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30 Although the azeotroplc distillation systems of US-A-4250330 and GB-A-1576787 can be
operated using n-butyl or isobutyl acetate entrainers, from the foregoing it wilt be seen that certain
compromises have to be made in order to secure a water-contaimng bottoms product which is
substantially free of entrainer. - :

According to one aspect of the present invention there is provided a process for the -
35 production of an aromatic dicarboxylic acid comprising oxidising a precursor of the dicarboxylic
acid in an aqueous liquid phase medium comprising a lower aliphatic carboxylic acid and in the |
presence of a heavy metal catalyst system, the oxidation being accompanied by the production of
an overhead vapour stream comprising the aliphatic carboxylic acid and ‘water, condensing the
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securing a bottoms product which contains between 2 and 12% water by weight based on the

combined acetic acid and water content and is substantially entrainer free.
Whilst, in practising the process as defined in the above defined aspects of the invention, it
30 is not contemplated that there will be any reflux of the aqueous phase, we do not exciude the
poéSibility that an insignificant amount (eg no more than 1% and certainly no more than 2% by
weight of the total reflux) of the aqueous phase may be refiuxed.
Where the water content of the feed stream is below 30% by weight the presently preferred
entrainer is n-propyl acetate. :
as Preferably the water content of the feed stream comprises 20 to 30% (more preferably 23to
27%) by weight based on the combined acetic acid and water content of the feed stream.
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composition. Thus, in éccorqange with a preferred aspect of the invention, the azeotropic
25 distillation is carried out in a packed column (provided with a random packing, eg Raschig or Pall
rings, or é stmcturéd packing). This confers a number of potential advantages over a trayed '
column, eg c_olumn size and column hold-up inventory may be reduced which in tum increases .
control stability, speeds up response to upsets such.as partial or total loss of feed to the column or
feed composition changes, and reduces the volume of materiai -dumped into the bottom of the
30 column in the event of loss of reboiler.heat. - : :
“ In the production o_f aromatic dicarboxylic acids such as terephthalic acid, the reactor
overheads vapour stream tends to carry over amounts of the precursor (eg paraxylene) which
shouki desirably be recovered. In a fusther aspect thereof, the present invention is concemed with
the recovery of the precursor in an efficient manner. _ -
35 According to this aspect of the present imiention thereis provided a process for the _
production of an aromatic dicarboxylic acid comprising oxidising a precursor of the dicarboxylic
acid in an aqueous liquid phase medium comprising a lower aliphatic carboxylic acid and in the
presence of a heavy metal catalyst system, the oxidation being accompanied by the productioh of
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35%) by weight based on the combined aliphatic acid/water content of the feed stream and where
the bottoms product is required to be substantially free of entrainer and have a water content of
from 2 to 12% by weight based on the aliphatic acid/water content of the bottoms product.
30 In this aspect of the im_lention, the entrainer is preferably constituted by an alkyi acetate, eg
iso-butyl acetate or an entrainer having a boiling point lower than iso-butyl acetate (eg n-propyl
" acetate). |
As used throughout this speciﬂcatioh, "azeotropic zone" refers to that region of the
distillation column where the concentratlon of the entrainer in the combind liquid phases is at least
35 0.1% by weight.
Another aspect of the invention relates to control of an azeotropic distillation column so as
to cope with changes in the composition of the feed(s) to the column and/or substantial or total
loss of feed . '
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VWO 96/ 06 Busther advantage secured by the provision of the separate water feed (applicable to both

PCT / GBI5/ 01fed and packed columns) is thACSuGasH re@iction dridss opRREupENEd (oFe EhATEWA
i nvention tRekRq siedt, 3 a8 & Yesint B LEEcSH thiPih 1| daEE Whéld the feed stream is derived from
the oxidation process associated with the production of terephthalic acid, can be readily
. 25 compensated for. For instance, in the event of loss of the feed stream as a result of a reactor trip,
the entrainer will rapidly strip out all of the water from the base of the dist:llat:on column resulting
in loss of the column profile (making it more difficult to re-establish normal operatlon) and
eventually leading to corrosion difficulties in that zone. By momtonng the water concentration in
the base of the column (eg by monitoring temperature and/or on-line analysis), a safeguard
30 against such circumstances may be provided by contro! of the separaté water feed to the column.
" The liquid phase medium may comprise an aliphatic carboxylic acwd such as acetzc ac!d
and water. :
_ The process of the invention has particular application to azebtropic distillation carried out
in such a way as to secure a predetermined amount of water i in the bottoms product - for instance,
35 in situations where the bottoms product is required to have a certain water content for
| compatability with subs_eqqent use of the bottoms product, eg recycle of acétic acid to the
oxidation reactor in plant for the production of terephthalic acid. =~ |
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t er epht haB9 cwatet epntent (typicaly 6 byYeeign based on the combined acetic acid/water content) whereby

PCT/ GB95/ 0193 water content in the oxidation reactor can be regulated by removing excess water and
returning a residual amount together with the recycied acetic acid. The lower reflux ratios that can _
be employed through use of high boiling point entrainers such as n-butyl acetate make such
entrainers the logical choice for the azeotropic disﬁllation, especially where the intention is to

35 make more effective use of the significant waste heat generated in the oxidation reaction or to

operate the oxidation process at reduced pressure with attendant reduced energy input
requirements. However, the water content present in the overhe'ads aqueous acetic acid stream
and that present in the acetic acid product derived from the azeotropic distitlation are such that
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methyl acetate, paraxylene and other organics) and an aqueous phase containing a small guantity
of entrainer and, infer alta some methyl acetate. Although not stiown, the phase separator 18 is
35 provided with an outlet for purging of gaseous inerts from the system. To regulate the pressure in
the column 12, the cooling medium supplied to cooling system 16 is fed via line 50 under the
control of vaive 52 controlled by:a pressure controller 54. In this way, the pressure within the
column 12 can be regulated by adjustment of the flow in line 50. Alternatively the pressufe in the
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Where a lower boiling pqint entrainer such as n-propyl acetate is employed (which results in
a higher organic reflux ratio than n-butyi acetate for organic phase only refiux), it is feasible to
35 minimise the reflux ratio, more specifically the internal reflux raﬁo of the column, by varying the
amount of sub-cooling that takes place in the condenser system 16. We have found that it is
possible to minimise the internal reflux ;’atio by selection of an appropriate exit temperature from
the oondens_er system 16. Thus, for example, in the case of n-propy! acetate entrainer, we have
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penet r at es Qmmtrat-on Emememﬁm*meatapll@m m!fél'ﬁﬂiﬁ‘! efparsayiene capcefiigtion ta he
feed 10 is emhmmwmﬁamhmwmmm point Jf fftroductien/of iRl dquetms poi nt

well remove, : eve@?@&{eﬁﬁ» f%cﬁ{:]\b&eﬁﬁ s g&o%la%ﬁ%a@&he%ﬂﬁﬁ%e’@h«ﬁ&%@ﬁ#h@&kﬂ” can

be readily ac etra
product wi t9f&IgRAR. another impurity that tends to %EMM‘%@%%‘MW%@MW%
noni t or i ze) the peist'ofintroductién ¢f thie.febstrearth 108y puging pardyleaenion thelcolmhiabas Wit hin

the col um lﬁéa%:?;um%?ﬂmb Hﬁﬂ%  iG8ndd t fé‘eﬁ%ﬁ%ﬂr@% g&%ﬁﬁﬂk Witk %éﬂ#fs

sharply wt m I's—acconpani e rres |ng S

change i n tRASEYIBRGIDERIraIRT oAngentrations is iessAhan its m Vale).@\8 Q’u‘ﬁﬁ?’ﬁ ampPYY

t enper at ur etonéua‘ ¢ah®e lpmaved atthe Samorhé ieleby avolting thensed fatSépardte randtfs fir man
of the entr ?ﬁh@@ﬂ[ﬁﬁﬁ and sui tabl e' f eedback control of the
va ve

refl ux rate and/ or reboil rate (via reboiler 32) can be
used to ¥j ust Referipg nw toFigues 2,his Wystrates icpnirolscheme for accommodating disturbances

or loss of feed(s) to the distillation column. The scheme shown in Figure 2 is similar in many
_respects to that of Figure 1 and the same references have been used to depict like components
The key feature in the control scheme of Figure 2 is the provision for supply of water (via line 76)
to the lower section of the column under the control of vaive 78 which in tum is controlled by the
35 temperature controller 74. As shown, the water supply is derived from the water exported from
the system via line 20. However, the water empldyed forthis purposs m'a_y"b“e-derived from other
sources. Thus, in circumstances where the temperature increases in the base of the column as
detected by controller 74 (eg as a result of a substantial or total loss of feed to the column), the

10



30 predet gL limts. Also, penetration nmay be control | eg-REpéidigss means
such as s@ﬂ%@?‘%& t he reflux into two or nore streans; one of which is

introduced at the top of the colum and: the ~other(s) of which are

% ntroduced at one or nore |ower points -""as disclosed in US-A 2050234,
Wiere a | ower boiling point entral ner such as n-propyl acetate is enployed
(which results in a higher organic: reflux ratio than n-butyl acetate
f or or gani c spttingef tewajver78fis adiystedite admit Waterdit the colmdof therbiase te effsehther ef | ux

ratio, mOr e ygiritbe fldae é _. gpl%\ﬁﬁce?{)e:i@ lon Wﬁﬁh 1% chitinh QaiPlvork R anitlaiiEtion B¥inis

varying the anouynt 0 I ng thaf takes place In the condenser

SyStem 16, \Eame, DO PG A TeSPqrgtaRe Somtiblrs §g 80 (4 Bay b feverper Sonat ETPPIRLES ol

reflux rati aoiityollerc2eontrots the)valve 7 3viie tgmperature controlier Z4pantmisunecvalved@(and aisot he

condenser SSXIEIVE%)?G-' Thus, ‘for exanple, in the case of n-propyl acetate
ave '

entrainer, we . . .
9 VO 96/ 06dgmore sophisticated control scheme is shown in Figure 3. Again the same reference

PCT/ .GB95/ 01 %dmherals are used to depichsimildrabmpdnents irl Eigares 21éarer 3) ah thissdcherne, treibase | s at
or close to,j . i ' | \ he
condenser s ;’é’béerr#]fg %ms'éé?l 4%? m?i)soégtbﬁ tﬁfﬁer r %W&FE% g'?d 7istwr}“§ E%?@F%Ire? g@ﬁ '?%at

t he condens éperation of thejvaive 3 fhe Arrangement igpuch that, abilk valverTawatersuppiyrcan be set

pref er abl ml \WylcbatidllérTa td tefmbindte Water Suipply Rethiy 8dlermn, the valvk@0has almfthm_g sétting hle .
m ni mum col yam.i Léed' t L na
reflux ratio 1i @htc?s vvae;q', ig&%ﬁhérgég eg‘gll'%ﬂ%ﬂg%‘egée@gyasn% feta %% enerel'_:'jrR héd

r equi r enent senirgjperefiux gatawhich eannet be reducedfusthen by gantrolies d4. in normal opera%nn othe of
the maj or i realufin{ the fefilnbiate wilk Bélifoted tdHmiPthe 2Bt of Entialir penetiatibh tals dptimamf r om

k e ; ; . fAG 0Lt )
e v i, AP 0V Ty A1 i b -
t he di sti18 aatesis impertedhinto thecolymp eI thglinefPesent in the feed will tend 10 to

acc ]gmul ate an]gi, I8 sitiationOgHierethe re%%aﬂe bdi]ﬁ‘rh@ta%ﬁﬁe_s. ifVedr ﬁnﬁfaﬁﬁihé tbrﬂpﬁﬁﬁirdl ' intuhet

errtrornmance ,0 Q \/ | . unt s
bF par oyl erPaf%ﬁ?fmgfjg%ﬁg’? 4 ﬁ%ﬁd@g&:ﬁgﬁ&ﬁ%&jﬁiﬁ%@%ﬁgﬁ%ﬁ% '%E e or
par axyl ene iRoIn s WP reJoerpase & t _F /1 ae |OPEm yaly e .
v;?;ni ltg of r&ghﬁgva@'\-fhhreai giviig ??Mﬁ%bﬁag@ft?ﬁlﬁﬁatﬁﬁ%ﬁa@b{]m s'!a{aae_ﬁﬁca@shfadi ngly,

X \4 | VI | | VI Gl . "

ot of ”ﬁ’%m'v%%ﬁﬁi ki m&ﬁ@% iy %%ff%?ﬂnd fie %ﬂi&%ﬁfﬁ%ﬁﬁ?@ ¥ mBligddls
i mpurity carreduse themefluxdatey yren; (This én tpmyceduses the e rainecpanetration doysunt s
Scetate | o (RS cptumn i Tohabét cidndn hFodbl EMperkiecghii. A8 he sniafir Y
uni form y diPSBgFE%!He L F‘%"ﬁ%@ﬁt"g‘{’% ‘E%Fﬁﬁ{‘?’ U S ypplenghe coaite) pBepnrplier 62)
si gni fi cant with accompanying: reduction ofAerapanajure in the hasesfithe column and closure @artial®tt i ce,

\3/8 h?vehzzfsu NQmiple@) of the VdiveS?80 TRUSCIRE wafer AGHISSG valv@ pﬁf}d’féﬂﬂ kR RsgInslobPBal | ON
slig yr ches

concentrati 3ﬁﬁ%¥§%i%ggﬁhﬁ§£&ﬁﬁ%@%lﬁg’ %h%gﬂ?qmiﬁgﬁéﬁv&??rﬁ% nt al
wor k has estcalgminoperdtiantioa condition avhere nofor miniraal waten impodatios viaraivie JA ist required.
In extreme circumstances involving substantial or total loss of feed to the column, this will
result in an increase in temperature in the base of the column which is counteracted by opening of
30 the water admission vaive 78. As described above, the vaive 60 is also adjusted to reduce
- entrainer reflux to the column. However, in these circumstances, closure of the vaive 60 is only
pemiitted until the predetermined minimum refiux rate is reached and as the reflux rate reduces,
-the reboiler 32 in response to the signal generated by controller 62 tums down to an extent
determined by the minimum refiux rate. The limit imposed on closure of the vaive 60 of course
35 imposes a limit on the extent to which the reboiler can tum down. Thus, in the circumstances, the
temperature in the base of the column becomes effective to maintain sufficient water supply to the
column via valve 78 in order to provide water on which the column can work and also to prevent
- slippage of entrainer into the bottoms product.
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entrai ner concentration peaks at a |location just bel ow the 0| nt 8/ 3
| nt r oducWQIWP6% he aqueous acetic acid feed stream 1 GBI ¢
has al so been established that the relative concentration of tol uene,

another inmpurity that tends to be present in the feed stream 10, falls
mar kedl'y bel ow 25 the point of introduction of the feed stream 10. By
purging paraxylene fromthe colum at a | ocation just above the point

of introduction mmim&egé;ﬁ@mm& seérPthilt thosewa&rkmﬁmer 1€ 76 RthdloRér

| t t nt th
S G 1 cant SAHB0 o ol vl oo e yalen el actorance ol DA O Ay
avoi di ng t heconesstiation (egsasmeasured by temperafuge ¢hangesioeon-line anglysis) pravidas:fasind _
tC glngregle ! ”ﬁgﬁéepb?%?og anges(:ln ﬁﬂ&r%ﬁ%eﬂﬂmﬂgmezésbyﬁla%ﬁﬁng?dosﬂébﬁrd &Jevﬁkgaiﬁ a
the disti rsl £Ptant of the smgéuggﬁg '?H[ﬁ/ﬁ 'E’?"rfePgé ‘Y’;F "many
respects to mmnraﬁonFnaglﬂyahismmem&ersfmm Gfeamb@basem lm!e.rTha wiater feed
depi ct |ike pﬁﬁlﬂ%ﬁ%’sﬂ& ponse whilstTtHS’m’ﬁSMc Blf‘a%& reflbx bHinéJ% Elfyrn?ﬁucﬁGW’aV‘is Bf |

Figure 2 is rovi si on

| oner sect i dpinigysethewatey f WW%%@%MPW&/" %ﬂ’%"% meﬁgf nis
control | ed land tHeaefhix rite ameccoatrolied inaiapéndendeasporthe béttons!prodact wakter concbatratieni ppl y
is deri vqfa f E&Jﬁ'&m tw%orwtﬂp;imemomﬁnﬁ@xﬁﬁgm via line 20.

However , ter e qE;)ur ose gveg rived from ot her

sour ces. Thus iAlsa-g jened praviougly, &h {Vialige 78 eanhe.ysed tosategyard 5 s o
of the col uragainst reactor tripe ivhich wouldd ptherevse resiuk inrstribﬁinﬂ out oasubatanm:u &it ofdtfe water in

igb stanti al é@ 5%!8%@# the X3R! IntiSHsthite! hE sépakdtdWater tbéifis brought into piay in the |

PCT/ GB95/ 01931!(3"t of a significantiemperatyrejncreasa in the Hase regignof theicdimMBy t o admit wat er
into the 180l umM 1o td tecuniersiood hatpivhisbdestribed in the tohtexEsfakzedtropit AistiRAGEUsQG

provi de wat g 0 i

Schere, 1 ne oL el nb R e divn Sy Binde 6 'l Benbeire
so that te mf@!"ﬁl"tﬂ‘%!’ also beéaPFFF'éﬂ 3zaptropic diggjiatiop FWM&FWWW ‘W‘h aqueous

t enper at ur e phasesans fefluxed b thecdlurmi.s .t he val ve 60 (and al so 5 valve 78).

A nore sophisticated control schene is shown in Figure 3. Again the same
reference nunerals are used to depict simlar conponents in Figures 2
and 3. In this schene, the base tenperature controller 74 controls :
operation of the valves 60 and 78 while controller 62 controls

operation of the valve 73. The arrangenent is such .that, while valve 78.
(wat er supply) can be set 10 by controller.74 to term nate water supply-to
the columm, the valve 60 has a m ninum setting whi ch, once attained, is
fixed thereby ensuring that there is always at |east a predeterm ned
entrainer reflux rate which cannot be reduced further by controller 74. I
normal operation of the colum, the reflux rate will be fixed to |im
the extent of entrainer penetration to an optinmum :
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b05|t|on WE9sbddgs col um. In this case, the valve 78 may be pggicH98/01433
cl osed posi on so that no 15 wert—e1%|—s—+~ﬁ=peH—ed—|—nto the colum fromthe

*I ne 76. In a situati on wher e col um changes, if
or instance the tenperature in uﬁm u HlltﬂJI he coI urm 12 is increased
in response to entrainer penetra pti mum point, this
tenperature increase i s detected by contro | er 74 which oper at es to open
valve 78 to CLAIMSnit water thereby giving a fast response to tenperature

change. AL UDf: o ofthe Aot dn SRRt bod § Betpsiif oRiAihg @ bleBisct
reflux rate t %%%@%’%‘m 'an"ﬁ"“F@f“ﬂg Phasg E@'WW?M loypr %Pﬂqt'ﬁl ner
penetration deawexylic acidrapd indheipresente ¢of adwwavemetahcatatystisystemi the biidation being

t enper at ur es pscehin ﬁned%? tﬁéﬁotﬁﬂﬁdn%'f &?Everhead NEpYuk &ﬁahﬂ?ﬂ%ﬁ%ﬂ th{ fl@ﬁﬁlé: rbUEWc

colum, the rgeﬁli) | er turn éun er, the control
wi th acconpan r"@ﬁ‘ﬂc"‘t"f‘ snt hP ?%"GP@“’PW%@ Prpduee & ¥quid phased 8Rd
cl osure (par tmatainmg tR&alipbatic| catbalylioécid MWaidm/mdmeotfbbhdty distiing/thé feed stebanstai on

val ve provi deﬁrod’hcﬁ%%ﬂé@ﬂ@db%@cohﬂﬂfﬁg%avl\g a,(tr %'allﬁﬁucwﬁ’m&ﬂ LPX

val ve 60 provides sl ower rey&gnse oop ra restores colu
~operation to watero PhiaracegRed IR no or mni mal vvat er i rrportat ion via val ve 78

is requiretd (a) the feédstream sebjecte to azsutrbpic distiliation s diwater Sontsnt wittiin the or

total | oss of feed L)

tenperature in ther{)ngg ft&a*?{’JS i%ﬂb&mﬁ‘ohthemmggéﬁﬁ% mag@’yh{c}géggb%n

30 the water admi S§F'8H"4/‘H?‘9"e“7‘8feeA§"Eﬂ!§vcr| bed above, the valve 60 is al so
adj usted to reduce (b) isobutgirsicetate/ vepropyt béetate bicari dhtrainér wita.boiliRy\Soir intermBdibtees e

bt cdet or i ped” m ni et oflplfacki diatibricy @l iy used sf e Tyl T ("0
reduces, 15 the (RS Jistifation isioperated with g singlg mw@h@mﬂugémwrﬁtnaeaisyntramer
control | er 62 turnamdovvn to an extent determ ned by the m ni mum refl ux

rate. The limt i val of . IS 5. es a
limt on the exten - C%L(ﬁ?’{u 'af"gf"ec"gﬁ&F '5‘9""3‘6{?/??%‘1‘%‘@&”% "@%ﬁsgn
ci rcunst ances, the 3m°““‘t°fe‘ﬂ$$&'r"ﬂ'!‘lﬁr‘@ mm%@ 18%<hy wefght brsed: o) heromuinagiweight of
effective to maint memliﬂﬁuémﬁcamtam&wmtuﬁmﬁb@mm colum via val ve

prevent - 20 AU Ry i pbtndin WU orhatd ol S84 pdifioind Giading g preSursor
96/ 06065 of the dlcarboxyllc acid in an aqueous liquid phase medium comprising a fower aliphatic '

PCT/ GB95/ 019 3darboxylic acid and in the predahmmheamhaamaws: dybtel thé okiGatin® sa:.g hat the
separate srraIJ

regul ation of a‘ﬁfed gﬁ%fpéé dé'&?)oﬂ E%'t:%ﬁ@ﬁ% XaRQUE %"5&%&?"}9#@%‘8&‘%@?“ ic
concentrat i orac(de@da@tmmne-m by oveshgad vapour stream:to pensiucera liguid|phase feedstrpamss )

provi des fzstcontainingthesaliphatic cﬁﬁo@lﬂa&&mﬂ ﬁd‘&é&foriﬁﬂ?@%ﬂﬁﬁ%\ﬁé faBd SRARARY

mai nt ai ni ng ¢ wat er cont to

o oduet T spfich BRling o e b BiuolR oy onafiNg e avEhank Sormmote and a
concent r at i orredycadramount ptwatespeharactsrisedtinthat the dveshad vhppuostepami fromthe sactoeis | ux
rate. The vvatpadsceéﬁedvnh orwnuamm atRiioh BfWatérrdRP R solirbéstb plolitte @ 8 Breamnase

;ﬁ]:jl Eés tC gfggﬁﬁ vﬂé once nf’g m{r{i‘ 8?1% i 4@6 W&gﬁ'ﬁgﬁm{e tmﬁegm%qiﬁpﬂw\%%w G @cé‘gd

30 and _water in the feed stream and such that the azeotropic distillation can be carried out using as
entrainer n-propyl acetate or isobutyl acetate or an entrainer having an intermediate boiling point
and using organic phasé reflux only while securing a bottoms product which contains between 2
and 12% water by weight based on the combined aliphatlc carboxyllc acid and water content and
is substantially entrainer free. :

35 3. A process as claimed in Claim 1 or 2 in which the lower limit of the azeotropic zone is located
below the point of introduction of said feed stream.
4.A procéss as claimed in Claim 1, 2 or 3 in which n-propyl acetate is employed as the entrainer. |
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and the refl ate are controlled in dependence-upon the Rdyzoduct
wat er-. co‘ﬁ@ ﬁlﬁfyb&%l on 10 (eg as determ ned by tenperature rrellatgz‘%%r?eorl]?'{s or

on-line analysis). AlemamllEﬂ'lLMﬂmTprew ously, the separate
water feed via line 76 can be u agai nst reactortrips
whi ch woul d otherwise result in &trfppl ng odt of substantially all of the

wat er in . the bottomof the colum. In this.instance, the separate

vat er feed 8. A pucessgistclainméddn Clairy 4 imwiichethe water content of e feedsst@sm i igs3an 30%
terrperaturq,ngrg pease In the base regi on of the colum. 15 - It is to be
under st ood that, whilst described in the context of azeotropic distillation

using a 8 ASosgIsasslaimadiip anyaneof Claims lo Simwhich e mater gontest ofithe begomsppl y of

water to t rpmuba\mmpms Bt 10% by Wight based of HeLiombineY aRphatis daroRyiB ki@ nd Water

azeot r opigC thhﬂ{?nd#“n%(@ﬂ ch both the organic and aqueous - phases
are refI uxgghﬁhom'e colu

12 7. A process as claimed in any one of the preceding claims further characterised in that said
precursor |s recovered by introducing said feed stream into the column at a location above the
lower limit of the azeotropic zone and withdrawing said precursor from the column in the region of
the location of introduction of the feed stream.

10 8. A process as claimed in Claim 7 in which said precursor is withdrawn from the column at a
locatron above the point of introduction of the feed stream.
9.A process as claimed in any one of the preceding’ claims in which the azeotropic distillation is
carried out in a packed column. : . _
10. A process for the production of an aromatic drcarboxyhc acid comprising oxidising a precursor

15 of the dicarboxylic acid in an aqueous liquid phase meduurn comprising a lower aliphatic
carboxylic acid and in the presence of a heavy metal catalyst system, the oxidation being *
accompanied by the production of an overhead vapour stream comprising the aliphatic carboxylic
acid, said precursor and water, condensing the overhead uapour stream to produce a tiquid phase
feed stream containing the aliphatic carboxylic acid, water and said precursor, and distilling the

20 feed stream.in a column to produce a bottoms product containing the aliphatic carboxylic acid and
a reduced amount of water, characterised in that said precursor is recovered by:
canying out the distillation using an entrainer which is capable of fon'nmg a heterogeneous
azeotrope with water; :
controlling penetration of the entrainerwhereby the bottoms product is substantially entrainer free;

25 introducing the feed stream into the column at a location above the IoWer limit of the azeotropic
zone; and : :
withdrawing said precursor from the column in the region of the locatron of introductlon of the feed

stream. -

1. A process as claimed in Claim 10 in which the entrainer is one which allows the azeotropic

30 distillahon to be carried out using an organic phase reflux only in circumstances where the feed
stream to the distillation column contains a water content of no more than 40% by weight based
on the combined aliphatic acid/water content of the feed stream and where the bottoms produot is
required to be substantially free of entrainer and have a water content of from 2'to 12% by weight
based on the aliphatic acid/water content of the bottoms product. .

. 35 12, A process as claimed in 10 or 11 in which the entrainer is constituted by an alkyl acetate.
' 13. A process as claimed i m Claim 10 in which the dvstillahon is oparated with a singie organic

phase reflux comprising said entrainer.

14
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W0 96/ 060 o \
PCT/ G3B95/ 8‘?8@ 06065 CLAIMS 1. A process for the pro cglc 9|5Qr11938f an
romati c di carboxylic acid conprisi ﬂ ecur sor of the
Si carboxylic acid in an aqueous i qumm;l mllnﬂmumcorrpri sing a | owner

al i phatic carboxylic acid-and ih the '‘prédsefice*of a heavy netal

catal yst system the oxidation being 5 acconpani ed by the production of
an over head vapdiproesss asglaimethiprany pnepf thecpredetlipg cigims inwhithahe dicarboxylic ackids d and

wat er , condenfemmhm&w@amedﬁ%ggy pariky @,@mto produce a |iquid phase feed
lic acid and water, and-

stream 1R atlc arbo
azeot r opi cal I y (f‘?’ssr&}ef?ﬁﬁ%a'?‘ﬁ inAg% gneg jng claims  which the avegisad ¥aRourTSEM ¢
cont ai ni ng t hromitherrastords pregessedwith oruthod thengtidition efivater dromrathen sourdes to produce a

wat er, chargc fe@ﬂ bﬁ’éﬁh MWE la¥bater cdrftent of 20 to 46% by Wﬁhtfrﬁﬁiﬂle% thE SorhEHEY éﬁﬁﬁaﬂg t O

azeot r opi ¢ d| a r. content Wt
20% to 40% by f?ﬁi“tmﬁﬂef%%ﬁWWed wei ght of the aliphatic

carboxylic 16 A prooess as claediinanylonecxif the precedihgcléime th wiichaheramount of water in the
(b) 1sobuty! - gefbiraipRocuét ¥ohifitied B Rigibtion 3 o Sthafid dtbr1eda thirleflovir BGHibi Sdnd 01 Nt

I nternmedi ate | hose™ of 1 sobutyl” acetate and n-propyl acetate
is used as t h&"¥Mrainer: 15 (c) the distillation is operated with

a singl e ofgahl.& processfor effecting thesepanation ol water flon? aliquid ptase medium containing at leadh d
(d) a bottonmsogy &ﬁgﬂ%mﬁdﬁhﬁt@ 'QEéd?lJoMf dlgtflﬁﬁ%n%e | fle E)Piéo?rhﬂﬁém Pﬁm?ﬁ ef%a\‘rfpﬁgfz%

whi ch cont ai ns
by wei ght basWgfe 'b‘ﬂ‘"ﬁtﬁﬁe batinms H@H"%?'b?ﬂse%?a‘d component anda redqca@araqunfafzate;.
car boxyl i c aceharastedsedit that the atnbent bDwdtersthp bottbrtstprodd€l icontiolied B¢ Rsptlafidarof ke

product o of séef e 1 16ire TP Rthirordf dufATP" | S1 10, 0! dising

precursor )é I'n-an aqueous |iquid phase nedi um
compri si ng'% 1HAAMCEHS g5 Flaimed in Claim 47 jnyhich, in additiongregulation of the cefiyx sateisde of a
heavy netal cerplbyedtio eontrbiding arhduat afxwatbe ini thebdtoin8 groduct. acconpani ed by the

producti on of Eeashi r Lic
acid and wat e}ﬁncdgar‘\:genm : @ﬁ@%@@ﬂﬁ?@@%ﬁgﬁ@g gé’?nﬁ' %dugpag{ﬁ'gs %QW
phase feed stVélerfpests EG?FE"%H'TFWQ of indiregtly ip Hamqneert,ca FERMSH mcem,mtzpm watsgindhe

and azeot r opi boitbing poddedti | | i ng the feed streamin a distillation colum

to produc AP hlER Q’%Iﬁ k REL: carbo d and a
reduced arr%(ﬁnt Igf Wa?s’g'{rs %’riggweﬁe%gﬂﬁ;ﬁﬁ {1§Fl\@‘c§3%es§g e&'ﬁt%(ﬁ’g ream
fromthe reachtRduped into the cojusneat 3 dagatignicarespondingtie onbetowdhedwertimitrof the azeatropic
from ot her sazonees to produce a feed stream havi ng a water content of

20 to 40% by »e arboxylic.acid 30

and water in the%g%%’%w{‘ﬁiggy sucﬁe{zﬁ'ks?ﬁqﬁgé '5%@&' 1%5"’86 M9 on can
be carried outompEsessnaliphatic carkaxylicacidand watgr. szemwdﬁtﬂlaﬁm heingivatriptl outasingit e
or an ent r28 nasrentraiverragy allablabﬁmmdd forfiing @ ihbleidgeriedis ¥zeotro ewﬂﬁ‘datﬁﬁ' ng organic
phase refl ux rotbdsl he en 2
and 12% wateragk)bwel ghatg‘%ase B&' ﬁgﬂé@ ine %Hﬁ?ﬂ@?ﬂs@sﬂ {ﬁ?ﬁafc 3&&2‘ and
wat er contenta°8\>‘/?E?°’“‘p’°W %tant ially entrainer free. 35 3. A process as

claimed in Caiml or 2 in which the lower limt -of the azeotropic zone is
| ocat ed
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2 or 3 in which n-propyl- acetate is enpl%
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5. A'proceSs as claimed in daim4 in which the

wat er content of the feed streamis |less than 30%. by wei ght . 6. A
process as clained in any one of Cains 1 to 5 in which the water content

of the bottons

product conprises 3 to 10% by wei ght based on the

conbi ned al i phatic carboxylic acid and water 5 content of the bottons
product . 7. A process as clained iF_‘Fi@y:’one' of the preceding clains

further characterised in that said

edrsor is recovered by

i ntroducing said feed streaminto the colum at a |ocation above the
lower Iimt of the azeotropic zone and w thdraw ng _said precursor fromthe

colum in the region of
stream 10 8. A process-as clainmed in Clal
wi t hdrawn fromthe colum at a
of the feed stream

t he | ocati on 16

|ntrol ction of t he feed

. “introduction
one of the preceding

clains I'n which the azeotropic fisd il carrlied out in a packed

aqueous |iquid phase nedium co

b

conprising the faliphatji c carboxylig
condensi ng tnejover hegd vapou
st ream cont ai Ni kg

acid and in the
bei ng accor

and distilling the
contai ning the al

characterised in t
distillation using
azeotrope wth wat
t he bottons produc
feed stream.into t
azeot ropic zon

the region of the | ocation o
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i s1@ubst
acatl

t he dicarbcxylic acid in an
pue oal | phat ifc car boxylic
catalyst systjlem the oxidation

by the prpdudtion of an overhead |vapour stream

acid, said pregurs$8 and wat

= q ai nefl
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T . . . . . . .
stream 11. A process as clainmed in Caim110 in which t%&’@ﬂgﬂfl’ ner is

one whi.chW9 9688865 he azeotropic 30 distillation to be carri shg an
-organi c phase reflux only in ci rcumst?}:%es where the feed streamto the
distillation colum contains a water ‘content of no nore than 40% by wei ght
based on the conbined aliphatic acid/water content of the feed stream
and where the bottons product is ~required to be substantially free of
entrai ner and have a water content of from2 to 12% by wei ght based on.

the aliphatic acid/water content of the bottons product. 35 12. A process
as claimed in 10 or 11 in which the entrainer is constituted by an al kyl

acet ate. 13.. A process as clainmed in Claim110 in which the distillation
is operated with a single organic FfigeZefl ux conprising said

entrai ner. 14 WO
96/ 06065 _ :

PCT/ GB95/ 01933 14. A process af clained# n any one of the
preceding clains in which the dicarboxyl Q acid /s terephthalic acid
and the precursor is paraxyl ene. - 15. AXprXcess as clained in any one
of the preceding clains in whicl—the—eve qgg) Pet—si r eam fromthe

reactor is processed with or witpqut 5@ ad on of water from ot her
sources to produce a 5 feed dtP8am havifig a water cophtent of 20 to 40% by

wei ght” rel ative to the conbi ned aliRhati carboxy]ic acid and water in
the feed stream 16. A pr c_s @ i med in any pne of the preceding
clainms in which e anount of wats ntie ~52 bottonk product is
~controlled by re ation of a gepajate water feed to the | ower section of

t he col umgs 17. A prodess)for effecting the separ@ei on of water _
froma |iguid_ghase ngdi um contiai Al ng at | east ong o ént by
azeotropic distlillati pn wheregfn tRg-tap =+-Hr0

wat er whilst th brs profduct  cnpri s

armount of water, characpherisé&d n t

bottoms product isl controlled\by/rlegul at :

to the |l ower sectijon of the kol u 5 18§ med in O aim 17

in which, in additfon, regul at iYon f}thsmrs $ efpl oyed to
control the anmount| of water |n/t\e bett TIRSE
[

claimed in Caim 17 o8 in|.fh -1 égul a2{40p of theq flmx-rat and s
separate wat gr féﬁd i s BffectNed! dirg tly or inditactlly i podep&glen

e
upon the concentrafion o =4+ the ottons pr

o e
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%0 20. A Rb 5@65:15 clainmed in any one of Clainms 17 to 19 ip ofﬁ?
o)

separate mater eed is |ntroduced into the colum at a ['oca
corresponding to or below the | ower ? pt of the azeotropic zone

21. A process. as claimed in any one of Clains 17 to 20 in which the liquid
phase nedi um conpri ses an aliphatic carboxyllc acid and water, the
azeotropic distillation being carried out using 25 as entrainer any

sui tabl e compound form ng a heterogeneous azeotrope wth water. 22. A
process as clained in aim21l in which the entrainer conprises n-butyl
acetate, iso-butyl acetate or n-propyl acetate.

15 16 23 A process as clained in

any one of d ains 17 to 22 conpr|5|ngjaﬁ tgﬁPlc distillation of a liquid
phase feed stream derived fromthe pr Ej' of an aromatic dicarboxylic
acid wherein a precursor of the dicarboxylic acid is oxidised in an aqueous
| i qui d phase medi um conprising a | ower ah$phatic rboxylic acid and in the
presence of a heavy netal catal yst syste t he i dati on bei ng acconpani ed
by the production of an overhead vapour st conpri.sing aliphatic
carboxylic acid and wet water ¢

14

72




Fig” over,l_:read vapour streamto produce said |iquid phase phase feed
5 Am cont ai ni arboxylic acid and_water. A
“prptess as claimed in claim? whi ch said dicar bf S
“t£rephthalic aci dL‘mm M‘,&\r c carboxylic aci’ ﬁ@&%ﬁ@@?{%' c jaci d.
/fg A process a ¢ 24 in whi )
a:water content withih tlhe range 20%to 40% by wei g
wei ght of the, aliphatic carboxylic acid and water in the feed stream 26.
A process as clainmed in any one of Claims 23 to 25 in _which the azeotropic
di still aBBon iAsprepess as elairesdsinapy oge of Claims 37 te?22 Fomprising azegitppichat t he
bott ons subst antially
free of ?Wgﬂgtﬁnr éf%wﬁdﬁ%g@{@aﬁgmaaﬁe%g%ﬁﬁéﬂg&%gﬁtﬁo%f%aﬁé ran_ge 2to
12% by waicgf¥o ﬁ@@ﬁd%eieﬂ?aﬁﬁ&bisﬂﬁdfﬁ&edﬂ:hiboﬂ&héi&dﬁdﬁﬁ@édﬁﬁ%ﬁ%' ic acid
and water in the bottons product. inlrl;rocess as claimed in Caim26
in whi chhqudpbaseemechummprtsmgtmbmahmcp q&udzcwmdmehepresmcm% by
wei ght based on ¢t car boxylic. %nd er ontent of
t e “bot ¢ BEay Bet cerisepysen, fe gRiiabiof bEEE ARk by Hre 17
tol 27 1 noyérhedd vapBurstiRahy coRiptisitigSdliphh@d éﬁﬁoﬂyﬁcﬁé‘ifdrmﬂ%&%térréoﬁdéi‘@&ﬁﬂ
col.um.

of the overhead vapour stream to produce said liquid phase phase feed stream containing
the aliphatic carboxylic acid and water.

L

24. A process as claimed in claim 23 in which said dicarboxy!l acid comprises

terephthalic acid and said aliphatic carboxylic acid comprises acetic acid.

25. A process as claimed in Claim 23 or 24 in which said feed stream has a water
content within the range 20% to 40% by weight based on the combined weight of the
aliphatic carboxylic acid and water in the feed stream. '

26. A process as claimed in any one of Claims 23 to 25 in which the azeotropic
distillation is operated employing an entrainer in such a way that the bottoms product
resulting from the azeotropic distillation is substantially free of the entrainer and contains
an amount of water within the range 2 to 12% by weight based on the combined weight

T

of the aliphatic  carboxylic acid and water in the bottoms product.

27. A process as claimed in Claim 26 in which the water content of the bottoms
~ product comprises 3 to 10% by weight based on the combined aliphatic carboxylic acid

and water content of the bottoms product.

28.  Aprocess as claimed in any one of Claims 17 to 27 in which the azeotropic

distillation is carried out in a packed column.



