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reaction sol ion 1S then arated fromthe cat pure
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series of cryudfldd Zehiop ﬁtgmy ?u%' gBribarsalyld Arid weotedtBe by
rel easing the pressure which

urn zes and di ssol ved inert
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Pat ent 3, 5&%&E§hyﬁiﬁﬁ13yth?ﬁr&g@ﬁatiﬁg WaipeireC &/ depdraleins ealcadd recycl ed

3 des'iEd‘%htéﬁ’é98§8£ §0g03 &Phs a- carboxybenzaldehyde (4-CBA),
color bodies and other impurities, in aqueous liquid
phase solution at elevated temperature and pressure.

The impure terephthalic acid is dissolved in

water in an inert, e.g., nitrogen, atmosphere at a

20 temperature and pressure sufficiently high to provide a
solution in liquid phase, and the resulting solution is
subjected to hydrogenation in the presence of a Group
VIII metal and in the presence of an excess of hydrogen
of from 1 to 7 moles over the stoichiometric amount

25 required for the principal reducible impurities, i.e.,
4-CBA. The reaction solution is then separated from
the catalyst, and pure terephthalic acid (PTA) is
isolated from the solution by, typically, a series of
crystallization steps in which the solution is cooled

30 by releasing the pressure which, in turn, vaporizes
-water and dissolved inert gas from the solution and
terephthalic acid crystals precipitate. U.S. Patent
3,584,039 reports that vaporized water can be condensed
.and recycled if desired to the dissolution step.

35 However, pressure reduction also causes excess hydrogen
and inert gas to separate.from the solution along with
other volatile compounds formed by partial

decomposition of terephthalic acid and its principal
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35 However, pressure reduction al so causes excess hydrogen and inert gas to
separate. fromthe solution along with other volatile conpounds forned by
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catal yticall ydr ogenating 1 npure terep lic aC| which typically
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Commer ci al rocesses for $rodu0| nggpure t er.epht haI r% CI d from n inpure

t er epht hal i ct R RGP hsSTRPRPEE | ﬁo“‘Ealkﬂé‘ﬁ/ r bodies
and col or f o trige paeaossheset ypically include the steps of

(1) forggng an aqueous sol UldibEENtEE S FemePrbRPUre terephthalic acid
in an inert atnosphere; T (2) Ireating the aqueous solution with
hydrogen, or a prehufhdi predehfdinyentiont provigiemsontrecaeerckngr ati on of

from1 to 7 fmhese QPOVEnk NExEL 8L ChL AFBLENC FR RV B JcoWY RRthd & rduigs the 4-
in the production of highly pure terephthalic acid

where the production of the pure terephthalic acid

20 comprises catalytically hydrogenating impure
terephthalic acid, which typically contains 4-
carboxybenzaldehyde (4-CBA), color bodies and other
‘impurities, in aqueous liquid phase solution at
elevated temperature and pressure. Commercial

25 processes for producing pure terephthalic acid from an
impure terephthalic acid having as impurities 4-
carboxybenzaldehyde, color bodies and color forming
precursors typically include the steps of:

(1) forming an aqueous solution containing the

30 impure terephthalic acid in an inert atmosphere;

(2) treating the aqueous solution with
hydrogen, or a prehumidified hydrogen-containing gas,
at a concentration of from 1 to 7 moles.above the

_stoichiometric amount required to reduce the 4-
35 carboxybenzaldehyde present in solution to p-toluic
acid in the presence of a .Group VIII Noble metal

catalyst at elevated temperature and pressure



35 car boxybenzal dehyde present in solution to p-toluic acid in the presence
of a.Goup VIII Noble netal catalyst at elevated tenperature and pressure
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phase; (3 epar ati.ng _t.he treat solution _from.th atal yst; and
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strean1conprisin€ wat er vapor, 107 nert gas, unreacted excess hydrogen and
vol atil e inp@RFail¥stisap8rmed while non-volatile inpurities and their

reducti o products requyi krdistsQlMesindg tdeepREHAL L RYaBRENERInl IR .
According to the preéent i nyenti.on, dero en is recovered and recycled to

the 15 purifFERRFBRSHr §OEYSIOR 1n one step 5)0%obli AgSEhaeFeft streamto
condense wat gradapeedasdependdysaelledsiny ithe€spressure on the(b) treating

the vent strgamto.remve.uncond ed volatile,i Ry ecqover the
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series qfy gr aduatedasd ahyebhll? @&eds HNBrs858 SRY PS1aRh1@ tenperature
in the range of fromas |ow as 210C to as "high as,  280C and, a pressure of

around 2000 kPRUZBSARS: &S(&8¥MEG whido P ¥Pkatiie 1PPUripd&ese@nd a

condenser, etHeiradreduction products remain dissolved in the
resulting mother liquor. According to the presént
invention, hydrogen is recovered and recycled to the
15 purification process by:
(a) cooling the vent stream to condense water
vapor and condensable impurities;
(b) treating the vent stream to remove
uncondensed volatile impurities and recover the
20 hydrogen; and
' (c) returning the hydrogen to the hydrogenation
reaction. -
The vent stream, exiting the first
crystallizer, or exiting a series of graduated
25 crystallizers, as the case may be, at a temperature in
the range of from as low as 210°C to as high as 280°C
and a pressure of around 2000 kPa absolute (abs.) to
6000 kPa abs., is first passed to a condenser, e.g., a
feed preheater, wherein heat is transferred from the
30 vent stream to a process feed or other stream thereby
making use of available heat. Condensate and
uncondensed vapors then pass to a condensate pot or
other suitable means for collecting condensate. The
~vent stream, now at a temperature in the range of 236°C
35 and a pressure of around 3200 kPa abs. and comprising
steam, unreacted excess hydrogen, inert gas and
generally non-condensable components selected from CO,

CO,, CH, and sulfur-containing compounds is let down in



feed preheater, wherein heat is transferred fromthe 30 vent streamto a
process feed or other streamthereby nmaking use of avail abl e heat.
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20 i nvent i orE PEDESHASED ydrogen 3fetRPBsERMPERFSH provi des

for recoverlangpzaemlsule@ymlﬂgeermegs dFdrogeonof kpa pbscess vent streams in
the proggcusupégemeék &%%e regﬁhh %égeSFIQnérggkurned to the

hydrogenation reactor.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic diagram of one embodiment
of 'a hydrogen recovery process according to the
20 invention.
DETAILED DESCRIPTION
The present invention provides for recovering
and recycling excess hydrogen from process vent streams
in the production of highly pure terephthalic acid from
25 impure terephthalic acid, i.e., terephthalic acid
produced by the liquid phase air (molecular oxygen)
oxidation of paraxylene using a heavy metal and bromine
catalyst as described in Saffer et al. U.S. 2,833,816.
The process of the present invention may also be used
30 in connection with purification of terephthalic acid
.produced from other processes based on catalytic liquid
phase oxidation of para-dialkylbenzenes with molecular
oxygen in the presence of a heavy metal oxidation
‘_catalyst, and may be applicable to equivalent reduction
35 processes related to other phthalic acids, such as
isophthalic acid and OPA.
The purification of aromatic polycarboxylic

acids by catalytic reduction of impurities, such as 4-



25 inpure terephthalic acid, i.e., terephthalic acid produced by the liquid
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sol ution tenperature through control or |oss. of 2 gressure causi ng

vapori zat i ofr SHRETEFHTRP HVRERT c 4332 Pr endfbikRig fBeaPrefgEirtesd The

pressure of tlpd¥00855 Mande LESTuPECHB! BEMLRBH DY olsh& s ufR Oftd he vapor
pressure of the agu%pgﬁysolutlon glus t he pressure of the applied hydrogen

react ant? SEOPULyY presstEeRBEhay i6e26dFe@FEd WS¢ Yen e the

requi red redesiperatrifecdt el aguéypscablytibnt e ramgeadfly ronféwt o 2500
kPa, but nma e hi gher . f_the.inmgurities in the.i re terephthalic
acid are ocgile%&ee(?s?r?e[f%ve%%gc?%@t“afga E?/ gf:grsnolavisr?g ulrrrf%u%rcg terephthalic
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catal ytic hﬁ@fﬂ%?&ﬁ' ééfﬁ@@f@tthrough_conIlehXQIQQEﬂgkh?n process can

be practiced using a suitable hydrogenation reactor arranged for
25 pressure causing vaporization and cooling do not cause

premature crystallization. The pressure of the process
will then be determined by the sum of the vapor
pressure of the aqueous solution plus the pressure of
the applied hydrogen reactant. Such hydrogen pressure
30 may be selected to generate the required reductive
effect, and is typically in the range of from 0 to 2500
kPa, but may be higher. Most of the impurities in the
impure terephthalic acid are occluded in the acid
crystals. By dissolving impure terephthalic acid in
35 water, the impurities are then in solution and subject
to catalytic hydrogenation treatment.
The hydrogenation process can be practiced

using a suitable hydrogenation reactor arranged for



WO 99/ 03812PCT/ US98/ 14507 interm ttent introduction of hydrogen into a bed
of catalyst during continuous introduction of the aqueous solution of

i pur e terwphblsdikc acid. The anopunt of hydrogen used is an PEXCESB/18507t he
amount required for 5 reductio of theﬂg RS% ved imnmpuriti Al%hough in
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|npur|t|es i's” Not - known  but %z cal 5 neasurement” of the
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treatnent, FOSLOLEN OT il OVLT 8EreONEgRE bal, | @&d&@%é)e p s @Ino@euer e
hydrogenatlo Id be avoided so that conversi ter #xglc aci d
such ot her d?%éﬂﬂ#go%%nc?%? htkah®, £28 1289G; Car %% |%:%ﬁ: P-toluic
aci d does noxoessirabdvne tiyersgebahionecatal yaouns meefuamdﬁyfcar theup VI 1|
nobl e ne al Ieiggiéﬁar ngqllgi%% &lrg%ggg{:%spall AU SHYRRY ted on adsorbent,

hi gh sur ac area ce"nay be nade to any of the standard 25
texts on hydryerctedhsticablul yeliovoronnred dmpustitdiesar bl ytical Iy

eff ective unger d;?%”&ﬂ‘éw&tﬂééef&‘%?ﬂé?alh?[lﬁer o did i Snknown The

hydrogen treate ueous_sol ution can to renove any suspended
sol i ds, suckﬁ%@u%@PE%tal§§? 3yppeet of i ke grd ProdurdSuLindtler iofF s of about
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to precipitate
hydrogenation should be avoided so that conversion of

" terephthalic acid such other products as cyclohexane,
20 1,4-dicarboxylic acid and p-toluic acid does not occur.
The hydrogenation catalyst is preferably a
" Group VIII noble metal selected from platinum and/or
palladium supported on adsorbent, high surface area
charcoal. Reference may be made to any of the étandard
25 texts on hydrogenation or catalysts for materials which
are catalytically effective under aqueous phase
hydrogenation conditions.
The hydrogen treated aqueous solution can be
filtered to remove any suspended solids, such as
30 catalyst support fines and extraneous materials of
- about 5 microns and larger in size. The purified acid
is then recovered from the filtered solution
conveniently and preferably via crystallization, or via
~a series of crystallization steps in which the aqueous
35 solution is cooled by releasing the pressure, which, in
turn, vaporizes water and dissolved inert gas from the
solution, and thereby causes terephthalic acid crystals
to precipitate.



WO 99/ 03812PCT/ US98/ 14507 Turning nowto the drawing, Fig. 1 is a
sinpljfied schematic fl ow di agram of one enbodi nent of the invention. It is
to be undqiségRed hat this enbodiment is for the purpose of pdriusssnagoron

and is 5 not to be rggarded as a Iirritaf,é#)n of thg.sco e.of _the invention.
Referring to Fig. 1, ‘HA"dq\edn¥ & &M I TREInt BFFs &rdde® i.e., inpure,
t er epht hal i csmaplif sednscbeémaedcvifddw rEddxramdb pne- éshodiment odnpri si ng
10 heat exchanger 14 -t o .hydroge ' o] ) rogen is
supplied vi gtali‘?nle&i%gtiﬁg'hy&%oé%ngﬁ %nen%{rée)%%%l%%éiéh%gr F%g out at a
pressure in eneodamgntofsf fom 4080 phRpcss.of ol PDe9Or&Pionbsndand a

tenperat yre l\%\%\'&C@ocsel £888e dboAs230 i%é&f@z@%f%ﬁ@%@éﬁéea%etlﬁe of a

Goup VITI Noble netal catalyst. The ogenat ed solution Is separated
fromthe catbRy8RLAARB-wi t hdrawn fromthe hydrogenation reactor via line 20

and passed to a seri gefelrrGhysttd IFzer s1 [ Oeinvmg&@geal yriBanf whilth
crystallizer 22 is shomnéﬁaPnessure | s rel ease | t.down, in

sed, i, 20 |
graduat ed stGRE2WREr SHY Rt dr Sand RS v L TR TR ghEC VAR 28 and a vent
st ream conpristngduaedr viapdine nér targhsy pire daed edt eatessohpdisday and

volatilgol MuLLE! 83chankereed ML 1OVPI RIS d ARU b | £82LEBRI 96T SSOl Ved
in the resultrng mot her 1iquor. ' vent streamis passed via
line 24 to hdvdregeRah§eFuPPlifesr ¥ia Jine ddl ed, The phrdregenatacohenper at ure

in the rangerﬁécg%em 240624912 A0Gut Qcy B e{n VERar raAgdeceFdensabl e

I mpurities. The condensate is then renmoved via line 28 fromreactor
preheat er cofBeRs4PROpkFa2EPsSanG o RO AP diRE s t P et LETPEERFIE Spassed
via |line 30 vhiahseanndahget faxahaspeCc 3p ter BWCChén phes puaresarme

br i mar (19 v br SvaBRE” TBLCAREY S AE Snio T A pactig TRonorBacey
preheat er cosdbusabe pet s2pawiatledbdxaim & lpr esstakyshn ah@ wabhhérewn3200 kPa
abs,, a WO 89?83%%?%6%%&%&% LA w%ﬁﬁ@% r 2RgepeksedbC and
wi |l have the tollow ng caomposition: nponent Concentrati on ?k\_// V)
to a series of crystallizers (of which only the first
crystallizer 22 is shown). Pressure is released, i.e.,
20 let down, in graduated stages whereby water and
dissolved inert gas vaporize and a vent stream
comprising water vapor, inert gas, unreacted excess
hydrogen and volatile impurities is formed while non-
volatile impurities remain dissolved in the resulting
25 mother liquor.
The vent stream is passed via line 24 to heat
exchanger 12 where it is cooled, typically to a
temperature in the range of from 210°C to 270°C, to
condense water vapor and condensable impurities. The
30 condensate is then removed via line 28 from reactor
preheater condensate pot 26, and the balance of the
vent stream is passed via line 30 to a second heat
exchanger 31 for further pressure and temperature
. reduction and recovery of additional condensable
35 impurities, primarily water vapor. Typically the vent
stream passing from reactor preheater condensate pot 26
will be at a pressure in the range of 3200 kPa abs., a



SHydr ogen55 CO 1 CO0.2 Water Vapor & other constituents43.8 10 The
pressure of the vent streamis |let down to a pressure in the range of 2000
kPa abs. %bgm[ﬁ that the vapors are superheat ed by about ptT@SIBO¥s7t hei r

dew poi nt . event sfre then treat gu, é a nt ep
desi gnat ed A I\t/ee ??1% emr%‘:%??ayo%1 2 cgr{3 33 edu EI tr}r’pmti"rl ttlsées whi ch
ot herw se cdidld dwirnmrodnposdtibe: hydr ogenati on reaction, primarily CO and
CO, . The selection and nunber of treatnment steps wll depend on the
conposition of the vent stream and 20 econom c consi derations. Methanation
can be enployed to céempenentace |evels ofopoentunatdarent$sfykamto water
and CH, by reacting %%apo pas follows: CO + 3H&s= CH, + H20 25 This is an
exot herm c reaction I ch”takes place over a catalyst of supported nickel
oxi de. As shown, thi<SCzype reaction will necesséflly consune a small anount
of hydrogen. Alternatpvely, the inpurities in the2vent 30 stream can be
sel ectively adsorbquonto nnleculg si eve adsorbent according to a
process known as pre 2bre aPﬁﬁ %d8 %ﬁfion. Hydrogen present in the vent
streamis not adsorbedngtgttentss hi gh volatili#g.@nd | ow polarity.
35Anot hgp treatnent process involves selective
The pressure of the vent stream is let down to
a pressure in the range of 2000 kPa abs. to insure that
the vapors are superheated by about 15°C above their
dew point. The vent stream is then treated in a
15 treatment step designated 42 to remove or chemically
convert gaseous impurities which otherwise could be
harmful to the hydrogenation reaction, primarily CO and
CO,. The selection and number of treatment steps will
" depend on the composition of the vent stream and
20 economic considerations.
' Methanation can be employed to convert trace
. levels of .CO in the vent stream to water and CH, by
reacting with H, as follows:
CO + 3H, = CH, + H,0
25 This is an exothermic reaction which takes place over a
catalyst of supported nickel oxide. As shown, this
type reaction will necessarily consume a small amount
of hydrogen.
Alternatively, the impurities in the vent
30 stream can be selectively adsorbed onto a molecular
sieve adsorbent according to a process known as
pressure swing adsorption. Hydrogen present in the
vent stream is not adsorbed due to its high volatility
~and low polarity.
35 Another treatment process involves selective
oxidation of CO according .to the following reaction:

CO + % 0, = CO,



oxi dation of CO according .to the following reaction: CO+ M02 = CO WO
99/ 03812PCT/ US98/ 14507 A conpetitive reaction takes place sinultaneously as
foll ows: KAyedeasiz 1420 The process uses gaseous oxygen Pal/Usdgu4seEs a

0" 3% 5 pl ati.num on .al.um na_catal yst rom r.easons of. process.,ecgnom cs and
operabi | ity ﬁé’"tﬂeetfle'ﬂ\é%larrr%$%%hg?oT’aFFgaPilﬁ‘é:et ﬁé%&pa%??‘é ?ﬁ'e%st i ng
react or prelfedtlewsondensate pot 26 is via a |low tenperature shift reaction
to convert COto 10 CO2 as follo :+H%p€p = H2 The vent stream from

61§ |

react or preheater condensate pot ét dotwn in pressure to 2000 kPa to
i nsur e t hat Tihee RREFYSS 4R Jrseded pByaENbENG dadiirefg@t Pe3¥5 "shift

converteg”. hhe &l &84 esh whihau@yt gipetature for the gas streamis 15C
above its dew point to prevent condensSation on the catalyst. The relatively

| arge anount of wat FXYBpbRaPRARENRLYBRPCESEe SAANGTHECT ARBke t he process

nore feasi blpdisinithertine tprapéived ABthodh far ety Gtheoneaesi on of
around 99% and a catq%¥st life_of abOﬁt g ears.. In quition pt Qcess
makes smal | ShFCARRFTCIEY THBUHCE BFSRGAFS5erORReR AR HIRP Lt V8t is a
copper oxi deriaziancl oxitempendatthuen shifat akpst iocsudo aorikattal CO"t83- 3,

avail a 2 r gil. Chemical Industries. Fol I owi ng
treatng% s?%% 351?%2 ﬁbm/hydrggen rich vapor streamis condensed to a
2

tenperature in the range of 50&:Po+r &fove GUditt Honal remai ni ng water vapor,

and the vapahestyaam Saredit SEEHPPELSVLLhp3Rhealtdly Cdridfsmye $68 to
prevent its buill d-]‘tjé)ti Lf??the, hydrogen recover nd recycl e process. Hydrogen

a
recycl e stré&miss Y. sH FRER SERRe nERe 200 Oy E A G 988 1%e | FR#bduced to
t he suction thadeyad iwychloges its dew point before entering the

15 "shift converter". The preferred minimum temperature
for the gas stream is 15°C above its dew point to
prevent condensation on the catalyst. The relatively
large amount of water vapor in the vent stream tends to
make the process more feasible than other alternatives

20 with an expected CO conversion of around 99% and a
catalyst life of about 3 years. In addition, process
makes small but beneficial amounts of hydrogen. A
suitable catalyst is a copper oxide, zinc oxide and
alumina catalyst, such as "Katalco" 83-3, available

25 from Imperial Chemical Industries.

Following treatment step 42 the now hydrogen
rich vapor stream is condensed to a temperature in the
range of 50°C to remove additional remaining water
vapor, and the vapor stream can be scrubbed with

30 caustic to remove CO, to prevent its build-up in the
.hydrogen recovery and recycle process. Hydrogen
recycle stream 36 with fresh hydrogen make-up via line
38 is introduced to the suction side of.hydrogen

.. compressor 39 where it is re-compressed to a pressure

35 in the range of 10000 kPa and recycled to the
hydrogenation reactor 16 via line 18. To the extent
needed, a purge via line 40 can be taken to maintain

impurities within tolerable limits.



conpressor 39 where it is re-conpressed to a pressure 35 in the range of
1000Q, kPa and recycled to the hydrogenati on reactor 16 via line 18. To the
extent neg@seopiz1PuUrge via line 40 can be taken to naintai npiomasE9eksss
wthintolerable limts. WAT IS CLAIMED IS 1. In a process for producing
pure terephthalic acid froman i npure-terephthalic. acid having as
inpurities 4- carboxybenzaldehydé"color bodi es Tand’ col or form ng precursors

whi ch conpr 4g.form ng an aqueous sol ution containing the

| mpur e terepht allc aC| |n an i nert atnosphere; 10(2) treating the aqueous
solution with hydrogen alnaacpnoeatsafoenpebducdmgl gure/ nol es over. the

st oi chi tr| d redu I ehyde

pr esent |n s& |(N1t%ggg%% %I%igglﬁg fﬁPhQS Fégg %g %?Xg?géﬁﬁ% VI11 Noble

metal 15 catheavsrtg @As é%b@l@%nbe%mwybnnzgﬁégmd@.smcflcm ent to

mai ntai n t henldd |08 i dolbe fd)ﬁh'ng f‘ééursors whlch(%)o mded | ng the
treated solution from

he_cat al dzing tere hthaljc acid
fromthe separated s&*ttlgﬂrﬁ§n e?Ba@ﬂHSOPﬁesﬁﬁ ?ﬁﬁaq%afgﬁ
sol ution inﬂmpnrﬁEﬂnrephthahlsea¢£d oh ghadnatedaSHEﬂﬁﬂmmhﬁreby wat er and

di ssol v. I nert gas orj a_yent streamc risin ter vapor, 25
inert ggg excess hyéﬁljgge%ggngil %Iap %qP%SEPIFIggREéﬁl from CO CQ2,
and CH4 i s fhydnagesidte ma@@@¢®mtr@tlﬂpu0ftfegmaﬂdtphélNQﬁﬁﬂuqvquproducts

remain di SS‘% ﬂ&éxfforﬁ 1 &1 DEERE NEL L GHAT ot BR gL Qyfmet
conpri si ng: COO n e vent Streamto condense wat er vapor and
Condensableq fFYhenRza e hyde present in solution to p-toluic

acid in the presence of a Group VIII Noble metal

15 catalyst at elevated temperature and pressure
sufficient to maintain the solution in the liquid
phase;

(3) separating the treated solution from the
catalyst;

20 (3) crystallizing terephthalic acid from the
separated solution by releasing the pressure on the
treated solution in one step, or in a series of
graduated steps, whereby water and dissolved inert gas
vaporize and a vent stream comprising water vapor,

25 inert gas, excess hydrogen and volatile impurities
selected from CO, CO,, and CH, is formed while non-
volatile impurities and their reduction products remain
dissolved in the resulting mother liquor; the
improvement comprising:

30 (a) cooling the vent stream to condense water
vapor and condensable impurities;

(b) treating the vent stream to remove or
chemically convert uncondensed volatile impurities to
_inexrt components and recover the hydrogen; and

35 (c) returning the hydrogen to the hydrogenation
reaction.

2. The process of Claim 1 which includes the

additional steps of treating the vent stream in step

10
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(b) treating the vent streamto renove or chenmically convert uncondensed
volatjile inpurities to inert conponents and recover the hydrogen; and 35(c)

r et ur ni ngwldw,d3y@dr ogen to the hydrogenation reaction. PCT/USI8/1%09CESS
of Caiml \{Yﬂi ch includes the additional steps of treati n%étbge vg@% stream
in step 10 T¥’SH HAES BRRCE R2P ACEBPRARD V8 38128/ $1% (a) in

t he presencalafmimaoppEalpst deo zhemiexldy amhwermi @ tat@ystand

chem cal Y SIS £A0 SP 00 FeaaiLan LS CHR L R Yot stream by

I
scrub%)ing .
5
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