;e3eR .F 6] T 8?D , =0 003 The present invention relates to the
‘manuf acture of 1, 3-propanediol. In one aspect, the present invention
relates to an inproved catalyst for hydrogenating 3hydroxypropanal to

1, 3- propanedi ol mhlch ibits 5 prolonged catalyst life in bBepril 2003
hydrogenation ironment. In g further aspect, the pré%ent

i nvention rel roved process for preparing 1, 3propanedi ol from

3- hydroxypropanal :-mél@ﬁs propanedi ol , a chemi caI i nt ’ﬂ mmm,“wm"t he 10
- preparation of polyesters, can be prepared by hydr

3- hydr oxypropanal in agueous solution. Selective hydrogewd®t on of

. 3-hydr oxypr oparaTA©LY 4T 3pNOPARECESS FOR CPRPPARENEU] py-bRepMgbI6ogactivity
of 3hydroxypropanal and the relatively low solubility of 15 hydrogen in

aqueous sol ution. Hydrogenation in a trickle-bed configuration is favoured

by smal | catal ystTiarpiesensi zevelloieyerelsaéal Yst 68 Undnsts€0gt8 bs
S|gn|f|cantly dlﬁlﬂlSh%&}%%th reduced catal yst particle sjze. A conmobn

approach to L 37®LRIY t he? cPRR IR 2R Fehgt O PR ekt - bA%Ryt bt k

catal ysts i se1@teieranssn t fp poPedt cHfa LAk el £0E | iy d RS ogekg Fowever, in
t he aqueous hydrogenation environnent, calciumand other sol ubI e bi nder

conponents AYAIQRYRIGPRRALNER ¥ rdTRIPRARSERPY WhighiexmE_itso 25 negative
ef fectss on the W%&@wg@% fg'fﬁt?ré%ir#}%%?%q@%ﬁléé £, {@ﬁ' vel y

separated fromthe 1, 3pr opanedl t he nat er| I's deposited
in the evapemaztllr@mwtmn In e@uﬁfuwgen‘ e SlRwt £ | ke apice s pmmnbieran up

costs. Second,ther I@I lrgsré‘;%%epp\%?ﬁsgézo %@ &cz)ég)ggle,pirds omthe

particul ate cat aI yst owers strength of
t he cat al yspropasgidiiayg from edshedfoxyrmmpdhalwt hrough in the cat al yst bed

as areas of catalysf L%geﬂpgcel nd evq,[gng[l{%ly éjeq:rEé] %/ Oﬂ}@;rgggggfore

an object of the ﬁre I'nvention 0 provide a ca
partil®ul ar | pr@@alr@meabrf avf tpbreliqsﬁmganad:amrbﬂp&ﬁmcbd»@gpr opanal to

b e TR 8 S e TG e o 1
hydrOxypr6p&ﬁ&kﬂ%ﬁ”ﬁ¥ﬁrogenatlon of 3-hydroxypropanal to 1,3~
propanediol is complicated by the high reactivity of 3-
hydroxypropanal and the relatively low solubility of
15 hydrogen in aqueous solution.

Hydrogenation in a trickle-bed configuration is
favoured by small catalyst particle size. However,
catalyst crush strength is significantly diminished with
reduced catalyst particle size. A common approach to

- 20 increasing the crush strength of nickel-based bulk
catalysts is to increase the amount of calcium in the
binder. However, in the aqueous hydrogenation
environment, calcium and other soluble binder components
are quickly leached from the catalyst. This has two

25 negative effects on the synthesis process. First, as
the water is evaporatively separated from the 1, 3-
propanediol, the leached binder material is deposited in
the evaporation column, resulting in down-time and
equipment clean-up costs. Second, the removal of these

30 soluble components from the particulate catalyst lowers



10 reduced | eachabl e content w thout significant reduction of crush
strength in the reaction environnent. According to the invention there is
provi ded, a catal yst conposition conprising, in solid particulate form (a)
an active nickel conmponent in which the nickel 15 constitutegps ApainRdd3 to 60
wt % of the catal yst conposition; (b) a naobybdenum conponent in which the
nol ybdenum constitutes from5 to 20 wt % of the catal yst conposition; and

(o1 S5, RS0 E O O £ Al glocly SOy o o °

silicates ande@fiidaesnaf flicwcthdaigmiimtia redlygt eghess i aas cfl ci um

~each of said al umlni um | ci um and zi ncﬁfr sent. in %2 al?m) nt no greater
than 2 wt% b&8&d1d7% K8 WéRT 01 tHheE SRR t9%h. 25 Furt her

according to the imtenlsi ahdrieicrd [predyjdad of HRcemSedart piepart idnh

1, 3- propanedi ol conprising (a) .contacting, in an aqcu,eo S reaction mxture

at a tegrperat GPe PP Vade 8as t3d¢ S 3 3Ry E Uy #1934 he

presence of ar3d@ 8l ¢hyRddgetliltaleh f & S)id R dd i cymprj $ing (1) an

active nickel corrponer]tylai r?tglv\hi ch the ni c—?gf const i t%_t es from25 to 60 m %

of the catal yBFORSREECLi 6, 3EISLUE MR YPdium CRisorfdhtas iy mht Ehis Rn

mol ybdenum copglebut % the £8eARAH 2B0Rhtich dd 3{Bo'iritdb 20 é’ﬁto/ang;f(sé he

catal yst conposition; and (iii) from10 to 50 wt % of a bi nder erial
sel ected fronfat tegshyeregenadiices fof3 JIVdrsyraRPadal d@weisn@nd oxi des of

zinc, ghur ni Lgl,2EhCaRWHaTRINCARAN SR Wi ©38h O Sk s on

al um nium calcrumand zinc present in an anount o greater than 2 wt %
based on the wéi ghitisdf stirengdthaliys tt hsomeesittiiaon  enva goraeRrde an aqueous

product m xture cogprising 1.3 propancdl ol and () Jecovering, the

1, 3- propanedi ol fromTtThe aqueous product 11 Xt ure. e use o

descri bed cat ahyaflyisn thapsdridgenatdnr iafi nagudous Q-ity draxeyipruolpsateal

permts the production of 1,3-propanedi,ol in hi yields with reduce

ownt | e 11 onEORE" cfRAcEE F i BIE R SSTRSMERh or Hserind & LO& rhe

presentlsi nventbaBtiMthleBOWrbe dSsasd Bd Wiy o eene&tdal yidie acconpanyi ng

drawings in which: FIG 1 L{?})a pl ot. of catal yst activit ver tinme for a
|

3- hydr oxypr opGABPORY &L8Fénd Pl o B Ul SRS ithehaRention. 20

FIG 2 is a phetybHetamakyaltatiites Erdeen tiomef et oF e oot ppanal
hydrogenation catal yst according to the invention. FIG 3 is a plot of
catal yst acti FPFPOSHELORF meNfor(C) £xFhvidhtticord “Whitck 823/ BYye®at al yst .

25 FIG 4 is @emgm; gk eakakyutk13Ett WdnbdAMeridd B8 0l iddd el 1y opanal
hydrogen catal ysf according to the invention. The hydrogenation catal yst
cont ai A8, as cheprapéRnJasti veassmemeetf, xiges2®f ¢idd ammmatictkel (as Ni ),

30 preferablystioahas! andS oWithesTod Winks! d1hniiE B! 1243 AliASt 18
predom nantly 1 n reduce orm
magnesium and calcium, each of said aluminium, calcium
and zinc present in an amount no greater than 2 wt3,
based on the weight of the catalyst composition.

25 Further according to the invention there is
provided a process for preparing 1,3-propanediol
comprising (a) contacting, in an aqueous reaction
mixture at a temperature of at least 30°C,
3-hydroxypropanal and hydrogen in the presence of a

30 solid particulate catalyst composition comprising (i) an
active nickel component in which the nickel constitutes

from 25 to 60 wt% of the catalyst composition; (ii) a

molybdenum component in which the molybdenum constitutes



The catal yst contains 5 to 20 wt % nol ybdenum (as M), preferably 6 to 16
“Ww % The nol ybdenumis present 26 April 2003 _ g _in the catalyst in
both netal and oxide form The nol ybdenum has a binding function and is
also an activity promoter. The binder portion of the catal yspg g@hp2@§3a
"glue"” 5 to hold the separate conponents {agether and to provide crush
resistance fromthe pressure drop across the catalyst bed. The binder

constitutes 10 to wt %0.0f the _catalys nd i s nade p of oxides .af
o con and SFPRCArEE ARavh Qo LRkalvSE: COMPaR Coanci GAd Ta-itdgnesi um
and/ or al um nEgsm Typteabbywtkhercat Bhﬁabrwbtee@auabalferc&r@a%m &,
_preferably 35 to 55, W% silicon; fron10 to 2, preferably 0 to 1, w % zinc;
and from 0 t ol 92 PRPURENPHIASFhEIbFAdEFORi RRACSALAFACRGE aMSk OXIRES 2 wt %

cal cium and ¥f|tipepf glakbinicAnNt aiRcBniukd Wa¥neak Gl A Janefieh, ed
enbodi nent of the catal yst contains essentially no zinc or calcium The

pref er rad cat%??%toéoﬁﬁéglP@BWlPéthyGPéﬁéﬁﬁtﬁﬁﬁ 8LN3- RY@SE/FpidpdRal to

1, 3- propanedl&houﬂtaﬁaeayéa%@&wthgﬂ goptai ngaaaa%n?»éh\eﬂ Weigkels fa&@heabout
8-12 W % 20 nol ybdenum "with the bal ance “binder material as descri

above. The ca@@ﬁ@%Ys%aﬁoméosﬁépéﬂedt@ypéﬁ§U§ﬁoééd@ﬂéePh§tnn@g@ﬂﬂorates t he

active nickel e ybde nt d phe Rinderjppteria
inasolid bdrﬁggg$%1eégp%2gée erés =By gkgﬁgggegresggatk nr%n&%%ve§%WIX|ng
ni ckel oxi de, théel b3 ndeppanedipal fxamhths atitepubgpsodhay, marxdurel.ybdenum

trIOXIﬂ? powder into_a, 8”8?69$8“8e98¥98 3 %@E%ly?t Lukhgn of col | oi dal

silicain sufficient wateéer orm an ex ure is stirred into
the solid 30 myadtogenafThenwetf smxeane Bshydenxgptppdedltbemmghsatdee pl at e

with 0.10-0.18 cm (0. 090 e The .extrydates are
dried at 100-H22¢¢6ioR ?Iﬁg guPF.§F8ﬁ5 Bdﬁégﬁtﬁée stﬂgg content to
| ess t han ir@fudpdi dodAb3me BrombeHe bfYklasThbE dheedsexbrfudatledlare then

calcined in aé $I 450 550C.for at | east about 3 hours until the ' desired
strength is RARTOPSBEERFIBISto use, the catalyst is reduced under hydrogen

gas atl® tenperaturige Sp¥ebbht theehanes @fi135Ack0b8586stelibadt bye
sufficient for reductlon of at | east 60% of the nickel | f the reduced

catal yst is not %%%HC?nﬁ@dFa?eP?COWPaP¥lﬁgoPéawfﬁgaaneHPl&ﬁd stored under
a protective medi um@uch as 3, giptopanedialyyet hktusedy bklkwsthiaki ¥8r

cat al yst
a 3-hydroxypropanal hydrogenation catalyst according to
the invention.

20 FIG. 2 is a plot of catalyst activity over time for
a 3-hydroxypropanal hydrogenation catalyst according to
the invention.

FIG. 3 is a plot of catalyst activity over time for
a conventional nickel hydrogen catalyst.

25 FIG. 4 is a plot of catalyst activity over time for
a 3-hydroxypropanal hydrogen catalyst according to the
invention.

The hydrogenation catalyst contains, as the major
active component, from 25 to 60 wt% nickel (as Ni%,

30 preferably from 25 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 wt%. The molybdenum is present



10 preparations are provided in Exanples 2 and 3. The catalyst is in
“particulate form with particle size and shape such as to provide
sufficient catalyst activity dependent upon other process variabl es such as
flowrate and pressure. The preferred catal yst 15 particles phmg han
0.32 cm (1/8 in.) in dianmeter (across the 7v|dth of the particle
cross-section), preferably 0.08-0.16 cm (1/16-1/32 in.), to provide an

opti mum bal ance o{: georretrl c surface area and crush resistance. The

- preferred catatYstPEhEpE&IVEE LonGFEI P&t ANSOW&E 1598 ar 7% i | obal and
cylindrical . Thel gatahymt n¥k! b B&%fa%@blfmn@m'obr tar@D aCtHdd o 0f at | east
.10 h-1/catal yst volune fraction, preférably at |least 20, in the selective
hydrogenati on QﬁtBVltMyHFQR‘?pFépanal to 1, 3-propanedi ol . The catal yst has
25 inproved stabilidpei Bihherr F%?ctt'l% %@V'trh%n'&'%tal%}t’g: gi%ds ngsd 681 ue”
integrity over the catalyst active |if Hydr ogenat’i on of

3- hydroxgjlpropath?al h@bdltBSrépHﬁéélt@l C@a\rﬁoﬁi@n@ér ok thar |arﬁlcbcﬁmmr§vsl(ﬂ€ut| on
at an tenperat f 3 rald hi rr%{;g]se of 50 to
175C, under a%%lg?}l?l 5%%%?@&&99%%?&%% S\foeegs}totﬂé%é: K (100 psig),
generally wit mantahEStahgé ome679»lnBlEQOCIomt(lmetso 1200@ 5 g)t® of

Hydr ogenati on di scI sed _in US 578652 26 Apri| 2003
The invention ‘ﬂ{/droge%glyggg p‘rgocess |%s 8§S| gne paerst |°culsalrlllf°fn(5r e in a
process for preigaicaged, 3pdopabddisobfbyinke hydrehdum,l atileiwef, et hyl ene
oxi de, described for ex le Ln US-A-5463145 aag US-A 5 3687981 or from
acrol ein, as dE¥TITHEY™ A" B@‘@%ﬁ‘.‘ml'n YOR Chrodes s cat

3- hydr oxypr opawial 1 iéoﬁﬂaiﬁlt eromdiat copnoduptrewiéirobllys 3rsydbooonamc% in
aqueous solutlo to 1, 3 panedi gl . 1 n_one process .ethyl ene oxrde is
hydr of or nyl at €t ’rcé%'cte tﬁ Ear gonpfﬁfﬁﬁﬁB Ydd &Rd lhy #iE§g&incdt aad
tenperature wfdin ¢ heoranges 0of108RiheukdO0CTARI bandLrHiRNeTHHE I Hjtn the
range of 3497-34479 kPa (500 to 5000 psig), preferably 60 to 90C and

6895- 24132 kP&ADOFEB 3500% pgﬁélfluf“m ﬁﬁé pﬁééeﬁé@foframyuuq%}plaén 0-1
hydr of opstyl at e Gad Béysh, SUCA BEeg@RALL impBlihbAd! WP eREDAAYL14QPr oduce
a hydrofornyl ation product m xture containing 3-hydroxypropanal,

1, 3pr opanedi olcoarfdaW%ir%ﬁ%ﬁ@r?%alﬂ-MnnPeaéﬂFoﬁrb?apFé@mt TheTpgeferred

3- hydr oxypr op 0R&HE Is to water and passed
to a hydr ogengitﬁé?éoanlcfée]gctl ono%/ggégﬁoggg ¥dﬁéb%gr%trtnl§? 32 aqueous sol ution
havi ng a 3hydr3o>mmmmmropmbntpatlb dnpkepgnehanll3inwadpepusf erdityoness
than 10 wt % i ght of u S t ;o ¢ hydrogenation
of 3-hydroxypr opanaJ(f)rp? Qi %Fpggpgged?lg?klgg gg?r F%gbgu;e 2% teascrl bed above
to 25 fXrm a majr}dmrammomptlmdtlbe beXaoce banternmagetidpr epanedi ol as the
maj or product V%E +§ gkgg\gé/ered by suitable neans such as distillation.
Exanple 1 Conventioha r opanedi ol Catal yst Preparation. 30 In a

typi cal batch catalBts¢ qaepbystioan beppee'ppirtadt bgnanhgnkrobsebaadedhwitt h
2200 parts of nrccokel chtl_ or i q(éa solg égg 28 Ni C12 v 7(t)hgart gfd M crocel
E (0.8 solids) "SI -partse Vi Fom-S88°P0m - mo enum

component and the binder material in a solid bulk form.
25 In general, 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
30 mixture. The wet mixture is then extruded through a die
plate with 0.10-0.18 cm (0.040-0.070 in.) diameter
holes. The extrudates are dried at 100-125°C for a time

sufficient to reduce the moisture content to less than



26 April 2003 _ 7 _ alumnate solution. After the precipitation is
‘*conplete, the liquid is poured off and the solids are washed w th dei oni zed
wat er several tinmes. The solid mass (nickel calciumsilicate) is dried and
calcined in 5 air at 390-410C. A 3.79 litre (one-gallon) pl oyg I[A ?Gogﬁxer
is charged with 730 parts of technical grade nickel calciumsi e
(93-97% Ni CaSi Al OX), 125 parts of Mcrocel E (0.8 solids) and 125 parts

bentoni te cl aydd8 504L4s) hcandidhxedctonsgell BULesneheth1cAn80l yhi on

- containing 600 parts of “d&i oni zed wat e parts of nolybdenum from
anmoni um nol y bdiat eatso415|®1-5)510‘i’6$ mn ratedléad o difmitm Xthoers amot id xting is

.contlnuedforqgelo n‘énﬁ# A g/et mé t he extr dedthrg_ghadle 15
plate with 0.1 D% ’(% %E f‘l to 9Pn51 di afbt’er “Rol'8S' o rilobe form
The extrusi oncaral gst eﬂsoyedmcgdatuaﬁeiOHde«S@bnT&;esdated temeemraduake i s
then reduced w th hydrogen at 4 Cto geduced nj ckel coptent of about
900, baggd on “‘EJO{}H’YH?IE eﬁ‘n‘i% %g 35? ﬁgg(ﬁ iYh TarH§ st g’?b‘bh‘?%‘fl on.
3.79 litre (orfxgatddigtpdbough- aypeemxesowacsfcbﬁégﬁdc%elh 75@ paets of

t echni cal - grade pi ckel oxi - 970 N O 98 rts,of (Attagel -30
attapul gus cl aﬁfe‘gbc ‘g.%ag%f}’ﬁg)lsaﬂatl%geﬁaf%“g gfaﬁgiybdéﬁuﬁﬁ FPgiFEie
powder (M0O3) t&ﬂ%rﬁw@ﬁitf@:ﬁdZSQOﬁwum@aerAas;@wte@ﬂloé 981 pAar kschakgo
2327, a colloidal silica sol_(available from Nalco Chem cal ggany)) in

200 parts dei omiZeF WRARFIVRS BAbLY ¥8°Fhe b yUBFEAE WPt A2SELYPENG. 30

Stirring was caddaued; §98 Sr&i PHE eSdeADOHt EBOPRES S20fngddi ti onal
dei oni zed wat ér was added to the m xer and stirri ng was conti nued for
e

another 5 ninutes. T sRtahyitwhs imepaskieukirEet ApEUghWAtEi RgFEicépcon
tri-insert 28 Aprily 20036 Quck‘{‘hé§ht<9a;?£@x'rf‘§éi é‘ﬁkﬁc?e&? e 69,040 '”Ch)

in dianeter. The extrudat es were dried en sl zed/ screened and
cal ci ned i n aiactaitvisQOGidpenddout uBohottRef rPEOCE 2t | vAREFbLesariichsagger.

The extrudat €%, wgo%&ergr{)d gélgggrgvl t %R{%ngﬁ%?gggt%%gg +to a r educed

ni ckel content “of base on total nic ention Catal yst
Pr epar atSi on. Aaorsigds onrel bews ypeami XeB2 wes ¢ha8 ged. Wi £h d88méBeparts of

(eohnncal ot Aok Uil o geuRor 10 MOLiGRES PRLSBLLRRE) 0
(M03) and m xee farak?l yni OUE &S0 . %scxhutlbmﬂf/?ESlqnartstopratrn:de2327
col loi dal sili C%llnlt’]umzzbs .'Pargées c()j Iggér%ggry\@tgérg\ace area and crush
resistance. The preferred catalyst shapes for longest
20 catalyst bed life are trilobal and cylindrical.
The catalyst will preferably exhibit an activity of
at least 10 h™'/catalyst volume fraction, preferably at
least 20, in the selective hydrogenation of 3-
hydroxypropanal to 1,3-propanediol. The catalyst has
25 improved stability in the reaction environment and good
physical integrity over the catalyst active life.
Hydrogenation of the 3-hydroxypropanal to 1,3-
propanediol can be carried out in aqueous solution at an
temperature of at least 30°C, generally within the range
30 of 50 to 175°C, under a positive hydrogen pressure of at
least 689 kPa (100 psig), generally within the range of
1379-13790 kPa (200 to 2000 psig). Hydrogenation of HPA

to PDO is disclosed in US-5786524.



15 to the solid mxture with stirring, and the stirring was continued for
*10 m nutes. The wet m x was then extruded through a die plate with
0.10-0.18 c¢cm (0.040-0.070 in) diameter holes. The extrudates were dried
overni ght at 100-125C. The dried internedi ate was then cal ciggefpfiipctl air
at 500C for about 3 hours and subsequently reduced with hydr ogeﬁ
420-430C to a reduced ni ckel content of 90% based on total nickel. Exarrpl e
4 Hydrogenation of Hydr o ropan 25 Four enatl on cat al runs

- (catal ysts A, B, C% c?rrr?/t%é’d'io} f!)r‘?ﬁe'?'batdé’r’i‘ T & FoBLeRE 1 2 in)
di ameter tricilagthedI0a0t Ofor The: [RACS G5 oess 4 omledpmwrﬂ@@ m.30f the

. sel ected hydrogenati on cat al yst The reactor was pressurized to 10342 kPa

(1500 psig) wPERPEGSiRlodeh, th o ¥ QR SRR A E L ok 72 Y HRRBsS¥dRat er was

conti nuously teddeRlce ity rﬁﬁﬁt&{am&tlr@fuéi‘xﬂ-&ﬁm ea%&l @g_ghe reactor
was conti nuousl retur ned to the inlet and m xed with the i ncom ngﬁfeed

that th 26388rPB L2003 from agp@inciat 99T PRI Bei ¥~ A2 P3PB4ui d
coming into the reagt QhycH ?rm@éscn% P50, 870E d P £ efs Ofpr eactor) in

t he reactor was between O. When the desired tenperature of
60C was reachédtenmepd ateagrrduds: twfewtmtsesr P 9 e & comt 4@ueduand an

aqueous streagLg@ptaini %gla%ogjt o}% lt'[:yldr g opanaly ?éggsl n. The heat

of reaction was renove ange In he recirc ron [ oop.
Pressure was Hahmﬂanlee@xbyiecom i rpebest cadnly td ted of rédpairetjeni tlo cepbace

consun%i gas. %go%ggg, hyof faereod a dﬂcirOdL{edneq"&eEaethFé' o]g\;}eal Ié/héaken and

the concCentratron o dr o) Xypr ned
first-order reéctbDonor aue mnbhdrespedetpréhgdrexyptnpanahecmaﬁgetb&tlon

pai 1o 5 15 R 59037 dpkia GO PR Dt e PRI A b o ES S0 yst
to hydrogenat end- bgdeerypRP AT Nmmadd:lﬂsaioe@ﬁSgtheeraﬂfélpﬂeé@rﬁ@e
const ant, expr ssed in g its of volune of g:;u d/volume of cataly

particles/ti n@ FhEULER |eoﬁ’yrda‘t°efs°rc5"fylr,a§tleﬂry atal w3+ Fuh eaéﬂc%%%’ﬁr ed
over aiperiodoef raBaELM3C aG@hy1CHAINSdfed 2 & id it 1 £ {54 he- shel f

ni ckel hydrogenati on catal yst cont aining a relatively | ow nol ybdenum
content (1.8 REYFUCEaMAKESre AOMEadidNY af YRR iPatld yst3-- desi gned

for nore stable.Bydeaggnati 1 1o neRANal o HAEMS£9] uti on.
Results are shoag |neF| u%ggnhqi 4f%l} %{1 T)Sfa)gl e l. S n(r:be t'he rea?:%l on rate

is limted prThﬁrﬁF?Yﬁyoﬁw@rmPfafﬂﬁél GPMRANEendf ire amaitesd |ms|eeietmetﬂe<am al yst
particl es, sn@hksrwsﬁ&qude © AR Rertd %zgig‘é%é@]o% %%Jéwl%f

reaction rate constants. h strength of the catal yst part %Secr eases
with d2@reasi by ther ﬁdameo(fr@gls agREausn s idrisirorhavdaialaysi- C was t oo weak

to be extruded,y5,00,0088nGM CHd2rtPa iYL MW than 15 wts,

preferably less than 10 wt%, based on the weight of the
aqueous solution. The hydrogenation of 3-hydroxypropanal
to 1,3-propanediol is carried out as described above to

25 form a hydrogenation product mixture containing 1, 3-
propanediol as the major product, which is recovered by
suitable means such as distillation.

Example 1
Conventional 1,3-Propanediol Catalyst Preparation.

30 In a typical batch catalyst preparation, a
precipitation tank is loaded with 2200 parts of nickel
chloride solution (97-98% NiCl,), 70 parts of Microcel E

(0.8 solids), and 130 parts of alumina from sodium



26 April 2003 - 10 was therefore extruded using 0.16 cm (1/16 in) holes.
Cal cium when present in the catalyst, was | eached al nost conpletely within
a short period of time, causing fouling of the heat exchanger used for
evaporation of 5 water in a subsequent 1, 3-propanedi ol conceg%Agﬁlimgstep.
TABLE 1ABCD0.08 cm (1/32 in)0.08 cm (1/32 Kn)0.1b cm (1116 in)0.16 cm (1/16
i n)cylindercylindertrilobetrilobeafteraferafterafterfresh38 daysfresh28

daysfresh2l daysfresh28 , . . .
daysNi 35. 337. oé’;‘?f%@?@%?%&t&ﬁ%& At e 4 b Pre il Balies 11 0. 93. 55. 21. 3M

07.88.012. Onot dokd1 68630+8@. 1Q olaval 1 A £0-AE U 20006, D03 H0awai | abl eF
e0. 60. 50. 40. 50. 60. 5Na0_0000. 20. 20La0_40. 10. 1000. 1Cr ushSt rengt h2. 31. 33. 41. 71

" . 71.35.23. 11 b/ @D ed( ¥EED) dederdz efhye Rt rsRjee ot timssy. ACkh®i$9Lid 253 30
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26 April _2003 - 12 CL Al MS 1. A catalyst conposition conprising, in
solid patticulat® #br3P0c4)10aR- active nickel component in which the nickel

constitutes from 255t 9 6Q Wg%kgfggﬁéiq?fydﬁy ﬁidﬂaﬂﬂ¥§ﬁé(HExé$»i§

mol ybdenum conponent in which the nol ybdenum constitutes from5 to 20 wt %
of the catal ys¢haespdswitbn/3@nparts of technical grade nickel calcium

silicate (93-97% NiCaSiAlQ4), 125 parts of Microcel E
(0.8 solids) and 125 parts bentonite clay (0.8 solids)

10 and mixed for 2 minutes. Next, a solution containing
600 parts of deionized water and 16-20 parts of
molybdenum from ammonium molybdate solution is stirred
into the mixture, and mixing is continued for 5-10
minutes. The wet mix is then extruded through a die

15 plate with 0.15-0.18 cm (0.06 in to 0.07in) diameter
holes of trilobe form. The extrusions are dried
overnight at 100-125°C. The dried intermediate is then
reduced with hydrogen at 445-455°C to a reduced nickel
content of about 90%, based on total nickel.

20 Example 2
Invention Catalyst Preparation.

A 3.79 litre (one-gallon) plough-type mixer was
charged with 750 parts of technical-grade nickel oxide
- (93 - 97% NiO), 498 parts of Attagel-30 attapulgus clay
25 (0.8 solids), and 185 parts of molybdenum trioxide
powder (MoO3) and mixed for 2-3 minutes. A solution of
796 parts Nalco 2327, a colloidal silica sol (available
from Nalco Chemical Company), in 200 parts deionized
water was added to the dry blend with stirring.
30 Stirring was continued for 5 minutes. About 60 parts of
additional deionized water was added to the mixer and
stirring was continued for another 5 minutes. The wet

mix was then extruded through a single celcon tri-insert



(c) from10 to 50 wt% based on the weight of the 10 catal yst conposition,
*of a binder material conprising at | east one of oxides of silicon and
silicates and oxides of zinc, alumnium zirconium nmagnesium and cal ci um
each of said alum nium calciumand zinc present in an anbunjg RgrjPOPAt er
than 2 wt % based on the weight of the.1% catal yst conposition.” 2. The

catal yst conposition accordlng to cIa|n11 in which the nnlybdenum
constitutes fron16 to 16. mﬂ t he . c st.c oSi t] The cat al yst

- conposition ¢FIGH |Crﬁrit%3rn§ lﬁoﬁﬁf’c% g@ 'ﬁ E%a&fl cf‘%ghgrén g48mESR-0.32 cm

(1/8 in) in mwrﬁiﬂ’ru&atgﬁewéﬁéaﬁyﬁédC@ﬂDDBO?d Ontpacof thl)/ s Or€émedn 1, 2
~or 3 in which njckel constjtutes fro to 45 wt % of .the catal yst

conposi ti on. 2% %2 @t &t y%%rc%‘l‘rpgé&tq FPTacRR Y ny kl?i‘%ﬁlyl%n% of the

precedi ng cl ait# iidhady Che £agllc 0Ofaghds, anﬁhéaéﬁtyﬁaaﬁegrﬁéeat thBpar ~ anount
no greater than 1 wo, based on the V\Blght of the catal yst conposition. 6.
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(a) contacti Rntdhtdo AMEPUSHEEAG RN BEXI UREcRE1a tenperature of at |east
30C, 3-hydroxypropanal and 'hydr ogen in the presence of a solid particulate
cat al yst com%@ﬂlﬂl@_%orrprl sing 5 (i) an active nickel conponent in which

the ni ckel cepstdititss ¢40m o tPr Y% pof the catalyst conposition (ii) a
nol ybdenum cmpmrt—rn—v%—c)ﬁ—rh'e%m'rmm constitutes from5 to 20 wt %
of the catalyst 1 corpusdlilom pbed-(ype)nhiover 19asockarged;wbabed3bn the
wei ghtygof th%a“r%t alyste & S&IGPOEM gﬁadé’fnf‘c%{‘d& H@t gohal Og?”ﬁ&é yng at

| east one of “oxXi es of icon a silicatés an i des zi nc,”’ &l um ni um
zi rconi um 155rﬁag:raamsummmgehl 30 vt tapechgwé shadg a@ udn splngstakndum and
zi nc present g% a

nmount no ater than 2. w ased on the i ght of the
catal yst com$eS & aorﬁt St %‘hﬁ% e%‘ﬁf“aﬁﬁ%%ﬁqsd%r?)%ﬁg?r ?Wﬁ? J%é $%hg 20
1, 3- pr opanedifalr; mmﬂdlmesecoyemngtidme df37@50paﬂe§h@f Iﬁabmatbezaqueous
product m xtur ocess rdin claim i
P baenum cordiaial FEhrea tr Ge8 et by  TrEofirad Acol tarpesrefon. s.
The pridcess aec@hd rs;oHu Gh ik e OFitth | §it Whk Lhig | hengothd paitkehgswake | ess
than 0.32 cm (1/8 in) in diameter. 9. The process according to claim®6, 7

or 8 in whiclFOMGNUES HePT ol AIFERUERFpOSTRE OFET eBER %?sthﬁnaﬁHtEHPEFium i's
present in arRpadugH NAUiIrEBies whem 4. 162 . based 00.bhe-vebabtipf the

cat al yst corrp05| tion.
diameter holes. The extrudates were dried overnight at

100-125°C. The dried intermediate was then calcined in

20 air at 500°C for about 3 hours and subsequently reduced
with hydrogen at 420-430°C to a reduced nickel content
of 90%, based on total nickel.

Example 4
Hydrogenation of 3-Hydroxypropanal.

25 Four hydrogenation catalyst runs (catalysts A, B,
C, D, from Table 1) were performed in a 3.05 cm (1.2 in)
diameter trickle-bed reactor. The reactor was loaded
with 400 mL of the selected hydrogenation catalyst. The
reactor was pressurized to 10342 kPa (1500 psig) with

30 hydrogen, and a stream of deionized, degassed water was
continuously fed into the reactor. Part of the stream
exiting the reactor was continuously returned to the

inlet and mixed with the incoming feed so that the



26 April 2003 - 14 (a) contacting ethylene oxide wth carbon nonoxi de and
hydr ogen under hydroformnyl ation conditions and in the presence of an

ef fective amount of a hydrofornylation catalyst, to forma reaction product
5 m xture conprising 3-hydroxypropanal; (b) renoving 3- hydrqswgﬁqg@ogl from
the reaction product m xture and fornlng aB aqueous sol ution thereof; (c)
adding to the aqueous solution of 3 hydroxypropanal a solid partlculate

hydrogenation 1Qpeatraldist) GONRAY L GQPr 1Giguign '
conmponent in whi gh%t he&inl ckerm%onstl ,tut grsg)fdrn%r{l%gS ;Ltq)(gll C%%lryf ﬁhe cat aI yst

conposi tion; (lrﬁ)acé:qrolqﬂbdéiﬂﬁnh&brﬂybneﬁpsﬁnsﬂmtéhnt héempﬁbd@ﬁ@morﬁ in

~constitutes fr M5 Ol dihfe LAt t 0 vﬂnﬂ (g 1) from 10
to 50 wts, basgg‘on %he wei g % g‘éﬁf%%@ Qﬂ@n%%g:tlon 11A%)lnder
nmaterial conpridsisageat tleexwracme:eofofoﬁodéswefs sehicbed andtze gielaictatres and
ot des 06 i neundl WIUMBe ] LT AIRINGRIITANG At SRl ) Sal d
resen R nan W o,

al um nium cal ciumand zinc an annunt han
based on the vveloghhmnflrtdmb@axtalwt Myptmxympaml( clashe@d nigh I heTlagueous

solution of 3hydroxypropanal. to a tenperat st 30C under a
positive hydro Sﬁ%p¥’§s§pﬁﬁ§%&f°natwaise§ %" 4§°yk%§ %1 %@ngq)e, b Ptoduce a
hydrogenati on peeduet: Latdia QdﬁiprmrlP&IeMuk@WsOmﬁeﬁlaﬁJnecﬁM 30 (e)
recovering the 1, 3- %ropanedlql from.the drogenatl pr oduct nlxture
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*10%0& () --'!b6ystamQ¥kld,| &E(F)Ftheydhelf nickel hydrogenation catalyst
containing a relatively low molybdenum content (1.8
wt%). Catalysts A, B and D are invention catalysts

- designed for more stable hydrogenation of 3-
25 hydroxypropanal in aqueous solution. Results are shown
in Figures 1 to 4 and in Table 1.

Since the reaction rate is limited primarily by the
diffusion rate of reactants inside the catalyst
particles, smaller extrudate cross-sections give more

30 favourable reaction rate constants. Crush strength of
the catalyst particles decreases with decreasing
extrudate cross section dimension. Catalyst C was too

weak to be extruded using 0.08 cm (1/32 in) holes and
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(a) contacting, in an aqueous reaction mixture at
a temperature of at least 30°C, 3-hydroxypropanal and
hydrogen in the presence of a solid particulate catalyst
composition comprising
5 (1) an active nickel component in which the nickel
constitutes from 25 to 60 wt% of the catalyst
composition;
(ii) a molybdenum component in which the molybdenum
constitutes from 5 to 20 wt% of the catalyst
10 composition; and
(iii) from 10 to 50 wt%, based on the weight of the
catalyst composition, of a binder material
comprising at least one of oxides of silicon and
silicates and oxides of zinc, aluminium, zirconium,
15 magnesium and calcium, each of said aluminium,
calcium and zinc present in an amount no greater
than 2 wt%, based on the weight of the catalyst
composition,
to produce an aqueous product mixture comprising
20 1,3-propanediol; and
(b) recovering the 1,3-propanediocl from the
aqueous product mixture.
7. The process according to claim 6 in which the
molybdenum constitutes from 6 to 16 wt% of the catalyst
25 composition.
8. The process according to claim 6 or 7 in which the

solid particles are less than 0.32 cm (1/8 in) in

diameter.
9. The process according to claim 6, 7 or 8 in which,
30 in the catalyst composition, each of zinc and calcium

is present in an amount not greater than 1 wt%, based on

the weight of the catalyst composition.
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prising 3-hydroxypropanal;
(b) removing 3-hydroxypropanal from the reaction
product mixture and forming an aqueous solution thereof;
(c) adding to the aqueous solution of 3-
hydroxypropanal a solid particulate hydrogenation
10 catalyst composition comprising
(i) an active nickel component in which the nickel
constitutes from 25 to 60 wt% of the catalyst
composition;
(1i) a molybdenum component in which the molybdenum
15 constitutes from 5 to 20 wt% of the catalyst
composition; and
(1ii) from 10 to 50 wt%, based on the weight of the
catalyst composition, of a binder material
comprising at least one of oxides of silicon and
20 silicates and oxides of zinc, aluminium, zirconium,
magnesium and calcium, each of said aluminium,
calcium and zinc present in an amount no greater
than 2 wt%, based on the weight of the catalyst
composition;
25 (d) heating the aqueous solution of 3-
hydroxypropanal to a temperature of at least 30°C under
a positive hydrogen pressure of at least 68948 kPa (100
psig), to produce a hydrogenation product mixture
comprising 1,3-propanediol; and
30 (e) recovering the 1,3-propanediol from the

hydrogenation product mixture.



