DESCRI PTI ON METHOD FOR PRODUCI NG H GH PURI TY TEREPHTHALI C ACI D 5 Technica
Field The present invention relates to a process for producing a high-purity
terephthalic acid, and nore particularly to a nother |iquor displacenment in
whi ch the nother |iquor of an acetic acid slurry containing crude
terephthalic acid crystals produced by a |iquid-phase oxidation reaction is
di spl aced by 10 water. Background alic acid is produced by

subj ecti ng p-phenyl ene conpounds Iﬁ%@ﬁﬁgg%gaérkylbenzenes, typically

p-xyl ene, to a |iquid-phase oxidation 15 reaction in an acetic acid sol vent
in the presence of a catal yst such as cobalt and manganese or in the
presence of onpound
Bnd acet al def LB ORI OFC P HTCE P e YRR BEHTHRLICETS
inmpurities, such as 4-carboxybenzal dehyde (4CBA) and p- toluic acid, which
may cause discoloration. Therefore, higher purification 20 techniques are

requi rsed T&}Hﬁ&ﬁlf\]—em hi gh-purity terephthalic acid. There are known vari ous
met hods for purifying the crude terephthalic acid produced by the

l'i qui d- phase O'th%trb%trl?ﬁﬁhh@ﬁ’refﬁés %ﬁrﬂ}bgessefofrﬁ'm&jahg H‘@hcﬂuf'l crude
terephthalic acid is dissolved in an agqueous solvent at hig t'enper at ures

and hi gh girgphthAs add, AAE AW IrR¥ulHAY ¥b 'aQﬁotl'ferQHP.l(ﬁ‘Cdlgﬁlatc@r@IﬁEincat alytic
hydr ogenati on treat nment, an oxidation treatnent or a recrystallization

t r eat ment whadtltlge ﬁﬁ;tth@ﬁihqaoy\bf &h agefit WEidyslatryt @taing drade askephehyukical s
partially dissolved therein is subjected to a high-tenperature i nmmersion

t r eat ment acidrerpatals produicedebyn® lig@dd @h ase bxkricitionreacsiohlit idosplated byde
terephthalic acid in water to catalytic hydrogenation in the presence of a
groupll Whkemobl e netal catalyst of the periodic table at high tenperatures
and high pressures has been utilized for the past several tens years as a

| arge-scale industrial process for the production of high-purity

terephthalic acid.
Background Art

Terephthalic acid is produced by subjecting p-phenylene compounds

such as p-alkylbenzenes, typically p-xylene, to a liquid-phase oxidation

15 reaction in an acetic acid solvent in the presence of a catalyst such as cobalt
and manganese or in the presence of such a catalyst and an accelerator such as
a bromine compound and acetaldehyde. However, the reaction product
contains various impurities, such as 4-carboxybenzaldehyde (4CBA) and p-
toluic acid, which may cause discoloration. Therefore, higher purification

20  techniques are required to obtain a high-purity terephthalic acid.

There are known various methods for purifying the crude terephthalic
acid produced by the liquid-phase oxidation reaction, for example, a method in
which the crude terephthalic acid is dissolved in an aqueous solvent at high
temperatures and high pressures and the resultant solution is subjected to a

25  catalytic hydrogenation treatment, an oxidation treatment or a
recrystallization treatment, and a method in which a slurry of terephthalic
acid crystals partially dissolved therein is subjected to a high-temperature
immersion treatment. In particular, a method of subjecting a solution of crude

terephthalic acid in water to catalytic hydrogenation in the presence of a group



A maj or problem of the catalytic hydrogenation process is that a large 5
nunber of steps are required. That is, the catalytic hydrogenation process
requires, as the main steps except for conplicated and troubl esone steps for
recovery of catalyst and solvent, a series of equipnents including a single-
or nore-stage oxidation reactor, several sequential crystallizers for rough
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fine purification, y I'ne purificat The major factor to

i ncrease tiﬂ&u%i%l?ﬂé‘g@éss%?@ﬁ? ip?%&@&iﬁéf Righacelity téepHthaSc hbg. reaction

solvent for t uction o e crude terephthalic acid by 15 oxidation

and the use of AVE{Hhr BPobIBR SFAhERkaly®ic KytRoBthAibE PrbRshY that alliide
hydrogenation. To displace the nother |idquor fromacetic acid to water, the

crude ger eRithbad 6LstBph Ardroghuioed. Thathe thsicdedlyeie Hwﬁbfg@@a@@ﬁ@wwgal etely

separated fromthe acetic acid solvent, and then dissolved again in water.

| f the sepginbhoas tHe ifaen ctafsieesicep e it dvahplicaaed A nidr ttoubleebine depsl fors

i nconpl ete and 20 the crude terephthalic acid with acetic acid attached
thereto i set@@ryof chealystedrd yolvenhydsadenof ¢quippreatesacludeg acthgle-acid i s
m xed with water solvent for the catalytic hydrogenation and di scharged out
of the praduetitage oxsdation becans seveetl iseqaentdaharydtallizarkefogacesghheni cal
change during the catalytic hydrogenation. This nmeans a | oss of val uable
aceti ¢ aciparfiradiaha stipechtorder r@dglaparifrationdamryer b roagh prarifitagenagai nst
the environnment, resulting in a |arge econonmical |oss. To elimnate the
econoh? cala rteodissofutiansvessqliiar eatatydicshydnoganatibh yeactonpieseehlsqyruendial t he
attached acetic acid from acconpanying the crude terephthalic acid being
fed into chestaHizerydorfing pustftasdtonon q@p@c@t@g.forrﬁ@emnfgqatmn,mndq@ dryer
conventional _industrial facilities, a conbination of a separator for rough
purificat tomiiae @ vy ¥R-f or rough purification has been enployed to

separate the ther .liguor fromthe cryst -cpntaini sl ur from.the
oxipdat i on st ep?ﬁle major factor to increase tﬁe%um er of steps 1s a?e use o% gcetlc acid

as the reaction solvent for the production of the crude terephthalic acid by

15 oxidation and the use of water as the solvent for the purification by catalytic
hydrogenation. To displace the mother liquor from acetic acid to water, the
crude terephthalic acid produced by the oxidation must be once completely
separated from the acetic acid solvent, and then dissolved again in water. If
the separation of the crude terephthalic acid from acetic acid is incomplete and

20  the crude terephthalic acid with acetic acid attached theréto 1s fed to the
catalytic hydrogenation process, the acetic acid is mixed with water solvent for
the catalytic hydrogenation and discharged out of the production system
because acetic acid hardly undergoes chemical change during the catalytic
hydrogenation. This means a loss of valuable acetic acid, and the discharged

25 acetic acid must be made harmless against the environment, resulting in a
large economical loss.

To eliminate the economical loss, it is required to substantially

completely prevent the attached acetic acid from accompanying the crude

terephthalic acid being fed into the catalytic hydrogenation process. Therefore,



A solid bow -type centrifugal separator or a rotary vacuumfilter has been
nost 5 generally used to separate the nother liquor froma

.Crystal -containing slurry. Both the separators are widely used also in the
separation of the nother liquor fromthe slurry containing the crude
tereplithalic acid crystals. In the separation using the solid bow -type

centrif ugﬁ# tlzg E%ﬁér&ﬁon%ngﬁ§%ﬂlcfaﬂﬁit?eusagﬁb%ihﬁtibﬂtorf%d%@%‘;a{dﬁﬂrQOlezket

rotating a spee centri y separate t crystals and the
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basket, ereas the precipitate crystals are continuously scraped out by a

screw. HoYRY @fothbPiiRuBBRAA the RYPIthPeostaaMBRcN 6rBf froffithd brida¢mtbpat ed
repair and nai ntenance because of its structural limtations inherent to

the centriAf g1l bSRPE R &dnthifakahegsalor dt HfotapeedchahafilteR hakbeadddnbéton,
since the crude tereplithalic acid crystals are separated in the formof a

wet cake g@ﬁéﬂillyi 48ed besdpeirhes the dodher Hjuadflohi araystatheyhtigndig@pluiugt be
provi ded downstreamthe centrifugal separation step to separate the acetic
aci d att aBoekl the sepaeratorderd widglyiddedldlso acthe sepmtaion. ofl thethetlsrdaqwdr on
using the rotary vacuumfilter, the crude tereplithalic 20 acid crystals
pl aced onfidme thesharyebntainougs thgcarde teueplethadrtarid ceydtaledri cal filter by
evacuating the inside of the filter and nove upward with the rotation of
the filter. Geherthelsgpardtiar upgsihegsolid bawhtypewaattiifiggZlepanatarean ri nsi ng
liquid is sprayed over the crude tereplithalic acid crystals retained on the
filter bypceticatidmslurheistiatumiucefahtaa hesketcrofatiagatar bighespeest tod from t he
filter as a 25 filter cake. In this nethod, although the repair and
mai nt Ehaneen@ifagally pepasate theagystsde anddha methier diswy. (Treamosher Baner is
required, it is difficult to conpletely renpve_ the ther |iquor attached
awglrgggnaﬂge. ba%&rwheﬁa,s thierecipdtatefar at i on

to the crauerttasrecsponapiveisdr _ |
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(for exar’rg% fts s%rl?uctural limitations inherent to the centrifugal separator that needs
15  high-speed rotation. In addition, since the crude terephthalic acid crystals are
separated in the form of a wet cake containing the mother liquor, an additional
drying step must be provided downstream the centrifugal separation step to
separate the acetic acid attached to the crude terephthalic acid crystals.
In the separation using the rotary vacuum filter, the crude terephthalic
20 acid crystals placed on the bottom of a housing are sucked onto a cylindrical
filter by evacuating the inside of the filter and move upward with the rotation
of the filter. Generally, after passing through a washing zone where a rinsing
liquid is sprayed over the crude terephthalic acid crystals retained on the filter
by suction, the terephthalic acid crystals are separated from the filter as a
25 filter cake. In this method, although the repair and maintenance are relatively
easy because a high-speed rotation is not required, it is difficult to completely
remove the mother liquor attached to the crude terephthalic acid crystals.

Therefore, like the separation using the centrifugal separator, this method also

needs a downstream drying step.



5-65246 A) and a nethod using a pressure-type rotary filtration separator
(for 5 exanple, JP 6-502653 A). In these nethods, since the separated
.crystals are washed with water to di splace the attached nother |iquor
(acetic acid) by water, a dryer is not required. Al though a dryer is not
required, these nethods require separators of nore conplicated structure,

this making tNasedivt BRdaboObrsifle iy BUBIRAN IR priipdRLd hidtRGAL REpRERCESS.

10 To sinplify the process no s pre eparate the crystals

from the %@ﬁ%dr% e‘?ﬁ{zf;}n? 0%‘%1’1‘6viﬁ tgetlﬁm&qwo? ffdxﬁstﬁetc?_yét%?s,%f @ﬁ&fnﬁage, a

tenperature (usua to 230*0 and feed a slurry of"the separate

crystals nhéthwat@srin'grat Rpahstdral@liyhéd wittlh a8enRaA1E Htertifdhd (o ekhptonict ed

at 250 to 300*0. This nethod nmakes the sequential crystallizer for rough

purificat izeesdde AN adddi ie®Rod AUsitea Pr¥&IurdHHE e6ta% FilerutiGavesarater €Oer gy
required for cooling and re-heating the crystals and liquids. In addition,

si nce % he egayfifla) P & 502653 Aholhehedd muthiods, eirrerhealepdratedacrisgils are
tenperature, the anmount of inpurities that precipitate in the crystals from
t he not hewwdshgdowithswateduoelisplace the atimehed meothealliguor dacéticacd) bg
terephthalic acid crystals. This |eads to another 20 advant age of easy

puri fi cat iwaarter As dayereishont regpiiedaAlshougls achryer pr noessyuitdhthebameibeds
proposed a nethod in which a crude tereplithalic acid is recrystallized

f rom wat ereguitetseparatessibf more sbmpligater stedciureothis makireg thoseimethoidsa
vertical colum at a high tenperature (165*C or higher), thereby allow ng

t he t er epiotisaladyaatageotsyfer simplifying thedireeass. by gravity against a sl ow
upward flow of a high -tenperature water tq wash away the_attached nother

l'i quotO (for exdipptiaplify the praeessppora, it ixpreferyed fo geparatedbgLrustadn of

not her |iquor |s conducted at a high tenperature (under. _pressure) after the
tereplithafqm® tb@ iagetif peidsalvepkat égﬁwgg‘iqrﬁégosﬁrtt?rfkllev%‘tl‘é?t.m%wever, this
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mot her 1 %%atgir ?R{oaﬁl%n(?ancgly%é 39 ro.g%nggl\é%ré g@?&s%séliyncgn%ctgf at 250 to
300°C). This method makes the sequential crystallizer for rough purification
15 in addition to the dryer unnecessary and saves the energy required for cooling
and re-heating the crystals and liquids. In addition, since the crystals and the
mother liquor are separated at a high temperature, the amount of impurities
that precipitate in the crystals from the mother liquor is reduced to increase
the quality of the crude terephthalic acid crystals. This leads to another
20 advantage of easy purification. |
As a method applicable to such a process, there has been proposed a
method in which a crude terephthalic acid is recrystallized from water and the
resultant slurry is fed into an upper portion of a vertical éolumn at a high
temperature (165°C or higher), thereby allowing the terephthalic acid crystals
25  to sediment by gravity against a slow upward flow of a high'temperature water
to wash away the attached mother liquor (for example, JP 33-5410 B). In this
method, the separation of mother liquor is conducted at a high temperature
(under pressure) after the terephthalic acid crystals are recrystallized from

water. However, this method is basically a mother liquor displacement



special powers are required because the crystals are allowed to sedi nent by
5 gravity, and is attractive because of the sinple structure of the
~apparatus to be used. However, the nethod is disadvantageous in that the
degree of the nother |iquor separated fromthe crystals (hereinafter
referred to as "degree of nother |iquor displacenent”) is |ow, and that

experi men r I I - i . i tion. By
nr easi nd et disrpangthd o pREGH R he oPrephinRLERLIE Burky BT OF,
degr ee Offﬁ%%ﬂﬁﬂvéﬁﬂuor di spl acenent can be increased. However, this
requires a large amount of water. In addition, the sedinmentation speed of

the crystals i q‘lﬂ@%&%}??gﬁﬁ%ﬁd@&lb@%@ﬁﬁﬁle‘@flo@l head? e8his MRWRAENG! oW to

allow a large anmount o -si'ze crystals to escape fromthe top of
vertical gpbsigDpowerd Qrd fod BecaRQRe HrNRACKFo allbRER thasdligent Byoposed a
nmot her |iquor displacenent nethod using a vertical colum that is

hori zomt algkyvitg] ahdedattyactivd becuselofahe Raipld @06t uMeldf the BipPaestaf tdipd es to
conbine a gravitational sedinentation process of the terephthalic acid

crystal s andda Hpastdrs tlee hicths@os didadeanpigeoassn (that thx deple, oftRe57- 53431
A). The partitions 20 are used to increase the degree of nother |iquor

di spl acemandthey ljyuey eap argtedtfbemcharurestiahg (lere hedkermiefemrgd db asHdegrad of

wi thin the apparatus. However, in the nother |iquor displacenent utilizing
t he gravi masthendigwediispatement!) d$ lovs) and thattérpepimentdlarsultaase hardly
deposition of crystals thereon and cl oggi ng and bul king at openings to
requi re mschledaintoothegqiralotioabpradarction. diy invreagipgrthespeed sf upwaddi t i on,

t here has been proposed a displacenent_ columnm that is __horizontally divided
by a Hinbdlovoef theahigh-tepppenadpeg) wiaken, ithe depreecolymother lqeor displasemenid
allowed to fall, down thrqugh s | holes by a scraper b]ade that re
rotated ofaRke igcrasedat %W?@rmxﬁeqe@%neéw laxge Mgyt @Jﬂﬁﬁiﬂre&nﬁﬂﬁt@m%z
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the appar AotR the top of vertical column.

15 To remove the above drawbacks, there has been proposed a mother
liquor displacement method using a vertical column that is horizontally
divided by a plurality of partitions with a number of holes to combine a
gravitational sedimentation process of the terephthalic acid crystals and a
particle transportation process (for example, JP 57-53431 A). The partitions

20 are used to increase the degree of mother liquor displacement by preventing
the channeling or back-mixing of the fluid within the apparatus. However, in
the mother liquor displacement utilizing the gravitational sedimentation of
slurry, the partitions cause the deposition of crystals thereon and clogging and
bulking at openings to require much labor for stable operation of the apparatus.

25 In addition, there has been proposed a displacement column that is
horizontally divided by a number of plates. The terephthalic acid crystals are
scraped and allowed to fall down through small holes by a scraper blade that
are rotated on the plates at a relatively slow speed (for example, JP 1-160942

A). In the working example for displacing the acetic acid solvent for crude



having the fixed plates and the scraper blades rotated at a sl ow speed 5
(assuned fromthe exanples as about 0.01 m's by a peripheral speed of the
-tip end of the blade), the crystals attach to the plates and scraper bl ades
and grow thereon to make the reliability in a |long-term operation poor.

Di scl osure of Invention 10 As described above, if the acetic acid solvent of

a slurry GeRHiNaNg 4@ crycé't%%eo§ Wa%&hﬁélﬁlgitﬁe%ﬁ%ﬂoé‘é&’&fs?lz&e%&i QRBEmRY a

| i qui d- phase "oxi dati on can renoved fromthe crystals and di spl aced by

wat er by iHiphQRigeENBf hiRhet UG ir displAcen it i¥HRhAPRRA, 2bUDINW Hmbee of
conpl i cated physical nechanismat a tenperature close to the oxidation

t enper at urthe ageeiatacidwelveag gsdispldteddylwat@adudbwenenfintthe appakRetuof st eps,
energy saving and increase of product quality can be attained. However, the
convent i oradviyg phe fiedd latdsvaid thesa@apedibdqd esceteied aed blnks speed stil |

unsati sfactory in the degree of nother |iquor displacenent, the stable

oper at on (assiinhé frahitheidxanyples aa abony Ot m/obp mapérpheral speed obbhetip of
the present invention is to provide a process for 20 producing a high-purity
t er epht haleindl efcibe, blade) he srystphbabadh tathé plitag aadhicghperdlgdee amid gmvher

| i quor displacenent. The intended degree of nother |iquor displacenment to
be achi evddevenn tsmadisctihgi rediabplaty wag langstersoapetadidn peetvi ronnents of the
production plant and not strictly determned, but it is desired to achieve
a degree of preferably 98% or nore, nore preferably a 25 degree of exceeding

99.5% A second object of the present invention is to provide a process for
pr oduci ngﬁ%ﬁ’@-ﬁ%@?—mmt halic acid, which is capable of stably
L g9, T Ohe et h o!Ber, Luck L eRhecTenL, over . Aylongterm
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achi eved Qqygs a%oilﬁﬂﬁ'a{ﬁa‘fhtus having no complicated physical mechanism at a
temperature close to the oxidation temperature, great advantages such as
15 reduction of the number of steps, energy saving and increase of product quality
can be attained. However, the conventionally proposed mother liquor
displacement methods are still unsatisfactory in the degree of mother liquor
displacement, the stable operation and the reliability in a long-term operation.
A first object of the present invention is to provide a process for
20 producing a high-purity terephthalic acid, which is capable of achieving a high
degree of mother liquor displacement. The intended degree of mother liquor
displacement to be achieved varies depending upon various economical
environments of the production plant and not strictly determined, but it is
desired to achieve a degree of preferably 98% or more, more preferably a
25  degree of exceeding 99.5%. A second object of the present invention is to
provide a process for producing a high-purity terephthalic acid, which is
capable of stably maintaining a high degree of mother liquor displacement over

a long-term operation.

As a result of extensive researches in view of solving the technical



5 operation by formng a high-concentration zone of terephthalic acid
crystals in a colum equipped with a central shaft having a plurality of
-stirring blades along its vertical direction, and by introducing water into
the colum froma bottomportion thereof to bring the terephthalic acid
crystals in the high- concentration zone into counter-current contact with

the wat er ppgbletnd B thd8epdFatiohCal BlishlL8mdrt tebenfyu@R-of¢RE GEMHe TiRibrzone by
rotation Of the stirring blades. The present invention has been

acconpl i shedheprbhactias of tarephthAlid a¢idiwigich hiduéshedn@e vl gsenbvérmydtt i on
provi des a process for producing a high purity terephthalic acid, which

conpr i ses savémi hens yeqrmntheispdroesrhare famd thottd degeeel of mothaarliquay a sl urry
of crude terephthalic acid crystals in an acetic 15 acid solvent, which are
produced kyspdatémaht apaglke as¥i8davr arrefis ptatilk \chmvednwerrm Yolng-tacet i ¢ aci d
solvent, into a slurry in water as a dispersion nmedium and a subsequent
cat al ybi c ohyrhtogre batforming athighsbneentrationapee of wwepdithalit ecxdottystalsitnquor
di spl acenent conprises: introducing the acetic acid solvent slurry into a
col urm f r amokwmupeetipped vpibh @i comtrdleshadt having & plunality of stireiqg hpdaswi th a
central shaft having a plurality of stirring blades along a verti cal
di r ect i on along Hefvertiraodiragtiamhand byintred spingisates 1ase the eglymen &romy asedi ment
to forma_high- conceniration zone of terephthalic acid crystals. in the
col umm: i REHEBUBPHEOR t%?@af a%bw@g‘vﬁéxeé@rwh@laﬁw cryataks i bf om portion
25 thereof so gs t.o form.an u rd flow, of ter.in, the col un il.e form ng
crrcul o FPREFAIORZORT GAL SRR CHFToH COBHEC: oy th Gha T s Yl ETEIng: | ng
bl ade t her eby. bri ngi the terephthalic agid crystals into.
count 19 c GHFBFT B0RE 20 eRe R oo iR aR rd Y apbeedi pt tud Hifhinghlading « ne
t er epht hald,c acid crvstals her withy.tih ISPl aci YA L. froma
bott om po lr'['[}}eopﬁr egfanf}%?eg%}odl rrfﬁgg\%ﬁ acg 1%%%%%%2#3%% g%gﬁgt h\t(%égdhnc%t ic acid
sol vent out of OL{. f it ' ' ' . feed
portion for i ntrlihol%u(rgfll%gg?%gtggg?ﬁg&%g?%‘y@gggénlﬁc%sﬁfg??%gﬁlﬁagﬁga glr hcess for
produci ng 3 rity ABr YK thaYictRIERPHRAl domRGieh 2a5RhEE B ubP displacement for
continuously converting a slurry of crude terephthalic acid crystals in an acetic
15 acid solvent, which are produced by a liquid-phase oxidation of p-alkylbenzene
in the acetic acid solvent, into a slurry in water as a dispersion medium, and a
subsequent catalytic hydrogenation of the slurry in water, wherein the mother
liquor displacement comprises:
introducing the acetic acid solvent slurry into a column from an upper
20 portion thereof, the column being equipped with a central shaft having a
plurality of stirring blades along a vertical direction thereof;
allowing the crude terephthalic acid crystals to sediment to form a high-
concentration zone of terephthalic acid crystals in the column;
introducing a displacing water into the column from a bottom portion
25  thereof so as to form an upward flow of water in the column while forming
circular flows in the high-concentration zone by rotation of the stirring blades,
thereby bringing the terephthalic acid crystals into counter-current contact

with the upward flow of water; and

discharging the terephthalic acid crystals together with the displacing



5 the invention, the acetic acid nother liquor of a slurry of crude
terephthalic acid crystals produced by a |iquid-phase oxidation is

- continuously displaced by water in a nother l|iquor displacenent colum

equi pped with a plurality of stirring blades capable of form ng circular
flows. The process needs no solid- liquid separator and dryer, therefore,
the nunbegya@ér Hlo@PS Hottd1 Peeton lof tAE c6RNEh Whab|symuthinesdsiytsdkah ahe on
costs. Since the nother |iquor displacenent colum used in the Irnvention is
easi |y opeataticdcidnsddvent @it-dfenpertadnis thanglufingWwhjstesdisposeanabdvieon feed
energies for cooling and re-heating crystals and liquids are saved. In

addi ti on, poitéow for teatuicng shepcetic aad dojvapgedlateyd because the content of
inmpurities in the crude terephthalic acid crystals is reduced. 15 Further,

t he process usimghe peocissgbapeobiing alhigh-penstyr esephthalid acifliaghordingrtee of
mot her |iquor displacement over a long-termoperation and is operated

easi | b Thee sivemdjorbythe lagetic acsbmother heupnelemslwmy of chidghterephtlyalic
terephthalic acid _ is produced in industrially extremely advantageous nmanner.
20 Brief dedcryptdlepredumddyy adiauiphapejoxidatiomiseantinweysiy displaead Brow ng
the nother liquor displacenment apparatus used in Exanples 24. Fig, 2

¢ ) | to.
i s a scheWaterin pimetheatipipr Hisplasgment cokimn egHinadvitha aiulta(i@y %ot her
| i quor di spl acenent apparatus,.used in anple 2 25 Figs. 3,to0 9 are
schemat i csﬁmlag{ﬁaﬁ%ﬁ&@ﬂw}s fRyunesiTonianiignes BrocRSs pepdeRafeids. | n
each figu is,a ,side view

.e,.th i t | i t he, |
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liquids are saved. In addition, the purification step is easily operated because
the content of impurities in the crude terephthalic acid crystals is reduced.
15  Further, the process using the displacement column ensures a stable high
degree of mother liquor displacement over a long-term operation and is

operated easily. Therefore, by the process of the invention, a high-purity

terephthalic acid is produced in industrially extremely advantageous manner.

20  Brief Description of Drawings

Fig. 1 is a schematic illustration showing the mother liquor
displacement apparatus used in Examples 1 to 24.
Fig. 2 is a schematic illustration showing the main construction of the
mother liquor displacement apparatus used in Example 25.
25 Figs. 3 to 9 are schematic illustrations showing stirring blades used in
the examples. In each figure, the upper is a top plan view and the lower is a

side view.

Best Mode for Carrying Qut the Invention




presence of such a catal yst conbined with an accel erator such as a brom ne
conpound and acet al dehyde. Acetic acid containing about 3 to 20% water is
-used as the solvent. As the oxidizing agent, nolecul ar oxygen, usually air
or 10 oxygen is used. The oxidation is usually carried out in single or nore
stages at 140 to 230'C under 0.5 to 3 MPa. The slurry product obtained by

the |iqui d- phaqgeosiufiat bfdrude terepHthalia@eld eryaedld diperend id law ddekiccavigdai ns,
in addition to the terephthalic: acid crystals, 4CBA p-toluic acid,

cat al yst sslderaheresn ftéresccasiomailly ederred tb e "acstieatidavdventlduprytess, the
acetic acid solvent slurry is introduced into a sequential crystallizer for
rough pur whiclatis tmbekubjactddeto tire motkersliqger dispéacenhmrtastgredusédibyy i s

cool ed while sequentially reducing the pressure to crystallize the

t er epht habkidizinigh gigsoiplet: compendwsubl asip-glkylbezeae, tyfically pedideneg t he
pressure close to atnospheric pressure, the slurry is fed to a separator.
Dur i ngp 20in hnsacetigstcad Bolz'ant.oﬂ‘%gtce:pdamm 1§ wpually caxriel ewbin the presemee not her
liquor are «crystallized together with the terephthalic acid to increase the
concent r aff asabalyst apasplti Qi,"gleiaﬁymétad@pébr@tswaba and thangpaese or as thpe
tenperature is |owered. Wereas, in the process of the presenf invention,
the aceti Bresenge 9dsyehe c%aUﬁﬁyom@whwﬁl R acrerRior sugh@s abPEnMenent

I di tl t 25 d ti | f ' ! [
gas-w t NoGRTBALE A PB4 o i P GIY U RE HeoHteh LTSt o
crystallizer, The higher the,te rature of the slurry being f.ed to the
ot her 11 8561 2atBpaRE RN e I Erth maotSe it cfeR Bt g Bhabired of
th t al in.th i | t | ti i th t
sect i hal Cxve i ok T8t BRAMER FA BB R iRelEBh ok PR P
|npur|t|e§4PQ05%®°b § QRh %b%]ﬂﬁ%ﬁ crystals. The tenperature of the acetic
acid solvént slurry being Ted to the displacenent colum is preferably near

(he oxidalion yenRehAlidduleBBtahbd b ReiftnAdFithse dxidatioh e dild er ence

between the oxidation tenperature and’ i'ng 5 tenperature 1s
pref er abl ¥ vié ki Rfvént éﬁﬁ?rﬁ%h’t&in};@?hﬁa&@i'ﬂb%nﬁo &eUfer¥p htlhlicSHHR cePsials, Tay

be fed to the displacenent colum after heating. However,

4CBA, p-toluic acid, catalyst and various other impurities. In the conventional

15 process, the acetic acid solvent slurry is introduced into a sequential
crystallizer for rough purification of single- or more-stage type, where the
slurry is cooled while sequentially reducing the pressure to crystallize the
terephthalic acid dissolved in the mother liquor. Then, after reducing the
pressure close to atmospheric pressure, the slurry is fed tb a separator. During

20 this crystallization step, the impurities dissolved in the mother liquor are
crystallized together with the terephthalic acid to increase the concentration of
impurities in the terephthalic acid crystals as the temperature is lowered.

Whereas, in the process of the present invention, the acetic acid solvent

slurry is féd to the mother liquor displacement column directly or through a

25  deaeration vessel for removing accompanying gas without passing through a
step for lowering the temperature in the crystallizer. The higher the
temperature of the slurry being fed to the mother liquor displacement column,

the higher the sedimentation speed of the crystals in the displacement column,

resulting in large throughput per sectional area of the column and the



since the displacenment colum is required to operate under a higher pressure
to prevent the solvent from being evaporated, an excessive heating is

- di sadvant ageous. 10 The crude tereplitbalic acid crystals fed to the nother
| i quor displacenment colum from an upper portion thereof are allowed to
gravitationally sedinment in the colum and di scharged froma bottom portion

of the coldytR & HelohbehFatRLEIT iafAiGeSREIIN RtePREMMTR é&lﬁr&ké‘&fl&er
occasionally referred to as "aqueous slurry”). By controlling the anount of

the 15 cTysttampet@tdie dlithehrbtiedcid Sslvéhesiety BaInpofedi torthefditpRicERleWwAN, a
hi gh concentration zone of the crystals is forned in the colum. The aqueous

slurry ofolubih & petdei¢plent Hhé bgidaich tysémltard(gahanled 50rtem301€) pot t om
portion of the columm is purified by various known met hods wi t hout

addi ti onal.ef thadiffsrtence betwexatipd exidayioa whgperhotiraaid nhe theliagueous slurry
into a solution under 20 high-tenperature and hi gh-pressure conditions and a
subseduentemspemtate icptefenalily vhiyhimots0r4l.i The ianetihacpl edeeneslofrryg inat al yst  of
a group VIIl noble netal of the periodic table, and finally introduced to a
step of sspaeanseaignaide fhddb-thadisplacement calhain afterheating: dlowevendi spl aci ng
the acetic acid solvent is fed fromthe bottom 25 portion of the nother

| i quor di sipicad¢bewhsplaetment cotnmnlispiaretytaeparateripdepa igher pressore
portions, i.e., the inside of the high-concentration zgne and.a vicinity of
t he porti Bhp¥eyendithe salvgnhdram erngprannratef i pxesseatie it enper at ure of
the displacing water is preferably the sane as or |lower than the

tenperatu ’éagf’a{lﬁbge&é‘éti c acid solvent slurry to be fed fromthe upper 10

AT IR T WA SE . Syt T L LR
Ot TR M AR MR SR R
D110 ORI i SRR oSO8 5P A R B 2oL 00
Wi th increas] g ¥RIPES h¥%1@ry in water as a dispersion medium (hereinafter
occasionally referred to as "aqueous slurry"). By controlling the amount of the
15  crystals to be discharged from the bottom portion of the column, a high-
concentration zone of the crystals is formed in the column. The aqueous slurry
of the crude terephthalic acid crystals discharged from the bottom portion of
the column is purified by various known methods without additional treatment,
for example, by a step for making the aqueous slurry into a solution under
20  high-temperature and high-pressure conditions and a subsequent step of
catalytic hydrogenation in the presence of a catalyst of a group VIII noble
metal of the periodic table, and finally introduced to a step of separating the
high-purity terephthalic acid.
Water for displacing the acetic acid solvent is fed from the bottom
25  portion of the mother liquor displacement column. The displacing water may
be fed to two portions, i.e., the inside of the high-concentration zone and a
vicinity of the portion for discharging the high-concentration zone. The
temperature of the displacing water is preferably the same as or lower than

the temperature of the acetic acid solvent slurry to be fed from the upper

10



the. upward fl ow of water (upward |linear velocity). However, when a
superficial upward linear velocity exceeds about 3.3 mh in the high-
-concentration zone, the degree of displacenent is |lowered in sonme cases. The
10 upward flow of water is mxed with the acetic acid solvent fed at the
upper portion of the colum and flooded fromthe overflow port disposed

above the prﬁ@ﬁ' oPPhé cI)Iﬁrnlﬁ e BRPU 6r B@é.dTﬁ@a\fﬁéﬁn%Pﬂ{eYdisﬁb%ﬁﬁé NVler tde
concentration of water in the acetic acid solvent is increased wth

i ncreasi nge YRGS dohirbBEd to Bel1aFgdrthah tMatwstel|diveH 0 ged Wseheaadudugner gy for
renoving water fromthe acetic 15 acid solvent. The lower limt of nore than

zero is syhirrgiofithe fcdtidé berephtibilic atidnaastaleboak ty f61an fthe mpwerdufowrof f 1 ow
of water, and the upper limt is about 3.3 mh. Next, the structure and
oper at i onweasdin thedigflatdirent sghaneardtallost thoncrysbals heduig sediposritedttot o
practice the invention are explained. In summary, the 20 nother |iquor

di spl a&enmeomedhts beunterenirrem ¢ontactetitdt B digplawimg mepteheTheglegtemoknt rati on
zone of terephthalic acid crystals in a colum equipped with a central
shaft havidigplacezhemtipf the adetst aqid isnlyemit asl sxcrepsadgwithsinczeasinglvetiaitacef on,
and allow ng the terephthalic acid crystals to gradually and gravitationally
sedi ment #he M@ wardnlew of ader Qupward h@ﬁ@wel@mﬁgl Howeaveliswhantahe hi gh 25
concentration zone by the rotations of the plurality of stirring bl ades

t hereby t superigigl upward linsar alqcatyesicaeds 9&%‘1 3.3, Iﬁﬁbue thebaghcur rent

contact with the displacing water ;that is fed fromthe bottom portjon of
the col unfONSEHEratan Zope, Gxeséﬁ%@ﬁémspﬁwwﬁ@lawwr gbﬁefm@ﬁaﬁﬁ%rffbm | f

B I G R R R T e T A
HEMEEE T AR R T R A E N
Sho |1 S e GELATICTRY R AR ORAERLAS: Thp O
22‘% ?glt I Pg{allttg{; FA gll'ulé ﬁcéﬂﬁé;bpéiﬁdsolé‘é}ﬁ is9RPRE3bA Wit R i B abiHCudwhidlinghare or a
velocity of water flow to increase the energy for removing water from the acetic
15 acid solvent. The lower limit of more than zero is sufficient for the upward
linear velocity to form the upward flow of water, and the upper limit is about
3.3 m/h.
Next, the structure and operation conditions of the displacement column
which are important to practice the invention are explained. In summary, the
20  mother liquor displacement of the invention is conducted by forming the high-
concentration zone of terephthalic acid crystals in a column equipped with a
central shaft having a plurality of stirring blades along ifs vertical direction,
and allowing the terephthalic acid crystals to gradually and gravitationally
sediment while forming layered, horizontal circular flows in the high-
25  concentration zone by the rotations of the plurality of stirring blades thereby to
bring the terephthalic acid crystals into counter-current contact with the
displacing water that is fed from the bottom portion of the column.

The shape of displacement column is preferably cylindrical. If the

horizontal cross section of the column is angular, the circular flows formed by

11



The. cylindrical displacenent colum is provided with a central shaft to
which a plurality of stirring blades are fitted along its vertical
~direction. The stirring blades are disposed at positions capabl e of
stirring the high 10 concentration zone of the crude tereplithalic acid
crystals which is forned in the displacenent colum. It is preferred to

form the MhobtirGARIRObARE QHRVEANS MmAkASt diBHAAY %o AchRIVBNY hidH H@%@e’@ahﬁ‘ bottom
of the displacenment colum to its upper surface) of 1.03 to 1. tinmes the

hei ght of didpeactiRenitTOThe Slindiiagl $hasteisiprerriro® abs iroviedf of i1 dgeration

di spl acenent colum. The stirring should be conducted so as to formthe

ci rcul ar tihdes high phessulte gb ntoimtent that teaip craterd. hAs ashywinoin Fige 2¢ €lpé
channeling in the high- concentration zone and prevent the axial mxing in
t he hi gh edomncemiayabe eadiadibynearrowedddi theqrortions ppeesntg theestirock bhagledue t o
t he adhesion of crystals. 20 Therefore, the stirring bl ades are preferably
f or medd i nThexhsipapof tepabddotian wf hlye £olowmsn iame hioé pairticulafrly Bntited, adid ect i on
(circular flows) rather than axial flows (flows in_up-and-down direction).
Exanpl es, goueralbt formeid; iado aHdateshapeysr agﬂr@webhm@@ehaﬁéhgn@m in Figs. 3 to
6. The slant paddl e blade_as shown in Fig. . 7 is undesirable because it
positively forAgesylimdriqadgisplaspmenterlumn bypravidedswath a ceptrabshall tos an

L e AR5 B BN e T S bR g
12 RS Ak R Bt b B T %
o o sl e B DR 5 TS R BB b b
(Do, BT D, o e rarpoued por on The nurber o

5Pl aceTent oSSR 0 5 RN, A ARy e,
general | y(Bo@rtHE¥dttd 8 AtheidisladeRee cOundS Hs UPYE RirdRleroeTRY tDG 6 or
times the height of the uppermost stirring blade from the bottom of the
15 displacement column.
The stirring should be conducted so as to form the circular flows in the
high-concentration zone thereby to intercept channeling in the high-
concentration zone and prevent the axial mixing in the high-concentration
zone, in addition, to prevent the blocking due to the adhesion of crystals.
20 Therefore, the stirring blades are preferably formed into a shape capable
forming flows in the circumferential direction (circular flows) rather than axial
flows (flows in up-and-down direction). Examples, but not limited thereto, of
such a shape are shown in Figs. 3 to 6. The slant paddle blade as shown in Fig.
7 is undesirable because it positively forms axial flows. The diameter of the
25  stirring blade is an important shape factor, and should be as large as enough
to form circular flows over a whole cross section of the column. The diameter d
of the stirring blade is preferably 0.5 to 0.99 time and more preferably 0.65 to

0.99 time the inner diameter D of the displacement column. In case of the

column as shown in Fig. 2 having radially narrowed portions that oppose the

12



nore to obtain a degree of 99.5% or nore di splacenent. \Wen the interspace
between the stirring blades is too small, flows forned by the adjacent
-upper and lower stirring blades are interfered or mxed 10 to reduce the
degree of nother l|iquor displacenent. Even when the interspace is increased
nmore than needed, no inprovenent in the displacing capability of the nother

l'i quor pektigtingN1Rded| tAdQlihmeedt of tHRGtid N bRaleeidaprefeaBUeitie hpsgt h  of
the columm is undesirably increased. The preferred interspace of the

stirring Bhfdes thaingsr dRRLNEE TV of RRE naifowagortdb@met er of the di spl acenment
15 colum, and 0.3 time or nore but less than 3 tines the inner dianeter D

of the displ alhwenimbel vfthastfriDgibiad@sfr taterintne tled esirediddgtbeloft i me or
nore but less than one tine the inner dianeter D when D exceeds one neter.
The rot at mghspéigaidididplacahent vagebdapendinganmirhtire thmooghpnt of arytstals havi ng
an influence on the degree of nother |iquor displacenent. If the 20 stirring
speed 5 s pemnpedtimalfdreatofshe ichbirgi ragdl the dpwand Fioepr golonitycif avatelrj agd i s
reduced to | ower the degree of nother |iguor displacenent and increase the
possi bl e genesilly duranotente chtamn aldegres eh@8%tdrrmprgydispdanesnentrandif agtirri ng
speed is too high, the axial mxing in the high- concentration zone becones
doni nant mpre|tgpbtaitha dgatreel ¥9-Shpehmore digpdacespent-acement . The stirring
speed is 25 preferablJy within the following range:. 0.10 < V2/D < 15, and
more pref er abl s{ﬂmﬁ ? Inteaspase Rativesnrt gsél.rrntgnglaéew @%@?ﬁmﬂewi nDis a

the. st 1 FOIGRE! BAEHE Fdgcont npes a6 OPRE SLBFaie 1408 AP eRLcRPg O S0g0h ng
e ol TETLNE R RN N W R g e
0 ORGSR RS ap SR bhc gl s o
the mother liquor per stirring blade is obtained, and instead the overall length
of the column is undesirably increased. The preferred interspace of the
stirring blades varies depending upon the inner diameter of the displacement
15 column, and 0.3 time or more but less than 3 times the inner diameter D of the
displacement column when D is less than one meter, and 0.1 time or more but
less than one time the inner diameter D when D exceeds one meter.
The rotating speed of the stirring blade is another important factor
having an influence on the degree of mother liquor displacement. If the
20 stirring speed is low, the effect of the circular flows to prevent channeling is
reduced to lower the degree of mother liquor displacement and increase the
possible deposition of the crystals to the stirring blades. If the stirring speed is
too high, the axial mixing in the high-concentration zone becomes dominant to
lower the degree of mother liquor displacement. The stirring speed is
25  preferably within the following range:
0.10 < v2/D < 15, and
more preferably within the following range:
0.2 <v2D <8,

wherein D is a diameter of the column (m) and v is a peripheral speed of the
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dependi ng upon the stirring effects, the feeding and di schargi ng anounts of

crystals, and the feeding anount of the displacing water. In the production

- method of the present invention, the degree of nother |iquor displacenent is
10 reduced by the decrease of the slurry concentration in the

hi gh-concentration zone. This is attributable to the convectional m xing of

l'iqui d phggeeheeptsestithBsMAROURIHN of liquid phase in the high-
concentration zone 1s increased If the slurry concentration of the high

-concentrati onJgQAge b th@¥slumin hEShsWH iYFi @ eRAhE Harbbwe & pox€i6asi vel y
hi gh, the bl ocking of crystals and the clogging of 15 the outlet for

di schar gi pgpédiagtherstitrigmlades et inhe@ diatmetear DbkitHeheagbeeldeportioaisdsi on
difficult. The slurry concentration is preferably 15 to 50% and nore

pref erabl yisd@ih @pld&dofi D. termrs of the average solid concentration by vol une
basis. The slurry concentration of the high -concentration zone.may be
contrdbl ed by Jheusmicagtiatimm aftthe detmyeienthehsi gheerdicagtmatimmzormn@olide 20

di schargi ng anmount of the crystals and the feeding anount of the displacing
wat er . Theopregdemtion axdhe ihégﬁlwbnterﬁeaﬁes eohb by vohumertasietedriesy ref erence
to the follow ng exanples, but it should be noted that these exanples are
not i nt edépending upen thestisingefisrts, the fepdingiand disehangng amquntsipd

foll owi ng exanpl es,. the degree of nother |iquor displacenent was . cal cul ated
fromthe mfstg%, agdrthedapdingugeuat of thy displacans iatey.=Ip the praduetion a¢i d

' 100 ExanmtEpd 2 (he IrgsantoTapBbPh: T drh of meligr Eor RsRlAGHPRRE ot of
e S o LASHRY R MELL 1%, AT, O a0l gLl solvant hur
L PP AR B R Rl e PR L2
?glpluggefre%]}gé gg@é}oﬁr@o}eﬁg@&dpﬁ%e iR t\i\fetlhgﬁ-cfo?lggﬁﬂgtigﬂ%n%'is Tﬁgre%aﬁ'%ftﬂe' quor
slurry concentration of the high-concentration zone is low. If the slurry
concentration is excessively high, the blocking of crystals and the clogging of
15  the outlet for discharging the slurry come to easily occur to make the stable
operation difficult. The slurry concentration is preferably 15 to 50% and more
preferably 18 to 45% in terms of the average solid concentration by volume
basis. The slurry concentration of the high-concentration zone may be
controlled by adjusting the ratio between the feeding amount and the
20 discharging amount of the crystals and the feeding amount of the displacing
water.
The present invention will be described in more detail by reference to
the following examples, but it should be noted that these examples are not
intended to limit the scope of the invention thereto.
25 In the following examples, the degree of mother liquor displacement was
calculated from the following formula:
Degree of displacement (%) = [1 - (acetic acid flow rate in discharged

slurry)/(acetic acid flow rate in feeding slurry)] x 100
EXAMPLE 1
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constructed by a titaniumcylinder having an inner dianeter D of 36 nmm and
equi pped with a stirring shaft 6 connected to a notor 5. The stirring shaft
-6 was provided with fifteen stirring blades 7 at 50-nminterspaces at its
portion 10 below a feed port for the crude slurry. The stirring blades shown
in Fig. 3 were used. The dianeter d of the stirring blade was 32 mm being
about 9 tines i I t 3 I for the
mother |1 quor waane (A2 ERPEAIR doxh B FIER, 185 Wbl fnOHL LI kRRNG:

di spl ace”ﬁﬁﬁlog g)l[ymteq‘-wfg ek B indPbh AN ARt Lid Qf)lv%gl_? sTREPErdd 81 ry) of a

di spl acene colum, a feeding pipe 10 for 15 the displacing water "and a
di schar gi pgudd REephthdlic héid Fystllaebshifibdbia MGLR-pHASPeLRdtiohhe di spl aci ng
water was fed to the nother |1 quor displacenment colum 4 by neans of a punp

12. In thRefd:emped Feg.31, the cande dlurry seyedEhes storagel tdhlow wasntadto ¥al ves
(not shown) were provided. In the flow path 9, a valve (not shown) for
contrad | i n@peheoktioeiof prrastherdi@iortegla@mont cotismpr vhrtaggh 2@eddinkipdpe 1,
first, the colum was filled with water of 90C by driving the punp 12 for
f eedi ng watwerth aNfeedingpempgdtha mother fityooy fapdacarhentoctlhiatn givoes 9, t he
feedi ng anount of water was controlled so as to adjust the upward |inear
vel ocity ofnstatetedfbyow titanitwa aydinden hayidg Bnmhher Reemeterhle of B&fmn6andd t he
stirring blades 7 were rotated at 120 rpm by driving the notor 5. The 25
per i pher aequinned witht netirtipgehafio cenneatedgolal Iaa@mésTb.ezs@lrmrg ghafts = 1.1
m s2). Next, the feedin was operated to feed the crude slurry of

160C froMas Hl@é’m%wﬁ@kgftggg%iiﬁ?waﬂﬁ% Trad & mgn pnisaspacas af its partie e of
Cer ephl naPPlo™ acPe wAFclimiks CERoaaREay] A erusies Bladss Bhogy okt vRE
D esence dFedn 106 daie daTahg ST EaIRRE G CoBUR: PCRERAESL P the
orom e, PRI T B B Rt AR Y HE Bhe B ARG o7, B
component SH0oe o §he Top bRftiGR ol he WdHEL LEEERloplache i CRIRRATN" Ao 48

bottom portion of the mother liquor displacement column, a feeding pipe 10 for

15 the displacing water and a discharging pipe 11 for the displaced slurry were
disposed. The displacing water was fed to the mother liquor displacement
column 4 by fneans of a pump 12. In the flow paths 3, 10 and 11, flow meters
and flow control valves (not shown) were provided. In the flow path 9, a valve
(not shown) for controlling the inner pressure of the column was provided.

20 In Fig. 1, first, the column was filled with water of 90°C by driving the
pump 12 for feeding water. When water began to overflow from the outlet pipe
9, the feeding amount of water was controlled so as to adjust the upward linear
velocity of water flow in the column to 0.5 m/h. Then, the shaft 6 and the
stirring blades 7 were rotated at 120 rpm by driving the motor 5. The

25  peripheral speed of the tip end of stirring blade was 0.20 m/s (v2/D = 1.1 m/s2).

Next, the feeding pump 2 was operated to feed the crude slurry of 160°C
from a feeding nozzle 8 through the feeding pipe 3 at a flow rate of 8.3 kg/h.
The crude slurry used herein was an acetic acid solvent sIurry of terephthalic

acid which was produced 1n industrial scale by oxidizing p-xylene at 190°C in a
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When it was confirmed by the nonitor using a powder |evel detector that the
hei ght of the high -concentration zone reached 50 mm above the uppernopst
.stirring blade, the feeding anount of the displacing water was 10 i ncreased
and the discharge of the slurry through the bottom of columm was started.
The displaced slurry discharged fromthe colum was stored in a storage

tank 13. mff’-@@ﬂf}ﬁnﬁig L88idh SRl BRRAtShUheHrB&iMe i Sbaudednf da2glyishe

bottom of colum was controlled so as to maintain the height of the high-

concent r abhRPrisRe cabalt @ anhasse dnl @Vigtomide ot gl i weeleb ¥ wih & aidimynt  of
15 the displacing water being fed was controlled so as to maintain the

upwar d | iheaslveat.oTheycodle eraionf dfteréphthfic eeldioryssilstihethierdraddetudrgvel
(0.5 mh). The operation was continued for 4 h after the system was

st abi | i zethasaBbsdyswoighe, andthe akemicaltcoafpdsitdort vf thwngeHeslignoy exddpt sanpl e
was cooled to roomtenperature, and the crystals were separated fromthe
sanpl &6 Tifer @@ aystdhneabngoneht acet 86%dgi weighttdiacett laerd &ndudfs bps 0. 11%
by weight. The cal cul ated degree of acetic acid replacenent was 99. 91% by
wei ght . Afsedght okwaterati on of the operation, the slurry remained in the
colum was discharged to recover the crystals., Fromthe weight of the
recover ed crysthen iawdsichafinmiedty Bie mieaiter gising a posvderdeveldetestor t he
average solid _concentration.25 in the high-concentration zgne was

cal cul at edhatrihe belghliohthe high cemcendrridon care seached dhmm\abpue dhe
corresponding to 26% hy | yme en.. converted, ysi specific gravity of
t er epht haPReERICt %?%Pa?ﬁia%'%bet eqdl@ﬁ.am%m%ezﬁgagc S¥Edek Wast Exanpl e

o1 adeld ¢ 0 RS aFSACRARF pheTh e S Sforzy R e Oy BRESE O ompiiitvaty b
vol Ure, aftiitRe aBgaepPed et sty g TR AR b RmE oS 084S et oni . 5
EXAMPLES 1HG2BE AGHEUSE Phe BTt thhR8s SIGBSPLEI SRR afsChafRA@bRGe
bottom of column was controlled so as to maintain the height of the high-
concentration zone at the intended level, and simultaneously, the amount of
15 the displacing water being fed was controlled so as to maintain the upward
linear velocity of water flow in the column at the intended level (0.5 m/h). The
operation was continued for 4 h after the system was stabilized, and a sample
was taken out of the discharged slurry. The sample was cooled to room
temperature, and the crystals were separated from the sample. The
20 concentration of acetic acid in the mother liquor was 0.11% by weight. The
calculated degree of acetic acid replacement was 99.91% by weight. After
termination of the operation, the slurry remained in the column was
discharged to recover the crystals. From the weight of the recovered crystals
and the height of the high-concentration zone, the average solid concentration
25 in the high-concentration zone was calculated. The calculated solid
concentration was 34% by weight, corresponding to 26% by volume when
converted using a specific gravity of terephthalic acid crystals (about 1.5).

EXAMPLE 2

The procedure of Example 1 was repeated except for changing the
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rotating speed of the stirring blades to 40 rpm (Peripheral speed of
stirring blade = 0.067 MS; V2/D = 0.12). The solid concentration of the

. high- concentration zone was 27% by vol une, and the degree of acetic acid 10
di spl acenent was 98. 10% by wei ght. EXAMPLE4 The procedure of Exanple 1 was
repeated except for changing the nunber of stirring blades to 10 (50-mm

i nt erspaCF&atMgesﬁézJ '&ﬁ@%ﬁqﬁﬁgblms% 18Toh§3£ig&ipﬁeﬁq%%@fomtmrih ne was

26% by vol une, and the degree of acetic aci di spl acenent was 99. 61% by

wei ght. EXAVRIED 30 hesPraDedors. ofh&Exaiibehdent@itidieOE R Xt ntition

changing the nunber of stirring blades to 5 (50-mminterspace). The solid

concent r agbad wafs 28% eywdalhme; amdether dddred of acetivesd Zhsp e ment eas and t he
degree of acetic acid 20 displacenent was 98.80% by wei ght. EXAMPLE6 The
pr ocedur e 90f9(Es dypveightwas repeat ed except for changing the nunber of
stirring blades to 19 (25-mminterspace). The solid concentration of the

hi gh- conc &iXABERIaH 3zone was 26% by vol une, and the degree of acetic acid 25
di spl acenent was 99. 86% by wei ght. EXAMPLE7 The procedure of Exanple 1 was
repeat ed excep{Theaprochdnrg offExtmple dvbas regfeaged ex¢apd for eblanging e ( 10- mm
interspace). The solid concentration of the high- concentration zone was
25% by voloiasingapeadel thegtoaing blagdesite Mot {peripberalspeedof whizriog. 60% by
wei ght. EXAMPLE8 The procedure of Exanple 1 was repeated except for using
the stirrbiafe 510065 nHs wibvin0i12) Flde solidmpmceniragionoefciheighi on of the

hi gh- concentratiqoqn 5 zone S .26% by vol uémi nd th? degree .of acetic acid
di spl acenﬁﬂlﬁc%?tl%.z?@%“@s odm\_folume, and the degree of acetic acid

10 displacement was 98.10% by weight.
EXAMPLE 4
The procedure of Example 1 was repeated except for changing the
number of stirring blades to 10 (50-mm interspace). The solid concentration of
the high-concentration zone was 26% by volume, and the degree of acetic acid
15 displacement was 99.61% by weight.
EXAMPLE 5
The procedure of Example 1 was repeated except for changing the
number of stirring blades to 5 (50-mm interspace). The solid concentration of
the high-concentration zone was 26% by volume, and the degree of acetic acid
20 displacement was 98.80% by weight.
EXAMPLE 6
The procedure of Example 1 was repeated except for changing the
number of stirring blades to 19 (25-mm interspace). The solid concentration of
the high-concentration zone was 26% by volume, and the degree of acetic acid
25  displacement was 99.86% by weight.
EXAMPLE 7
The procedure of Example 1 was repeated except for changing the
number of stirring blades to 46 (10-mm interspace). The solid concentration of

the high-concentration zone was 25% by volume, and the degree of acetic acid

17



EXAMPLE9 The procedure of Exanple 1 was repeated except for using the
stirring blades as shown in Fig. 5 and changi ng the peripheral speed of
.stirring blades 10 to 0.25 m's. The solid concentration of the high
-concentration zone was 26% by volune, and the degree of acetic acid

di spl acenent was 99. 94% by wei ght. EXAMPLE1O The procedure of Exanple 9 was

repeat ed gxseRie hOht WSsUB. &0 13iwkidhpd bl ades as shown in Fig. 6. The solid
concentrat?%n (% t he high -cor??:’tent rggti on 15 zone was 27% by vol une, and the

degree of gapetipg. g d di spl acenent was 99. 93% by wei ght. COVPARATI VE
EXAMPLE 1 The procedure of Exanple 1 was repeated except for using the

stirring bl adfhe(focedhnéf Prsiipte blvadierdpeatedboosptifor hbihg the stheisgl i d
concentration of 20 the high-concentration zone was 26% by vol unme, and the
degree of bhekbliss dwiveh inilgl 4cFhenblidasnéén2tiohyf\whe gligh-cEXéddtirafidn The
procedure of Exanple 1 was repeated except for using the stirring blades
(bl adeb di aomdt eras Z28% oy Ydube, bindehe e gred afimcedicomed eligplaesmshbwasi n 25 Fi g.
8. The solid concentration of the high -concentration zone was 26% by

vol une, aff.llffebsteveigbtof acetic acid di spl acement was 98.22% by wei ght.
EXAMPLEL12 The procedure of Exanple 9 was repeated except for using the
stirring 4K Bl ade dianeter: 20 mm (0.56 time the col um dianeter)) as

shown in 18 Fi & 9. The soljd concentration of_ the high -concentration zone
was 25% by vollleerogpdurenel Hraymple diwascraneated pxrept Jon Heidgsihe sHIIRE . 309 by

O B e RIS S Sl R0 SRl
concepy T k) B0l £ Moo coRANSERLER e HOBE. SRS TREK 19 W o8 by e
volume, and the degree of acetic acid displacement was 99.94% by weight.
EXAMPLE 10
The procedure of Example 9 was repeated except for using the stirring
blades as shown in Fig. 6. The solid concentration of the high-concentration
15 zone was 27% by volume, and the degree of acetic acid displacement was
99.93% by weight.
COMPARATIVE EXAMPLE 1
The procedure of Example 1 was repeated except for using the stirring
blades (45° slant paddle blades) as shown in Fig. 7. The solid concentration of
20  the high-concentration zone was 26% by volume, and the degree of acetic acid
displacement was 95.20% by weight. |
EXAMPLE 11
The procedure of Example 1 was repeated except for using the stirring
blades (blade diameter: 20 mm (0.56 time the column diameter)) as shown in
25  Fig. 8. The solid concentration of the high-concentration zone was 26% by
volume, and the degree of acetic acid displacement was 98.22% by weight.
EXAMPLE 12

The procedure of Example 9 was repeated except for using the stirring

blades (blade diameter: 20 mm (0.56 time the column diameter)) as shown in

18



di spl acenent was 99. 96% by wei ght. COVPARATI VE EXAMPLE 2 The procedure of
'Exanpl e 9 was repeated except for changing the 10 feedi ng anount of

- displacing water to 10.3 kg/h. The solid concentration of the high-
concentration zone was 13% by vol une, and the degree of acetic acid

di spl acenent was 97.68% by wei ght. EXAMPLE14 The procedure of Exanple 9 was

repeat ed ﬁ%@"tT Qrsoﬁﬁ%ﬂﬁké}&r%i1§n olﬁl?hé ﬁ?%i-@&n&rm%ox?%o% /kkﬁaes %}@grtfgy to 12.5

kg/ h and f eedi ng anount o I splacing water to 6. olid

concentr a%lﬁﬁlé?faﬁcpﬁldé‘g?%%:l%%%@ﬁié a&idoasgk%@ﬁle\fmw?g%mwwﬁgapd the

degree of acetic aci acenment was 9. 89% by wel ght. Tl VE
EXAMPLE 3gXQAMPe 1g9cedure of Exanple 14 was repeated except for changing
the feeding anmount of displacing water to 11.0 kglh. The solid

concentration Phetpiecediir@of- BB Y MadsRpeantal Haspl ok dhankihptee and the
degree of acetic acid displacenent was 97.51% by wei ght. EXAMPLE1S5 25 The

pr ocedur efeeflirpx aflumtSi\splacipgal atbrensceplkeilor Thisandidrgnicbrtratieadfritheanount
of displacing water to 6.0 kg/h and the upward linear velocity to 1.0 nih.
The sol i dhiphnemmdenatdtion eénd wastdldhbyocoheme! and itha degree ofaace2udady  vol une,
and the degree of acetic acid displacenent was 99.93% by wei ght. EXAVMPLEL6
19 The prdicpthremait Eas@PIA6% bwakeigbpeat ed except for changing the feeding
anount of displacing water to 8.0 kg/h and the upward-linear velocity to
3.2 mb. CAHMBARATEGRIBRAMELE2 of the high - concentration zone was 18% by
vol une, and the degree of acetic acid displacenment was 98. 50% by weight. 5
EXAMPLEL7 Usi nghe paogrdipref divarapies? wins 1eRenteg @wephﬁ@rdmmgéﬁm of 300 mMm

10 feeding amount of displacing water to 10.3 kg/h. The solid concentration of the
high-concentration zone was 13% by volume, and the degree of acetic acid
displacement was 97.68% by weight.

EXAMPLE 14
The procedure of Example 9 was repeated except for changing the

15 feeding amount of crude slurry to 12.5 kg/h and the feeding amount of
displacing water to 6.5 kg/h. The solid concentration of the high-concentration
zone was 27% by volume, and the degree of acetic acid displacement was
99.89% by weight.

COMPARATIVE EXAMPLE 3

20 The procedure of Example 14 was repeated except for changing the
feeding amount of displacing water to 11.0 kg/h. The solid concentration of the
high-concentration zone was 14% by volume, and the degree of acetic acid
displacement was 97.51% by weight.

EXAMPLE 15

25 The procedure of Example 9 was repeated except for changing the
feeding amount of displacing water to 6.0 kg/h and the upward linear velocity
to 1.0 m/h. The solid concentration of the high-concentration zone was 24% by
volume, and the degree of acetic acid displacement was 99.93% by weight.

EXAMPLE 16
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equi pped with stirring blades having a dianmeter d of 270 nmm the nother
liquor of the acetic acid solvent slurry of terephthalic acid was displaced
- by water in the sanme manner as in Exanple 1. The feedi ng anount of crude 10
slurry was 520 kg/ h, the feeding anount of displacing water was 330 kg/h,
and the upward linear velocity was 0.5 mh. The stirring blades as shown in

Fig. 5 _ g | ' as
(héreot "was 138RIHIMIRE PRy DAATRREIERUR P ARl e o evece

i ntai , A one .
G 0 1l SRS PR PSRl SU Kol Ry e BRaLRORLR et

the high t&8NCARNTA! AHLEHIF R WA 7RV Dhe RlcW Bncanthaltivd A8H §8sABEBSL I C
acid displacenment was 99.88% by wei ght. EXAMPLE18 The procedure of anpl e

17 was repgRiRd, £X&eRE dbBrecCdfait@tidGiciddisp2ieaRRéntPRas 38. 598 &F Wwéighti rri ng
blade to 0.20 m's (V2/D = 0.13). The solid concentration of the high-

concerg r alXonVIRIE 1was 25% by vol une, and the degree of acetic acid
di spl acenent was 98. 90% by wei ght. EXAMPLE19 The procedure of Exanple 17
was repeated eXfgpg thodigglacgnagt télem haparg phénadr dpasetesD sf BOOimm bl ade
to 1.3 ms (V2/D = 5.6). The solid concentration of the high-concentration
zone was 2§tidpedveithnstirrangibidies ltegnge dhinmtet d of 200dndi, $heavettert was
99. 35% by wei ght. EXAMPLE20 The procedure of Exanple 17 was repeated except
f or changliggor loé tRe apeti¢ péidrssl veygedurf ofstiereph thalis| axid wias displaved byv2/ D =
12). The solid concentration of the high- concentration zone was 26% by
vol une, amditenhin thegame manaerapdn dsiamplesh| The festingamognti gbsmgdenei ght .
EXAMPLE21 5 The proceduyre. of anple 17 . continuously perforned fqor 10
days 1®xceptrry dvas:ﬁ%%ggﬂg tbﬁée%ﬁs&mwn%%? g Pligins wader #as 80 kg, A
' nter spaca)lé upward linear velocity was 0.5 m/h. The stirring blades as shown in Fig. 5
were used. The number of stirring blades was 10, and the interspace thereof
was 150 mm. The height of the high-concentration zone was maintained 200
mm above the uppermost stirring blade. The peripheral speed of stirring blade
15 was 0.64 m/s (v2/D = 1.4). The solid concentration of the high-concentration
zone was 26% by volume, and the degree of acetic acid displacement was
99.88% by weight.
EXAMPLE 18
The procedure of Example 17 was repeated except for changing the
20 peripheral speed of stirring blade to 0.20 m/s (v2/D = 0.13). The solid
concentration of the high-concentration zone was 25% by volume, and the
degree of acetic acid displacement was 98.90% by weight.
EXAMPLE 19
The procedure of Example 17 was repeated except for changing the
25  peripheral speed of stirring blade to 1.3 m/s (v/D = 5.6). The solid
concentration of the high-concentration zone was 25% by volume, and the
degree of acetic acid displacement was 99.35% by weight.
EXAMPLE 20

The procedure of Example 17 was repeated except for changing the

20



The. degree of acetic acid displacenent calculated fromthe acetic acid
concentration of the slurry discharged fromthe bottom of colum was stable
within the range of 99.92 to 99.95% by weight. On the inner inspection of
the 10 displacenment colum after the term nation of operation, it was found
that the adhesion of crystals to the stirring blades and the inner wall of

the col UmhebierhREslan Sty b EANRLER 2y Metma=tby. nepl aggnent col umm as

shown in Fig, Figs. 1 and 2, like 15 reference nunerals indicate like

parts), tRenfdfieslbhdfPhe BXSRbRcrHESH 26RE MRDER b il A athldethEpt her
|l iquor of the acetic acid solvent slurry of terephthalic acid by water. The

i nner di ageggse 6F #etic3d @idplabembhe warres.10%ignwethtD of narrowed portions
was 200 mm The stirring blades having a dianmeter d of 180 mm as shown in
Fig. 5 weBXAMRLEDP1e nunber thereof was 20 8 (180-mminterspace). The
hei ght of the high-concentrati on zone was mai ntai ned 200 nmm above the
upper nBst st i r Thegphicadere dhExpmplpA&reis epaatuowdy peirforinmeg fok d@edayss 0. 57
ms (V2/D = 1.6). The solid concentration of the high- concentration zone
was 28% byxveptuive changdinghthalpgmberof sticeinigdbladésitall 2 1 5¢emprntevspadd. 93% by
wei ght. 25 Industrial Applicability Terephthalic acid produced according to
t he presefthd degmeiofacetic asief displags mentaalavda ted fibmothepadtefissacdds for t he
production of cloths, fibers, bottles, etc. 21 CLAIMS WHAT IS CLAIMED I S: 1.
A process cpagerirationiod ghe shigh-diseharged draspihe dottonnef eplupn as tablsri ses a
not her |iquor. displacenent for caont ion%ousl,y co&vert ing a slurry of . 5 crude
t er epht haighigcthe ranga of| 99-P2 ta 99150 by weight.s On i g pppegtioneloitced by
a liquid-phase oxidation of .p-alkyl benzene in the acetic acid vent, into
S b P Gere Lo ol 2he ferBmar ahpaasins tetantowd Bht
adhesion of crystals to the stirring blades and the inner wall of the column was
hardly noticed.
EXAMPLE 22
Using the replacement column as shown in Fig. 2 (in Figs. 1 and 2, like
15 reference numerals indicate like parts), the procedure of Example 17 was
repeated to displace the mother liquor of the acetic acid solvent slurry of
terephthalic acid by water. The inner diameter D was 300 mm, and the inner
diameter D' of narrowed portions was 200 mm. The stirring blades having a
diameter d of 180 mm as shown in Fig. 5 were used. The number thereof was
20 8 (180-mm interspace). The height of the high-concentration zone was
maintained 200 mm above the uppermost stirring blade. The peripheral speed
of stirring blade was 0.57 m/s (v2/D = 1.6). The solid concentration of the high-
concentration zone was 28% by volume, and the degree of acetic acid
displacement was 99.93% by weight.
25

Industrial Applicability

Terephthalic acid produced according to the present invention is useful

as a raw material of polyesters for the production of cloths, fibers, bottles, etc.
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hydrogenation of the slurry in water, wherein the nother |iquor displacenent
conprises: 10 introducing the acetic acid solvent slurry into a colum from
an upper portion thereof, the columm being equipped with a central shaft
having a plurality of stirring blades along a vertical direction thereof,
allowi ng the crude terephthalic acid crystals to sedinent to forma high-
concentration zone of terephthalic aqggamygstals in the colum; 15

i ntroduci ng a displacing water into the columm froma bottom portion

t her eof swWHAT IS DtAIMEDUvard fl ow of water in the colum while formng
circular flows in the high-concentration zone by rotation of the stirring

bl ades, therelly Aprogisedot prodesiepathighipuraiy replydiadicadidf which
counter-current contact wth the upward fl ow of water; and 20 di schargi ng
t he t er epbéipkises acindtloerykgadisdispiptehemtvibr bontirudidplcacvartingatdurfyrafm a
bottom portion of the colum, while simltaneously taking the acetic acid
sol verfi outudsf tewrepbthalimacfl aristadeinen achtic acidssadivepbsehlichzrepradfieet
portion for introducing the acetic acid solvent slurry. 2. The process
accor di ngby@ biuidwhasevbeidetionaf reBevdbenzepedartheadebg ackd selvenb|ingzaj n t he
hi gh-concentration zone fornmed . in the colunn is 15 to 50% by, vol une. 22
slurry in water as a dispersion medium, and a subsequent catalytic
hydrogenation of the slurry in water, wherein the mother liquor displacement
comprises:
10 introducing the acetic acid solvent slurry into a column from an upper
portion thereof, the column being equipped with a central shaft having a
plurality of stirring blades along a vertical direction thereof;
allowing the crude terephthalic acid crystals to sediment to form a high-
concentration zone of terephthalic acid crystals in the column;
15 introducing a displacing water into the column from a bottom portion
thereof so as to form an upward flow of water in the column while forming
circular flows in the high-concentration zone by rotation of the stirring blades,
thereby bringing the terephthalic acid crystals into counter-current contact
‘with the upward flow of water; and
20 discharging the terephthalic acid crystals together with the displacing
water from a bottom portion of the column, while simultaneously taking the
acetic acid solvent out of a portion of the column which is disposed above a feed
portion for introducing the acetic acid solvent slurry.
2. The process according to claim 1, wherein an average concentration

25  of solids in the high-concentration zone formed in the column is 15 to 50% by

volume.
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