
' ,, 

. -... . . . 

HOFFMANN · EITLE & PARTNER 

HOFFMANN· EITLE & PARTNER, POSTFACH 81 04 20, D-81904 MONCHEN PATENTANWALTE 
EURDPEANPATENTATTORNEYS•MONCHEN 

RECHTSANWALTE• M0NCHEN 

ALEXANDER NETTE 
KLAUS FOCHsLE, DIPL.·ING. 
BERND HANSEN, DR., DIPL.-CHEM. 
HANS-A. BRAUNS. DR., DIPL.-CHEM. 
KLAUS GORG, DIPL.·ING. 
KARL KOHL.MANN, DIPL.~NG. 
HELGA KOLB, DR., DIPL.-CHEM. 

GUNTRAM RAHN, DR., JUR. 
WEDIG V.D. OSTEN-SACKEN, LLM. (London) 
HOLGER STRATMANN 

BRmSH PATENT ATTORNEYS 
EURDPEANPATENTATTORNEYS•LONDON 

European Patent Office 

80298 Munich 

BERNHARD VON FISCHERN, DIPL.-ING. 
RAINER ZANGS. DIPL·ING. 
MATTHIAS KINDLER, DR., DIPL-CHEM. 
CHRISTIANE STEIN-DRAGER, DR., DIPL-CHEM. 
DETLEV A. PUST, DR., DIPL·PHYS. 
VEIT FRANK, DIPL.·ING., M.Sc. (London), DIC 
LEO POLZ, DR., DIPL-cHEM. 

STEPHEN J. AVERY, M.A. (OXON) 
DAVID LETHEM, MA (CANTAB) 
ROY MARSH, M.A. (OXON) 
ALAN MITCHELL MA (OXON) 

PATENTANWALTE • MONCHEH 
THOMAS KOCH, PH.D. (Univ. Landan), DIPL.·ING. 
THORSTEN BAUSCH, DR., DIPL.-CHEM. 

EUROPEAN PATENT ATTORNEYS• MONCHEN 

ROY MARSH, MA (OXON) CPA 
FRIEDRICH HIEBER, DIPL • .PHYS. 
CHRISTOPHER FURLONG, B.E. (U.C.D.) 

Munich, July 8, 1996 

CDNSULTANTS•MONCHEN 
PATENTANWALTE 
EUROPEAN PATENT ATTORNEYS 

WERNER EITLE, OIPL.-ING. 
KLAUS HOFFMANN, DR., DIPL.·ING. 
WERNER LEHN, DIPL.-ING. 

Our Ref.: 61 348 nl/bk 
European Patent Application No. 94 103 213.8 
Mitsui Petrochemical Ind. 

In response to the communication under Rule 51 (2) EPC dated 27 February 1996: 

An amended claim 1 and adapted pages 4, 4a and 5 of the description are submitted 
herewith in triplicate. 

1. Amendments to the Claims 

In order to clarify the concept of the present invention, the term "in a liquid pliase11 

was supplementec:J. This feature can be derived from several sections of the 
description, e.g. the second section on page 19 wherein the wording effluent and 
the fact that the reaction mixture is distilled indicate the presence of liquid phase. 
The term "in a liquid phase" also corresponds to the original wording "in a solvent 
based on ... ". 

The term "a solvent based on acetic acid" was replaced by "a solvent consisting 
essentially of acetic acid'~ (see also comments under item 2 of this letter). 
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Finally, functional definitions such as 

to form terephthalic acid, 

in order to cause oxidation, 

a solid matter collecting and 

oxidizing 

were cancelled wherever redundant. 

2. Objections under Article 84 

2 

2.1 Regarding the term "a solvent based on acetic acid" 

This term was used by the applicant to indicate that minor amounts of impurities 

such as water, lower carboxylic acids and the like may be present. In order to 

contribute to clarity, this term was replaced by a "solvent consisting essentially of 

acetic acid" as this wording clearly denotes acetic acid as a main component and 

does not restrict the scope of the claims in such a way that minor constituents being 

present in acetic acid of technical grade are excluded. 

Further, it is respectfully submitted that terms like "supplying", "the presence of a 

catalyst", "introducing" or "effecting distillation" are commonly used and have a 

clear meaning to the skilled person. As it is presently not clear why the 

corresponding terms are objected to, and how these terms could be reformulated in 

order to overcome the objection, the Examining Division is kindly requested to 

indicate in more detai~ why these terms contravene ,Ar:tlcle 84 EPC. 

However, it was taken into account that the original wording of claim I contained a 

few definitions by the result to be achieved and thus, wherever possible, these 

terms were cancelled. Therefore, the following terms 

in order to c~use oxidation, 

to form terephthalic acid, 

oxidizing rea~tor, 

solid matter collecting, 
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were cancelled. Regarding the last term, it should be noted that its first occurrence 

in present claim 1 contributes to clarity as it describes its function (which cannot be 

characterised by means of other features in a concise way) in a clear and 

unambiguous way. Thus, only the second functional definition was replaced by 

"said tray". 

Regarding the process parameters listed on page 10, it is respectfully submitted that 

temperature, pressure and concentration as given on page 10 are no essential 

conditions to produce terephthalic acid in line with the claimed process. The 

values for temperature, pressure and concentration are simply the most common 

parameters to carry out the claimed process and are as such known to the skilled 

person. The present invention falls under a generally known technical category of 

terephthalic acid production by oxidation of paraxylene in a liquid phase and, these 

process parameters are thus neither novel, nor specific for the invention. This also 

explains why it is possible to carry the claimed process slightly outside the given 

ranges, for instance depending on the type of catalyst used. 

Further, it should be mentioned that neither the clarity nor the sufficiency of 

disclosure is placed into question in a claim wherein these parameters are omitted, 

as the corresponding sections of the description contain all information required to 

carry out the invention. For that reason, the Examiner is kindly requested to 

withdraw the corresponding objection. 

Therefore, it is assumed that in view of the reformulated claim 1 all objections 

under Article 84 are overcome. 

3. Novelty and Inventive Step 

With respect to the comments under items 2 and 3 of the official action, the 

following supplementary comments should be given. In the reactor of the present 

invention, the solvent consisting essentially of acetic acid is maintained in a liquid 

phase (and not in a gas phase) in w_hich paraxylene is dissolved homogeneously. 

The molecular o:Kygen-containing gas is introduced into the liquid phase in gas 

bubbles, from which molecular oxygen will dissolve in the liquid phase and oxidize 

the dissolved paraxylene to form terephthalic acid. No gas phase oxidation occurs, 

since paraxylene is prese.nt as solute in the liquid phase~ 
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Thus, the process according to · the present invention resembles a technique 

disclosed in document DI ~d Japanese Patent Publication No. 14098/1979 (the 

corresponding British Patent No. 1373230 is submitted herewith as Enclosure 3). 

Therein, it is taught to introduce directly the oxidation exhaust gas (containing the 

oxygen-deprived remainder of the gas and steam of the oxidation-formed water) 

from the oxidation reactor into the distillation column in which paraxylene and 

acetic acid are separated and are returned to the reactor while the reaction-formed 

water is discharged together with the remainder gas. 

In performing this prior technique, however, the plates of the distillation column 

will become clogged by deposition of fine crystals. To overcome this problem, the 

present invention employs an improved distillation column. The improvement 

resides in using a distillation column having at the lower part thereof a solid matter 

collecting tray and at the upper part thereof a packed bed. 

From the comparison of Example 1 and Comparative Example 2, as given in the 

present description, it can be seen, that as soon as the solid matter collecting tray is 

omitted, it is found that powdery solid matters adhere to the packed bed at its lower 

part and the distillation efficiency is lowered. 

The above problem specifically occurring in the production of terephthalic acid has 

neither been recognised, nor solved by the art. For that reason, the Examining 

Division is respectfully requested to acknowledge the inventive step. 

Requests 

It is assumed that the !>resent application is now in a ~ndition to grant a patent and . 

that a communication under Rule 51 ( 4) EPC can be issued. Sould the Examining 

Division be of a different opinion, a further official action is petitioned. 

Dr. Matthias Kindler 

European Patent Attorney 

Enclosure: 
new claims I to 4, 3-fold 
amended description pages 4, 4a and 5, 3-fold 
GB-1373230 
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I . Process for producing terephthalic acid by supplying paraxylene and a gas 

containing molecular oxygen to a reactor and oxidizing the paraxylene in a liquid 

phase composed of a solvent consisting essentially of acetic acid, with said 

molecular oxygen-containing gas in the presence of a catalyst, comprising the 

following steps: 

introducing the oxidation exhaust gas from the reactor into a distillation 

column having at the lower part thereof a solid matter collecting tray and at 

the upper part thereof a packed bed, 

collecting finely dispersed solid matter contained in the oxidation exhaust 

gas by means of said tray, and 

effecting distillation of substances contained in the oxidation exhaust gas 

through the packed bed, while removing heat and water out of the 

distillation column and recirculating the separated paraxylene and acetic 

acid to the above reactor. -

. 2 • A process as claimed in Claim 1, wherein the 

distillation coluinn is provided above the packed bed 

with a liquid distribution tray devoid of downcomer, 

and wherein the oxidation exhaust gas which has left 

overhead the distribution tray is cooled by a heat 

exchanger and a part of the condensate formed is 

returned to the distribution tray. 

3. An apparatus for producing . terephthalic acid by 

oxidizing paraxylene with a molecular oxygen-containing 

gas, comprising 
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a'- ~~ci~izing reactor for oxidizing paraxylene 
. . 

supplied thereto with a molecular oxygen-containing gas .. 
~~ d. "'Col>.... c..°""""C" • 1 t. cl ~ 0.. " il ~ c.. O"YV')~~ ~ ~ "'> "~ '~. ' 

in a s&J:Y.ant ?based '8ft acetic acid in the presenc~ of a 8:1-
catalyst to form terephthalic acid and 

a distillation column connected to the upper 
r:>~a 

part of the oxidiziag reactor and having at its lower 

part a solid matter collecting tray and at its upper 

part a packed bed. 

4. An apparatus as claimed in ~m 3, wherein it 

further comprises 

a liquid distribution tray devoid of downcomer 

disposed above the packed bed, and 

a heat exchanger for cooling the oxidation 

exhaust gas which has left overhead the distribution 

tray and for returning a part of the condensate formed 

to the liquid distribution tray. 

l 



problem, it becomes necessary to use as many as nearly 

100 trays for the distillatory separation of acetic 

acid, though paraxylene can be separated using a 

distillation column with about 10 trays, so that a 

problem of requirement of large-sized apparatus occurs. 

Use of a packed column with packings exhibiting 

high fractionation efficiencies, for example, 

structured packings, in place of multi-tray 

distillation column also suffers from stuffing of the 

packed bed by the finely dispersed solid crystals, and 

· ·:~~_.., thus, decrease in the performance of the distillation'. 

The complicate structure of the dendroidal multi tubular 

distributor will add a further cost problem. 

SUMMARY OF THE INVENTION 

An object of the present invention is to solve 

the problems encountered in the conventional technique 

and to provide a process which can afford to produce 

terephthalic acid economically by oxidizing paraxylene 

in an acetic acid-based solvent using an oxidizing 

:·::;.: reactor connected to a compact distillation column, 

while effecting the distillatory recovery of the 

paraxylene and acetic acid efficiently without 

suffering from stuffing of ·the distillation column. 

Another object . of the present invention is to 

provide a compactly designed low cost apparatus adapted 
. . 

for realizing the above-mentioned process for producing 

tereohthal ic acid efficient! v. --·--·----------------

4 
". '-In .. 
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Thus, the present invention relates to a process for 

producing terephthalic acid by supplying paraxylene and a 

gas containing molecular oxygen to a reactor and 

oxidizing the paraxylene in a liquid phase composed of a 

solvent consisting essentially of acetic acid, with said 

molecular oxygen-containing gas in the presence of a 

catalyst comprising the following steps: 

introducing the oxidation exhaust gas from the 

reactor into a distillation column having at the 

lower part thereof a solid matter collecting tray 

and at the upper part thereof a packed bed, 

collecting finely dispersed solid matter contained 

in the oxidation exhaust gas by means of said tray, 

and 

effecting distillation of substances contained in 

the oxidation exhaust gas through the packed bed, 

while removing heat and water out of the 

distillation column and recirculating the ·separated 

paraxylene and acetic acid t6 the above reactor.-

It ~If 
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. 
containing gas to an oxidizing reactor a 

distillation column having at the lower a 
~-_,.·· 

solid matter collecting tray and at t ~ part 
,,,./ 

thereof a packed bed, in order t~c se oxidation of 

the paraxylene in a sol vent based/~ acetic acid in the 

presence of a catalyst to form/ acid, 

introducing the · ?ation exhaust gas into the 

distillation 

solid matters 

tray, and 

collecting finely dispersed 

of the solid matter collecting 

e}Ji ng distillation of substances contained 

in the./'~idation exhaust gas through the packed bed, 
/ 

whi~.e· removing he~t and water out of the distillation 

and recirculating the separated paraxylene and 

acid to tne oxidizing reactor. 

The apparatus for producing terephthalic acid 

according to the present invention comprises 

ap( e11idimi&g reactor for oxidizing paraxylene 

supplied thereto with a molecular oxyg_en-containing gas 
~~J.. :e "'QJ\fl- '-~6.\'-l. {a. "~ c__...,.;"""\ ,.,_~ ~"~,.~ ~. 

in a ·s91¥&Rt~ea en- acetic acid in th~ presence of a 

catalyst to form terephthalic acid and 

a distillation column connected to the upper 
,.., °'"'-.f.\ 

part of tile e2iEli11ing reactor and having at its lower 

part a solid matter collecting tray and at its upper 

part a packed_ bed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow sheet of the apparatus for 

producing terephthalic acid according to a preferred 

5 



PATENT SPECIFICA'l'ION (11) 1873 230 
(21) Application No. 59918/71 (22) Filed 23 Dec. 1971 

(#) Complete Specification published 6Nov. 1974 

(51) Intcmationa1Clas~C07CS1/20 63/26 
(S2) Index at ac:ceptance 

C2C .22B 227 22Y 265 266 26Y 293 297 30Y 34X 366 
367 37X 409 46Y 490 638 668 69Y BQ 

(72) Inventors YOSlULO YOKOT~ HIROHIKO NAMBU 
YOSUHIR.O FUJITA and SBIGBTO N.6KAGAWA 

(54) ~ROCBSS FOR PRODUCJNG TBREPHTHALIC ACID 

(71) We, MITSUI PETROOIEMI-
CAL INDUSTRIES LTD., a Japanese body 
corporate of 2-S, 3-chome, Kasumigascld, 
Qiyocla-ku, Tokyo, Japan, do hcteby decluc 

5 the invention for which we pray that a patent 
may be granted to us, and the method by 
.which it is to be performed, to be particu­
larly desaibed· in and by the following state­
ment:-

10 Thiii invention relates to a process for the 
production of terephtbalic acid which is of 
sufficiently high quality to be used :in the 
production of fi1- grade polyesters ·by the 
direct po1F1erisation method. 

15 There JS a. known proc:css for producing 
terephthalic acid which comprises oxidising 
para-xylene at elevated temperatures and 
pmssures m the liquid phase with molecular 
oxygen or a gas containing molecular oxygen 

20 in the presence of acetic acid and a cobalt­
containing catalyst, condensing the gaseous 
oxidation reaction product, which contains a 
non-condensable gas,. steam and acetic acid 
vapour, removing the non-condcnsable gas 

2S while :recycling the condensate comisting pre­
dominantly of water and acetic acid to the 
ondation reaction, crystallising the tereph­
thalic: acid in the liquid readion product, re­
covering 1e1epbthalic acid crystals", distilling 

30 the mother liquor to recover acetic acid. and 
recycling the ac:etic: ~d -to the oxidalion 
reaction. · 

The tetephthalic acis!Jxoduczd by this 
process is not entirely • KtorY and is sus-

M c:eptt'ble to cliscolouration. Accm:diilgly the 
polyatcr prepared bv the direct polymerisa­
tion method using this terephtllalfc acid wus 
discoloured. 

We have now :fouDd that terephd:ialic acid 
40 ~ improved. quality. may ~ _prepared by a: 

mocm which compr!SCS ouhsmg pm-xylene 
fD-tlle liquid phase with either molecuJar 
mygen or a gas containing molecular oxygen 
in the presence of acetic acid and a cobilt-

45 .containing catalyst, ~ terephtbalic 
add by ay&tallisation from the Ji~ o~ 
tion reaction p1'1Jduct, recycling to the mida­
tion reaction without distillation the mother 

liquor, which contains cat'alyst, remainfng 
after muoval of c:rystalline =cphthalic acid, 50 
passing the gaseous oxidation reaction pro­
duct which contains non-c:ondensablc gas, 
water vapour and acetic acid wpour through a 
fractionating zone m which the acetic acid 
vapour is condensed while the water vapour 55 
is not condensed, recycling the condensed ace-
tic acid to the oxidation reaction and remov-
ing the wa~r vapour, together with the non­
condeosable gas, from the reaction system. 

Jn the process of the im:sent invention, 60 
therefoie, a condensate amtaining both water 
and acetic acid is not iccyded to the oxida-
tion reaction as in the case of the prior art 
process and, further, the mother liquor re­
maining after removal of crystalline tereph- 6S 
thalic acid is not distilled to :recover acetic 
acid. 

Although it is not quite clear why tercph­
thalic acid of hnproved quality results from 
the fXOcess of the inventfon, it is thqught 70 
the unpurities which ue the primary cause 
of discolouration of the produc:t, are removed 
by the fractional distillation of the gaseous 
reaction product containing non-condensablc 
gas, steam and acetic acid. In the prior art 75 
method the i:ondensate containing impurities, 
water and acetic acid is rec:yclcd to the reac-
tion system. Also in the prior art prooess 
the aCcomulation in the oxidation reaction 
system of the water that farms during the 80 
reaction ia thOUKht to participate in the for­
mation of impurities. 

In additioD to making ~"bJe the produc­
tion of terephtha1ic acid Of improved quality. 
the pioa:llS of the. mveution simplifies control 85 
of the ,._ c:ontmt of the :reaction SJStem, 
increases the rate of 1be oxidative ieacdcm 
.and !Cdua:s the rate of ~JJosition of the 
acetic acid. Another advantage is that the 
mother liquor remaimnlt after scpamtion mi 90 
RCOVelJ Of teicphl:halic acid c:rystals need 
not be distilled to remvcr the acetic acid for 
m:vcling to the reaction. 
· The cobalt-con~ catalyst& to be 'Uaed. 
in the o:ridation :reaction are known. The 95 
cobalt catalysts may be used alone or they 
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apparatu1 in which an oxidatiOl\ ieactor is 
coupled to a diatillation column with a _pipe 
bl' an 11.P_Parat'DI in which the two ~ are 
direc:dy JOfned, 'Ik distilladGll column may 
be a patW colmim. amtaining a aili!:r or1 70 
pefe:rably1 a· .c:ohmm provided with a plur­
ality of trays. When the o:lidation reaaor 
and the distilktion column are joined· to­
Ftber, the dlstillation -column piderably does 
mt have a part m w.bi-ch liquid is ~ed 15 
sudr as an Over.flow clam, in order to •"VOid 
clogging &y ~ c:arboxylic acid which 
may be ent:aiined in the e:diaUst vapour. 

The operating conditions of the distilla-
ticm. ~ should. suitably be varied in 80 
acc:oidanc:e with the conditions of the oxida-
tion rcac:licm. Jn general the column is oper­
ated in. such 11. way that. the amount of wa= 
in the ozldation reac:tion systan is from O.S 
1:o 151, and preiembly O.S to 10%-hy weight. $5 
The pressure at the top -of the ·diS'lillation 
column can be varied from normal atmo­
spheric pressure to SO lg/mf ga~ and the, . 
temperature f!oom 100° to 250° c., depend-
ing U1'0D the tanperature and preSSUl'e of the 90 
-olddation reactim. 

The terephthalic acid contained in the 
liquid osidaticm produc:t may be aystallised 
and recovered. in. any saitable IQalUler and 
tile Im.own multistage c:ey&blllisation t£chnique 95 
can be used. A particalarly ~ memod 
is -one m wBich the liquid maation l'eadtion 
product is fiuhed. to cause tbe ~ 
acid to Clj8ta]lise, come particles of te:reph­
blic acid au: ilolated and m:ovete&, • 100 
mother liquor coataining miety .Qi"fided "liere­
phlhalic ecid crystats is l'Ccycled to =die a­
drrlioa s:eaction, and the cearse pal'licles ef 
terephthalic: acid me washed w.i'l!l:l acetic acid · 
recovered &om the flashed "ftl'our. · 105 

FJas1Dng W to be a90ided in 'the prier ilrt 
method 9ince any tel'eph"thalic; acid remaining 
in 1IJe mOthcr ~ which was not fecycled 
uncbang_ed ti> the maation reaction, W&Uld 
ba-ve beea. lost, causing a ·mlm:'tion. in 'l'.he 110 
yield af taephtbalic acid. Heaae, the prac-
tic?e was to enlarge the puliales of the separ- . 
ated te:rephtbalic acid by c:an:ying out the 
crystallisaticm in several sragee. However, 
thele is DO reduction. in .tie -yield ·in the Pft!- 115 
llel'Jt immtion even thouP. ~ -.ma 
C1JS111s may be comameil m tlJc motht!r 
li~ since the motlier liquor is recya1ed 
to the oxidation l'eac:tion zone as -obtained. 
fallowing ·separation of the come ~- 120 
b1ic: acid Czysrals. AJset since 1inely a,siat-
liae tezephtbalic acid tends to- contain a larger 
propoklicm of .im.pumita than does the larger 
~c:lc me ma~ t1le "production ·of 
teiepbthalic acid ·of -improved quality can be 125 
advantageeualy carRed out ·by 'the ~ 
method. It js, of comse, also ·possa"ble to c:any 
out · substamlly -complete &eparatioa of die 
"terephddtlie acid and to m:ydc ti> ·the ezi­
datioa lelCticm a mother liquor w}Jkh pm- 130 .· .. .. 
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taiD& substantially no terephtbalic acid 
aystals. 

When the oxidation reaction product is 
&shed the ~ product containmg the crys-

5 taUine tesephthlic acid can be passed to a 
separation zone while the: 1lashcd. vapour 
stream is withdrawn from the flashing zone, 
the ac:etic acid contained therein .is condmsed, 
and the acetic acid obtained can either be 

10 recycled directly to the reaction 20ne- or may 
be used to wash the tercphtba1ic acid crys­
tals befm: being recycled. 

The sepuated ~ic acid ciystals 
can be dried as they are to obtam a .fiual 

15 product, but it .is prdeaed to wash the 
crystals in ccetic add and then to chy the 
washed crystals to obtain the final product. 
The «cetic acid used for washing preferably 
is the acetic acid obtained by lashing the 

20 tcictiOD. product and comlcmmg the acetic 
acid in the .tlashed vapour. 

The acetic add used in tbe washing oper­
ation is collected and is then usually JCcycled 
to the oxidation reaction. 

25 Dy..pmducts which dcdvc from either the 
impmities fomied during the course of the 
oxidation reaction or from hnpmities con­
tained in the starting para-xylene gradually 
ac:cumu3ate in the reaction syatem upon rc-

30 peated cycling of the mother li9'*· For 
this reason a pare of the mother liquor i>=­
ferably m withdrawn from ·1he aysrem and 
disc:atcW. If ~ withdrawn mother 
liquor can be secycled and reused after the 

SS addition of a fresh batch of acetic acid. 
When the reaction product is flashed a 

distillation zone can be provided in tile crys­
tallisation: zone by means of which moistlJM 
can be distilled off. 

·40 The acamq>aD.l'ing drawing is a .tlowsheet 
'Which il1ustmtcs the process of the Dm:n­tion. . 

In the drawin& para-xylene, acetic acid and 
a cobalt-containing catalyst ue fed via line 

45 1 tu. an o:lida1ion reaction apparatus amsist­
jog 'Of an oxidatioa reacto.r I to the !1P.pel' 
part of which is connected a dfsdDation 
c:olumn IL An mldatioa .reac:tioa is thea car­
ried 'OUt by iDlroducing a gas contaimng 

50 moJecu1ar oxygen via line 2 at the 1,1ottom 
of the 1aCtor L A gaseous :mizture, wmch 
amsista predmninmtly of acetic acid, water 
and aon-c:ondemable su leaves the top of 
reaaor I and is conducrccl via line 3 to the 

·55 distillation column D, when it ia sabmiaed 
to a 6actional 4tistiUa1ion. opemtioD. Stam 
and non-c:ondentable gas me remO'Vecl from 
the 5)'StC%D at 1flc 10p of die dfstillation collllDll. 
II while ac:etic acic1 is refhmd in the distil-

60 Jation column D and is m:yclcd via line S 
to the reactor I. The liquid ondation reactfon 
product is withdrawn ftom the bottom of 
tbc reactor I via line 6 and is cooled in a 
crystallisation tallk m, whereupon the t=-

6S phthalic acid, which is soluble fn acetic add, 

3 

crystallises out. While the mawing shows only 
one crystallisation. taDt, two or more may 
be used coupled together. Altmiativcly, a 
Bashing c:llamber can be provided in place 
of the crystallization umk. ne sluny contain- 70 
mg terephthalic add crystals is conducted from 
tank IIt via. IiDc 7 to a separator IV, whcxe 
cqrstailine terephthalic acid is isolated from 
the mother liquor. The iau1ting terephthalic 
acid is witbdrilwn via line 8 and, if neces- 75 
sary, washed in acetic add and dried to obtain. 
the final product. The mother liquor is witb­
dnwn f.rom the separator IV via line 9 and is 
m:ycJed to 1be :reactor L 

The inventiOll wm be further described by 80 
reference to the following Bxamples. 

An ·~-·. Bnmple ~.... • OXl.uatiOD reactor ....... .t-'& at itS upper 
end to a distillation cctlmnn piqVidcd with 
30 trays is fed, at an hourly rate, with ISO 85 
kg of paraxylene, 1200 kg of 95 ~; acetic add 
and, as oxidation catalyst, 1.S kg of cobalt 
acetate, 0.8 kg of numganese acetate and 1.8 
kg of sodium bromide. An ozidation. reaction 
:is then carried. out at 190° C. and 12 kg/crd 90 
.gauge while introducing air fntD the bonom 
of the reactor. A vapour mixture consisting 
predominantly of acetic acid and &team, which 
evaporates during the oxidation J:eaetion, u 
distilled in the column at a column top 1ml- 95 
pe:ratum of about 160° C., and the su:am is 
lemoved from the top of the column. along 
with mm-condemable gas, while the c:On­
densed acetic add is iecycled. "1be water COD.-
mot of the l'Caction system :is thus stabilized 100 
at from 3 to 4%. The ozida1ion. reaction :is 
c:arried out under these %e8Ction conditions 
with an average residence time of 60 minutes. 
The liquid oxidation p:oduct is withdrawn 
into a c:rJSblllisation tank and, after c:ool- 105 
~ js ~1ed. into u:rcphtlia1i_c acid and 
a mother liquor. The ~ acid ob­
tained is tbeB washed with ac:etic acid and 
dried. The mother liquor was recycled to the 
oxidation reaaor and mised. The }'ie1d of 110 
1erepbthalic acid WU '» mo1 % based Ol1 the 
para-xylene, it ·had a colour value (Buen 
Dumber) of 18, its optic:a:I dalsi9' at. ~8_ JD}L 
was 0.020. and its ..f-c:arbo%y:~ 
c:omeat WU 0.12%. The colour Value WU ob- 115 
tained.. by dissolving 3 grams of the tereph­
tbalU: acid ill 20 ml of 2N sodium hydroDie 
ilnd c:omparing the colour of thia solution 
with the colour of a standard. solution fD. 
ac:coidance with ASTM proc:cdUIC D 1209 120 
(1969~ 4-c:arboxybezizaldchyde contQt 
was by pol8rogmphy. 

Contml I 
Bxample I was ~ted· except that the 

distiiladon column at the top of the oxidation 125 
reactor was repJacecl by a condenser which 
condmircd nOt only the acetic: acid In 1he 
vapour leaving the reacmr bat also the steam. 
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The yield of..tmephthalic acid.was 94" mol %. ~was 1'eCJ'cled to the· action Zollt: after 
its purity was 97%., it had a Hazen number mixing with flesh acetic acid;, ~n-xylcne and 65 
of 300; its optical density at 380 lDI' was . · a suflici~ amount of the ondation catalyst 
0.670,, and: its ~ con- to replenish that lost to the system. Tereph-

5 1211t was 1.5%. · · thalic ·acid crystals of coarse partic:1c me 
amtainhlg mbstantially no ~tbalic acid 

'.Bram.pie. II 
: An oxidation zeaction was· c:arried Out U in: 
Eump1e I with hourly feed· mes of pam­
xy~ glacial acetic acid and cobalt acetate 

10 of 80ll 150 and 40 kg, respectively, and" a. 
reaction temperatme 130°· C. T.be ·water 
formed during the reaction was ~ as 
st:ea111 from the top of the c:listillation column 
aIO!lg with noa.-c:ondensable gasll while the 

15 acetic acid was condensed and m:yc1ed. ne 
ieaction wai carried. out with an average :resi­
dence time of 2 houn.._The. yield of tcreph­
thalic add was. 90 nioI · %, based on the 
para-xylene, its purity was 99%, and it had 

20 a Hazen number of 80. · 

:&auiple m . 
An oxidation ·reactor was fed with 100 i.g/ 

hr of para-xylene, 90 kgjhr of 99% acetic 
acid (1 %· water) and, . • oxidation caralyst,, 

25 3.4 kg/hr of cobalt acetate,, 3.4 kgjhr of man­
ganese acetate and 1.7- kg/hr of sodiwn bro­
~ as well as 8:SO b/JJr of a- mother liquor 
containing :finely dividid ~ acid' of 
particle size 1e8s than. 40: mboDs. An o:dda-

of particle size less 'Chan 40 miaoD& was fed. 70 
to a dryer after was&ing with acetic acid. The 
acctU: acid used for washing war that ob-­
tained by c:oudensing the "9llpour &om the 
c:rys\8llisation step. The :yield' of ~ 
acid based~ para-xylene was 96 mol % when 7S 
the continuous oxidation reac:tiott attained its 
~Y operational sate. The purity· -of the 
~ acid WIS 100%, it had a Hazen 
number of 16, 8llCl its 4-carboxybmzaklehyde 
C0Dtmt WIS 0.10%. · 80 

When the fmdy divided ~ acid 
~ in the mother liquor WIS isobd 
and its quality was c:mnincd, it was found 
to have a Hazen number of 160 and a 4-
·carboxyb~dchydC' ~- of 0.30%. 

- Qmn:ol n 
85 

EDmple m was repeated except that a 
condenser was provided at the top. of the oxi­
dation reactor so that condeDied aqueous ace-
tic acid solution was ~ to the n:actian 90 
zone and the terephthalic acid was not caused. 
to crysta1lise by . fiasbing. . 

The yield of wephthalic acid was 93 mol 
%, Jlased on para-xylene, its pmity was 97%, 

·it had a Hazen number of 25~ and its 4- 95 
~yde content was 1.3%. 

30 tion reaction was cartied out with an average 
residence time of 60 IDDn=I at .190° c. and 
at 12 a~ piessure while introduc­
ing air into the bottom of the reactor at the 
rate of 10 cubic .mctem per minute. A frac.. 

35 tional distillation operation wu carried out WHAT WE CLAIM IS:-
on the gaseous reaction product in a distil- 1. A pmcess for produclng terephthalic 
Iation cohmm. of IS tEays i:oup1ed to tbe. reac-- acid which compria oXidising pu:a:xylene in 

· tor. The fractional distillation was arrled out the liquid im;asi;: !'1th either molcculu ~ 100 
at a column top temperature of 160° C. and or a· gas c:ootam1ng molecular oxygen m the 

40 a column botti>m temperatmc of 178° C.,, so piamc:e of acetic acid and a cobalt-c:omain-
that steam was xemovtd along with waste gu mg catal)'Bt.. recovering ~tbalic acid by 
while the acetic acid was condeDsed and was crystallisation flom the liquid imdation :reac­
recyded to the ieac:tion. zone. The water con- ticm. produet, n:c:,ycljng to the oxidation zcao. 105 
tent .in the oxidation reaaion ·SjStem was tion without disliDatiOll the mother liquor:. 

45 thereby maintained at about S%. Tbe reaction which con1aim caUlysr, remaining ~ ~­
pioduct was witbdtawn frqm the ieactor via mo'Vll. of crystalline temphtbalic add, passing 
a pressure iegulating "81.vc and wu mtto- the gaseous cmidation ieaaion product which 
duoed to a :flashiDg ·chamber at 1lcmnal atmo- COlllains J:icm..condcmable pa,, water vapour 110 
sphmc PreBSU1'e where it wu fleshed. and and acetic acid vapour ~ a ftaction-

50 the 1mCphthalic acid ceystallised ·out. The !lfing zone in which 1he ~c acid ~ is 
volatiles were zemoved from the top Of·the mndenet while the Wa1l:r vapour ·2s not 
1lasbing chamber,, whJJc the acetic add. sm- condenioc:d, n:cycUng the ~ ac:ctic add. · • 
pension of tetephthalic: acid, cooled 1D 120° ~ the osldati.on teaction and mnoviDg the 115. 
C. by the latelit heat of evapo.ration of the water wpour, together with the non-condtns-

55 solvent in. the fiasbing chamber WU forwuded able- gas,· from the icaction qltml. 
to a filtu of "tbC cartrifUgal type. Qystil6ne · 2. A ~ acconting to claim 1 wllcm-
terephtbalic add waa sepaiated by filtra1ioa m t1ie liquid oxidation ieaction pi;ocluct is . 
fmm: a. mother liquor contamlug finely di'Vidc:d flasfled. 10 cawic the tm:phthaliC · acid to 120 
~ acid of particle size less tllaa ~ coarse partic:1es of telephtha1ic 

60 about 40 ..mic:nms (the weight ra1io of the acid all: ·isolated and iecoveied, the mother 
ted ctjl~=tbalic acid to· the ·1;m1mo ~ findy divicted taephtbalic =divided acj.d mniaincd in d~ .is xccyded to the ~ ~ 

the mother liquor Was !J7: 3). "I'hlt mother a~ and the coarse particles of tr:zephthalic 125 

. • . ••• .:.. A. ... 
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acid are washed with acetic add recovered acid according to clabn 1 substa11tially as 10 
from the flashed vapour. described in any one of the Examples. 

3. A process according to claim 1 or 2 6. Tet'ephthalic acid when prCpared by a 
wherein there Is used a catalyst containing ~~ cli:'im~mcd in any one of the prc-

5 cobalt, manganese and bromine. u.ws 
4. A process for producing terephtbalic 1 A. vn1.A'D ... co 

acid substantially as descn'bed with Merenc:e • ~Y.LC ~ ., Chartered Patmt Agents, 
to 1he accompan,Dlg drawing. 14 Soutb. Squam, Gray's lml, 

S. A pmcess for pioducing te:iephtbalic London WClR SEU. 
---~__..;..~...;;;...~~~~~~~~~ 
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CtlMPLETE SPECIFICATION 
This drawing Is a reproduction of 
:Ile Original on a reduced scale 


