WO 2006/ 009571 PCTI US2004/ 038418 1 Process for Renoval of Inpurities from
Mot her Liquor in the Synthesis of Carboxylic Acid using Pressure Filtration
5 FIELD OF I NVENTION This invention relates to the recovery-of a netal

catal yst fr, oxi di zer purge stream produced in th

car boxyl i Cvg@z@@# p| cally terephthalic acid, while ut it %ﬁ@g’ﬁ?&éisure
filtration. More particularly, the process involves the conbl ning of water..
with a nmother liquor to recover the netal catalyst and then subjecting an
aqueous m xture so formed to a single stage extraction with an extraction
solvent to renove organic 15 inpurities to produce an extract streamand a
raffinate stream conprising the netal cag al yst. BACKGROUND COF THE | NVENTI ON
20 Terephthalic acid | s cormerm ally produced by oxi dati on of par axyl ene in
the presence of a c ch a flor e. I\/p nd a sol vent.
Terepht hal i ¢ aci d u dj{F & 'E?HUB' "EWMP‘*E '“ ‘fl ms, and
resins nust be furthersxmbﬁ’f"é G QHJ%AF é§5$WP 25 resul t
of 't he oxidation of paraxylene. Terephthalic acid (TPA) is an |nterrredi ate
in the production of polyesters for plastics and fiber applications.

Commerci al pbfocesses for the nmanufacture of TPA are often based on the
heavy-metal catal yzed : FIELD OF INVENTION

This invention relates to the recovery-of a metal catalyst from an
10 oxidizer purge stream produced in the synti;esis of carboxylic acid, typically
terephthalic acid, while utilizing pressure filtration. More particularly, the
process involves the combining of water with a mother liguor to recover the
metal catalyst and then subjecting an équeous mixture so formedtoa
single stage extraction with an extraction solvent to remove organic
15 impurities to produce an extract stream and a raffinate stream comprising -

the metal catalyst.

BACKGROUND OF THE INVENTION

. 20 ‘
Terephthalic acid is commercially produced by oxidation of

paraxylene in the presence of a cataiyst, such as, for example, Co, Mn, Br :
and a solvent. Terephthalic acid used in the production of polyester fibers,
films, and resins must be further treated fo remove impuritiés formed és a
25 result of the oxidation of paraxylene.
Terephthalic acid (TPA) is an intermediate in the production of
polyesters for plastics and fiber applications. Commercial processes for the
manufacture of TPA are often based on the heavy-metal catalyzed _

oxidation of p-xylene, generally with a bromide promoter in an acetic acid



oxi dation of p-xylene, generally wth a brom de pronoter in an acetic acid
WO 2006/ 009571 PCT/ US2004/ 038418 2 solvent. Due to the |imted solubility
of TPA in acetic acid under practical oxidation conditions, a slurry of TPA
crystals is usually fornmed in the oxidation reactor. Typically, the TPA

oxi di zer S'\ngzb/%}ﬂﬁ% i thdrawn fromthe reactor and TPA spgyajl@%ﬁ{ogmigzpar at ed

fromthe oxidizer nother |iquor using 5 conventional soli paration
t echni ques. The oxi di zer nother |iquor, which contains nost of the catal yst
and pronoter used in the process, is recycled to the oxidation reactor.
Aside fromthe catal yst and pronoter, the oxidizer nother |iquor stream

al so contains dissolved TPA and many by- products and inpurities. These
by-products and inpurities arise partiall % 10 fromm nor inpurities present
in the p-xylene feed stream Oher inpurities arise due to the inconplete

oxi dation of p-xylen esul ti ! rtial oxidized,.products.,. Still other
by- product s resu\ﬁl?w?’ﬁo @g(ﬁ%@tqﬁ?fbeds#% ity gt"ﬁ?ll\ghgcqt&qgécgug er&rg%tgc&ft of the
oxi dation of p-xylene to terephthalic _acid. Patents disclosi n% t he
production of t &pddglomaerditicns a Sl dd A crystals: is weuallyformed Bahess and

#3, 996, 271 are hereby Incorporated by reference in their entirety to the
extent that theyoxifiationtreastort Typically, bhediffexidigenslury is withtsawposotheds under go
a solid-liquid separation wherein fresh solvent Is utilitized to displace a

maj or portion ofreadter dridiIPA solidgaresepacted frem tiox oxidizer mothdrdiqubr uginy . Af t er
drying, the TPA solids are contam nated with 20 inpurities that were present

e o L NGB g ot THEOHEI it o
' which contains most of the catalyst and promoter used in the process, is
recycled to the oxidation reactor. Aside from the catalyst and promoter, the
oxidizer mother liquor stream.also contains dissolved TPA and many by-
products and impurities. These by-products and impurities arise partially
10 from minor impurities present in the p-xylene feed stream. Other impurities
arise due to the incomplete oxidation of p-xylene resulting in parﬁally
oxidized products. Still other by-products result from competing side
reactions formed as a result of the oxidation of p-xylene to terepﬁtha[ic acid. .
. Patents disclosing the ﬁroduction of te_rephthaiic acid such as U.S pateﬁt
15 #4,158,738 and #3,996,271 are hereby incorporated by referénce in their
entirety to the extent that they do not contradict statements herein.
The TPA solids undergo a solird—liquid separation wherein fresh
solvent is utilitized to displace a major portion of the liquid component of the
oxidizer mother liguor. After drying, the TPA solids are contaminated with
20 impurities that were present in the oxidizer mother liquor since these
impurities.may be incorporated into the TPA solids. Impurities are also

preéent due to occlusions in the TPA crystal structure and due to

incomplete removal of the oxidizer-mother liquor by the fresh solvent wash.



present due to occlusions in the TPA crystal structure and due to
I nconpl ete. renoval of the oxidizer nother liquor by the fresh solvent wash.
WO 2006/ 009571 PCT/ US2004/ 038418 3 Many of the inpurities in the oxidizer

not her 1 q%cﬁk that are recycled are relatively i %Sﬁk%&og/ggsgfst her

oxi dati on |npur|t|es i ncl ude, for exanple, |sopht pht halic
acid and trinellitic acid.” Inpurities, which may undergo further oxidation
are al so present, such as, for exanple, 4 5 carboxybenzal dehyde, p-toluic
acid and p-tolual dehyde. Oxidation inert inpurities tend to accunulate in
the oxidizer nmother |iquor upon recycle. The concentration of these inert
impurities wll increase in the oxidizer 3m)ther | iquor until,an equilibrium
i s reached whereby the rate of rem)val of each i mpurity via the TPA product
bal ances with the rate of roatiQ ﬂ? Q,the r%te of additi ntothe :
oxi dation process. TH¥aRhe P"T'BWétIesd'F &pidlizes raether [layas sirepd Gpt &ieude TPA
makes it unsuitable for direct use in nost polynmer applications.
Conventional | y, re¢vgied arpselativelyhiaer t‘bﬂﬂf‘ﬂ'@H'déh@"lﬁ&ucbym@wﬂ%r@ﬁﬂbﬁe Hor di met hyl
ester or by dissolution in water with subsequent hydrogenation 15 over

st andar d hydr ogexamptenisophthblsasid, tihalicrasiccand Yrimelldicauith iypostiiasa tihich
treatnents have been used to produce polyner-grade TPA It is desirable to

mininze the comegnirdeidcofurthér dxighationtdre alsorprosent@ichers, fargampid-t her eby
facilitate subsequent purification of TPA. In sonme cases, it is not possible

to produce g pigitdx§senzBRICHES, 'pgtb&ﬁt?aér #AnY pLIBRAIGEAEe. r@%ﬂé’t!tfrﬁheﬁemV' ng. 20
impurities fromthe Oxidizer not her. | i quor streamis utilized.
impurities tend to accumulate in the oxidizer mother liquor upon recycle.
The cbncentration of these inert impurities will increase in the oxidizer
mother liquor until an equilibrium is reached whereby the rate of removal of
gach impurity via the TPA product balances with the rate of formation and
10  the rate of addition to the oxidation process. The normal level of impﬁrities
in commercial crude TPA makes it unsuitable for direct use in most polymer
applications. |
Conventionally, crude TPA has been purified either by conversion a
- dimethwi ester or by dissolution in water with subsequent hydrogenation
15 over standard hydrogenation catalysts. More recently, secondary oxidative
treatments have been used to produce polymer-grade TPA. It is desirable
to minimize the concentr_ation of impurities in the mothér liquor and thereby
fac.i!itate subsequent purification of TPA. In some cases, it is not possible fo
produce a purified, polymer-grade TPA unless some means for removing
20  impurities from the oxidizer mother liquor stream is utilized.
One technique for impurity removal from a recycle stream commonly

used in the chemical processing industry is to draw out or "purge” some

portion of the recycle stream. Typically, the purge stream is simply disposed



One technique for inpurity renoval froma recycle streamcomonly wused in
the chem cal processing industry is to draw out or "purge" sone portion of
the recycle stream Typically, the purge streamis sinply di sposed WO

2006/ 00957%&%‘5{ H§g7q04/ 038418 4 of or, if econom call m;‘lﬁ}sk‘{‘“’ﬁg“ subj ect ed
|

to various Y7eatments to remove undesired impurities € recoverln

val uabl e conponents. One exanple is U S. # 4,939,297 herein |ncorporat ed by
reference in their entirety to the extent that they do hot.contradict
statenents herein. The anount of purge . 5 required for control of
inpurities is process-dependent; however, a purge anount equal to 10-40%
of the total oxidizer nother liquor streamis usually sufficient to produce
TPA adequat e as feedstock for commercial polynmer nmanufacture. In the
production of TPA, the percentage purge of the oxidizer nother |iquor
stream purge nec@f<¥al gcenentigaliytjdstiied cabiRcier © varous freptments nasmveat i ons,
coupled with the econom c value of the netal catalyst and sol vent
conponent s i n t hedestiediimpurifmsrwhilesecmaning valkiabks cophponents, Qe ex@mplé he

oxi di zer purge stream econom cally unattractive. Thus, there is a need for

a process that [0Sy &4503%3FMherainlivcarhbratdd bhefarahcainl theimehtilehcitheyst s  and
acetic acid contained in the oxidizer purge streamwhile renoving a 15 ngjor

portion of the ppgaHf Ihhtméyﬂb%ﬁﬂéntia'ﬂlétB%t&iﬁéﬁtbmfe[ﬁuﬂﬁealﬁbﬁw ufdte netal
catal yst can be recovered in an active formsuitable for reuse by d| rect

O g s O3 ey Y bR 1 BrockBL SeheNRAl 129

i nprovenent over typi can pur.ge’ procesSs aﬁt ge are

amount equal to 10-40% of the total oxidizer mother liquor stream is usually
sufficient to produce TPA adequate as feedstock for commercial polymer
manufacture. In the production of TPA, the percentage purge of the oxidizer
-.-mother liquor stream purge necessary to maintain acceptable impurity
10 concentrations, coupled with the economic value of the métat catalyst and
solvent components in the oxidizer purge stream, make simple disposal of
the os(idizer purge stream econom.icatly unattractive. Thus, there is a need
fer a process that recovers essentially all of the valuable metal catalysts
and acetic acid contained in the exidizer purge stream while removing a
15  major portion of the impurities present in fhe oxidizer purge stream. The
metal catalyst can be recovered in an active form suitable fon_' reuse by
direct recycling to the p-xylene oxidatio'n step.
This invention is a.marked improvement over a typical purge
process. Some of the advantages are: ‘
20 1} enhanced operability and reliability due to reduction in plﬁgging
potential; |
2} reduction in overall energy usage;

3) reduction in the amount of water to the solvent extraction step.



20 1) enhanced operability and reliability due to reduction in plugging
potential; 2) reduction in overall energy usage; 3) reduction in the anpunt
of water to the solvent extraction step. WD 2006/ 009571 PCT/ US2004/ 038418 5
The invent es the inpurity renmoval efficacy of s, and

t he operabhﬁp%y Q?Qﬁhe process conpared to the exrstlngpkgﬁg%@gggg& In
addition it should be noted that this invention does not just apply to the
crude TPA process but any process that produces an oxidizer 5 purge stream
where recovery of netal catalyst is needed. SUMVARY OF THE | NVENTI ON 10
This invention relates to renoval of inpurities and the recovery of a netal
catal yst-from an oxi di zer purge-streanlprgduced I n the synthesis of.
carboxylic acids, typically terephthalic acid. Mre particularly, t he
process |nvolves t he_canbi nj ng ﬁf wat r wi th a nother 9  to recover the
metal catal yst and tﬂ@dn‘éﬂﬁi‘)@(ﬁn ﬁ@c%{ ﬁdiUEWJW?H‘S?YEﬂre@(“@S Pg‘ihﬁed to a single
15 stage extraction with an extraction solvent to produce an extract stream
and a raffinat prosessanddbepperabiily ef the peacesacampared tpthe exigiindobj ect of this
i nvention to provide a process to recover a netal catalyst streamfrom an
oxi di zer purge ptacesses. hr addijtior ihehaudd behoted thakthislineerftiohtdees ndOjust i s yet
anot her object of this invention to provide a process for renoval of

inpurities and hpglyteteMmeiude TPADroRiss|but ahppissbssthat producesmaoxidizer

5 purge stream where recbvery of metal catalyst is needed. :
SUMMARY OF THE INVENTION
10 This invention relates to removal of impurities and the recovery of a

7. metal catalystfrom an oxidizer purge.stream produced in the Synthesis of.
carboxylic acids, typically terephthalic a’cid. More particularly, the process
invo!yes the combining of water with a mother liquor to recover the metal
catalyst and then subjecting an aqueous mixture so formed to a single

15 stage extraction with an extraction solvent fo produce an extract stream and
| a raffinate stream comprising a metal catalyst.
[t is an object of this invention to provide a process to recoveré
metal catalyst stream from an oxidizer purge stream through the use of a
pressure filter.
20 It is yet another object of this invention to provide a process far
remO\rar of impurities and the recovery of a metal catalyst stream from an
" oxidizer purge stream produced in the synthesis of carboxylic acid,
incorporating the use df a pressure filter.
In a first embodiment of this invention, a process is provided. The

25  process comprises:



oxi di zer purge stream produced in the synthesis of carboxylic acid,
I ncorporating the use of a pressure filter. In a first enbodi nent of this
i nvention, a process is provided. The 25 process conprises: WO 2006/ 009571

PCT/ 1 | S20044PAfédfds716 (a) filtering a super concentrat eggg}rﬂ%?{ﬁgﬁ;#{sw in a

solid-liquid separation zone to forma filter cake and I'quor; (b)
washing said filter cake with a wash feed in said solid-liquid separation
zone to forma washed cake and a wash filtrate; and optionally 5 dewatering
said wash filter cake in said solid-liquid separation zone to forma

dewat ered cake; wherein said solid-liquid separation zone conprises at

| east one pressure filtration device. In another enbodi mnent of the

i nvention, a process is provided. The process conprises: 10 (a) subjecting

an oxi di zer purge stream rising a carboxyJic acid, a netal catalyst,
inpurities, water and@a s@?@%ﬁta a4 rSQ%%E@F%JOWr% ng'ﬂ/i"f‘ @tS%gQ'EBB'EJat or zone
to produce a vapor streamand a concentrated purge slurry; and (b)
subj ecti ng sai dsefaialionzoneded fyoy géltenoake pnd @ ragthgblidgiaron in a 15 second
evaporator zone to produce a solvent rich streamand a super concentrated
purge slurry wherei nbyai avaskingrsdid filtea pekewith azvash feedpr said solichliguidpor at or
zone operated at a tenperature of about 20C to about 70C
separation zone to form a washed cake and a wash filtrate; and optionally
5 dewatering said wash filter cake in said solid-liquid separation zone to form
a dewatered cake; wherein said solid-liquid separation zone comprises at
least one pressure filtration device.
In another embodiment of the invention, a process is provided. The
. . 'process comprises:
10 (@) subjecting an oxidizer purge stream comprising a carboxylic
acid, a metal catalyst, impurities, water and a solvent fo
evéporation in a first evaporator zone to produce a vapor
stream and a concentrated purge slurry; and
(b)  subjecting said concentrated purge slurry to evaporation in a
15 : “second evaporator zone to produce a solvent rich stream and
a super concentrated purge slurry wherein said second
evaporator zone comprises an evaporator zone operated at a
temperature of about 20°C to about 70°C;
(c) filtering said super concentrated purge slurry in a solid-liquid
20 separation zone to form a filter cake and a mother liquor;
(d)  washing said filter cake with a wash feed in said solid-liquid |

" separation zone to form a washed cake and a wash filtrate;

and optionally dewatering said washed cake in said solid-



(c) filtering said super concentrated purge slurry in a solid-liquid 20
separation zone to forma filter cake and a nother liquor; (d) washing said
filter cake with a wash feed in said solid-liquid separation zone to forma

washed cakewgidogondgygh filtrate; and optionally dewater ppgusabfodaghed cake
in said solid WD 2006/ 009571 PCT/ US2004/ 038418 7 liquid separ at?on zone to

forma dewatered cake; wherein said solid-liquid separation zone conprises
at | east one pressure filtration device. In another enbodi ment of the
invention, a process to recover a netal 5 “catalyst froman oxidizer purge
streamis provided. The process conprises: (a) subjecting said oxidizer
purge stream conprising a carboxylic acid,7said nmetal catalyst, inpurities,
wat er and a solvent to evaporation in a first evaporator zone to produce a

vapor stream and. a concentrated [ I : ( subj ect i,ng: Sai d
concentrated pur 8'8”'§’I‘°1?P?S§mf)'l’l zgn%gjgtglﬁﬂ% %?%%’%gtcégez‘@%’e#‘oéaﬁ%%%@"@@4’ vent

rich streamand a super concentrated purge slurry; (c) filtering a super
concentrated purge sl urrySEREraIANAQNE GARY S%éﬁaﬁl%ﬁﬁ' W)ﬁs%ﬂfﬁéﬁf%m?‘orm a
filter cake and a nother |iquor; 15 (d) washing said filter cake with a wash
feed in said solid-liquidde¥esparati on zone to forma washed cake and a wash

filtrate; and optionally dewatering said washed -cake in said solid-
In another embodiment of the invention, a process to recover a metal

5 catalyst from an oxidizer purge stream is provided. The process comprises:
(@) subjecting said oxidizer purge stream ;:omprieing a carboxylic
acid, said metal catalyst, impurities, water and a solvent to
' _ ' evaporation in a first evaporator zone {o preduce avapor
_stream and a concentrated purge slurry;

10 (b) subjecting said concentrated purge slurry in a second
evaporator zone to form a solvent rich stream and a super
concentrated purge siurry;

(c) filtering a super concentrated purge slurry -in a solid-liquid
separetion zone to form a filter cake'and a mother liguor;

15 (d) ‘washing said filter cake with a wash feed in said solid-liquid
separation zone to form a washed cake and‘ a wash filtrate;
and optionally dewatering said washed cake in said solid-
liquid separationlzone to form a dewatered cake; wherein said
solid-liquid separation zone comprises at least one pressure

20 filtration device;

(e) mfxing in a mixing zone wafer and optionally an extraction
solvent with said mother liquor and all or a portion of the said

wash filtrate fo form an aqueous mixture;



| i quid separation zone to forma dewatered cake; wherein said solid-liquid
separation zone conprises at |east one pressure 20 filtration device; (e)
mxing in a mxing zone water and optionally an extraction solvent with

sai d not henyd bdpeogosgnd all or a portion of the said vva§,?5 gd8560§/‘?}§£ g0 form
an aqueous m xture; WO 2006/ 009571 PCT/ US2004/ 038418 8 11 Zontact ng an
extraction solvent with said agqueous m xture in an extraction zone to form
an extract streamand a raffinate stream and (g) separating said extract
streamin. a separation zone to forma 5 high boiling point organic
inmpurities streamand a recovered extraction solvent stream These objects,
and ot her objects, wll beconme nore appargnt to ot hers with. ordinary skill
in the art after reading this «disclosure. 10 BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi gure illustrates different.,. inents of the jnv i.on wherein
a process to rei%ver a rrg?'it?d%% {acflgggggﬁ@hﬁgFqgﬁql&éﬂﬁlﬁr&qﬂ 101,
and 15 a process for separating organic inpurities froma super
concentrated purge sl urﬁ'ﬂei‘ifgmi%"Mmmﬁﬁﬁﬁ?éweﬁmlﬂﬁﬁ@%n

enbodi nent of the invention of the process occurring in the solid-liquid
separation zone 151 whi ci$tréampandes a filtration

[
(g) separating said exiract stream in a separation zone to form a

5. high boiling point o.rganic impurities stream and a recovered

extraction solvent stream.

These objects, and other objects, will become more apparent to
others with ordinary skill in the art after reading this disclosure.

10

BRIEF DESCRIPTION OF THE DRAWINGS

" Figure 1 illustrates different embodiments of the invention wherein a
‘process to recover a metal catalyst ffom an oxidizer purge $tream 101, and
15 a proééss for separating organic impurities from a super concentrated
-purge slurry 145 is provided. |
Figure 2 illustrates an embodiment of the invention of the process
occurring in the solid-liquid separation zonei151 whiqh comprises a filtration
zone 153, a washing zone 155, and optionally a dewatering zone 157.
20 Figure 3 illustrates an embodiment of the invention where a fo‘tary

pressure drum filter is utilized in the solid-liquid separation zone.

DESCRIPTION OF THE INVENTION:

25



zone 153, a washing zone 155, and optionally a dewatering zone 157. 20
Figure 3 illustrates an enbodi nent of the invention where a rotary pressure
drumfilter is utilized in the solid-liquid separation zone. DESCRI PTION OF
THE | NVENTNgoasuo¥y 2006/ 009571 PCT/ US2004/ 038418 9 I?ang'ﬁgngginent of
this invention, a process to recover a netal catalyst froman oxidizer
purge stream 101 is provided as shown in Figure 1 and Figure 2. The process
conprises the following steps. 5 Step (a) conprises subjecting an oxidi zer,
purge stream 101 to evaporation in a first evaporator zonel2l to produce a
vapor stream 104 and a concentrated purge slurry 105. The oxi di zer purge
stream 101 is withdrawn from a carboxylicgyacid oxidative synthesis process.
The oxi di zer purge stream 101 serves as t%e 10 feed streamto the present
process. The oxi di zer purge stream 101 conprises carboxylic acid, water, a

solvent, the netal c es, The inpurities conprise organic
broni des, corrosion i’@s?& §mbﬁg'"1%ﬂtgﬁg"%wyﬁ‘iﬂnoﬁ r%ﬁ&g{ﬁqoger %H%t Blpur | '?i es

derived as a result of inmpurities in the p-xylene. The organic brom des may
be used as pron®Rialyst fram gn @xigizes puia SR g%tS. RsAvidest aﬁﬁh@\yn &1 Figyra dsi on
metals are iron and chrom um conpounds, which inhibit, reduce or entirely
destroy the act and Figutsf 2.t Tre proceds ctmpr'aayﬂte follewing stepsin t he cat al yst and
pronot.er, the oxidizer nother liquor stream also contains by-products and
inpurities. These byStep ¢awirprises subjecting an oxidizer purge stream 101 to
evaporation in a first evaporator zone-121 to produce a vapor stream 104
_and a concentrated purge slurry 105.
The oxidizer purge stream 101 is withdrawn from a carboxylic acid
oxidative syntheS|s process. The oxidizer purge stream 101 serves as the
10 feed stream to the present process. The 0)(|d|zer purge stream 101
comprises carboxylic acid, water, a solvent, the metal catalyst and |
impurities. The impurities comprise organic brorﬁides. corrosion metals, p-
xylene oxidation by-products, and impurities derived as a result of impurities
in the p-xylene. The organic bromides may be used as promoters in the
15 oxidation reaction. Examples of corrosion metals aré iron and chromium
compounds, which inhibit, reduce or entirely destroy the éctivity of the met'al
catalyst. Aside.from the catalyst and promoter, the oxidizer mother liquor
stream also contains by-products and impurities. These by-products and
impurities arise partially from minor impurities present in the p-xylene feed
20 stream. Other impurities arise due to the incomplete oxidation of p-xylene

resulting in partially oxidized products. Still other by-products resutt from

competing side reactions in the oxidation of p-xylene to terephthalic acid.



inmpurities arise partially frommnor inpurities present in the p-xylene
feed 20 stream Oher inpurities arise due to the inconplete oxidation of
p-xylene resulting in partially oxidized products. Still other by-products

result froryoeadReishng side reactions in the oxidation -xvlene to
terephthalic acid. WD 2006/ 009571 PCTI US2004/ 038418 10?@%%@&31 ci ds

I ncl ude aromati c carboxylic acids produced via controlled oxidation of an
organi ¢ substrate. Such aromatic carboxylic acids include conpounds with at
| east one carboxylic acid group attached to a carbon atomthat is part of
an aromatic ring, preferably having at least 6 5 carbon atons, even nore
preferably having only carbon atons. Suit§gle exanpl es of such aromatic
rings include, but are not limted to, benzene, biphenyl, terphenyl,

napht hal ene, and oth ar bon- b used aromatic. ri.ngs. Examples of

sui tabl e carboxylic g(ézi"ﬁ Xy 'ﬁ@lcl‘i%i'?g%‘iﬁ a@m%ﬁgg'aqo?%‘%%ﬂg?&mu?% Bht hal i c
acid, benzoic acid, p-toluic acid, ispophthalic acid, trjmel]itic acid, 10
napht hal ene di c&P@B@!@pi%'dﬂ!?'ﬂPF@? BWM‘?&@ﬁggh?th@ CHDIVERBCIHE xt ur es
thereof. Suitable solvents include, but are not limted to, aliphatic nono-
carboxyl i ¢ aci dénclysiespmpanngs wish eblasshenecarboxyiis acisgroup efachasktorenzoi ¢ aci d
and ni xtures thereof and mixtures of these conpounds with water. 15
Preferably the setboarmtomn thakdsepart oban dramatiedingi plefetablyhaving at least Bo of about
5:1 to about 25:1,. preferably between about 8:1 and about 20:1. Throughout
t he specificati earboactdms, even thowe lprefembhyetianeshly cadontdiems oSvitble However,

it should be appreciated that other- suitable solvents, such as those
di scl osed examples of such aromatic rings include, but are not limited to, benzene,
biphenyl, terphenyl, naphthaléne, and other carbon-based fused aromatic -
rings. Examples of suitable carboxylic acids include, but are not limited to,
. terephthalic acid, benzoic acid, p-toluic ‘acid, isophthalic acid, trimellitic acid,

10  naphthalene dicarboxylic acid, 2,5-diphenyl-terephthalic acid and mixtures

thereof. | |

| Suitable solvents include, but are not limited fo, aliphatic mono-
carboxylic acids, preferably containing 2 to 6 carbon atoms, or benzoic acid
and mixtures thereof and mixtures of these compounds with water.

15  Preferably the solvent is acetic acid nﬁxed with water, in a ratio of about 5:1
to about 25:1, preferably between about 8:1 and about 20:1. Throughout
the specification, acetic acid will be referred to as the solvent. However, it

. should be appreciated that other suitable solvents, such as those disclosed
previously, may also be utilized.

20 In the first step of the present process, the oxidizer purge stream 101
is concentrated by conventional means in a first evaporator zone 121

comprising an evaporator to produce a.vapor stream 104 and a

concentrated purge slurry 105, The evaporator is operated at atmospheric



previously, may also be utilized. 20 In the first step of the present
process, the oxidizer purge stream 101 is concentrated by conventi onal
nmeans in a first evaporator zone 121 conprising an evaporator to produce a

vapor stregp dfddop@sd a concentrated purge slurry 105. or is
operated at atnospheric WO 2006/ 009571 PCT/ US2004/ 03841§E$/}§¥@?/8558?1[89htly

super at nospheric conditions, generally fromabout | atnosphere to about 10
at nospheres. The vapor stream 104 conprises a nmjority of the water and
solvent, and the concentrated purge slurry 105 conprises the renai nder of
the water and sol vent not renoved fromthe 5 oxidizer purge stream 101. The
evaporation renoves about 50 wt%to abouﬁ 80 wt % of the solvent and water,
typically acetic acid and water, which a b present in the oxidizer purge

stream 101. Step (h), K subjecting said concentrated purge slurry 105 to
evaporation in aO%QSB%HS% PB?”%GRT@}%’ 996'9;5"1"5% aQOEto{ vent rich. 10
stream 144 and said super concentrated purge slurry 145. The second

evapor at or zone aiEEpheradioiabeyt 4§ atrespherase The ¥pReriwam bk rampHdseRa vacuum
conditions. The evaporation can be conducted at a tenperature from about
20C to about 70@ajaritpoihibe wadergmd solfenbranaltbacon@dated pirgatsiBGC 05The

conbi nati on of evaporators 121 and 150 are 15 operated so as to concentrate
t he oxidi zer puecgepdsastharamaindar efithe wateriand selveatinotiBiholed &oapthdi t i on

wherein about 75 wt % to about 99 wt% of the solvent and water, typically
acetic acid andopaizef purgé streamvier. Theadvapbration removes about 50 wi% to  °
| about 80 wt% of the solvent and water, typically acetic acid and water, :
| which are present in the oxidizer purgé stream 101.
Step (b) subjecting said concentrated purge sturry 105 to
-evaporation in a second evaporator zone 150 to produce a solvent rich.
10  stream 144 and said super concentrated purge sluﬁ’y 145.

The second evap‘orator zone 150 comprises at least one evaporator
operated at vacﬁum conditions. The evaporation can be conducted at a |
temperature from ébout 20°C to about 70°C; another range is from about
30°C to about 50°C. The comt;ination of evaporators 121 and 150 are

15 operated so as to concentrate the oxidizer purge stream as represented by
stream 101 to a condition whertein about 75 wt% to about 99 wtl% of the
solvent and water, typically acetic acid and water, is removed. Another
range for operation of the combination of evaporators 121 and 150 to
concentrate the oxidizer purge sti'eam as represented by stream 101 to a

io condition wherein about 85 wt% o about 92 wt% of the solvent and water,
| typically acetic acid and water, is removed. Further, ranges stated in this

disclosure and the claims that follow should be understood to disclose the

entire range specifically and not just the end point(s). For example,



range for operation of the conbination of evaporators 121 and 150 to
concentrate the oxidizer purge streamas represented by stream 101 to a 20
conditi on wherein about 85 wt%to about 99 wt % of the solvent and water,
typically acetic acid and water, is renoved. Further, ranges stated in this

di scl osur e vamshokh@sgl ai ns that foll ow shoul d be underst 99&/659009)0?89*3056 t he
entire range specifically and not just the end point(s). For exanple, WO

2006/ 009571 PCT/ US2004/ 038418 12 disclosure of the range 0 to 10 shoul d be
taken to specifically disclose 2, 2.5, 3.17 and all other nunber subsuned
and not just O and 10. In an enbodi ment of the present invention, the
condition of the super concentrated purge slurry 145 can be as a
solid-liquid mxture with only 5 enough s?ivent to provide punpability. Step
(c) conprises filtering a super concentrated purge slurry 145 in a
solid-liquid separation ne 151 to . forma . filter, cake.154 and a pother

li quor 147; and %FQBS‘{FH)D% rﬁpﬂﬁogf%ﬂh SF’P'I"'?QBtég%tol%ﬂ?c%c?wtisaﬁ§%g? eed 149
in said. 10 solid-ljquid separation zone 151 to forma washed cake 146 and
a wash filtrat e3¢ afsplopiheonunhss sybsimed ang nebjuat haandl. cake 146 in said
solid- liquid separation zone 151 to form a dewatered cake 159; wherein said
sol i d-1iquid separ at ingin ersbediment efdhe presest isventisns thesrpndpios o theesypeart r at i on
device; 15 The super concentrated purge slurry 145 is introduced in the
solid- liquid seprsentrated muge slufy 146 cpn ibeiasq solidHiquidamixburezitheorip3 and a
washi ng

[y

5  enough solventto provide pumpability.
Step (c) 'comprises filtering a super éoncentrated purge slurr)'; 145 in
a solid-liquid separation zone 151 to form a filter cake 154 and a mother
liguor 147; and
- - ... . - Step (d) washing said filter cake 154 with a wash feed 149 in said .

10  solid-liquid separation zone 151 fo form a washed cake 146 and a wash
filirate 148; and optionally dewatering said washed cake 146 in said solid-
liquid separation zone 151 fo form a dewatered cake 159; wherein said
solid-liquid separatidn zone 151 comprises at least one pressure filtration
device,;

15 The super concentrated purge slurry 145 is introduced in the solid-
liqu‘id separation zone 151 comprising a filtration zone 153 and a washing.
zone ;155 and optionally a drying zone 157 as shown in figure 2. The
filtration zone 153 comprises a filter cell, or a series of filter cells, physically
situated to permit a filter cake 154 foldeve[op a distribution across the area

20  of the filter cell.to hinder or prevent the channesling of wash feed 149
through the filter cake 154.

" Suitably, a filter cake 154 of at least 0.25 inch in depth to about 8

inches in depth, preferably ai least 0.5 inch in depth, preferably at least 1



zone 155 and optionally a drying zone 157 as shown in figure 2. The
filtration zone 153 conprises a filter cell, or a series of filter cells,
physically situated to permit a filter cake 154 to develop a distribution
across the area 20 of the filter cell to hinder or prevent the channeling of
wash feed m&zodﬁm@ugh the filter cake 154. Suitably, aﬂdﬂﬁ 504%245?8 154 of
at least 0.25 inch in depth to about 8 1inches in depth, era at | east
0.5 inch in depth, preferably at least | WO 2006/009571 PCT/U82004/038418
13 inch in depth, and even nore preferably about 2 to about 4 inches in

depth is distributed over the area of the filter cell. The washed cake,
146, can be recovered or further treated, recycled and/or sent to waste
treatment facilities. . 5 Upon obtaining suitable or preferred hei ght of

filter cake 154, about 05inchto4inc es, the filter cake 154 | eaves the
filtration zone 153

I ses rles iLlters
enters a washi ng Q% Hbdefg@ '{‘ﬂfé* qrialje Aetw‘@% @bogt H@Sﬁ{%ﬁ%ﬁt h a
wash feed 149. Th ) suff|C|ent ross,the fi r e 154 to
all ow a reser voFSr‘%\ %tF‘b‘lthF ey Epthgrares of @'@Eﬁﬁi@ lf 358 “@Ebe‘?a{?%lfe'f'ﬁg 3N ker cake
154 to a suitable depth preferably to a mnimmdepth of 0.25 inch. A
pressure gradi efRcoyeregor fthar tl@agzcégecyc!egra@fi@r éQP’SItOfWQﬁW kpaimem psi to about
65 psi, across the filter cake 154 and the reservoir of wash feed 149 can
be appl i ed to dfxjlitiese any solute in the filter cake 154 with wash feed
149. 15 A filter cake 154 depth of at least 0.5 inch is suitable to obtain a
filter 5 Upon obtaining a suitable or preferred height of filter cake 154, about
0.5 inch to 4 inches, the filter cake 154 leaves the filtration zone 153 which
comprises a filter or series of filters and enters a washing zone 155 where
the filter cake 154 is contacted with a wash feed 149. There is sufficient
pressure across the filter cake 154 to allow a reservoir or buildup of the-
10  wash feed 149 over thé filter cake 154 to a suitable depth, preferably fo a
minimum depth of 0.25 inch. A pressure gradient of at least 0.5 psi,
preferably from about 5 psi to about 65'psi, across the filter cake 154 and
the reservoir of waéh feed 149 can be applied to displace any solute in the
filter cake 154 with wash feed 149.
15 | A filter cake 154 depth of at least 0.5 inch is suitable to obtain a filter
cake 154 of sufﬁciént compactness to furnish a wash vehicle, i.e. the filter
cake 154, from which a wash filfrate 148 containing a soluie from the filter
cake 154 can be removed efficiently by displacement washing. If the filter
cake depth 154 is less than about 0.25 inch, channeling of wash feed 149 in
20 thefilter cake 154 can occur resulting in non-uniform washing of the filter
cake 154.

Because of the loss of efficiency in displacement washing of the filter

cake 154, a minimum filter cake 154 depth of at least 0.25 inch, of purified



cake 154 of sufficient conpactness to furnish a wash vehicle, i.e. the
filter cake 154, fromwhich a wash filtrate 148 containing a solute from
the filter cake 154 can be renoved efficiently by displacenent washing. |f

the filter weagomsat h 154 is | ess than about 0.25 inch | of wash
feed 149 in 20 the filter cake 154 can occur resulting Fﬁ?ﬁ%éﬂ_ﬂﬁ/hils?%rm

washing of the filter cake 154. Because of the loss of efficiency in" =~ =
di spl acenent washing of the filter cake 154, a minimumfilter cake 154
depth of at least 0.25 inch, of purified WD 2006/ 009571 PCT/ US2004/ 038418
14 terephthalic acid is preferred. A mninmumliquid height above the filter
cake 154 surface is required to ensure t@gt di spl acenent washi ng occurs.
This height nmust be sufficient to ensurethat the filter cake 154 surface

is conpletely coyer ith.wash 5 feed 149. If the filter cake 154 surface
i s not covered \A}leﬂ'?f’ei'&;éé\"ﬁ EFEE@ P! §',Teg'bypassi ng of the wash feed 149 can occur
w t hout adequate di SR| acenent, '8f t he sol utge in the 1f I lter cake 154. Because
of irregularities inAtmaimum figyid hgight aheye thq fiftar-eakel 5 sUriageds reguired hei ght
of about 0.25 inch is preferred above the filter cake 154 surface. 10 It
has been found thapsute st displasamedt wasfing ecaure. This heighmust hespuficiet 154
using the wash feed 149 at high pressure permts an efficient separation of
cat al yst net al s id ensure it thd filler calek $54 Surfacaris compldien ebvared withiwagh pressure
is the reduction of wash feed 149 required to recover cobalt as showni in
the exanpl es5 feed 149. If the filter cake 154 surface is not covered with wash feed 149,
bypassing of the wash feed 149 can occur without adequate displacement
of the solute in the filter cake 154. Because of irregularities in the filter cake
154 surface, a minimum liquid height of about 6.25 inch is preferred above
= the filter cake 154 surface. -
10 It has been found that displacement of the solute from the filter cake
' 154 using the wash feed 149 at high pressure permits an efficient
separation of catalyst metals from the fiiter cake 154. Another benefit of
high pressure is the reduction of wash feed 149 required to recover cobalt
as shown in the examples.
15 Utilization of added stages in the solid-liquid separation zone 151
can decrease the ambunt of wash feed 149 required to reduce the total
amount of metal catalyst retained in the filter cake 154. [t is convenient |
therefore that a suitable number of stages of positive displacement washing
bé used to minimize total wash feed 149 used in displacement washing to
20 reduce need for downsfream waste treatment facilities.
It is understood that a multiple stages of the displacement washing

procedure can replace a single stage displacement washing procedure

wherein the quantity of wash feed 149 is suificient to obtain at least 80%



15 Utilization of added stages in the solid-liquid separation zone 151 can
decrease the anount of wash feed 149 required to reduce the total anount of
netal catalyst retained in the filter cake 154. It is convenient therefore

that a sui typdb@ciby¥ber of stages of positive displacenme i e used
: TRy

to mnimze total wash feed 149 used in displacenent was 0 reduce
need for downstream waste treatnent facilities. It is understood that a
mul ti pl e stages of the displacenent washing procedure can replace a single
stage di spl acenent washi ng procedure wherein the quantity of wash feed 149
Is sufficient to obtain at |east 80% WO 2006/ 009571 PCT/ US2004/ 038418 15
recovery of the netal catalyst fromthe super concentrated slurry 145 to

the nother liquor 147 and the wash filtra 148. Additionally, a procedure
utilizing multiple stages of counter-current washi ng can ?e usEfuI i f

reduction of thdeapiyel the melahcatalyst fom thessuper sppgentratads!wey 34aéR ant ageous.
In the process of the instant invention, a super concentrated purge slurry
145 is i ntroducte mether iguer 447 apd éhepwash Biatectdds fAdditianally.ceproseguigsi cal | y
situated to permt a filter cake 154 of requisite thickness to devel op. Upon
obt ai ni ng a m nuiffizingreiljple stdégesidf ceunteakwrdiyashingutantbe2isetfa if 10 about 4

i nches, the filter cake 154 | eaves the filter or series of filters and
enters a washi ngeduetish d5he whuat dfheash febé 40 ikdetédined tovdshed wi th a wash

feed 149. Fir essure can then be applied to the wash feed 149 to di spl ace
5 advantageous. )
In the process of the inétant invention, a super concentrated purge
| slurry 145 is introduced info one or more of a series of filter cells physically
situated to permit a filter cake _154 of requisite thickness to develop.
-Upon obtaining a minimum height of filter cake 154, about 0.25 o
10 about4 incr;es, the filter cake 154 leaves the filter or series of filters and
enters a washing zone 155 where the filter cake 154 is washed with a wash
feed 149. Pressure can then bé applied to the wash feed 148 to displace
the solute (i.e. the liquid and any dissolved compounds such as metal
catalyst in the filter cake) of the filter cake 154. Upon displacement of the
15 sélute with the wash feed, the filter cake 154 can be discharged from the
filtration zone 155 by any suitable means and the cycle repeated. In an
embodiment of the invention the ratio of wash feed 1489 to filter cake 154
discharge is within the range of from about 1:20 to about 20:1 fo reduce the
level of metal catalyst in the filter cake by greater than 95%.
20 Equipment for performing the requisite washing cycle can comprise a
series of filter cells maintained in a suitable position to permit a wash feed

149 flood to develop over the filter cells. In one embodiment of the

invention, suitable equipment can comprise a rotary drum pressure filter



the solute (i.e. the liquid and any di ssol ved conpounds such as netal -
catalyst in the filter cake) of the filter cake 154. Upon di spl acenent of
the 15 solute with the wash feed, the filter cake 154 can be discharged from

the filtraidenesaean 155 by any suitable neans and the ed. In an
enmbodi nrent of the invention the ratio of wash feed 149 %ﬂ@?@@%@he 154

di scharge is within the range of from about 1:20 to about 20:1 to reduce the
| evel of netal catalyst in the filter cake by greater than 95% 20 Equi prent
for performng the requisite washing cycle can conprise a series of filter
cells maintained in a suitable position to permt a wash feed 149 flood to
devel op over the filter cells. In one enbpdi nent of the invention, suitable
equi pnent can conprise a rotary drum pressure filter WD 2006/ 009571

PCT/ US2004/ 038418 16 with rrultiﬁ%te filter ceslcg s, fitted Wis:hh a neans for

di schar gi ng was hith @4itiple fites celiso fiitechwith aragansdgr fischargidgrwashed G8kRe 154 can
be washed for as many tines as required to devel op’'a m ni num concentrati on
of netal cat al y$46 fram theéltercsiiedl heditier ¢ale 194 earebeneshed Ir@g.mame washed
cake 146 fromthe 5 rotary drumfilter. A suitable pressure filter which can
be adapted to ttimes aguequinediit deveibp's heinimusn aonceniration efimptad catadyst i a

BHS- FESTTM rotary drum pressure filter, BHS-WERK, Sonthofen, D 8972,

Sont hof.en, Vst thoavaahey caké 146 veforetisetiargingths vaished takes146from than
acconplish the required operation can be 10 used. Exanples of other devices

that can used iptad)rgRkitdr.! i quid separation zone include 151, but are not
limted to; pressufe belt filters, filter presses,

A suitable pressure filter which can be adapted to the requirements

of the instant invented process is a BHS-FEST™

rotary drum pressure filter,
BHS-WERK, Sonthofen, D-8972, Sonthofen, West Germany, although
.. other pressure filters which can accomplish the required operation can be
10  used. Examples lof other devices that can used in the solid-liquid separation
zone include 151, but are not Iimitled to; pressure belt filters, filter presses,
centrifuges, pressure leaf filters, and cross-flow filters. The pressure filter
.can be operéted at temperature and pressure sufficient to obtain at least
80% recovery of the metal catalyst from the solute of the mother liquor 147.
15 Preferably the pressure filter can be operated at a temperature of about
25°Cto about' 160 °C, and a pressure of 1 atmospheres to 50 atmospheres.
In the operation of the BHS-FEST™ filter, a rotary drum contains a
series of filter cells ioc:ated on the periphery of the rotating drum. As the
drum rotates, the filter cells receive a super concentrated purge slurry 145
20 and a filter cake 154 builds to a requisite depth. The mother liquor 147 is
produced by filtration of the super concentrated purge slurry 145. Upon

rotation of the drum, the filter cake 154 enters a washing zone 155 where

reservoir of wash feed 149 is built up over the filter cake 154 to a required



centrifuges, pressure leaf filters, and cross-flow filters. The pressure
filter .can be operated at tenperature and pressure sufficient to obtain at
| east 80% recovery of the netal catalyst fromthe solute of the nother

| i quor 147wolaebiRERr ably the pressure filter can be op%@@sgofgb% s

tenperature of about 25C to about 160 DC, and a pressuré€ asnDspheres
to 50 atnospheres. |In the operation of the BHS-FESTTMfilter, a rotary drum
contains a series of.filter cells |ocated on the periphery of the rotating
drum As the drumrotates, the filter cells receive a super concentrated
purge slurry 145 20 and a filter cake 154 builds to a requisite depth. The
not her liquor 147 is produced by filtrati 0 of the super concentrated purge
slurry 145. Upon rotation of the drum the filter cake 154 enters a washing

zone 155 where reseryoir of wash fe 149 s built up over the filter cake

154 to a requiref® ﬁmﬁ‘@é%@&%@%@&ﬁ%ﬁﬁewﬁfwﬁﬁ#.‘9‘Fﬂf?fapm i ed

pressure to the wash feed reservoir forces the water - through the filter
i dlssalva

cake 154 to di sprakgh hediltspralies! fddordisrincasthe patyt ssQlvef W&t retained in

t he super concentrated purge slurry 145 to produce a washed cake 146. Upon
further rotatiosaalyst)ietatnedrip thm@mmsnnwtﬂagctmgwlmrwetamﬁwe a east
three nore tinmes if necessary in a counter current fashion, after .which the
syst em pr essur e washedtaiesbt. Wpoh fathermdaltion oEtparanyuthe waklceyebseart be an

anbi ent conditions. Optionally, the washed cake 146 can be dewatered in a

dewat eri ng zgne rdgehtan dthedst Wape Motk ainESthidesddry in @ cophied uagerdt faseh er ed
cake 159 and a humi d vapor 160. The resultant. 10 dewatered cake 159 can
then be di schar gfér hieMH /st Prdisumit released with attendant temperature
decrease to an ambient conditions. Optionally, the washed cake 146 can be
dewatered in a dewatering zone 157 with a vapor via conduit 152 to
produce a dewatered cake 159 and a humid vapor 160. The resultant.
10 | .dewatered cake 159 can then be discharged from the drum by any
conventional means.
Figure 3 illustrates an embodiment of the invention where a rotéry
-- pressure drum filter is utilized as the process filtration device. In an
embodiment of thc—; invention, the rotary drum pressure filter comprises a
15 Iﬁltration zone 153, a wash zone 155, optionally, a dewatering zone 157, a
discharge zone 164 and a cloth wash zone 162. The cloth wash zone
shown in figure 3 is an embodiment of the invention where the rotary
pressure drum filter comprises a cloth wash zone 162 where the filters are
washed after discharge of the dewatered cake 159.
20 The wash filtrate 148 is produced by displacement washing the filter
cake with the wash feed 149. The filter cake 154 within the solid-liquid -

separation zone 151 undergoes extraction ‘of metal catalyst by introduction

of the wash feed 149 to form the wash filtrate 148 whereininan |



conventional neans. Figure 3 illustrates an enbodi nent of the invention
where a rotary pressure drumfilter is utilized as the process filtration
device. In an enbodi nent of the invention, the rotary drum pressure filter

conprises avdobbbdsfiati on zone 153, a wash zone 155, opty
dewat ering zone 157, a discharge zone 164 and a cloth m@ﬂ%@%’g”ﬁ‘& The

cloth wash zone shomn in figure 3 is an enbodi ment of the invention where
the rotary pressure drumfilter conprises a cloth wash zone 162 where the
filters are washed after discharge of the dewatered cake 159. 20 The wash
filtrate 148 is produced by displacement washing the filter cake with the
wash feed 149. The filter cake 154 within ghe solid-liquid separation zone
151 under goes extraction of netal catalyst by introduction of the wash feed

49 to formthe h. fi :
S US2004] 03841\§ﬁ‘%%"5%‘t8f3\t“ ”é%&”?ﬁ%ﬂ?ﬁ&d‘ﬁ{%?gﬁ {‘%‘P‘éégg’géé% of the netal
catalyst is recovered | t he h filtrate and, the ther |i r 147 I n an
o pent * of - ISEVERAI OGS At and @M%tﬁewwor@ﬁ Incam emérgimy
recovered in the wash filtrate 148 and t he nother quor 147. The not her

li quor 147 and toﬁ&a/tawtlsnfat|l@asa198‘%mféh@mﬁt@pﬁaiyﬁ|ls ss@@vw@ﬁw Fedwawt or e

exiting the solid-liquid separation zone 151. The wash feed 149 conpri ses
wat er and opt i orﬁilatrate/wﬂ]amumetmohhar liqusxi1dZt Toa reatherdiguor P47 Bap therwesh
surprisingly, is'that by utilizing water as a wash feed

5 fitrate 148 can optionally be combined before exiting the solid-liquid

separation zone 151.

| The wash feed 149 comprises water and optionally an additional

oxidatioﬁ solvent.

Perhaps most surpnsmgly. is that by utilizing water as a wash feed-

10 149 at temperatures in the range of about 20°C to about 70°C, preferably

about 30°C to about 50° G, sufficient corrosion metal is retained in the

dewatered cake 159 wherein the need for corrosion metal removai by other

means is eliminated. The dewatered cake 159 which represents solids |

stripped of metal catalyst can be disposed from the system.

15 Step te) comprises mixing in a mixing zone 122 water 106 and
optionally an extraction solvent 108 with a mother liquor 147 and a wash
filtrate 148 to form an aqueous mixture 107. In one embodiment of the
invention, the mixing zone 122 comprises a conventional mixer. f
necessary, the water 106 can be added to the mixing zone 122 in sufficient

20 quantity to dissolve the metal catalyst in the agqueous mixture stream 107. |

Generally, about 0.1-1.0 parts water per part of the mother liquor 147
and wash filtrate 148 combined are sufficient to dissolve the catalyst,

preferably about 0.5 to 1 parts by weight. It is desirable to keep the



10 149 at tenperatures in the range of about 20C to about 70C, preferably
about 30C to about 50 C, sufficient corrosion netal is retained in the
dewat ered cake 159 wherein the need for corrosion netal renoval by other
means is elimnated. The dewatered cake 159 which represents solids

stripped ofwambgboosat al yst can be di sposed fromthe systemusdnyelser (€)
conprises mxing in a mxing zone 122 water 106 and optionally an

extraction solvent 108 with a nother liquor 147 and a wash filtrate 148 to
form an aqueous m xture 107. In one enbodi nent of the invention, the m xing
zone 122 conprises a conventional mxer. If necessary, the water 106 can be
added to the m xing zone 122 in sufficient 20 quantity to dissolve the netal
catalyst in the aqueous mxture stream 107g ‘Generally, about 0.1-1.0 parts
wat er per part of the nother liquor 147 and wash filtrate 148 conbi ned are

sufficient to di | ve the ¢ | VSt .. : | 0. 0 ts by
wei gt 1t 15 desteiRapiredpelibeng g BhsA CBlotidobt A" 15
aqueous m xture 107 cifrcul a W t next nal |rcu atiaon |oop. A small
anount of extr a@m%lﬁfe’f)@g [|oqg@ fﬁgﬂgr%ﬁ“ﬁfﬁ é’b%{ﬂ“fit‘? abaiy 1& o gﬁ% by wei ght,
preferably | ess than 5% by wei may be added to the m xing zone 122 to
enhance siurry Heght H?fgf%@b’)f@?ﬁéhﬂﬂﬁ adyavaightanay be giderta hetmikingizgaes of
vessels. This is represented by the dashed arrow fromstream 108 in Figure
1. It is desiralR@ to pobanvestsiurachansting by redusing adherence cigolidate thegidere 107,
prior to extraction, to a heat treatnent at about 60C to about 95C, anot her
range i s abogt $0 ot  TIHOR represerdited by @hédashealartaw foincaiream 108 in

Figure 1. Itis desirable, but not necessary, to subject the aqueous mixture

107+ prior to extraction, to a heat treatment at about 60°C to about 85°C,

another range is about 80°C about 90°C for about 0.5 to about 4 hours,

preferably about 1 to about 2 hours. By this treatment, organic bromides are

10  reacted to yield inorganic bromides which are preferentially retained in the
raffinate stream 110. The quantity of bromine-containing compounds
- purged from the systemn along with the unwanted impurities is thereby
minimized. The heat treatment conserves bromides and simplifies disposal
of the organic impurities.
15 Step (f) comprises contacting an extraction solvent 108 wfth the
aqueous mixture 107 in an extraction zone 123 to form an extract stream
109 and fhe raffinate stream 110.
The aqueous mixture 107 is fed to an exiraction zone 123 wherein
the aqueous mixture 107 and the extraction solvent 108 are contacted in
20  the extraction zone 123. The aqueous mixture 107 and the extraction
solvent 108 are mixed to form an exfract stream 109 comprising solvent,

water, organic impurities, and extraction solvent which forms a lighter

phase, and the raffinate stream 110 comprising a metal catalyst, corrosion



preferably about 1 to about 2 hours. By this treatnent, organic brom des are
10 reacted to yield inorganic brom des which are preferentially retained in
the raffinate stream 110. The quantity of brom ne-contai ning conpounds

purged frogd N@edwsiem along with the unwanted inpuriti ' h y
m nimzed. The heat treatnent conserves brom des and si %ﬂ@%@éﬁggﬁgposal of

the organic inpurities. 15 Step (f) conprises contacting an extraction
solvent 108 with the aqueous m xture 107.in an extraction zone 123 to form
an extract stream 109 and the raffinate stream 110. The aqueous mi xture 107
Is fed to an extraction zone 123 wherein the aqueous m xture 107 and the
extraction solvent 108 are contacted in ? the extraction zone 123. The
aqueous m xture 107 and the extraction sof'vent 108 are m xed to form an

extract stream 109, conpr,i si,n ol vent, . wat . organi c inmpurities, and
extraction sol veWFt&\iﬁ‘l{g&D'H "Y%?'g § exrgslpa ﬁi;s'g,w'@a@‘”frh%gg%f’\’?‘ﬁﬁ?g stream
110 conprising a netal catal yst, corraogsion VP 2006/ 009571 PCT/ US2004/ 038418
20 netals, and ®Eeap angibe eaftinale sireqam ddMhis wahdrawg; framg habetiom gh over head

streamand the raffinate stream 110 is w thdrawn fromthe bottom of
extractor in exexaedn extsagionzane1d3s in this inventiane pne embodimendioithe  of t he
extraction zone 123 is a single stage extractor. 5 The extraction solvent
108 used in theegixdctinntzone 48818 a single Sagesextractar | y wat er-iFnm scible to
m ni m ze the anount of organic solvent dissolved in the aqueous fraction.
Addi tional lys the exThéektravtions ebvetitt108QBeddn the extractor should be
substantially water—inm‘iscible to minimize the amount of organ';c solvent
‘dissolved in the aqueous fraction. Additiorial[y, the extraction solvent 108 is
ﬁrefer'ably an azeotropic agent which serves to assist solvent recovery from
" the organic extract. Solvents which have proven‘to be particularty useful are
10 C1 to C6 alkyl acetates, particularly n-propyl acetate, isopropyl acetate,
isobutyl acetate, sec—bl.ityl acetate, ethyl acetate and n-butyl acetate,
although other substantially water-inmiscible organic solvents having an
appropriate density and a sufficientty low boiling point may also be used,
such as p-xylene. N-propyl acetate and isopropyl acetate are particularly
15  preferred due to their relatively low water miscibility and éxcellent |
azeofropic behavior.
The extraction can be effected using solvent ratios from about 1-4
parts by weight extraction solvent per part aqueous mixture. Although the
extraction can be operated at ambie’nt-temperature and pressure, heating
20 the solvent and extractor to about 30"0 to about 70°C, another range of

about 40°C to about 60°C can be used. Although the extract stream 109

comprises small amounts of the metal catalyst and corrosion metals,



preferably an azeotropic agent which serves to assist solvent recovery from
the organic extract. Sol vents which have proven to be particularly useful
are 10 C1 to C6 al kyl acetates, particularly n-propyl acet ate, isopropyl

acetate, ipapRiylosAcetate, sec-butyl acetate, ethyl $§?@‘§ﬁ0%g93§3 but yl

acetate, although other substantially water-inmscible ¥vent s
havi ng an appropriate density and a sufficiently low boiling point may also
be used, such as p-xylene. N-propyl acetate and isopropyl acetate are
particularly 15 preferred due to their relatively low water mscibility and
excell ent azeotropic behavior. The extraction can be effected using sol vent
rati os fromabout 1-4 parts by weight ex% action solvent per part aqueous

m xture. Although the extraction can be Lerated at anbi ent tenperature and

pressure, heatin the sal vent and exiractor to t 30C.to about 70C,
anot her range ofg ﬁﬁfdﬁ“y aj ﬂ?ebmﬁ E@ta@@t‘argg 9533185@00%'1@ [8eRIBAYt he extract
stream 109 conprises snmall amounts of the netal catal yst and corrosion
metal s, WO 2006£@0epMMptaty arsxanigiogbinthe hoavigsphase efijatastrea ¥ife et al
catalyst and the majority of the remaining corrosion rret al s are contai ned
in the heavier phaseStep4g¥dameprisessepanating the exSaehst(egm 60 & separabipar at i ng
the extract stream 109 in a separation zone 124 to forma high boiling point
organi ¢ i npuri t zeree $24 edomi dhighnbloiting pointesrgaeic deipenitiasastteaont Bhanegat st ream
117. The extract stream 109 conprises organi c sol vent and organic
i mpurities. Fherblsradexbhétomaohet sdsarhynyher conpri ses acetic acid and
The extract stream 109 comprises organic solvent and organic
impurities. The extract stream 109 can further comprises acetic acid and S
water, often in minor amounts. The extract stream 109 may be distilled in a
.. separation zone 124 comprising conventional distillation equipment..
10  Convention distillation equipment includes, for example, a distillation
column.
Most of the organic impurities are extracted by the organic solvent in
the extraction zone, 123. This occurs because the organic impurities show
a high degree of solubility for the organic solvent and to a lesser extent for
15 acetic acid. By distilling the lighter phase from the extractor, the organic
solvent is evaporated allowing the organic impurities to concentrate in the
column underflow.
The recovered extraction solvent stream 117 may be recycled to the
extractor in the extraction zone 123. The high-boiling organic impurities

20  stream 115 are removed as sludge from the basé of the distillation column

for disposal.

Examples:



water, often in mnor anmounts. The extract stream 109 may be distilled in a
separation zone 124 conprising conventional distillation equipnent.. 10
Convention distillation equipnent includes, for exanple, a distillation

col um. Moo Bbeddag0rganic inpurities are extracted byPEP]%S@)EiQ Juclé sol vent
in the extraction zone, 123. This occurs because the organi |%u ities

show a high degree of solubility for the organic solvent and to a | esser
extent for 15 acetic acid. By distilling the |ighter phase fromthe
extractor, the organic solvent is evaporated allow ng the organic

i mpurities to concentrate in the colum underfiow. The recovered extraction
sol vent stream 117 nmay be recycled to the,, extractor in the extraction zone
123. The high-boiling organic inpurities %% stream 115 are renoved as sl udge

fromthe base of the _distillation cql . for disposal . Exanpl es:
2006/ 009571 PCT/ US20i/¥entien b bepherjlistiatas o s telowing & plfeﬁ?égst rat ed
by the foll ow ng exanples of other enbodinents thereof, although it wll be

under st ood t hat OfBes@bodimenis beregf.althauah, hudl bepadsrsiogd thalthesges of

illustration and are not intended to limt the scope of the invention
unl ess ot her wi sexaipples Aredntiugedmenaly uthenoseEvhitipsisationangd aBjneét i ve of these
exanples is to illustrate the recovery of cobalt

‘ intended to limit the scope of the invention unless otherwise specifically

5 indicated. ' .

Example 1

The objective of these examples is to illustrate the recovery Qf cobalt
catalyst from a super concentrated purge slurry 145 with minimum of wash
10 feed 149. The following éxample illustrates the capability of vacuum
ﬁltréﬁon using a lab scale Buchner type filter, Data generated below is

applicable fo batch or continuous vacuum filters.

The lab Scale filtration apparatus consists of a Buchner filter with 100 -
15 cm? of filter area placed on top of a 4 fiter vacuum flask. The vacuum
system provides 0.6 Ear of vacuum at a flux rate of approximately 150 m*h
per m? filtration area. The vacuum systém is turned on and 600 grams of
40°C §Iurw c\qntaining 20% solids of éuper concentrate_d purge slﬁrry 145 is
charged to the filter. The time for filter cake 154 to first appear is recorded
20  (dry top time). The filter cake 154 is allowed to dewater for another 10
seconds. A specific amount of 40°C wash feed 149 comprising water is
then poured on top of the filter cake 154. The time for filter cake 154 to

appear after addition of the wash feed 149 is recorded. The filter cake 154



catal yst froma super concentrated purge slurry 145 with m ni num of wash 10
feed 149. The follow ng exanple illustrates the capability of vacuum
filtration using a | ab scal e Buchner type filter. Data generated below is
appl i cabl ew@ddahgEr0or conti nuous vacuum filters. The | eafaidt ration
apparatus_consigﬁgbgf_a_Buchner filter wth 100 15 ChﬂﬁgFﬁﬁgkﬁg%4§rea

pl aced on top of a 4 liter vacuum flask. The vacuum system provides 0.6 bar
of vacuumat a flux rate of approximately 150 nB/h per n2 filtration area.
The vacuum systemis turned on and 600 grans of 40C slurry containing 20%
solids of super concentrated purge slurry 145 is charged to the filter. The
time for filter cake 154 to first appear b§ recorded 20 (dry top tinme). The
filter cake 154 is allowed to dewater for another 10 seconds. A specific

t of 40C hf 149 ISl ' t . d t f th
i or cake. 154 SHIRVER b dpusef Rr ol Bt Zoerbios MO0l R SR LR on of
PCT/ 12064/ 0354 the" K68 4g14%5, P ook A REPB S H0° RO TARNODIKEE s, The

filter cake 154 hei ght filter cake 154 mass, filter cake 154 percentage
moi sture, not heMassq@isl maay of wasisfiltraled 4883596 ropayfed.i Dewatewdceienmss i s
recorded. Dewatered cake sanples are subjected to cobalt weight percentage
anal ysis. 5 Thespmplesdue subjected hecetiaitweighiparegrdagedndysib.nes with t he wash
ratio ranging fromO to 5. Wash ratio is defined as the grans of water feed
149 per” gransof dry solid in the filter caked 154. The wt % of cobalt in the

The procedure outline above was repeated 6 times with the wash
ratio ranging from 0 to 5. Wash ratio is defined as the grams of water feed -
149 per gram of dry solid in the filter cake 154. The wt% of cobalt in the

washed cake with corresponding wash ratios is shown in Table 1 below:

10 Table 1
Wash Ratio Cobalt Wt%
0 2.93%
1 : 2.37%
15 ' 2 0.78%
3 7 0.36%
4 0.05%
5 - 0.03%
20' ' ~ Severe filter cake 154 'cracking was observed just after reaching dry

top in each experiment, resulting in no visible filter cake 154 dewatering
after reaching dry top. The resulting cakes had an average moisture of

56%.



washed cake with corresponding wash ratios is shown in Table 1 below. 10
Table 1 Wash Ratio Cobalt W% 0 2.93% 1 2.37% 15 2 0.78% 3 0.36% 4 0.05%
5 0.03% 20 Severe filter cake 154 cracking was observed just after reaching

dry top iRy¢apboef¥periment, resulting in no visible fil ke 154
dewatering after reaching dry top. The resul ti ng cakes Pﬁé}s‘é@%@@%?sage

moi sture of 56% WD 2006/ 009571 PCT/ US2004/ 038418 24 Exanple 2 5 The

foll owing exanple illustrates the capability of pressure filtration wusing a
| liter | ab scale BHS-FEST TM' pressure filter. The | ab scal e apparatus
consists of a 1 liter lab scale BHS-FEST TM pressure filter with 20 cn®2 of
filter area. A1 |liter beaker on a balanag Is positioned bel ow the pressure
filter to receive the nother |iquor and éh 10 filtrate. Pressurized
nitrogen supplied 2 bar flows into the filter after adding the super
concentrated purge slurry 145. 89 granms of a 20% solids super concentrated
purge slurry 145 is '

Example 2

5 The following example illistrates the capability of pressure filtration
using a 1 liter lab scale BHS-FIéST ™ pressure filter.

The lab scale apparatus consists of a 1 liter lab scale BHS-FEST ™
pressure filter with 20 em? of filter area. A 1 liter beaker on a balance is
positioned below the pressure filter to receive the mother liquor and wash

10 filtrate. Pressurized nitrogen supplied 2 bar flows into the filter after adding

the super concentrated purge slurry 145.

89 grams of a 20% solids s‘uper concentrated purge s!urry'145 is
{ o - charged to the filter. Mother liquor is collected in the 1 liter beaker. After 7
15  seconds, nitrogen breakthrough occurs. The riitrogen flow is stopped, the
ﬁlter. ié opened, and 39 grams of 40°C wash feed 149 is added. The filter
is sealed and the nitrogen flow is started. After 30 seconds, gas
breakthrough ocgurs, and another 30 seconds of nitrogen flow is allowed for
washed cake 146 dewatering. The dewatered cake 159 is removed from

20 the filter and the resulting % cake moisture is 40% moisture. The results of

the pressure filtration are shown below.

Table 2



charged to the filter. Mdther liquor is collected in the 1 liter beaker.
After 7 15 seconds, nitrogen breakthrough occurs. The nitrogen flowis
stopped, the filter is opened, and 39 grans of 40C wash feed 149 is added.
The filter ywd < and the nitrogen flowis started. I seconds,
gas br eakt%?%%ogﬁ@g?gur s, and anot her 30 seconds of nit#@é’e‘ﬁzqoﬁg\’ﬁ‘ﬁ al | oned
for washed cake 146 dewatering. The dewatered cake 159 is renoved from 20
the filter and the resulting % cake noisture is 40% noi sture. The results of
the pressure filtration are shown bel ow. Table 2 WO 2006/ 009571

PCTI US2004/ 038418 25 Wash Ratio Cake Cobalt W. % 2 0.13 5 In contrast,
vacuum filtration fromexanple | requires wash ratio of 3.75 to achieve a
cake cobalt |evel of 0.13 w.% where as p?gssure filtration fromexanple 2
only requires a wash ratio of about 2. Vacuumfiltration requires 87% nore
wash water that pressure filtration. 26 W claim 1. A process conprising:
(a) subjecting an oxidizer purge stream conprising a carboxylic acid, a
metal catalyst, inpurities, Mash&alignd a s b #ooration in a first
evaporator zone to produce a vapor streamand a concentrated purge slurry;
wherein said oxidizer purge streamis a purge of

L2 0.13

In contrast, vacuum filtration from example 1 requires a wash ratio of -
3.75 to achieve a cake cobalt level of 0.13 wt.% where as pressure filtration -
from example 2 only requires a wash ratio of about 2. Vacuum filtration

.requires 87% more wash water that pressure filtration.



an oxidizer nother liquor that is recycled to an oxidation zone; (b)
subj ecting said concentrated purge slurry in a second evaporator zone to
forma solvent rich streamand a super concentrated purge slurry; (c)
filtering a super concentrated purge slurry in a solid-liquid separation
zone to forma filter cake and a notheggliquor; (d) washing said filter
cake with a wash feed in said solid-liquid separation zone to forma washed
cake anWealavmsh filtrate; and optionally dewatering said wash filtrate in
said solid- liquid separation zone to forma dewat ered cake; wherein said
solid-liquid separation zone conprises at |east one pressure filtration
devi Ce?l."mer\ﬁ;\k%c%é’si&nﬁf re filtration device is a rotary pressure drum
er idr

filter; and eln s otary pressure drumfilter is operated at a

pressure of @bsubjectingnozphar putge skbancomipasing s phboeglic fad, atnstaheptdlysta
m Xi ng zone water., and opti onail an extracti onf sol vent wi th said, not her

i quor and aPPUFeS YT RG  SBIveRHe cyaRQiatRRsiA arfiTFt Fv4PRa15 2PR 1A RERIUEG dedRY
M XtUres ()il o dtiraRoi R 48y SR saltichdi A RO Bpituce [

an extraction zone to orman extract streamand a r i nate st and

(g) separ at i amgoxadizer matherloquos thae mecyrlal tsapaxataiiomzamme to form a high

boi I i ng poi % organic inpurities streamand a recovered extraction sol vent
stream 2. és‘ﬁ’g‘?ﬁp@gsqa‘gccordi ng to claim1l wherein about 50 wt %to about

80 wt % of s@neem&%dé‘ﬁﬂg%aﬂﬁywa 8&cohd el HITPUET ok Q¥R HsdWdndl HER SirPi AR a

streamin step (a). e process according to claim1l wherein about 75 w
% to about 9@ipetcocafiradal phrgobluemt and water is renpved from said oxidi zer

purge U1 eam | ShePs (k. AL SLoBy (0) SOIBRS b TS R 2CSe5 Bccordlno (o
removed fronygaidkoxidi FBlhePHR&S,; StTeam in step (a) and step (b) conbi ned.
(d) washing said filter cake with a wash feed in said solid-liquid separation zone to form a
washed cake and a wash filtrate; and optionally dewatering said wash filtrate in said solid-
liquid separation zone to form a dewatered cake; wherein said solid-liquid separation zone
comprises at least one pressure filtration device; wherein said pressure fiitration device is a
rotary pressure drum filter; and wherein said rotary pressure drum filter is operated at a
pressure of about 1 atmosphere to about 5 atmospheres;
(e) mixing in a mixing zone water and optionally an extraction solvent with said mother
liquor and all or a portion of the said wash filtrate to form an aqueous mixture;
(f) contacting an extraction solvent with said aqueous mixture in an extraction zone to
form an extract stream and a raffinate stream; and
(g) separating said extract stream in a separation zone to form a high boiling point organic

impurities stream and a recovered extraction solvent stream.

2. The process according to claim 1 wherein about 50 wt % to about 80 wt % of said

solvent and water is removed from said oxidizer purge stream in step (a).

3. The process according to claim 1 wherein about 75 wt % to about 99 wt % of said solvent

and water is removed from said oxidizer purge stream in step (a) and step (b) combined.

4. The process according to claim 1 wherein about 85 wt % to about 99 wt % of said solvent

and water is removed from said oxidizer purge stream in step (a) and step (b) combined.



27 5. The process according to claiml wherein about 90 wt % to about 99 wt
% of said solvent and water is renoved from said oxidizer purge streamin
step (a) and step (b) conbined. 6. The process according to claim1l wherein
said wash feed is added to said solid-liquid separation zone at a
tenperature range of about 20C to about 100C. 7. The process according to
claiml1 wherein said wash feed is added2to said solid-liquid separation
zone at a tenperature range of about 30C to about 50C. 8. The process
according to claim1l wherein said extraction zone conprises a countercurrent

| Fquid-giquify eﬁcée%‘é%c?crordlﬁ J&ﬁmff"i%[%%?n %@?gﬁb’ﬁ% IEooaﬁ:o BRI MBLLEY gb(f&&rﬂ o

extraction zon onprlses Sin age QUI extractor

pr oces samdoeéds Agndveddtoin said owmezee prgeaircare ¥ §tae {d) @nd sep \(Edonthingdl | ses a
solvent selected fromthe group consisting of p-xylene, n-propyl acetate,
i sopropyl acetate, isobutyl acetate, sec-butyl acetate, ethyl acetate and

n-butyl acetﬂ’iegaro&ejss aJ&?dlﬂg?&aﬁ& ?%%Ee% 844 R\%sl? h%h”% édd@?% Eahﬁ‘s Al-fqsgcond

evaporator zone conpri ses evaporat or operate enpera ure of about

20C t o sehardtion’ 2dhe at 8 temparonagsobaboat 20°0yotabowtl I@MOACL wherein said second
evaporat or zone conprises an evaporator that is operated at vacuum
conditions. 13. The process according to claiml1l wherein said pressure

filtratyon dpyi p&%e&?ﬁé&&&ﬁg?ﬁ cnlgin% g%%ﬂ%geﬁlﬁ‘nE#& G20 f0g %‘ad?igﬁ YE s g%)ﬁ(P%l@.F?r ation

160C. 14. The process acco whereirn sald pressure
devi ce @pamtiosesnealt alt@agdratug@ngd bt bouc®)°C dowd®rei n at | east one filter

cell accunul ates at least 0.25 inch in depth of said filter cake. 28
8. The process according to claim 1 wherein said extraction zone comprises a countercurrent

liquid-liquid extractor,

9. The process according to claim 1 wherein said extraction zone comprises a single stage

liquid-liquid extractor.

10.  The process according to claim 1 wherein said extraction solvent comprises a solvent
selected from the group consisting of p-xylene, n-propyl acetate, isopropyl acetate, isobutyl

acetate, sec-butyl acetate, ethyl acetate and n-butyl acetate.

11.  The process according to claim 1 wherein said second evaporator zone comprises an

evaporator operated at a temperature of about 20°C to about 70°C.

12, The process according to claim 1 wherein said second evaporator zone comprises an

evaporator that is operated at vacuum conditions.

13, The process according to claim 1 wherein said pressure filtration device operates at a

temperature between about 25°C to about 160°C.

14, The process according to claim 1 wherein said pressure filtration device comprises at least
one filter cell and wherein at least one filter cell accumulates at least 0.25 inch in depth of said

filter cake.



15. The process according to claim1l wherein said pressure filtration device
conprises at least one filter cell and wherein at |east one filter cell
accurul ates at least 0.5 inch in depth of said filter cake. 16. The process
according to claiml wherein said pressure filtration device conprises at

| east one filter cell and wherein at |egst one filter cell accunul ates at

|l east 1 inch in depth of said filter cake. 17. The process according to
claim 14, 15, or 16 wherein said wash feed forns a reservoir over said
filter ke ich is at |east i.nch in_de rocess accordi ng
to crai Fira, Hesgees afcantinginei 4 wiktep yo g pESewe St kG FoRRpsaa oo
oper at eén@ﬁltéi* cEﬁ’ M%E&E@at%&s%@@ﬁﬁ@%ﬁ agéﬁldlﬁeﬁmb'ést 8806eh thUephNSt SRIOPRSS
according to claim 18 wherein said drying results in said devvatpered cake
havi ng eakeoi sture content from about 10%to about 50% 20. The process
according to claim1 wherein said washing is counter current.

16.  The process according to claim 1 wherein said pressure filtration device comprises at least
one filter cell and wherein at least one filter cell accumulates at least 1 inch in depth of said filter

cake.

17.  The process according to claim 14, 15, or 16 wherein said wash feed forms a reservoir

over said filter cake which is at least 0.25 inch in depth.

18.  The process according to claim 14, 15 or 16 wherein said rotary pressure filtration device

operates at a temperature between about 25°C to about 160°C.

19.  The process according to claim 18 wherein said drying results in said dewatered cake

having a moisture content from about 10% to about 50%.

20.  The process according to claim 1 wherein said washing is counter current.



