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The present invention relates to a process for the dehydra-
tion of at least one oxygenated compound, preferably 
selected from saturated alcohols, unsaturated alcohols, diols, 
ethers, in the presence of at least one dehydration catalyst 
selected from cerium oxide (CeO2), aluminium oxide 
(y-Al2O3), aluminium silicate, silica-aluminas (SiO2
Al2O3), aluminas, zeolites, sulfonated resins, ion-exchange 
resins, metal oxides (for example, lanthanum oxide, zirco-
nium oxide, tungsten oxide, thallium oxide, magnesium 
oxide, zinc oxide); of at least one basic agent selected from 
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containing nitrogen capable of developing ammonia (NH3) 
during said dehydration process; and, optionally, of silica 
(SiO2), or of at least one catalyst for the dissociation of 
ammonia (NH3) selected from catalysts comprising silica 
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PROCESS FOR THE DEHYDRATION OF 
OXYGENATED COMPOUNDS 

The present invention relates to a process for the dehy-
dration of oxygenated compounds. 

More specifically, the present invention relates to a pro-
cess for the dehydration of at least one oxygenated com-
pound, preferably selected from saturated alcohols, unsatu-
rated alcohols, diols, ethers, in the presence of at least one 
dehydration catalyst selected from cerium oxide (CeO2), 
aluminium oxide (y-Al2O3), aluminium silicate, silica-alu-
minas (SiO2 Al2O3), aluminas, zeolites, sulfonated resins, 
ion-exchange resins, metal oxides (for example, lanthanum 
oxide, zirconium oxide, tungsten oxide, thallium oxide, 
magnesium oxide, zinc oxide); of at least one basic agent 
selected from ammonia (NH3), or from inorganic or organic 
compounds containing nitrogen capable of developing 
ammonia (NH3) during said dehydration process; and, 
optionally, of silica (SiO2), or of at least one catalyst for the 
dissociation of ammonia (NH3) selected from catalysts 
comprising silica (SiO2), preferably of silica (SiO2). 

The present invention also relates to a process for the 
dehydration of at least one oxygenated compound, prefer-
ably selected from saturated alcohols, unsaturated alcohols, 
diols, ethers, comprising feeding to a reactor including at 
least a first catalytic bed comprising silica (SiO2), or at least 
a first catalytic bed comprising at least one catalyst for the 
dissociation of ammonia (NH3) selected from catalysts 
comprising silica (SiO2), preferably at least a first catalytic 
bed comprising silica (SiO2), and at least a second catalytic 
bed comprising at least one dehydration catalyst selected 
from cerium oxide (CeO2), aluminium oxide (y-Al2O3), 
aluminium silicate, silica-aluminas (SiO2 Al2O3), alumi-
nas, zeolites, sulfonated resins, ion-exchange resins, metal 
oxides (for example, lanthanum oxide, zirconium oxide, 
tungsten oxide, thallium oxide, magnesium oxide, zinc 
oxide), a mixture comprising said at least one oxygenated 
compound and at least one basic agent selected from ammo-
nia (NH3), or from inorganic or organic compounds con-
taining nitrogen capable of developing ammonia (NH3) 
during said dehydration process, said mixture being fed to 
said reactor so as to pass first through said first catalytic bed 
and subsequently through said second catalytic bed. 

The present invention also relates to a process for the 
dehydration of at least one oxygenated compound, prefer-
ably selected from saturated alcohols, unsaturated alcohols, 
diols, ethers, comprising feeding to a reactor including at 
least a first catalytic bed comprising silica (SiO2), or at least 
a first catalytic bed comprising at least one catalyst for the 
dissociation of ammonia (NH3) selected from catalysts 
comprising silica (SiO2), preferably at least a first catalytic 
bed comprising silica (SiO2), and at least a second catalytic 
bed comprising at least one dehydration catalyst selected 
from ammonium phosphate, or from phosphates of metals 
such as, for example, boron phosphate, aluminium phos-
phate, calcium phosphate, sodium phosphate, cerium phos-
phate, preferably calcium phosphate, a mixture comprising 
said at least one oxygenated compound and at least one basic 
agent selected from ammonia (NH3), or from inorganic or 
organic compounds containing nitrogen capable of devel-
oping ammonia (NH3) during said dehydration process, said 
mixture being fed to said reactor so as to pass first through 
said first catalytic bed and subsequently through said second 
catalytic bed. 

Said saturated alcohols, unsaturated alcohols, diols, 
ethers, preferably derive from the fermentation of sugars 
obtained from biomass. 

2 
The present invention also relates to a process for the 

dehydration of 1,3-butanediol, said 1,3-butanediol being 
preferably obtained from the fermentation of sugars 
obtained from biomass to give unsaturated alcohols, said 

5 unsaturated alcohols being subsequently subjected to distil-
lation and to a further dehydration process, obtaining 1,3-
butadiene. Said 1,3-butadiene can be advantageously used as 
monomer or as intermediate in the production of elastomeric 
materials, thermoplastic materials, and also materials based 

10 on (co)polymers. 
It is known that the dehydration of alcohols takes place 

through an acidic catalysis and the main product obtained is 
the olefin having a number of carbon atoms corresponding 
to the starting alcohol, or the ether of said alcohol. 

15 In reality, together with the main reactions, secondary 
reactions also take place, which lead to the formation of 
carbonyl compounds such as, for example, aldehydes, 
ketones, carboxylic acids. Said carbonyl compounds can be 
formed thanks to the dehydrogenating component present in 

20 some dehydration catalysts such as, for example, alumina 
and silica-aluminas, wherein said component can be more or 
less marked. Other secondary reactions that can take place 
are the oligomerization of olefins and the "cracking" phe-
nomena. Said secondary reactions provide compounds that 

25 act as precursors of coke and which therefore lead to a 
deactivation of the dehydration catalyst due to formation of 
coke and/or of pitch which, in a relatively short time, cover 
all the active surface of the catalyst used for the dehydration, 
making it completely inactive. 

30 Deactivation mechanisms of catalysts are widely known 
in literature. Detailed descriptions of these mechanisms can 
be found, for example, in Petersen Z. and Bell A. T., 
"Catalyst Deactivation" (1987), Marcel Dekker, INC, N.Y.; 
Forzatti P. et al., "Catalyst deactivation", "Catalysis Today" 

35 (1999), Vol. 52, pages 165-181; Bartholomew C.H., 
"Mechanisms of catalyst deactivation", "Applied Catalysis 
A: General" (2001), Vol. 212, pages 17-60. 

The main deactivation mechanisms of catalysts can be 
attributed to three fundamental categories: poisoning, for-

40 mation of carbonaceous deposits or "coking", fouling of the 
catalyst. 

The poisoning of a catalyst is generally due to the fixation 
of compounds on its active centres, that inhibit its activity. 
With respect to said poisoning, one of the methods for 

45 avoiding this phenomenon is the elimination, upstream, of 
the potentially poisonous compounds through techniques 
such as, for example, distillation, extraction, or absorption 
on specific materials. 

With respect, on the other hand, to the formation of 
so carbonaceous deposits ("coking") and the fouling of the 

catalyst, resort is very often made to oxidative regeneration, 
and therefore to the elimination of these deposits by com-
bustion of the same using suitable techniques which, how-
ever, must avoid sintering phenomena of the catalyst whose 

55 activity is to be restored, or to methods that reduce the 
fouling process during the reaction. 

As indicated above, the formation of carbonaceous depos-
its ("coking") is generally due to the formation of com-
pounds, on the part of secondary reactions, which act as 

60 precursors of coke. In the article of Bartholomew C. H., 
"Mechanisms of catalyst deactivation", "Applied Catalysis 
A: General" (2001), Vol. 212, pages 17-60, mentioned 
above, the polymerization and cyclization of olefins in the 
presence of Bronsted acids or bases as catalysts, are indi-

65 cated, inter alia, as secondary reactions that cause the 
formation of coke. As the catalysts used in the dehydration 
of alcohols mainly belong to the group of Bronsted and 
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PROCESS FOR THE DEHYDRATION OF
OXY()E)ATKD (IOMPOUNDS

'Ihe present invention relates to a process for the dehy-
dration of oxy enated compounds.

More specificall. the present invention reLsres ro a pro-
cess krr tht: ilchvdl'ation ol dt lcBst onc ox)'gcnrrtcd conl-
pound. prefbrably sclccrcd from saturated alcohols, unsatu-
rated alcohols. diols, ethers, in the presence of at least one
dehydration catalyst selected from cerium oxide (('e01), ro

aluminium oxide (FAISO,), aluminium silicate, silica-slu-
minas (SiO, AI,OS). aluminas, zeolites, sulfonated resins,
ion-exchange resins„metal oxides (for example. Ianrhanum
oxnlc. zirconium oxide, tungsten oxide, tlmllium oxide,
magnesium oxide, zinc oxxle), of ar least one basic agmrr
selected from ammonia (Ni I,), or from inorganic or organic
compounds containing nitrogen capable of developing
ammonia (NI II) during said dehydration process; and,
optionally. of silica (SiO,), or of at least one catalyst for the
dissociation of anunonia (NHS) selected fbom catalysts Io
comprising silica (SIOC), prcfbrably of silica (SIOC).

Thl: prcscnt nlvcnrlon also relates to a process ftir rhc
dehydration Of at least one oxygenated compound. prefer-
ably selected from saturated alcohols, unsaturated alcohols,
diols, ethers, conrprising feeding to a reactor including at
least a first catalytic bed comprising silica (SiOZ). or ar least
a first catafynic bed comprismg at least one cataiysr for the
dissociation of mnmonia (NH,) selected Irom catalysts
comprising sihca (SIOZ), prcl'trebly ar least a first catalytic
bed comprising silica (SIOI), and at least a second catalytic io
bed comprising at least one dehydmtion catalyst selected
fmm cerium oxide (CeOZ). aluminiurn Oxide (FAISOI),
aluminium silicate. silica-aluminas (SiOS AISO,). alunu-
nas. zeolites. sulfonated resins. ion-exchange resin~. metal
oxides (for cxiunple, lanthanum oxide, zircomum oxide, 3s

tungsten oxide, thalhum oxxlc. magnesium oxnle. zuic
oxide), a mixture compnsing sard at least onc oxygenated
compound and at least one basic ogent selected from anuno-
nia (NI II). or fronr inorganic or or anic comporurds con-
taining nitrogen capable of developing mnmonia (NHs) do

during said dehydration process. said mixture bein fed to
said reactor so as to pass Iirst tluough smd Iirsr catalytic bed
dnd subscqucntly through sard second cdtalyuc bed.

lilt: present nlvcntlon also ICIBrcsto B process for thc
dehydmtion of at least one oxygenated compound. prefer-
ably selected from saturated alcohols, unsaturated alcohols,
diols. ethers, comprising feeding to n reactor including at
least a first catalytic bed tximprising silica (SiOC). or nt least
a first caralync bcd comprisurg at least one catalyst Ior the
drssociauon of ammonni (NH,) selccrcd from catalysts o

comprising sihca (SiOZ). prel'crably ar iotst a Iirst catalytic
bed comprising silica ()i01), and at least a second catalytic
bed comprising at least one dehydration catalyst selected
from anunonium phosphate. or from phosphates of memls
such as. for example. boron phosphate. aiuminimn plms- s.
phirrc, cdlclllnl phosphBtc, sodrunl phosphate, ccllilul phos-
phate, preli:rably calcium phosphate. a mixture comprising
said at least onc oxygenated compound and ar lwrsr one basic
agent selected fmm amnronia (Nl ls). or from inorganic or
organic compounds containing nitrogen capable of devel- to
oping anmrorua (NHs) during said dehydration process, said
mixture being fed to said reactor so as to pass first tluough
smd Iirsr catalytic bed nnd subsequently tluough said second
catalytic bed.

Said saturated alcohols, unsarurdtctl alcohols. diols, ss
ethers. preferably derive from the fermentation of sugars
obtained fnim biomass.

,750 B2

Thc prcscnt nlvcnrlon dlso rchlrin ro d process Ior rhc
dehydration of 1,3-butanediol. sard 1,3-butanediol being,
preferably nbtained from the fernrentation of sugars
obtained from biomass to cive unsatumsted alcohols, said
unsaturated alcohols being subsequently subjected to distil-
Lstion and to a further dehydration process, obtaining IS-
butadrcnc. Saul 1,3-butddienc can be advantngrxnisly used as
monomer or as tnrermcdidtc ur the production ol'elastomcnc
materials, thermoplastic materials, and also materials based
on (cn)polymers

It is knotvn that the dehydration of alcohols takes place
throu h an acidic catalysis and the main product Obtained is
the olefin having a number of carbon atoms corresponding
to thc starturg alcohol. or the ether ol'ard alcohol.

In reality. together with Ihe mrna reactions, secondary
reactions also take place, tvhich lead to the formation of
carbnnyl cnmpnuntfs such as. for example. aldehydes,
ketnnes, carboxylic acids. Said carbonyl compounds can be
formed thanks to the dehydrogenating component present in
some dehydration catalysts such as. for example, alumina
and srhca-aluminas, whcrcm said component can bc morc or
less nlilrkcil. OrhcI sccondtlrv'cBctlons thBI cdn rake place
are the oligornerization of olefins and the "crackmg" phe-
nonreno. Said secondary reactions provide compounds that
act as precursors of coke and which therefore lead to a
deactivation of the dehydration catalyst due to formation of
coke and/or of pitch which. in a relatively short time. cover
all the active surlhcc of the catalyst used for rhc dehydration.
Burking lt ctlnlplcu:ly'urctlvc.

Deactivation nrechanisms of catalysts are widely known
in hterature. Detailed descriptions of these mechanisms can
be found. for example. in Petersen / and l3ell A. 'I',
"Carali rr Deactivation*'1987), Marcel Dekker, INC, NYZ
Forzatti P, et al., "Catalyst deactivation*'. "Catalysis Foda r'*

(1999), Yol. 62, pages 165-181: Bartholomew C.H.,
'*Mcchanrsms of catalyst deactivation", ".(ppiied Caialt si I
.4. Gcaerirl*'2001), Fool. 212. pages 17-60.

I'he nrain deactivation mechanisms of catalysts can be
attnbuted tn three fundamental categories poisonurg. tiir-
matron of carbonaceous deposits or "coking". fouling of the
catalyst.

Thc poisoning of a catalyst is generally duc ro the Iixatron
of compounds on its acute centres, that urlubrt tts acuvny.
With respect to saul poisoning, onc ol Ihc mcthotB for
avoiding this phenomenon is the elimination, upstream, of
tile p(1tcntsllly polsol'toils conlporlnds till'orlgh tccililititlcs
such as. for example, distillation. Cxtmoction, or absorption
on spemfic materials.

With resprxt. on thc other hand, to thc formation ol'arbonaceousdeposits ("coking") and thefouling ol'he
catalyst, resort is very often made ro oxtdnrrvc regeneration,
and therefore to the elimination of these deposits by com-
bustinn of the same usin suitable techniques which, hotv-
ever, must avoid sintering phenomena of the catalyst whose
activity is to be restored. or to methods that reduce the
fouhng process during thc reacuon

As indicated above. the Ibrmauon of carbonacrxius depos-
its ("coking**) rs generally due to thc formanon ol'om-
pounds, on the part of secondary reactions, which act as
precursors nf coke ln the article of Bartholomew (L I I,
"Mechanisms of catalyst deactivation'*, ":fpplred Caiali sir

Generap* (2001). Fool. 212. pages 17-(i0, mentioned
dbovtx thc poly'nlcl1zdtlon rind cvchzatlon ol oh:fins nl rhc
prcscnce of Brcnsttxf acids or bases as catalysts. are indi-
crltcd, nlrtr Bha, Bs sccondarv'eactions thir1 catlsc rhc
formation of coke As the catalysts used in the dehydration
of alcohols mainly belon to the group of Bmnsted and
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Lewis acids, the occurrence of these secondary reactions is 
considered as being extremely likely and still represents a 
very significant industrial problem. 

Furthermore, in the case of the dehydration of alcohols, 
one of the problems found in literature, which leads to the 
deactivation of the catalyst, is the presence of carbonyl 
compounds in the feedstock (reaction mixture). Aldehydes, 
in particular, can react forming compounds precursors of 
coke. This is a long well-known phenomenon, as described, 
for example, in the letter nr. 455 of 24/9/1938 addressed by 
Dr. Maximoff to Prof. Natta reported in "La Gomma Arti-
ficiale Giulio Natta e i Laboratori Pirelli" (2013), pages 
132-133, edited by Redondi P., Guerrini and Associati 
Editors. More recent citations can be found, for example, in 
the article of de KlerkA., "Key catalyst types for the efficient 
refining of Fischer-Tropsch syncrude: alumina and phos-
phoric acid", "Catalysis" (2011), Vol. 23, pages 1-49, in 
which on page 17, it can be read that the deactivation of 
alumina-based catalysts, used in the dehydration of alcohols, 
is caused by the fouling of catalysts mainly due to the 
carbonyl compounds that can be present in the feedstock or 
which can be formed during the dehydration of alcohols. It 
is also known that dehydration catalysts such as, for 
example, alumina and other metal oxides, also exert a 
dehydrogenating action which can lead to the formation of 
carbonyl compounds. The above-mentioned dehydrogena-
tion phenomenon is described, for example, on page 11 of 
the above article of de KlerkA., but this has also been known 
for some time. Sabatier P. et al. for example, in "Annales de 
chimie et de physique" (1910), Vol. 20, pages 289-352, 
report a study carried out on various metal oxides for 
determining their dehydrating and dehydrogenating proper-
ties in the dehydration reaction of ethyl alcohol to ethylene. 

Efforts have been made in the art to avoid the deactivation 
of dehydration catalysts and/or to enhance the yield of the 
dehydration processes using them. 

U.S. Pat. No. 2,426,678, for example, describes a method 
for regenerating dehydration catalysts based on phosphates, 
preferably ammonium phosphate, using volatile esters of 
phosphoric acid, whose industrial application is, in any case, 
complex and expensive. 

U.S. Pat. No. 2,399,164 describes a process for the 
preparation of 1,3-butadiene, or of other unsaturated hydro-
carbons, starting from 1,3-butanediol or from other polyhy-
droxy compounds, by diluting said 1,3-butanediol or said 
polyhydroxy compounds, in vapour form, with a suitable 
quantity of 1,3-butadiene or of said unsaturated hydrocar-
bons in the form of gas or vapour, in the presence of a 
dehydration catalyst (for example, a mixture of calcium 
monophosphate, sodium monophosphate ethylamine phos-
phate and phosphoric acid). The above process is said to be 
capable of increasing the yield of 1,3-butadiene or of unsatu-
rated hydrocarbons and of reducing, or even eliminating, the 
formation of oily polymers. Also in this case, however, the 
dilution of said 1,3-butanediol or of said polyhydroxy com-
pounds makes the industrial application of this process 
inconvenient. 

U.S. Pat. No. 2,373,153 describes a process for enhancing 
the dehydration of 1,3-butanediol to produce 1,3-butadiene 
comprising feeding 1,3-butanediol and a certain quantity of 
volatile basic material (for example, ammonia; volatile 
substituted amines such as, for example, primary, secondary 
or tertiary ethyl-, propyl-, butyl-amines, aniline, pyridine, or 
materials which decompose under the reaction conditions to 
give volatile bases such as, for example, urea), to a chamber 
containing an acidic dehydration catalyst (preferably, 
ammonium phosphate). The use of said volatile basic mate-

4 
rial is said to guarantee a prolonged activity of the catalyst 
and to improve the efficiency of the process. 

Numerous efforts have been made in the art to find 
catalysts suitable for the dehydration of alcohols to give 

5 olefins and dienes. 
English patent GB 1,275,171, for example, describes a 

process for the preparation of a catalyst based on lithium 
phosphate to be used in the dehydration of an epoxide or of 
a diol to give a diene. The use of said catalyst in the 

10 dehydration of epoxides or of diols to give dienes is said to 
allow the production, as by-products, of mainly carbonyl 
compounds which can be reconverted to olefins. Further-
more, said catalyst is said to have the advantage to be 
calcined at 600° C. without losing its activity, to enable it to 

is be regenerated after use. 
U.S. Pat. No. 2,420,477 describes a process for the 

preparation of butadiene comprising reacting vinyl ethyl 
ether with ethylene within a temperature range of 125° 
C.-250° C., in the presence of a catalyst comprising a "core" 

20 of a metal selected from the group consisting of beryllium, 
magnesium, zinc, cadmium, aluminium, or alloys thereof, 
said "core" being covered with a metal oxide such as, for 
example, vanadium, niobium, tantalum, chromium, molyb-
denum, tungsten and uranium. 

25 The above-mentioned process is said to be carried out at 
temperatures lower than those normally used for the prepa-
ration of butadiene and substantially to be capable of avoid-
ing the production of by-products. 

International patent application WO 2013/017496 
30 describes the use of a catalyst comprising a phosphorous-

modified zeolite for the dehydration of alcohols to give 
low-molecular-weight olefins, said catalyst being obtained 
through a specific process which is said to be easily repro-
ducible and that gives a catalyst having good performances. 

35 American patent U.S. Pat. No. 4,260,845 describes the 
dehydration of a saturated alcohol to olefin in the presence 
of a dehydration catalyst based on zinc aluminate having a 
molar ratio ZnO/Al2O3 of about 1, said catalyst having been 
heated in the air for a time and to a temperature sufficient for 

40 its activation. The above catalyst is said to have good 
performances in terms of selectivity. 

In spite of the efforts made in the art, the objective of 
finding dehydration catalysts having good performances and 
a longer duration, and/or processes which can increase the 

45 life of said catalysts and/or reduce the formation of by-
products which, as mentioned above, can cause poisoning of 
the catalyst, still remains and is consequently of great 
interest. 

The Applicant has therefore considered the problem of 
so finding a process for the dehydration of oxygenated com-

pounds, in particular saturated alcohols, unsaturated alco-
hols, diols, ethers, which can increase the duration of the 
dehydration catalyst used and/or reduce the formation of 
by-products. 

55 The Applicant has now found that the use of at least one 
basic agent, selected from ammonia (NH3), or from inor-
ganic or organic compounds containing nitrogen capable of 
developing ammonia (NH3) during the dehydration process 
of oxygenated compounds, in particular saturated alcohols, 

60 unsaturated alcohols, diols, ethers, and optionally of silica 
(SiO2), or of at least a catalyst for the dissociation of 
ammonia (NH3) selected from catalysts comprising silica 
(SiO2), allows the life of the dehydration catalyst used to be 
increased, and/or to reduce the formation of by-products. In 

65 particular, the Applicant has found that the use of said basic 
agent, and optionally of silica (SiO2), or of at least a catalyst 
for the dissociation of ammonia (NH3) selected from cata-
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Lewis ilcnls, thc occU&rcncc oi these scconihlry linictions Is
considered as being extremely likely and still represents a
very signihcant industrial problem.

I'urthennore, in the case of the dehydration of alcohnls,
one of the problems found in litemsture. which lends to the
deactivation of the catalyst. is the presence of carbonyl
compounds in the fi:cdstock (react&on mixture). Aldchydes,
in pa&t&cu)ar, can react fomling compounds precursors of
coke 'I his is a long well-known phenomeixm, as described,
for example, in the letter nr 455 of 24/I&/It&38 addressed by ia
l)r Maximoff to Prof Natta reported in "I,a (iomma Art&-

ficiale (iiulio Natta e i Labomstori Pirelli** (2013). pages
132-133. edited by Redondi P., Ciuerrini and Associat&
Editors. Morc rcccnt c&tat&ons can be I'ound. fi&r ex nnple, &n

the arficle of de Klcrk A., '*Key catalysi types Ibr lhc cflicimlt
refining of I'ischer-I'ropsch syncn&de alumina and phos-
phoric acid", "Ca/o/ys/1*'2011). 1/ol 23, pages 1-4'&. in
which on page 17, it can be read that the deactivation of
alumina-based catalysts. used in the dehydration of alcohols,
is caused by the fouling of catalysts mainly due to the lo
cdrbonyl compounds that cml bc present ul the (bedstock or
winch can be fonncd during the dehydrauon of alcohols It
is also knoivn tllat dehydration catalysts such as, fi&r

example, alumina and other metal oxides. also exert a
dehydroaenating action which can lead to the formation of 'arbonylcompounds. The above-mentioned dehydrogena-
tion phenomenon is described. Ii&r example, on page 11 of
the above art&cle ofdc Klerk A., but Qus has also been known
for some tune. Sabat&cr P. ct al. for example, ul *(I Ban/cs dc
ih/Ia/e e/ dc ph&i&/qiie" (1910), Mi&1 20„pages 289-352, &o

report a study cerned out on various inetal oxides for
deternlinina their dehydmsting and dehydrogenating proper-
ties in the dehydration reaction of ethyl alcohol ro ethylene.

Efih&rts have been made in the art to avoid the deactivation
oi dchvdl &it&on cdtalvsm rind/ol lo cnhilncc fllc vicki of thc li
dehydrauon processes using them.

U.S. Pat No. 2,426,678, Ihr example, desvnbcs a method
for regeneratin dehydration catalysts based on phosphates,
prefembly ammoniunl phosphate, using volatile eaters of
phosphoric acid, whose industrial application is. in any case, do

conlplex and expensive.
U.S. Pat. No. 2,399,164 describes a process for thc

preparation of 1,3-butad&m&c, or of other unsaturated hydro-
carbons. starting from 1,3-butanediol or from other polyhy-
dmxy compounds. by diluting said 1.3-butanediol or said
polyhydroxy compounds. in vapour form, with a suitable
quantity of 1„3-butadiene or of said unsaturated hydrocar-
bons in the foun of gas or vapour. in the presence of a
dehydrauon catalyst (for cxamplc, a nnxturc OI'alcn&m
nxulophosplrdtc, sod&UBI nlonophosphaic cthvlBnunc phi&s-

phatc mid phosphonc ac&d) Thc above process &s wiid to be
capable of mcreasing the yield of 1,3-butadiene or ofunsatu-
rated hydrocarbons and of reducing, or even eliminating, the
formation of ody polymers. Also in this case. how:ever, the
dilution of said 1„3-butanedioi or of said polyhydroxy corn- &1

pounds makes the Industrial apphcat&on of tins process
nlconvcnlcnn

U.S. Pat. No 2,373,153 describes d process (br enirulcing
the dehydration of 1,3-butanediol to produce l,&-butadiene
comprising feeding 1,3-butanediol and a cenain quantity of ic
volatile basic material (for example. anunonin: volat&le
substituted amines such as. for example, primary. secondary
or tertiary ethyl-, propyl-, butyl-amincs, aniiule, pyndinc. or
matenals w hich decompose under ihe reaction cond&uons lo
g&vc volatile bases such as, for cxamplc, urea). to a chmnbcr Si

containing an acidic dehydration catalyst (preferably,
ammonium phosphate) The use of said volatile basic mate-

nal ts said to guarantcc a prolonged activ&ty oi thc catalysl
,'llld to linpn1vc thc cfllcicnc&'f fllc pl'occss

Numerous efl'orts have been made in the art to find
catalysts suitable for the dehydration of alcohols to give
olefins and dienes.

English patent (&B 1.275.171. for example. describes a
process for Ihe prcparat&on of a catalyst based on litiuum
phosphate to bc used m thc dchydrat&on of an cpoxidc or oi'

diol to give a diene. I'he use of sa&d catalyst in the
dehydration of epoxides or of d&ols to give d&enes is said to
allow the production, as by-products, of mainly carbonyl
compounds lvhich can be reconverted to olefins. Further-
more. said catalyst issaid to have the advantage to be
calcu&cd at 600" C. without losulg &ts act&v&ty, to enable it to
bc rcgcncratcd after usc.

U S Pat. Nn 2.420.477 describes a pn&cess for the
preparation of butadiene composing reacting vinyl ethyl
ether with ethylene within a temperature range of 125"
C.-250'.. in the presence of a catalyst comprising a "core'*

of a metal selected from the group cons&sting of beryllium,
nulgncs&UBI, zoic, cddnuunl. illUUUUIUU&, or Bllo&'s thclcoi,
sa&d "core" being covered w&th a metal ox&dc such as, for
exanlple, vanadium. niobiunl, tantalum. chrom&un&, molyb-
denum, tungsten and uranium.

I'he above-mentioned pmcess is said to be carried out at
temperatures lov,er than those normally used for the prepa-
ration of butadiene and substantially to be capable of avoid-
ing thc product&on oi'y-products.

Intcmational pa&cut application WO 2013&017496
describes the use of a catalyst con&prising a phosphorous-
modified zeolite for the dehydration of alcohols to give
low-molecuhsr-v,eight olefins, said catalyst being obtained
through a specific process which is said to be easily repro-
ducible and that ives a catalyst having good performances.

Amcncan patent U.S. Pat. No. 4,260,845 dcscnbcs the
dehydration oi a sa&urn&&xi alcohol to olclin ul thc presence
of a dehydration catalyst based on x&nc Blumumtc having a
nx&lar ratio gnO/AISOS of about I. sa&d catalyst havulg been
heated in the air for a time and to a temperature suflicient ti&r

its activation. The above catalyst is sa&d to have good
perfomlances in terms of selectivity.

In spite oi'hc cfibrts made in thc art, thc objcclive of
finding dchydrat&on catalysts llaving good performances and
a longer duration, and/or processes wiuch cdn Increase thc
life of said catalysts and/or reduce the formation of by-
pmducts which, as mentioned alx&ve, can cause poisoning of
the catalyst. still remains and is consequently of great
interest.

Thc Applicant has therefore cons&dcrcd the problem oi'ind&nga process for the dchydrat&on of oxygcnatcd com-
pounds, in particular Bi&urn&cd alcohols, nasa&urn&Ox) alco-
hols, din)a. ethers. which can increase the duration of the
dehydration catalyst used and&or reduce the forn&ation of
by-products.

The Applicant has now found that the use of at least one
bas&c agent. selcctcd from iumnonia (NH&), or I'rom uxor-
gan&c or organic compounds contau»ng n&trogcn capable of
dcvcloping anunonia (NH,) during thc dehydrat&on process
of oxygenated cnmpouni(s, in particular saturated alcohols,
unsaturated alcohols. diolv, ethers. and optionally of silica
(SiO ). or of at least a catalyst for the dissociation of
anunonia (NH.,) selected from catalysts comprising silica
(S&O&). allows thc hie OI the dehydrat&on catalyst used to be
incrcascd, and/or to reduce the fonnauon of by-products. In
part&euler, thc Applicant hds found that the use OI'aid bas&c

agent, and optionally of silica (S&O&), or of at least a catalyst
for the dissociation of ammonia (NI Il) selected fn&m cata-
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lysts comprising silica (SiO2), is capable, in the presence of 
a dehydration catalyst selected from cerium oxide (CeO2), 
aluminium oxide (y-Al2O3), aluminium silicate, silica-alu-
minas (SiO2 Al2O3), aluminas, zeolites, sulfonate resins, 
ion-exchange resins, metal oxides (for example, lanthanum 
oxide, zirconium oxide, tungsten oxide, thallium oxide, 
magnesium oxide, zinc oxide), ammonium phosphate, metal 
phosphates such as, for example, boron phosphate, alu-
minium phosphate, calcium phosphate, sodium phosphate, 
cerium phosphate, of increasing the life of the catalyst and 
consequently the productivity of the same, and/or reduce the 
formation of by-products, in particular the formation of 
carbonyl compounds, more specifically of acetaldehyde and 
of methyl-vinyl ketone. 

An object of the present invention therefore relates to a 
process for the dehydration of at least one oxygenated 
compound, preferably selected from saturated alcohols, 
unsaturated alcohols, diols, ethers, in the presence of at least 
one dehydration catalyst selected from cerium oxide (CeO2), 
aluminium oxide (y-Al2O3), aluminium silicate, silica-alu-
minas (SiO2 Al2O3), aluminas, zeolites, sulfonate resins, 
ion-exchange resins, metal oxides (for example, lanthanum 
oxide, zirconium oxide, tungsten oxide, thallium oxide, 
magnesium oxide, zinc oxide); of at least one basic agent 
selected from ammonia (NH3), or from inorganic or organic 
compounds containing nitrogen capable of developing 
ammonia (NH3) during said dehydration process; and, 
optionally, of silica (SiO2), or of at least one catalyst for the 
dissociation of ammonia (NH3) selected from catalysts 
comprising silica (SiO2), preferably of silica (SiO2). 

For the purposes of the present description and of the 
following claims, the definitions of the numerical ranges 
always include the extremes unless otherwise specified. 

For the purposes of the present description and of the 
following claims, the term "comprising" also includes the 
terms "which essentially consists of or "which consists of'. 

According to a further aspect, the present invention also 
relates to a dehydration process for the dehydration of at 
least one oxygenated compound, preferably selected from 
saturated alcohols, unsaturated alcohols, diols, ethers, com-
prising feeding to a reactor including at least a first catalytic 
bed comprising silica (SiO2), or at least a first catalytic bed 
comprising at least one catalyst for the dissociation of 
ammonia (NH3) selected from catalysts comprising silica 
(SiO2), preferably at least a first catalytic bed comprising 
silica (SiO2), and at least a second catalytic bed comprising 
at least one dehydration catalyst selected from cerium oxide 
(CeO2), aluminium oxide (y-Al2O3), aluminium silicate, 
silica-aluminas (SiO2 Al2O3), aluminas, zeolites, 
sulfonate resins, ion-exchange resins, metal oxides (for 
example, lanthanum oxide, zirconium oxide, tungsten oxide, 
thallium oxide, magnesium oxide, zinc oxide), a mixture 
comprising said at least one oxygenated compound and at 
least one basic agent selected from ammonia (NH3), or from 
inorganic or organic compounds containing nitrogen capable 
of developing ammonia (NH3) during said dehydration 
process, said mixture being fed to said reactor so as to pass 
first through said first catalytic bed and subsequently 
through said second catalytic bed. 

According to a further aspect, the present invention also 
relates to a process for the dehydration of at least one 
oxygenated compound, preferably selected from saturated 
alcohols, unsaturated alcohols, diols, ethers, comprising 
feeding to a reactor including at least a first catalytic bed 
comprising silica (SiO2), or at least a first catalytic bed 
comprising at least one catalyst for the dissociation of 
ammonia (NH3), selected from catalysts comprising silica 

6 
(SiO2), preferably at least a first catalytic bed comprising 
silica (SiO2), and at least a second catalytic bed comprising 
at least one dehydration catalyst selected from ammonium 
phosphate or from phosphates of metals such as, for 

5 example, boron phosphate, aluminium phosphate, calcium 
phosphate, sodium phosphate, cerium phosphate, preferably 
calcium phosphate, a mixture comprising said at least one 
oxygenated compound and at least one basic agent selected 
from ammonia (NH3), or from inorganic or organic com-

10 pounds containing nitrogen capable of developing ammonia 
(NH3) during said dehydration process, said mixture being 
fed to said reactor so as to pass first through said first 
catalytic bed and subsequently through said second catalytic 

15 bed. 
For the purposes of the present description and of the 

following claims, the term phosphate should be intended in 
its widest meaning, i.e. comprising, where existing, the 
mono- or di-acidic form of the phosphate (for example, 

20 sodium mono-acid phosphate, sodium di-acid phosphate, 
calcium mono-acid phosphate), and mixtures thereof. 

According to a preferred embodiment of the present 
invention, said saturated alcohols can be selected, for 
example, from alcohols having from 1 to 25 carbon atoms, 

25 preferably from 2 to 20 carbon atoms. Said saturated alco-
hols can preferably be selected, for example, from: metha-
nol, ethanol, 1-propanol, 2-propanol, 1-butanol, 2-butanol, 
3-methyl-l-butanol, 1-pentanol, 1-hexanol, or mixtures 
thereof. Ethanol, 2-propanol, 1-butanol, 3-methyl-l-butanol, 

30 1-hexanol, or mixtures thereof, are preferred. 
According to a preferred embodiment of the present 

invention, said unsaturated alcohols can be selected, for 
example, from unsaturated alcohols having from 2 to 20 
carbon atoms, preferably from 4 to 15 carbon atoms. Said 

35 unsaturated alcohols can preferably be selected, for 
example, from: allyl alcohol, 2-buten-1 -ol (crotyl alcohol), 
3-buten- 1 -ol (allylcarbinol), 3-buten-2-ol (methylvinylcar-
binol), 2-methyl-3-buten-2-ol, 2-methyl-3-buten-l-ol, 
2-methyl-2-buten-l-ol, 3-methyl-2-buten-l-ol, 3-methyl-3-

40 buten- 1 -ol, 2-methyl-3-buten-2-ol, or mixtures thereof; 
2-buten- 1 -ol (crotyl alcohol), 3-buten-1 -ol (allylcarbinol), 
3-buten-2-ol (methylvinylcarbinol), 3-methyl-2-buten-l-ol, 
3-methyl-3-buten-1 -ol, 2-methyl-3-buten-2-ol, or mixtures 
thereof, are preferred. 

45 According to a preferred embodiment of the present 
invention, said diols can be selected, for example, from diols 
having from 2 to 20 carbon atoms, preferably from 4 to 15 
carbon atoms. Said diols can preferably be selected, for 
example, from: ethylene glycol, propanediol, 1,3-butane-

50 diol, 1,4-butanediol, pentanediol, 2-methyl-propanediol, 
2,2-dimethyl-propanediol, hexanediol, decanediol, or mix-
tures thereof. 1,3-butanediol, 1,4-butanediol, or mixtures 
thereof, are preferred. 

According to a preferred embodiment of the present 
55 invention, said ethers can be selected, for example, from 

cyclic or linear ethers having from 4 to 12 carbon atoms, 
such as, for example, methyl-tert-butylether, diethyl ether, 
tert-amyl methyl ether, tetrahydrofuran. Tetrahydrofuran is 
preferred. 

60 According to a preferred embodiment of the present 
invention, said saturated alcohols, unsaturated alcohols, 
diols, ethers, can be used in anhydrous form, or mixed with 
water, said water being present in a quantity higher than or 
equal to 0.005% by weight, preferably ranging from 10% by 

65 weight to 85% by weight, more preferably ranging from 
15% by weight to 30% by weight, with respect to the total 
weight of said mixture. 
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lysts comprising silica (SiOI), is capable, m the presence of
a dehydration catalyst selected from cerium oxide (OeOI),
aluminium oxide (I-A1105), alumiiliutu silicate. silica-alu-
minas (SiOS AISOS). aluminas, zeolites, sulfimate resins,
ion-exchange resins, metal nxides (for example. lanthanum
oxide, zirconium oxide, tungsten oxide, thallium oxide,
magnesium oxide, dine oxide), imunomum phosphate, metal
phosphatcs such as, for example. boron phosphate, alu-
niiniiun phosphate, calcium phosphate. sodium phnspliat,
cerium phosphate, of increasing the life of the catalyst and in

consequently the productivity of the same, anrgor reduce the
formation of by-products, m particular the fomiation of
carbonyl compounds, more specifically of acetnldehyde and
of methyl-vuiyl ketone.

An obtcct of the prcscnt uivcntton therefore relates 10 a
pmcess for the dehydration of at least one oxygenated
compound. preferably selected fmin saturated alcnhnls,
unsanirated alcohols, diols, etherg in the presence nfat least
one dehydration catalyst selected from cerium oxide (OeOS),
aluminium oxide (I-AI,OS), aluminium silicate. silica-alu- Io
nnnas (SIOS AIIOS). aluminas, xeolttes, sulfonate resins,
ion-cxchilngc resins, nlcnll oxides (fili cxanlphv IBnthanUUI
oxide. zirconium oxide, tungsten oxide, thallium oxide,
niagnesiuni nxide, zinc oxide); of at least one basic agent
selected front amntonia (Nl is), or from innrganic or ntganic
conipounds containin nitrogen capable of developing
anum&nia (NH,) during said dehydration process, and,
optionally. of sthca (SiOS), or of at least onc catalyst for thc
dissociation of mnmonia (NHI) selected Irom catalysts
comprisiim silica (SIOI), preferably of silica (SiO ) Ic

I'or the purposes of the present description and of the
fiillotving claims. the definitions of the numerical ranges
abvays include the extremes unless otherwise specified.

For the purposes of the present description and of the
Ioilov;Ing clalnls, thc teria conlpl1slng also lnclUdcs thc 35

It:nus which t:sscntlallv colisisis 01 01 which consists 111

According to a Iurther aspect, the present invention also
relates to a dehydration process for the dehydration of at
least one oxygenated conipound, preferably selected front
saturated alcohols, unsatumted alcohols. diols. ethers. corn- do

prising feeding to a reactor mcluding at least a first catalytic
bixi compnsuig silica (SiOI). or at least d first catalytic bed
comprising at least one catalyst for thc dissocmIton of
dnunoma (NH,) sclcctcd I'rom catalysts compnsuig silica
(SiOS). preferably at least a first catalytic bed comprising
silica (SiOI). and at least a second catalytic bed comprising
at least one dehydration catalyst selected from cerium oxide
(CeOS), alumintum oxide (,-AICO.,). aluminium silicate,
silica-aluminas (SIOI AICOS). Blununas, dcoittcs,
sulfonate resins, ion-exchange resins, metal oxides (for o

cxiunple, lanthanum oxide, xircoiu um oxide. I ungs1en oxide,
thalliuni oxide. magnesium oxide, zinc oxide). a ntixture
comprisin said at least one oxygenated cnmpnund and at
least one basic agent selected from anmionia (NH,). or from
inorganic or organic compounds containing nitrogen capable 15

of developing anunonta (NH1) during smd dehydration
process, said nuxturc bcuig fed to said rcacIor so as Io pass
Iirst tluough said Iirst catalytic bcd and subscqucntly
through said second catalytic bed.

Accordin to a further aspect. the present invention also ic
relates to a process for the dehydration of nt least one
oxygenated compound, preferably selected thorn satumted
alcohols. unsaturated alcohols, diols, cthers. comprising
Iimdnig to a rctctor includuig at least a Iirst catalytic bcd
comprising silica (SIOI), or at lcasi d first cauilytic bcd si
comprisin at least one catalyst for the dissociation of
ammonia (NIIS), selected fnim catalysts comprising silica

(SiOS), preii:rably at least a Iirst catalytic bcx) compnsuig
silica (SiO,). and at least a second catalytic bed comprising
dt IcBst onc ilchvdtdtlon cdtdlv'51 sclcctcd Ironl anuuonlilnl
phosphate or fmm phosphates of metals such as, fiir
cxiunplc, boron phospluite, alumintum phosphate, calcnun
phosphate, sodium phosphate, cerium phosphate. preferably
calcium phosphate. a niixture comprising said at least one
oxygenated compnund and at least one basic agent selected
from anunonia (NH,). or from inorganic or organic com-
pounds contiunuig nitrogen capable oi'cvcloping imimoiua
(NHS) during said dehydration process, said mixture bein
fcd to said reactor so as to pass Iirst Ihrough said Iirs1

catalyrtic bed and subsequently thtuuP said second catalytic
bixl.

linr the purposes of the present description and of the
followin claims. the temi plmsphate should be intended in
its widest meaning, i e. cnmprising. where existing, the
nliino- or di-acidic form of the phosphate (for example,
sodium mono-acid phosphate. soihum di-acnl phosphdie.
calcium mono-acid phosphate). and mixtures thereof.

Accorduig to a prefi:rrcd cmboduncnt oi'hc present
invention. said satumted alcnhols can be selected, tiir
exaniple, from alcohols havina from I to 25 carbon atoms,
preferably from 2 to 20 carbnn atonts Said saturated alco-
hols can preferably be selected, for example, from: metha-
nol, ethanoL I-propanoL 2-propanol„ I-butanoL 2-butanol,
3-methyl-l-butanol, I-pcntanol, I-hexanol, or mixtures
thcrcof. Ethanol. 2-propanol. I-butauol, 3-methyl-l-butanol.
I-hexanol. or mixtures thereof, are preferred

According to a preferred embodiment of the present
invention, said unsaturated alcnhols can be selected, fiir
example. from unsaturated alcohols having from 2 to 20
carbon atoms, preferably from 4 to 15 carbon atoms. Said
unsatunttcd alcohols can prefi:rably bc selcctixk Ior
example, from. allyl alcohol, 2-buten-I-ol (crotyl alcohol),
3-butcn-I-ol (allylcnrbinol), 3-butmi-2-ol (methylvuiylcar-
binol), 2-methyl-3-buten-2-ol. 2-methyl-3-buten- I -01,

2-ntethyl-2-buten-I -ol, 3-methyl-2-buten-l-ol, 3-methyl-3-
buten-l-ol, 2-methyl-3-buten-2-ol, or mixtures thereof;
2-buten-I-ol (crotyl alcohol). 3-buten-I-ol (allylcarbinol),
3-butcn-2-ol (methylvinylcdrbuiol), 3-methyl-2-butcn-l-ol.
3-methyl-3-butcn-I-ol. 2-methyl-3-butcn-2-ol, or mixtures
thcrcof, ill c piclcrrcd.

According to a preferred embodiment of the present
invention, said dinls can be selected, for exaniple, from diols
having from 2 to 20 carbon atoms, prefembly from 4 to 15

carbon atoms. Said diols can preferably be selected. for
example, from. ethylene glycol, propancdiol, 1,3-butane-
diol, 1,4-butancdtol, pcntmiediol, 2-methyl-propanediol,
2,2-dimethyl-propancdiol, hexancxfiol, dccancx)toi, or mix-
tures thereof 1,3-butanediol, 1,4-butanediol, or mixtures
thereof, are preferred

According to a preferred embodiment of the present
invention, said ethers can be selected. for example. from
cy'cllc or linear ethcrs hilvlng Iliinl 4 10 12 cdrbon dtonis.
slick 'Is, for cxanlpltb nlcthvl-toit-bUty'lcthcr, dicthvl cthcn
tert-amyl methyl ether. tctrahydrofurdn. Tetrahydrofuran is
preferred

According to a preferred embodiment of the present
invention, said saturated alcohols, unsaturated alcohols,
diols. ethers. can be used in anhydrous fomi, or mixed with
wdter, said watei being prcscnt itl 5 qUantlty hlghc'I thdn ol
equal to 0.005% by v;eighn preferably rmiguig I'rom 10% by
weight to S5% by weighn more prcfcrnbly ranging from
15% by weight to 30% by weight. with respect to the total
weight of said mixture
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According to a preferred embodiment of the present 
invention, said oxygenated compounds, preferably said satu-
rated alcohols, unsaturated alcohols, diols, ethers, derive 
from the fermentation of sugars obtained from biomass. 

According to a further aspect, the present invention relates 
to a process comprising: 

subjecting 1,3-butanediol to dehydration, preferably in a 
mixture with water, said 1,3-butanediol being prefer-
ably obtained from the fermentation of sugars obtained 
from biomass, in the presence of at least one dehydra-
tion catalyst selected from cerium oxide (CeO2), alu-
minium oxide (y-Al2O3), aluminium silicate, silica-
aluminas (SiO2 Al2O3), aluminas, zeolites, sulfonate 
resins, ion-exchange resins, metal oxides (for example, 
lanthanum oxide, zirconium oxide, tungsten oxide, 
thallium oxide, magnesium oxide, zinc oxide), prefer-
ably cerium oxide (CeO2); of at least one basic agent 
selected from inorganic or organic compounds contain-
ing nitrogen capable of developing ammonia (NH3) 
during said dehydration; and optionally, of silica 
(SiO2), or of at least one catalyst for the dissociation of 
ammonia (NH3) selected from catalysts comprising 
silica (SiO2), preferably of silica (SiO2), obtaining 
unsaturated alcohols; 

subjecting the unsaturated alcohols obtained as described 
above to distillation and to a further dehydration, in the 
presence of at least one dehydration catalyst selected 
from aluminium oxide (y-Al2O3), aluminium silicate, 
silica-aluminas (SiO2 Al2O3), aluminas, zeolites, 
sulfonate resins, ion-exchange resins, acid earth (for 
example, lanthanum oxide, zirconium oxide), prefer-
ably silica-aluminas (SiO2 Al2O3); of at least one 
basic agent selected from inorganic or organic com-
pounds containing nitrogen capable of developing 
ammonia (NH3) during said dehydration; and, option-
ally, of silica (SiO2), or of at least one catalyst for the 
dissociation of ammonia (NH3) selected from catalysts 
comprising silica (SiO2), preferably of silica (SiO2), 
obtaining 1,3-butadiene. 

Said 1,3-butadiene can be advantageously used as mono-
mer or as intermediate in the production of elastomeric 
materials, thermoplastic materials, and also materials based 
on (co)polymers. 

For the purposes of the present description and of the 
following claims, the term "biomass" indicates any organic 
material of a vegetable origin including: products deriving 
from agriculture such as, for example, guayule, thistle, corn, 
soybean, cotton, linseed, rapeseeds, sugar cane, palm oil, 
comprising scraps, residues and waste products deriving 
from said products or from their processing; products deriv-
ing from crops specifically cultivated for energy use, such 
as, for example, miscanthus, foxtail millet, common cane, 
comprising scraps, residues and waste products deriving 
from said products or from their processing; products deriv-
ing from forestation or silviculture comprising scraps, resi-
dues and waste products deriving from said products or from 
their processing; scraps of agro-food products destined for 
human nutrition or zootechnics; residues from the paper 
industry; waste products coming from the differentiated 
collection of solid urban waste, such as, for example, urban 
waste of a vegetable origin, paper. 

According to a particularly preferred embodiment of the 
present invention, said saturated alcohols, unsaturated alco-
hols, diols, ethers, derive from the fermentation of sugars 
obtained from guayule or from thistle, comprising scraps 
and residues deriving from said guayule and/or thistle or 
from their processing. 

8 
According to an even more preferred embodiment of the 

present invention, said saturated alcohols, unsaturated alco-
hols, diols, ethers, derive from the fermentation of sugars 
obtained from guayule, comprising scraps and residues 

5 deriving from said guayule or from its processing. 
The production of sugars from biomass can be carried out 

using processes known in the art. 
For example, in the case of the use of a biomass of a 

vegetable origin (for example, a lignocellulosic biomass) for 
10 producing sugars, said biomass is subjected to physical 

treatments (for example, extrusion, steam explosion, and the 
like) and/or to chemical hydrolysis and/or to enzymatic 
hydrolysis, obtaining mixtures of carbohydrates, aromatic 
compounds and other products deriving from cellulose, 

15 hemicellulose and lignin present in the biomass. In particu-
lar, the carbohydrates obtained are mixtures of sugars with 
5 or 6 carbon atoms including, for example, sucrose, glu-
cose, xylose, arabinose, galactose, mannose and fructose, to 
be used in the fermentation. Further details relating to 

20 processes for the production of sugars from biomass can be 
found, for example, in Italian patent application 
MI2013A002069, in the name of the Applicant. Said fer-
mentation is generally carried out by microorganisms, in 
particular genetically modified microorganisms, capable of 

25 producing alcohols of interest. More details on processes for 
the synthesis of 1,3-butandiol starting from biomass can be 
found, for example, in US patent applications US 2010/ 
330635, US 2012/329113, US 2013/066035, US 2013/ 
109064. 

30 For the purposes of the present invention, said dehydra-
tion catalysts can contain binders such as, for example, 
alumina, silica, and/or optionally being supported on inert 
carriers such as, for example, pumice, graphite, silica. 

For the purposes of the present description and of the 
35 following claims, the term "zeolites" is intended in its wider 

meaning, i.e. also comprising materials commonly known 
as, for example, "zeolite-like", "zeotype"; zeolites modified 
with phosphorous, or with a metal such as, for example, 
sodium, potassium, boron, or with a metal of the lanthanide 

40 series; and the like. 
According to a preferred embodiment of the present 

invention, said basic agent can be selected, for example, 
from ammonia (NH3) in gaseous form; ammonium hydrox-
ide (NH4OH); urea; ammonium carbonate or bicarbonate; 

45 aliphatic or aromatic primary, secondary or tertiary amines, 
having a boiling point ranging from -8° C. to 250° C. such 
as, for example, n-butylamine, methyl amine, ethyl amine, 
diethyl amine, propyl amine, aniline, or mixtures thereof; 
heterocyclic compounds containing one or more nitrogen 

so atoms such as, for example, pyrrole. Said basic agent can 
optionally be used in aqueous solution. Ammonia (NH3) in 
gaseous form, ammonium hydroxide (NH4OH), urea, 
ammonium carbonate or bicarbonate, n-butyl amine, pyr-
role, or mixtures thereof, are preferred. 

55 According to a preferred embodiment of the present 
invention, said basic agent can be used in such a quantity so 
as to have a concentration of ammonia (NH3), or an equiva-
lent concentration of ammonia (NH3), referring to the total 
weight of said at least one oxygenated compound and of 

60 other organic compounds optionally present, ranging from 
0.005% by weight to 4% by weight, preferably ranging from 
0.1% by weight to 3% by weight, more preferably ranging 
from 0.5% by weight to 2% by weight. 

For the purposes of the present description and of the 
65 following claims, the term "other organic compounds pres-

ent" refers to organic compounds such as, for example, 
C2-C4 alcohols, carbonyl compounds (such as, for example, 
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According lo a preferred embodiment of Ihc presmll
invention, said oxygenated compounds, preferably said satu-
rated alcohols. unsaturated alcohol~. diols, etherx derive
fmm the fermentation of sugars obtained fmm bionlass

According to a Thither aspect, the present invention relates
to a process comprising:

sublixling 1,3-butanixliol Io dehydrauono preferably in a
mn«urc with water, said 1,3-butimcihol bculg prefer-
ably obtained front the fermentation of sugars obtained
from biomass. in the presence of at least one dehvdra- Io

tion catalyst selected from cerium oxide (('e01), alu-
minium oxide (T-A),01). almninium silicate, silica-
aluminas (SiOS A110o), aluminas, zeolites. sulfonate
Icsnls, loll-I:xchallgc rcsllls. Iucitll oxides (fol cxillnplc,
lillllhalliilu OXliliy zirCOlliulu OXidCo lilllgSICII OXiilC, I

lhalliunl oxide, magnesium oxide. zinc oxide), prefer-
ably cerium oxide (('eOz); of at least one basic agent
selected fmm inorganic or or aoic coinpounds contain-
ing nitrogen capable of developin mnmonia (NHo)
during said dehydration: and optionally. of slice Io

(SiOS). or of at least onc catalyst ibr file dissociation of
anunonia (NHS) selected 1'rom catalysts comprisulg
silica (SiOS). prefemsbly of silica (SiOz), obtainiag
unsanirated alcohols:

subjecting the unsaturated alcohols obtained as descnbed
above to distillation and to a further dehydration, in the
presence of at least one dehydration catalyst selected
from alumulnun oxide (y-A110,), alunmuum silicate,
sihca-alumioas (SIOS A110,)o alunnnas. zeolitcs,
sulfonate resins, ion-exchange resins. acid earth (for sc

example, lanthamim oxide, zirconiuin oxide), prefer-
ably silica-aluminas (SiO, Al,OI); of at least one
basic agent selected from inorganic or organic com-
pounds containing nitrogen capable of developing
anunonia (NHU during said dehydration. Snd, option- ls
ally, of silica (SiOI), or of at least onc calalysl for the
dissociation of anunoiua (NH,) selected from catalysts
comprisiim silica (SiOC), preferably of silica (SIOzj,
obtainin 1,3-butadiene.

Said l,g-butadlene can be advanta eously used as mono- so
mer or as intermediate In the production of elastomeric
malcnals. Ihcrmoplastm materials. and also malcnals based
oil (co)piiivnicrs.

For Ihc purposes of llm present dcscriplion and of thc
fillloiving claims. the term "biomass" indicates any organic
material of a vegetable origin including products deriving
front agriculture such as. for example, guayule. thistle. corn,
soybean„cotton. linseed. mspeseeds, sugar cane. palm oil,
comprising scraps, rcsiducs mid waste products denving
from said products or from their proccssulg, products denv- o

ing ibom crops spccilically cultivated fiir energy usc. such
as, for example. miscanthus, foxtail millet, common cane,
comprisin scraps. residues and ivaste products deriviag
from said products or from their processin.: products deriv-
ing from forestation or silviculture comprisin scraps, real- o.

dues mid w astc products dcnving from said products or from
their processing, scraps of agro-filod products dcsluled for
hunum nutrition or zoolcclulics, remducs from lhc paper
industry; v aste products coming fmin the ditferentiated
collection of solid urban waste, such as. for example, urban ic
waste of a ve etable origin. paper.

According to a particularly preferred embodiment of the
preseni ulvcnlion. said saturated alcohols, nasa(aralu! alco-
hols. diols, cthers. dcnve 1'rom thc lemlcntalion of sugars
oblaulixl from guayulc or from tlustle, compnsulg scraps ss
and residues deriving from said guayule anrpor thistle or
fmm their processing

According to an ci cn morc prefbrrcd mnbodunenl of thc
present invention, said saturated alcohols. unsaturated alco-
hols, diols, ethers, derive from the fermentation of sugars
obtained fmm guaynle. comprising scraps and residues
derivln from said guayuie or from its processing.

The production of sugars from biomass can be carried out
IISlllg pIOCCSSCS kllowll 111 lhc att.

For cxiunple, in Ihc case of the usc oi' biomass of s
vegetable origin (for example. a lignocellulosic biomass) tilr
pmducing sugars. said bionlass is sublected to phvsical
treatments (for example. extrusion. steanl explosiicm and the
like) and/or to chemical hydrolysis and/or to enzymatic
hydrolysis, obtaining mixtures of carbohydrates, aromatic
compounds and other products dcnving from cellulose.
hcmiccllulosc mid ligmn present In thc biomass in parucu-
lar, the carbohydrates obtained are mixtures of sugars ivith
5 or 6 carbon atoms inchiding,. for exanlple, sucrose, glu-
cose, xylose, arabinose, galactose. nlamlose and fmctose, to
be used in the fermentation. Further details relating to
processes filr the production of sugars from biomass can be
filund, for example, ul Italuin patent apphcalion
M12013A002069, in thc name of thc Apphcant. Said fi:r-
mentation is generally carried out by micmorganisms. in
particuhsr genetically modified nlicroorganisms, capable of
pmducing alcohols of interest. More details on processes tilr
the synthesis of 1.3-butandioi starting fmm biomass can be
found, for example. in US patent applications US 2010/
330635, US 2012/329113. US 20)3/066036, US 2013/
109064.

lior the purposes of the present invention, said dehydra-
tion catalysts can contain binders such as. for example,
alunlina, silica, mid/or optionally being supported on inert
carriers such as, for example. pumice. graphite, ~i)ice.

For the purposes of the present description and of the
filllow Ing clauns, lhe tenn "zcoli tea" is intcndcd in ils wider
meanulg, I.ix also compnsulg matcnals corrunonly intown
as, filr cxamplc, '*zeolite-like". "zeotype", zcohlcs moddied
with phosphorous, or with a metal such as, for example,
sodium, potassium, boron, or ivith a metal of the lanthanide
senes: and the like.

According to a preferred embodiment of the present
invmllion, smd basic agmlt can be sclectixl, ibr example.
from iunmorua (NH,) in gaseous foun: ammonium hydrox-
ide (NHXOH): urea, anunonium carbonate or bicarbonate.
aliphatic or aronlatic primary, secondary or ternaiy amines,
having a boiling point nsnging fmm —g" (: to 250''. such
as. for exampie. n-butyiamine, methyl amlne, ethyl amine,
diethyl amine, propyl amine„aniline„or mixture~ thereof;
hclcrocyclic compounds conlainulg one or morc nitrogen
atoms such as, for cxrunple, pyrrole. Said basic agent cml
optionally bc used m aqueous solution Armmlnia (NH,) in
gaseous form, amnloninnl hydroxide (N111011). urea,
amnlonium carbonate or bicarbonate. n-butyl amme, pyr-
role. or mixtures thereof, are preferred.

According to a preferred embodiment of the present
invmllion, saul basic agent can be used in such a quanuiy so
as lo have a conccnlranon of anunonia (NHI), or an cquiva-
lcnl concmltralion oi'nunoma (NH,), rcfernng lo thc lola)
v eight of said at least one oxygenated compound and of
other or anic compouni(s optionally present. ranging from
0.005"!o bv we i gin to 4!'o by sleight„Prefems bi y ranging from
0.1% by weight to 3'io by weight, more preferably rangin
from 0 6% by weight to 2'!o bv weight.

For thc purposes of Ihc present descnplion and of Ihe
filllowing claims, Ihc term '*other orgatuc compounds pres-
ent" refers to organic compounds such as. for example,
('z-('o alcohols, carbonyl compounds (such as. for example,
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acetone, butanone, butanal), and the like, which can be 
present in the mixture subjected to dehydration. 

In accordance with a preferred embodiment of the present 
invention, said silica (SiO2) can be present as binder or as 
carrier of the dehydration catalyst, preferably as binder. 

In accordance with a further preferred embodiment of the 
present invention, said silica (SiO2), when added, can be 
added in a quantity ranging from 1% by volume to 100% by 
volume, preferably ranging from 5% by volume to 90% by 
volume, with respect to the total volume of the dehydration 
catalyst. 

It should be noted that, for the purposes of the present 
invention, as it is evident from the processes indicated above 
object of the present invention, when said silica or said 
catalyst for the dissociation of ammonia (NH3) comprising 
silica (SiO2), are added, they are added as catalytic bed in 
the reactor where the above process is carried out. 

In accordance with a preferred embodiment of the present 
invention, said catalyst for the dissociation of ammonia 
(NH3) comprising silica (SiO2), can be selected, for 
example, from catalysts comprising, in addition to silica 
(SiO2), iron oxides (for example, magnetite), aluminium 
oxide, calcium oxide, potassium oxide. 

Further details relating to said catalyst for the dissociation 
of ammonia (NH3) comprising silica (SiO2) can be found, 
for example, in American patent U.S. Pat. No. 3,979,336. 

In accordance with a further preferred embodiment of the 
present invention, said catalyst for the dissociation of 
ammonia (NH3) comprising silica (SiO2), when added, can 
be added in a quantity ranging from 1% by volume to 100% 
by volume, preferably ranging from 5% by volume to 90% 
by volume, with respect to the total volume of the dehydra-
tion catalyst. 

In accordance with a preferred embodiment of the present 
invention, said dehydration process of oxygenated com-
pounds can be carried out, in continuous, in a reactor. Said 
reactor can be a fixed-bed or a fluid-bed reactor, preferably 
a fixed-bed. Said reactor can be adiabatic, isotherm, or a 
combination of the two, preferably adiabatic. 

In accordance with a preferred embodiment of the present 
invention, said reactor can operate at a temperature ranging 
from 190° C. to 500° C., preferably ranging from 240° C. to 
450° C., more preferably ranging from 280° C. to 430° C. 

In accordance with a preferred embodiment of the present 
invention, said reactor can operate at a pressure ranging 
from 0.3 bara (absolute bar) to 3.5 bara (absolute bar), 
preferably ranging from 0.6 bara (absolute bar) to 2.5 bara 
(absolute bar), more preferably ranging from 0.8 bara (abso-
lute bar) bar to 1.8 bara (absolute bar). 

In accordance with a preferred embodiment of the present 
invention, said at least one oxygenated compound can be fed 
to said reactor operating at a "Weight Hourly Space Veloc-
ity" (WHSV), i.e. at a ratio between the total weight of said 
at least one oxygenated compound, and optionally water, fed 
in an hour, and the weight of the dehydration catalyst, said 
ratio being measured as If', ranging from 0.5 If' to 30 If', 
preferably ranging from 1 h- ' to 20 h- ', more preferably 
ranging from 2 If' to 15 h- '. 

It should be noted that in order to avoid fluidization 
phenomena of the catalyst, a feeding to said reactor with a 
down-flow configuration is preferred. 

Some illustrative and non-limiting examples are provided 
hereunder for a better understanding of the present invention 
and for its practical embodiment. 

10 
EXAMPLE 1 

Preparation of 1,3-butadiene (1,3-BDE) by means of two 
dehydration reactions carried out in series starting from a 

5 mixture of 1,3-butanediol (1,3-BDO) 
Part I First Dehydration Reaction of 1,3-BDO to Unsatu-

rated Alcohols 
A mixture of 1,3-BDO, ammonium hydroxide (NH4OH) 

and water, having a weight concentration respectively equal 
10 to 82.0% of 1,3-BDO, 1.2% of ammonium hydroxide 

(NH4OH) and 16.8% of water (mixture 1), was prepared for 
this purpose and then used for the first dehydration reaction. 
The equivalent concentration of ammonia (NH3) in said 
mixture 1 is equal to 0.5% by weight with respect to the total 

15 weight of 1,3-BDO. 
The reactor in which said first dehydration reaction was 

carried out was composed of an AISI 304 stainless steel 
tubular element having a height (h) equal to 260 mm and an 
internal diameter (1) equal to 10 mm, preceded by and 
connected to an evaporator, both equipped with electrical 

20 heating. The outlet of the reactor, on the other hand, was 
connected to a first condenser connected to a collection 
flask, and operating at 15° C., in order to allow the recovery 
of the products obtained from the first dehydration reaction 
in liquid form at room temperature (25° C.) in said collection 

25 flask. Said collection flask was, in turn, connected to a 
sampling system consisting of a steel cylinder having a 
volume (V) equal to 300 ml and equipped, at the two ends, 
with interception valves. The vapours/gases deriving from 
the first dehydration reaction and optionally not condensed 

3o in the system previously described, could also flow through 
the above-mentioned steel cylinder, in turn connected to a 
flow meter which measured their quantity. 

The products obtained, both in liquid form and in the form 
of vapour/gas, were characterized through gas-chromatog-

35 raphy, using: 
for products in liquid form, a Thermo Trace gas-chro-

matograph equipped with a FID detector and AQUA-
WAX column (Grace 30 m lengthx0.53 mm internal 
diameterxl.0 µm film thickness); 

for products in the form of vapour/gas, a 490 micro GC 
40 Varian/Agilent gas-chromatograph equipped with 4 

channels and with the following columns: Pora Plot Q 
10 m long, MolSieve 5 A 4 m long, Al2O3 10 m long 
with "backflush" functionality, CPSi1-19 CB 7.5 m 
long. 

45 The catalyst used in said first dehydration reaction was a 
material based on Cerium Oxide (CeO2) in granules having 
dimensions ranging from 0.5 mm to 1 mm and was charged 
into said reactor in a quantity equal to 10 g (3.5 ml). Said 
catalyst was specifically prepared following the laboratory 

so procedure described hereunder. 
For this purpose, 500 g of a commercial aqueous solution 

of about 30% of ammonium hydroxide (NH4OH), (28%-
30% NH3 Basis ACS reagent Aldrich) were added with 500 
g of water in a first 3-litre beaker, equipped with a stirring 

55 rod having a half-moon Teflon blade, and an electrode was 
introduced for the measurement of the pH [Metrohm glass 
electrode for pH (6.0248.030), connected to the pH-meter 
Metrohom 780]. A solution of 100 g of cerium nitrate 
hexahydrate (99% Aldrich) was prepared in 1,000 g of water 
in a second 2-litre beaker, equipped with a magnetic stirrer: 

60 the cerium nitrate hexahydrate was then solubilized by 
vigorous stirring at room (25° C.) temperature. 

The solution obtained was introduced into a dripper and 
fed dropwise, over a period of 2 hours, to the ammonium 
hydroxide solution contained in the 3-litre beaker indicated 

65 above, under constant vigorous stirring. The pH of the 
suspension obtained was equal to 10.2. The solid in suspen-
sion was filtered, washed with 2 litres of water and then 
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dcctonc, butanonc, butaual). and the like, wluch can bc
present in the mixture sublected to dehydration.

In accordance with a preferred embodiment of the present
invention, said sihca (SIO&) can be present as binder or as
carncr of thc dehydration catalyst, prcfcrably as butdcr

In accordance ivith a fiirther preferred embodiment of the
present invention. said silica (SiOC), when added. can be
added in a quantity ranging from 191 by volume to 100% by
volume. preferably mnging from 5'/4 by volume to 90%4 by

& I &i olumc. with respect lo thc lonil volume of the dehydration
catalyst.

Il sltould bc l&0&cd &full, for tile purposes of &lie prcscl&l

invention, as it is evident from the processes indicated above
obtcct of the present invcnuon, when said silica or said
catalyst fi&r the dissociation of ammonia (Nl ls) comprising
silica (SiO&), are added. they are added as catalytic bed in
the reactor ivhere the above process is carried out

In accordance with a preferred embodiment of the present
invmtiion, said catalyst Ibr thc dissociat&on of anunonia zil

(NH&) comprising silica (S&O,). can be selected. for
cxtunple, from catalysts composing, in add&uon 1o sihca
(SiOC). imn oxides (for exainple. magnetite), aluntiimun
oxnlc. calcium ox&dc, potassium ox&dc.

further details relating to said catalyst fi&r the dissociation
ol'ammoimi (NH,) composing silica (S&O&) can bc fi&und,

for example, in American patent U.S. Pat No 3.979,336.
In accordance with a further preferred embodiment of the

present invention, said catalyst for the dissociation of
ammonia (Niq&) comprising silica (SiO&). when added, can
bc added u& a quanuty ranging from 1% by volume to 100%
by volume. preferably msngmg from 5% by volume to 90%
by i olumc. with respect to thc total volume of the dchydra-
tio&1 ca1ali'st

In accordance with a prcfcrrcd cmbodimcnt of flie presm&1

invention, said dehydration process of oxygenated con&-

pounds can be carried out, in continuous, in a reactor. Said
reactor can be a fixed-bed or a fluid-bed reactor, prefensbly
a fix&-bed. Said reactor can be adiabatic. isotheuu. or a 40
combuiation ol'he two, preferably adiabauc.

In accordance with a preferred embodiment of the present
ll&vclltlolt, a&lid i'CdC&or Cd&1 OpCI&I&C tlt a 0:Ilipcriitillc Id&1 illg
fmm 190" (2 to 5(X)" ('.. preferably ganging from 240" ('o
450'.. more prefi:rably rmtgutg from 280'. to 430'

In accordance with a preferred embodiment of the present
invention, said reactor can opemste at a pressure ranging
fmm 03 hara (absolute bar) to 3 5 bars (absolute bar),
preferably ranging from 0.6 hara (absolute bar) to 2.5 hams

(absolute bar), morc preferably ranging from 0.8 bars (abso-
lute bar) bar to 1.8 hams (absolute bar).

In accordance with a preferred embodiment of the present
invention„said at least one oxygenated compound can be fed
to wiid reactor opera&&ng at a '*We&glu Hourly Space Vcloc-
ity" (WI ISV), i e at a ratio between the total weight of said
at least onc oxygmtatcd compmutd. and Op1ionally water, fcd
in an hour. and the weight of the dehydration catalyst, said
ratio bein measured as h ', ranging from 0.5 h 'o 30 h ',
prefembly ran ing from I h 'o 20 h '„ &nore preferably
ran ingfrom2h 'o 15h'l

should bc not&xi 1hal in order to avoid flunlization
phenomena of the catalyst. a fheding to said reactor with a
down-flow configurauon &s prcfc&rivi.

Some illustrat&vc and uon-lun&un examples are provided ss
hereunder for a better understanding of the present invention
and for its practical embodinient.

10
EXAMPLE I

Preparation ol',3-butadicnc (1,3-BDE) by means of two
dehydration react&ous cerned out in sencs starting from a
nuxture of 1,3-butanediol (1,3-13DO)
Pwt I Iiirst Dehydration Reaction of I B-13DO to Unsatu-

rated Alcohols
A mixture of 1,3-BDO, anunonium hydroxide (NH4OH)

and water. having a weight concentration respectively equal
to 820% of 1,3-131X), I 2% of amn&oniun& hydroxide
(Nl 1401 I) and 16 8"/4 of water (mixture I), was prepared fi&r

tlus purpose and then used li&r &hc first dehydrauon react&on.
Thc cquivalmit concenudtion of anunon&a &NH.,) in said
mixture I is equal to 0.5; 4 by weight with respect to the total
weight of 1,3-BDO.

'I'he reactor in ivhich said hrst dehydmtion reaction was
carried out was composed of an AISI 304 stainless steel
tubular clement having a height (h) equal to 260 nun and an
in&en&al diameter (4) equal to 10 mm, prixcdcd by and
connected to an evaporator, both equipped with electrical
heating. The outlet of the reactor. on the other hand. was
cmtnected to a first condenser connected to a collection
tlask, and operating at 15'', in order to allow the recovery
of the products obtautcd from the first dehydration react&on
in 1&qual form at room tcmpcrature (25'.) &n saul collect&on
flask Said collection fiask was. in turn. connected to 0
sampling system consisting of a steel cylinder having a
volume (V) equal to 300 nil and equipped, at the two ends,
with interception valves 'I'he vapours/gases deuving from
thc first dehydration reaction mid opuonally uot condcnsod
iu thc system previously described, could also flow tluough
the above-mentioned steel cylinder, in turn connected to a
flow meter wiuch measured their quantity.

I'he products obtained. both in liquid form and in the form
of vapour/gas, &vere characterized through gas-chmmatog;
raphy, using.

for products ut liquid Ibm&, a Thcnno Trace gas-cluo-
matograph equipped with a FID detector and AQI JA-
WAX column (()race 30 m lengthx0.53 mm internal
dian&eterx I 0 pm film thickness);

for products in the form of vapour/gas. a 490 niicm (iC
VariiuVAgilent gas-chromatograph cquippcd w&th 4
chiuutcls and v,&th thc follow uig colunuw Pore Plot Q
10 m long, MolSieve 5 A 4 m long, Al&O., 10 m long
with "backflush*'unctionality. CPS&l-19 CB 7.5 m
10&&g.

'I'he catalyst used in said first dehydmtion reaction was a
material based on Cerium Oxide (CcO&) in granules havuig
duucns&ons ranging from 0.5 nun to I nun aud was chargod
into said reactor in a quantity equal to 10 (3 5 ml). Said
catalyst was specifically prepared followin the laboratory
pmcedure described hereunder

i&or this purpose, 500 g of a commercial aqueous solution
of about 30% of anunomum hydroxide (NH4OH), (28%-
30% NH., Bas&s ACS reagent Aldnch) werc added with 500
g of ivater in a first 3-litre beaker. equipped with a stirring
md bavin a half-moon Teflon blade. and an electrode was
introduced for the measurenient of the pl I (Metrohm glass
electrode for pl I (6 0248 030). connected to the pl I-meter
Mctrohom 780]. A soluuon of 100 g of cenum nitraic
hcxahydratc (99% Aids&ch) 0 as prcparcd u& 1.000 g ofwater
in a second 2-litre beaker, equipped with a magnetic stirrer:
the cerium nitrate hexahydmte v,as then solubilized by
vigorous stirring at room (25" ( ) temperature.

I'he solution obtained was introduced into a dripper and
fcd dropwisc, over n penod of 2 hours, to thc anunonnun
hydroxide solution con&au&cd in thc 3-l&tre bcakcr indicatcxf
above. under constant vigorous stirrin . The pH of the
suspension obtained &gas equal to 10.2. The solid in suspen-
sion was filtered, washed with 2 litres of water and then
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dried in an oven at 120° C., for 2 hours. The synthesis was 
repeated until 2,000 g of solid had been obtained. 

1,270 g of the solid thus obtained were introduced, after 
sieving at 0.125 mm, into an extruder to which 175.9 g of a 
solution at 25% of ammonium hydroxide (NH4OH) (ob-
tained by diluting the NH3 solution at 28%-30% Basis ACS 
reagent Aldrich) were also fed by means of a Watson 
Marlow peristaltic pump set to 5 rpm. At the end of this 
feeding, 158 g of demineralized water were also fed: in this 
way the correct consistency for the extrusion was obtained. 
The pellets obtained at the outlet of the extruder were dried 
in the air and a portion equal to 100 g was subsequently 
calcined at 800° C. with a temperature ramp of 1° C./minute 
up to 800° C. followed by an isotherm at that temperature for 
6 hours. The calcined solid was granulated and sieved and 
the fraction of granules having dimensions ranging from 0.5 
mm to 1 mm was used as catalyst. 

Said first dehydration reaction was then carried out by 
feeding the mixture 1, first to the above-mentioned evapo-
rator previously heated to a temperature equal to 250° C., 
and from this to the above-mentioned tubular reactor pre-
viously heated so as to have an internal temperature, during 
the dehydration reaction, equal to 400° C. Both the evapo-
rator and the reactor were maintained at atmosphere pressure 
(1 bara). 

The flow-rate of mixture 1 fed to the evaporator was equal 
to 100 g/h, whereas the flow-rate fed to the reactor, 
expressed as WHSV, was equal to 10 h- '. 

The test was carried out for a time sufficient for collecting 
an adequate amount of products, collected in both liquid 
form and in the form of vapour/gas which, when subjected 
to gas-chromatographic analysis, showed the composition 
indicated in Table 1 for the liquid fraction (mixture 2), with 
particular reference to the presence of undesired by-products 
containing a carbonyl group. These carbonyl compounds, 
expressed in relation to the unsaturated alcohols which, on 
the other hand, represent the desired products in the first 
dehydration reaction, are grouped into two categories: 

methylvinylketone+acetaldehyde 
other carbonyl compounds (acetone, butanone, butanal, 

etc.) 
and were calculated according to the following formula: 

E carbi 

rcm  x100; E 

wherein: 
I-cm—grams of carbonyl compounds per 100 g of unsatu-

rated alcohols produced; 
carb,=grams of i-th carbonyl compound produced [refer-

ring to methylvinylketone, acetaldehyde, other carbo-
nyl compounds]; 

alc,=grams of i-th unsaturated alcohol produced 
[referring to 3-buten-2-ol (methylvinylcarbinol) and to 

2-buten- 1 -ol (crotyl alcohol)] 

TABLE 1 

NH3
equivalents 

(%) 

Acetaldehyde + 
methylvinylketone 

(g/100 g of 
unsaturated alcohols) 

Other carbonyl 
compounds 
(g(100 g of 

unsaturated alcohols) 

0.5 0.57 0.80 

12 
Part II Second Dehydration Reaction of Unsaturated Alco-

hols to 1,3-BDE 
Mixture 2 previously obtained as described above, was 

subjected to purification, by means of distillation, in order to 
5 remove the non-reacted 1,3-butandiol. Said distillation was 

carried out at atmospheric pressure, adding 3,5-di-tert-4-
butylhydroxytoluene (BHT) to mixture 2 present in the 
boiler of the distillation column, so as to have a concentra-
tion of the same in said mixture 2 equal to about 200 ppm. 

10 Said distillation was carried out using an Oldershaw column 
having 40 plates (2 segments of 20 plates), charging said 
mixture 2 into the boiler in a single tranche and condensing 
and collecting the cut at the head, included within the 
temperature range of 103.1° C. to 210.0° C., and progres-

15 sively concentrating the heaviest components in the boiler. 
Said head cut (mixture 3) was characterized by the following 
final composition by weight: 

unsaturated alcohols (3-buten-2-ol and 2-buten-1-01) 
equal to 60%; 

20 water equal to 38%; 
other compounds (C2-C4 alcohols, carbonyl compounds, 

etc.) equal to 2%. 
Two catalytic beds were parallelly charged in series, in a 

reactor analogous to the previous reactor. A first catalytic 
25 bed was therefore charged in a quantity equal to 4 g (5.2 ml) 

of silica (SiO2) obtained starting from colloidal silica (Lu-
dox® TMA Sigma-Aldrich) according to the laboratory 
procedure described hereunder. 

For this purpose, 400.0 g of colloidal silica (Ludox® 
30 TMA Sigma-Aldrich) were charged into a 800 ml beaker 

and the whole mixture was kept under vigorous stirring (500 
rpm), on a heating plate at 150° C., until it was dry. The solid 
obtained was dried in an oven at 120° C., for 12 hours, and 
subsequently calcined at 600° C., for 5 hours, obtaining 

35 136.5 g of a colourless product. The product obtained was 
granulated mechanically and the fraction of granules having 
dimensions ranging from 0.5 mm to 1.0 mm was used as in 
said first catalytic bed. 

A second catalytic bed was subsequently charged, in a 
40 quantity equal to 4 g (10 ml), with a catalyst based on a 

material specifically prepared according to the laboratory 
procedure described hereunder. 

For this purpose, 7.55 g of aluminium tri-sec-butoxide 
(Aldrich) were introduced into a first 500 ml flask, as 

45 alumina precursor (Al2O3), and 50.02 g of orthosilicic acid 
(Aldrich, <20 mesh), were introduced, as silica precursor 
(SiO2), into a second 500 ml flask with 250.02 g of demin-
eralized water. The suspension of orthosilicic acid obtained 
was slowly added (10 minutes) to said first flask containing 

so aluminium tri-sec-butoxide, and the mixture obtained was 
maintained at 90° C., for about 1 hour, under vigorous 
stirring (500 rpm). After cooling to room temperature (25° 
C.), the suspension obtained was filtered and the solid 
obtained was washed with 5 litres of demineralized water, 

55 dried at 120° C. for a night and subsequently calcined at 
500° C. for 5 hours obtaining a colourless powder (47.95 g) 
(called "active phase"). 

Part of the above-mentioned active phase (40.42 g) was 
mixed with 24.43 g of pseudoboehmite VersalTM V-250 

60 (UOP), as alumina precursor (Al2O3) of the binder, and 302 
ml of a solution at 4% of acetic acid, in a 800 ml beaker. The 
mixture obtained was kept under stirring at 60° C., for about 
2 hours. The beaker was subsequently transferred to a 
heating plate and the mixture was heated, under vigorous 

65 stirring, for a night, at 150° C., until it was dry. The solid 
obtained was subsequently calcined at 550° C., for 5 hours, 
obtaining 60.45 g of a colourless product which was granu-
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Clt x 100
h 4/c,

wherein:
rc,a=grants of carbonyl compounds per 100 g of unsatu-

Idlctl dlcollols protluci:ih
carb,=granw of I-th carbonyl compound produced [refer-

ring to mcthylvinylketonc, acetaldehydc. other carbo-
nyl compounds), o.

alc, grmns of i-th unsatunsted alcohol produced
[referring to 3-buten-2-ol (methylvinylcarbinol) and to

2-buten-I-ol (crotyl alcohol))

TABI E I
Oo

Nn, w thtl t tll too
ty,'ttto y r

to o.ihu.ited elcohols!

0 47

lylltii y
oosotonted elcchols)

dncd ui mi oven Bt 120', for 2 hours. The syntllcsls wils
repealed until 2.000 g of solid had been obtained

1.270 g of the solid thus obtained tvere introduced. after
sieving at 0.125 nun. into an extruder to which 175.9 g of a
solution at 25%4 of ammonium hydroxide (NI14011) (ob-
tained by diluting the NH„solution at 28%-30% Basis ACS
reagent Aldrich) werc also fcd by mwuis ol' Watson
Marlow peristaltic pump set to 5 rpm. At the end of tlus
limdnig. 158 g of dcntnteraiizcx) water werc also li:d: in tlus
way the correct consistency for the extrusion v as obtained. Ill

Thc pcflels obtained at the outlet of thc extruder werc dried
in the air and a portion equal to 100 g was subsequently
calcined at 800' with a temperature rmnp ol I'./minute
up lo 8(N)" (2 followed by an isotherm at that temperature for

I
6 hours. The calcined solid was granulated and sieved and
the fnsction of granules having dimensions ranging from 0 5

nun to I mm was used as catalyst.
Snid Iirst dehydration reaction was then carried out by

feeding the niixture I, first to the above-inentioned evapo-
rator previously heated to a temperature equal to 250" (:.,
and fmm this to the above-mentioned tubular reactor pre-
3 iously hcalcd so Bs lo have Bn intcnisl lmnpemlure, during
thc dehydration reaction, equal lo 400'. Both the evapo-
rator and the reactor were mamtained at atmosphere pressure,
(I barn).

1'he flow-rate of mixture I fed to the evaporator was equal
to 100 8'h. whereas the flotv-rate fed to the reactor,
cxpresscd as WHSV. was equal lo 10 h '.

lhc test was cerned oul lor a umc suflicicnl lor collecting
an adequate amount of pmducts. collected in both liquid 30

form and in the form of vapour/gas which, when subjected
to as-chromatographic analysis. showed the composition
indicated in 'I'able I for the liquid fnsction (mixture 2). v ith
paruculdr refbrcnce lo flm prcscnce of undcstrcsl by-products
contaiiung a carbonyl group lliesc carbonyl compounds, is
expressed in relation to the unsaturated alcohols which. Cll
the other hand. represent the desired producrs in the Iirst
dehydration reaction, are grouped into nvo categories

methylvinyiketone+acetaidehyde
other cdrbonyl compounds (acctunc, bulanonc, bulanal,

clc.)
and were calcuLated accordmg to the followin fomiula

Part II Second Dchydrauon Reaction ol'nsatumtcd Alco-
lxils to 1,3-l3))l.
Mixture 2 previously obtained as described above was

subjected to purification. by means of distillation, m order to
remove the non-reacted 1,3-butandiol. Said distillation was
carried out at atmospheric pressure. adding 3.5-di-telt-4-
butylhydroxytolucnc (BHT) to mixture 2 present in lhe
boiler ol lhc ihslillalloll coltlnul. so as lo IIBvc d collci'nnd-
tion of the same in said niixture 2 equal to about 200 ppm
Said distillation was carried out using an Oldershaw column
having 40 plates (2 segntents of 20 plates). charging said
mixture 2 into the boiler in a single tmnche and condensing
and collecting the cut at the head. included within the
tcmperaturc range of 103.1'. Io 210.0'., and progres-
sively conccntranng thc heavicsl components in thc boiler.
Said head cut (mixture 3) tvas chanscterized by the follotving,
final composition by weight:

unsaturated alcohols (3-buten-2-01 and 2-buten-1-01)
equal to (i0%;

water equal to 38%:
other comPounds (Cs-Co alcohols. carbonyl comPounds,

clc.) cqtlal lo 2%.
I'wo catalytic beds were parallelly cltarged in series, in a

reactor analogous to the previous reactor A first catalytic
bed v ss therefore charged in a quantity equal to 4 8 (5.2 ml)
of silica (SiO,) obtained starting from colloidal silica (I u-
dox',It TMA Sigma-Aldrich) according to the laboratory
proccdurc dcscribcd hcrcunder.

For flus purpose, 400.0 g of colloidnl sihca (Ludox'Xi
'I'MA Sigma-Aldrich) were charged into a800 ml beaker
aild the wliole mixture tvas kept under vigorous stirring (5(N)

rpnt), on a heating plate at 150" ( . until it tvas dry. The solid
obtained was dried in an oven at 120" C „ for 12 hours, and
subsequently calcined at 600'. for 5 hours, obtainin
136 5 g ol' colourlcss product. Thc product obtauied was
granulated mechanically and the fraction ol'rami les havuig
dimensions ranging from 0.5 mm to I 0 mm was usixi as in
said first catalytic bed.

A second catalytic bed was subsequently char ed, in a

quantity equal to 4 g (10 ml). with a catalyst based on a
material specifically prepared according to the laboratory
proccdurc dcscribcd hcrcunder.

For this purpose, 7.55 g of aluminium tn-scc-butoxidc
(Aldrich) werc introduci:d into a lirst 500 ml llask. as
aluniina precursor (AISOB), and 50.02 g of orthosilicic acid
(Aldrich, &20 mesh). were introduced. as silica precursor
(SiO ). into a second 500 ml flask tvith 250.02 g of demin-
emshzed water. The suspension of orthosilicic acid obtained
was slowly itddcxI (10 mmules) to said Iirst flask containuig
alumuuum tri-scc-buloxitlc, and thc mixture obtained was
minntaincd Bt 90'., Ibr about I hour, under vigorous
stirring (5(N) rpni). Afier coolin to mons temperature (25"(', the suspension obtained v as filtered and the solid
obtained was washed with 5 litres of deminemslized water,
dried at 120', for a night and subsequently calcined at
500'. for 5 hours obtainuig a colourlcss powder (47.95 g)
(called *'active phase**).

Pan of ihc above-menuoned active phase (40.42 g) was
nuxed with 24 43 g of pseudoboehniite Versal'3'-250
(lg)Pj, as aluinina precurior (A1 103) of the binder. and 302
ml of a solution at 4%o of acetic acid. in a 800 ml beaker. The
mixture obtained ives kept under stirring at 60" C, iiir about
2 hours. Tlic beaker was subsequently lransfi:rrcd to d

hcaung plate Bnd lhc mixture wm heattxl, under vigorous
stirring, lor a night, Bt 150'., until il was dry. Thc solid
obtained was subsequently calcined at 550" (' fiir 5 hours,
obtaining 60 45 8 of a colourless product which was oranu-
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lated mechanically, the fraction of granules having dimen-
sions ranging from 0.1 mm to 1.0 mm was used as dehy-
dration catalyst in said second catalytic bed. 

Parallelly, a quantity of ammonium hydroxide (NH4OH) 
was added to mixture 3 prevalently containing unsaturated 
alcohols, operating according to the same procedure 
described above, so as to have an equivalent concentration 
of ammonia (NH3) equal to 1.0% by weight with respect to 
the total weight of the compounds present in said mixture 3 
[i.e. unsaturated alcohols (3-buten-2-ol and 2-buten- 1 -ol) 
and other compounds (C2-C4 alcohols, carbonyl compounds, 
etc.)]. The new mixture thus obtained was fed, in the form 
of vapour and at a flow-rate expressed as WHSV (referring 
to the dehydration catalyst) equal to 3.3 to the reactor, 
previously charged with said first catalytic bed and with said 
second catalytic bed as indicated above, operating at atmo-
spheric pressure (1 bara) and at a temperature equal to 300° 
C., so that said mixture passed first through said first 
catalytic bed and subsequently through said second catalytic 
bed. 

The second dehydration reaction was then carried out for 
a time sufficient for collecting an adequate quantity of 
products collected in both liquid form and in the form of 
vapour/gas which, when subjected to gas-chromatographic 
analysis allowed the parameters indicated in Table 2, to be 
calculated in terms of conversion of the unsaturated alcohols 
(C„„,) and selectivity to 1,3-BDE (S1,3-BDE) determined 
according to the formulae indicated hereunder. 

(moles — frnoleSALCH
CALCH. X 100; 

(moissALcif 

moles1,3-BDE 
BCE (MOleSALcw.),— (noieS ALCH.)O 

x 100; 

wherein: 
(moles,LcH ),,—moles of unsaturated alcohols at the inlet; 
(moles,,,,H) O,,t—moles of unsaturated alcohols at the out-

let; 
moles1,3_BDE=total moles of 1,3-butadiene. 

5 

10 

14 
in Part II the first catalytic bed comprising silica (SiO2) 

was not used. 
The results obtained are indicated in Table 3 for Part I and 

in Table 4 for Part II. 

TABLE 3 

NH3
equivalents 

(%) 

Acetaldehyde + 
methylvinylketone 

(g/100 g of 
unsaturated alcohols) 

Other carbonyl 
compounds 
(g/100 g of 

unsaturated alcohols) 

0.0 3.01 1.81 

The values indicated in Table 3 show a formation of 
15 carbonyl compounds as by-products in the first dehydration 

reaction (Part I) which is much higher than those obtained in 
Example 1 and indicated in Table 1. 

TABLE 4 
20  

25 

NH3
equivalents 

(%) 

Duration of 
dehydration 

(hours) 
Conversion 

(%) 

Selectivity 

(%) 

0.0 8 100(2)
54 74(2)

85(1) 

76O) 

Wvalues referring to 1,3-BDE; 
(2)values referring to unsaturated alcohols. 

The test was interrupted after only 54 hours of continuous 
30 running, when the conversion and selectivity values indi-

cated in Table 4 had dropped well below those obtained in 
Example 1 and indicated in Table 2, due to a high deacti-
vation of the catalyst used in the second dehydration reac-
tion (Part II). 

35 

40 

TABLE 2 
  45 

NH3
equivalents 

(%) 

Duration of 
dehydration 

(hours) 
Conversion 

(%) 

Selectivity 

(%) 

1.0 8 
128 

100(2) 
83(2) 

86(1)
92(1) 50 

Wvalues referring to 1,3-BDE; 
)values referring to unsaturated alcohols 

The test was interrupted after 128 hours of continuous 
running, when the conversion and selectivity values reported 
in Table 2 had become stabilized. 

EXAMPLE 2 (comparative) 

55 

Preparation of 1,3-butadiene (1,3-BDE) by means of two 60 

dehydration reactions carried out in series starting from a 
mixture of 1,3-butanediol (1,3-BDO) 

Example 2 was carried out under the same operating 
conditions described above for Example 1, with the excep-
tion that: 

in Part I ammonium hydroxide (NH4OH) was not used; 
in Part II ammonium hydroxide (NH4OH) was not used; 

EXAMPLE 3 (comparative) 

Preparation of 1,3-butadiene (1,3-BDE) by means of two 
dehydration reactions carried out in series starting from a 
mixture of 1,3-butanediol (1,3-BDO) 

Example 3 was carried out under the same operating 
conditions described above for Example 1, with the excep-
tion that: 

in Part II, a quantity of ammonium hydroxide (NH4OH) 
was added so as to have an equivalent concentration of 
ammonia (NH3) equal to 0.1% with respect to the total 
weight of the compounds present in said mixture 3 [i.e. 
unsaturated alcohols (3-buten-2-ol and 2-buten-1 -ol) 
and other compounds (C2-C4 alcohols, carbonyl com-
pounds, etc.)], instead of being equal to 1.0% by weight 
as indicated in Example 1; 

in Part II, the first catalytic bed comprising silica (SiO2) 
was not used. 

The results obtained, only for the Part II, are indicated in 
Table 5. 

TABLE 5 

NH3
equivalents 

(%) 

Duration of 
dehydration 

(hours) 
Conversion 

(%) 

Selectivity 

(%) 

0.1 8 99(2) 

24 69(2)

87(1) 

69O) 

65 Wvalues referring to 1,3-BDE; 
(2)values referring to unsaturated alcohols. 
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( I'&tu)„,— I oIC'it&6).e
tuioIcs.tt(u I„,

Srrr
snE x ipu,

(mole& LES), — Imo(CS ICH
)s

10(Cd &lit:Charm Bllv, lhC fraction ol gt Jn&HCB hBvlng &lht&C&1-

sions ranging from O.l mm to 1.0 nun &vas used as dehy-
dranon catalyst &n sa&d second cdtalyuc bcd.

Parallelly. a quantity of ammonium hydroxide (NJ IJOI I)
was added lo m&xturc 3 prevalently contmmng unsalurated
alcohols. operating according to the same procedure
described above. so as to have an equivalent concenrration
of ammonia (NI I,) equal to I Oogo by weight with respect to
the total weioght of the compounds present in said mixture 3

I I I

[&.e. unsaturated alcohols (3-butcn-2-01 m&d 2-butml-I-ol)
and other compounds (Cs-CJ alcohols, carbonyl compounds,
ctc.)]. The new m&xturc thus obuiincd was li:d. in the fi&nn

of vapour and at a tlow-rate expressed as WIJSV (referriag
to lhc dchvdrat&on catalyst) &sinai lo 3.3 h ', lo lhe reactor,

I
previously charged w&th said first ca&BI)sic bed and v ith said
second catalytic bed as indicated above. operating at auno-
spheric pressure (I bars) and at a tempenqture equal to 300"
C.. so that sa&d mixture passed first through said tirst
catalyl&c bed and subscqucntly tluough sa&d srmon&1 catalytic
bed.

11&e second dchydrat&on reaction was (hen cerned oul for
a time sutficient for collectulg an adequate quent&tv of
products collected &n both 1&qu&d li&rm and in lhe form of
vapour,'s which. when subjected to gas-chromatographic
aruilysis allowed thc pnrmnetcrs u&d&ca(cd m Table 2, to be
calculated in tern&a of conversion of the unsaturated alcohols
(C»c») and selectivity to IB-BDE (S, »rrc) detenn&ned
according to the fornlulae md&cated hereunder

30

&n Part II lhc lira( catdlyuc bcd comprisu&g s&1&ca (S&O&)

v as not used.
Thc results ob (au&cd Bre u&d&cated &n Table 3 I'or Part I and

in 'I able 4 tiir Part II

'IAI31,1. 3

HH,
equwslents

(")

Acetsldehyde +
methylvuiylhet ne

(i 0 f
unssturured slc hole)

Orhei ciuhon, I

coil&port&i Is

(S.&00 9 of
tttisflnitflted .&)cohols)

I Sl

1AI31,E 4

's u,
equwslents

(")
dehydist on

(Ii i&IS )

&'onveis on Select ty
('6) (")

6
64

100'
36'Ll

Thc les( was inlcrruplcd after only 54 hours of conlu&uous
tuulain, when the converfion and selectivity values indi-
cated in Table 4 had dropped well below those obtau&cd in
Exmnple I and indicated in 'I'able 2, due to a high deacti-
vation of the catalyst used in the second dehydration reac-
tion (Part II).

EXAMPI,I: 3 (comparat&ve)

Thc values u&dieu(ed u& Table 3 show a formauon of
carbonyl compounds as by-products in the tirst dehydration
reaction (Part I) w hich is much lu ghcr Ihm& I hose obtm nod in
Exan&pie I mid indicated in I'able I

wherein:

(molest&Err )„,=moles of unsaturated alcohols a( Ihc &nial,

(molesu&&»),„, moles of unsaturated alcohol ~ at the out-
let.

mules» B&,a total nloles of 1.3-butadiene

'I'AI31.1& 2

HH&
eqiuvslents

)0

Durit on of
deh, drsr on Conveis on Be)ecto tl

()tot&Is) I" )

6 Its)" Sdo'
9&tu 0

11&e lest was &ntcrruptrxl aficr 128 hours of con(&mlous
running. &vhen the convers&on and selectivity values reported oo

in 1'able 2 had become stabilized

Prcparatron ol',3-buladtcne (1,3-BDE) by means of two
dehydration reactions carried out in series starlmg from a
m&xturc of 1.3-bulaned&ol (1,3-BDO)

l(xample 3 v,as carried out under the same operating
condil&ons desvnbed abo&e li&r Example 1. w&th thc excep-
tion that:

nl Pdll II, II qilanlllv ol Bnullonnllll hy'droxnlC INH4OH)
v qs added so as to have an equivalent concentration of
ammonia (NH,) equal to 0.1% with respect to the total
weight of the compounds present in said mixture 3 [i.e
unsaturated alcohols (3-buten-2-ol and 2-buten-I-ol)
m&d other compounds (Cn-Ca alcohols, carbonyl com-
pounds, etc.)]. instead ofbeing equal to 1.0% by weight
as indicated in Example I,

in Part II, the first catalytic bed comprising silica (SiOs)
v as not used.

The results obtained, only for the Part Il„are indicated in
Table S.

EXAMPLE 2 (comparat&ve) TABLE 3

Preparation of 1.3-butadiene (13-13DJ'.) by means of tv 0 (r!

dehydmqtion reactions carried out in series startillg from a
mixture of 1.3-butaned&ol (1.3-BDO)

Example 2 was camcd oul under lhe smne operating
cond&lions dcscnbcd above for Example 1. w&lh lhe cxc&3)-

non Ih&IH 6&

in Part I amnloniunl hydroxide (Nl 14011) was not used;
in Part ll ammonium hydroxide (NJ 14011) was not used,

HH& Duration of

(" ) (h uw! ('L.) 0)
0& 6 S&o'912

69'
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The test was interrupted after only 24 hours of continuous 
running, when the conversion and selectivity values indi-
cated in Table 5 had dropped well below those obtained in 
Example 1 and indicated in Table 2, due to a high deacti-
vation of the catalyst used in the second dehydration reac-
tion (Part II). 

EXAMPLE 4 

Preparation of 1,3-butadiene (1,3-BDE) by means of two 
dehydration reactions carried out in series starting from a 
mixture of 1,3-butanediol (1,3-BDO) 

Example 4 was carried out under the same operating 
conditions described above for Example 1, with the excep-
tion that: 

in Part II, a quantity of ammonium hydroxide (NH4OH) 
was added so as to have an equivalent concentration of 
ammonia (NH3) equal to 1.2% with respect to the total 
weight of the compounds present in said mixture 3 [i.e. 
unsaturated alcohols (3-buten-2-ol and 2-buten- 1 -ol) 
and other compounds (C2-C4 alcohols, carbonyl com-
pounds, etc.)], instead of being equal to 1.0% by weight 
as indicated in Example 1; 

in Part II, a different dehydration catalyst was used having 
silica (SiO2) as binder prepared as described hereunder, 
for the second catalytic bed; 

in Part II, the second dehydration reaction was carried out 
maintaining the reactor at a temperature of 350° C.; 

in Part II, the first catalytic bed comprising silica (SiO2) 35

was not used. 

5 

10 

For preparing the dehydration catalyst, 7.6 g of alu-
minium tri-sec-butoxide (Aldrich), were introduced into a 
first 500 ml flask, as alumina precursor (Al2O3), and 50 g of 
orthosilicic acid (Aldrich, <20 mesh), were introduced into 
a second 500 ml flask, as silica precursor (SiO2), with 
250.09 g of demineralized water. The suspension of ortho-
silicic acid obtained was added slowly (10 minutes) to said 
first flask containing aluminium tri-sec-butoxide, and the 
mixture obtained was maintained at 90° C., for about 1 hour, 
under vigorous stirring (500 rpm). After cooling to room 
temperature (25° C.), the suspension obtained was filtered, 
the solid obtained was washed with 5 litres of demineralized 
water, dried in an oven at 120° C., for a night, and subse-
quently calcined at 500° C., for 5 hours, obtaining a colour-
less powder (52.23 g) (called "active phase"). 

Part of the above-mentioned active phase (41.10 g) was 
mixed with 52.72 g of colloidal silica (SiO2) (Ludox® 
TMA Sigma-Aldrich), as silica precursor (SiO2) of the 
binder, and 150 ml of demineralized water in a 500 ml 
beaker: the mixture obtained was kept under stirring at 60° 
C., for about 2 hours. The beaker was subsequently trans-
ferred to a heating plate and the mixture was heated, under 
vigorous stirring, for a night, at 150° C., until it was dry. The 
solid obtained was calcined at 550° C., for 5 hours, obtaining 
a colourless solid which was granulated mechanically. 4 g 
(9.3 ml) of the fraction of granules having dimensions 
ranging from 0.1 mm to 1.0 mm was used as catalyst. 

16 
The results obtained, only for the Part II, are indicated in 

Table 6. 

TABLE 6 

NH3
equivalents 

(%) 

Duration of 
dehydration 

(hours) 
Conversion 

(%) 

Selectivity 

(%) 

1.2 8 100(2)
76 420)

90(2) 
81'

Wvalues referring to 1,3-BDE; 

(2)values referring to unsaturated alcohols. 

The test was interrupted after 76 hours of continuous 
running: it should be noted that the presence of the catalyst 

15 obtained as described above comprising silica (SiO2) as 
binder, allows a greater duration of the second dehydration 
reaction (Part II) with respect to that of Example 3 in which 
neither said first catalytic bed comprising silica (SiO2) was 
used, nor the catalyst comprising silica (SiO2) as binder. 

20 
EXAMPLE 5 

25 

30 

40 

45 

Preparation of 1,3-butadiene (1,3-BDE) by means of two 
dehydration reactions carried out in series starting from a 
mixture of 1,3-butanediol (1,3-BDO) 

Example 5 was carried out under the same operating 
conditions described above for Example 4, with the excep-
tion that: 

in Part II, a quantity of ammonium hydroxide (NH4OH) 
was added so as to have an equivalent concentration of 
ammonia (NH3) equal to 2.4% by weight with respect 
to the total weight of the compounds present in said 
mixture 3 [i.e. unsaturated alcohols (3-buten-2-ol and 
2-buten- 1 -ol) and other compounds (C2-C4 alcohols, 
carbonyl compounds, etc.)], instead of being equal to 
1.2% as indicated in Example 4. 

The results obtained, only for the Part (II), are indicated 
in Table 7. 

TABLE 7 

NH3
equivalents 

(%) 

Duration of 
dehydration 

(hours) 
Conversion 

(%) 

Selectiv 

(%) 
1Y 

2.4 8 100(2)
76 360)

90(2) 
730) 

Wvalues referring to 1,3-BDE; 

(2)values referring to unsaturated alcohols. 

The test was interrupted after 76 hours of continuous 
running; it should be noted that the presence of the catalyst 

50 obtained as described in Example 4 comprising silica (SiO2) 
as binder, allows a greater duration of the second dehydra-
tion reaction (Part II), in spite of the greater quantity of 
equivalents of ammonia (NH3) used, with respect to that of 
Example 3 in which neither said first catalytic bed compris-

55 ing silica (SiO2) was used, nor the catalyst comprising silica 
(SiO2) as binder. 

EXAMPLE 6 (comparative) 

Preparation of 1,3-butadiene (1,3-BDE) by means of two 
60 dehydration reactions carried out in series starting from a 

mixture of 1,3-butanediol (1,3-BDO) 
Example 6 was carried out under the same operating 

conditions described above for Example 4, with the excep-
tion that: 

65 in Part II ammonium hydroxide (NH4OH) was not used. 
The results obtained, only for the Part II, are indicated in 

Table 8. 
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11&c les& w as &ntcrrup lcd after only 24 hours of con1&mrous
nuu&ino, when the conversion and selectivity values indi-
cated &n Table 5 had dropped well below those obtained &n

I:xample I and indicated in Table 2. due to a high deacti-
i at&on of the catalyst used u& thc second dehydmtion reac-
tion (Part Il).

EXAMPLE 4

& I I

Prepamtion of 1.3-butadiene (1.3-BDE) by means of tv o

dehydmntion react&ons carried out in series starti»g from a
nuxlurc of 1,3-butuncd&ol (1,3-BDO)

Example 4 was earned out under the same operating
conditions described above for Example I, with rhe excep-
1&on Ih&IH

in Part H. a quantity of anunonium hydroxide (NH4OH)
n'ds &iildcil so as 10 havi: dn 1'qu&valent conccnt»il&on 01

dnunon&a (NH&) equal to 1.2% with respect to lhc total
w mghl of Ihc compounds present u& said nuxnirc 3 [&.rn

unsaturated alcohols (3-butcn-2-ol and 2-butm&-I-ol)

dnd other comPounds (Cz-Cc alcohols, carbonyl cum-

pounds, elc.)]. instead oi'being equal to 1.0% by w eight
as indicated in 1lxample I;

u& Perl II, a d&lfi rm&l dchydmtion catalysl vas used lxrvu&g

silica (SiOz) ac binder prepared as described hereunder,
to

for the second catalytic bed:

u& Part II, lhc second dehydrauon reaction was carried out
maintaining the reactor at a temperature of 350';

u& Part II. thc lira& calalyt&c bcd comprismg silica (SiO&)
was not used

For prcpaung thc dehydration calalystc 7.6 g of alu-
nnmum lri-scc-butox&dc (Aldnch), were inlroduced u&to a

first 500 ml flack, as alun&ina precursor (Al&O,). and 50 g of
40

orthosilicic acid (Aldnch, &20 mesh). were introduced mto
a second 500 ml flask, as silica precursor (SiOz), v ith
250 09 g of deminemnlized w:ster 'I'he suspension of ortho-
cilicic acid obtained wac added slowly (10 minutes) to said
first flask containing aluminium tri-sec-butoxide. and the 44

mixture obtained was maintained at 90" C.. for about I hour,
under vigomus stirring (500 rpm). After cooli»g ro room
temperature (25" C.), the suspension obtained was filtered,
the solid obtained was washed with 5 litres of deminemlized so

water, dried u& an oven at 120" C., for a night, and subse-

quently calcined al 500'., for 5 hours, oblauun a colour-
less powder (52.23 g) (called '*acuve phase").

Part of tlu: above-ment&oned acuvc phase (41.10 ) was
n&lxr:il w&lh 52.72 g of collonlal s&1&ca (Si01) (Ludoxis
TlvLA Sigma-Alduch), as s&lien precursor (Si01) of thc
bmdcr, and 150 ml of dcnuncraiizcni water m a SOO ml

bcaler: thc nuxturc obta&nevi was knq&t under st&ron at60'..

for about 2 hours. Thc bcnkcr was subscntucntly trans- 60

ferred to a heating plate and the mixture was heated. under
vigomus st&rung, fiyr a night. at 150" (', until it v as dry. 'I he
sohd obis&ncd w us cele&ncd at 550'n for 5 hours, oblmning

colourless sohd wh&ch was granulated macha&ucally 4 g
(9.3 n&1) of the fract&on of granules havi»g dimensions
ran in from 0 I mn& to I 0 mm ives used as catalyst.

TABLE 6

HH&

csun tlcrrts
Druntinn

of'chydnrtwn

ih . I

Concern&on Sclccti ty
I"nf

12
76

&i)or&I
4&rrl

96'

'&'I

Thc test was u&larrup&cd aficr 76 hours of contu&uous
running it should be noted that the presence of the catalyst
obtained as described above comprising silica (SiO,) as
binder, allows a greater duration of the second dehydration
reaction (Part II) ivith respect to that of 1ixan&pie 3 &n which
ncithcr saul Iirsl calalync bed compos&ng s&1&cd (SiO&) wns
used, nor the catalyst comprisu&g sil&cu (S&01) as binder.

liXAMPI,I: 5

Preparat&on of 13-butad&cne (1,3-BDE) by means of lwo
dchydrntron react&ons cerned out in seucs start&ng from a
m&xture of I.g-butanediol (1,3-BDO)

Example 5 ives carried out under the same operatin
cm&ditions described above for iixample 4. with the excep-
tion that:

&n Part II. a qum&uly of anuuomum hydroxnlc (NH4OH)
was arhlrxi so as to have an equ&valent couccntrauon of
ammonia (NHr) equal to 2.4% by v eight with respect
to the total weight& of the compounds present in said
nuxture 3 [i.e unsaturated alcohols (3-buten-2-01 and
2-buten-1-01) m&d other con&pounds (('z-('4 alcohols,
carbonyl compounds, clc.)], instmd of bmng equal to
1.2% as md&catcnI in Example 4.

The resuits obtained, only for the Part (H), are indicated
in Table 7.

TABLE 7

;9l I t

(fn . I I"nf

lnur I 9 if

The test was intern&pted after 76 hours of continuous
nu&sing, it should be noted that the presence of the catalyst
obtained as described in I ixan&pie 4 con&prising silica (SiO&)
as b&ndcr, allows a greater durauon oi'hc second dchydrd-
t&on reaction (Purl II). in spite 01 Ihc greater quanl&ly of
equivalents of amnuynia (NHn) used. with respect to that of
Example 3 in which neither said first catalytic bed compris-
ing sihca (SiOz) ivan used. Bor the catalyst compnsmg silica
(SiO,) as binder.

EXAMPLE 6 (comparauvc)

Preparation of 1.3-butadiene (1,3-BDE) by means of tvvo
dehydration reactions carried out in series starung fro&n a
nuxture of 1,3-butanediol (1,3-BDO)

Example 6 was cnrr&cd oul under the smnc operatu&g
condign&ons desvubed abore Ii&r Example 4. w&th thc cxcep-
non lhaf:

&n Part II anunoruum hydroxide (NH4OH) was nol used.
I'he results obtained, only for the Part ll, are indicated in

I'able g

16
Thc results obtau&cnl, only lbr thc Part II, arc &nrhcaled in

Table 6.
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TABLE 8 

NH3
equivalents 

(%) 

Duration of 
dehydration 

(hours) 
Conversion 

(%) 

Selectivity 

(%) 

18 
The test was interrupted after 78 hours of continuous 

running; it should be noted that the addition of pyrrole 
allows an increasing, in term of both duration and selectivity, 
of the second dehydration reaction (Part II), with respect to 

  5 that of Example 2 in which pyrrole was not used. After 78 
32 0.0 8 949)

0(1) 
hours, in fact, the conversion is equal to 99% and the 
selectivity is much higher with respect to that of Example 2. 

ioo(2) 
35(') 

Wvalues referring to 1,3-BDE; 
)values referring to unsaturated alcohols. 

The test was interrupted after only 32 hours of continuous 
running, when the conversion and selectivity values indi-
cated in Table 8 had dropped well below those obtained in 
Example 1 and indicated in Table 2, and those obtained in 
Example 4 and indicated in Table 6, due to a high deacti-
vation of the catalyst used in the second dehydration reac-
tion (Part II). 

EXAMPLE 7 (comparative) 

Preparation of 1,3-butadiene (1,3-BDE) by means of two 
dehydration reactions carried out in series starting from a 
mixture of 1,3-butanediol (1,3-BDO) 

Example 7 was carried out under the same operating 
conditions described above for Example 4, with the excep-
tion that: 

in Part II, a quantity of pyridine [instead of ammonium 
hydroxide (NH4OH)] was added so as to have an 
equivalent concentration of ammonia (NH3) equal to 
1.2% by weight with respect to the total weight of the 
compounds present in said mixture 3 [i.e. unsaturated 
alcohols (3-buten-2-ol and 2-buten- 1 -ol) and other 
compounds (C2-C4 alcohols, carbonyl compounds, 
etc.)]. 

After a few hours of continuous running, the total deac-
tivation of the catalyst used for the second dehydration 
reaction (Part II), was registered. 

EXAMPLE 8 

Preparation of 1,3-butadiene (1,3-BDE) by means of two 
dehydration reactions carried out in series starting from a 
mixture of 1,3-butanediol (1,3-BDO) 

Example 8 was carried out under the same operating 
conditions described above for Example 2, with the excep-
tion that: 

in Part II, a quantity of pyrrole was added so as to have 
an equivalent concentration of ammonia equal to 
0.01% by weight with respect to the total weight of the 
compounds present in said mixture 3 [i.e. unsaturated 
alcohols (3-buten-2-ol and 2-buten- 1 -ol) and other 
compounds (C2-C4 alcohols, carbonyl compounds, 
etc.)]. 

The results obtained, only for the Part (II), are indicated 
in Table 9. 

TABLE 9 

NH3
equivalents 

(%) 

Duration of 
dehydration 

(hours) 
Conversion 

(%) 

Selectivity 

(%) 

0.01 8 
78 

100(2) 
99(2) 

920) 
95(1) 

Wvalues referring to 1,3-BDE; 
(2)values referring to unsaturated alcohols. 

The invention claimed is: 
1. A process of dehydrating at least one oxygenated 

compound, the process comprising: 
feeding to a reactor a mixture comprising at least one 

oxygenated compound selected from the group con-

15 sisting of a saturated alcohol and an unsaturated alcohol 
and at least one basic agent selected from the group 
consisting of ammonia and a nitrogen-containing com-
pound which forms ammonia during the dehydration, 

wherein the mixture passes through a first catalytic bed 
20 and subsequently through a second catalytic bed, and 

wherein the first catalytic bed consists of silica and the 
second catalytic bed comprises at least one dehydration 
catalyst selected from the group consisting of cerium 
oxide, aluminum oxide, aluminum silicate, silica-alu-

25 mina, a zeolite, lanthanum oxide, zirconium oxide, 
tungsten oxide, thallium oxide, magnesium oxide, and 
zinc oxide. 

2. The process of claim 1, wherein the oxygenated com-
pound comprises a saturated alcohol having from 1 to 25 
carbon atoms. 

3. The process of claim 1, wherein the oxygenated com-
pound comprises an unsaturated alcohol having from 2 to 20 
carbon atoms. 

35 4. The process of claim 1, wherein the at least one 
oxygenated compound is provided in either (i) anhydrous 
form, or (ii) in mixture with water wherein the water is 
present in an amount greater than or equal to 0.005% by 
weight, based on a total weight of the mixture. 

40 5. The process of claim 1, wherein the oxygenated com-
pound is derived from a fermentation of one or more sugars 
obtained from biomass. 

6. The process of claim 1, wherein the oxygenated com-
pound is derived from a fermentation of one or more sugars 

45 obtained from guayule or from thistle. 
7. The process of claim 1, wherein the basic agent is at 

least one selected from the group consisting of: ammonia in 
the gaseous form; ammonium hydroxide; urea; ammonium 
carbonate or bicarbonate; a primary, secondary or tertiary 
amine, aliphatic or aromatic, having a boiling point ranging 
from -8° C. to 250° C.; and a heterocyclic compound 
comprising a nitrogen atom. 

8. The process of claim 1, wherein when the basic agent 

55 is ammonia, the ammonia is present in an amount of from 
0.005% by weight to 4% by weight, based on a total amount 
of the oxygenated compound and optional organic com-
pounds present, and alternatively when the basic agent is a 
nitrogen-containing compound which forms ammonia upon 

6o dehydration, the ammonia formed is present in an amount of 
0.005% by weight to 4% by weight, based on a total amount 
of the oxygenated compound and optional organic com-
pounds present. 

9. The process of claim 1, wherein the process is per-
65 formed adiabatically, isothermally, or a combination of both 

in a continuous reactor, which is a fixed-bed or a fluid-bed 
reactor. 

10 
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Thc test was uitcrruptcd after 78 hours of conunuous
running, it should be noted that the addition of pyrrole
allows an incrcasui . In 0 nn of both duration and sclecuvity,
of the second dehydration reaction (Part II), with respect to
that of Example 2 m wluch pyrrolc was not used. Aficr 78
hour~, in fact, the conversion is equal to 99% and the
selectivity is nnich higher with respect to that of Example 2.

I II

lhc test w as interrupted after only 32 hours 01'contimious
running. v hen the conversion and selectivity values indi-
cated m Table 8 had dropped well below those obuiincd In
tixample I and indicated in Table 2. and those obtained in
Example 4 and indicated in Table 6. due to a ifigh deacti-
vation of the catalyst used in the second dehydration reac-
tion (Part II).

EXAMPLE 8

Prepamtion of 1.3-butadiene (1.3-BDE) by means of tv o
ih:hv'drtltlon rCBCtlons Cdll1Lx! Out ill SL'rliw Stelitlllg flolll II

mixture of 1.3-butancdiol (1,3-BDO)
1ixample 8 was cerned out under the same operating

conditions described above for I txample 2, with the excep-
tion that:

in Part H. a quantity of pyrrole was added so as to have
dll cqlllvalCnt collcClltldtlou Llf dllllnouiB cqilal 10

0 01% by weight with respiwt io thc total weight of the 0

compounds prcscnt ui smd nuxture 3 [I.e. unsaturated
alcohols (3-buten-2-01 and 2-buten-1-01) and other
compounds (Ci-1'o alcohols, carbonyl compounds,
etc.)].

The results obtained. only for the Part (II). are indicated s.
in Table 9.

TABI E 9

I He DBIIBIOB of

0 01 loLI'0
oid'

1 I I.I BDD

EXAMPLE 7 (comparative)
20

Preparation of IB-butadiene (1,3-BDE) by means of two
dehydrauon reacuons carnixl out in sencs starting from a

mixture of 1.3-butanediol (1,3-l3DO)
Example 7 was cerned out under thc same Operating

conditions described above for lixample 1, with the excep-
tion that:

in Part II. a quantity of pyridine [instead of ammonnun
hydroxide (NHoOH)] was added so Bs to have an
equivalent conccntrauon of anunoiua (NH,) equal to

Itl
1.2%o by Iveight with respect to the total w:eight of the
compounds present ui said nuxnirc3 [I.e. unsaIurated
alcohols (3-buten-2-01 and 2-buten-1-01) and other
compounds (Cs-Co alcohols, cdrbonyl compounds,
etc )j. 31

After a few hours of continuous running. the total deac-
tivation of the catalyst used for the second dehydration
reaction (Part H), was re istered.

The invention claimed is:
I A process ol'ehydrating at least onc oxygcnatcxt

compound, the process comprising
fecduig to a reactor a mixture compnsing at least onc

oxygenated compound selected front the group con-
st stin of a saturated alcohol and an unsaturated alcohol
and at least one basic agent selected front the group
consisting of ammonia and a nitmgen-contaming com-
pound which Ihnns ammonia dunng thc dehydration,

wherein the mixture passes through a first catalytic bed
mid subscxtucntly through a second catalytic bcd, and

wherein the first catalytic bed consists of silica and the
second catalytic bed compnscs at least onc dehydration
catalyst selected from the group consisting of cerium
oxide, aluminum oxide, aluminum silicate, sihcd-alu-
mina, a zeolite. lanthanum oxide, zirconium oxide,
tungsten oxide. thallium oxide, magnesiiun oxide, and
zinc oxide

2 The process of claim 1. wherein the oxygenated com-
pound compnscs a saturated alcohol havuig I'rom I to 25
carbon atoms.

3 Thc process of cldun 1. wherein the oxygcnatcd com-
pound comprises an unsaturated alcohol having fmm 2 to 20
carbon atoms.

4 'I'he process of claim 1. wherein the at least one
oxy enated compound is provided in either (i) anhydrous
form, or (ii) in niixture Ivith Ivater wherein the water is
present in an amount greater than or equal to 0.005% by
weigh1, based on a total weight of the mixnirc.

5 The process of claim 1. wherein the oxygenated com-
pound is dcnved from d Ihrmcntation of one or morc su drs
obtained fmm biomass.

6 Thc process of cldun 1. wherein the oxygcnatcd com-
pound is derived front a fermentation of one or niore sugars
Obtauicd I'rom guayulc or Ihom tlustlc.

7 'I'he process of claini I, wherein the basic sgent is at
least one selected from the group consisting of: ammonia in
the gaseous fomu ammonium hydroxide, urea; mnmonium
carbonate or bicarbonate; a primary„secondary or tertiary
dlllllle, dllpha)IC Or droulattC, llavllig B bollltlg poiiit idllglllg
from -8" C. to 250'd and a heterocyclic compound
colllprlSillg B IlitfogCII atolll.

8 I'he process of claini 1. wherein when the basic agent
IS tllllluoulB, thC illlllnoula IS pliwt:lit 111 Bll Bnloilllt Of lloni
0 005% by weight to 4%v by v ei ht, based on a total amount
of the oxygenated compound and optional organic com-
pounds present. and alternatively when the basic agent is a
nitrogen-containing compound which fonna ammonia upon
dehydration, thc anunomd formed Is present In mi amount of
0.005%v bv weight to 4% by Iveight, based on a total amount
of the oxygenated compound and optional organic com-
pounds prcscnt.

9 llic process of claim 1. whcrcin thc process is per-
fiirnuxl adiabatically. isothcrmally. or a combination ol'bofli
in a continuous reactor. which is a fixed-bed or a fluid-bed
reactor
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10. The process of claim 9, wherein the reactor operates 
at: 

a temperature ranging from 190° C. to 500° C.; and/or 
a pressure ranging from 0.3 bara (bar absolute) to 3.5 bara 

(bar absolute). 
11. The process of claim 9, wherein the oxygenated 

compound, optionally with water, is fed to the reactor 
operating at a WHSV ranging from 0.5 h- ' to 30 h- '. 

12. A process comprising dehydrating at least one oxy-
genated compound, the process comprising: 

feeding to a reactor a mixture comprising at least one 
oxygenated compound selected from the group con-
sisting of a saturated alcohol, an unsaturated alcohol, 
and a diol and at least one basic agent that is an 
inorganic nitrogen-containing compound which forms 
ammonia during the dehydration, 

wherein the mixture passes through a first catalytic bed 
and subsequently through a second catalytic bed, and 

wherein the first catalytic bed consists of silica and the 
second catalytic bed comprises at least one dehydration 
catalyst selected from the group consisting of ammo-
nium phosphate and a metal phosphate. 

13. A process comprising: 
(a) dehydrating 1,3-butanediol optionally in a mixture 

with water to obtain a product comprising an unsatu-
rated alcohol, in the presence of 

20 
(i) at least one dehydration catalyst selected from the 

group consisting of cerium oxide, aluminum oxide, 
aluminum silicate, silica-alumina, a zeolite, lantha-
num oxide, zirconium oxide, tungsten oxide, thal-

5 lium oxide, magnesium oxide, and zinc oxide; 
(ii) an inorganic nitrogen-containing compound which 

forms ammonia during the dehydration; and 
(iii) optionally silica; 

(b) distilling the product to obtain the unsaturated alcohol; 
10 and 

(c) dehydrating a mixture comprising a nitrogen-contain-
ing compound which forms ammonia during the dehy-
dration and the unsaturated alcohol to produce 1,3-
butadiene, in the presence of 

15 (i') a first dehydration catalyst in a first catalyst bed, 
wherein the first dehydration catalyst consists of 
silica; and 

(ii') a second dehydration catalyst in a second catalyst 
bed, wherein the second dehydration catalyst is 

20 selected from the group consisting of aluminum 
oxide, aluminum silicate, silica-alumina, a zeolite, 
lanthanum oxide, and zirconium oxide, wherein the 
mixture comprising the unsaturated alcohol passes 
through the first catalyst bed and subsequently 

25 through the second catalyst bed. 

* * * * * 
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10. 11&c process ol'lmm 9, wherein the reactor operates
at:

a lcmpcralure ranging from 190'. to 500'., and/or
a pressure ran ing fmm 0.3 bars (bar absolute) to 3 5 hara

(bar absolute).
11 '1'he process of claim 9. wherein the oxygenated

compound. optionally with water, is fed to the reactor
operatin at a WI)g31 ranging from 0 5 h 'o 30 h '.

12. A process comprising dehydmsting at least one oxy-
genated compound. the process comprising:

Ibixfing lo a reactor a mixture conlpnshlg al lclist onc
oxygenated compound sclcclcd from lhc group con-
sisting, of a saturated alcohol, an unsaturated alcohol,
and a diol and at least one basic agent that is an
inorganic nitrogen-containing compound which forms
anum&nia during the dehydration,

wherein the mixture passes through B first catalytic bed
Bnd subscqucntly through a second calalyuc bcd, and

sshcrcin lhc iirst catalytic bed consists ol'ilica mid the
second catalytic bed comprises at least one dehydration
catalyst selected fmm the group consisting of anuno-
nium phosphate and a nletal phosphate

13. A process conlpllsulg:
(a) dehydratin 1,3-butanediol optionally in a mixnue

w idt mater lo obtain a producl compnsulg Im unsatu-
rated alcohol, In the presence of

lo

(i) al least onc dehydration catalyst scleclcd fmm lhc
gn1up consisting of cerium oxide, aluminum oxide,
aluminunl silicate. silica-alumina. a zeolite. lantha-
num oxide, zirconium oxide, tungsten oxide. thal-
lium oxide, magnesium oxide, and zinc oxide;

(il) an inor anic nitrogen-containing compound which
forms lunnlonla durnlg lhc dehydration, and

(la) opuonally sties,
(b) distilling the pmduct to obtain the unsaturated alcohol;

Bnd

(cj dehydrating a mixnlre comprising a nitrogen-contain-
ing compound which forms ammonia dunng the dehy-
dration and the unsaturated alcohol to produce 1.3-
bulsdlcnc; nl lhc plcscncc ol
(i') a lirst dehydration catalyst ul a lirsl catalyst bed.

wherein the first dehydration catalyst consists of
silica: and

(il') a second dehydnstion catalyst in a second catalyst
bed, wherein the second dehydmstlon catalyst is
selected from the group consisting of aluminum
oxide, aluminum silicate. slhcs-alumina, a zcxtlitc,
lmllhanum oxide, and zirconium oxide, whereat lhc
nlixture comprisin the unsaturated alcohol passes
through the first catalyst bed and subsequently
through the second catalyst bed

s r r r
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