METHOD OF RECOVERI NG CARBOXYLI C ACI DS FROM DI LUTE AQUEQUS STREAMS
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Both acrolein and acrylic Acid (AA) are conventionally produced by gas-phase

catalytic oxidation of propylene, There are also reports in the patent and open

literature that with suitable catalysts, propane can be used as a feedstock in lieu of

propylene.

15 Inacrolein manufacture, the reaction is typically carried out in a single-stage reactor,
optimized to selectively oxidize propylene to acrolein, with a minimum of
byproducts. However, some over-oxidation occurs resulting in the production of AA
as well. In AA manufacture, the reaction is typically carried out in two stages,
oxidizing propylene to acrolein in the first stage (as in acrolein manufacture), and then

20 further oxidizing the acrolein to AA in the second stage.

In both acrolein and AA manufacture, AA is first separated from the gas phase reactor
effluent by absorption into water, resulting in a dilute aqueous AA stream that also
contains water-soluble, medium-and higher-boiling reaction byproduct impurities

such as acetone, allyl alcohol, acetic acid, propionic acid, and maleic acid.

25  In AA manufacture, the aqueous AA stream leaving the absorber typically contains
less than 40 - 65 % AA. This crude aqueous AA stream is sent to a purification
system which typically involves a series of energy-intensive distillation columns.

Because of the relatively high water content, and the fact that AA forms azeotropes
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20  than incineration, e.g. biological wastewater treatment or wet-air oxidation.

In case of AA manufacture, it would be desirable to separate the AA from the water in
crude AA exiting the absorber. Reducing the water loading in the crude AA sent to

purification reduces the energy requirements and costs in the distillation train.

The prior art describes various extraction-based processes for separating carboxylic
25  acids, especially AA, from aqueous streams. However, most of these involve solvents

are liquid at ambient temperatures, and often involve solvents whose boiling points

are higher than that of water or water-AA mixtures. This makes it cumbersome to

recover the solvent in at sufficiently high purity to allow recycle to extraction without

causing a build-up of undesirable impurities. The use of these alternative solvents has
30  the further disadvantage of requiring the handling of additional materials in the

manufaciure of acrolein or AA.



are liquid at anbient tenperatures, and often invol ve sol vents whose
boiling points are higher than that of water or water-AA m xtures. This
makes it wonhevEo®ye to recover the solvent in at sufficiPemtusgooiogte4purity
to allow recycle to extraction wi thout causing a build-up of undesirable

| mpuri ti esyelhgvi savats RESE ndirt S6Ral i AQl dertt hattdshich @nduphirBRtive
di sadvantage of requiring the handling of additional nmaterials in the
nmanuf act uwvelatlityso nfbsi mcloan separatioe imasingle-sége flaph Sompathend A orspBeyol atil e

t han AA do t h .hi gh h .r.elati . | id.i |
Sopar at | ot T o4 gt b BN PO ORI Bk By O 87
i mpur i ti eshe( RAOMKEGBGuIRSItAhindte CEMPlck PhribyMicndiredesy (dhdtactomaxt ract with

the AA. This requires that a nore conplex purification process e.%].
f r act i Dnadistillation) bampesky pyefiude golventior repyclen Widwntpiication syt W t hout
purification,,the A woul d, ac F{E’RH j Mn stdsM ting the

effici enc;‘}v 08{‘(1 He™ g@kerla H@% ért}é%? ﬁ#ﬁlﬂgﬁéﬁﬁ 0 g%/%f%éteaﬁ? ng tst]eg' car boxylic
acids as bottom streans, the alternative is to use solvents which are |ess

vol atile, pi ofder ﬁiﬁhfdt%ﬁf(ih%%cﬂﬂ& 1ié BEIdS & A stfeapfS] 8 ali@BatiVisis e@r boxyl i ¢
acids are boiled overhead, and the solvent generally is taken as _the

bot t ons s tseewminentsTwhish ewresseatitils iengk-hedingpbpy herdeleryihadds, epthei ng due
to th | atively high t i il - d
vacuum | el Bk SRR RREL Snl O Lo, boheh s HRala HEYSRAMECEL,

when {@- CoRaans i T cahNead 10 dhdriged poilgaReiyativaiorifeuling dugad dw rolativdgduci ng t he
pressure of the distillations and /or the addition of po]ynerization

i nhi bi t or bighdempesatgrestrequisgeito Roikpp (e veRLBAS e agBIm), RhYGH 25 it he art. Many
AA extract] I . I i : | ri. r

mat eri al sbm%g?ﬁt&ro\ft%ﬁg’%ﬂgﬁﬁp e@ﬁ%ﬂ% g)ol% dgf‘nﬁ;%fﬂg%%r%oc%é&@ é?&gg%l?ﬂg? the AA
sol ut i onstenderidyeap bt afitigatdenicdutiep thet edsorenofazedistilbpioss amhioc thef ur t her

conplicates the downstream purification. of AA Prior_.art related .to Acrylic
Ao sopafdliionoUR TRCER OB HIb By Geihr Girol HAIT ae HEns i Slige ih
15  the art.

Many AA extraction solvents described in the prior art are somewhat polar materials,
rather than simple non-polar hydrocarbons. Consequently, the AA solutions in the
polar solvents tend to form azeotropes, which further complicates the downstream

purification of AA.

20  Prior art related to Acrylic Acid separation using solvent extraction includes the

following:

US Patent No. 6,995,282 discloses the use of at least one heavy hydrophobic
absorption solvent having a boiling point at atmospheric pressure of greater than

200°C carboxylic acids from aqueous solutions.

25  US Patent No. 3,868,417 discloses carboxylic esters of melting point less than 30° C
and boiling point at normal pressure greater than 160°C at elevated temperature and a
pressure of 0.5 to 5 bars such as methyl, ethyl, n-butyl, iso-octyl-2-ethylhexyl and/or
octyl esters of oleic acid, adipic acid and/or phthalic acid carboxylic acids from

aqueous solutions.
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15 SUMMARY OF THE INVENTION

Carboxylic acids, especially acrylic acid (AA), are recovered from dilute aqueous
mixtures by liquid-liquid extraction with pressurized liquefied propylene and/or
propane, wherein carboxylic acid is transferred from the aqueous phase into the liquid
solvent phase (extract). The carboxylic acid is concentrated from the extract by

20  boiling-off the propylene/propane solvent, which can be condensed and re-used (all,
or in part) in the extraction step. The concentration of the carboxylic acid may be
carried out by means of one or more evaporators in series, or by means of distillation.
The recovered carboxylic acid may be purified from the concentrate by means known
to those skilled in the art of carboxylic acid processing; such means is outside the

25  scope of the present invention. The extraction and/or the concentration steps may be

carried out as either batch or continuous operations.
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Figure 6 is a process flow sheet for example 17.
10 Figure 7 is a process flow sheet for example 18.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed towards a method to recover and concentrate C2
saturated and/or C3, and/or C4 saturated and/or unsaturated mono carboxylic acids,
especially acrylic acid, from dilute aqueous solutions. More particularly, the present

15 invention is directed toward a method to recover carboxylic acid from wastewater
streams, as a concentrate that is compatible with established carboxylic acid
purification systems. Further, the present invention is directed towards a method to
maximize the water removal from aqueous C2 saturated and/or C3, and/or C4
saturated and/or unsaturated mono carboxylic acids, especially acrylic acid, to

20 minimize the energy requirements for the down-stream purification of the carboxylic
acids. The method of the present invention achieves desired C2 saturated and/or C3,
and/or C4 saturated and/or unsaturated mono carboxylic acid recovery and
concentration at high overall recoveries of such carboxylic acids, i.e., minimizing
losses to separation inefficiencies and formation of decomposition / degradation

25  products.



acids. The nmethod of the present invention achieves desired C2 saturated
and/or C3, and/or C4 saturated and/or unsaturated nono carboxylic acid

recovery wodonnmwnt ration at high overall recoveries ofCsushoastysxylic
acids, i.e., mnimzing |losses to separation inefficiencies and formation

of decorrpq Cg{e REhéd SEEE gﬁe’s\éﬁt%\ve%eﬁ dotdrtdled ARV SRENAHIBE CiRBuPR&B eNt

i nvention sat ur at ed , /or C4 saturated and/or unsat ur at ed
nmono car b(anq]dbr onsatiraed mspemibakjrl;c @:@isyd:spcmalé)r aeryligncid Gha), raecvevesdl from

di | ut t d-| t t t h d
I : qﬂefGi 23 %T%ﬁ%%éﬁ?j %gﬁq@dl"%’r%‘?%ﬁﬁw g‘%ﬁl% C}’Ir‘\?l\snéuréz& gleqiﬁg E%r;ﬁsf erred

fromthe JpREMe aﬁéﬂ@ﬁﬁrobﬁ!ﬁé) “111@1%11’1 bAbbE1ie AbME R trafiT@sd fedns thcdgdubousThe
carboxylic ac¢id is concentrated fromthe extract by boiling-off the

propyl énempasapméh@quémlvewmm (exirache Therareselic apdlisenegarvateddfram or in

e chrri ethecren S 8 B obeOREB R F aficH AR DRI Srg0C T2

of distil Ir@hseqrtaumen Eﬁmﬁelﬁee@{tﬁaﬁ&oswﬂ | ThedginGeritRiyioB ©f fherdafborsllid fcdn t he
concentrate nmeans known to those skilled in the art of carboxylic acid

processi n@laYsb@@ﬁfr’@é@HébY HieaR &fi N6 Of MOTS eYAPEIags ithierish. a8 &meanveht i on. The
propyl ene janglor, pl”h%%&%el%ﬁ%?xﬁ%y?ﬁa&@f h{a? bl Hﬂﬁ?&’ k%t h&cteﬁﬁatg hesent
atile & wat er “or t he

i nvention are nuch

pr opy I @ ne nexhdatovantonkae tskidiad by fheadiudtcarbokalic aviy ploecysings awh meank e
carboxylic acid extracts. They are also nmuch nore volatile than alternative
car boxyl i gutside dhesserpaek the RreselyBYREoRhat have been described in the pri or
art. This high volatility affords several advantages: The sol vent can be

readily sgpagatof{ Lol BSpERAOKH bEeAGkALALR L oo HABH) oty S] P! ¢

evaporatlon e so can ensed and re-used
in the extreagtdhanonsiviohaild thae eithed fwdtetrdr gy propyledd-catatam redctionont r ast, sone

of the alternative solvents described in the prior t require conpl ex
fracti onaPYRIPdyqts that may bepressm ap ﬂﬁé&&’é’xl’]& SFUEACES- ih%ly i‘fﬁgrspﬁn'f%e sol vent

fromise GREDOINNIE hAGHErAlivOlBEsxyIRAEH &ﬂaayo?lrs%m‘a%ssthwfﬁ%@ Blen N the
described in the prior art. This high volatility affords several advantages:

s The solvent can be readily separated from the carboxylic acid and other
organics by simple evaporation or flash distillation; the solvent can be
condensed and re-used in the extraction without need of further purification.

20 In contrast, some of the alternative solvents described in the prior art require
complex fractional distillation or other means to separate and purify the
solvent from the carboxylic acid or other reaction byproducts present in the
extract.

»  The solvent can be boiled-off from the carboxylic acid at mild or even low /

25 cryogenic temperatures. This minimizes the thermal exposure of the
carboxylic acid during the concentration step. This is especially important
when the carboxylic acid is AA, which tends to polymerize at high
concentrations and/or elevated temperatures. Low-temperatures during
concentration reduce the propensity to polymerize during processing, and

30 allowing a reduction in the amount of AA polymerization inhibitors that
needs to be added.

» Low-temperature boil-off of the solvent allows the use of waste heat as the

energy source to drive the separation, affording lower operating costs than if
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Propylene and/or propane are used as feedstocks for acrolein and AA manufacture,
15  and typically are supplied to manufacturing facilities in pressurized, liquefied form.
Thus, their use as extraction solvents in AA recovery eliminates the need to introduce,
store, and handle additional materials, as would be required with solvents that are not
“native” to acrolein and AA manufacture. Typical commercial grade propylene

contains, nominally 96 wt % propylene and 4 wt% propane.

20 The carboxylic acid extraction/concentration process using pressurized liquefied
propylene/propane has the advantage of mechanical simplicity. Apart from liquid
feed pumps and flow control valves, the process can, in principle, be designed with
substantially no moving parts, relying on direct liquid-liquid contacting, heat transfer,

pressure differences, and gravity flows to effect material transfers and separations.

25  Inthe recovery of carboxylic acids, especially acrylic acid (AA) from dilute aqueous
mixtures by liquid-liquid extraction with a solvent comprising pressurized liquefied
propylene and/or propane, in the extraction section, the majority of the carboxylic
acid is transferred from the aqueous stream into the separate solvent phase. The
carboxylic acid is then concentrated by evaporation or distiliation, whereby the

30  solvent is boiled away, leaving a concentrated solution of carboxylic acid, which may

or may not contain water and/or other organic species that were co-extracted into the
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gravity fﬁ]bfi/\%d‘febggelln?aé%qtohq)r‘ﬁﬁ@‘a ﬂg?uﬁhpﬁh@? & gc&ﬂ’ﬂi S%"E‘ﬁﬁ‘? iﬁf‘ S?ng?xxhr‘fﬁc 5 ?ecovery
of car boxYéén%qﬁ@dtg?ﬁﬁﬁgt?gﬁﬁ @ithef b@&édyue_a,t éﬁg.i for éﬁ%&ptiﬁ)h@ﬁl’h&ﬂiﬁbﬁe@ agueous

m xtures by |iquid- idextraction w a solvent conprising pressurized
| i quef § ed cprbopylicsarvéd, an dispesedranan treatidin dneapprapriatst mames e Ehe wRansttiye maj ority

of the carho icacid is transferred firomt.he.aqueous..stream.into the
Separat o SRS RS welkrd! RIS SAE RGNS BT by

evapor at i qie @4ticbfSbivehBdxin@bani¥dlilaRyagubiss@ikUed tar BnLOfrbRGbBURYS td EaVi ng a
concentrated sol ution of carboxylic acid, which may or nmay not contain

wat er andtosbayt hafo bpgaysightspeci es that were co-extracted into thesol vent.
The extraction is carried out at a pressure exceedi ng the vapor pressure of

t he sol ve at. the hi t te rature encount.ered in the extraction

Sect on. - e SytptaemRg T (G eR: n B e TG0 SRPR By AF STIGRRC t he
extraghi ogn$RCkdeQTor alaRional HWainL; aAGLEhRA IR e ot atiel padpesdadgei t her be
recycled, e.g. for absorption of additional carboxylic acid, or disposed

and/ or t r eafesdstpek fon thegpacsions tix rrodungribe carliyeyligaaids optheigtredyrsore faf fi nat e
water is reus or.ir i i.d e_of. I S| At l;on. The
rati o of gho c\?@%?nsg&lf% F geg%tggfl B(?Vc?ocglé Foﬁtogt%%%é%gg&rﬁe%ﬁé’gh%g)ﬁ&\ré%ég?f rom about
0.5 to 1 tendeheddtsoh@nt énbelrycybidgbithe sidv@ct@l scetién bepravid flbworliehe extract

in the concentration steps maa be condensed and re-used for additional
ext ract i ofarbaxdicacid gapdpeauriligd fiom the cpngegiraly by spnyrpfighal gacang &g as

f eedsi ook dlodl phltds Safhy ANSHLR IRURANGENLDR) RahbiRd & F@%&’-Héri@f their

precursors. ser 1s elevat ove t [~ thé extraction
section, pheultsadsasracee)acid. The means for purifying the carboxylic acid from the

concentrate are outside the scope of this invention.

Polymerization inhibitors, such as those known to those skilled in the art of AA
purification, may be added to the carboxylic acid-solvent extract and/or at selected
20 points in the concentration steps, to prevent the undesired polymerization of
(unsaturated) carboxylic acids (such as AA) that can occur at high liquid

concentrations or when subjected to heating.

The extraction and/or the concentration steps may be carried out as either batch or

continuous operations.

25  The extraction is preferably carried out in a continuous counter-current liquid-liquid
extractor column, configured to provide the equivalent of 3 or more theoretical stages

of contacting.

The extractor column may be of any suitable configuration known to those skilled in
the art of liquid-liquid extraction. However, due to the volatile and flammable nature

30  of the propylene/propane solvent, it is most preferable to use an extraction column



condensed sol vent can be recycled to the extraction section by gravity
flow The carboxylic acid can be purified fromthe concentrate by
convent i oval20maan®) e.g. those nethods wi dely practi cedPCm/ush@oosmmer ci al
manuf acture of high-purity products such as acrylic acid. The neans for

purifying I coaci S t scope of

Phi s nvant SaE R b pi O e R Ot R o B B SRR LR, hose

ski | | ed i mlsbipeefarabledd nfsdntpinrthé sodednt enthe mispeitsed pbiabedn the exhrectmar boxyl i ¢
qtration st eps,

aci d-sol vent extract. and/or at selected ,goints. in.the conce

to pr eventco{“ﬁ@’ ihBEE YR h B %feaff _ atg? %ﬁ&?ﬁ‘é‘ktﬁ#‘%?’_%@f{g’aa? BEXy¥ic acids
(such as Afdrafdat clodite®BiedsurdlallBively thé BtipJlnO REEBE Frapaidlveht tghen subj ect ed
to heating. The extraction and/or the concentration steps may be carried

out asSei trémeainhignidhat or albwistanbient senepseatarcs.osing sphient panews fesd ratiospfef er abl y
carried out. jn_.a.conti.ngous. count.er-current |iquid-Liqui. racg.or col um,
cont 1 gur ol b PovRusiEhE Ha SRR itk SV A ks BRFSR LS oot

cont acti ngy wegtextractor colum may be of any suitable configuration known
to those skilled in the art of liquid-liquid extraction. However, due to
the volatile and flammuabl e nature of the propyl ene/ propane solvent, it is
nost pr ef dhabbmcchyatigeofthe earboxgticiacid i pteferatlliaccatadshedbby tsarieswbvi ng parts
or seals for.rotatin r _reciprocating egui nt. It isg.als referable to
mai ntai n CRSTUGROSRPOEIOTs v TRE P g Rtk et st Rl ol o, to
mnimage bRgotAyR M MhichQhe filstBEBOERpOMEISH takks plABEatXbitaRIally 1&OdauiEn i S
operated at el evated pressure, allow ng t he propyl ene and/ or propane

sol vent t presenepntheieqradon andthe ghensatedioleent roanihedistipveroralgsisng sol vent :

aqueous feed rati Ok 1 - 1 i.gh I I si ng
ol vent:  Stishie ¥ 3R vigyR stovspe oSk M EE 1heRBRIRLEL BRI T, o of
t he car boxthmbyagadty Bowtfafretiald i cansaivnl ISl etbsbyreferatge tecargfout dirt | nUOUs
evaporators, which may or may not be configured as nultiple-effect
extraction and first-stage evdporation at a pressure corresponding to the solvent
15  boiling point in the range of 30° - 50° C, allowing the use of waste heat sources to
supply the energy for vaporization, and also allow the use of near-ambient

temperature cooling utilities (e.g. air or cooling water) to condense the vaporized

propylene.

When polymerization inhibitors are used, it is preferable to use the class of inhibitors
20  that do not require the presence of oxygen to be active, simplifying the inerting
requirements to ensure that the propylene-containing vapors do not become

flammable mixtures.
EXAMPLES

The following examples provide details wherein the carboxylic acid is acrylic acid

25  (AA). However, while the subject invention is especially well suited for AA recovery
and concentration using propylene as a solvent, it is not intended to [imit its
applicability to these materials. It should be apparent to those skilled in the art that
the subject invention is applicable to other carboxylic acids, e.g. acetic acid, propionic

acid, butyric acids, methacrylic acid, etc.



evaporators in which the first stage evaporation takes place at
substantially the sane pressure as the extractor, and the evaporated

sol vent fwormtona4990r st evaporator i s condensed at a phygceaisbqoombmeat ed

| ocation, allow ng the condensed propylene to return by gravity flow for
recycle tg, BXILAGHIQBelobt sihglelﬁ?a}fe RESEHRNEWeR JeRrofAbA ¥t Mlliett}fekr aCt i on
and first-stage evaporation~at pressure corresponding to the sol vent

boi | i ng pbiyshaking dihee aqreges AR Dhutlods CAAMNT) suifhribe sdleenssea glaswvast e heat
sources to supply. the ener or. vapqrization, and al so allow the use of
near - anbi é‘?ﬁa“{%gﬂ%f@’r”?f&ﬂ“g t]%‘%%q]{ol’iﬁn%}ahieﬁliqfl} afeﬁ.tﬁ.sepé’fé}te'o?h%ﬁ%\_ef) ter) to
condense Lhen\aRRid #8R REARY SRBweYIRDN TR WERIhIR WL andlfieBitd Or s are used,
it is preferable to use the class of inhibitors that do not require the
presente déteomipgée A estraciomi officiendyrgdithy partjtioning phibe otheg orgagiei r enent s to
ensure that the propyl ene-containing vapors do not becone flamrmabl e

m xt ur es. SIEXKVPLES The fol | owi ng exanpl es provide details wherein the
carboxylic acid is acrylic acid (AA). However, while the subject invention
|'s especi g} ¥ e%hpe%awsmgegé@e%ﬁﬁ@é{%ﬁywe&%&faﬁﬁe@aﬁ_ h@RsuEbNg propyl ene
as a solvent, 1t Ts not intended to limt its applicabiTity to these

mat er i al scapabledhlparbtdrsb&halpptastd apparaus. hbseprokéduretbrithe thiake &ets wdneit t he

subj ect invention is a i cabl e to of.her. carboxy] i Ci .g. acetic
acid, pr _oEi oni @SW&I““B‘EJF)?& PRuSQLP 88y fl%‘?ﬂé@?‘t))?‘? é&é‘g‘fgg?mgﬁ@e%ﬁgt he exanpl es
bel ow g si jHLQufAi SolSXitFREE LIRNSAVR o REMaft ek ik cRThdRat TIRY @nente by
shaki ng di'l ute aqueous AA solutions (AAAS) with the solvent in a glass

separ at or 9f themrepylengealindes ez thenimpstemed by gavidy phateAA85ssbndait e. The
aqueo apd organi g | d nt e | -
Salysed fo aelBrh RS R S FRRLRE W AT S FORL WIRPRASES, 1O7

t he ot her nm@ani ¢ species. In the exanpl es bel ow, single-stage extractions

wer e perfornmed usi 21%1 a pressurecapabl e .
3. After shaking, the cylinder containing the AAAS-solvent mixture was hung

15  from a stand and left still to allow the liquid phases mixture to separate.
4. A section of heavy-wall transparent perfluoroalkoxy (PFA) fluoropolymer
tubing was connected to the bottom of the mixture cylinder using tube fittings. The
other end of the tubing was connected to a needle valve, which discharged into a
laboratory glassware vacuum flask via an additional length of PFA tubing inserted

20 through a rubber stopper.
5. The cylinder bottom valve was opened, filling the PFA connecting tube with
the dense aqueous phase, which was visible in the transparent tubing,
6. Vacuum was continuously pulled on the flask. The needle valve was cracked-
open, allowing liquid to transfer from the cylinder into the flask via the PFA tubing.

25  Some foaming occurred in the flask, as dissolved solvent de-gases due to the letdown
of pressure.
7. When a liquid/liquid interface was seen entering the PFA transfer line between
the cylinder and the flask, the needle valve was closed, stopping the transfer.
8. Another flask was connected to the cylinder to recover the lower-density

30  solvent-rich phase. When the solvent phase entered the flask, low-boiling solvent
flashed-off, leaving behind in the flask the other organics.
9. The contents of both phases from the respective flasks were weighed. A

(small) known amount of water and polymerization inhibitor were added to the

10



| aboratory "shake test" apparatus. The procedure for the shake tests were:
1. Known anmounts of aqueous acrylic acid solution (AAAS) and liquefied
(pressuriwodpiahssent were charged in two different pregsurisS2eglostders. The
contents of the propylene cylinder were then transferred by gravity into
the AAAS GLAJAASE extfact %@véﬂ?ﬁle%ﬁ&n@rﬁ{eﬂoﬁgﬁoﬁ@ﬁeéﬁﬂ %e AA WRsgeskkaced in a
shaker and shaken for 5 'mnutes. 3. After shaking | i nder contai ni ng
t he AAAS- $6f Fepand mlaxmalraay\pamnhalrrgmrenmhoa oﬁtﬁa%d%ﬁ\fd IéfasesSwrb enalyzed| | ow t he

l'iquid ph S m.xt ar a ection of t.r anspar ent
perf | uor oi‘? E‘&%‘F’I{I ﬁ’ﬁ)‘q‘éleﬁ%?‘gl&}le ‘Fncty ﬁﬂflﬂbe Rﬁététloég%%ﬁﬁgéth%oﬁgﬁlgcbot t om of
t he n‘ixtursﬁecqé/sl.lnder using tube fittings. The other end of the tubing was
connected to a needl e valve, which discharged into a | aboratory gl assware
vacuum fl ask via an additional |length of PFA tubing inserted through a

r ubber 5st (ﬂxpmp]esa S iRinglgiStageA AlJitrantiondiree Aeleipdirecess Wastéwafer he PFA

connectin h th de gqueous phase, which was visible in the
transpare Ebjﬁﬁ'“rPéfie“ﬁA 9&5 continuously pulled on the flask. The

needl e val ve was crackedopen, allowing liquid to transfer fromthe cylinder

into the Tl agkau g, E%té?":sﬁ‘e%}ﬁgfo{ﬁgm% ﬁqaﬁ%g{@%mfm@%ﬁ%@sg doﬂtam \ﬁ]{h!eask as

di ssol ved solvent e gases own o essure.
l'i qui d/ | i delicdvihg{cenfpasitionagiveranweighteo] thlgbahacﬂématﬂamﬁ e$edl ine between the

cylinder and the flask, eedl e val ve was cl osed, stopping the transfer.
8. AnothergPﬁQQKhﬂés conhgg%gd to the cylinder to recover the |ower-density
SO|V€T@-FI§ﬂ% dhbase. Wenitgge, sol vent phase entered the flask, |owboiling

sol vent flashed-off, |eaving behind in the flask the other organics. 9. The

contents oﬂbcithgldases f 13A%¢ he respective flasks were weighed. A (small)

known anou ter an pl ymeri zation inhibitor were added to
t hefl ashed‘%“?’?‘aw act t Ogr/l‘évent the concentrated AA from freezing (pure

AA freezesagfolein 0.06%
Acrolein dimer 0.04%

15  The solvent was commercial-grade propylene. Single-stage extractions were run
using the “shake test” apparatus at ambient temperature and a pressure of
approximately 220 psig. Eight propylene : Aqueous feed weight ratios were run,
ranging from 0.82 — 6.08. The results are shown in Table 1 and plotted in Figure 1.
The above examples demonstrate the efficacy of using C3 hydrocarbons to extract

20 carboxylic acid from aqueous streams.

Table 1
Example Propylene : Aqueous Average AA Recovery to Extract
Feed Ratio (%)
1 0.82 19
2 1.30 16
3 1.40 22
4 2.26 30
5 3.10 34
6 4.92 45
7 5.20 42
8 6.08 41

11



55 F) and to avoid any potential dinerization of AA. The two phases were
anal yzed to determ ne the AA extraction efficiency and the partitioning of
t he ot herwonrgsewisesospeci es. Exanples 1 - 8; Singl e- St age PANUSGMASIHDN From
Acrol ein Process Wastewater Using Propyl ene As The Sol vent An AAAS

wast ewat er stream from an acrol ein manufacturing process, containing the

followng (co SitkQ .\, ' ' 0 s ter d.

Aoryl o Acid 7RSS, £ AT E ol W ot LAo-E BRI 20 ST 070756
Acrol ein Q.06% Acrol ei n di ner, 0. 04% The sol.vent was caommes gi.al -gr ade

pr opy| eneANSAHGIUS-AST; é"c’gﬁf’}‘%‘@f‘ i"@ﬁ?g‘?%?“@ W‘f}hﬁ‘E%"iaF?jy'tg e.%é@teil g%?

appar at us ' i 220 I g.

B Bt pr oy e T R S S ¥ om 0L 82

6.08. The results are shown in Table 1 and plotted in Figure 1. The above
exanpl es @pplnshgaderatiimseidre amasinfthe Silnge €3t updaratanbambkiento ext r act

carboxylic acid froma t .o T A I - 14:

P TR T WIS N (U DL (TN v

sol uti on @ﬁ sgpﬁfo@%e\t\%]ltug, %aﬁ@ﬂ%%to?ﬁ Y19 &9€ 1 AL phifieRing @r A Obethderei ght %
I1TTe The sol ve d

w th dist wat er . t was conmerci al -grade propyl ene.

Si ngl e- st tgaemtting® tiquid phases end massusilanged Were dsteakmetl e The respliaagt us at

anbi ent tenperat nd,a, pressyre approxi mately 220 psig. Eight

propy! ene%ovﬂh@é%geﬁ@@ﬁp}?é@gl ¥hts“were run, ranging from1:1 - 6.3 : 1.
The partitioning of AA between the resulting 2 Iiquid phases and nass

bal ances were determ ned. The resultgppge

Mass Fraction
Feed Mixture Organic Phase Aqueous Phase
Example AA | Water | Propylene AA | Water | Propylene | AA | Water | Propylene
9 0.015 | 0.135 0.850 0.010 | 0.005 0.985 0.046 | 0.952 0.003
10 0.010 | 0.182 0.809 0.005 | 0.005 0.990 0.031 | 0.966 0.003
11 0.002 | 0.149 0.850 0.001 | 0.002 0.997 0.007 | 0.991 0.002
12 0.051 | 0461 0.488 0.019 | 0.609 0.971 0.083 | 0.913 0.004
13 0016 | 0.309 0.675 0006 | 0.014 0.980 0039 | 0.958 0.003
14 0.027 | 0.252 0.720 0.016 | 0.009 0.976 0.062 | 0.935 0.003

10

Examples 9-14 demonstrate the preferential partitioning of AA into the C3

hydrocarbon phase when extracting AA from aqueous streams.

In examples 15-18, the process conditions and material balances were determined by
computer simulation, using the Aspen Plus process simulator, with the non-random

15  two-liquid (NRTL) thermodynamic model to calculate mixture properties, component
separations, etc. The NRTL component binary pair parameters were based on values
regressed from literature and experimental data, where available, and predicted using
the Aspen “PCES” property component estimator (based on “UNIFAC” group

contribution method) for binary pairs for which data was not available.

20  Example 15: Countercurrent multi-stage AA extraction from acrolein process

wastewater.

The wastewater stream of Example 1 was contacted counter-currently with liquefied

ropylene containing 96 wt% propylene and 4 wt% propane in an extraction column
PTODY. £ prop

12



shown in Table 2 and plotted in Figure 2. TABLE 2 Exanples 9-14 denonstrate
the preferential partitioning of AAinto the C3 hydrocarbon phase when
extracti nyoaNmmynagueous streans. | n exanpl es 15-18, POE/USL@OASDH42
conditions and material balances were determ ned by conputer sinulation,

usi ng the,A3pen E’éx}éﬁﬂ Blefaral s%ageyb%&ﬁactmgtﬁrhé BSuRAbpEARIOMH ARp! | qui d
(NRTL) thgrm) y am c nodel to calculate mxture propertles corrponent

separ at i opsessiee of 1 ThkatNREphaen(@dhesin).bi nary pair paraneters were based on
val ues regressed fromliterature and experi mant aI data wher e avail abl e,

and predicted using the Aspen " Cg% ert ent sti tor (based on
" UNI FAC" ahﬁé}fﬁs‘fé‘dfﬁ"ﬁ Wl?}ilfelddﬂ theton §d her 1? e‘?eogt" QH€a was not
avai | abl ey, fXauPhf bRmORY S5 bFyEEAL é&&aﬁ ex%feﬁgﬁ‘e tﬁﬁo?ﬁ{erc%ﬁm&@nﬂr om

acrol ei n process wastewa er. wast ewat er stream of Exanrpl e was

cont aci ed thealenser rwatarsrichrraffinat axited tlepuwttomcofghogthmne cont ai ni ng 96 Wt %
propyl ene and 4 wt % propane in an extraction col ummprovi di ng several

t heoretical stages of contacting. The colum erates wi.th t.op pressure
of 15.31 Abpdeprwpest eeéztseag%“a&athﬂ%l*mﬁ?ﬂ%ﬁ@f RR@%‘G?%PW%“?? 8 top of the
colum, a r 18 solvent fed to the bottomof the colum. The

pr opyl eneﬂa(riirl1 E&é@tvgﬁg ;p;‘l ted the top of the columm, and the denser
water-rich raffinate exited the bottom of the colum. The wastewater feed

st ream Waghaproke§ flow §Heet isidapiefed schapiniylleinahs Biguend. Trethd chleuipogt ure was
94 F. The process flow sheet is deglgct ed schematlgally J{Q j he Fi ure 3. In
t he cal cuthgtustber ohibcorghiend exBICton sisYas aptigdedion £ fQ bl s ‘Tésreﬁ\%"se Xari ed,

from gt Ooilﬁ?tr%ﬂ_{]z?clcg/ ALY Fa%%dq on"i‘ﬁ{e%'{%éc?mﬁfﬂhg b1 eﬁﬁﬁ{t%hﬁg nfinP& dhe f eed

into e SO rac e nunber of theoretic extraction stages
sol vent f dedretiadlieairadtivn s&g&s S(ﬂvént féedratia)far 4.4 1,85:1, BbJandrdt 1 solfeed wei ght
ratios, |§sho in Figure 4,

ce

d weight ratios, i$ shown in Figure 4.
Example 15 demonstrates the practicality and efficacy of the present invention for
efficiently recovering carboxylic acid from aqueous streams. Greater than 60% of the
15  carboxylic acid can be recovered from a dilute aqueous feed containing less than 8
wi% carboxylic acid, with as few as 3 theoretical stages of counter-current contacting
in the extractor, at solvent : aqueous feed ratios below 4:1. Extraction efficiencies
exceeding 95% can be achieved by a combination of a modest increase in the number

contacting stages and solvent ratios.
20 Example 16: AA concentration by flash evaporation from the propylene extract

The wastewater stream of Example 1 was contacted counter-currently with a
propylene-rich solvent, in an extraction column as described in Example 15, provided
with the equivalent of 11 theoretical stages of contacting. The wastewater was fed to
the top of the column, and the propylene solvent was fed to the bottom of the column,
25  The propylene-rich extract exited the top of the column, and the denser water-rich
raffinate exited the bottom of the column. A ratio of solvent:aqueous feed to the

extractor of 6.1:1 by weight was used in the calculation.

The propylene extract of Example 15 was sent to a heated flash chamber, where the

pressure was let-down to atmospheric pressure, with heating provided to maintain the

13



Exanpl e 15 denonstrates the practicality and efficacy of the present

I nvention for efficiently recovering carboxylic acid from aqueous streans.
G eater tWwaroBMewd t he carboxylic acid can be recover e@Crrusaro/osiokut e
aqueous feed containing less than 8 wt% carboxylic acid, with as few as 3

t heor et cainRhafiae of (SSAUIEY &S K CHTHEREARIAREIRIN Rekig pBiFk AR, At

sol vent : "aqueous rati 05 Dol ow 4: 1. Exiraction ef Ficiencies exceedi ng
95% can beclarhhaeldeﬂhebyroaesecﬁlm shattiipdepéted sehetestcallynodemwseSi dhehe nunber

contacting sta nd solvent. .ra le 1 c § by flash
evaporati%ﬂ g’ 9%’@?)@8%%%@%&??8%& WWQPEWQ?@F 2?7&‘541‘5?‘ E‘rxiarrpl e 1
was cont ao} @dtes UMY propilehs Réithth¥ibhlan mxsgoathem niGshconfoviRil that db- an
extraction colum as described in Exanple 15, provided with the equival ent

of 11 ?heekxadtehwvitktheghd. of contacting. The wastewater was fed to the top
of the colum, and the propyl ene solvent was fed to the bottom of the

colum. The.pro e -ric trac ite e top, of the.col and t he
denser wat'él- ‘?XF‘E% %f?‘%s é‘?lpfaé; cﬁﬁ ‘g?ﬁtﬁﬁ?yo‘?fptp?lgreﬁ ? H% f%tio of

sol vent . agHeRERg a%ﬁcén%a&ﬁ%a%k&l@&é&d s&ﬁn@h &erﬂve@!’roﬂ@é 91'1‘|§te Wageoused in the
cal cul ati on. The propyl ene extract of Exanple 15 was sent to a heated fl ash

chanber, whee Ahecyytiegsidcenwatation omvﬁentbamﬂwsméaela@hw&bme Wi th
heat i ng prov i.ded t o, mai tal eff ent p.the
Concent r aeERpE0E RIS FE pgtE Btreraifit. Hhis < a Rebiohednbgliba iERD; ocess

fl ow sheehodntal §eRb&iced it A RaRRtufSRe)Yini the Esbsewtﬁm@f@hﬁomn@mwoat ed AA
solution exiting the flash chanber woul d contain 1.7 % AA, 1.1 %water,

2.0 % pr opiflueniegasey. ththerreneratratscd thys ﬁﬁ@n@lﬁ W&uld)b@’?@d itean Adnpsiiiration hat
coextract t ty and
efficacy %&t% SGb%t%gleﬁﬁl?S};\%n ?g‘ﬁﬂfd b I% odu ﬁlg)?@%%%@g%eg?dc%r boxylic
aci d sol utmmmﬂ@faﬂ siesdrbet effii@ntlitteding ’lamweohﬁg sftﬁfoe affthe Aup@idig saiveant bd

concentration of greater the}n 90 % can be achi eved by aff)‘ﬁ @ 3I ngl e- st age
flash at Moderatedfperatis e alsmbeused %rmpgqﬁépocée&c%attpm eehidlidi s normal Iy
produgced (oAA manufacture, in the absorption of AA fromthe reactor

Example 17: Countercurrent multi-stage AA extraction from acrolein process

wastewater, with recycle of solvent.

The wastewater stream of Example 1 was contacted counter-currently with a
propylene-rich solvent, in an extraction column as described in Example 16, provided
20 with the equivalent of 11 theoretical stages of contacting. The solvent comprised
chemical-grade propylene required for feed to an acrolein production reactor, plus
additional propylene that was recycled from concentration of acrylic acid recovered in
the extract. The wastewater was fed to the top of the column, and the propylene
solvent fed to the bottom of the column. The propylene-rich extract exited the top of

25  the column, and the denser water-rich raffinate exited the bottom of the column.

The extract was sent to an evaporator, wherein the amount of solvent required for
recycle to the solvent feed was evaporated-off from the extract, condensed, and
combined with the make-up propylene feed. The liquid exiting the second evaporator
contained the net propylene required for acrolein reaction, along with the recovered
30  acrylic acid. The remaining propylene was separated from the acrylic acid in a down-

stream system. The process flow sheet is depicted schematically in the figure 6.
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effluent gases. If the concentrate of this exanple would be fed to an AA
purification system substantially |ess energy would be required to purify
t he AA cowpansd4t®oa conventional absorber effluent streamusSIéne/osmeti ng
effect of the vaporizing solvent at noderate tenperature can al so be used
for procesg kQ@lcbfhioR; Be phRitRhAIUFhEHhpREnSBESFeen XA TBhRerde/extract
Countercurrent rmulti -sfagg AA extraction from acrol ein process wastewater,
wi t h r ecyeheétisfaguetuseafifina®isas@sibewat er stream of Exanple 1 was cont act ed
counter-currently with a ’_g&yl ene-r_'&ch solvent, in an extraction colum as
descri bed in Exanpl e 16, Ak ded witk e equival ent of 11 theoretical
stages of @gphircAding. Thez20f vent g@yprised chemical - grade propyl ene
required for feed to an acrol ein production reactor, plus additional

propyl &ne Mudgic el recycbé&efrom c8hd&ntrati on of acrylic acid recovered in
t he extract,. The wastewatjgr,was fed ;t,p, the top of the colum, and the

pr opyl ene ég?r\ll%‘ﬁ‘fl\g?ed toﬁgﬁéy\ﬁottoﬂll'gfﬁ’the col um. The propyl ene-rich
extract extlgtAlda@ok op ofiophe col ugn,i%and the denser water-rich raffinate
exited the bottom of the colum. The extract was sent to an evaporator,
wher ei n t hAcedgiant of soP¥dit requP¥&d for recycle to the solvent feed was
evapor at ed4Qf f; ..f r t he pact, c nsed, and conbi ned with the make-up
propyl ene fxglteoé'?lh‘ijﬁ{e}érl i qu?%%e/(;i ti ngatwﬁ/g second evaporator contained the net
propyl ene required for acrolein reaction, along with the recovered acrylic
aci d. (g heneBRirdtt BEo RHMRYE 6136 weswaRpar ated fromthe acrylic acid in a down
stream system The process flow sheet is depicted schematically in the
figure 6. At these conditions, the partitioning of the conponents between th
p ropyl en&xampleddtdeandstrdies thqpooticalitahid efficacyi of thespressnt swsntiExior act

! ¢ X o 0 X ) S o ” ; 0
7Rilf f4:)/0n at eeé%ge\{'ﬁﬂlygecé%gngggdr 0{?}’ ic %c/fdl\fﬁ)ln? Iaél:uer(L:lls gtre%mgs.A)Ggrg’at%r/ﬁlé‘r? sé%cof '%ﬁ:e' d 28.6%

acrylic acid could be recovered from a dilute aqueous feed containing less than 8 wt%
AA and less than 3 % other organic impurities. Furthermore, it shows the surprising

15  effect of selectivity for the desired acrylic acid, compared to the other organic acid
and alcohol impurities present in the aqueous feed. Thus, the propylene extraction not
only recovers the acrylic acid, but it also affords a degree of purification, which

reduces the burden on any down-stream purification system.

Example 18: AA concentration by multi-stage flash evaporation from propylene

20  extract, with propylene recycled to extraction

In this example, the extractor is configured as in Example 17. The propylene extract
was sent to a heated flash chamber, with the pressure maintained at substantially the
same as the extractor top pressure. The first flash chamber was provided with
sufficient heat to vaporize approximately 90 % of the propylene solvent, i.e.

25  approximately 5.5 kg of propylene per kg of wastewater from Example 1. The first
stage vaporizer operated at approximately 40 deg C (104 deg F).

The vaporized propylene from the first stage vaporizer was condensed and recycled
by gravity flow, where it was mixed with make-up liquid propylene, for use as the

solvent feed to extraction.
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AUyl Al cohol 39.9% 60. 1% Acrol ein 97.0% 3. 0% Acrol ein dinmer 99.3%0. 7% The
extract also contains 0.55 wt % water. Exanple 17 denonstrates the

practi calwoyormd4®@bf i cacy of the present invention for eCfiust@atbps2
recovering carboxylic acid from aqueous streans. G eater than 90% of the
acrylic a%g\l\iaafal i FBRONE R ol 4 M8 Hhd dherAtiieBepsd i ORhGE NI NG | ess
than 8 wt % and less than 3 % ot'her organic inpurities. Furthernore, it
shows t hetheupressiisi wag let-daet toofppeedioatelnd atyokphrerest{@0 geig), math heating i ¢ aci d,

caubous. el isorneS B oS ondibedt FOAShEl Tk pERBRTER e noryii o

aci d, but A4 with$eme i@ pRpfiRaE)alodd itPREANLHIAD BonWhvabr higduees the
burden on any down-stream purification system Exanple 18: AA concentration

by mul §i - sddageo thearhdeddptr Erthersuppisss ity beszingpeinttheaainimypdieeppspy| ene

recycled to extraction Jn.this.examl.e £ext I, Y hgyred as in
Bcanpl o 17mele RS Ak Bities 1R AR S ptOELAREE B PRI AN EE, " O
the pressgre vé@rﬁ%@bf@??leﬁé fiotbt addoha vhyorlBewaanrdas féddeo ax keratdior t op
pressure. The first flash chanber was provided with sufficient heat to

vapoL i ze E9pioox Thacelingghicobadfthe Yapopziap prenyiensdn therpecond sage eyppiaPhmat el y
5.5 of l. ) | first st
vapor 1 zer bR ey BPietthnfl MRS SR pro QR PAAE ok T TO0 B 08¢

pr opyl@®neekewhart hethtipi@kssst age vapori zer was condensed and recycl ed by
gravity flow, where it was m xed with nmake-up liquid propylene, for use as
the solvent feed to extraction.The |liquid effluent fromthe fjrst

evapor at of h¢weenceatited AAssodwionrraritingdho respnd-stagh evaporayr Wisdlshedtonas | et - down

t o approxj st . S rese{4 ' ' [ ' 0 maintain
the effl uén Sgﬂ?%gfpr%%%é%%&??%e%@P%g%‘éeplgljtaﬁgg% qui d@z{s@}ﬁh@ﬁ@vﬁi w th sone
resi dual pabmthehshovalievfeserzing poire @f thegA p@bndentrSe (puraay £ freameg ab#3® C;

30% AA freezes at —11° C). The AA concentrate may be transported to an AA

15  manufacturing facility for final purification of the recovered AA.

The raffinate water exiting the extractor was flashed adiabatically to atmospheric
pressure, to vent-off any residual propylene, prior to sending the AA-depleted water

to waste treatment.

The propylene vented from the atmospheric flash of the AA concentrate and the
20  aqueous raffinate was collected and recycled to the acrolein process, i.e. boosted to
the reactor feed pressure e.g., by a blower or jet ejector blower, or alternatively, used

as a fuel stream. The process flow sheet is depicted schematically in the figure 7.

Without dilution water in the second-stage evaporation, the concentrated AA solution
exiting the final flash chamber would contain 90.9 wt% AA, 0.4 wt% water, with the
25 balance being other organic compounds that co-exfracted with the AA.

This example demonstrates the practicality and efficacy of the present invention for
integrating the propylene used for acrolein manufacture, with recovery of a
concentrated acrylic acid solution, which is an item of commerce, from a process
wastewater stream. The concentrated AA is at a higher concentration and comparable

30 impurities profile to the crude AA in the absorber effluent typically produced in AA
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added to the crude AA, to further suppress its freezing point (the m ninum
freezing point for aqueous AA m xtures is realized at approximately 30 wt %
wat er i n w@)o10fiaedsoapori zed propyl ene fromthe second vaponiszew/osms2 used as
feed to an acrolein reactor. The cooling effect of the vaporizing propyl ene
inthe s e‘fr%ﬁfa%ﬁﬁ‘@ eHQch@P@l'é%cQﬁfel‘é@%A' é&féeh@atla iRl Héfcoﬁﬁ»ﬁ{é@ NifiPthe

refrigeration, uce chilled water, for uSe el sewhere in the process.
The conce mbnnal@dld&AApruh nbrnedicidl impact ha t@fm@rgy retaitpel fov Apopuaiisatioms

fl ashed t%, Eﬁgﬁgherlc ressure, to vent-off residual dissolved propyl ene.
The flash9l¥ Qﬁoﬁgﬂ above the freezing point of the AA
concentrate (pure AA freezes at 13 C 30@6AA freezes at - 11 C). The AA
concentra ansp be LavibRgikagt 11ty for fina
pur|f|cat?@hﬁﬁ¥epﬁg&?ecovgééggﬂ%?n$ﬁ% ra &§ gr EX|t|ng t he extractor
was f | fishenhbadivmntsttheradd, it it apmtmﬁmhMeropas e&usufoems tnd medificefidnsady r esi dual
propyl ene, .prior.to nd|n t he AA- ter rea The
propyl eneﬂl}gmvé’epan% e'? ‘Wﬁ% Bioss g‘dﬂ?cﬁgstﬂ %‘? ﬁﬁ@pﬂﬂlv%gﬁﬁaé‘ﬂ ‘{@E%nd t he
aqueous 1 afbhfid SendRflyGRbhIg bk eonaRad tecHet Bl sl dRRuBEERIs@ind Process, i . e.
boosted to the reactoy feed pressure e.g., by a blower or jet ejector

bl over, omodificatiovast Whieh wre wishsd tizestree dpireflandtseegmmf trhprepanbbweatidnl. ow sheet is
depicted schematically in the figure 7. Wthout dilution water in the
second- st age evaporation, the concentrated AA solution exiting the final

fl ash chanber would contain 90.9 wt% AA, 0.4 wt % water, with the bal ance
bei ng ot her organi c conpounds that co-extracted wth the AA This exanple
denonstrates the practicality and efficacy of the present invention for
integrating the propyl ene used for acrolein manufacture, wth recovery of a
concentrated acrylic acid solution, which is an itemof commerce, froma
process wastewater stream The concentrated AA is at a higher concentration
and conparable inpurities profile to the crude AA in the absorber effl uent
typically produced in AAmanufacture. Hence, the recovered AA concentrate
may be conbined with the
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normal crude AA, with a beneficial inpact on the energy required for AA
purification due to the Iower water content. Wiile the present invention
has been wexeoridaemowi th respect to particul ar enbodi mrentPsTiUSR0000F7942t | S
apparent that nunerous other forns and nodifications of this invention wll
be obvious to those skilled in the art. The appended clains and this

i nvention WERSS Lﬁlﬂ?:edsig_oul d be construed to cover all such obvious fornms and
nodi fi cations Irchare within the true spirit and scope of the present
invention.What is clainmed is: 1. A method for separating C2 saturated

and/ or C3,1. and/Apomefhdd $ei dpahesh epdaQfatddnmdldtGE, esl/oD09 serafabdantiioe aci ds
and/ or al dehydes from aqueous sol utions by extraction wherein the

i mpr ovene HESAWASH Ny cagioxylia acidnenddoraldehyden irom ggesons solptiensivene and/ or

06wk 56 pr SKTara el o8 iRl MRB AL uSAL S BB AR e oala

car boxyl i prapglesis and/er p@past. ed from the group consisting of acrylic acid,
acetic acid, propionic acid, butyric acids, methacrylic acid and m xtures
thereof. 4. The method of cllaim 1l wherein said al dehydes are selected from

t he gr oup2consilbe methagfolglaim| lewhereigsaidaxtresipefcompaiseiaaont % wi%e
pr opi onal de b r.al e, crotonal dehyde, 3- butenal, and m xtures
e Y WS P

thereof. B aim1 further conprising addi ng pol yneri zation
inhibitors to the extractant. 6. The method of claim 1l wherein said aqueous

sol uti on gonpr TEEmetiREichn 13RRHEInLAP bRl @RidPire SAkteg BHRAKY! | C aci ds
and/ or al dehydes. 7. The nethod of claim 1l wherein said extractant to

aqueous s @foupiconsistingid abwylit neidh aisiarcid. Bopionit acil, hyee agigsracthagsylinei ght .
2;“ ;I'ggt irrg%i(gggmﬁ)}‘nbgtlm%lsrphelre&her ein said extraction is a liquid-liquid

4, The method of claim 1 wherein said aldehydes are selected from the group
consisting of acrolein, acetaldehyde, methacrolein, propionaldehyde, butyraldehyde,

crotonaldehyde, 3- butenal, and mixtures thereof.

5. The method of claim 1 further comprising adding polymerization inhibifors to

the extractant.

6. The method of claim 1 wherein said aqueous solution comprises less than

about 10% by weight of said carboxylic acids and/or aldehydes.

7. The method of claim 1 wherein said extractant to aqueous solution ratio is

from about 0.5 to 1 to about 12 to 1 by weight.

8. The method of claim 1 wherein said extraction is a liquid-liquid extraction.
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