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I f the Invention
The present invention relates in general to m’mm’"@"ﬂg‘mmﬂ@mtl c dicarboxylic
Y

acids 5 and nore specifically to inproving cata

aronmati c

S tivity during
di caoagiseaks ¢ acid purification such that'*?%e ar onptirossdiosoas boxyl i ¢

acid product is not hydrogenated. 2. Description of the Related Art

Aromati c
products.

di car box&i c acids are used to &roduce a variety of polyester

Ar omat i METEODQK BUYRIFYING AROMAM LG DIGARBQXXLEC & by the

catal ytic oxidation of the 10 correspondi ng aromati c- di al kyl conpound. For

exanpl e,
the i qui

terephthalic acid (TPA) and isophthalic acid (I1PA) are produced by
d phase oxidation of p-xylene and m xyl ene, respectively, by the

fol l owi ng r SBAGKGROUNIHORTHEJNVENTIONZy| ene CO=H O CO=H t erephchalic acid
(TPA) COZH CHI + O= cat ~ CO=H CH Isophthalic acid (IPA) In the above
reactions) Co/ Mh/Br may be used as the catal yst. The above reactions work

wel | . However, in addition to producing the aromatic dicarboxylic acids,
LY, | ~~~~ b 2 -EHield of gredaveaidin0l 00457 PCT/ US99/ 05055 a nunber of

inpurities are al so produced. The followng are the inpurities produced in

t he cat al

yti c oxThtenressnt invention pilatésain igenesal itel purifying aguatiodsarbexydic|4cid® O CO~H

CO2H CO=H 3-CBA fluorenone mtotuic acid 5 10

5

10

and more specifically to improving catalyst selectivity during aromatic dicarboxylic acid

purification such that the aromatic dicarboxylic acid product is not hydrogenated.

2. Description of the Related Art

Aromatic dicarboxylic acids are used to produce a variety of polyester products.
Aromatic dicarboxylic acids are generally synthesized by the catalytic oxidation of the
corresponding aromatic dialkyl compound. For example, terephthalic acid (TPA) and
isophthalic acid (IPA) are produced by the liquid phase oxidation of p-xylene and

m-xylene, respectively, by the following reactions.

c, CO,H
@ + 0, cat @
CH] COzH
P-Zylene terephthaliec acid
(TPA)
CO,H
CHJ + Oz Cat @
&
CH,

Isophthalic acid (IPA)

In the above reactions, Co/Mn/Br may be used as the catalyst. The above

reactions work well. However, in addition to producing the aromatic dicarboxylic acids,
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Car boxybenzal dehyde (CBA) and toluic acid result fromthe inconplete 10y 2000
.oxidation of the aromatic dinmethyl conpound. In the oxidation of mxyq Zfarlig

to produce I PA, 3-CBA is produced. In the oxidation of p-xylene to produce
TPA, 4-CBA iy, ed. Likew se, mtoluic acid is an i npupli)iséohsisA
producti on anép@fbtg% uic acid is an inpurity in TPA product ::Pon. Because ,

nei ther the CBA nor the toluic acid have two carboxylic acid groups, both

woul d t er Finiabe of Mpueified Are Qfso Pradatede StRrfolvaskisre thd infpiitiBesoirbd@edlincar boxyl i c
acid. Thus, both A and toluic acid are undesirable. However, toluic acid

is only piRdueRfc bﬂdaﬁﬁﬁbhsg‘,}ﬁmibta&ig;s and is water soluble, thus renovable
in a crystallization step. 1n addition to the CBA and toluic acid
i mpurities, conpoungds generally known as 15 "fl uorenones” are produced. The
fl uorenone shown ablbve is only one of several isoners. Fluorenones have two
carboxylic aci g@EtﬁJ-pﬁ, and are @herefore not chain term nating. However)

I

fl uorenones ar | ow. Thus) JfHfLuUorgnpnes are eésent) the polyester
produced fromthié aromatic di ctacid wil

ppear dingy. In view of
t he foregoing, ko,HSs necessapy to purify crude a tic dicarboxylic acids.
The dicarboxylic acids are gurified by catal ytic hydrogenation of the
inmpurities in th&Bol | owi nfluezabnens. SUBSTI TWikiditREd ( RULE 26) 2 2r]
o0 v 2002 WO 00/ 00457 PCT/ US99/0S0SS 5 O O O CO=H cat + H2 CO=H fl uorenone 0
Il GwHO | + 2H2 CO-HCBA 0 11 C-HI COH + H2 CBA Oo O ~~ZH +H20 COxH
fl uorene j i | otk Hh Yxilikioh gk RENZOi C
acid (HI\/B%ﬂ)ggﬁgg%{d%gagégﬁkg%@\}g@cﬁc%ﬁoﬁes arle C %éseér)?gggl tg m?l uor enes",
and CBAS gfypiaf )| 1 e BRkAlioR 'S¢ nAHRY BRI ANZAEEA §C1 d (HVBA) .
Fl uor enes é)r g&g%mf%ﬁr@ﬁ&)t Et@e ﬁ’g’?g}?m ynerﬂcrﬁa?{ﬁﬁide_r mﬁ%‘é?io(%gA%cand are
whittes  TheroRbch! I el diftalich HRRYIEHe! Y pRoRRde! Fith QUERRYS PhoaaalyY ifikvhile
oxi dation products 1n water at "an el evated tenperatufe and pressure,
fol | oned i r | 1 . b Olh MM, 1 . ogenat i on
cat al yat s SERTRES Bmblify 5P EPA bloaad b ARG iPafifully BARACDDCE (1

mXEUT e T Qe Beldisd Aithen it ERAGRYFRSoICRURVS hifleb Al

crys]tal lize. e tol'urc acr¢ remain i n solution: %’IE%& ﬁydyogenati on
catal yar ESuP B YL ARy D Al B S ToPRRer IR L s R e gIE e
26) 2 ZaHQ'.i ?gy \ 208CEL 20 e fa B'g%%%‘i?%lp 595%@?,%% ﬁcﬁ?is%hﬁradvant ages

of the puri on process Is e tendency to ogenat e
10 produced in small quantities and is water soluble, thus removable in a crystallization step.

In addition to the CBA and toluic acid impurities, compounds generally known as
"fluorenones" are produced. The fluorenone shown above is only one of several isomers.
Fluorenones have two carboxylic acid groups, and are therefore not chain terminating.
However, fluorenones are yellow. Thus, if fluorenones are present, the polyester
15 produced from the aromatic dicarboxylic acid will appear dingy.
In view of the foregoing, it is necessary to purify crude aromatic dicarboxylic
acids. The dicarboxylic acids are purified by catalytic hydrogenation of the impurities in

the following reactions.
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5 10 15 the aromatic dicarboxylic acid to produce undesired by- produzszs ‘Lﬂ]ﬂl
‘the production of CBA, the foll ow ng undesired hydrogenation reactio H%
occur. COH CX2H cet CO=H + 3H2 --- CO2H 1PA Cycl ohexane Di carboxylic Acid
(CHDA) COLH ®@RédovasdH2 ~--i ~ + CO + H20 CO=H 1PA Cycl ohexaggJbgh@sdaoxyl i c
Acid (CHDA) As can be seen) |IPA may be hydrogenated to cycl ohexane

di carboxylic acid (CHDA) and cycl ohexane carboxylic acid (CHCA). Only a

smal | amount of CHCA is produced. | PA nay al so be hydrogenated to mtoluic
acid, but little mtoluic acid is produced on this route. Note that benzoic
and toluic acids my al so be produced from CBA. The byproducts are water

sol ubl e, and th@s are not overly difficult to rgnove. However, the

byproducts repregsent a ¥1I el d | oss of the desiregl bromate di carboxylic acid.
Most past ef @(ﬁ@ q¢y €4sing the a eXelss Gipa and CHCA
produced du puri f| catl on centered a addition of rhodiumto

t he pallaﬁ?ﬁhicarbon catal yst) which is t?bﬁcally used in the purification
process. For L&) U S Patent No. 4,394,2 ches the use of a
by-netal lic F@%ﬁggon carbon catal yst for the g%????catlon of terephthalic
acid to decreas@ t he amount of 4-'CBA and m nim ze the anount of CHDA
byproduct. U.S. lPatent Nos. 4,629,715 and 4, 892,972 -4 SUBSTI TUTE SHEET
(RULE 26) a1 2002 WO 001 00457 PCT/ US99 055 teach the use of

| ayered cat st beds consisting of g layer o /| C catal yst before or
after the bulk of Pd/C catakyx,s. However, rhediwmis very exhénsive.
SUMVARY OF T9&H| NVENTI ON Accordingly, it is an bbject of the present
invention to gBAify aromatic 5 dicarboxylic agjgdsadid@ elinminate chain

term nating by-psoducts and elimnate yellow fluorenones. It is a further
obj ect of the prgsent invention to catalytically hydrogenate the inpurities
of the oxyge '@QHof a dial kyl aromatic whil e qn¢dii ng t he generation of
by products. It7is a still further object he present invention to

m ni m ze the [hydrogenation of__the dicarboxylic lcid desired product w thout
decreasi ng thgu ate of hydrﬁd@héf*on of i npuridd;Bs such as CBA and col or

bodies. It is_another obj ect of the present invention to ri romatic
di carboxyl i c §Bfd while avoiding the usee}gpro&&eﬂg’w e ’ﬁoagiédm% al ysts.

As can be seen above, fluorenones are converted to "fluorenes”, and CBAs are converted

to toluic acid and hydroxymethylbenzoic acid (HMBA). Fluorenes are bifunctional, thus
not polymer chain terminating, and are white.  The purification is generally carried out
by dissolving the oxidation products in water at an elevated temperature and pressure,

5 followed by contacting the resulting solution with a bed of hydrogenation catalysts in the
presence of a partial pressure of hydrogen. The product mixture is allowed to cool which
causes the purified product to crystallize. The toluic acid and HMBA remain in solution.
The hydrogenation catalyst is commonly palladium on a carbon (charcoal) support, which

catalyst contains 0.5 weight percent palladium.
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| S These together with other objects are acconplished by providing aZ2 K0V 200
‘met hod for purifying aromatic di carboxylic acids which oxidizes mxyl ene or
p- Xyl ene to produce crude isophthalic acid or crude terephthalic acid,
respectivel y.wdboooggroduct s of the oxidizing step are hydr ogenalsefoshds t he
presence of a palladiumcatalyst. Carbon nonoxide is introduced during the
hydr ogenation step. The pall adium catalyst is provided 20 on a carbon

substrate. Theopt eﬁtﬁgtdﬁamfanttag@ ﬁgﬁkygﬁhmﬁ@?&es@n@m@ "EY W nfdtofnal vent )

whi ch may be water, prior to't ogenation step. The  products of the

oxi di zi ng ¢ ﬁgmmydipﬁbéyytﬁﬁ%id/ %dgfgé]uc@ﬂﬁ%ﬁéﬁaﬁ)ﬁg{)&lﬁgpqgi% Baucbpye the

normal boiling point o e sol t. The oxi I on step produces

PN Gy Aoy UET [ 2 (0 20

oxi di zi ng m xyl ene and produces terephthalic acid, 4carboxybenzal dehyde and

fluorenones in the case of oxidizing p-xylene. The p may include the
step of noniteFPHg the di sappearance of 3-carbo enZal dehyde in the case
of oxi di zi m xyl ene and 4-car boxybenzal dehyde™™ t he case of oxidizing

p-xylene, and 5 reduci ng; 3 car bR nonoxi de whediyt he rate of di sappearance
i s bel ow aCPrtedet er mi ned m ni num The hydrogenatiion step hydrogenates the
3- car boxy al dehyde to mtoluic acid andCyidn¢gineDicaetdxylic Beidzoi ¢ acid in
t he case of oxidizing mxylene and hydrogenat es the(@HDBA)y boxybenzal dehyde
to p-toluic acid and 4- hydroxynet hyl benzoic acid in the case of oxidizing
p- xyl ene. After the hydrogenation step) the isophthalic acid 10 or
terephthalic acid may be crystallized. The carbon nonoxi de may be
mai nt ai ned at aogoncentration of 10 to 1000 ppm based on added hydrogen and
car bon non@gilde, and preferably nmaintained at 10Q_18°800 ppm O her
aromati c cangboxylic acidsﬁEEy al se purified 6y S procgdgﬁehHggTAlLED
DESCRIPTIC&b%F THE PREFER EMBODI VENTS 15 The r'nvention w || now be
described with reference to the foll ow ng ' iRk i and Exanpl es
which are J4en by way of illustration onl g?&ﬁﬂc?%&ﬁiﬂgé%ﬂyg%.Ag%ccor ding to a
preferred enbodi nent) the products of an oxidation reaction of a dialkyl
aromatic a, epat i f . UM in a
AeBal ELRACIA' i b ReBL AL A AGLIE el Fhng

l'i quid phase reaction. are dissolv sol vent,
h . i.S. d ) be heat ed

Fuch 85 WRilexdok ARSI FuPrO80 Yy LEREBIGPLe CHER HRBhduSpaDe heate

oDl ©) o R8sy 8t (B i 85 il HCARDLN HRIAL @i and |0

pr oduci ng _ 0 approxima y ( course,hat t hese
o ool ut 1 oo NI Hisel RN ] D b BRUMTERELED: BIG4] G257

PCT/ US99/ Q088 016 ik <HGRY ar ESSHE For oVl RN lmd¥! dRHIOR, Heaguct whi ch

can be conbl ned
products represent a yield loss of the desired bromate dicarboxylic acid.

10 Most past efforts aimed at decreasing the amount of excess CHDA and CHCA
produced during the purification centered around the addition of rhodium to the
palladium/carbon catalyst, which is typically used in the purification process. For
example, U.S. Patent No. 4,394,299 teaches the use of a by-metallic Pd/Rh-on-carbon
catalyst for the purification of terephthalic acid to decrease the amount of 4-CBA and

15 minimize the amount of CHDA byproduct. U.S. Patent Nos. 4,629,715 and 4,892,972
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solvent will, of course) vary fromsolvent to solvent. However, for ManNey 007
+the oxidation product-water m xture contains approxi mately 20 wei ght

percent oxidation product. The hydrogenation catalyst is commonly pall adi um
on a carbon wehas@aerl ) support) 5 which catal yst contai ns gefusssoasd

percent palladium Oher supports can also be used. For exanple, palladium
on a Ti 02 support is suitable. The hydrogenation is performed using a

partial pressure of hydrogen S such that h n es i.nto splution. The
ot ol BrBTE oD pyervhien oot of Bl e MAEGRAPE o B Afitronot de 1 <
added tg the h en feed ,gas to preserve the aromatic 10 di carboxylic

aci d. Tﬁ%bwﬁg?yﬁ@e%mﬁﬁ- g’:‘a"r%ﬁéﬂ?f' FR?HB% B Po™*PHE Yy dr ogen feed gas,

hydr ogenati on of the aromatic dicarboxylic acid is suppressed such that
hydr ogenat ed byproducts are reduced. The addition of carbon nonoxi de has
little ct l.imnation of fluorenone color bodies or chain

term nagwgkpﬁflﬁ IYENHIOS products) such as CBA. The anount of
carbon nonoxide ysed in the feed gas varies, from ﬁbeUt 10 15 ppm based on
HZ+CO to 1006°“p9f)4l§r{‘31¥5r‘éfse*}“aﬂw%?f of; thie PSERE HY SRHON P A€ wi t hi n t he range
of 100 to %OO Epm The, present i nventi on works w tp any aronmatic

di car boiFTPeXH(Ciagids i, elimiaate chain fegpingtingbyrRipdycty auf Elipipater yelawi on of

i sophthalic acid (I PA) and terephthalic acid (TPA) . Referring to Table 1)
exanpl e enpnstrate that the addition of small amounts of O,
typically 20 100 _ppmto 500 ppm serve to decrease the anount of CHDA
produced’ f r othibd Sirthes ehiery oh theimssentipyepdon gicaiabytieallyi ydrogenatee i r ed
hydrogenati on of CBA. In each of exanples 1-6, a one gallon titanium

aut ocl aWBPEHisH phide oy genation of gligtiy] aeomatic $hile guniwizing e genssrtion ®f Bunt ed
flush valve was charged with 1400 grans of water and 250 grams of crude |PA
cont ai niPFRYUEH0 ppm 3- CBA.  SUBSTI TUTE SHEET (RULE 2B) 2 2 1~GV 2002 WO
001 00457 TABLE | 5 PCTNS99105055 Exanple HZ press psi CO ppm k( CHDA]

(rrilgi' ) (X 1@-19a Rtllb@,nyhel(qh]qc; of the present invention to minimize the hydrogenation of

©)11001. 20. 10821 001000. 50. 10231005000. 00. 04443002. 10. 08S53001001. 90. 1006300
50Q0. 80 eikeatpapiinTibdesgedreducy wigputseergasingsthe rage oft hydroggpagien afe was seal ed
and heated to 230C while agitating the m xture. Then, H2 was introduced to
reach t Hapuriies gieh ap&BA and qolasdediees |isted in Table 1. In exanples 2 and 5,
the HZ contained 100 ppm CO, and in exanples 3, 6 and ?, the Hz contained
500 ppm CO kds another pejeqs of deypresenicisveatiopioariihtemetiedigirboliageid a T=0

sanpl e was taken through the flush valve. At this point, the catalyst
basket wdie avoiding the use of expensive rhodium catalysts.

i5 These together with other objects are accomplished by providing a method for
purifying aromatic dicarboxylic acids which oxidizes m-xylene or p-xylene to produce
crude isophthalic acid or crude terephthalic acid, respectively. The products of the
oxidizing step are hydrogenated in the presence of a palladium catalyst. Carbon
monoxide is introduced during the hydrogenation step. The palladium catalyst is provided

20 on a carbon substrate. The products of the oxidizing step are dissolved in a solvent,
which may be water, prior to the hydrogenation step. The products of the oxidizing step
may be dissolved at an elevated temperature, above the normal boiling point of the

solvent. The oxidation step produces isophthalic acid, 3-carboxybenzaldehyde and

-5-
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15 .dropped into the mixture. The catal yst basket contained 2 grans of Za N0V 2007
‘pal | adi unf carbon catal yst containing 0.5 wei ght percent palladium Sanples
were taken fromthe flush valve at 10) 20, 40, 60 and 90 m nutes. These
sanpl es wer e vayaisat ed to dryness and anal yzed for hydr ox%ﬁ%g%%sginzoi C
acid, toluic acid, 3-CBA, benzoic acid, cis and traps 3-CHDA and I'PA. The
first order rate constants for the di sappearance of 3-CBA and the 20

appear ance_of 3-CHDA were cal culated fromlog plots. Eﬁa le 7 relates to
the purifi QAreIGReSIP thepsase efopxidizing, prgylepe apd aepdudepercpbtialiy 848 bed at a
tenperature of 260C with other conditions being the sane. As can be seen by
conpari ng fFReXybsngaldelyds apdfluoregpnes b thy Gpse Af oxidEzings p-kylesk. | TRT&BP @2Y) t he
addition of small anounts of carbon nonoxide in exanples 2, 3 and 5-? _g_
SUBSTI TUTERGpethe step ofmogivoring thexdisappearanse of esrbeybensaidelydy in 8o srs95655
significantly decreases the ampbunt of undesired CHDA produced when conpared
to exanpl e@ﬂ%ﬂ&&m B-ayigng apgh fcarbawybexsaldshygs dy the Lasepfqxidizing B-xyleesd angd he
production rate of CHDA decreases. Conpare exanples 2 and 3 and exanples 5
and 6.7 | n €using the carbegapncxgly Wismtlst racofjdisapneesabeeuie Sefow & predetarpingdr ¢ i al
pressure of 5 100 psi, the rate constant for_ produci ng CHDA was 0. O.
Hovever , {BinRanIhe hixrogealioncp yEREeaRs het-carheEruaggdl imBdolic CBA
decreased to 0.044. Thus, perhaps too nuch 'CO was used in exanple 3. On the
ot her handecid WdéxWWﬂGEhYEWOI?)M #t thecasged oxidiging seylensgidever , conpari ng
exanples 4-6, it can be seen that the rate of disappearance of the CBA

i npurity weydrageeptes she 4-garbyhenizaldehyde torgoluiagid nnqjé-gudrmr@etm)b@mw Exanpl es
4 10 or 5. Both exanples 3 and 6 use the sane concentration of CO 500 ppm
but exanpl aidsintihescage g exidieing pexyjeae-t iAdler Pie dydrogenationatitpe the iserhehali¢ agid,
denonstrates that if the HZ partial pressure is increased, it is acceptable
to uséd nor® teraphseatic weid andyde. crystedlizeds The sarbepromanaxideTagyl ke maiglaingd Y2 i ndi cat e
that the addition of small anobunts of COto the purification of aromatic

di car boxy| dogceattipn ofi1grtp 10Qpnm hased on added diydragenmnd dabon aronotideddési red by
15 products. In exanple 3, the elimnation of CBA was decreased by 59 %.
Thus, al t ruefgtablyrradintainedamt08 to H0Q pprivo ©thas aontatie canbexydie sicids biag alse oo much
carbon nonoxi de is not good. The exact reason for this is not conpletely
under st oochurifiedky this placadureich car bon nonoxi de is too nuch depends on the
hydr ogen pressure. The carbon nonoxi de may 20 bond to a portion of the

hydr ogenation cites on the palladium The oxidation inpurities (such as
CBA, toluic acid and fluorenones) may be nore easily hydrogenated than | PA
and TPA. |IDETAILEDR D¥SCRIREIONGOK THE CREEBRREDEMBODIMENTSr bon nonoxi de
woul d not greatly affect the hydrogenation of the oxidation inpurities.
Howeuidr , becaudée irPpntiondvill NoBURSIESCTIHTE wEREE TefqRUD Fhe2fllowing detailed

description and Examples which are given by way of illustration only, not limitation.
According to a preferred embodiment, the products of an oxidation reaction of a dialky!
aromatic are hydrogenated in the presence of a palladium catalyst in a liquid phase
reaction. The reaction by-products are dissolved in a solvent, such as water. If water is
20 used as the solvent, the water must be heated to ensure dissolution of the products of the
oxidation reaction. For example, in producing IPA, water is heated to approximately
2300C, and in producing TPA, water is heated to approximately 260oC. Of course, at

these temperatures, the water is above its normal boiling point, and thus dissolution

-6 -
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2 2 NOV ?~~p WD 00/ 00457 PCT/ US99/ 05055 TPA are |ess easily hydr ogegﬁﬁeﬁ
the addition of small anpbunts of CO, woul d decrease the hydrogenati d v 2002
| PA and TPA. There are several ways to control the anount of carbon

monoxi de addqg doRedshe process. For exanple) a |arge anount petuSarbes
nonoxi de coul d be added when the 5 catalyst bed is fresh. It has been
denonstrated that a fresh catal yst bed nore easily hydrogenates aronatic

di carboxylic acids. After the initial addition of CO the hydrogenation

pr oduct &CH ynder Pecsiwshi Lhe amounyplexidasien peaductayhich caahscambised Inpthe CBA begi ns
to decrease, this may indicate that too many sites on the catal yst have
been polol§hetill, pf caupses vaspifiom sofveat selyenss Hayenern fofonass e gxidatettr eased) or
t he carbon 10 nonoxi de source is sinply renmoved. The deactivation of the
cat al ystrodustvapter mixgure sentziatappraximaselx yP iweighe percens oxidgtiongiredust. That is, after
renoval or decreasing the carbon nonoxide source, the catalyst will becone
react i vat ed The hydragenpaginmrqataiist is sompanly palladiing op @ £atbpy 4ghatsaal) Bpper&ur e t hat
hydr ogenati on of the aromatic carboxylic acid | PA or TPA does not occur. To
t hid's enwhick epsalspeomanscd A oveight perteshpatiagivple Qther Ppats canfalsebegbesappear ance of
CBA reaches an acceptable rate, the carbon nonoxi de feed may be increased
or) if KoiexamploanlladivioondcliDeouppovads suehde:ed entirely, the CO feed may be
rei ntroduced. O course, the CO feed could eventually be stabilized to the
desired condéatydogenatianlic perfdraed nsing @ parrial pressere of fygrogan gahavrlghathe CO f eed
rate. 20 The many features and advantages of the invention are apparent

f r om t Hydrhgemgdes dntg pelutidni. cEltei partiah peessureheftydragen may e dAdQpkiy t he appended
clainms to cover all such features and advantages of the invention which
fall wiabkalutet [farbon meonexide istaddenidtosheoingiragen fided ganwoepreseovs. thé-anothe , si nce
nunmer ous nodifications and changes will readily occur to those skilled in

t H@ ar tdicarboxylic avid. @hasiis, oyt alding carbon mbepxidevte thei kydragen fded gaxact constructi on
and - 10 SUBSTI TUTE SHEET ( RULE 26) 2 2 ~ov 2002 WO 00/ 00457

PCT/ USggitifgetation pithe ronmatic dicerbbxydit edid ds shppeessed ishahdthatahydrogemeddiyngl y all

sui tabl e nodifications and equivalents may be resorted to, falling within

t he scapeduofs ardueduaed.eMhe additienldf 3tHBH MohbNiffe BidHkTe ¢fRidL Bn £18) 2 2 ~10OVv 200

elimination of fluorenone color bodies or chain terminating incomplete oxidation products,
such as CBA. The amount of carbon monoxide used in the feed gas varies from about 10

15 ppm based on H,+CO to 1000 ppm. Preferably, the amount of CO should be within the
range of 100 to 500 ppm.

The present invention works with any aromatic dicarboxylic acid, but is especially
useful in the purification of isophthalic acid (IPA) and terephthalic acid (TPA). Referring
to Table 1, examples 1-7 demonstrate that the addition of small amounts of CO, typically

20 100 ppm to 500 ppm, serve to decrease the amount of CHDA produced from over
hydrogenation, while not effecting the desired hydrogenation of CBA. In each of
examples 1-6, a one gallon titanium autoclave equipped with a drop in catalyst basket and
a bottom mounted flush valve was charged with 1400 grams of water and 250 grams of

crude IPA containing 800 ppm 3-CBA.
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What is clainmed is: 1. A method of purifying an aromatic dicarboxyﬂﬂ%Ngk?MR
conprising the steps of: oxidizing a dialkylaromatic to a crude aronmatic

di carboxylic acid to produce aromatic di carboxylic acid-color bodies and an
aromatic ca&% ‘¥4' aci d al dehyde; contacting the productBcois®agsdxi di zi ng
step with hydrogen in the presence of a palladiumcatal yst; introducing
carbon nonoxi de during the hydrogenation step, the anount of carbon -
nonoxi de i ntroduced being | ess tk$$h## equal to 1000 ppm based on the added
hydrogen and car bon nonoxi de; {oring t he di sappearance of the acid
al dehyde_a eduy ) 11 arbon _non )LLdF‘ intrndu*ucm e rate of

di sappgar ance i s} bel ow a predeterm ne I mﬁm) A met hod offf purifying an
aromatlcﬂ yla ‘%gsa[g acicepdi gto‘f&élg hh | | adi um

cat al ydf A BAd b ar hen-Eubbt-F-ates A—tret] fying an
aromat i ylic 188i d according|to cl hilm 1, wher €0.108 he oducts of

t he oxi ogenation

g SUEp ar € .dissol veglnbn i SOl V (?E pripr to 9«5 3 ny

st ep. of J}B ifyi nb hnatic i carbhxyl | cording to
claim wat erjpps used a_,@otha sol VROt . 5.1A rrem,bapl of urifying an
aromat i XytTc—acrd—=acjcordirmgrto a3, wherer e oducts of

t he oxi|di zi ﬁQL stlep_ar 8%l ssoljved in & solveht at an el®0% ed t nper at ur e,

above tlhe ngrmal| boiligg poin qj‘g t he sol vegt. 6.1 A mej g of [purifying an
aronmat i *yl—-i+ae—i—d—aeroe$u- AeH-to—etatmt—¥ drogenati on

st ep hydrogénategs the3@@onmatifc dﬁﬁbmyl ic @8id al dehydsli an romati c

al kyl darboxyli1cl acrd a an (ar T1 ¢ al cqhgl, car poxyl cid
|~~%/I 3_10D7 ?y A 'rhn(}8 f_purlfving gmatn‘& 7 ¢ d r‘a)r/h Mlu d accord| ng
to claim1, wherein the carbon nonoxide is introduced intermttently during
t he hydr ogenatl on step. 8. A nethod of purifying an aromatic dicarboxylic
acdi®d accor difpgetampiasdronthe avteplavh avas sealpgrand iepied tac39t @ yhide agigfingr t he
hydrogenati on step, crystallizing the aromatic dicarboxylic acid. 9. A

met hod B¢ mixiwres yihary Bnwas intreduced @ireach Sepcyarions pastial peseusesdiisted 1o clai m 1,
wherein the carbon nonoxide is maintained at a concentration of 100 to 500
ppm babbl bnlreekdwglcn gdnd §e iedhdontainksh Hotherwd 04 énd IoexamplegBhodndf puri fyi ng
an aromatic dicarboxylic acid according to claim1l, wherein the carbon
monoxi dk thesHpeaneained $68 pam GO ¢ Bafoen the SatRIyF WS d1ePPEd iM@te apepavtaged on added
hydr ogen and carbon nonoxide. 11. A nethod of purifying an aromatic
di car boks0 sampie wds tabserothaiugly titedflush ailme. 1 At Whepait, thervatalysd bagkst was cat al yst i s
provided on a Ti Q2 substrate. 12. A nethod of purifying an aronmatic
diléar bokepped ine ihet, migtmer Thé cegplysh basketapstaintd 2 granti ofiarpglladivepicathen or p- xyl ene
to produce crude isophthalic acid, 3 carboxybenzal dehyde and fl uorenones or
crude teatabysthedntining @.6iwkight peraerd pailadiven z Samplé¢sywise takan fromahe flushes,
respectively; contacting the products of the oxidizing step with hydrogen
i n the yaivesiehe,c200#0a6(paid Hdinimmes.aTaésy samples were evaporated to dryness and

analyzed for hydroxymethyl benzoic acid, toluic acid, 3-CBA, benzoic acid, cis and trans
3-CHDA and IPA. The first order rate constants for the disappearance of 3-CBA and the
20 appearance of 3-CHDA were calculated from log plots. Example 7 relates to the
purification of TPA. For example 7, crude TPA was dissolved at a temperature of 260°C
with other conditions being the same.
As can be seen by comparing the rate constants for the appearance of CHDA in

Table 1, the addition of small amounts of carbon monoxide in examples 2, 3 and 5-7

-8-
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i ntroduci ng carbon nonoxi de during the hydrogenation step, the anmourft? §0V 200
car bon nonoxi de i ntroduced being |l ess than or equal to 1000 ppm based on

t he added hydrogen and carbon nonoxi de; and nonitoring the di sappearance of
3-car boxybenwdgﬁﬂgge in the case of oxidizing mxylene angcraseonsoss

4- car boxybenzal dehyde in the case of oxidizing p-xylene, and reducing the
anount of carbon nonoxi de when the rate of di sappearance is bel ow a
predeterm ned, _m ni num 13 2 2 1dOv. 2002 13. A nethod of purifying an
aromat i ¢ dFEBIIERY (9Fereases ge amewn: of Hedepized F AP productthwhen ¢pmAEsdgal | adi um

ided on a carbgn substrate. 14 A nethod of purifying an

t al t o
;?oﬁ'a%/isc h?&%@%%ﬁw BOYhichR 6P Hifdt drsonerehQ B, useth dhepiedygsian e dluct s of

t he oxi di zi step are dissolved in_a solvent prior to the hydrogenation
step. 15. ﬁﬁ%"t Aeserasss. feRmmags sigmalss &PBhaane e AP Po3diS ¢ aci d according to
claim 14, wherein water is used as the solvent. 16. A nethod of purifying
an aronatic di clRreBdRBIEi3e When 00RrbPHERYS inbrodycst witha Hypastiadipresswie obr oduct s
of the oxidizing step are dissolved in a solvent at an el evated

t enperat ur 400 Bghotbie rate eonsBRinRr PIgNGinggHPS Yes BF. tHawexes) faspxamply 3, fenet hod of
purifying an aromatic dicarboxylic acid according to claim12, wherein the
hydr ogenat Fdhcusian Ry te disaprspiaace ¢ CBA é%FF‘t@é@@y‘B@Hg‘él demws.crerhaps fRotBIdlli ¢ aci d
and 3- hydroxynet hyl benzoic acid in the case of oxidizing mxylene and

hydr ogenat &8 Vitaisad ly exemplsSn zQn dhernylers hargl, in examplect,a¥0ppamef QO twag plsxy net hyl
benzoic acid in the case of oxidizing p-xylene. 18. A nmethod of purifying
an aromat i 8sedi dEAWSBSTy coIBPaing @xamni@sr‘tjg.ntg cangbecsegn thatithe raip ef disappedsence af bon
monoxi de is introduced intermttently during the hydrogenation step. 19. A
met hod of PerGBA immyrishwas bighast i ehmple 9% 14)i whigh ueedzraere G thgn Egamples i 12,
further conprising the step of, after the hydrogenation step, crystallizing
t he i Kbpht pafi Bodicixamples 8 and b hyschthe isemeredngentiagon of GR¢ F¥dprot, hwyexampleng an
aromati c di carboxylic acid according to claim 12, wherein the carbon

nmonoxi de i basrpagreateri hephrtial peessyoec Eahle 4t thorefond, de@onstrates dat fghe Hapatalon added
hydrogen and carbon nonoxide. 14 2 2 hJOV 2002 21. A nethod of purifying
an aromat i Bregiureais linsrepbdde itde aeteptahde todisa gnare carben memeXidewrkhegesults lwwn
carbon_nonoxi de is maintained at a concentration of 10 to 1000 ppm based on
added hydr sgEableahclearlyr indinatertiab shie ddditidP of smattendvmaits of Goutoi thy purificatiorefonat i ¢
di carboxylic acid according to claim 12, wherein the palladiumcatalyst is
provi ded oaromatii divarbenydic acitesignificantly decreases the production of undesired by-

15 products.
In example 3, the elimination of CBA was decreased by 59%. Thus, although

small amounts of carbon monoxide are desirable, too much carbon monoxide is not good.
The exact reason for this is not completely understood. However, how much carbon
monoxide is too much depends on the hydrogen pressure. The carbon monoxide may

20 bond to a portion of the hydrogenation cites on the palladium. The oxidation impurities
(such as CBA, toluic acid and fluorenones) may be more easily hydrogenated than IPA
and TPA. In this case, the addition of small amounts of carbon monoxide would not

greatly affect the hydrogenation of the oxidation impurities. However, because IPA and
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23. A nethod of purifying an aromatic dicarboxylic acid, conprising @ZifeNoy
steps of: oxidizing a dialkylaromatic to a crude aronmatic di carboxylic
acid; contacting the products of the oxidizing step with hydrogen in the
presence of ovhdaddi um catal yst; and introduci ng carbon npapyssRsdsri ng
t he hydrogenation step, the anobunt of carbon nonoxi de introduced being | ess
than or equal to 1000 ppm based on the added hydrogen and carbon nonoxi de,
carbon nongQxi de being_introduced intermttent|ly durin éhe hydr ogenati on
step. 24 APACERIE SR BYPRsRE AbF HOBiRRcT Eme EBPHAGHEQ. Herld BT di ng o
claim 23, wherein the palladiumcatalyst is provided-on a carbon substrate.
25. A met h&f lofrogenarien, PhiPAsndatRebat i ¢ di car boxylic acid according to claim
23, wherein the products of the oxidizing step are dissolved in a solvent
prior to the hyHicyuaaeYeHh waye. copol the aBEUNHAT EArPPUPPROFids fdded tatsmat i ¢
di carboxylic acid according to claim25, wherein water is used as the
sol vent . 2ProcgssEon expmpie, 3948? gmAgRt £ carbemmpraxide; conldis,agfsd.wheal the accor di ng
to claim25, wherein the products of the oxidizing step are dissolved in a
sol vent at Sy bed istfeagh+ dinkps bagn demongrpddhat Rcfresh catalystissl moseyeasBy nt of t he
solvent. 28. A nethod of guri fying an aromatic dicarboxylic acid according
to cl ai m 2Bydrogeaates gromatic diparboxyteRcig oafterihe mitjal additon %f%/%% theoduces
aromati c di carboxylic acid-color bodies and an aromatic car box(gl ic acid
al dehyde; &viogenationymaedyigisreaeld da manitpredhy dY lsg dhmraesoftdisappgesnes pcCRBAr boxyl i ¢
acid al dehyde to an aromatic al kyl carboxylic acid and an aromatic al cohol
car boxyl i ¢ begipsdo dpgeasp thistrhrydindicatg that fog imagy sitesanchacatalysdibave tseXyl i ¢ aci d
according to claim 23, further conprising the step of, after the
hydr ogenat ipeisongd.e At this peintthe feechef qarhonaneyaside is derreasedonrythe earheri d. 30. A
met hod of purifying an aromatic di carboxylic acid according to claim 23,
wher el t haosexidrosoures nosimgly femovrdi nt ai ned at a concentration of 100 to 500
ppm based on added hydrogen and carbon nonoxide. 31. A nethod of purifying
an aromati c di cHretsastivatonoefithe catalyst thiward the dediesil gicadboxyliveacis i revessitdar bon
nonoxi de i s nmaintained at a concentration of 10 to 1000 ppm based on added
hydr ogen adtatdsrafienremomalxar decreBing the eashdnomonsikidp geures;thrycagaly sh wdlhbgcome
di carboxylic acid according to claim 23, wherein the palladiumcatalyst is
provi ded omeagtivited?2 Isistisporene to BEuitoA thivteactivatidn toensurs thatyhydrogenasientof ¢
di carboxylic acid, conprising the steps of: oxidizing a dialkylaromatic to
a crude ar theearématidicathokydicyaciddPAcirdlRAdges aduarsurc r Tielthis endpiiteHaBA ¢ aci d or
crude terephthalic acid, respectively; contacting the products of the
oxi di ¥ ng sorepntiatiothmiay de apaitored Alfiter gisappeanaee of CBApmadhedianumcemabdd spet ; and
i ntroduci ng carbon nonoxi de during the hydrogenation step, the amunt of
car bon nondhei adebon mtonoxid feed lnmy by invedasedairn f dheatarzoncoeroside rfedi was rehoved@0 t o
500 ppm based on the added hydrogen and carbon nonoxi de. 34. A nethod of
purifying amirelyotetdQ: fedd ey tbexsihiraiuami. dOhomomedihadQ feed lcanlde@Syualinbe ei n t he
pal | adi um catal yst is provided on a carbon substrate.

stabilized to the desired concentration such that is it snot necessary to change the CO feed

rate.

20 The many features and advantages of the invention are apparent from the detailed
specification and, thus, it is intended by the appended claims to cover all such features
and advantages of the invention which fall within the true spirit and scope of the
invention. Further, since numerous modifications and changes will readily occur to those

skilled in the art, it is not desired to limit the invention to the exact construction and

- 10 -
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16 = 2 2 ~dOv 2002 35. A nmethod of purifying an aromatic di carboxylic?aag 2007
raccording to claim33, wherein the products of the oxidizing step are

di ssolved in a solvent prior to the hydrogenation step. 36. A nmethod of
purifying anvasemeis,C di carboxylic acid according to clai mpa3usWiRsi N
water is used as the solvent. 37. A nethod of purifying an aromatic

di carboxylic acid according to claim 35, wherein the products of the
oxidizing step are dissolved in a solvent at an el evated tenperature, above
t he nor mal °BIPYqIYussstedtand describeds apd, aperdingly allssujighle, mgdiications pedyi ng an
aromatic di carboxylic acid according to claim 33, wherein the oxidation
step produf@uValsnGyay be msertaddexiplling widingthe sgope obdgiimsntigsd an ar omati c
carboxylic acid al dehyde. 39. A nethod of purifying an aronmatic

di carboxylic acid according to claim 38, wherein the hydrogenation step
hydr ogenates the aromati c carboxylic acid al dehyde to an aromatic al kyl
carboxylic acid and an aromatic al cohol carboxylic acid. 40. A nethod of
purifying an aromatic di carboxylic acid according to claim 33, further
conprising the step of, after the hydrogenation step, crystallizing the
aromatic dicarboxylic acid. 41. A nethod of purifying an aromatic

di carboxylic acid according to claim 33, wherein the palladiumcatal yst is
provi ded on a Ti 02 substrate. 42. A nethod of purifying an aronmatic

di carboxylic acid, conmprising the steps of: oxidizing mxylene or p-xylene
to produce crude isophthalic acid or crude terephthalic acid, respectively;
contacting the products of the oxidizing step with hydrogen in the presence
of a palladium catal yst; and introducing carbon nonoxi de during the

hydr ogenati on step, the anmount of carbon nonoxi de introduced being |ess
than or equal to 1000 ppm based on the added hydrogen 17 2 2 NOV 200Z and
carbon nonoxi de, carbon nonoxi de being introduced intermttently during the
hydr ogenati on step, 43. A nethod of purifying an aromatic dicarboxylic acid
according to claim42, wherein the palladiumcatalyst is provided on a
carbon substrate. 44. A nethod of purifying an aromatic di carboxylic acid
according to claim42, wherein the products of the oxidizing step are

di ssolved in a solvent prior to the

- 11 -
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hydr ogenati on step. 45. A nethod of purifying an aromatic dicarboxyIQq%ﬁgﬁﬂm7
according to claim44, wherein water is used as the solvent. 46. A nethod "
of purifying an aromatic dicarboxylic acid according to claim44, wherein
the products of the oxidizing step are dissolved in a solvent at an

el evated tenperature, above the normal boiling point of the solvent. 47. A
nmet hod o rifving.an aromati c di carboxylic acid according to claim42,
wherein &Q§E8¥¥%§F§6% step produces isophthalic acid, 3-carboxybenzal dehyde
and fluorenones in the case of oxidizing mxylene and produces terephthalic
aci d, 4carboxybenzal dehyde and fluorenones in the case of oxidizing

p- xyl enel. andAtmethpg af peelying asrrrematic diparbeyivaacids comprising havsppdnzal dehyde

to mtoluic agjd. 35 I 0j i Oy | c f i di zi ng
mxyl one. and. BV SPERE R0 SOTREHIE 8 s, OGRE Gt MieePed SR P RS B R T,

4- hydr ox yronidbiy ldidaeivxglic acidicd]dr botliee andisearomadix catbakylie qrikyldeinele; 48. A

met hod of purifying an aromatic_ di carhoxylic acid according to claim42,
further conpr FRItagNEHEe Preductstof the oxidiziRg siepdv ity Sydiogeh s {HEpPresgiss 04R] i zi ng
the i sopBLnakif gy or terephthalic acid. 18 2 2 NOV Z002 49. A nethod
of purifying an aromatic dicarboxylic acid according to claim42, wherein

t he car bon_noimroddeing sanpan maiorsld daring throlmckogenatiorstepfthd @Motat & c@boppm
based on_added hydrpogen and,carbon nonoxj de. 50. t hod of. rifying an
o onat | cTReS A AREECRIRe LS8 SR orcrane o DOmERs: CofiE B e P iidha

nmonoxi de gh$cdiBbindh&tede;ahda concentration of 10 to 1000 ppm based on added
hydrogen and carbon nonoxi de. 51. A nethod of purifying an aromatic

di car boxyl i ¢ swniodeg dhelidisprperrancai of Al apide plsiehydeh ang dedumng e LeHIPst i s
provi ded on &4l 131%0819&?05{ Urn ﬁ}% rdfe "GF *a?sgpﬁ’éarﬂxgé' Isy'bQHmﬁ”ﬁ g)l}é)dé?eﬁ%n%ed
dlcarboxg}lc aci d, “conpri sing e sfeps of -voxirdrzing mxyl ene or p-xyl ene
t o produesnigtumgle | sophthalic acid or crude terephthalic acid, respectively;
contacting the products of the oxidizing step with hydrogen in the presence
of a palladium catal yst; and introducing carbon nonoxi de during the-

hydr ogenat i on aShefod bbguﬁwg% Sbm3aa¢ BRALIRNVAGE ad AR HEQFinD €] Wlkrein

mai ntai ned at a concentration of 100 to 500 ppm based on the added hydrogen
and car bthe pabladinindetalB3 is pxowided on achrbonisubsyriatey an ar omati ¢ di car boxyl i c
acid according to claimb52, wherein the palladiumcatalyst is provided on a
carbon substrate. 54. A nethod of purifying an aromatic di carboxylic acid
according, to @ Akiio83f piEi dh drbMatié aidu®bsylRS adideccdrdifl 7 €1gins 1 phatia

di ssolved in a solvent prior to the hydrogenation step. 55. A method of
puri fyi néheaprodeassraf ithe exxidizingoston jake disslvedcior apivgnt BriQt| 1qi the Swdraggeationn
water is # ed as the solvent. 56. A nethod of purifying an aromatic

di car box;s/ c acid according to claimb54, wherein the products of the

oxidizing step are dissolved in a solvent at an el evated
4. A method of purifying an aromatic dicarboxylic acid according to claim 3, wherein

water is used as the solvent.

5. A method of purifying an aromatic dicarboxylic acid according to claim 3, wherein
the products of the oxidizing step are dissolved in a solvent at an elevated temperature,

above the normal boiling point of the solvent.

6. A method of purifying an aromatic dicarboxylic acid according to claim 1, wherein
the hydrogenation step hydrogenates the aromatic carboxylic acid aldehyde to an aromatic

alkyl carboxylic acid and an aromatic alcohol carboxylic acid.
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tenperature, above the normal boiling point of the solvent. 19  Z 27} &W 1002
?0D2 57. A nethod of purifying an aromatic dicarboxylic acid according to
claim52, wherein the oxidation step produces isophthalic acid,

3- car boxybenzal dehyde and fl uorenones in the case of oxidizing mxylene and
produces terephthalic acid, 4carboxybenzal dehyde and fluorenones in the

f di zj - 58. A d of i .
i car boxt | ¢ AcrauBESplRRng g eoar aFerirePersi M HDa S HBRRY Bhersinep
hydr ogenatEsaridiemenSaddRANbanEed HRdMCerg diring ke 16y ddédcdaiditstep. hy dr oxy et hyl

benzoic acid in the case of oxidizing mxylene and hydrogenates the
4- car boxybenzal dehyde to p-toluic acid and 4-hydroxynethyl benzoic acid in

t he case of (o] [ f

i car boxst 1 ¢ Aerisisa STy RE i arhasE B PO R e RS MO AT L PRI,
after theomypgsiagennt isep fepftecr st hycﬂﬂogerﬂﬂoh hetep,s @pysiditzing d@i dr@natic
terephthalic acid. 60. A nethod of purifying an aromatic dicarboxylic acid
accor di nglePoxyhe ?WIQZ wherein the palladiumcatalyst is provided on a Ti Q2
substrate. 61. A nethod of purifying an aromatic dicarboxylic acid,
conprising the steps of: oxidizing a dialkylaromatic to a crude aronatic

di car boxyl i ¢ acimdthiod\if pgrifyimgian sroemtic dwattaaylicgeid hecopdiogdtie tlainofl, wherein

oxi di zing step with hydrogen iin the pres adlu aaly 0
Py ogen e I FHRGIE 1sdBanialrd 4 ar<Baggo af b iR PR3
hydr ogenay, H&Fel§£&p@aﬂ§&ﬁm@{]&ga& of car bon nmonoxi de |ntroduced being | ess
than or equal” to 1000 ppm based on the added hydrogen and carbon nonoxi de.

20 LA iy A2A2A3n| AAEA3[2AEA2AIh .A 2. A32. AOYE. A" . AL[ 2. A‘[E AL.

A E ALA As 3>Z + RORY/ CQ U]caU]
ca] cal capJ] ca %m&fr\gﬁ Zm@/\( gahg}(g% gcgil %g‘%&&%i@#{]ﬁ%}lt c"a] ca
U] cal] ca tlﬁﬂé?a@bcﬁrﬁﬁloﬁoﬁda' ishgintained at a concentration of 10 to 1000 ppm based on added
}xsni c*Yca] c] ca] caU] ca] ca] ca] ca] cal ca] ¢

a] cal] cajéioss and ¢asbbmergxds-ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca].cal] ca

11. A method of purifying an aromatic dicarboxylic acid according to claim 1, wherein

the palladium catalyst is provided on a TiO;, substrate.

12. A method of purifying an aromatic dicarboxylic acid, comprising the steps of:

oxidizing m-xylene or p-xylene to produce crude isophthalic acid, 3-
carboxybenzaldehyde and fluorenones or crude terephthalic acid, 4-carboxylbenzaldehyde
and fluorenones, respectively;

contacting the products of the oxidizing step with hydrogen in the presence of a
palladium catalyst;

introducing carbon monoxide during the hydrogenation step, the amount of carbon
monoxide introduced being less than or equal to 1000 ppm based on the added hydrogen
and carbon monoxide; and

monitoring the disappearance of 3-carboxybenzaldehyde in the case of oxidizing
m-xylene and 4-carboxybenzaldehyde in the case of oxidizing p-xylene, and reducing the
amount of carbon monoxide when the rate of disappearance is below a predetermined

minimum.
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&B<Wzj v7w{ vpkf a\ Wa] ] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ?az] ﬁﬂp
. ]ca] ca] ca] caU] ca] ca] caU] ca] cal] ca] ca] ca] cal] ca] ca L 2002
&55CMBy TXzupke™ [ Va] c&a] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] caj] ca] ca] calU] cal] ca]c a] caU] ca] caljcalcal E

Bl I"3""#= $$$8%<%/\?/<Z% 9% WWOOEEE, ' b' ' (Y(|wr nhc"Yke [ Va] c&] ca] ca] cajca]ca]c

a cal cal a4 callealersh sk Sl sahatt cabesbetlo shiaclales elighen cal cal
-<-\-d- we%tél%ﬁﬁ&ﬁ%% cuta@ysels@éailaed%&ak%bﬁaﬁmb&a] ca] ca] ca] ca] ca] ca] cal]
ga{]G(;?]sjcglsJ] gg]gga]bc]aU] ca] ca caU] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal! 233" 3v334V44

| oal cal cafcal Capiddh ]@ﬁ5’}183‘]1%%]&%2%]"8%?a%’f%r%lxﬁlccgyhcatsal selsdlgal g2l cal ca

al ::4>>>@%8@WC%BEBBBBQE£@@§@ BrPOldidspblved in a solvent prior to the

EE} xsni d_ZUa] ca] ca] ca] ca] ca] ca] ca] ca] ca] c™a] ca] cal] ca] ca] ca] caU] cal] ca] c&a]
cal] ca] cAyérapentienpien] ca] ca] ca] ca] ca] ca] ca! EEEKFGGGAHpHI ] I ¢l r 1 JJ| KKKFLALL" O
gOP#P) PTPPPQ Q-QQQ} xsni d_Za] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! (BRRR,

TTTOUUUUQDY's VyMédRM\Bf(\p)iﬁl%f{g’\é‘ﬂyﬁ[oh{a]@ Hiic3drkexyld Za@{ cabodjnpala a]am] th) ca] ca

| Cal L\ | pogies whier gbBEECORESAI ddd sbece@orr oo calcalealealea

g{vql gb] Xa] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] caU] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

hhh8i Yi i jlgj nj &y zr}qtljm]kb%ﬂumﬁymg(ﬁﬂpp@qmt]qrgwrgw)ﬁm%{é] Pl & cHiwalda) cal ¢
a] ca] cal C}% i%ﬁg c]d%c S gi] ﬁlaé OX1 121r]gcat]eg a%lrg' Ms%%ﬁ%hcg IsRLsALE ) Galvapleal cal

ca] ca! rr 45K

ttt uGuuu sfoveryedetirlal boiBhEpbitk shhwbWbar) Ya] c] ] ca] ca] ca] ca] ca] ca] ca]
cal ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca
]ca>zt™ u}’\’> 104 & ()-10%4 & ()-!'110% (& ()- Z 10%{& O)-:10%& ()-!'Y

gl?;/@ ( i(() f?’%’;’e’g%(dlmug“%gg& ji%/‘ﬁfk)% (:8618%.}(;{) hjco%l? %ordnﬁ;o%( ‘%laﬁﬂq B! 10% (

+10% ( & @&)hefdrh tH hivd e 4tidn( sted hy(ﬁ/@g.@%es tifeR3-CcarbeX ghenzaldehyde to m- tolulc ac1d

:T\é\&b g;(lg?{% 5‘ h%%gflo%f‘b%@m@ 10& o?)%gf{ﬁz%@éy/wgpe( :jnd hydrogenates the

@OYBSE (harbdRHeRoAdenkdOU £ 1biliic oY ¥9ABrenf@ic LOM(K th ase of
% 10% & ()-L- TO% & (-, #10%& ()-IFt109%& ()-1[ @0%(; (& ()-6t 8 9 T UV
dE: / oxidizing p-xylene.

18. A method of purifying an aromatic dicarboxylic acid according to claim 12,

wherein the carbon monoxide is introduced intermittently during the hydrogenation step.

19. A method of purifying an aromatic dicarboxylic acid according to claim 12, further
comptising the step of, after the hydrogenation step, crystallizing the isophthalic acid or
terephthalic acid.

20. A method of purifying an aromatic dicarboxylic acid according to claim 12,
wherein the carbon monoxide is maintained at a concentration of 100 to 500 ppm based on

added hydrogen and carbon monoxide.
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added hydrogen and carbon monoxide.

22. A method of purifying an aromatic dicarboxylic acid according to claim 12,

wherein the palladium catalyst is provided on a TiO, substrate.

23. A method of purifying an aromatic dicarboxylic acid, comprising the steps of:

oxidizing a dialkylaromatic to a crude aromatic dicarboxylic acid,;

contacting the products of the oxidizing step with hydrogen in the presence of a
palladium catalyst; and

introducing carbon monoxide during the hydrogenation step, the amount of carbon
monoxide introduced being less than or equal to 1000 ppm based on the added hydrogen
and carbon monoxide, carbon monoxide being introduced intermittently during the

hydrogenation step.

24, A method of purifying an aromatic dicarboxylic acid according to claim 23,

wherein the palladium catalyst is provided on a carbon substrate.

25. A method of purifying an aromatic dicarboxylic acid according to claim 23,
wherein the products of the oxidizing step are dissolved in a solvent prior to the

hydrogenation step.

26. A method of purifying an aromatic dicarboxylic acid according to claim 25,

wherein water is used as the solvent.
27. A method of purifying an aromatic dicarboxylic acid according to claim 25,
wherein the products of the oxidizing step are dissolved in a solvent at an elevated

temperature, above the normal boiling point of the solvent.

28. A method of purifying an aromatic dicarboxylic acid according to claim 25,

wherein

15



10% & ()-!F 109%/XYX& ()- f10% ()- " 109%& ()-35109%& ()-Lz[<nN 3 +- miDYK0Y 100
.+ 109 ()-3S 10%& ()- !\OF 10%)& ()-!'F 109%& ()-!sF 10%h& ()- &5bC3

+F"1 2109%4&' () -f F10%4&' ()-' 10%4& ()- 10 10 10s<10% ()- Y@10%& () - 55dEbC3
+GLOYR: () -5 10%H& () - ymlO% ()-  10%H& () - 10%& ()-z 10%H& () - OMRJEDC3
+109H8 () - 10%44&' () - S#10%4&' () -: 10944 ()- 109%4& () - yle%—i& ()-&TdELC3 +1
10948 () -/ L! 109%44& ()-' 109 ()-9% 10944& ()-#109%4& () - XxmbC3
+(109&' ()- 181 osdationmsigmanedquees gogle djcashuxyiig’ %c)ld 3&19%#&%93 eI #MENDC3

+g§};¢} ?;/& %&%?@f‘ﬁ%%&{@ g}qe,, A 4dEMDC3 + 1 109 () - Yo 10%& () -

#109&' () - 10%&1e(1)ydr6§dﬂ%br( Step WY& genaté—hS RBSMmaN o YSafic/ acidaldehyde to an

/R’ 0, /R’ /R’
%23(}/2/?‘) g%) 8%118 A yé yarb@@%{g%cg | 18%0/%& g alcohol carboxylic acid.
10y10% & ()-y1l0% & ()-y1l0% & ()-1"Yglo% & ()-410% & ()-'10% & () -
10&&,"'b" " (Y(dE:/ 10yyZ10% & ()-yglO% & ()-10% & é) yGlO% & ()-!10% & () -
10% & () 29( (* )&kn}embd@Epﬁrim;g jryaromatic dicarboxylic acid according to claim 23, further
10% & ' 10%.& 100 &' ##10%
oo & () eoprine | e o oo ot ", Midipbirsba s o rbdivine e pEREY ) -
10%&'()dfc§rb03(?ﬂ’é§e1& ---# +--- - <- D-dJ+C~*100/&'() ~*10% & ()- !
2z10% & ()-3s10% & ()- " 10% & ()-Z10% & ()-'m0% & ()-D-E-R-S-Z-\-1-u-nQOC~*1
0% & ()- ~*10% & ()- ~*10% & () -

30. A method of purifying an aromatic dicarboxylic acid according to claim 23,
wherein the carbon monoxide is maintained at a concentration of 100 to 500 ppm, based

on added hydrogen and carbon monoxide.

31. A method of purifying an aromatic dicarboxylic acid according to claim 23,
wherein the carbon monoxide is maintained at a concentration of 10 to 1000 ppm based on

added hydrogen and carbon monoxide.

32. A method of purifying an aromatic dicarboxylic acid according to claim 23,

wherein the palladium catalyst is provided on a TiO, substrate.

33. A method of purifying an aromatic dicarboxylic acid, comprising the steps of:

oxidizing a dialkylaromatic to a crude aromatic dicarboxylic acid to produce crude
isophthalic acid or crude terephthalic acid, respectively;

contacting the products of the oxidizing step with hydrogen in the presence of a
palladium catalyst; and

introducing carbon monoxide during the hydrogenation step, the amount of carbon
monoxide introduced being maintained at a concentration of 100 to 500 ppm based on the

added hydrogen and carbon monoxide.

34, A method of purifying an aromatic dicarboxylic acid according to claim 33,

wherein the palladium catalyst is provided on a carbon substrate.
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36. A method of purifying an aromatic dicarboxylic acid according to claim 33,

wherein water is used as the solvent.

37. A method of purifying an aromatic dicarboxylic acid according to claim 35,
wherein the products of the oxidizing step are dissolved in a solvent at an elevated

temperature, above the normal boiling point of the solvent.

38. A method of purifying an aromatic dicarboxylic acid according to claim 33,
~ wherein the oxidation step produces aromatic dicarboxylic acid-color bodies and an

aromatic carboxylic acid aldehyde.

39. A method of purifying an aromatic dicarboxylic acid according to claim 38,
wherein the hydrogenation step hydrogenates the aromatic carboxylic acid aldehyde to an

aromatic alkyl carboxylic acid and an aromatic alcohol carboxylic acid.

40. A method of purifying an aromatic dicarboxylic acid according to claim 33, further
comprising the step of, after the hydrogenation step, crystallizing the aromatic

dicarboxylic acid.

41. A method of purifying an aromatic dicarboxylic acid according to claim 33,

wherein the palladium catalyst is provided on a TiO; substrate.

42, A method of purifying an aromatic dicarboxylic acid, comprising the steps of:

oxidizing m-xylene or p-xylene to produce crude isophthalic acid or crude
terephthalic acid, respectively;

contacting the products of the oxidizing step with hydrogen in the presence of a
palladium catalyst; and

introducing carbon monoxide during the hydrogenation step, the amount of carbon

monoxide introduced being less than or equal to 1000 ppm based on the added hydrogen
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44. A method of purifying an aromatic dicarboxylic acid according to claim 42,
wherein the products of the oxidizing step are dissolved in a solvent prior to the

hydrogenation step.

45. A method of purifying an aromatic dicarboxylic acid according to claim 44,

wherein water is used as the solvent.

46. A method of purifying an aromatic dicarboxylic acid according to claim 44,
wherein the products of the oxidizing step are dissolved in a solvent at an elevated

temperature, above the normal boiling point of the solvent.

47. A method of purifying an aromatic dicarboxylic acid according to claim 42,
wherein

the oxidation step produces isophthalic acid, 3-carboxybenzaldehyde and
fluorenones in the case of oxidizing m-xylene and produces terephthalic acid, 4-
carboxybenzaldehyde and fluorenones in the case of oxidizing p-xylene; and

the hydrogenation step hydrogenates the 3-carboxybenzaldehyde to m-toluic acid
and 3-hydroxymethyl benzoic acid in the case of oxidizing m-xylene and hydrogenates the
4-carboxybenzaldehyde to p-toluic acid and 4-hydroxymethyl benzoic acid in the case of

oxidizing p-xylene.
48. A method of purifying an aromatic dicarboxylic acid according to claim 42, further

comprising the step of, after the hydrogenation step, crystallizing the isophthalic acid or
terephthalic acid.
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wherein the carbon monoxide is maintained at a concentration of 10 to 1000 ppm based on

added hydrogen and carbon monoxide.

51. A method of purifying an aromatic dicarboxylic acid according to claim 42,

wherein the palladium catalyst is provided on a TiO, substrate.

52. A method of purifying an aromatic dicarboxylic acid, comprising the steps of:

oxidizing m-xylene or p-xylene to produce crude isophthalic acid or crude
terephthalic acid, respectively;

contacting the products of the oxidizing step with hydrogen in the presence of a
palladium catalyst; and

introducing carbon monoxide during the hydrogenation step, the amount of carbon
monoxide introduced being maintained at a concentration of 100 to 500 ppm based on the

added hydrogen and carbon monoxide.

53. A method of purifying an aromatic dicarboxylic acid according to claim 52,

wherein the palladium catalyst is provided on a carbon substrate.

54. A method of purifying an aromatic dicarboxylic acid according to claim 52,
wherein the products of the oxidizing step are dissolved in a solvent prior to the

hydrogenation step.

55. A method of purifying an aromatic dicarboxylic acid according to claim 54,

wherein water is used as the solvent.

56. A method of purifying an aromatic dicarboxylic acid according to claim 54,
wherein the products of the oxidizing step are dissolved in a solvent at an elevated

temperature, above the normal boiling point of the solvent.
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