METHOD OF RECOVERI NG CARBOXYLI C ACI DS FROM DI LUTE AQUEQUS STREAMS
BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention
rel at es twoaomaihgyd for recovering carboxylic acids fromrcaiusads/osgoueous
streans by extraction with high-boiling organic acid or ester solvents and

concentrati on.,pHRIP B R CCOVERING ORRBEEENIC WRBRIKOM BIIAIAS to a nethod

for recovering acrylic acid fromdilute acid water streans in processes for
t he manufacture of acrolein or acrylic acid. 2. Discussion of the Prior Art
Both acrolein and acrylic Aci dAQMYOHERSTRHEANSL i onal | y produced by

gas- phase catal ytic oxidation of propylene. There are also reports in the
patent and open literature that with suitable catal ysts, propane can be
used as aﬁﬁégﬂgwmi%THﬁlﬁ\WTm. In acrol ein manufacture, the
reaction is typically carried out in a single-stage reactor, optimzed to

sel ectively Ldl.ze.propyl ene to acrolein, wth a mnimum of byproducts.
However , éorﬁggi‘il)\?éﬁ"%&fe Pon occurs resulting in the production of AA as
well. In AA manufacture, the reaction is typically carried out in two

stagess Oxfy,dizd iNeARY flifed R AGE@LE R rbdbvenRy ErbetyIRIRAR @S diliteacr ol ei n

manuf acture), and then further oxidizing the acrolei’'n to AAin the second
stage. | nafpstols stegnalsdiyrexamctionwithhighawiilingeorgavic asid for egtr séysatssandd from t he

gas phase reactor effluent.b bsorption into ter, resylti inadlute
Rqueous ARREERGAR, Mere qpaisuizefyy Temeessat iaventign SEPES o BTG

hi gher - bojd bgidgSREHcRi P e ackdRbiet itedfasSH phcgeatstpne, al lyl

al cohol, acetic acid, propionic acid, and maleic acid. In AA manufacture,

t he aqueousnwickits efaerdleinragrylinacidbsor ber typically contains | ess than 40
- 65 % AA. This crude aqueous AA streamis sent to a purification system

which typically involves .a series of energy-intensive distillation
col untd’ B cg%“éc Ssé?n?tlffée?é‘f”é‘?‘ﬁvel y high water content, and the fact that AA

fornms azeotropes
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 lieu of

propylene.

15 In acrolein 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.



with water and other reaction inpurities, the AA purification systemis
conpl ex and energy intensive. In acrolein manufacture, the aqueous AA

st ream | exoi2ng/2hsgoabsor ber typically contains | ess t harCTWS2000M55184

st and-al one manufacturing sites, it is handled as a waste. Although dilute
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manuf act utréatgehiamiwatiayr, oxfidatiopu infis, dlag Adnvastewdter 1nyPigally sentdeamer ci al | y

val uabl e product. ,The AA-depl eted wast.ewat.er nm V, fchently | ow
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wast ewat er treatnment or wet-air oxidation. |n case of AA manufacture, it

woul d be theslilpehd stream sgruessnts a signifigent pparpiinseexpenesrinthe BAnaCtR odxi t i ng

t he absorber,.. R LN er i i t
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separating carboxylic acids, especially AA from aqueous streans. However,
nost of t WesROTtHIAH SPatsPHVRIHYE t hat boil relatively close to or bel ow the
boiling point of the carboxylic acids of interest, especially AA and are

primeyd lypintended. fof.iieeniabfles ANGSRE bRHETBRUE Wirate and recover AA

from the dilute wastewater stream, yielding an AA concentrate, and an AA-depleted
wastewater. The AA concentrated could be transported economically to an off-site
AA manufacturing facility, for purification of the AA into a commercially valuable
product. The AA-depleted wastewater may have a sufficiently low concentration of
20  residual organic compounds, so that it can be feasibly treated by less expensive means

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 sentto

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

25  The prior art describes various extraction-based processes for separating carboxylic
acids, especially AA, from aqueous streams. However, most of these involve solvents
that boil relatively close to or below the boiling point of the carboxylic acids of
interest, especially AA, and are primarily intended for use with concentrated aqueous
carboxylic acid streams. Separation of the carboxylic acid from the solvents generally

30  requires complex and energy-intensive distillations. As the typical solvents generally



carboxylic acid streans. Separation of the carboxylic acid fromthe

sol vents generally requires conplex and energy-intensive distillations. As
t he typi oab 280lo2esT™ws general | yare boil ed overhead, the earhiszgmviossiaci ds are
taken as the bottonms streanms, exposing themto high tenperatures that can
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| sooct anokye AGkIGibhs, And AR M HEHRNRLGiARbE Inhi HIROG AL BRfiflatichs t he
solvents. Exanple 5 teaches the use of" I sooctanoic acid to extract AA from
a 1.135 wesystemudbisss welllmbwn jnthietalt. a 1: 9 sol vent : aqueous vol unetric
ratio. Exanple 1 used a 1:1 solvent : aqueous feed ratio, where the aqueous
contai ned_0.864 wt % AA, and achi eved an AA recover f 54%1tQ the extract.
US Pat ent STIRpAT r@éﬁ}ti&z B Tia Aeibsepantion pige w-afe@tlﬁﬁéc’ﬁ‘ge@tsam@@qwgm s such
as | agh ang, {hHY! pyrrolidone) or other organic acids such as

2- et hyl hexanoi ¢ acid as an absorption solvent to renove AA from hot gaseous
streans. The gas stream contai ni ng non-absorbed conponents is condensed
into an atiSdPatait®o. 3158¢001 dhxiclobed the genefi@d | 20 datiynearbdxgtic abklds Bat ent  No.

6, 281, 386 di scl oses of .the use of_hi boiling so|lvents, specifically
cl ai mi ng FEEAFHOR SPlye Eorﬁﬁ%ﬁratgrgeé%ﬁl&ﬁﬁﬂ qc%r_beﬂﬁoqﬂf%slr«xhdﬁlg_rﬁ PMhoi | i ng
poi nts bepeeis AR 1383 bds thd (4 P iobltafiik a8 (PE. 22MEMy] Ferfbilott

acid), among others, as the solvents. Example 5 teaches the use of isooctanoic acid to

15  extract AA from a 1.135 wt% aqueous solution, with a 1:9 solvent : aqueous
volumetric ratio. Example 1 used a 1:1 solvent : agueous feed ratio, where the
aqueous contained 0.864 wt % AA, and achieved an AA recovery of 54% to the

extract.

US Patents Nos. 6,166,248 and 6,555,707 disclose the use of solvents such as lactams
20 (methylpyrrolidone) or other organic acids such as 2-cthylhexanoic acid as an

absorption solvent to remove AA from hot gaseous streams. The gas stream

containing non-absorbed components is condensed into an acid water stream which is

generally incinerated.

US Patent No. 6,281,386 discloses of the use of high boiling solvents, specifically
25  claiming heavy solvents that are aromatic compounds with normal boiling points

between 260° and 380° C in the purification of acrylic acid.
SUMMARY OF THE INVENTION

C2 saturated and/or C3, and/or C4 saturated and/or unsaturated mono carboxylic

acids, especially acrylic acid (AA), are recovered from dilute aqueous mixtures by



SUMMARY COF THE | NVENTI ON C2 saturated and/or C3, and/or C4 saturated and/or
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a plot of AA recovery versus EHA: Aqueous Feed Ratio for Examples 2-7.
20  Figure 2 is a process flow sheet for Examples 2-7.

Figure 3 is a plot of AA recovery versus Theoretical Extraction Stages for example 8.

Figure 4 is a process flow sheet for Example 9.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed towards a method to recover and concentrate C2
25  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
invention is directed toward a method to recover C2 saturated and/or C3, and/or C4
saturated and/or unsaturated mono carboxylic acid from wastewater streams, as a

concentrate that is compatible with established carboxylic acid purification systems.



especially acrylic acid, fromdilute aqueous solutions. Mre particularly,
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carboxylic acid is distilled out of the high-boiling solvent, yielding a concentrated

solution of carboxylic acid, which may or may not contain water and/or other lower

boiling organic species that were co-extracted into the solvent.

20  The carboxylic acid-lean aqueous raffinate can either be recycled, e.g. for absorption

of additional carboxylic acid, or disposed of, or treated in an appropriate manner.

The solvent, separated from the extract may be cooled and re-used for additional

extraction.

The carboxylic acid can be purified from the concentrate by conventional means, ¢.g.
25  those methods widely practiced in the commercial manufacture of high-purity

products such as acrylic acid.

The extraction and/or the concentration steps may be carried out as either batch or
continuous operations. The extraction unit may be either a column-type unit, or a
series of discrete mixers and liquid-liquid separators, or centrifugal-type Liquid-liquid

30  extractors. The column-type units are preferred, and may be of any of the



t hose nethods widely practiced in the commercial manufacture of high-purity
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solvents have low volatility, it is desirable to operate the extraction near ambient
pressure, to minimize the required design pressure and associated equipment cost.
The preferred temperatures for the extractions represent a trade-off or optimization
between higher temperatures, which facilitate easier phase separation, and lower

20 temperatures, which favor higher extraction efficiencies and reduced solvent losses

due to solubility in the aqueous raffinate. When the extractions are run at elevated
temperatures, solvent losses can be minimized by post-cooling the raffinate to reduce
the solvent solubility, and then recovering (e.g. by decantation) and recycling the

additional solvent that phases separates at the lower temperature.

25  The preferred carboxylic acid extraction solvents are 2-ethyl hexanoic acid (EHA),
dibutyl phthalate (DBP), methyl benzoate (MBZ), ethyl benzoate (EBZ), or mixtures
thereof. The ratio of solvent to aqueous feed preferably ranges from about 0.5:1 to
4:1 by weight.

The concentration of the carboxylic acid is preferably accomplished by vacuum

30  fractional distillation, most preferably at the deepest vacuum consistent with the
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(unsat ur at’e®&%r boxyl i ¢ acids (such as AA) that can occur at high liquid
concentrations or when subjected to heating. When pol ynerization inhibitors

are used, E&l&rﬂeﬁzﬁf&fiﬁﬁiﬁhbl%, §12h 48 ok RS ReSthede dklidah iy &t dthat do not
require the presence of oxygen to be active, sinplifying the inerting
requi r emrewmsshirged paboxylicratd puriicatgio mayde asdded E\;g'g@ﬁ%f priasid-eolmgntt ur es.
15  exiract and/or at selected 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. When polymerization inhibitors
are used, it is preferable to use the class of inhibitors that do not require the presence

of oxygen to be active, simplifying the inerting requirements to ensure that the vapors

20  do not become flammable mixtures.

In a preferred embodiment of the invention, the carboxylic acid to be recovered is
acrylic acid (AA), especially where the AA is produced by the oxidation of propylene
or propane to acrolein and its subsequent further oxidation to AA, and the solvent is
selected from EHA, DBP, MBZ, or EBZ. The extraction is carried out in a

25  continuous counter-current liquid-liquid extractor with at least three theoretical
extraction stages, using at least 1:1 solvent : aqueous feed by weight. The extraction
is most preferably carried out at a temperature between 35° and 55° C, to facilitate the
rapid separation of the two liquid phases. The concentration of the recovered AA is
accomplished by fractional distillation. The AA concentrate that is produced as the

30  overhead distillate product is sent to an AA purification facility. The substantially
AA-free EHA bottoms product from distillation is cooled and recycled to the

extractor. A feed/bottoms heat exchanger is used to preheat the distillation feed and



In a preferred enbodi nent of the invention, the carboxylic acid to be
recovered is acrylic acid (AA), especially where the AA is produced by the
oxi dat i orwof20pvaps/bene or propane to acrolein and its seosasgee@atsiioet her
oxidation to AA, and the solvent is selected fromEHA, DBP, MBZ, or EBZ.

The extr aﬁ%ﬁi—%ﬁ)l gﬁ r?@orvre{‘e% 12K tolr dLﬁ:eQR@ﬂéaPngt ufOBALS ForCHE1 Bfibn kh@ui d-11qui d

extractor east three theoretica action stages, using at |east

1:1 sol veadolingaeyemuseniscfod EHA meydhit . The extraction is nost preferably
carried out at a tenperature between 35 and 55 Cto facilitate the rapid
separation of the two |liquid phases.. The concentration of the recovered AA

i s acconpln annsberpyeferredembnriment oftthe myention, theicangeatrabion ehibe sc8VERAL i s
fecon ‘ _ et v T
Paoi 1 oy bR SaBMnRhod bk EorRh Gl on 0k bR b-iA] | P20

i's cod edopdigtingmyssuedvhanintlds axlomasst paissible, fesiltdnotvithiibe dtelhty texchanger is
used to preheat the distillatjon feed andpr t he recove{ed EHA to

-cool
reduce t heonsenss the corssnirptedarpaxylisracyf ey qagldfsgtﬁatg,paocp&wa% Or"’_é?fﬁf rements
for EHA ¥ ?&&fﬁllgq?edi%s&ﬂ%s 'as&irgf\@ét@{%reﬂr fdahﬁg.' ThidkeREs INGiniRKEhd On, the
of t oxylic

concentration e recoveréed car cid is acconplished by

f r act i onatentfiesdtidel gtrowghoutitie distiletiompllwimgehautehd lopartampergtyse essur e
(vacuum js as | ow as ssi hl e, consistent w the ability to condense the
concentr aitl‘?é’&‘ngé'?%?F P@ﬂé&PH%V@PH@%%@PWP@@@@&&%{&E‘MW& Hg | ow cost

cool iy n?&%,ﬁwﬁ%fbn_as cooling water or air cooling. This serves to mnimze
the tenperatures throughout the distillation, allow ng the use of

| ower -t enperature heating nedia, as well as mnimzing the |Iikelihood of

t her mal degiredamanpeferd|eyrbedinzatt iobthe ihvensinnahe equeatiecpbefydicraed enbodi nment

of the inyention, the aqueous carboxyl.ic acid feeds are dilute AA streans
nor mal |y ESRSPEEhINEP Ad SHEASBRYY SPPT LR b VT BB A  he

oxi dat i ﬁn?ﬁhuwdgﬁb’theeﬁidaﬁ\é}%ﬁﬂrapﬁaﬁ‘e, Mictein HR0A 384 BGL-saI&RY BYPYUGs of the

acrol ei eaction. The extraction solvent is EHA. AA extracted into the EHA
sol vent i of thepaokiietbaatieh. dba cetractian edlvoyt iy HElAurh Aliestradtddaintogthe Efie  AA

e LA NSRRI R YIR e STCIN I R e SR
resulting from extraction of acrolein-process wastewater contains substantially the
same impurities as AA made by well-established commercial practice of 2-stage
oxidation of propylene to acrolein, which is further oxidized to AA. Hence the AA
concentrate is similar in composition to the crude AA made in AA production

20 facilities, and may therefore be readily blended with normal crude AA for purification

to yield high-purity AA.

In an alternate embodiment of the invention, the carboxylic acid is crude aqueous AA
from conventional AA manufacture by the oxidation of propylene, wherein the AA is
selectively produced in a gas phase reactor, and recovered from the reaction gases by
25  absorption into water. The extraction solvent is EHA. AA extracted into the EHA
solvent is separated and concentrated by vacuum distillation. If the extraction and
concentration steps are carried-out under conditions that maximize the separation of
AA from the water used in absorption, the concentrated AA may have a sufficiently
lower water content to facilitate simpler and less energy-intensive means of purifying
30  the AA, compared to the conventional AA purification methods such as multi-column

extractive distillation.



sanme inpurities as AA nmade by well-established conmercial practice of
2-stage oxidation of propylene to acrolein, which is further oxidized to
AA. HencewOheloMR7g7oncentrate is simlar in conposition POTtUse000065160 AA nade
in AA production facilities, and may therefore be readily blended with
normal cr o0 ' et e 41y AR | ternate
enbodi menpg %l} éfénnf(laﬁ% F\I\E}gé‘ﬁlﬁgﬁ%ﬂtﬁgH%%?%%ﬁ?ﬁ%@%%?%%h %)%tu ear%gﬁlj%gﬁg AA from
convent i omgtabRfpoimni thetpusceshy.gt trethe xkiat poor ofbeprgopyd terlks  wherein the AA

reacti on GHEERTBTASBptIS R TS TUAL GF Tova (ST SAGHAERIRE: e Aa
extract ede@cntlf)tlh% i Bk fér)%‘({][%monb SRR B yBRIHCHBERP T ALiQc e Vacuum

distillation. the extraction and concentration steps are carried-out
under % oniihibitmsoxtyget-poendinnaebe hdmgedantatthoronoéntmtion egmpmket, wat er used in

absorption, t oncentrated AA may, have a sufficient I r water content
to facili P‘Ei’tvéi]egitﬁ?ﬁl%éerv@ﬁff 511'%E@%ﬂ&%"?g%ﬂxﬁgf%‘h%‘i%“%%ﬂ%{’%?Wgﬁ?ei fying the AA,
conpar ed Hgmhﬁﬁﬂﬁf AMERIE BRabLIVAAL PHTY o tdrRbREb Dedmhibitels @g. mul ti - col um
extractive distillation.In an alternate enbodi nent of the invention,

pol yner i zphdrothiizing) Bhat dp siotwequiselthedresenervfiaiyeen jodiermiteciive; thhis aloweess, e. g.
to the extract prior to.bei ent to.thg ¢ ent rat i LSkl i on)
equi pnent &egpn@nﬁga 171 %qmlfrBeqqﬂ%%ﬁPg?rlaﬁefle‘{‘flgmgg@(ré ﬁﬂ;&éo uéeé%ﬁe&eﬁﬁéa gets If the
inhibitors (e.g. quinones) require that oxygen be present to activate the

i nhi bjj or pxoxypeRspoor air nmay be adnmitted into the concentration

equi pnent, provided that the vapors are naintained at oxygen concentrations
below the flammability limts of the solvent. It is nost preferable to use
i nhi bi t or $h¢ folipwiphemnipkdsgrovidd déthdd wherehnothe cahoxylie achikeispeiodiencid of oxygen

to be effective; this allows the .concentration, equi t. to be operated
wi t hout tﬁ%‘&} nﬁ?‘b’ﬂﬁé{‘i" Tg‘P SE‘%F‘&H%FI“P@%%?PGM%;%JOT ‘81AI rSW‘JrO‘?E’ exanpl es
provi de dﬁ{@%dnéeﬁ%h%'bﬁ hBink Be14 88 DodvbdiCit 'f’scﬁcﬁ il EnRAIY librfit igsfapgkémty thowever ,

whil e the subject 1nventron is especially we suited f recovery and

concent r athesmmatstialg. Brihould be appareatrtp thase skigled ot the artahatdbe subjdcinmit its
appl | fﬁa bi {ﬂvgrYtignCIls applicable to other carboxylic acids, e.g. acetic acid, propionic acid,

butyric acids, methacrylic acid, ete.

In the examples below, single-stage extractions were performed at ambient pressure
by shaking dilute aqueous AA solutions (AAAS) with the solvent in a glass
separatory funnel, and then allowing the liquid phases to separate. The aqueous and
20  organic layers were decanted and weighed. The two phases were analyzed to
determine the AA extraction efficiency and the partitioning of the other organic

species.

Example 1: Single-Stage AA Extraction From Acrolein Process Wastewater Using

EHA As The Solvent

25  The aqueous AA solution was a wastewater stream from an acrolein manufacturing

process containing the following (compositions given in weight %; the balance is

water).
Acrylic Acid 7.23%
Maleic acid 1.05%
30 Acetic Acid 1.36%



these materials. It should be apparent to those skilled in the art that the
subj ect invention is applicable to other carboxylic acids, e.g. acetic

aci d, prompDanio2ag7vd, butyric acids, nmethacrylic acid, eCg/USkopIvbBaoEXanpl es
bel ow, single-stage extractions were perfornmed at anbient pressure by

shaki ng di | BrFA%gHSP“S Af o8 utions (AAAS) with the solvent in a glass
separatory nnel, and then allowing the liquid phases to separate. The
aqueous andcaiigani c | ayefdower e decanted and wei ghed. The two phases were
anal yzed tqQ determne th extraction efficiency and the partitioning of
t he ot her 8F’§’iffi?&ll‘§e§eci eg'.()ﬁ%arrpl e 1: Single-Stage AA Extraction From

Acrol ein Process Wastewater Using EHA As The Sol vent The aqueous AA
soluthon YRS G eV Rhes-oaLIIRAMJIL Al BnPAIRLRLR. TRRM BRI Ligiehf 0Cess
cont ai ni ng e FolTow ng f’c npositions given in weight % the balance is
wat er)s Asimperaturdceah]téd 238qhsi-einal sftiddnikn@b Yehixbednly padaldy depd36aed; byl Al cohol
0.07% Acrol ein 0.06% Acrol ei n, di mer 0.04% t;{;he ol vent used was

2- et hyl helTBIcdIas | 1ALt B%TWF‘QGS&QE:WQS fP‘r‘H‘i' 4 S”@F%iu?%t hgfm%ﬁ'r%ﬁ/%ﬁt t enper at ur e
resulted |.r b- ks ' : I hak! ted; an
|t er medi 3 B e e ey e g of

t he mi xt umenutes. 45sing30.€1 AHAHnAduedus feadowtighiuiatio phd¥ S resoltsbipaBés e cl eanl y

after several m'g;gt es., Usin 6: 1EHA : Aqueous feed weight ratio at 50
/

. a, 1.
C resul t effFPHTYS © %Pﬂﬂag?pkﬂ?eto the organi ¢ phase. Exanples 2 - 7 :
Si ngl e- St age AA Extraction From Water Using EHA As The Sol vent Aqueous AA

sol ut{Pnsyy Aot 227 Riddle-Stast WA BRELRILEm WA CORE 3G L AsWHeS R

Aqueous AA solutions, 10 wt % AA in distillated water were contacted with EHA
solvent. Single-stage extractions were run at approximately 50° C. Six EHA :
Aqueous feed mass ratios were run, ranging from 1:1 to 9 :1. The partitioning of AA
between the resulting 2 liquid phases and mass balances were determined. The results

15  are shown in Table 1, and plotted in Figure 1.

Table 1

Example 2 3 4 5 6 7

EHA :
Aqueous Feed| 1.0 1.5 3.6 25 4.9 8.9
Ratio
Average AA
recovery to 59% 70% 83% 80% 90% 97%

Extract

In the following examples, the process conditions and material balances were
determined by computer simulation, using the Aspen Plus process simulator, with the
20  non-random two-liquid (NRTL) thermodynamic model used 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

25  not available.

10



sol vent. Single-stage extractions were run at approximately 50 C. Six EHA :
Agueous feed nmass ratios were run, ranging from11:1 to 9 :1. The

partiti orwogonfo22¢x9bet ween the resulting 2 |iquid phasegcans$2massibal ances
were determ ned. The results are shown in Table 1, and plotted in Figure 1.
Table 1 |ghLiagid 8 CowiEQuR R RlIGStadeHeA REQESEDA RN SirblcfiSroaRd materi al

bal ances € determ ne y conmputer simulation, using the pen Pl us
process swastentigr., with the non-randomtwo-1liquid (NRTL) thernodynam c
nodel used to calculate m xture properties, conponent separations, etc. The
NRTL conponent  binary paifgaﬂ par aneters were based ?Eéval ues regressed from

i t er at ur & SARYIAEQP &3S FEhelAontpSHRE therEske vl STeHR @ ?prlﬁrle‘iﬂuE%é'd usi ng the
As pen n PCES'i" C . H I’iﬁs Iq % ,S " . 1 p

contri buti on'SIRF t hgéFHfA o@%&%ﬁ%mﬁﬂ s f g{ov\(f\hi Cﬁe@g@{‘?e\;\%@%ﬁgﬁg@ﬁ o

avai | abl ecdntastivige Toe colBmmdreratugrag ambient pricssitea gehestmalatioabad 8w from

et evat o PaSERERHBro BiipPE e S and IR ERR ik R AR act s on

col um pr g\, NI HR QYREALHdNSPaE! dxGl iRl Bg 8 tiRicoRMiH, 8Rd HRGenIdreva84L UM
operating at anbient pressure. The sinulation had the wastewater fed to the

top of theckuiffinate esited! tht botkha of dlevcohimif. e Bhe wast¢reaterdfcedstrasi Wagatcol urm. The

sol vent -ri r exit the top of. olwum, andg, th 2nser waterrich
raf finat ellz[ibi féﬁe ﬁ&é Sé’i‘fefiﬁgﬁegfel?ﬁég%q lﬁﬁrﬂ&o ﬁ-hiH?,\ngOf %S\Rg%(’gvrsg?%ggc] st ream was
at 12{y F; d%@@ce&k&eﬁﬁh\dﬁmﬁ @0, VBN bLthesrefidd) ektractia spigaseas f | owsheet
I s depicted schematicall i gure 2. The nunber of theoretical extraction

st ages wavaneds frem 3 for n Thet’6 rawverynf wsylis ssiddpgrylic agd eyiracdedifpm thecr yi i ¢
acid extracted fromthe f ' : : nunber of
t heoretic qedérg[? }}éecstoil%errll?% tg%gs}) S?%rg né%ﬂ%ﬁ%tﬁ%%&tf@é%ﬂ%&%ﬁt\__ét%g%s%ﬁags of 1:1,
1.5:1, 2:dolvéhto fecarmebight tativs o 111y, 5: izel, 2eSubnd3 Arveers howiTherehilgure 3.

Exanple 9 : AA concentration by vacuumdistillation fromthe EHA extract,
with shown in Figure 3.

15 Example9: AA concentration by vacuum distillation from the EHA extract, with

EHA recycle to extraction

A simulation was run of contacting the wastewater stream of Example 1 counter-
currently with EHA-rich solvent, in an extraction column as described in Example 8,
provided with the equivalent of 6 theoretical stages of contacting. The wastewater

20  was fed to the top of the column, and the EHA solvent was fed to the bottom of the
column. The solvent-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 1.8:1 by weight was used.

The EHA extract was sent to a vacuum distillation column, provided with 13

25  theoretical stages (including the condenser and reboiler), with the feed on the 9th
theoretical stage from the top. AA, water, and other co-extracted components would
go to the overhead distillate product, while the substantially AA-free EHA is
recovered as the bottoms product. Sufficient inhibitor was added as a solution in AA,
to the column via the inlet to the condenser to maintain 100 ppm inhibitor in the

30  concentrated AA distillate. The column operated at a 1.75 reflux ratio. The overhead

pressure was 100 torr. The feed to the column was pre-heated by cross-exchanging

11



EHA recycle to extraction A sinulation was run of contacting the wastewater
stream of Exanple 1 countercurrently with EHA-rich solvent, in an

ext racti omocolummras descri bed in Exanple 8, provided wpPCh/ush@opsiioyal ent
of 6 theoretical stages of contacting. The wastewater was fed to the top of
the col U”Umﬁ%ﬂ@'hétfb%ttﬁﬂ“ §8E LS bytRsind ﬁgs §L$sédﬁ%ntlpy0ééoq>éa 1@fthé bargabymm. The
sol vent -ri extract exited the top of the colum, and the denser waterrich
raffi nat etemxierauretdf@xomplecinand raceled & therextractem tMakeotp EHiA/sadvent, taqueous

feed to th t f 1.8: b i t t t t
o a vacuBRsFREPEDe Soiareng Bt fatg NS wdgiet fe i ges > °°"
(i ncl udi ngpetdaGir&PRIRAS Bftiod Mhe HERREY Bbwrshedd 1 BepibRd kaRehabidally @ Mlre 4.

theoretical stage fromthe top. AA water, and other co-extracted

conporfent &t fees dmgbtms, i panivieningad e epmunaRts bpivisan g, xiart andith

subst anti a%(%’ 5% ee swrecovered as the bottons product. Sufficient

i nhi bitor? B Iaa%gsag cfuﬁlon in AA, to the colum via the inlet to the

condenser to maintain 100 ppminhibitor in the concentrated AA distillate.

The columm operated at aglgdd refl wyfii@td 0. The overhead pressure was 100

torr. The feed to the colum was pre-heated by cross-exchangi ngwith the hot

bott ons. TheryHelAddt t omrs 9Wa% subsed@&mt |y cooled to the extraction

t enper at ur rrpl e 8 d recygc to the extractor. Make-up EHA

sol vent, ]gd gec'ﬁrgx ate f%?g? he armu%g%atur ating the aqueous raffinate, was

addedmto BBétht £¢if the despeed sol yemy, ratio. The process flowsheet is

depi cted schematically in Figure 4. At these conditions, the partitioning

of the cordBrehlcehdlet weehl 8%e extra2%nd the aqueous raffinate is as

fol |l ows: trgec% Raf fi nat q{\/%ryl i Cu’ﬁk? d 97.2% 2.8% Mal ei ¢ Acid 26.4% 73. 6%

Acetic ACi % 20. 4% AUY1° Al cohol81. 8% 38. 2% Acrol ei n - 100% t r aces
Acrolein dimer 35.5% 64.5%

The extract also contains 1.6 wt% water.

15  The concentrated AA distillate contains 60 wt% AA, 33.3 % water, 10ppm EHA, with
the balance being other organics compounds that co-extracted with the AA. The EHA
bottoms is nearly pure, containing 1000ppm maleic acid, 3 ppm AA and 135 ppm
inhibitor.

Example 10: DBP as the extraction solvent.

20 A simulation was run substantially the same as Example 9, except that dibutyl
phthalate (DBP) was the extraction solvent. Because DBP is denser than water, the
solvent was fed to the top of the extractor, and the aqueous layer was fed to the
bottom of the extractor; the extract was drawn from the bottom of the extractor, and
the raffinate was drawn from the top of the extractor. A ratio of solvent : aqueous feed

25  to the extractor of 1.4:1 by weight was used. The EHA extract was sent to a vacuum
distillation column, provided with 7 theoretical stages (including the condenser and
reboiler), with the feed on the 3rd theoretical stage from the top. At these conditions,
the partitioning of the components between the extract and the aqueous raffinate is as
follows:

30

12



Acrol ein dimer 35.5% 64.5% The extract also contains 1.6 wt% water. The
concentrated AA distillate contains 60 w % AA, 33.3 % water, 1Cppm EHA

wi t h t he weal2arde74y¢i ng ot her organi cs conpounds that coPextusa@wassivsth the
AA. The EHA bottons is nearly pure, containing | OOCppm mal eic acid, 3 ppm
AA and 135 ppminhibitor. Exapphget10: DBRs@siid he extraction solvent. A
simul ation was run substantially the sane as Exanple 9, except that dibutyl
pht hal at e AoBME Avad t he extra@Piddhm sol vét’ Because DBP i s denser than

wat er, the l.vent. was fed to,Lhe top o he extractor, and the aqueous

| ayer was P@Eﬂ?g %he bottom ogh?t{% extr?(l,;8 f: the extract was drawn from

t he bott omagktid Reigextractor, 3pe, t he rahfepate was drawn fromthe top of
the extractor. A ratio of solvent : aqueous feed to the extractor of 1.4: 1
by weiyht (sl skeliol The EHA eXi{v/¥ect was788ft to a vacuumdistillation

col um, prg\\ﬁ(}?ed wWth 7 theore b@ stag§§ (i ncluding the condenser and
reboiler), %"t he feed on th ’d theorétical stage fromthe top. At

t hese condijtidsis dirhher partiti ggipmy of the.gepnponents bet ween the extract
and the aqueous raffinate is as follows: Extract Raf inate Acrylic Acid
99.3% 0. 7% Mal eic Acid 28.2% 71. 8% Acetic Acid 56% 44% Al lyl Al cohol 27.7%
72. 3% Acrolein -100% - 0% Acrol ei n di nmer 28.2% 71. 8% The extract al so

cont ai ned ovvat er?ﬂf‘ﬁ%gg }:enE rated AA distillate contained 63.7 wt%

AA, 31.7 Ill%\/ﬁ}f%arc alsg o ¥%%e bal ance being other organics
conpounds that co-extracted with the AA. The DBP bottons were nearly pure,

cont aj i nght EARLBAIrALd AN diliPPaPBERAIAN £3.7 v ARI3 109D water, 10 ppm DBP,
with the balance being other organics compounds that co-extracted with the AA. The
DBP bottoms were nearly pure, containing traces of AA, 100 ppm inhibitor, and 1000

ppm maleic acid.

Example 11: MBZ as the extraction solvent

15 A simulation was run substantially the same as Example 9, except that methyl
benzoate (MBZ) was the extraction solvent. Because MBZ is denser than water, the
extractor feed and take-off configuration was the same as in Example 10. A ratio of
solvent : aqueous feed to the extractor of 1:1 by weight was used. The EHA extract
was sent to a vacuum distillation column provided with 17 theoretical stages

20 (including the condenser and reboiler), with the feed on the 6 theoretical stage from

the top.

At these conditions, the partitioning of the components between the extract and the

aqueous raffinate was as follows:

Extract Raffinate
25 Acrylic Acid 98.2% 1.8%
Maleic Acid 39.1% 60.9%
Acetic Acid 71.1% 28.9%
Allyl Alcohol 25.5% 74.5%
Acrolein ~100% ~0%
30 Acrolein dimer 39.1% 60.9%
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ppm mal ei ¢ acid. Exanple 11: MBZ as the extraction solvent A sinulation was
run substantially the sanme as Exanple 9, except that nethyl benzoate (MB2Z)
was the ewOraoxi2e879sol vent. Because MBZ is denser than waTars2000/851ext r act or
feed and take-off configuration was the sane as in Exanple 10. A ratio of
sol vent : TAGUEANS of:880nihfs YW WRgt of of 1:1 by weight was used. The EHA
extract was sent to a vacuumdistillation colum provided with 17 '

t heoretical stages (including the condenser and reboiler), with the feed on
t he 6 thedhetom@htratedgel fistitaté benthiapd 4A6 vithead, ddhth waten$)0 phm MBZL i ti oni ng
of the conponents between the extract and the aqueous raffjnate was as

fol l ows: Etithe balpagerhepigther rgAncs AR s 3k IR b the Ak 35106 80. 9%

Acetic Achgr7} %04910 et el Blre b GRARNa Y7 Db B FH0ApEPIRIbor, HAQ Y0850

Acrol ein Mbmsro 9. 1% 60%}{% ext ractngal si’ﬁgont’ai ns 4.8 wt (Vg’wat er. The
concent r appol Mdleidiasidi | | at e contai ned 47.6 wt % AA, 48. 1% water, 900 ppm MBZ,
with the bal ance being other organics conpounds that co-extracted with the

AA. The MBZ bottons were nearly pure, containing 997 ppb, AA, 250 ppm
i nhi bi t or Whilsdho prssery prvcatprehas been descpihed withyespeside aticlidbent i on has been

descri bede%&&infeﬁgﬁﬁtf%oi{ RiPAS 'e?ﬁ:'h? n@BodL Hﬁ?lt ?)ﬁl&lg' %@Rﬂcodiﬂctati&%_ffr’pg;e nt

t hat numerous ot oris and nodifications o I's invention w
obvi ous t thi$ meemiomkwill kecbbivious hethasd skilléteinabpamdee appended chaigls fhd this nvent i on

general ly,shoyul d be constryed to coyer all such qbyious for and
nmodi fi cat F’Jﬁ%‘l%geé’ﬁmi‘ﬁ’éﬁ IEEFH‘)‘P%@ FUEPVEPY PYC Hloélég‘ﬁgls I‘Qﬂshe present

i nventd ony\WAgHcatiSnSChBLABRA Within the true spirit and scope of the present invention.
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1. A nethod for separating C2 saturated and/or C3, and/or C4 saturated
and/ or unsaturated nono carboxylic acids and/ or al dehydes from aqueous

sol uti onswbyosxrsiet i on wherein the i nprovenent conpri s@STAS2009/05504 he
extractant an organic acid or ester or mxtures thereof with a nelting
poi nt below 10 C, a normal boiling point between 190 and 280 C and a
HiIdebran%@%gL |J| y. _paraneter between 8 and 11 cal i/2 crn -3/2 . 2. The
nmet hod of i in%ﬁé?eln said extractant is selected formthe group
consisting of 2-ethyl hexanoic acid, dibutyl phthalate, nethyl benzoate,

ethyl benzoa{ @R 9&}3%§§g Cb%ﬁtﬁfhfted ahd/ottS, BRd/bPd4 Qbtufekad Mdlorwher ei n sai d

carboxylic acids are selected fromthe group consisting of acrylic acid,
acetic acudsatlpataﬂmmmwaﬁmwhc amcdsyandéor edjydesrfeqmaqmq@ps goludons tand i xt ur es

th f. 4. d | df
the. gr oup KGR CTIRG DS dEPET G SR arGuiue: B SEHET allofecfe & o¢ Trom
propi onal dedyslerr nbiNturésahslobiih a eiedi ifedeysie 108¢€, bmmbmhag@om xtures

thereof. 5. The nethod of claim1 further conprising a pol yrrerl zation
i nhi bi t or betwser hB0a0dr 2800 &rand adiﬂderbéandéphtbdltwa@m% E“W@é% agueous
sol ution gpnprises | ess than about 10% by wei ght of said carboxyllc aci ds
and/ or acrolein. 7. The nethod of claim lwherein said extractant to agueous
solution ratio is fromabout 0.5 to 1 to about 4 to 1 by weight.

2. The method of claim 1 wherein said extractant is selected form the group
consisting of 2-ethyl hexanoic acid, dibutyl phthalate, methyl benzoate, ethyl

benzoate and mixtures thereof.

3. The method of claim 1 wherein said carboxylic acids are selected from the group
consisting of acrylic acid, acetic acid, propionic acid, butyric acids, methacrylic acid

and mixtures thereof.

4. The method of claim I 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 inhibitors 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 acrolein.

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

about 0.5 to 1 to about 4 to 1 by weight.
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