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aromati c feedstrearn because while xylene Tsoners have

%F%Sgéﬁ@ r%’t)l;?éd i'i‘iirj%r@?aouﬂeiéfi BFpRMRE Scid ReY hieéﬁ*%aﬂy required

tica erent nelting points. Pur
RAtrRagaibR RPachibEEE&a-Glena Pufi y’le\féilé‘" & BBl ene

freezes at -54 F., pure ortho-xylene freezes at -13

F.. and puHR=RbRYbOPRALRRdS SRAGHy Mbegins3With: a2, TR®matic
recovery and purification of para-xylene froma
RjcdckFRNOfbed thaN §pically comprises ethylbenzene and mixture of xylene
isomers, such as ortho-xylene, meta-xylene and para-xylene. Processes to
separate these xylene isomers include low temperature ctystallization, fractional
distillation and adsorption.

Crystallization is often preferred for separating para-xylene from the Cs
aromatic feedstreatm because while xylene isomers have undesirably similar
boiling points, they have dramatically different melting points. Pure para-xylene
freezes at 56° F., pure meta-xylene freezes at -54° F., pure ortho-xylene freezes
at-13° F., and pure ethylbenzene freezes at -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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isonmers by crystallization are typically limted by
the formati on of one or the WD 2005/ 035094

par a- Xyl ene/ net a- xyl ene binary eutectic or the

OHen of i hinpry raukrseticss | tae pagrpylang/neslewiiene birdapertettiop nthe
the starting conposition of the mxture, para-xylene
Rera-xyenpiarptyieae bingni ewectiei Rapcadiag ontee startingreatmposition
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ebedrixture nparpixyleap pillouysializedram thesmixkse B tar tpmperature of
eutectic conpositions. |If the tenperature falls bel ow
&e migturefis {omerasl, aad yhemoder figuare aprapegitionewil aphackone of
second solid phase which is lean in para- xylene wll
drey binan putecticr eampasidions.xtilithe, temperatwientatis delowf either of the
second solid phas; e is generally Viewed as

Dinass putadiicctenpemtyres,dhen azaecond peliscrvse swhicheist ipai irapaya-
operated at a tenperature warmer than the warnest

Byinae willkarysidizedrane thsemixtuie.e Tha bormationcoft hsecon splidsphase is
recovery of the process, conventional para-xylene
geperalii iviawash aseyrdesirabiat s saysialjzstion | preagdsen reotipcsally
a substantially pure para- xylene product. For

eraifjsideat ajempeiaiiire wagnerhary thepgBmeghhiaary iegtectic temperature.
i ncorporated herein by reference, illustrates a

Ydiilee this dimeits thedireeayetyc ®b1 e piogedsal | Forventonapriseesgene
for 15 'purifying para-xylene. In this process, a C8
SPRATANGCPOERESSS ﬂ@gﬁﬁ% QWEW%@W@ aEsiyee agupstagtially pure para-
para-xyl ene with the remai ni ng conponents

grlepppriodieine, meta- xyl ene, and et hyl benzene is
crystallized in a sedes of stal lizatjon stages to

£ of m BOTPXamPIW-SnEab| Mo+ 1 GhERR: WG o2 NAgPetsdad erein by
centrifugation steps to seF‘%rate tge sl u'r_r into a
gelgenge: fugiiatesng converjiengl idiregtgealed grysla b@%‘ﬁﬂ Wypeese for

cess prodyces a ene

Dina; e aRens. o dn g FiRtedhe Gats Gromgunepuatam comprising

e AR R RS Wi o B ed o G cfensniho-Flegs.faere:
Suefic i pERBEPEELS BBl BT Th e T oh Sniaizaton siepes to
et PPt e P UARE B PG et et PBiete
the slurry into a crystal cake and a liquid filtrate. This para-xylene purification
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 perceht, the use of centrifuges add significant costs to the
purification process due to their high capital costs and the hfgh maintenance
costs inherent in high speed rotating parts. As a result, prior efforts have
focused on developing alternatives to centrifugation to improve the economics of

producing substantially pure para-xylene.

ot her of two binary eut ect PCHUS100€025117
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25 focused on developing alternatives to
centrifugation to i nprove the econom cs of producing
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SHAPETFIOhe B8 THISEN poiRseiuroalleds ASTaHIC Waaturolamanerdieotsd
extzlnﬁ in an axial, direction within the wall of each
foup dolamevtinden in whidheong o mere fubes of apeqnsantouificdiameter
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e¥leas foan gial dlesbign, Wi 466 HAE of eQy Hiop ComprisiEd s leaskone
l'i nder. The Thi ] ssen Iﬁro,cess - separates solids from
ﬁ'f%ﬁ qeid Wﬂéﬁ%“@&?h gneonis disgsd RINGRtIGNReiweer thedntegatiobihe
the hydrauli.c sh colum and a wash liquid into a 10
Q‘B@&H%ﬂﬁ‘fﬂm&f’r %qﬁge hofewLvinderash col urmqi n
countercurrent flow to the suspepsion, form ng a bed
't e JVISHENC PIACRRRs FSePAIaIY SpltiSe MO IAWES | P uiFegfing
from .the suspensiop escapes through the filters of.
RAEoRSIPn 1O B HIRLENT At HOTHENUIE WAMLFONAN fhd 2 Wasdgruickintp a
a co cen({1r§t d }s_\u%gensi.on is wthdrawn fromthe second
SORINGT ST TSAPUTRHE WESh EOVTRmN SouMtgGHgentsiow to. the
i ntroduced at the second end to reslurry the 15
e eB douiha SR TE o onh: ol A i gnaedauoropeom
sh_liquid. \Wen,the rocess . s.used tp separate
UB e Sresr duyopiy HRIRRE ney8E Ges ud PRGNS S e
ess, e h,liquid canprses | ten crystal
BP8EGER 3 bl Ry shitbioB M iRB0 o FikeSOriR Bog,of the
£ S, & I ' and appar.atus, f
AR R ol R b e 1080 ROy BRRELA gy the
jvel at-g. 20 .Li quids fram sal.ds .at
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j UI erd f L .elf . [Li [ N
RCBLUE! 15 LA QR ha B donfild ALK 8k bR Bagpzptor
ROBERSMheliRAAR I Uohiplifled MBitel Erystal BRI e subBdsion.
Although the Thijssen patents teach an alternative method and apparatus
for solid-liquid separation, the Thijssen process cannot effectively separate
liquids from solids at temperatures far below the melting point of crystals in
slurries derived from a melt crystallization process because the wash liquid
utilized during the process freezes within the Thijssen hydraulic wash column
during the washing part of the operation. At lower and lower temperatures, the
freezing wash liquid fills a larger portion of the void fraction between the solids
thereby requiring higher and higher pressures to drive the wash liquid into the

column. Eventually, a low enough temperature will be reached wherein the

2 WD 2005/ 035POHUS2004/025117
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during the washing part of the operation, At |ower and
| ower tenperatures, the freezing wash liquid fills a
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ap aratusesfor soljid-liquid separation t . .
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'E%Ii Iarlt%f‘%% %ato afi’ §8 ttﬂhﬁer BBocggs%ér " 'wﬁﬁ ﬂﬁé gre% qHhishal

I'zat10n process can‘be operated i n

manner w t hout hi gh | oss of the crystals
P%ﬁﬁﬁj’lgﬁ@ d filtrate through one or nore

It has also been found that separating liquids from solids in a filter column,
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.

Summaty of the Invention

Therefore, the present invention is directed to a process for separating
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filters during the separation process. It has also
been found that passing a substantial portion of a

crystals to one or nore filters can result in an

sdficle foabliquidsiin @ filieation zpRe defining a2dighenrenopnisationzene and a
I nvention Therefore, the present invention is directed
towen conosokationf aone §ep@ra@d ikyp filtanshe puoress somprising the steps
PCT/ US2004/ 025117 solids fromliquids in a filtration
phiFectiadi ai signa fésdyltempdsing entliouidi and zorselichrigioathel bigher
concentration zone separated by a filter, the process
campenirationgzdnee distalipg @ tisglacementniiich te|the mggheée@ncentration
conprising a liquid and a solid into the higher

eome; emtirpEsEing at deest adparéant phthealiqiiids fireugina fitterf louthd lower
t he higher concentration 5 zone, and passing at |east
aomentraton zohe tdreddcingua filtratar ough a filter to the | ower
concentration zone, producing a filtrate. |In another
embodinmencthert leebiodivent,i the invetiianeds efirecied atopBopWEEsSE dor
mai ntai ning a solid phase throughout the separation
afaintiiningiadsolitirphass dhrodghauh thee séparatioat of diquide dwntedlidadia a
by a hi gher pressure zone and a | ower pressure zone 10
filtiptiorazenk defireds by achigher rregause @oge @od loviengressure zone
steps of inparting a pressure on a slurry feed
sepgaied |bugt tétet, ithpprdcensompgeing dhe stepsef imbgtieg a pressyigran
zone, n(gartl ng an opposing pressure on the slurry
pesldrry feecheompasieg apficuid and acsalid ingigokipherngregsure zene.
a portion of the solids at the filter, formng a solid
paRatiey BeaPPesing PresHre Ra rthe slisy jped nothe, hlqma pressure zone,
mai nt ai ni ng the hi gher pressure zone at a

depenitingt al least @\n@fﬂoﬂ I9hthetgplidgral the e B?TW!"% SC&'@' Pegkag bed
one solid in the slurry feed. |n still another

it higbpt prespige| men@n% rmqlgtaw\mge@@e'ag% %ref%% &8Re @Bha
separati ng solldsfrom%@gwdsmaf }; atio P
demperaliraipwerthan fiedpeliidralifol at legsfong salidint F”V eed.

ggﬁ;fﬁggﬂég&ﬁ Sre r% 63 me'ngntb¥he mvekt‘ioen is élrecttfdr o a process for

sepératmg 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 directing a slurry 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.
The present invention provides for efficient separation of crystallized |

products from a slutry feed stream at rélatively low temperatures without the tisk

and attendant penalties assaciated with the freezing of a wash liquid within the

fluid through a solid packed berPCDUS2004/025117
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steps of directing a slurry feed conprising a liquid
and a solid into the higher 20 pressure zone,
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fluid through a filter to the | ower pressure zone. The
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the disnlans Feement B ce Hsdpmpeise af the displaperbentiiyid thairaidirected
at t endant pen?Itles associated with the freezing of a
acvnfarerirent wigtion fo theeslyiged 005/ 035094
PCT/U? 004/ 025117 filter colum and causi ng conplete
fai | uf@e BreseRidNRNtion AlsogRIPYdeseios AaUbsRNiA sedisdon inTpapital
resent i nvention also provides for the pOSS|b|I|ty of
%}?@;ﬂ et and puking ynaiptenanss | bydregvciilitie rupher A dBovinorags
slurry feed by.sinply varying the flow rate of the
rﬁ%ﬁ%% ﬁ%lrwlmmqwatﬂtwﬂ REPCEETIUiEagUGh @s sprepRbowl and pusher
disHLacenent fluid that is directed 5 in
EMMAUEPRuUrrent relation to the slurry feed. The
pres i nve t|on al so proy s for a, substantia
A

i ALY RAsubstaplial saungsdn retrigeration
nmai,nt.enance b ugci nE'dt he nunber of

vin
P et and Sor o gl Siosivieleatog frRfkas under
SCI nd pusher centrifuges. 10 The
B\L'J%%aéﬂ%"lr 'ﬁ%gﬁw ﬁo'?;\(i" Bpr OVI des for subst antl aI
savi |nre£ tigerati al |

2ol | 4R RlRsaT P%m o%0 rSidsatona RundanoRl ge 5?%0%'{"98 by
[ I
K8 g, Y TR 68 GRS Shoarhh Teadiy o in

Faers ea"’é?"rdé'%?ﬁ‘:#iagfa&@fﬁ?% el R eS8 nyent P onal |

solid-1iquid sepaﬁ%ﬁngﬁgbﬁgbmgq appar at uses.

Brief Descriptio DX av
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 liquids. Such slurry feeds may be light slurries,
medium slurries and heavy slurries. 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

pressur e zOoPET/UR2004/025117
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Figure 1 depicts an enbodinent of a filter colum and
filtration process in accordance with the subject

WO pws830en. Fi gures 2a-d depict an enbodi ment BET/ES2004/025117
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results.

In a preferred embodiment, the slurry feed is a product froﬁ a
crystallization process. Such products may include, but are not limited to,
products from the crystallization of para-xylene, protein, water, écrylic acid, and
methacrylic acid. |

In a preferred embodiment, the slurry feed comprises at least about 5
weight percent crystallized para-xylene, more preferably at least about 10 weight
percent crystallized para-xylene, and nﬂore preferably at least about 15 weight (

percent crystallized para-xylene. It is also preferred that the slurry feed comprise
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15 al so preferred that the slurry feed conprises from
about 0.5 to about 65 weight percent solids, nore.
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10 to about percent crysta

Hﬂé@rréd( leRIBSdinfhd R8s RAEHE rrgawgeﬁ r Wmlaeuutdéypﬁae ehent fluid

about 65 weight percent crystallized para-X

hentalsedlld fquid itdoIAREBRS br fhdib @oﬁdé' Bta{P\leesIuW feteﬁe ina
subj ect invention can be a gas or |iquid capabl
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di oxi de. In another preferred enbodi nent, the gas is

adigplackmelEdui@temnrg filtrBteef erred enmbodi ment, the gas can
be hydrogen. A suitable displacenment flui d

The displacement fluid can be at any temperature suitable for separating
liquid from solids in a particular slurry feed. However, in a preferred embodiment,
the displacement fluid is at a temperature lower than the temperature of the slurry
feed. The lower temperature of the displacement fluid can be utilized to further
crystallize at least a portion of the liquid or maintain crystal form in the slurry feed,
providing for higher solids recovery. In another embodiment, the displacement
fluid is at a higher temperature than the temperature of the slurry feed. The
higher temperature of the displacement fluid can be utilized to facilitate the

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

concentrated product. In yet another embodiment, the temperature of the
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can also be a liquid insoluble in one or nore solids
of the slurry feed. In a preferred enmbodinent, the
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Alterhatively, the filtration zone can be defined by a higher pressure zone
and a lower pressure zone separated by a filter. The higher pressure zone is ata
higher pressure than the lower pressure zone. This pressure differential can be
measured by any means suitable to demonstrate a pressure gradient across a
filter 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
higher pressure zone, and the pressure of the lower 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
cylinder 10, it is preferred that there is at least one slurry feed inlet 27 to direct a
slurry feed into the hollow cylinder 11. Filter column 10 further may comprise at
least one displacement fluid infet 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

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

comprise at least one flush fine 31 to direct a flush feed into the product chute 33
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chute 33. Filter colum may further conprise a set
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concentrated product exiting the hollow cylinder 11
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suitable for the subject invention can be any gas or
fluid) isiicjected prad the fitier cdiean ahan oy sing pdisstirecafficentto facilitate
obstructions. In a preferred enbodi nent,

the separation of solids from liquids and for at least a pottion of the displacement

fluid to pass through a filter to the interior of a filter tube. Within the filter column,

the highest imparted pressure is generally at the slutry feed inlet, the lowest

. imparted pressure is generally at one or more filters of the filter column at the

interior of one-or more filter tubes, and the pressure at the product chute is at an
intermediate level. Since fluids flow in the direction of high pressure to low
pressure, this ensures that the fluid(s) in the filter column move towards the
filters. When solid particles are suspended in liquid, they move in the same

direction as the nearby liquid. As the fluid passes through the filter, the solid
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g ihé%.&&hu@%esﬁw fitck® Neverihleas S!héeboh@ hagked bed
ensures that the fluid(s) in the filter colum nove

hiVBs ssehhfilyZan 4 isbicebsdy, YRigR @k ipdsiBe tr GkaieAtSlumn may
suspended in liquid, they. nove in the sane direction

Asimdif Subixeaitialy ddrgtéintlat shsadyBeatd.| ui d passes through the
filter, the solid 11 WD 2005/ 035094 PCT/ US2004/ 025117

parti Thedirevtivh rtgatvthe hetdhaovds(l ot dvhbthgt ithe bed epmaistat allf is
ot herwi se form a dense -phase or solid packed bed at,

genaralty detersaiet By theasunymaitomr oft dilefofdek ttieat awit hithe tled. One
hol l ow cylinder of the filter colum. For the

force tme &5 indpattbe opribe detl is frvmnthe diguid dn thenslarry idaaksthat flows
defines an area of solid particle concentration within
threudioihk dedopl tha ey t0 dine filters. - An opposing force is imparted on the
bed from fluid(s) and displacement fluid flowing to the filters from the opposite
end of the column. For purposes of the present in\)ention, the displacement fluid
provides hydraulic force if the displacement fluid is a liquid or pneumatic force if
the displacement 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
imparted by the liquid in the slurry feed is larger than the sum of all the opposing

forces. In addition, the oppasing forces may also include the frictional forces
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having a greater concentration of solid particles
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W@%Qﬁbeﬁ??n the sumof all the opposing forces. In
addi tion, the opposing forces may al so include the

e e s B e S
;@%g;\?/?@t‘rgéin Qhnali RehovBls & soRACHEH the Suaf thddD erdeUnGun? bt solids
present in the filtrate may be affected by such factors including, but not fimited to,
the type of filter employed in the filter column, the size of the openings in the
filter, and.the type of slurry feed injected into the filter column. However, it is
preferred that the filirate 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 5 weight percent solids, and most preferably no
more than about 1 weight percent solids for best regults. The balance of the

filtrate is mother liquor. In the case of separating crystallizéd para-xylene from a

slurry feed, the filtrate may comprise ortho-xylene, meta-xylene, ethylbenzene
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web@sossoend 13 of the holl ow cylinder

Referring again to Figure 1, in a preferred
enbodi nent, the slurry feed is injected into the

colum 10 via 5 slurry feed inlet 27. The slurry feed
fendaspamarylepl. t he hol | ow cylinder 11 towards the open
end 15 of the hollow cylinder 11. A displacenent fluid
i s di Aetheemothet tinuid passes thieugh e filker 23da dphsecphasa within the
fluid inlet 29. The displacement fluid flows

dolow eylgler dihtgeperally tforenst | Breferably hisesdanse \phse doinprisdsea
hol I ow cylinder 11. As the slurry feed flows al ong
snlid packed hedfwithirethe R8ow tchiindend hef thei fijler dolumnt teexterior to
slurry feed 10 passes through at |east one filter 23
iont rtrherei fiiteg tilas 1. @reedhe reolick packedebed isbfesmdd;, the solid
producing a filtrate that exits the filter colum 10
packedhzedovovasrtopards itomoeh efd H of the hsltovoeydindéer tlewhdralitds
17. Concurrently with the nother liquor , the
grafplablyremnved froraithk fites selsmnvieoerghoramork pastucosteitdsi 3% ax a
23 into the interior of one or nore filter tubes 17 _
&ndcentratesl product.i Irt @ praferathemb@liment, theesolid padmddmdtrmaynbe
21 of at least one 15 filter tube 17. The filtrate

ext aridhpushid tdwardeone of mare produch chutgs 33 by ohe o Mot mevable
[iquor, but may contain small anmounts of solids from
thtesles [(nntrspovakels thehsslid packed hed exds thisopgnresiet of the hhlow
filtrate may be affected by such factors including,
lsylindeoitl imted to, the type of filter enployed in
the filter colum, the size of the openings in the 20
filt elhe gorpeniiated predust exingreng graeqie iprpdset eites3dprmarily
filter colum, However, it is preferred that the
fopmprisgssalidafsemde sldryiiaed, butaraya08prise smalkk AgRYNtS of weter
solids, nore preferably no nore than about 10 wei gi,ht,
davresnd gisplagement, fifid.nothe apounteplapiolien diaHey, Gesidugh tiquid)
about 5 weight percent solids, and npst preferably no
Rspsent inathe Avparntrategeprgrct ;5@%@?19“%‘6?‘? BY spieh fasas including,
results. The pal ance of the 25 fi ate is np

BB eIt Wo/16s BRSeng Prredh draiiaindhe siay Facduis size of the
PRy AT KRR LR Y p—
Va\alr?d%l?eoaag %?\8 ?Ingr)a e/b %lzeoé?églgc%?nle%huidf However, it is preferred that
the concentrated solid product comprise less than about 40 weight percent
mother liquor, preferably less than about 35 weight percent mother liquor, more
preferably less than about 30 weight percent mother liquor, even more preferably
less than about 25 weight percent mother liquor, even more preferably less than
about 20 weight percent mother liquor, even more preferably less than about 15
weight percent mother liquor, even more preferably less than about 10 weight
percent mother liquor, and most preferably less than about 5 weight percent

mother liquor for best results.
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and/or para-xylene. As the nother |iquid passes
through the filter 23, a dense phase within the
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liquor of the slutry passes through at least one filter 23, forming a filtrate that exits

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

thrdugh the closed end of the filter column. The opposing pressure of the
displacement fluid 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 filter 23, the solids begin to form a dense phase 35 within the hollow cylinder
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 hollow cylinder 11.
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14 WD 2005/ 035094 PCT/ US2004/ 025117 1In a preferred
enbodi ment, the present invention is directed to
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e Slurry feed
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I'cient for portion o
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'east ~one filter 23 wherein at |east a portion of

ﬂiﬁ%t@rno J'n'leng rpaRE étﬂﬁta‘-‘nltléﬂ fyr dedaiRg e kol gﬁalﬁltenéﬁféséosts

one filter 23, formng a filtrate that exits

bbddcRitec Rt EBVEROAHIIIA-IQRY EOFRrRIH drfg. 21 of the
filter tube 17 that extends 20 through the closed end

of t hend pleb&it ii@htisMalsd PR VRIRE 8§ SiBstah®E SaNikysah réfigeration
di spl acenent fluid preferably prevents the slurry feed

oam tﬁ,oaw“@ﬁgalfof sdliddiglidgsepgabationi bt efysafizationi produEy under
towards the open end 15 of the hollow cylinder 11.

Babstantiang isvaveringl Bogdiianhs2b Cur@nt welidvidquic iprodegssy, silch as
the slurry feed passes through the filter 23, the

soleked sholt gentrifuges, oadd eortiidesable mseinB5S ofrkidrgy té ke process
hol | ow cyl i nder
stream thereby raising the temperature of the effluent streams. In a para-xylene
crystallization 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 filtrate streams frequently found in
conventional solid-liquid separation processes and apparatuses.

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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25 11. As the solids concentration of dense phase
i ncreases, as shown in Figure 2c, a solid packed bed

inder 11. 15 WD 2005/ 035094 PCT/ US2004/ 025117 Once
t%d@almm%@u@dhmd@emq@n PRRTiRIEUTaR elgicads Grecslury feed.
i nparted the slurry feed is generally greater than
t e pAdsaighehe psscBlinjomicn dag e deesriaed i pariouierty and
result, as shown in Figure 2d, the solid packed bed 37
igtalls theofpliowing ph@malsemov'%ﬂmbsr Hustiagien pb fheoiavention radrare
11. 5 The ?resent i nvention provides for efficient
Jwganstpodaet terlingt ag seong ofdlep inverdigict s froma slurry
feed streamat relatively | ow tenperatures w thout
risk and attendant penalties associated with freezing
a wash liquid within the filter colum and causing
conpl ete failure of the SSAMELE quid separation
process. The present invention also provides for a
subst &xemple fediystrates @rPr@%ﬁ?’ﬁt for theopwifisatipi tofir eararylene
routi ne mai ntenance. %/ reduci ng the nunber of novi n_ci_
hibstantigllis ofni pesgrdapce owitty the @msenfs awaptipn gnd priggess.  The
units, such as screen bow and pusher centrifuges.
Bramplel erGompEEsach an LUK dim i mblot'riée felloydng par@mtﬁrs dyere
can conprise little or no noving parts, substantially
rmerAsdrason riculaled fram thaimaaswad varakles: s(1) ﬁseswelgat %rcent of
wi th conventional solid-liquid separation uni
PREa- iSY'%%ﬁa’ﬁtthfF #lven faedn(Zh thessoig- W%@tqfﬁ ef ﬁ‘ﬁl‘ﬁ%’éﬁf’%l@) the
savi n in ref lréﬁS&er ation costs b ovm n

JoPPerAre of e s fed & tae we'ﬂpts&eﬁqnﬁ RS ﬁ%ﬁ'ﬂ% thbe ditrate;
381 e soilidd st i el BBl b s el ) me
e e pofineoliBned) rﬁei%%négé’oﬁaﬁ@ts%ﬁd;@ﬁ?@ 3 bl

 Trelenf o E kel &)ﬁ*”‘é%@ﬁéw&? el fhe S?LLSQS

r equi geration cos The lgrese

d f
e T sl (BT S Corhiisen IFhal, Rlletelo i & GafERGH), Jav

Qmeerature crystalhzer. The pressure of the slurry feed entering the filter column

was 210 psia at the end of the run. The feed rate of the slurry feed was held
constant throughout the run at 700 Ib/hr. The temperature of the feed was about
-B1°F.

The displacement fluid was gaseous nitrogen. The feed rate of the
nitrogen was 1.8 Ib/hr. The temperature of the nitrogen varied throughout the
run, but averaged about 0° F. The pressure of the nitrogen entering the filter
column was 65 psia at end of run.

The filter column had a length of 25 inches and the hollow cylinder (higher

pressure zone) had an inner diameter of 3.07 inches. The filter column contained
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fitke to Hhenigr et Ainitier Bibgy iThe fn'tarr ?%?ﬂsreﬁ |9U§t' rdigmetar exrenings in
invention and are _understood not to |imt the scope

of staguerechpeigptation wih e spRterto-gepigTptRacing; of ﬁﬁr'a@f@ afhe
process for the purification of Para xyl en
@M@@\‘ apen areypf the fAte& WPs 3 REISRNE-h %ereﬁ%@éaﬂihq intpdat fdbe
and Figure 1. The exaqple enconpassed an 8-hour run
filkerippesrinionghau fegin aYeiaerd by 858 -wer e 10 neasur ed or
cal culated fromthe nmeasured vari abl es: t he wei ght
per ceRbring the-f-hourym five; sampigs ‘g?fﬁrrﬁmov%d"e'?@g ti}enfgllowmg
sol i d- I|qU|d content of the slurry feed; (3) the
feswieindhadablgt the slurry feed; (4) the weight percent
of para-xylene in the filtrate; (5) the solid-liquid
content of the filtrate; (6) the tenperature of the
filtrate; (7) the weight percent of para-xylene in
the cake (concentrated product); (8) the solid- 15
liquid content of the cake; and (9) the tenperature of
the cake. The slurry feed conprised m xed xyl enes from
a comercial, low tenperature crystallizer. The
pressure 'of the slurry feed entering the filter
colum was 210 psia at the end of the run. The feed
rate of the slurry feed was hold constant throughout
the run at 700 | b/hr. The tenperature of the feed was
about 20
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The di spl acenent fluid was gaseous nitrogen. The feed
rate of the nitrogen was 1.8 I b/hr. The tenperature
wboosiasomd t r ogen varied throughout the run, DbRET/US2004/025117
aver aged about 02 F. The pr of the nitrogen
s
th

entering the fitter colum pS|a at end of run.
25 The-filter-—col-um—had

a2
LA v pn v y 1 \-r1HL1§ U

hoI?WlEyl | nderT(hl g]her 2oredsur € zond) hdd
H haoc Thao H adhl

25 i nches—and—the

;.F] [ nnér
61

di-areter F—F—trehes—Fhe—FHtter—edlurm—eontatned
e 2068 b3s06m PT/ USZ004/|025567 alf1168r ¢ [ibe bt
an outsi-der{ di ameterf of 1.00 {inches. The filtef tube
Feepri sed a fFMSer Scr fabrlfaa‘ted wth .a 316 099
M@Enﬁg eelperflorafed sheet freastiring 6 inches

ifged: en t Thie.ofwt.l4 €r 1e@mat blodatieewi7%i ncreemwt. BS| 154wt % |,
me& 'g[' f r preplidh €4.0 op safis; B3 | fdiidst @t | csolidaBartop 9KdsiBHE
filter tubel Wrkdayds| it W% dieprli Wekfogidsy (W %fiadifet & % liquids
@h|n5|n5 st aglgeredo®r ijenkakdeon | Wi_g 4,0 a4 Q0
d’P g -89 43, 9‘9_ 1884 BRbdFO é{%ﬁg 81.3°F.

hvear.al |
v O T CAT T

ea of the filjter gwas 31 percen . THe pressusg
tl nt ef i of0-8f the filter t hr oughout the
ged-—14 7° pc 7 houtr—runi-five
5"&“@' ',f;%“ g z@gggg 3«% 'éf "ef ol | A, | oSN
USeZnOOZ; < | C ‘ﬂqu % liquid wi. % liquid
li m] at alrrp '@g & - o - o
f r GempeaRre 5] 0& BR' 0 s up leedd®3s §og786% 1pa TOFF
Cake: 82.2 83.1 84.1 83.3 83.9
wt. % pX Content . .
Cake: 80.4 wt. % 81.4 wt. % 82.6 wt. % 817wt % | 839wt %
Solid-liquid solids; 19.6 | solids; 18.6 | solids; 17.4 | solids; 18.3 solids; 17.7
Content wit. % liquid wt. % liquid wi. % liquid wt. % liquid wt. % liquid
Cake: a o o o )
Temperature -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 filirate was
primatily derived from liquid para-xylene present in the slurry 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
temperatdre of the slurry feed to be further processed, providing for substantial
10  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 clogging the openings of
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22.9 1 wt. % pX content. Feed:16.0 wt. %16.5 w. 9%5.6
w. 9%45.6 wt. %45.4 wt. % Solid-1iquidsolids;
w@4008m88004ls; 83. 5solids; 84.4solids; 84.4sol i dBCT/882084/025117
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§8 '?V&Qttﬁ%ﬁwa bfopert thefete 8ytin's 5&%@ &%r%%e i’ roto

|cy v (A,?ve ﬂggrfpéaﬁ?%lahéj %hg}o q%w&lﬁ(t:ghvﬁ prog/eﬁs pdw go t%e pox\“ft of f|l?er

Fi traciﬁm E; 82F-79..22F- 79. 92F- 79. 62F- 79. 32F

f8 YRGS Tk XSS EPPEOI S 383. 9 21 wt. % pX

| %St smmwgmq%m gt bpfh o S detfin
]Tlsﬁtﬁogﬁl grsx’d/eqs Paca vangstl é%lgé\ﬁo%g(fq% a{hsgo |ons% as; \&ﬂf/oas

cr:gal&?ange%%n?c'):f pa7rt% a2n'c:i Jq%lpﬂ:ent 7c%n%e mage %y those skilled in the art

without departing from the novel spitit and the scope of this invention.
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Tenper at ure SUMVARY OF THE EXAMPLE The Tabl e shows
that very little solids were present in the filtrate

walaoos0ss09b t he separation process. The anmount BPET/US2004/025117
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par a- *ﬁgﬁ&]ﬁ%p{s%gaﬁrﬁédisn the filtrate was primarily

derive par a- xyl ene present in the slurry
feed wwth a small portion deriving from solids
escapi ng through the filter. Additionally, the para-

oo ot o8 AR lel Sbiiglng Sl i g@@??‘f‘ﬁé‘“?ﬁ“’? fgne
i%lﬁ@ﬁiﬁtﬁﬁifeft%a‘?eﬁﬂgﬁaﬁ{%%gﬁ.‘en%%? ?@@eli%gpﬁéfﬁ%'&*g:%g e
i @63 oRaR BRI (hd hur i cation of

par a- xyl en utd | i

th 2di £ ans. 4|
e Exarmpl & R “%Sreslétﬁéﬁf‘ég‘? ?%'}qlf’);'%'f"ﬁ %‘ﬁﬁi*f‘:ag\?fe sigpto the
f/vi shiu %ﬁ%"@?ﬁ@?%ﬁ%e;ﬁzgi nlquﬁef\gggni ng;egfzelg
WO 2005/ 035094 PX¢ us2004/ 0 1.7, .t dlt . Thi i
D ooty eheat SRR RAR 1 b Mo ighronpatisfon Pene:

purifiac tion process of the Exanple, which is far
bel ow?t'fe mel ting point of para-xylene. ' It i

t Is
o DL R TR o VR ] e o o
L8 e e e AU
pressure, AhARRAN ATBdhaRY G lplihe o ASTL SR

vari oys . | £ b nd substitutions, as well as
rearrgﬁﬂgﬁg}r‘l‘tth%?hprgﬁg?and equi pnent, can be nade by
those skilled in the art w thout departing fromthe

novel spirit and the scope of this invention. 20 WO
2005/ 935094¢ process of Claim 1, wherein the displacement fiuid is a gas.

3. The prdcess of Claim 1, wherein the displacement fluid flows in
countercurrent relation to the flow of the slurty feed in the higher concentration

zone.

4, The process of Claim 2, wherein the gas flows in countercurrent

relation to the flow of the slurry feed in the higher concentration zone.
5. The process of Claim 1, further comprising the step of passing at

least a portion of the displacement fiuid through a filter to the lower concentration

zonhe.
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That which is clainmed is: PCT/US2004/ 025117 A process
for separating solids fromliquids in a filtration

waeovs/033def i ni ng a hi gher concentrati on zone anPCEHUSZIWV®025117

concentration zone separated 5 by a filter, the
process conprising the steps of: (a) directing a
slurry feed conprisin a liquid and a solid into the
hi gh e%( condErRIPERSS i 36')\6%(}%@%3 gheystep of passing at
dIS | acement fluid to the h| gher. concentration zone;

a portigh o tagas Kyough 3 iesto g iRSYer compestraiaRezone qui d

through the filter to the |ower concentration zone,

producing a filtrate; . wherein the displacenent fluid
di spl aces at .| east aéportl on of the liquid fromthe
slurry fedthe pocess ph&laindedihemin draishiry, fogH eommiseh e

di spl acenent fluid is a gas. 3. The process of Caim
produplefram a crystalligation Rieeasdnt fluid flows in
countercurrent relation to the flow of the slurry feed
in the higher concentration zone. 20 4. The process
of aim2, wherein the gas flows in countercurrent

Cel at Bon (et REoRIOA Tlaitha, Hhara the SHITYnfopr comrslies a
concentration zone. 5. The process of Claim1, further

eadyEt fiam g orystallizalion RIPCeSsssing at 25 | east a portion
of the displacenent fluid through a filter to the

| ower concentration zone. 21 WD 2005/ 035094

PCT/ US2004/,025117
9. '{'he process of Claim 7, wherein the slurry feed comprises para-

xylene.

10.  The process of Claim 8, wherein the slurry feed comprises para-

xylene.

11.  The proceéss of Claim 1, wherein the filtrate comprises at least one

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

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

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

13.  The process of Claim 1, further comptising the step of forming a

dense phase in the higher concentration zone.

14.  The process of Claim 2, further comprising the step of forming a

22



6. - The process of Claim2, further conprising the
step of passing at |east a portion of the gas through

wa2doslosmp4t o the | ower concentrati on zone. 5 7pCT/Og2004/025117
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gire§§e§®3a03 fll? ﬂeﬂidﬁeheﬂ@%ﬁ{r&tioﬂ {DRS slurry feed conprises

romsa crystallization process. 8. The
process of Claim2, wherein the slurry feed conprises
a product froma crystallization process. 10 9. The

para 11 22%*% HBoce g G b@&@?ﬁiﬂ %Hﬁ@fsgﬁvi‘fgéﬁﬁ%ﬁ§3s a
[ 15 11 T
SPGB yner ei n the filtrate comprises at |east |

one of ortho-xylene, neta-xylene and para-xylene. 20
12. The process of Caim?2, wherein the filtrate

conpri,ses at least o of .qrtho- n nmeta- xyl ene
and piFa x e RS0 Gialn 1, LAY el Bsf Yofhlpes =
cQo ricii gﬁ he step of form ng a 25 dense phase in the
E?PE%Q? ¢3RE%nt rati on zone. 14. The process of Cl aim 2,

further conprising the step of formng a. 22 WD
2005/ 035094 dense phase in the higher concentration

2o T KRR P b o Do SSE T gt e
50f liquids from solids 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 slutry feed comprising a‘ liquid and a solid fo the
higher pressure zone 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 slurry feed.
t

: {
18. The process of Claim 17, wherein the opposing force comprises

hydraulic pressure.

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

pneumatic pressure.

20. The process of Claim 17, wherein the temperature in step (d)

23



16. The process of Caim 14, wherein the dense phase
conprises a solid packed bed. 17. A process for

worosnaiosd ng a solid phase throughout the separet/Usmw04/025117
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16r@5pdricRtth 56 ERAY i Sl paiedaderel | L rati on zone

defining a higher pressure zone and a | ower pressure
zone separated by a filter, the process conprising the
steps of: (a) directing a slurry feed conprising a

l'i qui d1and TReSHLESESIG ERRn Wi W%Feilﬁ’rtﬁé%ﬂfrﬁ/r %@Hecdﬁ%@es a

pressure; (b? I mparting an opposi ng pressure on

SérH&Jchf&%grs{dﬂizéﬂﬁ\J}'b%@.r 15 pressure zone; (c)

i !

fform ng a dense phase i n the higher pressure zone; and
(d) maintaining the higher pressure zone at a
tenperature lower than the nelting point of at | east

one sghi d mgfﬂg?céé 8f Eairh 2§ dwhéBinle shitfy REQEERPri&ds para-

Caim1lyv, n the opposing force conprises
&%@h@ylic pressure. 19. The process of Claim 17,

erein the opposing force conprises 25 pneumatic
pressure. 20. The process of Caim17, wherein the
tenperature in step (d) 23 WO 2005/035094 corresponds

L9 theae! W BeboRSl Rir Qpafihd stlide Rem Eﬁé%ﬁﬁ??@f@%ﬁ%ﬁe

21. The process of arm17; erein t eed

o _ ; : .
Cdrl]HﬁHédi 5% ﬁ:gﬂéP%%é%i&urQ zofte GhY & Rwel ﬁ:?ésbﬁt@ ﬂn‘é&%@érat@c?by a

The procCess “of aim 21, wherein the slurry

CHIER fifhed BBy orpHsRigThe steps of:
(a) 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 slurry 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.

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

displacement fluid passes through the filter to the lower pressure zone.

25. The process of Claim 23, wherein at least a portion of the
displacement fluid passes through at least a pottion of the solid packed bed to

the filter.



wa@ap@sasijoener pressure zone separated by a
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23. A process for separating solids fromliquids in a
filtration zone 10 defined by a higher pressure zone

process conprising the steps of: (a), directing .
sl ur r 96.f ectheqypgass $If (i 35? fsthar aq(f@}gfa?"@otﬁﬁ @t%f)gpﬁwg at
hi gher pressure zone; (b) directing a displacenent |
fidast @ pomipn of the fipuig Hupugly |8 dilierdo sherfawerpregsyire zone, forming a
countercurrent relation to the slurry feed; (c)

fiilvatd.ng a dense phase in the higher pressure zone; and
(d) passing at least a portion of the fluid through

the filter to the |ower pressure zone. 20 24. The
process of Claim23, wherein a substantial portion_of
the @7.spl Beerpeoness | ofi Glayasads whaiehudie tdigplagement flyid is
the | ower pressure zone. 25. The process of Caim 23,
\ihsetublenwidit the salids imtheslumigedf the di spl acenent fl uid
passes through at |east a portion of the solid packed
bed to 25 the filter. 24 WO 2005/ 035094

PCT/ US2004/ 025117 26. The process of Caim 23, further,
conpr B8i ngThenretesp off Claims Rhigwhatein |tee sdispiagripento fuigs is
the liquid through the filter to the | ower pressure
sohstantiady iisalyble withithe filgate. 5 27. The process of O aim
23, wherein the displacenent fluid is insoluble with
the solids in the slurry feed. 28. The process of

Claim 26, wherein the displacenent fluidis L

subst 28t i alhepropess|af Glaim\g3; whereln the displgeement fluid is a gas.

30. The process of Claim 23, 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. The process of Claim 29, wherein the higher pressure zone is
maintained at a temperature lower than the melting point of at least one solid in

the slurry feed.

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

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

(b) directing a displacement fluid at a temperature lower than the

25
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29. The process of Caim 23, wherein the displacenent
fluid is a gas. 30. The process of Caim23, wherein

WO b@slosgher pressure zone is nmintai ned at a PCT/US2004/025117

t enp%@&lﬂé _eﬁbﬂyve& w)cfi‘é‘r(%?fey nﬁg{a :jtﬂg nggﬂé T reduré €98ie i

one sol | 15t e process of "

d al ”&o%%ter&ﬂ?{é%ﬂe‘ibﬂ%ﬂ?o ReYRENY (BeESsure zone i s

mai nt al ned a tenperature Iovvér than the nelting

poi nt  of 3133 é)%?sciﬁg Qf‘fea;s:toé h&ubﬁ' of | ‘cglrl% 'irlfrﬁu&aheﬁ% fiteP to the

32. A pro
f' l t 'io"”\’l\trér%nczeﬂﬂgtl&%ngeﬁomm@[a Qtr%@er pressure zone and

fessure zone afllter the

process ng})rt’oﬁhlﬂ tggns%t cggm g,)ngtrll ?uonzgf the

slurry fe conprrsing a

908 B A O 'd%f
E%?PE%Z‘BSZ%Z%W*\H@WE%S %E. otfh 57 B evctiized paveprgtene
t he h]‘r&ﬂ?ﬁe ’HQ@Z’P%QU%Q{&A‘ countercurrent rel at i on

to the slurr passing at |east a portion of
the liquid through the filter to the |ower
concentration zone, producing a filtrate. (d) formng

a de”g:fl ngﬁ%% 8&@96\‘ ﬁlaﬂﬁ’ 38w lhiaﬁtthea?]%faﬁéiﬂ@ntqrud 1{3;% gas-

cryst para-xylene ressur
and (e) recovering at Ieast a portion of t he
cryst aI i zed para-xylene fromthe higher pressure

zone. 1 Ol'h%%?roce ghcﬁ BERE 88 Swidrefd RE Betie PMARE &lothpiBss a

di spl acerrent a gas.
solid packed bed.

‘35. ‘ The process of Claim 32, wherein the slutry feed is directed into

the higher pressure zone at a temperature less than -50° F.

36. The process of Claim 32, wherein the slurry feed is directed into

the higher pressure zone at a temperature less than -75° F.

37.  The process of Claim 33, wherein the recovered crystallized para-

xylene is at a temperature less than -25° F.

38.  The process of Claim 33, wherein the recovered ctystallized para-

xylene is at a temperature less than -50° F.
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34. The process of Caim 32, wherein the dense phase
conprises a solid packed bed. 15 35. The process of

w@k@s03924 wherein the slurry feed is direct edP@€TUS2004/025117

t he' gh sur one,at r re |ess
50 nggeefﬁcﬁéf%% és@ B sSufroEoRE Rl oot ShseLERY ppre-
.S ect %ZFﬂ é&gher pressure zone at a
P@ %Hﬁ? ? 'W@% %ﬁt 20 37. The process of
Claim 33, wherein the recovered crystallized. para
xylene is at a tenperature less than -25 F. 38. The
process of Claim 33, wherein the recovered
cryst 4P i 2680%\‘%‘@@%@@“8rq0§33at°°énﬁr@fﬂ@er ature | ess
than -50 F, 26 WD 2005/ 035094 PCT/ US2004/ 025117 39.
The proces®@ &rovsing & figr cRHBNCSGAMPHIENG &chrliompgylinder and at
crystalljzed para 5 xylene is at a. tenperature |ess
tofish one Hilter M’G exterding m aR Gerial dseptiemivibin 15'@0'&%1%/ CY'mder
conprising: (a) providing a filter colum conﬁrls
éief W&wﬁstmﬂ%@owwes anditeyaldy pftpghad flighdhe filter for mlng
extending in an axial direction within the hollow
@/ fireshepnnelicsy etwean ap dnjeror phdhe ke anfhppiintedorgf the hollow
inaggrally attached filter, the filter formng a
t: connection between an interior of the tube and
of the hallo

i S e
6Pl et L AR Lt

di spl acenent fluid is a gas. .15 42. The process of
Cl aim40, further conprising the step of passing a

dlrectlng

41.  The process of Claim 40, wherein the displacement fluid is a gas.

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

substantial portion of the displacement fluid through a filter.

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

substantial portion of the gas through a filter.

44.  The process of Claim 40, wherein the slurry feed comprises para-

Xylene.

45.  The process of Claim 41, wherein the slurry feed comprises para-

Xylene.
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substantial portion of the displacenent fluid through
a filter. 43. The process of Caim4l, further

W@ owp08®phg the step of passing a 20 subst ant i BCT/US2004/025117

2? " B B e of PRUFAG et Borpofiog el o BATGIRT o
e e e

2005/ 035094 PCT/ US2004/ 025117 46. The process of Caim

44, further conprisi ng the step of form ng a dense
[ ow The

phase ess 0

25~ 4t nelfie Bisr R e o, ufhés oGl 7 ste8 o orfuns =
in th ol,l ow ¢ nder. 48. The process of Claim

i@ %‘é%s&“hﬁleﬂb""avéﬁ%@&ﬁﬁase conprises a solid packed

bed. 10 49. The process of C aim 48, wherein at | east

a portion of the gas passes through at | east a

porti of the solid ed to the filt 50.

pr ocegg f ol N BIPEPSY Pﬁwgﬁl"é% g% SWHGrEIR, ¢ f‘? ?\ﬁseacompnses a
one defining a higher pressure zone and a

FB (%Fggg Te zone separated by a filter, 15 the

process conprising the steps of: (a) directing a

slurry feed into the higher pressure zone at a

G roctPng W PRisBle. REe BT BABlar,of BSEHkapor b the gas
k] Bfefb b St Baldheckl BRI Fe Bt on « ne

filter to the | ower pressure zone; and

50. A process for separating solids from liquids in a filfration 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

“greater than atmospheric pressure;

(b) directing a displacement fluid into the higher pressure zone at a
pressure sufficient to.pass at feast 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.

51.  The process of Claim 50, wherein the displacement fluid is a gas.
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(c) form ng a dense phase in the higher pressure zone;
wherein the pressure of the displacenent fluid is
wo ovs3ioban t he pressure of the slurry feed aPtEPUS100€025117

f jonof the sol
of | O m 30 Ak o ERER G hnaih v oPhn hRe iehiRss «
VO 2005/,035094 PCT/ US2004/ 025117 52. The process of

28
ﬁﬁgﬂﬁﬁgy,aﬁherein t he dense phase conprises a solid
packed bed. 29
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