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PROCESS FOR PRODUCI NG ALKENYL ALCOHOLS FI ELD OF THE
I NVENTI ON The invention relates to a process for

w@ewdaci7’ey an al kenyl al cohol from a diol. BAOKGROEIND?/003441

OF THE | NVENTI ON Al kenyl al cohols are useful chem cal
internedi ates due to their dual functionalities (a

car bon-carbon doubl e bond and a hydroxy group). Allyl
al cohol (AA), the sinplest alkenyl alcohol, is used in
synt hesi zi ng epi chl orohydrin, 1,4- butanediol,
styrene-al lyl al cohol copolyners, and diethyl ene

gl ycol bis(allyl carbonate) a nononer for plastic

por | vat i VaROCHSS KEPEPRORr NG i BRGNS 2
Technol ogy (2005) John Wley & Sons, Inc., On-line

Edi ti on, posted on gﬁ;.)fH N\/?E%lflle Al I yl al cohol
is comrercially pro by TWO processes:

i sonﬁheﬁmdrmipnaelama)m proeess faleprodndng et akeyd blavhobirom a
jopyl ene followed by hydrolysis of allyl acetate.
‘her net hods investigated for allyl al cohol

production include allyl chloride hydrolysis and

propyl ene oxi daéA@Rde@ﬂb%?'Tmém‘{/EWq‘thy the

reduction of acrolein (N gato, supra). Recently, R
sat oAleny| alqaholby @ee) ‘ase&r'oem'cﬁbﬂntﬁanﬁﬁ'@t%ﬂ réevﬁyto their dual

f@{dﬁahallitﬁeskm cséebdrdbamoﬁgjcﬂﬁbc& Bomdlahdl@ W&é}%ﬂ@%uﬁf Allyi alcohol
(é&ttg{p s?r& 2 kenxl(% %%%ggg%m gﬁwt{\% lzm@gqpéq:h?orghydnn 1.4
bGtamedial,2 h@)&eﬁé—a{ly’ﬂoakbhdﬂ Eppoppensf |amil Id}eth)’déhsfl glycol bis(allyl
C%lg)%%g%) Ia|S'Tm%r oveneq[% af%rt?? 16‘%‘02? !ﬁorpg aﬁ% g ed ¥ Slrghyd and
deaﬂyloeessawmemc B enF ’\~_,-;A Ghreniie Technology
(é%%h%iley & Sons, Inc., On-line Edltlon, posted on February 13, 2004).

Allyl alcohol is commercially produced by two processes: isomerization of

propylene oxide, and acetoxylation of propylene followed by hydrolysis of allyl
acetate. Other methods investigated for allyl alcohol production include allyl
chloride hydrolysis and propylene oxidation to acrolein followed by the reduction
of acrolein (N. Nagato, supra). Recently, R. Sato et al. reported a process for
making alkenyl alcohols by dehydrating diols in the presence of cerium oxide or
a cerium-containing mixed oxide (Catal. Commun. 4(2) (2003) 77; J. Mol. Catal.
A: Chem. 221(1-2) (2004) 177). Specifically, allyl alcohol is produced from 1,3-
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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The invention relates to a process for producing an
al kenyl al cohol froma diol. The process conprises

waledwydiess ng a diol in the presence of a cat al pEI/US2007/003441

conpri sing cerium oxi de supported on a carrier. The
carrier has a surface area in the range of 0.1 to 50
nm2/g. The catalyst is nore active than unsupported
ceri um oxi de. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

process of e ention co rlses dehydrati ng

a diol. Thebgﬁeré’ﬁiéé [3%8 %%-ﬁ'iq\' &5npl HB‘VQ\HT'Q’\)A ng two

hydr dbye proeess of e pﬁé@@&ﬁ/@hﬂb@@o?ﬁbr@bs |d?& Elrattlf\[;%dlol The
ains a ast “one

n. addi tion
S8 Bolersklic Sanbp iy coBBufiad s heRycartugs thehare separated
Bihet deadt thege tcalumnst hen ddaitiin, ctEa:dugn eenﬂamﬁ udilé%t ane beta-
] e r, halide, an
cg%geréﬁélggl\g? é@ dﬁgr?%%qletrqgl I'E)(]-e@éO)iy §r?)l|‘%pan dl may have other
fgnntiqnmnieslingh@ﬁmmdkeionelalﬂebydarmthrohahde ether and the like.

.f’ab@&f%&e@b%e ﬁﬁgﬁs r#ecﬂol’ g n@étﬂ?)a‘rlgdprgéaréeadqﬁql 1,3-hutanediol,

- hexane erre IS "a
114‘3’Néﬁflﬂd'Q'»s 2anh%wbar%—@r0@@np®ghd aodnt.Sitrixagetiod Hr praferred

tﬁélonblpé? 1t hatolar & ‘ﬁ@ﬂﬁ&@%% BYgdri %‘Sn{gg)hhﬁ%r{tﬁn%g’ two hydroxy

anedi ol - et hyM 3-" propan
QIO%PEBhfPEﬁé%?%‘ParaiedsbhQa(aﬂé:artzﬂns (2-ghbAyropanediol, 2-methyl-1,3-
propariedicinedi @-putaReaiopr abi E,hé@ﬁeélgﬁagg%bglla - I\}b 3- propanedlol)
r. |
BRI Rk 5 et E30ES) Dhorbo i, oo
Arefecaisy, thertpB-dit s 8 3dmbpdnediolon reaction in which the
2l conbEeinedsd BhRbrEs B Qi ifasdonn (i thsgiol loses a
vwﬁbmle@areomfmm slkboylchl¢dbl) Thedliagnyl amhobmtal_ns at least
d?'\\édéé%éfn-@a@??n 8%«9:?1!8 borif él(ggggé t?%é%%éyq%ﬁﬁ ?)Qg (-OF) group.

al 1yl exa it
Theopierlest glkenygl ajoehkal ig alyl alc@hblit @thep eabmples include 2-methyl-2-

PR~ 2-BUteREoL - 8 K ]
p%?ef er abI tﬂ{ e aC)l @}I/Dmé?a] COEOFJR'%%X' ?rh%éﬁghdé'l 3% buten 1-ol,
and e fi the alkenyl alcohol is allyl alcohol or 2- methyl-2 propen-

1-ol. Most preferably, the alkenyl alcohol is allyl alcohol.

The process is 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.

[
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1-ol. Most preferably, the al kenyl alcohol is allyl
al cohol. The process is perfornmed in the presence of a

W@ at0al1ys83 conpri sing a carrier (support). CataP@BEUS2007/003441

carriers are well known in the art (see, A B. Stiles,
"CGetting the Catal yst and the Support Together," in
Cat al yst Supports and Supported Catal ysts (1987)
Butterworths Publ [ shers pp. 1-10). Suitable carriers
i ncl yde al u titania, zirconia, enesn

Si |
cal cilfif ERPhEt Tomiee el . mhR ANTRtC g 5SAYFR in the
catdlystds aypicallgan thelrange tof t2atw 80 v@dlﬂghtcﬁeréeﬂitc(ml%) preferably in

GEFIRD L Pon B e Ee e %gbw
wmeacratalygm na. Al pha-alumna is pa::tl cularly he r

o "o erfooadit EhbbaAIEE SufEiar Fodl i sk e fE erium
spheseBfor n@@hudg lheet‘@t:ab’@ty Thée incdudd eerison bamiesamelrondes,
nﬁtﬁatéé %H]fgter% halidk, 'g%{ogcarPP{()ﬁ%teé ekl Afktirds t‘ﬂ@‘ f. ‘E)gaqlnples of

e carriler enera an aver age
Ss'lt% eofoyces e%steOUT inQudshenesm(h) omdeducaansnétv) hydroxide,

CBﬁ@lfY‘I?lWWﬂiét@t carRAsiV)lsiate, r@é?hnﬂf\f)fp?erralﬂb te %er’lﬁl?(?\'}’ ) JTfQEtate,

catal yst conprises cerium oxid e con
Ceavmum)ufworlﬁe CETUM(Y qcetate,cedum(lily @Cﬁrvéaqeawg@eopegum(m)
bhﬁmﬁﬁ Wrnght(lmeééi'ﬁﬁhal(ewoe‘?ﬁjm(m') Q‘fr%rﬂﬂ Yedriunb(ie) fl@&@@e The
r ef er abl the range of 10
FGT SHPRIDEPUETS [ BT bolinyiie carnt 1 used for the
debyfqnamldseamlonorrpl exes rmy be used aﬁ t he cerl um
The
P s A e
conpiourg | mey e soppoited wretha kereofby Evareghationf | ion exchange,
[
BB TRRITIEE0 2o W UK PP e Silpp ey By B Egrer in o
single slep, Ord@rmwﬁele\étepéx @ bolutiere contairiingrel odrivat ebaipeund may
be used. Suitable solvents for cerium compounds include water, alcohols,

ketones, carboxylic acids, nitriles, amides, and the like, and mixtures thereof.
Examples of suitable solvents are water, methanol, ethanol, isopropanol,
acetone, acetonitrile, N,N-dimethylformamide, acetic acid, and citric acid. A
mixture containing cerium oxide nanoparticles dispersed in water or other
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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cerium(1V) fluoride, cerium(Ill) acetate, ceriurn(lll)

acetyl acetonate, ceriun(lll) brom de, ceriun(H)
weanponase, ceriun(l1l) chloride, ceriun(lll) PCTUSI00B003441

The cerium source is converted to cerium oxi de before

the catalyst is used for the dehydration reaction.

There are many suitable nethods for preparing the

catalyst. A cerium conpound may be supported on the

carrier by inpregnation, ion excha t
namostster (rue) @rﬂ‘ametﬁtrh efgrably, ﬁh%ﬁfgg%“@f?ﬁégé é:?o'g’n tfgrum

oﬁ@% LhE'thé hetalSh:ii faSt B irdimdtslyFHiked Rit ﬂ'\éhmc lével to form a

sol ution containin g gerium co e usegf

soid saian. s ek eTlos! (6 MARICS OtAe M e IEE.E! 55 to 40

wtad/ot.? %@bﬁabl;kﬁi m@e@ngemfbomydso otakirdere pmeferabb'sun theirdege of 2
es thereof. Exanples of

tos?tﬂ ‘f"%\%‘l @'@UP\’%%?%C%JPE' \i;\/at er, methanol, ethanol,
i sopnappmedtal ac@poneds aceoomplexed may be used as sources of the

m%e{ﬁo%idg t Eﬁl?%?r{ﬁniﬁd;é HRa358ddE hgmd;ode%n%tfdt%é | Quifdtdd hafides,

cerium ox1’'de nano
art spdog@dtesn and wiktupes teneof. stbnv@ntescqraa@mgamv@dfmstﬁ' oxide

n%rbqpcarfr:]cgg? ‘é?s'ﬂe?ée%omb\ﬁaﬁlﬁ?gee bOWOEeAIBﬁSr?%éﬁend(g,tﬁb 590 591)

nated carrier to formthe desir
orcathal ysWen?Smaﬂa@iB@ beasEdn af PloprareMBed é‘ﬂ%?eé‘smf"é‘t'fﬁeoq’t?'&ﬁfj by

m%{?&?geh@m?l%)%’&at@rﬁ\fa‘éhéghbh hiate, @@amcpaaaqgge J\@atal. 178

esir t ff
(19980 é’@%?’-‘l@aa%ﬁﬁpg fto ul{qr‘])ég@%ﬁtgqu% ggl:rr%ﬁr dues{@é%c?@gé may be
s@dﬁc}rgé\gjeéﬁ tﬁéycﬁa?ﬂercB?tlﬁipﬁe@ﬂatﬁhnm‘pb&cmngéo ddsotpgtion, and the
e
sy B8 CRVB OGRS 115 T 9uTE gy 57 ERBREd Y pilfore step
opila,tstﬁp)é%te stepid.abl e ‘netal s of the netal oxide include
al u u n L
ni CL“@F p(r??ej% gﬁh nbﬁ%@t!lo% Ps @l{q‘}éﬁ;}bt b{tt%ﬁpl??n%gélgﬁectwe in
délhkfratuagld dibktouare slkemgt ebbholC@rG}farﬂbdM(frg@ 250PG e 45@% g more
pre)%era%ly ﬂo#\% 8rE £HRPE! Qllxé! %dﬁlpkefg}db%ﬂfrbr‘ﬂl 33%C to 375°C. The

diol may be a liquid or a gas under the reaction conditions. Preferably, the diol
is a gas under the reaction conditions. Although the pressure is not critical, it
may be advantageous to operate the process at a total pressure of 0.5 to 1.5
atmospheres.

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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catalyst; the mixture is called a "mxed oxide."
Typically, the catalyst contains particles of cerium

wozxidai1ssl/ or the netal oxide that are snmal | er P hYER2007/003441

100nanoneter (nm) in dianmeter. Preferably, they are

smaller than 10 nm Cerium oxi de and the netal oxide

may be intimately mixed at the atomc level to forma

solid solution. The content of the netal is typlhcal 'y

in the range of 0.5 to 40 wt.% preferably in the

PRty Es ofh eie?fo 3BegRusy, itdt herer ardbrepdily ayailablen gritrggen is

pretared) Themoak iﬁtld/@f the ihee g%@ttagﬁétdiolh@mblémlvgfom 1 to 100,
ounds or sed as sources 0

SRR fort 2 R0 et PrATBIaR KPTod15128: hydr ox des,

nitr élff&sfol!s:u)u‘ﬁ@besn'mpleal méaﬂy llm@datéifﬂwmybﬁﬁ@s WBde skilled in

A m_xt ont ai n

e SR re R ey Jeliptio s R Pkl (as 8P e davention

aNdisdople ofdhelctgnspp. 590-591) or ot her solvents can

al so be used. For exanple, a nolten m xture obtained

by m xing cerium(Ill) nitrate, magnesiumnitrate, and
citric acid (SEANPLIEAt LERILING QOIBEATALYSTan be used

to | ERANFHifatd 1K8hh{§hate g @ta{ﬂd G H:rﬁé?d T@#)%?e ground to a

supported on the carrier regnati on,

F@Mfﬁirﬁj'@ plagedintE eicibind ahtér i§ réded méthgaixingnicstunca paste.

BYlpadte i BkatedSA TS BN JBRCSHPR Y, tti?é*\ b 7o°® B3Phth. STRE dried
I.n separate st The process_ of the invention is

SﬁéPf'Br?fth andy %’ﬂge?%tm raéfp at PeLTG ver ?nh o RGiHaL Pfide gatalyst

(Catdlystr)as obtdiesy.l al cohol , preferably from 2500C to

4500C, nore preferably f r om 3000C t o 4000C, and nost

preferably from 325C to 375C. The diol may be a liquid
or a gasE LE ReCFBIV OXIRiRANALORMINAPCATALXATY

t he @é)ﬁrﬁasalﬁnﬂﬁé (F’Bch@l tdi)‘?nolf:@lacﬁdrfm?cé?iy'—t 'O%ﬁ 4mm surface
AIthou_agthe pre critica may

28 It DY AL ¢ ST'S%QF éﬂ %"Q fRE Johodeserivgp netratatsélutton is prepared
by By €eritim Qitaté Petatly A NI PRYTRR- citric acid (5 g). A portion of the

solution (10 g) and water (17 g) is added to the dried alumina (10 g). 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.
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The process may be performed in a continuous flow,
sem -batch, or batch node. Preferably, it is perforned

WO poo/1c083 | nuous fl ow node. The catal yst may bRCT/HSH07/003441

slurry, a fluidized bed, or a fixed bed. Preferably,
it isin a fixed bed. The anobunt of catalyst used
relative to the diol is not critical. In a continuous
fl ow reaction, the weight hourly space velocity,

(orans bRl & SCPBIUB G 9@2\3@@%@?%&% >

Pr ef Npﬂﬁ alurr\MiS\(/Engelhard, Ipartrcﬂaﬂ @&_eoé 64104 20mokQrfaed Abea =
AR BB 0816 5, b gl dn o
\n{j#mreaamqua‘ ceninn nitrate st@on (50 an.% N@6tg)g érshen‘mprégnated solid

|§J§§éﬁ15{‘1 {(?% RIr9Ch Sa 17'096rf3r a> Sﬁg %é#&&cﬁ\%@@t %§§ @ in"air for 2

nprove cataly pert or rance
S‘@}lﬁs@@aw (Ctalysh D)acrmns 5.6 Wb e e anet hasie,surface area
oﬂg _ propane, water, and carbon di oxide, _
andm xtures thereof. Because it is cheap and readily
avai l able, nitrogen is preferred. The nolar ratio of
the i nerEXAWlE’LEcB thmdjEJHYDENWCDNCmIALU\ALOMGOI—leoo

f bl "
o<1 & ARkt 88 (B B0, TS o RE{ 0 ABlp 48Tt L2 e oo
thefpemelgunninNgodavs kid cerder of uhleetuaet Grtblyst @qumcm.ze = 0.6-
. o o 2ys '
1 i B PRI W (it B SBRAL fledEptygen o
Plogs o @erm_ wopl. mrem@aﬁtor mﬂw@ammﬁﬁae‘%ﬁ avith1d s@ng)bathd 1,3-
p%;saméa.@qu)d 51@7 ghs afle %&sbérp(z% Ql‘awésrd mg%r %gﬁ&ﬂ) bhe fed

cruci ble. Water Ts added with m Xi

n
%érs&t fop ‘?BE‘%&%%%O" sTh%A%%cpqnﬁnaﬁs 6%713 & Gsomries ae pollected
hbtignadl ah&BRed iy gas Bhroﬂ%@o&ébﬁﬁ (@@)l Rdswlts falr'é Redwas Table

cal%@?ﬁ?mpd& ﬁ['X} 'C%tjoq (g/\),bpgnweamouwtsurgf %tlathanof ethanol, n-

propanol, acrolein, and propionaldehyde are also detected. The weight hourly
space velocity relative to the catalyst, WHSV (g PDO/g cat/h), is the grams of
PDO fed per gram of catalyst per hour. The weight hourly space velocity relative
to cerium, WHSV (g PDO/g Ce/h), is the grams of PDO fed per gram of cerium
contained in the catalyst per hour. The catalyst activity (g AA/g Ce/h) is the
moles of AA formed per gram of Ce per hour. Selectivity to AA (%) is the moles
of AA formed per mole of PDO consumed. Similarly, selectivity to methanol is
the moles of methanol formed per mole of PDO consumed.

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



EXAVMPLE 2: CERI UM OXI DE- ON- ALUM NA CATALYST
Gamma- al um na (Porocel Dynocel, particle size = 0.6-1

woO doumi18s f ace area = 270 n2/g) is dried at 11E0CUSIN7/@3441
h. A ceriumnitrate solution is prepared by m xing
ceriumnitrate hexahydrate (17 g) and citric acid (5
g). A portion of the solution (10 g) and water (17 Q)
is added to the dried alumna (10 g). The i npregnated
alumna is dried at 1100C for 1 h. Additional cerium
(GPFPaPRg 51%‘@9'6?1 X é”é)ﬁ i"‘éthagabd SUPPORING 58 eMsexide on a high
surfach ared timiia @rhsatittibl @Fecf @h thé, cathlydt %vft@[l_(ﬁgmparing

and final | lcined in ,air at, K 5000C for 2 h. e
STon A PREICEEa g 8t Faberd e Selerthftndo A omiso% to
1036 arhtighh asrfaces ardzaalandna iself sHoWs sBhlicaf@bRity i decomposing

I - U TALXST. Al pha- al un na .
et iy e LAl bR 8y R Bstegtaty 1o ne
desired groduct,8A4 () 8%essededtiviy)at 1100C for 1 h, cooled to
roomtenperature, then m xed wth an aqueous cerium
nitrate solution (50 wt.% 11.8 g). The solid is dried
at 95C for 2 h. It is then mxed with nore cerium
nitrate solution (50 wt.% 8.5 g). The solid is dried
at 95C for 2 h, at 1700C for 2 h, and then cal ci ned at
5000C in air for 2 h. The solid obtained (Catalyst O
contains 12 wt.% Ce and has a surface area of 24
n2/ g. 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 n2/g, 17.8 g) is dried at 1100C for 1
h, cooled to roomtenperature, then m xed with an
aqueous ceriumnitrate solution (50 wt.% 9.5 g). The
I mpregnated solid is dried at 1100C for 1 h, at 1700C
for 2 h, and then calcined at 5000C in air for 2 h.
The solid obtained (Catalyst D) contains 6.6 wt.% Ce
and has a surface area of 12 nR/g.



EXAMPLE 5: PDO DEHYDRATI ON TO ALLYL ALCOHOL A tubul ar
reactor (0.97" ID 316 SS) is equipped with a 0.25" OD
wo b@vmoves | runni ng down the center of the tubBCT/US2007/003441
Catalyst C (particle size = 0.6- 1.4 mm is charged to
the reactor. The catalyst bed is placed between two
pl ugs of quartz wool. The reactor is heated to 3500C
with a sand bath. 1,3- Propanediol (PDO. 1 1.37 g/h)
and nitrogen (20 standard liters per hour) are fed to
the top of the reactor. The test continues for 79 h.
Sanpl es are collected hourly and anal yzed by gas
chromat ography (GC). Results are shown in Table 1. In
addition to allyl alcohol (AA), m nor anmounts of
met hanol , ethanol, npropanol, acrolein, and
propi onal dehyde are al so detected. The wei ght hourly

space vetogr-ty—t+etathvertorthe—eptalyst, WHSV (g PDO g
cat/ h), isicbq gr pns |of |PDO f ed per| gram of catal yst
per hour(2 The lwei pht |kodrl yesspackovebocity relative to
cerium [WH$E (g PDO’g‘\CthL,nis ‘Re{grianms of PDO f ed
per gran1of=tériun1ccnt$ined |n thel catalyst per hour.
The catglygt gctipity (¢ AW g[Ce[ny|is] the noles of AA
formed per Egémwof Ce pgr hour. [Belectivity to AA (%
isth%H@é_df:AAgfcI;md r | mole R PDO consumed.
Sinilqgly, Sellect | vitly tlo thanpl |s fhe noles of
met har®l| f grhed per nmol ¢ of PPO ponsuned. EXAMPLE 6:
PDO TTONT ALEY& ALCOHACC] ThEe qrocedure of
Exanplge (g, ifs. 1epepbed, except | that Catial yst D is used.
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AL The proctedure oif kExahple 5 is repeated with
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surface area alum na gives nuch higher activity than
unsupported cerium oxi de(conparing Exanples 5 and 6
wowaoh/10783 Supporting cerium oxi de on a hi gh sPCT/ES®07/003441
area alumna has little effect on the catal yst
activity (conparing Exanples C7 and C8). However, it
| owers the selectivity to AAfrom80%to 70% Hi gh
surface area alumna itself shows significant activity
in dWO 05| ng PDO (52% conversion in Exanple C10),
but WEAABry | ow selectivity to the desired product,
AA ( 18% Aepewdesyi for) piicauictngl .arPraikker i alﬂoﬁtf)l Alvhn‘;th comprises

fro r o al, ned

aEhdRhe o& Tt 1 EOPRREHLS o ) SR CEmpHARR (segiym oxice
sappwt@dl omyamareder,. wherdia the aamier haﬁ‘éosuma/og, ahéa in tienmange of 0.1
tds8mgss for producing an al kenyl al cohol, which
conprises dehydrating a diol in the presence of a
cat aRyst Teemseeessngf claimuin wierein shpwatalyst forther comprises a
nrehl bde. Wherein the carrier has a surface area in the
range of _0.1 to 50 n2/g. 2. The process of claim1l
wher 8t n The pﬁ%eﬁﬁy?éﬂaﬂ'[lr% Wwoereio Aipe matal exide isaselested drom the

gt?oupﬂé@nﬁkﬁﬁﬁsc& Sidéd ¥ nagmhieh & adrieiumet @élc% dBarism, iron,
sel fromthe (? lgl consnshy& of oxi des of

cgbg| f}@iﬁ ‘H%@H%P’ﬁ%’ gy SERMFIUma YU, ARG Mixtuggsthereof.

ni ckel, Thé amcem; of/alamdnunmer%c‘raMI dﬂ?ﬂleﬂﬁé tséle'éfad ﬁm the group
m gtures tpml Q! | 1 pr.ocess of m‘r_‘é d |
cohsting of gpmida.alficd tiaie, Freavia 'BP%TJ%S' g ?‘EE‘\ R’Q ‘61‘ calcium
catbomaten, meighesiam tatbtamiatg, gilicas-ahininasiicaditaniac sliichwirconia,

Qe anE M0 figflignat e, magnesi um carbonat e,

ta-alumna, silTica-titania, silica-zirconia,
car b8n, ElmipmqeﬁsjDfe@latnhérvemrelrsmemiemiaaeﬁummacI aim

1 whgr eifind BRiceds Ef 85inh S \'ﬂﬁbr@'ﬁ%r@rmﬁ’ is Ep%ﬁé)gﬁlﬁ’ﬁng
claim1 wherein the carrier 1I's an

7. The process of claim 1 wherein the carrler has a surface area in the
rangeof 110 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.



7. The process of claim1 wherein the carrier has a

surface area in the range of 1 to 10 nR/g. 8. The
w@er@casesdf claim 1l perforned at a tenperat ur ePCTYUS1007/003441

range of 250 to 4500C. 9. The process of claiml

performed at a tenperature in the range of 300 to

4000C. 10. The process of claiml perfornmed in the

presence of an inert gas. 11. The process of claiml

perf1 ﬁ%iln a_coQ nt i nyous 12. The process
b ol & nPTHEER (91 PRAOGAS 1YL EIcPEch WHich FRewieY denrating
MH@ropareetsl nmfthe:baasafnde pEa fcafdmﬁ cAinpRisESSH e ofitie @upported

‘m b VOHLER, seitler TRE L BERRS ARm e g b1 to 50

9 process of claim1l wherein the diol is a 1,3-diol.

f n the. di.ol
1. 3- peopengdrarestiel S ARG Lie 1By € pgpo e
al coR& . The pratessmf slaws] Bovheredn thelcastierisiam dlbwmirdi. ol
Is 2-methyl-1 ,3-propanedi ol and the al kenyl al coho
is 2-methyl-2-propen-1-ol.18. A process for producing
al Iyl al cohol, which conprises dehydrating
1, 3-propanediol in the presence of a catal yst
conprising cerium oxi de supported on a carrier,
wherein the carrier has a surface area in the range of
0.1 to 50 nR/g. 19. The process of claim 18 wherein
the catalyst is in a fixed bed. 20. The process of
claim 18 wherein the carrier is an alum na.

10



