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PROCESS FOR RECOVERY OF PURIFIED
TEREPHTHALIC ACID

This is a continuation-in-part of application Serial No. 685,218 filed
April 12, 1891.

: Field Of The | .

The field of the invention relates to an improved process for recovery of
purified terephthalic acid (hereinafter PTA) from an aqueous slurry containing
a solution of p-toluic acid. Purified terephthalic acid is prepared wherein the
concentration of p-toluic acid is less than 200 parts per miliion by weight
(ppmw). In the oxidation of paraxylene to terephthalic acid, 4-
carboxybenzaldehyde is produced as an intermediate. in the purification of
the terephthalic acid in the presence of water, the 4-carboxybenzaldehyde is
hydrogenated t0 a more water soluble derivative, p-toluic acid. The purified
terephthalic acid containing residual p-toluic acid is washed with water to
remove residual soluble p-toluic acid. The wash water containing the p-toluic
acid is recycled or discarded to waste treatment facilities. A process of flooded
water washing under pressure of the purified terephthalic acid operates to
reduce amount of wash water, to decrease content of residual impurities in
purified terephthalic acid, and/or, to decrease the load on downstream waste
treatment capacity. This invention substitutes the pressure centrifugation,
reslurry, atmospheric pressure flashing and atmospheric pressure separation
steps utilized in prior art processes to recover purified terephthalic acid from
an aqueous siurry by a single unit operation, i.e., pressure filtration, with
consequent lower equipment costs.

Background Qf The Invention

Usually, terephthalic acid is produced by a liquid phase oxidation of p-

xylene and/or p-toluic acid. Terephthalic acid is of great commercial

importance and is widely used for the production of various different polymers,
such as fiber-forming polyesters. A process for preparing polyesters of
terephthalic acid, particularly polyethylene terephthalate, comprises a direct
condensation of terephthalic acid with the respective polyaicohol. For
example, terephthalic acid is reacted with ethylene glycol to form bis(B-
hydroxyethyl) terephthalate which is then polymerized in a second stage. This
direct condensation process is simpler than other Known methods such as
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(Viila). ernative 1- car bet hoxypi perazine and th oXy-
procedure as shown by Equation C pi peg azi no conpound (1 X) so produced
S [err] enpl oys a phenot hi azyl al kanoi ¢ aci d represen-

a piperazine in which one NH group is pro- 25 15 ted by (XI) as starting
05151 SRR ey i RSB U, e ey anEpene
hydr ol ysed t &lqyyexer, the ﬁﬁﬁﬁseﬁieﬂfé%lotﬁsr@awf%é@@ S8 of ypadise oRihighly purified
3-[ 2- chl or o- igrephtiidlichadidy lih ordér RPé suitdblefor the prédlctiondst PoiySes RBers.s
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densat i on of ‘@RPAINGIC ACY MyBLPe, Mgl 11e¢ o any.conigminants; waicp K
cr ot anoyl5 dethes atelling paint dfhibe piflyester and/or cause coloration of the polyester. In
fact, some impurities which are contained in crude terephthalic acid are color-
forming precursors.
All these impurities have not yet been identified. However, 4-
carboxybenzaldehyde which is an intermediate oxidation product and which in
10 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 does not necessarily promote coloring during polymerization, this
impurity is a convenient tracer for evaluating the degree to which terephthalic
15 acid has been refined. A process which can reduce the 4-CBA content of
terephthalic acid reduces also the content of color-forming precursors.
Commercial crude terephthalic acid contains on a weight basis from
800 to 7,000 parts per million {ppm} 4-carboxybenzaldehyde and 200 to 1,500
ppm p-toluic acid as the main impurities. Crude terephthalic acid also
20 contains lesser amounts, 20-200 ppm range, of yellow color aromatic
compounds having the structures of benzil, fluorenone or anthraquinone
which are characteristically yellow compounds as impurities resulting from
coupling side reactions occurring during the oxidation of p-xylene.
U.S. Pat. No. 3,584,039 issued to Delbert H. Meyer teaches a feasible,
25 commercially useful method for purification of such commercially available
crude terephthalic acid products by treating liquid phase solutions thereof in
water at temperatures of 200°-374°C with hydrogen in the presence of a solid
hydrogenation catalyst (e.g. metallic paliadium on carbon support) and
crystallizing terephthalic acid from catalyst-free liquid phase solutions at
30 temperatures in the range of 50°C to 150°C. The catalytic hydrogen treatment
converis 4-carboxybenzaldehyde to p-toluic acid and decolorizes the .
terephthalic acid.
British Pat. No. 1,152,575 is directed to the development of the Meyer
Patent method for its commercial application providing improved modes of
35 conduct for the entire process from the step of dissolving crude terephthalic
acid through the step of crystallizing terephthalic acid from the hydrogen
treated aqueous solution. With respect to said crystallization, said British
patent teaches the use of solvent evaporation to effect the cooling necessary
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preparation oftegfivapdrieididueh aFthe equfliBFilin pressure. This is in effect a controlled
rate evaporative cooling.

10 Crystallization by controlled rate evaporative cooling is, according to the
above British patent, applied to continuous crystallization conducted in three
series connected stages under the conditions described to effect in 3.4 hours a
150°C temperature drop from 277°C initial solution temperature to the third
stage temperature of 109°C. This mode of conducting said crystallization

15 provided an average cooling rate of 1.48°F per minute that was not only
inordinately siow but, when applied to aqueous solutions of terephthalic acid
of 2,400 ppm p-toluic acid content, also provided a terephthalic acid product
containing 1,200 ppm p-toluic acid. Such product would not be acceptable for
direct reaction with ethylene glycol for polyester fiber manufacture.

20 U.S. Pat. No. 3,452,088 repeats the caution against shock cooling and
teaches a further improvement for the continuous controlled rate evaporative
cooling technique as applied to crystallizing terephthalic acid from aqueous
solutions also containing dissolved p-toluic acid. The improvement consists of
limiting the final crystallization temperature and/or crystalline product

25 separation temperature to the temperature range of 121° to 148°C to prevent
p-toluic acid contamination of crystallizing terephthalic acid. By using such
final crystallization and/or product separation temperatures of 121° to 149°C
terephthalic acid could be and was commercially obtained with 150 ppm and
less p-toluic acid from feed solutions containing 500 to 6,000 ppm p-toluic acid

30 at a somewhat faster cooling rate of 3°-4°F per minute. But such faster
controlied rate evaporation process does not provide a useful basis for.
devising still faster continuous flash evaporative crystallization to overcome
the p-toluic acid contamination problem mentioned in both the British and U.S.
patents.

35 Crystallization by flash evaporation of solvent has, in general, been
long known and used to take advantage of the substantially instantaneous
degeease in both temperature and pressure and attendant substantially
instantaneous evaporation of solvent as the hot solution of solute is introduced
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is to withdraw a portion of the slurry from near its upper level and introduce,
e.g., by pumping, the withdrawn slurry up through the bottom of the stirred
slurry.

However, use of flash solvent evaporation induced crystallization of

15 terephthalic acid (TA) from aqueous solution also containing dissolved p-toluic
acid in amounts of 500 to 6,000 ppm based on TA can, without proper conduct
thereof, bring into play the p-toluic acid contamination phenomenon alluded to
in the British patent and more generally described in the later U.S. patent.
Such contamination phenomenon is somewhat anomalous because, in spite

20 of the fact that there is retained more than enough solvent water to prevent
saturation or supersaturation with respect to p-toluic acid, p-toluic acid
nevertheless comes out of solution. Said later U.S. patent suggests that the
contamination phenomenon is in some way dependent on the rate of
crYstalIization and the final temperature of crystallization and product

25 separation and not solely on p-toiuic acid concentration in the solution.

From plots of TA saturation and supersaturation {TA concentrations vs.
temperature) and the guidance provided by teachings in the aforementioned
related British and United States patents, one might devise a continuous TA
crystallization process having a number of crystallization stages in series with

30 each stage operated at a temperature lower than the preceding stage and, for
smooth operation approximating batchwise crystallization, having a .
temperature profile substantially following the TA saturation plot. Such a
devised continuous crystailization process would have at least about 40 rate-
dependent crystallization stages. However, because of the number of stages

35 and their time consuming operation, such a continuous crystallization would
not be economically attractive or feasible for commercial application.

it is therefore an object of this invention to provide a method for
displacing p-toluic acid from a slurry of purified terephthalic acid in an
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2- ethyl group. The hydroxy group in (VIlga) is 50 hydroxyethyl group to an
et her derjvative, replaced by hal ogen in the conventional re-

aqueous medium wherein the aqueous medium containing the p-toluic acid is
displaced from the slurry of purified terephthalic acid by a positive
dispiacement method using pressure filtration of the purified terephthalic acid
in a method of flooded water washing, also termed plug flow washing, of the
5 filter cake, at high temperature and pressure, followed by release of the
pressure with consequent lower temperature and, ultimately, to a condition of
atmospheric pressure. The concentration of p-toluic acid retained in the
purified terephthalic acid is equal to or less than 200 ppmw.
It is an object of this invention to provide a method for displacing p-toluic
10 acid from a slurry of purified terephthalic acid in an aqueous medium wherein
the p-toluic acid is displaced from the siurry of purified terephthalic acid by a
positive displacement method using filtration of the purified terephthalic acid
slurry under high temperature and pressure wherein the concentration of p-
toluic acid retained in the filter cake is equal to or less than 200 ppmw and
15  pressure is reduced to atmospheric pressure.
it is further an object of this invention to provide an improved process for
preparation of purified terephthalic acid containing 200 ppmw, or less, of p-
toluic acid and the purified terephthalic acid is at atmosphetic pressure, and is
thereby in a state to be processed by a dryer at atmospheric pressure.
20
summary of the Invention
A process of producing purified terephthalic acid (TA) having 200 ppm
or less p-toluic acid content by weight (i.e., fiber-grade quality TA) has been
discovered which is applicable to aqueous slurries of TA having 500-6,000
25 ppm by weight of p-toluic acid in solution. The agueous slurry containing the
crystallized TA and an aqueous solution of dissolved p-toluic acid is filtered.
The filter cake is subject to a process for positive displacement of the aqueous
solution of the p-toluic acid at a temperature of at from about 38°C to about
205°C and at a pressure differential of from about 0.5 psi to about 65 psi over
30 the system pressure. The aqueous solution containing the soluble p-toluic
acid is displaced by water under pressure from the filter cake of crystalline TA
by pressure filtration at high temperature. The soiution of p-toluic acid
remaining in the filter cake is displaced by water under pressure. Pressure
flash evaporation of water remaining in the filter cake occurs upon release of
35 the system pressure and a consequent lower temperature 10 atmospheric
pressure. The crystailine product of terephthalic acid containing 200 ppm or
less p-toluic acid is thereupon subjected to drying equipment under

atmospheric pressure to obtain desired product.
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10 captive terephthalic acid is and has been for the manufacture 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

15  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
support 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

20 removable products. Purified terephthalic acid is then recovered by
crystallization and dried.

Although the above procedure has various advantages, problems
remain in that the contamination of purified terephthalic acid with p-toluic acid
is a cooling rate dependent phenomenon rather than a temperature

25 dependent phenomenon. Flash temperature reduction occasioned by release
of pressure operates to precipitate p-toluic acid from the solution of purified
terephthalic acid upon crystalline purified terephthalic acid. However,
solubility of p-toluic acid remains high in the aqueous medium at a
temperature of from about 38°C to about 205°C.

30 Surprisingly, it has been found that positive displacement of the
aqueous solution of p-toluic acid from a filter cake of crystalline purified .
terephthalic acid effectively displaces the p-toluic acid from contact with the
purified terephthalic acid by displacing the aqueous solution of p-toluic acid
with water at high temperature and pressure. The pressure is then released to

35 an ambient atmospheric condition. The concentration of p-toluic acid retained
in the crystalline purified terephthalic acid thereupon has been found to be
equal to or less than 200 ppmw.
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anal ogously $yRst takE RAGEVAIBE Cte ¥iffibieR8y and distribution to cover the area of the
filter cell to hinder or prevent the development of channeling of wash water.

10  Suitably, a fiter cake of at Isast about 0.5 inch in depth to about 8 inches,
preferably at least about 1 inch in depth, more preferably about 2 to about 4
inches in depth is developed over the area of the filter cell. The aqueous
mother liquor can be recovered and treated to recover p-toluic acid and/or sent
to waste treatment facilities.

15 Upon obtaining a suitable or preferred height of filter cake, about 0.5
inch to 8 inches, the cake leaves the filtration zone and enters a washing zone
where the cake is washed with a water stream at a pressure gradient to allow
a reservoir buildup of water over the filter cake to a suitable depth, preferably
to a minimum depth of about 0.25 inch. A pressure gradient of at least 0.5 psi

20 over the system pressure, preferably from 5 psi to about 65 psi over the system
pressure, is thereupon applied to the water stream to displace the aqueous
solution of p-toluic acid from the filter cake in a positive displacement method.
The water-washed cake of purified terephthalic acid is thereupon subject to
release of system pressure to a pressure within the range of from atmospheric

25 pressure to about 90 psig with attendant reduction of system temperature to a
temperature equal to or less than about 166°C. The water-washed purified
terephthalic acid is thersupon dried under atmospheric pressure.

A minimum cake depth of purified terephthalic acid of at least 0.5 inch is
suitable to obtain a filter cake of sufficient compactness to furnish a wash

30 wvehicle, i.e. the filter cake, from which a solution containing a solute can be
removed efficiently by displacement washing. If cake depth is less than about .
0.5 inch, retention of solution containing a soiute by the filter cake is increased
significantly despite application of wash water at increased pressure.
Because of the loss of efficiency in displacement washing of the filter cake by

35 water to remove a solution containing a dissolved solute, a minimum filter cake
depth of at least 0.5 inch, of purified terephthalic acid is preferred.

A minimum liquid height above the cake surface is required to ensure
that displacement washing occurs. This height must be sufficient to ensure
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temperature and pressure permits an efficient exchange of the p-toluic acid
solution for a medium comprising water and recovery of the purified
terephthalic acid from the aquecus component of the slurry which contains
soluble p-toluic acid. The positive displacement of the solution of p-toluic acid
from the filter cake of purified terephthalic acid at elevated temperature and
pressure diminishes the co-crystaliization of p-toluic acid with the
crystallization of purified terephthalic acid at a pressure equal to or less than
235 psig and a temperature equal to or less than about 205°C upon release of
the system pressure and decrease of system temperature.

Because of the insolubility of p-toluic acid in water at temperatures
below 38°C and pressures below 10 psig, typical filtration techniques are
unsuitable to remove p-toluic acid from the filter cake. Although the solubility
problem can be partially overcome by filtration at elevated temperature and
pressure, filtration and water washing are typically less successful in removing
p-toluic acid from crystalline purified terephthalic 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 can result 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 p-toluic acid can be obtained by pressure
displacement washing of the filter cake comprising purified terephthalic acid.
P-Toluic acid in purified terephthalic acid can be reduced to 200 ppmw, or
less.

From an engineering standpoint, the added stages of the pressure filter
allow the pressure to be decreased to atmospheric pressure, thus alleviating
problems caused by solids discharge to a dryer operating at atmospheric
pressure. In an embodiment of the process of the instant invention, a rotary
valve can be used to decrease system prassure to atmospheric pressure.

Utilization of addag stages of pressure displacement washing can
decrease the amount of water required to reduce the level of p-toluic acid
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deconposdéd tacidHe obtam a level equal to or less than about 200 ppm in the cake by
filtration, a multi-stage displacement washing of the purified terephthalic acid
can be used.
It is of course understood that a multi-stage displacement washing
procedure can be replaced by a single stage displacement washing
15 procedure wherein the quantity of wash water is sufficient to obtain a level
equal to or less than abut 200 ppm of p-toluic acid retained in the purified
terephthalic acid. Additionally, a procedure of counter-current washing can be
useful if reduction of the amount of wash water is determined to be
advantageous.
20 In the process of the instant invention, a p-toluic acid slurry containing
crystals of purified terephthalic acid is introduced into one or more of a series
of filter cells physically situated to permit a fiiter cake of requisite thickness to
develop by passage of a stream of the siurry of purified terephthalic acid.
Upon obtaining a minimum height of filter cake, about 0.5 to about 8 inches,
25 the cake leaves the filtration zone and enters a washing zone where the cake
is washed with a water stream. Pressure is applied thereupon to the water
stream to displace the p-toluic acid in the mother liquor retained in the filter
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
30 the cycle is repeated. The ratio of wash area to cake formation area is within
the range of from about 1:20 to about 20:1 to reduce the level of p-toluic acid in
the filter cake. The system pressure is thereupon released and the washed
filter cake is discharged from the filter.
Equipment for performing the requisite cycle can comprise a series of
35 filter cells maintained in a suitable position to permit a water flood to develop
over the filter cells. Suitable equipment can comprise a rotary drum filter with
multiple filter cells, and fitted with means for discharging washed filter cake
from the filter cells. Control means are required for introducing a stream
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(XI'1), which is condensed with a 1 - R - piper- addition of_ 200 of
wat er  2ME RABAE4ueous azine to give a [err] - Per7useloaofy

phenot hi azi nyl propi onyl - mixture is ext{?\ct ed several tinmes with ether. 60 "
pi perazine (XI11) which can be reduced h The ether layer is then
extracted with dilute lithium alumnium hydride to conpound

A kali ne v §ﬂ%&%ﬂﬁ$ﬁ9ﬁ§é§?h€ﬁ‘§éﬂﬁ 2B g ptoluic aéid Biyipn 1o develop a

i 11 ustr at esfiltérecakentietranspan the filteheake: from theyfillration zogettog washitg nore her .
The fo [tgérﬂlféroéél&n% EHBQ k%;ﬁ aeétzgém( &V vatér, %éﬂém thé I’tﬁfter is

extracts are dried, concent rat ro
phenot hi azi HadexPressiiente causei pogitive sQ‘SPﬂaéQm%ﬂte‘Pfdmﬁg R’Wa“—“ﬁr QGGctn #ethis

§5 pi PEHZ %mnépn@drere@émeeuﬁdhé \zslulnlrbh terephthan@a@apl?h@smaﬁcaké dapvbég a
.p. O | azl ne

&8 ot TWEShG Pt ps oy fimas,&% SRAUACLIY feve/BP & Mimiirh SRacaMRion 27"y
- chl or opr opstbluipacar imthe fiteecike baforeugischarmingy shelwastad filterf cake éolny|

| (XVIl) to g*hegg@&p@fﬁﬂﬂﬁw 1) . acetate nelts at 100-101[err]C

70 Hlows t he conversion of com According to the
above procedure Arsiitabletptary dum fisenwhioh cambeiadeptachts the regwirements ob -

L1 3 F}ppg?irfy PRRERINDeARINSrRbs is AXBHELPESTNEY) pressure fér. BRE-ERKOPY!
correst " Bonthoiaan-ABA2] Soniheleni IastiCeRBABY, AHNBIGRGtha MBTS Whithe: <
?;( ? X;Jbt g) negamztconmlishetearequired cycld of dpuration oahhmxfs‘ehyd Isue%ﬁmanﬂelt

m or | ur
pounds ( XX) f'%W?&ﬁ%W@e 0 %Cﬁgﬁ%ﬁ’“ﬁ’g o%%ﬂ%}%p@gé Each of the salts
crystallizes irgshe giperation afnther BHS-FEST™ filter, a rotary drum contaioma
al coholy t GHB!?'
descri pﬁ"‘onE%ndszongh& Eélﬁ%hﬁfeoo{m ﬂ?ﬂeh Of rhgcrk? %t-ﬁ&(rj t%s % - (':Thl oro
word " | owerTotgiegadhe 4 t&tﬁfmﬂﬁrrgcwgsan %90%0%%7 & IRwified tesephibelic acd,
and the sal &n@fsoluble p—tolawsadcmd)@nm:ome bullds to eaquisite depth.  Upen

d-chioro 1 soEliof s e druth tng file? cake leaveé?&,gpﬂlgagon zong, and jenters, the

EXAMPLE 1
Hydr oxyet hywgshing zofi@ to hiid a obbernvoir ofl waté¢r2ovettir Giltgecale )to a @qmred (2 -

‘; E'eﬁéi’h. azy??%trho Tpfjé)ppueahﬁfé%%mé‘w tn& wist }reser%il?%g?ne'sslr‘@r? W groque

(from3 g. mter cake to dtsgiqggm&m-mms@eacad retamed in the water upon the

crystals of purified terephthalic acid. Upon further rotation of the drum, the

wash cycie can be repeated at least one more time if necessary, after which

the system pressure is released with attendant temperature decrease to an

25 ambient condition. The fiiter cake is thereupon charged from the drum by
application of an inert gas under pressure.

A similar sequence of operations occurs with use of a belt filter.

Example |

30 The following example illustrates the process of the instant invention
using a BHS-FEST (™) filter.

Slurry, containing 45% crystallized PTA solids and mother liquor, is fed
to a BHS-FEST (™) rotary pressure filter at 60 psig pressure, and 149°C
temperature. A BHS-FEST (™) filter is employed to separate the solids from

35 the mother liquor, wash the solids, remove excess cake moisture, and
discharge the solids at atmospheric pressure. The filter housing is divided into
five chambers to perform five different operations - filtration/cake formation,
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SOdI um 300 m . of liquid ammonia, there A sol ution he
free ba?'@?%l‘%sﬁed 85 Is added 30 g. of 2 - chl orgg(ﬁé&&gﬁ{@é?é]

in Exanple 1 in 100 m of absolute ethangk 45 After stirring for one
hour, 19 g. of 1 - bronp- is treated with a saturated solution of hydrogen
833, 473 7 chloride in

gghydr Otjfoﬁh@@%ﬁngﬁ? Wa{sﬂ ﬁ%ﬂgr Irying, tc#ke diﬁﬁh%gpdnﬁ fiter cloth rinse. The
1- ( 2- Hydr ox §ifeogyum, @q%aﬂﬂmabme@dm ranging from §b dei 8 M. is dividechinte i s

obtai ned, pwybhiyosilter cplls. Tmé’fdiﬁb’ﬁl}é?'&léfhaéﬂe%eavaltabb’oh‘iﬁéﬁhﬁi isl éﬁ’édtoﬂsfrom
et hanol , an?@re overe

t d th
Form ot whi 8. Sly#apaciy is abpyt 359; 220 ANtk 1448 IMRNC NSRS SR 198 sty
01;] 10t g?s chlopeeator is ath .5, 1.0 and 2.0 rpm, respectively. propyl)

enot hi azi ne an

Br epared by addi %&2&’? f"ﬂ?’a&%ﬂéﬁs ‘J“'&q‘p‘é‘ﬁ aaz“ ﬂf n’% gé%ﬁgg ﬁifﬂﬁéonféake
excess of midrehation;i displaceswntowash ,acakmtdzymglcé\sctpnrgee dncefiles clathainsen
Exanpl e 1. t] o o L2 o (2
obf1 glp ngd ZBBEEﬁﬁ?ﬂnﬁﬁtanaebogj\%yj ezp tqﬁeé %ré egdes%d)ﬁg‘?{lﬁ%f@t{ngltg\e_ ['u%tory(cﬁ
phenot hi azypf"e fiter 684 | pi pera- colorless solid, mp. 92-93[err]C after

][ ecr yﬁ ted - ZThe filtericenRoRMYY i6 @ﬁ@mran&hmakﬂanﬁ&%@bhhfﬁber.l Thetfe@l
rom nexane.

E OLE 3
The. di nydr o SHIBr (R 1IPIng 2R 5% ATArSalscand about 1.000 ppmw pollic aci
exanpl e is 5 ppmped continuoyusiyddithe chesnbébatiabout 60 psig pressure. As the

L-(2- Hydr oxyigL k) retaled g P ABEL the sclis bEHETR) én the ifbPoiofivth 45°C
1 inch cake thickness. The mother liquor passes through the filter cloth into
15 an internal pipe in the filter. The pressure of the mother liquor in this internal
pipe ranges from about 30 to about 50 psig. The mother liquor is sent to p-
toluic acid recovery facilities and/or waste treatment.

The filter cell, now containing a formed cake, leaves the filtration/cake
formation chamber and rotates into the displacement chamber. Clean water is

20 pumped continuously into the chamber at a pressure of about 60 psig and
about 148°C. This useful temperature range for the clean water is about 82°C
to about 149°C. This water, via the effectiveness of displacement washing,
effectively removes p-toluic acid from the filter cake. Wash water which has
passed through the cake is now at a pressure of about 30 to about 50 psig.

25 This water is collected separately from the mother liquor and used elsewhere
in the PTA process.

The washed cake in the filter cell leaves the displacement wash
chamber and enters the cake drying chamber. Compressed inert gas, at a
pressure of about 60 psig, is introduced continuously into the drying chamber

30 to remove excess water from the filter cake.

The filter cell then rotates from the drying chamber into the cake
discharge chamber. In contrast to the other described chambers, this chamber
operates at ambient pressure. Because of the pressure drop from the cake
drying chamber to the cake discharge chamber, some additional moisture is

35 flashed from the cake. The cake is then discharged from the filter at a flow rate
of about 190, 380, or 760 lb/hr for a filter speed of about 0.5, 1.0 or 2.0 rpm,
respeciively. The final cake has a p-toluic acid concentration of 200 ppmw or

less on a dry-cake basis. as Been Replaced
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" propyl] piperazine several recrystallizati grep/usemioeeitanol .

15 wihex/mps4sduct of this exanple is prepared In the foregoing
“procedure, substituting 2- 80 from the condensation of 8 g. of 10 -
(3- chloro - 10 - (3 - chloropropyl)phenot hi azi ne chl or opr opyl)

phenot hiazine with 9 g. of 1- vyields the corresponding 2 - chloro anal og,

mp, oo And RGeS Mo xhel 8L 19 ised Wit kater in e Wher
acetate, di lejathairiseochatsben {o. rersove aty tracgs obundisshprgadicake.nThadiltesceliof a
whi te solldthér Shidislfe ﬁitFéﬂBn?&flé“ﬁ'rmanon chamber and repeats’he prockgs.obt ai ned

m p. 98-99C. fg recr | zat IOR rrom
hexane. Data for relevant experimepts. are. ingigaied & Hablg Jpridie wesh ratio

- ﬁ;\g; ﬁ, ilg-z lmdac%teyme%rhﬁg!r‘ngéhéiééh Weatef utsb? é@ W@ﬁt whbh the cake fromr .
8escr I bed Y aﬁ%@‘ Eé#.'l‘f"s spm‘%?ﬁé’dfaﬁ(’e ke tlgw '%tg?rlog# b% %}H’ E&fﬁ%gg
mp. 223-22%6e amduhmivmhqompresspkj)mertﬁlgas USed 16 Hy theloaket priaizid Yisghargd.] -

or epar el 1 1 SFArBE Sy fatd SRR kave, T ® DT FOL oF B S

crystal lization. hydroxypropyl) - 4 - [3 - (10 - phenothiazyl)-

EXAMVPLE; ¢ propyl ] pi @ 2| ne and 8 g. of thionyl

chl ori de 1- (2- Hydr oxyet hoxyet hyI) 3 (10 pheno- according to the
procedure described_in Ex- 30 thiaz I)pr D#Hi3 ne

1- ( 2- chl oroﬁ“ﬁgl’ - 4E mera Was R"’mi’he dens é%"gf sﬁre SQIP oluic g5

[ 3-(10- phen 5 op;ﬁg |'f)eraa a o) |eoncg @p,gZ g
of sodiym i 0 a solution of 1 - - hydroxyl eS

et hyl ene gl ygcol waso&asri @drmut in 18be omsbyl) -194 - 14.7 112

[ 3- (10- phenot hi azyl ) propyl]pi per- sanme manner as in Exanple 4. The
conpound 3 azine 91532502%33 of ah®fdrousO®Shzene 1Bhere i $2.40f t1AFs

exanpl e, 6S isoI at ed th nzgl hydro 5 adged,9g. of puri f Lapyl
chl ori d% i n425 chlbﬁﬁde 2 Mo oyi ng 8%e e proce g&re descrl bedl"?g 1d§9 m .

of benzene while coelggng iggan ice gpath.  pPeaApl e 37 mp. 248-243kgrr] C
after recrystal - The m xture is stirred at roomtenperature for

| i zati on_fr@&m et hantl87et hdr151 t fglee houPx3dnd nede basi t7.8i t hiditl ute
sodi um 25 EXAMPLE 7 hydr oxi de _sol ution, keepi n9 t he
tenperature? 1 - (2V¥7HydOFet hyl ¥33 4 - P31 (2 Y4ppthyl 1140 BdBow
5[err] C. The benzene | ayer is separated, 10 -

phenot hi azyl ) propyl ] pi per azi ne 105

The following example illustrates the process of the instant invention

30 using a beltfiiter.

Slurry, containing 48% crystallized PTA solids and mother liquor, is fed
to a pressurized bedltfilter at a 780 Ibs/hr flow rate, 90 psig pressure, and 166°C
temperature. The beltfilter performs operations in three zones - separation of
solids from the mother liquor, displacement washing, and drying.

35 The slurry is fed to the first section of the belt, where the solids and
mother liquor are separated. The solids form a continuous 3 inch thick cake
on the belt. The mother liquor filtrate passes through the filter cloth and is
pumped either to p-toluic acid recovery facilities and/or waste treatment.

The continuous cake is then conveyed into the displacement washing

40 zone. This zone also operates at 90 psig and 166°C. In this zone, clean water
is fed above the cake at a flow rate which maintains a liquid level above the

cake.
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| the aqu extracted with ether, the The reqU|S|tpcjfug§zng$1@te
- 10 - eﬁy?ﬁhg¥§{ benzene and ether |ayers then conbi ned, dried

propyl) - 2 - nethyl phenothiazine is prd@ared over sodlun1sulfate,
filtered and concentrated by the alkylation of 21.3 g. of 2 - nethyl
in vacuo. The material is sufficiently pure for phenothiazine with

Sogam n;ile (Ij r 2m 2. Kty thf d@laceﬁﬁemnwabmn@oid:mm ceRiuous cak% enters the
sodi u an e

chi or aet iy Pakedan T Zon” T Gxeads yeals? o6 yOMEd tn. opaif ferh He5edis, and
phenot hi azylinemgas)is intreduced tocfurthebfemobve thie mwigture. 1 Thishzone alde apdratesus
obtained is ag@P psi Ty baus benzene is added to a stl rred solu- densed
with 26 g. o :? ydr 0xyet hyl) tion of 1.15 g. of sodiumin 80 g.
of ethyl gne pi pémez dneduoak@h@onamaﬂrum@niyfaaaomwwfpleés potolgje\ania onThe

reaction m gpe bb%zshqgtcﬁgcﬁél'g%d f%of.ﬁl tHedbél :hfaﬁacmum r@cﬁué:h
b.p. 115 eam bath for two t he ene 74 1 5

pe P 115 suehiadh aled Rhrow GoRvekpriar s saNES & fOBrY Vabes
di hydr ochl omodeapawpesmmspnessmee@men transfermadntotas atmc'ﬁmwneaﬂyenn

m xture is treated ing exanples is recrystallized from ethanol, W th
100 mM . of water, extracted with benzene mp. 246-248C. 55 and t he
benzene | ayer extracted with dilute Al ternatively, the conpound of this
exanpl e 120 hydrochloric acid. The acid |ayer is nmade basic is
prepared as follows: A suspension of 115 g. with dilute sodium
hydr oxi de, the resulting oil of 2-nethyl phenothiazine in 200 m . of

acryl o- extracted with ether and benzene, and the com nitrile is
cooled to - 50[err]C. in an acetone-dry bi ned et her and benzene | ayers
dried and con- ice bath. To the m xture is added 5 nml. of a 60 centrated.
The crude oil is dissolved in ethyl 40% al coholic solution of choline and
the m x- 125 acetate, and to it is added an excess of maleic ture is
allowed to cone to room tenperature. acid in ethyl acetate. The

dimal eate crystallizes The mxture is heated on a steam bath for one

as a white solid, nelting point 152-154C. hour and poured .into 51. of
acet one wher eupon after a recrystallization from ethanol-ether. the
nitrile crystallizes. Hydrolysis of the nitrile
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8 833, 473 I s ef
refl uxW%9%1W1omaﬁM§l“U “Mm“ i ed, concentrated and té@cf}’ggzaﬁmq rac--
al cohol i c sodi um owed by qgidi- tionated, b.p.
132-136[err]C. /4.0 mm fication yielding [err] - (2 - nmethyl - 10 -
pheno- To a solution of 21.6 g. of the piperazine t hi azyl) propionic
acid. The g Eﬁﬁ,obtalned I's conpound prepared above in 200 m. of 5
converted |n ether solution to the acid chloride anhydrous benzene there
is added 15 g. of 70 by treatnent with thionyl chloride and thionyl

chl _0][! dg, bkeepl nglg he\tmgaagetwetrﬁéh preggp?ﬂardldf_er uﬁhédafér‘ép@ﬂh@ﬁé deeids
urirtile rr uri n e addl U1 e re Lon m

(I? rystalli zgf?Pgﬁ\"‘Pﬂo&n?ﬁ‘é‘h BF'«QU égﬁtrrm a corgcmrﬁrqt@nr %‘W%‘x b"’rssfﬁ‘@r“ ABRr S,

cool ed &ndpahs per milliok by weight (ppme) whichfproeess cen’(o?rsesrret hyl - 10-

hygr oscopt ¢ NYAigph! sidiBudid 864 akaPLUl bradands JPUREPLRIETY ) nREAgh oMY

chloride and 30
1- (2 - hygne@ampmeawtm@th% range ettroamabo3fiéuta abawR08°C afadry

bobbrog ¢ noyStEmbRessure 8f Romo tMoSpReMcOM 2857 pdig i Teue mf"ﬁ"g’%?e' °
Phe ol t e epamsing  Autied, fersrbthalia Boic, prasitcas faryiald; SAetiprtALIC adi ¢ i
chl or of®r mpeeskrithes ahl agueousrsdiatyen aed-as aaosenystaliited form withlerystals of

et hoxyet by ?d ufiied ﬁeﬁPﬁﬁ*@i géﬁ#ﬁaﬁé'ﬁ%ﬁcg’@é% ST s HePpibéo e
basic wt h:msumemtum wherahygeactefiter cell dguileps adiltencakbordiller sakeact ed

wi th chlorgngn inth oS Eepm 2.5 g. form
Concentr at ?on (;f ?%@d oro%g(rém alﬂé?%ﬁh%lé E in 200 m. . of dry t ol uene
catlt

there is gi ¥k a Kﬂ@é’@ﬂg‘%?ﬁcm f'gﬁl' aingh said filter,gaiee) t ®Mg. of
2 - chi®r ophiehiiitdri zpniente.a WekRizon@; turation with petrol eumether, yielding

1 - (2= refluxifg T 9% QAFeiRg Y ’waﬁQF it ifite’ 8aCRUSE ifi? cell to form a
reservoir of water in each filter cell over said filter cake or filter cakes, wherein
said water stream is at a pressure gradient of at least 0.5 psi over said system
pressure and a temperature in the range of from about 38°C to about 205°C;

20 (d) washing said filter cake with water for a period sufficient to
reduce concentration of p-toluic acid to equal to or less than 200 ppmw;
(e) transporting each said filter cell containing washed filter cake to a
pressure release zone wherein said system pressure is released to a range
from atmospheric to about 90 psig to reduce temperature of said filter cake to a
25 temperature equal to or less than 166°C; and -
4 discharging said washed filter cake comprising purified
terephthalic acid from each said filter cell wherein concentration of p-toiuic
acid in said purified terephthalic acid is equal to or less than 200 ppmw.

2. The process of Claim 1 wherein said filter cake is at least 0.5
30 inches in depth.

3. The process of Claim 1 wherein said reservoir of water over said
filter cake is at least 0.25 inches in depth.

4. The process of Claim 1 wherein said water from washing said
filter cake is recovered as wash water and is recycled upstream to siurry crude
35 terephthalic acid or discarded to waste treatment facilities.
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' hydr oxx,e{)h)g 18454 4 “mmmu nmaﬁm thyl - 10- and the tobﬂ*ﬁ*ﬁsﬁ?bﬂlbon of

1 - (3 - ch or o- pr opi onyl ] pi perazi ne. propyl) - 4
- (2 - ethoxyethyl) * pf perazine | s 15 Reducti on of the above obtai ned
i nternedi ate added dr opwi se. After the addition is com is carried out
as follows: plete, the reaction mxture is refluxed and

25 To a solutgon ofh@ groceiss! bt [Clamal uwheratn saidi water fstreaen dbt aheur s,

deconposed w th d f, a s_ether the e
and the or g%ﬁséuvgﬁ “‘g%ﬁa{ﬁ'@é ?ﬁ@&ﬂoﬂ& ds é) ggég{i% vBY BYEF 8

sol uti on ofsyisem. pressur®. 48% hydr obrom c aci d. 1 - (2 - hydroxyet hyI) -
4 - [[err] - (2 - nethyl- The acid layer is separat ed cool ed and made

10 - phenothiazyg) - PhephRResh ?f a?'\ﬂﬁefé]na%ﬁ Galted Rerliamtig_god um

hydr oxi de sol ution. ﬁ rous tetr ur an

oi | is 8xtrRiessdramMthinthecrangg ofd 6Pm $5psi to ghoy F@ﬁ PRl OVEF Sajtssystemyxed
for eight hewsgumnd centrated and the resi dual oil distilled.
deconposed Wi th a mni mum of water con- EXAMPLE 9

152 Pydroxyet hyly -4 138 Poegdiird B Gigin s Whesoin deptn ot said fter eake e in the
filtrate drﬂ@gecﬂiémmpﬁb@ﬁbﬂtﬁ inghes te appuy 8 imchéisnet hyl pi perazine 35 sodi um

sul fate and concentrated in vacuo and The requisite internediate 1 - (2

- hydroxy- 100 8 CrYRé fﬁrbéé@'of Claim 1 wherein depth of said filter cake :sefrmﬁe)
2,5 - |rrethl 3era2|ne

epa
from 2 - rﬁ"ﬁﬁt f‘iﬂ"[?@c!ﬁﬂdg ’afﬁja@mmes 1- (2 - Et hoxyet hyI) - 4 -
[3-(2-chloro- oxi de; b.p. 132-136C./10 nm), is con- 10 -
phenot hi azyl ) progyl ] Theiprecess ofeClaim tiewhardini depthofaaid fiteptald® igin thet h 15
g. of 40 L i - (2 - chloro- <crude 10 - (3 -
chl oropropy B@gg%%bgggbmigéé?ﬁ'ﬁ@e% -4 -1[3- (2 - chloro - 10 -
pheno- phenot hi azine_as in Exa 1. There is ob- t hi azyl ) propyl ]
pi perazine is prtparefh@Progess g @éama 1gwhetsinsaid sysiem pressurgy isin| G/ 0. 5

m Exmbéo’-¥fm’#ﬁ@bbﬁﬁotsaﬁsfgﬂtbfamdmm;ﬁdmﬂ de The di - hydrochl ori de
prepared as in Ex- solution (from1.15 g. of sodiumand 100 m. anple

comoulf of "t i of1 2711 8 ArBeeds ghchairk ot d il BTy,

exanple is mgamfémmab@uyéolpsmm aboutstd psig. EXAMPLE 10.
b.p. 265-270C. /1.0 nm, dihydrochl oride

1- (2- Hydroxyet hy{3 - 4-TRe (p?oEB8 18X Cidith 1 wherein said temperature of said water
stream is in the range of from about 100°C to about 205°C.
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‘mp. 221-223C. from ethanol . 16 -

phenot hi azyl ) propyl ] pi per azi ne By substituting sodi um nmet hoxi de

sol ution The requisite internediate, 10 - (3 - chloro- 50 for sodium
et hoxide in the fqQregoing procedure- -2-nmet hoxy - phenot hiazine, is
prepared 115 there is obtained 1~ - nethoxyethyl)-4-[3- as in
Exanple 1 by the alkylation of 22.9 g. (2 - chloro - 10-- phenot hi azyl)

- propyl]- of ZWWWM gr Parkbiof- oPputitied 1 r@bﬁﬁaﬁé'é@d b. p.

rvdr ool or | Bentain{g 20D b & Reso] B ﬁﬂ%r aBgf esﬁm aRe o, hutfie
anmoni a.§ Ttm'aﬁﬁtha&craud)is prepared by filtering, under a differential pressure @frahrhmm I

br epar i ng. 1 RoOreEP IEOS o s 4 Syem prassify Al Minpdyfte it fe [
of this exaf@ngs iof fromf ammwmo ¢rtg aboutx Cg an aqusausnpluirydobpurified ex-

. The requi mﬁ ?m,g%@bg mg(a'ZsQ bhc?? tol@itPadid. STHe 84886UYs Sblutiol- Io
oy

280-282[ err r oxypr o I ne I.s
60 pr e|[oar e t"r'Pé‘St acig @'ﬁ?‘ﬁt"{ﬂ in & Yp o tdpagh@gi Edl‘i

i25(34 |_|y1d((2 dispt m«wu?e Hitee rcakenby watef Gnder & pressure gradient over thet .

r ox P 0
for ef ght  nevhien brissufa(d & §"#§i§®?fp m*ﬂaﬁ?b?n%%g 6 fron’ SpByt BT IR,
reaction ni about208°C.r Fressure fiashi evaponaiomo! wates remainingoin theditescakasa-
3 1L oSt Sopd e i byl Cntbc 9
chl or opheno rgp Lheprysta an@ﬂ&rg@@h ic aetd product containing %3
833,4735 ppmw or less p-toluic acid can be dried under amospheric pressure. Purified

terephthalic acid is useful for the manufacture of polyesters from which
ciothing and related goods are made.
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hydr oxybut yl) pi per azi ne, according to ExanplE TEIR AR~ SHEET o
to.stand two days 1. The crude product o6 NS | ?@‘ﬁ ?ﬁp
the al cohol is renmoved in vacuo. The da yFog %r'i{"e
by treatment with residue is recrystallized '_g)j_ﬁ’i“é"f‘ 510Ip‘i daj

Lrung eijOQ &( aged ...

et hanol i ¢ hydrogen chloride as in Exanple 2,]
chl oropropyl) - pheno- 5 mp. 217- 218[qr BUYHEm elPH%Fﬁiol to puged ~—

thiazine - 5 - oxide, mp. 106-107[err]G. | 70 }
EXAVPLE 12 A M xture of| DATE.OPRECEFNLIZS]H
obt ai ned 1-[ 2- (5- Hydr oxypent yl oxy) - ethyl' [-4-T3-(10- above TS
heated with 25 g. of 1 - (2 - hydroxy- phenot hi azyl )propyl]

- pi per azi ne et hyl ) pi perazi ne and treat ed accordl ng to

m xture of 27.5 g. of 10-(3-chl oro ro‘%ﬁ nR 10 phenot hi a2| ne
and 22 g. of 1-[2-(5-hydroxROCE R Bﬁ%%g M Qf:g‘?‘l’lB“‘BEQe it is

obtained 75 pent oxy) et HPEREPHTHALIC ALIDeated on a steam as a
crystalligne nmass which is purified by re- bath for 18 hours and

treated as in Exanple 1. crystallization frome %%/a{‘ acet at e, %J)
The conpound of tTh’%‘Seﬁﬁﬁﬁi‘@‘qt@“dbﬂéﬂr@&%cat@@% fNe. 685,218 filed g as
oil, b.p. 26Ap@&7"&,d98§C. /1.0 nm The base upon conversion to |ts

di mal eat e 15 F@&ﬁﬁhﬁg%lﬁ!(ﬁnlm salt nmelts
at 174-175[err]C, recr .

1- (2- Hydr oxyet hyﬂ“% "f‘é qf toe ﬁ}Y@HB%F&%S?F) © an impgved: IRFeIHIRR BRcovery of

et hyl ] pi Per apunifeed terephthalic acid (hereinafter PTA) from apékjdebls Slurry containing A

1m0x~t ULe of 24 Biuteh éfop—to!&@ aci€ NiFkifed tereﬂahthaﬂi: lagld s ;f(epar[e% whdérgir tifehl oro -
pheno-

thiasyh) - pPRSAENEE & FHE0R aaﬂﬁzt'SE?a?Bﬁ%?%& pRits &ex shfion by weelgitig

accordi ng t o{ppm¥)ni xtrurt@eofoxidatipn oef 1prraxylene dnl derephtiggic acid, 4he
procedure deaﬁﬂbbh@mbmlddhyaéaMrsddcedTag anPihtitlediate.2 In tﬁ@'ﬁahﬁ@é{tw&h' azine
o0 18, 915 1 orapnFARP AR S SRRl 8 A A5t . i,
b. p. 240- 244m/¢rog§n@t@mtpoa m@erwates solmbie fervativenpripliqiaeidi sThe purifie®. 0 mm
di | uted wit htevepeihaliengtid kentiihinghvestiuae pafohiie aacid i Washed rwis Wdtér 1 ashi on

Ch orbechy e (s SR Bobilh 4" e ke MBI FRRUAL T,

hydr ochl ori c 8&giig reayeied o tscarded to waste treatment facllmes A process of flooded

20 water washing under pressure of the purified terephthalic acid operates to
reduce amount of wash water, to decrease content of residual impurities in
purified terephthalic acid, and/or, to decrease the load on downstream waste
treatment capacity. This invention substitutes the pressure centrifugation,
reslurry, atmospheric pressure flashing and atmospheric pressure separation

25 steps utilized in prior art processes to recover putified terephthalic acid from
an aqueous slurry by a single unit operation, i.e., pressure filtration, with
consequent lower equipment costs.

Background Of The Invention
30 Usually, terephthalic acid is produced by a liquid phase oxidation of p-
xylene and/or p-toluic acid. Terephthalic acid is of great commercial
importance and is widely used for the production of various different polymers,
such as fiber-forming polyesters. A process for preparing polyesters of
terephthalic acid, particularly polyethylene terephthalate, comprises a direct
35 condensation of terephthalic acid with the respective polyalcohol. For
example, terephthalic acid is reacted with ethylene glycol to form bis{B-
hydroxyethyt) terephthalate which is then polymerized in a second stage. This
direct condensation process is simpler than other known methods such as
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respondi ng chloro analog is obtained, mp. di- aqueous acid solution is
made al kaline with hydr ochl oride 201[err]C. from et hanol .

sodi um hydroxi de solution and the resultant EXAMPLE
14 m xture extracted with ether. The ether ex- 30

1- (2- Hydr oxycycl ohexyl )-4- [3-(2-chloro-10- tracts are dried and
concentrated to a residue 95 phenot hi azyl ) propyl ]

pi per azi ne yi el di ng the conpound of #©his exanple. A m xture
of 15.5 g. of crude 10-(3-chloro- The free base obtai ned above is
converted propyl)-chl orophenot hiazine and 20 g. of 1- - into its

di hydr ochl or i densesterificadiondbhgimethyhderephthalate with the appropriate glycol.

(i hy i oont of | However, It @esct estmribAIdRELIes i uSk SCREMLA 6 higtp Bllifec T
sep)altr ates as W/ﬁ?ﬂhéh I RG, E( 3%’ iq E%%P”?%‘??Q‘P\%Srf’m‘?%“’" o p°i§'eF rgB?’éi- ned in
the form of aleippigkgliconcid mustdie sibstantially ifeae ofyamecontsminanty whichniotveom
ethanol; 5 the rA&NiAg Polrit 2 hé Polyester Alid/oMcAusd 8ttt of tA: Polyester. In

S vare 3L° a2, some mpdBEWHAY hre’S6thahEa iff bR GFdBiHiE 2l &re color

EXAMPLE 18
1- Pr opar gy| - 40rpingpregwisefse- 10- phenot hi azyl )- EXAMPLE 15
Er(()gy:_glgirg)e(rgzi ne All these impuri_tie%?ﬁave not yet been identified. Efoweve&_ gfe L
b v Do it S flombdle I b L
pr epar ed g& f they fgligwing is a revxatqcﬁgs I“eﬁﬁf‘sgﬁ‘é&?m B ieuRd i erudederephtitdioro- A
isg| u'; |e 0 2 r gL gacig.. ltdib kaowl'mdh?msa uicprareatniwtich polomtioh i teopdiyextérisifuudbgxi de
al kSI altoi on of aézl%&e” t§€4 %ﬁoﬁ?égg?ﬁlga%tﬁlé%%% &_ﬂa é%@tﬂﬂewg?%g%? ﬂ?';sBA _
refluxed for 3% hg@ﬁé net, feggpsanly promgle | Laloting,QHingr palyErzagonothisodi um
and sol vent impurdynis/adonveniasidtacerdon eraluatingdthe degree to which@emphtifalid -
ch: oro - B5- beignmy 608 Re ffe! o prrdébgwﬁrlgd chﬁirﬁggcxéﬂhﬁ gfciwt%gtef%{gﬁh& Qei .
:gt 3r1’1’? ed wi t}?’%%‘?qﬁﬁ“cg%%‘gg%cf‘{ﬁ%%%% thie con g)?g?lﬁﬁéorg‘l%ﬂrgﬂ’ﬁeﬁgsf’fﬁus obt ai ned
is con- car bonat eCommereias grudenteraphthalic acid esntalastesta weight bdsissfeamwi t h
3?5 9. |°fe dl . 19@0 t0 VMOO;?%{'@M thitlionVfpbfh) fo—é}ﬁbmgiﬂéﬂzﬁ&éﬁﬁr@t &u@i@@oogf ¥ gdoand
col l ecti ng thgmfnr gé‘?’%ﬁ&gé %ZS Qfe %%lbg‘ ' %7 bma’g%&rﬂ%g‘ag%aﬁgpemﬁ& ne a
crystal | i f@ dreataing desseroameuntse2@-209: PP &angs.pet ¥gilew eelobtaromatic
when treated compbhyds derimg thectartlireg dfobéds, firevshes by HntihiagaRidnkn t he
receiver; mPynddi are characteristically yellow compounds as impurities resulting from
coupling side reactions occurring during the oxidation of p-xylene.
U.S. Pat. No. 3,584,039 issued to Delbert H. Meyer teaches a feasible,
25 commercially useful method for purification of such commercially available
crude terephthalic acid products by treating fiquid phase solutions thereof in
water at temperatures of 200°-374°C with hydrogen in the presence of a solid
hydrogenation catalyst (e.g. metallic palladium on carbon support) and
crystallizing terephthalic acid from catalyst-free liquid phase solutions at
30 temperatures in the range of 50°C to 150°C. The catalytic hydrogen treatment
converts 4-carboxybenzaldehyde to p-toluic acid and decolorizes the
terephthalic acid.
British Pat. No. 1,152,575 is directed to the development of the Meyer
Patent method for lts commercial application providing improved modes of
35 conduct for the entire process from the step of dissolving crude terephthalic
acid through the step of crystalflizing terephthalic acid from the hydrogen
treated aqueous solution. With respect 1o said crystallization, said British
patent teaches the use of solvent evaporation to effect the cooling necessary
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met hod described for formng the dinmaleate 54[err]C 55 salt in

Exanpl e 4. A mxture of 17.5 g. of 1 -
propar gyl - pi per- 120 EXAMPLE 16
azine, 33 g. of 10 - (3 - chloropropyl) - 2- 1- (2- Hydr oxyet hyl ) - 4-

[ 3- (2-chl oro-5-o0xi do- chl orophenot hi azi ne and 14 g. of anhydrous
10- phenot hi azyl ) propyl] piperazine sodi um carbonate is stirred and heated

on a The requisite internedi dte, 2-chloro-10- steam bath for 20
hours. The m xture is diluted 60 (3-chl oropropyl)-phenot hi azi ne- 5- oxi de
Is pre- wth water, and the. oi l.eh. s r.at.es. . £ 125 ared in
the fol | ow ntg? Wﬂ?étfa?e ﬁ'?égﬂ?'ﬁ‘ﬁ {?ﬁg@}tﬁa‘ﬁ §§@e®'§tv§%¢u‘aggﬁg§t gqqgé‘c&f?fwﬁ}’ﬁéd et her
ex- 3avaporaiivexooling shewd avodl shack cooling af tisr spylion as woslsk accar e

ert r ﬁclt ed W by iskthntaRetiys Ngsh le9apération of salitWetaase I‘ﬁl?ch _rshbaﬁ_(boﬁstmg of

al cohol is s : | | i . .

and war nmed m##ét{gg@g?efﬁ %%ﬁ%ﬁ aﬁ@%%;wtﬁggd;éo uﬂ?ﬂ‘%@ %x?ééé’g@g%% i % and t he

resul tant®  preguctye pryvantibe sentamipatingefiast 9f such shock caaling,the Biitish j s

gégr 2%edt wi patent heachddethat Ithe exapdr&ﬂ:e cooling should be conifdlied by tant
: ra ROELER resul tan

m xture sti rg@@%@:ﬂgg@%@@&ﬁ rﬁdc?sﬁggﬁ\ﬁ}gf ﬁa@gﬁoﬁ# ﬁébg?ﬂ%’pﬁ% rﬂ?or | de

salt as des- Steam vRpos@xbaygt@t the,paujlibriip prespuee. o ThisHHg in pHesta Controlied

cribed in Erepvepérative poolidgl-212[err]C. noved by distillation and one
5 oGS, Ty Covetizaion by SRR B AR RN btind e RBbisf i | 7O
wat er of cry8Payq Eﬁ'ﬁ?q BAtent, applied to C@&WE\S‘?%{)%WQ@‘Z@E%? SOPAYCte im tieRer, t he
ether 70 seties connected stages under the conditions dascribed to etftect in 3.4 hours a

150°C temperature drop from 277°C initial solution temperature to the third

stage temperature of 103°C. This mode of conducting said ctystallization

15 provided an average cooling rate of 1.48°F per minute that was not only
inordinately slow but, when applied to aqueous solutions of terephthalic acid
of 2,400 ppm p-toluic acid content, aiso provided a terephthalic acid product
containing 1,200 ppm p-toluic acid. Such product would not be acceptable for
direct reaction with ethylane glycol for polyester fiber manufacture.

20 U.S. Pat. No. 3,452,088 repeats the caution against shock cooling and
teaches a further improvement for the continuous controlied rate evaporative
cooling technique as applied to crystallizing terephthalic acid from aqueous
solutions also containing dissolved p-oluic acid. The improvement consists of
limiting the final crystallization temperature and/or crystaliine product

25 separation temperature to the temperature range of 121° to 149°C to prevent
p-toluic acid contamination of crystallizing terephthalic acid. By using such
final crystaliization and/or product separation temperatures of 121° to 148°C
terephthalic acid could be and was commaercially obtained with 150 ppm and
less p-toluic acid from feed solutioris containing 500 to 6,000 ppm p-toluic acid

30 at a somewhat faster cooling rate of 3°-4°F per minute. But such faster
controlled rate evaporation proces's does not provide a useful basis for.
devising still faster continuous flash evaporative crystallization to overcome
the p-toluic acid contamination problem mentioned in both the British and U.S.
patents.

35 Crystallization by flash evaporation of solvent has, in general, been
fong known and used to take advantage of the substantially instantaneous
degeease in both temperature and pressure and attendant substantially
instantaneous evaporation of solvent as the hot solution of solute is introduced
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By condensing 1 - propargyl - piperazine extracts being dried and
concentrated. The with 10 - (4 - chlorobutyl) - 2 - nethoxy-
resi due obtained fromthe ether solution is re- phenot hi azine in
simlar manner to that des- fluxed with 500 m. of concentrated hydro-
cribed there is obtained the di hydrochloride of chloric acid for 40 hours.

The resul tant sol u- 10 1 - propargyl - 4 - [4 - (2 - nethoxy - 10-
tion is concentrated to a dryness, the residue 75 phenot hi azyl)
- butyl] pi perazi ne. di ssolved in water, the aqueous sol ution
sat ur a- EXAMPLE 19 ted with

pot assi um carittortae ecrpstdiiizétwmovegsel operated at a lower temperature and pressure.

1- (2- But eny! ) acfvahBrelus! Q{eora}a%lf’bﬁﬁ@dzed Mb@@f o8k ‘ﬁh&lh IR fladitls & her

extracts are

ried
and concent r 40 Y2BRLPH#RE P%'é“%@%‘ﬂ' Sthdvd of Wenl Yﬂ&’ Gaﬁ‘swgap‘ﬁ?@rhedl at e
1 - crotonoylang-crystal grosth loocwt rapidly withitke DDOllm and eontientrating céused t&o
[3 - (2 - 50h|ﬂ3{sﬁmg R -soMeEP 1B By idwer Ré@PBHdture. TEEROMth oftldrydths Is is
]LO 'Ololegaé' ne, s@smaﬁgllyl&@rﬁ%tke résult of the lowerr ﬁg&%&%@w gﬂﬁ gsf i%rggﬂ? arq%gf afl
- (2 - chl or gesidenge fine: (Lerstal sige 4. a grystallizatiog vessel wheye solvent is ﬂash 10 -
phenot hi azyl )evappraipy |dapi periszwole known, bepertyiced-by? circatbtion @f siurry

T e s

tional ndifherons Gigans Q" Rysbmggsugh(qgrm 34AR ip @FtiKEecoery atadization seae f or
18 hours. Thds to withdraw a pértion @b tiepelurry fromreantilsi uppendevelzdd ISXERRS,

reaction m xt S | [

pi per azi ne ang’3 o“mﬁ“‘%? TR ARGRAA Barlyoup roush dag boosT SERY Bhizeq

yi el di ng Y. benzene is added 11 g. of crotonoyl chloride. the free
base of this exanﬁimyeutarpusézaﬁ -ih solvent @@poTation dulced norpstatiinaion of
stirred ang r@fé ic deid Br/A) 1t aaheoué §6’lu{?@f§ﬁ!s%%dh?éﬁh?%sbﬁ/eacﬂ"folmgo

for 18 hours extracte verte

di hydr ochl or| \M FHOUMR a‘ﬁém’é" Gdddo Ppm%asé‘gf’ﬂ%?%“'s%mﬁ“ Wpeﬁ'ﬁ%"%zene

| ayer is dri elderagy.dvringeintapiaythel o-talihaeid contaninglianephersmenonmliiuded to

and concent ramemelmmmcy@teaﬂ@nahﬁofee bRBtallY Yesded BPIRY [dt6r U4 DAL hanO' :

ngt 'Zgi)eg s #q&%%%&&%oﬁ%’nonﬁjee o' R doffewhat’anomalous because. 1 tpits. 2

1- (3- met A - 20tiedagt that thege is -retqinachmpge tharmgnough solvent wates tg grendndn of
40 g. of the satotaiooy br deipevsaturationpadthordspacy o - mmmcl acidpipPplds i dsid
ti vg Obté"t ”Edné\}%?t‘ﬁ%lése edbut & s BHR tater 1S, pafdtt Subfedi el TRY! ate 1
- (3 hy| contamination phenomenon is in some way dependent on the rate of
crystallization and the final temperature of crystallization and product
25 separation and not solely on p-toluic acid concentration in the solution.

From plots of TA saturation and supersaturation {TA concentrations vs.
temperature) and the guidance provided by teachings in the aforementioned
related British and United States patents, one might devise a continuous TA
crystallization process having a number of crystallization stages in series with

30 each stage operated at a temperature lower than the preceding stage and, for

" smooth operation approximating batchwise crystallization, having a

temperature profile substantially following the TA saturation piot. Such a

devised continuous crystallization process would have at least about 40 rate-

dependent crystallization stages. Howsver, because of the number of stages

35 and their time consuming operation, such a continuous ctystallization would
not be economically attractive or feasible for commercial application.

It is therefore an object of this invention to provide a method for
displacing p-toluic acid from a slurry of purified terephthalic acid in an
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ether is added to a suspension of 8 g. of 2 - butenyl) - piperazine is
prepared accordi ng lithium alumnum hydride in 600 mM. of to
t he anal ogous procedure of Exanple 20 35 anhydrous ether. The
reaction mxture is whereupon 1 - carbethoxypi perazine is al kyla- 100
stirred and refluxed for 10 hours and the ted with 1 - chloro - 3 -

nmet hyl butene - 2 in excess hydride is destroyed by adding a mni-
the presence of sodium bicarbonate with mum quantity of water
The lithium and hydrolysis of the carbethoxy group occurring

al um num hydroxi des so fornmed are rcnoved in the presence of hydrochloric

iibdllg[ p. | aqueof® médiuriwiidraini the Ndotd enctlidrm rcontdinihg oo b*‘io!?%(rj&?@is

- err . ‘ps . . al e Q0 a

resi due whi cﬁ’_’?@a%g?i fromy the ury; p! purifigd n‘ég"g’t“."ﬁ%}'%f‘.’é‘? By 8 (positive

chl or opr opy! )displacement methegiusing pregsure7titratigneof thespyffied terephthalic acid 2 -
Clh: or 1(Z.'Jph::a_not hhaazinmhcﬂ:;ldf fdoded watet washihg, also ten?ed plug fl6w WRRhingy %deﬂg_

| ustration, r = - r € accordl ng
to PNl U, Mo tbBop bt b droas hyﬁgg‘*.%% 25" faae Pt tgiur o of
Exanpl e 1, tH¥epswe witiseonsequent lowartemparatupy andulimgtelat 19@ conditipreoazi ne,
there is thiatnosphptie pressureai Tikel cancantratiarowed pefoluic bagld réththed in the

E“Zt : mghlelo?/ooﬁs @gagqeﬁgﬁtr{aﬁ? -gc;talngﬁﬁé!)tg-o,l Ss thén 208 Bt 0C /1 OE)TAPI\/PLE 22
(or 3) nethyl pi pé?‘%ﬂ%@?iefﬁ.@“* VB’GEM@ ']°8.d)293‘1‘°!h°ﬂ|fP§/PfSP*aain9 PFipluic (2 -
(i G2Y1) - el Al eIl Bdfaced onhe SIHHUD mrs s AL

y - ~tolui isaced fro e T puri ter va
G oot nyl o paratvs68Flasemeak Fagiad Prie. titeHie P ritiatiiprephihagic.acia
chl or ophenot h$lagy runden dighgtemperature antiprepsuet Waeretst thehesnoettigdiorgobpp i n
1, Tore 5 il bt 018 10 G0 500 i 0 B
there is 5 %re@?&reﬁgiﬁ%udqgggé%@ggs@gcéﬁé%%ﬁgd s converted into rrIc))bt ai ned
the free base of tlhissfugheran ebjge of this invenfign tq poviglergrimpsavest praeesscoor di ng
to the procedmeparationceiupuriiied. teRyphittidlicaddio woatunidg rA00app@al bPesss ol 20
described in fxampbey Jid the purified terephthalic acid&%%ﬁ@s%\eﬁg p%s%ﬁ%,\gngqst he

oily free bas&@ln . .
i sopr opr opy| /by iB asFtateda derroesised i a diyer at atmospheric pressure.
1-(2-nmet &0 al | yl ) - 3-[ 3- (2- chl or o- 10- pheno- - | ents of nmal eic acid whereby

the crystalline di- Wwyl ] piperazine
| eat It i bt ai ned and | -
raieate salt 180 %Irgceessaor} prbgué?#g Ipuri ied tQ{'ephthalic acid (TA) having 200 ppm

or less p-toluic acid content by weight (i.e., fiber-grade quality TA) has been
discovered which is applicable to aqueous slurfies of TA having 500-6,000

25 ppm by weight of p-foluic acid in solution. The aqueous slurry contalning the
crystallized TA and an aqueous solution of dissolved p-toluic acid is filtered.
The filter cake Is subject to a process for posttive displacement of the équeous
solution of the p-toluic acid at a temperature of at from about 38°C to about
205°C and at a pressure differential of from about 0.6 psi to abaut 65 psi over

30 the system pressure. The aqueous solution containing the soluble p-toluic
acid is displaced by water under pressure from the filter cake of crystalline TA .
by pressure filtration at high temperature. The solution of p-toluic acid
remaining in the filter cake is displaced by water under pressure. Pressure
flash evaporation of water remaining in the filter cake occurs upon release of

35 the system pressure and a consequent lower temperature to atmospheric
pressure. The crystalline product of terephthalic acid containing 200 ppm or
less p-toluic acid is thereupon subjected to drying equipment under
atmospheric pressure to obtain desired product.

—ls
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60 The requisite internediate 1 - (2 - methyl- «crystallization from

| sopropyl acetate. 125 allyl) - piperazine is prepared as
follows: To EXAMPLE 23 a mxture of 1 nole of 1 -
carbethoxy - piper- 1 - Propargyl - 4 - [5 - (2 - methyl - 10-

azine, 3 noles of sodium bi carbonate and 300

phi enot hi azyl ) - pentyl ] - pi perazi ne m. of 95% ethanol to all of
whi ch i s added The requisite intermedigte 2 - nmethyl - 10- 65 1.2
noles of 3 - chloro - 2 - nmethyl - propene (5 - chloropentyl) -
phenot hi azine is prepared 130

833,473 11 fromthe reaction of

2 - met hyl phenot hi azi ne hydrochégg. 4-225.5[err]C.  from
and 1 - brono - 5 - chl oropentan t hanol t he anal ogous
procedure descri b&¥ 8h ambggiment of this invertion, mlEagmauc such as

1- ( 2- pr opoxy gidngntylenle ahd®r (Rtothit arotd, 1i8-gotidined in Jn acetioavidt medma@mmn of
17.5 gra

o opar oyl 5. - mlgculer oxyaen in the presBhd i 4 BERR kvﬁé@f'%@?’*ﬁgfaom H e
base of Examﬂ"@ or mogesh QEVYITIS § cabajt, mangenRgse ABA S fike: | Although 50 nd .
of propi onat ahiarhgthodds veaickriown in the art @odds mgntmerctally usedether exidation | bed

in Ex- of pqw&f&ﬂre%gﬁé ﬁﬁﬂﬁie@’\@ﬁt@h 'c&nﬂﬁ@?ﬁﬁo%& r rende?é@b&gﬁ # {Be free

base of this

e ed and | SBiaTs fingrerada aGohleln Sl | T68 aHRbR He oL ShERE Bk oM b 500
m . of idé® waeptive 7®rephthalc rapishliordange hasl been for the manufacture of high nmde

al kal i ne wi t mgiegiitweight pigestes @PHbédknd film manutacture.

From U.S. Patent 3,584,038, 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

15  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
support are insoluble in the solution under the working conditions. By this
process, intermediate oxidation products, such as 4-carboxybenzaldehyde (4-
CBAY and other coloring impurities in terephthalic acid are reduced and form

20 removable products. Purified terephthalic acid is then recovered by
crystallization and dried.

‘Although the above procedure has various advantages, problems
remain in that the contamination of purified terephthalic acid with p-toluic acid
is a cooling rate dependent phenomenon rather than a temperature

25 dependent phenomenon. Fiash temperature reduction occasioned by release
of pressure operates to precipitate p-toluic acid from the solution of purified
terephthalic acid upon crystalline purified terephthalic acid. However,
solubility of p-toluic acid remains high in the aqueous medium at a
temperature of from about 38°C to about 205°C.

30 Surprisingly, it has been found that positive displacement of the
aqueous solution of p-toluic acid from a filter cake of crystalline purified
terephthalic acid effectively displaces the p-toluic acid from contact with the
puriﬁed terephthalic acid by displacing the aqueous solution of p-toluic acid
with water at high temperature and pressure. The pressure is then released to

35 an ambient atmospheric condition. The concentration of p-toluic acid retained
in the crystalline purified terephthalic acid thereupon has been found to be
equal to or less than 200 ppmw.
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EXAMPLE 24 oil which separates is extracted wth ether.

1- (2-butenyl)-4-[3-(2-net hoxy- 10- pheno- The ether extracts are dried,
concentrated and t hi azyl)-propyl] piperazine t he residue
consisting of the free base of this 15 The requisite internedi ate

2- met hoxy-10- exanple is converted to its dihydrochloride as 80
(3-chl oro-propyl)-phenothiazine is prepared by in Exanple 2, mp.

223-225[err] C. substituting an equiwal ent quantity of 2-
Simlarly, butyric anhydride and sodi um met hoxyphenot hi azi ne for the
2-chl oropheno- butyrate afford the butyryl ester, mp. of di- t hi azi ne

| ?hExalrrpl gol Reaatthenprotesd of ithé erﬁsttanhmaﬁndm Qthﬁmf@Bhe?&ﬂﬁhalfd a8

et hano

EVAVPLE 3 B P m e Biafi- 355, tgé arau%ous ﬁ{a(a n?ﬁ]ﬁ@ fi ﬁe&@% %?%1 demperature. ¢« 1

l'ithium aI u-of &t leastighput 38 6o pselarably é@'%fah%r189y@ttﬁy¥§°% 205°C af aum

hydri de as dpmssuteasf at fedsk abpdited.8 Psig, preferably within the range of from about 40

[ 3-(2-chl r‘)%\ﬁl&ﬁﬁ&&tﬂ@ﬁéﬁ)tgr&%io})aﬁtterc\ékgl ds the compound of this
u

exanpl e. tion is preferably

effected by convZT'é‘? gRueeMs RlurTy tPrﬁ"!&QJPQfsﬁ“s ot Bugﬁ%!ersemgk@@csba. um 25
di hydr ochl or intredsedd intok Ifitteecelh vr aeerigs bhfiterzails, fhysigallyéitusei foasanmf

Exanpl e 1 and ¢ 3!5\0 g velop Sf Eufﬁcten% and distribution to cover the area of the \\ oy -
-

f |
05 101 UeNe T Rnde Ll e higull gr, Pravant e pevelapient phehannaling i RSk water

| - Al 'l yl - 30[ 3Spitaly oadilted-gakerdtaiilaastl gbout 0.§ ingjf iredbpth tohhloruw dhirlcheat e i s
addted dr opwi §ﬁaferab at least about 1 uwrhqmdd pti efeABicfétably aboutt 2ttotabnouT he

m xture is r S ut |

equi val ent qﬁ‘{an ?Ei aae?ﬁlh i%éeggggﬁg "d’%’ﬂﬁéejéﬁ t%g%t‘?%’ %% -'tttlﬁ 38% us95

2 - bronp ph&KdHe] i&&:phean hepreowsred and trgataddpsecover petphiicaeid andior edniand
concent r at edto waste treathmeht fasiifgs.t he process of Exanple 17. crude

Vi scous | consi gt .. I he LG € . .

of this 3)5( anpl e i gbég%vbgélp egg; %1%%%@9 Ofrt ngrrefer{ed height of filter cake, about BseaNPLE
26 inch to 8 inches, the ipake laavestiee tirafion zere apdentars griwathing zone

1- Al 1yl - 4- [ 3wh2re theocakebisSwasimd wWith E0vateebremalat a pressure gradient to allow

é?(g\lvPLE 4 @ reEQPJ%QtHU Fx%'&f \«FHt%pé’vdrt BisR il?&é’ﬁ a su? ble deﬁth preferably
1- ( 2- di et hy [/ 2 BigiBYT %hf’f ﬁb?tﬁ(t%‘g fnch. ﬂf%?fﬁf?e “3 o ?‘b‘ﬁ?ﬁeﬂ Bridhar ed
by al kyl &0i ngver theldystem ptegshiom préfesabjy fromriopsiltd apomteﬁfmsa weer the system
pressure, is thereupon applied to the water stream to displace the aqueous
solution of p-toluic acid from the filter cake in a positive displacement method.
The water-washed cake of purified terephthalic acid is thereupon subject to
release of system pressure to a pressure within the range of from atmospheric
25 pressure to about 80 psig with attendant reduction of system temperature fo a
temperature equal to or less than about 166°C. The water-washed purified
terephthalic acid is thereupon dried under atmospheric pressure.
A minimum cake depth of purified terephthalic acid of at least 0.5 inch is
suitable to obfain a filter cake of sufficient compactness to furnish a wash
30 vehicle, i.e. the filter cake, from which a solution containing a solute can be
removed efficiently by displacement washing. If cake depth is less than about
0.5 inch, retention of solution containing a solute by the filter cake is increased
significantly despite application of wash water at increased pressure.
Because of the loss of efficiency in displacement washing of the filter cake by
35 water to remove a solution containing a dissolved solute, a minimum filter cake
depth of at least 0.5 inch, of putified terephithalic acld is preferred.
A minimum liquid height above the cake surface is required to ensure
that displacement washing occurs. This height must be sufficient to ensure
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25 g. of 2 - chlorophenothiazine - 5 - dioxide By substituting
di met hyl car banoyl chloride 40 wth sodam de and 16 g. of 1 - chloro - 3-

for ethyl chlorocarbonate in Exanple 31, the 105 br onopr opane is
condensed with 1 - allyl- free base of this exanple is obtained, mp. di-
pi per azi ne. hydrochl ori de 227-228C. from
et hanol . EXAMPLE 27

EXAMPLE 33 1-Allyl-4- [3-(2-chl oro- 5 oxi do- 10- pheno-  1-(2-car banoyl
ethyl)-4- [3-(2-chloro-10- 45 8t hi azyl ) - propyl] pi perazi ne
phenot hi azyl ) - propyl ] -pi perazine 110 20 g. of 2 - chloro - 10 -

(3 - chl oropropy a stirre qut Il on, of. 40 f the base of 5
- oxido - éﬂ%tth%’é’ﬂkﬁé;u(' BRa i F_mpP Y§’°V n‘ﬁ'ﬁ%"ﬁwan (gﬁ‘erﬁake(ﬂwﬁlp? is

pyri di ne, t haot dovered withawadenibypassing. obthd washl liqugri pen amcue wiitolug-
added dropw s@mhfaté &sr{)l&’ée r&f'm&ﬁé}ﬂfcﬁﬁ?"fmm the thitfiot gi"‘tﬂc r %aﬁget hi's

exanpl e. er at
EXAMPLE 28 Of ireguiditios in the Bl Buriasi, @ BTG st he g&?‘r? 9&5 96t een
115 51- (ig prefeired puertib cake sgdadd. uor o- 10 pheno- hours, diluted with

water and the oil yepdd Bééﬁ%und that positive displica@nt of aAueold Eﬁfu%h

with chlorofo .0r of rme r uhstitu
f | uor ophenot Fﬁ'@?!gg%ﬂim‘ ?‘H’ %b@%gﬁegw%Jg% @ N Urﬁyc tgh’gh t he
procedure of ERwepatare and miemeeper milsran effigieat &H@h%@ﬂzehthﬂapwwcTMdcr ude
basi c ester SepiuttRimiornd hedidft addmestisig Pwatbt2add Steiovbly /ot mél

(vl o4 i 8o 50 o B 9 S
hydr ochl or i deSolubig ﬁ-tol%aczggg@e pasitiye, xs@pﬁgpagw tBGd;éé!mQﬁ S artobia 60160 0.
of liquid fromttharfiler cake of purified terephthalic acid at elevated te kdlghl an

h”i?h?teet’sféfﬁ"éfaé*%e RAGIHES the co-crystallizatin of PAMUC &dig witn tng.

[ 3- (2- br omo- 19Y§R 56*40" Oﬁgﬂﬂéedaﬁf%ﬁééﬁa ‘ba%'g}aaécﬁf Efeésb{%le%éﬁlé? Oé&ﬁsdtham%

thi azyl ) priopy235 pgig mewia temeperature efbal toidr less ian ramueaom Up@t hdgasetdie

et her ex- the s?!fte‘ﬁk‘ﬁ%tsb&t‘étérﬂﬂd s%}ﬁ té}Hg&% of 2- tracts washed
L, ne

with dilute sodit car o yiggynodq th| a 4 In the rocedure of
Ex- solution, dri%tfas ‘& eWtSP ‘é‘grac‘ in %%r é“i mMpREatE®Fpound
of this exarrpb@omssmmdepmsseres belowc A ) spsig,| typiohl ﬁ‘mmmenmnmueﬁ&re

obt ai ned, b. puns%ﬁab%%ci'eﬁo@ p-lic did froRPiheditRY Bake! Mithoudh the solubitity
88- 89 er r‘.}_,é: pr%'b@f\q rc:%n be pama!!y overcome by filtration at elevated temperature and
pressure, filtration and water washing are typically less successful in removing
p-toluic acid from crystalline purified terephthalic acid wherein a vacuum is
used or wherein pressure filtration is used without use of a method of plug flow
washing or fiooded water washing. Such vacuum or pressure filtration
25 procedures can result 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 p-toluic acid can be obtained by pressure
displacement washing of the filter cake comprising putified terephthalic acid.

30 P-Toluic acid in purified terephthalic acid can be reduced to 200 ppmw, or
less.

From an engineering standpoint, the added stages of the pressure fitter
allow the pressure to be decreased to atmospheric pressure, thus alleviating
problems caused by solids discharge to a dryer operating at atmospheric

35 pressure. in an embodiment of the process of the instant invention, & rotary
valve can be used to decrease system pressure to atmospheric prassure.

Utilization of addag stages of pressure displacement washing can
decrease the amount of water required to reduce the leve! of p-toluic acid

521
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12 833,473 chl ori de m p.

227-228[err] C. from al cohol . EXAMPLE 36

1- (2- Hydr oxyet hoxyet hyl )-4- [3-(2-chl oro- 65 EXAMPLE
34 10- phenot hi azyl ) - propyl ] - pi perazine

1- (3- Hydroxypropyl)-4- [3-(10-phenothiazyl)- By substituting 1 - (2 -

hydr oxyet hyl ) - 4- propyl]g pi per azi ne [3 - (2 -
chloro - 10 - phenothiazyl) propyl] 5 The p-tol uenesul fonic acid ester

of 3-(10- piperazine fromexanple 1 in the procedure of

phenot hi azyl | d of
this exanpl e)retg{n%ggﬂ%e c?ké ?&nf@ft@ %ﬁq?giéhe%gm e%n‘l{erﬁdﬂ}\% §‘rn]

obt ai ned; di FHHBIN & b’é"e"nfegﬂu"?GGbEOW Zatipn, of osmgesop (ﬂﬂsdii\tﬁ orm
and 8 g. of ms*plahmntfwammj traraduce the amount 29 @teofeqmmdltueeeuwkﬁeonyl

chl ori de, Vel of Jt?éi%: Sdl% Hgﬁéo&eéohééb’ i & dddtié Bgig10 1 ng the

terrperature below rr e ex l'es, the follow ng
conpounds® hydl'o‘EkﬂO(S‘rV pient g’?ﬁ? é‘PFgW éﬁ(r;??g?é ofapesitiyepar ed:
75 filtr alisplacementtwashing be wedetendmmzn totat weaterThased Ih displacéMen? -

hydroxypr opoxasiiy| 1o rbbifce noed! HCdBHNBlreRRF WadtbOReatREht fsaﬁﬁ.es' S used
in (10 - henoth

hydr ochl or i deA o ‘Bgzl}// %2 g‘{ g]og?heaqu%ﬂtigventmg‘fm R‘P%V‘@ Qtpp!@j;eglenbf t he
crude ester aﬂ@-w&nmamdlfrom motBe liguoonfetaingd-imfilerosakeral pukifiethiqrephbthalie i s

2. 1 - (30 Ml exvRtad leve! @quak[t% or (e3s B4n abou%tzoi)r@&nﬂﬁ%gec?ék%dbyo” the

steam bath f q traq‘(ao)ﬁ a mu&tr-stage dl splace%:ré%rt]%a@hngyo? the ;?Jn?%&ltlare%lhﬂxee{hgza{c?
can be used.

It is of course understood that a multi-stage displacement washing
procedure can be replaced by a single stage displacement washing

15 procedure wherein the quantity of wash water is sufficient to obtain a level
equal to or less than abut 200 ppm of p-toluic acid retained in the purified
terephthalic acid. Additionally, a procedure of counter-current washing can be
useful if reduction of the amount of wash water is determined to be
advantageous.

20 In the process of the instant invention, a p-toluic acid slurry containing
crystals of purified 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 purified terephthalic acid.
Upon obtaining a minimum height of fitter cake, about 0.5 to about 8 inches,

25 the cake leaves the fiitration zone and enters a washing zone where the cake
is washed with a water stream. Pressure is applied thereupon to the water
stream to displace the p-toluic acid in the mother liquor retained in the filter
cake by positive pressure. Upon displacement of the water reservoir through
the filter cake, the filter cake s discharged from the filter by suitable means and

30 the cycle is repeated. The ratio of wash area to cake formation area is within
the range of from about 1:20 to about 20:1 to reduce the leve! of p-toluic acid in
the filter cake. The system pressure is thereupon released and the washed
filter cake is discharged from the filter.

Equipment for performing the requisite cycle can comprise a seties of

35 filter cells maintained in a suitable position to permit a water flood to develop
over the filter cells. Suiltable equipment can comprise a rotary drum filter with
muttiple filter cells, and fitted with means for discharging washed filter cake
from the filter cells. Control means are required for introducing a stream
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teen hours. The reaction mxture is decom mp. 104-105C. from et hyl

acet ate; dihydro- posed with water, the oil extracted with chloro-
chloride, mp. 233-234C. fromethanol. 20 formand the chloroform/layer
extracted with 3. 1 - (2 - hydroxyethyl) - 2(or 3)-nethyl- dilute
hydrochl oric acid. The acid layer is 4 - [3 - (2 - chloro - 10 -

phenot hi azyl)- 85 separated, nade basic with dilute sodium propyl] -
pi perazi ne; dihydrochl oride m p. hydr oxi de sol ution and the oil
extracted with 227-228C. fromethanol. ¢g chloroform

4. 1 - (2 - hydroxyethyl) - 4 - [2 - (2- 25 The chloroform extracts are
dried, con- <chloro - 10 - phenothiazyl) - propyl] - piper- centrated
and t he resi deohpridihg gusified terdphihiatt dicithin azi-todyic dicichlselation .to Heve eér] 0,

mp. 139- 140[@(9“::3&)9@0 transﬁd?ﬁhléafﬁt%r hkd frbi baiPation Sord to%&a%ﬁ&
yqu

from et hanol
fer. cake _is [V@shepzby a stroam of water, wherein the water tS

(2,3 - di hydr"ﬂ??/rﬁr
chloro - 10 umﬂmrw’ebsmyto) causy ppgitive-dipplacement of the p-toluic acid in EXQMPLE

35 5 mother hqu@tz c?ihf' rmagrtb%htiﬁﬁhe ac?@STﬁgfﬁt:er &ke can be

1-(2- FWdroxypro ?

95 ‘ﬁﬁ’ & 5} p‘r"BB?zlaF B?‘E%’r‘&z‘i"??’@ opar m‘é'““{m copgentraipR Chxy - 3
- isopr opoxypp@jyslc)amd in the fliteracakaeshained dischdrgingdtvei washekd fiterzakedrom4 - [3
- (2 - chlor othe rdfdry dmﬂ@rhl azyl ) - of sodium) in 300 M. of liquid

anmoni a there o) razi drochlor| 2 . is added

22.9 g. of 2-nmet hd&é '}:ﬂpé%g‘{tﬁ a{‘%‘ﬁ' er M%i& &Eﬁéo é%@qu??rﬁﬁﬁ“ét%anol.

35 Afteri®tithe; !ngtaﬂbmveewdmrngemss as Tl(—’“) pregsurg filtef 2BHS-WERK,

gydr oxyet hylhl) Sonthoferl, £-8972 SéRMiofen, Wé@tg@ennany. &mdm@ﬂpétﬁ@taﬂﬁer’sswﬁ@ﬁed
ropwi se c moni a
s all oved t09%'335%‘3@?"3*“’@%%@&%%8 of 6%’}%6%‘%% gt suff g o

reaction m xt {#es fio5n Rapeswio ey, Wfﬁﬁﬂwbip nd, orethes suppliead®, m p. 227-228C.

f rom met hanol . (nojhle epdraticd o the tausmmwudrueed aanﬁan]%ﬁﬂcontau% al - (2

;:hlhg?(rng)r(gg%/ lhg’g%nes 6t ﬂte[' éeﬂs I%éateé%n ﬁ}e‘?@hew thé V&?ﬁﬁ’ druré the gdoum
met hoxyphenot Fﬂt%ﬁfﬁng‘e %ﬁeﬁé’ﬂ’%de‘?ﬁ"(% 3953%}‘906'\5 SI%EE{ REpUH %W@%’Hh@kq geid m p.
212-213C. add solubid ptbinicy acif erarza Mitepcake Sutidsitdatfeglisite debin efpdanol .
sixteen hour srotdetsh Bt e '8Rinh, SthESRRTRARE dedbdethe fitthtidn YWon&ahbiMdiets the
washing zone to build a reservoir of water over the filter cake to a required
20 depth. The applied pressure to the water reservoir forces the water through
the filter cake to displace the p-toluic acid retained in the water upon the
crystals of purified terephthalic acid. Upon further rotation of the drum, the
wash cycle can be repeated at least one more time if necessary, after which
the system pressure is released with attendant temperature decrease to an
25 ambient condition. The filter cake is thereupon charged from the drum by
application of an inert gas under pressure.
A simifar sequence of operations occurs.with use of a bett filter.

Example |

30 The {ollowing example illustrates the process of the instant invention
using a BHS-FEST (™) filter.

Slurry, containing 45% crystallized PTA solids and mother liquor, is fed
to a BHS-FEST (™) rotary pressure filter ‘at 60 psig pressure, and 149°C
temperature. A BHS-FEST (™) filter is employed to separate the solids from

35 the mother liquor, wash the solids, remove excess cake moisture, and
discharge the solids at atmospheric pressure. The filter housing is divided into
five chambers to perform five different operations - filtration/cake formation,
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water, the oil extracted wth ether, dried and 1. A process for the
manuf acture of basic 45 concentrated. The crude 1 - carbethoxy - 4-

conpounds havi ng the formul a 110 [3 - (2 - methoxy - 10
- phenot hi azyl) propyl] pi perazine so obtained is dissolved in 600 m.
of absolute ethanol containing 30 g. of potas- si um hydr oxi de and
refluxed for 16 hours. The 50 ethanol is renoved in vacuo, the residue
[err] treated with water and the oil extracted with et her; the
ether solution is dried and con- cepiyrated and the residue distilled,
b.p. 264- 268[err]C./1.0 mm A solution of 35.5 g. of 4- 55 [3 - (2 -
nmet hoxy - 10 - phenot hiazyl) propyl] pi perazi ne, thus obtained, in 200
m . of marsbm@}nens wdstakbare Wnfiflg, 26a1e d@éhé}g@Pdh@fﬁﬂer Blof ﬁhéla Amg S, SO
o]

S W 1. fl [
el ogon, |1 ovdierasiby M Rtng, ot sBlods rahiy 18R btq, id Bim B aividedimer i o
renmoved in vH¥QWY l{tWeCG’lSovE‘re wtal fittencloth ates; avaliablererothel dsugsris ablayt 1.360
residue tr eaftéd smﬁyﬁcapﬁcﬁty uﬁadow@smlﬂzo%d 44 s/ IBwWateS whbn &!ﬁbsﬁi}]éﬂ at ed

e oL, ObaiciPay 05, 1M £, Mt Concentratien of The
t he conpound of tg?‘g Keraqﬁ/ nugw%npa" &fr the opgratiansfiitrationdgrakep
exanpl e, b. pforMoﬁBﬁEplabemmwash cake dryingidischaggd.esrsd fill@ncisgy BRs&ar bon
atoms and t hgkéyr simbfafhdously. The operation is described by illustrating the history of

one fitter cell.

10 The filter cell rotates into the filtration/cake formation chamber. The feed
slurry, containing about 45% PTA solids and about 1,000 ppmw p-toluic acid,
is pumped continuously into the chamber at about 60 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

15 aninternal pipe in the filtter. The pressure of the mother liquor in this internal
pipe ranges from about 30 to about 50 psig. The mother liquor is sent to p-
toluic acid recovery facilities and/or waste treatment.

The filter cell, now containing a formed cake, leaves the filtration/cake
formation chamber and rotates into the displacement chamber. Clean water is

20 pumped continuously into the chamber at a pressure of about 60 psig and
about 149°C. This useful temperature range for the clean water is about 82°C
to about 149°C. This water, via the effectiveness of displacement washing,
effectively removes p-toluic acid from the filter cake. Wash water which has
passed through the cake is now at a pressure of about 30 to about 50 psig.

25 This water is collected separately from the mother liquor and used elsewhere
in the PTA process.

The'washed cake in the filter cell leaves the displacement wash
chamber and enters the cake drying chamber. Compressed inert gas, at a
pressure of about 60 psig, is introduced continuously into the drying chamber

30  to remove excess water from the filter cake.

The filter cell then rotates from the drying chamber into the cake
discharge chamber. In contrast to the other described chambers, this chamber
operates at ambient pressure. Because of the pressure drop from the cake
drying chamber to the cake discharge chamber, some additiona! moisture is

35 flashed from the cake. The cake is then discharged from the filter at a fiow rate
of about 190, 380, or 760 Ib/hr for & filter speed of about 0.5, 1.0 or 2.0 rpm,
respeciively. The fina! cake has a p-toluic acid concentration of 200 ppmw or
less on a dry-cake basis.
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833, 473 13 pharmaceutical ly

acceptable acid addition salts, the said process conprising
i nteracting [err] a conmpound of formula
[err] Hal . standi ng for hal ogen, preferably chlorine,

reaction being preferably effected in liquid 50

ammoni a in the presence of an al kali netal

am de or in an aromatic hydrocarbon sol vent

in the presence of an alkali metal salt of car-

boni ¢ aci d. 12 9. A process
as clainmed in any of the pre- 555 wth a conmpound of fornula

ceding clains wherein Rlerr] is a hydroxyal kyl = .

group, which incl utyter @zg@haggl@g the cg%q“}gg %nwgcel! is rinsed with water in the filter

t he hydroxy geitipringdg chambarvie rembke iy gaoegof undischarged cake. The filter cell

o] heernreintlé%-thé‘ﬁﬂ%@é%ffﬁr&%ﬁé%ﬁa?@em @heSsh&Brocess.

r roup, 6
whi ch i ncl udes t heP8¥e f%lﬁvwéxaervlwggt%% in

icated in Table I. The wash ratio

hydr oxy- gr$upirisiicated thgeamoyntedtelasinl watehused teedisplacembstrwash the dakendnQ one
i s attached dipugeid é(cidfiﬁx%aké‘rﬁg dseéi?éﬁcﬂgf &8 iRy P4L8N "ﬁfé”ﬂﬁ%”r%ti%"'iﬁd?cate to

t he rel evant mtro en aéom and the other 1s, a | kal I, netal Tower a?kom de
to formthe e ABRHELPLEPMPRSRe InarLges 43R I BOBSFakg I to discharge,

al koxy- conpouriasured as a ratio of cake flow rate. 65

10 Tablel
Detlta
Example  Filter Wash Ratio  Wash Blow Ratic Form Cake P-Toluic
Number Speed b water/ Temp SCFH/ Pressure Wetness Acid on
15 mm Ib PTA deg C b PTA psi wit% Cake, ppm
2 0.831  0.773 88 0.855 19 14.7 112
3 0.531 2.783 127 0.855 18 12.4 106
20 4 1.03 1.241 126 0.441 g 12.2 103
5 1.03 0.381 88 0.441 17 14.5 113
25 6 1.97 1.151 a0 0.231 11 17.5 111
7 1.97  0.436 133 0.231 14 11.7 113
Example 8

The following example illustrates the process of the instant invention

30 using a beftfilter.

Slurry, containing 48% crystallized PTA solids and mother liquor, is fed
1o a pressurized beltfitter at a 780 bs/hr flow rate, 80 psig pressure, and 166°C
temperature. The beltfilter performs operations in three zones - separation of
solids from the mother liquor, displacement washing, and drying.

35 The slurry is fed to the first section of the belt, where the solids and
mother liquor are separated. The solids form a continuous 3 inch thick cake
on the belt.. The mother liquor filtrate passes through the filter cloth and is
pumped etther to p-toluic acid recovery facllities and/or waste treatment.

The continuous cake is then conveyed into the displacement washing

40 zone. This zone also operates at 80 psig and 166°C. In this zone, clean water
is fed above the cake at a flow rate which maintains a fiquid level above the
cake.
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10 through a divalent group Y[err], Rerr] and Y[err] stand- 11. A

process as clainmed in Gaim9 or 10 ing for Rand Y, respectively, or
for groups wherein the al koxy-conpound contains a convertible into
R and Y, respectively and P further hydroxy group. and Q being atons
or groups of opposite 12. A process as claimed in any of the pre-

polarity capable of being elimnated as the ceding clains followed by
conversion of the 70 15 conpound PQin the course of the reaction, basic

product into its salt with a pharnacey preferably in the presence of
an acceptor for tically acceptable acid. PQ.
13. A process for the manufacture of 1-(2- 2. A process as clained in

Caim1l where- ARgefRxdRbA¢kMent & 5. adk ip Pis
hydr ogen ar&gké %@F‘éachedb%ér ect#a?ghgh%or{egﬁ%e %Ptﬁ:’;@ﬁs éérg(gp(fﬂt?fsp{?‘ﬁer azi ne
and its salts 9 FONPo| TR AYCHRS VRGL AT 2l ﬂﬁﬁ? Qsteln framdheicabegadic with
phar maceut it} §35 sdolpduetido furihes rembve the moistureoThisnzoneasd$eopaaggp, such
as a hal i det @0 p3ig &sd'pes &€S heating together 3 - (2 - chloro-

sul phongte, con t t he relevant nitr n 10 - phenot hi azyl) propyl
chl g ri dg Wit 1%8 @Qd c%kgaf%v&]%fvﬁ‘agué%oquefﬁe ppmw or legs p-toluic acic):(/ o)np iad
hydr oxyet hyi awpﬁfé?-a'fiqi'éﬁ?haégﬁﬂ fromythe belll infera pressure 3edueing dediss(sps cl ai nmed
in CQ]ai mhl subias-a sealed so@W CmvopsUbr A BEHEREETotAYy Valyee, alﬁ%rP?AicQR@ 80 25
in is hy : e t.he relevant

ni trogen a%:%%}%@ﬂ%%p?@c}%r&?&ﬁ?&qs wn %Apérf%%%dstsos %"f'%sé)hﬁﬁﬁﬁfy&ét ure of
pheno- organi c or organic ester group, such as a halide

t hi azyl al kyl pi perazines and their salts sub- or a sul phonate, connected
to the relevant stantially as described with reference to each

nitrogen atomthrough Y[err]. of the foregoi ng Exanpl es.

85 30 4. A process as clained in Caim2 wherein 15. Conpounds havi ng
the forrmula (I) the grouping QY[err]- is a nonohal ogenat ed,

preferably a nonochlorinated, |ower alkyl group, e.g. 3 -

chl or opr opyl . [err] 5. A process
as clainmed in Caim3 wherein 35 the grouping PY[err]- is a

nonohal ogenat ed, preferably a nonochl ori nated, |ower alkyl
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group, e.g. 3 - chloropropyl. 6. A process as clainmed in Claim?2

wher ei n the grouping QY[err] is a p - tol uenesul phoxy 40 |ower alkyl,
e.g. 3 - p - toluenesul phoxypropyl : 7. A process as clainmed in Claim
3 wherein and R have the sane the grouping PY[err]
Is a p- tollm %m iw)ﬁﬂi("ﬂ} significance as in Caiml, and their salts
W th t ol uenesul phoxypropyl. pharmaceutically
accept abl e aci ds. 8. A process as claimed in Caim1l
wher ei n 16. Conpounds as cI aimed in Caim 15 45 a phenot hi azi ne of
formul a wherein R is altfower hydroxyal kyl or acyl oxy-

al kyl or al koxyal kyl, and the substituent X is in

position 2. 17. Conpounds
as clained i Weglgimn 15 95 [err]

wherein Ris a | ower al kenyl or al kynyl group,

e.g. allyl, butenyl or
18 COerounds as ‘V | ai rrAe ﬁfr ag%r th reparatlon of purified terephthalic acid

wherein R i s¢@n W&‘M@oﬁ?}ﬂlﬂ@“mé"@ concentration @guak1a-ar {Hssthan BPBer azi ne
of forml& pgm pay eélindyeweight (pprinyfiwhichprogassymnigyises: 100 14
833, 473 19 | l, 2 -
s hyl 3 Do IRNSRirRPHk'd fHBF cb oW dbrios of fiter Sois f EHRELRY

zone at atterXperature within the range of from about 38°C to about 205°C at &
system pressure of from atmospheric to 235 psig an aqueous slurry
comprising purified terephthalic acid present as crystals and p-toluic acid

10 present as an aqueous solution and as a co-crystallized form with crystals of
said purified terephthalic acid, said filter cell or series of filter cells maintained
in suitable position whereby each filter cell develops a filter cake or filter cakes
upon introduction of said sluny into each said cell;

{b)  transporting each said filter cell containing said filter cake from

15  said filter zone to a wash zone;

(c) introducing a water stream into each sald filter cell to form a
reservoir of water in each filter cell over said filter cake or fiiter cakes, wherein
said water stream is at a pressure gradient of at least 0.5 psi over said system
pressure and a temperature in the range of from about 38°C to about 205°C;

20 {d) washing said filter cake with water for a period sufficient to
reduce concentration of p-toluic acid to equal to or less than 200 ppmw;

{e) transporting each sald filter cell containing washed filter cake to a
pressure release zone whersin said system pressure is released to a range
from atmospheric to about 90 psig to reduce temperature of said filter cake to a

25 temperature equal to or less than 166°C; and

4] discharging sald washed filter cake comprising purified
terephthalic acid from each said filter cell wherein concentration of p-toluic
acid in said purified terephthalic acid is equal to or tess than 200 ppmw.

2. The process of Claim 1 wherein said filter cake is at least 0.5
30 inches in depth.

3. The process of Claim 1 wherein said reservoir of water over said
fitter cake is at least 0.264nches in depth.

4. The process of Claim 1 wherein said water from washing said
filter cake is recovered as wash water and Is recycled upstream to slurry crude
35 terephthalic acid or discarded to waste treatment facilities.
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ar bonat hyl car banyl oxyet hyl ,
lt ﬂmandtheir salts with
phar mace | e aci ds. [err]

21. 1 - (2 - Fydroxyethyl) -4 -1[3- (2- 15
chloro - 10 - phenthiazyl)propyl] - piperazine,
and its salts with pharneceutically acceptable

aci ds. 22. The phenot hi azyl propyl pi perazi nes and

their salts obtainable as described with refer- 20

ence to each of the foregoing Exanples wherein R stands for a | ower
hydr oxyal kyl , e.g. 2 - hydroxyethyl 8r 3- hydr oxypropyl, or

URQUHART- DYKES & LORD, 5 a |lower al kenyl or al kynyl e.g. allyl or pro-

Chartered Patent ggentf, r gy C cal l
Vel | Houoe 89 de r%cé&}. 8 lCiaf & W@réinsééihsvigiér sPEShRCaUE! y

Strand, LondBfS SWQ:"QM?" the 72 rangg °tgﬁﬂb@§8§teﬂa‘€lpﬁ'gt°[ ﬁé"%ﬁ%ﬂsaog%&ﬁ!d

and i n Ceystemires$wreci n R stands for an ester or 12, South
Parade, 10 |ower al kyl ether of a | ower hydroxyal kyl, e.qg. Leeds,
1, Yorks. 6. Lepwa b@aﬂssSba cxarmm%drern BErd Wakars bivoamJoah %ﬂery

aiice: 2 SR Abr b e e o B MRl ad B

copi es may b@f‘%ﬂﬂ’éﬁ ‘ned.

7. The pressure of Claim 1 wherein depth of said filter cake is in the
range of from about 0.5 inches to about 8 inches.

8.  The process of Claim 1 wherein depth of said filter cake is in the
10  range of from about 1 inch to about 4 inches.

8. The process of Claim 1 wherein depth of said filter cake is in the
range of from about 2 inches fo 4 inches.

10. The process of Claim 1 wherein said system pressure is in the
range of from about 0.5 psig to about 110 psig.

15 11.  The process of Claim 1 wherein said system pressure is in the
‘range of from about 40 psig to about 65 psig.

12. T_he process of Claim 1 wherein said temperature of said water
stream is in the range of from about 100°C to about 205°C..
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Abstract

PROCESS FOR RECOVERY OF PURIFIED
TEREPHTHALIC ACID

A process is disclosed for preparation of purified terephthalic acid
containing 200 ppmw or less of p-toluic acid. A filter cake of purified
terephthalic acid is prepared by fittaring, under a differential pressure ot about
or greater than 0.5 psi over the system pressure and a temperature within the
range of from about 100°C to about 205°C, an aqueous slurry of purified
terephthalic acid containing a solution of p-toluic acid. The aqueous solution
of p-toluic acid remaining in the filter cake of purified terephthalic acid is
displaced from the filter cake by water under a pressure gradient over the
system pressure at a temperature within the range of from about 100°C to
about 205°C. Pressure flash evaporation of water remaining in the filter cake
occurs upon release of the system pressure to lower pressure with consequent
lower temperature. The crystaliine terephthalic acid product containing 200
ppmw or less p-toliic acid can be dried under atmaspheric prassure. Purified
teraphthalic acid is useful for the manutacture of polyesters from which
clothing and related goods are made.
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