A METHOD OF TREATI NG AN ALDEHYDE M XTURE, USE OF THE

TREATED ALDEHYDE, AND AN ALCOHOL Field of Invention
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downstream such as the reboilers of downstream distillation columns and heat exchangers.
1,3-propanediol is an industrially important chemical. 1,3-propanediol is used as a
monomer unit to form polymers such as poly (trimethylene terphthalate) that are used in
the production of carpets and textiles. 1,3-propanediol is also useful as an engine coolant,
particularly in cooling systems that require coolants having low conductivity and low
corrosivity.
1,3-propanediol may be prepared in a two-step process in which ethylene oxide is

first hydroformylated in an organic solution in the presence of a metal catalyst such as a
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carboxylic acid comprises 3-hydroxypropionic acid, the metal cation comprises a Group

VIII metal cation, and the method additionally comprises controlling the pH of the mixture
at a value of at most 6, as measured at a temperature of operation.

The present invention also provides a process for preparing 1,3-propanediol, which
process comprises hydrogenating a treated aldehyde mixture which has been obtained by
the treatment method in accordance with this invention.

The present invention also provides a 1,3-propanediol product.
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“solvent”, residual reactants comprising carbon monoxide, hydrogen and an olefin oxide,
and minor amounts of other by-products.

The aldehyde mixture may contain the aldehyde in a quantity in the range of from 1
to 99 wt. %, preferably in the range of from 10 to 80 wt. %, more preferably in the range of
from 15 to 60 wt. %, and most preferably in the range of from 20 to 40 wt. %, relative to

the total weight of the aldehyde mixture.
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40 wt. % relative to the total weight of the al dehyde
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may be any aqueous solution containing an amount of dissolved aldehyde, carboxylic acid
and metal cation. Preferably, the aqueous aldehyde mixture may contain from 4 to 60 wt.
% aldehyde, and more typically from 20 to 40 wt. % aldehyde, relative to the total weight
of the aqueous aldehyde mixture. Preferably, the aqueous aldehyde mixture may contain

amounts of carboxylic acid and metal cations as discussed hereinbefore.
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The basic, anion exchange resin may comprise a strong base anion exchange resin.
The strong base anion exchange resin may be buffered, preferably a buffered quaternary
ammonium anion exchange resin, more preferably a quaternary ammonium anion
exchange resin buffered utilizing a mono or dibasic phosphate or carbonate, and most

preferably a quaternary ammonium anion exchange resin buffered with dibasic phosphate.
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Pe&iGmlddedining columns on a carousel, or use of valves to switch feeds in a prescribed

manner between a number of fixed columns. When the basic separating medium
comprises a metal oxide, the carousel-type arrangement is preferred.
The aldehyde mixture may be contacted with the basic separating medium at a

temperature which minimizes the degradation of the aldehyde when in contact with the



manner between a nunber of fixed colums. Wen the

basi ¢ separating nmedi um conprises a netal oxide, the
W@ 200009858 t ype arrangenent is preferred. The aPcEhyme7/061384

m xture nmay be contacted with the basic separating

medi um at a tenperature which mnimzes the

degradation of the al dehyde when in contact with

t hebasi c separating nedium preferably at a

tenperature of from5 to 45 0C, and nore preferably at

a tenperature of from15 to 25 0OC Preferably, the

al dehyde m xture may be contacted w %{
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hretehyHat H’teﬂﬁéfaﬁn@bf @oﬂ«{ abweofc.at nost 6, nore
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| 1d¢aad mowkar , t he anmount of acid renoval and pH may

be dependent on the separating capacity of the basic
separ g‘fheﬁﬁoﬁ%td’if H}‘hca’ibﬂéyl’ﬁr?ﬁ’tﬁlﬁ?%% ed %%IP @X %ﬁ@@ﬁﬁlﬁtﬁrel and the
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used to effect conta ween t he al dehyde 'm xture
aledhe dreouphieli abdebpjeapiztvirgprespation Agntagh @/ﬂh e begip sepetatipg medium,
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duration o contacting st eE be ad|]
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wekgbe adjdstedltol edmdbthmamﬂ mmovnh:;ndbbe PH ofth@ aldeliyde Abxture.

\gglr gg; to? & e tf: %ypggrdotc & :r V\éé +n¥ ﬁ{nour% oh%asw ﬁ%%ar%msn&%edmm by weight
noHehedien td:mlgta of aﬂdthyﬂm alsupe nmyé&iront he t@ﬂijeblgm@ercent and

pre%erali)?y 1¥a rx 1 to 1 %glgt?tdpe}cggtoye t1v£ poethfgJ %Se{gﬁt gf%geaarlgethiycrl]egmixture. For
a continuous process, the aldehyde mixture may be passed through the basic separating
medium at a volume hourly space velocity (volume of aldehyde mixture feed per volume
of basic separating medium per hour) of from 0.1 h! to 40 h™, preferably from 0.5 h™ to 20
h™, and more preferably from 1 h™ to 10 h™.

Preferably, the contact between the aldehyde mixture which has had the carboxylic

acid removed to pH values as discussed hereinbefore and unneutralized basic separating



medi um at a vol une hourly space velocity (vol une of
al dehyde m xture feed per volune of basic separating
worea7omiper hour) of fromO0.1 h 1 to 40 h~\ pre¢eEUsNY061384

from0.5 h 1to 20 h\ and 8ore preferably from1l h 1

to 10 h 1 . Preferably, the contact between the

al dehyde m xture which has had the carboxylic acid
renoved to pH val ues as di scussed herei nbefore and
unneutralized basic separatingnmediumis avoided. This
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Preferably, the base treatment may be a base wash if the basic separating medium is a
solid. Prior to the base wash, the basic separating medium may be subjected to a water
wash. The basic separating medium may be contacted with the base wash for a sufficient
time and in a sufficient concentration to regenerate the basic properties of the separating
medium. The base wash may have a pH above that of the pK,, of the basic separating

medium to most fully regenerate the medium. The base wash will preferably have a pH of



Preferably, the base treatnent may be a base wash if

the basic separating nediumis a solid. Prior to the
whameonash, the basic separating medi um may bePCT/US2007/061384

subjected to a water wash. 9The basi c separating nedi um

may be contacted with the base wash for a sufficient

time and in a sufficient concentration to regenerate

the basic properties of the separating nedium The

base wash may have a pH above that of the pKb of the

basi c separating mediumto nost fully regenerate the

nmedi um The base wash w || referablz have a
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N e

SididI€akigh Exchange resin, available from The Dow Chemical Company, Liquid
Separations, P.O. Box 1206, Midland, Michigan 48642, USA; IRC76 acrylic acid cation
exchange resin, available from Rohm & Haas Company, Ion Exchange Resins, 100
Independence Mall West, Philadelphia, Pennsylvania 19106, USA; and C140E acrylic acid
cation exchange resin, available from The Purolite Company, 150 Monument Road, Bala

Cynwyd, Pennsylvania 19004, USA.



Commercially available acrylic acid cation exchange
resins include DOWMAC-3 acrylic acid cation exchange
w0 e®i7/90188/ai | abl e from The Dow Chemi cal ConpangCT/Lszpoi/ab1384
Separations, P.O Box 1206,10M dl and, M chi gan 48642,
USA; I RC76 acrylic acid cation exchange resin,
avai | abl e from Rohm &Haas Conpany, |on Exchange
Resi ns, 100 | ndependence Mall West, Phil adel phia,
Pennsyl vani a 19106, USA; and Cl40E acrylic acid cation
exchange resin, avail able from The Purolite Con'pany,
150 Monunent Road Bal a wyd, Pennsyl vani a Cg
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hours. For a continuous process,
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The first a e containin fluent may be
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GRS AGEbi, NoL Heiadely 0, i i

sepa ing e m or he
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S di um may be contacted at a tenperature of
f?(gn % &EEOC and nore preferably of from15 to 25
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aldehyde present in the first aldehyde containing effluent, more preferably at least 80
percent, and most preferably at least 90 percent. The second aldehyde containing effluent
may contain a smaller quantity of the metal cations than the aldehyde mixture and first
aldehyde containing effluent, and preferably the second aldehyde containing effluent may
contain at most 50 percent, more preferably at most 25 percent, and most preferably at
most 10 percent of the metal cations present in the aldehyde mixture and first aldehyde
containing effluent. Preferably, the second aldehyde containing effluent may contain a

total of at most 0.001, more preferably at most 0.0001, and most preferably at most



al dehyde present in the first al dehyde contai ni ng

effluent, nore preferably at |east 80 percent, and
woreev/opriss er ably at | east 90 percent. The secoPdI/US2007/061384

al dehyde containing effluent nmay contain a smaller

quantity of the netal cations than the al dehyde

m xture and first al dehyde containing effluent, and

preferably the second al dehyde containing effluent nay

contain at nost 50 percent, nore preferably at nost 25

percent, and nost preferably at nDst 10 percent of t he

netal cations present in the aldehyde m xture_an
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R R b R e
PrirO&RS SSdpaariop odmabiesd dtikemt ofatylertoxiie( Hockriadn homxide and
| hny\(/i?ong%}l ?2) are charged to hydroformylation vessel (3) and reacted in the presence of a
hydroformylation catalyst to produce a hydroformylation product mix.
Following the hydroformylation reaction, the hydroformylation product mix
containing 3-hydroxypropionaldehyde may be cooled and passed to extraction vessel (5)
via line (4), where an aqueous liquid, generally water and optional miscibilizing diluent,

are added via line (6) for extraction and concentration of the 3-hydroxypropionaldehyde for

the subsequent hydrogenation step. The organic phase resulting from the liquid-liquid



Figure 1 depicts an enbodi nent of the invention within

the 1, 3- propanedi ol process. Separate or conbi ned
waeogamasof et hyl ene oxide (1), carbon nonoxi deCEHOS2007/061384

hydrogen (2) are charged tad2hydrofornyl ati on vesse

(3) and reacted in the presence of a hydrofornylation

catal yst to produce a hydrofornylation product m x.
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The hydroformlyation vessel may be a pressure reaction vessel such as a bubble
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may be contacted in the presence of a hydroformylation catalyst. The hydroformylation
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The aqueous 3-hydroxypropionaldehyde solution generated from the liquid-liquid
water extraction may be oxidized. Preferably, the aqueous 3-hydroxypropionaldehyde
mixture may be contacted with oxygen under weakly acidic conditions effective for
oxidation of insoluble metal compounds, e.g. water insoluble cobalt and/or rhodium

species, to water soluble metal compounds, e.g. water soluble cobalt and/or thodium
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aldehyde mixture.
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3- hy drow ¥edoa® B&S’@ﬂoﬁﬁh&!ﬁ@naldehyde containing efﬂuent may contain at least 70

percent of the aldehyde present in the first 3-hydroxypropionaldehyde containing effluent,

more preferably at least 80 percent, and most preferably at least 90 percent.

The second 3-hydroxypropionaldehyde containing effluent may contain a smaller
quantity of the metal cations than the aqueous 3-hydroxypropionaldehyde mixture or first
3-hydroxypropionaldehyde containing effluent, and preferably the second 3-
hydroxypropionaldehyde containing effluent may contain at most 50 percent, more

preferably at most 25 percent, and most preferably at most 10 percent of the metal cations
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cobalt carbonyl catalyst to a water-soluble cationic cobalt metal species. The aqueous 3-
hydroxypropionaldehyde mixture was analyzed by gas chromatography to determine a 3-
hydroxypropionaldehyde concentration of 12.25 wt.% for the aqueous 3-
hydroxypropionaldehyde mixture. A colorimetric technique based on derivitization of
thiocyanate was used to determine a cobalt concentration of 77 ppmw. Titration of acidity
with a 0.1N KOH titrant resulted in a concentration of 0.051 meq of carboxylic acid per
gram of 3-hydroxypropionaldehyde mixture at an equivalence point between pH=8and9



Preparation of an aqueous 3-hydroxypropi onal dehyde
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3- hydr oxypr opi onal dehyde concent rat | or} OCSWJE}( w‘
mytammg@ﬁ pavas contacidd iy 038 wet grams of D ™ Mac-3 (a
macroreticular acrylic acid available from The Dow Chemical Company) ion exchange
resin, via tumbling for 18 hours at 24 °C in a glass vial. A separate sample of the resin was
dried via vacuum oven overnight at 65 °C to establish a dry solids content of 53 wt. % of
the wet resin. Analysis of the liquid phase after contact with the resin (i.e., the second 3-
hydroxypropionaldehye containing effluent) revealed a pH of 4.4, 2 cobalt concentration of

18 ppmw, and a 3-hydroxypropionaldehyde concentration of 11.5 wt. %.



3 wt. %etween the initial and final concentration of

3- hydr oxypr opi onal dehyde is negligible given nornal
wexpenvaresmit al error in gas chromat ography anal pSI/ESIN7/061384

this reactive internediate20This denonstrates that a

basi ¢ separating nmedi um may be used to renove 96 %by

wei ght of the carboxylic acid present in the aqueous

3- hydr oxypr opi onal dehyde m xture with negligible

degradati on of the 3-hydroxypropi onal dehyde. 4.55

grans of residual liquid supernatant (i.e., the first

3- hydr oxypr opi onal dehyde contalnlng ef fl uent) was

cont abitesdmpined UL Fihabaye saparahe PR EAAHD Mide seppsgting

@81(18{1‘%?1&)%' 9819 %GVX hCofad Srinaiid R gd #7086 RRi RO the cobalt

n exchange ' resin, via tunbling for

¥8h bnlyras’i %tby m@cdfrgnacau@ efsbe yhedroxygrapionaidghydesiglfiveto the

of a

Ruchli®s. ds%)iypl\léﬁﬁ)nglgé@g i AGHU B P e QU Rirfloh, oPLot on

theaesie (based o dry gham) pesicenaehitrative of tehaltdephinisg inahe éqcond 3-

tact wt second 3-
Vﬁ?@&@%?%ﬁﬁ%mﬂ?ﬁe%mnm'%klgP%?%gﬂéffluent) reveal ed a
pH of 4.4, a cobalt condaatplati(compiative) ppmy, and a

3- hydr pi. QN concent t1Lo
e e SRR B R S R OG DAL 0p s Bul s e
aRfhs aBntatddhizieh Sefeditahil0gs6ned igthmsrof IOTRER OGS VYA R (g ht

of the carboxylic acid a f C
A R e e S CIS S
%olﬂibgﬁ XU xRN0 & Rs VY elgubling |f(a{1I8\h©uith rheC H]Qi@awmal Analysis
drox ropi onal dehyde m xt 1of th
b S R0 A OTEoE BT CoB P hssri L Epraitfgoval of the

Qmeiyu@%&dcgm 8t htal BPaldonebatidn sremspiv)gnd 034 he
second g roxyproplonaldeh de contalnlng ef fl uent

\haéromopl yde conqeaBpoaoh 8i Vet %: 34 grams of the
First g %Xgﬁ;ﬁéb{é}ﬁ&@ﬁﬁéﬁhﬂ%vgﬁuﬁmﬁg AeyIngr B iciu@@ﬁB—

fromexanple 2 was contacted with an additional 0.5
\mdrogqumomyﬁdemme@w uAdegIad(agordq)frﬁe}@m)gﬁ{()ﬁg)naldehyde once

Ja%o gf ﬁc_é ﬂa&%&éﬁ r@HJ)Svéél' Dk Q%ﬁ‘??  h8¥ Bk R shaldeRie

hi an npany) 1 on exchange resSin, via
tmwmmeng for 18 hours at 24 0Cin a glass vial.
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cobalt on the resin (based on dry gram) per concentration of cobalt remaining in the
aqueous mixture of 3-hydroxypropionaldehyde was 96.

Comparison of Example 2 with Example 4 demonstrates that treatment with a basic
separating medium before contact with an acidic separating medium substantially improves
the amount of cobalt removed by the acidic separating medium while minimizing the
degradation of the 3-hydroxypropionaldehyde.

Example 5



Exanpl e 4 (conparative) A 10 gram aliquot of the
aqueous 3- hydr oxypr opi onal dehyde m xture from exanpl e
wa2mwasasst acted with 0.063 dry grans of DONEX¥CTS2007/061384
Mac-3 (a macroreticular aceylic acid available from
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Example 6

The effectiveness of metal oxide in a continuous process to remove carboxylic acid
from an aqueous 3-hydroxypropionaldehyde mixture in accordance with the method of the
invention is determined.

1300 grams of LDS alumina were packed into a 2-inch (5 cm) by 18-inch (46 cm)
column. Aqueous 3-hydroxypropionaldehyde mixture was fed to the column at a weight
hourly space velocity (WHSV hr!) of between 0.4 and 0.6 hr'. The aqueous 3-
hydroxypropionaldehyde mixture contained a carboxylic acid concentration in the range of

from 0.021 to 0.038 meq/g of solution and a quantity of 3-hydroxypropionaldehyde of 17



The first 3-hydroxypropi onal dehyde contai ni ng effl uent
is then contacted with a quantity of DONEX(tm Mac-3
W@ 200maenss et i cul ar acrylic acid avail abl e fronmPdhESDONW061384
Chem cal Conpany) ion exch&hge resin to yield a second
3- hydr oxypr opi onal dehyde containing effluent. The
second 3- hydroxypropi onal dehyde cont ai ni ng ef fl uent
will contain a | esser quantity of cobalt than present
in the first 3-hydroxypropi onal dehyde contai ni ng
effluent. Exanple 6 The effectiveness of netal oxide
in a continuous process to renove carboxylic acid from
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using 4 wt. %potassi um hydroxi de solution. The first
3- hydr oxypr opi onal dehyde containing effluent is then
contacted with a quantity of DONEX(tm Mac-3 (a
macroreticular acrylic acid available from The Dow
Chem cal Conpany) ion exchange resin to yield a second
3- hydr oxypr opi onal dehyde containing effluent. The
second 3- hydroxypropi onal dehyde cont ai ni ng ef fl uent
will contain a | esser quantity of cobalt than present
in the first 3-hydroxypropi onal dehyde contai ni ng
effluent. CL Al MS 1. A nethod of treating an

al dehyde m xture conprising a carboxylic acid and a
nmetal cation, which nethod conprises: - contacting the
al dehyde m xture with a basic separating nedium and -
subsequently or simultaneously contacting wth an
acidic separating nedium 2. The nethod as clained in
claim1, wherein the nethod additionally conprises
controlling the pH of the al dehyde m xture at a val ue
of at nost 6, as neasured at a




tenperature of operation. 3. The nethod as clained in
claim1l or 2, wherein the pH of the al dehyde m xture
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tenperature of operation, i2h particular a pH of at
nost 5, as neasured at a tenperature of operation. 4.
The nmethod as clainmed in any of clains 1-3, wherein
the basic separating nmedi um conprises a basic anion
exchange resin. 5. The nethod as clainmed in claimd4,
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¢ohpreitodsf terting an Aidelydo ixereicompetingd eaTporylic agid ani gmetal
Z|rco d mxtures thereof, in particular
ST 1§h m%{ilg%@%rgpnsgg The nmethod as clained in any of
€ b(ﬁlt:mﬂng_thE aldehelegiirtutdneitiad bhstnsdparatingtopadéuny.ené ont act e d
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claimed in any of clains 1-10, wherein contacting the
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present I n the aldehyde m xture. 12. The nethod as
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as c alned I n-any aims 1-12, wherein the
mahsesatmemomdwprl ses a Goup VIIl netal cation, in
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8. The method as claimed in any of claims 1-7, wherein the aldehyde mixture is contacted
with the basic separating medium at a temperature of from 5 to 45 °C and at a space
velocity of from 1 to 10 volumes of liquid per volume of basic separating medium per
hour.
9. The method as claimed in any of claims 1-8, wherein the carboxylic acid comprises
carbon atoms in the range of from 2 to 8, in particular from 2 to 4.
10. The method as claimed in any of claims 1-9, wherein the carboxylic acid comprises 3-
hydroxypropionic acid.
11. The method as claimed in any of claims 1-10, wherein contacting the aldehyde mixture
with the basic separating medium yields a first aldehyde containing effluent comprising at

least 70 percent of the aldehyde present in the aldehyde mixture, in particular at least 80



15. The nmethod as clainmed in any of clains 1-14,
wherein contacting with the acidic separating medi um

WQ @188 second al dehyde contai ni ng ef fl uent PCT/US2007/061384
conprising a total of at n34t 0.001 nol ar equival ents
of the netal cation per liter of the second al dehyde
containing effluent, in particular at nost 0.0001
nol ar equi valents of the netal cation per liter of the
second al dehyde containing effluent. 16. The nethod as
claimed in any of clainms 12-15, wherein the
3- hydr oxypr opi onal dehyde m xture is forned by
pxicetitznerg bpfréRylne sUlsasBO hyadeeak P pirevAP Bisrpd e the Kfdpde
ﬁﬁ%ﬁk!SIng 3- hydr oxypropionic acid, and a cobalt
and/ or rhodi um carbonyl conmpound under acidic
driktetnietng aatlaimaddpey eftdlpims bfl L Gvhesein thegitlehyde miature comprises
rocess ing a 1, 3-propanedi ol which process
ggﬂb¥¥§%é&5@ﬁ%$g§%ing a 3-hydroxypropionaldehyge
B XThemeeticargs clagneugn ancelideomy 11118, wvdrein ghednetdisalian emariens
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qepEeahdting agetimen inlahy ef dams 1-dB| whegein e joidiofepirhigng medium
3- hydr ox opi.onal.dehyde .m xtur.e at a val ue of at nost
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%lor?tlairrﬂn]ngﬂuent, in particular at most 0.0001 molar equivalents of the metal cation per
liter of the second aldehyde containing effluent.
16. The method as claimed in any of claims 12-15, wherein the 3-hydroxypropionaldehyde
mixture is formed by oxidizing an aqueous 3-hydroxypropionaldehyde mixture comprising
3-hydroxypropionic acid, and a cobalt and/or rhodium carbonyl compound under acidic
conditions at a temperature of 5 to 45 °C.
17. A process for preparing a 1,3-propanediol which process comprises:
- treating a 3-hydroxypropionaldehyde mixture comprising a carboxylic acid and cobalt
and/or rhodium cations, by:
- contacting the 3-hydroxypropionaldehyde mixture with a basic separating medium
while controlling the pH of the 3-hydroxypropionaldehyde mixture at a value of at
most 6, as measured at a temperature of operation, and
- subsequently or simultaneously contacting with an acidic separating medium; and
- hydrogenating the treated 3-hydroxypropionaldehyde mixture.
18. A 1,3-propanediol product obtainable by the process of claim 17.



