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(S57) Abstract

This invention is a crystallization process for p-xylene recovery. A single temperature crystallization production stage (18) is used
for producing p-xylene from a feed having an above equilibriuin p-xylene concentration, such as from a toluene disproportionation process.
Scavenger stages {42) are also used to raise the p-xylene recovery rate.




t heoretical p-xylene recovery is fixed by the tenperature of the col dest *
crystallizer in the crystallization unit. 30 That tenperature is |limted by
eutectic tenperature, the tenperature at which a second conponent, a
generally m xyl ene, starts to crystallize and contanm nates the p-xyl ene
crystals. Gven an equilibriummxture of xylenes in the crystallizer
feed, the coldest crystallizer is cooled to 35 within -15[err]Cto
-12[err]C (5[err]F-10[err]F) of the eutectic - WD 95/ 26946

PCT/ US95/ 03518 tenperature to maxi m'ze p-xylene recovery.
Theoretically, t he p-xylene recovery is limted to about 70% at the
eutectic tenperature. P-xylene recoveries of 60-65% are typical. 5

In a conventional two stage crystallizer.  Equilibrium Clerr] aromatic
feed is cooled to about -34[err]Cto -40[err]C (-30 F to -40[err]F) and
m xed with second stage filtrate and then crystallized in a nunber of
crystallizers in series, each crystallizer cooling the feed further, the
col dest of which 10 runs typically at -62[err]Cto -67.8[err]C (- 80[err]F_
to -90[err]F). The slurry solids and liquor, i.e. nother |iquor, are
separated by centrifuge. In the first stage, the solids becone a wet
cake with voids filled by the |liquid containing only about 8-12 wt. % -

p- xyl ene. This | ow p-xylene liquid contam nates 15 the crystals by 5-15%
depending on the drying efficiency of the centrifuge and prevents the

p- Xyl ene concentration fromachieving the required 99.5+ wt.%purity.
The remaining liquid is discharged as reject filtrate. This wet cake
is either fully or partially nelted and {
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required hlgh p- xyl ene purity. The second stage re-crystallizes
the first stage product and filtrate p-xylene fromthe second stage
recycle 25 filtrate out of solution. The resulting slurry of crystals

and nother liquor is centrifuged. The wet p-xylene crystal s cake goes to

t he wash step, the renalnlcgyswunLMZATION ovcynRAﬂYLENEraRen A controlled
amount of the recycle | rst stage product
in order 30 to control Ty Lo Ty “Xrystallizer.
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of p-xylene has now 5 been processing a feed ric pD- Xyl ene.
It is an obfhetingiyiduat egemsqmmw HRFHAAGANY, FeRRRTALUre " o)

rfgggf;hpg ggrgxfkegg?eaalng?axyyénayhsé itffféﬁin€9p51nt oF. ¥Bandc,

?hat at aydybéﬂe a % he has & ° reez?ng p31n¥ &F%-47.9°C an&t féhbgyigngd
has a freezlng poznt of -25.2°C. However, conventional
crystallization methods can be used to make p-xylene with a
purity of over 99.5 wt.% only with great expense.

Crystallization processes to recover p-xylene from a

15 mixture of C, aromatics requires cooling the equilibrium
feed mixture from reformate or xXylene isomerization
processes. Because its melting point is much higher than
that of the other C, aromatics, p-xylene is readily
separated in the crystallizer after refrigeration of the

20 stream. In conventional p-xylene crystallization
processes, the feed contains about 22 to about 23 wt.% p-
xylene. In order to crystallize out most of the p-xylene
from solution, the feed has to be cooled to as low as about
-65°C to -70.5°C (-85°F to -95°F). Conventional

25 crystallization processes operate in the manner described
in U.S. Patent No. 3,662,013.

In conventional crystallization the maximum
theoretical p-xylene recovery is fixed by the temperature
of the coldest crystallizer in the crystallization unit.

30 That temperature is limited by eutectic temperature, the
temperature at which a second component, generally m-
xylene, starts to crystallize and contaminates the p-xylene
crystals. Given an equilibrium mixture of xylenes in the
crystallizer feed, the coldest crystallizer is cooled to

35 within =-15°C to =-12°C (5°F-10°F) of the eutectic
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p- xyl ene recovery increases. It is further believed that at a desired
p- xyl ene recovery, as the feed coqgentratlon i ncreases, the crystallizer -,
tenperature required to achieve this p-xylene recovery my be 15
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2 VO 98L289¢€.% p-xylene. This low p-xylenb‘lilfd’ 83R¢&minates {
15 the crystals by 5-15%, depending on the drying efficiency
of the centrifuge and prevents the p-xylene concentration
from achieving the required 99.5+ wt.% purity. The '
remaining liquid is discharged as reject filtrate. This
wet cake is either fully or paftially-melted and
20 recrystallized or washed to remove the contaminants to
achieve the required high
p-xylene purity.
The second stage re-crystallizes the first stage
product and filtrate p-xylene from the second stage recycle
25 filtrate out of solution. The resulting slurry of crystals
and mother liquor is centrifuged. The wet p-xylene
crystals cake goes to the wash step, the remaining liquid
is recycled filtrate. A controlled amount of the recycle
filtrate is used to dilute the first stage product in order
30 to control the slurry solids loading in the crystallizer.

- Typical centrifuges separate a slurry mixture containing no
more than 35-45 wt.% solids. The second stage crystallizer
operates at -17.8°C to 4.4°C . (0°F to 40°F) and thus
requires and processes a much smaller stream than the first

35 stage and thus requires much less refrigeration.
The second stage cake voids are filled with liquid

- that is already rich in p-xylene, typically about 60-75
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(about Jerr]F to about 50[err]F); w thdrawi ng a slurry conprising
P xyl ene crystals from t he productl& stage and passing said slurry from
the 5 production stage to a first separation neans to forma cake and
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20 cake; ARSI ﬁt?p éﬁfg{ greans to a
second nel t drumto f%rﬁ%%ﬁgzﬂcﬁ?gt;% an ecyc I n ﬁi%e p- xyl ene
crystal s 48 t@&ﬁ@ﬁ]ﬁ#o@%tﬂﬂ% p-xylene faad Gongentrakion ingreases.
filtrate frorgeigh SRR dricredBal\S Xt S dndetherh assl fdvgie and

I e ot
crystalli zat iconcentpratricns increases, the\drystdklizer ftemperaturer p- xyl ene
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increases.
with high enough p-xylene concentrations in the feed,
the eutectic temperature is not a factor in the operation
20 of the crystallizers of the present invention because
cooling to the eutectic temperature is not required to get
high p-xylene recovery rates. The use of scavenger stages
further increases p-xylene recovery rates. Achievable p-
xylene purity of at least 99.5 wt.% can be achieved in a
25 single temperature crystallization production stage because
of the high concentration of p-xylene in the feed and the
high p-xylene concentration in the mother liquor.
The single temperature production stage crystallizer
of the present invention employs a wash using p-xylene
30 product. No other type of wash, such as toluene, is needed
to produce 99.5 wt.% p-xylene purity. The p-xylene product
of the present invention requires no further processing.
Therefore the invention includes a crystallization
process to recover p-xylene from a feed rich in p-xylene
35 which comprises:
contacting said feed rich in p-xylene in a single
temperature crystallization production stage at a
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15 scavenger stage temperature is in the range of from about
-28.9°C to about -1.1°C (about -20°F to about 30°F);

withdrawing a slurry comprising p-xylene crystals
— from said scavenger stage andpassing said slurry from said-
scavenger stage to a second separation means to form a -

20 cake; o | _

passing said cake from said second separation means to
a second melt drum to form p-xylene crystals and recycling
the p-xylene crystals to the production stage;

recycling a portion of reject filtrate from said

25 second separation means to said scavenger stage and -
withdrawing the remaining reject filtrate from said second
separation means as mother- liquor product. ' ——

The invention further includes a crystallization -
process to recover p—xylene from a feed rich in p-xylene -
30 which comprises: -
contacting said feed rich-in p-xylena in a single
‘temperature crystallization production stage at a
temperature in the range of from about -17.8°C to about
10°C (about 0°F to about 50°F); -

35 withdrawing a slurry comprising p-xylene crystals from
the production stage and passing the slurry from the
production stage to a first separation means to -form a cake
and washing said cake with p-xylene; -
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slurry conprising p-xylene crystals fro second scavenger stage and
passing said slurry fromsaid secondMscavenger stage to a third
separation nmeans to form 30 a cake; passi ng said cake fromsaid

third separati on npassihg saidacakecfvoml seid fivsttseparatponymeans to
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Clerr] aromatics uwithdeawdhg- acskurryateniprisingsprkylenectrystadscfiron
catal yst, suc ' ' : 5 nd '
4,117, 026, ingsiéokgggg Qéiﬁé#ggg %ga?ﬁe%?§eﬁs?%§?§ %?iﬁeéégg%ge%é pendi ng
on the t ol aakd Ednstrscavengevustagesto, af segend] separatipnt peang: £op.
15 xyl enes. PeggiichScakepr 0Cesses for the di sproportionation

15 passing said cake from said second separation means to
a second melt drum to form p-xylene crystals and recycling
said p-xylene crystals from said second melt drum to the
production stage:;

recycling a portion of reject filtrate from said

20 second separation means to said first scavenger stage and
passing the remaining reject filtrate from second
separation means to a second scavenger stage operated at a
temperature lower than the temperature of the first
scavenger stage, wherein the second scavenger stage

25 temperature is in the range of from about -28.9°C to about
-6.7°C (about =-20°F to about 20°F):

withdrawing a slurry comprising p-xylene crystals from
second scavenger stage and passing said slurry from said
second scavenger stage to a third separation means to form

30 a cake:;

passing said cake from said third separation means to
said second melt drum to form p-xylene crystals and
recycling said p-xylene crystals from said third separation
means to said production stage; and

35 recycling a portion of reject filtrate from said third
separation means to said second scavenger stage and
withdrawing the remaining reject filtrate as mother liguor
product. '



of tolue -xyl ene using a silica-nodified catalyst, t hose
describeﬁ'ﬁ’%&fﬁg. Patent Nos. 4,851, 604: 5,173, 461; 5, %&#&@?ﬁgnd WO
93/ 17788 incorporated herein inth@r entirety by reference, may al so be:
used Products 20 of processes made by a catal yst that has been siliecon-

| ectivated by : t ' ._ i ion.
can al so be_usedt OREY £ 18 8 siBEPieldR Sindpdbic afSGFEh' dRbifds RERLCNCOS
5, 365, 004, Ehvshcenbodinent of thepresent imventiomwatent No. 5, 367, 099

which are both 2p;gheer poigt £ds{MpEifidy é&iﬁ&@f@_&ﬁ?i’&h%ﬁ&&iﬁ?%ﬁé’- The
ex situ selectivation $§guence can include the steps o contaclting the

catal yst wi $8candcembodiment, oL the presgnt inyentieny, an aqueous-carrier
and FubseggentlyThelpfgéegs oﬁttﬁaCpreign%cinuéntﬂbnrusééve.hiéﬁfﬁtgﬁt

p- xyl ene c r - S conbipe Jgay. be, used as

t he high p-%y?ggéﬂéo %%ﬁgFéﬁﬁbncggéﬁgég@% %? ?ﬁgégrggéﬁg ya'V€V§ntion.

In the firsp-¥ybenéenand preferablyrathléast aboutssa wt.3ipukylemeperature
crystallization L O £66¢c d hpb%g rd ol pr oduct
i s produced Thegﬁféggigtgf |zat|%%QG%o J%?é§s t hen §s§%§°?%é%#§?ﬁﬁ|e
scavenger stRgtuds Pﬁ?éﬁcFﬂe°§-R§P%ﬂ€5?%cGQ§?9 ¢ongery tolueng €9 does not

produce 10 Xpengeéne TARASCR @RIt idsaming A\edied-Hdlddctivated or
PCT/ US95/ 03

o edueen { Btfigencaelectivated, fatalyst, such an thREE.Sediribgaig

crystallizaViSn PatenttNoa. 4,097%g%43 and 4,117,026ccincorpbvatednt, two
Scavenger *h@Pginif EARTr GntIrEey) Y rePerdhid. | "Bepbiidifia|SIPERSI LIS
crystal lization production stage t0 raise the p-Xxylene recovery rate but
do toluene conversion, about 80-85% of the C, aromatics are p-
15 xylenes. Products of processes for the disproportionation
of toluene to p-xylene using a silica-modified catalyst,
such as those described in U.S. Patent Nos. 4,851,604;
5,173,461; 5,243,117; and WO 93/17788 incorporated herein
in their entirety by reference, may also be used. Products
20 of processes made by a catalyst that has been silicon-
selectivated by exposure to at least two ex situ
selectivation sequences can also be used. One such process
is disclosed in U.S. Patent No. 5,365,004, another process
is disclosed in U.S. Patent No. 5,367,099 which are both
25 incorporated herein by reference in their entireties. The
ex situ selectivation sequence can include the steps of
contacting the catalyst with a selectivating agent in an
organic or an agqueous carrier and subsequently calcining
the catalytic molecular sieve. Different p-xylene
30 concentration feeds may also be combined and may be used as
the high p-xylene concentration feedstock of the present
invention. :
In the first embodiment, p-xylene rich feed enters a
'single temperature crystallization production stage from
35 which high purity p-xylene product is produced. The
crystallization product is then passed to a single
scavenger stage to raise the p-xylene recovery rates but
which does not produce p-xylene. The scavenger stage
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not thenselwe@9s/ppgoasiuce p-xylene. This reduces the required pcmesosiosssati on
as conpared to the use of a single scaverger stage. 10 The
crystallization process of the present idvention results in over about
80% recovery and preferably over 90% recovery to a purity above about
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one or two ScdPeFEBIURCEHIOR with,the qmniie adhre Grystalddzatien
stage is enpl pxeauc’ﬂianseuqagtb Yadge ithe p-&@ﬂh@ieed'eﬁoﬁﬁyemaaw do

| ower than the crystallizati rod i_on st rall n _the .range
of about -28. ﬁ‘&“" o pd ?‘&B’ 8’?@‘5%9 % I&g
In the secondrmaqemtupmm smpaugadtyta:gesuaeeof aerq:tmy}ed scilvcﬁgazst

scavenger stageapa operated at a tenperature between the first
crystallization Baoductlon stgg:e terrperature and t he second scavenger

st age t fper at url: ign processyof the presente imventianom
about -17. 8] erekG1ts ahowerlabb%r 8o Faridvelye @th fetadly oved 903l

F). The second scaven r sta s o erate t erature t he range
of about -28. % ag’ "‘%:a%&ns HEF &ftne rr]F)
and pref erabl 99a8 att.Cnpenqﬂ.me. I n the range of about -23 Cto about

-12[err] C (about *ﬂL@é?BEeE% Q@HE ¥p&ﬁE?kFLr?E%;qiT%ﬁ, drScovery stage
maxi m zes recovery | énes because 1t represen = Col dest
Crysta||,zb$|pnoﬁggpépat§ﬁgge operated at a temperature in the range of
from about -17.8°C to about 10°C (about 0°F to about 50°F)
where high purity p-xylene is withdrawn. The production
stage is the warmest stage in the process of the present
invention. Recovery of p-xylene is enhanced by the use of
20 one or two scavenger stages. In the first embodiment, one
scavenger stage is employed. The scavenger stage is
operated at a temperature lower than the crystallization
production stage, generally in the range of about -28.9°C
to -1.1°C (about ~-20°F to 30°F).
25 In the second embodiment, two scavenger stages are
employed. The first scavenger stage is operated at a
temperature between the first crystallization production
stage temperature and the second scavenger stage
temperature, generally at a temperature in the range of
30 from about -17.8°C to about -1.1°C (about 0°F to about
30°F). The second scavenger stage is operated at a
temperature in the range of about -28.9°C to about =-6.7°C
(about -20°F to about 20°F) and preferably at a temperature
in the range of about =23°C to about -12°C (about -10°'F to
35 about 10°F). The second recovery stage maximizes recovery
of p-xylenes because it represents the coldest
crystallization temperature.
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8 € single terrperat ure crystallization production stage and

t he scavenger stages are typically . .op8r ated at pressures in the range of ¢
from about 137 kPa to about 206.8 kPa (about 20 psia to about 30 psia).

The single 5 teHhyl BijhdeCtunbarhitidel 83yRkadYTLRM o BIRARRLILHS

scavenger stages are resi I'n the range

of from ab&¥age P@daﬁb&t sgaNengeras¥agescare typically opegatedaage of from

oo t4 o t ey %h%oﬁ-angee@fh a fag?g& érs-' kZ)I;Betwtem tog?gzﬂbet he
resent inyention uses.a Si i

Brocess to\“} (#ﬁ’ﬁ‘% %0 P8 gF&t Glbé“‘%‘fg§b g %i’\’a e20[err] F).

Pr opane Br temppmmalrenemrtmma&d.oinprbﬂactingl stngbrlagdrameo_n st age.

- The te”per%é%n?ert Q%ag‘& é*i‘:i'l'l&zﬁﬁzgﬁy f@% la0\WalsR i ehee Vit iR!!

having to use t1on tenperatures | ower

than -17. 8[& rtPe ganger pf) frﬁﬂopﬂ"éﬁe i §'—°t pdout §; hourie. AndeMOxger ant .

The first qypidamayt ief thee rahgecds ifPeiNabolt 3 to about EAhRRre fordUr €
1. A swtable ps;{_'\é ene containing 20 feed fromfeed tank 10 is passed

through |i @& exchanger 14 where it is initially cooled. The
cool ed - Leed Thet Ipmqussetf tthieo pylesente ihfentions uaes: af eimgle ure

i hge comp el Bettierat e iyatin, ob Bob 118, procRBCE 4 R "

In the si ng@perattmpem aboutr cr@@c?tq daboutgec20°F) of emr@oamd to a

tenper at ur §r@pyiiéine) danX YeC i ed ﬁraldﬂezﬂin\&lbhi‘étfrigéfa\(ﬁrﬁ lgeage 0N Of .
ot her xyl en%?l sorrers |n t he fg_g) end |n t he am)unts of varj ous
conmponent s TAE (HANDEra¥ & G?H'é\eégu T ¥, R Yavemed | ange

of froms wilthout hiv&[ng tioCuse abdwo :b(t[agu fridgaratijon isylstem.abatt

0lerr]F) peratiitled ddwer tHER 294 slcl[(%’ »S b‘i-o%&%el%e@ﬂec (about

30[err]F to
preferred refrigerant.

The first embodiment of the present invention is

illustrated in Figure 1. A suitable p-xylene containing

20 feed from feed tank 10 is passed through line 12 to heat
exchanger 14 where it is initially cooled. The cooled feed
is then passed through line 16 to a single temperature
crystallization production stage 18. The single
temperature production stage comprises one or more

25 crystallizer vessels operated in pargllel.' In the single
temperature production stage, the feed is cooled to a
temperature at which p-xylene crystallizes without
crystallization of other xylene isomers in the feed.
Depending on the amounts of various coNponents'in the feed,

30 this temperature will generally be in the range of from
about -17.8°C to about 10°C (about 0°F to about 50°F) and
preferably from about 1.1°C to about 10°C (about 30°F to
about 50°F).

Slurry from the single temperature prpduction stage is

35 withdrawn through line 20 and passed to a centrifuge
separation means 22. Alternatively, a filter or hydroclone
may be used for separation. The centrifuged cake is washed
with recycled p-xylene product.' The washed cake is passed



about 50 Fiwoosnesss Sl urry fromthe single tenperature produeiusdsnsdigde is
35 wi t hdrawn tﬁrough line 20 and passed tg a centrifuge separati on neans

22. Aternatively, a filter or hydroclone may be used for separation.
The centrifuged cake is washed with recycl ed p-xyl ene product. The

washed cake ignhpatighdline ¥6 8R42A84€ed in melt drum 28. ortion of
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and
melted in el P-¥YLRREgPTRAPGE: ig rEFYClef. ??IEHEhpFBSHBF ﬁgrp gcﬁé
wash |iquor thaougfthei remainidg ihxylenelprbguptxybepaspedduhroughpained

through |ine ?ReéglgepgsgraggnkaQK 32Th§u§Fﬁ§E%C?13£kEE§tei.b emo%ﬂbge

| i qguor, from enperature on's p- xylene
wash fron1dénii§ﬂege Zzoar§hsa§é8919h#GuyﬁratuFPnPrQﬂ“F§iPPIFﬁ&ﬂ@ aadk 36.

A portion of {R§ekel BChkyliehb’ @h8h! %réﬁrréhaehw;b bbeare Eh&&ﬁdf eagought he
single tenperature produ sta gp#e 2% hrough ['i ne 38. The renai ni ng
0

reject filtratéPBaddecto fg}ﬁ?ﬁﬁ@h to a scavenger stage 42. The
scavenger StageacpaﬂtnDﬁSoﬁneherrﬁgaetctiatthtbz&s EQEbthdOﬂdtﬂt&ﬂB

in Il el f hI

49 hnd- passedTrash’ geefy tpy néc BLAA1R! sanpdEatirl! pROLARLon wERGHST [ "¢
filter or ththcbngh &éyeb§8us§befcﬁmaln dogareiess. fiﬂ§r§§ﬁtppﬁsg§d cake is
passed througg akbﬁg ﬁne ﬁﬂdtgehtﬁéabanﬁﬁktséhﬁﬁ‘EQ ThieD seavanget’ ySt al s

o et S0 b s caee Seae: Srvacalhibo BRSNS Hrarated
Scarfggegfstﬁgﬁ h&a?d?%??rBhﬁnggfkbﬂetﬁfhkeavenbettBahgetdskwﬁﬁhdkawn
por i on of {NenEbert i k3! Soll pARRpa, sbl b0 iUhe iRhyed sba3hRinee uki
i someri zat1®n46ni t Alternatively, a filter or hydroclone may be used for
separation. The centrifuged cake is passed through line 48
and melted in melt drum 50. The p-Xylene crystals are
recycled through line 52 as feed to the single temperature
production stage. The reject filtrate, i.e. mother liquor
20 from the scavenger stage, is passed through line 54 to
filtrate tank 56. A portion of the reject filtrate passes
through line 58 to storage tank 60. The reject filtrate
product may be used as feed to a xylene isomerization unit.
The remaining reject filtrate is combined with the fresh
25 feed to the scavenger stage through line 62.
The second embodiment of the present invention using
two scavenger stages is illustrated in Figure 2. A
suitable p-xylene containing feed from feed tank 110 is
. passed through line 112 to heat exchanger 114 where it is
30 initially cooled. The cooled feed is then passed through
line 116 to a single temperature production stage 118. The
single temperature production stage comprises one or more
crystallizer vessels operated in parallel. In the single
temperature crystallization production stage, the feed is
35 cooled to a temperature at which p-xylene crystallizes
without crystallization of other xylene isomers in the
feed. Depending on the amounts of various components in
the feed, this temperature will generally be in the range



The renaiyih éheof €Ct filtrate is combined with the fresh garigamskm t he

scavenger stage through |ine 62. The second enbodi nent of the
present invention using t wo scavendﬁﬁ)stages is illustrated in Figure 2 <
A suitabl e p-xylene containing feed fromfeed tank 110 is passed

through i ngeligohOabbat eighgnge oldh ﬁeeis'%t(hﬁoag bnrttglég ogeo! ed. The
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tenperat ure at mﬁ?g %§P§n Erﬁéfﬁgfiﬁ era&FFﬁoBF°9P§§iﬁpl§ ﬁ?fo%?of
ot her xylﬁnwithdnawn through liheeli20Dandnpasgedntoha eentmigugé vari ous

3@?82?22;26£QparaE§8nfﬁSQnstEhi tegpeehatviry! Bg#?ggbt Sgglg” the range

10 of fhy¥éresdone. maysberuped: oxneeparatien; c Theogentrifuged: o about

50[err]F) aadkarsaeﬁabh&dlaitheré ggeqf Lﬁpmhaao roauctl e the washedabout
10[err] C (abo#8d30[err

Sl th I
t enper at ur e*prBd a8t PBf §9a rpgg Lﬁdi gn‘?ﬁrﬁﬁ&ﬁ‘Flﬁgrééaga ghﬂagthn?oe
a centriiaga28. shApportion ofapsxgylénelproducti isl yecyclellt as wash
hydr ocl
nydrocl one, §3iui, VSRR 138A°434, Ol eiRThi ph Sy end b Fohicbascd
126 and nelPé&SPﬁ ¥hroughudine 130 ta gterags Sank ARencTheoxedects
recycl ed an!@%Eate,'&QéQrmbhhaﬂghithQ 12ﬁomThaer qman&ea?éfhe {dPepr oduct

Pt ek aRoen A
rej ect pizykhereughslinecipassedfiltrate tank 136.
A portion of the reject filtrate is combined with the

fresh feed to the single temperature production stage .
through line 138. The remaining reject filtrate passes
through line 140 to a first scavenger stage 142. The first

20 scavenger stage comprises one or more crystallizer vessels |
operated in parallel. Slurry from the scavenger stage is

~ withdrawn through line 144 and passed to a centrifuge

separation means 146. Alternatively, a filter or
hydroclone may be used for separation. The centrifuged

25 cake is passed through line 148 and melted in melt drum
150. The p-xylene crystals are recycled through line 152
as feed to the single temperature production stage.

The reject filtrate, i.e. mother liquor from the first

scavenger stage,;is passed through line 154 to filtrate

30 tank 156. A portion of the reject filtrate passes through
line 158 is combined with the fresh feed to the first
scavenger stage; The reﬁaining reject filtrate from the
first scavenger stage passes through line 160 and is
comi::ned with reject filtrate from the second scavenger

35 stage in line 162 as feed to the second scavenger stage
164. The second scavenger stage comprises one or more
crystallizer vessels operated in parallel. Slurry from the
second scavenger stage is withdrawn through line 166 and
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pr oducti on stage t hrough |ine 138. remaining reject filtrate passes
through line 140 to a first scavenger stage 142. The first 20 scavenger
stage conpri spassed bo avcentrisagel séparatisnlmeansope8ated in parallel.
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scavenger st ageodustpenisetiagérough [ine 154 to filtrate 30 tank 156. A
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the fresh feed to fﬁé %+$é§€ fig@%@gﬁg $ gfg§°th?% gﬁgﬁn?gaﬁrg?éct
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162 as feed to e second scavenger® st age e second scavenger
st age conpkd sEBrB“Sho}lﬁﬁrész aﬁr?&?ﬂl??zﬁhevéggﬁpg SEaveandger; stadeai el .

Slurry {10 4Re refigeAlgS983eucriTtegte| pavbsbithroush Digk Lysetass and
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filter or hydascfeed tmyabeylened isomerizatiomtunit.The centrifuged cake is
passed through |ingne £d1Po@iflgBkhff1eNiiBhittatdhlble PPBcBELYbE ENe

crystals are
15 present invention.

Exanmple
This example illustrates the operation of the process

flow scheme of Figure 2 in carrying out the crystallization
of p-xylene to produce 600 million 1lb./year. A p-xXylene

20 containing feed having a p-xylene concentration of about
93.2% is contacted in a single temperature crystallizatuion
production stage operated at a temperature of about 2.8°C
to 4.4°C (about 37°F to 40°F). The p-xylene product is
withdrawn from the single temperature crystallization

25 production stage after the centrifuged cake is washed with
recycled p-xylene product to achieve a p-xylene product
purity of 99.8-99.9 %. Using a first scavenger stage
operated at -3.9°C (25°F) and a second scavenger stage
operated at -17.8°C (0°F) maximizes recovery of p-xylene to

30 achieve a 94% p-xylene recovery.
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st age. The reject filtrate, 1i. not her |iquor fromthe second
scavenger stage, is passed through |ine 17 ﬂf“"l"'“ll I]ﬂm tank 174. A - v
portion of the reject filtrate passes 10t lls feed to the
second scavé@gelaimage. The remaining rej'ect fflthat’e passes through
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This exanple il Iuentweingrmhqbefaedonidi imepyxybens in d|singbéecne of

Figure 2 i &Fbt f I to produce 600
million | b”}%&i‘&ﬁ?:é’“&é%ﬁ;ﬁ%{%%ﬁ%ﬁ: ?ﬁﬂ’ a%ﬁl ge??(yl ene

concent r at |%ﬁmb¢r§%‘é¥3@ in %Zrbﬁgec%ﬁt%?%cﬂ}?‘wfa 'Sl?lg#'ect’é%p%b‘a'ﬂﬁre
crystalli zaiurgn o@ﬁoduptt@rhs&ﬁgesopp pted at a terrperature of about

2.8 C b F 10,40 Th |
progjﬁzz'[]is vm'['*'nﬁ J'*'?‘gﬁ??%% §F§| %’l'?’éﬁ% %gﬁe{’é}i e g?f%
producti on thegpraduetibhestmraﬁdgpdsemg saidesaerryi from thecycl ed

| -9 /o
Ceing a1 BfodhebEoR BtayE oPa HLERE BEpELEtIon Midnd ed sotn s date ")
second scavengevaghagq Sai@p@b@eﬂ th p1xybemer|C (O[err]F) maxi m zes

ggfgggz% of p-xypgEsihg EQiaCEazaefﬁoﬂ4&&£quif§€ é a¥#tion meansto

12 Ve CRafiFst melt,drum to form; paxy Bﬁ“ﬁr%%@g‘:? o‘?éc‘ﬁ tharaying e
from said p-xylene product.

recycling a portion of reject filtrate from said first
separation means to the production stage and passing.the
remaining reject filtrate from the first séparatidn means
to a scavenger stage operated at a temperature lower than
the temperature in the production stage, wherein the
scavenger stage temperature is in the range of from about -
28.9°C to about -1.1°C (about =-20°F to about 30°F);

withdrawing a slurry comprising p-xylene crystals
from said scavenger'stage andpassing said slurry from said
scavenger stage to a second separation means to form a
cake; _

passing said cake from said second separation means to
a second melt drum to form p-xylene crystals and recycling
the p-xyléne crystals to the production stage;

recycling a portion of reject filtrate from said
second séparation means to said scavenger stage and
withdrawing the remaining reject filtrate from said second
separation means as mother liquor p:bduct. '

2. The process according to claim 1 wherein said
single température stage crystallization production stage
is operated at a temperature in the range of from about
1.1°C to about 10°C (about 30°F to about 50°F).
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tenperature in the range of from about - 8[err]C to about 10[err] C
(about O[err]F to about 50[err]F); wi thdrawi ng a slurry conpri sing
p- xyl ene crystal s 8tonThetprogessuatcondihggtoacliapmsii whereid saidr feedom
t he pr oduct | stage_ i - aLio n f e .
washi ng said %gﬁ% %ﬁtﬁ %§§§Péné§£péfgé£ %%sgfﬁgesgPéggaﬁgn??éﬁ?éarxlgﬁgst
separation neans to a first nmelt drumto form p-xyl ene product and
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filtrate fromsajd,first S t t h ducti t d
passing the  TihniRi RIXYLpRE. CPRPFLaRE AEoRPRRL RPPUE B8 4Pat: Brivadhe-

to a scavenger stage operated at a tenperature |ower than the tenperature

In the production stag LDt he epge ¥=Yo| : at s in
t he range of fron1%bou?hgmggégégfegFTEFégﬁébggtE}égﬁ[gr%f%??%@oﬁﬁg-ZOQerr]F
to about 30[ ewitlirawn p-xylenehpradihet has| akr jeaskpabenkgap2fyPeWE-
crystals fﬁogyiahd $E8¥EaLCpusige andpassing said slurry from said
scavenger stage 1o a second separation neans to forma cake;

passi ng said cake from said second separation neans to a second nelt

drumto form p-xyl gne Thesppbeessdaceoydinggto cliadmpixyhereinr gheal s to

t he production, e; recvclin orti Lect bl kA rom
sai d seconﬂlgéggfgpi The £-E A P%°g39g gsgvgkgg?aggaégbggda bbW?tESF%mdng
t he remai ni ngpreydenef product puvityai d second - separation neans as

not her |iquor product. 2. The process according to claim1l
wherein said single tenperature stage,crystallization production stage
is operated at a t8npeFBFuP€°FﬁsPhE°Faggén€ftPrSﬁPiHo&t“hgrf?P[%bF]E

about 10[ err] Eormkauin3ghear kfrse séparatipar mpahs is washed with

recycled p-xylene product from said first melt drum.

8. The process according to claim 1 wherein said
first separation means, second separation means and third
separation means comprise a centrifuge.

9. The process according to claim 1 wherein said feed
is a product of toluene disproportionation using a silica-
modified catalyst.

10. The process according to claim 1 wherein said feed
is a product of a process to convert toluene to benzene and
Cc8 aromatics using a coke-selectivated or silicon-
selectivated catalyst.

11. The process according to claim 10 wherein the

silicon-selectivated catalyst has been exposed to at least
two ex situ selectivation sequences.

| AN O
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13 3. The process according o claim1l wherein said feed rich in

© p-xylene conprises at |east about 70 4(.@6p-xy!ene. 4. The process s
according to claim1l wherein said feed rich in p-xylene conprises at
| east about 80 wWi29 pThelprecess according The ¢laim skl aerdimotié g*a_l m 1

wherein th i @gﬂv €, c _ s{.about _a 99.5 W . %
p- Xyl ene pr ctégﬂéh Qti(gﬁ ng&%’?%h%"%ﬁ%%%%s*’i%o%?ﬁﬁf%o claiml1
wher ei n t heconta¢ i\/\%hﬁ-‘i?t%hﬁs%rmm Ieelestivatingbagent :Bﬂiihwt . %

- xyl ene propy@hi®UST t ol drridiPamd SSeqeént k:
\R/ne?/ei n tﬁe C k&f for nda?ue%%?dcff?ét separ ation&&mang*%%\gjélﬁelgév%h
recycl ed p-??ﬁ% B?dﬂ%ﬁ?c?i%ﬁh§%ﬁYPfirst nel t- drum _ 8. The
process according to claim1l wherein said first separation neans, second

separation means; aNdpi i g foces PR AT hd A S FIR | SohrSED ST LY %Sos
of the p-xylene in said feed is recovered.

14. The process according to claim 1 wherein over 903
of the p-xylene in said feed is recovered.

15. A crystallization process to recover p-xylene from
a feed rich in p-xylene which comprises: {

contacting said feed rich in p-xylene in a single
temperature crystallization production stage at a
temperature in the range of from about -17.8°C to about
10°C (about O°F to about 50°F); |

withdrawing a slurry comprising p-xylene crystals from
the production stage andpassing the slurry from the
production stage to a first separation means to form a cake
and washing said cake with p-xylene;

passing said cake from said first separation means to
a first melt drum to form p-xylene product and withdrawing
said .
p-xXylene product; _

recycling a portion of reject filtrate from said first
separation means to the production stage and passing the
remaining reject filtrate from said first separation means
to a first scavenger stage operated at a temperature lower
than the temperature of the production stage, wherein the
first scavenger stage temperature is in the range of from
about -17.8°C to about 1.1°C (about 0°F to about 30°F);

withdrawing a slurry comprising p-xylene crystals from
said first scavenger stage and passing said slurry from
said first scavenger stage to a second separation means to
form a cake;

LT
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tol uene di sproportionation using a silicg- nodi fi ed catal yst.

10. The process according to claim1l wherle¥n said feed is a product of a
process to convert toluene to benzene and C8 aromatics using a
coke-sel ecti vat ed passihgcesaid cakecfrpmasadldcseabndt separation meanshgo

process accor gi ggcbRaCh@il dluithebekBrhNB-xyibhbCaRysehis! bal edogidhys!

has been expose to at Teast.’; tw ex situ Selectivation sequences
95/ 26946 said p-xylene crystals from said pegpggggpé§5§gum to the

14 12 rgbgceigﬁeggagggordlng to claimll mhereln t he ex situ
selectlvatlon sequence Lgclu st eps_of. i g.the cagglyst wth
a sel ectivating agERFYFL1RG 2 BPﬁggp ﬁjﬁﬁﬁega §F°En8

subsequent |y sahondlsgpahatxontnh;hsctunbaidlairsteseavenger stage. aflle

process accor dhogshg ehé'gaﬁigﬁgﬁﬁ'gegxs& 20lerath ERBnPabybilc 1N sald

feed is recov ocess according to c alm 1l wherein
over 90% of separationcmeans tai g FG§9“§S'PEUGOEP€dStage operated at a

temperature lower than the temperature of the first
scavenger stage, wherein the second scavenger stage
temperature is in the range of from about -28.9°C to about
-6.7°C (about -20°F to about 20°F):;

withdrawing a slurry comprising p-xylene crystals from
second scavenger stage and passing said slurry from said
second scavenger stage to a third separation means to form
a cake;

passing said cake from said third separation means to
said second melt drum to form p-xylene crystals and
recycling said p-xylene crystals from said third separation
means to said production stage; and

recycling a portion of reject filtrate from said third
separation means to said second scavenger stage and
withdrawing the remaining reject filtrate as mother liguor
product.

16. The process according to claim 15 wherein said
single temperature stage crystallization production stage
is operated at a temperature in the range of from about -
1.1°C to about 10°C (about 30°F to about 50°F).

17. The process according to claim 15 wherein said
feed rich in p-xylene comprises at least about 70 wt.% p-
xXylene.

18. The process according to claim 15 wherein said
feed rich in p-xylene comprises at least about 80 wt.% p-
xylene.
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15. A cr wybakhéegat i on process to recover p-xylene from ﬁ’:‘g F
p- xyl ene whi ch conpri ses: contgftlng said feed rlch | y&? ene in a

single tenperature crystallization uction stage at a tenperature-in:
the range of from about -17.8[err]C to about 10[err] C (about O[err]F to

about SO[err]F): 19. The Yrbbésdab@otathd' bb C2UER isn%%r&he%ﬁ crystals

from the gi&ggftlon stage andﬁa55|n slurry f uction
stage to a LU, PIXY IR e R QdPEthPﬁlétc&EGSt &h&“ﬁa?hﬁﬁg5s&¢d*cake

wi th p-xyl epexylene prpdsstngurdty.cake fromsaid first separation neans to
a first nelt drumto form p-xyl ene product and w t hdraw ng said -

p- xyl ene product; "recycling a portion of reject filtrate fromsaid
first separatlaﬁ -nfhesprocens pcoordingntot ejeimndSpwheredin Ithe

remai ni ng 1 Giie6iarhinl pRky1eh@TpERAACH hak 3EPIRALEOARERRS 998 Bty S!

scavenger sta ra erature | ower he fénperature of

t he producth §§ ﬁﬁHFg R“Fﬁ& * first scavenger stage tenperature is in
the range of from about -17.8[err]C to about 1 .1[err]C (about O[err]F to
about 30[err]F); Ien tals
from said firs scaven EQP§3%3§835§§§5% gsggﬁa §FU§P§ §¥§3f|rst
scavenger sfoymedoin sad disspasapnuntipanneans iBownshedahdth

95/26946  recycled p-xylene roduct rom said F&retShalt3atim.
15 pasSi ng sai d cake ron1sa| second separation nmeans to a

second nmelt drumto form p-xylene crystals and recycling
22. The process according to claim 15 wherein said

first separation means, second separation means and third
separation means comprise a centrifuge.

23. The procéss according to claim 15 wherein said
feed is a product of toluene disproportionation using a
silica-modified catalyst.

24. The process according to claim 15 wherein said
feed is a product of a process to convert toluene to-
benzene and C, aromatics using a coke-selectivated or
silicon-selectivated catalyst.

25. The process according to claim 24 wherein the
silicon-selectivated catalyst has been exposed to at least
two ex situ selectivation sequences.

26. The process according to claim 25 wherein the ex
gitu selectivation sequence includes the steps of
contacting the catalyst with a selectivating agent in an
organic or an aqueous carrier and subsequently calcining
the catalytzc molecular sieve.
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sai d p-xyl eMO2¥26846al s from said second nelt drumto the protusss/ 3818

St age; recycling a portion of rejegt filtrate fromsaid second
Separation nmeans to said first scavenger'l 2t age and passi ng the remaining
reject filtrate from second separation nmeans to a second scavenger stage
operated at a terdks &fhe praness tdngending drparlain d Hfwhdmein roter 80%
scavenger sta (Y] CERED enperature is in the
range of fromg’;%oﬁw-%%i[égﬁ]s%p%}tﬁout %%l% err_ircg‘%'about -20[err]F to
about 20[err]F); wi thdrawing a slurry conprising p-xylene crystals

from - second scavergerTisé ausocuih PRRVITLIRAItb fﬁl&ifnv 1 Qii}(é‘r’aﬂm VRS Wik
scavenger stageet I epar at.i.on s to form cake;

passi ng said ca e&é?c#m%feﬁ? %?as%.&;;a‘fe‘;%a‘?dt‘? rﬁ%ﬁ%"?f?é said second nelt
drumto form p-xylene crystals and recycling said p-xylene crystals from
said third separation means to said production stage; and

recycling a portion of reject filtrate fromsaid third separation neans
to said second scavenger st i rgw ng the renmaining reject
filtrate as nother |iquor Tmuﬁmm!"“rﬂmzlﬂ(u 16. The process according to
claim15 wherein said si ngl*e tenpersa >t age crystallization production
st age is operated at a tenperature in the range of from about -
1.1err]C to about 10[err]C (about 30[err]F to about 50[err]F).

17. The process according to claim 15 wherein said feed rich in p-xyl ene
conprises at |east about 70 w. % p- xyl ene. 18. The process
according to claim15 wherein said



feed rich iwopsggddene conprises at |east about 80 wt.% p-  porh6Rp3sis VO
95/ 26946 : PCT/ US95/ 03518

16 19. The process according to claim 15 wherein the w thdrawn

p- Xyl ene product has at |east about a 99.5 w.% p-xylene product purity.
20. The process according to claim 15 vWheZein the  withdrawn p- xyl ene
product has at |east about a 99.8 w.% p-xylene product purity.

21. The process according to claim 15 wherein the cake formed in said
first separation neans is washed with recycl ed p-xyl ene product from said

first nmelt drum 22. The process according to claim 15 wherein
sai d first separation neans, second separation neans and third
separation means conprise a centrifuge. 23. The process cordi ng
to claim15 wherein said feed is a product of toluene disproportdonation
using a silmem-nodified catalyst. sg
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24. The pr egesshesdscording to claim 15 wherein said feed | pcpupsspRsEt of a
Process to convert toluene to benzene and CJerr] aromatics using a

éoke-sel ectivated or silicon-sel ectivated catal yst. 25. The
process according to claim?24 wherein the silicon-sel ectivated catal yst
has been exposed to at | east two ex 3¥u sel ectivation sequences.

26. The process according to claim25 wherein the ex situ selectivation
sequence i ncludes the steps of contacting the catalyst with a

sel ectivating agent in an organi c or an aqueous carrier and subsequently
calcining the catalytic nol ecul ar sieve. . WD 95/ 26946

PCT/ US95/ 03518 17 27. The proc@Ss
according to claim15 wherein over 8096 of the p-xylene in said
recovered. 28. The process according to claim15 wherei f over 90%
of the p- XleCF in said feed is recovered
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