compressed flue gas is fed to a CO, Absorber.
The CO, Absorber is a packed bed column
using  structured packing and  having two
sections, bottom for CO2 absorption and top for
washing section. In this column, CO; is
absorbed in a special solution (KS-1) supplied
from the top of the absorption section. Flue gas
after washing is then exhausted at a sufficient
height.

Rich KS-1 solution 1is 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 i Lean
solution 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 wgeneratm
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Sulphur in RLNG fuel being not traceable, there
s no contamiation in CO, product which 1s

compressed and then sent to the Urea Plant.
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Commissioning Experience

Level of top section of CO2 Absorber

The CO; Absorber in CDR plant is divided in 3
section Ist wash section, 2nd wash section and
the bottom CO, absorber section. Flue gas from
flue gas cooler is introduced in the bottom
section of the CO, absorber through flue gas
blower while the CO, lean KS-1 solution is
introduced from the top of the absorption
section onto the packing. Here the CO; 1s
absorbed in KS-1 solution. The flue gas then
moves upward into the treated flue gas washing
section where the flue gas comes m contact with

water for washing of amine content i 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 DM water

for starting circulation, there was a problem of
level build up in top section of the column.
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Since there was no gas flow, the water was
pouring down through 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 fop section. To
overcome this problem a 2” line was connected
from the discharge of the rich solution pump to
the suction of st wash water circulation pump.

Low flow through 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 90% 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
CO, product line connected to main CO; header,
which is closed in case the CO; blower 1s notin
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operation. Due to this, the CO; blower was kept
running even if it was not required at lower
plant load. Now the closing of USV- 01 is
connected to the flue gas blower trip and now

the plant can be run w:thaut the CO2 blower

running.

Steam Flow Measurement

During commissioning 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 found
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 steam
condensate pump 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.

"{Bmperamre Control of LP steam fm'
reboiler

LP steam to the 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 (2714 °F) temp. by
pressure let down and desuperheating. For
quenchmg, 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-1 sohition degradation at temperatures

higher than 135 °C (275 °F). It was found that
the temperature of condensate for quenching
was higher, resulting in high temperature steam
to the reboiler. The system was modified to use
a - separate Demineralized (DM) water line
which is at around 40 °C (104 °F) at the inlet to
the cooler, is conmected with the condensate line
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to get the specified temperature of steam.

The,Can Diade Recovery plan:'
A view of all three towers

Reduction in CO, Emissions after
Implementation of Energy Saving
Project, RLNG Changeover and
CDR plant

Reduction in Steém 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 firing of Coal and

Fuel Oil in Steam generation facilities, thereby
CO; generation from these furnaces has reduced
to a great extent.

Fuel Switchover from Naphtha / FO to
Natural Gas in Furnaces:

On burning gas m place of Naphtha, Fuel oil in
furnaces CO; emissions are much- less since
these fuels contains higher carbon content than
natural gas. '
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Feed Switchover from Naphtha to Natural
Gas in Ammonia Planis

Naphtha, being rich in carbon, produces more
carbon dioxide than required for Urea
production. This excess CO, is being vented to
the atmosphere. At IFFCO Phulpur unit, feed

switchover from naphtha to NG was carried out. -

NG being lower in carbon, produces less carbon
dioxide thereby venting af CO« has been
eliminated.

Installation of CDR Plant

With natural gas as feedstock, less CO, is
generated than required for Urea production.
This requires use of additional naphtha / nataral
gas as feed stock.

In Ammonia -II plant, flue gases from the
Primary Reformer furnace contain sufficient,
recoverable CO; to meet the requirement of CO»
for Urea production. Being impure, hot and
corrosive, it is not possible to use this CO,
directly m the Urea plant. Therefore, a Carbon
Dioxide Recovery plant was installed to recover
CO, from flue gases, which was previously
going to the atmosphere.

The annual reduction in CO, Emission for all
IFFCO Projects is estimated to be more 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 Phulpur 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
Ammionia/ | Ammonia /
Urea Urea
Capacity Capacity
Phulpur1 Plant | 970/ 1670 | 1215/ 2115
: MTPD MTPD :
Phulpur—II Plant | 1520 /2620 | 1740/3030
MTPD MTIPD
‘Aonla —I Plant 1520/2620 | 1740/ 3030
| MTPD MTPD
Aonla~1I Plant 152072620 | 1740/ 3030
- | MTPD MTPD

This will enable an 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 around one-
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 with the help of consultants and in-house

studies. Some of the main schemes in Ammonia
Plant are: Modifications in Air and Synthesis
Compressors and their turbines, replacement of
exchangers, including the methanator effluent
cooler, Secondary Reformer burner
modification, one additional cooling water cell,
etc. Major jobs identified in the Urea plants:
CO, 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 has already been installed and

commissioned in Phulpur Urea-I Plant. Most of
the above activities shall be completed in the

‘year 2007.
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Conclusion

The business of imdigenous Urea manufacturing
is a very important industry for food security

and national pride. Today it is facing stiff

challenges from many quarters, like high input
cost, delay in late disbursement of subsidy, ete.
However, if the fertilizer industry works in a
positive frame of mind and the Government
brings out encouraging policies, suitable
strategies can emerge i meeting these
challenges. IFFCO has taken all the required
actions in the right direction to overcome these
challenges. It has been the first fertilizer plant to
have switched over to RLNG fiom liquid
hydrocarbons, implemented Energy Saving
projects and Carbon dioxide recovery Plant
Project. Also, the Capacity Enhancement
Project -1s under way. All these steps have
resulted 1n more fertilizer at a cheaper price than
the imported Urea price, which 1s 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

(67)  Amethad 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 onie or more catalyst beds; the second con-
verter (11} comprises a catalyst bed in direct contact with

saidvessel, the method comprising the stepsof removing
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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Description
Field of the invention

[0001] The present invention relates to the revamping
of ammonia plants. More in detail, the invention relates
to a method for revamping an-ammonia plant where the
ammonia synthesis loop comprises a converter system
with a first converterand a second converter, the second
converler being adiabatic and operating at-a high tem-
perature.

Prior Art

[0002] A prior art layout of the synthesis loop of an
ammonia plant comptises a converter system with two
converters inseries. The first converterreceivesthefresh
ammonia-make-up syngas and comprises an internal
cartridge containing one or more catalylic beds; possibly
with interbed heat exchangers. The second converter is
& much simpler and low cost adiabatic unit, where the
catalytic bedis indirect contact with the pressure vessel,
[0003] For example, the first converler 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 of the vessel, with
no cartridge.

[0004] A heatexchangersuchasasteam superheater
is 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 converler is controlled mainly by said heat ex-
changer, and is typically around 350 - 500 °C.

[0005] Thie'mass of catalyst of the second converter is
comparable to the mass of catalystof the first converter,
which means that the second converter may contain
around 50% of the total catalyst of the loop:

[0006] Adding the second converter is considered an
attractive way to boost the capacity of the loop, and de-
crease the energy consumption. An-example is the S-
250 system currently available from Haldor Topsee. In
the pastyears, some plants have beenrevamped 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
an annular space around the cartridge. The very simple
design of the second converter, however, does ot allow
any effective cooling of the shell. The lack of a shell cool-
ing medium causes the pressure vessel of the second
converter to operate constantly at about the same tem-
perature of the catalyst bed, which means over 350°C
and in some cases close to 500°C. The combination of
high pressure, high temperature and corrosive environ-
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ment causes a severs stress to the pressure vessel. In
particular; it has been noted that under these conditions
the pressure vessel is much-more exposed to corrosion
dueto attack of hydrogen-and-ammonia. Hydrogen and
ammonia corrosion causes brittleness of the steel of the
vessel and may lead to formation of siress cracks, espe-
cially in weak points such as weldings, and/or in points
of the shell where some residual stress is found.

[0008] Insomecases, seriousdamages have beenob-
served inthe second reactor afler some years to anex-
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 fallure of the second reactor,

Summary of the invention

[0008] The aim of the invention is to provide an effec-
tive way -of modernizing an ammonia synthesis loop of
the above disclosed type, in order to avoid the risk of
failure of the second reactor.

[0010] This aim ig reached with a method for modern-
izing the ammonia synthesis loop of an ammonia plant,
wherein:

- saidloop comprises a converter system with at least
a first converter and a second converter in series,
the second converter receiving a process stream
from the first converter,

- said first converter comprises a cartridge with one
or more catalyst beds,

- sald second converter comprises a pressure vessel
and a catalyst bed enclosed in flow distributors as-
sociated directly to said vessel,

- apurge rate containing inert gases is taken from the
synthesis loop,

the method being characterized in that:

- said second converter is by-passedor removed from
the loop,;

- thefirst 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 onthe very unexpected
finding thatthe 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 alone o give substantially
the same conversion rate of the former scheme with two
reactors. This'was surprising because - as stated above
- the second reactor hosts & relevant fraction of the cat-
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alyst, namely around 50% of the calalyst of the loop.
[0012] The calalyst:bed of the second converter is a
cartridge-less catalyst bed, for example said catalyst bed
is enclosed in flow distribution panels mounted on the
inside wall of the pressure vessel of said second con-
verter,

[0043] According to the invention; the original cartridge
of the first ammonia converter is replaced with a new
cariridge 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; lo re-
move hedt and keep the temperature of the bed within a
given range. The heat exchanger is fed with a suitable
heal exchange medium, e.g. boiling water or any other
suitable medium. The heat exchanger may be a tube
heat exchanger or plate heat exchanger, according to
various embodiments of the invention:

[0014] Preferably, the purge rate is increased by
around 30% to 100 %; more preferably by 40% to 80 %
ormore. The purge rate Is preferably increased to obtain
a-concentration of inerts inthe first converter less than
10% molar. The purge rate may consist.of one purge
strear taken from a suitable pointin the ammonia syn-
thesis loap; increase of the purge rate may be achieved
by increasing the flow rate of said purge stream or addi:
tion of further purge siream(s). The purge stream remove
from the locp is preferably send to a ufiit to recover at
least partially the hydrogen contained therein.

[0015] Usually the pressure vessel ofthefirst container
canbe maintained, ifnecessary orappropriate; however,
the whole converter may be replaced with: a new one.
The second converter-does not need to be physically
removed from the loop, it may be sufficient to by-pass it
completely.

[0016] 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 (%
mol) in the product stream at the exit of the synthesis
reagctor. The method is further advantageous in that the
otheritems of the loop, such as heat exchangers, com-
pressors, efc... need not be madified. in particular, the
expensive compression section of the make-up syngas
is not affected. The recovery of more hydrogen from the
purge stream may involve & little more energy consump-
tion for compression of said hydrogen, this effect being
however overcompensated by the advantages of the in-
vention. It should be noted that the invention provides
inexpensive and attractive method for making a double-
converter ammonia loop more reliable,

[0017] These and still further advantages of the inven-
tion will be elucidated with the help of the following de-
scription of preferred and non-limiting embodiment.

Brief description of the drawing

[0018] Fig. 1 is & scheme of a known ammonia syn-
thesis loop-comprising two ammonia converters.
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Detailed description

[0018] Fig. 1 is a scheme of an ammonia. synthesis
loop such as the $-250 system available from Haldor
Topsee. Theammonia synthesisloop1 comprisesacon-
verter system 2 with & 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.

[0020] Thefirstconverter 10 comprises a carlridge with
two radial-flow catalyst beds and an interbed heat ex-
changer. The first converter 10 may be realized e.g, ac-
cording to one of the embodiments disclosed in US
4181701. The second converter 11 consistsof a pressure
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. Thie product gas stréam 16 de-
livered by the first reactor 10 is cooled in the steam su-
perheater 12 and fed tothe 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 ammania stream 17,

[0022] A purge gas stream 18isremoved 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 contained in the purge stream 18
is usually recovered in a hydragen recovery section. itis
common that the hydrogen recovery section operates at
alower pressure than the loop, thus requiring a compres-
sor tofeed the recovered hydrogen back to the loop itself.
[0023] The temperature of the catalyst bed of the sec-
ond converter 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 con-
verter 11, causing a relevant stress to the vessel, for the
above discussed reasons.

[0024] The loop of Fig. 118 known art and hence itis
not described in further details.

[0025] A method for modernizing said ammonia syn-
thesis loop 1 is characterized in that:

said second converter 11 is removed from 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

the purge rate of the loop is.increased.

Claims

1. A method for modernizing the ammonia synthesis
loop (1) of an ammonia plant, wherein:
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- 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 & process stream from the first con-
verter,

- said first converter (10) comprises a cartridge
with one or more catalyst beds,

--said second converter (11) comprises a pres-
sure vessel and & catalyst bed enclosed in flow
distributors associated directly to said vessel,

- & purge rate containing inert gases is taken
from the synthesis loop,

the method being characterized in that:

- said second converter (11} is removed from
the loop;

- the first converter is revamped by atleastthe
step of replacing said cartridge with a new car-
tridge comprising an isothermal catalyst bed,
and

~ the purge rate of the loop Is increased.

A method according o claim 1, said new cartridige
comprising an Isothermal catalyst bed with a heat
exchanger immersed in said bed.

Amethod according to claim 2, said heatexchanger
immersed-in the bed being a tube or plate heat ex-
changer.

A method according to any of the previous claims,
the purge rate containing inerts being increased by
al least 30%.

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.
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United States District Court
Southern District of Texas, Galveston Division

Tag}see, Ine.
Plamtiit,
Caze No.: 3:24-cv-00333
Vs, Jury Trial Demanded
Casale US, Inc,
Casale SA
Defendants.
FIRST AMENDEDR COMPLAINT
INTRODUCTION
1 This action arises out of Defendants’ bad faith, frandulent conduct aimed at

procuring a patent on technology that they did not invent and then wielding that patent, and making
false and nisleading staterpents, to nntatrly compete agamst Plamiiff Topsoe, Inc. ("Topsoe™).

2. Topsee is the TS, subsidiary of Danish company Topsoe A/S, which has beenone
of the world's leading suppliers of chemical processing selutions and related technelogy for over
RO vears. It supplies high-performance, proprietary technologies, engineering, and services to the
chemical and il and gas mdustries. Topsoe helps these mdnstries to get the nost 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 environmentally sustainable technologies 13 #s amwmnoma
processes, currently also refyyred to as blue or low carbon ammonia processes, which areused fo
reduce greenhiouse gases that ave emiited during the process of creating simmonia. Ammonia (NH3)
is ciitical in the manufactaring of fertilizers and is one of the largest volume synthetic chenycals

produced m the world. It is produced through a chemical reaction between hvdrogen and niftogen
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at ugh pressure and temperatures. The process 1s highly energy-intensive, sccounting for up {e 2%
of energy consnmption and 3% of carbon enyssions worldwide.

4 Topsoe is a pioneer i the field of ammonia technology, partenlarly targeting
strategies for lowering catbon enussions, and began commercially selling and mstalling its
anynoma technelogy m manulpctoning facilities over 30 years ago. During that time Topsoe has
extensively presented and published on its low carbon aminonia process and has ebtained multiple
patents protecting the technology in the United Siates and abroad.

3. Defendants Casale US, Inc. and Casale SA {collectively, “Casale’™) are divect
cotnpetifors with Topsoe, and market and sell thewt own anunonia process. As described mymore
detail below, 1n 2019 Casale filed for a U.S. patentapphication clainung to have “invented™ features
of a low carbon aminonia process that had biéen used in Topsoe’s own process for decades. Casale
was well aware of this because, among other things, over the previeus fonr vears it had received
extensive exposure and access to Topsoe's conunercially iustalled amumonta process while
workitig on revamiping a factory o India that utilized the Topsoe process. Casale bas also aitended
presentations where Topsoe had described these featwes of its ammonia process, including a
presentation in 2009, fer vears earfier. Casale received the pre-print of the Topsos paper relating
to the presentation, and the vecords from the conference confirm that Casale attended the Topsoe
presentation.  Casale nusued Topsoe’s information by including it in a patent application and
nusrepresenting that it had been developed by Casale.

8. Casale procured the U.S. patent thwough-Jeception.  During prosecution of the
patent application Casale failed to dizclose as prior art Topsoe™s comercial progess or the
publications describing it, which wete clearly material {o the process Casale was ttying to patent.

Casale even failed to disclose its own material prior art disclosures from many vears earlier which

-3
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publicly disclosed the key feature it impermissibly was frving to patent and therefore precluded
Casale from frving to patent the techoology.

7. After improperly obtaining the patent, Casale set out to deliberately disrupt
Topsoe™s customer relationships, falsely clanning that it owns technology that was developed by
Topsoe, that Tepsoe mirtiges iis patents, aud that any customer enploving Topsoe’s fechnology
would be mfringing iis patents as well. When Topsoe asked Casale pownt blaunk whether it had
contacted any of Topsoe’s customers, Casale falsely clanned that i had not. Casale has also been
wrongfully asserting that Topsoe mifringes the patent.

&. Topsoe accordingly brings this action to have the Cowrt declare that Casale’s patent
1s wnenforceable because of the fraud Casale conmutted i procuwring the patent from the 118,
Patent and Trademark Office (“US PTO™). More specifically, Topsoe asks the Court to declare
that Casale’s U8, Patent No. 11,286,168 (the 168 Patent”™) and all related patents angd
applications of s fanuly {collectively, the “Disputed Patenis™) are unenforceable, and to enjom
Casale from asserting the Disputed Patents anyv further. Topsoe further seeks to recover damages
and hold Casale accountable for its wrongful acts in asserting the unenforceable patents, making
false statements, and engaging in unfair competitive practices.

THE PARTIES

Q. Topsoe, Inc. 15 a Texas corporation, with iis principal place of business at 18050
Raturn Lane, Suite 400, Houston, Texas 77058,

10.  Defendant Casale UK, Inc. is a Texas corporation with a principal place of business
at 2025 Richmiond Ave, Suite 1218, Houston, Texas 77098,

1L Casale US, Inc. rvesides in the Scuthern District of Texas at least becatise if 15

incorporated i Texas and its principal place of business is in the Southern District of Texas.

[N%]
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12, Casale US, Inc. is & wholly owned subsidiary of Casale SA

13, (asale SA 15 a prvately owned Swiss company with headqguariers 1w Lugano,
Switzeriand.

JURISDICTION AND VEXNUE

14, This iz an action arising under the Lanham Act, 15 U.S.C. § 1125(a) and the patent
laws of the Unted States, 35 US.C, §3 271, er seg. and the Declaratory Judgemeni Act IR ULS.C
§§ 2202 and 2202 Accordingly, this Court has subject matter jurisdiction pursuant to 28 US.C.
§§ 1331 and 1338}

15, Topsce's unfair coinpetilton claun arises undey Texss state law. This Coust has
subject matter pyisdiction over that claim poisuant to 28U S.CL § 1367, because it 1s sotelated fo
other claims in the action within the Court’s original jurisdiction that it forms part of the same case
or controversy. This Court also has jurisdiction under 28 US.C. § 133&b) because Topsoe’s
unfaty competition claint derives from a conumon nucleus of operative facts.

16, This Court has general persounal jurisdiction over Casale US|, Inc. due o us
incorporation in Texas, and its principal place of business being located in the Southern IHstrict

of Texas.

[
et

This Cowrt has specific personal jurisdiction over Casale SA because this lawsuit
arises out of and relates to Casale SA s affirmative acts w the Southern District of Texas. Anong
other things, Casale SA contacted representatives of Topsoe located in the Seuthern District of
Texas repeatedly through #$ attornevs in an aftemnpt to enforce #s mmproperly obtained and
unenforceable U8, patent, insisting that Topsoe’s amunonia process cannot be used withont its
written consent. Casale SA alse purposefully divected itz wrongful activities, including its false

advertising and misleading statements, to at least one potential Topsoe customer to dissuade that
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customer from mstalling Topsce’s ammonia technology at ity facilities in Texas. Given the
facilities location w Texas, Casale US wonld have been aware of and involved m the pursaif of
potential Topsoe customers and would have been aware of and participated i these wrongful
activities. Uasale SA, in collaboration with Casale US, is actively and forcefully using its U S,
patert i a cotnpetitive context within the form of thus sutt. Casale SA purposelully directed its
unlawful conduct to this district, has substantial business conducted m this district, and published

false advertising and nusieading statements and other unlawfiul acts in this district or affectin

02

residents of this district.

18, Moreover, Casale 8A conirols the dav to day actwvity of #ts wholly owaed
subsuliary, Casale US, Ine, which it holds out as i agent. Boih share a svebsite
{https://www.casale chiconfacts/casale-in-the-world) and share email domains {casale.ch).
Casale’s website includes no mention of specific activities or individuals associated with Casale
US only.

18, Counsistent with this. Topsoe can find go reference to Casale US business activity
online and can find no individuals online holding themselves out as employees of Casale US.
Rather, emplovees of Casale US, including its sole officer, hold themselves out as employees of
Casale SA. The cwrent President of Casale US is Mr. Chrts Mancinelll whe 15 emploved “full
tie™ by Casale SA as “Sales Manager - Amiericas at Casale SA™ and located m Honston.  Sge
hitpefwww linkedin comdn/chrivmancinelli-023482/.  Casale US thus appears to have no
signiftcant employees of iy own.

20, Upon mnformation and belief, Casale US appears to be vadercapitalized, and does
not have operations separate from Casale SA. Casale US’s certificate of formation shows that it

hias authority fo issue 10,000 shares with no valupe., Casale US has no separate website amd is
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ndistinguishable from Casale SA i public press releases and ammouncements. Casale US appears
to exist for purposes of marketing, promoiing, and selling Casale SA technology in the US.

21, Unmfornation and belief, Casale 8A uses Casale US™s property as ifs own. For at
least these reasons, Casale US and Cagale 8A have failed to observe corporate formalities and,
accordingly, Casale US s jurisdictional contacis may be ishputed to Casale SA

22, Additionally, Casale SA holds tself ont as a global company with “a network of
represemtative offices and agents all over the world.” See

hitpas www linkedin comoupanyicasalesafabony. One of Casale 8A s global offices is located

1t Houston, Texas, and Casale SA has at least one managiug ageitt based out of Houston, Texas.In
fact, m promotion matenials for blue smmonia Casale SA represents that if has a branch office

located i Houston.
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