29 March 2007 PROCESS FOR THE PRODUCTI ON OF

1, 3- PROPANEDI OL BY CATALYTI C HYDROGENATI ON OF

3- HYDROXYPROPANAL IN 5 THE PRESENCE OF A HYDRATI ON
CO CATALYST Field of the Inventicon The present ,gparch 2007
invention relates to a process for the 10

hydr ogenati on of 3-hydroxypropanal to 1, 3-propanedi ol .
More specifically, the present invention relates to a
process incorporating a dual catal yst system which
pronotes hydration and hydrogenation of by-products
to 1, 3-propanediol to inprove process yields. 15
Background of the invention 1, 3-propanediol (PDO can
be prepared via hydrogenation of an aqueous sol ution

of 3-hydr ox ol anal . EThe 3- h¥drox pr opanal EPA%Jg
i nt er medi Fﬁ‘%‘“& P o Sar - bckss
iyvol vi ng FHRLEEME a_ &t on
W th synt hesi §gas, of "éthyTene oxXi'de"to form

a dilute mxture of EPA in an organic solvent,
followed by extraction of the EPA into water to foam

a nyieldcenenat raiedi&PA sol uti on, and subsequent
hydr ogen téogﬁggltthe PA to th QPO. 25 V. S. Patg&t
5, 786, 52 UESET Thed YT R PP EtEE st WAPE 5ty I8fe
YXi dwdzngemardrhesti $-Jadreaavprasmeicted. atprSPareditl0C More
and s_'é,QQima'iQ?Q 8 9rbledh SaPliR 360 CR10E R £o0RA focRbe
rhodji um ca&gFést and a catal yst g%onpter to produce
an iTMEEFRERTATE @ FHBd RATYRE RECTD PR B * bygFation
i s" achdebydmmgbhet fthAoB byrpxbiustsand IfBshrafantdtolERA i s |,
ext rﬁ&_g‘dﬂ i&gge;{(g Waker to provide an aqueous phase

a higheér

conprising concentration of EPA and an
: AYERFLISE | east a portion of the

cat al yst1,3[peopsii0us (¥1D3 Ccdd hs?ﬁg";a&@&f WikORFdenation

organi ¢ h%sgsagl',the%gll ted wth nagﬁé%is

sol Jt7 R iac] 5tBhate TIB‘IIAI CRPT, DED 29

Mar ydzeaproparal dEFabugtsoiedintn selutben cpasseprepaoed

a hyde0gaRakckss involving the catalyzed hydroformylation

20 (reaction with synthssis gas, H:/C0) of ethylene oxide to -
form a dilute mixture of HPA in an organic solvent, followed

by extraction of the HPA inte water to form a more
concentrated HPA solution, and subsequent hydrogenation of
the HPA to the PDO.

25 U.S. Patent 5,7B6,524 describes such a process wherein
ethylene oxide and synthesis gas are contdcted at 50 to 100°C
and 500 to 5000 psig in the presence of a.:cobalt or rhodium
catalyst and & catalyst promoter to produce an intermediate
product mixture comprising HPA. Water ic ‘added toc the HPA

30 mixrure and most of the HPA is extracted into the water to
provids an aqueous phase comprising a higher concentration of
HPA and sn organic phase containing at least a portion of the
catalyst. The aqueous phase is separated-'from the organic
rhawe and then diluted with an aqueous sorlution of 1,3~

35 propanediol.
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zone in contact with a fixed bed hydrogenati on
catalyst to form an aqueous solution conprising PDO
and then the PDOis recovered. 5 Alternately,
hydration of acrolein, as described in US. Pat%@%mﬂmzoor
5,015,789 may be enployed to produce the aqueous

i nternedi ate stream of 3-bydroxypropanal.. U S. Patent
5,945,570 descri bes a novel hydrogenation catal yst
for use in the hydrogenati on of 31-hydroxypropanal .

10 The catalyst is a pronoted nickel catalyst which

al so conprises nol ybdenum and a bi nder material which
can be a silicate or an oxide of silicone, zirconium
al uftABrauepus soimsiemtis yhen §?§F%¢nm§°®Mdcpmmm

by acpadimREAtaeALALN S Filkbd ©dany ]Ldl% BygkQpeRatd 188t to
rea%tl oh_envi ron ecause qf .t ?5 i ncreased crush

T ERERD AR, ZPLr SR S5Rntog B0, b dben 115 BPD 4B
cat aepeversdst ens such as the supported hydrogenation

gat al ystai3ush &B19eSeLd8del Nl Lahialn/ 8%, %%écgn.k?e%u 5 %‘i s.

above. Duri ng t hé hydrogenation process-or
pr eEBHPHGy 5/ PR Wd?‘%@é??aﬂ“ﬂ?lﬁlﬂo‘e‘e%ﬁ%ﬁhﬁ mﬁﬂus
condepéraidians safreldiR/or A0hpdibxPPEIgIAN1 COEXi st These

conpone m t her d m cal |
favored%%cr?%tegce?h 4%%/\/1@2& sﬁé&’ ‘fr%q ¥
H Farrheyt Eenaseoin dihe hndmnatmmcef a3|~hrdyommpanah

107 OQHE EcatdByadldis! hOPAIMBUEDUNET SREFHES whlikn WA be
hi ghl?\; a.dvant gQus i f the reverse reaction, 1i.e. the

reaf HERm 293 BrEREE Mg epal YA ER degbe a -
dur slhg:.dw-@r og@uﬁbnb:ne oS 51 i conwp (it cbRlinG a8 Budidifmy | el

f 208
8at glﬁil)gt l:dggcrl be&alllnm% @%QL%%Q#J %El\i)gﬁoéﬂﬁfld sgralyse
S (7 ths hydnogenrtige srerstiar ayiFymsns oRceusheof the

115 ev &nem:maaf Gl 8t raddbkof CthBDQlﬁllsisH%sﬁzﬁﬂ akahl Pespact:
TP NI N STCREN o
aceFﬁ?a]bgﬁﬁrmﬂﬁFIﬁB@iam Wﬁﬁr v @E6 sjFac di bdumsed above.
During the hydrogenation process or :un Bteps preceding
the hydrogenation process, significant concentrations of HPA
20 =and PDO may coexist. These components may react to form the
thermodynamically favored cyclic acetal MW132:

. o .
HO/\/\OH * H)k/_\ et m +
: ‘ H
Further reaction of the cyclic acetal may occur, to produce
25 additional byproduct species. ,
- It would ba highly advantageous if tle reverss reaction,
i.e. the reaction of the acetal to PDO could be encouraged

during hydrogenation, as this would ineresse the yield of

PPO. However, the extended life catalyst ‘described in U.S.
30 ‘
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5 yields. Summary of the Invention The present

invention is a process for preparing 1, 3- propanedi ol
conprising the steps of: (a) preparing an aqueous

m xture of 3-hydroxypropanal and reaction byprodugts. . 5007
10 (b) passing the aqueous 3-hydroxypropanal m xture

to a hydrogenation zone wherein the hydrogenation

zone is_conprised of at |east two stages wherein the
Rydfogehat fFeE iHPt AFEVPLYEL PEPERfe ithec apvraaiontolimpsmtal
by &k 0g8NPbd Odhf QA 1(nPRSe Bhe 1 dEHELALEECLhEL tHE

range of 50 to 130C in the presence 15 of a fixed bed
BYIEPEPRIL ¢ o FHAt-i oRhEaFBryaRt IvenkAeReprhlowsh efficient
2618161 60CAE alosdal WpeRahet Sel SR sh ORBIHE 8T PMe-time
consisting of acidic zeolites, acid formcationic

¥xehdPge resins, acidic or anphoteric nmetal oxides,

BehRL PP Y aChdSinvedid o0l ubl e acids is added in or
ﬁ?é§€%$*?ﬁ—ér_rﬁasr“vﬂe of 20 the later stages, and
t he h{ieR ojegraitoinvensapd iat@rpesceges for sprepaiiow dus-
pgsLn vy gﬁg@;\ ongLt] .a high ;
?errlgéé?at%?g thar#l?%g ggét!ﬁg s|?c;sft h%‘?o‘gﬁﬁ%‘%‘%n satnage
afdePe mhHEURhGE grhydresyassEnad fodnranc hiprdyproducts,
B ) O - nedi ok e ' sai d
P it o ReeRe e h el bl SRR T
hydr ogrntt i oh 2a0se whsrednprlhs dvdsfogeant L emszond rige

r at.j.on_i d ' . :
e T APt e g Aol Paxdnation 4
teapbizaturstagsf isheatrisd suagmder hivdrogemmt ofn 2@mddtions
155C,, preferably .70  to 140C, and wherein the acidic
%gc%t%ﬁ%‘?“}%ur {80 thR BP9 9 e0eh FROThEN 406 EYggence
of 4 heitedinegenrat k00rzeneydheidiatichhneabydyogenald Mherein
in the,l]ast stage is cgrrieﬁ out under _ hydrogenati on
ROt 14 oh £ AP T W Ehp el At th e hisfHerteAaRTPReNS aroup

tenpesaing eDladidecseeonitsd AgR iandolA06a©f ol €dx@hande
29 March 2007 TH1867- PCT, preferably from 120C tq ,
18HES RABhEE prRPeFeelr WhsddrriAes . dietsrqRplyacids,

aydlregendtd Qiticat aky s8déddiRbragrdsbAt Mn G iYL one of
exchan%e resin are used and_the tenperature in the

Fihat 21570 BGeesr i BRIstag iy draaesmtion i@ a3t 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 agueous solution of 1,3-
propanediol; and (¢) recovering said 1,3-propanediol. In 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 last stage is.carried out under
hydrogenation conditions at a temperature higher than the

temperature of the second stage and 120°C or greater,



5 Detailed Description of the Invention A

hydr of ornyl ati on nmet hod whi ch can be used to prepare

t he agueous m xture of 3-hydroxypropanal from ethyl ene
oxi de and synthesis gas, is described in detail sbhWarch 2007
D.S. Patent 5,786,524. U S. Patent 5, 015, 789

describes a simlar aqgueous 10 m xture of

3- hydr oxypropanal prepared by hydration of acrolein.
Therpeu@P¢s streaminput to the hydrogenation section
IS an aqueous solution containing EPAin a
concentration within the range of 3 to 50 wei ght
percent, preferably 10 to 40 15 wei ght percent, based
an phefamabdnt fxsin L2ECatpds8% ] | Quimhothbr girdfecssdial |y
wat fi

g Eaesinatic 1 Sub 08 AR 45 ERRIOlng an weta fom
conERMIEE %*Pfange Eﬁﬁipnaﬂt“?]é‘-"'ﬁ@édﬂt she Heempergture in the

hydfmnﬁirﬂﬁéhefnﬁﬁﬁéﬂrstkﬁe %svak&@ 100" N L2t 0 15 W %
g nd f b 8 w9% 20 Although any
guet Mg f ere with

hydr ogemahyd:mﬂafmfﬂhmnnﬁéulddnghiw Bin XSO 4eS plefdlife
di | Hﬂé gxfaué I&ﬂxt&é zﬁl é‘t1+yer rgqu:{og;eedfsfrcm ethg&_ea% -:?;ide

concentratlon I't nploy an
DCP%@W&FH‘FW §8f utﬂ-‘-‘oﬁ%@l}éﬁdasl gepatl) ilonUe$. tthéent

pr oslumds, ska pama. b Ofaﬁehe 2Ry dEPoREaLIK: 8t 8hilar agueous
| uti.on WI% i% a PDC- ¢ nta| nin sqQl uti on serves
t'e

Wo BERCERL? R PRRE Ay BEERATREL Y PYPRBELo 8! di ng
t heatiqgdieivost and recovery of d|Iute PDO from wat er

whi ch weib dadrsuk t stfreg ﬂmtygﬁ tgt;r igg&ngﬁag%ﬂb% gécm,% is

diluent. The preferred di[ut
PDC A AFSTF ESALFP™S FeRfAmine iR 3 RODFERERAtEPD 20l ign
40 ez!m ghhgearfente SUTheJ.giitl ﬂétﬁhtStﬁﬁﬂaz%Hr: whto 40
r he gooled .p t X with t
Iﬁy r%’rgggn%'f at | %no%ut pu’tﬂ g:tthr ea q;'{' E Elﬁﬁ'd |
SHEEY P01l omterH] 8GF @cﬁiqeﬁebs«%maeam ésoisathdor
CO'Wﬂeﬁ&ﬁmm i® :Ltshgésﬁ?%%ée&i fd@iuii.é At tlzér&ehhlfat:.cn of
i ni st.a 0 [ enat j on. a slurry
ot 47 P FeBY 19, (5E e Sl PRI FPMEore s thvale
- of i@alcﬂr%rtq)ﬂﬁtm,f And tmostageefeagbhe firont § & lkeds tvet:3 .
20 Although any agueous liquid which will not interfere with

hydrogenation of HPA, including water, can be used for

dilution of the HPA solution to the desired concentrationm, it
is preferred to employ an agueous PDO-containing solution
such as a portion of the product stream fzom the

23 hydrogenation step. Dilution with such a PDO-containing
solution sexves to concentrate PDO in the gystem water, thus
avoiding the high cost and recovery of dilute PDO from water
which would result from the use of water lone as tha
diluent. The preferrad dilution stream will contain PDO and

30 HPA in an amount within the range of 20 ta 40 walght percent.
The dilution stxeam will preferably ba cogled prior te
admixture with the hydrofermylation cutput stream to bring-
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5 obtain a simlar concentration range of 0.2 to 15
wt % HPA, preferably 0.5 to 8 w% such that
predilution of feed is not required. The

hydr ogenati on process can be carried out in one 2§M§&ﬁ2mn
or in tw or nore sequential tenperature stages. In a
10 preferred enbodi nent, hydrogenation is carried out
at a tenperature within the range of 50 to 130C

fol lygsAedy-Byr @ second stage carried out at a
tenperature higher than that of the first stage and
within the range of 70 to 155C, and then optionally

1 aLNLiASLA0% B fhd SURSIALULEGLCR! Shal NAlbIAR 45

t enper at e second st a%e an enper ature
ipppe tor HBe Sarisial FEEFR b ?“i%&dtlﬁ’%S@a‘?iﬁmt hi s

pr ef err exk pr eness, c&.-lhﬁyh)td:ts)gteﬁatinoa b&]ﬁﬂkmn@dalcyor, tha

carrled, oyt L. 4wo ¢ %p§££gt e %t EQ:E‘ V §| £o

?dro genation cataly ’Jt[s Userul TR Conve

| deflpein ﬁuﬁé‘t‘#%ﬁa@%ﬁa‘(%‘ FeraRd °Fnd +7PA)7 1%rw*=% HEA,

al dekyeamn1f00 EdoVE AteVRiG eRaofpragetdlisn 69 488 is not
al cohol . functional group (as found in PDO), include

G olE ™Y netals such as nickel, cobalt, iron,

pal | adi UFhe Rideiasnatian BERFeAm camce phediedumt Goppae

IS akage kROVA i BE re&té ¥eque%512fe;ea§@£a%&sd @é&é& In a
dro natl on tal descr i bed ??

Y e e RSk BelS MR AP T BB AP YR A B

conttampe:atamatv#ﬂe:mnj e &ahge/e,fcmmnemrp,ffﬂmﬂsdthy a

50 a6 ) ¥Eba (A3 oot €1 & SRLYLEOR I At e cr

actlve ca I'S” préedom nan
redl!Fbede@tf e'catr:re Eh@ widbah yigte cemt=nAsTG HP012F 0wt %d then

nol ﬁgéﬁﬂm {asn MrnirP @0 3 ¥ émtperéé;fat gf&?ar&% than the

denumis present in_the cat a#a In h met aI

BEF@HEE? RERIFORB0T298NED
mDI ubd'tm B dRsatar Pigidicagstiynct wns;@rldsrc? ﬁhs&i&nl
activi r.onoter. The bi rtion o the cata
act a’LéJ%pd e qh P‘H&’fﬁ eemggparg‘L nﬂ Btreh 8T ¥ioa
t ogeuheln éma 23] q@revﬁ'%rems«aac@qnes*ﬁs&%e from t he

Pr essur erydiro erieti0f Scddadysed abkedl RQdeonverting the
20 aldehyde functional group (as found in HPR), or aldchydes -

formed via reversion of acetals, to the alcoheol Ffunctional
group (as found in PDO), include Grouwp VITI motals such as
nickel, cebalt, iron, palladium, rhodium, ruthenium, and
platinum,. Copper is also known to be active.

25 The preferred such hydreogenation catalyst is described
in UL.S. Patent 5,945,570. The preferred hydrogenation
catalyst contains, as the major active ccnt:onant, from 25 to
60 wt% nickel (as Ni°), preferably from 30 to 45 wt%. The
nickli-zl in the active catalyst is predominantly in reduced

30 fom: The catalyst contains 5 to 20 wtd ﬁolybdnm (as Mo™),
praferably 6 to 16 wt%. The molybdenum is present in the
catalyst in both metal
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The bi nder constitutes 30 to 70 wt % of the catal yst

and is made up of oxides of silicon, and silicates

and oxi des of zinc, zirconium calcium magnesi um

and/ or alumnum Typically, the catalyst will c

from30 to 70, 10 preferably 35 to 55, wt%srllc%gtwwra%zw7
fromO to 2, preferably 0 to 1, wt% zinc; and fromO

to Z\Méaaluninunr The_bi nder wll contain not nore _
AP IR FEH -ci dRE BRHYIFFIUD Fefepablydingifiigtigniand is
aﬁﬁ@Caﬂjﬁdﬂnvy%ypbeﬁﬁbfgﬂ enmbodi nent of the catalyst
contains essentially no zinc or calcium The

or ef ertePiseR) POrtespetitheo fakalYEheaFr? @ Y dgdust to

hyIh oged &leRiraet SohydnomyPrerarakrt §nd, s RAMRILeLsh

i n , agueous_ sol ution contains 35 wt % ni ckel and 8-12

T b S RS FERITME PRI PREBFIET D SITRRC 8CkPRBickhenstats lalstabed .

msqrnttee cpeveru2ls The CAtAl weh 6aNthe eNFFRIBY is
procedure that incorporates the active nicke
et HeeRoPbBdhifR™ c GRFoARALCAERRI amk IFikger of

f&ﬁé¥|iﬂrddﬁ1@m§°bhﬂcb@hk ﬂé§H391EHeaﬁﬁ?$§rifﬂﬁfﬁﬁhﬁ'ySt

lﬁﬂ;paratlon i nvol ves m Xi ng; ni ckel oxide, the binder

aldy side gatalvabubiils conkeinafgomol § bdendm 25

pFdfueda ypanwder 5Bt Oygy NOMBGRRE0ES,ROMTES . 2 N%?ge’fe@ably 0

solution of colloidal silica in sufficient water
Torim &t %e@ingdaBrd LEPRtUrE® i2swEki pteminymo (The ;*Perliidr

ﬁﬂ?@lﬂohtélgenwgtmgkétyﬁéh 25%t@hgglg¥£ﬁUQ£gi%hﬁﬁuggegerably
die plate with 0.040-0 di aneter holes.

WLRGaidatled wicd eaitedwat 1@0%25@:?@@ emloointmerm of the
@gafl}%te%nttglhgdgggeﬁ@da{ﬁg}s Eurz‘fn 09 efdy 4191 eShet han

% The dried extru are t en calcined in air
e Bredretaflgpt acorpegitidrharsthat firsthetdasi péd

a&r&tﬁe develg &g%ﬁ%ze&gr?nggygé €, i%@%@'a&%& T

reduced un er 6 29 rogen gas at a
appEaEelationhirantaing @fgertsf n36kel b GC f2omts ti me

r C 9% -0f :
SR, [t AR b e BT WiBorsves
&bﬁﬁﬁhately, it is cooled to anbi ent and stored under

a pr%ﬁﬁp%%iglgﬁgig %ﬂ%&m%%d bé g%#*ﬁ%é%% re“9£5£

used. In one odr e € prese nventr on an
qdatiporates the actlve 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 soclution
of colloidal gilica 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
time 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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cocatal yst is added in a |ater stage of hydrogenation.

The acidic cocatal yst pronptes the hydration reaction

of the MM32 acetal back to PDO and HPA and thus

i ncreases the yield 10 of PDOin the overall 29 March 2007

hydr ogenati on process. The acidic cocatal ysts useful

in the present invention may be selected fromacidic
acid- form cationi c,exchange resins

R Ro oot AR i Eart YK A Ren g, 150 o

4HRENEEH 2 3CH il 10 AFRLALKY CrdP AR INGHOBENAL I Ihst 60% of
catal yst enpl oyed, and 15 sol uble acids. They are

then8igkey - ad@Bdthe zatumssusRtAlyRr 1S Siqtouped ippediately,
1rtat1'so Wbt Bat be ‘;M%Ipect%dogtékécﬁrﬂ dé}:y dy %@%E@Et% medium

catalyst. In a highly preferred mbodi me
sacihdpe dedabPrtystediladgddli hsadthl rd stage of

hydr@ﬂ?ﬁﬂ&'@ﬂbé@&%éﬂt'&f'tﬁe gfgséﬁkzﬁ ion an, ?Fidic

hyd ro&enatl on of 20 aqueous PDO product o
ey Shy dp ogdded IJGh a 1"Fﬁ§ra§i3@ﬁ% @l dwcxiogsnahigr al sthe

é&%dﬁ@CEngga é@ ﬁ%ﬁﬁoﬂEsX%ﬂFbﬁgﬁy éHEH‘%%aBEEBﬁ'of the

hydr ogenat i on cata In a drogenati on stages.
MilBar paethy, badle b iRRC avdcHPAl §nd tHwe Haczessesbtle yield

e r i n S
o5, 21, B G e B RO SO Rag. | THE B REES
cosrabyystscontfih oneher present noudritdd el besselected

ero‘t:ﬁf aLahk ¥ aaomeesamada 161§ ferm, Ji@@:té%%ghgga% P%%ngs

ont ai n por e di mensi ons ge enou
h@rttetfybpoﬂyahedacya}tpl’mt(ﬁnal mphal [ @cn:tm:p@;:ﬁndblti'h@ enhanced

L e gLy ¢dy 2800 L 1S Jic! ﬁ X 1yAE0L] 9
PRy PELACRY "6 sl pHEpatfhe OETRGERPLILES 8, ana
spINble) ackER. ('Ehegy ,afee general by aailedSNn3a), afdht from
(. 54¢ol Qﬁé 9 2007 bet a),
1NESQF 2 ¢ %l\ﬁ b {:ﬁ %’aﬁé' é)cﬁs&ﬁ s 29
hwdmngnHE)QnC}#tikyq; ahabahighgy ﬂ%EEdbzeg emﬁﬁm&ﬁébt,
.8.d. 2 .and SSZ-25 EH?%%% . EU1
el8:d oG SRR LG BB,
h&ﬂhv’b@é)laamdn Zamdl/f dIESLtS isTQ@eédd 1d@ @o%Myﬁﬁpgéﬂ&ﬂcﬂ] of
£ LSM. 48 S ZP§ 9 %ngh zeol i tes . of. the n]:
tEFy SEEPPRRTD a% cI‘? a5Pe F T I MREG HYE 095 BT 1R
PSH 3heTheidic¢ um:mallytsytpaayamﬁsd &ddeeriededied with the
fixed bed promoted nickel hydrogenation catalyst in all
hydrogenation stages.

Alternately, the acidic cocatalyst may be a scluble 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
gtructural types MFI (e.g., ZSM-5), MEL (e.g., ZSM-11), FER
(e.g., ferrierite and ZSM-35), FAU (e.g., zeoclite ¥Y), BEA



30

to the synthesis of the various zeolites can be found
inthe "Atlas of Zeolite Structure Types" (published

on behalf of 10 the Structure Conm ssion of the
International Zeolite Association), by WM Mi ©§ march 2007
D.H dson and Ch. Baerlocher, published by

But t erwort h- Hei nemann, fourth revised edition, 1996.

ruct ty ndref encstothe zeollte
ﬁerﬁl one% a0 \&g%a?% “Qvai ‘?OnNFﬁe(?/\b% A HRed 3 "WERafe -9
m@:&mx:ez)al SHAUGRUGE, Orﬂlgaf.ba&i&lé zlewlrrtfé fr,e ZSM- zsl) MWW

onmer avai e from Zeol yst__|I nt ernati ona
a2t ARERPP 2t o pORR (e NEV S prsyetn| Gnd Ree-
:az)e,olortre (ieiga besfatiw)e mﬂwrwng sizggatn thnat z@amltes
W ta| %ce gogn f boron from raw materi

CHRTREE, - 5 A 8 B i o7 e

mmrtamraifemhe i hea @wsmlqneapaayéé Ssdiclalage fé@l d
form.cation. ,exchange resins. These |ncI ude the

CHL S FEOLSES FRirar T w&raﬁa%% ) YRGS mgﬁgsrences

tesines sHinthestibfl 61 €hacidkidudnebbDigds HLURR iFBuadl 8n the
the sul fonic acid 25 function i s bonded

s 18 GEoLABRT SERIG S AHRSP Al e sRiogimer bahalf of

thae khonet uBsanBh@ss & 16k uge +HRo mﬂtéﬁqiafm]%w‘z%%ﬁ?&k& E(r)
or ANBERLY T(r) A200, A252, | R 118, |R120, Al5, A35,

APROCIARLOR) 100 of - MiniMedier pRrEi Qlecsi 28d AlpoPacxdprser,

Y iMBEA1 QI BUEXMEAEh-BO1 S&FABS EBSEAS; reNBRANEH) tion,
C 249, C 267 CFP-110 30 resins; PURCLITE(r) C 100 or

C5650 SEIPREUTRESYRFECHRR) TERBenCoF L@ el ZzegACheS | WI

rerdd bne@NdpobdeirLs QRN AR & GPTIRS fbAla WiRR) Web at
Anot her exanpl e of these cation exchange resins Is

YWREIIERC BF TRET §FS 198@ - per f Push | FRAld¢ efoRyREEOWRercially
i iNReNIC Faehlzed & Mt 2894n, VAt ﬁ{cbt QR %&oﬁl@éﬂ)gl

aci d catal ysts were recently revi ened uhar a

y .
Garn@tiical. RMoreVRrefoRblyp. thaeaeol3eBs ispabkiryhbel bine
aﬁhﬁnlﬂgﬂs‘l@&ﬁa@eﬂé@lca??%’o%tt)é:,n telal apol yaci ds g&:@on from

formed fromtwo or nore different 5 oxyanions an
Faypimsdiery-ail fc wilow e tora madpgse yaddiorglibwrcsd sosick fg at or

SNaPheLsn! Laked by hexaval ent nol ybdenum  tungsten,
urani um niobium or tantalum An acid anion with

cesi eCs gustable i st visitgh inctwde tacifdorfoani dation
LM AN%EeYesins. 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, AlL, AéS, A3e, XN-
1010, or uniform particle size Al200 resins; Dow MSC-1 or
DOWEX® 50-series resing; SYBRON® C-249, ¢-267, CFP-110
resins; PUROLITE® C-100 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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reactions in the presence of water. 10 Anphoteric or
acidic oxides include alumna, silicia, silica

alumina, titania, zirconia, and variations thereof

i ncluded sul fated zirconia, zirconiumtungstate,

phosphate, nolybdate, and ni obic acid. Sol uble gg'Mdarm 2007
cocatal ysts may include mneral acids such 15 as

hydr%% F ride, brom de, fluorj de, i odi de, as

vel | § PLEEaLLi P AR A 4 Fas2 ééerﬁﬁ@ﬁﬁﬁﬂz

n‘aarmmhowl TC oRreh&ls SUeh cAsmdEs! | Ke ARG PROREI, OPHC 2461~
% gﬁggl oyed. The netal Tor the fixed bed
Wrdro FBR B at iR Amexr capeChet wip Sgcietvet al  such
st ctoplelactababte FAHRRNIEWEN 20 BALIJWEMdiSFerent
alladium as well as cop zinc, chromum and

PREIFEE ARG SYPAFALG iRevEs TR sz coaraiFate
sArne chabll gHbapRoRL& Kelmkased ReRPASIdHtORS 198 denum
wat er-stable (e.g., ceram Cc) supports, such as t'he
CNEFEP e dUE AR AN s tNIQRISEY | BEJERREAL M. pAnepgifoanion with
desAth, 5202, Theepardity @11?&128&9\?11.%5 Ad¥ 298t abyst ﬂ.&'
be that consistent with fixed-bed™ operation and }t’
LR igBRet Bl FYe rRiRfe S0 RE 1BBESF crons to 3
mi | |AHEE@E§r1M‘$f‘Aéﬂay%roﬁﬁaééCiﬁ&i&ﬁé”d@@m&ﬁﬁer51llc
ressure drop at the expense of activity. llf
S} LlAR2ahuBtR POC sl GATEPRRAY eqildmaarl@t:hanm tl@grétq;‘i
inehwaBl &6YryE ta I g
“amount s (agouet@ Sﬁ%%?ﬂ%f k/iﬂl\iiggng‘%{et g#%gltgtg BhosPhate’
"HPEgERat @8l mlePiBD@edd29 March 2007 milliliter ,
bat ch I r r f
L3 b pe | B SR AN b Ee AP e el R BEEb D ag, guck
agabdfyseen wiirkorides tirempdef efll@ﬁflfdexe@rbeddpdamsedvell
| y en I
R R R B St
agddBsSach 159 R Cekrid mGOPpsprm:qasmaurebehempseyed 7.8
wt %ﬁﬁéatlnéﬁ%l (&5r F‘tqltealf%'égd gdlljl o?;; F{la}ég.gﬁez‘:ﬁo Pyst can

reaction was term nate uris an

- be 8 GrowpfVHET dxiled:awswmaoastmcms adbedt , 750t pénitne

ML 22uRC LAl paBR T LEdLLoL RID LR 10008Xh, Sium

hour s, desplrt) ecfease In ten'pe tur e“of 20‘8‘% !
and mixtures and alloys of these. The preferred catalystse
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 gize 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 agueous PDO solution prepared with ethanol as co-

solvent (67 wt%) and containing relatlvely hlgh amounts

(about 5 wt%) of MW132 acetal was hydrogenated in a 500
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130C. A final acetal conversion of 95% was obtai ned

after another 2.5 hours at 150C with the acidic

zeolite as cocatalyst. The results clearly show the
beneficial inpact of addition of the zeolite o9 pmarch 2007
cocatalyst on the rate of 15 reversion of MA32

acetal. EXAMPLES 2 - 17 A series of batch

hydr ogenati on experinents were conducted under 1000 '
Bé hﬁﬂ“r%‘@éﬁ"'ﬁcﬂl &Ub001 e aXRIFUWY ECLUBPRGSS 2@?4@‘@%&9“ of

Qi1 82 el e H{a 2cheM HMN32 RgRtakibl 84 Mg PDO,

W th water conprising the renmaining solvent (Table 1)

In aFpe qafeslyst, grﬂahﬁho‘ra% dihe regtarysd Hered G%eéidpromoted

E9tkdhenydBana{tase Mackelar £ H-a0Bibbe Pief & edtent
cat al yst” described in U Pat ent 5, 945,570 were

én%%@y@”cp ,aﬁltch@dhyl@r Ugﬁﬂam@n 0%i3) acat:allysm 5 \Nmres at 150°C

t he anmpunt r a
BORCH 00 ok B5 BEBRENE Do 3BT IR A 5 ey BERSAGRETHL 0
c@tal'ﬁ#tysxt g/ba]&@rrﬂl mysdu:ge)vi ndrhee b:eaatm:ﬁ vdasgrtam:munated
gorpined satplyst, pamples yer e Wehdeaun perindi sally. .
over a - hour perl od? gas chroma?ogra hi
aaal ydde]. 7T B Imbbiet mwnhadaaadt wan Dévétﬁ/dd]iﬂ:’zPDo in the

acetal and the formation of n-propanol (NPA),
PE¥hCE &a@uﬁﬁrdéﬂﬁwé&%?pﬁl%ﬂaﬁ&tsq)fma&@waﬁral'r%r% &H Eote

£§¥; 10 2 1NEECEC§9 / c&%dé@%%eﬁgggtggi #%éMﬁﬁtalned after

al cul ate as the slope of t onversion Vs.
anaehem h Hotrsa agl yeom Wigh' thecadmidi: Heepiesenkted

% ﬁ){ ﬁ Jcat Xlsthefractlonal
CORRRR S B ofThﬁ\/\%§Eu BtGteanyy skoy. LR iRt dopact
30 aberte suksc ikt 2 eflidensdegdiReti Bhtted rate of
concentration. Paranmeter fcat represents the weight

FRURET IR AT ABTLAR) 8FSE3E . the wei ght of total catal yst
(typically 4 grans), divided by the total mass of
liquid solution (typi cgw 2E4SO 2gr_arln%)

A series of batch hydrogenation experimentg 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). 1In
all cases, 4 grams of total catalyst were used. For the
“Base Cage 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 egual
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 formationvof
n-propancl (NPA), the principal undegired byproduct of acetal

reversion to PDO.

10
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15 A selectivity to undesired n-propanol is also
defined as the nmass of propanol fornmed relative to
the mass of MAML32 acetal reverted (principally to PDO

and n-propanol). Gven that an optiml high 29 March 2007
tenperature hydrogenation catalyst giving good space
time yields will optimze rates 20 and selectivity to

desired product (PDOQ), a Productivity factor "P" was
def i fed3&8 CRBSEARF J° SrRsvAR3ouLaked | ¥ the 81oapyPEekhe

ML 3 QRARR588heGh | i dnk, (WRdeSR! £66)a divaherinal ¥e8 can be
for P thus reflect nore econom c performance for high

rehrrEeatefeP¥ever sion of acetals. 25 Runs 2 and 3 in
Table 1 represent base case Ni catalyst replicates
with no added cocatal yst. For runs 3 - 8 (Series
"A'), an anphoteric or agidlokidd cocatal yst was
added, replacing an equivalgnt anmount of base nickel
hydrogenat| on catalyst. Resul't's show that use of
cocat al yst enhanced the 30 rate of reversion of MA32

268! hef @ha0Ki 981 ZddiRQRA0n LELRM B Hehhga oal um na,
and silica-alumna. For run #9 11 29 I\/Iarchl 2007

(Series "A"), a very acidic N O Wa3/alum na cocat al yst
was added and it al so enhan 14he rate of acetal
reversion relative toXhka e wwth no acid
cocat al yst added. Aqueous adMif132bs of several of the
solid oxide 5 cocatalysts were assessed via a
backtitrati on nethod, entailing contacting overnight
“&teneo@hibﬁenpgtat‘@’r elqneitels thexing)ian cagqeeobratbbut i on

pat as 0 Y '
B R e e
thepaetighbneoff ’o@tal tradtalgstwil tp Dol Iy HCbramsassémddfda by

t ' T th
HS, R plbef SERL NG SOTun 108, [t 3b SFdue).
t est &dsehdct heit i @ \ﬂ@@_/eattuaﬁna-p:ai};wmﬂt iwentsal lefined as
SHPREARL b8! LYOPRES BB (LIRD: DG [ EKe T 0858 GARts

cat al'yst, us ex aini ng §d™8eti Vi ty im
AAAL32 u:evertedn(pfmc@éig Eexpem remt s-ptbpthel anount

Of b 1ee%p9£a Saun1 agxhdehorecégb n%e % enation
(i i FedeTor 401 o dTSSaRlr POR of T oreanyaT agenat
cﬁaallyistr gi.irbng ofosdlapthcextiies sl ddetwarli bptiabzefrates
aﬂg &¥c£1v1ty to desired product (PDO), a Productivity
factor “P” was defined as the ratio of MW1l32 reaction rate
divided by propanol selectivity (undesired). Higher values
for P thus reflect more econcmic 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 zirccnia,

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

11
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aqueous nedia is described by H P. Boehm "Chemni cal
Identification of Surface G oups”, in Advances in

Catal ysis, 20 Vol. 16, pp. 179 - 273 (1968). Increased
formati on of n-propanol was evident on addition

acidic cocatalyst in Series "A" of Table 1. Seri 29 Mamhzow
"B" examined a reduction in the tenperature of

hydr ogenation to 130C which resulted in a decrease in
é%r%z%s adunt aoiverrdes! i OFWOptromine: pegatahyse was

§&&écﬁ PuidiAg, apnhAcLLasRd r%%eoﬁfaé&’a?f Y22k on

132 acetal relative to base case oper at ed

%{@@%‘fet dio &helheee gaee poiddi Iﬁtpl peyd mc#qleirﬁ&eradﬂarie
r educ&qmass ag3ngchak! e aéé\fﬁ%.tl' Ye PRL d 8 de

stability of fixed-bed hydrogenation cata ysts In an
Socafiatlis aerer sarested svienanwharht beraiiat swbphod,

LAPRCL £ %nt‘a%%@ﬁ&a&‘éxgn (ﬁﬂt 3%“5:58rﬂtté S Q7 gLl ous

I mproved rates to at an r tenperature
nHANDL Ry WiieoneqaPteltiar? o9 OVBNCcho ROETL U dry G idamer

Y n a t
PR e SRRy BOTLT o AL IREERYaC R PISRY £ Bproldng
@@?l%@@mnb EPabt etujtiexaniits 8. 50f Uille t@rgmless the
opkd oni c t

oé?lg%t 5 ur}/)égrag%xﬁ fgézé\ﬂtl al ﬁ% 8&? ﬁ a%acgt%ckg%e%{ﬁl%h%a are

ghavwr yist Takde Bot hThca@ai@ast@ cehalystverisigedofanll] Yhe
n
SRt 02, LR BT A A BRSSP 51
than tHeetdlckedvbaseorass cmtfalllystl.onhlm e}fp‘]GIlCDnnGH‘E)‘l61r
trat as, ev
BRI Bt o8y 1 InERE SR aREty ¢ T e Sepegiments,
time tdnveouriy gif baB‘perd)tHFBsﬂ‘lyrdh@‘gEﬁﬁideStc&g:e),o@tv&&Swas
ne reversi,on acet al avy ends. .The

EST e SeSinatledludid B BREFTI Sk oy 1o
Backriafmatriet bd kekpd idxialeey EorS5d@repmiaiarianl pba2itloty in
‘55 beca e otherw se t | i.f e_of atalyst is
TGV PRy &8¢ 350362%"?‘4;%3’0?11 iR t%%q'l‘“é’nge E}‘ﬁto 5
Dileretsi fi cgitéah bicsensscd ertchl@sr eVeh ShdvanadL i nSewitadyEis,

rry catalyst (W R &G ace

%@65@562&’ RgﬁSat e%?gt gvver t enperature of 120C,
amenaheda@eds EodhaSidd WBH &1-gebfafi€Biwed Sitifdenat ed

‘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 ig especially attractive because
the stability of fixed-bed hydrogenation catalysts in an
aquecus 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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20 pol ystyrene Anberlyst(r) 15 from Rohm and Haas) as
cocatalyst. No reversion of MW 132 acetal could be
neasured at this tenperature in the absence of the
strong acid resin cocatalyst. Wth the resin 29 March 2007
cocatalyst, the rates were nore than tw ce the nickel
base case with only one-half of the 25 anount of

undesi red n-propanol formation despite operation at
@@Cq%@aﬂﬁen@é%ﬁmmw@%a:ﬁwm ank Pwyebyasan extend

GUTDAIS U t%tﬂl%}g G 6 PE 3, Ofc{lﬂc?éena?l%n' Qﬁﬁhyst

terrper ature w | to exten he” cat al yst [if
whi | Serdiest & aAnAP t ﬁ@% At gxeming ey gyl ubdet argmlc acid

0
ﬁilﬂy%%ﬁ%%fg?r%ﬁm %%O?:he( Qc@dlé Iccpcah!aaﬁ\é{:m !EB;;:N:lVl
Ryfalvmioe RRMAAFE A<k Mbe balse case¢ M Ma(l?a@yer: W Fe¥ jboth
SR Y byl 193 St o

N1eH reagtign (nélxgu}re Was WaNe| motr® aiMliv viaVpHEDad| prnent .

'i‘ﬁisj"re%u(it %‘1 tr% %e%aﬁ. riy%n%n%rhvyﬁoh %’u}{\évl:\ligil QJJ‘.C:%

*TONH O~ r-1
Brqtan r(H'H ccarrpemtramop, @s e_vmﬂiammdLbprHLnlA Lmbrua) o3

é§il?2H§ Q&LT{%*&%#1%ﬁ%blﬁahgoﬁhw%ﬁﬂ(ﬁgd“pHURZNLtQ)1£ﬂ'the
high temperature hydrogenation stage, gives enhanced
reversion of acetal heavy ends. The operating pH range for
Ni catalysts is 4-7.5 but it is preferred to keep it above
5.0, preferably 5.2 to 5.5, because otherwise the life of the
catalyst is adversely affected. Operation in the range of 4
to 5 gives a great increase in the reversion rate.

Series E examines a Raney cobalt slurry catalyst (W. R.

Grace #1B8659-21) operated at a lower temperature of 120°C,

amenakle to use of sulfonic acid resin {sulfonated

polystyrene Amberlyst® 15 from Rohm and Haasg) 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 1ife while maintaining the ability to

revert acetal to PDO.
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O Or-1 Omy) Hroroi Aa) NHO ro; ;44. 00 U zWA
A~ 7 C Uromwvvuroc)ivwa) v EE wwvro
UOmU mtotomtonm mmmm4 4 md) mto it ro

rd rdit (d NNroit It t;r-1ri;roit ro ro; ~. =gnMirch2007

AAAA A A A A1A AAA+ ddlIAAAA d) U rdl ~yl
1 (1 1 (I A\ \~P 11 (;44-H-H-rl -ri
rd. r4d rq. é ri NMul w! co 0OLNMOH NM
wlo w1 (aﬂe\z WIBraCKtitr?tJrorFOE Catpiver/m r-1

r-1 rorl it | H 9Co-@ryalystgAeddify] o ry' Qi Qa
rgi 1:4 FCCATr; r-0fn MO.l;UU Ca Ca Q (aw w 41 H
.'JrCOrl-Hr-ld-r 1H1 ri\ r1 1&h1NsR; WCA
Ffr' ri "f1 0 29 March 2007 Tabl e 2:5Bagktitration

of Cat aI alyst Aci dipty-Gat al yste rdity
Cat al yst/Co c%%rant nmeq/ g * /e

- m---- Ni-bage-------- Ni - baseld.KOd KO .868 55/ 45
sil i ca- abapipas{l il KDM@ n83 0 ALHOEm ( Ax230) 0. 1IN KOH
0. 95 Ti hdainand. (AMACOH 0. 86 Ol OF WWIBY al wigza 0. 1IN KOH

0.98 --7Titania-------------- 91N -KOH - -0-.86 -
-------- Ni©/WO3 fatumina- - - - - - 6:1N-KGHK - - oNiggbase
0. AR08 0. 78 e
Ni-base 0.1K2C03 0.78
None ~ 0.1K2C03 1.00

1.0 megq/g = 100% consumption of base titrant

EXAMPLE 18
Pual continucus-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 liquid flow rates were set to give an average
weight hourly space velocity (WHSV) between 0.9 and 1.3,

where:
WHSV = grams licquid 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), as
degired for a fixed-bed bubble coiumn reactor. Samples were
periodically withdrawn for gas chromatography (GC) analyegis
of effluent MW132 acetal content. The liquid feed solutions

comprised 2.2 - 2.3 weight percent MW132 acetal in a mixture

15
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- 5 1.0 neq/g = 100% consunpti on of base titrant
EXAMPLE 18 Dual continuous-flow reactors were opebaifd 2007
with 2.0 10 grans of a different batch of the
catal yst used in the previous exanples at 150C and
1180 psi_ (8135 kPa) hydrogen pressure. The |iquid
Of | Hlv T atlesvaieié BETCRRE JiRR: 1an valer agediw@ighitonslr £y°
veRasgaMel AL ideY 160VRISY) tbLtRRR Q- 9pangdnd . th priEBEEoRD
VWHSV = grans |iquid feed / gramcatalyst / hour | .
Reger ogerP was T8 st EﬂaT@% i’f‘ét"r“é&&_?érthﬁl Eeeditton & Fappl high
tEAbEratifrd HydlBgl@hht 1dh (&5, M Nt ga8d SLANGAHD For
tenperature and 20 pressur€, as nmeasured by outl et
afptahetfer ghosy WaE ngemgechrisoderpAT i hed taasee phise 2
£LRE Mod Gas-diati 0ose!dd)ueeds 1ndefl Ledkd Qi1 & fd xed- bed
bubbl e col um™reactor. Sanples were peri od||caIT
Wi t e Sigit S 8T chr SRt ap iy N (&3 sty siins Tagle 3.
rELEL e Mé‘:?%e@&eﬁé‘&i&gg@ Rt orThes! LAWLh TR8L: mwi32 in
solutions 25 conprised 2.27- 2.3 wei ght percent MAL32
the et Hi luanta thart Beectas R yhighc agooreraffe® with3a feed
e ght PDO i I, ' d AH 4 La
hadjbli iao;w})f%%in?\sl ECH f%#g\%teazcgt grg%%ahgm(j&tﬁo p alkf.%ng%or
dRecictind "BoveThigdesalnpl @ shralatés adeividad appraximately
e NBindl] YreolROPEE Aure Nl 0gaDa! LOD A A0% o LA S 5
constant “for acet reversi on was conputed as
fekedcri bdthisbewperfoent edtiabddsbed thtlaltist mivehtage of
Sed i dy thi I e = e
oefiadh o B TAAEP s o Bronge HO°KLEE HE S\ Bpfon of
cYedd maetag sa ipHinfeed Sisttaveddl éssii\i@htimuotise

- . i rated wth a feed
of g et o, S AL AN T ap R e A e e Bt
as described above) indicated a catalytic activity
Talppr o mitoaityinubwe-Flowe MigreaReacadr phegk HiVeH Thpkict on
A&%Sar\ﬁee%evf’istih pH 5.5 feed. This experinent
est ablishes that the advant age of operation-at a
| oner pH to enhance the rate of reversion of

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

6.00) 1371 095 0205 192 157.6 109 0438 178
700] 1594 093 0166 241 1774 083 0268 178
8.00) 1828 097 0112 289 192.1 061 0124 177
8.001 2062 098 0055 364 219.2 113 0251 248
12001 2674 085 0046 329 270.5 071 0108 217
26001  649.0 114 0001 875 795.2 156 0248 342
2100 676.2 113 0001 873 818.9 099 0125 284
28000 7035 114 0001 878 8414 094 0431 265
20000 7311 145 0001 885 871.6 126 0154 336
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15 cyclic acetals is indeed sustained during

conti nuous operation for a comercially significant
period of time. Table 3: Continuous-Fl ow

M cro- Reactor Test of pH Inpact on Acetal Revers,

20 Reactor A: pH 4.9 feed Reactor B: pH 5.5 feed%%ﬂ’ﬂmo07
wt % MAL32 2. 29 wt % MML32 Total Qutlet rate Total

Qutlet rate g-feed | MAM32 const. g-feed 1 MAL32

const. " Day g-catalyst WHSV wt % 11h g-catal yst WHSV
w%1/h 0.00 0.0 nnan.an.a0.0nanana 6.00
137.1 0.95 0.295 1.92 157.6 1.09 0.438 1.78 7.00

159.4 0.93 0.166 2.41 177A 0.83 0.265 1.75 8.00 182.6
.97 0.112 2.89 192.1 0.61 0.124 1.77 9.00 206.2 0.98
.055 3.64 219.2 1.13 0.25%& 2 Zd! 512. 00 267.4 0.85

.046 3.29 270.5 0.71 0.105 2.17 26.00 649.0 1.14

. 001 & Prodéds Zot. pfepdrdd 133 42-opadedidl6va Aylirdgenation

.0 3 9 0,_£03.5 1.14
o N e R

. 001 8.@% gerEPsTing @upaguReus Wigkturg o 3 phydexgpoPangl,
A (S)l pa%sah@q&&sa&@éow SRYarbgyphoai DRAREHO e &
Vi ahg%:d 09 iegl on +2 E‘hheﬂdro ro anal corrprl Si ng

! horBERNEE e Bins Raoth Lhg RlReRbite AL An:

3- hympﬁm%ﬂ leas(tb)zw'{aaﬁzsgﬁg vihlege by rbe Usydrogenation in
18- hysls ces¥RE | £ 4N oplrti 8 tﬁt%ﬂdﬁmgﬁéﬁ%zg&ﬁltlons

wherein the hydrogenation zone is conprise
| ea8F % WEmBPEIEESwHeBRNTIE A AlobRe MO NI Hhy (prekence

fir Sf tEStfaﬁﬁd. | adC aF rsllﬁg'rf Lﬁydﬂﬂgﬁ{atmm réﬁgﬁi}%ﬂ leg vtvhere.ln
condl tl Qns [ € 0
TS0tk i4sifEe Sloalahrll YRl Bp sefented drd i grovs

hy dFW&Lm rPfc atdirs kealitesh exddnfonm catidiic exchange

1§0 Cﬁéﬁn\é$t aciMiicChyr | sphBt&GleHaf 10/ {15, gﬁ&é@:ﬁ!pclyaca_ds
, con3|% gg}iof acidic.zeolites, acid formdationic

exchE 1o Agdin Sel5cFe EEOR TR Er Fensistans of
OXi m:ahea@dspobymmdsic satd, sekubd ecdd] qaropebend adid,

fr Ofnd Eehg&ﬂﬂpfgéﬁﬁy é@ié?f is added in or present in at

least one of the later stages, and the hydrogenatieon in said

rFoowooOoo

20 later stages is carried out under hydrogenation conditions at
a higher temperature than that of the first hydrogenation
atage and in the range of 70 to 155°C to form an agquecus
solution of 1,3-propanediol; and

{c}) recovering said 1,3-propanedicl.

25 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 R temperature higher thap the tamperature of
the first stage in the range of 70 to 155“¢ and the acidic

30 cocatalyst is added in or present in the last stage of the
hydrogenation zone wherein the hydrogenation in the last
stage is carried cut under hydrogenation conditicns at a
temperature higher than the temperaturs of the second stage

and 120°C or greater.
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m neral acids, phosphoric acid, acetic acid, propionic
acid, and 3-hydroxypropionic acid, is added in or
present in at |east one of the |later stages, and the
hydrogenation in said 20 |ater stages is carried2@Wtarch 2007
under hydrogenati on conditions at a higher
tenperature than that of the first hydrogenation

stage and in the range of 70 to 155C to form an
aqueous solution of 1, 3-prapanediol; and (c)
recovering said 1, 3-propanediol. 25 2. The process of
claim1l wherein the hydrogenation zone is conprised
of at least three stages wherein the hydrogenation in

t he,sec dstaelscrrl d out un dro enatl.on
condr i OHE BiokRe T rit o aRRToHD AL SHREPRERES' 45 ke
t endeEaidl s eans :Lstflﬁ:nf 70Sto SUAYE and #ie ceafgarats 4 the
1555%%{1d t he acidic cocatal yst is added in or

pre 5FA9¢ 1 F5R 2¢CabR 6F The hydrogenation zone
fhed ei nThheptucaiss genatridiug ite e dfaslainst Agee i3swherein

car fh &4 QML LEB@SEaiD{s@ ngé&kboﬁkéié"ﬂﬂé td‘:%ﬂ? @ne3sting gt

t enperature hi gher t han the rrIE)erature of the second
st agetiima=1ges oragre SPEh CEI IRVERERIISHEE A %9 AR
2009r Bphdherisr sokis mekal (midu?, Heessopolyhelds, and.-

t enp@{:ﬁhgr Sedds EQfecéﬁCQﬂ:(& iflgg%du?aéée%z%é %flﬁ&%m

e tenperature in t rom 120 t
1&55@% 4Pher=r$$l°5+wé-‘§§ RIXAH; ‘T‘@’-dt'oPﬁ?ﬁf-"BFc acéﬁnsanﬁ Po
3 vhslethprédienaei ghia.cocat al yst sel ected fromthe,
9r o8P CRS! Slddifle AeccBBhil So?S0) IdhBSes Aihthd A Wb 4
cationi c exchange resins, acidic or anphoteric solid
met YherRingshe Piele TPy adRdshe #@ ol ubl e aci ds -
sel ect edhbrmracdehes ag:t’daﬂ'ﬂiﬁg)ltﬁl s:h;i»ng 8faimdanered 5l0herein a

andg%"nﬁhg?%r b2, FacBfiRy Gnd Sl BULORE Boothon

t o EMREToAES o19d andrdhe PermeraiRes éFnﬂ!EhéiE# |1§dam@t on

i N thereStigpeddd) 160 tbh@aprecess according to any of
clainms 1.to 5 wherein a, 15 sIurlyhdrogenatlon

cat &t ysti'hﬁrﬁ'f"%‘?s%cﬁctfc’fﬁﬁ% FPcARX Safy r st BaPRenfday
andth<h @equenge Batpdxyprbirmall| nbtturydiogedats ahe

20 hydrogenation zone is an aguecus golution containing 3-
hydré:qpropanal at a cencantration ¢f from 3 teo 50 wt% based
on the welght of the agueous solvent.

8. The process of claim 7 wherein the agquecus 3-
hydroxypropanal mixture passed to the hydrogenation zone iz

23 an agueous solution containing 3-hydroxypropanal at a
concéntration of from 10 to 40 wit% based on the weight of the
agquaeous solvent. .

9. The process of claim 7 wherein a fixed bed catalyst is
used, for hydrogenation and the concentration of 3-

30 hydroxypropanal in the aguecus 3-hydroxyprmopanal mixture
passed to the hydrogemation zepe is from-0.2 to 15 wt® based
on the waight of the aguecus solvant.

1B

AMENDED SHEET




stage is from100 to 140 C. 7. The process accordi ng

to any of clains 1 to 6 wherein the aqueous

3- hydr oxypropanal m xture passed to the 20

hydr ogenation zone is an aqueous sol ution contabgw@&hzmw
3- hydroxypropanal at a concentration of from3 to

wt % based on the weight of the aqueous sol vent. 8.

The process of claim7 wherein the aqueous 3-

hydr oxypr opanal m xture passed to the hydrogenation

zone is 25 an aqueous sol ution contai ni ng

3- hydr oxypropanal at a concentration of from10 to 40

wt % fpse i-ght .of ,t us sol vent. 9.
The %focg}é%%owg#\%f l7:["’7\‘/?if{ler el 51?%5‘5%%“{%?@ yst is
us eV BFYRRPBROYe mdiore @fidstdpe at ohc cilitedd ap ffo 038 to

hy drasxyps apaeal ol %&h&i@%ue&y%héts%fy oYY PILR Pa%ht&ez

mxtf?r )g) Eed to the hydrogena zone'i's
TR 2P SRR 8f YHerreprRrmddotol vent .
1B ANENDER BHeEds=20f Nbcraih P20 Qherdfh ﬁbetwﬂcm of 3~

cI ai t e ax 0 ture
e :fﬁ‘“@. Bhih) o SRS n IO Y PhehiC o adirtime 15
t he H@*aﬁ%ﬁ%gns@wvﬁtglby ofheéhe addetisosolfent.
an dquecrtss pebedss0BE 0f1akn3t P ABASRT ERE- adhebls J&%tion of

10 wh the total t
by °°1€§%‘°J SSLE1IT 38 SO ot iesi AR Ftde
xlﬂEIrl'é‘J‘-Tﬁs 3'11)’@?#29:@@“@ mit&fuba sefl] segp td)e wei ght  of
t he 18Queniss psetaseNbs c1bdm o %e?&:gg%iizged %lea dcl:aotia:!l.ygt is

V\herel he a%q?eous solution o ropane
c oo|“§a IRpRtLfm pRd dibst euecr?et{etﬂeaqu o6u-

3- hyzﬂmwgropﬁeal i et E@aé]:fgsétaﬂi&)nw%&paﬁgf nﬁa&]gﬁés
ed ca S use
8448 0! %E:ﬁg-m’é%j n, zo0% 43 o% 00,5 to 8 wt% based

hydro enation a conce
lﬁydPBth?r YphFht of ntheh ammemisosgl Gy dr oxypr opanal

m xn.dlr e Thpaﬁ.ﬁcﬁﬁsbooﬁ ha aly dr30geaAdsin0LE QB obgs f4.om 0. 5
4&? e 5. a0 4 he ht of the aqueous

soI V% %gpaf’hae process” %lf%tg?a‘? Imig3 gi ¥° thfem 0.5 to

aqugo‘ﬁf'sai Based dwo kY e et ofrkle greots HodPemt) HyS the

di | yhediba &# G Q@ soluticn of 1, 3-propanedisl.

20 15. The process of claim 14 wherein the total amount of 3-
hydroxypropanal and 1,3-propanedisl 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 aqueons soluticn of
1,3-propanediol is cooled prior te its addition to the

25 =agueous 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 tha

hydrogenation catalyst in all hydrogenatidn stages.

18. A process for preparing 1,3-propanediol via

30 hydrogenation of 3-bydroxypropanal compriging the steps of:

(a) preparing an agqueocus mixtura bf f3—hydroxxpropana1,
(k) passing the agneous 3=hydroxypropanal mixture to a

hydrogenation zons wharein the hydrogenatiion zone is

19
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8 W % based on the weight of the aqueous sol vent by
the addition of an aqueous sol ution of

1, 3-propanediol. 20 15. The process of claim 14
wherein the total amount of 3- hydrbxypropanal ang parch 2007
1, 3-propanediol in the diluted mxture is from?20 to
40 wt % based on the wei ght of the aqueous sol vent.

16. The process of claim 15 wherein the aqueous
solution of 1,3-propanediol is cooled prior to its
addition to the 25 aqueous 3-hydroxypropanal m xture
of step a). 17. The process of claim1l wherein a fixed
bed hydrogenation catalyst is used and the acidic

cocarmpnised) of A¥ddersli thotHegeRlesgin diicohvesrgagiion in

in ghb Mydeogenal i9Neartrdee outlBaddd RY@ERESat 0n conditions
preparing 1, 3-propanedi ol via 30 hydrogenation of

3- h§HrdEFFPRTRINEE e 5pMP PR & RpPBF. in (B presence
pL )eearé NQxad n;:éweeuadﬁ-y' t3 wlr]&gaanaﬁuhydﬁ@fwetmaherem
ass| t he _.agueous -.NYy.ar o I oRana xture to a
yd g%?fa?{’]'fqoﬁ"cza&ﬁ‘gyﬁfel"’gf'ﬁh t‘ﬁeazf%éo?: sgeﬁ?ﬂ S Zoneri s
19 cAMENDED SHEEFI2D" Mertt@00%cit Sopri wddopic axchapas
t WO gt AGES BT LR ddiioR¥A OGSRA icpabd, HehrdpdiSheids,

stage_is carried out under hydrogenati on conditjons

at Ff IRIEPLt AR ﬁédﬁar#gbasflgwtt e fF E5f 135RE

pr eseagss,of and fuhechyhegenatizinlin sdigdlogenatages is

162t %L¥§£ afaEthWh%ra‘E' &Qaﬂ%hdé&ucﬂi?ﬁé'é@&’hﬂﬂe%h 'S
Sel &cted romﬁﬁmegr up~ consisting Of acidic ]
z eokpremratyet =gy phatarforie fdxeh dygeceeiading stagedred in

or ARNQLEL! Ge "R b dedas, £heh ehoRQLNAG! B51uridRdes 1,3-
soluble acCids is added in at | east 6ne of the later

st agB8eaneddot hé™dydr ogenation in said | ater stages is
10 carrigy obécdiRgilg Madaopsipbmmaanaditi ons at a

. ? ; :
B 95 BB e (i3n [P bplebl b sirpoenation some
f or Aparrrgased o ok Lleses tirep Staggsopheksiitokheand (c)

I eCay@Fddieiabiintl ih SndIRReAediabe isl 2atfiedl BAL PLGRRSS
of claim18 erelggthe h dro%enatlon zgpe IS yan th
confYREIF EFia PRatt PR B & CTRYAHE? SATHPR A the

hy d - egeimicuo8 ¢ thbefixetopthgs afertes réffd ioEd70Wo ABEEY
20 and the acidic cocatalyst is added in the last stage of tha
hydrogenation zone wherein the hydrougenation in the last
stage is carried out under hydrogenation conditicns at a
temperature higher than the temperaturs of the second stage
and 120°C or greater.

20. The process of claim 15 wherein the temperature in the
goecond stage 1s from 70 to 140°C and the temperature in the
1ast; atage is from 120 to 155°C. ‘

a1, 1'I'ha process according to any of claims 18 to 20 wherein
the acidic cocatalyst 1s selected frem the group consisting
of grcidic zeolites, acid form cationic extéhange resins,
acidic or amphoteric solid metal oxides, hetercpolyacids, and
soluble acids. "
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hydr ogenati on conditions at a tenperature higher then
the tenperature of the first stage in the range of 70
to 155C 20 and the acidic cocatalyst is added in the

| ast stage of the hydrogenation zone wherein theg1arch 2007
hydrogenation in the |ast stage is carried out under
hydr ogenation conditions at a tenperature higher than
the tenperature of the second stage and 1200C or
greater. 25 20. The process of claim19 wherein the
tenperature in the second stage is from70 to 140C
and the tenperature in the |ast stage is from 120 to
155%2 21‘1‘11 B@u@éé’a‘: géo%&g‘r EIJ: Qné% t o
20 whereln aci dic cocataly i's selec e rom-the
gr oup=E %l@?l?ﬁ 1s3gbgre écP—Eh%a;PeéN tes, acid form

cat iamni criRx ghasg aesmﬁ,nga%@ng of ﬂ%ﬁgtﬁ k6 $Ohidyain
net al _oxi de thegg olé%% !L nd sol ubl e acids. 5
AVERDEG e RS Fivep, andian BEA ed iR e REPTe
tlo weplorareoised aindstis teopldninirer ti ththBimll hedAldevation
5 |r§t§b§gi_a( QL?EZ'%R Ihel&r Q&ess according to any of

to

cl ai s erein sl urry hydrogenation
cat &y stThengreressc Pl @a:mom ohexehargEixéd tbegi n are
us e thyaRsdr®i &6 'H&%Eﬂég @.s' ﬁ‘sé&‘ é A3 2hyei e @Sgﬂ#lggt is

sta%ﬁls from 10 process o

8P 'F‘F‘k éadﬁ%qfnaﬁy% cfg%ﬂmto Ancatlabysrogenayice
®nd sttheesaci di ¢ cocatal yst is added with the

hydr ogenati on catalyst in all hydrogenation 10
stages. 21 AMENDED SHEET
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