A SOLI D LI QUI D SEPARATI ON PROCESS Field of Invention
The present invention relates to a process for
separating liquid(s) fromsolids in a slurry feed.
Background of the Invention Solid-liquid separation
met‘hods are inportant in a variety of industries,
i ncludi ng, AstLOLIGUIN SEEARATIONPREESS Al
i ndustry, the pharnmaceutical industry, and the water
and waste treatnent Aid)ddfiv¥ntiopuch solid-1iquid
separation methods vary, and nay include, but are
e pleBbhtalvdrBon YASIY 1 Alprodcs Joi Rphidtihd %lhi@(t%? from solids in a
centrifugation, sedinentation and ‘clarification. In
slurry f&88y chemical processes, these solid-liquid
separation nmethods often play a critical role in the
manuf act ure of pagddkerduRl of HRRThGioh Nt er medi ates. For
instance, the purification of para-xylene for the
nedlidfiRclduepantioh ShaRBIN Al ifpBRhst RSyl &ihdRies, including,
required centrifugation to achieve para-xylene purity
but not RYRES t) theABRMicAIndétry TR PHirhbESAEL R Rhry, and the water and
para-xylene typically begins with a C8 aronatic
waste PREMQGRTRRRIry | SRENIIOAG-1§YBIseBhlaYof ABIJR SRy, and may include,
et hyl benzene and m xture of Xxylene isoners,” such as
but ar®Hob Gmits¥ |18 NGacuiRE 8r Fb@s@ﬁr_% ARHRRIRNEHBE, RURFERSER and
to separate these xylene isonmers’ include |'ow _
clarifich®ITD e Rkidhg chbkiaR deoé?faéQ hede’ @cgialﬁapral séﬂ:b:%tti?h |rﬁ"ét|a9@5 often

and adsorption. Crystallization is often preferre

play a kAfica? PR irRiHeNdam #a@ureYdfGRetidufR BhERRa R tedh@lBIdsC For instance,
f eedstream because while xylene isoners have

the puHfiéididh diara-s1Bhe #6r P81 hhAGaBOI b terddHalic YL has historically
dramatically different nelting points. Pure

requirdRIBdeAtrfYd DR 1d AEHERpARE-xHENS bufith Mvels of aBBR9.7%.

aur met a-rxygf elne freezes at x§49. g‘é t? SVA?E’.% ,a pure r
orHehganfh it of pRAZGENB typiday bed with a & tf
?J!’ of h&RZ§Eenaltypi g (e:gisgxlf:v. | a Tg%rcﬂHétﬁ: hydrocarbon

et hyl benzene freezes at -95 he recovery
feed thalfipRiNy EdRgidelbtiod?2EAe %Md AUl &%@n@i%méfrﬁs%h as ortho-

xyl'ene isoners by " crystallization are typically
xylene| infBtd-RfeRy dnlepdrabiRineON PAiccR8Es & sbPSrate these xylene isomers

include low temperature c':rys‘taili_zation? fractional distillation and adsorption.
Crystallization is often preferred for separating para-xylene from the C, aromatic
feedstream because while xylene isomers have undesirably similar boiling points, they
have dramatically different melting points. Pure para-xylene freezes at 13.3°C (56°F.),
pure meta-xylene freezes at -47.8°C (-54°F.), pure ortho-xylene freezes at -25°C (-13°F.),
and pure ethylbenzene freezes at -95°C (-139°F ). |
The recovery and purification of para-xylene from a mixture of xylene isomers by

crystallization are typically limited by the formation of one or the
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bi nary eutectics, the pare-xyl ene/ neta-xyl ene binary

eut e¥er ef wo hinpsy eﬂﬁ?@x@ﬂ@ﬂ@'ﬁﬂwwm bihargreptectic or the
eutecti c. Depend| ng on the starling conposition ‘of

t he PAfRRYlen Of%merstwm efifertic. dPapepeing py éhef starting bampossition

mxtgre as the te ature of the mxture Is

| onetiba migHE: PREVRIANR Pryeiatize Tomirsdnidugasihe temperature of
T PR By Gbered 4 ing sbiek iR Fappostion vl aqzeh one of
&Et R ey R, cBimpasingy o e o PoyS el Ii%f eltgrt e

Egﬁﬁ%ﬁ ‘%‘”‘?P‘-“Sl%apeﬂ%%ﬁuéﬁﬁ sotseBnd §5ifl e 'M“PE i Jeg in para-
P OGRS B EDYGA hd mpRE! $hé brbioh o STRENR Wif chesio i

e MBTHES ary eutec

Conggﬂél’é!gt Weﬁecll Iéy tuﬁFéJTﬁbIEeQ@ c‘?yé(allﬁguénh g)cr:(g‘,rggéé‘egs ?% Wcally

nal para-xylene separation pr

useosdritel at & k&@éﬁﬁe%ﬂH%a@ﬁﬁ%&&H@b} éiu&éﬁ& fornperatuire.

para- Xyl ene product. For exanple

16, 1Whil@ Ghis WhtE thé Srebéveny RP! b EfrobREE fbthenﬁonal para-xyiene

reference, illustrates a conventional indirect-cool ed

Cr ysédpatdtion prdcessep it @86 chyetallizdtionp piotiios d\8ubstantially pure para-
pare-xylene. In this process, a Cs aromatic

f eexiddnegmoduchbnpri si ng about 20 percent pars-xyl ene
wi th the remai ni ng conponents ortho-xyl ene, neta-
xyl ene, Fon@xampigl HéhRaheNe.s3,6772R5amhich del incarparatest harein by
of crystallization stages to forma m xed xylene
sl u'ief%fe%@r illsirates |az999¢f9'1”8§?'l 'Pd'é%’ﬁf"?ql% @'ﬂﬁﬁaﬁiﬁﬁt‘@ﬂ dieresd for
? lfl'%fl t he Iur;r\é _ntoacr al cake and a liquid
| eurlling pamrgiens: x’b!seﬁ’fgf"??ﬁvr PRl ﬁ?dﬁtrmggmpnsmg
pro ar.a uct with a
exc%s%?%? oot BRiiRRS vih s EisatnRpPila xv'e"e- meta-
PLEF in
exc ss%b?n@% 3 rcieeﬁtgqs %ﬁl&géed }g‘lfagg rtlH:f u%emﬁ% stages o
Si Odirh iaCARLd *fdieSsiln®y WA utilizing costly centrifugation steps to separate
the slurry into a crystal cake and a liquid filtrate. This paré—xylene purification
20 process produces a para-xylene product with a purity in excess of 98 percent.
Although such processes produce a para-xylene product with a purity level
in excess of 98 percent, the use of centtifuges add significant cosfs to the
purification process due to their high caplital costs and the high maintenance
costs inherent in high speed rotating parts. As a result, prior efforts have
25 focused on developing alternatives to centrifugation to improve the econcmics of

producing substantially pure para-xylene.



puvd heosAssosn process due to their high capital P@qgjﬁowﬂzsu-,
~and the high nmai nt enance costs inherent in hig

speed r ot isHep gHes; arn V.G Patent Nos. 734,10 fapd tls735.V81 to
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bei ng mounted form ng the-on y di rect connection

bet ween hBCTHRSAT ghced - dopratds B6id8 forh Nfeudcl! B%ar fedthg a

the hol | ow cyli nder. ] sSsen process - se
s ol dudperfsichtoiaCfitétnd l%y trfél Hyﬁﬁahh@ﬂas’ﬁ coftHmRAIAH Wakh fto a

first end of the hydraulic wash colum and a was

10 i gaeicond rend of k) hydeons verl edlurhihan NasdRBrUTERASH 1o the

colum in countercurrent flow to the suspension,

f orsuspensionborming at e it thd ollow\dylindidie rA filatei (othet Rquor ) from
(mother liquor) from the suspension escapes through

t hethe pyspensiorescapes thiougle thetfitbrsof fhafitertiktes iintd theiinteriof of the

the tubes, and a concentrated suspension is
wi ttHeRsaapd ﬁr@ﬁﬁnﬁa ed SpBRRNSioR ds withdraye from dheasedond eadiof the
col.u iquid is.introduced at the second end to
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Although the Thijssen patents teach an alternative method and apparatus

for sofid-iquid separation, the Thijssen process cannct effectively separate

20  Kquids from solids at temperatures far below the melting point of crystals in

slurties derived from a melt crystallization process because the wash liquid

utilized during the process freezes within the Thijssen hydraulic wash columl{

during the washing part of the operation. At lower and lower temperatures, the

freezing wash fquid fills a farger portion of the void fraction between the solids

25  thereby requiring higher and higher pressures to drive the wash liquid into the

column. Eventually, a low enough temperature will be reached wherein the
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for solid-liquid separation, the Thijssen process
cannot effectively separate 20 liquids fromsolids
at tenperatures far below the nelting point of
crystals in slurries derived froma nelt

fre€iys hvakt 11% HieQRnAIBCABEs BRCRVER chiinBSiird Ailinthinent shutdown
u

utilized ring the process freezes within the

-Ofighmﬁggﬂ ég&ﬂygﬁ& %ﬁéﬁ colum during the washing

erat At | ower and Iomer

|af§§¢%%a?® ¢ e o @Wpﬁ%ﬁagsdﬁ'ii?ﬂa' Lt et ?Hessen process can

solids 25 thereb reqU|r|ng hi gher_ and hi ghe
corjnaiate the filtmatey W%lea higrad b fpanna Graly; ber sspadied fwrl (infiltrate and
Eventual ly, a | ow enough tenperature will be reached
resuhar @Fubstangal 18ssfafeselid prpdneistio the Hlimatt. essential 1y pl ugs
the device causing failure and i mm nent shutdown of

t heChbhidqastly, @rpanatil anekdpfopcdematife ehethaRadndyappai@uses for
use of a nolten solids wash liquid in the Thijssen

solfd- H(?ﬁ& SseBatBtior WA V& Rrdib Qiduidst HBIes shubGUd Eierlved for
that cannot easily be separated fron1t trate and
. I f d
exlCy b 4 PR RRbR Hubdsy AP éhef’@n%e? ﬁ%r : alti o Splgs 1o the

al ternative nethods and rat uses f solid-liquid
filteadey dheies TRFRUOR POCEEp Zfﬁa eqt SEﬁﬁr%?e Fittpiesend/ersprofuct cakes
slurries derived, for exanple, froma
forcfuytherapopesaing owithsus séanificant Hoerey @hd/on sew qiessities; ands@) operate
of solids to the filtrate during the separation
coqpeatiosly;anfl 29 celijumgionsefacaiventidrial tmiad@satiomd/ or
product cakes 10 for further processing w thout

Si gt Hak @8GIbeBA BN BANCEIing @ hspRRBALAL fRSd, HoH aé #)oas, in lieu of a
operate cooperatively and in conjunctlon W th

s B TRLS KRS RRELRL LTSy o RE R UIRES L OHA oncn
l f lLiguid | at I d d

can o i Branes St ith Sl oo R el fiot S et aQan
be further grocessed with little or no additiona

r ef Hi Rpsratq bepncioynd thatssepprating ligpids fiwe solidsuipya tfiigr column, as

separating liquids fromsolids in a filter colum, as
described herein, at temperatures far below the melting point of crystals in slurries derived

from a crystallization process can be operated in a continuous manner without high loss of
the crystals to the liquid filtrate through one or more filters during the separation process.

It has also been found that passing a substantial portion of a displacement fluid
through a solid packed bed of crystals to one or more filters can result in an acceptably
pure solid product.

Summary of the Invention

Therefore, the disclosure herein is directed to a process for separating
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descri bed herein, at tenperatures far bel ow the
melting point of crystals in slurries derived froma
crystallization process can be operated in a

conti nuous manner wi thout high loss of the crystals

soltda, e Hqﬁmsuﬂ af fitkrbfigd BodehdlFihy lea%jef coRERrdtiont RS and a lower

during the separation process. as al so been found

AR B U B s
B BTt | R R B SEPRL AR o csin

t he dlsclosure herein is directed to a process for
displapermentifhud torthedighes conesmirpiion zens. ppd passingtat tnapion portion of the
zone defining a higher concentration zone and a | ower
liquidribmngh afilientozbe o vee gananedtilny zanef plotlesing & fittrase.ocess
conprising the steps of directing a slurry feed
CONMPM b Sirfi@siect, ithidtt G prddidad 9.qIrbekss fﬁr@ellbeﬁ@m@ @lias from liquids in a
concentration zone, directing a displacenent fluid
filthiohMFord! @ifind Q " &dceRrARAC ”Q-«P
“Teast a por nl'rl%% 2% Eﬁ% c@{ﬁr qgjlﬁdz?%r ougﬁ%b@g ctéltclecrmtmuon zone
Sanﬁmig centration zone roduglng a filtrate.

PRt hPRATEE GHIREE a”pr ocess for

separ at i O|IdS fromliquids in a  filtration_ zone

def i ni ng?ag EF e %%%ﬁ?q%aqwsmh@ﬁé apd pphd into the higher
concentration zone separated by a filter, the
pro@@@@n@dnpwmgmng the steps of: (a) dlrecting a

slurry feed conprising a liquid and a solid into the

hi gher [§) de¢rtiaptardidplaemeantiid (o ihediiglee tomgnation zone; and

di spl acenent fluid to the higher concentration zone;

and (c) (OMRYARShPdt Iba8s tpoﬁm@pdftth@nqﬁﬁ ﬂ%ﬂaﬁ%ﬂ {H3UWI1Er to the lower
through the filter to thé | ower concentration zone,

pro o the displacenment fluid
d.sgﬁﬁ%ggaéﬁ %%%@@%gw%%$$ﬁgﬁﬁ%f the liquid 15 from

the slurry feed. WShSlldNfd SRlACeTPIL S gc',mon P liquid

from the slurry feed; wherein the displacement fluid flows in countercurrent

relation to the flow of the slurry feed in the higher concentration zone.

In one embodiment, there is provided a process for maintaining a solid phase
throughout the separation of lHquids from solids in a filtration zone defined by a higher
pressure zone and a lower pressure zone separated by a filter, the process comprising the
steps of imparting a pressure on a slurry feed comprising a liquid and a solid in the higher
pressure zone, imparting an opposing pressure on the slurry feed in the higher pressure
zone, depositing at least a portion of the solids at the filter, forming a solid packed bed in
tﬁe higher pressure zone, and maintaining the higher pressure zone at a temperature lower

than the melting point of at least one solid in the
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relation to the flow of the slurry feed in the higher
concentration zone. In one enbodiment, there is
provi ded a process for maintaining a solid phase
t hroughout the separation of liquids fromsolids in a
slufylftd@at i on zone defined by a higher pressure zone
and a | ower pressure zone separated by a filter, the
progess_conpri si he £l ' Q. -
or obE o s s i O R o BT, ooV bisifafling o golid phase
solid in the higher, essure zone, |Lhpartin n. . .
thragont Hy W@@@ﬁ? ﬁ&fﬂ%ﬁ%@m@s A8 gl 4OpR ZORG aﬁ@ﬂmg a higher
pressure zone, depositing at |east a portion of the
Presoire deneaands hlower praspure zormsapgratedstey ¢ Hlipadieartotnse cpmprising the
t he hi gher pressure zone, and nmi ntaining the higher
stepr @Ssure zone at a tenperature |ower than the
nelting point of at |east one solid in the 5 slurry
feed. Inp gpcant AsSRBSfeed bOMPribifg RriMid a8l a BIiQES %% higher
for maintaining a solid phase throughout the

sepg&gé%ggm&hn%hﬁgﬁgg.fron1soIids inafiltration

zon mng a er’ pressure zone and a | ower

pressure zone separated by a filter, the process . .
Qompri i g PREIUSE ol SEPQNE PLSYE U the SRS TGl i the higher
feed conprising a liquid and a solid to the higher

pr eBXEFEC Z9Me at a pressure; (b) inmparting an

opposi ng pressure on the slurry feed in the higher

pr essur e(Qofvemirka (ehsefpbasd inghahigberqeesshmseng:mntihe

hi gher pressure zone; and (d) naintaining the higher
pressur e (@omgaikhinthd SEPEFIRY PESshro\wehe hatenipatature lower than the
melting point of at |east one solid in the slurry

feegherd }ﬁfﬁ?ttd}‘aa’i 126RRFIsHB N thE BRES fo&. Provi ded a
process for separating solids from liquids in a
;I : 1\15\%1%1(')%?1‘ - élglgc?dejgngef J(nre{ﬁedre b1¥ p?ovl']}i&f] § rprgé’e%? Sod seepg.r%ﬂgg asgﬁlds from

liguids in a filtration zone defined by a higher pressure zone and a lower pressure zone

separated by a filter, the process comprising the steps of directing a siurry feed

-comprising a liquid and a solid into the higher pressure zone, directing a fluid into the

higher pressure zone in countercurrent relation to the slurry feed, embedding at least a
portion of the solids in proximity to the filter, forming a solid packed bed in the higher
pressure zone, and passing at least a portion of the fluid through a filter to the lower
pressure zone.

In a third aspect, there is provided a process for separating solids from liquids in a
filtration zone defined by a higher pressure zone and a lower pressure zone separated by a
filter, the process comprising the steps of:

(a) directing a slurry feed comprising a liquid and a solid into the higher

Sa
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15 separated by a filter, the process conprising the

steps of directing a slurry feed conprising a liquid

and a solid into the higher pressure zone, directing

a fluid into the higher pressure zone in

coyntereubh@nt relation to the slurry feed, embedding

at 'least a 'portion of the solids in proximty to the
filter, r mpng...a _sol i | enhi .
pressur o ond ifls L ASHRSRLES AL ihE SRBhA"Blaspure zone in
flmdthrMQhﬁfiH rfo:{ejmmr 20 pressure

z ofygunterrutertiplagon i le slumyesds s pr ovi ded a process

for separating solids fromliquids in a filtration

zone def (Dd@rbine denghplasp icds higher pigasusherng: tsher

pressure zone separated by a filter, the process

conpri si () pheit #psasdfa. poadn df theclivid ghmugh dher filtéretedhe lower
conprising a liquid and a solid into the higher 5a

Pr @s&uie zépe; (b) directing a displacement fluid

into the higher pressure zone in countercurrent

phaih t Bl SR X GB5HAcd ?3?%%{"9%?5"; %fé?f%i@gﬁ-ﬁgm na
the 1

- i f the fluid th I
siefign PR tiR b allieRy srsture cou g it BREnRsaTEe “pirarairiied by a

is provided a process for purifying para-xylene in a

filter, fherprpseshearppresipgthesé@s B a hi gher pressure zone and

a lower pressure zone separated by a filter, the
process (@ngrdctihpg shimy fseepunprisingl@ligeiy and ceystallizgd gara-xylene
slurry feed conprising a liquid and crystallized

par araxi¢hpemturatinta tliehiphsrgressereizohg t he hi gher
pressure zone; (b) directing a displacenent fluid at

a tenper ﬁ{)urcﬁrel:ﬁl’(gﬁ difiafenRht (0@ atPPidhp@iture Tower than melting
par a- xyl ene into the higher pressure zone in

¢ o%%n% ¢ %Hawlet{eeilnﬂ)t Il.hg rl’liéh%r inté?sure zone in countercurrent relation to the

slurry feed;
(c) passing at least a portion of the liquid through the filter to the lower
concentration zone, producing a filtrate;
(d) forming a dense phase comprising at least a portion of the crystallized
para-xylene in the higher pressure zone; and |
{e) recovering at least a portion of the crystallized para-xylene from the
higher pressure zone.
In a fifth aspect, there is provided a solid-liquid separation process, comprising:

(a) providing a filter column comprising a hollow cylinder and at least

one filter tube extending in an axial direction within the hollow cylinder, wherein at least

one tube comprises an integrally attached filter, the filter forming a direct connection

5b
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slurry feed; 15 (c) passing at |least a portion of the
[iquid through the filter to the | ower concentration
zone, producing a filtrate; (d) form ng a dense phase
conprising at |east a portion of the crystallized

betRREPan 1% o'fﬁllettnﬁe é}idgd}l%tem%ﬁg&e foAAReyliARg. (e)

recovering at | east a portion of the crystallized

par a- xyl gne;.fromth i gher . one. In a

PrTEh ns A ceefti bty s DRI, RGSRY R oA,

separation progess,,. C rising:. ( pr.ovi di.ng a

filter c&) C@%ﬁﬂ%ﬁﬁg‘“@%@?@%ﬁgﬂ@hﬂ‘&”&ﬂ Tat

| east one filter tube extending in an axial L
di r ba sinth aspedi theree progidedw regtesh s sepanpigesohdg from liquids in a
| east one tube conprises an integrally attached

filtfatibh ebne tfenihg b théghet prazburg zandlandee lowamiestiieatvne Sbparated by a

between an interior of the tube and an interior of

filth Ehe 16OV Sdpri hsiehe sicbBbf:di recting a slurry feed

into the hollow cylinder; and (c) directing a

di spl acepent,. f.l. Ui im}g : [

g‘gctd,lrfe%tﬁ{g eys ptrf%\? i ng I&%V\%l%)é{%:ﬂe@ggug? Bndat a pressure
separat i solids fromliquids ina 5 filtration

zon&gef E%PﬁH”%SpﬁFﬁ%B‘ieSW%ssur e zone and a | ower

pressure zone separated by a filter, thﬁgﬁrocess

conpri si (Y tdwectrg §sdigplacqragnt dilyig dptonieghighery pyesqusp gone at a
into the higher pressure zone at a pressure greater

t hapreatum syificientc tp passatilaast « prtidn pEtheidigplacement fluid through the
di spl acenent fluid into the higher pressure zone at a

10 gressUneloskt prgiigalotgapdss at | east a portion of
the di splacenent fluid through the filter to the

| ower  pr &S Sifir O \ems@Pthst f thk HigHeP fre@sfENGR; Phase in
t he high pregéure goﬁ%? gher ’
wherein the pressure of the displacement fluid is lower than the pressure

of the slurry feed after the formation of the solid packed bed.

The disclosures herein provide for efficient separation of crystallized products

from a slurry feed stream at relatively low temperatures without the risk and attendant

penalties  associated with the freezing of a wash liquid within the

5¢
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wherein the pressure of the displacenment fluidis
| ower than the pressure of the slurry feed after the
formati on of the solid packed bed. 15 The di scl osures

filtdtR6Rinth M daLsiee tomprld fallienif tisegdiddiquithsephration process.
crystallized products froma slurry feed stream at

relati I i e ri h . £
2 Bt e BTRAC AR b ROty Ui gury of o
a wash liquid within the c,filter . colum and
solidaprodgl st Eomma Hay Ry G Sfis ghe fow rate of the
separation process. The disclosures herein also = )
displacenmeabe fhod darhthepteswrichittiniet 9f e displacementh@uiguthiat ys @lirected in
a solid product separated froma slurry feed by

countdFRlrienY Bflationdo theslikpiicdat e of the displ acenent
fluid or the tenperature of the displacenent fluid

t hat. i S:di eqd .| C : r i t :
Lo PG e, " USRS HEETUPUBIRY, e b coit
a substanti

al reduction.in capital expenditure and .
XPEBRTIR AnYER e FAREDGE P ariie g PR Moy Rtl gauired by
parts required by solid-liquid separation process
solighliquid sepattionprapesewr itsbewh a8 Aeregrudvelrand gusher cepfeiiges.
The di scl osures herein also provide for substanti al
savirRgdisclbsiie§ he@al also @Rovids fe subQaifitjal ahtiogd mgrefrigeration costs
solid-liquid separation of crystallization products
by ?f’.ﬂgg)ﬁ%?i 4§t tél'}cgJIJ% 3@3?2{1'519&{1 Bf F?ste@%ﬁbﬁ | 28GuctsT Bfder substantially

ures also provide for a substantia

) ﬁ%St savings by reducing the high anmount of solids
- 180

upaliGengitiops-at e streams frequently found in
conventional solid-liquid _separation processes and _
appahadissiosureg bergin aifo proyide; iof ﬁ@ﬂb%antxaﬁ@sb%wgﬁgby reducing the
Figure 1 depicts an enbodinent of a filter colum and
highi dotduat bbsvlids dsxeisfiftnte aeans daneatlyifoind ineosvdntiend! solid-liquid
I nvention. Figures 2a-d depict an enbodi nent of a

sepaioh piBecBle GRE M Rirdtilesd Tilter col um and
Brief Description of the Drawing
Figure 1 depicts an embodiment of a filter column and filtration process in
accordance with the subject invention.
Figures 2a-d depict an embodiment of a start-up procedure for a filter column and
filtration process in accordance with the subject invention.

Description of the Preferred Embodiments

In greater detail, slurry feeds suitable for the subject invention can be any mixture
of suspended solids and Tiquids. Such slurry feeds may be light slurries, medium slurries
and heavy shurries. The light slurries are typically slurries that are not intended to carry
solids and are typically non-settling. Light slurries may have a solid size of less than

about 200 microns, a specific gravity of less than

)
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for the subject invention can be any m xture

sus paviaiesi carobe sritlingior nancpettitg, slubiash Mddium yiuﬁmedﬁayrmvp, a solid
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In a preferred embodiment, the slumy feed is a product from a

20 crystalization process. Such products may include, but are not limited to,

prdducts from the crystallization of para-xylene, protein, water, écrylic acid, and
mathacrylic acid. -

-in a preferred embodiment, the slurry feed comprises at least about 5

weight percent crystaliized para-xylene, more preférably at ‘Ieast about 10 weight

25 percent crystallized para-xylene, and more preferably at least about 15 weight

percent crystaliized para-xylene. ltis also preferred that the slurry feed comptise
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preferred enbodi nent, the gas Is air. In yet another

The displacement fluid can be at any femperature suitable for separating

fiquid from solids in a particular slurty feed. However, in a prefetred embodiment,
the displacement fiuid is at a temperature lower than the temperature of the sluny

© 20 feed. The lower temperature of the displacement fluid can be uiilized to further
crystaliize af least a portion of the liquid or maintain crystal form in the sty feed,
providing for higher solids recovery. In another embodiment, the displacement
fluid is at a higher temperature than the temperature of the slutry feed. The
higher temperature of the displacement fluid can be utilized to faclfitate the

25 removal of residual liquid from the solid packed bed, producing a purer

concentrated product. In yet another embodiinent, the temperafure of the
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about the sane as the tenperature of the slurry feed
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process isothernmally. In another enbodi nent, wherein
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the filter column.
Aﬂerﬁaﬁvely, the filtration zone can be defined by a higher pressure zone
20 and a lower pressure zone separated by a filter. The higher pressure zone is at a
higher pressure than the lower pressure zone. This pressure differential can be
measured by any means suitable {0 demonstrate a pressure gradient across a
fitter in the filtration zone. For example, the pressure of the higher-pressure zone
can be determined by measuring the pressure of the slurry feed directed into the
25 higher pressure zone, and the pressure of the fower pressure Zone can be

determined by measuring the pressure of a filtrate withdrawn from the filter
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Filter column 10 further comprises at least one chamber 25 through which

the open end 15 of the hollow cylinder 11 is exposed. At the closed end 13 of the

29 cylinder 10, it is preferred that there is at léast one slurry feed inlet 27 to direct a
slurry feed into the hollow cyiinder 11. Filter column 10 further may comprise at

least one displacement fluid inlet line 29 to direct a displacement fluid preferably

into the chamber 25 and/or the hollow cylinder 11. Filter column 10 may also
comprise at least one product chute 33 having an opening to the chamber 25 to

25  withdraw concentrated solids from the chamber 26. Filter colurnn 10 may further

comprise at least one flush fine 31 to direct a flush feed into the product chute 33

10
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colum 10 further conprises at [feast one cha

t hrmmg' to tCsudRRNInREioh r Gom! 4)GoretoRAY selid-sdpa R
11 is exposed. At the dlc{)lsed and 13 of the 20 on

cy ldevige; rsudlas, ifbr examplech ecritAftigs.hinithé besbef sepafding p@aixylens
oné slurry feed inlet 27 to direct a slurry feed into
t henstdid foamn a slumg oEmixéd xyléndst the flosh leathmaPcdprish paran@iene.
conprise at |east one displacenent fluid Inlet Iine
29 t o dPugngpractige opthaselicklisuic sepawtion pbeasalsis\desiribed herein,
the chanber 25 and/er the hollow cylinder 11. Filter

15¢ o thaghelumofend B inlpated infaihe filter coliynn at g Pressiire syifieieni & sepasate

O Bl SRR e S ST Saomens
b el B o AR s & Sl S
.ch %eese’fbgraﬁ&rg of solids from liquids and for at least a portion of the displacement
fluid to pass through a filter to the interior of a filter tube. Within the filter column,

20 the highest imparted pressure is generally at the slunry feed inlet, the lowest
. imparted pressure is generally at one or more filters of the fiter column at the
interior of one-or more filter tubes, and the pressure at the product chute is at an
intermediate level. Since flulds flow in the direction of high pressure tb low
pressure, this ensures that the fluid(s) in the filter column move towards the

25 filters. When solid patticles are suspended in liquid, they-move in the same

direction as the nearby liquid. As the fluid passes through the filter, the solid

11
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at Rariplessoay ée syried gytdram thg sqlidhpackedbedsby the exiting liguid as it

liquid and transport saqlids _out of the filter colum.
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20 bed from fluid(s) and displacement fluid flowing to the filters from the opposite

end of the column. For purposes of the present im}ention, the displacement fluid

provides hydrauii'c force if the displacement fluid is a liquid or pneumétic force if

the dispiacement fluid is a gas. Therefore, the solid packed bed can be pushed

by forces from both ends. The bed will move in the desired direction if the force

25 imparted by the liquid in the slurry feed is larger than the sum of all the opposing

forces. In addition, the opposing forces may also include the frictional forces

12
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within the filter colum. Wen solid partic

igle D?i&ééslbs thréighht fabt shelREHEANB 4Kb infehiSr 67 @hb Br méfe filter tubes 17,

par es generally nove in the sane direction as th

sol prddicink a dilfatithab exite MRORA cbiomh @ Vil fRWJ1eM poftion 21 of at
flurd flow towards the filters. Notw t hstandi ng, sone

par least o fitley tube WarConedrrenly withahe hitthes ditial , piecligsacement
bed by the exiting liquid as it passes through the
opefiiiith passas thieugh iaf teastsoneNiter 28 it dhys intarioe ok wiel o more filter
packed bed noves essentially as a solid body,

al t wbey A7 iapd exitssihe filler qofimmt0 vin thebotion] perfiom@lyof at tpast one

remgi n. substantially constant at steady state. The
i v E’”‘@’ﬁ‘?hat t he bed noves, or whether the bed

roves. Ut B BRI A Lo o o, o
o gl RO O o B S PR
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the type of filter employed in the filter column, the size of the openings in the

20 fitter, and the type of slurry feed injected into the filter column. However, it is
preferred that the fittrate comprise no more than about 20 weight percent solids,
more preferably no more than about 10 weight percent solids, even more
preferably no more than about & weight percent solids, and most preferably no
more than about 1 weight percent solids for best re§uits. The balance of the

25 filtrate is mother liquor. In the case of separating cryst.aﬂize'd para-xylene from a

slurry feed, the filirate may comptise ortho-xylene, meta-xylene, ethylbenzene

13
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frictional forces 12 WO 2005/ 035094
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an dp@f?@bivmeﬂ@vgq fref da filtpr colwmnsyia phgyOrReliePredsiciahyles 83 as a
1, in a preferred enbodi ment, the slurry feed is

i nj enceniratedt rodurt I @ preferied embgdigient, fhe W«Bd |pas;ked bed may be
I d f the filt
Y RERd nished towgts ahe o er{;or% Bisurh chiie® B8 b o8 of frate movable

o %%%és&ii%»ﬁ'sﬁ% P 43 2 e B8 i et it ol dpepptow
| nt% ndel q1chanber 25 via d| spl acenent fluid inlet 29.
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the slurry feed flows al ong” one or

t hecompiibey sdiitislftorfl theslirfyesd, Bt Hay &ﬁﬁ)ﬂb@sﬁéﬁﬁrﬂ&uﬂts of mother
t hrough at | east one fltter 23 into the interior of

oneliquer amd eisplabéraentt flb's ThE, amdund oL gloth@r Aqiidr (résiiug! liquid)

that exits the filter colum 10 via the bottom
Iporgresent Bilthe fcoatentiated Jroduemby bé effedtetbby dilch factors including,-

Concurrently with the nother Iiquor , the

di it efdimitad to,fthatyde padsizsoftthe snlighindhe slony feed the size of the

filter 23 Into the interior of one or nore filter

t utResesyin the, fiten, ihediopater of {the plugy fegrhiniadied inp thadilter column,

bm%n%@:é) 8y ocrI] ﬂgv% re&fa 'ofathe ldigglact:en'?err]l?ﬂud‘ SHLJV.L.\}e? rlt é g:%(feerr%;z that
the concentrated solid product comprise less than about 40 weight percent
20 mother liquor, preferably less than about 35 weight percent mother liquor, more
preferably Jess than about 30 weight percent mother fiquor, even more pfeferab!y

less than about 25 weight percent mother liquor, even more preferably less than
about 20 weight percent mother liguor, even more preferably less than about 15
weight percent mother liquot, even more preferably less than about 10 weight

25 petcent mother liquor, and most preferably less than about § weight percent

mother liquor for best results.
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PCTI US2004/ 025117 and/ or para-xyl ene. As the nother

10 i ginitied gedid peckedhbasigithirt the holidw eylinda, 11aofdbe filterohsm 10. In
within the hollow cylinder 11 generally forns.
Pr cthisremogimenk @sebawe indfigise 2e,dhpeilimetecd initisdly puteysabkdosed
bed withip the hollow cylinder 11 of the filter
col %’W?ﬁep E‘ﬁ{}é}“?‘ﬁr‘wfﬁ’edbﬁ‘ém&h G- ¥ e tshpmyt fgpd dnlety and a
Onc he so] i,d .packed bed i.s formed, the solid
pac “Lﬂ&gs'%feﬂ@rﬁ fhe gprh ead A5 8f dhe chinder.  The
hol |. | ; re.it s referaply renoved .
Fr SHScE e YL b o s el ot T2 307 Breiro v or
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pugheduto¥&HedS TRE &S { Ssond
or- m)rctej novabl e 10 b{yaiggi?’?og%? S om?‘léa%nhée%dgéﬁ ?%ehouow

palcc!ylirg:lebe? cl:@s‘.éihg‘p at lgst @€ filie? 12d whirel atlidt B PbHBMof the mother
- lilq&r:oreorf the élurry passes through at least one filter 23, forming a filtrate that exits

" the filterl column through a bottom portion 21 of the filter tube 17 that extends

20 throijgh the closed end of the filter column. The opposing pressure'of the
displacement fluld preferably prevents the slurry feed from completely crossing

the filter 23 on its way towards the open end 15 of the hollow cylinder 11.
Referring now to Figure 2b, as the mother liquor of the slurry feed passes through

the fitter 23, the solids begin to form a dense phase 35 within the hollow cylinder

25 11. As the solids concentration of dense phase increases, as shown in Figure

2¢, a solid packed bed 37 preferably begins to form within the holiow cylinder 11.
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Tﬂ% rat ed product exiting one or nore pp @f}ﬂgjowﬂzslm
tesE Ildsfromthes

1 R P e o ko
¥ il 9005 b by o
(nd et g shougtin ?3’;‘44?§§=c€%acﬁﬁi§eq% ot i Yoy open
t e%#ﬂqﬁa&&'g"}?ﬁg’ﬁ#’%&?\fyr;g ofttﬁeSISIZ(ljr?y 1t‘e§d bores
#P{,Sﬂ 71 Hreehlyehtchrobled Ty cifiSRt kRAER o Bittizoa
pr ?égﬁ&dc%‘#@&%lung%d%%&%ﬂ glxm {eﬂm é?\ﬁnﬂ'louhﬁsk and

rrse Ss than about 40 wel ght per ent 20 not

oeﬁféhd epona pSiditica bdoctebwit szt U Wask gt vithin tﬁ@fiﬁ?é?%blumn

nor e preferably | ess than about

Ve i calSAG SINpIdD talGie of HbULNd- il SepaRition Rosdsa! abl y
| ess than about 25" wei ght percent nother |iquor, -even

nmore pr ghebhaiabit ihwhtior ARO pravivies tfor2d) sult:pbidl rodicliénin capital
not her |iquor, even nore preferably |ess than about

1015 expendiiate @el wethie mahiemandd. by oxduciey dire numissr of moving patts
preferably | ess than about 10 wei ght 25 percent

* notrequirediby solid-liquiddseparstionpprecass aibits, sicheas sofesn bawband misher
wei ght percent nother liquor for best results. 14 WO
2008nbiERes4 Thehlitansolgow; acmuding to| the greserifirvepiiqn, can comprise
enbodi nent, the present invention.s directed to

mai Wea?rn!‘% froxing perte; ihstaptially s Sﬁi}iﬁﬂﬂu‘s‘z tfﬁ'§'2§ d?r‘]‘i‘"&e!‘ﬁ"\?ﬁ igsts
o cesrasd wit capsopa g bl RePoied Wikan he el ting
ﬁSS'r Bf;sg?“%ﬁ"&f??@iﬁ’ﬁﬁibi‘ni‘é bodied st m’ﬁﬁ*‘“@ siinds 3 ririRgtion

S,
determ n)png t%@eﬁgﬂlyﬁﬁg@ the oncentra'%}béd ots under
Pr adiehntafy ReRbrhAICE RN, | Cafrert loiliquld pRIceSeBCishéh as’

tenperature indicators in strategic | ocations within
t heschietineint REMERGES dtidnonsiderable amounts of energy to the process
stream thereby raising the temperaiure of the effiuent streams. n a para-xylene
20 orystallization process, for example, this energy added to the process requires
increased refrigeration costs.
The present invention also provides for a substantial cost savings by
reducing the amount of solids lost in fillrate streams frequently found in
conventional solid-liquid separation processes and apparatuses.

25 The present invention also provides for the capability of varying the purity

of a solid product separated from a slurry feed by simply varying the flow rate of
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Referring now to Figures 2a-d, in a preferred
enbodi nent, start-up of the solid-liquid separation
process is preferably conducted in a manner to-form
an 10 Initial solid packed bed within the holl ow
cylinder 11 of the filter colum 10. In this
_enbodi nent. as. shown in Fi%ure 29, the slurry feed
the displacemgnt {ridihebis direrted dn seimerswient selglion tadhe sy fesd.
cylinder 11 through one or nore slurry feed inlets _
a?\;lﬁ“’agh e preseehisNentonuhas Pesnt Aegariped mitar partigiargyand detail,
end 15 of the cylinder. The displacenment fluid
the following example piqvide uRBemlvstahon ¢f thedayention and arp usdergioed not
_.sufficient for 15 at |east a portion of the
to imitdhe propectEhn inyenlio- t o pass through a filter to the
| oner pressure zone. The slurry feed noves towards
the open end of the hollow cylinder 11 crossing at
| east one filter 23 wherein at |east a portion of the
not her |iquor of the EXMMRLBasses through at | east
one filter 23, formng a filtrate that exits the
fieramale & ustratest BigASib 8t Brifisatian ehpara-xgiene jsebstantially in
filter tube 17 that extends 20 through the dosed end
accordgncg wghthe prssepioinyeRtionang BeyEst nghe L¥awnlecenspmprased an 8-
di spl acenent fluid preferably prevents the slurry
hour riRdR Whigh the feliwiag ypasamseiers gvere Heeasurack or xalaylptéd grom the
way towards the open end 15 of the hol | ow cylinder
measufed varigaiesy (1)iBe Weloht BercppiLrf ®atmxyiene ip e setrhEaed) (2) thsy solid-
.. of the slurry feed passes through the filter 23, the
liquid cQsiter of Hagyishiryofepd 1) dheiderarerplvie of 4% aluimiifeed:Hg) the weight
hol |l ow cylinder 25 11. As the solids concentration of
percent of PargRENe Imieelitiale; (Rlsthentalid-linwdmagtans of tae filrate; (6) the
sol i d packed bed 37 preferably begins to formwthin
temperafjge ﬁafhecfwaé% (" hinerweight pefeenig payasylens gothe cake (concentrated
PCT/ US2004/ 025117 Once the solid packed bed 37 is
product)o(&yi2f SQIRAABRESEIANE Of p 47kes @B YO he temRaralire ofde pake.
%%gerallﬁ%%{eatet t han the pressure exerted by the
dingpflaEe cempiigpd mixed xylenes| ffom £s cammgrciainlom grmrerature
2d, the solid packed bed 37 npves towards the open
crystallizer. The pressure of the slurry feed entering the filter column was 210 psia at the

end of the run. The feed rate of the siurry feed was held constant throughout the run at
317.5 kg/hr (700 Ib/hr). The temperaiure of the feed was about -62.8°C
(-81°F).

The displacement fluid was gaseous nitrogen. The feed rate of the nitrogen was
0.82 kg/hr (1.8 Ib/hr). The temperature of the nitrogen varied throughout the run, but
averaged about -17.8°C (0°F). The pressure of the nitrogen entering the filier column
was 448 kPa (865 psia) at end of run.

The filter column had a length of 0.635 m (25 inches) and the holiow cyiinder
(higher pressure zone) had an inner diameter of 0.078 m (3.07 inches). The filter column

contained
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end 16 of the haollow cylinder 11. 5 The present
i nvention provides for efficient separation of-
crystallized products froma slurry feed stream at
relatively |l ow tenperatures without risk and
attendant penal ties associated with freezing a wash
q? th|n H@g filter colum and causing conplete
a fiter ighe, Pt i MBI Figmetequpid0Oephmit (189 ficbewss Thehfiter tube
i nventiaon al so provides for a substantia
comprRERadPLFH e (ERUratas Wit SIfRBIeEt FEspRTresad Shet measiring
nai ance reduci ng the nunber of noving parts
0.152 mstfﬂrnp 55 et el eegsraed 6 7Birodedaction) as, measured
¢ suc é?ﬁ Freen bow and pusher centrifuges. The
rom thq Yot o ik topralithy ity b Jhe diker comyisnd i9omil. diameter
.can rise. \W or no noving parts, substantially
openingB gy &\ AT PRRITFIRS Wil Ay SIER roRi8t SPackSgc 8 binm (0.015
¥tgp conv ntional solid-liquid separation units. 15
IncheskhéNpPYYa PP?W@%%H%F@@W@? BV PAEENE ofhespissswa tof e interior

s in refrigeration costs by allow ng for
of the @% e thyarehaus %tt'.aaﬁfaeﬁd 6%§tkﬁ%‘l("‘i 3tpist§‘h product s
de tant| i sot hermal conditions. Current
;Jigtmng the §3‘|Oar B‘PO pieg WEeFe mpnoved  ielding $he following results in
the Ta Ientrlfuges add conS|derabIe anounts of energy to
aplge process streamthereby raising the tenperature
of the effluent streanms. In a para-xylene 20
crystallization process, for exanple, this energy
added to the process requires increased
refrigeration costs. The present invention also
provides for a substantial cost savings by reducing
the ambunt of solids lost in filtrate streans
frequently found in conventional solid-liquid
separation processes and apparatuses. 25 The present
invention also provides for the capability of varying
the purity of a solid product separated froma
slurry feed by sinply varying the flowrate of 16
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t he di splacenent fluid that

count er cur

t he present
particularity and detail,
provi de further
under st ood not

rent

is directed in
relation to the slurry feed.

i nvention has been described with
the foll ow ng exanpl e
illustration of the invention and are
tolimt the scope of the invention.

EXAMPLE Exanple 1 illustaBtES a process for the
purification of para-xylene substantially in

Al t hough

sampledance with the|present inventi®n and Figygre 1. 5
The exanplle enconpagsed an 8- fhour run in which the
Hourd ®loho8tdig [par anet er 5 werges neasjur edsqr calcul afsd from gp
up the neasured variables: (1) the weight percent of
Feedpar a- xyl erfe Tezghe STurpyofeed;, (23.{i1he solids1lTqUid 229
wt. %6 ORkenNéntof| the slurry feed;, (3) the tenperature of
Feedi he slurry| fieedit %4) tBswek,ght 1pewcent |of56wt % 15.4 wt. %
Solidp@lideonydnenesdlis; 8A® | bdlitls; 386;wt.([5)sotidsess ol i| dsdliig8hd | solids; 84.6
content of| wthi lififlg | at ¥;liafiéy thest % Bampisr atwir @ ligidd femt. % liquids
filtrate; {(7) the weight percent of parai{xylene in
Feedit he cake (|corfgelibra ed 634°6duclt ) ; 6 850the -63°C -62.9°C
Teyppearaiurei quli d-88ddt-ent  dF811RR. r;#«a(*s Ad.)(9) t{1fd.4°F.) (-81.3°F.)
F'“faiee eraturle of the take. The Iurr feed|conpri sed
Brgd xyl dnes'$fom & comh®rci 4l , t enper attft e 9.4
C Qp&f allj 7ar. Tha n-accure of fha s urry feed

Filtra % 0.5wt. %
Sohd%crwc{%‘?q% th SGPB% Eé %AH(S?A@!T gés §{$ ft 0( 3&%08 ?I %oligs;.99:5
const ant t ougﬁout the run at %u' hr ( U'd Wt % liquid
Filtrated’ M) - 11 (ATPET af UrggHect e T e%g WS aouub 3C 51 8°C
hf §§tu The( R.ep) acengpdof) uild 9@2 DUS(_ 1@'6#)09(‘” (-79.3°F)
?1 eed rlate of the nitrogen jwas kg/hr (1.8
Caked b/ hr). THe temperaturesgsgh theg nitgpogen Vari ess 83.0
wt. % BX ougé@ut| t he run, | but avergged about 117.8C (OF).
Cake:The pressyreoafwtiche| nist regen antexé wgy he Bi Fwers 83.9 wt. %
Solid-bquid Camtennvd SsolidS 1RBa | §dbifls; peibat. [atsotdsd1Dd I usnlidsThe3 | solids; 17.7
filter collunh%lmdidal | efigiahidof [0.v83% ligwid 25 whétHgsidl qndt. % liquid
the hollow.cylinder|! (higher gressure zope) had an
Cakelj nner di arfet &1-3B¢ 0| 071 €3. 07 | AtREs) . | ThIBFTtey -61.3°C
Tempperatye (-78.3°F.) (-78.2°F) (-78.4°F ) (-78.3°F.) (-78.3°F.)

SUMMARY OF THE EXAMPLE

The Table shows that very little solids were present in the filtrate during the

separation process.

The amount of para-xylene present in the filtrate was primarily

derived from liquid para-xylene present in the slury feed with a small portion deriving

from solids escaping through the filter. Additionally, the para-xylene cake had sufficient

solid content at a temperature substantially near the temperature of the slurry feed to be

further processed, providing for substantial savings in refrigeration costs.

It is believed that a para-xylene wash liquid would not be a suitable displacement

fluid for the purification of para-xylene under the process conditions utilized in the

Example. More particularly, it is believed that the use of a para-xylene wash liquid would

freeze within

the

filter

column
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openings

of




Odoo7 a filter tube with an outsider di pFBuSioods/o2s117
%e?éw s rpady fes b e @ﬂf#%ﬂé&&ani@?w&?m&iué@anon
fg;g,ggsés%i 3 Erngie. e 5 plgnoiha oo pARY buartengs s
- T hebsieved el fccbint Al Mouk ot Slentdimree iy be aptow
SSﬁ”' F‘g?sf o el BEARARS 5%#3@ B8 et s o ot e

99@9 ﬁE:%@ |Iter was 31 percent.
he pressureo e |'fJeF}|or ‘of the filter tubes
thr OUQh?ﬁﬁ'to%&ﬁ othiyddirRentd llivgillﬂ(ﬁ‘l He@ bbdrt stHowtPard) describad,

Duri ng our run, five sanples were renove

yieg @ gobb I?f’nd&@iob@%d@ glaﬁcﬁﬁ.s%iﬁiﬂédﬁoné b I@Sﬁﬂﬁﬁoﬂss 88 weil as
TABLE Sa 4 5 Hours from Start - . .0

6.5
oo oo sl g o

W . withclibdebarting ffdm the hinvebt spiittiand teostbpdsf thie hnvéﬂ:on84 0
solids; 83.5 wt. solids; 84.4 solids; 84.4 solids;
84.6 wW. %liquids %liquids wt. %Iliquids wt. %
liquids wt. % 1iquids Feed: -62.4C -62.8C -63.1 C
-63C -62.9C Tenperature (-80.4F.) (-81.1F).
(-81.5F.) (-81.4F. (-81.3F. Filtrate:



w. %pX 10.2 9.6 10.2 9.6 9.4 Content Filtrate: 1.2
Ww. %0.7 wt. %0.6 wt. %0.5w. %0.5w. %
Solid-liquid Content solids; 98.8 solids; 99.3 wt.
solids; 99.4 solids; 99.5 solids; 99.5 w. %liquid
%liquid wt. %liquid wt. %liquid wt. %Iliquid
Filtrate: -61.6C -61.8C -62.2C -62C -61.8C
Tenperature (-78.8F) (-79.2F) (-79.9F) (-79.6F)
Thatwigchgisiclainoggkis: 82.2 83.1 84.1 83.3 83.9 wt. % pX
Content Cake: 80.4 wt. %81.4 wt. %82.6 wt. %81.7
w. %83.9 wt. % Solid-liquid Content solids 19.6

SO|IdS 18.6 w. solids; 17.4 solids; SO|IdS
wt A PRgesy Lﬁr&e%rrat'mﬁfd'dwfrom/ﬂqurdﬁum @ fUtfatfon/ozpneqqefmmg a
uld Cake: -61.3C -61.2C -61.3C -61.3C -61.3C
h'g%hﬁ‘a?fﬁf'ﬁﬁt@n(zws a5 § Tqwergcopppntfation zape peparaigd 4w, a filter, the

O% %{1 RY OF THE EXAMPLE The Tabl e shows
pri ﬁ%stcc{/“%?'%mp' 278PS i ds were present in the filtrate
duri t t Th
19 AT B RrE R g e

derlvn%g frtorrp | iquid para-xylene present in the slurry
f eed™ Vi f'tﬁ RN ERET | portlon deri vi ng fromsolids

par oy GO 3 dfpkreFL e bR bRRG ihkpronzons: anc

srurry 1L deRgia ot dorhP b b TabE BRI it Rire e ower
SUDSYRBh o 981 DG LAfEkger ot fon costs. 1 i

bel reved that a I ene wash l[iquid would not be

a suit ak\l\,ﬁ?rghstﬂé ‘%‘%@ entfillt}i'tl! q}l E%Eeé F[e%{ré Ebr?glg Eﬁﬁa liquid

of para-xylene u process condi t1ons el

in e thgxeﬁuw ?eedWh%ré?r@rtﬁé %Qp@d'cle%?e?ﬂl E{ﬂ? jlo\j\hrghlh d&’o%qtercurrent

that the use ‘of a para-xyl ene was
relation to the flow of the slurry feed in the higher concentration zone.

2. The process of Claim 1, wherein the displa-cement fluid is a gas.

3. The process of Claim 2, wherein the gas flows in countercurrent relation

to the flow of the slunry feed in the higher concentration zone.

4. The process of Claim 1, further comprising the step of passing at least a

portion of the displacement fluid through a filter to the lower concentration zone.
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freeze within the filter columm cl oggi ng the openi ngs
of 19 WD 2005/ 035094 PCT/ US20041025117 the filter
This Is primarily due to the | ow operating
tenperature of the purification process of the
Exanpl e, which is far below the nelting point of
para-xylene.' It is believed that the clogged filter
woul d result in a rapid increase within the holl ow
cyl $-nderThsf proerssfdf [Glaim, 2, purthep comprisitthe dismnofafassing at least a
)rocess prior to the point of filter 5 columm damage
porfienoehtes eesstorapsh gridtssigrie loner paneghtrasienedigrent s of this
i nvention have been shown and described, it is to be
under stood that various nodifications and '
substitutions, as_well as rearrangenent of parts and
equi- prente REaepsEEf rigiB Toyhemindbe gikiTy fasd cemprisrs aproduct from
mﬁtpoqt departing fromthe novel spirit and the scope
a oypaligation FERRSRE T on. 20 That whioh is claimed is: 1. A
process for separating solids fromliquids in a
filtration zone defining a higher concentration zone

and, a | r conce ation, zone, separated by a filter,
Ehe-%or AL SRR et ¢ phioa g SU3y et Gpmirsssca phgid from
’ﬁuuﬁéﬁmﬁeed conprising .a liquid and a solid into the

%8 Eﬁﬁﬁaﬁtration zone; (b) directing a _

di spl acenment fluid to the higher concentration zone;

and (c) renoving at |least a portion of the liquid

hrough Ll A
or i nyeprgeeet Pk by e N Fle G BEET L EhRE R R

di spl aces at least a portion of the liquid fromthe
slurry feed; wherein the displacenent fluid flows in

cout er Gk iedtlass of Claim 7, wherein the slurry feed comprises para-xyléne.

a C

10.  The process of Claim 1, wherein the filtrate comprises at least one of

ortho-xylene, meta-xylene and para-xylene.

11. The process of Claim 2, wherein the filtrate comprises at least one of

ortho-xylene, meta-xy[en'e and para-xylene.

12. The process of Claim 1, further comprising the step of forming a dense

phase in the higher concentration zone.

13. The process of Claim 2, further comprising the step of forming a
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relation to the flow of the slurry feed in the higher
concentration zone. 2. The process of Caim1l,
wherein the displacenent fluid is a gas. 3. The
process of Claim2, wherein the gas flows in
countercurrent relation to the flow of the slurry
feed in the higher concentration zone. 4. The process
further rising the step of passing at
deq% g%se 'mhsgrgthe Cr?ngef\”trf’ﬁo Zém%pl acenent fluid through a
filter to the | ower concentration zone. 21 5. The
process of Claim2, further conprising the step of
pas®™.ng ple préast R CIdRAMR! RRerlh th@@el%spﬂagé %Hﬂbns%s a solid packed
filter to the |ower concentration zone. 6.
bedprocess of Claim 1, wherein the slurry feed conprlses
a product from a crystallization process. 7. The
process of Claim2, wherein the slurry feed conprises
a product from a crystallization process. 8. The
pr otess e wpegsmob Clajn ddehereRdhe danseyphase gompinss iasemid packed
ara-xylene. 9. The process of Claim7, wherein the
be‘glurry feed conprises para-xylene. 10. The process
of Claiml, wherein the filtrate conprises at | east
one of ortho-xyl ene, neta-xylene and para-xyl ene.

11. SThe /?Brgegﬁi“sfor%ai%iﬂing}a?solié’@ﬁsg ltﬂ??lgﬂgut tlj‘ré %(%)g aﬁ?n of ilqmds from

corrprlses at east one

solidd\fh PRirRoN ¥be 8efinkd a I'T@%r I %orQaf arfd é‘loWeﬁlpregébrré E@{e separated
conprising the step of formng a dense phase in th

by diilghatie Hogsse bbMPisiNheaass of13. The process of J ai m
2, further conprising the step of formng a 22 dense
phase i na} ldeediing lesturty despiecuimpasing B ligat @nd a solid to the higher pressure
zohe at a pressure;
{b) imparting an opposing pressure on the slurry feed in the higher pressure
ZOne;
(c) forming a dense phase in the higher pressure zone; and

(d) maintaining the higher pressure zone at a temperature lower than the melting

point of at least one solid in the siurry feed.

17. The process of Claim 16, wherein the opposing force comprises hydraulic

pressure.
18. The process of Claim 16, wherein the opposing force comprises pneumatic
pressure.
19. The process of Claim 16, wherein the temperature instep (d)
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14. The process of Caim12, wherein the dense phase
conprises a solid packed bed. 15. The process of
Claim 13, wherein the dense phase conprises a solid
packed bed. 16. A process for nmaintaining a solid
phase t hroughout the separation of |iquids from
solids in a filtration zone defining a higher
S Aoy and . Iomer ressure zone separated by
corr% qudgégt e]t' po' pgrgnﬂ%n& ng the steps of: (a)
dlrectlng a slurry feed conprising a liquid and a
solid to the higher pressure zone at a pressure; (b)

| MR o 0RROS ABPIESA: G e L PO K REH ! Bocuet o o

|gher pressure  zong, a de

myﬁ&h&ﬁ@nﬁkﬁ@éi pressure zone; and (d) maintaining the
hi gher pressure zone at a tenperature |ower than the

nelting point of at least one solid in the slurry
feed. 17. The process of O aim 16, wherein the

OpPASi NOrHeQr&RsS NBIaIN 06, WWEHEAMd GurmPess ebthSrisetParal.
process of Claim 16, wherein the opposing force

conprises pneunatic pressure. 19. The process of
Claim 16, wherein the tenperature in step (d) 23

correspOfctss foheep@hiingeolingfidin Rfuidean ar fitiratRAzone Gefined by a
The process of Caim16, wherein the slurry feed

higltapniretsies ZnprAdlGH lodler Presyuyes (zahd isepira®d Py Of #i86r, the process
21. The process of Caim 20, wherein the slurry feed
conquisipy itisestegmasfa- Xyl ene.
(@) directing a slurry feed comprising a liquid and a solid into the higher
pressure zone;
(b) directing a displacement fluid into the higher pressure zone in
countercurrent relation to the siurry feed;
{c) forming a dense phase in the higher pressure zone; and

{d) passing at least a portion of the fluid through the filter to the lower

pressure zone.

23.  The process of Claim 22, wherein a substantial portion of the displacement

fluid passes through the filter to the lower pressure zone.

24.  The process of Claim 22, wherein at least a portion of the displacement fluid

passes through at least a portion of the solid packed bed to the filter.
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22. A process'for separating solids fromliquids in a
filtration zone defined by a higher pressure zone
and a |l ower pressure zone separated by a filter, the
process conprising the steps of: (a) directing a
slurry feed conprising a liquid and a solid into the
hi gher pressure zone; (b) directing a displ acenent
fluid into the higher Eressure zone in 3
codnt er COF PENESS B Giaimy A2+ Uriver Soupising thestap of papsing at least a

form,ng. a dense phase in the higher pressure zone;
pO“EHdD?%g"qH%EW HeP ﬁteafﬁfsa@tfh%'owsf PRgHIre Fonen rmingi afiirate.

through the filter to the | ower pressure zone. 23.

The process of Caim?22, wherein a substantia

port.i on_of the di ac nt £l ui asses through the

PP PPor 8e SO REF Rt 22etherei g doBASSine i dt Bale win
_ ' ein at least a portion of the
the %@%F&@éﬁ%’%%ﬁd‘m d passes through at | east a portion

of the solid packed bed to the filter. 24 25. The

process of Claim 22, further conprising the step of

passi ng | eas . ROrA - 1 i.qui d r.ough .t he

P Pl or The eraRR of i, Aefiin b ispllital i€ ¥Rk BRany
insolybleWitH the fifBte, TNe Process of O aim 22, wherein the

di splacement fluid is insoluble with the solids in

the slurry feed. 27. The process of Caim 25, wherein

the di splacenent fluid is substantially insoluble

Wi BB, t NenE bldoba & CIdh 20T WReRIPRE S pRbe Fh il

wher ei n thg di spl acenent fFufd s g g%s.ﬁégkﬁ%ﬁga&

process of Claim 22, wherein the higher pressure zone

i's naintained at a tenperature Ipmer t han the

;nei‘lgg.l NG TR® bfice sy ofdtlah RS twieRdn 81 Highet BresbB§e Shié [Ymaintained
at a temperature lower than the melting point of at least one solid in the slturry feed.

30. The process of Claim 28, wherein the higher pressure zone is maintained

at a temperature lower than the melting point of at least one solid in the slurry feed.

31. A process for purifying para-xylene in a filtration zone defined by a higher
pressure zone and a lower pressure zone separated by a filter, the process comprising
the steps of: | |

(a) directing a slurry feed‘ comprising a iiquid and crystallized para-
xylene at a temperature into the higher pressure zone;

(b) directing a displacement fluid at a temperature lower than
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30. The process of Caim 28, wherein the higher

pressure zone is maintained at a tenperature |ower

than the nelting point of at |east one solid in the

slurry feed. 31. A process for purifying para-xyl ene

inafiltration zone defined by a higher pressure

zone and a | ower pressure zone separated by a filter,

the process conprising the stegs of: (a) directing a |,

s| ureling eeipt ebmwpra-sfleng td itheuhighem Bressyrs tzoingi in espuntercurrent

ara- xylene at a tenperature into the higher
relag%@éh?étuwfﬁad:(b) directing a displacenent fluid at

a tenperature |lower than 25 nelting point of ' .

par a- xyl(@n@aﬁﬁ*ﬁ'%?ft Irastf perben pt BedigHe thwyeh ithe filter to the lower

countercurrent relation to the slurry feed; (c)

paSEICRYaiPn ek Produshe @i fBiR®f the 1i quid through the

filter tg the | ower  concentration zone, producing a

filtratéd (g‘am’\“& @ A§NSE PEASR GOMESEINg oRfplaast @gPattion of the

| east ortion of the crystallized para-xylene in

¢ h B -Be T i Do OB RRrRES S BUbr 1 ny ot | east

a porti of the crystallized ra-xyl ene fromthe

hi gher  (Pe S EMEGHASasS3 Pofics 4l aysialiscparsryiane from the

mhz%ggp t he diﬁﬁ%acenent fluid is a gas. 33. The

pr SEPEPSUF 4731, wherein the dense phase -

conprises a solid packed bed. 34. The process of
Claim31l, wherein the slurry feed is directed into

a825c (PErREESHE eSS Blo R R B R B et

the slurry feed is directed into the higher pressure
zone at a tenperature |ess than -59.4C (-75F).

33. The process of Claim 31, wherein the dense phase comprises a solid

packed bed.

34. The process of Claim 31, wherein the slurry feed is directed into the

higher pressure zone at a temperature less than -45.6°C (-50°F).

35. The process of Claim 31, wherein the slurry feed is directed into the

higher pressure zone at a temperature less than -59.4°C (-75°F).

36. The process of Claim 32, wherein the recovered crystallized para-xylene

is at a temperature less than -31.7°C (-25°F).

37. The process of Claim 32, wherein the recovered crystallized para-xylene

is at a temperature less than -45.6°C (-50°F).
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36. The process of Caim 32, wherein the recovered
crystallized para-xylene is at a tenperature |ess
than -31.7C (-25F). 37. The process of Caim 32,
wherein the recovered crystallized para-xylene is at
a tenperature | ess than -45.6C (-50F). 26 38. The
process of Claim 32, wherein the recovered
crystalllzed para-xylene is at a tenperature |ess
t hai®- 59 Therrocessryf Clgig SA whsrei e igap\erebpastaliceshpara-xylene
. process, conprisin roviding a filter colum
Is %@ntﬁ?“i’%raﬁﬁe !i’sﬁglar'og? é‘gﬁ ﬁ%@? and at |east one filter
tube extending in an axial direction within the
hol I ow cylinder, wherein at |east one tube conprises
an teg altl:%ltq ached filter, the filter formng a

di r T corifA SSpAANER RrOCEFE: F?f?%ﬁ‘%"lﬂ‘ of the tube
and an |E$er|or of E ﬂ | ow c (b) directing
a sl ur ry'% BEY9Ng gy go mnr%\wa@ F °W 5¥1E¥def %f@)at least one

ﬁ"eqitri?ec%ri“?*’“*%dg"a?*ﬁ%d%?%%@e g m%rrgﬂwﬁ%cv 08 ré(h?ffwdr% last one
T

PR el Pt e ahe @Fiéef FEE g g0 ectbtbdhcen

W%%?%%b%ﬁ%%ﬁﬂa'n%eﬁorotf'Er]e Hisplagaoent 1w d through

lte FOCesSsS o further

of the oad TS Er?ﬁ“"‘*rfe??m {“%é“%"orﬁéﬁ’sé 3l oG i m

39, wh |
3 ey @gé%@sargéfce%ﬁgﬂrw&ﬁaqrv:évzrrerrsnf:ed

conprises para-xylene. 27 45. The process of Caim
43, further conprising the step of form ng a dense

phase | nTid ol loPMait BoNFRtrein the displacement fluid is a gas.

41. The process of Claim 39, further comprising the step of passing a

substantial portion of the displacement fluid through a filter.

42, The process of Claim 40, further comprising the step of passing a

substantial portion of the gas through a filter.
43. The process of Claim 39, wherein the slurry feed comprises para-xylene.

44, The process of Claim 40, wherein the slurry feed comprises para-xylene.
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46. The process of Claim44, further conprising the
step of form ng a dense phase in the holl ow
cylinder. 47. The process-of C aim45, wherein the
dense phase conprises a solid packed bed. 48. The
process of Claim47, wherein at |east a portion of
the gas passes through at |east a portion of the
solid packed bed to the filter. 49. ' A process for
separ at iTRY prédekd of CIAM 43I fiheScdmbringithe 5@bi P forf@Hea dense
defining a higher pressure zone and a | ower pressure
Zophasepanahsibwoytiaddrl | ter, the process conprising
the steps of: (a) directing a slurry feed into the
hi gher pressure zone at a pressure greater than
at nospheric pressure; (b) directing a displacenent
fl d6d i Mhe prdwesh iof exim pefistheccaaiingttha siap &S Sdiihthg a dense
sufficient to pass at |east a portion of the
phask mihabdlventylifidexi d t hr ough the filter to the | ower
pressure zone; and (c) formng a dense phase in the
hi gher pressure zone; wherein the pressure of the
di'spl acement fluid is | ower. than the pressure of the
sl éiry fleedredeseroftGlaint 4b.nwiérein the dehee pbbsedcoawlces a solid
bed. 50. The process of Caim49, wherein the
packiiddpsidacenent fluid is a gas. 28 51. The process of
Cl ai m 50, wherein the dense phase conprises a solid
packed bed. 29

48. The process of Claim 47, wherein at least a portion of the gas passes

through af least a portion of the solid packed bed to the filter.

49. ° A process for separating solids from liquids in a filtration zone defining a
higher pressure zone and a lower pressure zone separated by a filter, the process
comprising the steps of: -

(a) directing a slurry feed into the higher pressure zone at a pressure greafer
than atmospheric pressure;

{b) directing a displécement fluid into the higher pressure zone at a pressure
sufficient to pass at least a portion of the displacement fluid through the filter to the
lower pressure zone; and

(c) forming a dense phase in the higher pressure zone;

wherein the pressure of the displacement fluid is lower than the pressure of the

slurry feed after the formation of the solid packed bed.

50. The process of Claim 49, wherein the displacement fluid is a gas.
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51. The process of Claim 50, wherein the dense phase comprises a solid

packed bed.
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