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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 tripiicate.

1. Amendments to the Claims

In order to clarify the concept of the present invention, the term "in a liquid phase"
was supplemented. 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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2.1

Finally, functional definitions such as

- to form terephthalic acid,

- in order to cause oxidation,
- a solid matter collecting and
- oxidizing

were cancelled wherever redundant.
Objections under Article 84
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 detail why these terms contravene Article 84 EPC.

However, it was taken into account that the original wording of claim 1 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 cause oxidation,

- to form terephthalic acid,

- oxidizing reactor,
- solid matter collecting,



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. |

Novelty and Inventﬁe 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 which paraxylene is dissolved homogeneously.
The molecular oxygen-containing gaé is infroduced 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 present as solute in the liquid phase.



Thus, the process according to-the present invention resembles a technique
disclosed in document D1 and 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 mater
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.

4, Requests

It is assumed that the present application is now in a condition 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 1 to 4, 3-fold -

amended description pages 4, 4a and 5, 3-fold
GB-1373230 o -



EP 94 103 213.8 Our Ref.: 61348 n1/bk
Mitsui Petrochemical Ind. 8 July 1996

New Claims 1 to 4

1. 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, Wwherein the
distillation column is provided above the packed bed
with a 1liquid distribution tray devoid of downcomer,
and wherein tne ~oxidation exhaust gas which has left
overhead the distribution tray is cooled by a heat
exchanger and a _par_t 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



o,

axg oxidizirg- reactor for oxidizing paraxylene

supplied thereto with a molecular oxygen~-containing gas '

in a M&‘m&ﬂc%&é‘ ﬁmetgz;ksﬂ;:‘ Q egEh:‘
catalyst to form terephthalic acid and

a distillation column connected to the upper

Y-S WY

part of the—oxidizing- reactor and having at its lower
part a solid matter collecting traj and at its upper
part a packed bed.
4. An apparatus as claimed in calim 3, wherein it
further comprises

a liquid disiﬁribution 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.

.:22



problem, it becomes necessary to 'use as many as 'nearly

100 trays for the distillatory separation of acetic

acid, though paraxylene can be separated uéing 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 thé performance of the distillation.
The complicate structure of the dendroidal multitubular

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 techni:que
and to provide a process which can afford to producé
terephthalic acid economically by oxidizing paraxylene
in an acetic acid-based solvent using an oxidizing
reactor connected to a compact di'stillation column;
while effecting 'thé distillatory récovery of the
paraxylene and acei:‘ic | aéid efficiently without
suffering from stuffing of the distillation column. '

Anothér object - of the present invention is to
provide a compactly designed low' c_ost apparatus adapted

for realizing i:he_ above-mentioned process for producing

terephthalic acid efficiently.._ ' o\

.. 4a.



_4a_

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 wéter out of the
distillation column and recirculating the separated

paraxylene and acetic acid to the above reactor.-

ft «
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containing gas to an 'oxidizing reactor connected/ t'o/ a
distillatioa column having at the lower patt..' ‘hereof a
solid matter collecting tray and at /t "J upper part
thereof a packed bed, in order to c’/ se oxidation of
the paraxylene in a solvent based acetic acid in the
presence of a catalyst to form-tetrephthalic acid,

introducing the oxjdation exhaust gas into the
distillation column amd collecting finely dispersed
solid matters by Mmehns of the solid matter collecting
tray, and

effécking distillation of substances contained
in th;. idation exhaust gas through the packed bed,

whi]:_e' removing ﬁeat and water out of the distillation

cofumn and recirculating the separated paraxylene and

oxr

The apparatus for producing terephthalic acid
according to the present invention comprises
aff’ owxidiming reactor for oxidizing paraxylene
. Supplied thereto with a molecular oxygen-containing gas
S eI SR MR R Pimence %of
catalyst to form terephthalic acid and
a distillation column connected to the upper
part of the—e;-;a-io:‘z-j:ng 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
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PATENT SPECIFICATION a 1873230
{22) Filed 23 Dec. 1971 e

(44) Complete Specification published 6 Nov. 1974
(51) International Classification C07C 51/20 63/26

(21) Application No. 59918/71

(52) Index at acceptance

C2C 220 227 22Y 265 266 26Y 293 297 30Y 34X 366
367 37X 409 46Y 490 638 668 69Y BQ

) Inventors YOSHILG YOKOTA, HIROHIKO NAMBU
YOSUHIRO FUJITA and SHIGETO NAKAGAWA

(54) PROCESS FOR PRODUCING TEREPHTHALIC ACID

(71) We, MITSUI PETROCHEMI-
CAL INDUSTRIES LTD., a Japanese body
corporate of 2-5, 3-chome, Kasumigasek,
Chiyoda-ku, Tokyo, Japan, do hereby declare
the invention for which we pray that a patent
may be granted to us, and the methed by
which it is to be performed, to be partica-
Jarly described: in and by the following state-
ment:—

This invention relates to a process for the
production of terephthalic acid which is of
sufficiemly high quality to be used in the
production of fibre grade polyesters by the
direct polymerisation method. :

There i3 2 known process for producing
terephthalic acid which comprises oxidisi
para-xylene at elevated temperatures and
pressures in the liquid phase with molecular
oxygen or 4 gas containing molecular oxygea
in the presemce 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 nom-condensable gas
while recycling the condensate consisting pre-
dominantly of water and acetic acid to the
oxidation reaction, crystallising the tereph-
thalic acid intheli_quid_reaclimprodgct.._m-
covering terephthalic acid crystals, distilling
the mother liquor to recover acetic acid. and
recycling the acetic acid to the oxidation
reaction. -

The tercphthalic acid produced by this
process is not entirely satisfactory and is sus-
ceptible to  discolouration. Accordingly the
polyester prepared by the direct polymerisa-
tion method using this terephthalic acid was
discoloured.

We have now found that terephthalic acid
of improved quality may be_p:epared &
process which comprises ond:smg para-xy]
in the Hquid phase with either molecular
OXygen or @ gas containing xpolecular oxygen
in the presence of acetic acid and a cobalt-
:candmgng catalyst, zecovug’:cg i ic
tion reaction cling to the oxida-
tion reaction without distillation the mother

—

N

liquor, which contains catalyst, remaining
after removal of crystalline terephthalic acid,
passing the gaseous oxidation reaction pro-
duct which containg non-condenssble gas,
water vapour and acetic acid vapour through 2
fractionating zone in which acetic acid
vapour is condensed while the water vapour
is not condensed, recycling the condensed ace-
tic acid to the oxidation reaction and remov-
ing the water vapour, together with the non-
condensable gas, from the reaction system.

In the process of the present invention,
therefore, 2 condensate containing both watex
and acetic acid is not recycled to the oxida-
tion reaction as in the case of the prior art
process and, further, the mother liquor re-
maining after removal of ine tereph-
thglicacidisnotdistilledtorcooveraoeﬁc

acid.

Although it is not quite clear why tereph-
thalic acid of improved quelity resuits from
the process of the invention, it is thought
the impurities which are the primary cause
of discolouration of the product, are removed
by the fractional distillation of the
reaction product containing non-condensable
gas, steam and acetic acid. In the prior art
method the condensate containing impuritics,
water and acetic acid is recycled to the reac-
tion Also in the prior art process
the accumulation in the oxidation reaction
system of the water that forms during the
reaction is thought to participate in the for-

g Il d * 1) .u. .

In addition to making possible the produc-

tion of terephthalic acid of improved quality.
the of the invention simplifics control
of water content of the reaction system,

increases the of the oxidative reaction

and reduces the rate of decomposition of the

acetic acid. Another advantage is that the

motherliquormnainingafbgﬁsepmhmand
aci

tecovery of need
not be distilled to recover the acetic acid for
recvcling to the reaction.

" The cobalt-containing catalysts to be used
in the oxidation reaction are known. The
cobalt catalysts may be used alone or they

‘4

60

70

(5]

85

95
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can be used in conjunction with other heavy
ametal oxidation catalysts, e.g. compounds
such heavy metals as manganese; cliroififiurin
and nickel. The cobalt-containing catalysts
may also be used in conjunction with a biro-
action as . and
methyl cthyl ketone. A preferred catalyst
containg cobalt, manganess and bromine.
‘The cobalt-containing catalyst can be metal-
ic. cobalt or an inorgaiic or orgamic coms
pound of cobalt, but preferably is wvsed in
a form in which it is soluble in the reaction
system. Suiteble cobalt compounds are cobalt
acetate, cobalt naphthenate and cobait bro-
mide. which may also
beusedhdndemg&_lfemmdmg;
ganese naphthenaate, while bromine comp
which can be used are sodiumbmnﬂg‘:l:nd
There i3 no particular restriction on the
amount of the cobalt-containing compound

" and suitable amounts are of the order of

35 |

65

;

3;21-50% by weight based en the weight of
starng para-xylene.

As well as molecular -oxygen there can be
used a gas conteining molecular oxygen such
as mixtares of exygen and an inert gas such
‘a5 nitrogen and carbon -dioxide. Commercially,
air is usnally used. The amount of gas em-
ployed prefersbly is such that the amount
'ofm?hcularoxygeuisine_mqaofthe

teripera

C., preferably 150—-170° C., and suitable
pressures -are super-atiiospheric pressares up
10 150 kg/fom? gauge. _

lfhemomofaaﬁcb:tddmed,b?mcﬁon
solvent, is not critical preferably is from
2—12 parts by ‘weight per part by weight
of para-xylene starting material.

Fractional distillation of the- gaseous

h
f
i

i

BT

" ﬁgf-éi
gz 3
8
2

of.

apparatus in which an ozidation reactor is
cotipled to a distillation column with a pipe
br an apparatus in which the two units are

directly joined. The distilletion celumn may °

be a2 packed columh containing a filler or,
preferably, a column provided with a plur-
ality of trays. When the oxidation reactor
and the distillation column are joined: to-
gether, the distillation column preferably does
mot have a part in which liquid is xetained
;luchm'_as ?y powd‘g:d carbi:xyli tg aﬁéﬁ
o ic acid whi
may be entrained in the exhaust vapour.
The operating conditions of the distilla-
tion colomn should " suitably be varied in
accordance with the conditions of the oxida-
tion reaction. In general the column is oper-
ated in such a way that the amount of water
o 1554 . terebiy 0.5 0 10 by weight
o an to 109, by wei
The pressmre at the top of the distillation
column can be varied from normal atme-
sphetic pressure to 50 kg/

temperature from 100° to 250° €, depend-

ing upon the temperature and pressure of the
oxidation reaction,

The terephthalic acid contained in the
fiquid oxidation product may be crystallised
and recovered in sny suitsble manner and
the gmed.qulumge crystallisation mchmqu:
can be us particularly preferred metho
j in whick the liqui exitg:tionmm'.

! of
mphthelicaddxewashedwithaeeﬁéadd-ms

recovered from the flashed vapour.

Flashing had to be avoided in the prior art
method since any terephthalic acid remaining
in the mother liquor, which was not recycled
unchanged to the oxidation reaction, weuld
hgvel;mlost, ca_using a reduction in the

an® gauge and the.
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taing substantially no terephthalic acid
crystals. :

fashed the Hquid prodict contining vhe sy

product con

talline terephthalic acid can be passed :ﬂ;
separation zone while the flashed vapour
stream is withdrawn from the flashing zone,
the acetic acid contained therein 5 cond

i

and the acetic acid obtained can either be
recycled directly to the reaction zone or may
be used to wash the terephthalic acid crys-
mlsﬁefo:pm rempmcycled.. acid crystals
product, bt it i prefered 5o wedh e
it is to
crystals in acetic acid and then to dry the
washed crystals to obtain the final product.

§
§.
i
g
:
:

discarded. If necessary withdrawn mother
liquor can be recycled and reused after the
addition of a fresh batch of acetic acid.

. When the reaction product is flashed a

eannt;edisﬁlhdoﬁ. L. '
accompanying drawing is a flowsheet
which illustrates the process of the inven-
tion.

In the drawing, pare-xylene, acetic acid and

a cobalt-containing mt:lyyst are fed via line

1 to an oxidation reaction consist-

ing of an oxidation reactor I to the upper

part of which is conmected 'a distiflation
1L oxidatio

I1 while acetic acid is refloxed in the distil-
Iation column II and is recycled
to the reactor I. The liquid oxidation reaction
product js withdrawn from the
L“;mm“’*“"-‘&’%‘ﬁ‘“mz“’ e

sation , W on tere-
phthalic acid, which is soluble in acetic acid,

g
¥

crystallises out. While the drawing shows only
one crystallisation tank, two or more may
be used coupled together. Altematively, a
flashing chamber can be provided in place
of the crystallization tank. The slurry contain-
mgmghthalu: acid crystals is conducted from
tank III via line 7 to a separator IV, where
the th:rhquor 'l:hearcgﬂgn;m hthali.

mo X terep c
acid is withdrawn via line 8 and, if neces-
sary, washed in acctic acid end dried to obtain
the final product. The mother L is with-
drawn from the separator IV via line 9 and is
recycled to the reactor L.

The invention will be further described by
reference to the following Examples.

Example I
An oxidation reactor coupled at its upper
end to a distillation column provided with
30 trays is fed, at an houdy rate, with 150
kg of paraxylene, 1200 kg of 959 acetic acid
and, as oxidation catalyst, 1.5 kg of cobalt

acetate, 0.8 kg of manganese acetate and 1.8

kg of sodium bromide. An oxidation reaction
is then carried out at 190° C. and 12 kg/cm?

and the colour of this solution
with the colour of a standard solution in
& mwith Aeo'l;ly\d procedure D 1209
969 4-carboxybenzaldehyde content
was tg;tr.mined by polarography.
Control I

Example 1 was repeated except that the
distillation colunm at the top of the oxidation
reactor was zeplaced by a condenser which
condensed not only the acetic acid in the
vapour leaving the reactor but also the steam.

70
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‘The yield of terephthalic acid .was 94 mol
itsp\;pﬁetlywasw%,ithadammmm&;

of 300, its optical density ar 380 myu was.’
4-carboxytienzaldehyde

0.670, and its
tent was 1.5%. -
Eszample IX
An oxidation reaction was carried out as in:

Con=

"Example I with hourly feed: rates of pars-

xylene, glacial acetic acid and cobalt acetate
of 80, 150 and 40 kg, respectively, and a
geaction temperature 130 C. 'The -water
formed during the reacton was removed as
steam from the top of the distillation column
along with non-condenssble gas, while the
acetic acid was condensed and recycled. The
reaction was carried ont with en average resi-
dence time of 2 hours. The yield of tereph-
thalic acid was 90 miol' 95, based on the
para-xylene, its purity was 99%, and it had
2 Hazen number of 80. .

Ezample TWI . -

1 e i oty

para-xy! c
acid (1% water) and, as oxidation cacalyst,
3.4 kg/hr of cobalt acetate, 3.4 kg/hr of man-
ganese acetate and 1.7 kg/hr of sodium bro-
mide’”mi]iln:l’ysz? A of a mother liquor
containing fvi id of
particle size less than 40 microns. An oxida-
tion reaction was cartied out with an average
residence time of 60 minutes at 190° C. and
at 12 a while introduc-

tmospheres pressure
. ing air into the bottom of the reactor at the

35

50 the

rate of 10 cubic meters per minute. A frac-
tional distillation operation was carried out
on the gascous reaction product in a distil-
Iation column of 15 txays coupled to the reac-

"tor. The fractional distillation was carried ont

at a columm top of 160° C. and
a column bottom: temperature of 178° C, so
that steam was removed along with waste gas
while the acetic acid was condensed and was

to the reaction zone, The water con-

- .. © e A

liquor was recycled to_the’ reaction zone after
mixing with fresh acetic acid, para-xylene and
a sufficfent amount of the oxidation catalyst
to replenish that lost to the system. Tereph-
thalic ‘acid crystals of coarse particle size
containing substantially no terephthalic acid
of particle size less than 40 microns was fed
to a dryer after washing with acetic acid. The
acetic goid used for washing was that ob-
tained by condensing the vapour from the
crystallisation step. The yield of i
acid based on para-xylene was 96 mol </, when
the continuous oxidation reaction attained its
et sl v 100% i 1ad-n Haeh
ic acid was s it a

number of 16, and its 4-carb

content was 0.10%. .
contained in the mother Hquor was isolated
and its quelity was examined, it was found
to bhave a Hazen number of 160 and 3 4-

) mrboxybenzaldchyde' content of 0.309%.

Example II Iilaed that
was repeated except a
condenser was provided at the top. of the oxi-
daﬁonmcmrsothatwndmsedag::uusaee—
tic acid solution was recycled to Teaction
zone and the terephthalic acid was not caused
to crystallise by -flashing. . .
‘The yield of terephthalic acid was 93 mol
% based on para-xylene, its purity was 97%,

"it had a Hazen number of 250, and its 4-

carboxybenzaldehyde content was 1.3%.

i oding bl
. tere c
acid which comprises oxidising m:gienein
the lignid phase with either mo oxygen
or a-gas cortaining molecular oxygen in the
prese:;:l-of acetic acid and a &bﬁltm
ing yst, recovering thalic aci

crystallisation from the liquid oxidation reac~
tion. product, recycling to the oxidation reac-
tion without distillation the mother lquor,
which contains catilyst, remaining after re-
mnvalofaymﬂinemph@aﬁcadd,%

]
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acid are washed with acetic acid recovered acid according to claim 1 substantially as 10
from the flashed vapour. described in any one of the Examples,

3. A process according to claim 1 or 2 _ 6. Terephthalic acid when prepared by a
wherein there is used a catalyst containing Process 28 claimed in any one of the pre-

5 cobalt, manganese and bromine, ceding claims.
4, A process for producing terephthalic KEMP
acid substantially as described with reference Cga'riA.uad Pm:t: cAggnts,
to the accompanying dmwms-_ ) 14 South Square, Gray’s Inn,
5. A process for producing terephthalic London WCIR SEU.
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