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The invention relates to a process for producing an
al kenyl al cohol froma 30 diol. The process conprises
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conpri sing cerium oxi de supported on a carrier. The
carrier has a surface area in the range of 0.1 to 50
m 1g. The catalyst is nore active than unsupported
cerium oxi de. WO 2007/111783 PCT/ US2007/ 003441

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The process of
t he present invention conprises dehydrating a diol.
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propanediol (PDO). However, improvement of the catalyst is needed to make

the process commercially viable..

SUMMARY OF THE INVENTION
The invention relates to a process for producing an alkenyl alcohol from a
diol. The process comprises dehydrating a diol in the presence of a catalyst
comprising cerium oxide supported on a carrier. The carrier has a surface area
in the range of 0.1 to 50 m?*/g. The catalyst is more active than unsupported

cerium oxide.
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"CGetting the Catal yst and the Support Together," in
Cat al yst Supports and Supported Catal ysts (1987)
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cat all'Xe pro'co:\egserlsI performed in the presence of a catalyst comprising a
carrier (support). Catalyst carriers are well known in the art (see, A. B. Stiles,
“Getting the Catalyst and the Support Together,” in Catalyst Supports and
Supported Catalysts (1987) Butterworths Publishers, pp. 1-10). Suitable carriers

include alumina, silica, titania, zirconia, magnesia, calcium oxide, calcium
carbonate, magnesium carbonate, silica-alumina, silica-titania, silica-zirconia,
carbon, and the like, and mixtures thereof. Inorganic carriers are preferred.
More preferably, the carrier is an alumina. Alpha-alumina is particularly
preferred.

The carrier has a surface area in the range of 0.1 to 50 square meters per
gram (m?/g) based on the BET method. Preferably, the carrier surface area is
from 0.5 to 30 m%g, more preferably from 1 to 10 m%g. The carrier generally
has an average particle size of at least 0.1 micrometer (pm) in diameter,
preferably at least 1 um, most preferably, at least 10 pm.

[



10

15

20

25

30

i s conpound may be supported on the carrier by
i npregnation, ion exchange, adsorption,
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solvents (available from Aldrich) can also be used. It may be necessary to
calcine the impregnated carrier to form the desired catalyst. Suitable calcination
temperatures range from 300°C to 900°C, preferably from 400°C to 600°C.
When it is desirable to burn off organic residues from the impregnated carrier,
the calcination can be carried out in an oxygen-containing atmosphere.

To further improve the catalyst activity and/or selectivity, it may be
advantageous to include a metal oxide in the catalyst. Suitable metals of the
metal oxide include aluminum, magnesium, calcium, barium, iron, cobalt, nickel,
titanium, vanadium, scandium, yttrium, and the like, and mixtures thereof.
Cerium oxide and the metal oxide if used are generally well mixed in the
catalyst; the mixture is called a “mixed oxide.” Typically, the catalyst contains
particles of cerium oxide and/or the metal oxide that are smaller than 100
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metal oxide. They include nmetal oxides, hydroxides,

nitrates, sulfates, halides, and carboxylates, and
wonoraress t hereof . A mixture containing m xed PEL/ES2007/003441

oxi de nanoparticles dispersed in water (see 2005-2006

Al drich catal og, pp. 590-591) io or other solvents can
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The process may be performed in a continuous flow, semi-batch, or batch

mode. Preferably, it is performed in a continuous flow mode. The catalyst may
be in a slurry, a fluidized bed, or a fixed bed. Preferably, itis in a fixed bed. The
amount of catalyst used relative to the diol is not critical. In a continuous flow
reaction, the weight hourly space velocity, WHSV (grams of diol fed per gram of
catalyst per hour) is typically in the range of 0.5 to 200 g/g cat/h. Preferably,
WHSV is in the range of 1 to 20 g/g cat/h. In a batch reaction, the weight ratio
of the diol to the catalyst is generally from 1:1 to 1000:1, preferably from 5:1 to
100:1.

An inert gas may be used in the process. Inert gases dilute the feed and
may help to improve catalyst performance. Suitable inert gases are helium,

argon, nitrogen, methane, ethane, propane, water, and carbon dioxide, and
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4 WO 2007/111783 PCT/ US2007/ 003441 mi xtures thereof.
Because it is cheap and readily avail able, nitrogen is

weeefeirrexl. The nolar ratio of the inert gas tect/bs2007/003441

diol is typically from1l to 100, preferably from2 to

50, nore preferably from3 to 20. The foll ow ng

exanples nmerely illustrate the invention. Those

skilled in 5 the art will recognize many vari ations

that are within_the splrlt of the invention and scope
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0 o bt By B 8 S S el i hventor
avloit stopecof the cBWAMPLE 2: CERI UM OXI DE- ON- ALUM NA
CATALYST Gamme- al um na (Porocel Dynocel, particle

size = 0.6-1.4nm surface area = 270 n2/g) is dried
at 110C for 2EXAMPEN RERIUMDXMDEOCATALNYSTS prepar ed

gé’l (rj" rﬂﬂsq %Fét@'ﬂé}bﬁg@rgre {‘ﬁf(@rbédﬂr g: ‘ﬁ%‘%l%ci%)w g?% %g"ound to a
RRAYder qnpgplgped dn adevgibles Vatedis added with maixirtOtaglormTa @aste.

TR hANESYRBLRA iAIAHBVRA diDsdEitgH L tl:llélrpgi Aec! fopg h The dried
SlDﬁdltlonal ceriumnitrate solution (5 s ad

¢ Isggvehediend, calgined, In @ir A ROATE der ath 11%ltfrﬁr0><1d¢1 catalyst

(Gbtalydl@) i§ obtaindd. and finally calcined in air at 500C
for 2 It The solid obtained (Catalyst B. 12.0 Q)
contains 16 w. % Ce and has a surface area of 170
2/ g. 25ERANFLEE2 3CEBHIMURKIDHE-OMN-GLUALINM NATGAYS]YST

LT SEbHIER Qe pAr pRGEL S i o
e ER BN ) i g6 ek ﬂ%@"r(‘af% r?eh #heefiur pétate wotutionris prepared
b@ﬂﬁi&mgsc&ﬂlm lnmane héﬁérg@@tbl{ﬁ 79 a(wéQ:ltWE athd 5lg)8 AlbomBﬁeof the
shlianclal Gheni Fates (2610 F e tahaqiigs saigina (10 @), The
impregnated alumina is dried at 110°C for 1 h. Additional cerium nitrate solution
(5 g) is added to the above solid, which is then dried at 110°C for 1 h, at 170°C
for 2 h, and finally calcined in air at 500°C for 2 h. The solid obtained (Catalyst
B, 12.0 g) contains 16 wt.% Ce and has a surface area of 170 mzlg.

EXAMPLE 3: CERIUM OXIDE-ON-ALUMINA CATALYST

Alpha-alumina (Engelhard, particle size = 0.6-1.4 mm, surface area = 4
m?/g, 17.8 g) is dried at 110°C for 1 h, cooled to room temperature, then mixed
with an aqueous cerium nitrate solution (50 wt.%, 11.8 g). The solid is dried at
95°C for 2 h. It is then mixed with more cerium nitrate solution (50 wt.%, 8.5 g).
The solid is dried at 95°C for 2 h, at 170°C for 2 h, and then calcined at 500°C in
air for 2 h. The solid obtained (Catalyst C) contains 12 wt.% Ce and has a
surface area of 24 m?/g.



10

15

20

25

30

30 The solid is dried at 95C for 2 h, at 170C for 2 h,
and then calcined at 500Cin air for 2 h. The solid

wobicaiiness (Cat al yst C) contains 12 wt. % Ce andPdiEES®07/003441

surface area of 24 n2/g. 5 WD 2007/111783 PCT/US211117
/11113 4 41 EXAMPLE 4: CERI UM OXI DE- ON- ALUM NA
CATALYST Al pha-al um na (Engel hard, particle size =
0.6-1.4 mm surface area = 4 nR/g, 17.8 g) is dried
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R 2 Ree o R B 2 Shated sl o fn g or 2
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EXAMPLE 6: PDO DEHYDRATION TO ALLYL ALCOHOL
The procedure of Example 5 is repeated, except that Catalyst D is used.

COMPARATIVE EXAMPLES 7-10:
PDO DEHYDRATION TO ALLYL ALCOHOL
The procedure of Example 5 is repeated with catalysts shown in Table 1.
Table 1 shows that a catalyst containing cerium oxide supported on a low
surface area alumina gives much higher activity than unsupported cerium oxide
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41 We claim 1. A process for producing an al kenyl
al cohol , which conprises dehydrating a diol in the
presence of a catal yst conprising cerium oxide
supported on a carrier, wherein the carrier has a
surface area in the range of 0.1 S to 50 n2/g. 2. The
procgi %t' Melaim | wherein the catalyst further

corrpnl seA arodéet aforoprdm:cw@ aTh%llk%rQ?:eéI&oﬁ?]l Olvigich 2omprises
.n _the is selecte romthe

AEBAEBNDs g 9T 45 08 sPIEReR i o ok CiRteing) ST oxide
sbppmlmd on acsarrierl wheoda kthe canriek 6bs at surfaceunea Vrathediange of 0.1
t&gamh@m yttrium and m xtures thereof. 4. The

process of claim1l wherein the carrier is selected

f r on2t heTlg gupcessook cleimng wierealrutieatadysti foether comprises a
mdthidVlid. zirconia, magnesia, calcium oxide, calcium

carbonat e, magnesi um carbonate, silica-al um na,

si | i 8a- t TRQRATQEess iof cleim A wheraia the matdlgrxideiscsaiested from the

ghﬁﬁ)’ %Bfmsﬂi% f J)t'@esob@céﬁrﬁlrﬁfmch?ddﬁelluweéﬁblﬂn{ h@anum iron,

carri e is an al um na. . Teprocesso claim
colprit: év?i*eé Hiarigm, r/%fﬂaq'%maﬁcadr%w it nand mixigres thereof

process e plotiess bf waRh &ivihdrBm w\érdaln@ér i§ 88leRtetirdAGRe group

cons;gtmg o¥ aumlnérjl " I?caOftltalma zn'lc%nla rgagnesw\ calcium oxide, calcium
carbonate, magnesium carbonate, silica-alumina, silica-titania, silica-zirconia,
carbon, and mixtures thereof.

5. The process of claim 1 wherein the carrier is an alumina.

6. The process of claim 1 wherein the carrier is an alpha-alumina.

7. The process of claim 1 wherein the carrier has a surface area in the
range of 1 to 10 m%g.

8. The process of claim 1 performed at a temperature in the range of
250 to 450°C.

9. The process of claim 1 performed at a temperature in the range of
300 to 400°C.

10. The process of claim 1 performed in the presence of an inert gas.

11. The process of claim 1 performed in a continuous flow mode.

12. The process of claim 1 wherein the catalyst is in a fixed bed.

13. The process of claim 1 performed at a pressure of 0.5 to 1.5
atmospheres.

14. The process of claim 1 wherein the diol is a gas under the reaction
conditions.

15. The process of claim 1 wherein the diol is a 1,3-diol.

16. The process of claim 1 wherein the diol is 1,3-propanediol and the
alkenyl alcohol is allyf alcohol.

17. The process of claim 1 wherein the diol is 2-methyl-1,3-propanediof
and the alkenyl alcohol is 2-methyl-2-propen-1-ol.
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