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off-gas stream for recycle is through azeotropic distillation of the off-gas stream

condensate using an organic entrainer selected from, for example, n-butyl acetate,

25 n-propyl acetate and isobutyl acetate. In such cases where the main feed to the
azeotropic distillation process is derived from the oxidation reaction ovetheads,
the presence of methyl acetate in the feed stream can adversely affect the amount
of water which can be removed from the condensate azeotropically because
methyl acetate’s water azeotrope lies in the single phase region, i.e. its water

30 azeotrope will have a low water content.

In the second stage of the process, i.e., the purification stage, crude
terephthalic acid crystals are dissolved in water at elevated pressure and
temperature, and the resulting solution is subjected to hydrogenation inthe
presence of a Group VIII Noble metal hydrogenation catalyst. The purified acid is

35 recovered by crystallizing the acid from the hydrogen treated aqueous solution. A
majority of the principal impurities, which are p-toluic acid derived from the
compound 4-carboxybenzaldehyde and unidentified color bodies, along with some
other organic components, such as benzoic acid and residual terephthalic acid,
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acid, including_.a adm unt of % uaI &L
: for producing pure terep. acid which process comprises the steps of:
' 25  (a)reacting paraxylene with air in the presence of acetic acid and a catalyst at

elevated pressure and temperature to produce crude terephthalic acid;
(b) recovering the crude terephthalic acid, including an amount of residual acetic
acid and paratoluic acid; and (c) purifying the crude terephthalic acid by mixing it
with water and raising the temperature and pressure of the mixture to form an

30 aqueous solution, contacting the aqueous solution with hydrogen in the presence
of a catalyst, adjusting the pressure and temperature of the hydrogenated solution
whereby pure terephthalic acid crystals precipitate and residual acetic acid and
paratoluic acid remain in the hydrogenated solution to form a pure plant mother
liquor, and recovering the pure terephthalic acid crystals from the pure plant

35 mother liquor. The improvement comprises:

(i) contacting the pure plant mother liquor with paraxylene to forma

two-phase system comprising an aqueous phase which contains residual acetic
acid and an organic phase which contains paratoluic acid and paraxylene;
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impure, i.e., crude, terephthalic acid by liquid phase air (molecular oxygen)

25 oxidation of paraxylene in an aliphatic carboxylic acid solveng such as acetic acid,
using a heavy metal and bromine catalyst as described, for éxample, in Saffer et
al. U.S. Patent 2,833,816. The oxidation reaction is acctjmf:lished using a stirred
reactor, and the reaction is accompanied by the production of an overhead vapor
stream comprising water vapor, acetic acid and an amount of methyl acetate. The

30 concentration of the components comprising the reactor overhead vapor stream
can vary over a broad range depending on actual operating conditions. Typically
the vapor stream will comprise in the range of 69% w/w acetic acid, 12% w/w
water, 1% w/iw methyl acetate with the balance being largely non-condensible
components, such as nitrogen. "

35 Fig. 1 is a simplified schematic process block dxagram ofa two-stagc
process for the purposes of illustration. Oxidation of paraxylene is carried out in
an oxidation unit ‘OU”. The overhead vapor stream is withdrawn from the reactor
and cooled within the OU to form a first condensate. Some or all of this first
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crystal s part of the process The wash water, wh1ch now contains a substantial amount of

25  acetic acid solvent, can be recycled to the oxidation reaction via line 4. The
recovered crude acid crystals in an integrated process can then be transferred via
line 6 and immediately re-dissolved in water to form a solution of impure acid
‘IA’ to begin the purification stage of the process.

Purification of the crude acid is accomplished by contacting the solution

30  and hydrogen, or a pre-humidified hydrogen-containing gas, with a Group VIII
Noble metal catalyst in a pure plant ‘PP’. Because of its low solubility,
terephthalic acid requires either large volumes of water or high temperatures in
order to obtain the desired terephthalic acid solution. In practice, the
hydrogenation process can be conducted at a temperature within the range of from

35  200°C up to the critical temperature of water, i.e., 374°C. Within the preferred
temperature range, solutions of about 10% by wt. to about 35% by wt. terephthalic
acid are used. Most of the impurities in the impure terephthalic acid are occluded
in the acid crystals. By re-dissolving the crude crystals in water (IA) the solution
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(D

t er epht ha

avoided so that conversion of terephthalic acid to such other products as
cyclohexane, 1,4-dicarboxylic acid and p-toluic acid does ;i:bt occur.

30 The hydrogenaﬁon catalyst is preferably a Group VII Noble metal
selected from platinum and/or palladium supported on adsorbent, high surface
area charcoal. Reference may be made to any of the standard texts on
hydrogenation or catalysts for materials which are catalyt_icélly effective under
aqueous phase hydrogenation conditions. '

35 The hydrogen treated aqueous solution can be filtered to remove any
suspended solids, such as catalyst support fines and extraneous materials of about
5 microns and larger 1n size. The purified acid is then fe_covered from the filtered
solution conveniently and preferably via crystallization, or via a series of
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25 cooling and condensing in condenser C the overheads vapor stream from the
azeotropic column DH, and the organic components therein result primarily from
the organic entrainer which is present in the vapor stream. Methyl acetate, the
organic components and acetic acid partition across the two phases. In so doing,
methyl acetate can be recovered from the resulting aqueous phase by distillation in

30 distillation column ‘DC’. The aqueous phase is transferred via line 16 from CD-2
to the distillation column DC, and methyl acetate is recovered from the column
overhead via line 17. Water exits the base of DC for either recyle via line 18 or
disposal via line 19. Acetic acid and organic entrainer can be recovered from the
organic phase by returning, i.e., recycling, the organic phase via line 7 to the

35 azeotropic tower DH as reflux.

Suitable contacting devices for carrying out the solvent extraction process
improvements of the invention described above may be decanters, multistage
contactors or a series of mixer settler units as described in any of the standard
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not her liquor as the remaining fluid nmedium Follow ng a predeterm ned
nunmber 5 of crystallization steps, the slurry of pure t j£ acid
crystals iWOPKHHo a centrifuge, rotating drwn filter 3{ o&ﬁ@?ﬁ%ﬁitable
means for sepagglsi Afle hidesPb B AEdtionGs Mb% iPbelirAiseddbyWRy sgaii thmroff u t her
processing fromthe re plant nother liquor. The pure plant nother

l i quor, line 16¥m53ﬁ§g?ﬁ§'a resi dual anount of acetic acid along with sone
useful organic conponents as well as sone dissolved inpure 10 terethphalic -
acid. The present invention, in a second part, is directed to recovering
useful organic conmponents and residual acetic acid fromthe pure plant

not her |iquor whereby the nother |iquor can be nade avail able for recycle.
The invention in its fundanental enbodi nent conprises contacting the pure
pl ant nother liquor, line 10, with paraxylene, line 11, in suitable

contacting 15 decive "CD-1' to form a two-phase system conprising an
aqueous phase which contains residual acetic acid and an organi c phase

whi ch contains paratoluic acid, i.e., a terephthalic acid precursor, and
par axyl ene. Paratoluic acid, along with any other precursors which may be
present, is transferred fromthe aqueous environnent of the pure plant

not her liquor to the organic environnent of the 20 paraxyl ene feed. The
organi ¢ phase can then be recycled to the oxidation reaction via line 12.
The aqueous phase is fed via line 13 to at |east one additional contacting
device "CD-2' sinultaneously with a condensate stream 14 which conprises
wat er, nethyl acetate and organic conponents to forma second aqueous
phase and a second organi ¢ phase. Condensate stream 14 results from 25
cooling and condensing in condenser C the overheads vapor streamfromthe
azeotropic colum DH, and the organic conponents therein result primarily
from the organic entrainer which is present in the vapor stream Methyl
acetate, the organic conponents and acetic acid partition across the two
phases. In so doing, nethyl acetate can be recovered fromthe resulting
aqueous phase by distillation in 30 distillation colum "DC . The aqueous
phase is transferred via line 16 fromCD-2 to the distillation colum DC,
and nethyl acetate is recovered fromthe colum overhead via line 17.
Water exits the base of DC for either recyle via line 18 or disposal via
line 19. Acetic acid and organic entrainer can be recovered fromthe
organi ¢ phase by returning, i.e., recycling, the organic phase via line 7
to the 35 azeotropic tower DH as reflux. Suitable contacting devices for
carrying out the solvent extraction process inprovenents of the invention
descri bed above nmay be decanters, nultistage



contactors or a series of mxer settler units as described in any of the
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in the hydr Oﬁemgmge§mlmeﬂr%mf@fafc@qamtaaMﬁg fHeqméssure triisemipeguorqf. and ]

recovering {.he .pur [ ! - L t not her
fo nﬁl%;h\ygrnﬁ{:aﬁ&pstﬁpﬂﬁmh gvhgl_%bg F%E %Z%f?xhx%hc 5&&’59?:% 8 pRiipRtaid hAd)

| i quor, the"l C . €O r|5|ngi._ C g}ethl sal ure.pl ant not her
li quor with paresidpabasetic arid @dpagptolyis agid gemain, %{}1 fﬁfﬁiﬂl}‘% MY an aquoues
phase whi ch comférii #pure@hintitiotherdizpbi, and meiveringithe gnredergphthatic phidseystalsi ch

cont ai ns par at %&H&e?ﬁe}%&g&&sﬁt@éﬁ@&%% Flﬁ%ﬂeﬂleﬁt%ﬂrbﬂ' t he organi ¢ phase

to the oxidation reacti, R.(a),; ) teed he ,agyepus phase to
at | east one additionald GB‘H%"&’BEFﬂ%P“r&@WE@%‘FrnlEﬂ“P‘éﬂﬁgmlW%ﬁﬁ M@ ndensat e
stream conprs sitwe-phadeaystemedrhprisimgent sgp@ie? phasewhish gentéios wsidpalestics to form a
second agqueous JBang af Btkaflc pRAR MicH HARLE parblifiCachida piraitfless) et Ny |
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Acetate from the secondDaEATERLTMERIS B o B SR PR SR I T (U ¢ ne
second organi c phase. (ifiif:dding the aqueohsiphiase tplat Jepst one'additiogal qontacting
device simmultaneously with a condensate stream comprisi_ng water, methyl acetate
20 and organic components to form a second aqueous phase and a second organic
phase across which methyl acetate and residual acetic acid partition; and
(iv) recovering methyl acetate from the second aqueous phase and

recovering acetic acid from the second organic phase.

—

T L

KLLLl



