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15 ortho-xylene is distilled from the C-9+ aromatics.

The xylene splitter overhead stream is then fed to a para-xylene purification (PXP)
unit for the recovery and purification of para-xylene product. This PXP unit separates out the
para-Xylene, typically either by crystallization or by adsorption onto a molecular sieve,

20 utilizing conventional technologies. The para-xylene-depleted stream withdrawn from the
PXP unit is then fed normally to an isomerization unit where the‘meta-xylene and ortho-
xylene are partially converted catalytically to para-xylene. Depending on the type of catalyst,
the ethylbenzene in this stream is partially converted in the isomerization unit primarily to
either benzene or xylenes. After distilling off toluene and lighter compounds, the C-8+

25 aromatics from the isomerization unit are fed back to the xylene splitter.

If it is desired that meta-xylene be separated out as a purified product in this type of
plant, U.S. Patent No. 3,773,846 (Berger ‘846), which is incorporated herein by reference,
and other patents (described below) have proposed that meta-xylene purification be done

30 between the PXP unit and the isomerization unit. As with para-xylene, meta-xylene can be
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If it is desired that neta-xylene be separated out as a purified product in
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par a- xyl ene, 10 as taught Berger '846 is probably a nore practical X
comrer ci 4D appasdaeght Beger (§d6s pipbably ajmgore practical commegraial agpngg@q\ybmmytaﬁglene is
purified by crystallijzatiop ,bec adsorpti on can reduce.t he paka X
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pr obl em 15 Berger ' 846 does” not, however, efficiently
addr ess t he i seutectivfpoint ahd]itings, avred this eutecticrppotdéror t ho eut ectic which can
formduring neta-xylene purification by crystallization. In Ber ger
' 846, the ortho-xylene renoval is acconplished by fractionation, in
particul in a ‘o pi ' bbby jresdt b ACbaRRN he
adsor pt i 2% step andB% gr rﬁgt@gb%y %’%@w&&%ﬁ%ﬁﬁ?i ‘lirgsésjt ﬁ%g’gstep. lAI soin
Berger ' 846, amegfmthactufactic whivhaah fomrdring metaxglenepuniieation by beys@lization. In

| ocated just upstreamof the third fractionati (i,n zone, Thi s, second. .
fracti onation Eggggf 1846, the grtho-xylene removal is accomplished by fractionation, m particular in a

“third fractionation zone", located between the adsorption step and the meta-xylene
purification step. Also in Berger ‘846, a "second fractionation zone" is recommended to be

20 located just upstream of the third fractionation zone. This second fractionation zone is used
to concentrate the meta-xylene prior to crystallization by distilling away much of the

ethylbenzene. This approach is expensive in terms of both capital and operating costs.

A variety of other approaches to the purification of meta-xylene from mixtures of C-8
25 aromatic hydrocarbons are known in the art. For example, one familiar approachis a
liquid/liquid extraction process as taught by U.S. Patent Nos. 2,528,892; 2,738,372;
2,848,517; 2,848,518; 3,309,414; 3,515,768; and 3,584,068. The liquid/liquid extraction
process of these patents is based on the knowledge that boron trifluoride (BF;) and
hydrofluoric acid (HF) will form a complex with meta-xylene that is more stable than the
30 corresponding complexes with para- or ortho-xylenes. When mixed xylenes are mixed with

limited amounts of BF, and large amounts of HF, the xylene/BF,/HF complexes form a
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to concentrate the neta-xylene prior to crystallization by distilling away

much of the et hyl benzene. This approach is expensive i
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hydrocarbon p Ptyrﬁx -xylene angRERMHeRLene Rart BESHphiaiaTron® H3)YaRERA&andirédi@al meta-
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di et hyl bHhzeneyladeibyrdistdlatioh.so conpl ex with BF3/HF. Through the use of
counter-current contacting, the heavy conplex can be stripped of nearly all
of the non-neta- xyl ene hydrocarbons and nost of the neta-xyl ene
can be extracted fr I : qié)eo ;

t hen be broken, an ﬁ%mn%k’%g@éﬁlg hsgdgagéag? %gfetgfso _&lﬂﬁﬁlﬁuliﬁﬁ%ﬁﬁ%@éi gﬂe

and et hyl benzeaha wesh biflusfifemead iedréftuopictabid apabath eytrenely aortosiwesindiahgeretsa -
10 xyl ene by distillation . One of _the principal
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that boron U1kl {ode iaePBiet iR cmPhich AatoRRhbs B3k, SARbYmBYHOSH plébt is

and dang
expensive because of the many pieces of equipment and because of the cost of metals needed

to withstand the corrosive nature of the chemicals.

Other known extraction-type purification processes use different chemicals but suffer
20 from similar drawbacks. Thus, U.S. Patent No. 2,830,105 teaches an extraction with
phosphorus pentafluoride and hydrofluoric acid; U.S. Patent No. 3,707,577 uses lithium
chloride and aluminum chloride as part of a somewhat more complex extraction process; and,
- U.S. Patent No. 2,562,068 employs a double solvent extraction using sulfur dioxide and
pentane.
25
It is also known to purify meta-xylene by selective reaction followed by some type of
separation. InU.S. Patent Nos. 2,889,382 and 3,644,552, meta-xylene is selectively
halogenated in the presence of para-xylene. Subsequent processing by distillation,
crystallization and/or adsorption can be used to separate the halogenated meta-xylene from
30 other C-8 aromatic hydrocarbons. The halogenation process, however, is not entirely

selective for meta-xylene, and the patented processes employ expensive catalysts and/or
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chem cals. The environnental and safety risks associated with this type of

process are sqQ 15 hi gh as to be unacceptable to nany conpanj
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met a- xyl ene i glkg@qtlgp’ppgeggcond, there M%QPGWHEZ"%S?P ok pishpnes dyttvig. Third,

par a- xyl ene. N L SLL L.aki . rystallization
and/ or adsor pti Fe%gn egﬂ%ds?e to’%ég%éfg%gltdp%igﬁ%g%ggr%athe%a%glt%o}{aﬁ?%énuéﬁflgﬁ}%
30 ot her @edirableo Fifth,chdprdeesinghiovgy ciiplitiddgdnapémivepr ocess, however,
is not entirely sel ective for neta-xylene, and the patented

pr ocessdd enpl oy expensive catal ysts and/ or

- 3- | i tenpials .such a | ecul ar chl ori.ne,
hydrochl oric and nlY'tyF igg)lt%egﬁzgé{e?%p@ aHFrogch. to pﬁgﬁgﬂon@;ﬁ%—gﬁi@ﬂ 0 pXIIACHES
sel ectively suistilitedn prEcet®t B:5 PaRREN0 AB76Y,60% t8£h8EHhe \iSe of benzonitrile and simila
hal ogenation, this process is not entirely selective for neta-xylene anof

utilizes hi ghrgmpounds and puxturesay an extractivedistillation|sblvantt Menzbnitsile formys lbse

sel ective reacti i s _selecti.ve | ati on. o ta- . | ene W th,
propyl ene as PHOBHRESD %Eﬁ@maﬁﬁﬁ gﬁb %?rog,g%sggtff%cgg_cmgmxg rbqtg,-gglége. aﬁé"oaq‘ig?n of
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which results in an expensive alkyl'ation unit econd, are
reaction yi el thelefydeenzens frpm sueta/pare séparationiis easiefhBechuse benzonitrile has a significant

vapor pressure, however, the products from this type of distillation would probably need to be

water washed and the benzonitrile recovered from the wash. In general, processes using

solvents that must be made up are not favored because of the added cost and because of
20 concems about product contamination. Similarly, U.S. Patent No. 3,089,829 teaches

extractive distillation with benzoic acid, and U.S. Patent No. 3,849,261 teaches extractive

distillation with organo-metallic compounds.

Another well-known approach to the purification of meta-xylene is to use
25 crystallization technology without related adsorption treatment. One such process is
described in U.S. Patent No. 2,884,470 which employs three crystallizers in series. The first
is an equilibrium crystallizer that crystallizes para-xylene down to a point just above the
para/meta eutectic. The second crystallizer is fed the mother liquor from the first crystallizer.
This second crystallizer is "supercooled" in that para-xylene crystals form but meta-xylene
30 crystals do not form because meta-xylene requires more subcooling to initiate crystal

formation. Thus, the mother liquor from this second crystallizer is on the meta-xylene side of

4-



propyl ene is needed. Fourth, cunene is nmade, and usually meki ng additi onal
products is no desirable. Fifth, the processing is ver

conpl i cat ed ané’oeg?géﬁéi ve. 10 Yet anot her convg#rfuosrgl%{ 3015

approach to puhihiddbird @ teéw@o&ﬁso&mbﬁ.n E $hi 55‘19641' HsEL -
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distillation so|lyvent. genzoni trile_forns | oose conpl exes

i th
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pressure, however, the products fromthis type of distillation would
probabl y need Withphe aid of seedingn Sueh emistalligationcprodessels,ombicmialy ph prefarendiabr ed

mmde up are. notYRadEREs B SRR Pkt gk becn ampELa iz eriags because
concerns about infpiee hndP6 EqRipntat sl fhcesin dofth efeiaHnéiallA?ﬁg%ﬁg%eg‘gﬁnémﬁg& 829

t eaches extractive distillation wth benzolc aci at ent
No. 3, 849, 261 trestallieatioaifisemt isystem componenth. sti |l ati on with organo-netallic
conpoundi Anot her wel | - known approach to the

purifica Qon of neta-xylene is to use 25 crystallization technol ogy

W {ROUC ol 1 00 asGIpbARR G 08Tl O Sl REASSSTl i por B

in U S Patent No. ( y\,ﬁ| ph enploys three crys .
The first para-xyené@follogiet by Belettinedr melkiak kiczfika-kilshe &yitalk & {dpa@fe them from
par a- xyl ene down to a point just above the para/ neta eutectic. The

second cryst al the meta-xyene dThispaters: kikerseveral ethers thatranetdisciissed belowy takes advantage of
Thi s second crys i i s 'supercool eds,. i h that para-xyl ene crystal's for.m
but meta-xyl en e%%k %ha?%é?@&egf)gﬁ% 1?18?'8%12?31‘?5@53‘??3 %&’a&ﬁ P@ﬁ?@‘ﬂ%’ﬁ&’?eﬁm‘ng
nore subggol i Ngith @ met/pdra biix@fe FitRhn initial crystalipafibs teiperaliite Just hbte MR Qftdctic
liquor fromthis second crystallizer is on the neta-Xxyl ene” side of

- 4- . point),ttheeparetxa epe crystalsttend fodbesoaflers i Iniatlof these pattits,dhe para-xylene is
crystallizer Cle g\;e?ela ﬁyzc;ex'?rstﬁﬁtzé’ﬁo)ﬁyvlriaﬁg tlIerIPnrHtst or}ethe meta/para eutectic, and then the mother

liquor is further crystallized to form both meta and para crystals. In this patent, the resulting
shurry is then heated in a controlled way, which preferentially will first melt the smaller

20 crystals, and then before thermal equilibrium is reached, the slurry is quickly filtered. The
resulting cake reportedly can be about 95 percent meta-xylene. A second crystallization,
which is not discussed in any detail, could achieve a higher meta-xylene purity. This patent is
specifically directed to the use of feeds to the meta-xylene crystallization step containing no
more than 3 percent of ethylbenzene and no more than 3 percent ortho-xylene. There is no

25 discussion about what happens if ortho-xylene concentration in the feed is high enough to
also crystallize ortho-xylene in the crystallization step. By contrast, the present invention
avoids the second meta-xylene crystallization, is not limited to low ethylbenzene

concentrations, and addresses the issue of ortho-xylene crystallization.

30 U.S. Patent No. 3,544,646 teaches another process for co-crystallizing meta-xylene

and para-xylene followed by a separation between meta- and para-xylene based on crystal
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nmot her |iquor fromthe second one, which is nmade possi bl e because the

crystallizer is_ se d with nmeta-xylene crystals. A sigp §§ €SS
i s ‘descri bed i%oﬁf/ég%l?at ent No. 2,777, 888, where fi rstﬂ%ﬂﬁgﬁy ene

[ cr talli I t .
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crystallization processes, which rely on preferential
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by sel ecti vel gepasator, presumablyarhewlyypercentifyge; thedwo tyrse phenistals atesepdratedy Thus, a
the neta-xylene., Thi s paten | i ke, several others that. are, di scussed,bel ow,
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mxture with an i'nittal crystallization tenperature just above the eutectic
poi nt), the paecanxiypipeadicel patcahendreinopemtion. Thizlapproach aiscaleljuicds large amounts of
patents,_ the para-xylepe is recovered hy crystallization within the
limts o0t he%ﬂeﬁﬁ%&tﬁawwe{w be coples ¥AIRCq ey pcHbF diluent fowery the trgpperatures
further cryst ' O HediE: ,,gﬂ,d para crystals. In this patent,
the resulti ngﬂgé&eﬁ%&gls%rgé?e%l{lﬁen ﬁoeat ed in a controlled way, which
preferentially will first melt the smaller 20 crystals, and then before

thermal equilibriumis reached, the slurry is quickly fil ter’ed. The,
resul ting cake repdypaentsomsyhiisimilyin consepide dhmabone-mentigned @46 patenbisdAs.

crystallizati | ¢ i i ed in any detail .  coul
achieve a hi g%gtren}rl\g? a3-’13*f%\§r?e‘(‘\’g‘ﬁ¥‘?‘%a§gsfﬁi%&;“;‘”‘gﬁze‘ﬁ% rq%ga— ﬂene.angpg%gg?efnieg%lllq\y,ed
directeds o tbg asspar@ior BREE o GiffeR@icEEihrysydl S&Bing rates. atiis pabit@hchéstBat because
cont ai ni ng no nore than 3 percent of ethyl benzene and no nore than

3 percent or t e metagiydeneThystals prodwesd 28 relatively darge, shayrwidlisotle fostertin theppbums i f
ort ho- xyl ene concentration in.the feed is hi enough .1.o . S
rystalli s ofPRBARDAMEE o Her S Pyt BBy e coprpin, Trfpez
present i nveniph@ft also suggest@AMatitagd 18 réR6ARE oARI-RyRNe BOA the fed & 4 btRnisQfrearh S
not limted to | ow ethyl'benzene . concentrations, and addresses the

i ssue of ort hdtorys sylene splistenbeforexanying out $:@ meta-/para-xylene crystalizatian onitheNo.

3, 544, 648, t each h , f g - Il zj t a- xyl
and par 2| o KERRBREdRE By 282 Ratpth 16 AreicHisan S reRl a8 momsHiason tep s an

based on crysigbrhead stream from an ortho-xylene column, comparable to the treatment of ortho-xylene

in some embodiments of the present invention.

The present invention differs from the '282 patent, however, in several critical
25 respects. First, the present invention uses adsorption rather than co-crystallization/crystal
settling for para-xylene separation. Second, partially because the adsorption step alters the
para/meta eutectic, crystallization units in the present invention are designed differently and
are more efficient. Third, the present invention proposes several ways to separate out the
ortho-xylene that are different from what is taught by the '282 patent. Fourth, the concept of
30 using a disproportionation unit instead of the isomerization unit to isomerize recycled ortho-

Xylene is not taught by the '282 patent.



density. According to this patent, the density of para-xylene crystals is

1.006 g/cc, and the density of neta-xylene crystals is C.
Par a- xyl ene i sWPi948#38] ecovered by crystallization cl osge{@g%ﬁ%(}ﬁ

) A ; . atea i .
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seens i npractica comerci al operation.” This approach al so requires

| arge anounts of 10 liquid freon that nust al so be cool ed and
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sane neta-xyl ene r e&b%§14 patent describes two ways to get fhgparrxdenseppeantation suficierily
concept to the, aboye-nent i ' t | : ent

3,798, 282 whi oIP %%’e%&?:“c??*{c‘?g% a%ﬁ@??&ng%‘%’z‘?ﬁi‘fﬁ%“ﬁ% °aa’r1b8“€édr3"g‘§ex‘§leéﬂr#§e can be

follovwed 15  ysddy Sacsfipadasé bPle Basait Miknete chebeagasllized GitYish sdpafitd éryétallizer
rates. This patent teaches that because - the nmeta-xylene crystals

produced 18r e r béfate daihgthe awogequilityisyn evystalligation. eTefirstdechnique igadstathe y
conpared with the small er..para-xyl ene.crystals.thereb mitin .
separ at i on. Th‘é°m21$"%%°m Oflggﬁﬁ'lc a‘ﬁf@&"éﬁ&ﬁé’z fngo %ﬁ?%@éﬁt{% s?'%%?/i‘mile the

ortho-xyl ene fgom 4 henba@thdas amothe chRIMiSbE #ehtment, whidhi9BsAyXY! ene
splitter before carrying out the neta-/para-xylene crystallization on the

20 remaining feed. In the '282 patent, the ortho-xylene is sent to an
| soneri zation step as over head stream from an qrtho-xyl ene

col umm, conpar abl e t“’é‘°ﬁ%§vﬁe@éﬁ@fﬁ"‘(¥ eng puFFcatipndsrimology utilizes gdsogption of para-
embodi nMenftss of x&%ﬁ? By ﬁ?e?ﬂ&er ih %@foﬂaﬁgh with some type of _downstreaﬂ_ﬂf‘eaﬁﬁ&ﬁ ?d"ﬁclhieé/g greater

I nvention diffe rom -t pat ent, howe I n several critica
respects. Firspurifititionlof gRthetaixylznt. US. Patent Ndsh7@a, 74skis reprdsentativecof the former
co-crystallization/crystal settling for para- x%l ene seé)ar atjion. .

Second, parti aBprosbe dadlis prentaths stiylbesrenerie frsadistled ¢ and reacte 10 GXHREHORIR &
G o o oY oy hfsth B iddeliBarldh it e A UredoHe A8 B4 GrdiflcH B Al
fractionated off the bottom of a xylene splitter. Finally, the remaining stream, which is a
20 relatively pure mix of meta- and para-xylene, is fed to a para-xylene adsorption unit where the
two xylenes are separated. This approach to meta-xylene purification, however, is
impractical and not economically viable for three reasons. First, it requires the fractionation
separation of ethylbenzene from para-xylene, which according to the patent requires about
200 trays and a reflux ratio of about 15 resulting in high capital and energy costs. Second, the
25 separation in the xylene splitter is quite difficult because the split between ortho-xylene and
meta-xylene must be very complete. Third, if there are nonaromatics in the feed that boil
with meta-xylene, then these compounds will end up in the meta-xylene product. Because it
will be difficult to keep nearly all nonaromatics, ortho-xylene, and ethylbenzene out of the
feed to the adsorption unit, high purity meta-xylene cannot be efficiently produced using this

30 design.



are nore efficient. Third, the present invention proposes several ways to
separate out &Bg 4381 ortho-xyl ene that are different frompe#esssrisors
taught by the g’ﬁ 6a’_[enf[. Fourth, the concept of 30 ~using a _

di sproporti onat i orgeyBial phBifis,Sach &fu.tshpateﬁqm%rsls%étmmewalzptmée@seg #PWRIcha%ara-
recycled ortho- xyl ene is not taught by the "287 patent.

- 6- xylene adsorption 1s\gofbired tvétht doMmstr&ns procEssing i demedasykene.| U.SaRateher
vari ation on the -crystallj | on . .concept ipn whi t.a- xyl ene
and par a- xyl Nes. 3 dogy] é@gﬂéﬁsﬁi&ﬁm adsPRRiPn BIRSFstEd foljowed by ittt morie

such that the palea1xileoit Gt !ialolabdbh i bfe dSa MHRAAR bl gk QHET 1 han

t he net a- xyl'ene crystallization rate. I S process ependent on
startingswi t hethylbedzaie ascSeparhte\wurepraducts. The réyhigiig mangelehe id srthootyléresse

t han 10 percent, preferably |ess_than 8 percent. The '614
pat ent descr ithemputiied e distiliptign: Ispmerization isysed feconyen meta- and/onoghg-xylenatet | y

low. First, a._diluent, P> | .but ane apht hengs,.. farbon di oxid

or et hane carPBE IR US/ PN 1N sty MRRaine 38 AR o ke X i

crystal li zed ébalalkylent @Ra ey ReRFds tatht bAhe thRial adsoRfoR16zefk N"hd PRa-xylene is

nonequi l i briumcrystallization. The first technique leads to the

conpl i cat i onstheri sepatateddfivern tkee ethylbénzenechyngrpsialiizationt dbe peobleny with thedse approachas

systens, ,whil.e the second. appr adds another crystalli i 0

Y oat ot gt garly alh 8 B K1cRE R A loetzee BRRE Heabpibd o pyrifed prSucts

met a- xy| ene P khEatsb Mok SN A9 Wirekbicrddsia: L1b Rend®

xyl ene by itse ?Rﬂérﬁisnﬁgﬁgngfi%gat i gn V?A' t hérésdczjﬁrfaza ?g%gé géé‘%gmﬁg%ﬁﬁ%%nglegt%%nt

t o achi eve grmetaetylene product. plhis fequiadsi that thd ugsreamatisorptjdnamits mustopeRaé smnas tO.

3,700,744 is repr eseni ative of the forner approach. In this patent,

the et hyl benzZZA¥ide geqris L0 pereqnt progdert gprity-Ang nearde | Ubpares ke YREY ichilRnet

| oop t hrough &Qcécaerreri zation unit. Then the ortho-xylene and CO9+ aromatics
ra

are all ctionated off the bottomof a xylene splitter. Finally,
the remapni ng stream which is a

More relevant to the present invention is U.S. Patent No. 3,773,846 (Berger),
previously discussed. This patent describes a meta-xylene purification process combining
para-xylene adsorption with subsequent fractionation of the raffinate to decrease the

- concentration of ortho-xylene or of an ortho-xylene/ethylbenzene mix and a subsequent meta-
20 Xylene crystallization. In either case, the fractionation must reduce the ortho-xylene
concentration low enough so as to avoid the ortho/meta eutectic in the subsequent meta-
xylene crystallization unit. The differences between this patent and the present invention

have been addressed above.

25 All of the foregoing prior art processes for purifying a meta-xylene product as part of
an integrated xylene separation and purification operation therefore have various
disadvantages and drawbacks. High costs are incurred due to equipment, maintenance and
operating expenses in these prior art processes. These and other drawbacks with and
limitations of the prior art processes are overcome, in whole or in part, with the improved

30 meta-xylene purification process of this invention.



20 relatively pure mx of neta- and para-xylene, is fed to a

par a- xyl ene ad&arggk%sgp unit where the ~ two xylenes are ?8‘?/%59"991‘56‘1'5

Thi s approach t o "net’a-xyl ene purification, however, is I'mpracti cal
and not econoPEBHEADS DFAHEINVENTIMORE reasons. First, it requires the
fractionation separation of ethyl benzene from para-xyl ene, which
according to the paiswntdinglpia prowimabobject of this invediih it togyrevida dn impreted procas ifer
of about 15 resul.t.ing in high.capital and energy costs. Second, the 25
separati on inW’Q%ﬂ&#é@ff?ﬁ@%ﬂé%&{%@c&m €8Nt because the split

bet ween ortho-xyl ene and nmet a- xyl ene nust be very conplete. Third,
If there are nonaromatics in the feed that boil w th neta-xyl ene,
thén these conpoundsiswispecifiadbjest dfithit hevefidatoyovdaearéfficint and Besidseal iapproach
will be difficult tq ke,eg nearly all nonaronatics, ortho-xylene, and

et hyl benzene d9Preparipgigh-purity metagkydene §s pars obaisintegratesixylenetsepatitipm qperatiox.
net-a- xyl ene cannot be efficiently produced using this 30 desi gn.

-7- Several patents, such as U S. Patent No.

5,382, 747, teach pnpieines objechbi Bl idveddb i Mool
conbi ned with downstream pro{:bessi ng of&tﬁhgmrr%rtogfli?Ipéar%%ﬁ?jf%&ﬁ?’glggé\étwgykﬁe
Nos. 3, 770, 84 fraama C38+7 20n8is feedswhithhredacts capital emd gnecgyenss dymaihimiviag ti/number
distillatjon of. .neta- xyl ene. In the '841 patent, two adsorption
units a?];d used’fPB‘ngI@é%’P'lbﬁﬁ?eé@ﬁfb&ﬁéw%&“ @eta‘x)glé?qﬁF B@hg%e as separate
pure products. The remai ni ng neta-xyl ene and ortho-xyl ene are t hen
purified by distillation. |Isonerization is used to convert neta- and/or
ortho-xylene to Still anothar ebjeetiof ths inveRionAateprovide an EnfrdYedidtegtated continuous

essentially the sang as the '841 patent except that t he para-xyl ene
and et hyl benzéﬁﬁ%ﬁ&gﬁéﬁeﬁmgﬁ% rrAremaic fsed fyr senasation s rasevery phithe paras-meth-e Ard

S th crystallization. The
probl em wi th 1(:% #gg%@g%g%glgg&%ééﬁl%g%oﬁtgﬁﬂgﬁgggnrt %atg gm&ge.pﬁ%ts 85?%1?‘}&/| ene
and et hylsoenz éistillation, abisorption vasalliztion hd iSopRribsidfURhtnent steps, rom the

adsorption step. Any unrecovered para-xylene or ethylbenzene will end up

t he net a- xyl ene product. This requires that the upstream adsorption

units nust operate §f . royihde near.l 00 rcent. product .

purity and nearly {%UP%ZDF%%n%ndr wé%taeé)eﬁo € Presenl %%elngion will in part be'obvious and will
in part appear hereinafter. The invention accordingly comprises, but is not limited to, the

processes and related apparatus, involving the several steps and the various components, and
20 the relation and order of one or more such steps and components with respect to each of the

others, as exemplified by the following description and the accompanying drawings. Various

modifications of and variations on the process and apparatus as herein described will be

apparent to those skilled in the art, and all such modifications and variations are considered

within the scope of the invention.

25
SUMMARY OF THE INVENTION
In general, this invention comprises a multi-step continuous process for treating a C-
8+ aromatic feed stream. As used herein, the term "continuous process" is meant to refer to
an overall process wherein there are continuous feeds into and out of the system, including
30 processes involving intermediate semi-batch processing of certain streams within the system.

An aromatic feed is fed to a xylene splitter column, which is operated so as to produce an

9.



practical. 15 More relevant to the present invention is

U S. Patent o3/64383, 846 (Berger), previ ousl y di scusgetsddnzsis
pat ent describes a neta-xylene purification process conbining

par a- xyl ene asieshepd speanvtypicaliy bempristng pledaminamippiranandiméthaylenés, imtatesséro
decrease the concentration_ of ortho-xylene or of an
or t ho- xyl ene/anonptyef stialeenzene and erthoxylsseqAesignifiganyamount of the\gribgeylene fed to

crystallizatign ' e i i ] ]

o o xyl ene. Bexlehe SHEELs (IRREer e bR S8 s SARY ol SEUSTC R Brometie e

eutectic in tasnpoubdeadrditis PREROST in a side stréavd ROM (B ddlhuah! TA@hhOHnt W bitho-t{iene

di fferences between this gatent and the present invention have been
I

addr essefl aboallowed t@ §o overhead in thentylensfsplitter is bens dow aupughitoavaid theprystablization of
for purifying net.a- xyl en roduct as part of .. . .an. i ntegrated xyl ene
separat i on ariSURYIFRed b PSP Mt righ e srovtelivatinn wpiy (b iet spier

di sadvant ages w%?ﬁ% disauhR s tﬁ%ﬂ*&d&ﬁ%ﬁoﬁxﬁé hi\epdrated H-PurRY P [ng'iﬁn d
mai nt enance acr)l 2 operrlati ng e ensespe'ihn tﬁese gri of art ?l(%c ssgsaf1
These and ot hieavedraaesiduct stredni, iwhichctypically wouldibeiaver 50opescent mietaexyierico Thirheta-

processes are qQvergome, in ole or in rt,, with_the inproved 30 .
met a- xyl ene pEFIFRSAGh SRS &ﬁmé@ afmsgﬁmb%ft%ﬂm separates out high-puri{y meters

OF THE L jV ENT%yq]%e and'laaeve% a motherr 13@%%%% él% %c?:s b {12 %oﬂ?e&%%ﬁnﬁﬁtn g‘fhe %Uo%ery

. : : ] i
i nvention is T0 provi N1 npro process

et a- Xyl ene f sfparaxfdefeinah®adbtytioh @bl isduffedtly highso as to avoid crystallisingpara-
specific object of this invention to provide an efficient and econom cal

appr oach xylene indheymetgayilang cristalizstion s9pnet a- xyl ene as part of an
i ntegrated xyl ene separation operation. It is also an
object of this invention to provide a process for purifying neta-xylene

froma G 8+ ar omat Egcepeff oo KHlch€HRE tyleAPiplitter BattbnRNBAGY fue@et Sadivnated to
m nim zi ng the nunber
15 produce a purified ortho-xylene product, the rest of the ortho-xylene either in the bottoms or
in a side stream is sent to an isomerization step. This "isomerization step" can be in the
isomerization unit, which was fed the crystallization unit mother liquor, ora
disproportionation unit which also produces equilibrium xylenes. In general, the
isomerization step(s) will be operated (by choice of catalyst, temperature, etc.) 'S0 as to
20 - approach thermodynamic equilibrium among the xylenes. The C-8+ aromatics from each

isomerization step are passed back to the xylene splitter for recycle through the process.

Taken individually, some of the component steps of this invention are generally well-
known for one or another use in the art of hydrocarbon processing. No previous xylene
25 separation and purification process, however, is believed to have combined and operated
these processing steps in the particular ways described in this invention, and no prior art in

this field suggests the surprisingly efficient and advantageous results obtained thereby.

BRIEF DESCRIPTION OF THE DRAWINGS
30 Fig. 1 is a schematic process flow chart illustrating a first embodiment of the present

invention.

-10-



10 of times that ethyl benzene, ortho-xyl ene and neta-xyl ene are
distilled. WO 99/64381 Still another object of this invepcrase/soio
provi de an inprovéed I ntegrated continuous process for treating a

C- 8+ aromatic feed fgl 2 $€Paheina@prabels floGohar YihGtratiiiea bRt embeliment ofiiet
ort ho-xyl ene conponents thereof utilizing novel, integrated arrangenents of
xyl ene 15 phiesenit ifiventiom, adsorption, crystallization, and isonerization
treat ment steps. O her objects and advant ages of the
present invention will in part be obvious and wl| in part appear
hereinafter. The '”Ft?.‘ﬁ'i@i‘s@a@ﬁﬁﬁ@'bﬂ%@ésx o BMatt SBSstralihd a thirdtfbollinikink 68the Present
t he processes and rel ated apparatus, involving the several steps
and the vari ouphvestiggonent s, and 20 the relation and order of one or nore
such steps and conponents with respect to each of the ot hers, as
exenplified by the foll ow ng description and the acconpanyi ng draw ngs.

Vari ous modgf | | . LAl : e

apparatus as herei nt:{fegggr%gég%m\%\jlfﬁ% geesxéqfowwqg%sg{aa}l;é%?f%ﬁ% "ﬂlfgs%g S FPTtgg in
the art, and apjessriehveniéhn.fi cations and variations are considered

wi thin the scope of the invention. 25 SUMVARY OF THE | NVENTI ON

In general, this invention conprises a nulti-step continuous process for

t ti C . ti f eed st. . As d,. i h
ont i nadls pr ocessFi 3 inARREEdlopt gkt i Ring in RERGRERT e ARE LT
wherein there afe0pBtibMpRIMSssof BHSinvEitRonARréH bulfied MBtaSyihne 18 produded By A0wAD

processes involving internedi ate sem -batch processing of certain streans
W t hi n t he sysstage crystallizationdproggse miittedhé final praxductseparaton foey Isestiondpbased en a

colum, which is opefated so as t rodyce an . .
"o drom, geerR iea Sy b and Flege 1 arfpld evsiiprion e withapolirae
and net a-xyl en higl i fw%}-xmé A0h6n &9 hich i
ort ho- xyl ene. gg'ga‘glﬁ%‘ [ csggat?&g%hrlﬁh sg?dfﬁgéi%l%t f(gi-xy enie?g ed to éla,w 1ens
15 followed by another crystal/liquid separator, which sends its crystals to the slurry drum.

Fig. 6 is a process flow diagram illustrating an embodiment of the meta-xylene
crystallization process of this invention wherein purified meta-xylene is produced by a three-
stage crystallization process where the final product separator feed section comprises a hot

20 crystallization stage. The separated crystals from the other two stages are fed to the hot stage.

Fig. 7 is a process flow diagram illustrating an embodiment of the meta-xylene
crystallization process of this invention wherein purified meta-xylene is produced by a two-
stage crystallization process similar to that in Fig. 5 except there is no cold separator and the

25 cold-stage crystal product is a slurry instead of a cake.

Fig. 8 is a process flow diagram illustrating an embodiment of the meta-xylene
crystallization process of this invention wherein purified meta-xylene is produced by a two-
stage crystallization process similar to that in Fig. 5 except the cold-stage crystals are fed to

30 the slurry drum instead of the warm stage.

11-



the xylene splitter is taken off in the bottons streamw th nearly all of

the G 9+ arona;d'ig‘9 4381 conpounds and/or is taken off in a pcrIssIfIOEM
fromthe col um. _ﬁﬁne anount of ortho-xylene 5  allowed to go overhead
in-the xylene splitfeid 5{;@@& floovdiggramdiludttiay eh mboBEmentTia :hetaa(zleas of
ortho-xylene in the downstream neta-Xxyl ene crystallization unit. The xylene
splitter crystalizetioreprocess o€ By invensiontwherein purifiedometaixylene isgqpodused by a two-

e on el M P e 7 e S Sl gt il S
xylene-rich spLGRBR iR WARMnd®B]d difped Crystallization step that separates
10

out high-purity neta- xyl ene and | eaves a nother |iquor stream which
goes to tshe isonerization unit. The recovery of para-xylene in the
adsorption unit is_sufficiently high so aﬁ .avoid crystallizin

xyl ene in the netaFig@ia progess fop diggrag i %ftt“gﬁ!lganembo ment of the me a‘llo’_‘;kgét
f t ho- xyl ' . ' . . |
fracti onat ed PSRt pike R0 el Pint it dithdiR Bhif et ScylolE e ltbayced by a tyor

the ortho-xyl gage &lystRizatich procesh sitdilafi®o ®at in Fig. 6 excépt tie dld@yshllieaionistags nd
to an isonerization step. This "isonerization step” can be in the

i somer i zat i onceldistagewgpasaonkayebeen daletedr ystal | i zati on unit nother |iquor,

or a 10 di sproportionation unit which al so produces equilibrium

xyl enes.” I n general, the i sonmeri zation step(s) will be operated (by
choi ce of catal yst gid §IREL Bloléss floBf dagramQildsiratifg #5l1 anothe? BROOERR Nt of this

t hernrodynam ¢ equi |l ibriumanong the xylenes. The C 8+ aromatics from each

i soneri zat i onirestiorawberpingseified avita- kylendiis produeerkbbisptiystaklizationrproesysimgar to that
t hrough the progess. . .. Taken indivj duall 0 of .the
conponent st eH’s}g’@f gf’ﬁ‘?egt the\reld ravietlization stags 31‘4 90%\7@138‘? Sepatator avg pESTACEtsE- one
or another use in the art of hydrocarbon processing. No previous xylene 25
separation and purification process, however, is believed to have conbi ned
and operkst ed DETAILED DESERIPTHOMN OFRRERERRED EMBEDRMENTSUl ar ways
described in this invention_ and po prjor art .in . this_ fjeld .
suggests the sur pr ASishgvy inFig 3:459%5“5?\}60 %ﬁé‘@féﬁﬁ?ﬂ?'@ﬁﬂt@g’f&ﬁ*%\eﬁ@dmom

t her eby. . ﬁ@;] RESC . P@@W [ 1is
a schematic prf%dctgsas OE\I/:?(} ar clﬁ)% %‘%‘%ﬁg’: & |rés>lt% g%%’ol Prrgﬁ?d %tﬁ‘emﬁ%go

present ..  predofiieditly @0mprises a mixture of ethylbenzene, para-xylene, meta-xylene, ortho-xylene,
-10-

. and C-9+ aromatic compounds. Xylene splitter 150 is operated such that the xylene splitter
20  overhead stream 102 typically comprises predominantly para- and meta-xylenes, with lesser
amounts of ethylbenzene and ortho-xylene. The proportion of ortho-xylene in overhead
stream 102 is reduced enough to avoid eutectic problems. At the same time, the xylene

splitter bottom stream 104 comprises predominantly ortho-xylene and the C-9+ aromatics.

25 Xylene splitter overhead stream 102 is fed to adsorption step 152 where typically 95+
percent of the para-xylene is recovered as purified product. The para-xylene-depleted stream
from adsorption step 152, referred to herein as raffinate stream 108, is fed directly to a meta-
xylene crystallization step 154. As described hereinafter in connection with Figs. 5-11, in
preferred embodiments of this invention meta-xylene crystallization step 154 is carried out by

30 specially designed crystallization processes. It is within the scope of this invention, however,

to utilize meta-xylene crystallization processes other than those illustrated by Figs. 5-11 to

-12-



Fig. 2 is a schematic process flow chart illustrating a second enbodi nent

of the ﬁgfﬁﬁ? I nventi on. Fig. 3 isparasbeimeis C
process flow C P |l ustrating a third enbodi mrent of the present 5

i nventi on. carry out meta-xylene crﬁtﬂlxzﬁloh%teﬁ 154 REFR!L 1 CARORSASSE the Ql\éﬂtac)@il’éxk in this
illustrating a fourth enmbodi nent of present invention. 10
Fig. 5is a mmmssrebbmmdjuagrsamplalsm@n—pmty mgtasxyleneipsoduct ht0. oFhetrbmaining C-8
met a- Xyl ene talli atlon cess of this invention ere

a1 11 2l ot FSgRisse R fete Syoherger sueam 112 Somieiom St FaSad vem

process wher g c?%h&effécpfb'th is%ﬂiéﬁ%atﬁﬁ%?ergalgﬁr feed sectlon I s based on a

drum referred to asas urry drum there is a cold crystallization
stage wish a col d-stage crystal/liquid separator, which sends
crystals to the warm crystal i zatlon stage, which is 15 fol |l owed

anot her crystal /| i Ehg aan@mba erthorxylops remoxed faemithesh %ﬁo;nsqfath%xxlan splitten emdr@ken

erbodi ment _of e e o futent FecBvd 85 i R ER O A b el R Bl i

i nventi on whehgetPiflehd &S’stﬁlﬁkﬁrdf%lte?ﬁ 4f {he nBéPRY padiddorthol-li@R product is less than
stage crystallization process where the final product separator feed

secti on conprthe 8eweattiof olega-xylenq;nemeas{ ¢alumn distillate fhere ndycdbeswputhatxydene
oSy oS Pad 0S SRES e S e A28 ot vt
L, it WSO B el PSRl iy Lo, e L1,
process simlar to that in Fig. 5 except there is no cold separator and the
Alternatively, when purified ortho-xylene is a desired product, it may be advantageous
in some cases, especially in cases where meta-xylene production is added to existing para-
15 xylene plants, to have an ortho-xylene recovery column followed by an ortho-xylene product
column. This alternative has at least two potential advantages over what is illustrated in Fig.
1. First, with two ortho-xylene columns, the separation in the xylene splitter can be easier
because more para- and meta-xylenes can be allowed out the bottoms. Most of these para-
and meta-xylenes will be taken overhead in the ortho-xylene recovery column and will be
20 kept out of the ortho-xylene product. Second, if the ortho-xylene product column already
exists when meta-xylene production is to be added, then the ortho-xylene recovery column
can be added so as to take the added fractionation load and continue utilizing the existing

ortho-xylene product column.

25 In isomerization step 156, xylenes are reacted catalytically to near thermodynamic
equilibrium, and ethylbenzene is partially either dealkylated to benzene or isomerized to
xylenes, depending on the catalyst used. After a stream 122 of toluene and lighter
components is removed by 2 fractionation step 160, the isomerized C-8 aromatic stream 124
is recycled to xylene splitter 150.

30

An important feature of this invention is the surprising and unexpected discovery that,

-13-



25 col d-stage crystal product is a slurry instead of a cake.

Fig. 8 is a prgfamsdshow diagramillustrating an enbodi ment of p&h@sesn3s
nmet a- xyl ene crystallization process of this invention wherein

purified met a-fsyinenppita ripffinohe GReariy/108 thifQmre available in contAéiBiabirpfnafitd pl&dt veh
process simlar to that in Fig. 5 except the cold-stage crystals are fed to

.30 t he sl wrthp-glene nupidicetion, eeonpmicaheacavesy afjehigh-purity meta-xylene product can be

-11- X Fig. 9 is,.a.process.fl di agramillustrati n
ebodi ment of AehvRLpiizips tk gRooess orif GBS Richas s pef £ Bt i Bt rafindte
i nvention whergjeBmiuf fehiovel dﬁﬂ%%&&ﬁ%&%ﬂé-&?kﬁ@gy efisiVéRactionation stepsSt age
crystallization process simlar to that in Fig. 7 except a crystallizer
drum has $een azdadihg to the teachivegs\of € pirioe amde.g), Baxger846). st ages. 5

Fig. 10 is a process flow diagramillustrating an enbodi nent of the

met a- xyl ene crystallization process of this invention wherein

D ocess sim far {0 CRER™ T EH o P alSmiler prgeses BlBPAy BEEL Bl ok of

col d-stage sephisdirventibahes mesnadiehtagesd Firkf) whereas the process diagrath€l inkhd Besger* 846
process flow diagramillustrati ng still another enbodinent of this
i nventi on wherRgtent grauires ep lageeand prpensive frapiionatieneplppng 16 apd 1A betwegnitlen

e A L e e
DESCRI PTI ON Ofinfifdlof et itk ifielilate processing of raffinate stream 108 coming from adsorption

step 152. In the Berger ‘846 patent, the separation in the second fractionation zone is
essentially between ethylbenzene and meta-xylene with a relatively volatility of 1.066 at
175°C; ahd, in the third fractionation zone, the separation is between meta-xylene and ortho-

15 - xylene with a relative volatility of 1.134 at 175°C. With a higher relative volatility, a
distillation column needs fewer trays and/or less reflux. As relative volatility is reduced
towards 1.0, on the other hand, the required number of trays and the reflux flowrate both
approach infinity. Thus, the very low relative volatilities in the second and third fractionation
zones of Berger ‘846 require a large number of fractionation stages and high reflux ratios, so

20 - that the columns required to make the desired seﬁarations necessarily will be very large and
costly. By eliminating these two fractionation columns, the complexity of the process is
reduced, which makes it much easier to integrate a meta-xylene crystallization step into an
existing para-xylene recovery plant, utilizing selective adsorption of para-xylene and
isomerization of mixed xylenes. The prior art in this field, however, fails to teach or suggest

25 that it might be possible to successfully practice such a process without one or both of these
fractionation columns. Depending on the specifics of an existing para- and ortho-xylene
plant, potentially only a single unit (namely the meta-xylene crystallization) needs to be
added to an existing plant, and high purity meta-xylene can be produced without materially
affecting the existing para- and ortho-xylene production capacities of this system.

30

Second, the present invention uses less energy. In the Berger ‘846 patent, the meta-
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As shown in Fig. 1, a first enbodi nent of the present invention, feed
stream 100 i s woogsq3sif €d-t0 a mddle or internmediate regi on ofpCtisessors
splitter colum 150. Feed stream 100 predom nantly conprises a

m xture of et hyyfless) which is pise @mpohemeviththé frgest @heent@EbR ir Hpst@F¢he major streams,
and C-9+ aromatic conpounds. Xylene splitter 150 i s operated such that the
xyl ene spl it t emusie vaporizes neady) thieq times: Iotke xylsne splittpr refarencepumeral 2 in Berger

redom nant | ra-. = . W sser nts .
gt hyl benzen ey aﬁ%ég a ﬁ% da);(i g? %ﬁ%ﬁ( Mﬁ’ﬁ%?%}%ep%oﬁ's}% ﬁre%fen(‘i? pypezsl ] @ﬁgﬁ’?r £ %@ h?ﬁld
stream 102 is pRUNE A tHRNeLEHA/thivd BRuQiockaler Ambs GefefeAbd Aiferaltt1 628 19PdRhOWA
t he xyl ene splitter bottom stream 104 conprises predom nantly

ort ho- xyl ne athe Banger(846Hfigyrondhé adsorptio Bnit raffinate colutnlof the pesent ineention (not
overhead stream 102 .i s, fed. t.o adsqr.ption.step 152 ere.typically 95+
percent of theSeRaFately ShoyLIn }§g§. gé‘ﬁ\}g? digtillation ¢p “F‘P"e‘ggtﬁ{‘ﬂﬁiﬁ ‘?f“‘%]ﬂ@"meam from
par a- xyl ene- de lvent : | : r ]
Rer oi n o af f sanerpod BKclyent (or de oA e it BYod ¥y cohlfedl, HEiinicd
crystal | i zat i orylsteis disfilled Asomde theniybend splitter iand fHeaaffinate colufraC tSimilathy, tthe britlgs .

5-1 1, in preferred enmbodi ments of this invention neta-xylene
crystal | i zat i okyleneihatiis not tekenoff with the ¢-Hyarapatics in thsdiergar | §46fegyre iseporized

crystalli,gatio L hthin.-the sco Q I.s._l.avent i on. .
novever, 107 ChoRg BEERRFfmel: b X1 ond oRidei o RfRle dathFpas e 88 pRBiag in e
than those il ggbhd@faetidAdtion She. Bylebnirast, in the first embodiment of this invention, this ortho-
-12- carry out neta-xylene crystallization step 154 1n Fig.

1. A portion okyleneissplitandydistited parthyitwice, in the xylenstsplitienand in the gafifinate fiantioraias,
step as high-purjty.meta-xylen roduct 110. The .remajnhi ng C-.8
aromatics, whi E’?‘fi%%gy f’ﬂ@tq?ée tﬁe ﬁ‘ﬁﬁ?ﬁéﬁeﬁ Eovens eqlump, Eyen @BWhﬁ‘ef’}eWy lene feed

crystallizati o &&Rlization is lesé-é&uceﬁcfa@edfiﬁ(ihéﬁe&eﬁ?in‘\/&ﬁflﬁrahg&%)@gd &hﬁ&l hagE O

The amount of ortho-xylene renoved fromthe bottom of t ne splitter
and taker3 Bergen {846 patedt, ithe difference inatikititsenequiredowndd be rtdtively snmll because of
sufficient to gvqid .the neta/ortho eutectic in . . .the neta-xyl ene
crystallizati oﬁ"e pw tota ?“efgyereﬂ‘@é“@%gy ﬁ\ir"pfsf"él&@g% Hpit 1elativgdo o of they o5

t han overall process.

- The savings in energy realized by the process of this invention is further evidenced by

20 considering the relative volatility in the fractionation of the Berger *846 patent as compared
with the relative volatility in the ortho-xylene recovery column of the first embodiment of this
invention. In Berger ‘846, the separation in the third fractionation zone is between meta-
xylene and ortho-xylene (relative volatility of 1.134 at 175°C); whereas, with no ortho-xylene
product taken off from the ortho-xylene recovery column, the separation in this column in the

25 first invention embodiment is relatively easy because the separation is between ortho-xylene
and meta-ethyltoluene, with a relative volatility of 1.504 at 175°C. The propylbenzenes
(cumene and normal-propylbenzene) in the reformate boil between ortho-xylene and the
ethyltoluenes, but they can at least partially be taken overhead in the ortho-xylene recovery
column when there is no ortho-xylene product because their concentrations in the C-8+

30 aromatic feed tend to be small and they will be reacted to desirable products in the

isomerization unit.
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the flowate of ortho-xylene recovery colum distillate (there nay be no
ort ho- xyl ene % 99/64 %oduct) , then the excess ortho-xyl ene-ri chchmbdidons
is sent as st ream 1 (as hereinafter descri bed) with nother |iquor
stream 112 to the THRN®YnoeidntuVirk theethPbenzene in a second fractionatiofilZofié, 1B presdny ,
when purified ortho-xylene is a desired product, it may be advant ageous

in some cas esmveﬁmcavaldlsyrqaﬁng aprobleph with thmrﬁmynmtamyém@uﬁeetwm GeREERINEO
exi sting para- é‘# pl ant s tol have an, or. h%ﬁ ene. .recg1 ?XPX ol umm
fol | oned by aﬁ“%"r?’ﬁ’dsaﬁ e mpglpg’&? o-xylene net proguct; nositiop 94 as at
| east two pm@d%%pﬁ n%ﬁﬁ%ﬁ%%tr%(fo%glé ab {rl 8 ilft@&&ﬁze'eﬁlbgﬂﬂnent in the Ber
First, with two t ho- xyl ene col ums Separation in the xylene split
can be eAsier 846 patent) aﬂewauﬁrsesxgmﬁcmnmcmrﬁoﬂnete-b@}mybyan@'stahmmdlebeﬁfc(ﬂwed

out the bottons st of these, para- and net ene WI|| q ken
overhead in t?f@“b}vb MRGYEK F%ﬁ‘éteﬁ‘tlé’GBVQF}}chéilﬁ’r‘?ﬁu‘éW@“W 1”'{%%%‘“ 87 B of

t he ortho-xyl grereltie ~ g

al ready 1?1’88359 I St's mﬁﬁé‘nﬁqﬁgﬁm&% %Eﬁ%\% uct 1 rl}ﬁ:%ger?: Q)g dﬁ'@ghll rﬁpﬁ}éen t he
ort ho-xyl ene seesﬂn/&momﬂlmlunm ortho-xszlaﬂe will asistellize at savarirer teiiferanire tiapdesia-
fractionation Ioad and continue utilizing the existin ort ho- x Iene
product col ursylene. 2%s a result, the recovery ebmefaryiane imths cajsta %ganomwlteﬁélgt pessib
reacted,gatal ytical |

h
ool bodians Ycali arthd PuAGutRERIRE RIS of tis problsfiliheBetber “Hs MBkess st
xyl enes, depegfdd fdh BB thikefraioRhtyci stéiﬁ@ GchiéVd $gnificabt pRAMRbAZaes of xﬂéﬂd@;?ﬁ:n@nd

i ghter conponents is renoved by a fractionation step 16
i soneri zed C- Bomrtheretystellizatieraunit Mevertheless, these mtes yrelstll well bejdvethesesqrhievalee
150. 30 An inportant feature of this invention is the

surprising anBithReaes st mvert®overy t hat,
-13-

for the typical raffinate streans 108 that are avail able
in comrercial aromatics plants with
15 Finally, by removing more of the ortho-xylene upstream of the adsorption unit, the

adsorption unit is less expensive to install and operate. Because adsorption unit feed flow is
smaller and the para-xylene in the feed is more concentrated, the amount of molecular sieve

can be reduced, and the raffinate column in the adsorption unit can be smaller and use less

energy.
20
As shown in Fig. 2, a second embodiment of the present invention, feed stream 200 is
fed to a first intermediate region of xylene splitter column 250, Feed stream 200 will
predominantly comprise a mixture of ethylbenzene, para-xylene, meta-xylene, ortho-xylene,
and C-9+ aromatic compounds. Xylene splitter 250 is operated such that the xylene splitter
25 overhead stream 202 typically comprises predominantly para- and meta-xylenes, with lesser

amounts of ethylbenzene and ortho-xylene.

As shown in Fig. 2, xylene splitter 250 is designed and operated so as to permit the
withdrawal of an ortho-xylene-rich side stteam 220 from a second intermediate region of
30 column 250 below the first intermediate region where feed 200 is added. This side stream

220 is totally sent to the isomerization unit for partial conversion of the ortho-xylene to meta-
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ort ho-xyl ene purification, econom cal recovery of a high-purity neta-xylene
product can be achieved utilizing the process of this ipgaos/s

wi thout the ne®P M8 rst treati ng the raffinate stream for
removal of eth L 14nQYeh&iat, Yot lsfflifar BYasE HOW MEtEY Bplitted 050 Wbé@[hrir%ﬁﬁxmn,
5 accordi néﬁ#)gg}taﬁgfepggghi%ﬁggg%f ts'ﬁe priacs)r art (é?%., Ber ger ' 846).
Conpar ed with iyith iSorperalys,as abmpared with@olummols@ss thecangiodirhent BEFiged . : othere

e I POTETE S e ke ey
expensi ve fract] ﬁ’zﬂﬁHS%Qn%? H[Wﬁs]t?aﬁ%@%h%wpﬁh‘gg)ﬁge&t}ﬁhjsﬁe strearggﬁ@hﬁgibg][gent

step and the mg?a-xy ene ystallrzation ep, of the enbodi nent

this 5 | gwesly ©fhé Ramerationytep 256 Boons straam20dxsiming Hdmigiehe splitter 250
stream 108 com qg{ from adsorption step 152. In the Berger '846
patent, the sepdiahusmompnise predeminently Erirarpmatia sampoundse Which are withdrawn from the

essentially between e | b e a net a- xyl en it D r i

volatility of Prfge a{fhaypun%%é 0%9%?@?? Tre’ﬁu%ﬁ%{leeﬁﬁaﬂ“tﬂheg P%@Fg@% ?/do?lca(%rf‘glrll off
zone, the sepaigd hiHdnl f e kYRAOspPIREAwItN HRTE- 92 RE8mP5ENHS and Sent to anorttRE/1aMet h a
relative volatility of 1.134 at "175[err]C. Wth a higher relative

vol atility, a productcolutns(as shawhdmFigo2)fonseparation fremethe Criyeomepounds. Exsept for the
reflux. As relative volatiljty is reduced. . . =~ _towards 1.0, .0n the other
hand. & hel® cquiopedaamabor xplent pbifet StiBE Riminaripn et § FEAR astiggiyche récsVary
approach infini T r L MEFIY blalll ic63esnbnd RSIMRESEANd
and third fractc%}é%’lggﬁthe}gﬁm\éﬁ(sﬁgé\gg@gﬁk eérl\é?rlg'qﬁ%ag Si r%épa Iarglge ﬁﬁwnber
of fractionati GRnfef@elentents drifipw steshing xhowi ambdesatbed@n connettivar withBigc b agms
required to nmake the desired separations necessarily w | Iwg:e_ very |l arge and
costly. By eli rdperptiomstemeseindiey % qomesnandata aisopErn e 153 %olrr&?f%me{agﬂyé?ne
the process is .. redu : ich i C ' 20 il ¢ ;
nmet a- xyl ene cr f&séﬂl%a%lgpisgzgagggb%h? 80121%58&8 tb n%e%%% ng %fé%g? g%ﬁg%g& & Fig.
recovery g4 ant, T).uti lizing selective adsorption of para-xylene and

I somerization of m xed xylenes. The prior art in this field, however, fails
to teach or suggest 25 that it m ght be possible to successfully

practice such a process, without .ane or bot h.of these . f ' | on
col ums. Dependi ng f}:ﬁgw‘@_ ?ﬁ‘?’ﬁ ?@Fx %{ﬁ‘t’°&’f‘§?‘i°ﬁg"’a’§?559‘ 13}7]%1&8%1,?%%%:1%9/@6%6
pl ant, potenti alakyobythe ppddes iflustitdd %‘ﬁgﬁ.ﬂﬁé&xiﬁﬁfgﬁiﬁ&&tﬁif&rmce between the Fig.
crystallization) needs to be added to an existing plant, and high

purity neta-xyleas Kgr2 smbodiotntsdsl that iohitigt3 thatlenesplifter step uses twe felemphdhe he
Second. 1 B8 pr oo Solen s ¥ Fingadity sl BRafg) Beaf Rettsid e ik R

the neta- All other elements and flow streams in Fig. 3 generally correspond to similarly rhfinbered

elements or flow streams shown and described in connection with Fig. 2. The liquid bottoms
stream 334 from xylene splitter column 350 feeds the top of the extension column 351, and
overhead vapor stream 335 from column 351 feeds the bottom of column 350. In Fig. 3, the

25 ortho-xylene-rich stream 320 is shown coming from the upper part of the extension column
351, and the feeds 300 and 324 are shown feeding the xylene splitter 350; however, the split
between the two columns is a matter for case-to-case optimization, and the connections of
streams 320, 350, and 351 may be on either of the two columns. In any case, the side stream
320 should be withdrawn from below the two feed locations.

30

Similar to Fig. 2, the Fig. 3 embodiment normally utilizes only a single reboiler on

-17-



xyl ene, which is the conponent with the |argest concentration in nost of
the major str nmust be vaporized nearly three t i mepeT/Snoibas
SORVEIB once

xyl ene splitt nuneral 2 in Berger '846), in the
adsor ption Ume&tehgi% cBRhf 351 damngraeélﬁglemchal g cbfdénSerBon@aising&4p0r from
and, nost in the second/thitd fractionation zones (reference

nuneral s 16 arthe top)ofaslusirodid. iThe ebodimenhef Egrigmpaﬂ&dhtly ugefalconhercially where
adsorption unit raffinate colum. of the present in ti

Separ ately shdPSing PRI HGion Speriions BrbecE o OReEedh aesordapes ith
raffinate stregm:iiOfhn to alB o proifi& mgﬁbﬁé‘fg%té‘-%ﬂenéﬁjo&@&t Tﬁ@émg&ﬁﬂkﬁ’t@ oF Figs.
In the present I nventlon, by contras t net a- xylene 1's
distilledsin anand 3 & both kave esxpﬂgyteﬁhnemyddﬂm&gemﬁdr tietRig. cloémbudxm&xtrbed:msd:;h,e
t he ortho- xyl ene that is _not taken off with the C 9+ arorratlcs Itﬂ
t he Berger 8£B@mell‘ghﬂil§f heat gambs vsed dorhyth the sepgrationof fhepar/metasteeam forderding the

I I
sucond fracti grarPBah B5ia i eRny uh SHRY Rutendich s Ayt el o the
i nvention, thijgoMRErfAdon step. xylene is split and distilled partly tw ce,

in the xylene splitter and in the raffinate fractionator, and
partly only once in the ortho-xylene recovery colum. Even t hough t he

- xyl feed | i ' h .
reoent went s on ailkyfpitReattbaiam: pf ik pidfet avetiion SOGERLARY e 4 28 % vill
difference in yydelhid §Syét aHGthERArinGon 6T 1 1. qm% vehdveeRkie d8foalIeQEcovery

the low total energy requirement by the ¢rystallization unit relative to
ot her parts ofcdilen 158 (in Fig.dY évraplacedrycmsAy/A,, splitter column 470 operafEt o gitpi separate

%0 e”er%néfzé‘f R R e R R R e i
Berger ' 846 pal&pbeyaSwhi un}[l\ﬁﬂ?drawn as bott @%ﬁgu@' At b Y Yfah Bt {telihventibn §sso

ortho-Xxyl ene recovery co t he flrst e i ment

inventions |n dgigged to @;fbﬁate ima)r@mamwuhla dusprdphmdnmmktépm iRisprvpationation
I s between neta- | ene _and ort ho- xgﬁeene (relative,volatility of
1.134 at 175C)techiodogyds) We% Whn thearend gamprused to achievp P&‘&hhﬁaﬁ%k@ﬂn&ﬁ paixture

fromthe ort ho h?ﬂ%ﬁt{ﬁ%%\/gcﬂergm um, the separation in this colum in the

25 first iAV ion e nent is reI atively easy because the separation
I s between ortho-xyl ene and neta-ethyltoluene, with a rel ative
volatility of 1.504 at 175&err]C The propyl benzenes cunene and
nor nal - pr opyl benzenk) nurified erthe-kplepgproducsiis tO%m%ﬁe%W%m@%W@@mﬁﬁdmﬁhé“

ethyltol nes, _hu n.a

or tho- wyPine. - @S ENE 6@ oiysRO dAfay il 2 SRS el 6P e ishE Sl

because their safmNIhHib @Hx%od:ﬂxehf} ¢helorfib-xylene product column bottoms 442 would feed the
AJA,, splitter 470. As with the Fig. 1 embodiment, the production of a purified ortho-xylene
product may require a tighter specification of para- and meta-xylenes in the xylene splitter

bottoms than would be required otherwise.

25
As shown in Fig. 4, a toluene stream 444, preferably from a source in an integrated
aromatics plant operation, is optionally fed togethef with the ortho-xylene and C-9 aromatic
overhead stream 440 from splitter 470 to the disproportionation step 472. In the
disproportionation step, in the presence of a suitable catalyst, C-9 aromatics plus the optionally
30 fed toluene react to produce benzene and an equilibrium mixture of xylenes and some

ethylbenzene. The ortho-xylene fed to the disproportionation step via overhead stream 440
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30 aromatic feed tend to be small and they will be reacted to desirable

products in th | somerization unit. : PCT/US99/13015
- 15- WO 99164331 Third, by not renoving the ethyl benzene in a

second fracti opggbequliBRER to Fdth 4 &8RibHum mixture of RY18fls! AheRHMdal SFIfANY
problemw th the ortho- and neta-xylene eutectic 1n the operating

range e n?/ i sag edomWr:jdntss thmquilibﬁmmix?n_e ofestlenes mkuthbi(n ]?el diredtly reaycledsis féedstredm

a typica adsor pti.on pynit i nate stream (for exanple, as_in the
illustrative effdtn wémep S\Ph“?rh‘gba%'f‘{fg? engene Stmﬂ‘éf@?ﬁéﬁé’ﬁ{a}ehmfg&éwﬂoﬁmpt £t the
significant regoyer z . I ' -

ortho-/ neta- xy?‘%‘ﬁ“’ gépl}?{gl(’:?iagﬁf‘?ﬂr) gg(ghhg?.l éﬁ?%%%-@g aﬁlﬁ%tgfﬁ%fﬁ%gésgr%%b%%tall&g ber

t he Ber ger5 ' 84@lements and flomostreams ihBiged generdllycokresgond o sipfilarly tmberedelehehta or
et hyl benzene overhead streamin_ the second_fractionation col um

ort ho- xyl ene witlow stiegms shawryanddeseribed ingonneetinnavish Figelt Hahe disnrgportionation process

xyl.ene. As ar | I n_the stal.li.zatiaon.
unit is not poggrli’%l%oeoﬁ%&e m&bq\é%%oél gilg'ggg:%ied(%rﬁﬁ’gﬁ%sfsev[ﬁl eaéﬁ'% aﬁufhgt}tgr aé%regtgfge
of this.probl efenlthis eBdbaRMent 4Be SnRCexoeptbi the A/A,, splithr 390 Addldidepbiitddts a
fractionation step to achieve significant gglr oduction rates of neta-xylene

fromthe cryst & /Anaplider, and €-11Karamatics would betwitslrawmaindwttame sgean #16e] |

bel ow t hose achi evabl e with the present invention. 15

Finally, Ola/ removi ng nore of the ortho-xyl ene upstream of the adsorption
unit, the 265 8drRpdrRBn WithiprioP art BRRe Q) PIR the ikl 84 AerP AL
Because adsorption uni trﬁéeed rovlali S pioze ’?%gﬂciﬂg{&anﬁ%e par a-xﬂHgngévi@ﬁl

the feed i s noembodineatstafabie thvehtien kave nnmersfus advantagea rTimiscthere are at least fiveredsons

reduced, and thi raffi a&.e col LHtm ir} t he adsorption unit can be snaller and
use | ess whyd %?‘689 iggnt of Fig. 1 of the present jpyentjam i an imprpyement relative o Rarger

enbodi nent of t . oy | I Eggg ' <. f

first internedi g}fbé Qf“gsg i?gé]rtl%o][')‘()%kféé gg’ ng;F'r ??‘f‘%ﬁi agg u nngdzégac.mclt—’e%hd‘:hslts rogtgxr#}%ﬁ 5%

will 15 then meta-xylene production can be added to para-xylene plant design without adding
distillation columns. By contrast, Berger ‘846 teaches the use of a third fractionation column

or zone.

Second, the feed flows to the second fractionation zone in the process of Berger ‘846
20 can be two to ten times larger than the feed to the ortho-xylene recovery column of Fig. 1 of
the present invention. Thus, the ortho-xylene recovery column can be smaller and use less
energy than the second and third fractionation zones of Berger *846, which saves both initial
investment and operating costs. This difference can be explained in the following way. In the
Berger ‘846 invention, the second and third fractionation zones must handle not only all of the
25 ortho-xylene on its way to the isomerization step but also all of the meta-xylene and
ethylbenzene, and most of this large flow is distilled. In contrast, the ortho-xylene recovery
column of Fig. 1 of this invention handles only part of the ortho-xylene and relatively minimal

proportions of the other C-8 aromatics.

30 Third, the separation in the ortho-xylene recovery column is easier, relative to the third

fractionation zone in Berger ‘846, which again saves investment and/or operating cost. In
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predom nantly conprise a m xture of ethyl benzene, para-xyl ene, neta-xylene,
ort ho-xyl ene, woogmsszgrand C- 9+ aromatic conpounds. Xyl ene splip¢piissdndorss
operated such that the xylene splitter 25 overhead stream 202 typically
C ]9 npr ihs le; pr edber'gelgﬂﬂdi,ylﬁ@mpaTatiam th mtlﬁr@@dcﬁmion\zbﬁéﬁzgﬁﬁﬁeﬁ me_ta-xylg_ene @g‘&'ﬂﬁbs
of et hyl benzene an rt ho- xyl ene shown in Fig. 2,

xyl ene” spl i ttéfyl%dfq?%t“’&é’é’il"é’lll‘@ﬂ°fah@4@f5é?$@Wh§@aaﬁlels@ap@wmm thetnstho-xylene

w t hdrawal of - XV ] ' ream 220 f.rom.a second

i nt er medi at e r%g?‘%??; %ﬁuéé n?{h%“}%%ﬁ{} rr"rﬁg og.&é%gf%pfﬁgmflﬁe&mq ﬁﬁ’@&ﬁﬂ Prthg-xylene
regi on where fafdnet@RtyfoRedaeelailVy vol il oL, 56PdN175°C) when %ﬁﬁriﬁéd ﬁﬂ&ﬁk l¥ne
sent to the isonerization unit forTﬁartlaI conversion of the ortho-xylene
to neta- 5 product is not being produced. The propylbenzenes (cumene and normal-propyldizene) in the -
and para-xyl enes. | eral ., for simlar . mass flow rates, splitter 250
will be a lar g’&f°“8‘6f°d’gﬁ‘?’°“”°eh ortBg;xylene andthe Fi‘;‘&?lua?sc & PRRO-HYleRe TeeAvERN
150 in the emiQmum® KNnd®lsdd t8 prok fo2y1 | JeRest DS

enbodi ment, it is possible tg eluic%};‘lg:gy %Cgb%s%u&iFhe{“tnethgg{&ﬁ%lp%%ee%semrne%(1) aétry
col unmm 158 i n mrartpllylhe thkesit averhead methevrtline xylene recdveny collirai Bedatise théit Eshcshiti R}
220 may be Sentﬁg& di re’g(%l toaihe i sonerization step 256. Bottons
stream 204 contilf rfgmagte T@&eﬁm liagd they il be reacted g fesirablg prostyeisin the
predom napt | y 66 9drALONRAK C conpounds, which are withdrawn fromthe

pr ocess.ﬂljlf alpurléli-rlz?l{e18 orlit'ho- xyl ene product is needed, then ortho-xyl ene
woul d be drawn off the bottom of the xylene splitter with the C 9+
conpounds and sent to an ortho-xyl ene roduct columm (as shown in

Fig. 2) for separatiohs When thawe inopurifindsatha gy lengpoastuct, therxylene splfter can

operation of t : Lt nd the el,im natjon of .a separate .

olrot ho- xyl ene rﬂé’g%’é‘éirlg BE sirffer ah‘ggfeﬁlﬁ%,enﬁﬁgp' r?}?tﬁvcfﬁoilreerﬁﬁrﬁlgv ﬁ‘HPequg]W apmaligeed.

in Fig. 2 gendaderyerc8d6, anpomhd orBoxiyi¥hé fHat 3% to be ispmeﬁﬁédrmﬁ'éig vEDORREDARE @ken
e. g

flow streans shown and described in connection with Fig. C
adsor pti & st eqyedwad imthepylenosplister, end thedeparationds betpeemortist-afertzadicombhey. 1,

and net a-xyl e . ol | lgn . step 254 in Fig. 2 _corresponds to

met a- xyl ene c';tgcs!?t%a‘fel VP%‘E?%?@?&‘J 7%%2? ﬁ'hﬂ}gl pé%e&tgnventlo&,)rgore of the 0“?’0"‘3'16""’ is in the
bottoms of the column, and the separation is primarily between meta-xylene and cumene
(relative volatility of 1.381 at 175°C).

20 Finally, by removing more of the ortho-xylene upstream of the adsorption unit, the
adsorption unit can be made smaller and, therefore, less expensive. Because adsorption unit
feed flow is smaller and the para-xylene in the feed is more concentrated, the amount of
molecular sieve can be reduced, and the raffinate column in the adsorption unit can be smaller
and use less energy.

25

There are also at least four advantages that the embodiments of Figs. 2 and 3 of this
invention have relative to Berger ‘846. First, if the xylene splitter extension is added to a
typical para-xylene plant, then little or no additional energy input is required for the xylene
splitter for the added separation of the ortho-xylene-rich stream. In Berger ‘846, the second
30 and third fractionation zones must be added and must be large enough to handle not only all of

the ortho-xylene on its way to the isomerization step but also all of the meta-xylene and

-20-



Fig. 3 illustrates still another enbodi nent of the present invention,

essentially a WW?!“W’ variation on the process illustrated by gtgussdnadise
only significah I TTerence between the Fig. 3 and Fig. 2

enmbodi ment s i gthyltRhzéne. Fugthertadrélenasy bihe feefko thestcont Gactitsiation ¥énedolistiied. The
the 20 second colum 351 functioning as essentially a physical extension
of the first differenvegBoinvestment and ap¢ratingrostsarethenefore sybgtantidw streans in

Fig. 3 genmerally correspond to simlarly nunbered el enents or flow
streans shown and described in connection with Fig. 2. The liquid bottons
stream 334 from XylggBshds Ble &%ﬁﬂﬁ&ﬂh%@@&l&ﬁﬁﬁ%a&ibﬁvﬁm AhinlsBPesGrteREdmRN
colum 351, and overhead vapor stream 335 from col'um 351 feeds the
bot t om of5 col und/oBbferating deisty. InBergen é8485the sepapationan thel thind fradtivnatidn zoamiSidwesn
shown com ng fromthe ;‘E er. part of .the eﬁtgﬁnSi on, col 51, .and

3
the feeds 300 metercgisns adomReTedaittys olstiiR At AciN 11 Comhatses the Scpetation in
the.split e . S I . -1 Q-
optim zati on, t%en)éylgrq%egpgigtﬁﬂ%)%«{b:;gh‘gﬂgﬁ%@ Boﬁlrg?r{r{ggﬁln% pééfgﬁt ng‘g%;ﬁo%%(}% g‘g%nmay
be on either kthbh§ldnsand aletrethyltdlenaielaians eolatility ofil 504 at 17580). The 320
should be withdrawn from below the two feed | ocations. 30 )
Sinilar to Fi gropylbengenesi(epmeneansperma-propythenzene)inthg reformatesan gt lgass pargially be
reboi | er, on . . . . . -17-
ext ensi _olrp)c ol dRks-aysrhgadiinthe xylene splier extension column because. their 9 gﬁeglglatwns ih the_
condensi ng Vapgforthétend to be relativesy $n9dl £Hd (RS willbeIesbtedeayan BRAsdiBeHza6n i€l -
3 is particularly useful commercially where an exi sting para-xyl ene
production operation is to be refitted to operate in accordance with

this invention to SO, produce a.high-purity. net.a-xyl ene product. ,Th

enbodi ments. of Fi gt Hekslsng sihig: Bubenb o indlhute e G asRi el gor e xylene
advant ages ovegpy; (Othe LideEhesh BBl MARHRYS Bid. B tentialPBd GndiRPOId Bér
heat can be usgg&‘%}g‘rbgb%?ﬁ %(ﬁe separation of thée E%larnaq‘onéltgyztream for get
feedi ng 151e ‘846, all oidsoorfitororlenerthdt istotbetisomesizpdinabt kervapbdrized and taken overhead in

ortho-xylene-rich streamfor _sending. directly to th i SO i zati ¢
st ep. Y . the xylene splitter, and the separz%ion is betweé/n ortho-xy?ene and cumene (re atEve vo&atﬁﬂy

1.217 at 175°C). By contrast, in the present invention, a significantly larger proportion of the
ortho-xylene is taken out the bottom of the xylene splitter column, with the result that the
subsequent required separation becomes the easier one of separating meta-xylene from cumene

20 (relative volatility of 1.381 at 175°C).

Finally, by removing more of the ortho-xylene upstream of the adsorption unit, the
adsorption unit can be made smaller and, therefore, less expensive. Because the adsorption
unit feed flow is smaller and the para-xylene in the feed is more concentrated, the amount of

25 molecular sieve can be reduced, and the raffinate column in the adsorption unit can be smaller

and use less energy.

Futhermore, there are also at least five advantages that the embodiments of Fig. 4 of
this invention has relative to Berger ‘846. First, the ortho-xylene rerouting does not
30 necessarily require an additional column, unlike the requirement for at least the third

fractionation zone in Berger ‘846. With a disproportionation unit in the design, the Ay/A;,
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10 Still a fourth enbodi mrent of the present invention is

i1 lustrated bywlgﬁ, oy F1O. 4 will be seen to be yet apeii§do/13015
variation of Fig. f iln Fig. 4, however, the ortho-xylene recovery

col um 158 (i nypfiitéris geded ahPpdyd Bealewy, thofobll @hd HishillRE b1 thisVolinkBWwilL ldfger ihAfis
operated so as to separate ort ho-xyl ene together with C9 aromatics
as an over headasg.ream 440, fromthe CJlerr]+ aromati cs which are

wi t hdrawn as bottons stream 416. This variation of the invention is also 15
designed to operate in conjunction with a disproportionation step 472.

Di sproportionation gecond, the fe&FNORS Rte sétol®frhetionidh Zofe i PrdcedBofBele&e846
used to achieve equilibration anong a m xture of different xyleéne

i soners. 5 are several times largdr thanghe added dlowr; f.b.0the pithoayleneydaitite A 4A , splitter in this

produced with this_ enbodinent, then an or.t ho- xyl ene, product col u
458 can, as i rerbpd rp?rg.ogﬁwmaﬁ lmlpnbi‘g%&lwse&weﬂa é};shq Mgro splitter can be

bottoms. In thj ' -
woul 0 Taed ' hanadFHRH Affirus) RSs Bler e bERECRARN e RicHBRhRR A Bfger
embodi ment, t @46 Dhisdifferenceicambgenpldin@bindhd followitlgefey. In Berger ‘§460Mb §écond ind

require a tighter specification of para- and neta-xylenes in the xyl ene
splitter third figetienetion Fenes wmvst kandle nog enlly el @f thernsthaixylene py its way to the

As shown,hn Fi.g. 4 | e .St 444 referably froma source ip.an

i nt egr at & xgomeﬂzgﬁgxﬁrgtf# @Qt aé oa%fﬁgheewggar@&nei g TSIpARnesRer 20 TGRS 8?%‘?

W th the ort hoekyiveldearg@qiid o MR bE Qistilled. In coRitak BAA /Al PBRrAARIN BMkles
splitter 470 to the disproportionation step 472. In the

di spropor t i onaumly pars pEthe total arthe-3ylens dmbeisomenzeduint alditiondathalG+8+ arogagics and
aromatics plus {he opt.ionally 30 ed .toluene react to produce benzene
and an equil i HFfaHH‘F%WWaZPE&o%ﬂnéﬂg eé)ﬁt&rgc-)i?@rom et hyl benzene. The
ortho-xylene fed to the disproportionation step via overhead stream 440

- 18- also equilibrates to forman equilibriummxture of

xyl enes. 1&f t er r envlkitd, tfe Sepayhticerin the A,/A,, splitter is easier than that which occurs in the third

fractionation zone of Berger ‘846, which again saves investment and/or operating cost. In
Berger ‘846, the separation in the third fractionation zone is between meta-xylene and ortho-
xylene (relative volatility of 1.134 at 175°C) whereas the separation in the Ay/A,, splitter,
* which is between 1,2,3-trimethylbenzene and diethylbenzenes (relative volatility of about
20 1.208 at 175°C), is not significantly impacted by the presence of the relatively-volatile ortho-
xylene.

Fourth, when there is no purified ortho-xylene product, the xylene splitter can
potentially be smaller and use less energy relative to the rate and volume of the aromatic feed.
25 In Berger ‘846, all of the ortho-xylene that is to be isomerized must be vaporized and taken
overhead in the xylene splitter, and the separation is between ortho-xylene and cumene
(relative volatility 1.217 at 175°C). With the Ay/A,, splitter utilized as described for this
embodiment of the present invention, part of the ortho-xylene is taken out the bottom of the
Xylene splitter, and the separation in the xylene splitter is more between meta-xylene and

30 cumene (relative volatility of 1.381 at 175°C).
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conponents, the equilibri'ummxture of xylenes can then be directly

recycl ed as fgqpdosnéseam 446 to xylene splitter 450, angtiseshsmgene
stream 448 is separately withdrawn. Except for the Alerr]/ A err]
splitter colum 47@irmafld, bhenbvigmune of thenetho-aplent apsttdd of &% dieaptionafit, the
above, all other 5 elenents and flow streans 1n Fig. 4 generally,
correspond t oadsomptionrunjt if iash expeasive bepavredtsdeed flow is smailprcmdsth# parasylengimthand

described in nection Wt 1. 1f, the d orti | 0 ogce

can al so oper g‘? RORe Fomsett Qéeﬁfr g.hﬁ aﬂ’ﬁl’"&f ofénoé? ﬂe %cglstgﬁel reggc%&, @’dstﬁﬁ
l'ighter ar omiiffifiate column in thd ¥RorplibS udiEAte M ler éldtdﬂéle'is'ﬂ‘&ﬁrgxcept that the
Alerr])Alerr] splitter 470 woul d be operated as a Alerr]/Aerr],

splitter,5and G 11+ aromatics woul d be wi thdrawn |n bott ons stream416 10

In conparison with_prior ro i.cul ar | eBer r
patent, the severafhﬁ)m‘""""‘m{:p"&p EFWEH‘?QWB O%Fh%mr 'E’S emﬁgl&rgauon

advant ages. 9&%

enbodi nent of Q‘;_é%réﬁ%}@ﬁcf% r{?lg%rzg% 1&?2%?4 |3§§en ion I's a‘r’rew %5‘85/\32@ nIL i %’? ‘lltvb to
Ber ger spéocteily. debighed crystﬁlhaarttdncprmbsemeMo@e patiadarpy, ﬂﬁymdfp&fareﬂumti-l ed
product, which is often the case, t hen net a- xyl ene producti on can be

added to par aXyiene ﬁ’é’sfﬂlﬁﬁtmluE@P?fﬁFs\MfﬂH&Wem gegerally comprisgjadfinal predpesrseparator,

colums. By cq 4 t se .of th fracti

col um OB SP? Hggf atorf% 53 sech8f Q/ﬁischggg' ampntsfﬁ%arfy 12%1 &é‘a%e Qx?xﬂaé{o?arf of
second fracti qirhitawo é@%&nimwggg&s%%ﬁnmtﬁarf&%m 'SRAG otflet temp&rafirdd® Théinal
to ten tinmes larger than the feed to the ortho-xyl ene recovery col um of

Fig. 1 of product $eparatozsembe & siistem based omawash edlump (foh examyple rae dmubvcbnw S.

Fract] onati on PAoALohr - BE R 4Bl Ee2s ap 447525 S tlopraia. o some Sl Slid-
| nvestment andigQRAlcBirkidd. WahSemdtiredyd HEIRAGROAAA i RbAIN HohBrelrith

fol l owi ng way. In t erger ' 846 invention e Seco and

fracti onHtion pzmhmﬁpumy hndrhrgﬂlsqaamionccqmpmhﬂ caphcityh dh2 meta-xylemd producy isentirein
Its way to the isonerization step | so all of t a- Xyl ene_an

et hyl benzene, SEPAiatad &omy crysiplsliquig E“YB!SW‘?%”B?’?H"I E‘BHeqﬁeH?Eﬂ‘i?rrsagﬁ %{‘ﬂe
ort ho- xyl ene r, &&h m.f‘q; M

only part of g&gﬁ ara}(o; Ifeeertries ean m@egd t&m‘éfﬁnﬁﬂrﬁdﬁc‘?\féﬂﬁﬁ opgfratﬁ ?‘%ﬁia of
the other C-8 tanperaturecia.the radfe of about -51°C HHSBCIC tfhEra'erpfahapnooﬂs’ssusﬂset bpto

ort ho- xyl ene recovery colum i,s _easier, relative to the thi

fractionati on csenpmicailsBerpyide thigdesired sty feeddp ﬂlesfaxrbgroﬂvﬁ;égaaﬁvé% Whirdyip various

?ng ati N8 COS lemboldiments can be systems based on a wash column, centrifuge, filter, or some other solid-

liquid separator. In a preferred embodiment, the final product separator is a packed-bed wash

column system.

The meta-xylene processes of this set of embodiments of this invention have one or
25 more crystallization stages. A crystallization stage in accordance with this invention can
comprise one of several different designs. One useful crystallization stage design is based on
the use of scraped-surface double-pipe heat exchangers with the process slurry formed inside
the inner pipe and cooling provided between the pipes. This cooling can be provided by
boiling refrigerant or a circulating fluid which carties heat from the scraped-surface heat
- 30 exchangers to the refrigeration system. These heat exchangers can operate on a once through

basis or with recirculation to increase velocities for better heat transfer to the slurry. If there is
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Berger '846, the separation in the third fractionation zone is between

net a- xyl ene a%g&g@a— xylene (relative volatility of pbrAidderednis
1750C) whereas e Separation in the ortho-xyl ene recovery col umm

in the Fig. lreibasideMenhe Al Mivesonld gofemtavessel © Afimetheobichamgey| ene
and neta-ethyltoluene (relative volatili of 1.504 at 1 75[err]C) when a
purified ort horystallizers ang back tophe skt vessel.nGhis wesselpronidesicoeling fon the feed to the
propyl benzenes (cynpene an ornal - pr.opyl benzene) i.n the. . ref or pat e
boi | ~ bet ween G'Fy%ﬁ 17‘?’5/?‘%%?{3%1@8? ?‘ﬁéta@’clﬁwgttg? PrOfEss: anfiialsf’ﬁ%s‘W%mﬁ%ﬁ’émqa
recovery owtfiO THE Het! shurRbroli® Sart K BKACRAGR (Y GiddGratidn SiHRr PEMBIAUE afterd thEN

t he propyl benZenes can at | éast partially be taken overhead in the
ort ho- xylsene esdhaugsr\erystllizens. BEeaet dutri productaan eitlier go itoths next part of therprodess
reformate tend, to be smal|l and they will be reacted tqQ desirable products
in the 10 disesthyrorthronghy angther vessel for additional crystal 8"ﬂ5’§’rt h, when there is no
purified ortho-xylene product, the xylene splitter can potentially
be smaller and use less energy relative to the rate and volunme of the
aromatic feed. A secotd\dd3RIGBf a cryétllizatidn sBgeide Q¢ b Rertivallseraped-firfact Pickdted
be isonerized nust be vaporized and taken 15 overhead in the xylene_ .
splitter, andvessel. Sthearencsosiutry issueatrskinside theyesspl, endbthg yesseljagkgthas either boiling

125021 el e At S e e

separation i Scx%fs{aﬁ?zre}éi}ifgﬁfll\éﬁe” met a- xyl ene and cunene (relative
volatility of I.381 at 175 err]C). 20 Finally, by renoving nore
of the ortho-xylene upstream of the adsorption unit, the adsorption

unit can be nmade snal | er, and, therefgzragihgl ess, expensi ve. Because laldsor Ii%n

uni t feed fgdidesigndomasrysial SBEF R IQPPERE LY OF RErE S P
concentrated, gb‘?ie@.nﬁhkfeﬁ cgggtallizer. is referfBAlt6 G4/ ?tEp,%ﬁthFn g@ﬁn&?cﬁﬁgﬂgﬁa&ll@d‘@ﬁetﬂ?ﬁ

raffinate colum I n t sorption unit can be sma use | ess
energy. %  -step. In this design, dlagy éroar the slasmest trysmhtzer i thercrysthl pradages thdstaget he
enbodi nents of_Fi 2 and 3 of this I nvention have relative o

S. o
Berger ' 846. Hbg §?u,f1'5’i from gachfithetherfrystallizeryis fed tojthenext wammssh Thy slurry is taken
off-the bottom of each crystallizer. The liquid feeds to the stage are fed to the warmest

crystallizer. Filtrate from each crystallizer is separated by gravity in the top section of the
crystallizer. In the case of the coldest crystallizer, the filtrate is drawn off as the net filtrate

20 from the stage. The filtrate from each of the. other crystallizers in the stage is decanted off and
fed to the next coldest crystallizer. In this way, the liquid streams and slurry streams between

crystallizers flow countercurrently.

Still a fourth design for a crystallization stage is to use exchanger systems, as described
25 for the first crystallization stage type described above, in series, in place of vessel-type
crystallizers in the arrangement in the third design. The filtrate from each step of the stage is

drawn off the top of one of the vessels in the step.

A fifth design for a crystallization stage is to use vessel-type crystallizers in series
30 where there is no crystal/liquid separation in the crystallizers, the sturry product of the stage is
from the coldest crystallizer, and the slurry from each of the warmer crystallizers flows to the
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typi cal para-xylene plant, then little or no additional energy input is

required for t{e sokssne splitter for the added separ at pefiySdoizhe
ort ho-xyl ene-rich stream |In Berger '846, the second 30 and third
fractionati on megnestdestistystattized dfi fastdcoliest) stipelofitigronesddicritedia . ahait No.
only all of the ortho-xylene on its way to the isonerization step
but al so al | oblTh5isehtlisBS%e” and

- 20- et hyl benzene. Furthernore, nost of the feed to the
second fractionation zone is distilled. The differences in

i nvest ment and oper&kixtideipntfor @Eﬁsthﬂﬁﬁitﬁfn%&e%%ﬁis@@iéhﬁﬁ%er systems, as described for
Second, the separation in the new colum is easier, which dagalin saves

i nvéstmend 5 the firsh arystallizepstagetgivep above, in sarieBdn giace bBviBseldype crpstallizers imrthe n
the third fracti onat‘ia.gn. zone. . i %Edsie ween met a- xyl ene and

or t ho- xyl ene (FEAREFTCAS SIVGP I fhe; 188 134 at 175[err]C) whereas the
separation in the xylene splitter extension in the Fig. 3

enbodi ment of the present invention is between ort ho- xyl ene and

met a- et hyl t ol uene (Thelshiriwieed thlla ﬁhﬂtpyoc})fgt §ep§1@t‘a)ratnm&s7ﬁ{nﬁltﬂie]]c fifal prod€ct separator
propyl benzenes_ (cungne and normal - propyl benzene) in the reformate can at

| east partiall 964%%90‘1%‘" lﬁh‘!@@ﬁl v&ewéﬁmiwhmnp@) andagiationtor ecrystallizatipm stage.

| b ' ' ' h . te t .to b
o at 1 vory st HeehoaalSonRbiRIRat B bl Feed is eqnal ick 1686 b e ity
Third, the xylcpeent@tibn bfetaikyleng in the 1iqeid phasd dfdhd\duri ReeBihl BRSHRD ploabdtmm.

(or the xyl ene splitter above the side streamtake-off point in
Fig. 2) can pcepaaion|then this seetisinlshould bp a@aygeysteas. If the @méentmtibn of metaexylene in

oo e B S RO TP SR 3
and cumene (T &lagk theFinaPhdthdtiskparator fed fromla & dtaflization ¥t I this 1.%(?%%2% fR¥Led is

in the present invention, a si'gnificantly larger proportion o
ort ho- xyl&ne iat leastartiabiytfed tocthisstage fiordfactitmal xyyistatizat. | THiecrystallizartion stigehs
the result that.th o _Subseguent required separation becones the

easi er one of rgf(?ﬂﬁ&éﬁ 3s5the agr)‘(§}f‘@ﬁ§’°fnrséﬁﬁgg’ﬁ?f’é‘ﬁ“e‘t 2831'3"65 atq highgr tepaperature than

volatility of ohei@hystHllizatiér bEd(5) ) The final product separator feed section may be fed crystals

from other parts of the process, fresh feed in some cases, and recycle filtrate from the final

product separator for control of the solids concentration in the feed to the final product

20 separator.

Upstream of the final product separator feed section is in most embodiments the warm
crystallization stage which may be in combination with a crystal/liquid separation system,
which, for example, may be based on a centrifuge, filter, or other separation devices. This

25 warm stage is fed fresh feed if it is not all fed to the final product separator feed section, part
of the recycle filtrate from the final product separator, and possibly crystal slurry or cake from
a cold crystallization stage. From this warm-stage crystallization stage or its associated
separation system, the crystals are fed to the final product separator feed section, some liquid
may be recycled back to the warm crystallization stage for controlling the solids

30 concentration, and the net liquid from the stage either is the net mother liquor of the process or

is the feed to the cold crystallizer stage.



Finally, by renoving nore of the ortho-xylene upstream of the adsorption
unit, the w0 99745 ption unit can be made smaller and, thepefps®nzbBSS
expensi ve. Because the adsorption unit feed flowis smaller and the
para-xylene in the feed is nore concentrated, the anount of 25

nol ecul ar sieve can_he reduced, and the raffinate colum in the adsorption
unit can be small erIfthere 1saco Q}'}’i}glgzqt@§§tagﬁgwgfed directly or indirectly the net filtrate from

oG Tor NSt o AR B A LAO B e e RO
ort ho- xyl ene rier Ohé tdld sd@ecansPeraddwith or WREGS 8 Abdibated gﬁlﬂ} SéparifioR deVibd, QBH as a

colum, unlike the requirenment for at least the thir
fracti ona?i on ceonfuggmordiage Witlsusparaiiorhdeyiadi the coptat tdke isdentto therivarm stagdier the
design, the A[i?rfa'i

[Alerr . ..
o rofi ebauptor fof o a3 a9 BroliRterion s deviseishpnet mother
distillate of fdosof@yated, IWithsut b sBfidratidh deb i
Second, the feed(}iof | ows llbt oet he lsecoﬁ %%t%dlﬁo&r?gitclé’oﬂr}e %zg%tgl hlz%?o?f]séagsrxx(x)%steg%v&th%f
Berger '846 Sapabilityrte dseaneoffithe netrpocésamgeher tiqacr, adithasldag is se@tvto the ®armt he
ort ho-xyl ene, to tre A&err%/ﬁ&)err], sgl itter in this enbodi nent of
the present i glligationpiage. Approptafa bept cxchangary casrbeaddedoareavengald frpm the
splitterqgan - $RRY, ess, aneL gy than the
second a%l% thit}?ad‘%c;énce%al r%a iog zoné@é%@%{é%égréﬁ%skogoo}&e%%‘%& Thi s
difference can be explained in the follow ng way. In Berger '846, the
second and third fractionation zones nust handle not only all of
the ortho-xyl ene ornjasefpmgd embedimentef this inyention; 2 packedrbet washinolunan systeat s uséd

e et 9 g BE SRy SS B Hef et s o
splitter col urpacks@t8dagash column, tHehifrydakdd 16 thd WiRtohPdRhe QikR- ¥Hd fRGtd9 be
i sonerized in addition to the C 9+ aromatics and
- removed from the bottom, while the purified crystals are transported internally to the top of the
- column. The crystals form a packed bed and are scraped off the top of the bed into the top
head of the wash column, where they are reslurried with pure meta-xylene liquid. The slurry
flows from the top head, and the crystals are melted in a heat exchanger. Part of the melt is
- taken off as the net product, and the rest is recirculated back to the top head to reslurry the
20 crystals and to provide liquid to reflux the wash column. The reflux is essentially all
recrystallized within the wash column when the crystals are heated. Packed-bed wash
columns, which are especially well suited for use in combination with the crystallization
process of this invention, are described in U.S. Patent Nos. 4,316,368; 4,332,599; 4,491,462:
4,475,355; 4,705,624; 4,787,985; and 5,062,862, which patents are incorporated herein by

25 reference.

Figs. 5-11 illustrate several specially designed embodiments of the meta-xylene
crystallization technology of this invention, each adapting and optimizing the general
principles discussed above to suit particular plant conditions, feed stream purities, and other

30 process parameters. In the following descriptions of these figures the final product separator is

a packed-bed wash column system, but it will be understood that other types of separators,
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relatively mnimal proportions of the other C-8 aromatics. 15

Third, the separation in the Alerr]/Alerr] splitter is easier &aﬁg 3015
whi ch occurs iW0t9Wé43?hi rd fractionation zone of Berge# %Jgh whi ch
agai n saves i s apd/ ' I .o Berger ' 846, the
separation i ngf\‘ﬁ'gg‘{%"’ a- "f°a§{“| %%g{:ﬁ%%@ggo%%ﬁegstge %%%’crar%?nasf- xyl ene and
ortho- Xy l1f gendralothatoats xylehedrystallivativh procksses af Figs. 3t B edipriselefficias
the separation in the Alerr]/Alerr] splitter, whi ch i s between

1,2, 3-tri net hydesigne fndhefinnl greksnjion ehmettoymedion # fasd seam Pith metarxylgpoigitheo
Forori ony ol oL bk erabd 8t of LS 43 B AetochPRABAS s R ilia RUREEREA Wit

relativel y- vol B
there is §0 PUfirfty 8FatRut 9Pperkér BERIRRGT UK benctd) Ceatly bEME nfehl-ky1érR crysMllization

potentially be snaller and use | ess energy relative to the rate and vol ume
of the aronat iproéessed.of Figs. 5-11 isalRedagigned 813 cazidd aut with essentizily-noydxtamal thiattinput
Is to be isonerized nust be vaporjzed and,taken ver head. i.n. t he
xyl ene spl i ¢t P ERIQCISRexCeR ictbs hert requtsed (Rdaelt e el Brgfuch 0 4R 1 TREIE
(relative vol gLkt .ty 17 i rtadPld

Tl T sy deldelafiohnédee, 3 willbe ildedsiobd bihidte Hified ity an fyfgi brafPlér) Al
i nventi on, pardmdéint bhkeaoirphofromthnenvirsmhakiand the midhinebois uammoddabler Such minimal,
xylene splitter, and the separation in the xylene splitter is nore between
met a- xy| éde arinageidable heaapnid IS Tpean tq Recopsistsht with the dgrminodegy "substantiplly po beat
-22- — Finally, by renoving nore of the ortho-xylene
upst ream of thlgp‘édsorpt lon unit, the adsorption unit is |ess
expensi ve because its feed flowis snaller and the para-xylene in the

feed is nore concentrated. The anount of nol ecul ar sieve can thus be
reduced, and the  Furthermorgf for pertain elthe apecially desigredsnstpxylene aistalligationhe

smal l er and use | ess enerqgy. . .
Processes, as fesgg/bed%elow, a certain amount of internal heat transfer, for example by means

15 of heat exchange among process streams at different temperatures, may be used for thermal
efficiency and to adjust temperatures of various internal streams for optimum performance.
Such internal heat transfer is considered distinct from intentional heat input from external
sources, such as steam from boilers, intended specifically for partial or complete crystal
melting at one or more intermédiate stages of the crystallization process. The specially

20 designed meta-xylene crystallization processes of this invention, however, are intended to be
carried out so as to realize 2 minimum of net melting of crystals at intermediate stages of the

crystallization process and prior to final product purification.

Thus, the terminology "substantially no heat input” is intended to exclude heat input
25 from external sources intended for intermediate crystal melting, but is not meant to exclude
relatively small amounts of crystal melting which may incidentally result from transferring
crystals or slurries among the various crystallizers, separators and other process steps or

adjusting slurry stream temperatures by internal heat exchange among process streams.
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In one set of preferred enbodinents of this invention, the neta-xyl ene

crystallizatio step (reference nunerals 154, 254, 354
respectively i %%96654.3811- 4) is carried out by _ speci al | yrgg/;ﬁlsésﬁégls
crystallization propgaeeSis aVeietafia bf b fiétdky1dhe dridtalliSfibn pI d&%@&&ﬁ? td'Be?"
xyl ene crystallization processes of this i'nvention genefally conprfse a
final product pregeat mventioniio which the fetaatyl@eeaibhatsidn strantrofeed decbodeiinddsithen
whi ch may corrprista i on stage nd a total of at | east

talljzat ,
two crystallizZ4®% eﬂ"a"s‘?’r g°§%5‘if‘§ﬁ%&%‘f o the packrd-bed washycolymn end optionally the

t enper at ur es. L @y Sfli t em based qn
a wash col umm G(G?I?F Eéex an%?’e',rheagn%}glicrl ﬁétg%’?ﬁ@{ejﬂgﬁ)rm &%Q’Jﬁ% cgtét?lé?ﬁe ‘%Ssﬁa%" Contrbl
4,332,5995 4, 4é cdfi@ntrativth of céystalsin Me wamcapitallibativa. stagef Thé embiféd SRER iOIHRRT
sol i d- |.i itg separator. Warmtenperatures to the final product
separ at or usuafefiy‘ﬂg‘r ¢reyatalsitepm the cold cenfrifiegede thawarmycrysiallizatigh stagpar at i on
equi pnent capacity. The neta-xylene product is entirely separ at ed
froma crystal-liquid slurry by one or nore final product separators. The
final pr 0dUTHe waRPER§talliz4tRA tapE 66419 the Thiibinéd BRLaDarldaitlcrt Sek ’p.% c@sﬁﬁ"
product separator should have a _ tenperature in the range of about
-51 [err] C t o copsgrdratip. Theesulting slofry istberpfed e the wasmsettrifiget ®art of the centrifuge

econom cahly pgovide this,desired slurry feed o the final product . ]
ceparat of0 wny SEFHEGS i PbiE 8B o ey el tionitase 8 pesvieusi despribad avtile

wash col um, c@etdmhditae filtkdté b&ome?the TR0 AR bilzati L gl
separator. In a pref erged enbogimrrente, thgﬂéi ngq-a}g%%@ﬁ%t%onssg g‘rg %)rg&lktglsaf{mm the
packed- bed waswarm centrifuge dioprimto 8 sBirmyrdrum. In the slurry drum, the crdisls et Waghe

processes of this.set of enpodi nents of this invention have one or 25
nore crystall icfﬁmtﬁgf ¥ gﬂ’é‘gd?w reydediiltratefrqm thesvash solumng dhe emennteofifilirate

this inventio GRked i AR . Of different designs. On

useful cryst alr}Iel A on et g%rg e icgﬁceﬁgﬁb%s%%%ﬁglﬁeavmg IhetS 3 %1% Warmd the

scraped- $8ir f acerystaisal senal gnsoune of heaxabpbegided 6 the sl @ik 08 SRerhbiively, e HBAbe

I nsi de . _fthe inner pipe_and cooling provided between the pipes. Thi's

cool i ng can berdgfdin Qs @r gpre of the feed jspamsig theshurry; drum, forexample by passing thg

fluid which c ' , C -surface heat 30 exchangers to
R R

the refrigerati angers can operate on a once

t hr ough basis or with recirculation to increase velocities for
better heat transfer to the slurry. |f there is
- 23. : From the slurry drum, the slurry stream is pumped to the wash column. In the wash

20 column, the crystals are separated from the filtrate and washed of impurities. The filtrate is
recycled, with a portion going to the slurry drum and the rest being sent to the warm
crystallization stage. The crystals from the wash column are melted in the wash column

system, heated against the feed, and pumped to storage as the purified meta-xylene product.

25 The net filtrate from the warm centrifuge is combined with recycled filtrate from the
cold centrifuge and fed to the cold crystallization stage, where cooling and crystallization
occur. The slurry from the cold crystallization stage goes to the cold centrifuge. The crystals
from the cold centrifuge are sent back to the warm crystallization stage. Part of the filtrate
from the cold centrifuge may be recycled to the cold crystallization stage for crystal

30 concentration control. The remaining filtrate is warmed up in a heat exchanger and withdrawn

from the meta-xylene crystallization process as a xylene-depleted net mother liquor stream, at
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recircul ation, then the main flow should go froma vessel to a punp to the

exchanger tallizers and back to the sane vessel. p&ll.ﬁ }
provi des cool i%%%/%{sx he feed to the crystallizer stage, S\g?}’g%géfor
stabi lizing t%ﬂﬁ&ﬁﬁofﬁfgh%s%gttﬁgﬁéi?&ﬁ%a}?bmc or crystal

e taken

grow h. The net slurry product can romithe circulation either
before or after the 5 exchanger crystallizers. The net slurry product

can either go to tﬁg next part lbhe rocess . directly or through
anot her vessel for RefFRg B pPectliralinio Kygwgdnthe residual stream 501 from the adeorptien

et f v \ ; Cenl

o karou”! et at RV SelatBed I pllsddSfrofl Bl piGandhf SORGH B¥E REGE,

and’ t he \Sessebtr¢ane B0 tohafirse{viana) crystallizatibnbfage 504 opRhted GRRAN 'buﬁft t_&h?éifh'tlu?é Mg
e

heat transfer fluid. |f reggired for capacity, there may be nultip
crystal | i zer sabeptp@}°4] 1oeB0°C, depending on the feed pupityt. H§lnmty 8@ from chystalbizer 504 is fed

crystallizatign stage is .tg. ledb €.t or nore vessel crystallizers

in series. Eag(ha @fs;fgygmﬁlchi{pﬁfgg 5@%;}@}%@? e%%mﬁtaayi e s{aﬁpgqc}gct\ﬁgp%éllo

crystallizer gl £ehottRelifhdrSireak®512. CrystaPftreah 510N Ra 465 58Ry afd/51Y %%ér&% e

war nest crystallizer is the crystal product of the stage. e

slurry from ethetrande aflkél 63 toe68 UC.y Stremni 5126k splitintbadedyoletstreamn 634, whitlh xtturnkde
m_of each crystallizer. The [

slurry i, taken ) ff-1the bott e liquid

f eeds toﬁ)t he %@ cpysallizer Sngdar’c ft"ﬁémvéég ibigh is sent to a secpydsfeald) prystallization ytages518
fromeach cry ' ' ?ﬂ@lﬁé V| 1N, i O .t he
crystallizer. 81% %ute?]ﬁadg?l% t g l%%&f%%fsagf)@tr gss?%h Pétﬁ &?ﬁeeﬁ‘sﬁ fnr%}'sghlhéﬂwn
drawn of f as tthge Hit ddes nbt mied dllGtion, the flofwrate dfit@edih 3ULis z&fve filtrate from
each of the other crystallizers in the stage is decanted off and

fed to the next coldest crystallizer. In this way, the liquid streans and

slurry streans bet 3 lol:1 zar.s_fl ow,count er.curr | y.
111 a fourth dessBidrg0 fomeryslid it £7'18p secd (1Y cBariRige SA2 i
systens,15as degardtdetmeta-xylene crys@l stidaf UEdm & moBlelilphct 3tk 536,28 HoktydS528 of
descri bed above, in series, in place of vessel-type crystallizers
in the arrangstream 536 may, be raqyelen Weorysipllizer A8, fand ancther pbriiom 588 dtpasseeithufugh e
stage is rawn QLT the top.of one of the vessels in the ste
Afifth desi ghtd 8%‘3‘3_“%?’@? ad R o ‘bﬁ‘ef)as"yﬁ"cf‘e&%‘a\?}é?g%‘r Ssifgras net %lffat‘_’
crystallizerssiq A€lhftd pdftion of net¥IGER 551 &Y Bd h§ndlPndiher Hyfdd drbsti 192 FRAI BB PN
in the crystallizers, the slurry product of the stage I's

(Fig. 2), 312 (Fig. 3) or 412 (Fig. 4) to the process isomerization step. Crystal stream 524 is

20 fed to crystallizer 504 together with streams 503, 554, and optionally 514.

Slurry stream 540 from slurry drum 511 is then fed to wash column system 542 as a

final product separator. Wash column system 542, which includes a melter, provides a
countercurrent flow such that meta-xylene crystals are washed with liquid meta-xylene to

25 remove crystal impurities and to attain the desired 99+ percent product purity. Purified meta-
xylene crystals are withdrawn as product stream 544 from the wash column system, passed
through heat exchanger 502 to cool the feed, and the desired product is a liquid stream 546 of
purified meta-xylene. Liquid stream 550 is recovered from the wash column system 542. A
portion of stream 550 is recycled as stream 552 through a heat exchanger (not shown) or
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fromthe coldest crystallizer, and the slurry fromeach of the warner
crystallizers {psrsssgnn t he PCT/US99/13015

- 24- next coldest crystallizer. The first (coldest) stage of

t he process desimilabwarning bhe3ns toatwrytdriin.511, while anothet pottias 554 ef stfeamifisg 13 pjpred

A sixth design for a crys%@rl i.zationsﬁf%?e I S tg‘flse exchanger systens, as
1 4.

descri bed for wihfeedstream 903 goingfaary 100 SREE /¥ gi ven above, in series,
in place of vessel-type crystallizers in the arrangenent given in
the fifth design. The slurry feed to the final product

separ at or cones fr ol theFid. Sreatbopinteat eiultgip aaahand cold stage crystellizers adaiy dbe operated
whi ch can either be a drumw th punp(s) and agitation or a crystallization
stage. 105  irfparallel evinseriesinepehicrpfallization siage faccommedate particylar RgepspIng o

or less than the equilisbrium - C rati of - XYl gene |

i quid phase o?’af‘lﬂ‘gs‘skdﬁ”?sqegte%ﬂﬁlﬁ nfvﬁét%}} ﬁ?ﬁ pl%%%sgt%}f’:etmetm&ﬁné&segglasrdg ar, Y as to

then this sect ha{veﬁfmive}hyh afld FHRRERWATn hbtaixyRns eRSRRLA ablug 1othe final product
e

nmet a- xyl ene in t eed is significantly higher than in the slurry

| i qui d phase, sdparatart Itisas boen faund thatiprometing the growth of lasgererystads duringitheyr oduct
separator fed fro crystalli,zation_s Iln this. latter .case, the,feed
s O at | mhosnaR PR POl gL pangling oty gdiomoet HEntrFibduct
crystal | iggat i onrifhivginf inialed ClysRe iR Relat RGP laker crystal surfab@Ared kestiPmds diffRult
"hot" crystalltzalion stage because it operates at a higher tenperature

t han otdeparateysystdls fromt motherdiquge (Mpreovérea f'ipeaing)) pbehootensre has becorfound
feed section may be fed crystals from ot t he process,

t
fresh feed in E%lﬁéd@ébégf,"“éhe? T epystalsAnd m&@ﬁs gﬁémfiﬁﬂﬂss pure rystals urider
product separ abgh ke fifddtdsQbndifiotd Porylalidily SN RbgeRlind drdo? vithfn heCd tO
Separat or. DSt T

the final prod eam of the
final product sggallzkesn §t@%§ réiingomuliiplel ciystalBzerebaeanbe € Rirge dobEng\eeguirements,

greg; Z![ ! idzﬁats ;/ g?fggr?sgflliz?rg fnay gg%set()iein ;ygraﬁglr{g irerzl?lgei I?arllld\l/yné Qf t%e %V%i}p?tlg/ clr;lys ulls gnd to
reduce pumping requirements. For larger temperature drops, however, it is preferred to put
multiple crystallizers in series at gradually decreasing temperatures to reduce temperatures
shocks that could precipitate the formation of small particles rather than to promote the
preferred formation of larger crystals.
20
Figure 8 is a schematic of a meta-xylene crystallization process according to the
present invention in which the meta-xylene-rich residual stream is cooled against meta-xylene
product from the final product separator. The residual stream feed is then combined with
recycled filtrate from the wash column and optionally recycled filtrate from the warm
25 centrifuge. Filtrate is recycled from the warm ceﬂtrifuge to control the crystal concentrations

in the warm crystallization stage. The combined stream is fed to the warm crystallization

stage.

Referring now specifically to Figure 8, Fig. 8 illustrates an alternative embodiment of
30 this invention similar to Fig. 5 in which the generally corresponding apparatus components

and product flow streams bear corresponding reference numerals but utilizing a "800+"
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whi ch, for exanple, may be based on a centrifuge, filter, or other
separation dewy§6ses3dhi s 25 warm stage is fed fresh feed rdrusvsaminot
all fed to the final product separator feed section, part of the
recycl e filtratmbétisgseriesrdspettivelp iopldcs oftRPEH004 Oaumbeithgpeses hilized for Figls.
slurry or cake from a cold crystallization stage. Fromthis

war m st age cr y5u% |hp?tﬁxpme%$%@rrssrpmg%toa@@fcfe&pmer 502, and so fegh o ke pipeipal

Some 11 qui q © cibeBict e ¥ § ahd Bischd Pl BRAE pARRTIPA e coRER R g

for controlling the solids 30 concentration, and the net liquid from
the stage either is the net nother |iquor of the process or Is the
feed to the col d cAytinembodimenitofghe invention, the warm crystallization stage cools the feed

- 25- f there js C .crystallization stage,,l

2 Ted di rect SRR T copls A Rishimd Rl os R v o Wi e coniglilay nbid.
stage. It is 208 ndeiriite ) tJai em! Jlﬁi S
adequate wt h;'?g%t FTorie ei{tln:fl-ih %250(1‘;‘1‘%’ Hsgtrgcggfagg‘?lﬁ%peratcgys\%\nlt aﬁgirigt\\é%’%(s)ut a
dedi cat ed sl upreviesadestrilsed, while the rersaining &idirale 8 6 becomeethk fecdutg cheasold i | t er .
Wth a separation device, the crystal cake is sent to the warm stage_ or the
final product cBisialization sege JThesaystaind 1 0iom the wargs canfrifugs dop anta ashisy dram 811

devi ce 'ﬁ) the Iﬁ'ﬁ{e’ %&é}m eaﬁry(sltazls .rﬂ"iﬂé 91Im &ééﬁéf?&%%@%ﬁ%{#e%ﬁﬂﬂ%e& ngcled

separati’on devi ce ysS atron stage

capabi l ity to fileftai852 Gbin thb &vastieéol @hACEBSaBind Of filtlatiteEycledrs sdt h@calttdl the 1 S
sent to the warm ) crystallization stage. Appropriate heat
exchangers camoneengratietofasystale lseeng theistirryrdmamt he 10 product neta-xyl ene
and net nother liquor, as well as to cool the feed. In a
preferred enbodi nent of this invention, a packed-bed wash columm systemis
used for tHhemithd\dury Sxﬁxﬁ{,ﬂié ﬂ\ﬁr}pétreﬁﬁt?tﬁié’%lggﬁevc\lgg il RAsh chfupih, (1R%he

slurry. In one enbodi nent of” the packed- h columm, the

slurry i f ed wash chlamng theanystals arh sepaitedfiom Thedfilfratetand svashied of Smpuritiese Tbe &ttrate
fromthe bott whi | he purifiegd crystals are transported jnterpal to
the top. of i a0 is tcycled, Wit Porien EiARabipe e edepeperadot bava and then
scraped of f t Bg; {08 (i sthd?f dRBEHaddthOres 854 Hhg sent to the warm crystallization stage. The

crystals from the wash column are melted in the melter that is part of the wash column system,

heated against the feed, and pumped to storage as the purified meta-xylene product 846.

20

The net filtrate 816 from the warm centrifuge is combined as needed with recycled

filtrate 828 from the cold centrifuge and fed to the cold crystallization stage, where cooling
and crystallization occur. The slurry 820 from the cold crystallization stage goes to the cold
centrifuge 822. Part 828 of the filtrate from the cold centrifuge may be recycled to the cold

25 crystallization stage for crystal concentration control. The remaining filtrate is warmed up in a
heat exchanger 832 and removed from the meta-xylene crystallization system as net filtrate
834, At least a portion of net filtrate 834 is fed as net mother liguor stream 112 (Fig. 1), 212
(Fig. 2), 312 (Fig. 3) or 412 (Fig. 4) to the process isomerization step.

30 _ Figure 6 is a schematic of a meta-xylene crystallization process according to the

present invention in which the meta-xylene-rich residual stream is cooled against the meta-
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head of the wash columm, where they are reslurried with pure neta-xyl ene

l'iquid. The sly$b¥ss3st flows fromthe top head, and the crygtralssoesoes

nmelted in a heat exchanger. Part of the nmelt is taken off as the net
product, and kjRné pfdduttirért the findll pioltctRasdiatb THRQobRE fiegPfed B théShiked YithiBe
20 crystals and to provide liquid to reflux the wash colum. The refl ux

i s essenti al | grystals from the wame 8ad/ealdpantrifogesand i¢aycled fltates fror dhewashvdobrmn sred
t al t ed., Packed:.bed h | =M ch i all
Rel T st od 1t gt todhe porEYTAliRReR SRER: The amunt et gt gy o contol p G

of this inventhantdich ﬂqﬁgﬁétt&?@tﬂ%%,ﬁsta atent Nos. 4, 316, 368; 4, 332, 599;
4,491, 462; 4,475, 355; 4,705,624; 4,787,985, and 5,062,862, which

patents & e incorporated herein by 25 r ef er ence.

Figs. 5-11 illustrate several sp&%hal | y. desi gned _enbodi nents of the

met a- xyl ene Referring BpYispert oty tekights %%&% rillysrates amlspatiys embadipent of
adapti ng and k1074 : . . | MG i ! o]
suit parti cul 31515 E&gﬁ?&g%on [ Ilgggr}gm# té)eng'sst i e‘g{%ﬂpﬁg g?tllegagll,y%ggrgéﬁéﬁ ﬁlgg %8;83¥§tu§

process par anebmpsnentsaridigodurt flowistreaniicliear Edttespoiingf refeh@sendrh&tils 86t itflEzing a
final product separator is a packed-bed wash colum system but 1t
wi || be under é‘é@fg*d nupeheripg pesies respecsivelly is plage of the $800+" series used for Fig. 8. Similar to

- 26- . oSUch.as centrifuges, can ubstituyted for at |east
sone app}q cat the Eig. 8 em odiftient, m f‘“xg. %ﬁ&‘é—éﬁl@; &'ysaf ﬁai(e ﬁg&’l‘ gx.g;f{ﬂnéﬁgg-stage cen?nﬁlge
crystal lizati gn2BredfR prRessed ifargéepe&idelsesﬁmehﬁﬁu%%féphﬁﬁ&ﬂtas in Fig, 5. Infiade®Ts
for the final purification of neta-xylene froma teéed streamwth

met a- xyl ene i sluptyedrum 811, howeyer ¢l Figt 6 embodimepst whilizesacthird @it} awySalliptionstage t 0

obtain a final t a- xyl epe pr ct with a ri of oyt 99 percent

or h: gher. | I n 6_8@58?3{% V@ﬁbﬁf?ﬂggfﬁglpw ue Q&Fgﬁﬁ’é‘gﬁ B{:’Qllsgq)'( fq 'fé? Epﬂ“ﬂm enEbod.xment,
processes of Ehasis forhthd %ﬁﬂ%ﬁ@@éﬁ&ﬁg@s&s&@%&&&& bfﬂ?w%esfgﬁ BLn asselisal Y
no external hedt i nput o the process, excep or the héat required

to melt he ficnatalpfradibe coldstags centrifige 623, zepresented by flowfstrege 624, spnditcetegieto the

It will be understood by those skilled in the art that a certain very snall
anount of heagmf %ﬁf’ﬁ‘fz'f‘ 98 @A%WOQWWH&%&MWQ% Sll‘l‘l‘é)(/@%l%g%e.

Such mi ni mal , crystallizer 660, typically comprising about 35 percent solids, goes to wash column system
642.- A portion 655 of liquid stream 650 from the bottom of the wash column may be recycled
into feed stream 603, while the remaining portion 654 is sent to warm crystallizer 604,
20
The embodiment of Fig. 6 is particularly efficient for relatively large scale plants
processing sufficient amounts of relatively pure meta-xylene feed to justify the higher fixed
costs of three crystallization stages, each of which may comprise multiple crystallizers.
Relatively pure meta-xylene refers here to meta-xylene of at least about 60 percent purity.
25 With crystallization being carried out at three temperatures, temperature changes for the
developing crystals can be carried out more gradually thereby facilitating the growth of larger

crystals at warmer temperatures and thereby also minimizing refrigeration costs.

The crystal slurry stream 640 from the hot crystallization stage is sent directly to the
30 wash column for purification. In the wash column, the filtrate is separated from the crystals.

The filtrate is recycled, with a portion possibly going to the hot crystallization stage and the
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10 unavoi dabl e heat input is nmeant to be consistent with the

term nol ogy " sydorgitisyal | y no heat I nput . " PCT/US99/13015
Furthernore, for certain of the specially designed neta-xylene

crystal li zati ogst being sent 1P teOREMATystAbzat0f 6k CTh QY QNYs fidntBE WakKcditiaH Ate Of
internal heat transfer, for exanple by neans 15 of heat exchange anong
process st r eameltgd injtherwash gelumarsyetemy K@ﬂéﬁﬁ agpaimgt thefreshefded, and phraperktb storage as the
ef ficiency and to afjehust dt eirgaé{]atures of various internal streans for

opti mum perfo%?fég © procuc ch internal heat transfer is considered
distinct fromintentional heat input from external sources, such as
steam from boilers, intended specifically for partial or conplete crystal
melting & one or rikedilirate 655rfrdindbewsshampbmmmis rmixed with s¢oytled fitrito 61 pfromabs .

The specially 20 esi d, mef a- xyl ene crystallization processes of this
i nventi on, homc,emé&'égq ‘1%32?&1@ ¢ Wa%cr}'s‘aﬁlzatm‘b%?gei 604. dbe slygy produged indhe ze

S - - : f
2r ;]/13 '?:amj imz SI i m;%%%:gg&gﬁg S%F%’ RURd & tﬁ% F}Jgf}fx géxgﬁﬁfg?%% S ?e?cg'git?ls grl §%om the warm

or to pur i
Thus, the ter renolfiggare smbst thnhotarysyal Reatibe sfagd. R 6141 6F the Waridlalod Mitr@eGhaidis
heat input 25 fromexternal sources intended for internediate crystal

mel ting, but eyl trihgvarmeresialization stage for crystal eericortrafion wamtrolawbilmths of
crystal fplti Q&ngYﬂieng}nHEtX 6‘1§'ﬁ§ég{gﬁggld@?;%g{llkaﬁiﬁggt‘ﬁééa“Sf rator

crystal s"or slIur anong e vari separators and ot her
process steps or adjusting slurry streamtenperatures by internal
heat exchange anbng process streans.

-27- Part 616 of the filtrate from the warm centrifuge may be mixed with a portion 628 of

the filtrate from the cold centrifuge prior to being fed to the cold crystallization stage 618. The
crystal slurry stream 620 from the cold crystallization stage goes to the cold centrifuge 622.

15 The crystals 624 from the cold centrifuge are sent to the hot crystallization stage. The non-
recycled part 630 of the filtrate is warmed up in a heat exchanger 632 and removed from the
meta-xylene crystallization system as net filtrate 634. At least a portion of net filtrate 634 is
fed as net mother liquor stream 112 (Fig. 1), 212 (Fig. 2), 312 (Fig. 3) or 412 (Fig. 4) to the
process isomerization step.

20

Figure 10 is a schematic of a meta-xylene crystallization according to the present
invention which is the same as the embodiment in Fig. 6 except that the cold crystallization
stage has been deleted. The meta-xylene feed is cooled against the meta-xylene product from
the final product separator. The meta-xylene feed is then mixed with the crystals from the

25 warm centrifuge and possibly with recycled filtrate from the wash column and is fed to the hot
crystallization stage. The amount of recycled filtrate is set to control the crystal concentration

in the hot crystallization stage.

Referring now specifically to Figure 10, Fig. 10 illustrates an alternative embodiment
30 of this invention somewhat comparable to Fig. 6 in which the generally corresponding

apparatus components and product flow streams bear corresponding reference numerals but
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Figure 5 is a schematic of a neta-xylene crystallization process according

to the t invention in which the neta-xylene-ri cpctB8doidas
stream f eed igvcg%svgﬁ%gﬂ(] and is then conbined with recycfce(ﬁfi ltrate

streans fro mﬁtﬂﬁi@%‘ﬁ%@ﬂ’eﬂmﬁ@&ﬁgﬁﬁﬁd Q&p@&@e@ﬂﬁ ipRBEbT e FEUD+" series used ok Fig. 6.

centrifuge. The anmount of filtrate recycled fromthe warmcentrifuge is
used to cont rie principal diffezenco betwaen the Figa 10 and Figs6 ambodimentads that Fig. 10 is
crystallization, st i ned_str fed with th
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The var m or yshgy bl FblieRaS4ibas 1998 b bt OPILNEH 8 S BH) O HRGIRABARer e
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centrifufie. PH32 anfi thdnarementd frém diee iéta-xylené crybtaRizationsystem)as hehilaater €4 Aed
to the warmcrystalljzation stage, as previously described, while .

the renai ni nglefstrporion ¢faetfitater 1034 isdad ag uet moshes hauorstrgam 12 (Bigt Dol 24Fig @),
The crystals . r s e drop.into a slurry drum 1In
the slurry dr%ir’rzlo(ﬁéig?grr?/ls%gf%‘ 4}‘\,?)0%}?%@&5%%0 rlZg{onstepcentri fuge are m xed
with recycled filtrate fromthe wash colum. The amount of filtrate
recycled is set to control the concentration of crystals leaving the slurry
drum To war m t he T crystalcshyst siteam 1948 frain thehetonystajlization stagenl060as senti diteatly to
the slurpy dryum or | ternati vel heaj. may be added_.f o, one or re
of the. ABbq” s amh cyirastem B Faranpedoh. Bhitnseeh oy umadEs flyoraia separaie
recycl ed filtgghend By oHGh The BRAke R¥6HRRASNith a portion 1055 possibly goirg Bhd Kt
slurry drum the slél}?ry strgam ies punped tlo ? %l\(/)v%s?] c%olsﬁm%'.gollrgthe wash 20
col um,* t he cerystablizatioar stagecl60 andtie faso 054 beidg sentrta tlee warth ampstdibiehtioh stage 1004.

inmpurities. The filtrate is recycled, with a portion going to th
slurry drum ahe satals digm Heivrgh selimnats peliedii the wash columnsystemehdafest agaigst the

stage. The cr a I M@E"Q ' _ | h col um
system heat e%é{aagg’i?engtfgﬁﬁ%&?%e ) éﬁgdoﬁggnﬁg{ggg%@éﬁg%ég@og%?g%puri fied
nmet a- xyliéne product. 25 The net filtrate fromthe warm

centrifuge is conbined wth recycled filtrate fromthe ..cold
centrifuge and fedParblQifeofdths fltate fiam theiwash rolymadgpessibiyaixed i reeygled fiftrate

crystallizati cur .. ..The f e cold..crystalli [
ot age goce 1 ot R apithaf bl fed b B et GkliBNR Vet 1681 A
centrifuge arguggnbod pedduced inltke Wainitgstiitizalion stk iPRd 5 Be vanfiakhtriffge! The
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Figure 7 is a schematic of a meta-xylene crystallization according to the present
invention in which the meta-xylene feed is cooled against meta-xylene product from the final
25 product separator. The meta-xylene feed is then combined with recycled filtrate from the wash
column and optionally with recycled filtrate from the warm centrifuge. The filtrate recycled
from the warm centrifuge is used to control the crystal concentrations in the warm
crystallization stage. The combined stream is fed with crystal slurry from the cold
crystallization stage.
30

Referring now specifically to Figure 7, Fig. 7 illustrates an alternative embodiment of
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- 28- | east a portion of which is sent to the isonerization

st ep. Referring now specifically to Figure 5 99/13015
resi dual strealBYE¥om the adsor ption treatment, as l;,)(rﬂg\k}lgous?y

described, is : el s r %m t
stream 503 to tgﬁﬁ ﬁfésﬁtnu?\%\g@ cr gst gwflﬁggt&?a c?ﬁﬁ%tg%%% 4 ob@?“%{’ ?3“‘\?“%? wpgr#\en 5
out | et tenper aindrpgoduct flow streamsileatitorréspéraling referance Baherals]bii utileghegnall 709+Hn

the feed purity. Slurry 506 fromcrystallizer 504 i%afied . .. toa first
(warm) centri faRyebesing sgsIEPeEEh-Inplacg ofithed SQU4" anmbering sezies wilized for g, 2 ahhe

510 from ' . . 1.0 i .
vy orum oA BRfnck beMRkn 8 FFET i e Sl B AL 10k Bl
Stream 512 i s gihé boldRtage dertfifiige) Thiss| 510851720 fomddldétystallizfion stgs 719is dirdcd to
crystallizer 504, and a stream 516 which is sent to a second (col d)

crystal | i zat i owamn eystaliizgtion stage 704 dordfnrtherpraviessinga iThsuesudtiis samguelasively anippr
abaut -65C to -9plerr]C. If the.slur I,n crystallization . st age 504
does not need ¥f q“f);ﬁ,gec_taﬁ%e ?’ﬁ“&%ﬂ_&iﬂéﬁ%ﬂﬂﬁwgwﬁf&%’% E’?’é‘rr&‘?‘oved mn _the cold
SLurty 520 1 OfBnfiigd Aistehd Rimaiitibthb Sflstals BBl &M &Rk Eouh k' hdiEmp 22
whi ch 15 separales a neta-xylene crystal stream 524 froma not her

| i quor st r eam &P&allidatinorstage musP8pendte colder, Hovedver fonsbd6 designshthe imfficbmy is 0
crystallizer 518, and angofher partion 530 is passed through a ., heat
exchanged0532 mtq%afweﬁx s srpi SHERER ARACKAHE W@%ﬁ@m@g%?ﬂ%@ﬁtf@mdag%lg&
net filtrate 5and 8 534. At least a portion of net filtrate 534 is fed as
net nmother liquor Stream1 12 (Fig. 1), 212 (Fig. 2), 312 (Fig. 3
or 412 (Fig. 4) to the process isonerization step. Crystal stream 524 is 20
fed to crystallizer 504 together with streams 503, 554, and optionally 514,
Slurry stream 540 fFemivatmuemgtalizatinnsiagei784 coalnits eambined fzads ang inprensesthe erpstal
f’ﬁgl es a el ?%Lﬁtgq%gmpggdyec&ﬁﬁgW%B&'as HEP RO Wb B2 Y08, YR T4 of the

15 centrifuge filtrate is possibly recycled to the warm crystallization stage as previously

mentioned, while the remaining filtrate 716 becomes the feed to the cold crystallization stage
718. The crystals 710 from the warm centrifuge 708 drop into a slurry drum 711. In this
slurry drum, the crystals from the warm centrifuge are mixed with heated recycle filtrate 752,
heated for example with a heat exchanger or similar means, from the wash column. The

20 amount of filtrate recycled is set to control the concentration of crystals leaving the slurry

drum.

From the slurry drum, the slurry stream 740 is pumped to the wash column. In the
wash column, the filtrate is removed from the bottom, while the crystals are separated from the
25 filtrate and washed of impurities, The filtrate is recycled, with a portion 752 going to the
slurry drum and the rest 754 being sent to the warm crystallization stage 704. The crystals
from the wash column are melted in the wash column system and drawn off to form the meta-
xylene product 744. The product stream from the wash column system is heated against the
fresh feed and pumped to sforage as product stream 746.
30
Part 716 of the filtrate from the warm centrifuge is fed to the cold crystallization stage
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countercurrent flow such that neta-xylene crystals are washed with |iquid

met a- Xyl ene t Quagysq3gy F EMOVE crystal inpurities and to attai npppgisofsoised
99+ percent product purity. Purified mneta- xyl ene crystals are

Wi t hdrawn as Ti8pdtieie coblingandeiystdllizuioh becunaThe S0y TR0 frymitkdtold e88Rlization
t hrough heat exchanger 502 to cool the feed, and the desired product is a
li quid streanstageds sgnt to the warmgrystallizatiomatage. xlheastfiltratefi30ds dacartedrifzovessel in

recovered frogmt .col tem 542. tion of re 55
is recycl ed atg]e g?@gﬁ?@lﬁaﬁp# g@%‘é?@é’“gﬂe me%!?%&%&?ngfﬁﬁi WH)OVSC? tro e Reta-
-29- xylene crystdllizdtRh sy@édiaddet TRAAS 7548 Al Mhst ¥ pdftiedoP Ade AMiE 1784 4 RE BET
portion 554 of stream 550 is m xed with feedstream 503 going to

cryst al | bzat i uat metthaydigBoristream 112 (Fig. 1), 212 (Fig. 2} 31 RFigi 3).or 412 (Rigod)rte the, process
multiple warm and.cold stage crystallizers may be operated 5 in

paral l el or ifo® nsiePeach crystallization stage to accommodate

particul ar processing vol unmes. A key aspect of this inventionis to
process the neta-xylene feed in such a way as to deliver relatively
| arge and rel ati velny wariatiomef this)epibediment yithelrsentionasuithble for ckraih hrockisnal

pr oduct separator. It has been found that pronoting the growth of

| arger cryst all’aéa‘ﬂﬁ?‘isn“ge fWagm-stage crystalfliquid separqtesy 08 apd slygy ig5ion 71 bmax bs

! . . i Ofreag 55 .
Wi h sl or QP p Hhl SRRt St POSAIE2708 94 Bieh 0 oa mogut Referes

nore difficul142, to separate crystals fromnother |iquor. Mreover, a
"ripening’ phenonenon has been found to lead to the growth of
| arger, purer crystals and nelting of smaller, |less pure crystals under

appropriate proce gnditigns. .For rel atively | 1. tenpey.at ure drops
within the S‘“S‘E‘g’_;?rsa’?‘ﬁﬁ|sia}"’_§iaf‘8§£%{“§ 2YleE s?ﬁq‘?@“ﬂ’bf‘% S 0 LN zer s
because of | angentioANHicisRMBAeRT ¥ énbodiment in Fig, 7 except that a crystallizer drum has

15 been added. In this version of the process, the meta-xylene feed is cooled against meta-xylene

product from the final product separator. The meta-xylene feed is then combined with
recycled filtrate from the wash column and possibly with recycled filtrate from the warm
centrifuge. This combined stream is fed with crystal sturry from the cold crystallization stage
by way of the crystallizer drum to the warm stage. The filtrate from the warm centrifuge is

20 recycled to control the crystal concentrations in the warm crystallization stage.

Referring now specifically to Figure 9, Fig. 9 illustrates an alternative embodiment of
this invention similar to Fig. 7 in which the generally corresponding apparatus components
and product flow streams bear corresponding reference numerals but utilizing a "900+"

25 numbering series respectively in place of the "700+" numbering series utilized for Fig. 7. The
Fig. 9 embodiment, however, provides for an additional step between the cold and warm
crystallization stages to facilitate more gradual temperature increases and to spread the
temperature difference between the two crystallization stages. A drum such as 970 represents
lower capital and material handling costs than would another crystallizer or a centrifuge.

30 Thus, in Fig. 9, warm centrifuge filtrate stream 916 is directed into crystallizer drum 970

which is operated at a temperature intermediate between that of the warm- and cold-stage
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15 the crystallizers may be used in parallel to reduce handling of the

devel opi ng cr ygl3leasapd tO reduce punpi ng requirenment spcFosoohasiger
tenperature drops, however, it is preferred to put mul tiple

crystal lizers giystalzation sbes) Mtk ligiordRsin @A 9D i PAIRE & pto@itct bPeahITT® cold

t enper at ures ~ shocks that could precipitate the formati on of small
particl es rat leerstallization stage 8t Hurry dom crystallizasionistage 818 is dhendfed torndryro 978rager
crystals. 20 Fi e . 8 Jjs.a schematjc of .a beta: en
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comrbi ned $v t h crystallization atage bé4ifdr ifirthen tvarrfing and trystabgrowthol utm and optional |y
recycled filtrate fromthe warm 25 centrifuge. Filtrate is recycled
fromthe warmcentrifuge to control the crystal concentrations I n
the warmcrystalli i S -r ':pgﬁq I ' t.
crystallization “The V%EQI age. lizalOf S&ggpd ! e%edqﬂ{e&ﬂel?ﬁcﬁge%%v% 1@%8%?% ng ally
to Figure 8, FintounBof driystslb) Thefesdtingbtugy D8 iswBercfel esthewvaim eéntdfuge 9081 Ring 914
invention simlar to Fig. 5 in which the generally correspondi ng apparatus
conponent s of the cengrifggfilivateds racyelod torthe wamm poystallizationesigreid prayiqusiyanemtioned,
numer al s_but uti.lizing a." 800+" .

Moe S18 tile e g Ml ate 016, becomes a s ey sz dpum 9P T gl 210
hurbering ser sy Wd WarkE&ntBigEddp imo a slurry drum D¥SIn BRIurS dERANER ryBBs from
corresponds to heat exchanger 502, and so forth. The princi pal

di ff erence betthewarrkicegsrifuge arednixed with heatedtecyelg fitifate 902, beapstt fat exampderwitha heat
col d-stage centrjfuge. . .5 n this, enbodi ne of the, .,
nvent i on, ¢ hePRFRABRCYT PR Peate; A Lie s ERS: (1HE SRGWE of Bttt elgelpdis fPLiRg
forms crystal Sonthfine BSitehirdtfbnrefystilsI0RidgSmt bty laghnt 0 the warm centrifuge

15
From the shurry drum, the slurry stream 940 is pumped to the wash column. In the
wash column, the filtrate is removed from the bottom, while the crystals are separated from the
filtrate and washed of impurities, The filtrate is recycled, with a portion 952 going to the
slurry drum and the rest 954 being sent to the warm crystallization stage 904. The crystals
20 from the wash column are melted in the wash column system and drawn off to form the meta-

xylene product 944. The product stream from the wash column system is heated against the

meta-xylene feed and pumped to storage as product stream 946.

Filtrate 916 from the warm centrifuge is fed to the crystallizer drum 970 along with
25 slurry 920 from the cold crystallization stage 918. In this drum, the filtrate is cooled and the
slurry is heated. Depending on the temperatures, solids concentrations, and flowrates of the
two inlet streams, there may be a smail amount of melting or crystal growth in this drum. Out
of the bottom of the drum, slurry 974 is sent to the warm crystallization stage. The upper
section of the crystallizer drum is used to separate a liquid feed 972 for the cold crystallization
30 stage from most of the crystals.
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Part 814 of the centrifuge filtrate may be recycled to the warm

crystal l'izati qpo9ba888 previ ously described, whil e gchfusefigii ng
filtrate 816 becones 'the feed to the cold crystallization stage.

The crystals 810 fmg Hﬁﬁi‘p@sd\@ﬂtﬁtWﬁﬂxhéﬂ&&n@@ﬂlihﬁﬂm&dﬁﬁéﬂIs)/to(i'édﬂ&ﬂél 10
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| eavi g the. o PeriEsh drd bfstiiBilolsiage 518 and s R dead ATy §}Jh o ftihe Ay
stream 840 is tlﬁH-‘ﬁB@éis B&léﬂ‘@‘l DHeQhMEBxce g{‘fo}ﬁﬁaaél on L‘Mso Fcﬁﬁt ina

crystals are separat ed from he filtrate and washe |rrpur|§)| es.
filtrate$ higheB&@rm srysmﬂgmﬂlmcbtagmtempaatpmr t’Il‘ImrsrrﬁBéi' temperamg: dlffexen@b aﬁd highér
exchanger (not shown), and th ng to the slurr drum and the
rest 854 bei nﬁ%“@%ﬂm%‘%“ fq‘f&’eWé‘FﬁrbEM?‘&PtFrt&%rPWﬁl%ftﬁggc crystal s
fromthe wash colum are nelted in the nelter that is part of t he wash

col um system heat ed agai nst the feed, and punped to storage as

the purified meta- Theeleifipd tiguid 973 46m tBOtop of the crystallizer drund fefed €F thé kbldr at e
816 fromthe warmcentrifuge is conbined as needed with recycl ed

filtrate 828 frystallizgtion sipge, @@ﬁerqwh@&m&muyat@hzamnpw CEh@slmgzthfrpmzthq cadd

Checol ohryseaRIAPY ey s gBRin el R By The Set iy 30 Fidkfiledipa veRE
Part 828 of t hetHelcold @y RallisAtivhistige GRirfled 8P i A hdhd ExciBizeP 937, %ﬁd’&!n?direa ?romﬁe

cold 25 crystallization stage for crystal concentration control.
remai ni ng fil tefa-sylese epistaliidation system as net filtrate 934t Aeleaharpgmomxeaﬁi&aueeﬂ%\xed

f th t I | 1izati t ' .at . 34, At
| cast o port| S BeehBEUE avorsteandls 34805 LR Rl ol hBiEi S qusr2 Gie i e
(Fig. 1), 212pr0ce55130m&ﬁragong&p 312 (Fig. 3) or 412 (Fig. 4) to the process
| someri zation step. Figure 6 is a schematic of a

nmet a- xyl ¥ne crystalli zat i on process according to the pr esent

invent fon in whichthe peta-xyl.ene;rjch residual streanis cooled against
parameters, the warm-stage crystal/liquid separator 908 and slurry drum 911 may be
eliminated, and slurry from warm crystallizer 904 fed directly to the final product separator
942.

20
In still another variation of this invention embodiment suitable for certain process

parameters, the warm-stage crystal/liquid separator 908 and slurry drum 911 may be
eliminated, and, in addition, the positions of warm crystallizer 904 and crystallizer drum 970
are interchanged such that feed 903 flows to crystallizer drum 970 and slurry from crystallizer

25 drum 970 is fed directly to the final product separator 942.

Still another preferred meta-xylene crystallization system for use with the invention of
Figs. 1-4 is schematically illustrated in Fig. 11. Referring now specifically to Fig. 11, the
raffinate stream 1101 (stream 108, 208, 308, or 408 respectively in Figs. 1-4) from the
30 Adsorption Unit is fed to one or more exchangers to cool the meta-xylene-rich stream prior to

crystallization. Fig. 11 shows the feed cooled in an exchanger with the heat being transferred
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xyl ene product fromthe final product separator. The cooled fresh feed is
then mxed with th

tal's fromth d cold - d
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tenperature in 5 s C | ' i 1112
crystals from ?ﬁg&\ﬁa@g}ggtlgégg %E%ta {I;’elq %ggt-gggéé,n@ rc g&?&s@@ﬁhﬁg?‘foﬁ%ﬂ%ﬁ%
610, as wel | aThisFirst sepatatyscoaldsbd 4 filter] heentrifuge, atvegk colemhy orfaigairgd2lone (or

represented by fl ow stream 624, areI\ directed tq the, hot = .
crystal | ilPat i omuliipiesof gantype dmparadall Tomsuie ahighshPyrity caksd 2 §0¢led Hagd avash (not

S| 640 f L icall isi
ber cent ol i deoym goyid b mYolted as bR b BE Renalall 8. | Aed IFRE LelRha BB nsciPhas o
liquid stream gpéknfdraifl) thBethadtican (A6t shbem)w&ild 66 bollsetedyd ERytled wcthed

into feed stream 603, while the remaining portion 654 is sent to warm
crystal |l i zer 6omstaligation stage. If necessary tcrkeepetgbmncmmoofof eygtalsdow gnough in the first

ticularl ffici f iyel | l.ants .. '
S0 11 ci'ent - amoretgitests Bt R il Srabra iy Puffo g, b PRETEL (0P
hi gher fipsed shown) to fieehyitaMizek@y,€e crystallization stages, each of which

may conprise nultiple crystallizers. Rel atively pure neta-xyl ene
refers here to neta-xylene of at | east about 60 percent purity. 25 Wth

Changes Tor the - e GyupGionfiirsfen (nt vy B1p Hehchf heis Sl e abiegeee problems
gradual Iy ther =ld ' ’ .
CE i Ly oSSR TS O chepl AREBEp: n by RtBfTh 08

The crystal sl sepayatet a pontiofid 014 ofithe fitse sdpatatarmysthex|liguamtan epticrially deirscysied to the

directly to the 30, . wash | umm for purificatjon. In the sh, col,unmm,
the filte i Sysajizatiorottage: SHhaterer &irs s¢paragor iqud is not rm@sqt# ip Pradcandds fed as net

recyct ed, it o0 ibh@hulaR 112 Wig 90! 19 (. 21312 0Hig ), 61 48 (Fig %)t the PridSs

isomerization step.

The crystals from the first separator are reslurried in a reslurry drum 1111. From this
25 drum, the slurry 1140 is fed to a final product separator 1142 where the crystals 1144 are again
separated from the liquid 1150. The meta-xylene is melted and heated up to storage
temperature in one or more heat exchangers 1102, Part of the mother liquor from the product
separator is recycled to the reslurry drum 1152, and the rest would be recycled to the
crystallizers 1154, The reslurry drum would require a small amount of heat addition (not
30 shown), which may be added by heating the recycle stream feeding the drum. This heat could
be supplied, for example, by interchange with the feed.
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of net fiTtrat eg%glfhéél%%sgqnﬁés?gd as net nother liquor stream 112 (Fig.

1), 212 (Fig. 2), 312 (F|g 3) or 412 (F|g 4) to the process

i sonerization step. gure 10 is a schematic of a

met a- xyl ene crystal |Thzacve®a% embeé\mtsg)ftﬂv nreﬁ@nbnw@nn all realize signifjoam epdsurprising
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not work.
It will be apparent to those skilted in the art that other changes and modifications may
20 be made in the above-described apparatus and processes without departing from the scope of
the invention herein, and it is intended that all matter contained in the above description shall

be interpreted in an illustrative and not in a limiting sense.



in the hot crystallization stage. Referring now
specifically Jolepagie 10 Fig. 10 illustrates an alternativepeiyooshsmst 30
of this invention somewhat conparable to Fig. 6 in which the generally

correspondi ng appar at us conponentCL &S pr oduct fl ow streans bear
correspondi ng reference nuneral s but
- 33- utilizing a "1000+" nunbering series respectively in

pl ace of the "600+" serjes used.for Fi,g. 6. . Th r.i nci pal . -

i 1 erence. bet weerl- t he A-PEeeis GoriEraley roceisinsof thutesaiooh fied suBRg congistng
optim zed foreclawaily sCRUGdHR hgﬁﬁfc&rb@f\s fotecover J‘ﬁ%h-?h Qhetd X¥fent hm
centrifuge 1008 may be reéecycled as stream 1014 and another part is
sent as 5t r eaxombirdfion withedficient cbpanaion and recoverg 08&themnC-8tanmmatiochydveedrifonom t he
nmet a- xyl ene crystall izalti on syst?m as .net, fil tp&gte 034., At .least a
portion of néPMPPRElHmEiudmg parasxylens and optenalkyoRBe-xylens Srid Precesmiomprising the
1), 212 (Fig'se £ 312 (Fig. 3) or 412 (Fig. 4) to the process

I someri zation ' The crystal slurry stream 1040 from
the hot crystalliZayi orpredesgiss the €08+ srofiRfit hptrbefbdryfeédbyl@eans of Adirsaphitter
colum system 1042 for purification. In the wash colum, the filtrate is
separated  column whiderppenetingspisk firstesplitferecolynin soasdo prpdpeecapcirthg-xylgnetrich stream

portion,1055 ssi bl v..goi ng. he hot, . . crystallization .stage 1060
bnd ¢ holf eor BaeRraPHEE Bl s htpining mrecontindd pfrogn’ &g dBygiibene, pare-
The crystal s JyiQmahl thetBfylefedh WS teFedMBhté 8 firkt shiier\t8Rbhns e Pr¥portisi &MBrtho-
heat ed agai nst the net a- xyl ene feed, and punped to storage as the
met a- xyl ene pybuhadn said d6tillats stream being maintained dpal¢vellloS4enohgh tosavbid drysialbizdtioom
t he wash col uq@op'bség’%%siblﬁ mxed with recycled filtrate 1014 from
the war m cent®OFHGEYEHB & 4 AYVISIGAR XY GRG Y HRNIZAINSIPat | on st age 1004.

The slurr )’LOO%%E%&;@ firdd shiitfer WREiTThiE sédetby iy an 36&FRidnS T ed

to the warm centrituge.
15 treatment carried out so as to separate substantially all of the para-xylene and leave a meta-

ential steps o
ep.

xylene-rich residual stream containing substantially all of the meta-xylene; and,

(c)  passing said residual stream directly to a meta-xylene crystallization treatment
without intermediate fractionation and processing the residual stream by means of said meta-
xylene crystallization treatment so as to produce a high-purity meta-xylene product and leave a

20 net mother liquor stream.

2. A process according to claim 1 wherein said meta-xylene crystallization
treatment comprises the steps of:

(a)  passing said meta-xylene-rich residual stream to a first crystallization stage

25 operated with an outlet temperature of about -60°C to -80°C to produce a first-stage slurry
which is separated into first-stage crystals and first-stage mother liquor;

(b)  optionally recycling a first portion of said first-stage mother liquor to said first
crystallization stage and passing a second portion of said first-stage mother liquor to a second
crystallization stage operated at a temperature colder than the first crystailization stage with an

30 outlet temperature of about -65°C to -95°C to produce a second-stage slurry which is

separated into second-stage crystals and second-stage mother liquor;
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crystals 1010 fromthe warmcentrifuge are sent to the hot crystallization
stage. Part 103769?);543%9 the warm stage filtrate is recycl ecbdroudsnr3cssr m
[ age if ne

crystallizatioh's eded for crystal concentration control
Figure 7 is a schengyi copfiorallfredccling £fet foriicd of saldzetérdistape anothérlgubntot sail
pr esent i nvention in which the neta-xylene feed is cool ed agai nst

met a- Xyl ene prsechndterystalhization stage yrithdmwing a prcond pertign phsaid sseondrstage mother hquor
met a- xyl ene feed Ji,s thep conmbined with recycl.ed fil.trat sh

Col urm and. optoAsineyPafter L el by PR SR SecarpnRt St B T AEEC" 1
filtrate recycérfganizaﬁonstagg;romthe warm centrifuge is used to control the
crystal concenttations in the warm crystallization stage. The

combi ned Streamis (pd \passingsajdfiest-staganrystals toomshame doni operated warmer than the first
crystal lization stage, 30 Ref.erLing _pQw specifically to . .
e 7, g cryslion e 8 AR o 0Bt ST TR Fof0n & drth Shurty Sofsistng
- 34- . of drum ¢ ka?sdrﬂ‘fﬁ&hérqﬁuﬁf;m lar to Fig. 5 in which the generally
correspondi ng appar at'us conponents and product flow streans bear
correspondi ng ref ereynce passing siddrun slutky tol azfindd peodiiotGBparator to produce purifeed mefta-
series respectively in place of the "500+" nunbering series utilized for
Fig. 5. The xylenecrystalnandswpargior igdidnce between the Fig. 7 and Fig. 5

enbodi negts is that_Fig. i LI o ' . . Of .. . -

CToee TR s vl bl 840 B RAER o a8 ARG o ea
directed to jnput to thiFprBeess thetebl hd Fealized mifimG® of 9t rhélting of drpistils;pmacessi ng.
The result is sone relatively m nor I nefficiency because extra

l'i qui df that ot her \c/im 1632 v\@gpdaﬁm/@imiﬁedgmfp&ﬁmg sqhiagepagﬂt%f liquid, rea:ycling a first
centri uge | nstead r ns wt t, CrI. t S as .to nmwed ar .
and 1 he var m-porton of G Rparhlor Batil o S sl oo @aiiruns PR R He iR borion
for sone desi %i&&\%ﬁrhﬂ%?ﬁ&ﬁi& S8RV sty dRim, and BRUMrRHR dﬁgﬁﬁa_nﬁta—kﬁen@@@uﬁgl

savi ngs associ at ed a centrifuge operation as foun n Figs.
and 8. 15 with a purity of 99 percent or higher.
3. A process according to claim 1 wherein said meta-xylene crystallization

treatment comprises the steps of: |
(a)  passing said meta-xylene-rich residual stream to a first crystallization stage
20 operated with an outlet temperature of about -60°C to -80°C to produce a first-stage slurry
which is separated into first-stage crystals and first-stage mother liquor;

(b)  optionally recycling a first portion of said first-stage mother liquor to said first
crystallization stage and passing a second portion of said first-stage mother liquor to a second
crystallization stage operated at a temperature colder than the first crystallization stage with an

25 outlet temperature of about -65°C to -95°C to produce a second-stage slurry which is
separated into second-stage crystals and second-stage mother liquor;

()  optionally recycling a first portion of said second-stage mother liquor to said
second crystallization stage and withdrawing a second portion of said second-stage mother

liquor as said net mother liquor stream;

AR



The warm crystallization stage 704 cools its conbined feeds and increases

t he crystal w 95vﬁﬂggncent ration. The resulting slurry 706 i sedimesyofiznst o

t he vvarmcentrl?uge 8. Part 714 of the 15 centrifuge filtrate is
possibly recycled t@) t hgakiigRaid fist-sthid @dlishidsecdnddagd Srystalito@Ushingy drum operated
mentioned, while the remaining filtrate 716 becones the feed to the cold
crystal | i zat i owarstenthen the first crystallizatipnstage g tgmperatige of abeut 43¢ °Gde 8 °C to forma

centrifuge 708 drop into a.slu drum 711. In t.his slurry drum
the crystals f4%§%%?%%%?ﬁ4f¥?&&@%@]ﬂyﬂ‘%§?f%% heated recycle
filtrate 752, s(ﬁ) h%&ﬁﬁg $ad m%?gm&fmvn fikhl Brcjaﬁét_tsleﬁfﬁtb%%éd&é phitified Meta-

nmeans, fromthe wa col'umm.” The anmount “of fi ate recycled is set
to controf thexyemeaeystalaaidsepaatocligwdal s | eaving the slurry drum
Fromthe slurry drum the slurry ream, 740.is punped tQ the wash col.um.
In the was hWhesFig sach isiedr f‘c}stt? i Gamied M TLePryISHeR Wit tfb‘gi‘fb‘?ﬂahm"ll’éa‘

L R B i 5y B a0

i mpurities. el1srec W a portion ng to the
slurry drum and t hefy estsepardtinpeiatipeifietl ctyatalsfeoreiidsepaysériduid; aédyolingsd figse
704. The crystals fromthe wash colum are nelted in the wash

col umm syst em portioniefsaid ssparatop ligwid te said firab erystallization stageyand meyplingor gocondportion
The prodyct stream fromthe .wash.cqgl u systemis heat ed inst _the

fresh feed and Wéaﬂ?r%f Bﬁ‘gﬁgﬁﬁa‘é u ngﬂ’&%tangfefcgg‘?ﬂnﬂ%e.p A'rhéth-d R product
Part 716 of th@itﬁggui@tﬁgfgrﬂgf@eﬁmhy@{em centrifuge is fed to the cold
crystallization stage 718, where cooling and crystallization

occur. The slurry 720 fromthe cold crystallization stage is sent

vessel in o VS e’ oh arecpyStaing e FBim e s e e rR A lon
exchanger 732, , f . et a- xyl ene crystallization
system as net Tl F@?@@%‘"’%ﬁ%ﬁ% a portion of net filtrate 734 is fed

as b5 15net not hega) | i qpussing baié artabdylererriah resijiyal Rttéhr( foi afirsorystaliZatioRistage 3)
or 41z (Fg. 4<))petr2ccctl Q(iath Bnrn %?1 gtsfer'nperature of ialsac?urtr?SrSi °ZCattoi-8§]°é %oepebduce a first-stage slurry
consisting of first-stage crystals and first-stage mother liquor;
(b)  passing said first-stage slurry to a final product separator to produce purified
meta-xylene crystals and separator liquid; |
20 {c) separating said purified crystals from said separator liquid, optionally recycling_
a first portion of said separator liquid to said first crystallization stage and passing a second
portion of said separator liquid to a second crystallization stage operated at a temperature
colder than the first crystallization stage with an outlet temperature of about -60°C to -80°C to
produce a second-stage slurry which is separated into second-stage crystals and second-stage
25 mother liquor;
@ passing said second-stage crystals to said first crystallization stage;
()  optionally recycling a first portion of said second-stage mother liquor to said
second crystallization stage and passing a second portion of said second-stage mother liquor to
a third crystallization stage operated at a temperature colder than the second crystallization
30 stage with an outlet temperature of about -65°C to -95°C to produce a third-stage slurry which

is separated into third-stage crystals and third-stage mother liquor;

43-
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In a variation of this enbodi nent of the invention suitable for certain

process R4 ters, the warmstage crystal/liquid seppepiisyen1z®l8 and
slurry drum 7?? may be 10 elimnated, and slurry fromwarmcrystallizer

704 fed directly t@) t hepgtiondly REAMUE b fiy&POHBNQT said third-stagé4rother liquor to said third
Figure 9 is a schematic of a neta-xylene crystallization according to the
pr esent crystalligationi stagevwithdrawingalsecandpertion of said dhitsetageamethérliquonas spid net
except that a_crystallizer drymhas 15 ..  been added. . hi s _version of
Che br ocess, - PRIBCRbber shPimand Bt mesmid hird Ry ek o sid e} tusaliZicon Sage!
product from the f{fgkintof b ) Qucepl 6t SRl fep'ot s afdfatih S phriliBP Brystal
conbi ned with lrnecycl e epféﬁpt rgi?’exﬁpom tshe w:g?rf 0 unﬁ anmgss?‘gls?s
wi t h recycl edfrbml sahideseparhtoo iquilds earied out in conjurtinh withisglestaniibily ne bedt inpati to the

streamis fed with crystal slurry fromthe cgJd grystal | ization stage
by way of thePrOFssstharehy tarealize antinimupmeolpet mekinggéorysials: 19t rate fromthe

i fuge i 5,20 . _ ' the
the warm orystal |1 Bt oSt EhK ehringd Bk bltne REn EEVER P B e llS 11

speci fical |y highér feimh eheXinaFp@dud sepakatsd rat es an al ternative enbodi nent of
this invention simlar to Fig. 7 in which the generally correspondi ng
appar at us conponents and product flow streans bear correspondi ng

ref eren nuneral s,but ytilizin . "900#) 25 . numbering series,. ..
respectiNely in pl¥ce o cgss.a/cggamggﬂ%gpﬁﬁgxegeéq faé‘gb“‘ﬁ{af’?y?e?@&rﬁsgqﬁl@&‘ 7.
The FirSatm@ntdRRiseeht stepyypever, provides for an additional step

bet ween the cold and warm _ crystallization stages to facilitate nore
gradual tenper at ur @)i ncpassigg said mta-xylenerrchdresitheal stream to a firstupstallization stage

epr osents - opersisd iiiah COURFRPSIRE TAPO 51 “CHTEh oy HBLES SRSy
Contr i fuge 11 PEFEres oPmeB e lmd Aot MBS, ol I Pzer dr um 970
whi ch i d5operated &) a passipgsat firs-stage slumpdo afisallpedduersepiraiat toofrothine puaified
and col d-st aggleta-xylene crystals and separator liquid; ) 36
(c)  separating said purified crystals from said separator.liquid, optionally recycling
a first portion of said separator liquid to said first crystallization stage and passing a second
portion of said separator liquid to a second crystallization stage operated at a temperature
20 colder than the first crystallization stage with an outlet temperature of about -60°C to -80°C to
produce a second-stage slurry which is separated into second-stage crystals and second-stage
mother liquor;
(d)  passing said second-stage crystals to said first crystallization stage;
(e) optionally recycling a first portion of said second-stage mother liquor to said
25 second crystallization stage and withdrawing a second portion of said second-stage mother
liquor as said net mother liquor stream;
wherein each of steps (a) to (e), except for said step of separating said purified crystals
from said separator liquid, is carried out in conjunction with substantially no heat input to the
process thereby to realize a minimum of net melting of crystals; and,

30 ® recovering the purified meta-xylene product with a purity of 99 percent or
higher from the final product separator.
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crystallization stages. Mdther liquor fromdrum 970 is passed as product
stream 972 to \98'955'64381 crystallization stage 918. Slurry fponuses/i3o1s
crystallization stage 918 is then fed to drum 970 as product stream
920 to warmthe devel oping crystals and to cool the liquid 916 fromthe

war m centrifuge. The warned slurry fromdrum 970 i? then djrected
as stream 974 to tBe wadnprogess accopding to¢lpimy hwhereinsaidmeayleng crystallizatipn

war mi ng and crystal . growh . The warm crystallization stage
cools the fee e\ﬁ“?%t?‘?ﬁpr?see%%el%?sgﬁd i ncreases the amount of

crystals. The resulgy ng paksitigl s4idibtaixylénbeithirsiduad strdagh toar firstaetallization sRig8.
Part 914 of the centrifuge filtrate is recycled to the warm

crystal | iZat i epemtedgeittoan prtisttempstapuraofiabaih et °Cito -80°C tptrirpduce pdirstestage shuwy
filtrate 916 becqones a feed t rystallizer ,drum 970. .The. crystals 910

from the war mVE}é%t FiSFR?Q@e‘g%?)Bfﬁﬁ'F%g%\c‘?Ftﬁéra?d%‘Fﬁ‘rﬁagif?"ﬂi‘q’i?‘ﬂﬂ?rg slurry drum
the.crystals from { iRE R ¢ 8 tavk bk ek tb & Flret
filtrate 952, heat é(bi) foroptelg?(ll;{'ﬁl }e,géyvg\nhﬁfl g&%@gﬁﬁnﬁgmﬁ‘fﬁgxg‘%nger oEl simlar :
means, from t heystiizationstage andipeasiagasedond fpoftidntafatid firstesyagk etbthes ligeor tba second
control the concentration of crystals |eaving the sl rgfy drum_ 15

From t he sl ur ryysipllization stage pparated 8t 3 tempersinge celder thanthe fisst cristallization stagmip as to
In the h i o : t Iql
the crysii s Arobdaiiahact din torsilife bPsdoBRPYEL S AU bEAR Ascllid fage
i mpuri ties. Thgothéd liquat & 4 mbeeyiet 6fhbovt 165°@ tpII°icPn 952 going to the
slurry drumand the rest 954 being sent to the warmcrystalljzation stage
904. The crystals 46)  phssing saiteseopnsistags slurry t@rseidofirst epstallizatiea stege Ad ol umm

system and dra of f. to f,ormthe netar .. Xyl ene.product ., 944. The
product str ear’?‘l"mﬁ?‘%ﬁ?"f‘ﬁ éa\ﬂég??néﬁfwog]??th@&oﬁ ¥ Sﬁggﬂeg 8‘°§§&ﬁ%‘§‘1" sfr%aem’

net a- xyl ene feed angdy purgagding Sidtirt-9@ stAls Q6 H Gfur§dr@a Bp&dfd warmer than the first
Filtrate 916 from ':(h)e vvarmcéentrifugeg??fed to the crystallizer drum970
al ong wi 15 25 crystalliagionysta@g @t 4 teopetahize obalbut r51S Catb|-68°41 iodorm a dyun slugy cppsisting
this drum the filtrate is cooled,and the slurry is heated.

Dependi ng on tqfé@‘&ﬁﬁ’@?é%ﬂﬁégﬁ‘?gﬂ“&& concentrations, and flowates of the

tuo [nl et streams, (fier ¢,Ghs id ndifbiry MRARAL ROcEPcphidthr &5 pRENE M itk

in this drum CQut of thedrum slurry 974 is sent to
t he war m crystxafi¢riezaystadnarst sgaratof iquidpper section of the
crystallizer drumis used to separate a liquid feed 972 for .the cold

crystal lization -30 Whereig€agjo fﬁt‘??ﬁ](%é% (‘Sd? c"c’ﬁ%‘PE‘l‘V’éf’%Jgr.’c“"n with substantially no heat

20 input to the process thereby to realize a minimum of net melting of crystals; and,

® separating said purified crystals from said separator liquid, recycling a first
portion of said separator liquid to said first crystallization stage and recycling a second portion
of said separator liquid to said slurry drum, and recovering the purified meta-xylene product
with a purity of 99 percent or higher.
25
7. A process according to claim 1 wherein said meta-xylene crystallization
treatment comprises the steps of:
(a)  passing said meta-xylene-rich residual stream to a first crystallization stage
operated with an outlet temperature of about -60°C to -80°C to produce a first-stage shurry
30 which is separated into first-stage crystals and first-stage mother liquor;

-45-

Ll



- 37- The purpose of the crystallizer drum970 in this

enbodi nent iswb(} /'B%g ce the tenperature differences heimesasdie
warm crystal |l Zal?I on stage 904 and its slurry feed 974 and bet ween

the cold crystalligpati G?ti&iaﬂgeeo%l&gadﬂr_si portibn bt danf Frst-aagk AdBer HvRr asichid figs
of the drumto o he process design (Fig. 7 is the same except for
t he addi ti on coyfstallidation stagg anskpassing»secend partipm ofsaidsfirst-stagg mhtdier liguomto a

i aner o byl Gt SRreeta o e e ane B S BB et a Mpnirir G A
| arger crystaggec.95°Cto produce a cr%stﬂfi‘&jr gl'tﬁ'x'i blﬁir?,dcohéigﬁﬂgj?t%;y?stzflﬁ&?“dhﬂﬂ chyRRIOf

the crystallizer drumis to the co crystallization stage,

wher e ca®! i n@gndniduarrapd icaystallzat dam mother liquble sl urry 920 fromthe cold 10
crystallization stage is sent fo tha?_crystal lizer drum The net filtrate
930 i s decanted of(§) a (re¥ding said crystallizex drumslugy o said Brshenystallization tagepmd

rystal || zat iRy e TR argspori o 1B Yool Uhhdiation iago oy 4 1€

filtrate 934 tbr%gerature coldek €ithnake ¢19dtailiBdérideum ko 641@produce aRecohd-stdge slurrd) condikling

(Fig. 2), 312 (Fig. 3) or 412 (Fig. 4) to the _process isonerization
step. 15 of second-stage crypialsng digier: snstseegndrsiags reotherdiqventt agemperatureQleahopbn
Sui tablf for 85(2 i? pLocess paraneters, the warm stage

crystal 9 quid”s g’a' At 908 and slurry drum 911 may be el i m nat ed,
and slurry from wagmn C&&gbﬁﬁé dalPlecSiWsthRAneY RGhideryallie dhin? @hd RitREHGing
separ at or 942. 2 In still another variation of

thi s i nvent i caidscbod-stagetmashdértligobirasfseid netmpthienliguos strean; par aneters,

the warm stage crystal/liquid. ar at or 8 and slyrry drum 911 b

ol et ed, and 1® addpistg e HECYn v AlS oor gy e g wadnet i i s
crystallizer : ' e 9&4111%8 to
crystallizer éltj!%]h%;%ngtgge gtlautrga@gi;&fa {rugém&(r:éri)?/gdtlgfﬁ? gdé‘r‘d@z%'?@forifndr um %% ed

directl §5t o tdoasibtingadf shiryddrom csysteds @tdaturfAdum mother liquor;
(f)  passing said slurry drum sharry to a final product separator to produce purified

meta-xylene crystals and separator liquid;
wherein each of steps (a) to (f) is carried out in conjunction with substantially no heat
input to the process thereby to realize 2 minimum of net melting of crystals; and,

20 (g)  separating said purified crystals from said separator liquid, recycling a first
portion of said separator liquid to said first crystallization stage and recycling a second pottion
of said separator liquid to said slurry drum, and recovering the purified meta-xylene product
with a purity of 99 percent or higher.

25 8. A process according to claim 1 wherein said meta-xylene crystallization
treatment comprises the steps of:

(@)  passing said meta-xylene-rich residual stream to a first crystallization stage
operated with an outlet temperature of about -53°C to -68°C to produce a first-stage slurry
consisting of first-stage crystals and first-stage mother liquor;

30 (b)  passing said first-stage slurry to a final product separator to produce purified

meta-xylene crystals and separator liquid;
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Still another preferred neta-xylene crystallization systemfor use with the

i nvention of Ei gs. 1-4 is schematically illustrated inpft@gsoshbois
Ref erri ng now‘!ﬁé&’ﬁ‘f’? ally to Fi g | 1, the raf fi nate stream 1101
(st.ream 108, 208, UpAithd & ﬂe& tdlfrbih $8id sépeﬂito;f' Ii@mltdihﬂ réddvering the
Adsorption Unit is ed tor one or exchangers to cool

nmet a- xyl ene- ripﬂmfﬁam}denoproﬂmctmﬂlapuntyoijgﬂpdrbtmzathlghcr F| g. 11 shows the
feed cooled in an exchanger with the heat bei ng ?ﬁr;sferre

- 38- @ o tamsonallv:iesyaliasa T AOEaR of aidSepHAI A B BFt  her o
are various poss ﬁﬂgnfsggg%g%g%%m Ylsecond d portior ordfishid! gf%ratgteﬂtﬁ H'&;f&[caﬁd on

for the cooli néy t'ing cryst on unit

products &hat &?Qﬂh&%&t&g& ofierdtedetia hempbﬁﬁuﬂé lcaldet mﬁﬁl sdid fitdn eryatallizatich $tiage so as
t he feed-product heat i nterchange is just one of the possible

appr oaches t o topréduca sggnédstaaﬁ slugy, consisting of second-stagecrystals and 11‘1%’@6 and geropgden

t tall 1104 I t
ot e xylene | StegeyBobp By A S eppgpy B ARt Y S S ERIE i s s urry 3106
is fed to a Q]' r %@?&i&&é&ﬁmﬂ-ﬂ% 519@%@45& drhQalliBitim ydge agd

crystals 1110 from ther |1 quor his first separator
could be a fi I\t;ﬁhdramngaatdsetmglestage mathér mmumaid)metmdﬂm tigegrcitrsare; (or 10

ool o8 | 1801 o wash Praen dach of et EDanb(oh cap et Brionphefin i,
aran. Chen t niobsefly o AchfinBROhe Gk UREHAF RallZSe Rinium of et RERER of,

crystallizati sthigge. | f necessary to keep the concentration of crystals
| ow enough in the first separator feed, part of the first separator
not her |iquor, prior to heating, can be recycled (not 15 shown) to the

crystallizer(s). Oor o AiBTPOESS: accf)rdnggd%Qfaﬁrlb‘?'fie%m%giﬁ(iﬁaﬁ G peh®Brystidatidi 1Y

is too high, then t
15 treatment comprises the steps of:

(@)  passing said meta-xylene-rich residual stream to a first crystallization stage
operated with an outlet temperature of about -33°C to -68°C to produce a first-stage slurry
consisting of first-stage crystals and first-stage mother liquor;

(b)  passing said first-stage slurry to final product separator to produce purified

20 meta-xylene crystals and separator liquid;

(©) separating said purified crystals from said separator liquid and recovering the
purified meta-xylene product with a purity of 99 percent or highet;

(@  recycling a first portion of said separator liquid to said first crystallization stage
and/or recycling a second portion of said separator liquid to a crystallizer drum operated colder

25 than the first crystallization stage at a temperature of about -55°C to -85°C to produce a drum
slurry, consisting of drum crystals and liquor, and drum mother liquor;

(¢)  recycling said drum slurry to said first crystallization stage and passing said
drum mother liquor to a second crystallization stage operated colder than the crystallizer drum
so as to produce second-stage slurry, consisting of second-stage crystals and liquor, and

30 second-stage mother liquor at a temperature of about -60°C to -95°C; and,

-47-
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in the piping. To keep the crystal percentage |ow enough in the slurry
feeding the fw separator, a portion 1114 of the fipetnusenraost or

not her |iquor can opglonally be recycled to the 20 crystallization
stage. Watever fi sepyrliaf e4id bécatid-Sta6 sIOftYy té Y Elyedllizer diBmtad vattdrdwing ed
as net nmot her Ilquorgstrean1llzg(FFﬁ? 1), 212 (Fig. 2), 312 :

(Fig.3), or 4seidgerpry-stage mothenliquer acssidnet mother lighesaeatizat i on st ep.

The crystals fromthe fir ar, rried jn.a reslu um
151 o i & O pewhéteingheh of $08 (&) B0 @ JolabR i iaited S fidimithibl o
separator 1 14&b‘§ﬁﬁﬁﬁlytﬂﬁe§f il’lﬁ\ﬁt% &%s@ﬁx@re@? ) fbahze a minimSARFnet xﬁgltﬁxé QM the
liquid 1150. The neta-xylene is nelted and heated up to storage

t enperat Gre icrystals. or nore heat exchangers 1102. Part of the nother |iquor
fromthe product separator is recycled to the reslurry drum 1152,
and the rest would be recycled to the crystallizers 1154. The

Chown) i ch my B acuerss LR et | UARST AR L P ahcn,

Thi s heat cou{rehtmemcompnsésethestmldfed for exanple, by interchange with the

f eed. i . . . . - 39-
A variation (not s#wn)passing h%dawwlmradwwéﬁ@smpa}w&momanv&ptbﬁnspeamsto
desi gn uld

i be to del et r d.fékst s rator. In
s cadl" e cmptplizer FrnChm bl o it U abolt" S5 6k G B B RS S
final prOdUCtslﬁ)ﬁ(?&foﬁh@dngo’i’drumcrystalsandhquor,ﬁﬂ@bhﬁﬁnﬁﬁfﬂeﬁhqm (not shown) of
t he above Meta- Xyl ene Crystallization Unit design woul d be to

convert the resl ur () drpassiog s#id drum sluity tea finabgirodugt separates teseparate mrified imesd-
t he stal s uI be | ted,,and, the resultin treamwas f dtoa
second cryst S kieacty oS Endin oFbarttor Vi, B fentr e B e R P POt P
separ at or . B&lt?@?bﬂp%eﬁtt&?hfgﬁ& ROAYR M piodlctRbpdriter; 10 one- st age

process in Fi
15 (c)  recycling said drum mother liquor to a first crystailization stage operated colder
than the crysfallizer drum so as to produce a first-stage slurry, consisting of first-stage crystals
and liquor, and a first-stage mother liquor at a temperature of about -55°C to -85°C;
(d)  recycling said separator liquid to the first crystallizer stage and/or to the
crystallizer drum;
20 (e)  passing said first-stage slurry to the crystallizer drum;
® passing said first-stage mother liquor to a second crystallization stage operated
at a temperature colder than the first crystallization stage so as to produce a second-stage
slurry, consisting of second-stage crystals and quﬁor, and a second-stage mother liquor at a
temperature of about -60°C to -95°C; and,
25 (g) recycling said second stage shurry to the first crystallization stage and
withdrawing said second-stage mother liquor as said net mother liquor stream;
wherein each of steps (a) to (g), except for said step of recovering the purified meta-
xylene product from the final product separator, is carried out in conjunction with substantially
no heat input to the process thereby to realize a minimum of net melting of crystals.
30
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The several enbodi ments of the present invention all realize significant

and surprisingogyes3gr Capital and operating cost savings rel gtirusss/mops i or
art processes in this field. Prior to the surprising discoveries of

this invention, bath thepaeespiaddingactlzings wherkisiaid thetackydrrairytailizdtionl5
this art would have |l ed others away fromeven attenpting the process and
appar at us treatment 6pmpyeasdhe BePS o6 this i nvention, |eading others to

bel i eve such proc es ¢ n wou . not work, .. .

" w1 be appar et o FgRe AR AR cosigval e Bt alizaign.stags gperated
nodi fi cati onsyfRYn Stlet tempt@atifRGE abdht L4V B QY CIRTR6ARE d cARRMIZAY YWy Which is
processes w thout departing fromthe scope of the invention herein,
and it i% i ntsepatettdintacrystallizenmetarxydensicaystadsiandrrystallizds ovashetdiquor; pt i on shal |

Pioi_ nterpreted in (%? | lvlnjﬁasérgvgitnig \é%rgggrtpo%tofi se%d%r;lrsitaﬁii%eir qu%thseg ﬂcsp?dr as said net mother
’ liquor stream, optionally recycling a second portion of said crystallizer mother liquor to said
crystallization stage, and passing said crystallizer crystals to a slurry drum operating warmer
than the crystallization stage at a temperature of about -51°C to -68 °C to form a drum slurry
10 consisting of drum crystals and drum mother liquor;
(c)  passing said drum slurry to a final product separator to produce purified meta-
xylene crystals and separator liquid;
wherein each of steps (a), (b), and (c) is carried out with substantially no heat
input to the process thereby to minimize refrigeration usage;
15 (d)  separating said purified crystals from said separator liquid; recycling a first
portion of said separator liquid to said crystallization stage and recycling a second portion of
said separator liquid to said shurry drum, and recovering the purified meta-xylene product with

a purity of 99 percent or higher.

20 12. A process according to claim 1 wherein said meta-xylene crystallization
treatment comprises the steps of:

(@)  passing said meta-xylene-rich residual stream to a crystallization stage
operating with an outlet temperature of about -54°C to -68°C to produce a crystallizer slurry
which is separated into crystallizer meta-xylene crystals and crystallizer mother liquor;

25 (b)  passing said crystallizer slurry to a final product separator to produce purified
meta-xylene crystals and separator liquid;
wherein each of steps (a) and (b) is carried out with essentially no heat input to
the process thereby to minimize reftigeration usage;
(©) separating said purified crystals from said separator liquid, withdrawing a first

30 portion of said separator liquid as said net mother liquor stream and optionally recycling a
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CLAI M5 1. A process for integrated processing of a

hydr ocar bon f ege 99jgisgam consisting essentially of C 8+ aromat pgrnsess1zors
hydr ocarbons to recover a high-purity neta-xylene product in conbination

wi th effici entsesaygrontiomof saitcseparatoy Hyyidab sad bsstallizRticH a@t hrfd rebOARTIAE B pmified
conponents includi ng para-xylene and optionally ortho-xylene, said process
conpri si ng thén%té'(?fﬁgﬁFP&?dugz‘@&aBFmYOf% percent(oghighenr ocessi ng t he C- 8+
aromati ¢ hydrocarbon feed by nmeans of a first splitter colum while
operating said first splitter colum so as to produce an ortho-xyl ene-rich

streamand a first 18pl | (A procsissichirling % Ad SRYRISAN! A AitRe: RARAGHL AR Mteps of
portions of any ethyl benzene, para-xylene and neta-xylene in all of “the
feeds to $he frrpesssingtheinetmothsr Bqup,r stredne bp mepns of anrisanerizatidrotreaythent@peratedab dis
distillate strieam bei,ng maint ai Q_fedugﬁ) .a level ] ow er_lou%a to avoid

crystallizati df 2BFrogsh fig : PHUR AT ARG TRETLATE XEFRS COmPORents inAR i on
st ep; ibdtherizaR6 66 sthn, ifacfiérdafhg 88'ight ESmbnthi e WBuRdih @A With the
means of an adsorption treatnment carried out® so To separate
subst anti al | y downstséanm hperationa; andlrecyeling shid ésomeétipggion outlet stream to said first splitter
column.
10
14. A process according to claim 13 further comprising the step of passing at least a

portion of said ortho-xylene-rich stream to said isomerization treatment.

15. A process according to claim 13 further comprising the steps of: passing at least
15 a portion of said ortho-xylene-rich stream to an ortho-xylene recovery column operated to
~ produce a concentrated ortho-xylene distillate stream and a bottoms stream comprising C-9+
aromatic hydrocarbons; optionally recovering at least a portion of said concentrated ortho-
xylene distillate stream as purified ortho-xylene product and recycling the remaining portion to
said isomerization treatment or, alternately, recycling all of said concentrated ortho-xylene

20 distillate stream to said isomerization treatment.

16. A process according to claim 13 further comprising the steps of: withdrawing
said ortho-xylene-rich stream as a side stream from a lower portion of said first splitter
column, passing said side stream to said isomerization treatment, and withdrawing a first

25 splitter bottoms stream containing C-9+ aromatic hydrocarbons and optionally significant
quantities of ortho-xylene.

17. A process according to claim 16 further comprising the steps of passing
another portion of said first splitter bottoms stream to an ortho-xylene product column
30 operated to produce a concentrated ortho-xylene distillate stream for recovery as purified

ortho-xylene product and a bottoms stream comprising C-9+ aromatic hydrocarbons.
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desorbent to | eave a neta-xylene-rich residual stream containing
substantially bo/s¥hgit e neta-xyl ene; and, (c) pas spefusSHio1s
nmet a- xyl ene-rich residual streamdirectly wi thout internediate
fractionation to a nulti-stage neta-xylene crystallization process
conprising at least two crystal reformation stages including: (i) at |east
one met a- xyl ene cr 8t al 1A precessacenrding to clpimn 23 Suthet cemprisipetha stigpeofH bassing said
-53 [err]Cto -95 rr]C, (ii) said.first crystallization stage operatin
in conjuncti orf’r&h"f’%(?cg?'ché pa, ‘@@«%ﬁ&h‘%?‘&% m}%{te; PRI ’§tﬂ§gé‘3‘sevﬁ‘?iacﬁ?c?fﬁg
compri se a Secliflercolibiribierdted it 15 pRAMRCORSEBHE SolRter BiclifMR Sy EhRBE W
that of said first <crystallization stage or a urry drum operated at a
t erfper at uf e alesseatiblhpof oftheayldnd amdst first, lighter fraction of the C-9+ aromatic hydrocarbons
-41- crystallizatjon stage, for processing at |east a portion
of the pr oductPf?%eB‘rfP%‘g&@Pr’%'lme-nc égm,aanﬂiafa@qr@ﬁpbtt@rd?@ﬁg@ SHEam GOHPHEIDE @

nd- step of ur Yt BavFiedon Ak CORSnbie Ancrbonb e TR PHRGR o it

produce stream; passing said second splitter distillate stream as a first feed stream to a

disproportionation treatment operated so as to at least partially convert said feed stream to a
10 mixture of para-xylene, meta-xylene, benzene, and possibly ortho-xylene; separating a stream

of xylene and heavier components of said mixture from the lighter components including

benzene; and, recycling said stream of xylene and heavier components to said first stripper

column.

15 19. A process according to claim 18 further comprising the step of introducing
toluene as a second feed stream to said disproportionation treatment together with said second

splitter distillate stream.

20. A process according to claim 13 further comprising the steps of: passing said
20 ortho-xylene-rich stream, which in this case is the first splitter bottoms stream, to an ortho-
Xylene product column operated to produce a concentrated ortho-xylene distillate stream for
recovery as purified ortho-xylene product and a bottoms stream consisting essentially of ortho-
xylene and C-9+ aromatic hydrocarbons; passing said bottoms stream to a second splitter
column operated so as to produce a second splitter distillate stream consisting essentially of
25 ortho-xylene and a first, lighter fraction of said C-9+ aromatic hydrocarbons, and a second
splitter bottoms stream comprising 2 second, heaver fraction of the C-9+ aromatic
hydrocarbons; passing said second splitter distillate stream as a first feed stream to a
disproportionation treatment operated so as to at least partially convert said feed stream to a
mixture of para-xylene, meta-xylene, benzene, and possibly ortho-xylene; separating a stream

30 of xylene and heavier components of said mixture from the lighter components including

-51-
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purl f| ed net a- xyI ene crystal s and separator liquid; wherein each of steps
(i) (ii) and (iii) is carried out with essentially no heat input to

t he neta-xylene crystallization process thereby to realize a m ni num of
net melting of Chysiol 2. A process accor dpewgusdsnsgisai m |
wherein said neta-xyl-ene cr ystal i zat| on treatment conprises the steps

of - befihe: ang Q&g&!ﬂ& ok MRV Lol 4l 6135 obifimd
first crystallization stage operat ar?fo&itiloet t&elnperat S%’
about -60[err]Cto -80[err]Cto produce a first-stage slurry which IS
separated into firs Lystag E EE%?E%?@
(b) optionally recycl I I'rs %orb%tll onm&tsgg?ﬁn%ﬂg‘ﬂfﬁ%dt age not fer
l'iquor to said wlumdwnsmndwmmauddhwemmmdmmwmmwti on
of said firgt-sg | {quor to a second crystallization stage
per at ed at§a t?ﬁg@% der than the first crystallization st age
vmth an outl et terrperature of about -65[err]Cto -95[err]C to produce a

second- st age lé? |ch is ﬁmg%ra%e i.nt ?BEIegmﬂerwieraeﬂ Sﬁtal s and

second- st age not her
mltmnmmpnsesahnkeﬁsmwofaﬂwittwosepmtccolmnnswhmmabottomsfeed

from an upper column feeds the top of an edjacent lower column and distillate from said lower
10 column feeds the bottorn of the adjacent upper columm.

P

N,
i
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(c). optiongll ycling a first portion of said second-stgggusRlkais
| i quor to saﬂg£9¥$£§f second crystallization stage, w thdrawm ng a second

portion of said second-stage nother {jquor as said net nother
| i quor stream and passing said second-stage crystals to said first
crystallization stage; 5 (d) passing said first-stage

crystals to a slurry drum operated warner than the first

crystallization stage at a tenperature of about -51 [err]Cto -68[err]Cto
forma drumslurry consisting of drumcrystals and nother |iquor;
(e) passing said drumslurry to a final product separator to produce
purified neta- xyl ene crystals and separator |iquid; 10

wher éin each of steps (a) to (e) is carried out in conjunction with
substantially no heat input to the process thereby to realize a

m ni mum of net mel tAng of crystédds; and, A (f) separ afh ng
said purified crystals fromsaiq separator |iquid, tecycling a first
®
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portion of said separator liquid to said first crystallization stage and

recycling a seg@bglsaagition of said separator |iquid top&piudesitsbis’ Y
drum and recovering the purified neta-xylene product 15 wth a purity
of 99 percent or higher. /11 3 A process according to
claim1l wherein said neta-xylene crystallization t r eat ment

conpri ses the steps of: (a) passi ng said

nmet a- xyl ene-rich residual streamto a first crystallization stage 20
operated with an outlet tenperature of about -60[err]Cto -80[err]Cto
produce a first-stage slurry which is separated into first-stage
crystals and first-stage nother |iquor; (b) optionally
recycling a first portion of said first-stage nother liquor to said first
crystallization stage and passing a second portion of said first-stage
not her |iquor to a second crystallization stage operated at a
tenperature colder than the first crystallization stage with an 25

outl et tenperature of about -65 [err]Cto -95 [err]C to produce a

second-stage slurryanhich is A separated into gecond-stage crystAl s
and second- st age notjher |.i quor; (c) optionally
recycling a first pgrtion of saig@ second-stage nother |iauor to said
second crystallizatijon stage agg wi t hdrawi ng a second pewtion of said
second- st age nDther | gpifior as sai dynet mot her i quor st ream
-42- (d) passing said first-stage and said
second- st age crysghls to a slurry .drum operated war nmer than the
first crystalllzau\\n stage at a|tenperatureyof about.}51 0Cto -68 0C {o
forma mysl urry consi $ting \s| and not her |i quof;
(e) passi ng sald drum slurgy o a fijnal pgoduct sg¢parator to produce
purified neta- 9 g}
\ ©
N
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5 xyl ene crystal s and separator |iquid, wherei n each
of steps (a) t‘@o@?/)i‘{sisf carried out in conjunction wth substanpé&pliksenitrs
npua

heat i 0 the process thereby to realize a mninum of net
melting of crystals; and, 3/f9 separating said purified
crystals fromsaid separator liquid, recycling a first portion of
said separator liquid to said first crystallization stage and recycling a
second portion 10 of said separator liquid to said slurry drum and
recovering the purified nmeta-xyl ene product with a purity of 99
percent or higher. 4. A process according to claiml
wherein said neta-xylene crystallization treatnent conprises the
steps of: 15 (a) passi ng said meta-xylene-rich residua

>

streamto a first c/}stallizatid\ st age operated‘M th an outl et /
tenperature of about|-55[err]Ctp -68[err]C to produce ajfirst-stage slurry
consisting of first-stage crystals and first-stage noth | i quor,
(b) passi ng sai first-stage>slurry to a final prodygt| separator to
produce purified o met a- ¥yl ene crystals and separgtior [iquid; 20
(c) separating {g d purified\;rystals fromsaid separator |iquid,
optionally recyclin - afirst portion of said separator liquid to

} portion of

said first crystallikation stagejand p \

said separator liquig to a segond cryslalli ation stage joperated at a ©
tenperature colder t¥pn|the first &rystallizatipph stage with an ™
outl et tenperature of about -Qg[err]c to -8Y[err]Cto produce a ‘4
second-stage sl Wry ich is sgpdratedji nto\second-stage| crystals and
second- st age 259 nof her |ijquor; (d) passi ng said
second- st age cridtals to seidlfirst crystallizat) on stagg

(e) optional%? recycliﬁb affirst pontipn of sjaid secohd-stage nother

| iquor to said segong crysthl }j zqti on sfage and| passing a second

portion of said s¢cond- gtage=ot her Qalthird
crystallization stage ofderatedq at a npefat ure colder$&11n t he second
crystallization 30 stage |wi th ahoout | et tenperatunghaf potHt——eof-etk | C

to -95[err] Cto producqg a third-staf@’s[ ch i s separate
into third-stage ¢rystalls and lthird- $tage j | i quor;
-43- 3 N
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(f) optionally recycling a first portion of said third-stage nother
l'iquor to sai OwigYefsdss: crystal lization stage, withdraw ng,cq.ﬁggg,ﬁ'@,
portion of said third-stage nother |iquaqr,, as said net I quor
stream and passing said third-stage crﬂﬂbl s to said first crystallization
st age; wherein each of steps (a) to (f), except for said
step of separating said purified crystals 5 from said separator
liquid, is carried out in conjunction with substantially no heat input to

t he process thereby to realize a mininmum of net nelting of

crystal s; and, (9) recovering the purified neta-xyl ene
product with a purity of 99 percent or hi gher fromthe final
product separator. 10 5. A process according to claim1
wherein said neta-xylene crystallization treatment conprises the
steps of: (a) passi ng said neta-xyl enerich residual
streamto a first gxystallizatign stage ?p with an outl et y
tenperature of aboyt -55[err]Clo -68[err]Cto p first-stage slurry
consi sting of neta-{xyl ene crystfals and nother 1i( (b)
passing said first-[stage slurryfto a final produg ator to produce
purified 8met a- xyl ene stal s and separat i d;

(c) separating said purifigd crystals from sai ator |iquid,
optionally recycl\Nng irst portion of s arator liquid to
said first crystallii zati on stage and passi ngoa s€ portion of
said separator liquid to a secopnd crystallizgti r( operated at a (o
tenperature 20 ™ col der than| the firsg cr)Q';aI ibn stage with an &
outl et tenper at@re of about w60[err]C ton-80[ € produce a \
second- stage sl ry which i s¥separ at ed i?to sedor crﬁstal s and
second- st age nopt her Niglior. $assi ng said
second-stage crystals o saifd first| cryjstallizqtilon stage}l

(e) opti onal l|y recy:lgng p firstlggorftion off [sgi d second-stage not her
liquor to said 235 sedond| cryst dIFi zjati on gtlage fand wi f hdrawi ng a second
portion of saidj{second s\age not her | ifqugr las sai @ net not her

| i quor stream wherfet-i>each off |stleps (a) fo (e), except for
said step of separating said|purifijed ckystal{ frpm sai d separator
liquid, is carrifed out{in copjunctifjon with sulysit gnt|li al |y ho heat input to

t he prodgess thereby orealize A m ni qpum jof N | ting of
crystals; and, 30 x () co Ni'ﬁg t he purli fi ed neta-xyl ene
product with a purify of 99 percent oFr hilgher fro@the final

product separ at or. o \ < Q
o L <
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-44- 6. A process according to claim 1l wherein

sai d net a- xyl VG ofrE4st allization treat ment conprises tpergsmasoef :
(a) passi ng saird neta-xylene-rich resi d¥ streamto a first

crystallization stagee5 opeLaLgd_%;th an outl et tenperature of about
-60[err]Cto -80[err]8 td pr oddlice finst-stage slurryng; which is
separated into first-stage crystal§%anc first-stage not e | i quor

(b) optionally redyclilng a flirst? porition of said firsgf= e not her

liquor to said firgt cryktal liZation stage and pgssing a second
portion of said fiﬁét-siage not h Kvliqqgr to a second %

crystallization stage operated a t enper at ure col derwvt han the first
crystallization stage so as/fo 10 roduce a second-s}age klurry,
consi sting of second-|stage gLygials and| |i quor, and secohd- st pge

not her li.quor at a tepperat yre“df about| -65kerr] C tog,-95i[err}C
(c) passi ng said segondfFstage slurry fo sitd firstaicrystall fzation stage
and wi t hdrawi hg spi d sgcond- st age her |iqgyor asZsal d net nother
| i quor stream (d) ppssg ai @g—Hr-st—=s §%§ crystals to
a slurry drum operatef mer {hafNthe {irist 5 crystdll zation stage
at a tenperature of abowt eripgC toj-68[efr] C ?o forma fumslurry
consi sting of |dru 5 not heg i qdor; (e)
passing said drumslufry to ja4% luct s¢parafjor to prpduce purified
met a- xyl ene ¢ry& gpaL?tor | i{ qui d; wher ei n
each of steps (a) to (e) ‘?s } i n] conj unctfron wi th| substantially
no heat 20 i nput tto t pHgce t hédeby td reali%ﬁ a m hi mum of net
melting of crystals; and, N f) sgp&rating|said purified
crystals from said separatjor |ijguid, redycling a fijrst portion of
said separator liquidfto qaid flixst crygqtallization stage and recycling a
second portion of |sai d |separatqrf | §quifd to jsaid slufiry drum and
C

recovering the purifidgd nEta-xwlﬁhe prqduct o éM th a purity of
percent or higher. @i —~—QJ
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input to the process thereby to realize a m ninumof net nelting of

crystals; and, wéfborsaasi
fromsaid separator |iquid,

(9)

recycling a fig

separating said purifiedpgrxsbaizis
portion of said

separator liquid to said first crystallization stage and recycling a second

portion of said separ-at—)r said slurry drum and
recovering the purified metarxylerie product] ~ with a purity of 99
percent or higher. 25 8. A*lggr ocess according to claiml
wherein said neta-xyl ene gry talli zati\o treatment conprises the
steps of: pasqi Ner sa d neta-xyl ene-rich residual
streamto a first crystallizgpttormgstdage operated with an outl et
tenperature of about -53[err]C tol-68[err]G to produce a first-stage slurry
consisting of first-stage crystal d firsf-stage nother |iquor; 30
(b) passing said first-stphge slufry to ajfinal product separator to
produce purified net afxytene crysthls and separator |iquid,
46- (¢) sgparatinp said purified crystals from
said separator liquid, and reegveri hgyt he purit fi ed neta-xyl ene
product with a purity of 99 per r; N (d)
optionally recycling a first |pg separtatdr liquid to said first
crystallization stage and pagsin ortion afl said separator liquid
to a second 5 crystallizgio rated gt a fenperature col der
than said first crystallizati@n to prieduce second- st age
slurry, consisting of second{sta s{and |iquor, R@d second-
stage nother liquor at a ten‘%er plit -5g[grr] £ to -95 [err]C
and, (e) as ] ond-'gtage sfurry to said first
crystallization stage and g sai\d secofd- st age not her
| i qguor as said net nother |idug wherei n each of
steps (a), (b), (d) and (e) iis carriecgout iln conj ginc4 | W th
substantially no heat input tlo {the grdtess|tjherleby to’r‘ﬁl i ze a Mni num of
net nelting of © .
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crystals.

sai d net a- xyl
(a) passin
crystallization stage

-53Cto -68 [err] to produce a first-stage slurry
first-stage crystals and first-stage nother
passing said first-stage slurry to final

9.

A pr

ocess according to claim1l wherein
treatment conprises thpceiQes130fs

allization 15
y@gﬁé%?rfet a-xyl ene-rich residugpypstreamto a first

operated with an outlet tenperature of about

consi sting of
(b)

| i quor;
product separator to produce

purified 20 nmet a- x¢tenpe and separator Kkt quid;

(c) separating said|pur|fijed crystals fromsaid s%&fat or liquid and
recovering the < —hdld ij,%e product i a purity of 99
perccent or higher; <t ) ®recyclipg p first portion of

sai d separator |iqui®Q t ystal lizati omstage and/ or
recycling a second porti arator |iqui Pt a drystallizer drum
oper ated col der 25 thanjthg first] crystalli zati\m stgge at a
tenperature of about -56 [er to -84 [err]C to produce g drum

slurry, consisting of dfrumcjystals and |Iiquor, and dfum not her |i quor;

(e) recycling said drunmslurjry to sdid first crystalljizdtion stage and
passi ng said dr uim notjher liquor to a second cristallization stage
oper at ed col der than tha—__f:rystalﬂgi zer |drum SO 0 produce
second-stage slurry, cof®jsti ®©f secjond-stage crystalg and |iquor, and 30
second- st age not her [|i glot enperjaure of abott -6Q[err]C to -95
[err]C, and, 'S ©
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10. A process according to claim1 wherein said neta-xyl ene

crystallizatiaqn treatnment conprises the steps of: /1301
(a) passi nd”gzg?lﬁﬂmet a- xyl ene-rich resi dud/1kteam with one %(Erfg%g lo? ﬁer
I

streans to 10 a crysfeallizer drum ogerat edy at] a tenperature of about
-53[err]Cto -68[err]C tp prlodyce a drum gﬁslurry, consi sting of drum
crystals and |iquor, and}a drum not her |{quor; (b)
passing said drumslugry|fo a 11T ngl prodL§ sepatat9r to separate purified
nmet a- xyl ene g(ypftal s and pafapor liqui ¢, and recovering the
purified neta-xyl ene ?)’ronl ct withja @ putity ¢f 99 percent or higher
fromthe final product skparat#r; 15 (¢) recycling said drum
not her liquor to a firstjcrystallization st age |oper ted col der t han
the crystallizer drumsojas to r@iuce a|fieapt{stagg slurry, consisting of
first-stage crystals o quor, |anf a|firstl-stage nother |iquor at
a tenperature of about -55] to -85[¢érr]C (d)
recycling said separator {lijguidfto the fijfrst cryskat!|izer stage and/or to
t he crystallizer |d+um ON (e) o Ppassing said
first-stage slurry to the= | lihzer drjum 1) (f) passi ng
said first-stage nmother I[fY second crysta | Pzat i on st age operated
at a tenperature col der tjha fiyst cgystaldizdtion stage so as to’
produce a second- st age sturry, cdnsisfiing of kecond-stage crystals
and liquor, and a second-{Laye nother liduor 3t a tenperature of
about -60[err]C to -95C; |&Ad (9) recycling said second
stage slurry to the first] cg i n stage and wi t hdr awi ng
sai d second-stage nother |l i fuor Nai dnet gt her |ifuor stream
wherein each of steps (a)j tp (9Q) gkcept fo® qaid step of recovering the
purified neta- xWl epe prbduct fnogm®hg final product separator, is
carried out in conjunction wWth tantlifal 'y . Ino heat input to the
process thereby to realize @ mn n®1of net mglting of crystals. 30
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11. A process according to claim1 wherein said neta-xyl ene

crystallizati ment conprises the steps of: (aé I
sai d met a- xyl gﬂg-y%{ﬁirési dual streamto al@¥ktallization sta E”"%E’éfi’&{}’gd

with an outl et tenperafurg off about -QD[err]Cto -95[err] C to produce a
crystallizer slurry ich ig separatefl into crystallizer neta-xylene
crystals and crystall i gper—othe i qupr; o (b) W t hdrawi ng a
first portion of sagd rystallizer qgot her~¥i quor as said net nother |iquor
stream optionally ®©&ejcling a :;‘ec@d por t+on of said crystallizer nother
|l iquor to said crystall4Yzatgern—=tage, and passing said crystallizer
crystals to a slurry dfum pperating rmer than the crystallization stage
at ‘a tenperature of abput -pl &C to -680C to forma drumslurry consisting
of drumcrystals and dfum m}t-—hgr | i quot; (c) passing said drum
slurry to a final prodlict_separator tolproduce purified meta-xylene
crystals and separator |l ijquid; wherei n each of steps (a),
(b), and (c) is carried dqut wijth substantially no
8
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heat input to the process thereby to mnimze refrigeration usage;

(d) separating said purified crystals fromsaid separator |i uiﬁ%‘
recycling a fiWoO®9#8ti on of said separator liquid to said crygF SP9301%n
stage and recycling a second portion of said separator liquid to said
slurry drum and recovering the purified metdylene product with a purity

of 99 percent or higher. 2. A progess according to claim|
wherein said nulti-stage netp-xyl er® cfystalli“zation treatnent conprises a
first neta-xylene crystallizpti gn Sstagel operated at a tenperature of about
-53 [err]Cto -95 [err]C, sald|first crylstallizgtion stage operating in
conjunction with a second erystjallizatign stagsg |joperatgd at a tenperature
bel ow t hat of ¥ N 0 - 49-
said first crystallizationgtage, @nd further tdnprisirg a third crystal
reformati on stage, which maj comgc_‘l‘se a third grystallli zati on stage
operated at a tenperature befow thagt iof said sdgcond crlystallization stage
or a slurry drumoperating iffh conjunctipn with slaid firjst
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and second crystallization stages at a tenperature achQ t/UsS 9f9#ai1d5f®r§§
crystal liZation stage. 13. A process accc’lmg) gfy of
clainms | - 12 further conprising the steps of process 11 Mggg
| i'quor stream by means of an isonerization treatnent operated so

approach thernodynam c equilibrium amnmrermi ni ng xyl ene conponents in
an isonerization outlet stream fractio of f Iight conponents that

woul d interfere with the downstream operations, and recycling said

i somerization outlet streamto said first splitter colum. 14.

A process according,to cJaim13 further conprisj t he, st ep, of passing at
| east a portion of baid ‘OPPRES |ltg$%gtpé B"I‘?‘:g;g?%ﬁéﬁqg'ér%m“'eg% ation
treat ment. o . c ' I oy t

oo « =2 ity BB OB RIG T Sh AL DT e B e
ort ho-xyl ene-r bijduétin &MbBidafo itk bffilient s¥lafdiien b RYGVely STOHHIT-LREMaICd 10

produce a concentrated ortho-xylene distillate stream and a bottons stream
conpri si ng C- Shydrscarton icﬁmbt)ﬁéﬂmmrubihg@éra&pteh@ﬂﬂwf)ﬁoﬂaﬂﬁemw-kyme,adaidl peeceks a
portion of said concentrated ortho-xylene distillate strearn as purified
ort ho- xyl ene peerprising shecsequeotial stepgof: t he remai ning portion to said

| soneri zation treatyent or, alternately, .rec‘gcl ing all of said

concentrated ort ho-@Y| eREOcgIsNgithg &BE acomatia hydrecathon deed by mepns of g figst splitter
treatment. column while operating said first splitter column so as to produce an ortho-xylene-rich
- stream and a first splitter distillate stream containing predominant portions of any
{,\ . ethylbenzene, para-xylene and meta-xylene in all of the feeds to the first splitter column,
S’

the proportion of ortho-xylene in said distillate stream being maintained at a level low
enough to avoid crystailization of ortho-xylene in a downstream meta-xylene
crystallization step;

(b)  processing the first splitter distillate stream by means of an adsorption
treatment carried out so as to separate substantially all of the para-xylene and removing
desorbent to leave a meta-xylene-rich residual stream containing substantially all of the
meta-xylene; and,

- (¢)  passing said meta-xylene-rich residual stream directly without intermediate
fractionation to a multi-stage meta-xylene crystallization process comprising at least two
crystal reformation stages including: (i) at least one meta-xylene crystallization stage
operated at a temperature of about -53°C to -95°C; (ii) said first crystallization stage
operating in conjunction with at least a second crystal reformation stage, which may
comprise a second crystallization stage operated at a temperature below that of said first

crystallization stage or a shurry drum operated at a temperature above that of said first

-41-
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99/13015

_-219A- . 16. A proce;s éécé?di ng to cl a—'m‘?mzﬁﬁﬁ Msﬁ.\ﬁ 2000

conprising the steps of: wthdrawi ng said ortho-xyl ene-¥i
side streamfroma | ower portion of said first splitter colum, S| Ng
said side streamto said isonerization treatnment, and w thdraw n%g%ﬁ'}“i rst
splitter bottons stream containing C9+ aromati ¢ hydrocarbons and

optional |y si GdjddikAafén axg%nfo} broRsssing aﬁé&h@g&%@éﬁm product from sdid first A process
according to claim 16 further conprising the steps of passing another

portion of saiélydtalliatiosfadetsb as tdyRbdueeBn &id-stsprsling of mefih-tylene wystalsang (ipuct
colum operated to produce a concentrated ortho-xylene distillate stream
for recovery apassing said ead-stepishioy of netaeylenectystdls taradinal froductseparstor teaproduce
conprising C9+ aromati c hydrocarbons. o X o .
purified meta-xylene crystals and separator liquid; wherein each of steps (i), (ii) and (iii) is
carried out with essentially no heat input to the meta-xylene crystallization process thereby

to realize a minimum of net melting of crystals.

2. A process according to claim 1 wherein said meta-xylene crystallization
treatment comprises the steps of:

{a8)  passing said meta-xylene-rich residual stream to a first crystallization stage

N operated with an outlet temperature of about -60°C to -80°C to produce a first-stage

slurry which is separated into first-stage crystals and first-stage mother liquor;

(b)  optionally recycling a first portion of said first-stage mother liquor to said
first crystallization stage and passing a second portion of said first-stage mother liquorto a
second crystallization stage operated at a temperature colder than the first crystallization
stage with an outlet temperature of about -65°C to -95°C to produce a second-stage

shurry which is separated into second-stage crystals and second-stage mother liquor;

—
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-50- . 18. A process accordi ng tQQTNS §39t4ir1 5D 15

conprising the steps of: passing said ort ho- xyl er| Mlg r
whith is the first splitter bottons streamin this case, tPoEa ggngaﬂ]AY 2000

splitter columm operated so as to produce a second splitter disti
stream consisting 5 essentially of ortho-xylene and a first, lighter

01 3, 2l SRR vieron it PR ABN
treatment comprises the steps of:
(a)  passing said meta-xylene-rich residual stream to a crystallization stage
operated with an outlet temperature of about -60°C to -95°C to produce a crystallizer
slurry which is separated into crystallizer meta-xylene crystals and crystallizer mother
liquor;
(b)  withdrawing a first portion of said crystallizer mother liquor as said net
mother liquor stream, optionally recycling a second portion of said crystallizer mother
liquor to said crystallization stage, and passing said crystallizer crystals to a slurry drum
operating warmer than the crystallization stage at a temperature of about -51°C to -68°C

to form a drum slurry consisting of drum crystals and drum mother liquor;

’
(\'JJJ

(c)  passing said drum slurry to a final product separator to produce purified
meta-xylene crystals and separator liquid,;
wherein each of steps (2), (b), and (¢) is carried out with substantially no
heat input to the process thereby to minimize refrigeration usage;
(d)  separating said purified crystals from said separator liquid; recycling a first
portion of said separator liquid to said crystallization stage and recycling a second portion
of said separator liquid to said slurry drum, and recovering the purified meta-xylene

product with a purity of 99 percent or higher.

12, A process according to claim 1 wherein said multi-stage meta-xylene
crystallization treatment comprises a first meta-xylene crystallization stage operated at a
temperature of about -53°C to -95°C, said first crystallization stage operating in

conjunction with a second crystallization stage operated at a temperature below that of

-49-
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443045

T
skcond, heavier fraction of the C-9+ aromatic hydrocar b'gnﬁ‘?@

ort ho-xylene-rich stream passing said second spl & 5 MAY
streamas a first feed streamto a di sproportionation tr%‘gt
operated so as to at |east partially convert said feed streamto

m xt ure of para-xyl ene, neta-xylene, benzene, and possibly ortho-xylene;

separating a Si: %?sm: S | £thir@ SRAITeRkRatidh stgé,d
m xture from t%%'g [ gwgg}!mégﬁpg%ﬁéﬁﬁﬂﬁh%{bggpﬁg&%ﬁ bgﬁgenaet; and,
recycling sai dyiidh'Ra BoRiprideyd BRE crytallinaay ktege sperifedrue b tenpenatsabelow ithas bf
stri pper col'um. 15 19. A process according to
claim 18 furt heid second trystelligatioh stage @rya shirryi dmém operatinggn conjunction with spigfisstas a
second feed streamto said disproportionation treatnent toge_t her with said
second and picond erystallizstion stages aisa temperature above that of said first crygigllization
process according to claim13 further conprising the steps of: passing said
20 ort ho->¥A88ne-rich stream which in this case is the first splitter
bottons stream to an ortho- xyl ene product colunm operated to
produce a concentrated ortho-xylene distillate streamfor recovery
as purified ortho-xyl en 15110 GéHAeE irisig B steps of
essentially of ortg%'- gﬂ&g%%rgﬁgtﬁaﬁggglgﬁﬁaromt I C mr oc%r boneg;
passi ng sai d bpsdeSiify thé fict didtiePliquos SttcambyTitland éfan isomerization tredtmem opgratedit ed so
as to produce a second splitter distillate streamconsisting essentially of
25 or t ho- »ylagteapprodclethbinroslymantic egoifibriurh among the, renfaining xyle@: eomponesisini ¢
hydr ocar bons, and a second splitter _bottons streamc ri_sing a
second,  heaveranfijomerizasion pytlet ptecam, fractigpating offlight componentsthat BVGH*%EBH@,” passi ng
said sé€cond spl.tter distillate. streamas _a fj.rst f .
di spj@}port i onaﬁ"pﬂhe fovmstriam,o QP%(’%@' ﬁ%“ﬂ soé?engtg’g't&%%ﬁﬁ% ﬁy&g onvert
saidfTeed str m xture of para-xylene, neta-xylene, benzene,
and possibly ?{pﬁgﬂ&egfoel%n separating a stream 30 of xyl ene and heavi er
conmponents of said mxture fromthe |lighter conponents including
-51-

14. A process according to claim 13 further comprising the step of passing at

least a portion of said ortho-xylene-rich stream to said isomerization treatment.

15. A process according to claim 13 further comprising the steps of. passing at
least a portion of said ortho-xylene-rich stream to an ortho-xylene recovery column
operated to produce a concentrated ortho-xylene distillate stream and a bottoms stream

“/ comprising C-9+ aromatic hydrocarbons; optionally recovering at least a portion of said
concentrated ortho-xylene distillate strezm as purified ortho-xylene product and recycling
the remaining portion to said isomerization treatment or, alternately, recycling all of said

concentrated ortho-xylene distillate stream to said isomerization treatment.
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benzi ne; and, recycl i ng said stream of xyl eue and heaver colwsn9s9t6 L&B 15

first 'stripper colum, 21. A process a

20 further conprising the step of introducing t ol uene (gs EZWZUDD
feed streamto said disproportionation treatnent together with sard second

5 splitter distillate stream 22. A process according

to any of claim 13621 AYfclaciililotisid alritelonprih@BRiteps oft o0l um

comprises a liked series of at |east two separate col ums vvherel n a botons
feed forithdtaing iaiderthe Kylneridhastrédm hd\Ssideibrearh from addwerqaionl ofesid col um
and distillate fromsaid | ower 10 colum feeds the bottom of the
adj acent upperirgtsplistencolumn, passing said side stream to said isomerization treatment, and

withdrawing a first splitter bottoms stream containing C-9+ aromatic hydrocarbons and

optionally significant quantities of ortho-xylene.

17. A process according to claim 16 further comprising the steps of passing
another portion of said first splitter bottoms stream to an ortho-xylene product column
operated to produce a concentrated ortho-xylene distillate stream for recovery as purified

ortho-xylene product and a bottoms stream comprising C-9+ aromatic hydrocarbons.

()
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