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WD 2004/ 041759 REMOVAL OF | MPURI TI ES FORMED DURI NG
THE PRODUCTI ON OF 1, 3- PROPANEDI CL Field of the

WO pwefogi7en This invention relates to a processPEDUSI002034581
TH1778#6duct i on of 1, 3-propanedi ol (PDO) wherein an

aqueous sol ution of 3-hydroxypropanal (HPA) is forned,

and the neutraREAdVAPAOF SVPYRIPHENBORMHE® produce a
PDO m xture that is distilled to 5 groduce urified

PDO. BackPURING BHEPRODUCEHINAN 58 xQPANERHARI es
have devel oped technol ogy for the manufacture of PDO
starting with ethylene oxide as the main raw materi al .

_ﬁi&d@f{h\éﬁﬁnﬁﬂ;ﬁﬁi de is reacted w th synthesis gas
(syn a m xture of carbon nonoxjde and hydroge

whi c?rhmywqr@w@erebw £ mBwpepss fot @QMWB?W%]Q3'@FOH$§?4}P%PDO)

S

aRnith 2B FadeoSs sk S0 SRy BhORRRRERPRES kiR, and the
tnutyaleded FRDOIS Isydsdpedated h)e;brod\uce aLPI&) Hateatimt ¥,BIBled 78,
4,873,379, and 5,053,562 from Hoechst 15 Cel anese
d’é%‘B%CFFQBrlﬁe‘éPPQ e step reaction using 2:1 (nolar)

C and about 1000 psig (6900 kPa)
pick £ thnfs e percent yield of PDO and
pr ec \Seseambcdremiasthavel ey eboped kacbtology farthemenifacingsi oS PEHO

i re weh sl anie apfs TR v R SR AR Gy R0 Wit
amgﬁl%/n:ﬁ;e%lstgas na) GanRicel8 o 8566h ARnbkide bRBBYdréFen, Alich may

syngas in the presence of
rueaxlbrta;mdchmteam vrerfgmuag af yaurgl gayor paol aﬁldat1<IOQfG1Y§§qC§fb0nS

iRl reie (e SR Rl RS R P10, Ko

freigwt i on of PDO and 3 hydr oxy propanal was quite |ow
at 0.05 to 0.07 noles |iter per _hour. Better

results were achi evedEgy" C@ﬁ*c?%ﬁs?%)q he ratio of

batonts 5. 86 Bobrioaea7hant ot en§ 33655 pphdiaienie
qgél?&gé GEdcP6e a sgg ﬁf{?qgét@cfoh%m r?ﬂtxﬁ@aﬂ@?n@)é REAED to 120°C and

Izing tert osphi ne- conpl exed "cob
mb*orquo it @098 kBa) tha@tﬁSGﬂ 78 omadé péroers yaﬁld gﬁPD@ a_ndsc

(e rsg theronke 1) PPN YRR bR P Aot vatel

ﬁﬁio@fﬁlhé@ hhESaridus atinSakPRaer & pr8hoteds. 90 nol e percent
he EO conversion was in the range of 21 to 30 34

per cdisS. Patgnts5,050:766 eag 6218418 ﬁbU@@@é@ﬁf@éP describe thy ragfgion
(9 ﬁ?r\}v\{%rs%flnga% 1n¥g% &‘Qs%ﬁéeo cé)ligrﬁgglum-contammg catalysts. At 110°C and

1000 psig (6900 kPa) of 2:1 molar syngas, a selectivity of up to 47 mole percent was

achieved but the combined rate of formation of PDO and 3-hydroxy propanal was
quite low at 0.05 to 0.07 moles per liter per hour. Better results were achieved by
increasing the ratio of phosphoric acid promoter to rhodium catalyst.

U.S. Patents 5,256,827, 5,304,686, and 5,304,691 to Shell Oil described PDO
production from EO and syngas utilizing tertiary phosphine-complexed cobalt
carbonyl catalysts. Reaction conditions of 90 to 105°C and 1400 to 1500 psig (9650
to 10,340 kPa) of syngas (1:1 molar ratio) for three hours produced selectivities in
the range of 85 to 90 mole percent and the EO conversion was in the range of 21 to

34 percent. Later work reported increased selectivity and EO conversion.
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U S. Patent 5,527,973 describes a nmethod for the
purification of PDO which contains carbonyl

whyproduse s i ncl udi ng acetals. An aqueous sol up¢DOSWN3/684581
TH1778BCDONY| - containing PDO is formed having a pH | ess

than 7 and then a sufficient anbunt of. base is added

to this Pﬁ&hﬁ,’ﬁ?ﬂ%?d&@f&ﬁ& 4 &P Ahép@¥ecafion SNBDO which
solutionrs en heated 5 to distill nost of the water
temainé tarbory] bisprodudte inchidirigrcaiglsh Agi agueaselusian jofa carbonyl-

heat.ed distill.most of .the PDO from '
SO T SV U F DA R BFS SR | B Pb PGt} gyt of
H 09 d GO S W Iufi GHEP rhifeths (Hal fol b ve PMPigsiolition. is thah &eated
process has several steps and it would be a

codistill mioal ofbe watea omtibanst hen the remamxinmbesigriobiondthegted to
ower the..c | coptent .in f . :
A o S g Py B ie B ooy S £EGRR o8 Ron Hving
Qfiowdi@artngT QfnsnttlaatihoRaréing chiygosigen atioprocaahis smeral steps
MAM32 is difficult to separate from P%Ob .é{&gllg '
dird itiwauid bon commgieid aflyaniagsitp P¥(§’1‘$ﬁ’04 met OFlt‘thl fid Joyey the
that of PDQ. | ' | oners the overall

F%@S rcy(?ntgf% 1155%)&?5&%%1?&%@{% ts purity. Therefore, it

woul d1Wwe 3D hghiblyor 2D firmg aoas uhdesired/ byogucd obths wher ei n
the MW 132 acetal could be 15 chemn Ly.reacted to

by etoralaiondnd DARSAPR oS o SO L g ftuf Sepafite from

| | i i £PDO. I
C:PPIJ by %%Prlr%gﬁgg?t{&%%usb RNRRIIRoREEY] SeSlas6ahatdf PDO. Its

Summary of the Invention In one i
doiediontowers theeoverakeotvernefR O an Wedl asitsipypibb Jasrsfare, it

upo he. process for the product] f

egd b faRbaERToeset) < RSPaRSE: Hieblhe VIR arpigpouia e
20eR AN Q¥R 1S BRRAMateHRAWHish drefird cadiiytepdratediBAn BDO. -
subjected to hydrogenation to  produce a crude PDO

Aibetpugseniciovgntionipney i teucha emicahmetBodcet al (so cal | ed
cause .t | . acetal and has a nol ecul ar wei ght of .

gilﬂnn?arﬁ’é%}fe %%—ﬁ\%ﬁgh and-1ow volatility materials,

wher &h Bné Bebeditdat, RdPredext inventiom islan edprousmeitiupoiihe process

distillation, _to produge first o head st
donibe PErgIoo BT Eepaseie. (R Verrsiapiadijecys sotfon of

i . I ' .
g?ﬁ%fcgb)g)ﬁo C?ﬁgf@{(fg@) S+ 3RA) arANEE PIP AP RE6IESted R M@RS@nation to

PDO m xture as a first distillate

hebodunet cstdecRO quirpiré sompyish P DOVaET. NS 6, aceiakisp seled

latilit terial d i i ad
Nt et RAb e
S 8AHY ARl WABrHOIRE chidg PDhniktutd it Mrisdtustalbl tsy, distillation,

m ddl € stream conprising PDO and MAL76 acetal , ang. a
steqoorthcd adirstiovathead gtaamme naTisEW WA er @@rﬁﬁmeé}lﬁgwgﬁ%‘t&nd

Lrggs(\;%:sgstglfsfélat %Ban@c%l E.{l(%l/ﬁ} }?’fﬁcégg %l((j"FijétQ,rana%r&riegfchJﬁ’_DO mixture as

e m stream which is as N
nugkt aistiBfe Solidvhs RR@n coneprisapdidOdVEY 114 akel, abdidomslatility

stream may contain up to 9 .0of PDQ.b this PDOis
dinpterialsy @dtwl@elwwwd/%%%w @Mﬁ%%ﬁ#ﬁd to produce a second
X iR BB Vb R BialeAUs VO ALdld dtfeitm
n%%%éﬁgggaﬂgéggﬁﬁggpﬁg tlgace ar%o}{}%? s of MAL76
comprising PDO and MW 176 acetal, and a second distillate bottoms stream
comprising PDO and low volatility materials. The major part of the recoverable PDO
is in the middle stream which is as much as 99.9 %wt PDO. The second distillate

bottoms stream may contain up to 50 %wt of PDO but this PDO is difficult to



acetal in the bottons stream In this enbodi nent, the
i nprovenent conprises contacting 1) the crude PDO
wWOorRoossEspri or to drying and/or 2) the dried cramEsSoDEN34581

TH177808ogt ure prior to distillation 5 and/or 3) the mddle

stream (with this third enbodi nent, another

di stillatjon woul d.be r A 176

oD Piie R LRl Phixt Bl PG pASuI pEMW

RBD) inwhé bottoime&iedhc zeolite (for exanple a nordenite

clay) at 40 to 150C to convert the MN176 cC i C
ac etlalthis emhpdiarenhle EHARTERANT SHBRIIIES c%tia‘étfpgclﬁﬁh%gu%?go '
easi Ly . Sep PO hdktuRpridrio distillation
%Vi%%ﬁ’%‘oiﬁ’eaﬁgﬁ?%gd{%’? 281&1 E?lg ggx%g g"tbher col orrl {O? 1,
Ridns By egiddistichingsvithrbis dhir emeediment, pRtherglistillation would
mnimzed. I n another e [ of, .this i [
by oaMEROP O oS ARG YO Sereal KTl R iy the
hOF : fEGb exatipR £RAbIANAE clakipatsioltd 450 acbdvert
f]?%l%g{e“ﬁ?‘gﬁ%%‘?eé’%‘ﬁfgs ggﬁeen anbinenf Zﬁ% 150C. In,
B OTWA 76 eptindicriehto, alteotatsthsmies] dpeciesrch gan begngre egsily
used to treat the.streans r.ef [ :
sanretetorn EDIQ bR Rt BRI P RGeS SURFL e plodbe il oBiher color
dﬁéin% BnfhBffes atli8lisaném et PDO isinihinzed. lielendBeD emibotiment of
th the solid acid purifier is done as a conti nuous,
fhisiogsgionot) dndfasRliasdor PsAre goripcieRih 2RaFIdJaER Safipn exchange
ractice.fo C ti i BRVAb T AinBieStQindd 50°C.
EeéF‘afY;PéﬁaHX PE b Aciacityfe, o %Hir}?g%a?]&er%? ditricult . to
SERPRE embbPitednt iseBibtridsasich he IYBOLT Greased tl tregk the streams,
| argely elimnated, such that 20 PDO nmay be distill ed
preféralgh ipacolunnwivhioh i ngsistentdo werrgsien.fat  fenRarayre qf g0 to
anot her enbodi ment, this invention provides a process
8¢ Cpr oducing 1,3 - propanedi ol conprising the steps
of : §he bOHtHHAG AMAGUEOPDOSAIxtire avithahe solid acid purifier is done as
3- hydr oxypropanal , b) hydrogenating the ice f
B-<chytiinowy prospssnel bateviss: wsiag siapdard pqipds and practice for '
1, 3-propanedi ol .. C A=Y In thi , difficult
ponaBiRRARER Sreonf il ST S8 onc I this mpuner, fiffcu
@b Sdpatae Mepuiities Fichsis the MIEL 75, Befat apdargdiyelininated: sech hat

SN may e detilled 1 WEb B T etvey SioBiehor | ng
the ¢ Ql?giger%%girﬁ%tﬁ; BisaRANeeh plovidestalrecews fo pastluainizd ,3-

formcationic exchange resin at a tenperature of from
ojianedibDOntmistpthesteps bfe MAL32 cyclic 30 acetal to

nmore vol.atile cycli cetal er degradation
B9 0d (eFaDE 3 Ad u§§‘§3€%ﬂ ?%@‘ﬁg’%@gé%&% atile cyclic
afet alyarRBHIRG R Bk deegsepatal enfopnaditst audd T.8/pritaeediol
13- propanedi ol by distillation or gas stri gglgg. 3 WO
mﬁmammmsmﬁ:ﬁﬂsomdmbwﬁmmb%’gﬁ ofif 264t ot
prefefpr d f_thi | 42 :

G i Dy SRR ot RoRmicke ARt fld 8
O B npuki€bs dlibforihesev@idatridee] ,3pedpapediclenadtere,

d) contacting the second crude 1,3-propanediol mixture with an acid form cationic

exchange resin at a temperature of from 50 to 150°C to convert the MW132 cyclic
acetal to more volatile cyclic acetals and/or other degradation products, and
e)  separating the more volatile cyclic acetals and/or other degradation products

from the 1,3-propanediol by distillation or gas stripping.



and/ or other degradation products are separated from
the 1, 3-propanedi ol as they are forned. |In another
woroae/ 00754 hi s enbodi ment, an acidic zeolite caPChES28%0B4581

TH1778'-P‘&TP| ace 5 of the cationic acid exchange resin. In
such case, the tenperature preferably is from 80 to

200C. Brief scrjption.of the i i leSrri
ver y tefpest p%%?#a%oée Pl }Seegn:eb o %‘@gfnﬁ%fs 'ﬁg %H&e g)a%rrg I%ng ? out
t%e?ﬁe?@dcﬁ ia@¢h thdisghk Weati @roRemgsach that thetvalakitedeyclic acetals

scription of the |nvention The 3- ige(tjg?xy rogﬁggl ;
anbieApthendemadation puedusts aphseparates from t tPP?{&n gsithyy are

ft resent jny [ .
Brnet! i Bt Mpcb oy S0k sfboa ity A8 JBURTLORK Bl £ ysamhace
A EH Bt BB ASrgedeSil.In3uch caSe,0bStebhRTatE e PBYerABY,is from
5,210, 318, 5, 256, 827, 5,304,686, and 5, 304,691, all
¥toR0®h are herein incorporated by' 15 reference,
WMM% for produci ng aqueous
. can al so be produced by L
hy dr@ginen’ i begoshapli sshématicheppsaatasion of eh exanplp of a simplified
catal ysts. Processes for acconplishing this result
diselajencehomsd in U S. Patents 5,426,249, 5,015,789,
B %ﬁéld B2&ripfokt 6Pk Qdvenfion 34, 778, and 5, 364,987, all of
van—c%—ar’e—lﬁeT‘eW]—T_ﬁc_ér_ﬁT)rat ed by reference, 20 A .
pr ef Bie Bilydrekimdpdml (FRAY 3quegusoviutionavhigh jsithe sagogduaterial
of the present. i nvention, i i i
e Bieps Semationrrre peonr S bt difforhiprotRiNtne
m&gﬁ&?%%d U PalehitsICSTBIAS| 4,823 31950065562 E8,650,86( 5,210,318,
e

oXl Is hydrofornylated in_a reactor such a5 2
5;256;8%7,@30%6869@@@,3%%(1 all o phigh 23 Beret BERFHORISC BY

380 tg 34,5 . e in® oPHPA. HPA
B R e g S e

140450 BSpiotuddievyrtiydsativnef efrokimindhe prsendeaf peidic catalysts.

catal yst at a concentration of 0.05 .t [.gBtin. -

Beacexsus For e PG TS0 e Ao L B p e R 26.249.

D4Hl59R0 4V} 244103 778201 ] 9956479, uds 365,991 ellesfaitish are herein
a’sm

éXtracted w't amount of water at ‘
Wedoggorsted bgndfereats.os ranging from2:1 to 1:20 at 5 to

55C unde n here of OStesdd Rention
cpa) AoiFbeeesd e cored oubE B phBR O Resort Rten
q?ﬁe%cﬁimrlnsiﬂspl@itéﬁmo. 3786524 cwhiah ysHeréin imotporated by miference,
recycl ed back to the hydrofor ation fr eaglt or,.. The tor such
IR is genenclly as fallpvsn Efliyiengarie (FQY syhygrofgrpypted in ¢ LF9h
of 10,10 4p wel e 00QRE{(1844 154,500 kPa) of
?@?}bﬁ%ﬁgﬁl&gﬁg%%&ta%a& ' ttI% to\'I/'@e c%gt (al yst may be ) )
AR edving athtiibBhRitogaus cabbuionnxide oFPA thy Sdraf 50 to 110 C
known nmeans including first axidizing the.ca .
tin ée PrESERYS Alp hxdra@mv{fiflﬂlg Caé%ysta?‘é F8°ﬁ9°88&§§%h%fﬁdg%§{° 3 Weight
resi The ] Y98 sS8&hh My be a weak or strong
RS- 6‘%1&98%?2%3@& ey Exanpl es i ncl ude AVBERLYST
15, 3fhe ldebfMNMasl B reaction effluent is preferably extracted with a small
amount of water at water-solvent ratios ranging from 2:1 to 1:20 at 5 to 55°C under
an atmosphere of greater than 50 psi (350 kPa) carbon monoxide. The solvent layer
containing more than 90 percent of the catalyst in active form is recycled back to the

hydroformylation reactor. The HPA is extracted in the water layer at a concentration

of 10 to 45 weight percent.
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5 AMBERLI TE I R-118, | RC76, A1200, DOWEX 50 x 2-100 and
5 x 8-100, XL-383 and -386, plus Bl O RAD AGGOW X2 and

WOMBERSER 252H resins, or other strong (sulforCDPSHe3/eB4581
TH178PGleak (carboxylic) acid resins (AVBERLYST,

AMBERLI TE, DOWEX, BI O RAD and AMBERSEP are

trad qrmrckﬁ)yst Afay Bk ré&BbNddatdng eid @cﬂle@ﬁs §d1@t1<ﬁpéf9_c‘{11@|§ by any
sol ution of 3-hydroxypropanal, t ueous

slmownurmans mChyimg)@@h axidizingrthe eatakygt a9d thenr Iierr@crnxgut utpjzing an

on ove 0 | s 1.
bt P ERHap O 1o T B erd® S hoa D ¥ L SHER AT Wi agid o
kdRehan@t resity Bixag@les 1ﬂ'dlﬁdeh§(MBMT @Sl 35§lhﬂd1 XN-16Hn be
t hose descri 524, which is
VBRI R R a TR o 120 b BT 5D 3et-0 et i ool QPSR -363

re[n[da%%r Hi3 BI& ltiAU‘RE}%vﬁX’é Qfl&‘%l\g‘]rhnﬁﬁﬁbl’ Z%QFE}LI*%ns or other strong

henl i'num ~or pal nitra
hydﬁﬁggmawuﬁmek(ﬂﬂh&gﬁmpmydaﬂnﬂﬂeméﬂEELYﬁﬂ‘ﬁ@dBEKLHﬁﬁ

D b e AN R afme R ve . component s

\?v; :3 2 r&%ﬁ &Xﬁﬂrél&aﬁ@ﬁ BP{h% aﬁ@eo‘h@ !ﬁﬁﬁo@éﬁéﬁhm&;ﬁopﬁaﬂ gll#]é Yueous

entrained lig (I ow boi ling) sol vent
hsoghioy iviydaogeneted! Bhis mylbemgl)rledmpuby hiydrogeratien over a fixed bed

S eropEfa Ry E S Lovss 2ph G ERY S B9 o

Owdt n AT h;ldk@gdneflo@@tmﬁ chPbd aBofthéRABscritdiis Y S.
Acetal To carrﬁ out the second enbodi nent of this

|5ﬂ/%6aiz4owhloﬂ1hé ereineicerpotedhygeiseance dpelading catelysiseof a group

|
VL PR Wi B, BN DAGELE or SR
Viy@kakeamibntis gref@dbliytopndidtedie 4PREOBECE 2l te samipebadredbove

can_exhi bit hi gth | evel s_. of MW 132 C%‘le i C ace

al .
i Prptgravty incregsed toildfip 113/ Cite crpnyeagert eéctémbo F?’ﬁt’t"g PDO

r [ [ t n.
SR S oK e g gt ebigr,

y
. nentraine OlightHQ vObo #Hn@Hs dizenDokdl HBDyHRLetlaN10 @ boflow) ahpurities.are

B RS ST B FED P ROOS ate Thr

URORls@ Sépfrfad @lﬁrﬁige&istll%@ﬁﬁpﬂﬁ"ﬂottgﬁs SfreddyV 132 acetal is
known to be nuch nore volatile than PDO. The

f MIW 13 Aegtdlor nul a expl ai ns the dehydration of MAL32
acet afo éa?ryf Sk su:gogd S}IQ(YAiI%QIﬁ-Of this invention, the dried crude product

stream (of the distillation), containing MW 132 acetal and PDO, is treated as
described below to recover PDO in high yield and high purity. Crude PDO as
described above can exhibit high levels of MW132 cyclic acetal impurity. This
impurity is undesirable and limits PDO recovery efficiencies during subsequent
distillation. It can form by reaction of PDO with HPA.

. N

Reaction #1

+ 0O O
HO/\/\OH )k/\ e —— + H,0
- oH H></\OH 2

PDO HPA MW 132 Acetal



10

15

20

25

1, 3-di oxane cyclic acetal (EDCA) that can be readily
separated fromthe PDO by 5 distillation. Acidic

wQemhiosess and acid form cationi c- exchange resPCEUSBOZ 084581
THI77@EcUsed for cobalt renoval) can be used to purify PDO

vi a reaction of MAL32 acetal to form EDCA: Reacti on

c fu 33103&;6%1?%% %18 n% ?lgcgécte}%g Iggg? %Jﬂ'gzﬁ upBﬁ %cﬂrc'aﬁﬁfzed

$X6mb6sitidDo TN E82 chtaDiBrkﬁlawhed bevirtuh amrauolatlredhan PDO The
cationic exchange resin |t

folnwing formuloekrpng ecichy igtion 8@4@1&’5 E%Mﬁ Zisthyone-
L? @nggge §)9 @é%&gpﬁﬁﬁﬁﬁ ) Y é'aﬁ%e‘”i‘@é%ﬁ ?se RatPEAm HRIPDO by

i ne renoval of t Vi a
Gonteioh ecidicsebliteatndacid foru eatiosie esthange tersnrpp(strfp@ agased for

such as nitrogen or ste ncert
eballeroneDAsa RS bt TTAY PO Wi asn b SAVL EhdeE 16 R
@Ait.ned in the sane processing unit to separate
reactants from products as they are forned, may
Remdtioy #2ny of the well known methods for conducting a
"reactive distillation." Alternativy an inert gas
suclrasyi trogen may be used to strme reaction
m xgures! (concerted SIIIZFEI ng and rxact ipn) of t het H20
Qtile degradatigpn  product o}%&Z acet al
(ED@E%%\@HS prevent reformatidh of 132 via 20
chem cal equilibrium Use of water vapor (steam is a
commn tgppggerm al practice for provighay process heat
and an'inert stripping gas. In this case, the

St ri R thd diedpRlerPIOO R ednthinirtgthe smlrplplg QEWd A gyclic

unit as the reaction of MV 132 acetal . The
proliecotisiel wihay aeddant 6l SifuRacret or af fog Rl

8&1 | GRLi6 Wg gézvlé)mthet Ba® o [EE KRk EsHRkvl BEVE Borttheconversion of

presence 0 acetal. In-this manner, the_ 25 °
aawHBRatdtano BDCr This sitmisymetbiredaeith wmayplef the EDGH wig

h fie
ot RO e e e TS EREbRH oRhaCt

di st 'golné'érteﬁrﬂlstﬂl%ﬁﬂﬁ) hitbieh &b whaei diktidtiatieh yrdckactimctre on
and distillation. 6 WD 2004/041759 TH1778-PCT

RGWLLISA DB G3MS moqesm%wé? 9l SCDAAIE AFACiIsS FRmmIoqusts as they are
2{“%1? T n S%g@boé/reéln ]?«{]wglfl 15\ &%?Bﬁékor(&)ndmg% 'reactive -

anounts of water are generall
Ftﬁﬁﬁl%ﬂén du@etrativélpconpee kes smehaymltrogsromy ibe rs¢dntotstrip the -

fxgzlg:égﬁ g%%t%%i%q;@;ﬂgﬂ %Sﬁ%@gtag ‘rieaﬁ'rb ‘3 ﬁ]heggo{eeva ‘fmgezgradatmn
IR0 PR o0 oy By hoaturse e
chemical equilibrium. Use of water vapor (steam is a common commercial practice
for providing process heat and an inert stripping gas. In this case, the stripping is
again conducted in the same processing unit as the reaction of MW132 acetal. The
reaction products are removed as formed in order to drive the chemical equilibrium
to eliminate or reduce the presence of MW132 acetal. In this manner, the
combination of acid-catalyzed reaction plus stripping in the same processing step

effects reactant-product separation in the same manner as the "reactive distillation"

combination of acid-catalyzed reaction and distillation.



10

15 -

20

25

30

dehydrated to highly volatile acrolein, which is
readily stripped or distilled fromthe reaction
wOorRoos4859 Regar dl ess of whi ch nechani sm dom naP@BUS100&034581

tai77spemcerted acid- catalyzed reaction with separation

(distillation or stripping) of volatile reaction
products results i MMkBRrlovRIuge t Y
of 1?183"6F%’dw% T ouﬁ%'&oc%{;@}és?ﬁlg rg\(ersréi I ation or inert
M98 38 b dtAPHBFe Ve, sreglUamethtt of daﬁex/aretghnerelﬁuemes@m due to

syt et 1 R b g
d via th

RO R L PO e Badeasan b

rb@salof fhafttonvic Hlmgmfﬁrmxd: hﬁhhgslenlnmr, magi then bofithet ed

separ ati on uce Vit

it mlgm@iq@? SR PR pong TRl of BRNGEPAGR e

lﬂﬁ&hﬁﬁ 1h ldefiffest th Jc5ﬁ6értedmcxd-
r%%é é?lg yat F%E&?H@%ﬁ?& 20C1S Cont act |SngeW|

da%yzredG:aicablys/ith|sspaeat(dne(|dls(e,18nmnﬁr§@pmg)%Vg@tlieor,eathn
conti nuoys .col u usi k

wrRdURsTESHS if Ag ﬂ%m@gwﬁ SHEy PR RtadEEDA),
GO diddnARalR hnenB%ﬁs ipSiey; i§ enjuired kovdrivet the Oherical20C
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contacting times or weight hourly space velocities could be used. For either system,

the combination of temperature and contact time with the solid acidic purifier (acid
form cationic exchange resin or acidic zeolite) must be optimized to limit the
production of undesirable color-imparting impurities and to minimize the production

of dimer and higher oligomers of PDO.
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International, Inc. and ExxonMobil Corporation. Additional examples of suitable
zeolite catalysts can be found in U.S. Patent Nos. 5,762,777, 5,808,167; 5,110,995;
5,874,646; 4,826,667; 4,439,409; 4,954,325, 5,236,575; 5,362,697, 5,827,491,
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hereby incorporated by reference.
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pressure and 143°C bottoms temperature. Ethylene glycol (EG) and butanediol
markers were added at about 1 wt% to assist in assignment of relative volatilities.

The results (Table 1) show both the MW176 acetal and C5 diol to be heavier than

PDO. Good agreement was obtained between measured vs. reported relative
volatility of EG vs. PDO which indicates that equilibrium was indeed approached for

these measurements.
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cyclic acetals, in this case, MN 102 acetal.
1 Reported relative volatility EG/PDO at 230°F (1 10°C)=2.16

2 t=distillation "tops" or "overhead product"
b = distillation "bottoms"

The MW102 acetal formed upon acid catalyzed decomposition of MW176
- acetal is known to be much more volatile than PDO and hence can be readily
separated from PDO with high efficiency. This result was expected basis the absence
of hydroxyl groups in MW102 due to condensation elimination. While we do not
wish to be bound by a specific mechanism, the following reactions may explain the
degradation of MW 176 acetal and formation of MW 102 acetal (that can be readily
separated from the PDO by distillation) and also the formation of MW132 acetal as

observed in the experiments.
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The crude PDO stream containing the undesirable MW176 acetal is treated
with an acid form cation exchange resin or an acidic zeolite or soluble acid under
conditions which favor the reaction schemes shown above. Batch or continuous flow
processes may be used in any manner providing intimate contacting of the liquid
stream with the solid acid purifier or the soluble acid. Typically, continuous
contacting in a fixed, fluidized, or expanded bed will be preferred commercially, in

either downflow or upflow operation or via a horizontal contactor. While the optimal
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" temperature treatment with the zeolite at 150°C overnight resulted in elimination of-

MW 176 with formation of 2-methyl —1,3-dioxane. However, formation of poly PDO
(di-1,3-propylene glycol) and higher oligomers occurred at higher concentrations
than the original MW 176 acetal. Overall purity and yield was thus reduced, though
the more difficult to separate MW 176 acetal was eliminated.

Additional timed studies were conducted at 100°C using the USY H+ form
zeolite. The results show reactive conversion of the MW 176 acetal, especially the
first gc (gas chromatograph) peak MW176-1 which reacted to virtual completion
within 5 hours (MW 176 acetal shows up as three peaks in gc/mass spec analysis; the

dominant MW176-1 peak described in Table 2 readily vanished during acid
13
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treatment experiments, while a second “isomer” appeared to be unreactive). Unlike
the earlier test at 150°C, at 100°C the reversion was selective with no measurable
formation of di- or tri-1,3-propylene glycol via condensation of PDO.

A mordenite sample was inadvertently first tested in sodium form overnight at
150°C, giving copious amounts of new heavy ends byproducts, presumably via
degradation of PDO. A sample of the acid-form mordenite heated with the same
PDO overnight at 60°C showed, however, essentially complete elimination of the

. MW176 acetal, with formation of the same 2-methyl-1,3-dioxane (MW102 acetal)
and MW 132 acetal impurities as observed with the USY type zeolite. The reversion
was selective as no additional byproducts were observed. The performance of the
acid-form mordenite was thus comparable with that of the USY acid-form zeolite.
These results indicate an optimal temperature for complete or partial removal of the

MW176 acetal, with minimal degradation of PDO to other byproducts.

14
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Example 176-2
MW176 acetal impurity with a strong cation acid ion exchange resin (Rohm
and Haas AMBERLYST A35) at room temperature. The results shown in Table 3
indicate degradation of MW176 acetal, with formation of MW1 02 acetal, MW18
(HyO), and MW132 acetal.

Table 3: Preliminary PDO Treatment Over A35 Resin at Room Temperature

Yowt

Name MW Start End
2-methyl cyclic acetal 102 0.00 0.10
cyclic acetal 132 0.05 0.29
cyclic acetal diol 176 0.24 0.01
Water 18 0.02 1.02
PDO ( 76 99.47 98.39
- | Other o o162 . 0.02 "0.00
Other o L 176 | 0.02 ' 0.01
|- 99.81 99.83
mole bélance 1.31 1.35

Solid acid treatment of PDO tainted with MW 176 acetal can degrade this
impurity into lighter components (MW102 nonhydroxylated acetal) which are readily
separable via distillation. Strong cation acid ion exchange resins can revert the
MW176 acetal at room temperature. Acidic zeolites can also revert the MW176
acetal at a higher temperature. At still higher temperatures (as demonstrated for
150°C), PDO is condensed by the acidic zeolites to poly 1,3-propylene glycols,

leading to yield loss and lower purity.
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W(P@BAWS@S/ 034581 Exanple 176-2 MM76 acetal POPUSI0DI034581
TH1779%th a strong cation acid ion exchange resin (Rohm

and Haas AMBERLYST A35) at roomtenperature. The
I35, Y in Table 3 indicate degradation of MN
11 (o a{ix% mati on of MAN 102 acetal, MNVW18 5

HZ =110 1) 2 .acetal . le 3. Prelimnary PDO
M L fuist e isting, Tenper.at ur e,4 -
bt o 30 RS eSS fotlowing

Nae MRS(PEER

G rEmaeR v didRDatfdR0WAR 48\ drhs ABEARS gdﬂnbérl}YSG A.183465i01
Wat er 180. 021. 02 PDO7699. 4798. 39 O her 1620. 02" 0. 00
Srérey dcid hronatioic 9gctgngemsgrunder a nitrogen atmosphere for 3 hours at

100°C with minimal separation (stripping). The treated material was bright yellow.

MW 132 acetal was reduced only from 3.2 wt% to 2.6 wt%. The treated material was
distilled and successive distillation cuts showed reduction in MW 132 acetal from
11% to 2 wi% but formation of up to 2700 ppm acrylate by the final cut. Excessive
formation of acrylate can be expected because of the strong acid treatment which
freed 3-hydroxypropionic acid, thus giving maximal ester and ultimately acrylate
formation. This example illustrates that no significant MW132 acetal removal was
observed for the resin treatment in the absence of concerted separation (stripping or
distillation) of the volatile impurities.

Example 132-2

Acid Resin Treatment with Concerted Stripping to Remove Acetal:

The results of this experiment are shown in Table 4.1 gram of vacuum dried
A15 strong acid resin was added to 10 grams of the PDO distillate containing
1.38 wit% MW 132 cyclic acetal from which a majority of the water had been
removed by distillation. The sample was heated via a metal block heater to 100°C -
with vigorous nitrogen stripping (concerted stripping) as evidenced by an expansion
of the liquid by about 10 volume percent. MW 132 acetal was readily eliminated with

formation of significant quantities of di- and tri-PDO via direct PDO self

condensation.
Table 4
MW 132
Time Acetal di-PDO tri-PDO
Sample Hours wi% wt% wt%
167-9 0 1.38 0 0
194-1 1 0.345 0.548 1.356
194-2 3 0.017 3.009 1.934
194-3 5 0.012 6.667 1.997

17
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2004/ 041759 TH1778-PCT PCT/U82003/034581 MN 132
Exanpl es Exanple 132-1 (conparative) Acid Resin
Treatnent Prior to Distillation This experinent
entailed treatnent of 1500 granms of crude PDO
following 5 water renoval, via distillation, with
43.5 grans dry Al 5 (Anberlyst Al 5 resin) strong
acid formcationic exchange resin under a nitrogen

at nrosphere for 3 hours at 100C with m ni mal
separation (stripping). The treated material was
bright yellow. MN132 acetal was reduced only from
3.2 M%to 2.6 % The treated material was
distilled and successive distillation cuts showed
reduction in MV 132 acetal from10 11%to 2 wt % but
formation of up to 2700 ppm acrylate by the final cut.
Excessive formation of acrylate can be expected
because of the strong acid treatnment which freed

3- hydr oxypr opi oni ¢ acid, thus giving maxi mal ester and
ultimately acrylate formation. This exanple
illustrates that no significant MM32 acetal renoval
was . observed for the resin treatnent in the absence
of concerted separation (stripping or 15 distillation)
of the volatile inpurities. Exanple 132-2 Acid Resin
Treatnment with Concerted-Stripping to Renove Acetal :
The results of this experinment are shown in Table 4. 1
gram of vacuumdried Al5 strong acid resin was added
to 10 grans of the PDO distillate containing 20 1.38
wt % MWV 132 cyclic acetal fromwhich a nmajority of the
wat er had been renoved by distillation. The sanple
was heated via a netal block heater to 100C wth

vi gorous nitrogen stripping (concerted stripping) as
evi denced by an expansion of the |iquid by about 10
vol une percent. MWN 132 acetal was readily elimnated
with formation of significant quantities of di- and
tri-PDO via direct PDO self 25 condensati on.

18
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Table 4 Tinme MV 132 di -PDO tri-PDO Sanpl eHour sAcet al
wt %t % wt % 167- 901. 3800 194-110. 3450. 5481. 356

wap4A8059173. 0091. 934 194-350. 0126. 6671. 997 1NCENIS2003/034581

Table 5: Resin Dry Stripping

2004/ 041759 PCT/ US2003/ 034581 TH1778-PCT This study
was repeated with a different distillate. 1 gram of
dry Al5 resin was used to treat 12 granms of PDO
distillate. The MW 176 (a higher boiling cyclic
acetal) and MW 132 acetals were elimnated. D - and
tri-PDO formed in significant quantities. The results
are shown in Table 5. 18 WD 2004/ 041759
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Another similar experiment was carried out using 5 wt% of M31 strong acid
form cationic exchange resin (macroreticular resin). As in the previous experiments,
the amount of the MW 132 acetal was decreased and PDO dimer was produced with
contacting with acid catalyst and with concerted nitrogen stripping. The results are

shown in Table 6.

Table 6: Acid Resin + N2 Strip

5% MW 132
resin Time Acetal di-PDO
100°C Hours wit% wt%
Catalyst
none 12 2.865 0
AlS 12 1.509 10.427
M31 12 1.024 10.316

Example 132-3

Acid Resin Dry Stripping with Subsequent Redistillation

A twice distilled PDO product sample exhibiting a visible light yellow color
upon testing for color body precursors was contacted with 5 wt% dry A15 strong acid
form cationic exchange resin with nitrogen stripping for 4 hours at 105°C. MW 132
acetal was virtually eliminated while 1.7 wt% di-PDO was formed (Table 7), giving a
gc (gas chromatographic) purity of 97.9 wt%. The treated sample was redistilled at 9
mm Hg (1.3 kPa) in a small 2-ft (0.6 meter) concentric tube column with a bottoms
temperature of 121 to 123°C. Distillation showed ready separation of di-PDO from
the PDO distillate. Distillate cuts were substantially reduced in MW 132 acetal with
the gc purity approaching 99.9%. The color test now gave only slightly yellow tint,

indicating a reduction in the amount of color body precursors.
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concentric tube column gave the distillation cuts shown in Table 8. Again, the acid-

resin stripping eliminated a significant portion of the MW 132 acetal such that - -

‘distillation overhead products free of this impurity could then be produced. Di-PDO- -~

formed during the resin treatment was readily separated by distillation. The purities
of the final distillate cuts would have been quite high if not for progressive formation
of MW 102 acetal (2-methyl-1,3-dioxane), which is known to be more volatile than
PDO, during the distillation. Yet another distillation would have rid the product of
this impurity.
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Example 132-4

hﬁorgéhic-solid acids“suéh as silica-aluminas or zeolites are more amenablé to S
commercial use in a mtrogen or steam stnpper However their act1v1ty in dehydratmg
beta—hydroxy cyclic acetals such as MW 132 is poorer than the activity strong acid ion
exchange resins under comparable conditions (Table 9). The highly active resins, on the
other hand, make more di- and tri-PDO as byproducts. These oligomers are not believed
to be color precursors, however, and are more readily separated by distillation than the
original MW132 acetal. Temperatures and reaction (contacting) times preferably are
optimally adjusted for the acid form cationic exchange resin vs. the acidic zeolite to
maximize MW132 acetal reversion to PDO while minimizing the formation of other

heavy impurities.
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and low volatility materials, and the first distillate bottoms stream is distilled to
produce a second overhead stream comprising high volatility materials, a middle
stream comprising 1,3-propanediol and MW176 acetal, and a second distillate
bottoms stream comprising 1,3-propanediol and low volatility materials, wherein at
least one of the crude 1,3-propanediol mixture or the first distillate bottoms stream or
the middle stream is contacted, prior to drying thereof, with an acidic zeolite or with
an acid form cationic exchange resin or with a soluble acid to convert the MW176
cyclic acetal to more volatile materials which can be easily separated from 1,3-

propanediol by distillation.
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can. be easily separated from 1,3-propanedi Ol
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boiling impurities and form a second crude 1,3-propanediol mixture,

d)  contacting the second crude 1,3-propanediol mixture with an acid form cationic
exchange resin at a temperature of from 50 to 150°C, preferably from 80 to 120°C, or

with an acidic zeolite at a temperature of from about 70 to 250°C, preferably 90 to
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vol atile cyclic acetals and/ or other degradation

w@e@dioet’sd fromthe 1, 3-propanedi ol by distil|BCT/082003/034581
THITG&BCEt ri pping. 5 7. The process of claim6 wherein

steps d) and e) are carried out together such that
t MReEQtcddnkert EeWC 1 3L Sclit Scasldo dior vbRfileds ok @sktdlPid/or
products are separated from the 1,3-propanediol as
t pidgr damsadaipnprpdugs, alle process of claim 6 wherein the
s con
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The process of claim6 wherein the second cru
173- prBpBieeess of clgim dyhersia stepy il ik Y drafarned rrzé ogether such
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reaction at a wel g y sp ce ve
atheut 3-Propabaliallas tiey bie fomedThe pr ocess of claim®é6

the .further, step of d| t|II t he
o op ahBHPYREsS0§ i Arhedtia T & LiSebuimedipbpiture is
ggéﬂta&ai WitR We datissic EREHIRSE ﬂ:%maor the fe%ﬁre Batwisd BP fidh about 1

to about 5 hours.

9.  The process of claim 6 wherein the second crude 1,3-propanediol mixture is
contacted with the cationic exchange resin or the zeolite in a continuous reaction
vessel at a weight hourly space velocity of about 0.1 to about 10.

10. The process of claim 6 comprising the further step of distilling the 1,3-

propanediol to separate 1,3-propanediol from high boiling impurities formed asa. .

. result of step d).
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