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FI LTRATI ON" PROCESS This invention relates to a filtration
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i s perforned exist_in the vapour phase, eg steam The i nvention
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the crude ter éﬁﬁf%l‘tc‘% HemperaGyre e fﬁ%ﬁ?tm"r@aéﬁoﬁfn &sl”é\"ﬂ aftier

of terephtllal itkafCitd giy Phasd, bk hhitlO un8@Fthe Sdondifieas i & akich and
filtration process is performed exist in the vapour phase, eg steam.
The invention fihds specific application in, for example, those
stages of terephthalic acid production involving separation of
terephthalic acid crystals from a liquor in which the crystals are

15 slurried.

In the production of terephthalic acid., slurry streams
containing terephthalic acid crystals may arise at one or more stages
in the process and the nature of the liquor in which the crystals are
slurried may vary. For instance, where the crude terephthalic acid is

20  initially produced by the liquid phase oxidation of paraxylene in the
presence of a carboxylic acid, such as acetic acid, and a suitable
catalyst system (typically cobalt, manganese and bromine compounds},
the crude terephthalic acid is withdrawn from the reactor as a slurry
of terephthalic acid crystals in liquor comprising acetic acid and

25  water with dissolved impurities, including terephthalic acid
precursors such as 4-carboxybenzaldehyde (4-CBA) and paratoluic acid.
If the crude terephthalic acid is thereafter purified by
hydrogenation of an aqueous solution thereof (possibly preceded by a
further stage of oxidation of the crude terephthalic acid in aqueous

30 solution to convert 4-CBA to terephthalic acid), a slurry of purified
terephthalic acid in aqueous liquor results where the aqueous liquor
may have dissolved therein impurities such as paratoluic acid. In -
both cases, the terephthalic acid, either crude or purified, has to
be freed of the corresponding liquor in a highly efficient manne;[

35 A suitable technique in this latter respect is afforded by a
combined filtration and washing system such as that disclosed in our
prior published EP-A-502628 and copending International patent
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filter cake and the liquor together with the wash liquid passes

10 through the filter material forming the belt.
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In practice, it is necessary to establish an atmosphere of ‘inert

gas over the filter cake, for instance to exclude or control the

level of oxygen present and/or to assist in drying of the filter

cake. This inert gas mdy pass through the filter material in the

15 washing 2one and/or in a zone or zones downstream of the washing

zone. Additional gas must be introduced in order to maintain the

gaseous atmosphere. The inert gas may be nitrogen for instance,
although in the case of the filter/washing system employed in the

purification stage of the process, the inert gas may with advantage

20 comprise steam for reasons disclosed in our co-pending International
patent application No. PCT/GB $3/01033 (the entire contents of which

are incorporated herein by reference).

The present invention seeks to provide an improved form of

filtration and washing process and system.

25 ~According to one aspect of the present invention there is

provided a method of displacing liquor from a sclids material

comprising:

forming the solids mate¥1a1 into a layer on a movable filter medium;
transporting the layer by means of the filter medium through a

30 washing zone in which the layer is contacted along the path of
movement thereof with a wash medium, the wash medium serving to
displace liquor from the layer and passing through the filter medium;
establishing over said layer a gaseous atmosphere from which gas

passes through the layer: and supplying gas to the gaseous atmosphere

33 so as to produce a concentration gradient within the gaseous

atmosphere such that the liquor content of the gas passing through
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| i quor cont ent into whaunpes phones lehgthwghe of the direction of travel of said
layer, such that the level of contamination of the gas with said

15 1liquor differs from one zone to another. Thus, for instance, the gas
to be introduced into one zone adjacent the downstream end of the
path of travel of said layer may be subjected to more intemsive
clean-up than gas to be introduced into one or more upstream zones.
The division of gaseous atmosphere region into substantially isolacted

10 zones may be effected by means of suitable partitioning devices such
as hood arrangements each arranged in superimposed relation with a
corresponding section of the path of travel of said layer and to
which gas having a level of contamination substantially less than
that of the layer is supplied.

25 —The gas supplied to the gaseous atmosphere is preferably at
least in part (usually at least a major part) gas recycled from the
filtrate side of the filter medium after treatment to reduce the
level of contamination with liquor. The recycled gas may be
supplemented with clean make-up gas as necessary. However, we do not

30 exclude the possibility of supplying to the gaseous atmosphere fresh
gas rather than recycled gas. In this event, where the gas recovered
from the filtrate side of the filter medium it may be used elsewhere
in the process, particularly where the gas employed is steam.

According to a second aspect of the present invention there is

35 provided a method of displacing liquor from a solids material

comprising:
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location upstream of, or within an upstréam section of, the washing

15 zone.

Conveniently the washing zone.comprises a series of washing
stages arranged in succession along the path of travel of the filter
medium and the washing medium may be passed through the washing
stages in counter-current relation with the direction of movement of

20 the filter medium.

In one form of the invention, the recovered gas is separated
into two streams which are treated to differing extents such that one
stream has a lower contaminant level than the other, and in which the
two streams are reintroduced into said atmosphere at different

35 locations, said one stream being reintroduced at a location
dovnstream of the location at which the other stream is reintroduced.
The recovered gas may be subjected to cooling prior to being split
into two streams so that contaminaats in the vapour phase are
condensed and thereby separated from the gas.

30 According to a further aspect of the invention there is provided
a system for processing a slurry comprising & solids material and a
liquor, said system comprising:
means for filtering the solids material to form a layer thereof on a
movable filter medium;

35 a washing zone;

means for driving the filter medium so as to transport the layer

through the washing zone:



| evel of contam nation with Iiquor. The recycled gas nay be

suppl enented with cl ean nmake-up gas as necessary. However,

zone in which tleget Bpdrpassing thagughd thé Elbtdrhmedintl aid
thereof with aggsh mq%x@hﬁﬁggyugxﬁ Qb ik m&r%@?s‘p

a gaseous atposphere, the was mserving to

we do not 30
excl ude the possibility of supplying to the gaseous at nobsphere fresh
gas rather than recycled gas. In this event, where the gas recovered
fromthe filtrate side of the filter nediupgit nay be used el sewhere
In the process, particularly where the gas enployed is steam
According to a second aspect of the present invention there is 35
provi ded a nethod of displacing liquor froma solids materi al
conpri si ng: means for applying wash medium to the layer during travefise of the

formng the sol] jal,into a |l ble fil di
Lransporting ¢ REURE G, bt TaSnandfiS fonPTisd TR AZRRFACH, DU cE= S,ashi ng

no

z2tnd

| ace

venent

Fratibiet o

the | ayer an® S?"rf'g,‘ §a5gevhatmosnbiere fron whdeh gas passes throuth sheskirer
atmospher e, t NiaadGihel 2L deel ai1ulP(iedi semosphek EC4A¢RH1 (M1hf a5 Raadlg T eal i N
e

it to elimnate or at, | east,red

l'i quor; and 1(?:F%Wr5%jt?&'f’ﬂb“tﬁgce‘lnf’é%‘t‘égg‘l};gg%‘s‘éﬁc

ation thereof by t
B ShatoEht ke ta

| ocation such which tthatgashpagrisg pebasugly shid dugir ahe dhayfiltar mediesals on
downst r eam of contamifiheed Li‘h{‘ sﬁ;&hﬂ&&&:‘f %gg}e%gg Iigntlg ﬂin&i\é’gs& PPa/NGE ! S

| ess
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According to another aspect of the invention there is provided a

system for processing a slurry comprising a solids material and a

liquor, said system comprising:

15 movable filter medium;

a washing zone;

means for filtering the solids material to form a layer thereof on a

means for driving the filter medium so as to transport the layer

through the washing zone;

means for supplying pressurised gas to the washing zone to establish

20 a pressurised gaseous atmosphere on that side of filter medium on

which the layer is formed:; and

means for applying wash medium to the layer during traverse of the

washing zone, the wash medium serving to displace liquor from the

layer and passing, together with the ligquor and gas from said

25 atmosphere, through the filter medium;

the pressurised gas supplying means being arranged to create a gas
flow in countercurrent relation with the direction of travel of the
layer of solids material whereby liquor eveporating from the layer of

solids material in said zone.and upstream of said zone is

30 substantially prevented from passing downstream of said zone.
In the context of terephthalic acid production. the filtration

and washing may be applied to the separation of terephthalic acid ’

crystals from a mother liquor comprising solvent employed either in

an oxidation reaction for the production of cterephthalic acid or in

35 an hydrogenation reaction to purify crude terephthalic acid. In the
former case, the solvent is usually an aliphatic carboxylic acid such

as acetic acid and in the latter case the solvent is usually water.
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zone. Conveni ently the washing zone conprises a series of washing
stages arranged in succession along the path of travel of the filter
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processing a sl g§fodoepMPrising a solids ymterial and a - liquor, said
system conpri si ng: neans for filtering the solids material to forma
| ayer thereof on a The filpezpedivm [is cquipshliyusmessl gaupesivrng clonk:

means for driviogupriidg biFlastTel Bt &QaBSsubR dd BOERRLee | HR1y PR Lene,
through the mas;uf}%t§é¥l%herketone and the like in which case the cloth may be

10 woven from filaments of the polymeric fibre using a weave suitable
for the specific filtration application. Filter media woven from
polyetheretherketone is particularly suitable in the production, apd
purification, of terephthalic acid, especially in the filtration of
crude terephthalic acid in order to separate the same from acetic '

15 acid containing mother liquor. The filter medium may be configured as
a loop which may be continuous (as in a belt filter of the Pannevis
type) or may comprise a series of discrete sections (as in a rotary
vacuum filter or a rotary pressure drum filter). In each case, the
filter medium may be moved continuously or intermittently to convey

20 the solids material through the washing zone. Such rotary vacuum
filters and pressure drum filters of this type are described in the
literature, see for example Pages 252-254 of the textbook "Industrial
Filtration of Liquids” by D B Purchas (1967 edition, Chemical &
Process Engineering Series published by Leonard Hill).

25 ~Where the filter system comprises a pressure drum filter, it
will typically be of the type in which the wash liquor is supplied to
the housing of the drum under pressure and in which the washed filter
cake is subsequently dried by passage of gas through the filter cake
as the drum continues to rotate to advance the filter cake from the

30 washing zone towards a discharge point. In such an arrangement, the
gas for drying of the filter cake is supplied in such a way as to
establish over the filter cake a gaseous atmosphere with a
concentration gradient in the manner referred to herein, ie so that
the gas passing through the filter cake at locations near to the

35 point of discharge of the filter cake from the drum is less
contaminated than that passing through the filter cake at upstream

locations in a direction towards the washing zone(s) of the drum. The
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15 In a third zone downstream of the washing zone, the layer of
solids material may be ejected, scraped off or otherwise removed from
the filter medium. Where the solids material tends to adhere at least
in part to the filter medium, the preferred method is to wash the
layer of solids material off with an aqueous medium, preferably
20 substantially pure water, which may be in the form of jets of liquid
at the downstream end of the path of travel of the filter medium.

In the case of a continuous band, it is desirable to provide
suitable means to pass liquid for example water or alkaline solution,
through the returning part of the band to wash off downwardly facing

25 adhering deposits into a receiver.

“Desirably, there is a pressure differential across the movable
filter medium, with the side of the filter medium on which the slurry
is deposited being at a higher pressure than the other side of the
filter medium. Suitably the differential pressure is at least 0.05

30 bar and, in the case of terephthalic acid production, no more than
the pressure at which the oxidation or purification step (as the case
may be) is carried out, for example 30 bar in the case of the
oxidation reaction.

Preferably the pressure differential is 0.1 to 15 bar, more

35  preferably, 0.2 to 7 bar and especially 0.3 to 3 bar, for example 0.6

bar.



and washing may be applied to the separation of terephthalic acid

crystals froma nother |iquor conprising solvent enployed either in an
oxi dation reaction for the production of terephthalic acid or in 35 an
hydr ogenati on reaction to purify crude terephthalic acid. In the.

forner case, the solvent is usually an aliggatic carboxylic acid-such

as acetic acid and in the latter case the solvent is usually water.

In both instances, the pressurised gas nay conprise nitrogen;

however, in the latter case, it is advantageously steam as the
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80 to 150°C. Suitably the slurry is deposited in such a way that the
10 saturation pressure of the feed is less than the absolute pressure on
the lower (downstream) side of the filter medium.

Deposition of the slurry at elevated temperature is advanrageous

as improved filtration is possible due to the reaction medium being
) less viscous at elevated temperature. Fuéthermore there is less
15 co-crystallisation of impurities for example 4-carboxybenzaldehyde,
with the terephthalic acid product at elevated temperature.

The other individual steps of the terephthalic acid production
process can be carried out conventionally. The liquid reaction medium
normally comprises a catalyst, for example a cobalt/manganese/bromide

20 catalyst system which is soluble in the reaction medium. Suitably the
oxidation is carried out in the presence of an oxygen source for
example air, at a pressure of 5 to 30 bars absclute, and preferably
an oxygen concentration of 0 to 87 by volume in the gas leaving the
reactor and at a8 temperature of 150 to 250°C. It is suitably a

25 continuous process, and is preferably carried out in a stirred
reactor. The reaction is exothermic and the heat of the reaction may
conveniently be removed by evaporation of water and acetic acid from
the reaction medium.

Suitably the crude terephthalic acid product obtained by liquid

30 phase oxidation of paraxylene followed by filtration and washing of
the crude product in accordance with the method according to the
present invention is purified by a process which comprises:
dissolving the crude terephthalic acid in aqueous medium to produce a
solution comprising terephthalic acid;

35 contacting, under reducing conditions, the said solution with
hydrogen and a heterogeneous catalyst for the reduction of at least

some impurities;



15 acid containing nother liquor. The filter nmedium may be configured as

a |l oop which may be continuous (as in a belt filter of the Pannevis

type) or may conprise a series of discrete sections (as in a rotary

vacuum filter or a rotary pressure drumfilter). In each case, the

filter medium may be noved continuously or jgntermttently to convey 20 the
solids material through the washing zone. Such rotary vacuum filters
and pressure drumfilters of this typetare described in the

literature, see for exanple Pages 252-254 of the textbook "Industri al
Filtration of Lroeliisig"tHey sbludibhireohpsecipOatecsisiil OpuriflvwiTic6pdphRhalic acid
Process Engi neeg;mcgerings publ i shed by Leonard HIl). 25 -Where the
filter systemcbnprisés a pressure drumfilter, it will typically be
of the type in #rEVRrisg: thesisid product Sremisbeisdution. t he housi ng of the

drum under pressur e ranghsliBed\Nisg Dedef dlet £ 1mBKe diS
subsequent | yzdri ed_by asss?ige of &ggg et,é’l{rfjlllr?ougﬁ ‘H?efﬁellt%r i%ake e praegeﬁ'ne
t

drum conti nuds t® %8 e tPTSRhhed dc tasdd { jaspegiad by S-FRomtRacsTyde washi ng

zone towards a €esephekgidcPaiidl may Be diSBoRedald ARIL{WRBEs melOum and edd
drying of the fL‘I,tgrdctaike s supplied in such a wa as%%‘cﬁ) ...establish
over the filter “2aFAI3 TG0t Ratment Being gasapps (pxgsen o it ing, agents
gradi ent in the(snnecessefilyr éul the gxveous phase)stotddatert at ldastgpertpesSsi ng

through the fil g 4 iﬁ%ué | ' poi nt of di scharge of
the filter qulke l?{omt e rt}(r%?iaés&ﬁqgétsrlga{"gg%%gﬁﬁﬁ%%d t han that passing
through the'tilter &nkabiy thgsheteznpgeneous [catakystremployed dr e Porifigskions

the washing zongf sheOdrudberdtepkBhalll acid product may be & supported noble metal
"7 catalyst, for example platinum and/or preferably palladium on an
inert, for example carbon, support. The reduction is suitably carried
out by passing the aqueous solution comprising terephthalic acid and
15 impurities, for example &4-carboxybenzaldehyde, through a flooded bed
of catalyst as a temperature of 250 to 350°C in the presence of
hydrogen. The solution suitably comprises 20 to 50 by weight of
terephthalic acid. ) o
The solution after reduction is suitably cooled to a temperature
20 in the range 100 to 250°C to separate pure terephthalic acid product
from the solution. This solution is preferably subsequently cooled to
a temperature in the range 15°C to 100°C or evaporated to produce a
less pure precipitate and a mother liquor.. The less pure precipitate
is suitably separated from the mother liquor. The mother liquor from
25 this separation may be recycled directly or indirectly to
distillation and/or be used as the second aqueous medium to reslurry
the crude terephthalic acid. If desired the less pure precipitate may
be recycled to the oxidation step.
Alternatively, if purification is not employed, the terephthalic
30 acid following filtration and washing may be removed {without
necessarily slurrying it in aqueous medium) and used in polyester
production, directly in some instances - eg production of
polyethylene terephthalate articles such as bottles. This is made
feasible by virtue of the reduced levels of contamination that can be
35 achieved by means of an integrated solids-liquid separation and

countercurrent solids washing process (eg by means of a belt filter



variation in level of contam nation of the gas may be progressive or
it may be discrete (eg,by partitioning the gas drying region into
zones and |ntrodﬁf|ng as with differing levels of contam nation into

the zones, as previously referred to). 5 The washi ng zone suitably
conpri ses a succession of stages in which, in each stage (other than
the last), the incom ng wash nedi um pa§§hs t hrough the solids and the
filter mediumin counter-current relation to the direction of travel
of the layer of solids material. In the |ast stage the wash nmediumis

preferably freshy gg&f)ﬂ‘g%ﬂ@g %.t*z J,Q of the J&"gﬁ‘é g% ggsg‘((}ﬁ,ga}%a&n? ream

vvashlng zone, thé S materil a nNintla
filtration stag&optrrisption ef et-hna‘jmhe@eaoﬂ-ids by biquehevappepfor fromt he

solids material, themeﬁmaiod »mowcmt E@chzb.d b9 walyn8f WbmpY iofSy with
mat eri al thereaftg bei n%‘m‘g'f renpved in washi ng zone. 15

In a third zone *G6%EF H’Hﬁqg"ms tiﬂe"‘f‘ziyer of sol i ds
mat eri al nmay3be Fégert adis acfmeﬂwa‘ fzem::.agw Wi SrdceSNTHdL Ceber gmducumt e

part 1o che' 111 oreeast EotBbiatyf Redp, B HE iee e ren, SREEion o ph

of solids naterisaplisds with an aqueous nedium preferably 20 substantially

pure water, whi ¢Rgd@y 206 laNsdaat ﬂes’aﬁéﬁ#g{x de U4 gtrauona;né uﬁshmﬁ

dovvnstream end of the ath of trave ter
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pressure than the other sid medi um Suitab
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terephthal ips ac kfly SHaQUikaltli 6 se BOLIHOE € &ba&mpemut:be\:ﬁms&meezacwalmst he

oxi dation or purifi cat n St as the case carried out,
for exanple 30 Eﬁuﬁaﬁe ‘S‘g T(S‘fmﬁh% m"t“"oﬁftﬁffb% “Fé%\c?f’ﬁoﬁ“er vapour

from the reactor and passing the mixture to a condensing system C via
line 4. Most of the condensate is returmed to the reactor A via line
5 and non-condensibles may be vented via line 6. To control the water
20 content within the reactor A, part of the condensate is removed from
the condensing system via line 7 and passed to the distillation
column D via line 9.
In the crystallisation section B the temperature is dropped to
approximately 80°C to 150°C and the slurry containing crystalline
25 terephthalic acid in mother liquor (mainly acetic acid) thereby
p:oZﬁced is passed to a filtration stage E. Mother liquor recovered
from the filtration stage is returned in part to the reactor A via
lines 10 and 10a. Acetic acid may be recovered from crystallisation
section B via streams 8 and 9 to the distillation colummn D and/or via
30 streams 8 and 10a to the reactor A. The solids material recovered
from filtration stage is transferred to reslurry stage F via line 15
where the recovered terephthalic acid crystals are reslurried with
water which may comprise water derived from elsewhere in the process,
eg from distillation column D via stream 14, recycled mother liquor
35 via stream 18, recycled mother liquor via stream 16 and/or

demineralised water via stream 17.



Preferably the pressure differential is 0.1 to 15 bar, nore 35
preferably, 0.2 to 7 bar and especially 0.3 to 3 bar, for exanple 0.6

bar." o » Sui tably the higher pressure side of the band
Is at substantially the same pressure or a higher pressure than the
preceding step in the process, for exanple a crystallisation step or

the oxidation step. 5 In the contexij;of terephthalic acid
production by l|iquid phase oxi dation of paraxylene, the slurry of
terephthalic acid in acetic acid is suitably deposited on the novable
filter nmediumat a tenperature of at |least 60[err]C and preferably 70

to 200[err] C, especiRefezring to FEgurie02,]2B€. fiSnrdibhystage Elandryesilsrricsesgd ed

e abeorut o or foked Reegtdeed 3hid 3 LML B RALE Suld| eGB! o dd PR LR

t he absol ute pressure on Strea I"t'er
medi um are 8258 Sfashed tof tedvsestm eiimiaste|acoticcacidkeparanioatins

advant ageous theﬁ%fl. rweom EhéJnr%'ﬂ u£§ PSS Rbés Hetr tfméle e&f??&khf’”

nmedi um bei ng ess | SCO t el eva t enper at ur e. Furt hernore there
is |ess cof ‘éﬂ@t‘aﬁ‘l BBRYY Lid Heer rﬁqu?‘E ifoun fagpegaliFfescribed in
4- car boxybenzal ftlnrdeion and mﬁhﬁbglwgﬁglmlﬂ __Qg,a%dctimigﬂrtls?%gﬂmungg
broduction beke fateek Sqfpale Bobalegt aBRGRTIY nokfieskELER U Pt
reacti on medi unfilter belt 100 which runs over two drums 102 and a series of rollers
(not shown), suitable drive means being provided for driving the
10  filter belt 100 so that the upper run 104 thereof travels from left
to right as seen in Figure 2. The filter belt 100 may comprise a
cloth woven from polyetheretherketone monofilaments using a suitable
weave.
The filter band 100 is enclosed in vapour tight housing 101 one
15 end of which, located adjacent the downstream end of the belt filter
upper run 104, is connected to the reslurry vessel F by a discharge
chute 103. The interior of the housing is pressurised with a suitable
gas (as discussed heréinaf:er). the pressure within the housing
typically being in excess of 1 bara, eg 3 to 15 bara. Beneath the
20 upper run, a suction tray unit is located which, in the illustrated
embodiment, comprises four trays 106. The trays 106 are coupled
together for movement as a unit in a direction parallel to the
direction of travel of the upper belt run 104, the tray unit being
movable in a reciprocating fashion between the drums 102 such that it
35 can._rravel with the belt from one position adjacent the left hand
drum to a position adjacent the right hand drum and then return to
the first position. During travel of the tray unit 106 from left to
right, suction is applied to draw liquid through the upper run 104 of
the belt and during the reverse travel, suction is terminated. The
30 pressure differential across the filter belt (ie. between the region
above the upper run 104 and the interior of the suction tray unit
106) is usually at least 0.03 bar and typically of the order of '
0.6 bar.
Dotted lines show the locations of three zones Z1, Z2 and 23. In
35 the first zone Z1 on the left, a slurry of terephthalic acid and
acetic acid together with any dissolved catalyst is introduced via
line 108 onto the upper run 104 of the filter belt and acetic acid is



normal Iy conprises a catal yst, for exanple a cobal t/ manganesel brom de 20
catal yst systemwhich is soluble in the reaction nmedium Suitably the
oxidation is carried out in the presence of an oxygen source for

exanple air, at a pressure of 5 to 30 bars absolute, and preferably an
oxygen concentration of 0 to 6% by volune in the gas leaving the -

reactor and at a tenperature of 150 to 250[¢§ ér It is suitably a 25
continuous process, and is preferably carrie out in a stirred

reactor. The reaction is exotherm c and the heat of the reaction may
conveni ently be renoved by evaporation of water and acetic acid from

the reacti on nediawin thtough the bellti L4y xu&mnctfzw}eldeefwma&u dtafd dedsvaduct

obt ai ned by I|qu1d e ati.on of arax e
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countercurrent fashion relative to the direction of travel of the
filter cake. The wash medium is initially discharged onta the filter
10 cake via outlet 114 so as form a layer over the filter cake and is
effective with the assistance of the gas pressure within the housing
101 to displace contaminants such as acetic acid, if still present,
through the belt run 104 into the suction tray unit, the displaced
acetic acid and wash medium being drawn through the upper run 104 and
15 into the tray unit 106 from which the resulting filtrate (wash medium
and residual acetic acid) is withdrawn and re-used for washing of the
filter cake at a position upstream of outlet 114. In particular, the
filtrate is passed via line 116 to filerate receiver 118 and is
pumped by pump 120 via line 122 to outlet 124 upstream of outlec 114
290 so that the filtrate is effective to displace acetic acid and any
other contaminants through the upper run 104 into the suction tray
unit 106. In the illustrated embodiment, the procedure is repeated
again using liquor supplied via line 126, filtrate receiver 128, pump
130, line 132 and outlet 134. In this manner., the filter cake on the
23 upper run 104 may be washed with increasingly purer water as it
traverses the three washing stages corresponding to the outlets 134,
124 and 114.
In the third zone Z3, the filter cake is discharged from the
filter belt 100 and water discharged from nozzles (not shown) onto
30 the filter belt 100 serves to dislodge any filter cake tending to
adhere to the filter belt. The discharged filter cake falls into the
discharge chute 103 to which water is fed via linme 133, this water
being derived from lines 14, 16, 17 andfor 18 (Figure 1). The water
employed to dislodge the filter cake from the filter belt and/or to
35 supply the outlet 114 may be derived at least in part from line 14,
16, 17 and/or 18 (see Figure 1). The filtrate obtained after passage

of the wash medium (comprising for example water and contaminants,



recovering the said product fromthe solution. If desired, in
order to reduce the level of inpurities present 5 in the crude

terephthalic acid, especially 4-CBA, the crude terephthalic acid may
be di ssolved in an aqueous nedi um and subj ected to oxidation

treat ment using gaseous oxygen or other oxidising agents (not
necessarily in the gaseous phase) to convert3zat | east part of t he
4-CBA inpurity content to terephthalic.acid. 10 Sui tably the

het er ogeneous catal yst enployed in the purification of the crude
terephthalic acid product may be a supported noble netal catal yst,
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mother liquor, the overall effect being solvent xncerchange, ie.
replacement of the acetic acid solvent by water. Both duties are
20 performed on a single substantially horizontal belt with the washing
duty beiné performed by means of a multi-stage countercurrent wash.
In order to achievé a high overall wash efficiency, cross-mixing of
liquor between the wash stages must be minimised. This is achieved by
allowing a small amount of gas breakthrough between the stages, ie.
25  after all liquor on the surface has been displaced through the filter
cake in each stage/zone.

Because of the presence of flammable materials within the
oxidation plant, the belt filter system is inerted by the
introduction of a suitable gas (typically nitrogen) into the housing

30 101. During operation of the belt filter, nitrogen drawn through the
cake onto the lower pressure side becomes near saturated with acetic
acid/water vapours. The nitrogen and acetic acid/water vapours enter
the receivers 118, 128 and 138 and are collected via line 141 and
passed to a vapour condenser 142 where the nitrogen is substantially

35 freed of the acetic acid/water vapours, the latter being condensed
and circulated via knock-out drum 144 and line 146 to the mother

liquor receiver 138. The nitrogen recovered in this way is



-10- systen) conbined with use of the inerting gas to suppress
downst r eam contam nation of the washed solids by |iquor vapours.

The i nvention W¥1 now be descri bed by way of exanple only with

reference to the acconpanyi ng drawi ngs, in which: 5 Figure lis a

fl owsheet relating to a process for the productlon of purifi'ed
terephthalic acid and, to which the present Y-nvention can be appl i ed;
Figure 2 is a schemati c representation of a filtration and washi ng

system whi ch operates in accor dance vvith the present invention. 10

Referring to Fi,gu)[zg?t:b”@d ragactt& ﬁ‘qifeff&tsk% lwevilal g 148 phase
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act
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regul ated by wicehdentaanipm ini theusysted sdciike-8p indtaogbn\\bs dntyoqueed into
fromthe react ek e,Jg xture to a condensi ng system C via
line 4. Most o%hfhe ’9353%&%‘%9. sﬂreturned to the reactor Avia line
5 and non- condensi birs§esth 9fhkhey eondenser 342 (kmecls-outdmuanisbplarransenanter 20

content withi nd&b@:maqswaﬁm BRidn anciehgaﬁ.q d@ﬁ%ﬁ& ecohaeﬂﬁmxeqsf bSPcted

t he condensi ng syfud emvia line 7 and passe distillation
rect heat exchange 1n condense: 142. in an alternative

10 arrangement, these components are replaced by a scrubbing tower in
which the nitrogen and acetic acid/water vapours are contacted with a
cooled scrubbing liquor (which itself may be derived at least in part
from the condensed acetic acid/water vapours) to effect direct,

- rather than indirect, heat exchange.'afte} contact with the incoming

15 nitrogen and acetic acid/water vapours, the scrubbing liquor and
condensed vapours are withdrawn from the bottom of the scrubbing
tower and may be recirculated back at least in part to the top cof the
tower via an indirect heat exchanger to effect cooling of the
scrubbing ligquor.

20 It has been determined that whilst a filtration and washing
system as described above is particularly effective in displacing
mother liquor from the filter cake, unaccountably the filtered and
washed terephthalic acid may still have an undesirably high residual
acetic acid content despite being subjected to extensive washing with

25 a countercurrent washing arrangement, suggesting that the washing
effiZiency may not be as efficient as expected. Surprisingly, the
unexpectedly high level of residual acetic acid in the washed
terephthalic acid has been found not to be attributable to poor
washing efficiency. It transpires that the inerting gas itself is the

30 source of the problem and also te:ephnhilic acid has been found to
exhibit a propensity to take up acetic acid from the nitrogen; thus,
irrespective of the efficiency of acetic acid/water vapour removal
from the gas prior to recycling the gas, the manner in which the gas
is re-introduced into the housing 101 and the manner in which it

35 passes through the housing are important factors in determining the
extent of residual acetic acid contamihation in the crude
terephthalic acid recovered from the filtration and washing system.



colum D via line 9. In the crystallisation section B the

tenperature is dropped to approximately 80[err]C to 150[err]C and the
slurry containing crystalline 25 terephthalic acid in nother |iquor
(mainly acetic acid) thereby produced is passed to a filtration stage
E. Nbther |iquor recovered fromthe filtration stage is returned in
part to the reactor A via lines 10 am&.10a. Acetic acid may be
recovered fromcrystallisation section B via streans 8 and 9 to the
distillation colum D and/or via 30 streans 8 and 10a to the reactor A
The solids material recovered fromfiltration stage is transferred to

reslurry stage F vile kénme Z15 where thﬁhﬂefemsluwvmmst&!epmmm ¥laci d
crystals are r r {S&h erived
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direction:of travel of the filter cake. As a result, it has been
found that the gas tends to sweep evaporated acetic acid/water
10 downstream with potential for recontamination of the terephthalic
acid filter cake with acetic acid especially in the final washing
stages and beyond.

In experimental work, we have established that nitrogen
saturated with acetic acid, if drawn through an "acetic acid free’

15 filter cake, leads to significant contamination of the filter cake
with acetic acid. In one experiment, 4.8 dm3 of nitrogen gas at 40°C
saturated with acetic acid vapour was drawn through a 40 mm thick
cake of terephthalic acid on a 100 cm? Buchner funnel over a 10
second period. The initial cake acetic acid content was less than

20 100ppm w/w acetic acid; after the gas had been drawn through the
cake, the acetic acid content has risen to 0.27 w/w at the top of
the cake, falling to 0.14I w/w at the bottom of the cake, -
demonstrating the surprising propensity of terephthalic acid to take
up acetic acid in the gas stream. Very little acetic acid was

25 detected in the exit nitrogen stream.

By locating the re-entry point for the recycle nitrogen gas at
or adjacent the downstream end of the housin; 101 (for instance, as
indicated by reference numeral 152a), it is possible to secure
redistribution of the gas in such a way that the gas tends to flow

30 counter-currént to the direction of travel of the filter cake
upstream of the location 152a, and hence counter-current to the
acetic acid "gradient” in the filter cake. For a relatively low
acetic acid content in the recycle gas, this ensures that acetic acid
rich vapours reside at the upstream end of the housing 101 and are

35 substantially prevented from flowing co-current with the filter cake.

especially into the final washing stage of zone 2.



5 such as a Pannevis filter of the formgenerally described in
Filtration and Separation (Page 176 et seg, March/April 1979). The
belt filter equipment conprises a generally horizontal |y di sposed
filter belt 100 which runs over two drunms 102 and a series of rollers
(not. shown), suitable drive neans being provided for driving the "10
filter belt 100 so that the upper run 104 t-h&+eof travels fromleft
to right as seen in Figure 2. The filter belt 100 nay conprise a

cl ot h woven fron1polyetheretherketone nonofi |l aments using a suitable

weave. e filter band 100 is encl osed in vapour tight housi ng
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to theidirgle posSish! O;]&rlg QTJOQ,S%/,? gimta@eu{ahaéfcé&'ﬂ' {nelQReidOom left to

right, suction is applie rou run 04 of
the belt and dfiUeRE%hef rré%?]@nnmen whigh tvay, du@qvwm&t‘é@betmé 30

pressure di ffermataiuaprass tahaoid b 22hdeibh Capp26iche el ddheevQUibON
above the upper I nterior of the suction tra uni t - 106)

is usually at sé’éé?" O?%éfcyafsfa RARSPBER [LPEQ WP T8 Ry OBF "“‘6‘56 bar .
Dotted |ines shwvutm irin:ah.nowzof(vhhhm zeﬂmiigb an® thadothier suredh is t he

first zone &1 %u%&?ﬁ?f me g{l& yn ggep ?rlé‘ 1 R4l dsmq scruhb@?%.tskgs

acid together wth any sso cata 1S 1In uce
onto the upper imymhichaths n@h@ﬂe#l!ﬂ@r xbeqommdatxetcpenrecremrsnt fashion

with an aqueous scrubbing medium (which may be derived from any one
or more of lines 14, 16, 17 and 18) introduced via line 162 and
withdrawn via line 164. The scrubbed nitrogen (which is subs:agtially

20 freed of acetic acid) is then routed via line 166 to a location
within the housing 101 adjacent the filter cake discharge end so that
it passes through the filter cake at least in the final washing
stage(s) and/or a location beyond the latter.

In this manner, the nitrogen with differing acetic acid contents

25 is re-introduced at two locations. The overall effect is to achieve a
counter-current sweep of vapour towards zone Z1l, with near "acetic
acid free" vapour contacting the "cleanest® cake. For similar
reasons, the make-up nitrogen fed into the housing 101 via line 155
enters at the cake discharge end of the housing 101 for example as

30 shown or at a location such that it is effective to purge the vessel
F. A curtain 200 (for instance in the form of a suspended flap of
flexible material such as rubber) may be used inside the housing 101
to further assist in partitioning the "clean® and "dircty” gas
sections.

35 In reslurry vessel F the crystals may be reslurried with water
recovered from the distillation column D via stream 14 and/or other

water which may be recycle mother liquor via stream 18, recycle



drawn through the belt into suction tray 106 fromwhich it is renoved
via line 110, thereby leaving a filter cake (typically at |east one

inch thick) of terephthalic acid on the upper run 104. At this stage,
the filter cake will contain residual contam nants, particularly . 5

resi dual acetic acid. In the second zone Z2, a wash nedi um

(typically water) is i ntroduced via 14ne 112 and passes through the
belt run 104 in countercurrent fashion relative to the direction of
travel of the filter cake. The wash nmediumis initially discharged

onto the filte e Vv utlet_ 114 so .as, faor I ek l ter
cake and is L'ot&'q. 1" E@{&ve{avms ﬂ"f'his §§ %ﬁ gﬁ%jé' 5?{% ﬁd @z&?;p&essﬁéfgﬁ I‘} t’hin
the housing  The 'ﬁ@!‘! Fradunedatre thintsaagndiat beagad Hinqsecrdoni B taced, if

still present, mpez.tmr 8 Ot %@Ltzsro“é‘ vh04sge! & tfbem SJJ%lxﬁlohrﬁicHnist
t he di spl aced tic acid and sh medi um bejn ravvnﬂ% rough t he

upper run 104 aﬂb“dlsi‘ StRtA Lfcta F&SF‘G‘n'l'{ Larichoth WA TCERE YEER Ul ti ng

filtrate (w@shhprbgem over a fiRed i mahdﬁﬁeuw.wt dhus Teduting dmpurdoiks

re-used for vvashl filter cak Qsitiqn S m of

outlet 114. In* pa |cullutt?°nt'ﬁ‘8 then ag Iﬁ’é& ige ‘E)g'?s'éf?'\%a]éy "'lgtﬁé 16 to -

filtrate recei sestib8gK firdmivhich purepprudeck iy gapapated@land driedidnleagect

outl et 124 ups h de to
&ﬁfﬁi'gﬁ}ancﬁﬂg}ﬁte J—jﬂlgpﬁlvﬁﬂﬁﬁt g}rﬁt%gﬁat % QBetﬂai gidrebé

di spl ace acetic_acl roug he upper run
104 into the sabﬂeoﬁntfre&ytm to (Fignre 36, aqdnttdrrétm%slﬁét éﬂs%‘l‘\‘ﬁﬁdl nt, the

procedLueajlﬁ r 9P&in@0process is employed primarily to displace mother liquor
’ comprising water and some dissolved paratoluic acid and other

impurities (eg. colour impurities, metals, etc.) from the
terephthalic acid and the washing process may not need to be as
extensive in which case the counter-current arrangement may be

15 dispensed with. Thus, for example, in the filtration/washing process
for the purified terephthalic acid the arrangement may be such that
the wash medium only makes one pass of the filter cake.

The temperature to which the solution is cooled in the

crystallisation section K and the rapidity of cooling is adjusted to

20  produce the appropriate purity of the desired terephthalic acid
product. The pure terephthalic acid product is recovered from stage L
and the mother liquor from the separation is passed to recovery stage
M in which the liquid is evaporated or further cooled so as to permit
the recovery of further solids which may be passed back to reactor A

25 via stream 20. In stage M the temperature of the liquor may be
red;;ed to 100°C by flashing steam from it at atmospheric pressure.
Such steam may be further purified for example by distillation and
used if desired as wash in stage L, used elsewhere in the process or
purged. The remaining liquor may be cooled or evaporated further and

30 solids separated from it. The mother liquor recovered from stage M
may be in part passed back to the distillation column D via line 22,
in part be returned to the reslurry stage F via stream 16 and in part
be purged via stream 21. Preferably if evaporation is used the
evaporated water is returned to the reslurry stage F.

35 Where the stage L comprises a filtration and washing system
similar to that described in relation to Figure 2, the inerting gas

may again be nitrogen:; however, it is preferred to employ steam as



again using liquor supplied via line 126, filtrate receiver 128, punp

130, line 132 and outlet 134. In this manner. the filter cake on the 25
upper run 104 may be washed with increasingly purer water as it

traverses the three washing stages corresponding to the outlets 134,

124 and 114. In the third zone Z3, the filter cake is discharged
fromthe filter belt 100 and water diggbarged fromnozzles (not shown)
onto 30 the filter belt 100 serves to dislodge any filter cake tending to
adhere to the filter belt. The discharged filter cake falls into the

di scharge chute 103 to which water is fed via line 135, this water

bei ng derived ftheninernig gds £b6, rehsomncdhat a8 dilschaned i3 .coPhrdingt er

enpl oyed to di shegddQ il Eléegi E@Egch&g &ohepét"r{l:ieis b$ade .2 F!Q/éiﬁst&eﬁé

supply the outlet 114 may eas art rom
16, 17 and/or *he (fsiéérﬁigafwﬂns Paten woyld be 9mp dinfanepralagent e

of the wash rredmm:( Gﬂmbhﬁiﬁgpﬁﬁr :ei?mhﬁch% afyizepatﬁahrkmtas mother
-13- artlc X acetic acid derived fro revi ous wash
st ages) from "q“‘”oﬁ?‘?é? B the; sansnated Filver) qake Eg?e f%‘p"CUFF"e"cttgd in
suction tray udisplace anylPésidasl I:B‘._rﬁﬁaﬁelih:t Qiduolrt £2dne thé Take neInl 8fesand i s
ecovered via Frrempipedsd e bR LFemprpye B0 BIRUPF, (or Tecover ed
in this way nagognter-curreptiayeep bfastdagasa asntqpansurs shat goy vrdagdiag i1 ne
10) to the reagh@laifty mother liquor are retained at the upstream, slurry feed end

10 of the filter belt.

Although the invention is disclosed herein with reference to a
filter belt type application, it will be appreciated that it may also
be applied to other types of filtration system suitable for carryihg
out filter cake washing, eg the invention may be applied to a rotary

15 suction filter in which the solids material is transported by a
cylindrical drum-mounted filter medium through filtration and washing
stages and in which the filtration and washing process is enhanced by
a pressurised gas, with a pressure differential established between
opposite sides of the filter cake in use. As described in relation to

20 Figure 2, in such an embodiment the pressurised gas is drawn through
the filter cake and then recycled, following treatment to eliminate
or reduce contaminants, to a location corresponding to the downstream

end of the path of travel of the filter cake.



optionally by first mxing with the fresh catal yst, paraxylene and
acetic acid contained in line 1. Any remaining nother |iquor and wash
liquid is suitably passed to an evaporation stage Gvia line 12 10
(Figures 1 and 2) iri""v\ﬁl“ﬁ""\nat er—anroL acetic acid vap ur 'éH

| ine-11. condensed a eactor A or option
distillation col umﬂgm by pr tfact s and 3
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Bot h duti es ar% @ d on .a single stantla %/qugrlzontal bel t
with the washi T§***POr ik §L SBRET P, PRASeRf ihe fddter ged hEgued: 8ge
count _ercurresht waaking zone ihrwhicheathet Day&ehif‘éenﬁchhﬂhleﬂ@rﬁH paysS BE
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has been di spl aee&bﬂihmgghvweda Im;&r s q.s p%aeb ésaga(fcaneas

Because of the Bresence of flammabl e r| a oxI dati on
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sui t abl e gd® (Tsypasablprdauti Qgesacehﬂiaxbﬂﬁk:hﬂiﬁtn&t&ﬁn :!ﬂe%as&trsl ng

operation of th @m@ :; |sIuL§rﬂmQ| 4.0 fﬁ]g?;%%hrgcé | E“ pass% gﬁwaogt o the

| ower pressure SI €Cones near sa

vapours. The nitibdenenidceesses cinaaidireation vamoersugntrey to the gheection
receivers 118, 528430 J¥38asNfagde cOllected via line 141 and passed
to a vapour condenser 142 where the nitrogen is substantially 35 freed of

the acetic aci 8 wattePesP9Bott §1ainegd {mClaim oimghich gaid sqncentragion
circul ated1yi aghidieke Olg peéduded 44 affbckifle £14b o Osdidegd®tiRetountercdrirtOr

receiver 138. -trpleatqloztx rwoqgntre J(.)Q/e%rtﬁgn Io Eralvel Vc\ﬁ'y:he layer of solids material
whereby liquor evaporating from the layer of solids material in said
zone and upstream of said zone is substantially prevented from
passing downstream of said zone.

20 3. A method of displacing liquor from a solids material comprising:
forming the solids material into a layer on a movable filter medium;
transporting the layer by means of the filter medium through a
washing zone in which the layer is contacted along the path of
movement thereof with a wash medium while maintaining in a region

25 oveg_the layer a gaseous atmosphere, the wash medium serving to
displace liquor from the layer and passing, together with the liquor
and gas from said atmosphere, through the filter medium;
recovering the gas and treating it to eliminate or at least reduce
contamination thereof by the liquor; and

30 reintroducing the treated gas into said atmosphere at a location such
that the gas passing through the layer at a location downstream of,
or within a dowmstream section of, the washing zone is less
contaminated with liquor than that passing through the layer at a
location upstream of, or within an upstream section of. the washing

35  zone.

4. A method as claimed in any one of Claims 1 to 3 in which the

filter medium moves continuously through said washing zone.



-14- reconpressed and returned to the housing 101 via line 148,
recircul ation blomeL.lSO_and.vaLye;chtrolled line 152. Part of the
nitrogen circulating this "closed | oop" systemis bled off via.

val ve-control led i Qm ﬂ:mlluwwnmmf regul ate the oxygen 5
concentration in th up nitrogen is i IthiSekeCe BeeniRoplaced

the housing via line*55. * * Instead,of the con ck- out
drum 144 arrangenent descri bed above i1 which cond e
condensibles is effected by indirect heat exchange 1 n condenser 142,

in an alternative 10 arrangenent, these conponents are replaced by a
scrubbing tower5in A methodisdhcldigedi 4o Qﬂ?ﬂm&"& 8EAlnsC1 26! §/ HRLBECY RRPUT S

are cont act ed cool ed scrub whi ch itself pmay be
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st

t he scrubbi,ng eterm ned t hat
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effective in displ akimeghod as ctaiifed ini g ioné c¥NTIdRs 3 lebes imakRich the

anundesi rapl y Teareyuchel s Hhracaned B0 0 Febbe iR RS Re Bt
subj ected t ﬁiégswi\m oxtent f Furht tha2Sone gtreamnbas 8 ulowent conksninapt level
arrangement, SuGgRSiHeNBtHdd! add1En WASRhhe two streams are reintroduced into

said atmosphere at different locations, said one stream being

rezntroduced at 8 location dawns:ream of the location at which :he

other stream is reintroduced.

15 8. A method as claimed in Claim 7 in which the recovered gas is
subjected to cooling prior to being split into two streams so that
contaminants in the vapour phase are substantially condensed and
thereby separated from the gas.

9. A method as claimed in Claim 8 in which, following said cooling,

20 the gas is split into two streams, said other stream being
reintroduced into the gaseous atmosphere without further treatment
for contaminant removal.

10. A method a§ claimed in Claim 9 in which said one stream is
subjected to further treatment to reduce the level of contaminants

25 therein.

1l. A method as claimed in any one of Claims 1 to 10 in which the
filter medium comprises an endless filter belt having a generally
horizontal upper run on which the layer of solids material is formed.
12. A method as claimed in any one of Claims 1 to 11 in which the

30 solids material comprises terephthalic acid crystals derived from the
liquid phase oxidation of p-xylene in a lower aliphatic carboxylic
acid medium.

13. A method as claimed in Claim 12 in which, following said washing

treatment, the recovered terephthalic acid is used, without further
35 chemical purification, in the production of polyester.

14. A process for the filtration and washing of terephthalic acid

derived from a reaction vessel as a slurry with an aliphatic



efficiency may not be as efficient as expected. Surprisingly, the
unexpect edly high-l evel of resjgdual acetic acid in the washed

terephthalic acid h g not to be attri butreblieethss eplaced
washi ng effici engn‘m\\\m that the inerting i ﬁi \ “t he 30
source of the pral amd 8l so terepht haligz?_ci d has

exhibit a propensity to take up acetic acid fromthe nitrogen; thus,
irrespective of the efficiency of acetd c acid/ water vapour renoval
fromthe gas prior to recycling the gas, the manner in which the gas

I S re-introduceathebokylichfcidoetyloged @3 Suldent) dnnEenedadtiiomhisaltdi frogbss

passes throughdctouﬁrp%ﬁi.ng are inportant factors in determ ning the
extent of residual acefic acid contam nation in the crude terephthalic

acid recovered fadoddachargingt the terephtbialigsacidy {nisieky in the form of said
In zone Z1, WhefigoHPe oid of efﬁfimur ¥ufAce' sceillf aB04 YuBfor hnd some

evaporation of the ‘acetic acid/ water Eresent In the sl urr$/be occurs i’énto
the surround] nFTeapRARtiRg +08 tererhthalie aedd onggaid §ileratign, syrface Ehrouf
housi ng 101 at s nbfibe oPreondsi) as that indicated by 5 1line 152, then it

o requi remerd PRIEHY FRetestial Ui piiney S B spypacn; witselBflariia 477
fl ow downst r earfiizet ;aemectrt remavie sdidl solventi thyovglo theffif peatdionosuntaee fapdt or
cake. As a resWyrety pPasuci®f Eirst drained wet deposit;

10 (c) thereafter washing the first wet deposit while traversing a
second zone and effecting filtration through said filtration surface
to separate from the terephthalic acid any solvent remaining in the
first deposit and the wash liguor used for washing:

(d) establishing in said second zone and/or at least cone further zone

15 downstream of the second zone a gaseous atmosphere by means of a gas
which passes through the filter medium; and
supplying said gis in such a way that, on the slurry-fed side of the
filter surface, a concentration gradient is produced in the gas
atmosphere such that the level of contamination in the gas passing

20 from said atmosphere through the filter medium decreases in the
direction of travel of the filter medium.

15. A process as claimed in Claim 14 in which the filter medium is
configured as a cylindrical loop.
16. A process as claimed in Claim 14 in which the filter medium is

25 configured as a cylindrical loop comprising a series of discrete
sections and in which the gas is employed to effect drying of the
filtered and washed terephthalic acid.

17. A process for the filtration and washing of terephthalic acid
derived from a reaction vessel as a slurry with an aliphatic

30 carboxylic acid employed as solvent in the reaction, said p;ocess
comprising: o
(a) discharging the terephthalic acid, initially in the form of said
slurry, onto a filtration surface acting as a support and
transporting the terephthalic acid on said filtration surface th;ough

35 first and second zones:



found that the gas tends to sweep evaporated acetic acidiwater
downstreamwi th potential for recontam nation of the terephthali c acid
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secure r edj I she in_sych y that th S tends.to
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prevent ed from ptogdesges axhesughesdid\sédontihgodel;| t er cake. especi al l'y
into the final %@éshsiuggsxsrfgagsidohrzs%nandz second zones by means of a gas which
passes through the filter medium together with the solvent and the

I5 wash liquor; and
supplying said pressurising gas in such a way that, on the slurry
side of the filter surface, the gas present in at least the final
stage of said second zone is less contaminated with said solvent than
the gas present in said first zone.

20 18. A process as claimed in any one of Claims 14 to 17 in which
following passage through the filter surface the gas is recovered,
treated to separate the gas from solvent vapours entrained in the gas.
flow and re-introduced into the gaseous atmosphere at different
locations along the path of travel of the filter surface, the gas

25 supplied to the more downstream location or locations being subjected
to more intensive separation.

19. A system for processing a slurry comprising a solids material

and a liquor. said system comprising:

means for filtering the solids material to form a layer thereof on a
30 movable filter medium;

a washing zone;

means for driving the filter medium so as to transport the layer

through the washing zone;

means for applying wash medium to the layer during traverse of the
35 washing zone, the wash medium serving to displace liquor from the

layer and passing through the filter medium; and



Even relatively low acetic acid content in the recycle gas can cause
significant contamnatron of the filter cake in the lgter wash
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15 which is more highly decontaminated than the other(s) and is

reintroduced into said atmosphere at a location downstream of the
other gas stream(s).



enters at the cake discharge end of the housing 101 for exanple as 30
shown or at a |location such that it is effective to purge the vesse
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flexible material such as rubber) nmay be used inside the housing 101
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relation to Fi ggsseoils scmdsphedtsiwirich|dlsblpassesn Thaomgh thdEiltiér caks mndgmay

process i s enpl imar i t .\ﬁﬂl ac gg; NG cddedbBia 4 .SkHg
wat er and sone g?lgggf%/le 'p%értéf o'?‘ﬁgc aéi’d&an ot h%édt nl“ :uhreigtg ?%’rs (eg.
col our inpuritieXeveppiracentanipations efithffilter cake as s result of the

10 recycled gas entraining contaminant vapours within the housing (101),
the gas is introduced into the housing (101) at a downstream location
(152a, 166) relative to the direction of travel of the filter cake on
a movable filter medium (100) and in such a way as to develop a '
contaminant-concentration gradient whereby the cleanest cake is

15 contacted by gas having the lowest contaminant level.
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terephthalic acid and the washing process may not need to be as
extensive in which case the counter-current arrangenent may be 15 di spensed

with, Thus, for exanple, in the filtration/washing process for the
purified terephthalic acid the arrangenent may be such t hat . the wash
medi um onl y makes one pass of the filter cake. The tenperature to
whi-ch the solution is cooled in the - crystallisation section K and the
rapidity of cooling is adjusted to 20 produce the appropriate purity of
the desired terephthalic acid product. The pure terephthalic acid
product is recovefed fromstage L and the nother liquor fromthe
separation is pasfed 10O Trecovery stage- fri 4 e liquidis
evaporated or fur}hemesaled so as to pernitvL the regovery of further
solids which may passedeghack to agfor AR5} via strpam20. In stage M

the tenperature of t redicgd to 100 by flashing steam
fromit at atnospheri urther purified
for exanple by distilljation i i : sh in stage L.

used el sewhere in thejprocess i ng |iquor may be
cool ed or evaporated flurt her arated fromit. The nother
| i qguor recovered fron1stag§‘ t back to the
distillation colum Djvi a \ d {o the reslurry
stage F via stream 16f{and in Preferably
if evaporation is use# t he 0 :
reslurry stage F. 35 filtratron and
washi ng system sfmlar Elgue 2t he
inerting gas may| agai n eferred to enplloy
st eam as
o
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- 18- the inerting gas for reasons that are disclosed in copending
I nternational Patent Application No. PCT/GB 93 01019. .In this event,
the=filtration/washing systemwoul d be enpl oyed in an anal agous manner
to separate pure terephthalic acid crystals fromdirty nother * 5 |iquor
and,wash the separated filter cake with clean water to di splace any
‘residual dirty nother liquor fromthe cake. In these ci rcunst ances,
the steamis enployed so as to develop a counter-current sweep of
steam so as to ensure that any volatiles in the dirty nother uor
are retained at the upstream slurry feed end 10 of the filter belt.,
Al t hough the invention_is disclosed herei:ﬁvm't reference to a Mter
belt type applwaationegit will be appreciGted at it may al so izf

g fi ' out

filter cake washi ng ' v tary 15
suction filt ' i
cylindrical ' i LT\ on ampd washi ng i
stages and i N i [ B \jashi % hanced by ]
pressuri sed gas, bwh ' Mt i
opposite sidegs of 1 , [ : ' [ | agion to 20 |
Figure 2, in lsuch [ [ [ ir ough |
the filter cake |and=—t+ nat e or |
reduce contanli ngnts, n t he downstfeam end|
of the path df |
18 :
= e —4 = O ]
= = = & l
‘ = \ - I
l f"( \ ' "*N é '
g .
| — ,_,4 ~ o
l o §§ 18 — )] :
0 - il
| W {3 < C\rL( TV |
l 0 mn ° M - l
4o~ N
| < |18 N A | I
Sk = 3 =
I :l'- \}-‘_\Ir ' N é m [
| . 0 & I
| T R 2 |
| o ‘ = |
! \ I~ - u::'—\ﬁ [ S I
) N o
. @ B 2| B C |
{ 1@ = Q@]
= | L
' el bl ~ I
l S 14 & |
| - 1 g \ L }
I A Ee i i >
! l o~ W 2 i1
I
l } < = N
f [ - |
C’ |
E | & 2 |
| | X ~
I { < r-:
< o
lm [V - = ———&—‘-.
f > T ~ |
it B A A ¥ )




. . . . '%Wf‘fﬂ"}. 98
19 - CLAI M 1. A methad of displacing liquor froma solids materia

conpri si ng. formng the solids material into a | ayer on a novabl e
filter medi umpp G3ka2 transporting the |ayer by neans of the filter
medi um t hrough a washing zone (Z2) in 5 which the layer is contacted al ong
the path of novenent thereof with a wash medi um the wash nedi um '
serving to displace liquor fromthe |ayer_ggud passing t hrough the
filter medium (1 00); establishing over said | ayer a gaseous atnosphere
from whi ch gas passes through the |l ayer; and supplying gas to the
gaseous atnosphere so as to produce a 10 concentration gradient within the
gaseous at nospBRSTRACZuch that the |iquor content of t he gas passing

t hrough said |l ayer increases in a direction counter-current to the
direction of travel of said |ayer. 2. A nmethod as clained in daiml
in which sai dFETRATROF FROEESSyr adi ent i s produced by effecting flow of

said gas in count g gLif§Nks Rib3bdta %tahfii’&a@iéxﬁ%&%sﬁin%ﬁ:tbiﬂyﬁ|in0f the
| ayer of sglids, material whe

reby. | i quor evaporaijng fro e | ayer of
sol i ds materi 8F3%T *8a1%PasBHe & 2251‘7&%6 {fﬁg‘t ?’@aﬁ?a%#&sﬁ*& ??Jiu%“i‘é“’x and
subst anti al | ywashingr pmeresedid conrizdssetigndo st ingaflof) eaclbsAegean iner3. A
met hod as cl a| i, [ f I L1 Shin i t
fol |l ow ng pasggg%‘%sh?%% HLS%.EI %ﬁfé‘ye‘?!,“ {}?‘éé?cﬁor?g{'{"?éht ghée%:ir?ny%tcgg%r&gtgﬁast
reduce 20 conbarvesaciesh sftecsrestmente toj HeRave eantapinants othrsefren h&c

treated tgas i Bﬁ&;e’iﬁi ?econta@:%dﬁi?@ﬁffte;ﬂ f@l&@%%%@&gsy%tshb@toft fh&e gas hi
passi ng ou e layer at ,a locatio ownstream of , or in
D Sotinat  m LEGHIan €1e eprr Rand oyt onant Zaports witiin d68 Rokstng 2Pkl
with |iquor tlkae galsais dassodiget himmsgbhd heusinge(1ait) atlsdathsuream laspsisream
(152a) of, or wJ.hi rea t] e i .

net hod as cl aldr(\r%eZI ’i gsg]g:é%E%{v?nmvmil%%ha%%gg;r'oé‘ctggetrég?gaés}gfégsréﬂ)'g%’gtcé eiér?*t o]
two streans (25myablechilghr miedivm (1P8htand im syth feeMenpsekpedrvelapch t hat

one stream  coAth@RhaitdofcdriRVBE i RiAdNen Whel6lF Ithk N ahbS: QakErid 152a).,
and in whjch the two streans are reintroduced into said at nosphere at

t
di ff er ent 13 oc5PRHFEed by gapheving the, IoReshSRGAMINeAE (1f¥§ted at a | ocation.
downstream of the location at which the 30 other streamis reintroduced. °’
5. Anmethod as claimed in Caim4 in which the recovered gas is subjected
to cooling (142) priofiguweb®ing split into two streans so that
contam nants in the vapour
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; _ _ REPLACEMENT SHEETS  SG.
phase ‘are substantiall'y condensed and thereby separ@tiRacfipin {}@edas o pa
s oY S EPRlie BRSLIIPROE 1pagedan. ged .....
6. A nethod as cl |n whi ch, fol | pvilQaisaky 0% bd1ds, ¢ rﬁ% d
4. 2%
gas irs 35 split | B‘ aid other st ream}b}h@g}gr@ b ucqg dﬁ?&)
t he gaseous furtber t r eat neny ARkraGONt. nf & o
removal . : Arrethod as clalrred in daim6 in which said®o estlﬁ%eﬂ‘fg?%
subj ect ed t(cLA!MS urther treatment to reduce the { eygl.-of x"', naniﬂq
therein. . ¢ A method &dlsﬁaﬁfﬁ h ofFrof 28R ind' Pl BT iES { .2,
in which the filter 5? noves COI’ltII’lUOUS|¥, h sai d
washi ng zond°rming tge S°WWFF&F' A3 layRERN _naYAPB filtet e@i”’a“? % tosin

whi ch t he wasdnspgriingnée layercynmpearsesf theSidter @ddim Wadhghg washiyres z¢riel d22) iR 4,
134) arra g%gﬁ‘:@‘@@ﬁ&'%t tQ&‘Qfon ﬂw%% EMBV%EWtﬁLre‘&ff VMR%S Lh%ﬁer

medi um (1 the was ainmed in
Aaim9 in M@Hmt» m%m«?gl%apwmg L ‘iiﬁB@é@l"qUOf frem dbig FRYeR @nRasPiRg
stages in cabfdugh-teeiitenmedlmi1ae); W th the direction of movement of

the filter t cl.al ' e..Qf o 10
in which the ?At#{% ng ovg}jsaxdptsggr %ggfé@é 4’{% %’%3&%*“%9% a}gs?ig%faﬂ%w ng
a gener al | y theiaveontnd SYRRhEpo ggh tothe gasemﬁ @mesnberaye@sdp PSRAUCE nat eri al
is formedg concd@rathrlgragrms wmucﬂhal g"&doumampaaae ofcrGhat fﬁ':‘e iﬂqdo@ cdftent of

which the filter di.um ured as.a g I 3. A
o bcoss as dPbBRsdeEhnhbuch safNAkE Tk RaES 1'n BlL A FERelERRent o 05 8
a 15 cyl i ndrditestion o6 trayehpfr said tayes series of di screte sections 14. A

net hod as clai nﬁ&jrﬂé’c‘hdﬂlﬁs e&%@a ifCCadim®t th Wcﬂ,%atdrbmbﬁnaﬁ&egﬁa@héms mat eri al
corrpr i ses ter e

Rt o oproBiedey Sudiing oy Bl S8 flin kB 0ndef UM Forpliah Wit ARESfiection of
15. A netiBodrave! of tientaslel of <ilidisrmatérinhwherieb liabot evapongtingiremibe thyeg of

treatment, golids material in said zone (Z2) and upstream of said zone is substantially
prevented from passing downstream of said zone. _
3. A method as claimed in Claim 1 or 2 further comprising recovering the gas
following passage through said layer, treating it to eliminate or at least reduce

20 contamination thereof by the liquor, and reintroducing the treated gas into said
atmosphere at a location such that the gas passing through the layer at a location
(166) downstream of, or within a downstream section of, the washing zone (Z2) is
less contaminated with liquor than that passing through the layer at a location
upstream (152a) of, or within an upstream section of, the washing zone.

25 4. A method as ciaimed in Claim 3 in which the recovered gas is separated into
two streams (152a, 166) which are treated to differing extents such that one stream
(166) has a lower contaminant level than the other (1522), and in which the two
streams are reintroduced into said atmosphere at different iocations, said one
stream being reintroduced at a location downstream of the location at which the

30 other stream is reintroduced.

5. A method as claimed in Claim 4 in which the recovered gas is subjected to
cooling (142) prior to being split into two streams so that contaminants in the vapour
phase are substantially condensed and thereby separated from the gas.

6. A method as claimed in Claim 5 in which, following said cooling, the gas is

35 split into two streams, said other stream being reintroduced into the gaseous
atmosphere without further treatment for contaminant removal.

7. A method as claimed in Claim 6 in which said one stream is subjected to
further treatment to reduce the level of contaminants therein.




20'the recovered tereilht halic acid is used, wi thout further chem cal

purifi cation, in 'ﬂmu (mm[lmmm, of pol yester. 16. A nmethod as
clained in any on MES i n which the concentration
gradient varies in "a ste pwi 8e frarfner | epgt hwi se of the direction of travel

of the filter - medium 25 17. A nethod as clained in any one of O ains
1 to 15 in i chA meshagbas eldimed imany one(gf &thimst1 whagehicauths tfidtet mddinm

conti puous! s henabied aswalolly e dsttyalnibg . of | the fil e

medi um S@ré? dg % @ E I N~ whi ch: t he solids
material co Defhacaneryne 'aemﬁ%? gtElaims 4 19,8 inowhich the washipa#ene 30
carboxylic anlﬂtpflSES]lacﬂ’eTleS of wasbingestagds (1ak| t24cidd) iaSraaganEri subceksibhia®drgy I N

the form ﬁt af"pﬁthsbﬂtrré\yei 0P D1ifRéY ﬂe%xummﬁgﬁh‘auéﬁ #ﬁee%? sec#)%) on whi ch

the terep ic acid |S transporte zones
(21, Z2); ME98_% SGimedh obitaimihie vrh'mhezwﬁ&h'omedwm isPasseg i s
subj ected t (!hifdulgh nth¢ washing sibgescinmoRnseaiddrienf Laticdith hieg elPgctinogiuce a

first drain first wet deposit is subjected to a
series of WZ’S% rﬂ Qﬁ“' tﬁlmedwﬁ 134) while traversing said second

zone, which 1dons‘°t m@m%a%aiadn%srhawgomﬁéc(asz 1 tgntP i whichthefilter megium

ef f ect ed 1phroouphisesiad dndidsariiites diettr ()dpﬁ)éwﬁg)asg@aafamwofn&amat DppédrailadM hal i ¢
aci d t he wash

medi um used V\mo“r:'r1 e 'ﬁ?’ﬁr Ofasn%i'dgnmatg %'8 Tm%d acid liquor remal ning in the
first deposite: s"apwcmsnsw@a@@dgegnmnpwfmgm‘ceqﬂ9Unwofchtthefsﬂtenmedwmm ng

st age) RRinngurbf&cs gglnm_ﬁ;c@g]o\bgsh rredl um derived fromthe succeedi ng
stage in countercurren I S, contacte

h i t
vmeb 11 quor 8t APrOERLBS IRITRRch CJaiRers [y EhitBe B8 b i Elritef e
zone; 15s aytindrigad foapnebreprisingl azsenies of Adiscreétl seatienspr essuri sed by neans of

a gas Wwhich 44 A method as claimed in any one of Claims 1 to 13 in which the solids material
comprises terephthalic acid crystals derived from the liquid phase oxidation of
p-xylene in a lower aliphatic carboxylic acid medium.

15. A method as claimed in Claim 14 in which, following said washing treatment,

20 the recovered terephthalic acid is used, without further chemical purification, in the
production of polyester.

16. A method as claimed in any one of Claims 1 to 15 in which the concentration
gradient varies in a stepwise manner lengthwise of the direction of trave| of the filter
medium.

25 17. A method as claimed in any one of Claims 1 to 15 in which the concentration
gradient changes substantially continuously lengthwise of the direction of travel of
the filter medium.

18. A method as claimed in Ciaim 1 in which:
the solids material comprises terephthalic acid crystals sturried in an aliphatic

30 carboxylic acid liquor;
the terephthalic acid is supplied, initially in the form of said slurry, onto said
movable filter medium (100) on which the terephthalic acid is transported through
first and second zones (Z1, Z2);
during passage through the first zone (Z1) the slurry is subjected to filtration to

35 remove said liquor and thereby produce a first drained wet depbsit;
the first wet deposit is subjected to a series of washing stages (114, 124, 134) whiie
traversing said second zone, which constitutes said washing zone (Z2), and filtration
is effected through said filter medium (100) to separate from the terephthalic acid
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passes through the filter nediu 00) together with the carboxylic |iquor
and t he- wash Im"m l’lﬂ“}tﬂ“l}“hﬁl d pressurising gas is supplied in such
a way that, on the he filter 10 nedium the gas present in
at | east the final stage of said second2aone is |ess contam nated with
sai d carboxylic acid |iquor than the gas present in said first zone.

19. -A net hodthgdvashanagiym vsed tor mashingrangrarvrcarbexybgiastd auos agmainingingthet he
filter . nagt uapc{sltoehndt\bssrga@sta@eﬁ%@ﬂ%@dxcéphsaw%é@na‘i%wgesthes) gas

from carboxyli.c a ours entr

re-int roduce%le‘f‘glteg gtﬁg é&%@ﬁgh H{eﬁﬂg‘bﬁ&‘&ecﬁ{m’fé 8.55?%?%#?9 Ftﬂgﬁt' fons (152a,
166) al ong té¢mungercurrent fasameISOdhat $aid fdieposit isnapaitanted wite wesd fiquor stipplied to

the nore %O\Aﬁaaﬁera@m@d@ﬁﬁfas%r@ rés@@é‘ftﬂrgﬁ'g% 6diB&bcbid Pohesubj ected to nore

i nt ensi ve se roceSS|n a slurry c r|S|ng a
S0l s et o $alf PEs1cEng secqnd zones, af 7220 s breBRSHSHLRY ©PAES Obb SR
filtering theassesitiroughtiee fier mediuor (h0&) kagethrertvith thef cavboxylintigabt and tHet er

medi um (100)yash liq@rgsdi Ng zone (Z2); means (102) for dri ving the
filter rredlumé@?%s S0, as to transport thela er through he washi ng
zone (Z2); 2XPORLFRSU[I§NE 02578 sugglzé) cﬁ“cﬁﬁp‘f";‘/ mjtvv%[bwerﬁiwfhﬁidﬁd’*t‘%f'itﬁyer

dur i ng t ri@vemsdiuof, thé}gas presmsm aigieasinge (fidad) stapbof vaisihserens vons & essig t 0

((j'lggl) acgnldl Wta&wfn%@é Qﬁg 5§Y0e51%gagilc lcpp'tgﬂrrfg?ﬁ B'[ Q%h%rteggntf l'nlstag fi@%b”@

zone (Zz2) antf: orAéneztBﬁ‘é as cldiped)n Glairsts @a‘ﬁ?‘?hé?‘@d‘f'"%pgﬁ%a&?dgr%{gﬁdgﬁﬁ@teé
from whi ch gmedipasti@®) the gagls tebevel@d, ireated tasdparace fhiel deaar fromdiarboxyio@rid

sai d 2 TSP L APk B ol ShBe.ntrodBEbANAEdhd BaBl A WiRogonere at

concentration gradien

t hrough sHi ddiftgient legedioppd? $23.1166) glagohe ipsthcehivans! ﬁéﬁ'&jﬂ&?’t’ﬁe@am the gasr
decr Fasesdl Nsupptieditd €0 more egwhstae@h Idbfazr?-l;l-gr fdfzageﬁslgw lfgtzng sluﬂaﬁi% gb) mxggé em
as claimed i udi ng neans

for recoverlﬁbeﬂsﬁ)eeng%g %E}% ér passsage through said layer and treating it to
elimnate - 20. orAé‘wS‘Ieé'a@tf wmwgc@ﬁlwammnréwgtmew&ﬁmegﬁntahentﬂ Bdigyer. saidi
nmeans (152a,sy]5§§~), ct,@,rpngmgnt roducing the treated gas into said atnosphere at

one or 20 means Porel‘ e‘?&‘ma t}'\e sg 89 umca erlaefltc(aj fcg:r?nng an);[err %érggf 95 %dr%gvatbie filter

medium (100);

a washing zone (Z2);

means (102} for driving the filter medium (100) so as to transport the layer through
the washing zone (Z2);

25 means (114, 124, 134) for applying wash medium to the layer during traverse of the
washing zone (Z2), the wash medium sefving to displace liquor from the layer and
passing through the filter medium (100); and
means (152a, 1686, 155)'for establishing in said washing zone (Z2) and/or a zone
(Z3) downstream thereof a gaseous atmosphere from which gas passes through the

30 layer and the filter medium (100), said atmosphere-establishing means being
arranged to produce a concentration gradient such that the extent to which the gas
passing through said layer and the filter medium is contaminated with said liquor
decreases in the direction of travel of the filter medium. |
21. A system as claimed in Claim 20 including means (118, 128, 138; 142, 144, 160)

35 for recovering the gas after passsage through said layer'and treating it to eliminate
or at least reduce contamination thereof by the liquor; and
means (152a, 166) for reintroducing the treated gas into said atmosphere at one or
more locations to: produce said concentration gradient.
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22: 22. A systemas clainmed in Qaim21 in which the neans for treating the
recover€d gas produces at |east two gas streans at |east one (166) of which
is more highly decontam nated than the other(s) and is reintroduced into
sai d atnosphere at a | ocation downstreagpof the other gas strean(s).

means for establishing in said washing zone and/or a zone downstream

t her eof a g#Zeoussystamsgcirimed bnelaim &1 igadhighathecvears tangteating theyegovered
and the fil tgy, ;nséudwataaasi %@%M&@%@éna&suoﬁl&l ﬁes Bich 94 a@re hlghly

arranged to roduce rati on di ent suc at t e ext 5
ohi on’t he. qiecpRaaRgreEPanale aveds) ApER Briged 1M sald Eashpte 4Ca
cont.am nat edogation doowrdstieiaguot theaheragassstreani(hle di recti on of travel of

the filter medium 20. A systemas clained in Caim19 including nmeans
for recovering the gas after passsage through said |ayer and treating
it to 10 elimnate or at |east reduce contam nation thereof by the |iquor;
and — N

A
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means f or reintroducing'the treated gas into said atnosphere at one or

nore | ocations to produce said concentration gradient. 21. A system as

claimed in daim20 in which the means for treating t he recovered gas

produces at | east two gas streans at |ea3¥ one of 15 which is nore highly

decontam nated than the other(s) and is reintroduced into said e

at nosphere at a | ocati on downstream of the - ot her gas strean(s).
ABSTRACT

FILTRATION PROCESS
A slurry is subjécted to a filtration and washing process in
5 order to separate the liquor from the solids. The filtration and

washing process is carried out-in a housing (101) enclosing an inert
gaseous atmosphere which alsoc passes through the filter cake and may
be recycled, after treatment, to remove contaminants therefrom. To
prevent recontamination of the filter cake as a result of tﬁe

10 recycled gas entraining contaminant vapours within the housing (101),
the gas is introduced into the housing (101) st a downstream location
(152a, 166) relative to the direction of travel of the filter cake on
a movable filter medium (100) and in such a way as to develop a
contaminant-concentration gradient whereby the cleanest cake is

15 contacted by gas having the lowest. contaminant level.

-

Figure 2
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