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“Freld of the Invention The field of this Invention rel ates trﬁo

the preparation of c e tion and EEEN
coun?erfcur r.ent WashPHg&% 5@?2@%&%8%@%@%#& slurry suitable
for further processing to prepare purified terephthalic acid wherein
the concentration of acetic acid retained in the washed filter cake is
equal to or |less than 5000. parts per mllion by weight (ppmy). An aqueous
slurry thereby prepared is suitable for a reduction process. In one aspect,
this "~ invention relates to the preparation of an aqueous slurry of

crude tergpht hal | Thid is 3 canituatioh-f-paft 8t epPiEation SEA°RB. 685.221 filed
presence of 2 qng%l [ rreta

Eield of the Invention

The field of this invention relates to the preparation of crude terephthaiic

acid by filtration and counter-current washing by water to prepare an aqueous

10 slurry suitable for further processing to prepare purified terephthalic acid

wherein the concentration of acetic acid retained in the washed filter cake is

equal to or less than 5000 parts per million by weight (ppmw). An aqueous

slurry thereby prepared is suitable for a reduction process. In one aspect, this

invention relates to the preparation of an aqueous slurry of crude terephthalic

15 acid suitable for a reduction process in the presence of a Group VIl metal

catalyst. In another aspect, this invention relates to the preparation of an

aqueous slurry of crude terephthalic acid suitable for hydrogenation of the

crude terephthalic apid wherein the crude terephthalic acid has been prepared

by oxidation of paraxylene in a solvent comprising acetic acid and the acetic

20 acid is replaced by water in a positive displacement method in a procedure of

counter-current flooded water washing under pressure. This process

eliminates the need for a drying process previously used to remove the acstic

acid by evaporation from the crude terephthalic acid. This process of counter-

current flooded water washing under pressure of the crude terephthalic acid

25 also operates to reduce the amount of wash water, to decrease the content of

residual impurities in crude terephthalic acid, to recycle and recover the acetic

acid, and/or decrease the load on downstream waste treatment equipment. In

another aspect of this invention, the field of this invention relates to a process

for positive displacement of aliphatic carboxylic acids from slurries of crude

30 polycarboxylic acids prepared by oxidation of alkyl aromatics such as

paraxylene, metaxylene, diisopropylbenzene, diethylbenzene and 2,6-

dimethyl naphthalene in the presence of an aliphatic carboxylic acid of 1 to §

carbon atoms wherein the aliphatic carboxylic acid of 1 to 5 carbon atoms is

replaced by water in a counter-current method to permit reduction of the

35 imphrities in the aqueous siurry of crude polycarboxylic acid, in the presence

of a Group VIil metal catalyst and hydrogen, and the aliphatic carboxylic acid

of 1 to 5§ carbon atoms can be recovered for recycle upstream. The field of this

invention further relates to a proce'ss for preparing crude terephthalic acid

-
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esterification can desirably require the use of highly purified terephthalic acid.
In order to be suitable for the production of polyester fibers, terephthalic acid
must be substantially free of any contaminants which lower the melting point of
the polyester and/or cause coloration of the polyester. in fact, some impurities
20 which are contained in crude terephthalic acid are color-forming precursors.
Additionally, some impurities act as chain’ terminators in the process to
prepare polyesters.
All these impurities have not yet been identified. However 4-
carboxybenzaldehyde which is an-intermediate oxidation product and which in
25 the following is abbreviated as 4-CBA, generally is found in crude terephthalic
acid. It is known that the degree to which coloration in the polyester is induced
is less if the 4-CBA content of the terephthalic acid is low. While pure 4-CBA
itself can promote coloring during polymerization, this impurity is a convenient
. tracer for evaluating the degree to which terephthalic acid has been refined. A
30 process which can reduce the 4-CBA content of terephthalic acid reduces also
the content of color-forming precursors. -
From U.S. Pat. No. 3,584,039 issued to Delbert H. Meyer, incorporated
by reterence, it is known that fiber-grade terephthalic acid may be prepared by
. purifying crude terephthalic acid by means of a reduction procedure. The
35 process is essentially comprised of treating an aqueous solution of crude
terephthalic acid with hydrogen in the presence of a supported or unsupported
Group VIl metal catalyst, whereby the metal and the support are insoluble in
the solution under the workina conditions. By this process the amounts of 4-
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carboxylic acid must be removed before hydrogenation of the crude
terephthalic acid. The aliphatic carboxylic acid can act as a poison for the
hydrogenation catalyst.

10 Methods have been proposed for replacement or extraction of the acetic
acid from the oxidation effluent with water. For example, U.S. patent
3,839,436 teaches contacting an oxidation slurry with water, wherein water is

‘introduced into the bottom of a displacement zone, to contact the oxidation
effluent in a vertical chamber to effect precipitation of the product acid through

15 the column of water and to remove an aqueous slurry suitable for catalytic
purification from the bottom of the column. In another example, European
Patent Application, Publication No. EPO 321 272 A1, teaches a process for
exchanging or dispersing a medium of a terephthalic acid slurry by introducing
an aliphatic carboxylic acid slurry of terephthalic acid into a multi-stage column

20 at the upper part thereof and introducing water at the lower part thereof to form
an upflowing stream of water in the multi-siage column, while a sedimentation
of terephthalic acid particles is effected inside the multi-stage column, and
withdrawing an aqueous aliphatic carboxylic acid solution from the upper part
of the multi-stage column, and an aqueous siurry of terephthalic acid from the

25 lower part of the multi-stage column. In the one example, the aqueous slurry
of terephthallc acid contained 30,000 ppmw of acetic acid.

These methods suffer from the problem that they do not comprise a
positive method of displacing acetic acid from the acetic acid slurry of crude
terephthalic acid but rely upon precipitation or sedimentation of the crude

30 terephthalic acid through a column of water. '

in another method, International Patent Application No. PCT/JP
89/00529, International Publication WO 89/11323 teaches washing
terephthalic acid crystals in a rotary vacuum filter wherein a slurry of
terephthalic acid is filtered with suction, the slurry and filtrate being maintained

35 under pressure to keep the temperature and pressure at levels which prevent
the filtrate liquor from being supersaturated and thus clogging the filter
member. Suction filtration is performed and the terephthalic acid crystals are
lifted out of the slurry, as filter cake as the filter member rotates, the siurry
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with hydrogen in Rthis theretorecanf objestigfothisdnvention ugpprovide a. method for

15 displacing acetic acid from a slurry of crude terephthalic acid in an acetic acid
medium wherein the acetic acid is displaced from the siurry of crude
terephthalic acid by a positive displacement method using pressure filtration of
the crude terephthalic acid slurry in a method of counter-current flooded water
washing, - also termed plug flow washing, of the filter cake, followed by

20 reslurrying of the crude terephthalic acid in an aqueous medium suitable for a
reduction process in the presence of a Group VIiii metal catalyst. The
concentration of acetic acid retained in the filter cake is equal to or less than
5000 ppmw. -

It is an object of this invention to provide a method for displacing acetic

25 acid from a slurry of crude terephthalic acid in an acetic acid medium wherein
the acetic acid is displaced from the slurry of crude terephthalic acid by a

. positive displacement method using filtration of the -crude terephthalic slurry
wherein the concentration of acetic acid retained in the filter cake is equal to or
less than 5000 ppmw without the need of a drying process to remove the

30 acetic acid in the filter cake by evaporation through application of heat.

It is further an object of this invention to provide an improved process for

' preparétion of crude terephthalic acid by oxidation of an alkyl aromatic in an '
acetic acid medium wherein the crude terephthalic acid prepai"ed thereby has
-a concentration of retained acetic acid equal to or less than 5000 ppmw in the

35 absence of application of heat to drive off retained acetic acid from the crude
terephthalic acid product.
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medium in the presence of a Group VIl metal catalyst and hydrogen. The
crude terephthalic acid in the acetic acid medium is pressure fittered in a
10 positive displacement counter-current method, using water to displace the
acetic acid in a procedure of flooded water washing under a pressure gradient
of from about 0.5 psi to about 65 psi over the system pressure to form a
washed filter cake having a retained acetic acid concentration equal to or less
than 5000 ppmw. The washed filter cake is thereupon slurried in water for the :
15 reduction procedure. :

In an embodiment of this invention, an alkyl aromatic, such as

paraxylene and/or paratoluic acid, is oxidized in an acetic acid medium with

20 molecular oxygen in the presence of a catalyst system containing bromine and

one or more heavy metals such as cobalt, manganese and the fike. Although

this method is well-known in the arnt and is commercially used, the oxidation

- reaction results in impurities which must be removed or rendered colorless to

obtain a fiber-grade terephthalic acid. The principal use of captive and non-

25 - céptive terephthalic acid is and has been for the manutacture of high
molecular weight polyesters for fiber and film manufacture.

From U.S. Patent 3,584,039, it is known that fiber grade terephthalic

acid can be prepared. by purifying crude terephthalic acid by means of a

reduction procedure. The process is essentially comprised of treating an

30 aqueous solution of crude terephthalic acid with hydrogen in the presence of a

supported or unsupported Group Vil metal catalyst wherein the metal and the

suppott are insoluble in the solution under the working conditions. By this

process, intermediate oxidation products, such as 4-carboxybenzaidehyde (4-

CBA) and other coloring impurities in terephthalic acid are reduced and form

35 removable or coloriess products. Purified terephthalic acid is then recovered

- by crystallization and dried. :

Although the above procedure has various advantages, problems

remain in, that the acetic acid in the oxidation procedure needs to be
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Despite the above solution to the problem of separating crude
terephthalic acid from acetic acid, an efficient separation of crude terephthalic
acid crystals from acetic acid and the preparation of the crude crystals in a
form suitable for hydrogenation can require a filtration or centrifugation
20 procedure, a drying device and a storage procedure. Equipment costs can be
significant and each step can invoive attendant equipment problems. “There
are thus strong incentives to simplify the procedure and reduce equipment
costs. | -
- In the process of the instant invention, the crude terephthalic acid
25 crystals in the acetic acid medium from a crystallizer are filtered to develop a
filter cake about 0.5 inch in depth, preferably to about 2 to 8 inches, the mother
~ liquor being recirculated to the oxidation reactor. Upon obtaining a preferred
minimum height of filter cake, about 2 inches to about 8 inches, the stream of
acetic acid slurry containing the crude terephthalic acid crystals is interrupted
30 and replaced by a counter-current water stream at a pressure gradient over
the system pres'sure. sufficient to cause a reservoir buildup of water over the
level of the filter cake sufficient in depth to cover the surface of the filter cake,
preferably to a depth of about 0.25 inch. The applied positive pressure over
the. system pressure can be at a minimum positive pressure sufficient to
35 displace the acetic acid from the filter cake by water of at least about 0.5 psi.
Preferably a pressure over the system pressure of from about 5 psi to about 65
psi is applied to the water stream to displace the acetic acid from the filter cake
in a positive displacement method. Systerrj pressure can be atmospheric
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and hydrogen to prepare purified terephthalic acid.

it has been found that counter-current positive displacement of acetic

acid in the filter cake using water as the displacing medium in a filtration cycle

10 permits an efficient exchange of the acetic acid solvent from the oxidation

~ reaction for a medium comprising water as a major component with recovery
of the crude acid from the slurry of acetic acid and terephthalic acid. The
positive displacement of the acetic acid in the filter cake removes the acetic
acid from the terephthalic acid and replaces the acetic acid by water.

15 The amount of an aqueous acstic acid solvent which can be retained in
the filter cake of crude terephthalic acid before counter-current washing can be
in the range of from about 8 wi% to about 20 wt% of the total weight of the filter
cake, typically about 9 wt% to about 12 wt%, of which 90 wt% is acetic acid
and the remaining 10 wt% is water.

20 Because of the size of the crude terephthalic acid crystals and the
tendency of the terephthalic acid in the filter ‘cake to retain acetic acid, typical
filtration techniques are unsuitable to remove completely residual acetic acid
from the filter cake, requiring the inclusion of a-drying step. Although the size
problem can be overcome by use of suitably sized filter cloth, filtration and

25 water washing is typically unsuccessful in removing acetic acid wherein a
vacuum is used or wherein pressure filtration is used without use of a method
of plug flow washing or flooded water washing. - Such vacuum or pressure
filtration procedures result in the channeling of the cake and the water wash
does not penetrate the cake.

30 [In the process of the instant invention it has been found that unexpected
efficiencies of removal of acetic acid can be obtained by counter-current
pressure displacement washing of the filter cake comprising crude terephthalic '
acid. Acetic acid in crude terephthalic acid can be reduced to 5000 ppmw, or
less. Utilization of added stages of pressure counter-current displacement

35 wéshing decreases the amount of water required as a result of the counter-
current washing procedure.
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of water required to reduce the leve! of acetic acid (HAC) in the dry cake to

15 1000 ppm acetic acid is significantly reduced, as follows:

Total H,Q Recycied: HAc in Dry Cake

Ibs HO/lb TA - No, Stages ' ppm
0.567 1 1000
0.231 2 1000
0.133 3 1000
0.090 4 1000
0.066 5 1000

As indicated, the concentration of acetic acid in the filter cake can be

reduced with a minimum amount of water added to the process by use of

20 additional stages of positive water displacement. For example, the addition of
~ 0.133 Ibs H0 per Ib of crude terephthalic acid with three stages of counter-
current positive displacement washing can reduce the concentration of acetic

acid to 1000 ppm. “With two added stages of counter-current positive
displacement washing or a total of five stages, the concentration of acetic acid

25 can be reduced to 59 ppm. Similarly, if 0.133 Ibs of water per Ib of crude
terephthalic acid are added to the process a reduction of stages of from three
stages of counter-current _positive displacement washing to one stage causes

the concentration of acetic acid to.remain at a level of 22,587 ppm, but if 0.133

los of water per Ib of crude terephthalic acid are added to the process using
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10

15

20

- 25

30

35

it is essential therefore that a suitable number of stages of counter-
current positive displacement washing be used to minimize total water used in
displacement washing. Accordingly, for the process of the instant invention for
positive displacement of acetic acid from mother liquor retained in filter cake of
crude terephthalic acid to obtain a level equal to or less than about 5000 ppm
in the cake by filtration, a multi-stage counter-current filtration of the crude
terephthalic acid is used.

An acetic acid slurry containing crystails of crude terephthalic acid is
introduced into one or more of a series of filter cells physically situated to
permit a filter cake of requisite thickness to develop by passage of a stream of
the slurry of crude terephthalic acid. The flow of the slurty of crude terephthalic
acid is thereupon interrupted and replaced by a water stream to permit a.
reservoir buildup to a requisite level. Pressure is applied thereupon to the
water stream to displace the acetic acid in the mother liquor retained in the
fiter cake by positive pressure. Upon displacement of the water reservoir
through the filter cake, the filter cake is discharged from the filter by suitable
means and the cycle is repeated. The washed filter cake, upon discharge from
the filter, can be re-siurried in water to form an aqueous solution suitable for
purification by hydrogenation.

A cake depth of terephthalic acid of about 0.5 inch to about 8 inches is
suitable. The preferred range is from about 2 to about 8 inches. A filter cake of
sufficient thickness to fumish a wash vehicle, i.e., the filter cake, from which a
solution containing a solute can be removed efficiently by displacement
washirfg is required. If cake depth is less than about 0.5 inch, retention of
acetic acid by the filter cake can occur despite application of wash water
because of channeling of wash water through the filter cake. Because of the
loss of efficiency in displacement washing of the filter cake by water to remove
a solution containing a dissolved solute, a minimum filter cake depth of about
0.5 inch of purified terephthalic acid is useful. As indicated in Example 18,
washing eﬁiciency is improved by increased cake thickness. -
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medi umin the presence of a Goup VIII netal catal yst and h d en. The
“crude MWOOBMABASI ic acid in the acetic acid nediumis press PRO2809 i n a
10 positive di spl acement counter-current od, using water to displace
the acetic acid in a procedure of f1 ooded wat er washi ng under a
pressure gradient of fromabout 0.5 p5| to about 65 psi over the

system pressure t for.m a df||t cake h aretal ed acetic
aci d concentrati og upimum jayjd %E’? %@%oﬁ”%% g&@oe‘ﬁqrﬁer
cake is t hermaocdlsplbnemem washiag occlirs. t'rms Teightemuwst |bransmﬁcmduoeensure

arkyl  ar omat {1t 8¢ &Rk Slrtace is compister) (AeRd TG It 196 Bald Witdcds *"

oxi di zed i n not coverad with mmhypasanmof rthecwashr hQqug@ﬂnl accue withaudnce

of a catg yS@ﬁbstse.spaé gnﬂ] oﬂﬁ(ﬂﬁﬁ?‘*ﬁom the ifitéfioP of tY wﬁ d&'ﬁké' s
h b
wel |- Known_ 9f FrRSUIRGRIn fhe cokesHEioR) 3 MIBFTLM fiquisegin 9§2£me cake of

reaction resgbagt 14" isproterre@s Whi ch nust be removed or rendered col orless

capti ve and non- EguiER (2 hafirhing dhe eabiNi o/cls fAn. E5iBEke 1 Beihs o
manuf act ur e ﬁlterhn:qjls maintained incasuitable position! tpeparenit af waterifivod tondevelom
(' bor - oridhe’ PYRrine, fiar cats™ Silabis odiibight Son Sririve b rofety (AT ahelith
terephthal i crrwmie Hiltefecalls, @nd:fitted with smeans &or ¢$§B€tﬂlﬂ§ wasi@e fiter cakes
essentially ﬁeﬂ?!héﬂe?fcélfseab&ﬁrﬁﬁnaﬁﬂs éﬂ#?@ﬁ\ﬁrﬁ@'fﬂi lifPoicig U8 Sstream
terephthal | chr%bﬁsmgt cr:]ruh e tergphthapc tarc]:td ?rg ea?legggtlc ac% medium, mterruptmg the
stream to permit introduction of a water stream to cause development of a
15 water reservoir over the filter cake, applying pressure to the water stream to
cause positive displacement of the acetic acid in the mother liquor retained in
the crude terephthalic acid, repeating the development of a water reservoir
over the filter cake for as many counter-current passes as required to develop
a minimum concentration of acetic acid in the filter cake and dnschargmg the
20 washed filter cake from the rotary drum filter.

A suitable rotary drum filter which can be adapted to the requirements of
the instant invented process is a BHS-FEST (™) pressure filter, BHS-WERK,
Sonthofen, D-8972, Sonthofen, West Germany, although other filters which
can accomplish the required cycle of operation can be used. A belt ﬂlter such

25 as is available from Pannevis, bv, Utrecht, Holland can be used.

In the operation of the BHS-FEST (™) filter, a rotary drum contains a
series of filter cells located on the periphery of the rotating drum. As the drum
rotates, the filter cells receive an acetic acid slurry of crude terephthalic acid
and a filter cake builds to a requisite depth. Upon rotation of the drum, the

30 cycle continues by interruption of the feed stream which is replaced by a water

~ stream under pressure to build a reservoir of water over the filter cake to a

required depth. Upon further rotation of the drum, the pressure applied to the

water reservoir forces the water through the filter cake to displace the acetic

acid retained in the crude terephthalid'add. Upon further rotation of the drum,

35 the washing is repeated at least one time, using wash water from a previously

washed filter cake in a counter-current procedure, after which the filter cake is
discharged from the drum by appiica’tion of an inert gas under pressure.
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suppor&ach?gsdg_gsuppﬂni&iﬂet&maanmplahedn‘et al cat al.yst wher ei g%ﬁﬁ%gﬂ”and

t he ort a the solution under th
..conditions. By this m;lmm I nterregy at e oxi dati on products, such
as 4-carboxybenzal de - CBA) and other coloring inpurit ies in
terephthalic acid are reduced and form 35 renovable or colorless

products. Purifi qfi'lgtgrl B '&ﬂ(eaﬁbtﬁaitﬁngpﬁ'}or&qﬁﬁ"tﬁ&habout 506(1 pPMW of

crystallization an hou ove proce

various advaeetigeaciddnothe:grude terephthalic _Gig) is Hes Q"ﬂ@da@ewaéefalﬁ dorm ahe
oxi dati on peaRAibW WhersiA thé Tri€e terephthalic acid is hydrogenated in the presence
REPLACENMENT ?'?-nydrogen and a Group VIl metal catalyst, as taught in U.§. Patent
26 FEB 19979
- subst ant$ al 8y584;089¢ihdorporatée hereimpby (reférenceitd éxsmplifythér preparaiiom of
Acetic purified terephthalic acid from crude terephthallc acid containing 5000 ppmw,
or less, of acetic acid.
Although the above description of the prooess of the instant invention
. has been directed to the multistage counter-current positive displacement of
10 acetic acid from mother liquor in the preparation of an aqueous solution of
crude terephthalic acid, the instant invented process can be applied to the
displacement of any 1 to 5§ carbon aliphatic monocarboxylic acid from a slurry
of crude polycarboxylic acid wherein the said crude polycarboxylic acid has
been prepared by oxidation of an alkyl aromatic. Examples of such
15  polycarboxylic acids include trimellitic acid, isophthalic acid, pyromellitic acid,
and 2,6-naphthalenedicarboxylic acid. -
The following exampiles illustrate the process of the instant invention but
are not intended to limit the scope of the instant invention.

20 Example |
- The foliowing example illustrates éing1e stage displacement washi'ng
with water to remove acetic acid from a slurry of crude terephthalic acid.

Laboratory filtration experiments were performed in a 350 mi cylindrical
glass funnel under vacuum. An 80 micron coarse fritted disc was at the bottom

25 of the funnel. Funnel diameter was 3.25 inches. Crude terephthalic acid was
used as a mean particle size of 145 microns.

A slurry of crude terephthalic acid and solvent, 90 wi% glacial acetic
acid, 10 wit% water, was poured into the funnel. Vacuum, 560 mm Hg, was
applied and the liquid was allowed to drain. The slurry was added

30 continuously so that a free liquid level was maintained above the cake forming
in.the funnel. After the desired cake height had built up, and the free liquid
had disappeared from the cake surface, the vacuum was held for an additional
20 seconds and then disengaged. A filter paper was then placed on the cake
surface to prevent channelling. The wash liquid was poured into the funnel to

35 create a free liquid layer above the surface. The filter paper was removed and
the vacuum again initiated. Wash liquid was added continuously to maintain a
free liquid layer above the cake. After the last of the wash liquid disappeared
from the cake surface, vacuum was applied for an additional 20 seconds. The
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acid can act as a poi son for the hydrogenation catalyst, thus reducing
‘catal yw0 92/18453 fe. The separation of the acetic acid froméUS%?’GWhal ic
acid by . centrifugation, or filtration 3 d drying can involve | oss of
the acetic acid unless 5 acetic acid recav ay' systens are utilized.

I'n the separation and hydrogenation of crude terephthalic acid from

acetic .acid,- see EPO 321 272 Al, one thod t'hat . has,heen e fo |
exchange a GVWM@S then ramayedsthe "Fﬂ'ec‘?ﬂ aats Eﬁ’& gr@’hg SBHFI?QH c
‘acid from a“saiﬁpiéé were emélyﬁed nofli solids!, wetidss {% diquoy),uandgacetic acid

mul ti-stage 10 ? lﬁm‘l dj sper.se the crude crystals in water to obtain an
aqueous sl ur¢dn Qﬁ“ra on ¢ 8t hal i ¢ acid contai ni ng 0.03 parts by wei ght of

acetic acid, 30, OSRImomoncerltrat'Bl'emldduwts%urrl?ressurbedlﬁpdemjﬂnbebdem

contect 8 UVAHEAS Bl pressud g T IHE AR 163 6 spiporPmigacs

-process of tsnagenmumercurwnomashmgmas simulated tby: retaining §fﬂueﬁt from ﬁaﬂh

5000 ppnw. Gﬁﬁsswb?' SWasH.ion to the probl em of
separating cr 38 and usmg@??; aci rom acet ic acid, an efficient
separation of cru@@tﬂ'@r%’ﬁﬂﬂh acid crystals from acetic acid and
the preparation of the crude crystal s ina formsuitable for
hydrogea&/ on can require a filtration or i,f ugati on-20 procedure, a
drying ice and a storage procedure. Eq %t’ costs can be '
si.gnificant and each stAQGETIC iACID vDISPLACEMENT uBYcMULTISTAGE There
are thus strong incentiv Y r d qui pnent
costs. In thgﬁ[‘)‘tr%ié@igpqﬁ lcrgli'lﬁ?gt MVe |ﬂlo'!1‘9 anbe ude T

terepht halic aci d

' Acetic Acid
Feed, wt.% Displaced, %,
3 Washes

Exampjs_un.smca!se_mhgsumﬂ:lgg

2 HAC/H,0 2.25 '90/10 94.2
3 HAC/H,0 .2.25 . 90/10 88.5
4 HAc/H,0 2.25 80/10 84.8
5 HAC/H,0 225 90/10 87.0
6 HAC/H,0 225 - 90/10 87.0
7 HAc/H0 2.25 90/10 88.1
8 HAc/H,0 225 86/14 97.0
9 HACcH,0 1.13 - 86/14 98.1
15 R Example 10

The following example illustrates multiple stage displacement washing
with water to remove acetic acid from a siurry o_f crude terephthalic acid.
Pilot plant filtration experiments were performed with a pilot rotary drum
pressure filter manufactured'by BHS-FEST™. Total filter area was 0.12 m2,
20 The feed to the filter was created by slurrying crude terephthalic acid with a
mixture of acetic acid and water. The crude terephthalic acid (TA) used had a
mean particle size of 175 microns.
A slurry was created which consisted of 43 wt% solids. The mother
liquor consisted of 90 wt% acetic acid. Initial residual acetic acid on cake was
25 caiculated to be 1,193,000 ppmw on dry TA cake. . The slurry, approximately
200 gallons, was heated to 190°F in an agitated kettle. A slip stream from a
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';'25“ Cr Wb 18433t he acetic acid mediumfroma crystallizer Fiﬁ?ygﬁ%@%ﬁﬂttg

devel op a filter cake about 0.5 inch in depth, prefe

.to 8 inches, the nother | i quor being.Megcirculated to the oxidation
reactor. Upon obtaining a preferred m ni rum hei ght of filter cake,
about 2 inches to about 8 inches, the stream of acetic acid slurry

contai ni ng t-panfp-deuricclodp Wis diveritd Wn@ioi'fﬁteks THY §Fé§éﬁ?&%f this s@'%%’"
repl aced by a counter-current ter streamat a pressure gradient o
the system p?"@§s‘€9"5f°"§91ﬂ?)1 %ib@ﬁﬁﬂﬂrﬁsiq{ﬂiégﬁla?@'servoi r bui'ldup of water over

ne Sy R ! b :
g f et . g\r/e ofThefstufry Ierrngérggglgle BHE-FES Pfilied, WRtRthe mﬁeﬁgaﬁ rreﬁhﬁq@ gﬁé ace

k f t dept.,h .of _about 0.2 !
appl i ed posi W@%a%pe@glﬂ‘g diquor g?'ﬂghg‘?)&’bﬁq)ﬁ@gggp&h (‘,%fnc‘bge%&f’na The
M ni num Sosi cake formeduhad safiéight of dpprofinatelys 20ammt haHc ilter eleindnis oM

o e o e P51 cakp e 581 ro i Glosmssivpy, 8k 6 ore
psi is appl i 5t washhzone @-secand-diy zoned iassecond wash zonej andai thirbrdnynzone.
filter ggﬁgrirge watef federléif wds'6f & dBpii?6f UFSincik! Washing Wik Hetiotiiel 6"
positive displacement pumps using distilled water heated to 190°F for each
10 - wash. Drying was performed by mass flow controllers using dry nitrogen.
Wash or dry flow rates for each zone were independently set. After the third
dry zone, the cake was discharged by a combination of cake blowback and
spring-loaded knife. Residual cake in the cell was then removed by a cloth
rinse using distilled water. Each filter cell was then rotated to the feed zone
15  where the entire process would begin again. . |
Cake analyses of the discharged cake were made by gas
chromatographic analysis to determine the residual acetic acid content of the
cake as well as the cake wetness (% liquor).

Details are in Table 1i.
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pressure or at ‘a positive or negative differential fromatnp ﬂgric
'pressuMéO92/18453I'he wat er -washed cake of crude terephthal i c Fd/FS9%/02909
t her eupon di schar ged fromthe filter tqea slurry tank vvhereln ‘
additional water is added to forma slurry. System tenperature is
typically at an el evated tenperature within the range of 5 from about
65. 5C ((150[err]F) to about 191[err]C (375[err]F). The crude terephthalic
acid is thereupon hydrogenated in the presence of a Goup VIII netal
catalyst  _ and hydrogen to prepare purTABRE #lerephthalic acid.

It has been found that counter-current positive displacenent of acetic
acid in the filter cake using water as the dis IaC| medi umin a

filtration cycle 10 pdAGETICIACID | RISRLAGE tMUla'E@TkG&i d

sol vent §grom the OX'dat'WAsmNGea#'e upEe tremslpmwnmlamm water as a
mej or component with recovery e crude acid fromthe slurry of
acetic acid and terephthalic acid. The posi tj e di spl acenent, of the
acetic acid in the filter cake renpvE@K@he acet§t& 2nd w d f ad dry
terepht hal i c Examried Speedcmm: hdloedbimin,ci - IR{mig.aater 5

anount of an anﬂaus acetic acid solvent which can be retained in t he
filter cake of crude terephthalic acid before counter-current washing can
be in the r1qnge of fmogn about 85@B6to about PABHM % of the t & ¢l

wei ght of the f|| 0"ake typ| y about 9 % to about 12 % of
which 90 wt%is ! etlc acil and remai nin W% is water: " 20
Because of the 4i%e of thd.@rude ter5pﬂﬁ hal i c aci d0&0ystal s and t gl

t endency of the t4erepht haQ acid i 6% filter ca%%éo retain acgic aci d,

'\

typi cal fi I tration téechni ques are unsw table TO renobve conpl etely
resi dual acetic1&id 2.4 10.11 5.1
16 2.4 10.11 0.99 5.1
17 2.4 10.11 1.45 5.1
Feed
pressure wash rate 3rd dry cake wetness

Examn!e_ns.m_lbtlb_cake,SQEH_Ngm_b_Jan

11 5 0.247 o217 11.6

12 5 . 0.427 21 12.0
13 5 0.119 21 13.0
14 . 10 0.200 21 12.9
15 10 0.285 21 13.9
16 10 . 0.098 21 - 15.5
17 10 0.143 21 14.4

Residual Acetic acid  Mother Liquor Displacement
Examn.le .nnmmm__e.t_cake v,

11 4340 80.4
12 2690 84.8
13 5570 79.0
14 12800 | 68.1
15 9800 ' 73.1
16 51600 41.6

17 27300 . ' - 55.9
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“fromth J;JIE%Pcake, requiring the inclusion of a drying ﬁ%ﬁﬁuﬁﬁ}tﬁ?@@h

the siz obl em can be overcone by use of suitably si
.cloth, filtration and 25 water washing is _tygically unsuccessful in
renoving acetic acid wherein a vacuumis used or wherein pressure
filtration is used without use of a nethod of plug flow washing or
fl ooded wat er washi ng. Such vacuum or pressure filtration procedures

“result in the channel [ ng of the cake mt er wash ~does not .
penetrate the cake. In the the instant i n}/egtcgflncl Eatm ;
Can be_obt i ned B?rheoﬁﬁiéﬁnmmpne astrafges 30, 1ed 4 G bRIGHico| wasio1
“the filter cefficieroyofiaoete avidide terephthalic ‘aci d. Acetlc acidin
il zatt 3&’“2?%&@&%@&&%@? opFRlSC Sreres apttarted Wit aqlent i testing
washi ng decr apparatusie Theofilter consistedrofrafilter screen helddaplace witth©-rngsaer -
CRlégLi?:tElvgal\rsrhg% @ﬁ@ﬁ?%‘l‘réa stfunless steel cylinder. The cylinder was jacketed, which
allowed the experiments to be conducted at elevated temperature. The
cylinder was also designed so that it could be pressurized. .
The experiments were conducted by pouring a 43 wt% terephthalic acid

10  slurry in 90% acetic acid into the apparatus. The slurry was allowed to heat to
190°F. At the start of the experiment, a vaive on the bottom of the apparatus
was opened and the mother liquor drained, forming a cake. The filter was then
depressurized and an amount of wash water added to the filter. A spatula was
used to direct the water to the side of the filter apparatus so that the cake

.15 surface would not be disturbed. The amount of water used was equal to 1/3 of
the weight of the wet cake. The filter was then pressured up to the same
pressure at which the cake was formed and the wash liquor drained from the
cake. The cake was then blown dry for a period of time equal to the time
required to form the cake. :

20 Cake analyses were made to determme the residual amount of acetic
acid retained by the cake. It was found that wash efficiency (as measured by
retained acetic acid) improved as cake height increased. Details are in Table
1ll.

TABLE Il
25 _
Forming Pressure Cake Height Acetic Acid on
Example psig mm Cake. ppmw Wet Cake
19 5 20 . 12700
20 10 22 12300
21 20 69 7250
22 40 73 7080
23 20 99 ‘ 5590
24 40 102 | 5960

25 40 138 5410

Note: 25.4 mm = 1 inch
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. Count wio g2m 8453t mss L0 I S.08)j0gd as washing a series of POIVUS92/029d9s
containing filte ach filter cell is washed successively in
reverse orderi HHWBEI} cont ani r1até on. For exanple, the
addi ti on of water by the nethod of 5 counter-current

positive displacenent can reduce the | evel of acetic acid retained in
the cake to-1000 ppm acetic acid Hxample28 of water required to

obtain a retai T 'igNeWin] SRAMPRYTMREIRNES | MM istab@SEBIRfbrauridi USe

the  CleORSamAE, WBSNIAg Witk aterid Emave acelle aciofiam a-gkiry alamede Thos
in the 10tgrepkthatiorackd. use of only one stage of positive displacenment
S on by oSty ORGP 45 i il 5, 8PS e RS BbP 8”0
reduce t hfed tov el BHS-EEST(®™)arotary pressare filtter @ l6:1tib/minOflowprate V80 Hpsig
ol rea DigsBDlR B 1605 SoAmtle) S BHS FESTEU e i, Shplfied 1o,
1000 ppm Separate the solids frognthe motherliquor.wash the salidscountercurrently ot al
n[zg L] ?A':ﬁﬂé'sﬁﬂg.esNgry fp femove excess rftois..t%re.'ﬁ"q'.‘&?nd ?li&fﬁér&éktﬁe golids at | bs
1 10 atmospheric pressuseg ‘?he filter housing is gwnded into seven chambers to

perform five different operations - cake formation, countercurrent displacement

wash (3 chambers), cake drying, cake discharge, and filter cloth rinse. The

fiter drum, operating at a speed of 0.5 rpm, is divided into twenty filter cells.

The total filter cloth area available on the drum is about 1.3 fi2,

15 As the filter operates continuously, all of the operations - cake formation,
countercurrent displacemer_it wash, cake drying, cake discharge, and filter
cloth rinse - occur simultaneously. The operation is described by iliustrating
the history of one filter cell. .

. The filter cell rotates into the cake formation chamber. The feed siurry,

20 containing about 43 wt% TA solids, 198°F temperature, and about 90 wt%
acetic acid in the mother liquor is pumped continuously into the chamber at 30
psig pressure. As the filter cell rotates through the chamber, the solids build
up on the filter cloth to a 1 inch cake thickness. The mother liquor'passes
through the filter cloth into an internal pipe in the filter. The pressure of the

25 mother liquor in this internal pipe is about atmospheric pressure. The mother .
liquor is recycled back to the process by pumping.

The filter cell, now containing a formed cake, leaves the cake formation
chamber and rotates into a series of three wash displacement chambers
operated countercurrently. The first wash chamber uses wash which is

30 pumped from the discharge of the second wash chamber. The second wash
chamber uses wash which is pumped from the third wash chamber. The third
wash chamber uses clean water pumped continuously into it. The discharge
from the first wash chamber is recycled back to the process by pumping or may
be sent to a dehydration tower to separate the water and acetic acid, the acetic

35 acid being subsequently recycled back to the process. The temperature in
-each wash chamber is about 200°F. The filter drum is steam heated to ensure
‘temperature uniformity of the washes. The pressure of each wash inlet varies
between 8 and 15 psi above ambient pressure and is the amount of pressure
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Q.2 2 1 : . 133

.1000 0.066 - -175 1000
As indicated, the concentration of acetic acid in the filter cake can be
reduced with a mni mum anount of water added to the process by use of 20

of 191! | ARl B NGl i BRCAGRIRS el UeOR IS b il "
of count er - stage toube muslwsthrough cthgdpu@wmmstaagsm'l?t@ dischargr dewmeac
concentrati CWaéﬁ s?éféé is etfactively iefl étﬁlo% ﬁgrlélﬁ?bséﬁrbh THE C?é@f?d\lﬂéﬁ?ﬁ&

count er - curr or a total of

stages, t he t gﬁfi rséﬁgﬁn'sofh‘ﬁ:éﬁﬂﬁe‘gcmdaﬁvyaw@a g’é‘ ous Stages; gndo vignthe
Simlarlg, léﬁébtllfaaehbwfcmsphbemqm waghing, effectively removeseaddtiteacid fromd

are added t ss a reduction of stages of fromthree st ages
of counter- 38&?@3?%%“% di spl acement washi ng to one stage causes

the concentrationThé washed cakel in thecfilten call ieavesithefdisplatementwash i f
D L32 o B Bh8orkérs 1 Sl bR R Comgibéod ifort el @ 1 e
prassure of about 20 psig, is introduced continuously into the drying chamber
10 to remove excess water from the filter cake. This excess water is combined
with the discharge from the third wash chamber and is used as the feed wash
for the second wash chamber. '

The filter cell then rotates from the dfying chamber into the cake

discharge chamber. The cake is discharged from the filter using a spring
15 loaded knife blade at a flow Tate of about 3-Ibs/min. The final cake has an

acetic acid concentration suitable for further purification. The final level of

acetic acid is dependent upon the water addition ratio, or ratio of water

recycled back to the oxidation procesé to the TA cake prepared for further

purification. The amount of clean water used in the third wash chamber is
20 directly related to the water addition ratio.

After discharging the cake, the filter cell is rinsed with water in the fitter
cloth rinse chamber to remove any-traces of undischarged cake. The filter cell
then enters the cake formation chamber and repeats the process.

Data for relevant experiments are indicated in Table [V.
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-.9- . wo 92/184s3 St ages of counter-current positive displ acF&&tésﬁggz%gg,

t he concentration of acetic acid in the cake is as fo

22,587 ppm HAc after 1 stage -18-4,541 ppm HAc after 2 stages
5° 1,000 ppm HAc after 3 stages o 242 ppm
HAc after 4 stages 59 ppm HAc after 5 stages

It is essentd al .therefore that a suitabl ?A@L?j{v of stages of counter- 10
current positive di sgl acement washing be used to mnimze total water used
in di spl acenenfetipEnanee ohBHS-FEST Filter for (Thwee Stage Casntetcariens t ant
i nvention for posi tive displ acenppiashingiceti ¢ acid from mother |iquor
retained in filter cake of crude terepfthalic acid to obtain a |evel

equal to or |ess than gbout 5000 ppm in the cake by filtration, a
nul ti - st age counteh%u apion diAGnLake de 5§ltereph haléac aci d
is used.  Examole No. AN . acé&ﬁurry B ai ni g, al %‘f‘ﬁgﬁ de
terephthalic ar::‘i,?:l ios_ pet |Antroduced i nto one or n‘&?‘g of&g{’ ST PR a'yfilter
cell s physic y situated ermt a_filter cake of requisite

t hi ckness toa% vel op by%p%égﬁge 015%51 streaﬁgg t+9s| urry 3@ 4cr ude .
terephthalic 28id. The 10.3406f th&0slurry 2800rude terzphthal i @gd@ acid is

t her eupon i ntggrupt ed arbc.jzéfgl ace%oby a \Aaégbost re§m1t£0perm t 2%40

30 0.2633 50 3300 12.3 3762
31 0.2667 50 2300 121 2616
32 0.3266 35 3800 119 4313
33 0.2786 20 3500  12.0 3977
34 0.1573 20 4000 15.4 5361
35 0.3211 20 1700 13.6 1967
36 0.2607 20 3200 11.7 4086
37 0.3260 30 2000 12.6 2288
38 0.2581 30 4500 121 5119
39 0.2549 - 30 3000 12.0 3409
5 R
10 -
* Ib. water recycled to the p-xylene oxidation process which must be

removed (by djstillation) per Ib. TA processed by the filter.
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..retained In the

“Ireservoir bui dup toa e UISIt Pressure is applie on to .
““the wo\%{léﬂs%treamt lﬁm Itﬂ' Emﬁl) etic acid in the n%EhBT%gﬁr‘%ﬂg?

t| _\fy pressure. Upon di spl acenent of
"the water reservoir through the filter cake, the filter cake is
di scharged fromthe filter by suitable 25 neans and the cycle is repeated.
The washed fv%l;caé ake, upon di scharge from the filter, can be
re-slurried r to forman agueous sol ution suitable for '
purification by Hydro@epmaess for the preparatnomo&a(erwbmn@nmtla polypariaxylic

d of ab
?glngeol saf ?%Enh'og #R@@ #o%&&!ﬂ%ﬁpn%@eﬁmﬁuq? Yo caLﬁh’l Fo 50 !%?J&&ent
t hi ckness t@cfd,um $he prasence ofi an aliphatic carhexylia agid gfiabout (L0 @hait &
sol uti ong coghpddH afblﬁs%'pfbaa?@&ni& gmﬂsb l&'éﬁl@'ﬁﬁé‘l’emodhéﬁhﬁémm

o 10 3o bhe calighatie, oo, arid. dne othed Bt deteina B ths: Gde
wash wat er pol carbquhsacndfas cdqual etbi owless thanhabatit-5000 rpprow, tbaset Up m
il ter BESEE pLfhe’Grude BGlyBartionyig <E8F bredhrft, Y 2T ﬁﬁ@y@?&dt "
solute, a mmawadebyvater.adpclmmcess(mmpnses 0.5 inch of purified
tefe][ ﬁgrte{rgl/l |Csa|C ovew n%ﬁasg% caf W arématic poly&@ﬁiﬂx?ﬁc
acid i a mothe liquor comprising an allphatlc carboxyllc acid having from
about 1 to about 5 carbon atoms into a filter cell or a series of filter celis
maintained in suitable position whereby each filter cell develops a filter cake in
the filter cells upon introduction of the slurry into each filter cell;
15 (b) interrupting the stream of the slurry into each filter cell upon
development of the filter cake;

(c) introducing a water stream into each filter cell so as to form a
reservoir of water in the filter cells sufficient in depth over the filter cake to
cover the filter cake and water pressure is in a range above system pressure

20 sufficient to displace the aliphatic carboxyllc acid by positive pressure
displacement from the filter cake;

(d) displacing the aliphatic carboxyhc acid by posstwe pressure
displacement from the filter cake;

(e) repeating steps (c) and (d) to successnvely wash filter cake in

25 filter cells having successively increasing content of the aliphatic acid in a
counter-current method to wash filter cake in each filter cell in reverse order to
degree of contamination by the aliphatic carboxylic acid; and

' 4] discharging the crude aromatic polycarboxylic acid containing
* 5000 ppmw, or less, in retained mother quuof of the aliphatic acid from the
30 series of the filter cells.

2.  The process of Claim 1 wherein the alkyl aromatic hydrocarbon
is selected from the group consisting of paraxylene, metaxylene,
diisopropylbenzene, diethylbenzene, and 2,6-dimethyinaphthalene.

35 '

3. The process of Claim 1 wherein introduction of the water stream
of step (¢) and displacing of the aliphatic carboxylic acid of step (d) is repeated
to decrease concentration of the aliphatic carboxylic acid in the filter cake to

This Sheet Has Been Replaced . _ . TH‘S < e BEEN
T




'preferwgéyWQ%sureﬂlmr“mﬂlwglﬂ mtg%n?b\?\gghf ES g?ﬁﬁr?ﬁ‘%ﬁi@%@?&% must

be sufficient to en t the cakgogurface is conpletely covered
“with liquid. If the cake surface is not covered with water, bypassing
of the wash |iquor can occur w thout conpl ete di spl acement of not her

cake sur 1 achboll 3qUeF pfv. % f%igﬁﬁd @Fﬁ@”ﬁ%'%ak%fﬁ de’ BRI ] ' "
preferred. present, whereincsaid filen is washed in e cauntesourent metlad.e can

conprise a seriés of filter cells maintained in a swtable position to

permt a water rood devel op 1 ver the fi]Jter cells. bl e
equi pment can cdhpris %R’QF@#%/OH&HN ﬂl‘f’é?fqmtthe alkyl aromatig by racaghon

Cﬁ' | ? | gnd i§ip léﬁiywd& 2 afip haﬁccha?bb it 2eidvds hesbtic ?’dﬂ aAdethe crudg om
e o o s S S B coue9 2 sLram.
t he streamto permt i ntroductl on of a water streamto cause
devel opment of &  The process of Claim 3 wherein the alkyl aromatic is paraxylene,
said aliphatic carboxylic acid of 1 to 5 carbon atoms is acetic acid and said
10 crude aromatic polycarboxylic acid is crude terephthalic acid.

6. The process of Claim 1 wherein the crude aromatic
polycarboxylic acid from step (f) containing 5000 ppmw, or less, of the aliphatic
acid, in retained mother liquor, is discharged into an aqueous medium and

15 hydrogenated in the presence of a Group VIl metal catalyst and hydrogen to
prepare purified aromatic polycarboxylic acid.

7. The process of Claim 6 wherein the crude aromatic
- polycarboxylic acid is crude terephthalic acid and the purified polycarboxylic
20 acid is purified terephthalic acid.

8. The process of Claim 1 wherein depth' of the filter cake is from
about 0.5 inch to about 8 inches.

| 9.  The process of Claim 8 wherein depth of the filter cake is from
about 2 to about 8 inches. :

- 25 | 10. The process of Claim 1 wherein the water pressure is in the
range of from about 0.5 to about 65 psig above system pressure. '
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qoVves~ ;b

15~ water reservoir over the filter cake, appl yi ng pressure tq the water

streamto cause positive displacenent o% acetl c acid i teihes not her
liquor retained in - the crude terephthal 3 aC| repeating ?ﬁ '
devel opnent of a water reservoir over the f||t_er cake for as nmany
counter-current passes as required to devel op a m nimum concentration
of acetic acid in the filter cake'and di ing the 20 washed filter
cake fromthe rotary drumfilter.- A suitable rotary drumfilter

nrocase T Bre-BpcRabb s LTI do ey cumpld odlith Yo SyRRHE B an
D- 8972|, ~Sont Eaiptratnc\ﬁarboﬁducraoud of 4ito Bacarbon Etams ffram arfiltenicaké of an aroaratic. :
55 % | & B oDPlBRIBd e g etafity fq Mpfiffic Mot 2 Whefdih bt
In the oper at iq4eroetained hyhecaromatisr polycarbioxylic agid basieycencentrationofitbea
series of filapshARd bérddiﬁﬁé%@'bftsbq?Etheév I6Ys, (Bs e cPthhrWeigPWBf tﬁé

t he drum I’Ot gt es | ter recel ve .an acetl c.acid urry o

crude ter ephtﬂfﬂméﬂﬁcpﬁlyca" boxYé'ﬁd a&'q ipresenbak d higi medhed is usefulsifer the
dept h. Upon rmhnUIMuw of bmdérm lithali® acid-which isouéad after bunﬂeétﬁm fgrtthen

RN T e M i T g = bdfiehe Bt ©

dept h. Upon fhottlesr rotation of the drum the pressure applied to t he

wat er reservoir forces the water through the filter cake to displace the
acetic acid retained in the crude terephthalic acid. Upon further
rotation of the drum 35 the washing is repeated at | east one tine, using
wash water froma previously washed filter cake in a counter-current
procedure, after which the filter cake is di scharged fromthe drum by
application of an inert gas under pressure.
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REPLACEMENT SHEET

.26 FEB 1997 The di scharged cake cont ai ni ng up to o/}'?{/}
| ess than about 5000 pprw of acetic acid in the crude terephthalic

acidis reslurried in water to forma sol uti on wher ei
terephthalic acid is hydrogenated in the piesence of Ry bﬂ'A%rEMEﬁT SHEET
Goup VIIl netal catalyst, as taught in U S Patent 5 3,584/039,
o 6 FEB 1997
i ni ng 5000

i ncor por at ed her ei n ARQCESS’ FORS PREPARAT FONCOR ITERSPHTHAL ICr ACED at i o
purified terephthalic acid fromcrude terephthalic acid coft

ppnw, or less, of acetic acid. Al t hough the¢ above
description of the process of the instant invention h been directed.
to the multistage counter-current positive displacenment of 10 acetic acid
frommnother liquor in the preparation of an aqueous sol ution of

5 This is a continuation-in-part of application Serial No. 685,221 filed
April 12,1991.

Eieid of the invention

The field of this invention relates to the preparation of crude teraphthalic

acid by filtration and counter-current washing by water to prepare an aqueous

10 slurry suitable for further processing to prepare purified terephthalic acid
wherein the concentration of acetic acid retained in the washed filter cake is
equal to or less than 5000 parts per million by weight (ppmw). An aqueous
slurry thereby prepared is suitable for a reduction process. In one aspect, this
invention relates to the preparation of an aqueous slurry of crude terephthalic

15 acid suitable for a reduction process in the presence of a Group Vil metal
catalyst. In another aspect, this invention relates to the preparation of an
aqueous slurry of crude terephthalic acid suitable for hydrogenation of the
crude terephthalic acid wherein the crude terephthalic acid has been prepared

by oxidation of paraxylene in a solvent comprising acetic acid and the acstic

20 acid is replaced by water in a positive. displacement method in a procedure of
counter-current flooded water washing under pressure. This process
eliminates the need for a drying process previously used to remove the acetic

acid by evaporation from the crude terephthalic acid. This process of counter-
current flooded water washing under pressure of the crude terephthalic acid

25 also operates to reduce the amount of wash water, to decrease the content of
residual impurities in crude terephthalic acid, to recycle and recover the acetic

acid, and/or decrease the load on downstream waste treatment equipment. in
another aspect of this invention, the field of this invention retates to a process

for positive displacement of aliphatic carboxylic acids from slurries of crude

30 polycarboxylic acids prepared by oxidation of alkyl aromatics such as
paraxylene, metaxylene, diisopropylbenzene, diethyibenzene and 2,6-
dimethy! naphthalene in the presence of an aliphatic carboxylic acid of 1 to 5
carbon atoms wherein the aliphatic carboxylic acid of 1 to 5§ carbon atoms is
replaced by water in a counter-current method to permit reduction of the

35 imdurities in the aqueous slurry of crude polycarboxylic acid, in the presence
of a Group VIIf metal catalyst and hydrogen, and the aliphatic carboxylic acid

of 1 to 5 carbon atoms can be recovered for recycle upstream. The field of this
invention further relates to a process for preparing crude terephthalic acid

L
. ey



crude terephthalic acid, the instant invented process can be applied to the
‘di spl acenent of any 1 to 5 carbon aliphatic nonocarboxylic acid froma
slurry of crude pol ycarboxylic acid.wherein the said crude

pol ycar boxylic acid has been prepared-By oxidation of an al kyl
aromatic. Exanples of such 15 polycarboxylic acids include trinellitic
acid, isophthalic acid, pyronellitic acid, and '

2, 6- napht hal soitdbleafoboegudtionaoiptepare purified terepitbalie atidwby diydregesiation in
illustrate t : ' | ' - | ded
illustrate Qﬁ‘%@og,gs@ggw?#ngfn@sgsragénwafsabrenghnn catalyst®Hr Rifrogér.ende

tolimt the sc ant” 1 nvention. 2

Exanple 1 The followi ng exanple illustrates single stage
di spl acenent washi ng wi th watpsg thealnwentiormci d froma slurry of

Crute, Ler 8PNt hoLL ARG eropiunatl ac EIGHALRS 14 KGR BAESLLRREISR i b e ©
nmi cron coar sexylene apd/onipstoluie acist i & solyent eampeisings an gliphalic,earbokylic a¢id
di anet Ier was s%o]ﬁEals g@%ﬁﬁagi@[ UPérepRftRIE dtid isobgredt ‘w]lchmercial in;npodaﬁée ancgan
Dol and soi vaidedCuad fat e arpaugtian of vafbds ifelort pdiifess, SUCRPal et
poured into tfoeming pelyestess.uuipresass farpreparing polyestars)ef tarephthalia @did.qui d
was al I owgd t@arflediaft E&geﬁiyﬂﬁw xmghﬁfmﬁ@. Tommisys BUdirsdtycoridnaation dir ee
liquid | evel was .npiatal hed, ve the cake iorm n Far axd n @hge'feurﬁ%alr
After the des‘PF%‘H‘qEQ ag 'ﬁ&deﬁaﬁf-"ﬂ"w? Ya”r‘ﬁ"}"?fe TR ?’F)gh r gerepnaliig g
di sappear ed facithis meactad avithiethytene glycoltecfarm biséB-hydepxyethydh terephthalatel
20 seconds anghidhels thert PhiPndrizéd lih! ACSedtiiCstats [THIS diréclondenditionake
- process is simpler than other known methods such as transesterification of
15 dimethyl terephthalate with the appropriate glycol. However, the direct
esterification can desirably require the use of highly purified terephthalic acid.
In order to be suitable for the production of polyester fibers, terephthalic acid
must be substantially free of any contaminants which lower the melting point of
the polyester and/or cause coloration of the polyester. In fact, some impurities
20 which are contained in crude terephthalic acid are color-forming precursors.
Additionally, some impurities act as chain” terminators in the process to
prepare polyesters. :
All these impurities have not yet been identified. However 4-
carboxybenzaldehyde which is an-intermediate oxidation product and which in
25 the following is abbreviated as 4-CBA, generally is found in crude terephthalic
acid. It is known that the degree to which coloration in the polyester is induced
is less if the 4-CBA content of the terephthalic acid is low. While pure 4-CBA
itself can promote coloring during polymerization, this impurity is a convenient
tracer for evaluating the degree to which terephthalic acid has been refined. A
30 process which can reduce the 4-CBA content of terephthalic acid reduces also
the content of color-forming precursors.
From U.S. Pat. No. 3,584,039 issued to Delbert H. Meyer, incorporated
by reference, it is known that fiber-grade terephthalic acid may be prepared by
purifying crude terephthalic acid by means of a reduction procedure. The
35 process is éssentially comprised of treating an aqueous solution of crude
terephthalic acid with hydrogen in the presence of a supported or unsupported
Group VIl metal catalyst, whereby the metal and the support are insoluble in
the solution under the working conditions. By this process, the amounts of 4-
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surface to prevent channelling. The wash |iquid was poured into the funnel
to 35 ‘create a free liquid [ayer above the surface. The fitter paper was

renoved and the vacuum again initiated. Wash liquid was added
continuously to naintain a free |iquid Bayer above the cake. After
the last of the wash |iquid di sappeared fromthe cake surface, vacuum

was applied for ddwbl onal] 20 seconds.
-12- vacu ’géé' _r P@l%%dmmeﬁ W"QQ i datephiRalighacid are reduced
horogeni zed. by Rermpition Mrmmmima productsiol Pdrifiedectaraphithalic | adidois) thétd

AL ut % L?essur“‘%*??er A %‘f‘%i\ﬂ%ﬂ%éﬂJ&%ﬁ%ﬁ%@%ﬁ‘%ﬁ‘%b@%ﬁ@v@ﬁ i

the range of 1 gdrgngo 10. 9 pSI Thr ee stage countercurrent washi ng was
simul ated by retai niasgnetdd abble, tHy oRiMton of pleflerid'ds Ye ithe ;brbsence of an
successively T QunRafd'cibolylic acid such as adatic adid as solvent. However, the aliphatic
carboxylic acid must be removed before hydrogenation of the crude
terephthalic acid. The aliphatic carboxylic acid can act as a poison for the
hydrogenation catalyst.
10 Methods have been proposed for replacement or extraction of the acetic
acid from the oxidation effluent with water. For example, U.S. patent
3,839,436 teaches contacting an oxidation slurry with water, wherein water is
introduced into the bottom of a displacement zone, to contact the oxidation
effluent in a vertical chamber to effect pracipitation of the product acid through
the column of water and to remove an aqueous slurry suitable for catalytic
purification from the bottom of the column. In another example, European
Patent Application, Publication No. EPO 321 272 A1, teaches a process for
exchanging or dispersing a medium of a terephthalic acid slurry by introducing
an aliphatic carboxylic acid slumry of terephthalic acid into a muiti-stage column
20  atthe upper part thereof and introducing water at the lower part thereof to form
an upflowing stream of water in the multi-stage column, while a sedimentation
of terephthalic acid particles is effected inside the mutti-stage column, and
withdrawing an aqueous aliphatic carboxylic acid solution from the upper part
of the multi-stage column, and an aqueous siurry of terephthalic acid from the

25 lower part of the multi-stage column. In the one example, the aqueous slurry
of terephthalic acid contained 30,000 ppmw of acetic acid.

These methods suffer from the problem that they do not comprise a
positive method of displacing acetic acid from the acetic acid slurry of crude
terephthalic acid but rely upon precipitation or sedimentation of the crude

30 terephthalic acid through a column of water.

In another method, International Patent Application No. PCT/JP
89/00529, International Publication WO 89/11323 teaches washing
terephthalic acid crystals in a rotary vacuum filter wherein a slurry of
terephthalic acid is filtered with suction, the slurry and filtrate being maintained

35 under pressure to keep the temperature and pressure at levels which prevent
the filtrate fiquor from being supersaturated and thus clogging the filter
member. Suction filtration is performed and the terephthalic acid crystals are
lifted out of the slurry, as filter cake as the filter member rotates, the slurry

15
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10 TABLE | ACETI C ACI D

. DI SPLACEMENT BY MULTI STAGE WASHI NG OF CRUDE
TEREPHTHALI C ACI D :
Acetic Acid - Feed, wt.%
Di spl aced, % Exanpl e No. Slurry -4Cake Inches HAc/Herr]O
3 Washes 2 HAc/ H20 2.25 90/ 10
94. 2 88.5
4 HARsing @wted at th;t!pttom of thgdyltg@. the filtrate gjscg bemg located at the

ﬁcj Egg bottor? of the filter. TRE/filfer cake is theretipofl washed in a wdshing area at
C

HAC/ H err] othe tog o glg)e rotating %%%Mn the w%ghﬂlggsojutnon fallmJ dowgward into a
HAc/ H20 storage agea. The wash4solution is sprayed onto the filter cake, falliig/ H20
%13 5 Mal}domto the Stérd &?ea Ialnldugniarini?e SYmth suctuon l;?gmve Iressps%@fgé"pngﬁt
washing  eRRISA tahe g, @Braiear&at g Jpvi 16yels. tATbing i 0.5

t er epht hal i dkgdem@abs to 5.5. kg/cmZabsut Tpkuparaturbtisamtbe rangerafnimmssmeo

performed w éb pilot rotary drum pressure filter manufactured by
BHS- FEST[errf otal filter area was Q.12

This method of washing filter cake suffers from the problems that
10  suction, or vacuum, filtration tends to limit the pressure which can be applied to
the process to atmospheric pressure. Spray washing tends to cause
channeling of the filter cake with lessened penetration of the filter cake by the
washing solution.
It is therefore an object of this invention to provide a method for
15 displacing acetic acid from a slurry of crude terephthalic acid in an acetic acid
medium wherein the acetic acid is displaced from the slurry of crude
terephthalic acid by a positive displacement method using pressure filtration of
the crude terephthalic acid slurry in a method of counter-current flooded water
washing, also termed plug flow washing, of the filter cake, followed by
20 reslurrying of the crude terephthalic acid in an aqueous medium suitable for a
reduction process in the presence of a Group VIll metal catalyst. The
concentration of acetic acid retained in the filter cake is equal to or less than
5000 ppmw.
It is an object of this invention to provide a method for displacing acetic
25 acid from a slurry of crude terephthalic acid in an acetic acid medium wherein
the acetic acid is displaced from the slurry of crude terephthalic acid by a
positive displacement method using filtration of the-crude terephthalic slurry
wherein the concentration of acetic acid retained in the filter cake is equal to or
less than 5000 ppmw without the need of a drying process to remove the
30 acetic acid in the filter cake by evaporation through application of heat.
it is further an object of this invention to provide an improved process for
prepar'ation of crude terephthalic acid by oxidation of an alkyl aromatic in an
acetic acid medium wherein the crude terephthalic acid prepared thereby has
a concentration of retained acetic acid equal to or less than 5000 ppmw in the

35 absence of application of heat to drive off retained acetic acid from the crude
terephthalic acid product.
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ZQ‘ The feed to the filter was created by slurrying crude terephthalic acid

.With a m xture of acetic acid and water. The crude terephthalic acid
(TA) used had a nmean particle size of 175 m crons. A

slurry was created which consisted of 43 wt &o-solids. The not her
| i quor consisted of 90 wt % acetic acid. Initial residual acetic acid on

cake was 25 cal culated to be 1, 193, 000 pprrw on dry TA cake. The slurry,

appr oxi mat el y 200 gal | ons, grr]F in an agitated
kettle. Aslip sty

REPLAGEMENT SHEETS EABchES'R Aisclosed for praparatlon of crude terephthalic acid havin

3 -
punp- ar ound BJ@tRINAd agetie acidiconcanteation equalitp s less tharn, 500 pPEvs wharein
stream e cradé 'tereé hblic eaquk sultadie!for revedadtion process to prepée

cake and" ﬁéﬁﬂs{rﬁiﬁéﬁb %ﬂaa%#ﬁﬁ%%‘“ £ Brépdied Srpidlibn n°
The 5 cake PHEmeal mh@r@mnacgntamﬁcaﬂgm aedium.2 FherTeduation; et the §Nﬂﬁant s
terephthalic acid to prepare purified terephthalic acid is in an aqueous
medium in the presence of a Group VIIl metal catalyst and hydrogen. The
crude terephthalic acid in the acetic acid medium is pressure filtered in a
positive displacement counter-current method, using water to displace the
acetic acid in a procedure of flooded water washing under a pressure gradient
of from about 0.5 psi to about 65 psi over the system pressure to form a
washed filter cake having a retained acetic acid concentration equal to or less

than 5000 ppmw. The washed filter cake is thereupon slurried in water for the
15 reduction procedure.

10

Details Of The Invention

In an embodiment of this invention, an alkyl aromatic, such as
paraxylene and/or paratoluic acid, is oxidized in an acetic acid medium with
molecular oxygen in the presence of a catalyst system containing bromine and
one or more heavy metals such as cobalt, manganese and the like. Although
this method is well-known in the art and is commercially used, the oxidation
reaction results in impurities which must be removed or rendered coloriess to
obtain a fiber-grade terephthalic acid. The principal use of captive and non-
captive terephthalic acid is and has been for the manutacture of high
molecular weight polyesters for fiber and film manutacture.

From U.S. Patent 3,584,039, it is known that fiber grade terephthalic
acid can be prepared by purifying crude terephthalic acid by means of a
reduction procedure. The process is essentially comprised of treating an
aqueous solution of crude terephthalic acid with hydrogen in the presence of a
supported or unsupported Group Vill metal catalyst wherein the metal and the
suppoft are insoluble in the solution under the working conditions. By this
process, intermediate oxidation products, such as 4-carboxybenzaldehyde (4-
CBA) and other coloring impurities in terephthalic acid are reduced and form
removable or colorless products. Purified terephthalic acid is then recovered
by crystaliization and dried.

Although the above procedure has various advantages, problems
remain in that the acetic acid in the oxidation procedure needs to be

20
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containing wet cake were then rotated through, successively,

a first dry
Tzone, a first wash zone, a second dry zone, a second wash zone, and a
third dry zone. The water reservoir was of a depth of 0.5 inches.

Washi ng was perfornmed by positive di sﬁl‘acerrent punps using distilled
water heated to 190[err]F for each 10 wash. Drying was perforned by nass

flow controllers u5|n dr i trogen. sh, ry flow rates for each
zone were i MQE@W@HY §93 trgra Zhe f?f@pf‘ma\r{% acu?'i:egqé hyglregenation. sRgetie s

g i scgar ?ed ll?ddicaﬂlﬁu asta poisoh fortim hy@wgauhtaemdatalyst thus reglucimyieatalyst f e.
eS| aua

distilled vvaﬁ%‘lr " féiaL hscqﬂ#?ﬁ?ﬁ é‘q%s\aggﬁﬁega‘?gtg %B {%rg pP iﬁ%’?cgoénbzé 2%’
where the erpantrifugationser fitration Badidiying-gan mvolve loss of thecagretieagid yrles
t he di schar gesetieadeRd rédoveRPEPsteMmsaad utilizedchr omat ogr aphi ¢ anal ysis to

det e 115 TS OH cdbdiion' i 9EEagAbyi Bty sl i
acetic acld see EPO 321 272 A1, one method that has been employed is to
exchange a dispersing medium containing the crude crystals of terephthalic
acid from an oxidation reaction medium of acetic acid, by using a multi-stage

10 column to disperse the crude crystals in water to obtain an aqueous slurry of
terephthalic acid containing 0.03 parts by weight ot acetic acid, 30,000 ppmw.
The aqueous slurry can be hydrogenated by contact with hydrogen gas to
improve the solubility of the impurities and to remove the impurities by
dissolution into the solvent. In the process of this method, residual slurry
15 acetic acid is greater than 5000 ppmw.

Despite the above solution to the problem of separating crude
tergphthalic acid from acetic acid, an efficient separation of crude terephthalic
acid crystals from acetic acid and the preparation of the crude crystals in a
form suitable for hydrogenation can require a filtration or'centrifugation
procedure, a drying device and a storage procedure. Equipment costs can be
significant and each step can involve attendant equipment problems. There

are thus strong incentives to simplify the procedure and reduce equipment
costs.

20

in the process of the instant invention, the crude terephthalic acid
crystals in the acetic acid medium from a crystallizer are filtered to develop a
filter cake about 0.5 inch in depth, preferably to about 2 to 8 inches, the mother
liquor being recirculated to the oxidation reactor. Upon obtaining a preferred
minimum height of filter cake, about 2 inches to about 8 inches, the stream of
acetic acid slurry containing the crude terephthalic acid crystals is interrupted
and replaced by a counter-current water stream at a pressure gradient over
the system preséure. sufficient to cause a reservoir buildup of water over the
level of the fitter cake sufficient in depth to cover the surface of the filter cake,
preferably to a depth of about 0.25 inch. The applied positive pressure over
the. system pressure can be at a minimum positive pressure sufficient to
displace the acetic acid from the filter cake by water of at least about 0.5 psi.
Preferably a pressure over the system pressure of from about 5 psi to about 65
psi is applied to the water stream to displace the acetic acid from the filter cake
in a positive displacement method. System pressure can be atmospheric

25
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35
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pressure or at a positive or negative differential from atmospheric pressure.
The water-washed cake of crude terephthalic acid is thereupon discharged
from the filter to a slurry tank wherein additional water is added to form a slurry.
System temperature is typically at an elevated temperature within the range of
from about 65.5°C (150°F) to about 191°C (375°F). The crude terephthalic
acid is thereupon hydrogenated in the presence of a Group Vil metal catalyst
and hydrogen to prepare purified terephthalic acid.

it has been found that counter-current positive displacement of acetic
acid in the filter cake using water as the displacing medium in a filtration cycle
permits an efficient exchange of the acetic acid solvent from the oxidation
reaction for a medium comprising water as a major component with recovery
of the crude acid from the slurry of acetic acid and terephthalic acid. The
positive displacement of the acetic acid in the filter cake removes the acetic
acid from the terephthalic acid and replaces the acetic acid by water.

The amount of an aqueous acetic acid solvent which can be retained in
the filter cake of crude terephthalic acid before counter-current washing can be

in the range of from about 8 wt% to about 20 wt% of the total weight of the filter

cake, typically about 8 wt% to about 12 wt%, of which 90 wt% is acetic acid
and the remaining 10 wt% is water.

Because of the size of the crude terephthalic acid crystals and the
tendency of the terephthalic acid in the filter ‘cake to retain acetic acid, typical
filtration techniques are unsuitable to remove completely residual acetic acid
from the filter cake, requiring the inclusion of a drying step. Although the size
problem- can be overcome by use of suitably sized filter cloth, filtration and
water washing is typically unsuccessful in removing acetic acid wherein a
vacuum is used or wherein pressure filtration is used without use of a method
of plug flow washing or flooded water washing. Such vacuum or pressure
filtration procedures resutt in the channeling of the cake and the water wash
does not penetrate the cake. ,

In the process of the instant invention it has been found that unexpected
efficiencies of removal of acetic acid can be obtained by counter-current
pressure displacement washing of the filter cake comprising crude terephthalic
acid. Acetic acid in crude terephthalic acid can be reduced to 5000 ppmw, or
less. Utilization of added stages of pressure counter-current displacement

wéshing decreases the amount of water required as a result of the counter-
current washing procedure.
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TABLE ||

1st & 2nd wash

1b/ m n water
1.45

ACETI C ACI D DI SPLACEMENT BY MULTI STAGE 5

‘WASHI NG OF CRUDE TEREPHTHALI C ACI D cake
1st & 2nd dry Exanple Speed rpm flow 1b/mn
SCFH ni t rogen 11 1.0 5. 88
51 12 1.0 5. 88 2.51
5.1 13 1.0 5.88 -8p.70 5.1
2.4 10. 11 2.02 5.1 15 2.4
10. 11
0.99
5.1
dry cake
wt % | i quor
11.6
5
10
15
20
25

2 gB 1Counter—cqgen§'\%ashing_i§f deftined aﬁ_&?ﬁ?ﬂg a series1 %:f f{éer cells
containing-§iier cake wherein each filtep cell s washedasticcessively in revirge
Eﬁid?%%leﬂee oﬁéaﬂ%gnaudiﬁ' g o I22/7I b cake 1 SCFH N err]

- For example, the addition of water to the process by the method of
counter-current positive displacement can reduce the level of acetic acid
retained in the cake to 1000 ppm acetic acid. The amount of water required to
obtain a retained level of 1000 ppm of acetic acid is lessened by the use of
added stages of positive displacement and counter-current washing, the
added water being recycled to reduce the total amount added. Thus, in the
occasion of use of only one stage of positive displacement washing, it has
been found that 0.567 Ibs of water recycled to the oxidation process per Ib of
crude terephthalic acid are required to reduce the level of acetic acid in the
cake to 1000 ppm. With counter-current recycle of the wash water, the amount
of water required to reduce the level of acetic acid {HAC) in the dry cake to
1000 ppm acetic acid is significantly reduced, as follows:

Jotal H-O Recycled HAc in Dry Cake
Ibs HxO/lb TA - No. Stages ppm
0.567 1 1000
0.231 2 1000
0.133 3 1000
0.090 4 1000
0.066 5 1000

As indicated, the concentration of acetic acid in the filter cake can be
reduced with a minimum amount of water added to the process by use of
additional stages of positive water displacement. For example, the addition of
0.133 Ibs Hy0O per Ib of crude terephthalic acid with three stages of counter-
current positive displacement washing can reduce the concentration of acetic
acid to 1000 ppm. With two added. stages of counter-current positive
displacement washing or a total of five stages, the concentration of acetic acid

14

can be reduced to 569 ppm. - Similarly, if 0.133 Ibs of water per b of crude
terephthalic acid are added to the process a reduction of stages of from three

stages of counter-current positive displacement washing to one stage causes
the concentration of acetic acid to remain at a level of 22,587 ppm, but if 0.133

Ibs of water per Ib of crude terephthalic acid are added to the process using.




12 5 0.427 21 12.0 13

5 0.119 - 21 ' 13.0 14 10

0. 200 21 12.9 15 10 0. 285
21 13.9 16 10 -9- 0.098 21

15.5 17 10 0. 143 21 34.4
Resi dual Acetic acid Mot her Li quor Displacenent - Exanpl e ppnmwv
i ﬁS:Ne;J acake maqrg, é&?ﬂ?%d%eﬁm%mgg@umm positive djisplacement washing, the
4340 concentrations!. atetic acid in the chke is as follows: 3898 14
84.8 13 .

12800 23567 poi Hac atter, 1 stage 9800 '
73.1 16 4,541 ppp bide after 2 stages 41. 6 17
27300 5 5,080 ppm HAc after 3 stages

242 ppm HAc after 4 stages
59 ppm HAc after 5 stages

It is essential therefore that a suitable number of stages of counter-

10  current positive displacement washing be used to minimize total water used in
displacement washing. Accordingly, for the process of the instant invention for
positive displacement of acetic acid from mother liquor retained in filter cake of
crude terephthalic acid to obtain a level equal to or less than about 5000 ppm

in the cake by filtration, a multi-stage counter-current filtration of the crude
15 terephthalic acid is used.

An acetic acid slurry containing crystals of crude terephthalic acid is
introduced into one or more of a serias of filter cells physically situated to
permit a filter cake of requisite thickness to develop by passage of a stream of
the slurry of crude terephthalic acid. The flow of the slurry of crude terephthalic
acid is thereupon interrupted and replaced by a water stream to permit a
reservoir buildup to a requisite level. Pressure is applied thereupon to the
water stream to displace the acetic acid-in the mother liquor retained in the
fiter cake by positive pressure. Upon displacement of the water reservoir -
through the filter cake, the filter cake is discharged from the filter by suitable
means and the cycle is repeated. The washed filter cake, upon discharge from
the filter, can be re-slurried in water to form an aqueous solution suitable for
purification by hydrogenation.

A cake depth of terephthalic acid of about 0.5 inch to about 8 inches is
suitable. The preferred range is from about 2 to about 8 inches. A filter cake of
sufficient thickness to fumish a wash vehicle, i.e., the filter cake, from which a
solution containing a solute can be removed efficiently by displacement
washing is required. If cake depth is less than about 0.5 inch, retention of
acetic acid by the filter cake can occur despite application of wash water
because of channeling of wash water through the filter cake. Because of the
loss of efficiency in displacement washing of the filter cake by water to remove
a solution containing a dissolved solute, a minimum filter cake depth of about
0.5 inch of purified terephthalic acid is useful. As indicated in Example 18,
washing efficiency is improved by increased cake thickness.
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- 15- ' Exanpl e 18 The

fol lowing exanple illustrates the effect of cake height on wash

ef ficiency of acetic acid. Filtration experinments were performed
with a leaf filter testing 5 apparatus. The | ter consisted of a filter
screen held in place with Orings at the ottom of a stainless steel
cylinder. The cylinder was jacketed, which al l oned the experinents to

be conducted at ele at.ed t er.at ut I esi gned
so that it could b U Beglid véigin abbe tho, cdie) %ﬁfﬁﬁ'ﬁ%’f@d K Bhdues
by pouring a mampmmpenhwasmngooms. ‘Ehiarhejghthmast bacsufficient tal ensure

h
the ﬁgpg)r(gte us n@?}é?&éb&k 8 ﬁ}b&ﬁ@i& &@ﬁrﬁ&%h i uu& Sipﬁue Gikd Eﬁﬁé&é‘[st

@%ﬁ F Was oPene
and the not herN9t gaVRr éﬂ water, byRass Q:é‘!etheT i JQUOr GA8 Qgrur without
depressuri Zed camplate displavemdnt i niother liquordiient the intedof of ther cake. sBetause

hat the cae Ereaifiiios 1B S Syl 3 gy Jould Cofiy SR kel

was equal to 1abowi1/4” is prefatretki ght of the wet cake. The f i I ter was then
pressured up to theEqaipment for peHofting the Mtuisite byclodan vompfiss EEserewlot he
wash ! duor. O i %uqusr SrhiiRe In a il BbsicH (D P8t BWafr Badbedvion”
10 over the filter cells. Suitable equipment can comprise a rotary drum filter with
muttiple filter celis, and fitted with means for discharging washed filter cake
from the filter cells. Control means are required for introducing a stream
comprising crude terephthalic acid in an acetic acid medium, interrupting the
stream to permit introduction of a water stream to cause development of a
15 water reservoir over the filter cake, applying pressure to the water stream to
cause positive displacement of the acetic acid in the mother liquor retained in
the crude terephthalic acid, repeating the development of a water reservoir
over the filter cake for as many counter-current passes as required to develop
a minimum concentration of acetic acid in the filter cake and discharging the
20 washed filter cake from the rotary drum filter.

A suitable rotary drum filter which can be adapted to the requirements of
the instant invented process is a BHS-FEST (™) pressure filter, BHS-WERK,
Sonthofen, D-8972, Sonthofen, West Germany, although other filters which
can accomplish the required cycle of operation can be used. A belt filter such

25 asis available from Pannevis, bv, Utrecht, Holland can be used. _

In the operation of the BHS-FEST (™) filter, a rotary drum contains a
series of filter cells located on the periphery of the rotating drum. As the drum
rotates, the filter cells receive an acetic acid siurry of crude terephthalic acid
and a filter cake builds to a requisite depth. Upon rotation of the drum, the

30 cycle continues by interruption of the feed stream which is replaced by a water
stream under pressure to build a reservoir of water over the filter cake to a
required depth. Upon further rotation of the drum, the pressure applied to the
water reservoir forces the water through the filter cake to displace the acetic
acid retained in the crude terephthalic acid. Upon further rotation of the drum,

35 the washing is repeated at least one time, using wash water from a previously
washed filter cake in a counter-current procedure, after which the filter cake is
discharged from the drum by application of an inert gas under pressure.
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required to formthe cake. 20 Cake anal yses were made to determ ne
‘t he residual anount of acetic acid retained by the cake. It was found

that wash efficiency (as nmeasured by retai ned acetic acid) inproved as
cake height increased. Details are in Table L1l

TABLE || 25 For mi ng Pr esslte Cake Hei ght " Acetic
Acid on Exanpl e psig m m Cake ppnw Wet
Cake 19 . . 00
50 10 Th? dfscharged caRe Egntaman'g up.to .or tels tlla& BBout 5000 ppmv% %7
20 acetic agid in the crude terephthalfig acid is reslurpied in water to fouy a
73 solution wRYein the crude teféphthalic acid is hydtogenated in the presefiée
5590 of Jfydrogen and a fbup,Yill metal catalyst? in U.S. Bgtgnt
55 gen and a “Psy metal catalyst, as ggﬁqj\t in U. .,@qtg_n

25.4 mm = § i 84364,039, incorporated herein by referencerio. sxemplify thempreparation of
purified terephthalic acid from crude terephthalic acid containing 5000 ppmw,
or less, of acetic acid.

Although the above description of the process of the instant invention
has been directed to the multistage counter-current positive displacement of
10 acetic acid from mother liquor in the preparation of an aqueous solution of
crude terephthalic acid, the instant invented process can be applied to the
displacement of any 1 to § carbon aliphatic monocarboxylic acid from a siurry
of crude polycarboxylic acid wherein the said crude polycarboxylic acid has
been prepared by oxidation of an alkyl aromatic. Examples of such
15  polycarboxylic acids include trimellitic acid, isophthalic acid, pyromellitic acid,
and 2,6-naphthalenedicarboxylic acid.
The following examples illustrate the process of the instant invention but
are not intended to limit the scope of the instant invention.

20 Example |
The following example illustrates single stage displacement washing
with water to remove acetic acid from a slurnry of crude terephthalic acid.
Laboratory filtration experiments were performed in a 350 ml cylindrical
glass funnel under vacuum. An 80 micron coarse fritted disc was at the bottom
25 of the funnel. Funnel diameter was 3.25 inches. Crude terephthalic acid was
used as a mean particle size of 145 microns.

A slurry of crude terephthalic acid and solvent, 90 wt% glacial acetic
acid, 10 wt% water, was poured into the funnel. Vacuum, 5§60 mm Hg, was
applied and the liquid was allowed to drain. The slurry was added
continuously so that a free liquid level was maintained above the cake forming
in the funnel. After the desired cake height had built up, and the free liquid
had disappeared from the cake surface, the vacuum was held for an additional
20 seconds and then disengaged. A filter paper was then placed on the cake
surface to prevent channelling. The wash liquid was poured into the funnel to
35 create a free liquid layer above the surface. The filter paper was removed and

the vacuum again initiated. Wash liquid was added continuously to maintain a
free liquid tayer above the cake. After the last of the wash liquid disappeared
from the cake surface, vacuum was applied for an additional 20 seconds. The
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- 16- Exanpl e 2 The
.follow ng exanple illustrates nultiple stage countercurrent

di spl acenent washing with water to renove acetic acid froma slurry of
crude terephthalic acid. 5 Slurry, containing 43 w %
crystallized TA solids and nother |iquor, r42- fed to a BHS-FEST([err])
rotary pressure filter at 6.1 Ib/mn flowrate, 30 psig pressure, and
198[err] F tenperature. A BHS-FEST([err]) filter is enployed to

separ at e t he vaolumswasthenremandd; the ifyonel contents: weighaed and homogénized.
countercurr egd

' t : . ! q
di schar ge t h Srﬂo?llbgs\.ovaetre é%ﬁﬁlg??na; S-;Mﬁ S%mdﬁ’. ywbﬁ\éé”?‘{oﬁ ligjiepe Z?ﬁqila%éﬁce aci’

C pressure. ousing I's
di vi ded i nt o copgeMmrationeacakeo performfive different operations -

gak_e f or ma':( i on, c«smtryrcwwn_raﬁhrsm]asemem.%. Prassaré ditfecevitizl shetwaidre
ryi ng, cake : [ e ru

oper at i nggat ngggﬂﬁéggfa'ﬂaé"s éﬁ]g%usrgd?\%?déénlaﬁﬁgsg\?%fn!?/sfflco: #gg E‘gir I ghree :
The total filstage epuntereugantwashing wassimwdatad by retaining eftiuent;fromreach 15
As the filt erstqpandiuding R'sUCOOSENGLY fortéactPivabhe operations - cake

formati on, o é%ﬁégperre?é?ﬁilspl acenment wash, cake drying, cake

di scharge, and fil i rinse - occur sinultaneously. The
operation is described by illustrating the history of one filter cell.

The filtgp cell rotates into the cake forgpgige chanber. The feed slurry,
ACETIC ACID DISPLACEMENT BY MULTISTAGE
WASHING OF CRUDE TEREPHTHALIC ACID

Acetic Acid
_ Feed, wt.% Displaced, %,
Example No, Slurry Cake inches  HAcH-.O 3 _Washes

2 HAc/H,0 2.25 90/10 94.2
3 HAc/H,0 2.25 90/10 885
4 HAc/H,0 2.25 90/10 - 84.8
5 HAc/H,0 2.25 90/10 87.0
6 HAc/H,0 2.25 80/10 87.0
7 HAc/H,0 2.25 " 80/10 88.1
8 HAC/H,0 2.25 86/14 97.0
9 HAC/H,0 1.13 86/14 98.1
15 Example 10

The following example illustrates multiple stage displacement washing
with water to remove acetic acid from a siurry of crude terephthalic acid.
Pilot plant filtration experiments were performed with a pilot rotary drum
pressure filter manufactured by BHS-FEST™. Total filter area was 0.12 m2.
20 The feed to the filter was created by slurrying crude terephthalic acid with a
mixture of acetic acid and water. The crude terephthalic acid (TA) used had a
mean patrticle size of 175 microns. '
A slurry was created which consisted of 43 wit% solids. The mother
liquor consisted of 90 wt% acetic acid. initial residual acetic acid on cake was
25 calculated to be 1,193,000 ppmw on dry TA cake. The slurry, approximately
200 gallons, was heated to 190°F in an agitated kettle. A slip stream from a
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20 containing about 43 wt% TA saolids. 198[err]F tenperature, and about 90

. W% acetic acid in the nother liquor is punped continuously into the
chanber at 30 psig pressure. As the filter cell rotates through the
chanber, the solids build up on the filter cloth to a 1 inch cake
t hi ckness. The nother |iquor passes ‘tbygugh the filter cloth into an
internal pipe in the filter. The pressure of the 25 nother liquor in this
i nternal pipe is about at m)spherl C pressure. The nother l'iquor is
recycled back duing Ao fopwhY dhHY ilot fitter. Thb s w
containing a for calh<ﬂd ve d;?tgep mat 1 on f‘lﬂ'efssurb etfﬁa%treém
rotates | nto AN&FpRioliad by,a nt chanbers oper at ed

countercurrently. Trhe S‘lunytemaw thszfltS-rFES'E%‘ filtes /with theh fiker cupOretainingattie

chanber uses el &'L@ﬁ&ﬁﬁn%gﬁ%sﬁ{%ﬂ*mﬁq i‘ﬁ“ﬁﬁ“ﬂﬁ %"%ﬁ"wz T8
wash chanb8r Lake f9 t ©f capproximataly, aonf‘H“M h@th glamenis
from the firstcomaihingwabedkd wefecfhon! mhtbdttkrought becaqussives alficstdyiona, ﬁr

aC| d t he acetsﬁg wéghggﬂggx%ﬁwgﬂtﬁé]éﬁmﬁé%‘ack ?3“@&"@%@'& .

The t enper at ur'Ehg water reservaliwas.ef @ 0.6 dnches. was perfpgmed IhYer

drumis steam hesifive dishlacsiet pumps usifgRistilled watati Rexutad ity T90°Ffor Vefdhes -

T oSS i RNl AP fo 06 oo U 9 OB
Wash or dry flow rates for each zone were independently set. After the third
dry zone, the cake was discharged by a combination of cake blowback and
spring-loaded knife. Residual cake in the cell was then removed by a cloth
rinse using distilled water. Each filter cell was then rotated to the feed zone

15 where the entire process would begin again.

Cake analyses of the discharged cake were made by gas
chromatographic analysis to determine the residual acetic acid content of the
cake as well as the cake wetness (% liquor).

Details are in Table Il.
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- 17- necessary to enable the flow of discharged wash |[iquor from

t he previous

di scharge from each
The cl ean water entering

previ ous stages and,
effectively renoves acetic acid from
washed cake in the filter cell

and enters the cake drying chanber.
pressure of about 20 psig,

via the 5

stage to be pushed through the foll ow ng stage. The
wash stage is effectively at atmspheric pressure.

the third stage is thus reused in the two
ef fecti verie

the filter cake.
| eaves the displacenment wash

Conpressed inert gas, at
is introducedT&BLEMously into the drying

chamber 10 to renpbve excess water fromthe filter cake. Thi

i's conbi ned
as the feed wash

knife blade at a flow rate of about

with the di schar
ARCETIC ALY

acetic acid cgn atgg a!éa
| evel of

rati o of water

11
12
13
14
15
16
17

Exannﬂs ~Rsig. ib/ib cake

11
12
13
14
15
16
17

1.0
1.0
1.0
2.4
2.4
24
2.4

Feed
pressure

5.88
5.88
5.88
10.11
10.11
10.11
10.11

wash rate

s/mn

the

b 0.247
5 0.427
5 0.119
10 0.200
10 0.285
10 0.098
10 0.143
Residual Acetic acid

Examp.le.nnmw_mm_calse.

11
12

13

14
15
16
17

4340
2690
5570
12800
9800
51600
27300

“of displacenent washi ng,

The
chanbers
a

S excess water

e framthe third wash chanber and i s used
ISRLACEMER

T BY MULTISTAGE ti|ter

cel | theg rotates fromt WASHING OF2CRUDE!TPEREPHTHALIC ACIDCharge .
chanber. The cake is discharged fromthe filter usi ng a spring 15 | oaded

1.45
2.51
0.70
2.02
2.88
0.99
1.45

3rd dry

cak

Itl

AR s,
5.1
5.1
5.1
5.1
5.1

51
5.1

cake wetness

SCFH No wt % fiquor

21
21
21
21
21
21
21

- 66.9

80.4
84.8
79.0
68.1
73.1
41.6

11.6
12.0
13.0
12.9
13.9
18.5
14.4

Mother Liquor Displacement
Lalculated per stage, %
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recycled back to the oxidation process to the TA cake prepared for further

-purification.

20 directly

di scharging the cake, the filter cell is ripsed with water in the filter

The anmpbunt of clean water used in the third wash chanber
related to the water addition ratio. Af ter

S

cloth rinse chanber to renpbve any traces of 19Adi scharged cake. The filter
cel | then enters the cake formation chanber and repeats the process.
Data for relevant experinents are indicated in Table IV.

BLE IV
Per f ormance of BHS-FEST Filter For Thﬁé@mg}%'gé Countercurrent

sh Ra
Dr yrRIE follom\gq\ég\,exam;@gwgustrateskm gﬁect of cake height on wash

efficiency of acetic acid.

Filtration experiments were performed with a leaf filter testing
apparatus. The filter consisted of a filter screen held in place with O-rings at
the bottom of a stainless steel cylinder. The cylinder was jacketed, which
allowed the experiments to be conducted at elevated temperature. The
cylinder was also designed so that it could be pressurized.

The experiments were conducted by pouring a 43 wi% terephthalic acid
slurry in 90% acetic acid into the apparatus. The slurry was allowed to heat to
190°F. At the start of the experiment, a valve on the bottom of the apparatus
was opened and the mother liquor drained, forming a cake. The filter was then
depressurized and an amount of wash water added to the filter. A spatula was
used to direct the water to the side of the filter apparatus so that the cake
surface would not be disturbed. The amount of water used was equal to 1/3 of
the weight of the wet cake. The filter was then pressured up to the same
pressure at which the cake was formed and the wash liquor drained from the
cake. The cake was then blown dry for a period of time equal to the time
required to form the cake.

Cake analyses were made to determme the residual amount of acetic

- acid retained by the cake. it was found that wash efficiency (as measured by

- 18-

Washi ng

wash to OX
5
10
15
20
25

retained acetic acid) improved as cake height increased. Details are in Table
fl. '

TABLE i
Forming Pressure Cake Height Acetic Acid on
Example __psig _mm Cake. ppmw Wet Cake
19 5 20 12700 -
20 10 22 12300
21 20 69 7250
22 40 73. 7080
23 20 99 5590
24 40 ' - 102 5960
25 40 133 5410
Note: 25.4 mm = 1 inch REPLACEMENT SHEET
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- Exanple No. per Ib TA SCFH  wet Wt ness wt[err]

Cake ppnw dry
.27 0. 2926 50 2800 12.9 3214 28
0. 3406 50 2300 12.1 2615 - 29 0.2625
50 2500 12.0 2840 30 0. 2633 50

3300 12.3 3762 31 0. 2667 50 2300

12. 1 2616 32 0. 32 3800 11.9
4313 33 2786

34 0. 1573 ¥The prcilowing g@;g(zj'lople illust g multtpl,gB(j)siaBe counég&zrrent
0. 3211 20 displacemeht @¥ashing withlwater to remoye Acetic acid flom a slurry of caster
20 320 . 4086 37 0. 3260 30

2000 Rorephthalic Ao,

12.1 55119 Slurry; containing 4§3v§tﬁyrysta§iggd ZFR ]'soggg“gtpnd motheégglgpr is
3409 5 fed to a BHS-FEST(™)abtiry rpregsuredfilter athé. iplbmire floworate 180 @sig
process whi Chpf&é%hr@eand 198°F temperature. A BHS-FEST(“‘) filter is employed to
separate the solids from the mother liquor, wash the solids countercurrently in
three stages, dry to remove excess moisture, and discharge the solids at

10 atmospheric pressure. The filter housing is divided into seven chambers to
perform five different operations - cake formation, countercutrent displacement
wash (3 chambers), cake drying, cake discharge, and filter cloth rinse. The
fiter drum, operating at a speed of 0.5 rpm, is divided into twenty filter cells.
The total filter cloth area available on the drum is about 1.3 ft2.

15 As the filter operates continuously, all of the operations - cake formation,
countercurrent displacement wash, cake drying, cake discharge, and fitter
cloth rinse - occur simultaneously. The operation is described by iliustrating
the history of one filter cell.

The filter cell rotates into the cake formation chamber. The feed slurry,

20 containing about 43 wt% TA solids, 198°F temperature, and about 80 wt%
acetic acid in the mother liquor is pumped continuously into the chamber at 30
psig pressure. As the filter cell rotates through the chamber, the solids build
up on the filter cloth to a 1 inch cake thickness. The mother liquor passes
through the filter cloth into an internal pipe in the filter. The pressure of the

25 mother liquor-in this internal pipe is about atmospheric pressure. The mother
liquor is recycled back to the process by pumping.

The filter cell, now containing a formed cake, leaves the cake formation
chamber and rotates into a series of three wash displacement chambers
operated countercurrently. The first wash chamber uses wash which is

30 pumped from the discharge of the second wash chamber. The second wash
chamber uses wash which is pumped from the third wash chamber. The third
wash chamber uses clean water pumped continuously into it. The discharge
from the first wash chamber is recycléd back to the process by pumping or may

' be sent to a dehydration tower to separate the water and acetic acid, the acetic

35 acid being subsequently recycled back to the process. The temperature in
each wash chamber is about 200°F. The filter drum is steam heated to ensure
temperature uniformity of the washes. The pressure of each wash inlet varies
between 8 and 15 psi above ambient pressure and is the amount of pressure
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renoved (by distillation) per Ib. TA processed by the filter.
19

- W daim 1. A process for the preparation of a
crude aromati c pol ycarboxylic aci d obtai ned by oxidizing an al kyl
aromati ¢ hydrocarbon to a pol ycarboxylic aC|d in the presence of an
al i phatic carboxylic acid of about 1 to aboJ? carbon atons to prepare
crude pol ycarboxylic acid wherein concentration of the aliphatic

celd 12 equaneegsiaft I Snabl! 5, 160 ?b&@%ﬁ##ﬁé%ﬁ%ﬁm trorf thif Nl ' ©
t he crude polstage $0>be pushed thpoughethe fallowing istage.i cThe: discharge feom ceach
bei ng repl aceﬁam fs eﬁ&tft%ppéf’?ﬁﬁés pro’sy relOThe clean witer entering

i ntroduci ng de. ar natlc aci d
in a nother ﬁh ?S‘Fn uén"%ﬂsf ithe. ‘15(9{ V %5&9 é"ﬁ‘g viagthe
about 1 t8§ atm‘tectlﬁeness)om displasemenbwashing, emfectivelyaranmwesr aestioaci froar

cells the filter cake.

The washed cake in the filter cell leaves the displacement wash
chambers and enters the cake drying chamber. Compressed inert gas, at a
pressure of about 20 psig, is introduced continuously into the drying chamber

10 to remove excess water from the filter cake. This excess water is combined
with the discharge from the third wash chamber and is used as the feed wash
for the second wash chamber.

The filter cell then rotates from the drying chamber into the cake
discharge chamber. The cake is discharged from the filter using a spring

15 loaded knife blade at a flow rate of about 3 Ibs/min. The final cake has an
acetic acid concentration suitable for further purification. The final level of
acetic acid is dependent upon the water addition ratio, or ratio of water
recycled -back to the oxidation process to the TA cake prepared for further
purification. The amount of clean water used in the third wash chamber is

20 directly related to the water addition ratio.

Atfter discharging the cake, the filter cell is rinsed with water in the filter
cloth rinse chamber to remove any traces of undischarged cake. The filter csll
then enters the cake formation chamber and repeats the process.

Data for relevant experiments are indicated in Table IV.
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mai ntai ned in suitable position whereby each filter cell develops a filter

- cake in the filter cells upon introduction of the slurry into each
filter cell; 15 (b) . interrupting the streamof the slurry into each
filter cell upon devel opnent of the filter cake; (c)

introducing a water streaminto each filter cell so as to forma

reservoir of water in the filter cells sufficient in depth over the filter
cake to cover the filter cake and Aﬁ%qgessure is in a range above
system pressure 20 '§uff| CI ent to E‘EI ace hatic carboxylic acid by
positive pressure i FrittecFor WhEﬁeSEﬂgaCountercurrem (d)
di splacing the aliphatic car boxyl iC amwagm,ﬁom tive pressure

di spl acenent fromthe filter cake; (e) = repeating steps (c) and (d)
to successively wash fIWke in 25 il tecaﬁeel | s havi ng successively

i ncreasi ng content of g us(hatm.g m rLt er - curﬁmnt nmet hod
to wash filt dxampikdoi n mlt#m('llterscndl in rmersem% ree of
contam nation by the aliphatic carboxylic acid; and

di schargi ng th27crude ar @agpg pol gear boxyls cid co ni ng 5000
ppnmw, or | ess, bn ret ai n%gsga her I5|quor of ?162 ali phrﬂ??% aci d 324 the 30
I

series of the |Iter cel 0The prd@sks of @aden 1
wherein the al R§l aronat |Q:2638roca15100n 2506 sel ectiedp from thga@roup
consi sting of geraxyl enegp gg8gxyl egy %gsopropxabfnzene
di et hyl benzeneg and 2, 6- %gg&gyl napht hal ene 12 srez
.1 2616
32 0.3266 35 3800 11.9 4313
33 0.2786 20 3500 12.0 3977
34 0.1673 20 4000 15.4 5361
35 0.3211 20 1700 13.6 1967
36 . 0.2607 20 3200 11.7 4086
37 0.3260 30 2000 12.6 2288
38 0.2581 - 30 4500 12.1 5119
; 39 0.2549 30 3000 12.0 3409
10

-

Ib. water recycled to the p-xylene oxidation process which must be
removed (by distillation) per Ib. TA processed by the filter.
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3. The process of Claim1 wherein introduction of the water stream

‘of step (c) and displacing of the aliphatic carboxylic ' d) s
r epeat ed to decrease concentration of the al Iph%ﬂi“ﬂ#ﬂhlﬁﬁ'i’lmﬁrl d
in the filter cake to -19 - x ¢y eisEl 20
- about 5000 pprmw, or |ess, based on the weight of crude ;

pol ycar boxylic acid present, wherein said filter cake is washed in the

count er curr enyye Mhined. 4. The process of daim1 wherein the
al kyl aromatic hydrocarbpon 5 is paraxylene, the aliphatic,carboxylic acid
is acetic acid, ard thd Pfaggss for %P%@%%BF?&%@M’F‘@“&@P qaib‘!??yﬂﬁe
terepht hal i c awid dbtained by oxidizing. an alky gromaticshydrocirbomtd avpelysarbasydic
Carbon oo 18 T ILeBHEs of an sABfc CUSHIE SRR ANG, Rk,
i s crude Per &§XPoR@temglpprepare crude polycarboxylic wherdin concentration of
the aliphatic carboxylic acid in mother liquor retained by the crude
polycarboxylic acid is equal to or less than about 5000 ppmw, based upon
weight of the crude polycarboxylic acid present, the aliphatic carboxylic acid
being replaced by water, which process comprises:

10 (a) introducing a stream of a slurry of crude aromatic polycarboxylic
acid in a mother liquor comprising an aliphatic carboxylic acid having from
about 1 to about 5 carbon atoms into a filter cell or a series of filter cells
maintained in suitable position whereby each filter cell develops a filter cake in
the filter cells upon introduction of the slurry into each filter cell;

15 (b) interrupting the stream of the slurry into each filter cell upon
development of the filter cake; _

(c) introducing a water stream into each filter cell so as to form a
reservoir of water in the filter cells sufficient in depth over the filter cake to
cover the filter cake and water pressure is in a range above system pressure

20 sufficient to displace the aliphatic carboxylic acid by positive pressure
displacement from the filter cake; )

(d) displacing the aliphatic carboxylic acid by positive pressure
displacement from the filter cake;

(e) repeating steps (c) and (d) to successively wash filter cake in
filter cells having successively increasing content of the aliphatic acid in a
counter-current method to wash filter cake in each filter cell in reverse order to
degree of contamination by the aliphatic carboxylic acid; and

() discharging the crude aromatic polycarboxylic acid containing

5000 ppmw, or less, in retained mother liquor of the aliphatic acid from the
30 series of the filter cells.

25

2. The process of Claim 1 wherein the alky! aromatic hydrocarbon
is selected from the group consisting of paraxylene, metaxylene,
diisopropylbenzene, diethylbenzene, and 2,6-dimethyinaphthalene.

35 :
3. The process of Claim 1 wherein introduction of the water stream
of step (c) and displacing of the aliphatic carboxylic acid of step (d) is repeated
to decrease concentration of the aliphatic carboxylic acid in the filter cake to—
REPLACEMENT SHEET

2 6 FEB 1997




6. The process of daim 1 wherein the crude ar oxraf e polycar hnxyl I C

racid fromstep (f) containing 5000 ppnw, or |ess,
acid, in retained nother |iquor, is discharged |nto F NH' and
15 hydrogenated in the presence of a Goup.gpl.l netal cata

hydr ogen to prepare purified aromatic polycarboxylic aC|d

7. The process of Caim 6 wherein the crude aromatic poI ycar boxyl ic
aci dflsdcgudeém] fﬁ@bb%brﬁvﬁ%r%é’é‘cbééé@ ON thé W’Q'ﬂ?%%%%bo i mQyéu ‘gge!ﬁ
purifie erep al.ic.aci.d SS | [
depth of the fRTPFENt Whkein sajd fiter cake 'ﬁlﬂﬂﬁheg '3%‘%99 F@'Qﬁ&ﬂ“ﬂe R€hes.

9. The process of Caim8 wherein depth of the filter cake is from

about 2 to about 8 4 nch I

fhe water pressur o 4o i g grobess of Ciahil 1 wheRel i 2Ry Urosite yursibgh "

above syst &8m f Raraxglene, the allphatxc carboxyluc acid is acetic acid, and the crude
aromatic polycarboxylic acid is crude terephthalic acid.

5. The process of Claim 3 wherein the alkyl aromatic is paraxylene,
said aliphatic carboxylic acid of 1 to 5 carbon atoms is acetic acid and said
10 crude aromatic polycarboxylic acid is crude terephthalic acid.

6. The process of Claim 1 wherein the crude aromatic
polycarboxylic acid from step (f) containing 5000 ppmw, or less, of the aliphatic
acid, in retained mother liquor, is discharged into an aqueous medium and

15 hydrogenated in the presence of a Group Vil metal catalyst and hydrogen to
prepare purified aromatic polycarboxylic acid.

7. The process of Claim 6 wherein the crude aromatic
polycarboxylic acid is crude terephthalic acid and the purified polycarboxylic
20 acid is purified terephthalic acid.

8. The process of Claim 1 wherein depth of the filter cake is from
about 0.5 inch to abqut 8 inches.

9. The process of Claim 8 wherein depth of the filter cake is from
about 2 to about 8 inches. :

25 10. The process of Claim 1 wherein the water pressure is in the
- range of from about 0.5 to about 65 psig above system pressure.
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PROCESS FOR PREPARATION OF TEREPHTHALIC ACID

Abstract

A process is disclosed for counter-current positive displacement of an
aliphatic carboxylic acid of 1 to 5 carbon atoms from a filter cake of an aromatic
polycarboxylic acid containing the aliphatic carboxylic acid wherein mother
liquor retained by the aromatic polycarboxylic acid has a concentration of the
aliphatic carboxylic acid of 5000 ppmw, or less, based upon weight of the
aromatic polycarboxylic acid present. This -method is useful for the
manufacture of crude terephthalic acid which is used after purification for the
preparation of polyesters used for the manufacture of fabrics, fibers and plastic
bottles.
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