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PROCESS FOR THE PRODUCTI ON OF , - PROPANEDI OL BY

CATALYTI C HYDROGENATI ON OF - HYDROXYPROPANAL | N THE
WERBSENCEH OF A HYDRATI ON CO- CATALYST Fi el d of peh@s2004/032754

I nvention The present invention relates to a process

for the hydrogenation of 3-hydroxypro ranal to ,

- propanedi ol . Mire specifically, the present

i nvention rel ates to a process incor porati ng a dual

cat al é stem wh ronot es drat

hydr BHGREEE oROB] Tﬁi@ CE%N@BH%ONO SGRARBANEPIOY BY
[ pr PSR G R o B o R Y 1.
- propaneditst § NEarPhHer gt BN | GP HAFAIgETifat | on
of an aqueous solution of 3-hydroxypropanal . The 3-
hydr oxypr opanal (HPA) internedi ate sol ution can be
prepared via a process involving the catalyzed hydro
Fidlot mf dren Tmwesaatieon Wi th synthesis gas, H/C0) of
eth | ene oxide to forma dilute mxture of HPA in an

PIES SN I NI IR F DV 6 a3 GiF Sethd PpAhe

h d atiein ter for ntyrated HRA é& n,
Y (?ésubsle(?uent hy rogengﬁ%the I—'IPAEBtDo t l& More

qugzlglqadﬂe/m tH1e7 88, 5Mt mmu@n noorgior<atted Eh@l@cnesba/

erence, des rlbes cess . wherein eth
lnc(oerfp era%ngdgsynt 5y scagta;i%srte c%% LB g—t BE1o %%Yératlon
ancﬁﬁ@rd&%drmﬁﬂﬁﬁ dfs iy Hgrddhe- iy esences -grapaahaldl alo
. rhodium catal yst and a catal yst pronoter to produce an
IMELRe MFRSRT PHGdRE - ni xture conprising HPA. Water is

Ba AP dihe HPA jdiurg, and most of the HPA is
to provi de an aqueous phase

cormrﬁ-@n@a@dﬁigﬂer Rignc erdr aie qrreagfandPA vaired Igrdrogenation
anlc hase 1< nt ai ni east a portion gf the
at Ay STr?e é%uw&hs %%a?&'ér éip?ﬁn@d' fr 3%% e
hydﬁdkypﬂbpﬁm®ﬁe tfﬁﬁtéﬂﬁéﬂﬁﬁté“édldﬁidﬁﬂﬂﬁﬂﬁbe prepared
solution of , -propanediol .This aqueous solution is

vig e PHPESSEY jiWVdLWd:r}@é?ﬁa}]dﬁﬂed hydroformylation

(reaction with synthesis gas,aHZ/CO of ethylene oxide to

form a diluté mixture of HPA in an organic solvent, followed
by extraction of the HPA into water to form a more
concentrated HPA solution, and subsequent hydrogenation of
the HPA to the PDO.

U.S. Patent 5,786,524, which is incorporated herein by
reference, describes such a process wherein ethylene oxide
and synthesis gas are contacted at 50 to 100°C and 500 to
5000 psig in the presence of a cobalt or rhodium catalyst and
a catalyst promoter to produce an intermediate product
mixture comprising HPA. Water is added to the HPA mixture
and most of the HPA is extracted into the water to provide an
aqueous phase comprising a higher concentration of HPA and an
organic phase containing at least a portion of the catalyst.
The aqueous phase is separated from the organic phase and

then diluted with an aqueous solution of 1,3-propanediol.
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zone in contact with a fixed bed hydrogenati on

catal yst to form an aqueous sol ution conprising PDO
wae@skem t he PDO is recovered. Alternately, hpdr/asioo032754

of acrolein, as described in U S. Patent 5,015,789

which is herein incorporated by reference, may be

£4p4 0 : . he e 1 Jt dia
T N e R U S R
zoreer Bh ncomcacpovatkedabyikefiebedckyddegenabésnacabuglyst to

hyd ti t f N h ' f
o A SRy Br BB anal ot The 6BPhr 5¢51 BBG BRonbrEd RRKBro ie
re&sratydt which al so conpri ses nol ybdenum and a bi nder

mat eri al which can _be a silicate or an oxide of '
si |2 Eepenatet¥onhvfirablori AlnpceEpéciTheasatgpygsibed in U.S.
Paé@ﬁﬁeﬂl%f599§§a&ﬂﬁéh2§9 H¥r§iﬂr9£889§9r8@2§'% trékéfence,
in the hydrogenation reaction environnment becausé o
may hee i eopbaged touphodticenghb afjutbescahakysedsysteatream of
with respect to prior catalyst systens such as the
3- ?%¥%ﬁoﬂﬁﬂ?ggenation cat al yst system described in

U S5.5, 785: 684 diseyssed, ahpven PYrhBgetR€incorporated by
hydr ogenati on process or in steps preceding the

refgikoegenadeonr ppoeessnospgnhyicanenabheancprablpas 66r use

. . cQexiest,. T ts [ :

O et o Py BRSGePETPaEr o BB SRORIAS i o

promdcddrihekel eagtadpsof whhehcytboccanprakesayobdgbdenum and
to produce addjtional byproduct species. It woul d_be

a ]?ﬂrgﬁﬁ rﬁﬂ@%ﬁf%&eﬁﬁ%ckf SHRePreverLliratet Ponan SELIS: fiE

siT£aGhd ONz fcbheuAceh alimt QuRDQ-ceuUl dThe epequiagedystem is
during hydrogenation, as this would increase’the yield

chafa@perisHedebera phelergeddedthilyetcatfbysn déscri bed
én U. S 5,945, 570, does _not activgl% gronnte t
hyg g

B r 3318 1P R0 B HBRRRE, fcble hporossea
cri@iit et rangtd dhevhbechydlggenayedehowPbR) respbet to prior

current invention allows_ efficient ,
catalyst systems such as the supported hydrogenation catalyst
system described in U.S. 5,786,524 discussed above.

During the hydrogenation process or in steps preceding

the hydrogenation process, significant concentrations of HPA
and PDO may coexist. These components may react to form the

thermodynamically favored cyclic acetal MW132:

0]

Ho/\/\OH + /U\/\ _— (E + HZO
H OH H:><://«\OH

Further reaction of the cyclic acetal may occur, to produce
additional byproduct gpecies.

It would be highly advantageous if the reverse reaction,
i.e., the reaction of the acetal to PDO could be encouraged
during hydrogenation, as this would increase the yield of

PDO. However, the extended life catalyst described in U.S.
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reversion of acetal byproducts to PDO at inproved
space-tine yields . Summary of the Invention The
wW@r@smsit749 nventi on is a process for prepari ng BCBUS2004/032754
propanedi ol conprising the steps of: (a) preparing an
aqueous m xture of 3-hydroxypropanal and reaction
5, BXBrEQHCg és( &pas%lg%.the aﬂy%pu%he r%%%&é%%!ogéngbetal
‘mxtuore rogenatl nYZéne erei

babydeegenat b@l@. Hme (mee@rmttese@tefexamduedst:me\w bet ages
wherein the hydrogenation in the first stage
hyeaPPEBaTEG: tenc?&P hydﬁ%@eﬁatrr&tltc&ﬁa’eﬂt&ﬁe 3@15”8 efficient

rel/BFRERAL Bire a2 thhe 1 aRgen i PG J Spb3&d A VRIEEPRER -t ime
of a fixed bed or slUrry hydrogenation catalyst, and

viehdeei n an acidic cocatal yst, which is selected from

Suthe. roup, con isti% of acidic zeolites, acid form
——@géﬁgﬂkz—§§§%§§%55¥g§£hs, acidic or anphoteric netal
oxi gas, phelerepahyasicden drd 55 PJrdeds Adds prepadded i1 3-
or present in at |east one of the Iater st ages,, and

prpﬁénﬁgiapégéf@atnr&ﬁﬂm ddied Stabsr Aftragd)i PTERRH IS Gt

a
R G T o T AT L S
(bbapgesdhg7@hanuﬁédDa(31hmdnqmypﬂmmamm§ gammMHawuﬁ a
3- propanedi ol and |n aid
oy BeBRlRR 2o e TSRS ELC ffene e
cohpehieaanaif Qi zenred &m@rm;rag&a@ mtexetlri edsd Hy¥reRenation in
stages, the hydrogenatlon in the second stage IS

theatﬁritfe@ GlHecR & CaRTdes e iegrpaeetion conditions
erature of the first sta the r nge . of
=1 S5 BN EAR R 1761 Y %ef S Tnar R 2 ReChe: brgoonoe

ofCacat &y thdds cegd%qqnix@ nyd%fd%;%ﬁ’fﬁtﬂdh td?sﬁtatl@ﬁelt Staage werein

the hydrogenati on zone wherein the hydrogenatlon in

ant heiddst ocagalivstoamiiieth dut IRat Sy drisgeidid @roup
co gqgltt.l.lngn%fat C%lC%T%TTJZ%rO%F es h'a%!&f dftd%gfg cté%%onlc exchange

enperature St e secon st'age ‘an
regﬁeatee;ﬁmekem&bmmghdnnfma)MEHai:Hkﬂaedrthﬂnﬁﬂupolyac1ds,

n%n ghlli) d& g&bﬁgfs:nrgesmadd?eds e rdersoe ana:.Ltnl oa (ELaeataasl one of
the later stages, and the hydrogenation in said later stages
is carried out under hydrogenation conditions at a higher
temperature than that of the first hydrogenation stage and in
the range of 70 to 155°C to form an aqueous solution of 1,3-
propanediol; and (c¢) recovering said 1,3-propanedicl. 1In a
preferred embodiment, the hydrogenation zone is comprised of
at least three stages, the hydrogenation in the second stage
is carried out at a temperature higher than the temperature

of the first stage in the range of 70 to 155°C, preferably 70

to 140°C, and wherein the acidic cocatalyst is added in or
present in the last stage of the hydrogenation zone wherein
the hydrogenation in the lagt stage is carried out under

hydrogenation conditions at a temperature higher than the

temperature of the second stage and 120°C or greater[
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cationic exchange resin are used and the tenperature
in the final hydrogenation stage is from 100 to 140 C

WO 2803i7Hed Description of the Invention A hydpOf/US2004/032754
ormyl ati on met hod which can be used to prepare the
aqueous nixture of 3-hydroxypropanal fron1ethy|ene

|de S Io as |§ descri bed .in det |n
prf? ﬁf‘% ggg g whPeH i s Féraé'fcﬂ: 5=f by
emb@ﬁ@ﬁéﬁ%e_aus§urp %@Hr@g@%@tl%%.@%%%ﬂy@%saﬁdSbﬁ?E%ﬁd form
aqueous m xture of 3- hydroxypropanal prepared b

cahyaRari 6HCBANgEr glesiln. aTRe Uagdesus! sheesribrpature tihethe
nation _section is.an _aquequs sol utig
£1080 SPAPRECRBALER & e6hcdnt Fatiod Ot £Ri HA0Re: range of
DeBal Pe80pWBLERLLRONC R hRr ehokakliynl0 to 40 wei ght
percent, based on the wei ght of the aqueous |iquid
whi thV§r9§6PéYmbf§LaWap@r mekhogd fihvied- bed bat abgst tios prepare
S h natlo s desirable £9 d|
B e N s
anhydynghaatsogaeead@oﬁeb@rabéalu@ BeesnQ. 2nt 0.89 Wa¥ent
referably fromO0.5 to 8 w% Al though any
5, Z&éeéaé WﬁasbdlﬁhbéﬁeWP|PHHSFPPﬁﬁé@ﬂebg wetgrence.” U.s.
paP¥Ar0genati 68 o0ticHRA pechudiing 1uat g uebaB hexised bers-
dilution of the HPA solutionto the desired
hY@@ﬂﬁﬁpr@Eﬁn@ﬁ,pWBpageQr@Vehvédatooenpﬁoycanlaqueous

gontainin L ution_such port.ion of
or ofet “LbPaaR, PRGHRna RYSr 550 iRel BroePETeprrtt FaRtion ie
anMBQHesuehs@lEB@an@@h@bﬁh&ggSHbﬂIﬁﬂnasébﬁeéntﬁaplon within
concentrate PDO in the systemwater, thus avoiding the
thej gANGBsPLadd tPeOvEry9bE BRIrGEBtPDRYRLSHPRAY e Oniioc K O

weMQdepegéghE f gbhhgg gﬁeomewgksro%'eﬁ%_gguE%%s liquid

diluent. The preferre Ilution streamw cont
whpgh aadubRAlLy aatamount IW ehifnxedebedngetefy2@ ue 48ed for

ny g R REPEr t5 AnfCar 8 art ot RS Ry GFBr RTAEPGRaCion of

HPRUiAUthst Feal te bBhengthett appebatuneieh &Bac@@&bt6ea value
streamto that desired for input to the initial stage

frem PizeBo- bedvhydr 8genBPssnpreferably from 0.5 to 8 wts.
Although any aqueous liquid which will not interfere with

hydrogenation of HPA, including water, can be used for
dilution of the HPA solution to the desired concentration, it
is preferred to employ an agqueous PDO-containing solution
such as a portion of the product stream from the
hydrogenation step. Dilution with such a PDO-containing
solution serves to concentrate PDO in the system water, thus
avoiding the high cost and recovery of dilute PDO from water
which would result from the use of water alone as the
diluent. The preferred dilution stream will contain PDO and
HPA in an amount within the range of 20 to 40 weight percent.
The dilution stream will preferably be cooled prior to

admixture with the hydroformylation output stream to bring
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If a slurry catalyst is used in a backm xed reactor

the extent of reaction of the first stage may be
we@osHoaiThed to obtain a simlar concentrati on PERys2004/032754

0.2 to 15 mt % HPA, preferably 0.5 to 8 wt% such that

predilution of feed is not required. The hydrogenation

theregﬁgﬁr%%ﬂr%eo%aEM %6%ﬁ1né§(§¥%é% 9% %%atndég%f%d for

nmore Sequential tenperaturée stagées. |n a preferré
inpabodomeht, 1hyan@gemaagmwdﬂsﬂmxed*hédmﬂydﬂog&natlon

e ratu e wthin the range of 50 to 13 fol | owed
by B Es e BHITETage e Ate d S Kes Megrope, the

extlaaﬁ bifat-cabrtibe e %mestﬁ&%ta@@a\get Koy the JaRe@19ka to
70 to 155 C and then optionally in a third stage at a

Obtéﬁﬁeﬁaﬁ&ﬂé1@KE§p@03ﬂﬂm¢Uﬂﬂ@t@%ﬂ%ﬁaﬂhﬂb20ﬁctﬁé SEGOHEA
prg%gggbﬁ 28 CSE gﬂ?gg%&%ﬁ ?hfa,t]'%?e q_liltqgv at %r’feed is not

pre era I's preférred process
reqhérbﬁdrogenatlon is optionally carried out in two or
nor e seg@;ate reaqtlon vessel s. dr ogenati.on

cat aF§s (¥ IGEEEHR LR e BRPEEEEN G A LSl Fey e Pifre difopae

stggeupr(as toune %dﬂ%qke htaldemdes enred MaRes. 1n a
reversi on of acetals, (%he al cohol “functional group

prefsrirednémordPDERNt, mmm@n@t@m@ VSl Icapratigids osuiclrtas
ni ckel , cobal aIIadlun1 r hodi_u rut heni um
ceBRG G M Pnd PEBDBEE PRI G B & o HeCactPogomsReby 2
seBbakeLtades ek Nl egenald an (eatal st res deserl hef % Rhat of
U S. Patént 5,945,570 which is herein |ncorporate r]b

théeﬁémeﬁcgtaﬁbeaﬁﬁe&ﬁtkﬁdlhﬂﬁi@@ﬁmﬁﬁldﬂ17©a&ﬁiﬁ$E°C, and then
contains, .as the & or actlve conmponent, from 25 to 60

oPHEoRAldRe Ty &s tRILFS PébIPy EMRRTIC WS S5 SRRE Then the
teﬂlb%%gltu&@ bhe +aet 's\é%ocfﬁ alysle S Prademy n%‘&{ﬁéfa@ure of

reduced form The catalyst contains 5 to

1200t ybrleguentas, Moyefprabeyabby°® to 1€5¢.% rFhehis
nmol ybdenum i s present in the catalyst in both_netal and
Prsiﬁaéefiopﬁfp@?ﬁ@ niheb deistipdeas td Bt Ad /M thesedilon cagaied

ouhslﬁl%%oa%ra%k&%'%%p%&%%%;%%actlon vessels.

Hydrogenation catalysts useful in converting the
aldehyde functional group (as found in HPA), or aldehydes
formed via reversion of acetals, to the alcohol functional
group (as found in PDO), include Group VIII metals such as
nickel, cobalt, iron, palladium, rhodium, ruthenium, and
platinum. Copper is also known to be active.

The preferred such hydrogenation catalyst is described
in U.S. Patent 5,945,570 which is herein incorporated by
reference. The preferred hydrogenation catalyst contains, as
the major active component, from 25 to 60 wt% nickel (as
Ni®°), preferably from 30 to 45 wt%. The nickel in the active
catalyst is predominantly in reduced form. The catalyst
contains 5 to 20 wt% molybdenum (as Mo®), preferably 6 to 16

Q

wt%. The molybdenum is present in the catalyst in both metal
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The bi nder portion of the catalyst acts as a "glue" to

hol d the separate conponents together and to provide
w@rewsi317¢si st ance fromthe pressure drop acr oSBCT/H82004/032754

catal yst bed. The binder constitutes 30 to 70 wm % of

the catalyst and is made up of oxides of silicon, and

andl bik¢akesand O&%%@%mﬁfb@éﬁ% AN Aol kH%EJ%%L?gﬁ%%lOH and is

magnesi um and/ or al um yplcally t
algpl| bnceptaiva thr omcBOtea.70, preferably 35 to 55, W%

si | n; .fr.omQ t ., preferably 0_to % zinc; and
fro%ﬁg PRI HRAI dﬁnnl?% %%’ﬁecé ﬁ‘étéfrst\/\n‘—"icv‘l"t ScGit & nItGE" to

hoHEFEhéhééparwt%J@@mﬁdﬂ@nt@n@o@EEEeQr%E@f%QJ?r%@ﬁ@%‘%rush
0-1 m%calcium A preferred enbodi nent of

reghehPYSE EBRMaLHS é%@@ﬁﬁﬁ@lﬂyO@oa@r@@Soﬁh@aW@maﬁwsth@ed
r d L onposit i-gn.far Jth r e of
T e s CoF 5y droRypr apnal Foche CBrapyadart
magda aguebusxsdest iodn sddritcanns a38 wt%n@bckelaaﬂdo&lﬁés of
bdenum w.th the bal ance bin material as

wt % nol Bg
ZlHSScFﬁﬁéanéB@veCal?ﬁ@“ba?@ﬁ???lBQna /BFéﬁ MEG DR - any

Typt 068UY erhBatai-BGYERORANES cbReadst Fvemnkekelb 7o,
conmponent, the nolybdenunlconponent and the bi nder

PraEesrPaY PR BOsEPi dvibGl ISifecan Tﬁéoplr &f &or 8d paedeysbly 0
toPieparati,on.i.nyalves i xi ng gi ckel aeg&ndeumgggn bnder 4or

maf er i al “Such as af apul gus cl ay,
w111|omndelpomdermbmbothahoao@eaeaascﬂomﬂeandNaxul @referably

solutlﬁn colloidal silica in sufficient water

CoRbRrMta éxWFGdSB ElHFkturé-P§e§?FFFQdeWPP§1@ﬁ€t38¢|Ghe

caﬁhX?ﬁEecoﬁhglﬂﬁte%béh%ﬁ%lﬂ% hgeﬁlﬁétBQd%glEHEQUQ&h@
die plate with 0.040-0.070" di aneter hol es.

Pr@ﬁ@rﬁaétégtaﬂ§8§rp@@p951$@0n12§rctherfarstnstage of
LGl t d |stu e,content _to S
hy g e e B YR R TP TR R L REn Tt kB ER g 10

aqaéod508055616hfCbnablbeaSB %t%ouﬁ&kémtahdtbelde&tped

t th is devel oped. Prior tqQ use, the cataly is
mofﬁégﬁgﬂmunHéFﬁyBPSSQﬁl§§§eaplﬁdﬁénﬂéF§F&ﬁé @Ptﬁ?ﬁCFﬁ@ed

ab&egge of 350 to

The catalyst can be prepared by any procedure that
incorporates the active nickel component, the molybdenum
component, and the binder material in a solid bulk form. The
preferred catalyst preparation involves mixing nickel oxide,
the binder material such as attapulgus clay, and molybdenum
trioxide powder into a homogeneous powder. Next, a solution
of colloidal silica in sufficient water to form an extrudable
mixture is stirred into the solid mixture. The wet mixture
is then extruded through a die plate with 0.040-0.070"
diameter holes. The extrudates are dried at 100-125°C for a
timé sufficient to reduce the moisture content to less than 5
wt%. The dried extrudates are then calcined in air at 450-
550°C for at least 3 hours until the desired strength is

developed. Prior to use, the catalyst is reduced under
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450 C for a tinme sufficient for reduction of at |east
60% of the nickel. If the reduced catalyst is not used
WO povsasEeel y, it is cooled to anbient and st ordI/URZIE$/032754
a protective mediumsuch as , -propanediol until used.
In one enbodi nent of the present invention an acidic
I ' d | ter. st ag f ogenat ko
A Tt R e L e
45@1C thver MAEB2neacai fat 1 diere tHo PR sk HA @hdid Musast 603 of
increases the yield of PDOin the overall . o
the i ofehat i 6k %?%c§§§P0¢ﬁeC%EPHY§tcééaﬂQFygﬁgdUS@m@dlatelY,
itlibt$6bpé§5€8tahﬂ¥éﬂ£'QHd”B¥OP§d5ﬁ£88£eQ éESQ%éﬁigécmedium
zeolites, acid- formcationic exchange resins,
sudietas opod yprodanednphotetit weedl oxi des exhibiting
en ced acjdi relatrLve to the hydrogenati on o
cata j%?ee%%?%éé%?n naks%?ﬁbPﬁe%%?ﬁsln By apean aClélc
cogenElpst yi add@ded niAna atuet ££852 165 hPd2odenhPiddt i OThe
with the fixed bed or slurry hydrogenation catalyst.
2CHH G FHPGRT YL P e RF PRAT RADERF nEfidrat henatpareion of the
Mnepsal@lyst bscrddsdppd And hﬁ%ﬁ' éﬁégf?h‘gé 5.‘%9%8%%@5“1‘:19@ yield
and/or it is used in a post hydrogenation o e
of Rpeous FBO prvedatl bydtbdeepst hem yphydesgenathensc Ik
aqg i C cocata# t,may, al so be included with the fixed
COGSHT pf Dot & %ik%? %?ﬂr%ﬁ%%%??ohn¥%?5}9§tm?ﬁ B¢ |selected
frdiy HOgenat t &bl st 8geSac it ef §ah ebye i bhec agkdhfnge resing,
cocatal yst may be a soluble acid added or prp&aced as
he tSHMRRINEACT ¢S t RIMPReERELC te bt appidepHethohi 2ing Susanced
The-pr [ tain_one_ or re
e Seol T 10 Bror i S acFRl GePaf il o prate and
solzdvle tasidhoul Thepnt aé ngaosea i yresnddof si h asg eawmoug hf rom

it th t f.the acyclic or _aliphatic
1 523‘192%%3 me}rfgan‘b{%f‘gjr’f%d&}% 1red b omeSlewry
hy et £6 1 Zeodd t £5,9f . t hey s rl&‘%ﬁ‘%}?' pEYPES- M erio @ ment

ZSM5) , MEL (e.g., ZSMII),
the acidic cocatalyst is added in a third stage of

hydrogenation and/or it is used in a post hydrogenation of
the agueous PDO product of the primary hydrogenation.

The acidic cocatalyst may also be included with the
fixed bed promoted nickel hydrogenation catalyst in all
hydrogenation stages.

Alternately, the acidic cocatalyst may be a soluble acid
added or produced as coproduct in the process to obtain a pH
from 2 to 5.5.

The preferred zeolite catalysts contain one or more
modified zeolites preferably in the acidic form. These
zeolites should contain pore dimensions large enough to admit
the entry of the acyclic or aliphatic compounds. The
preferred zeolites include, for example, zeolites of the
structural types MFI (e.g., ZSM-5), MEL (e.g., ZSM-11), FER
(e.g., ferrierite and ZSM-35), FAU (e.g., zeolite Y), BEA
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(e.g., ferrierite and ZSM35) , FAU (e.g., zeolite Y)

BEA(e.g., beta), M-S (e.g., ZSM57) , NES (e.g. NU-87)
WO 25B377¢2 g. nordenite) , CHA (e.g., chabazit epCT/UMD04/032754

(e.g., ZSM23), MAW (e.g., MM 22 and SSzZ-25) , EUO

(e.g. EUI, ZSM 50, and TPZ- 3), CF? (e. g , o%fretlte)

M an hte ;

(engggbé%E%NPﬁgg £§§P48 @é@%@? ggg g% and zeol7|tesOR'f<e =5
morﬁ@nmts@éd EHPst(8l-bi-ne o@ﬁémtgachmg (eog .ex&SPI-€3) , MWW

ol i ruc erences to _

ﬁe syﬁt e5|§nng?%e &r|ou (gdé ggagan%gg §§Un8nﬁnTPZ

th@FFAt(Ie&g of of€akittie et r mItur(e . ypegsm-publ bshedeen ites
ITgehalf f the Structure Conm ssion of the

Ater At GnalMPscfirt ¥CHséSei #EMohP , SEF WP SSREREr ang
zeolitEkser and Qﬁxeaa%&&%%QQﬁ1n@ughb§§§dgggh as,lggg

But t er wort h- Hei nemann, “fourth revi se ition
exanphetr urgPliype8SHNA -r Bher etcestuoailhéypesl hdsreferences

[ | abl e on Wrld Wde Weh at
colEAL! QRS A0OEe- 3" BV LBl Sp A DEIOELY e el 3
“AEWasIaBIEebﬂﬁﬁEZSﬁkM&tuk@tE&@ééwomghblhﬁﬁedaaﬁ behalf of

xonMobi | oration. Mre preferably, the zeolite
th?ssﬁrEF§§FﬁlpPﬁ@lﬁﬁaﬁpansFhﬁcéﬁéerﬁaﬁ1@aﬁ106ﬁpéﬂhe
Askbac8L aBAYNT B8,0f ROr @R £F O raw SRt ef | oM thay locher,

pur pose addi ng boron sources to enrich oron content
PUbih%he@ubYa%¢t¢@%ﬂqmqnﬂﬂemnumamme é@mdthomﬂvﬁaédoedltlon,
ch These [ e the gel type or
19§%cr2$ |CU¥r£§ (TERTOp qaﬁ?QEfcﬁgnﬁégr§§PﬁétﬁFth
mestl droad calasiel Ei:thn (‘awafmaib]gi VT HeNwRed oM wwhegei n
the sulfonic acid function is bonded directly or

WWY nHFF et TYCHeFarP e gani Syl yﬁ’ﬁé?lﬂﬁﬁsatﬁmﬁccﬁ)ﬂm@;@drly
o5 cmyene o B LTE (g MRS T

Coxpdfathopar t Mote §reéeAaBm9,rEBenzeoIbmehﬁﬁgh @%%%E%%%lne
50-series resins; SYBRON C- 249, C- 267
2l 0s P B [ ERR T ) GobR LB §50°F c4TeSAC R NTEGRR from

ray Ma€¥BialsWichaddd,; oSANPh ok 2681 84 RGN 0LBE ces to

conpar abl e commerci a
enrich boron content.

Other suitable catalysts include acid form cation
exchange resins. These include the gel type or macroreticular
(macroporous) ion exchange resins with sulfonic acid
functional groups in acid form, wherein the sulfonic acid
function is bonded directly or indirectly to an organic
polymer backbone. Examples include: Rohm and Haas AMBERLITE®
or AMBERLYST® A200, A252, IR-118, IR120, Al5, A35, A36, XN-
1010, or uniform particle size A1200 resins; Dow MSC-1 or
DOWEX® 50-series resins; SYBRON® C-249, C-267, CFP-110
regins; PUROLITE® c—1ob or C-150 resins; RESINTECH® CG8; IWT
C-211; SACMP; IWT C-381; and other comparable commercial
resins. Another example of these cation exchange resins is

NAFION® acidified perfluorinated polymer of sulphonic acid.
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resins. Anot her exanple of these cation exchange

resins is NAFION (r) acidified perfluorinated pol ynmer
Weroososhoni c aci d. Water tol erant solid acid cRCHUFHNE032754

were recently reviewed by T . Okuhara, in Cheni cal

Revi ews 2002 , pp. 3461- 3665, published by The

Ametd €an £He8t-SRE §@E£8tXciab&§£$P9£¥§C%9§ea£8c%$£f§d

fromtwo or nore different oxyanions and typically
reviriededy et r afedharsy toofdémacal Réviews o20phospbor Bsel-

' | ent | ybdenu tungsten, ,urani um
60 O o P Pl AR Aera GhrBheRE  fouesFin
He{Bs2o &) y@xhildi & 8e hf ghmagt F¥bhyrfi®roAChe&r& ag akyzesht

reactions %n t he presence of water. Anphoteric or

OXYRNS X deSYRHer bitfe arehide, tefrakedrakly egordinated
sizal M, phbd .Puszi{ﬁﬁgﬂabyaﬁgxgéﬁi@ﬁﬁOﬂél%ﬁ?é&&%,

i ncl uded sulfated zirconia,” zi rconi um tungst at e,
Curgigsphat @rambiybdat @biend on obictabid, Sohubdbedashibn with

.Qeat t i.ncl ude. m neral acids such, as hydrogen
cesgh or Féd%zs %)r g%%’h DL S%Jr%e?cjbjrvf%i ; %\%laeij?%/%syged
reauittirdms aiot dehdske ehdls SECkaasr phosphoric, or
carboxyl ic acids such as acetic and proprionic, may be
enpiRECTHe Pletafidse eRedes xier ryHeotemat $ohicia,
silctal ysimGah, be ey G ,L'pchJ:cjmf@,t g‘%\ ?g& Jfagtfcgrqgell'fle%esof

cobalt, ruthenium platinum or I'um as we
incloplrat  swl frted hroncemia anzgh mot iume st angs ed t Oy Splfsphate,

these. The preferred catal ysts are particul ate
mOlr}'ichiagtle-’baas%Cg TonpositTohs on water-stable (e.g.,

cersuliuh1 e W] tSo Saed |se & hﬁagprﬁtcemcféi &M YBlacids such

described in U S. Patent No. 5,945, 570. The particle

as yFFqaan (Hirorkde yeronide, peludritdeorst stehtda tdes well
fis - qper at | i ener.al ly range from .,

oo (RREREe M A O SRR RS o

acigisvisng eweraqerteiss urred diogpatodite, expense afpBsfddity.

ot l(;%le;tsaﬁgo‘? Hequs ]’:l:)il:gc%cfoklaeuc}[Ik?;drporgeepr?a[teidor\lm éalgtalyst can
be a Group VIII metal such as nickel, cobalt, ruthenium,
platinum, or palladium, as well as copper, zinc, chromium,
and mixtures and alloys of these. The preferred catalysts
are particulate nickel-based compositions on water-stable
(e.g., ceramic) supports, such as the preferred catalyst
described in U.S. Patent No. 5,945,570. The particle size for
this catalyst will be that consistent with fixed-bed
operation and thus will generally range from 100 microns to 3
millimeters, with larger particles giving lower pressure drop
at the expense of activity.
:
EXAMPLE 1
An aqueous PDO solution prepared with ethanol as co-
solvent (67 wt%) and containing relatively(high amounts

(about 5 wt%) of MW132 acetal was hydrogenated in a 500



10

15

20

25

30

(67 W% and containing relatively high amounts (about

5 wl) of MW acetal was hydrogenated in a
woO@i0B174 i t er bat ch autocl ave reactor to asseBGT/URM04/032754

reversion of MM32 acetal and other simlar inpurities

to PDO. The catal yst, which was the preferred fixed

mlﬁ.@LQlQrt%'}mb%&dH %O&Weog%%oﬁcgg as!sye% e}ﬁqe reversion of

described in U S. Patent
Meré\ZewedzraJofami:e:ttaien re isileur srnqiu::‘hﬁcﬁe@ a:rmd pmno psi H

despite the use of 7. mﬁ@b t al yst C yst._/
0o Tt At W SRR et Trikmet bad gpromotea

niakleqt & cﬁ‘fog:bhaftﬁldfrﬁ c%ft%l eft Wi Aeiglic iWSYs ze0lddi@nt
was added. 75% of the 32 acetal was reverted to PDO

5,196 5t, 3¢ Onexathveth urcs , redesss itae a fdecregade i 3 énpearsatair € 50°C
acet% conversi on %f 950
ou e

anﬁgg%ggfskﬂeéga??éplﬁﬁo%ﬁgru§e5 Gr & ¥t188telwrtn (ne

caeilgist 7eQ)-itienas eRcatalaist . ThENe-dRHUldrS WL dhinated
show t he beneficial inpact of addition of the zeolite

afgeEapalbpslorh e haue sofandevierss vt off MmmcadEYalzeollte
wa5*AMBERS Z5e Lk @hsee $, 0f, Rat gl o f%gr%gf to PDQ in the

experiments were condu ed un pSi ogen

ne&t500hurayt Aespie LS ek c24Q G anp t%fmp%r@tﬂxléf %f0f20°c to
Wt % MAL32 acetal in 31 wt % PDO, with water conprising

13Dh@ redmfnhag sokveit cOhabkeidh ofl p5al vagasksaided after
grams of total catalyst were used. For the "Base Case
anRcERE| 2. 54 hgugiss athd 59 ef ertédtbat acydicdesciibedain

ent 945, 5 vere enp e
CO# gro e%atlgﬁzcata éSt &re %éﬁyé%zfygﬁnﬁ§§01al impact

ofeaﬁkidy:e@n tdfe t@j@lﬂaioldftd‘lyﬁfdég:%ﬂ@@to@rp&ﬂ@l ¥l NF
reduced (2 3\;2) and an equal anount of cocatal yst
reyasSenp Gy R§ex3lotal of 4 grams of conbi ned
cat al yst. Sanples were withdrawn periodically over a 3
- 5 hour period for gas chromatographic analysis, to
nonitor the reaction MXAMPLES 232 dcetal and the

Lﬁggz%%%geggpré a%%%ﬁ%y?%g@?%atlkgeefgéyyﬂgﬁts were
conducted under 1000 psi hydrogen in a 500-ml autoclave using
240 grams of a mixture of 2.7 wt% MW132 acetal in 31 wt% PDO,
with water comprising the remaining solvent (Table 1). In
all cases, 4 grams of total catalyst were used. For the
“"Base Case Nickel”, 4 grams the preferred catalyst described
in U.S. Patent 5,945,570 were employed as the hydrogenation
catalyst. Where a cocatalyst was employed, the amount of
hydrogenation catalyst was reduced (2 grams) and an equal
amount of cocatalyst was employed giving a total of 4 grams
of combined catalyst. Samples were withdrawn periodically
over a 3 - 5 hour period for gas chromatographic analysis, to
monitor the reaction of M.W. 132 acetal and the formation‘of
n-propanol (NPA), the principal undesired byproduct of acetal

reversion to PDO.

10



10

15

20

25

30

reversion to PDO 10A rate constant k was cal cul at ed
as the slope of the MAL32 conversion vs. tine, which
wo ensa3given time "t" can be represented by: -PEFUS2004/082754
is the fractional conversion of MAM32 acetal | , or
[ MM32] where subscript "0" denotes the initia

congepL£al1.0ns. BALIELEL Jo(2pLESER! 3o DR VEAGHL oc vine

fraction of catalyst
MWll&pccmVéysﬂograns)t;md;vwﬂfdhbﬁofh& QQVQh thss ot” can be
iquid solution (typically 240 grans) . A selectivity
re?%@%ﬁ%%%& B¥:n -propanol is also defined as the mass
of propanol formed relative to the mass of MAL32
acetal reverted (principally to PDO and n-propanol)
G ven that an opti nal gh—twipef)at ure hydrogenati on
catal yst giving good spgce yuge yields will optim ze
rates and selectivity to desiré&l product (PDO), a
Product|V|ty factor "P' was defined as the ratio of
2 actlon rate divided by p anol selectivity
X %%n % 50 lopﬁgh%?nV%¥%%%nf%F wa%%sa?%¥? &ctO%ore
economi ¢ performance for high tenperature reversion of
acetals. Runs 2 and 3 in Table 1 represent base case N
i catalyst replicates 2 na/@ddzld cocatal yst . For
runs 3 - 8 (Series "AP?P Eeric or acid oxide
cocat al yst was added, replaélng an equi val ent anount
of base ni ckel hydrogenatlon catal yst. Results show
t hat use of cocatal yst enhanced the rate of reversion
Wh?ﬁehﬁﬁ%%C%%%FaiOfo@e%&¢%%st§$r%%h?%alt¢@%@ﬁ%¢r%F¥@%a

Pa B kR SR, E%erébkégén@éuﬂﬁ@awefgﬁtrf%%é%ﬁon of catalyst, or

the weight of total catalyst (typically 4 grams), divided by
the total mass of liquid solution (typically 240 grams).

A selectivity to undesired n-propanocl is also defined as
the mass of propanol formed relative to the mass of MW132
acetal reverted (principally to PDO and n-propanol) .

Given that an optimal high teﬁperature hydrogenation
catalyst giving good space time yields will optimize rates
and selectivity to desired product (PDO), a Productivity
factor “P” was defined as the ratio of MW132 reaction rate
divided by propanol selectivity (undesired). Higher values
for P thus reflect more economic performance for high
temperature reversion of acetals.

Runs 2 and 3 in Table 1 represent base case Ni catalyst
replicates with no added cocatalyst. For runs 3 - 8 (Series
“A"), an amphoteric or acid oxide cocatalyst was added,
replacing an equivalent amount of base nickel hydrogenation
catalyst. Results show that use of cocatalyst enhanced the
rate of reversion of MW132 acetal for oxides zirconia,

titania, silica, alumina, and silica-alumina. For run #9

11
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11(Series "A"), a very acidic NI /WD /al um na

cocat al yst was added and it al so enhanced the rate of
w@e®sab7aever sion relative to the base case w PEI/NB2004/032754

acid cocatal yst added. Aqueous acidities of several of

the solid oxide cocatal ysts were assessed via a

cKLiGRati o od,..ent.allj C acting overnjght
(SO ot bimar SEaT e rireh Mo gy T e S T orvas
addéd. ahdpotasisunehjidnexideher reaebopabectwilt heselrktdon

cjd c-ocatal yst, followed by sanpling the supertanant
re?ﬁ#lY?tFSt Fgﬁyﬁpﬁﬁ BAESNVEHER P8 asiesSOPpEaaiBhntdged-

renﬁhﬁéagsKgbﬁdIhgeéeéﬁlEévEE9ﬂ1BBi§h€eé89§335ﬁia€0““
in Table . The oxide co-catal ysts tested and the

coppplwstal warnaaeaeabgst viver @ hatksubsabnbnainkyhodr e

i di .nickel b t, t .
enfEL it ekl kel hase, oppereatalighoslie gy

mifbng} heseagupeusneolatibhec@8mounl pbthaseuhppiasskiie or
hydr oxi de or carbonate) was limted to _avoid .
cagPeRBFHt | BhCBT SPRAGSBFIE GxPERLOEAEK! | EPALPERIOPYSERTELing
th@xkdgsrt ohaflet em patigpigh @%H'ngl!ﬁ g@yeeasaggggé the
is described by H. P . Boehm "Cheni ca
ampgent ¢fi cantoning BOHf acBh&r papslts fnonduhhnsemethod are

alysis,,Vvol. 1 pp.. 179 - 273 (1968), . ] ncreased
Sh%%%n%%ioﬁb%? élprgggngrl& SCEVFﬁEﬁiy%BSaBaF%F naaa the
NiafWdialoocaial ysialystSerdes aA' Afpbshkadleidll 1y S+€Sacidic
"B" exanined a reduction in the tenperature of '
Ehaydrigenackehn Paseserecwhrenlyetul tledsi axplatei sasbhehr

enﬁgﬁcéapgeﬁi9£t§”§§SMﬁg§2”3858 Qﬂgﬁ.foﬁngt?g%%{8@5%%%&ents,

providing an ihcreased rate of reversion 0
thacanalnt ebatbaect épohesbase brdeonpde abedcdBb&nhbdti ewas

.at,.140_C . Th ossibi]Jity o te rature_reduction
11T%t%§p%%i%Y?§§a$f?§%fP%éO%e8£u et%£f§ aB¥tfey of
Baék%ﬁ@r@@ﬂoﬂyafogﬁﬂﬁﬁi@ﬁi&é&af&ﬁtéet@rﬁﬂnéﬂygﬁuﬁf acidity in

y

environnment is known to be adversely inpacted
aggeeiperaedie. 1yhdeearitad PrivEBnt P orBaghmns " Chenovel

T1dd M £6iLBion of Surface Groups”, in Advances in Catalysis,
Vol. 16, pp. 179 - 273 (1968). “
Increased formation of n-propanol was evident on
‘addition of acidic cocatalyst in Series “A” of Table 1.
Series “B” examined a reduction in the temperature of
hydrogenation to 130°C which resulted in a decrease in the
amount of undesired n-propanol formed, while still providing
an increased rate of reversion of M.W. 132 acetal relative to
the base case operated 10°C hotter at 140°C. The possibility
of a temperature reduction is especially attractive because
the stability of fixed-bed hydrogenation catalysts in an
aqueous environment is known to be adversely impacted by
temperature. The current invention allows improved rates to

be obtained at a lower temperature than otherwise required

12
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be obtained at a | ower tenperature than otherw se
requi red 12for the sane space-tine conversion, and
wo b@seby4can extend the |ife of the high tenpePEl/usmo4/032754
hydrogenation catalyst. Series C and D (Table 1)
exam ne a sol ubl e organic acid (3 hydr oXypropri oni c)

S dj cat al 12519 for a na catal
fof %Iﬁ?hegﬁ43 : %cgé;e N CRrAr §5¢ lonFo?n%o%e%%lf%l §3 seXtend
thdé heifevefstha higM tempdﬁgt@ﬁet@&dﬁ@@ehﬁﬂi@:\ieea@&w@
reaction mxture s made nore acidic via pH .
adj 0S¥ heRtC FRED WZ”S”%]P%G shovX¥RERe a2 efal Up by cpEy@Rl ¢ sacid

<3ah§&9§£yﬁfo§%1@ﬁfépnaéFkﬂe¢£@£§férééé99ang§terSP”QGd

H. nore pH tol erant catalyst in conbination with
Rul@i;vlfpmiélzcat@)Y$¢1 ahe thghbaeeperat e bydabgenat i Bor both

glves enhanced reversion acet heav ends.
Ca%jg}g%pef ar ¥ ng" pPH Tange ?%GM cja%ogal ?/%?Eajr SYYE 7 rgp]b%Yed as
thé tréscipt ef efit €tut® Weepndde ab@y@ SePaiorefgrsol é/d;%:?tment
5, because otherwise the life of the catalyst

Th]a%v%?%%]r"}/ APt el ofevertien r-’aﬁhge Bingt ien sof
pré&i MES (8) grc’%ﬁ{cérﬁga%ﬁ%% ' %]st I'é%lrd%\ﬁg (R% S?r@rgei é)%

exam nes a Raney cobalt’ urry Cat al
toe859- 2dalyper atred b ma iver w:emtpelcamme ca 420 ,in the

nabl e to us sulfonic acid resin (sul fonat ed
i A e G B At i P o o PR
revacat &h Yot - adNeFevVRESIPreis M . The 137=A¢€ Iﬁi{ ;S‘{r@%é:hg?@ for

. Measured at this tenperature in the absence of the
NI sF3lohgy Biet ot § ebih ToeHt altysis myeferrrd resileep it above

5. OGRS YSIp1 2 J ALES, Ver & Il s d AN A £8 UE WKElor e

base case wi'th only one- he anoun

catwrﬂctesstp r:esd aohpropEnol a f frarsdd on ales i soopet dHonralglQf 4
% in temnperature than f t he base case

to &§£

cor%JaYeF%oaf’l WEH M- HEATRTE ot VR VEHHLN Giidie -
t enperadaIre atdnhihel B troy Xt eshdhe catal %at!ailffst ooy R

while maintaining the ability to revert acetal
Crak3THIBBYS PC) operated at a lower temperature of 120°C,

amenable to use of sulfonic acid resin (sulfonated

polystyrene Amberlyst® 15 from Rohm and Haas) as cocatalyst.
No reversion of M.W. 132 acetal could be measured at this
temperature in the absence of the strong acid resin
cocatalyst. With the resin cocatalyst, the rates were more
than twice the nickel base case with only one-half of the
amount of' undesired n-propanol formation despite operation at
20°C lower in temperature than for the base case comparison
with no acidic cocatalyst. The lower temperature will help
to extend the catalyst life while maintaining the ability to

revert acetal to PDO.

13
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1/h = 1/hour - units of space velocityTable :

Backtitration of Catal yst/ Co-Catalyst Acidity
wQav@lpst49 Aci dity Catal yst/ Co -cat Titrant nmegbPgT/US2004/032754

Ni - base 0. 1N KOH 0.68 55/45 silica-alumna . N KOH

0.93 Alum na (Ax200) . N KOH 0.95 Titania . N KOH 0. 86

Ni 0/ W3/ al 1 e 0.78
None 0_1K2%§Ef% go hbﬁgﬁ%ifggtk%aqgégggsﬁgg ron of
base titrant EXAMPL HtiMudus- f | ow reactors
were operated with 2.0 grans of a different batch of

the catalyst used in the previous exanpl egtatiyke0 C
and 1180 psi (8135 kPa) hydrogen pressurgclﬁﬂ%ylqu|d

flom1rabg§a gg/égtv%e gi ve aﬁéggghggelmgg hourly

space veloc bet ween ere :

Fydrogenlmggsgo fed to the re@c&ngbgletoagga fl ow
rate 0f5§/45191ﬂkbh'éihﬁEﬁa/ H‘QNIRoﬁt siandard

t b 004 il et
enpefahﬂﬁﬁlﬁQVIgﬁgééggzraﬁfogeagu t%re% phase

ﬁg;?ggt gﬁznégg gd solid) , g&g § 9§ fi xed- bed
bubbl e €0 gact'dH® sanpl e eri odi'cal | y

wi t hdr awn--f-or--gas--chr-omat-ogr-aphy--(-GC)---anal-ysi-s - of.-

ef fl uen acet al content qui f ed
solutloﬁézg%%%rlsed 2.2 - O Iﬁééﬁbper% pg MAL32
acetal Th'a mxture 150f 27 - gé ent PDO in

wat er, -adj-ust-ed-10--pH-4--9--vi-a-addi-t-i-on-of.-N.-KOH-f.or

Reactor A" and to pH 5.5 for
1.0 meq/g = 100% consumption of basge titrant

EXAMPLE 18
Dual continuous-flow reactors were operated with 2.0

grams of a different batch of the catalyst used in the

previous examples at 150°C and 1180 psi (8135 kPa) hydrogen
pressure. The ligquid flow rates were set to give an average
weight hourly space velocity (WHSV) between 0.9 and 1.3,

where:
WHSV = grams liquid feed / gram catalyst / hour

Hydrogen was co-fed to the reactor inlet at a flow rate
of 8 — 10 milliliters / minute at standard temperature and
pressure, as measured by outlet rotameter, providing
operation in the three-phase regime (gas-liquid-solid), aé
desired for a fixed-bed bubble column reactor. Samples were
periodically withdrawn for gas chromatography (GC) analysis
of effluent MW132 acetal content. The liquid feed solutions

comprised 2.2 - 2.3 weight percent MW132 acetal in a mixture
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Reactor "B" . This exanple sinulates the feed to a

final high tenperature hydrogenation stage. A rate
woanstiant49 f or acetal reversion was conput ed asPCT/US2004/032754

descri bed above. For a fi xed bed catal yst such as used

in this exanple, f . The results for a one-nonth

n_ar eact e vin
of ZM'5t % 8’%@%@%&%{)52% Vi ar RIS Sar B 2.
v1aRaalc1tmnoB wifi v wasi dper ahed:twﬂ haa foerd da:a\pmg .3 [Edr
5. The rate constant ?T%SI cul ated as descri bed

Rea&fifﬁe ) B'ndi dRtEd SXFRLE Flitlakesyithy 45505 mg: éipal high
tem%@?a%b&%sh%%&%b%ba%ﬁo&Hs@a%evs tﬁ?&a%@?@ﬁﬁ%%idﬂtt%ogH
.5 feed hi s "experi nment éstablishes that the
aceéé&ameaf@ésgfonopf@rsatcpmuatedaatsovﬂerscmaibteoi @ﬂﬂ%}t@ce e a
LI rvrS|ono cllcacet s Is_ind _
flxsegs ail 8% |ng co%tl)r%‘uous op h &n TSP foar = 1.
corher @Ie&lull)tsSlf@ﬁrl B oaert-mparhoetudf atdemghol@bli® Table 3.
Cont i nuoys- Fl ow M cr - React or Test of pH | npact

on

Reagleraf Havdr Se6 ReYtsr 2aAPEpATa 49 O sbPwrshdese MW1gR in
the5e§fﬁ%%%t2t%%mﬁ%%M@%%% ) %%WE%’M@%3% E&%%'d@%gkﬁt r%%%d

Total Qutlet rate g-feed / MAL32 const f
havcogsta pﬁayofgSGét al yg‘he\ /r‘afHSVcwn%tam gc@eltcalllmted\/\blsv

1/h 00,0.

aeslfi o) agsVg) 3591 <5040 5 s R Tt gl 5T vy Seendmately
two0t9des. @ﬁéaleélal7ﬁH44Q983sQ 265 tlobeed+0 182168 875

0.112 89 192.1 0.61 0.124 1.77 9.00 206.2 0.98 O 055
feed.p4 2?@19 fxpgravent ssiebiisbesoshas ¢hes agvensagerof

%ZQ 3rnlafla01 /¢ T 1
oPeT95 75156 0. %%grspn %7?%@‘367% Shp ét%. 8%1]%.\’%81“ ot
CYC818 8cet89s01i525nge84 285001768, Butihg @od®lnBons

% 40,94 0.131 2.65 %? 00,731%.1.1% 0. 0Q1 8. %5 871.6
opefa &og ng g spumercially signiTican period of time.
Table 3: Continuous-Flow Micro-Reactor Test of pH Impact on

Acetal Reversion

Reactor A: pH 4.9 feed Reactor B: pH 5.5 feed
2.22 wi% MW132 2.29 wi% MW132
Total Outiet  rate Total Outlet  rate
g-feed/ MW132  const. | g-feed/ MW132  const.
Day |g-catalyst WHSV  wi% 1h  Jg-catalyst  WHSV — wt% 1/
0.00 0.0 na na na 0.0 n.a na na

6.00p 1371 095  02% 192 157.6 109 0438 178
7000 1594 093 0166 241 1774 083 02065 175
8.00] 1826 097 0112 289 192.1 061 0124 177
0.00) 2062 098 0055 364 219.2 113 0251 246
1200 2674 086 0046 329 2705 0.71 0105 217
26000  649.0 114 0001 875 795.2 156 0248 342
21000 676.2 143 0001 873 818.9 099 0125 284
28000 7035 114 0001 878 841.4 094 0131 285
20.00) 7311 145 0001 8.85 871.6 126 0154 336
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16CL Al MS 1. A process for preparing 1,
- propanedi ol via hydrogenati on of 3-hydroxypropana
woanpriszi4ng t he steps of: (a) preparing an aqueouaIS2004/032754

m xture of 3-hydroxypropanal , (b) passing the aqueous
3- hydr oxypropanal m xture to a hydrogenati on zone
wherei n the hydrogenati on zone is conprised of at
| east two stages wherein t he thydiogenation in the
first stage is carried-out —under —hydr ogenati on
conditions at a tenperature in the range of 50 to 130

1. Ca prhespr €sengeepfard rig Xed -pedpaheslivilr yia hydrogenation
hydrogenati on catal yst and wherein an acidic

of SoEACAFIPTRRIEH (COTERECHEd TR0 MEERE Goup
COW%DStkﬁ%p%&i%%'%&Faﬁ%@dd@e%dxﬁ%&@_BQr@L%?B&%&g%ropanal,
exchangé reésins, acidic or anphoteric netal oxides,
het(én opelagsdings thand®sads 8 -dviddoxyipropdded mixgure to a
resent .in at | ea

o) . t _one of t | ater st.ages, _and the
hyRERER A does R il Bt B el
compideedhydr egenazisan teeNditdadens wilera i gher Hyeifeefeai=tieon in

than that of the first hydrogenation stage and in the
they figetortree dS155E 1S ROrmUaReEq yeFe IS eR oo copditions

1, 3- _propanedial; .and (c) re ri_ng bd 1
ac 3 PoneRied Yo 3 sl ST 0 P oo Rgesence

of RydiegenaldorZ e, ¢adgettdbmnicatedsistt Bnde wherein
stages wherein the hydrogenation in the second stage

an jog iCOF adFtl Vistde MW HydY dife &tliestr SCoddiom &he giroap

con=AMRaLRY Wee Uiy JAhan dhe tenperal i e..0h Jie fdctange
stage I'n the range of 70 to 155C and the acidic
resdocat @oistid oraddehdbemic presentoxineshe Hedstropicdgymadfds ,

t he -hydr ogenati on zon erein the hydraqgenati.on in
and R SRl 3 £ A St e S dar gt one of
theCQRdidy nsls,a tepanadl uhRidy@her idmnd R&id later stages
tenperature of the second stage and 120 C or greater.

is parrygsl sidcassiest idnqaenafiereiarnié icamp étatuhd gher
teﬂﬂg%ature than that of the first hydrogenation stage and in
the range of 70 to 155°C to form an aqueous solution of 1,3-
propanediol; and

(c) recovering said 1,3-propanediol.
2. The process of claim 1 wherein the hydrogenation zone is
comprised of at least three stages wherein the hydrogenation
in the second stage is carried out under hydrogenation
conditions at a temperature higher than the temperature of
the first stage in the range of 70 to 155°C and the acidic
cocatalyst is added in or present in the last stage of the
hydrogenation zone wherein the hydrogenation in the last
stage is carried out under hydrogenation conditions at a

temperature higher than the temperature of the second stage

and 120°C or greater.

17



10

15

20

25

30

second stage is from70 to 140 C and the tenperature

in the last stage is from 120 to 155C. 4 . The process
weacerdizag to any of clains 1 to 3 wherein thepratiuskm4/032754

cocatal yst selected fromthe group consisting of

acidic zeolites, acid formcationic exchange resins,

acei pipael [ i~d . 0xhdes, :
3 he?lé%o%gl yac!égtso,%r gﬁ(?%glolzugﬁ% aéind)sﬁ.h% %'ﬁ%ngegragclzlgses n the
secaeepldiang tie @rpnon® @b q4arasahdt ehd weeperatthe pni $he

above 5 in the step (b). 6 . The process according to
lasgnytebecliai fgoin {1@05 twhéBsEPd.a sl urry hydrogenati on

catal yst and an aci d .cationic exchange resin are used |,
4 anﬁ%?rpézr?ﬁ?r FOEGPEF RS k& PFWaIOQIhh nat iGn 3sf”§§561n

thel Sidid@m EHat@1348 GelebtedlFedR RERS HrAREOLRE skOng of
any of clains 1 to 6 wherein the aqueous

acigligy feedypespardlichiberny €afiordd waxairadey desdasat ped dic
i u lut ont ai. ni - .

T S Br Do AT Y donCaueEar Fok eP YR s 88w

solimhded agidishe wei ght of the agueous solvent . 8 . The

f claim7 wherein the aqueous- - .
S AT BreRaTaP PRLre pAsedy COA RS Fadagedat ol

wheZ@N®@ itheaRradEe s vE0lsUt nOR neORkAINI (B .
3-hydroxypropanal at a concentration of from10 to 40
6. w aPEPCEH St RECREICGRE §Of anlye odqydeusissdl venb wherein a

.cl ai rei fix bed.catal yst.is

o125, BhAEeRsoal kAL LR SR 31 08, BB SR Yabiioe

reshiydeomey psedanald ithet Remnpgueduse3-iky dhex Fophepargdrogenation
m xture passed to the hydrogenation zone is fromO.2

stage 15 fEwWHadedten 1tRe “Gei ght of the aqueous sol vent

7. 10T BLOREA L LA Mg S S EENCRS (Supcn
thel aZueoub 3whYdkasephropanhe wekghireobalshedagueaus
hydiggé%gkig% %g%e is an agueous solution containing 3-
hydroxypropanal at a concentration of from 3 to 50 wt% based
on the weight of the aqueous solvent.

8. The process of claim 7 wherein the aqueous.3-
hydroxypropanal mixture passed to the hydrogenation zone is
an aqueous solution containing 3-hydroxypropanal at a
concentration of from 10 to 40 wt% based on the weight of the
agqueous solvent.

9. The process of claim 7 wherein a fixed bed catalyst is
used for hydrogenation and the concentration of 3-
hydroxypropanal in the aqueous 3-hydroxypropanal mixture
passed to the hydrogenation zone is from 0.2 to 15 wt% based
on the weight of the aqueous solvent.

10. The process of claim 9 wherein the aqueous 3-
hydroxypropanal mixture of step a) is diluted to from 0.2 to

15 wt% based on the weight of the aqueous solvent by the

addition of an aqueous solution of 1,3-propanediol.
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1811. The process of claim 10 wherein the total anount
woR0@/03mdr oxypr opanal and 1, -propanedi ol in PO®US2004/032754

diluted m xture is from20 to 40 wm % based on the

wei ght of the aqueous solvent. 12 . The process of

11 .cl ae Bl-ohayLid¥ (e @Auer Yl iyl ion g.fot’al amount of 3-
-propanediol is cooled prior toits addition to the
hy e rRriRid e pr.Gparsipariediurle iof téteeplid)atdd mifhere is

f alm9 wherein a fixed b atal yst is
froaigg)efs%r thoygflrt&ge@naa e:g(;r?nar%let HeE cé’erfitjlt%’tei 5\‘13/16?0%5 solvent.
12 .hydihex yprcepanalofl relidien aquets 3 ThyteoXpieRanalolution of
1 m xture passed to the hydrogenation zone is fromO0.5

A &SRR doFIHEWSIGRE 6P e agedsdersataetie.
aqubbust B HIRCES 9o 6lAl mi&%u%%% Beke gqueous 3-
hydr oxypropanal m xture of step a) is diluted to from
13.0. Fheo pgowemshafedlennt 9e wheirghin of fikedapeebusatalyst is

| the addi ti | ut i f 1,
a0 B IR0 Lo of 2 sueaus eluion of 1

hydrot@iprapematll dh Ihehwpdiewypr apagalodldrbpanRlORaned o
in the diluted mxture is from?20 to 40 Wt % based on

PaSSERE o1 GhE S Rgcagliidens zoprvént froe. 0The tpr dtewss dfased
on %h@imbﬁéhwh%%?E%etgﬁu gugoussalution of 1,

-propanédiol is cool'ed prior toits addition to the
14 .aqdbeuprcieypdr ofyplepanal whetele ohestgpea)is 13- The

oy aRLREBTSpoheT BUTre the HePart Scdianyer O ddsm 0.5 to
8 witkt batha bydragepatbar eat ah¥stghBoak! sBYJEagend) ik
add?%gggsbflgn aqueous solution of 1,3-propanediol.

15. The process of claim 14 wherein the total amount of 3-
hydroxypropanal and 1,3-propanediol in the diluted mixture is
from 20 to 40 wt% based on the weight of the agqueous solvent.
16. The process of claim 15 wherein the aqueous solution of
1,3-propanediol is cooled prior to its addition to the
aqueous 3-hydroxypropanal mixture of step a). |

17. The process of claim 1 wherein a fixed bed hydrogenation

catalyst is used and the acidic cocatalyst is added with the

hydrogenation catalyst in all hydrogenation stages.
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