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materials of commerce having a variety of utilities. Purified terephthalic acid is

formed from "crude" terephthalic acid conventionally by a number of purification
methods, often with the aid of catalysts. Many of the currently available methods for
purifying crude terephthalic acid are not completely satisfactory either from an
engineering or an economic standpoint. Yet the purity of terephthalic acid is. an

important determinant in the formation of polyester resin.

[0005] Many of the problems of existing and prior systems for producing purified
terephthalic acid stem from the difficulties in economically running reaction systems
to produce good yields of crude terephthalic acid, compounded by the difficulties of
refining crude terephthalic acid to eliminate impurities and unwanted components to
produce purified terephthalic acid of a quality suitable as a starting material for

producing polyester. Concomitant problems in prior systems include the high capital
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the pressure and temperature of the solution, and separating the crystallized purified
terephthalic acid from the solution. The selective crystallization solvent is non-
aqueous, non-corrosive and essentially non-reactive with terephthalic acid. Examples
of selective crystallization solvents described are N-methyl pyrrolidone or dimethyl

acetamide.

[0009] U.S. Patent No. 5,929,274, by Lamshing, et al., describes a method for
reducing carboxybenzaldehyde isomers in crude terephthalic and/or isophthalic acids

(IPA). Crude TPA or IPA is dissolved in N-methyl pyrrolidone and is subsequently
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dissolving or soaking the washed purified IPA cake at elevated temperature, to

remove the final traces of the crystallization solvent and obtain the desirable particle
sizes and shape. The selective crystallization solvent is typically N-methyl

pyrrolidone.

SUMMARY OF THE INVENTION

[0012] An embodiment of the present invention provides a method and apparatus for
purifying carboxylic acid from a mixture containing one or more carboxylic acids and
possibly other materials. According to a particular embodiment, the carboxylic acid is

terephthalic acid (TPA) and the other materials are starting materials, side products,
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other materials. As used herein, purifying means treating the mixture comprising one
or more carboxylic acids to yield a composition that is enriched in the desired
carboxylic acid compared to the other carboxylic acids and/or other materials that
were present in the original mixture. The mixture can be a solid, liquid, or slurry.
According to a particular embodiment, the carboxylic acid is a dicarboxylic acid, for
example terephthalic acid (TPA), and the other materials are starting materials, side
products, contaminants, etc., present in the effluent from a terephthalic acid

production process. Alternatively, the carboxylic acid can be isophthalic acid,
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The invention produces punﬁed terep thahc acid and optionally purified isophthalic
acid in an integrated process. These products are useful for the production of fibers,
films, plastic bottles, and polyester resin structures, often reinforced by other

materials such as glass fiber.

[0018] According to an embodiment of the invention a mixture containing carboxylic
acid is contacted with a selective crystallization solvent. As used herein, selective
crystallization solvent refers to a solvent that is capable of forming an adduct or a
“salt complex” with the carboxylic acid. Exemplary solvents include N,N-dimethyl
écetamide, N,N-dimethyl formamide, N-formyl piperidine, N-alkyl-2-pyrrolidone, N-
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formed from these salts are extremely fine, such that the ratio of surface area/volume

is too high for efficient drying. These fine crystals form a hard cake or block during
filtration. Once a hard cake or block is formed, it is very difficult to process the
material further. Even re-dissolving the block in a different solvent presents

problems. Due to these disadvantages, this process is not commercially viable.

[0021] U.S. Patent No. 5,767,311, by Lee, et al., the entire contents of which are

incorporated herein by reference, describes a multistage crystallization process. In the
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According to Lee, crude terephthalic acid is first dissolved in N-methyl-2-
pyrrolidinone in a cooling crystallizer between 140 °C to 200 °C. The crystallizer is
then cooled to a temperature range of 30 °C to 50 °C to achieve good impurities
rejection using selective salt formation. The resulting salts are filtered and washed
using pure N-methyl-2-pyrrolidinone. The salt slurry is then re-dissolved at the
temperature range of 140 °C to 200 °C and fed to a second stage series of flash

crystallizers where the temperature and pressure are reduced by steps, with the final



According to Lee, crude terephthalic acid is first
di ssolved in N-nethyl-2- pyrrolidinone in a cooling
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is then cooled to a tenperature range of 30 Cto 50 C
to achieve good inpurities rejection using selective
salt formation. The resulting salts are filtered and
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disktvédit the RelectivesdrystaNizationf sotvenel mdm@&tgets dnb aimtoldBnent, the
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the nelting point of the crystallization solvent and
dérelmpesesheAdcenting &t omeeraboduhénththelemperature canpheeabout 0 to about

65 °C. The mixture can be contacted with the selective crystallization solvent for any

time period sufficient to allow the salt complex to form. If the kinetics of salt
complex formation is very fast, then contacting the mixture with the crystallization
solvent instantaneously or for a matter of seconds may be sufficient. Alternatively,
the mixture can be contacted with the crystallization solvent for a longer period of
time, for example about 30 seconds to about 24 hours, or about 1 minute to about 5
hours. If the mixture containing the carboxylic acid is a solid or a slurry, it may be

desirable to process the solid or slurry to produce small particle sizes, prior to



deconposes. According to one enbodi nent, the
tenperature can be about 0 to about 65 OC. The m xture
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solvent for any time period sufficient to allow the
salt conplex to form If the kinetics of salt conpl ex
formation is very fast, then contacting the m xture
with the crystallization solvent instantaneously or
for a matter of seconds may be sufficient.
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has a high tolerance for the solvent used to purify
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oA e Rt T By e SUEF RS Sk e, TS sH rommplex i
dBERSRREER 4 &lé&i‘?@‘éﬁfstdlltﬁuf)ﬁ Sslveml b@é@)éfd RCiE enffdiment, the

exanpl e, the salt conplex can be crystallized in one
st cqmpbxge cssetisy sosiplately tdisselved adjsing; hisy seoond forgsgallization

S DR i 0o SR8 5, SIRBEL PR . bl i
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According to one enbodi nent, the saI t co

ﬁéﬁsvag@.carsvia}h@@ﬁw torRIools ewmRlgieciisnontioq & 11% salp eoplex. The
téfﬁ e‘?‘%tﬁx} |€0§ :fal%é Mol & g}%tahﬂaﬁoﬁﬁéﬁggk 2B gmi ‘%‘?ﬂﬂ%ﬁtgre at which

lon Sta e present
the salt complex dissolves, but the final temperature should be above the temperature

at which the salt complex decomposes, so that the free carboxylic acid is obtained.
Alternatively, the salt complex can be decomposed without completely dissolving the
salt complex, i.e., via a heterogeneous process in a slurry of the salt complex.
According to one embodiment, the temperature of the second crystallization can be
about 65 to about 300 °C. Alternatively, the temperature can be about 65 to about 200
°C. Alternatively, the temperature can be about 65 to about 150 °C.



tenperature of the second crystallization stage(s) is
typically higher than that of the first stage
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whi ch the salt conpl ex dissolves, but the fina
tenperature shoul d be above the tenperature at which
the salt conpl ex deconposes, so that the free
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alternatively to about 60 to about 100
oAU 1R AC

e vol'une of the solvent can be reduced, for

I b ' ' t .
(EERRSe, B ST bRty B8 R0 P B, s R
stAbd(8), Ritdx¥Riple by fierihg 6LagitRidaxy that teiddsitble digstal morphology

crystallized by addlnqgan anti-sol vent to the secon
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nti.-solv N t .
PR GRS Y EpalPERIOL, 1640308 g8 oprics
abdB2 6 a kizersayh Het desequeht distaufiosrovindee exily nokdbvein einggeneral,

to the second crystallization stage(s),.for exanpl.e ﬁ)&/
e FOBRHGeRr MiEPOL (I PEGHOFH Sen ORI of (yAls Bat are
nho t. i iqd i ' :
oIRHEAOLO 0618l Rk SESERGEE SR 18 SRUAARH, e
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ood, f| ow propert.ies,, and of a size such that,.
(2o SobSh IO8T G901 ER GhE Ga¥P e e AT IRPRIEUTY ipBiipfatio and may
e&ﬁyﬁ?ﬂa@é eryRaisNhiORESIHRESS, 8Pdng o Hatb |sRMBeR! APSYPokEBtokeRdle or
characteristics of crystals that are spherical or
bgr shbpddar i nst ead of bar or needl e shaped. As used

herein, the term
[0028] The free carboxylic acid crystallized during the second crystallization stage(s)

can be collected, for example by filtering to yield a filter cake containing the free
carboxylic acid. For example, if the carboxylic acid is TPA, the filter cake obtained
from the second crystallization stage(s) contains purified TPA. This filter cake can be
recovered at this point or washed/recrystallized from water or another solvent as

described below. From this point on, the purified TPA is manageable to handle

10



"globular”™ wll refer to crystals that have good fl ow
properties and robustness. The term gl obul ar does not
WO Rovst0sg4me crystal to any particul ar aspect rarPCDUS2005/011863
may enconpass crystals that are spherical, oblong,
pot at o shaped, as opposed to needl e or bar shaped.
[0028] The free carboxylic acid crystallized during
the second crystallization stage(s) can be collected,
for exanple by filtering to yield a filter cake
becamsaioﬁ iting dedienbler @pstalambrphylagy egaided bprthe xesopH ecrystdllization
he carboxylic acid is TPA, the filter cake obtai ned
Saﬁgﬁ?the second crystallization stage(s) contains
ur|f|ed TPA. This filter cake can be recovered at

(94794 Asspidingoio omalfrapptiveceny2qdimentz 8y eraRvliacetd i§ra mixture of
t%ﬁ@ftf?eﬁfc ﬁ&ldy | L CP%%P $68rk DG e %% W sulch 049 Eﬁbg)gthgﬁ& Neid.  An

€ puri i'S managea e to han ecause of
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nd crys [ on stage( [ 0029 Accordln
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amd_ H ha'h@ gt H chﬁe@ﬁi o, S”F%te%‘ﬁoo!; Og@ 6?0 oéyhﬁé'e et al., the

aci as 1 sophthalic acid. An enbodi nent
ehtin\ceamtamlts phelhidese an@rperetsd hamnsbelaachnqag Bneﬂy, the second

{aglgg@vgﬁ lcslta%g Iélje e rTe}slcsS V]u%al ip ggg??lflan e{g%r Wﬁerem TPA is
sEl‘éétﬁl% RestatliRAl ghdaRdol e M akbphtiadic tadi® aﬂ&/%@ rdth@chcidy are
atent No. 6,054,610, by Lee et al., the entire

ccystaﬂlmdsfr@n i remaiming TRAodqpbeted eelutien elil n)nbyor more successive

he .seco t
cEPUGELST oD oordilf s8 0 RSP Pl bRt e mpgper tiquor
i elsepiovidRa b RebREInLY Bley sl Y@)hi:}:ﬂé)d zgd daMbeegm,r &0Ontains
and isophthalic acid and/or other acids are

t@rpglghadm aidand rigphthrkic peidai NeprydingAo g @rladinsnt, trgthalic
a&c %ﬂg) r%re{igft:ﬁeé lﬂ gtﬁlﬁla Igt\lllglr }éﬁ%oq‘ c}l) %éé’ll(% aqlglh éﬁt‘fl&{lﬁl&ld -depleted

s’crbaﬁnlll amdt theh issphptiabici aédl day Beepeacipifated frbw Hel terephthalic acid-
| ex, as describe above, contains terephthalic acid

d&ﬂéeﬁ§gﬁﬁﬁhallc acid. According to one enbodi nent,

tere81thallc acid can be preC|p|tated fromthe nDther

[0G3§ dthe tidtey p@kedcoata@réng@mwmoesyla’cm dopt tesgeandy @ysigllization

Rl Bt RO R SR1EE, REBHBS B i icion

sClak®t andrtb dhdilitage (ﬂriyﬁ@ dfahbexlykntc Sdtablefsobntsher sastonglinclude
v&attg{*,s ﬁl%{ﬂalrlgl?te‘lch%gol and other alcohols, acids amines, ethers and aromatics. A
particularly suitable rinsing solvent is water. The rinsing can involve briefly washing
the free acid with the rinsing solvent, soaking the free acid, or even completely
dissolving the free acid in the rinsing solvent and crystallizing the free acid there
from.

[0031] Conventional TPA manufacturing processes require relatively high p-xylene
purity (99.7+%) because these processes typically employ hydrogenation as the main
method for purifying the crude TPA. Although the hydrogenation method is very

selective to eliminate the major impurity, 4-carboxybenzaldehyde (4-CBA) by
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stage(s) can be washed with a suitable solvent to
renove any adhering crystallization solvent and to
wo awblogg4ad e dryi ng of the solvent. Suitable soPUEOER05/011863
for washing include water, nethanol, ethanol and other
al cohol s, acids am nes, ethers and aromatics. A
particularly suitable rinsing solvent is water. The
rinsing can involve briefly washing the free acid with
the rinsing solvent, soaking the free acid, or even
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oS R BRSSP, R LGBa B Y St TRLAAH, i
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3-car boxilgk:)enzal dehyde (3- _CBA), and toluic

hamroto .bgcm@fc@d@yck tegalt semplex aTstilligtion stacerihercp incrpasing
tﬁ pal e%ﬁ%%ncy dc[fgﬁ%roAgﬁo rlplltnﬁgbé ?estnl&bl% t§ '{Hﬁgﬂ 1 %ncefi‘t’i’?‘uon of

OXI I quor or a portion o

OB)ElﬁTﬂ‘Idmbthlet Hyeor tabi @lm@dizehy fcﬁn Etaarple @ytplmegmg flpoetidn of the
fromthe salt cqonplex crysta ation,

moylr disgupy a«‘é"oﬁ?&@% asa%warag i me eeéﬂuorTﬁ% ﬂb%t ithfy gqnggntration
ftdﬁ)Ad al,! Cfflf&h Srergﬁ‘ﬁs tv?itﬁiﬁ PAedBRAcdRentration

icar xy |c a e nother Tiquor to be
rangey Aadrdiag ko b0 etrftoedmaént moepbdlesntorapsheadisiilkelt fron the mother

sta e, ther eby I ncreasin he overal l. eff].ci ency. of
e e BE Lo e et CPHABIS: PP iLjon dt Hsgheehnfled mother

hg R5C e B@tﬂr%lféfte(p% irfeycha DB efirst 'cﬂ*éﬁﬂhieh atAdcdrding to an

di zed, for exanple by purging a portion of the
embbdnment jodjuileer irevantions dhe IGHYY rangﬁolrnt thgrropeentratedrpother liquor is

L uo%ﬁ,i hgt%ﬁ%lil aléc}utq%gclp%nlmc 5124_& "/?f rgt%ﬁbcl‘%béta/%%rr about 1 and

abARA6%, Al hidBt Frofed] Mﬂlsc%ng to an enbodi ment, pure
sol vent can be distilled fromthe nother |iquor to

e e o At oo MTICH o e D28, Wpeen
peregide] eqliepus bytrogdnr meroxide,diydtdgen geroxitedioragi anganioligiid, ozone,
carbon tetrachloride, trichloroacetaldehyde, hexamine, acetone, cyclohexanone,
benzophenone, cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral bxidants,
glyoxals, organic peroxy acids, such as performic acid, peracetic acid, perbenzoic
acid, perpropionic acid, permaleic acid, and perphthalic acid. According to one
embodiment, the pH of the CBA oxidation step is about -2 to about 6, preferably
about -1 to about 4, and even more preferably -1 to about 2.1. The pH of the CBA
oxidation can be adjusted with an organic or inorganic acid. Examples of suitable

acids include chromic acid, hydroflouric acid, iodic acid, hydrochloric acid, sulfuric
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enbodi nent of the invention, the CBA range in the

concentrated nother |iquor is maintai ned between about
wae@epgsIrand about 50 % preferably between abptit/Uus20a51011863

about 10% and nost preferably about 5 % [0032]

Exanpl es of suitable oxidants include air, enriched

air, pure oxygen, hydrogen peroxi de, aqueous hydrogen

per oxi de, hydrogen peroxide in an organic |iquid,
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acid, formc acjd, di hydr oxybenzoic (2,5-) dcid,
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Fi | t
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I'f not en materials are
auxiliary equlpment as needed, in view of the present disclosure.

Un—

[0034] Referring to Fig. 1, a mixture containing crude carboxylic acid is provided to
vessel 1 via stream 2 and a selective crystallization solvent is provided via stream 3.
Vessel 1 can be any suitable vessel known in the art. Vessel 1 preferably contains a
stage for contacting the mixture containing carboxylic acid with a selective
crystallization solvent to form a slurry of the salt complex and a means for separating
the salt complex from the mother liquor. Alternatively, these two functions can be

performed by multiple pieces of equipment. The salt complex is transferred to vessel
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menti oned. Moreover, flow control val ves, tenperature
regul at or devi ces, punps, conpressors, and the like
wae@essder st ood as installed and operating i n PCT/US2005/011863
conventional relationships to the major itens of
equi pnent whi ch are shown in the draw ngs and
di scussed hereinafter with reference to the
conti nuously operating process of this invention. All
of these val ves, devices, punps, and conpressors, as
ek Istreaan Bemid th otogheg digeor 'tsdmmﬂifttradl oy sesselohsiengrens 7arthe salt
thellke ar e edlnth aux
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R0 VELE ST IP e ek DBl BB BOsS Bf oieBd B, o
ek@mpleOas relgle-wp golednt.eam 3. Véssel 1 can be any suitable
vessel known in the art. Vessel 1 preferably contains
3%%%@ S c&ﬁﬁfeﬁcfs' fghskRedMo bEs8l §OMial ftddfh 11, where it is
car lic acid with a selective crystallization
d§@4>1\veq’q in sededtive erystadlizatioy solf-enthSeksative cnym;.a,llmtlan gbleent already

ans fo rati t he.sal.t caonplex fromt
PREn y PERRGE LA oREHE Biher SV R cen SR Sraifed s HEkamm 12.
PReY E@edRe asystamﬂzaﬁdﬂ QOIPéIﬁCi@Sp@f/ldé‘(ﬂ WiPRRBAm 1€ A ah& depicted
conplex is transferred to vessel4 via stream5 and the

cpbpfiaIent.i uet sodvent aissfreeyider tas veeystdd eolyeat sfrm@ame%el 6.
A;[%ﬁa?l%l ﬁ?é@dlx?@ai’xlt cguldI e S&idednfrc\f Sa%e%xt ¥1\f §orﬁr§eatf§rg%ga\16}?pée as

e Ccrys I'Tzation solvent t I ovi

ngike-@PoBrean dT}certempéxauﬁe betheicvRtetts WS tzedsbll T0Bis n@intaidkd Qith that
that s provided via stream 9. hi the, depicted
e%*ﬁﬁ%{.‘/n&rﬁ entifgr wlts gPTRISK flasoppesss detd dissolvesy chesgrding to one

eﬁlgbif gxﬂ% éftﬁg sitte & 1) doflRt kel 1bh§agf@ée¥bg)% |6g ’to about

cou rom an external source
368 °@alﬂérel1pnpel‘atwmbf Ve{s@fﬂaﬁ)] cahlte deadehsedcumd/oexhe solume of solvent

transferre oves 10 via str ere it is_ ..
Pﬁﬁsg@dwsﬁefh gan bed %@8%4 g5 BPY- 5o gw@édefﬁ{] vespel 10'to facilitate
r?é%&l!h%@acﬁlr HHR| dalta’1i0Bcid OIRSEBtandIE, etﬁg YolaH¥ 5B VQIQL can be

conpl ex, and optionally other "solvents, can
dpqrwcdj@d peissing arstranm k. inétiiges, sed. €154, i over d:hwstrﬁllcb oz dtromgh the

sQRGIRT Hisetist, e SSrrblufs S 58 Misaviseds but ProspRlyGhS fomperature
rénliNE Mo ve R eiffehre Bt w%éhe!hg ahlk ¥ShplextdeBomPbass. n'For example,

coul d be added from an external source, for exanple,

thestemperaturg eol beraducerhéo ebergeditaipkowsf {Q0hEC.coheeondiag 66 one
ethb5d: ﬁjxen& ne%gyn?s' Qéd%dn od Vg’s%g’lh 16, %r example by stirring or agitation.

Preferably, the energy is such that the free carboxylic acid crystals that are formed are

globular, i.e., have desired flow and processability characteristics. Vessel 10 can be
any suitable vessel known in the art and preferably provides a means of dissolving the
salt complex in the solvent, stirring the solution to provide adequate energy to yield
the desirable crystal size and shape, recovering the solid free acid crystals, and
optionally providing additional solvents or anti-solvents. These functions can all be

performed using one piece of equipment or multiple pieces of equipment. Fig. 1
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essentially the entire salt conpl ex deconposes or
di ssol ves. According to one enbodi nent, the

wo esopessrur e of the contents of vessel 10 can PET/ERIO$/011863
65 to about 300 C. The tenperature of vessel 10 can be
decreased and/or the volune of solvent present in
vessel 10 can be decreased or a non-solvent added to
vessel 10 to facilitate the crystallization of free
carboxylic acid. For exanple, the volune of solvent
depictshan dgmraes baviby opasscang caysallieationovessel el bghsn alternative
e.qd.,, . over the surface.or thraugh the sol ution.
TIPSR s THE DRI BUERs B bgoREeS

erably the tenperature renmains ahove

r ef ) t he L
[5‘2%3 evelactive coyptalliabon polaenids recyelpd te hedasbrryealbizatiqnoyessel 1
VEL IR by bR LAY 15 Bkt Rfed SEHATE 0! SHURBANY cfidbe &t o
vaskdbd foo subsstetecdkry.f OFheerceoneteel fige atidr isitreamsferred to vessel 16,
gitation. Preferably, the ener IS such.that the
R 1ciE S it aaeﬁledgrcm% PR frjrents Biveadona grgam 17. The
dgh R4l @hbodimént: sHBRY &ud&s 17eskidd ng?&ra RERACRSSARhAL do¥rce, but
characteristics. Vessel 10 can be any suitable vesse
siivemincanralsdbe protvideddispreefotadesolvenp frow desseled. nEba freotarboxylic

dissol.vin e, salt c lex in.the saol ven stiyri

PR Rel Of By oSttt e rinS Be aey e by piis [fabhg contact
o 86AKIAD L Ethe TihSInd! soleaE M diRaRthg the TR th @inSiak isblvent
free acid crystals, and optionally providing o

and grystalizing gl renacid dherg rom. sBiteg axgidsobtained dromy thetrinsing stage
can.all_ be perf.orned,usj.ng. on i of ' nt_or

S e i L LPPP Bl 0 555 S0 D Loty be

réjoafedtitl SeddaMd trdreOtedsRO@BSE] T by Sptedrally aédyelRd e s&8El 40,
but an alternative enbodi nent i s an apparatus having

[004 7] NabBesS BiGORA 1By Yokl 112Rt rQRIFRAIRS veds80B6Yia stream 7 and
Sel éctive crystallization solvent is recycled to the

selieettve eysisllizitionzsel venh froaswassel # iy fransferreditn VeSsahi6 via stream 19.

tiopall recycled to first rinse vessel. 4 or )
(o Rliof Vel § gl (il ERHEe pERMTtglgfolvent and likely
oh€ &R \dr¥ of TARle Bse0rced, athrfih@Mafeial] Pastidl oxidtion HRSAuLR and side
vessel 16, where it is rinsed with a one or nore
predustsniiomothe asids fosmetipn dgoogssa aBd megsiply7othameonipamingatad In an

PRIl 0SUPel B T RUBEBY G e o e

ok&layioh ef psglevie (br hixethxyiess) lthSprichhey parial oxidakiox ptadacts are 4-
acid can be rinsed b riefly cot%:t Wi th the rinsing
3

cahoyErrnzaldghyidsr@-¢ B t?;ﬁaﬁb@m@e{ﬂaé %l6ald-B A Wetipgd from m-
198 MBSl S, SHEEPLAABNEESAfAY Ny o
efnbodimdatehe emicentodiioni afedrtfat axidativer prodsdtcan be adjested by varying
the amount of pure solvent recovered from vessel 6 (as more pure solvent is
recovered, the impurities become more concentrated in the concentrated  mother
liquor). To allow for a material balance, an amount of concentrated mother liquor
from vessel 6 can be purged via purge stream 20. The remaining concentrated mother
liquor is transferred to vessel 21 via stream 22. According to one embodiment, some

of the contents of stream 22 may tend to precipitate. According to one embodiment,
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exits the process via stream 18. R nsing sol vents from
vessel 16 may optionally be recovered in vessel 6 or
WO e@ygob®ld t 0 vessel 1 or optionally recycl ed tPCT/ESHE5/011863
4. [0037] Mother liquor fromvessel 1 is transferred
to vessel 6 via stream 7 and selective crystallization
solvent fromvessel 4 is transferred to vessel 6 via
stream 19. The contents of vessel 6 therefore contains
sel ective crystallization solvent and |ikely one or
smnhrmewjpitantsj da&n be mencwed dions stagam A omedcyrled) for paamplal) to vessel

d t d i duct s.f id,..
¢ obiraphiont Becidle® Shtestt: B SBforany inpdivind by adding pH
a@jﬁstﬁ%ﬁ ST QleathP8. 'Siﬂﬁﬁl‘é'ﬂ{‘adjﬁﬁﬂxg%ag%nﬁtihbﬁlﬂé adiiPuch as

prepared fromthe oxidation of p-xylene (or
omax@canﬁynmemp acids, for ¢mgle prethigl acisl hdémiﬂ@nng peiduietis acid,

G ol et UG gt CHCA SRPTS 861 PiSHicnsjhepjrophenct

(Bng-)taid)ing ﬁiﬁleﬂesﬂuﬁ@ﬂ@ ra8id, Weﬁibsﬂlf@ﬁ&aéld k@icﬁld@@ao@ﬁc acid, oxalic
om nant , such an enbodi ment, the concentration of

agidy tdlahlomap@tsq i e, privydroxdenzaie 446k eeFiy %koymgne-l 1-
d}rcr:g : 89%‘5 Q&doﬁc&féra id OI&IXl%ﬂ:t adif CQMI&EI%Q?’TE‘IEH@& i ézﬁbrdﬁo

re sblvent 1S réecover €d eco

a¢ia) dichivreRrtylaetd acid, tiagdiainaeidf baﬁ'@@beﬂiﬁblheaimdil ﬂ-USMn))butyrlc
‘To allow for .a material bal ance, nount_of
a@én@@ﬁ@?@@é@l%@lﬁe?ympWP 4 - RS pnzgslfpnie gcidy Agaglinic

%ﬁhab%fﬁ&%eﬁé acffl d%gc%ﬂ}l]@ dcfiT8y: @hlgﬁ)f?@?ﬁl%né&&‘t ﬁﬁldﬁ% e, o-
e

uor is transferr to vesse la stream 2
bﬁmnxﬂuedzmg attdl, chbrecbid rodnbriodarrzat atile ocdﬂomhusrnofamd o-

ream t end t tate. According,to one
ol 2 ooy @t P Bb S DR oy acetic acid,
dﬁlrs_,laﬁ t&%oﬂ:r OOV e fdrBic emlcﬁhyd}&%eﬁﬁﬁ& &5 Th@ad o-

he contents of vessel can optionally
hadipmﬁieadmb yachi @rqygnqplhea@}ytas@umg:ld ead @ﬁtartana asidy e%md&@sed to

ogpdfr oL RE PRI AL P sp Ol St gy g8 Rontents
oBGésdel NYAE lahOefrbdtondssbl 24084 Siratei 95, tTHe E@Iﬂ@ﬂl’t@ lolf Gessel 24 are
acid, sulfuric acid, nitric acid, selenic acid, picric

oxidized with exidegppreisied (3a sirean 2cand] thﬁaﬁfamafeérﬁéstmeéwi d via

GGt 270 charisaBRbfu Jaflucd et RoBeRa Bl pufE ofyet Bbjfogen
paokide, &yebePhipRena-perd:dds abogyh berogidedn aﬂ@)egani‘c qidl ozone,

mal ei ¢ aci d, dih droxynallc acid, dihy droxytartarlc
carbony, tefipellpode a@@#%qra@c@ta dehyde.q hexamingi rcefone; yclohexanone,

bgnﬁhﬁé'n%ﬁgnzc%r&lﬁfdegydé/ %Yrﬁ&ﬁgltj.ts)ﬁifoﬁdéc' s‘éllﬁdes, chiral oxidants,
cya ic acld,

opr opi oni dyanoac
ghroRdls, nedgeaniz osasbAyoadids, &nlchi as (perfoadicnadid, peracetic acid, perbenzoic

acid, perpropionic acid, permaleic acid, and perphthalic acid. Oxidants and oxidation

by-products can optionally be recovered and recycled from stream 27.

EXAMPLES

Example 1: 4-CBA Reiection Using Salt ex Purification

[0038] Slurries were produced by adding 28 g crude TA (containing 2.5% 4-CBA) to
100 g of NMP in three beakers. The three slurries were maintained at about 41 — 46
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acid, bronoacetic acid, dinicotinic acid,

a-chl oropropinic acid, malonic acid, obronobenzoic
w@eood/08sad or oaceti ¢ acid, -iodobenzoic acid, PCT/US2005/011863

-chl orobutyric acid, ophthalic acid, flurobenzoic

acid, -chlorobenzoic acid, /7-cyanophenoxyacetic acid,

di hydr oxybenzoic (2,2-) acid, formc acid,

di hydr oxybenzoic (2,5-) acid, ohydroxybenzoic acid,

0o- cyanophenoxyacetic acid, and a-tartaric acid. Acids

°Csehile miziaigusThe senpled cwere dipteredrek] yndsé witle cataragal BHRA/NMP

%S PR B PRRBRClstdin 035 RGP a bk Capigromitography.

The et 8rethoW8$S Thhié4. are oxi di zed w th oxi dant
provided via stream 26 and then transferred to vesse

Thblé! 12 £EBRB & fion B s41RLoEpRY hiARlaFioh T6 HiRyS Wixing times.

oy I0E G (i)~ o d ) ACRA COe G 0L~ o o oo "CBA rejection
Iqu|d dPone, carbon tetrachl ®Filde, 94.8%
trichl or 38cet al dehyde, hexani r&104cet one, 95.8%

cycl ohexd®one, benzophenone, di.09fanmal dehyde, di net hyl96. 2%

sul foxi de, sulfides, chiral oxidants, glyoxals,
organi c peroxy acids, such as perforn1c aci d,

EREMBREDL C actsla RS el%ﬁ&% OJGin
perna eic acid, and perp

Temipdratires by- pr oducts can optlonally be recovered and

recycled fromstream 27. EXAVPLES Exanple 1: 4-CBA

[(R8j9¢ Sturdes Weiengo®rlet b@mﬁir@%@ ciutle TA {contali@B5% 4-CBA) to

28 de TA

PRI ATTP G (B eeaTg Bgs g Drmiwies rfwms slurres were

ni&%ﬁ&ﬁé@ at cmgtam@ﬁgel%h%g fifle i’iﬁil TRALLH ?a'rﬂ}ﬁ? I‘%H?ﬁ%reﬁ and
e sanplés were filter

nnsadswdh\mttjnatséﬁ)ﬂméNMP RalatioVe: gotamperatuset 4-TCBA cdadEBfations

RSt P ChBwit e fhefioua B bonian AR 2
rejection by salt conplex purification for various

mxing tinmes, Mxing time (mn) 4-CBA cone (Wt %
ilpﬁ/x 4 & BAciejagton iy sﬁlq@mmiﬁx frrgtiomat[\auiogs tepuperptres. 095

%lti%ﬂmmjémp@atufb—(@e)\ Rej deCBArcohls.i(mgopal t ConpHeXBA rejection

Puri fi cat pgrpgat Various 0.138 94.5%
34-35 0.138 94.5%
52-56 0.107 95.7%

Example 3: 4-CBA Oxidation at Various pHs
[0040] This example illustrates the effect of pH on the oxidation process of 4-CBA

with H,O,. Oxidation was conducted at 25°C for 300 minutes. The results are shown
in Table 3. The results indicate that lowering the pH yields significantly greater

oxidation.

Table 3. 4-CBA oxidation at various pH.

4-CBA conc.(wt%) H,0O, conc. (wt%) pH 4-CBA conversion
3.89 2.31 2.1 5%
3.88 2.14 -0.4 72%
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Tenperatures [0039] Slurries were produced by addi ng
28 g crude TA (containing 2.5% 4-CBA) to 100 g of NW
WO nooblossago beakers while mi xing for 30 mi nutes.PATES2005/011863
three slurries were maintai ned at constant
tenperatures while m xing. Each sanple was then
filtered and rinsed with saturated PTA/ NMP sol ution at
its tenperature. 4-CBA concentrations were determn ned
by Gas Chronmat ography. The results are shown in Table
2. Table 2. 4-CBA rej ebthabin cliymedhist conpl ex formation
at various tenperatures. Salt formation tenperature
(00 4-CBA caone. (W% 4-CBA rejection 26-28 0.138
199 boh g @ %ﬁm&%%@%s@@ 14 fomos e SARBPESIgE one or

nifoﬁ%bwlié%idgﬂh@'ine\dﬁ{d %@Fgﬁﬁ% [0040] This exanpl e

ustrates the effect n the oxidation process
of 4c@BActmigtthe HixiBre @ikth daseleotivenagstelbinatinnt sdveat at2benfperature

3 m nutes. The results are sho i n.Tabl e 3. The,
g 31 Q6o (L fm h Do FAGCERRSh A PFormuoxIic Acid and the
sdlb@ieldrgddilila¥io A kRERF a@Ki dation. Table 3. 4-CBA

oxi dation at various pH 4-CBA conc.(w% H2OQ2 cone.

(wt OecPveringtBAsabenmeplsk.on 3.89 2.31 2.1 5% 3.88 2. 14

-0.4 72%Mat is clainmed is: 1. A nmethod of purifying a

carboxylic acid froma m xture conprising one or nore
2car baky methcdfdsaimt 1) evieRdih @k GEBERKIi6 héid is SQ8ttCirdmGhe group

the mxture with a selective crystallization solvent
consiging epr drenphiiradicapgidy ispphibpkic @eidy orthgphighienagids| apdr jnixtures
t}f%:fr & salt conplex of the carboxylic acid and the

Selective cr ystal li zati on solvent; and recovering the
salt conplex. 2. The nethod of claim1l, wherein the

carboxylic acid i s selected fromthe grou
3. Th)e/ method of claim 1, wherein the selective crysg[allizgtion solvent is selected

from the group consisting of N,N-dimethyl acetamide, N,N-dimethyl formamide, N-
formyl piperidine, N-alkyl-2-pyrrolidone, N-mercaptoalkyl-2-pyrrolidone, N-alkyl-2-
thiopyrrolidone, N-hydroxyalkyl-2-pyrrolidone, a morpholines, a carbitols, a C;-Cj»

alcohol, an ethers, an amine, an amide, an ester, and mixtures thereof.

4. The method of claim 1, wherein the selective crystallization solvent is N-
methyl pyrrolidone.

5. The method of claim 1, wherein the temperature is about 0 to about 65 °C.

6. The method of claim 1, wherein the time is about 1 minute to about 5 hours.

7. The method of claim 1, further comprising decomposing the salt complex in a

selective crystallization solvent to provide free carboxylic acid.
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consi sting of terephthalic acid, isophthalic acid,
orthophtalic acid, and m xtures thereof. 3. The nethod
wo@Rooeloss4mo 1, wherein the sel ective crystalli zap€DNS2005/011863
solvent is selected fromthe group consisting of
N, N-di met hyl acetam de, N, N-di nethyl formam de,
Nf or nyl pi peridi ne, N-al kyl -2-pyrrolidone,
N- ner capt oal kyl - 2- pyrrol i done, N al kyl -
t hi opyrrolidone, N hydroxyal kyl -2-pyrrolidone, a
Spror pmhblnrﬂé]md af daimbi7t whereinagth€halCt@malexdk dissolaetd Bt thesslective
c éﬁﬁél qn %n1de an ester, and m xtures thereof. 4.
%ﬁ% W%ﬁ)8?1claln1l, wherein the sel ective
crystallization solvent is Nrethyl pyrrolidone. 5. The
method of claim11, wherein the tenperature is about O
%0 abdemesmddaing 7, Whereirethselt spmplexi ferms awheryeinrhe lelective
1 mnute to about 5 hours. 7. The nethod
c%%ﬂﬁkﬁﬁoggﬁy%ﬂrther conpri sing deconposing the salt
conplex in a selective crystallization solvent to
rovide free carbox lic acid.8. The nethod of claim?7,

er dhf n%qﬁ@ds@f ¢laise fp Fusther sompEsiag whiFrngihe peleefiiecsolyaps with
e%é?tsﬁkﬂc'l ?VS'@% &?sttalh t1o£h§f ARt gbqgox%lglat%dz having globular

ern t orns a slurry-i

co@atadelidpe.e crystalllzatlon sol vent. 10. The nethod of
claim?7, further conprising stirring the selective
solvent with energy sufficient to provide

rys I t o LAl havi
Rt A R e R L T
selegtpreisslivagf. r educi ng the tenperature of the selective
solvent. 12. The nethod of claim 7, further conprising
reduci ng the volunme of the selective solvent by

12vapghath&fod IOk, of:ur§1@1L CoRPhidH %; i/e%ucmg the volume of the
crystal | ization sol vent. 13. The method of claim 7,

seletiveselveryrdvapengtingldipagioa of sridseleviéyr crystaltination solvent.
sel ective crystallization solvent. 14. The nethod of
claim1l, wherein the mxture further conprises one or

1801 e Thetieéthed ofSelhie tE dfuktheMcbMPriging UGN &1 Sdd-8védt to the

car boxybenzal dehyde, toluic acid, and
selective crystallization solvent.

14.  The method of claim 1, wherein the mixture further comprises one or more
materials selected from the group consisting of carboxybenzaldehyde, toluic acid, and
xylene; and wherein recovering the salt complex yields a mother liquor that is
enriched in one or more of the materials, the method further comprising adding an

oxidant to a portion of the mother liquor.

15.  The method of claim 14, wherein the oxidant is selected from the group
consisting of air, enriched air, pure oxygen, hydrogen peroxide, aqueous hydrogen
peroxide, hydrogen peroxide in an organic liquid, ozone, carbon tetrachloride,
trichloroacetaldehyde, hexamine, acetone, cyclohexanone, benzophenone,

cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants, glyoxals, organic
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xyl ene; and wherein recovering the salt conplex yields

a nother liquor that is enriched in one or nore of the

woradoesss, the method further conprising addi PQI/ERS2005/011863

oxidant to a portion of the nother liquor. 15. The ‘

met hod of claim 14, wherein the oxidant is sel ected

fromthe group consisting of air, enriched air, pure

oxygen, hydrogen peroxi de, aqueous hydrogen peroxi de,

hydr ogen peroxide in an organic |iquid, ozone, carbon

peroky acids,osucliegs performioaadcedradetie acith petheraoit raeid, perpropionic

aﬁeton ,.Q%ﬁéohgxanggﬁ. benzophenone, ci nnamal dehyde,

A RSTRE T ST G gPhidalic poids  chiral oxi dants,

gl yoxal s, organi cperoxy acids, such as performc acid,

peracetic acid, perbenzoic acid, perpropionic acid, .

1pepnahemethadiaf claimd Aowhpleiriap b ofcseid porgon qiftbe mithssdiquor is
cl aim 14, wherein the pH of said portion of the

aﬁ%#ﬁtﬁngab%r is about - 1 to about 7. 17. The net hod

of claim 14, wherein the pH of said portion of the

nother liquor is adjusted to - 1 to about 7 by adding

13ci dThemetiod afslavarl4, whersin the @H ofiraidpertigrgoighe soghamliquor is
rther IS4 | fyi :t1onal carboxylic
aé@ftgé ff.br %%Ség%rﬁga’rﬁd%% %ﬁ}g {80%{%? .ﬁ%‘gh da(\)?'d portion wth
a selective crystallization solvent at a tenperature
nd tjme effective to forma slurry of a salt, conple

I8¢+ hae #edhqd shalere dip Siher comprigngryrifyias adfligopal qarboxylic
a&ﬁyﬁcfrﬁ‘uaidz g?)i‘tfrﬁeﬁ lc}ﬂﬁfggﬁrg g%lfl 10t ?ﬁ 'V&lﬁle%m%le%?kée crystallization

conplex. 1 el n
sofvertt at e tenppriusesnd emeptifebtave © focind dnaty iof apatthaliptex of the

.d and_wherein.recqvering said salt conplex yields. a
ol CmPaRBIc 2did and Hherls R R velall ot el gy and recovering the
sAif &gt ating terephthalic acid fromthe nmother |iquor

to yield a terephthalic acid-depleted stream and then

precipitating isophthalic acid fromthe terephthalic

1her SR Mo P e nfigrinctiE PBraR Ko Rarfes Ephbafigecid and
isopetAilidaid end Gihdreid RRovaRinBQdid daltt dupipl &OyiBIdk % ASther liquor, the
reduci ng the tenperature_and vol une of the second
methpdtfirtherzeampsising piesipitaténg tearnhihplis asishirew) thempother Hguor to
: . : . P ivel
SRS BRI A0 Infafd 2 AR BRI Yol o
the terephthalic acid-depleted stream.

20.  The method of claim 7, wherein the mixture comprises terephthalic acid and
isophthalic acid, the method further comprising reducing the temperature and volume
of the second crystallization solvent or adding a non-solvent to the second
crystallization in a first stage to selectively recover free terephthalic acid and to
produce a terephthalic acid-depleted solution and then reducing the temperature and
volume of the terephthalic acid-depleted solution in a second stage to selectively

recover isophthalic acid.
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produce a terephthalic acid-depleted solution and then
reduci ng the tenperature and vol une of the

W evoefoss4m@l i ¢ aci d- depl eted solution in a secoPdI/ESRQ&011863
to selectively recover isophthalic acid.21. The nethod
of claim1l, wherein the carboxylic acid is sel ected
fromthe group consisting of terephthalic acid,
i sophthalic acid, orthophtalic acid, and m xtures
t hereof; wherein the m xture further conprises one or
2bor e Thamesthed ef daimebtvdtbréin dime careoxylioapiddsneeeted figmathe group

tboxybenzal de,. .t ol ui cid,, and x ne; .wherein
SFREBRR EDERBLS o Sl i Dbt RRCiq o of s
theedlf; e tieh@ektin® fBARerUWomPses Bhc SAIrE R ASriad Solectddfrom
wherein the selective crystallization solvent is

thee ZEIPe gORSIBIRSt PE caboryPensridehsidendolvic Rpilk dndextigne; wherein

' vl n ] he methoed further
<GSR 60 A1EL TR s ROL 90 e, bR LMo o
said mpterials;nardl whérett thy cletiysd alybtaltiabticiNsdloént @9 kelb@ed GOM the
a second slurry or solution and precipitati n(f the free

sEoRpoRsistiRg qE NeNrdimgthyh peptaaids fad dbmethyd pywelidane, the method

ﬁﬁﬂk&@%&#ﬁ%ﬁﬁf d second solution with energy sufficient
to provide Crystallization of the carboxylic acid

havi decoghmbingaor disydvimlg sidpelt @nplexddi ngsedetion i apunillization

t.o sai d nother |jquor, erein fhe oxidant is selected .

SlYgthte %ﬂ@ﬁ&aﬁoné‘oﬁ%% ] ?@u%qn A% progipipiingethedree, caphppylic acid

fiBY &) sed3nd sOREDN REHiIE ?tinggasch_li’@ Snd’ X@ﬁﬂ&? Qvitﬁleéngg)ﬂs%fﬁ cient
or gan , car bon

hydrogen peroxide in a Irc liqui ozone,
ta grovide letystalligation of thelcertmaykdt adid bhyiog globelaaniyst] shape, and

ai metatre & orERRLE e o EE SaRen Pgin, e i sefeetsd from
el OuRlconsi AIIRHH Sir RRNRKYI BF] BSre XYEh, a5/ dRSYh Ped:Gde, aqueous

acid, peracetic acid, perbenzoic acid, ‘perpropionic
hydrpgen sreridlei dydwigen perdxider prht 4maldrgamdei Hquidp. ozane, carbon

or [r ver.in urified terephthalic acid om
te{gﬁé}ngﬁﬁ’uenttn%gﬁ)r%cf’t&elglgg%({eh al ?18"%%’8111& pr 850 on cyCIOBexanone’
b@izoplessne,! EnmiBialdetlyde) Maith&hiio: subfexidactsulfidesdi dhiral oxidants,
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glyeraet rganie rResex RFidatsush as deploRnict asidhr prIereticaacid, nerienzoic
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solid salt conplex and a nother [|iquor;

22. A method for recovering purified terephthalic acid from the effluent of a
terephthalic acid production process, the method comprising:

contacting said effluent in a first crystallization vessel with a selective
crystallization solvent to produce a slurry of a salt complex of terephthalic acid and
the crystallization solvent;

filtering said slurry provide solid salt complex and a mother liquor;

decomposing or dissolving the solid salt complex with a selective
crystallization solvent in a second crystallization vessel at a temperature of about 65

to about 300 °C to yield a second crystallization slurry or solution;
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deconposing or dissolving the solid salt conplex with
a selective crystallization solvent in a second

W@ eyost088470 zat i on vessel at a tenperature of abPCI/USH05/011863
about 300 Cto yield a second crystallization slurry
or solution;reducing the tenperature of the second
crystallization solution to about 60 to about 185 Cto
crystallize free terephthalic acid; and recovering the
free terephthalic acid. 23. The nethod of claim19,
f ur t reduatmgihei tetperatdg uf thensgedndecrpdtaldizati dnescdutpor toi about 60 to

f t ther lLiquor to out - .1 to about 7 and
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per oxi de, aqueous hydrogen peroxi de, hydrogen peroxide
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ROREPL R B REUASL A waRRLR ORI GofFifl ogen

peedxdded i tanodrgatic t iuidpbhwie, Ichljunrtetrachldiile itrishloroacetaldehyde,

crystallization vessel. 24. A nethod of ,oxidizin i
hex &g ox JsELal BMRASEARAMNG/ obergoPheRpR® x Al draNde o dimethyl

i | . o o .
SRR S Rlcs, AL ab S RPOLR, ofkeblc jRA0E RORL SR pepfpmic
aaidp Hhdyedetiy abidutpethebzoiandcidd dierpgopioniex iadidnt pdrmalkefve acid, and

p?t il qu:i g%&rr&cgﬂﬁl%g ?&ﬁgg@g%@ leqdfte B}/ed ?ngtﬁer liquor to the first

ciyEAlPReReseR! dehyde to isophthalic acid. 25. The
met hod of claim 24, wherein the oxidant is sel ected

fromthe group consisting of air, enriched air, pure

xygen, h ogen peroxi.de, aqueous hydro er oxi
2%ydr dgen %%[LS i d&in 915 ni%’c %%%E?HZ%? N caei'“%gq{ 3-
chdok Jdn-aldbiekRle, édmsridisy: 0acet al dehyde, hexanmi ne,

acet one, cycl ohexanone, benzophenone, cinnanmal dehyde,

di medeypriegiticordel a sifepmdesmprishigr 4tcaterybenzeldehyde and/or 3-
HeRoL 3105 R0 § PEEANY AGkIS: (4Ch as performi o

pera id, perbenZzorc acid, perpropionic
adding an oxidant to the stream to convert 4-carboxybenzaldehyde to

terephthalic acid and/or to convert 3-carboxybenzaldehyde to isophthalic acid.

25.  The method of claim 24, wherein the oxidant is selected from the group
consisting of air, enriched air, pure oxygen, hydrogen peroxide, aqueous hydrogen
peroxide, hydrogen peroxide in an organic liquid, ozone, carbon tetrachloride,
trichloroacetaldehyde, hexamine, acetone, cyclohexanone, benzophenone,
cinnamaldehyde, dimethyl sulfoxide, sulfides, chiral oxidants, glyoxals, organic
peroxy acids, such as performic acid, peracetic acid, perbenzoic acid, perpropionic

acid, permaleic acid, and perphthalic acid.
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acid, permaleic acid, and perphthalic acid.26. The
met hod of claim 24, wherein the pH of the streamis

wo owe/8sd7hy addi ng an acid to the stream wherRCTIUS1085/011863
acid is selected fromthe group consisting of chromc
acid, hydroflouric acid, iodic acid, hydrochloric
acid, sulfuric acid, nitric acid, selenic acid, picric
acid, trinitrophenol (2,4,6-) acid, napthal enesul fonic
acid, benzosulfonic acid, trichloroacetic acid, oxalic
acid, dichloroacetic acid, trihydroxybenzoic (2,4,6-)

id, I e- d b t .

LB SRR b e R oF feaar g Sy g o
A4 @ the &R WR&GEhYhAEQH i€ A&l frbmt theichhup @kting of chromic
o- ni trobenzoi ¢ aci d, y-cyanobutyric acid,

@ybh@@rpﬂpu@ﬁ peidaioflig acily hydracldpiie aeidi sjulfunc acid, nitric acid, selenic

nobenzosul fon ui aci br o
cfn é)lcna; a1 o%nhtfogheg%oﬁlgﬁq 6- ﬂgﬂ?b?aé)g]? g eﬁl]llgdné% lEP%enzosuﬁfomc
etasai @fditordbtdtic Rid)obRARDSNE, crhemaﬁiadeucom(p rtﬁay&bx?oea@dna (2,4,6-)
oi odobenzoi ¢ acid, a- chlorobutyrlc aci d, - pht h
aid, Fyclopinpepen ofiearheniic it wietp asitoinealsisi aid, dlhydroxymahc

acuf: glﬁﬂ@%}ﬁlﬁ] Tate agzid ?J%i%tgaceg% g%eg% O&é}’(% g@@c? ;11% e(c%d o-}ntrobenzow

amdwy dy-oyatobuzdicc add,d, coampansiplienoxyac etdyanme@b ald, o-
a{rrtnggge?lgtl)s%lf%g{cd acid, quinolinic acid, bromoacetic acid, dinicotinic acid, a-
chloropropinic acid, malonic acid, o-bromobenzoic acid, chloroacetic acid, o-
iodobenzoic acid, a-chlorobutyric acid, o-phthalic acid, flurobenzoic acid, o-
chlorobenzoic acid, p-cyanophenoxyacetic acid, dihydroxybenzoic (2,2-) acid, formic
acid, dihydroxybenzoic (2,5-) acid, o-hydroxybenzoic acid, o-cyanophenoxyacetic

acid, and a-tartaric acid.
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