DESCRI PTI ON  METHOD FOR PRODUCI NG HI GH PURI TY TEREPHTHALIC ACID 5
Technical Field The present invention relates to a process for
produci ng a high-purity terepht hi)ﬁ?%CBéPE,IO%d nore particularly to
a nother |iquor displacenent in which the nother |iquor of an acetic
acid slurry containing crude terephthalic acid crystals produced by
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presgpresygpd. the resultant solution is subjected to a 25 catalytic
hydr ogenation treatnent, an oxidation treatnment or a
recrystallization treatnent, and a nethod in which a slurry of
terephthalic acid crystals partially dissolved therein is subjected
to a higlBidimenadus/ i mrersion treatment. In particular, a nethod
of subjecting a solution of crude terephthalic acid in water to
catal yti c hydrDgepiithaliciabid Reppdesedds subjettieopHphbnylde delpourdd al
catal yst of the periodic table at high tenperatures and high
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| arge-scal e industrial process for the production of high-purity

t er e[1bt hadeiagtiafiiél.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 catal ytic hydrogenation process is that a
| arge 5 nunber of steps are required. That is, .the cataltytic
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acetic aci oes chem cal change during the catalytic
hydr ogenafylthe fltificaBBAS @ | oss of valuable acetic acid, and the
di scharged 25 acetic acid nust be nade harm ess agai nst the
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economcal loss, it i1s required to substantially conpletely prevent

the att achethasaidtiorasdldent i theqronaston of thectididRrep iRt 4ad bg
acid being fed into the catal ytic hydrogenati on process. Therefore, 2

in the coswidatioanadd tielusé of Matévgs thd selventforaiieipiatifieaticd b catalytic
separator for rough purification and a dryer for rough purification

has been lkyitopeadtion. SBpdisplace tHeemothdicliqhdroftom 4dediv) ddid to water, the
crystal -containing slurry fromthe oxidation step.
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 thereto is 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

cryst al - donthai eceinvgnsionat yndustoiah fadilitiee pacambinzatiore ofir dep gratoedomraugh
in the separation of the nother liquor fromthe slurry containing

t he crudeurfieptiohalndca deyer for yengh purificative kapbeen emplowidhtp sénarate
solid bowl -type centrifugal separator, an_ acetic acid slurry is

i nt r oducetdhei mpbher hawwefronothe crygtalrcantainghg spoas fromithecsndatipngten.y
separate the crystals and the nother |iquor. The nother l|iquor _is

over f | owedl splidrhaavinyipe oendrifegal separafer 9 siastarshacuts filter has been most
precipitated crystals are continuously scraped out by a screw.

Howevér , ganevaHutused toiseperatesthermathardsqwir frequa envisdakempiiriagegdurry.
repair and nmintenance because, _of its_structural limtatjons .

i nher ent Beth the separatersgne widedy ased algodm thecseparation gf tho maether liquor
rotation. In addition, since the crude terephthaljc acid crystals are
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crystals. erefore, like the separation using the centrifuga

sepangt orhighhésed®idtationl I8 adiRedA, Sinde'thS Ef&?é"téiiép{hﬂgalﬁ £Ad c3ydtals are
sol ve the above probl ens, there have been proposed net hods capabl e

of more eddparhest Ly thefovh Bfia Wi dkeN@htAinihi@Ehé bithbP 8 gRib¥ SR ha ditidial
exanple, a nethod using a separator equipped with a novable filter
band (ford@}agptép mhidt 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
separ at ed crysFakeslvarthe akavhgadoblenis, wheesr have beep pacposedemathatshegable
not her |iquor (acetic acid) by water, a dryer is not required.

Al t hough of mloseeefficsentdy remguingthe mothser hgudofiem thegenyséalsefoarextamse, a
of nore conplicated structure, this making these nethods not so
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150 to 230C) and feed a slurry of the separated crystals in water
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in that nghd 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 column 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



speci al powers are required because the crystals are allowed to
sedinment by 5 gravity, and is attractive because of the sinple

struct ur emethéd ﬁ)ﬁdﬁ@ﬁl;ﬂﬁﬂ% the nisthet $ig@lor b Ve tdrephbigali®@adidblusry by a
di sadvant ageous in that the degree of the nother |iquor separated

fromthe geysialventhereinafter referred to as "degree of nother
| i quor displacenment”) is low, and that experinmental results are

hardly scal edThfs indthes Hiqupr didplec@dm@itogetiddis adantage@nsimthdthe
speed of upward 10 fl ow of the high-tenperature water, the degree of

not her | i gpeeialdcpédcaneriquitahbdmause the appdalsHnweslbiwed b sediagpritrias
a large anount of water. In addition, the sedinentation speed of the
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allow a | arge amount of snmall-size crystals to escape fromthe top

of verti casedoHowevet5Sthikomethod & disadaimotazedusnb bk thd degreechdshbeen
proposed a nother |iquor displacenment nethod using a vertical colum
that is hmothenlighby sepirdtdédrdy the prystals thereimafierie{droed tovas Hdegree of
nunber of holes to conbine a gravitational sedinentation process of

t he t er epmotther Hquer displgesnaent hirilow, ansl thiadlexperimeteol resulomars bardly
(for exanple, JP 57-53431 A). The partitions 20 are used to increase

t he degr escaded mptinde the prectiealqgrodeetient Byjingreasng ithe speebof upward
channel i ng or pack-njxing of the fluid within the apparatus,. I—Pwever,
in the nBeWer thedugkt@%mra&%waf% the degrper ofangthari ligqrgligplacement
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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 exanpl es as about 0.01 nm's by a peripheral
speed of tehephtlmlicacddafrystads by adetpr ushrez the/proploseddispdacementhieolumn, a
pl ates and scraper blades and grow thereon to nake the reliability
in a | onghighr degreerodtmothepdoyuor displhosment of atchiveed,iicn, 98 9%sor more of
descri bed above, if the acetic acid solvent of a slurry containing
the crude aredphadidlsotveadtiid displated by strtar.n&bweyelr; guths phesmtus

oxi dation can be renoved fromthe crystals and displaced by water by
i nt r oduci mgvinigethel fixed/pldatas and thelserapeappades vetabed ahg showspepdi cat ed
physi cal mechanismat a tenperature close to the oxidation )
t enpePat Ulass ugredafrondthme vayoplesiashabenti 01 enfgdyi peviphenal speedef the tip
steps, energy saving and increase of product quality can be

att ai ned. emgméﬂ@qe bladed, thmewystalsmatach torthedatesranserapeydades and grow
di spl acenent nethods, are still _unsatisfactory in the degree of nother
li quor dibsppar daenake the reliahilisy sparlapgdarmmperaBoRPoPELi 1ity in a

| ong-term operation. A first object of the present invention is to
provi de a process for 20 producing a high-purity terephthalic acid,

which is gagigle o%lachigvkng a high degree of nother |iquor
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over a | offh bedftained. 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 1s
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

pl ural it yp@bleisini the dipagdetion andndispIageRht it6eHniduesof tio meaher byuor
i ntroducing water into the colum froma bottom portion thereof to

bring theid thephéddltion elictlestithaill £cid AwHible haveheeaaliseivped! dval paene
Into counter-current contact with the water while formng 10 circul ar

flows in gherhl ghs paieetlid BivieRoEOtigydofound! thiait @Nd &dret o ngd thiek iliagior
bl ades. The present invention has been acconplished on the basis of

this findidR@lacebhamst ad heclpre98% or Riveatd Stabdy avhiéeed avpr adeag-teomn
produci ng a high purity terephthalic acid, which conprises a nother

|'i quors di gpdracRiTEDY fhrahingCa hi ghivdondntr ooy eohe of terephtlidlyc adidarysials in
terephthalic acid crystals in an acetic 15 acid solvent, which are
produced &yohuthngpguippedsdatiozicdatraishaft pavnlgyd phoaditg of stirhiagddedées
acid solvent, into a slurry in water as a dispersion nedium and a
subsequenilonagt s yerticdlydiregamg tandnbyintrodudhgwater nntather golwher Hom a
the nother |iquor displacenment conprises: introducing the acetic

aci d sol veettowi pertjon thereaf twbrimg thedarephthpperacid orysdalsiiorthetdgbof |

t he col um being equipped with a central shaft having a plurality of
stirring eingadrationgone vrbo dosaiteniturrent epntacs veith thewadar miltenforming
crude terephthalic acid crystals to sedinment_to forma_ high-

concerft r atirenlardievein the bpgh-remcentration gone byretation pbthestinming blades.

I ntroduci ng a displacing water_into the ¢qlum from a bqgtfom portion
25 thereo?ggcprage%mv O\nyh%ﬁ)mraamowl&%qﬂa@reﬁh? g]aﬁw%éfa}ﬁmgmw e
forming circular flows in the hitgh-concantration zpne . b r.otat'%aof
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hi gh-purifyiié E\g&% g@id gol@é;ﬁt(,j if~? Eﬂjrl?? it Yrater 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 |iquor of a slurry of crude
terephthalic acid crystals produced by a |iquid-phase oxidation is
cont i nuoweater dranpl abedtobypomidreof the eolunimevhilé simoultdhephsdy eakntg the
colum equi pped with a plurality of stirring bl ades capabl e of

f orm ng cicetivlaeid Ebloent oihef prpoctisn ofehd eohmma evhidh is idigpiode d apavatdieed
and dryer, therefore, the nunber of steps is reduced to 10

consi der glrfionddndetrodnsirg thet ac@niceasd solvBnbshutriie not her | i quor

di spl acenent colum used in the invention is easily operated under

hi gh- t enper atlnr theapubeebs fiir-yrodssingea hoglttpuriy serepiethglie acidacmodingy
and re-heating crystals and 1liquids are saved. In addition, the
puri f catthennsérfonstlenaedtyc apdmaodcrdapmrsd a dlherycoirente tefephthalic
inmpurities in the crude terephthalic acid crystals is reduced. 15

Furt her, achdcryrstelspsradicad hyhe lidusppheserexidationuisiconhisumonslyadispidsied by
hi gh degree of nother |iquor displacenment over a |ong-termoperation
and is opeteatiod awshey ligupe désrdacemenyt edlumyy eqwppediwitha plarehity oh,

a high-purity terephthalic acid_ is produced in_industrially i
ext r enel sthginsblages rapahimel formpng gircularidews.i Fhearoggssmestisipssatidg.
1 is a schematic illustration showi,ng the nother |iquor i spl acenent
appar at u 11}ggcfepﬁr§95r?d}‘€é%rt thengforg; the pumbey %@F@}ﬁahsireﬂuce to
illuggration showing {he main . constructign of the _nother |iquor

di spﬁéceﬁ@ﬁ?l‘gﬁﬁmyaf caéé&smf@pahfﬂ%&zgln%tm 1ggthey ligiay disglacement
schematic illustrations showing stirring blades used in the
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salt “of heavy netal” suc manganese or |
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 Carrving Out 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 Thedlwgylodfersdd verephthslié Aeidwrystiald Aspegsul in anlae6tit acid
oxygen, usually air or 10 oxygen is used. The oxidation is usually

carried aislvént Giepeiafedr dteasionhHg@eferted It tare?id(feidiRdbiend shuirg")3
MPa. The slurry product obtained by the |iquid-phase oxidation (i.e.,

the acetiwhiatti & tode/Qibijesledrtoytheaaotlirniquoriliggldcéinent i®pidduced by
terephthalic acid crystals, 4CBA, p-toluic acid, catalyst and

vari ous aiiéizihgRus iphie@glenercontiysowahyvedi aopadlkylbenae ncespicdliep agddne;
acid solvent slurry is introduced into a sequential crystallizer for
r ough5puriinf ai€ atétde aefd solnaghte-The oridagiost RO UaYlgecarviedr@uttihetheghneséice
is cooled while sequentially reducing the pressure to crystallize the
t er epht hadfi & catail gistch fss salv efl heavy heetabt ek ak cobadt anGheangahess or in the
reducing the pressure close to atnospheric pressure, the slurry is
fed to a pesened of sudhuaicatplgst tdmbinedywithl dn aetelenatst spch ah@ bromine
impurities dissolved in the nother |iquor are crystallized together
wi th the comppmdandacetaldehyde ndicetis acicheondaimagtabatit dntoc20% water is
Inmpurities in the terephthalic acid crystals as the tenperature is

| owner ed. WEfsk aathe poplveRt Asdbesxidizingagete mraleculay eny gem, ususdlyaisor c
acid solvent slurry is fed to the nother |iquor displacenent colum
di r edf y ewaenrisusda Theoxdabiontls dsuatly carried out dapsingly oxdeerfstitgengt

gas L houlo PSSOR LI UEh 2 hep Tor Tevering Lhe temerat e n
Lo,the mUher 4lgugr i SpLeCerEnt CPLUTE, L ABE NSt Ao (o he
[ESULIT 0, L AES PLQUNBUS . Sect ot &2, 1 1S SO A0t
o7 oB el 5L YRR S PR AR i S o gyons
13 g51 GGLRLAOR JRIRSAL R ORISR IR D mbrfes
et gk AR AN BRSSP o B R SRbag
However, 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 to 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 fed 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 displacenent columm is required to operate under a higher
pressure to prevent the solvent from being evaporated, an excessive

heat i ng 1,84, dhiSANARL AGROMS:ra kB DS mieiSed 7 GRNRBbA M AR il ¥pdale

fed to the nother |1 quor displacenent CS‘T um froman upper porfl on

t her eof A Re %éﬁr%gwgc&re of $h& ks At 5%8&&1%@&%&%%@ o880 $RE WHEp1aBSment

di schar ge roma bottom portion of the um as a slurry in water

as a dis | %f | i | U ¢ 230°C
"aqueous s ﬁirn?i}'s). B%/![rgcl??)ﬂnnt?1 %g* %gﬁtdﬁéﬁgcn%ﬁﬁ% %éh(reg%fn%ﬁ?ri}g?atlas 3to )

be di schargeghd gararenee Beiwam B bxidatih tehperotwdand thé Heding

concentration zone of the crystals is fornmed in the colum. The

aqueoys SloWigeratte 1 16reférility WAERRNLATO. CTRE hebtsé Yeldadctvelitsahiarg e

fromthe bottomportion of the colum is purified by.various Known

net hods Wdnh® U&s@}%h* herfadl tb tBadidlhcemé Rt caliaPhfter B¥afingt Glowever,
maki ng the aqueous slurry into a solution under 20 hi gh-tenperature

and hi gh-g1hes $his digslacimépnsolanth & R SperhePuater adiighyt pessure
hydr ogenation in the presence of a catalyst of a group VIII noble

met al of toherewent eHe colveht érombding eedporatad, raedexcedsive heasirgpisof
separating the high-purity terephthalic acid. Water for displacing

t he acetidisadvantadeosnt is fed fromthe bottom 25 portion of the

not her |iquor displacenent colum. The displacing water may be fed
to td® portiontheicrade terephithalicecidfcrybialfeghtactecmothert lignorzone and
a vicinity of the portion for discharging the high- concentration
zone. Thedisplapssrentgodunn from ah spipat pattiomthereof ape ellewadity t he same
as or lower than the tenperature of the acetic acid solvent slurry
to be fedgtavatationallipprdimemtisrthe salwnntang disrhargasyfremocbettopepertion
The amount, of the displacing water to he fed is controlled to be

| ar ger t heftherrolummneas aislerdrigenater asa dipessns m%dwghweltlﬁ%%rude
terephthalic aci(ﬁycr stals so as to formt,?e upwar | ow.of water,i

d.f.
the di splecamonallyoraierred ig asi Bgieowe skrysy oy wtﬁ@fl@goﬁhweanwf ﬁlne

come 5t 0. SMLSL e SNl S Sl L e SRl g et The
I ncr eas n(g)n\{:%ln%ga{tgt}/n (z)(f)ne 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 mih in the high-

concentr ﬁfedr?i%nm’e (ﬁo?'ﬁ:)ﬂ% 2604 of IR! AR EROUNE of PHEURD 148N iqggter to

cases. T upwar w of water 1s mxed wth the acetic a

sol vent figgieat il AALHIR! to BOLrEEP tHin dltﬂ%w%%#’mcﬁﬁggécd 298802l 0gRd he

overfl ow port dispose ove t ort for the acetic a _
sol vent slljfdwyof ﬁﬂéewd%rtgr%s}tﬁﬁlam%mmftamoois (VRS tHeub Rar@ERW 6f

acid solvent “i s I ncrease I ncreasi'ng upward |inear velocity of

wat er f1 ot ih”ﬁfe%%ﬁléc@ﬁle@ﬂ%ﬂl/mhoind SNBYithE cPRdtals b ée'd;?m@ﬁ?éd fo
15 acid solvent. The Tower Iimt of nore than zero Is sufficient for

the ugwar@md iM@aoutiRbLehtrént Qoh i wilE tHE Wadflabing Wy fferValtley degved dfhe
upper limt i1s about 3.3 mh. Next, the structure and operation

condi ti ondisplackiferili sTRhaGRETRaciPsdIvENt Winelekd WitRahtRAkid®velocity of
practice the invention are explained. In summary, the 20 nother

l'i quor dithpl @swaRd flodf off Ratdr@Rtdrdiinsarclsuict)e Hbyet &, Mth 4he hi gh
concentration zone of terephthalic acid crystals in a colum equi pped
wth a oiperficidhgivwatidlihegr aclptity akcéedsatbositid. 8 nvh ibl thedsight ong its
vertical direction, and allowng the terephthalic acid crystals to
gr adual | ycoaedntyradicint zarieyithe ldegreed displacetent 1§ towered inagoenedases. The
horizontal circular flows in the high 25 concentration zone by the
r ot aftlonsupWwardélopt of whtaryisahized withridpedcatiesacid eolabyt fesl abthegppére
terephthalic acid crystals into counter-current contact with the
di spl aci nepnticeef theatoliimrf aud flooded fixorh dhe onexftaw ipont dfsppsed aboumthe
The shape of displacenent colum_ is preferably cylindrical. If the
hor i zont dfleed mozt faycldre anetistacid sobvent shury. Lhexptore, theecaticentnagions olowns
formed by 11 the stirring _becones uneven to nake it difficult  to
achi eve aVvAtepningdr acetisracidisepient dsrinfreasatbwith jncaeasing wrwayd linear
preferred also in view of the operation under high pressure to i
hai ntai n YHECIER RPBIAIEE AW TINgRRAR § emegRy 0T ¥eyRoviag Wiaker fEgmjhe acetic
nar.r oyed at, . th t he, sti.ring_.bl ades. Sgghe

Shapdd bR solantoRR IR et SRR e 26y s I EnE 61 e viwa
2Egp egen rigelzell V(I,I%EIIIE?(%O ifgltnq tﬁefulp%arsdhﬁ‘c?v? o?rwa%els,eang& alml Iu f)élp fj‘llml%j Essgbout
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 its 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 hergtdirio@beddifes sineeh ng ndladikifficultlts pclsiede athighsddgroa sf
capable of stirring the high 10 concentration zone of the crude

t er epht hadisplaaentbrt! YEliatglindiicsl sheplds pedferred alve ididpwafeieperation
colum. It Is preferred to formthe high-concentration zone so as to
have a heagiér high prosshee boiaintdih thieaedipephoereds skovtrin Kig. 2f the
upper surface) of 1.03 to 1.5 tinmes the height of the uppernost
stirring d&lagm iagnbd hediadlyt waroivetl ot th pdiriphaoppesingahk whirringhblades.
stirring should be conducted so as to formthe circular flows in the
hi gh- 5confkRethapeoof tanand hettny of the cdlaneptre nbhpasti¢ulgriynimitedhagh-
concentration zone and prevent the axial mxing in the high-

concent r agémarallydoemednnsaldifld tahapeerpr sseirelliptecal doslk shgpelue to t he
adhesion of crystals. 20 Therefore, the stirring bl ades are
preferably forhbd cyhindrixad digpdaceapennt eolummor isiprgvideslwithna cémtral shaft to
circunferential direction (circular flows) rather than axial flows
(f1 ows i nwhichaadlusalityefr soringblades axpifidted alongrds vertidal ddrectionet bhe
of such a _shape_are shown in Figs. 3 to 6. The slant paddl e bl ade as
shown in ﬁlgr.mghla@eajm@ﬁsmﬁﬁf%agﬁ@%t}@@s capaRleiafisfaring denkighsi al
flows. The diameter of the 25 stirrin | ade is an inpoytant shape.
fact d0 a¢fnceRbiAtiphEORE of theyerude tep alicqord errstaleonieh 16 forEed iR r
a whol e cr0ss. section of the colum. The dianmeter d of the stirring
bl ade is Hefisplaementscolynil.og time and nore preferably 0.65 to

0.99 ti he | n ' D he, di spl | o

Che” bol aom s R ACEES o b CaRPAtE SRR et et e

oD bl R LS00 PSP Gin B bl bR %8 o
d tion., Th f the stirri | ades, . f ttainning th

osi red BgisaTsrheinBs REFRT rgfrehar ks B AR i Ekiighinon -

t he tll?)rou(ggwéce%e&r%/o%g{ns 5 per sectional area of the colum and

t he upwar i near ‘vel'6city of water, and generally 3 or nore to

obtain a degr egpQfstR8MROLh fRH D UoHIWRETE hs 8 thrfn Bhe 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 1s undesirable because 1t 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 créss 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

I nt erspace between the stirring blades is too small, flows formed by
t he adj acstiitring béades)dhé dieme tdri ofrthagtivkagelsladeds poeferdlelyad tire aboved
10 to reduce the degree of nother |iquor displacenment. Even when the
i Nt er spaceaticto tlor Aasaddiapietet MAof tleedatkowsd pogticanenent in the

di spl aci ng capability of the nother |iquor per stirring blade is

obt ai ned, and Thstmadbéhef theestatrting bhglds fophttairinpothendesired degree of
undesirably increased. The preferred interspace of the stirring

bl ades vamioekeriBgaitdizy lageenetheariendepehiding tugonothet theo dghph obemystals
15 colum, and 0.3 tine or nore but |less than 3 tines the inner

di anetser ewdedtivmal direplofitkeresinnmo hndrthehgward Eneasgelbbidy of meataetasrd
and 0.1 tinme or nore but Iless than one time the inner dianmeter D
when D exgeezsllyn®ormmae. toTidaimog degrap off¥i%d ovmaerecdisplaceimeptiaratie or s
anot her inportant factor having an influence on the degree of nother
|i quor di Bpiradesbiain a flegrre fPFEYoror mgre despdadeémin, t he ef fect of
the circular flows to prevent channeling is  reduced to | ower the
degree of not h¥¥hen theinterspacedetweendhe stincingkladenss togmald) Hows
deposition of the crystals to the stirring blades. If the s{irring .
speed i s lorspdbyhe adzacent Appar Anddower s rlﬁnggblaé%awrrtarfeﬁﬁd Py raixed

Do L 32 ad S Sy hTBiotyd BYRE Bl e
20 S KBl s PLELLSbL WL L 10 LW LR 0115 o
e P B gk e oSt S e AR B
0pp=1 10 Al RaaESE i herbiee, SRR Ry e DR B0
e, O BN 84 0 R38R A Bt displacoment
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 <v2/D <8,

wherein D is a diameter of the column (m) and v is a peripheral speed of the

13



dependi ng upon the stirring effects, the feeding and di schargi ng
amounts of crystals, and the feedjing anmount of the displacing water.
In the prig efithenssitrang bladen@n/st.esent i nvention, the degree of

not her |iquor displacement is 10 reduced by the decrease of the

sl urry concent Imgasmof the ¢ndummyas shewarinrkig dhaviegaarmyyed pertions
attributable to the convectional mxing of |iqui dfphase because the,
pr opor t i opPRAsing ghe stishingeblades Hhennghr dinroetarrdtofdhe 2mrsowed portions is
increased if_ the  slurry concentration of the high-concentration zone
is |ow I|nsehin plageraf Dconcentration is excessively high, the

bl ocki ng of crystals and the cl ogging of 15 the outlet for o

di schdr gi ng t h&helconegnigationief thaslugrydadihe highraomeentrationame (solid
operation difficult. The slurry concentration is_preferably 15 to 50%
and nore CKEnEraigy in ghe Blﬁg%nmt@%n &pne E@ veleng fasisviagies
concentration vol u basi.s. e slur concentr.ation.of the

hi gh- concefRIRIMEHRABhERG BT 1RE elibier Hht dwga&ﬁlfilﬁffh?grgz%am&wnas of

crystals GaateRennddBt A tinBAmogRt ohie A S e Fotiny B theRECGicstiom,
i nvention

fol I ovi ngngézghgFéil.s;ﬂg%‘é%éﬁ%"tdlekgaﬁ‘éﬁﬁgldeﬁ%%'aet%ﬁaé&%%éiiﬁ%ﬁfgﬁquléé‘eena?at is

. L . y . 5 | .
ot 1o nPSEARL 7GR ot PHGELA D APl

| | 3 . i f - . di c 0
i ZL;??IE%-S‘?#% SRS FhERrotitidl il P ROBRFFRLLe belyuse
o B o AR o R XL bl O % AR AL A e
exam ned oRy AR c8R&INtTaB6h DrIRE KEPH -cShalHtYaliGh YoRe $4 19w .Y If He slGFM4Ae
% I b

terephthalic acid crystals obtaihed by a |iquid-phase oxidation.

Ref erri ngedeittatidn id BRedzEHASy ﬁi%h’, the Hl6UKEHg o cAysTAR AL tHAEI6 gdinkast
fed to an 5 upper portion of & nother |iquor replacenent colum 4

through athesdiled fdd @idchBrgthkRha shig@dicothePtddhstly ocdfir 1®itie tHdstable
repl acenment colum 4 was

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
mm and equipped with a stirring shaft 6 connected to a notor 5. The

stirring shaft Usingabe Bppuistee sMown in Figedn the idigglagehbatiebthe miother
50-mminterspaces at its portion 10 below a feed port for the crude

slurry. THQust byrwagrh adesambeshoh anFi@tichcrds6lvens ebirry erudieastaisy of
d of the stirring blade was 32 mm being about 9 tinmes the inner

di anet er &nfe tdrephthalidacidrerostalebbiziiped By faokqildep haddexidatiguor was
di sposed at the top portion of the nother |iquor displacenent colum

4. At theRebsatrimgrt®ig.ilQrhoeferude shmirhatoredduer stdrsgd encldnvacfddivan a
feeding pipe 10 for 15 the displacing water and a di schargi ng pipe 11

for the duppkapettish of aymutier ligicneptitenidre cdiwpnat thingued # featkhing ik
to the nother |iquor displacenment colum 4 by neans of a punp 12. In

the fl ow Parith Bfeciingpundd 2. Tlevmother Bquarcpl i enntal o 4 wass

(not shown) were provided. In the flow path 9, a valve (not shown)

for cont r condtnyctedaey anganpumscylinadlesthavineg evlinner diesmeteald dé 36 mm and

Fig. 1, first, the colum was filled with water of 90C by driving the

punp 12 fequinped Withvastrringsdafigcennectgd to mometasry.| Shefstomnehghaft 6

outlet pipe 9, the feeding amount of water was controlled so as to,

adj ust t hwvasmrevaded weldy fifteen stirringdbladas &ratfilsmm antaysp aesisiatits porion

m h. Then, the shaft 6 and.the _stirring._blades 7 were rotated_at 120

r pm biP dr belovy atfred perioforghermudo slyayi &"%@rs&lrrsrp@bhﬁ@rs shewny iy Fegh @ were

stirring bl ade s,0.20 ms (vy2/D = 1. s2)._ _Next, the feeding

punp 2 wa¥seper Aisneterepfithe sramg él,ama WAS$2 mEpcheimepabontibinesghe

nozzle 8 through the feedin i pe 3 ,at flawrate of 8.3 kg/h. The

Cr e sl ulByen dianeter I7 B B ol oo BistarbeIcCioR the ity diatior wa

terephthaljic agi i.ch wa r ced in industrial scal

oxi 21 ngOlsResPaa tE 9B aET ARt 16S anPr MEBHT dintheritant pdtimn 4. At the

sol vent i he presence..of an,oxi.datign gatalyst ,conprisi cobal

manganese "aHATAPEFaHH A0 RornRELRReT w6 RefthEGiGeln or

The cepyr ati Of pht hal §.c ,acl ystal s i.n_t r Lycr

wns 550 bond Bty hEIRRIL 8 i CIRFEEERNE T fr she BB REHEpEY ke

except 5 f S | F t 9 | '

i d ang gg{%c%gﬁ \f\l‘e}%’eg%@b!)éfc%\;\%ﬁ&gr@i)%% fedAS tBE W he el UL RLp18E5hb1L
column 4 by means 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 in 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
t hat the height of the high-concentration zone reached 50 nm above

the uppegaRst caitaihingdadtRORid 56K eheedthe F%@é‘l'l@é oPhnt 384 StisR |c§€élggt

wat er was 10 i ncreased and the discharge of the slurry through th

bot t om of ccﬁﬂbﬂgﬂlé"@?oc?lﬁtrﬁéhégnesg‘&n&j LbAHae céiﬁgo%d%ﬁﬂbﬁﬂt?‘gglé 5RThto

the colum was stored in a “storage tank 13. The anmount o
di spl acedRd §819¥nPeTHE cBhech@afiet Jf _rté’}hptplhlﬂﬁalié)ﬁh {216 ©h WHB cY&ge slurry

controlled so as to maintain the heig of the high- concentration

zone at t{ggiguos 'Bgev?e'lgﬁ‘(,eénd ah cﬁéﬁﬁﬂa}l l%Bﬂﬂ)‘é§itYon bher Bt r H&lﬁéﬁeic}éﬁt

di spl acing water being fed was controlled so as to maintain the

upwar ¢ | inade orpbdlihy cOmpoReRt wds®e%h By wsighebhaBetid atideand  a%ded
| evel (0.5 nmih). The operation was continued for 4 h after the

syst em wagesdldfiwgegd. and a sanple was taken out of the discharged
slurry. The sanple was cooled to roomtenperature, and the crystals

wer e separ at ed Wh@irit weas safifit®ed Byethe0monitoe kgt 4 powaler dewdli de tectbsl

in the nother liquor was 0.11% by weight. The cal cul ated degree of

aceti c actltatrthe! lacight of thahigp cOidmibyatien givie redfched 50 mmmiabatve ohe of

the operation, the slurry remained in the colum was discharged to

recover thppermsstastsrrifig binde)dhedeghngaimene ofdbevibsekdcorywhaséswaand

the height of the high-concentration zone, the average solid

concelt r ainayaagesl andtthe disararge o tine shirry throorgh thesbattvmdfapbannTies

cal cul ated solid concentration was 34% by wei ght, corresponding to

26% by vobtartedvh&he disphaced sthnryidischarged fiom the colriny wfs stored in a

terephthalic acid crystals (about 1.5). EXAMPLE 2 The procedure of

Exanpl e 1stoaase épekitldd B aproundrof the dggniacadaurnp beimediselyargsddaonyfthe

the stirrjng blages to 180 rpm (peripheral speed of stirrin bl ade =

0.30 n's; boBrpm &fd @ﬁsmn wiae coptrodledsiocamto maitigipthe height of the high-

hi gh-concentrati on zone 25%“\% ol Lima, and lhe degree of acet iog

aci d di spfeRERERILIONZONGHL §D64Bie Fléﬁ‘t’ﬁ , anERppltango ,gb%egmné f

Exan’pf5e ltﬁ\éaaisrp?gggtgevgat%)x(’ %?rtlg ]}eocf W%Q%ggltrr(])?lehhs% 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 1in 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 (peri pheral speed of
stirring blade = 0.067 m's; v2/D = 0.12). The solid concentration of

t he hi gh-ro¢£ti8RbEad 00Bha Bieringhladés iy 18® rpiiE(pedipherBEspidr sfstiiring
acetic acid 10 displacement was 98.10% by wei ght. EXAMPLE 4 The

pr ocedur eplafie Ex@I3pl8/s} vAES = 2pRaThe seKd @bhcétratibarRdithe higle-contetiteation
of stirring blades to 10 (50-mminterspace). The solid concentration

of the hioge-wasneen batvohimeoaed the dégPecyf acetidniid divplideaneieigwas of
acetic acid 15 displacenent was 99.61% by wei ght. EXAMPLE 5 The

pr ocedur e9mHOBN ey pleegt. Was repeat ed except for changing the nunber
of stirring blades to 5 (50-mminterspace). The solid concentration
of the HEXAMPLE:Rtration zone was 26% by vol une, and the degree of
acetic acid 20 displacenent was 98. 80% by wei ght. EXAMPLE 6 The
procedure of ERhepleceduwasfpaapled exsappefted exdeapyiorgchanging thder
of stirring blades to 19 (25-mminterspace). The solid concentration
of the hicghtingrspend odtthestiroime hlade? 6946 ypuo(perpheaatispéel dispimengpf
acetic acid_ 25 displacenment was 99.86% by wei ght. EXAMPLE 7 The

pr ocedur eblafle ExQif67emis; waD Fep 2t eThe gekicoherntratiogiofighe high-nunber
of stirring blades to 46 (10-mminter space&. The solid concentration
of the Hogsenbradion zend wasZiie biyolwne, ayd vhe desreepipaetic atadr ee of
acetic acid _ 17 displacenent was 98. 60% by wei ght. EXAMPLE 8 The

pr ocdfur edisplasemmsitavas W8< 0% praveighbxcept for using the stirring

bl ades as_shown in Fig. 4. The solid concentration of the

hi gh-conc@g’éxﬂ\éﬁ[@n‘1 5 zone was 26% by vol une, and the degree of

acetic acid di 'fl?(le %%gggdq&revo\q%xagrgp ell%wt?fé r\é\%iegt%td' 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
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EXAMPLE 9 The procedure of Exanple 1 was repeated except for using
the stirring blades as shown in Fig. 5 and changi ng the peri pheral
speed of ditplacengntlveae98.60% by Wkight.ms. The solid concentration of
t he hi gh-concentration zone was 26% by vol une, and the degree of
aceti c adENAMBRhEagenent was 99.94% by wei ght. EXAMPLE 10 The
procedure of Exanple 9 was repeated except for using the stirring
bl ades as shovifihe précegluré.of Bxamplei Hwesnepaatedt éxwapbfort engithhstirring
concentration 15 zone was 27% by vol ume, and the degree of acetic
aci d di sihladesmastshoam 10810 2% Bhe welid) koncathdtARADS tUre EiglivEbkcehtidteon
procedure of Exanple 1 was repeated except for using the stirring
bl aded (4onelwas 26%by eobimdeand dbe degree ofrndetig.acid didpdacohent was
concentration of 20 the high-concentration zone was 26% by vol une,
and the d¥yilé% by wedght.c acid displacenent was 95.20% by wei ght .
EXAMPLE 11 The procedure of Exanple 1 was repeated except for using
the stirrEX4MBL&EI@s (bl ade diameter: 20 mm (0.56 time the col um
dianeter)) as shown in 25 Fig. 8 The solid concentration of the .
hi gh- concent r alheproeasirgpf Exgumple L wiasmepeated e¥cert&yr esngithgstiering
aci d di spl.acenent was 98, 22% by ight. _EXAMPLE 12 The. procedure.o
Exanpl e 9b1@§§8@é;§b§t~éhlrek’e%p‘iamé\f@ﬁa§w &hﬁ%e})%rﬂn%b?r.ai@peqﬁa %férr(%ggb%f{es
di aneter: 2 0.R6 ti t he col umm di ter)) as shown in 18 Fj
o “THE"Soicr Q2B amionT R P BN coRCeEAHPBR] Coh bus PR SHT S oM "0 V38500 b
vol une, angd the degree.of acetic .aci i spl acenent 98, 30% b
wei gne. Yo ot aoged el asd r e shiea s Taas 83 0% Y et
for changj eedi ng amount of displacing water to 4.3 kg/h.
The sol i %mgﬁﬁf%@. on of the high-concentration zone was 31% by
vol ume, and t h'fhg %%)geed&fe oefcf)&a{rﬁpfécé (\j;vas 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
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di spl acenent was 99. 96% by wei ght. COVWPARATI VE EXAMPLE 2 The
procedure of Exanple 9 was repeated except for changing the 10

feedi ng FipuPt THe sbliPLatdenPratidress the Bighdcde@ehtrativh sald @as 25% by
concentration of the high-concentration zone was 13% by vol unme, and
the degr epl@heaaatitheaddgitee of 868 tac L isylAseén b & 4s08. 86960y wetVPLE
14 The procedure of Exanple 9 was repeated except for changing the

15 feedi rEKAMPOHE D3 crude slurry to 12.5 kg/h and the feedi ng anount
of displacing water to 6.5 kg/h. The solid concentration of the

hi gh- concent rElié phocedaire ofi@xadnple By wuslrupeatednkcépicfod ehaaging tleet i C
aci d displacenent was 99.89% by wei ght. COWPARATI VE EXAMPLE 3 20 The
pr ocefur deedingxampluat bf didaciapgerdted texc /i oThe Balidicogcdrteatibredithg
anount of displacing water to 11.0 kg/h. The solid concentration of
the hi ghhighroaree nttatiom zorewaas$1%1by vyplume uaed thadegtee degetie asid
acetic acid displacement was 97.51% by wei ght. EXAMPLE 15 25 The

pr ocedur aelisplaErarepitev s 38 H6ebpateaghtxcept for changi ng the feeding
anount of displacing water to 6.0 kg/h and the upward. |inear velocity
to 1.0 rd(F‘DMTi[’)léR@"él" doAMRLEZ on of the high-concentration zone
was 24% by volunme, and the_degree of acetic acid displacenent was
99. 93% by wei ghke prevesvre pf Fxangp e was gepertied excepkiorshangingthe

repeat ed except for changing the feeding unt of displaci ng water
to 818 kgfpﬁgmdaméma@zéiquwmsava%weéﬂ%ﬁgﬁb he sphid congpntzationy of the
concentrat.ion of the high-concentration zone was 18% by vol une, . and
t he degr dB88fcoRcenfratyy) gong %’BP&@@N"OMG%@ 6}%“39%%& er?cc.etls acufl

E?(Al:\))/glaE 1isp alcg énr%ewgé §9.I6%%eg§%eigﬁ£unn havi ng an i nner dianmeter D
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 diameter d of 270 nmm the

not her |iquor of the acetic acid solvent slurry of terephthalic acid
was di spl aced fThe pwateduraoft Bramphe9 measmpeased oxdepa fpt ehdngihigethe
feedi ng amount of crude 10 slurry was 520 kg/ h, the feeding anount of
di spl aci nfpedihganvamt3dikplabingwdtert toe8.0dugth dund theaupwatd tineyr wakcity
0.5 mh. The stirring blades as shown in Fig. 5 were used. The

nunber of t®8i2 m/hg THeastdrl varehatmmdof the higherwioan trativer zofe wand8¥%oby
nm The hei ght of the high- concentration zone was maintai ned 200 mm
above t hevolpre,asd th¢ degraegofldcatie acih digpéadephentalvas P8 % bysweighitng

bl ade 15 was 0.64 nis (v2/D = 1.4). The solid concentration of the

hi gh- donc EXAMRIdN 17zone was 26% by vol une, and the degree of acetic
acid displacenent was 99.88% by wei ght. EXAMPLE 18 The procedure of
Exanpl e 17 was Ustpgahedispdeepnenbeolunanbaning me in2er giemietiar dhbf 89@ aum
of stirring blade to 0.20 m's (v2/D = 0.13). The solid concentration
of the hi ghuippedewithastinving bleslegdmvisgatliamsitemd of 270 mhw thganetherof
acetic acid displacenment was 98.90% by wei ght. EXAMPLE 19 The

pr ocedur ehanomgﬁlm acatic aeld sodyrntduriyxelderenhihalicasid mpstdisplagsd by
peri pheral speed of stirring blade_to 1.3 rﬂ% (v2/D =5.6). The solid
concent r aMader v the gamegnassaE aptn d%agnpleche The deehogamodnt plcrudgq

he 5 8,1 eeh by ST e 28 250 b el RS,
20 pert et 8L Spee L LG 0 A0 A VLD 8 T i
o, o O R L LR RSB ATEE oot
per O o0 00 PSR T RGBS, of e HIANOARS A IRRY wls BhL L 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 (vZ/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 (vZ/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
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The degree of acetic acid displacenent calculated fromthe acetic
acid concentration of the slurry discharged fromthe bottom of

col um waserspladtad speed bf stittiagitdade tol. PR/OX 2D =0D2)95Phbdyoliei ght . On
the inner inspection of the 10 displacenent colum after the

t er m nat i @ncohtr@pemadf thie, high-cuamze htnanont fuate whe 26%dhe sohmefamnd ylsé al s
to the stirring blades and the inner wall of the colum was hardly
noti ced. dogdPE azetitaciigdispiaceamroeaen8. 1068 bymweighthown in Fig. 2
(in Figs. 1 and 2, like 15 reference nunerals indicate |like parts),
t he procedNAMBLEERBnpl e 17 was repeated to displace the nother

i quor of the acetic acid solvent slurry of terephthalic acid by

wat er 5 The i nnEhe giracshee of Exesn 0] hwasandtinlwe uslyearfonhedrferel0 Bayof
narrowed portions was 200 mm The stirring bl ades having a dianeter
d of 180 emrens fathdvangingfhg nBnber ef stiming Hledes ol (15Remavinteaspe).8
(180-mm i nterspace). The height of the high-concentration zone was
mai nt ai nebhedegren afb@ceélctmd%pwdamen@calpulatgd iiread éhe Bieetipacidher al
speed of stirring blade was 0.57 mls (v2/D = 1.6). The solid

concent r stonsandratigneofthshsluenndisehargadofyomvihe hettomaoplump| wiae stablel
t he degree of acetic acid displacenent was 99.93% by weight. 25

| ndust r i avithpithe asnge Of 99S%imeh PPy wedght: Jdndba 1aReH ivfibsgtion of the
present inveption is useful, as a raw material of polyesters for th
pr odd@k i oftsBiacempcolpmpeaiter thy tqraynagion of OPTRYNF WRRAPURG that the
CLAIMED | S;, 1..A pr.ocess. for producin hi gh-purity ter thal i.c

aci d, whi SHHEIARIOF SESTAlS O her s iR Pladies 3 Sty srail Bbs saloma yas
converti a,.slurry ,of crude terephthalic acid crystals in an acetic
acid sol %quymtkcﬁdare produced by a |iquid-phase oxidation of

p- al kyl beﬁmPile 596 acetic acid

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 (vZ/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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solvent, into a slurry in water as a dispersion nedium and a subsequent

catal ytic hydrogenation of the slurry in water, wherein the nother |iquor

di spl acenent conprises: 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 é%ﬁfring bl ades of a shape capabl e of
|

formng flows in the circunferential Fect i on (circular flows) rather than

axi al flomsﬁéfloms in - and down direction) along a vertical direction
thereof; af' aj%@ ??égwﬁﬁuﬁ§ierephthalic acid crystals to sedinment to form
a high concentration zone wherein the average concentration of solids of
terephthalic acid crystals is 15 to 50 % by volune in the colum;

i ntroduci ng a displ ®&CrgsSRafer PHPBUEHeT cd| il AWMt Hensehtdlpsrti on

thereof so asyt .Owlfl_l'p%lg] @:ﬂ?%&ﬁi‘_’?ésd d Ly af 1“1‘@8% Egswscgawgn?e@@i le formng

circular ffows int concentration otation of the stirring
bl ades, thenebyubushgiagntdret irey eplalhalryc cdccdudeystabphthabic acid
counter-current contact with the upward flow of .water; and_di scharging the
Cer opht hal PEVREREE Oy Sl & Tt SRR Ene vti-C SEE g  ARLRST ot e

bottom por 1i gni @fphdiee &0l A oA @ -siimyhbaneeus! ynt akengcéhecagetd c acid
solvent out of a portion of the colum which is disposed above the feed
portion foBFClWERbduEIHy 2 hel weet il atite¢rsasvendisppypign pedium, 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 portion thereof, the column being
equipped with a central shaft having a plurality of
stirring blades of a shape capable of forming flows in the
circumferential direction (circular flows) rather than
axial flows (flows in up- and down direction) along a
vertical direction thereof;
allowing the crude terephthalic acid crystals to
sediment to form a high concentration zone wherein the
average concentration of solids of terephthalic acid
crystals is 15 to 50 % by volume in the column;
introducing a displacing water into the column from
the 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
discharging the terephthalic acid crystals together
with the displacing water from the bottom portion of the
column, while simultaneously taking the acetic acid solvent
out of a portion of the column which is disposed above the
feed portion for introducing the acetic acid solvent

slurry.
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