PROCESS AND APPARATUS FOR THE REMOVAL OF NI TROGEN

COVPOUNDS FROM A FLU D STREAM BACKGROUND OF THE
WORMBENEILN [ 0001] This invention relates to a pCOAS3®4/040891

and apparatus for renoving nitrogen conpounds from a

fluid stream Mre particularly, this invention

relates to the use of a selective adsorption process

for renovi Ly i .

e Ot g TR o
use of nol PEN € &% r

conversion processes are well known in the chem ca
processi ng and refjpi ipdustr nRLl c.conversion
reactions of coﬂ%%égﬁggwgﬁg5ﬁkéﬁg$@ﬁegﬁggﬁﬁance

i nclude the al kyl ation of aromati c conpounds such as

[0061?‘ t hepREARNESA Riate] toS fH¥bds® bt Aiparatid BPfmoving nitroger; compounds
et hyl benzene, cunene, or higher alkyl aromatics and in

frond@asﬁlpi(bqjmm!. W[ pmﬁculedy,tthis riv_sve@tioh _rfé&ie{t 9l the nge of a selective adsorption
proq%%szﬁég %\}iﬁg‘? ﬂ 4 Ieg Erbﬁ])(%/ é,yiﬁ?%?:ﬂ%oo rg'ﬁégto ngor%ect % a}ol}gatic conversion

cataggrg{]oal kyl benzenes. Oten the feedstock to such an

omatic conversion process will include an aromatic
[00023 npoTikauseaf nadlkgulatsiayias sLdatalysis @ aremalic egnveesipngecesses are well

SOOI T DT
con@HEYbIR bR EQNEmpbREnR1ATRAd he B thtidh lof arbnatid coliPounds such as in

olefmc feed streamare reacted over an al kyl ati on _ )
the pratiadtientoftethyfto bigne eytenkydthlbenzben gomens; g higher alkyl aromatics and in

S B R PrEER 1 e P DS BB caton or e
trangﬁﬁwﬁdi&iﬂoftwwﬁ;ﬂwﬁgaidsx& fHoineAlk 7B Bz cAsK OFRAtiRclcedstodkith such an

enzene over a transal kylation catalyst to yield
aromutimoankyiswngyodsenwe hinsluda @n lpeamasiseonipopers or Fkylation substrate, such

os SRR S GORSHF DyBh PR 58 o PR ASLARARE mcrocarton
tran§ahfey1|@§n 483t IS Bt a8 BatidnSohe 3RS atohritip fedehesm ahd the olefinic feed

catal yst conprising zeolite beta. US 5,030, 786
streaingied weetsd averanahetationceirst b adusealadaedbyrens wgh as

g Sn a8 VL RIETERE 8L Sl R b
pro@ict BENZBPEed © Piradukelatbhydirendeostaoied altEazamvey s ng

zeol ites such as, nol ecul ar sieves of the X Y, L, B
trangaikylatiementadyis o yield morgallyjyed benggnes apd benzene. i scl oses

ar ti.c.conver . ' A kvl ati .
00" IRESH G5 R R, B GF 5 B AP Sy compric
zeoBERERPNRNar kel dsowsd ¢ ,438atiscddsey tttpresenceesofigeatalyst comprising zeolite

alum nosi licate nol ecul ar sieve transal kyl ation . )
beta; 41%5,03Q,486 distlogtis 9g asomafic CONYSraien @mcgswe’mp_lpylme%{}te Y geolite

on R RBH R S5 LGP AL 5 4 DI Ry Db o

benzene to produce ethylbenzene or cumene employing zeolites such as molecular sieves of the

X,Y, L, B, ZSM-5 and Omega crystal types. US 4,774,377, discloses an aromatic conversion
process involving alkylation over a catalyst comprising a solid phosphoric acid component
followed by transalkylation using aluminosilicate molecular sieve transalkylation catalysts
including X, Y, ultrastable Y, L, Omega, and mordenite zeolites.

[0004] Water is often found in the aromatic feedstock to alkylation and transalkylation

reactions, especially in benzene feed. Benzene feed is often water saturated, for example, when
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reacti ons, especially in benzene feed. Benzene feed is
often water saturated, for exanple, whenit is recycled

WO c@Fi06143d yr ene nononer unit. Ml ecul ar si eve PEL/EB3084/640891
enpl oyed in alkylation reactions in the vapor or the
l'iquid phase may be sensitive to water at various
| evel s or sul fur conpounds in the feedstock.

us
it is f"éé%/g]r?ed%%)gn g én%%?o%o%?hn%g e¢ ijs%wy‘edé'a@?ﬁ@s éd‘ff)lt)g X g' dikylation

€acti ons nay be era nore r
reacfi@hd¥ thé vagte o€ Bledidgnid pliase ang prseth;llteve thiSvaierQB Oari@B levels or sulfur

di scl ose the dehydration of the feedstock
compomndsni s foadstony S 20Bisies Svaice Aed RufTgEuidhin vapor
pha§eﬁgacﬁlé)§% %Sr%ggﬂg a‘b?‘% I’rfo?e?]h é%ﬂfﬁs dlﬂtﬁﬁ g%gﬁ/gt ik Qcéégia’ﬂfevg‘@ 5,030,786

discfost QRRRydiasich 05tk féddstock o 4 bvates battbmtm@‘nphmre thanel 00 ppm, and
zeolite catal yst_ for al kylation, or tr nsala@ﬁl at

brefbabbex e oh ot BhRIRE TAcHPR RS JRESICILD AN RGeS Fafter contents in

r
e 090 ] LTI G e SRR Dt ca
for anmuﬁmt oesarfsalpiatiob prozesses shokid letve @mihéean whiterteontent of more than

3.5 Wit aF a8 CURYBORBER Lo P AR 23 DRB B L St s 3 peotid acid o
adsdrb i ﬁ%)glgﬁesﬁ%g Sézl%ﬁ%n% la ey P raddl WicRs dricdns @biiMindd ABre than 200

cat er“inmpurities present in the
ppn’f W&&maﬂentp@ramre af betwhen: 1308rand 39D U to mapoow the lifetime of a zeolitic
particul arl baS|c | |t|es such as basic organic
‘Fttqndﬁ Wné%%ﬁ neutralize the solid acids

[OO(HJ tal 78 rn'nggnﬁr%j}reé%ﬁteﬁ% fed @0 @'Eﬁtak&nﬁkd%naéﬂsﬁﬁlreactor

t performance and the catal yst fe
partitudarhchesicseipyritiés sach esibasitvenganie nitrdgewceinpowyle {ONCs), neuiralize the

soli A 1% OO B TSGRV P ALV ISHO0 AN B talyst performance
and'?flé Eﬁﬁgﬁ 1HF0 RV 12 A ffe GOK EvRH T Eryaw te8fcdniafidrsif the feed

nore active zeolite catalysts are
1nc1emal thxyeaialyst regensmtivn frequeney dindmng whinbtacomsylate @itrogen compounds

L B ALV L 5y BLACORED LR, kB
in afdRARSDRTerRloR réé?,ﬁg}i’st tﬁe%e‘g%ﬂﬁ@n b @utdIPRAES bPhitrdkéd iﬁﬂﬁﬁltles in the

|npur|t|es on the cata yst in the reaction zone. Basic
feedstdckagesh be ompo uard&ﬂly leantraltegr Broecsses 2tk pought fof igdngecthe éapact of

G TERTET  —
catal TRk ERY Rl ds dRRRIA! nolM%M AHHNT ariie @FRA), &forpholines

omati c extractlon agents and is a corrosion

1ncln1dimlgﬂﬂ—1fcolmyﬂ-hmrplaﬂine(§NFM') and M—WWMW@#@?&WH%MM and NMP are

treans.. US 5,220, 099 t r enpvin
used e ABREHE Se By ARt R HErT eeaeotPE bR al gfgn contminate
aromiliO eell ArHBAE TN £ M @lossehitRe rékadeh irﬂoléegﬁihbhﬂMd pyridine
impurities fromthe zeolites. WO 00/35836 discloses

improitiesiwithrgolies andaping iethepewitbridssalves watar ée desarb i dppurities from

the tggqﬂr;e 0@?%( 53!38 ﬁgcf?)gelésg:%ﬁ ﬁn?é: %.ng ally reglr]?se %@ erEh molecular sieve to
rendo98€hialyst PYRAY AT A gEOEREp S BEbH tD g'e@hﬁgele tha transalkylatlon

streamto an al kylation zone with a zeolite to renov
reacioly SNOCHI0 A3 8B disaloses aontsging 2 Gd sirears tospalkylstiensens with a zeolite to

ontact nﬁy go mterogeneﬁsr%ié?%zod&closes contacting a solvent extracted oil

remove organica
with an amorphous silica-alumina or crystalline zeolite adsorbent to remove basic nitrogen

compounds such as NMP. The adsorbent may contain up to 30 wt-% water.
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wi th an anor phous silica-alumna or crystalline

zeolite adsorbent to renove basic nitrogen conpounds
wGeoawk/oe2NMP. The adsorbent may contain up to BOTI/Ws2008/040891

wat er. [ 0006] US 5,271, 835 di scl oses the presence of

polar inpurities in the C3 to C5 product fraction from

a fluid catalytic cracking unit. The |npur|t|es wer e

und C ak

000t o ¢ TERE e e mRRECe ¥ Tm I PfSs inthe g o s produet

fracfib® Grobfa fialddtdlidusikdgaudin The impaitestwiré fovmy t6 aichrleateakly basic
feed to an aronmatic_ al k){l ation praqocess. These pol ar

ONEs susbuasdgctanirile: Aervlanitalasand REPRRHE DR can s be Eﬂuyé fn hydrocarbon
stre#rgggﬁgmax ggrﬁgtaé ?e%d% l§1¥ Lu%iﬂa‘ﬁg aﬂc&%‘ﬁ%ﬁ? octiessu§hg e%?ar%g&gounds are

a catl1onrc nonac te a

attradféinto2a8 %&soﬁﬂd: ddfalyst 1664, ib IfoniRire Akglatioh Peoceides.ddS §H119,887
to adsorb nitriles at rgomtenperature froma

teachywm&a patpnig Renapidiqgsolitegt 90 gepre thap AL, L?élidﬁés G4 0%>535 teaches
u51 éat%k& d%ﬁl{l:ofrg{gi‘llgsezlﬂor%g%%ﬁe@rm'f? % X{Eﬂboﬂ@ﬁg&ﬂ. US

nitrates and nitro
2 993)861&6Mﬁs fiding 28 X Eoﬁ%ﬁ@salb&x&ly?&%oﬁ%sﬁr@ﬂ\msover weakly basic

942,650 teach renoving water froma benzen [ eam
0N§é Hrckidingitiies. ayifrates BTy ire ComAGRICR gt tifdoAry @@i 5;?64:686 and US
59 LE04AEh P05 HEARy Yoy CASFLAL I A v

nitriiéd BycentRthg tiebeareersatam esflflﬁuinlamdmnfnelacmm seves at -18° to 204°C. US

resent. However, only adsorption of NFMin the
6.6 D AR enghon bk sihgh IS BOBFIREtH 6 BiReT @ﬁ‘-&é issprgicpt. However,

only&g fo!n NEM B el rﬁ @%n&eso $ HEARbEGra0 A rddhn tdiperature;

mater I's reference. Low concentrations
ads@fptmn bf mltﬁl:Bs 1srdetﬂmwraad3 aily o theabsencp ef watel [ni this rafedence. Low

parts per_hillion can cu | ativel y .deactivate
congenlsAfigns oSy ag Enpealants Rer s il paBpy biigeen
un‘gﬁ%mg’r %éﬁzétrl]@% gﬂrﬁ Bt KdtAYsts FRRD ?ﬂan(EJtl?éf d@éctfvﬁﬁbrpnﬁbi%ﬁjsms such as

Ive means to adsorb ONCs from
cokargonat i ¢ al kyl ation feed strearrB Duri ng adsorption of

or gani nltro en from al kyl ati on feed st oke .
100871 Ctir T e o B A BT HUBE 48 BN PN G Gparomatie

I r
o AL W A A s,
coke alsndornineorr thg edsrbandsd ’Ihysecadadubsmts becon@spedt whetsall of the adsorption

cont ai ni,ng. noJ_ec si eyes, can be regener a
siteg BRGEURIAYD by Bk QRCS SHAPKEHETDIRY B1d ERE aiEhogs ot be
reg&%@ﬁ%i lg;?%brﬂlﬁlsﬁﬁﬁ ?l]flara B&asd d%ﬁ?a‘ilhh@ﬁm’le“cufa? sy Vdad ®edegenerated by

guar adsorb nitriles froma hydrocarbon
conﬂms’dngbasth@NC$ aaDaike aff ofithhatsodishect of the invention

prqvi de bed that. wil| rb nitriles . .
l009$lom v o5 s divartion tomlitins b eurd B i Wil Ao mitriles from a
ﬁmlfé%/d @lda@n zone in the presence of water. [0010]
even turther object of the invention is to provide
[0009]0 guafittheedsjecfof thef ifveendion is to provide a guard bed that will adsorb nitriles

from a hydrocarbon feed stream to an alkylation or transalkylation zone in the presence of

water.
[0010] An even further object of the invention is to provide two guard beds of different

composition that will cooperatively adsorb ONCs from a hydrocarbon feed stream.
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conposition that will cooperatively adsorb ONCs from a
hydr ocar bon feed stream SUMWWARY OF THE | NVENTI ON

w(Q 0®30414¥¢ have found that conventional adsor bRCI/ESHOCM0891
as clay and resin materials do not sufficiently adsorb
nitriles from hydrocarbon streans in the presence of
wat er. We have further found at | ower tenperatures an

aci di ¢ nol ecul ar g ially
adsor bs wat er andggﬁéﬁge%isgpggggﬂ&géfﬁ§ﬁtasic ONCs
such as nitriles in hydrocarbon streans. However,
[00 ] eV atachdve TRaidahat Ravémiphaudsérbents synhcistclayoihdaesinlimaterials do not
nol ecul ar sieve adsorbents to adsorgﬁnitriles in the

suffisientlyradeorb mitpias dfom hydrpearbgn,wicams iy B¢ nresghce plavates: dYghave further

l.ecul ar si e :
rouf DSBS A5G BRIRUBR LY Rhoflnl BRILALA) Shorss warr
and ®a3i6 ONT eb ahlely 283i0 ONCs sich denitisles relydsocadbugl syreams. However,
adsorbed on the acidic nol ecul ar sieve,

. Hence
clevetssEmPATEINES IEHEDICHBNBEE SiaridieMolsulor §oHeI R sRisdp adsord
..Qrgani ¢ ni j ot ] i cli: |
nit I O BE o T b Rl 1R EREACHE B G s serve s 2
cata®ysgarth€ elevited gaipecatnneao hgdrobue theastriié tor dnl @sine bb e emale, The basic
a hydrocarbon streamfrom a grac_ionqti?n co

il .
amifObaTEe ApPPB BRI JRRTEH DAL EAEF ARG Sipve: Honce, a conventional
adsérﬁ%’ceoreﬁ ol Be ﬁ%dftgﬁﬂéo'ﬂg oSt él@éﬂﬁé Hftfo%@n Shp@titlesiah8n B¥idic molecular

e acidic nolecular sieve. The nolecular sieve may be
sieve@ge be nsddad adbeb rapsining Wabklydbaesic akganichitrogenesoapaunds such as

. the_presence of ter alsq mtigates _.accumnmul at.il%n of .
nitrides Masppviche by ﬁtS,tre%IH%i‘)éb'gl;ff FAngHYR ﬁ‘au{nﬂé”ll ave an appropriate
i ISR J2TH b T PREVENE molecul
Wat%%%g?ﬂt%%l@gnq¥e§{p%ga&%ﬂ ﬁ% (1)1W schenes of t ﬁle prese nt1 molecwiat
sievienVBstnotucuansietdumapbe chgendrated wiher spant. b’ beveals) disddjered that the

FIGS. 4-9 depict flow schenes of the present jinventio .
pregegpe plwatgy %&%@%’FPS&FC% o ofcseka PR 1 HBeIBERpeF Y GO onging the
!EE-I ON [0014] The hydrocarbon feed stream of
B stlolhlxg‘g%'i on is generally a liquid and may conprise
from30 wopb to 1 nol-% ONCs and typically 100 wopb to

100 wppm ONCs. BRIEFDESEGRIPTIQNOF I5hE P strat ed
to be capabl e of adsorbing ONCs present in

nce tions .in.the parts.ger mll.ion.r .
r00f T L6814 Bhpief e ey S BRimrmiyt gl RIS uffodtBion of
ethfiBlERM.rations in the parts per billion range on

downstream cat al ysts. The hydrocarbon stream may i
[00t3int aFfGSet-8 depipt flow agheniss pé e preent iayewiondontietredystion of

The hydrocarbon feed stream contai ning the ONCs and
CUlgPer may be an aromatic feed stream preferably

i ncl udi ng benzeneand is suitably predom nantly

benzene. The pHTXMEDCDECRIFHODOOFHEE ISVERATON | |

typically include no nore than 1.0 wt-% ol efi ns when

it is run through an adsorbent bed, .
[0014] The hydrocarbon feed stream of this invention is generally a liquid and may

comprise from 30 wppb to 1 mol-% ONCs and typically 100 wppb to 100 wppm ONCs. The

present invention is demonstrated to be capable of adsorbing ONCs present in concentrations
in the parts per million range and we believe it can effectively nullify the effect ONC
concentrations in the parts per billion range on downstream catalysts. The hydrocarbon stream
may contain water up to and beyond saturation conditions. The hydrocarbon feed stream

containing the ONCs and water may be an aromatic feed stream preferably including benzene
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[0015] ONCs typically include a |larger proportion of

basi ¢ ONCs such as indoles, pyridines, quinolines,
wale@sheraed anmi ne (DEA), norpholines including PCT/US2004/040891

N-f ornyl - nor pholine (NFM and N-nethyl - pyrrolidone

(NMP). ONCs also may include to a | esser proportion

weakly basic nitriles, such as acetonitrile,

RI ORI NI | e

and B QB0 B IR0, ko o5 SRk it it

incl@de Aidfilofe BES 0100SINY, defisdviRadisis rid ehrbygl acaisbbent biedd
streamis charged to such a conventional ,_ inpu

. ty,
[0018]s or PNGriypisally inelude 8 darBennepaitionesd i ONCR Sch as indoles,

R T ——
(NFSAne MPNeshyd pgiroBdorit (NMPR ©ONICs 41sd mayl mchtale\w laIles@eEr proportion

conventional resin and clay adsorpent s The nitrijles
wealsbt baskriiges. syl 5 opeeRitilsRPPIREYBlenaRYopidalessns migures thereof. The

basﬁ%zﬁﬁ géeyadg&’e el 8}9@@{&@' ARG5S ésﬂgadsafb%ﬁt @gﬂ\gTds The

Ion or ransal I on zone.

hydﬁo@isboﬁ@é@]l’ dneninds élmrgefdetmsucmg chaehiioralGmpuity aﬂderpnbﬂ)mne to adsorb
provi ded b Sudchem e such as SC 630G SC 6%66 and t f
baSI,srCéN ey prctiother igpyrifies and pravide ayreaied plepserian cippent, dgpletcdt in basic

r

ONE s b R iy Ry BaslEERICY SR AL RIS o) B0t AE6M Y Qon

conb@iti’wa]me&lﬁ and edy adsbribantd. [Thb Inﬁnfes @et tRajugh gheamsentional adsorbent bed
any, and resjns such as CTI-175 provi @%(g .b%{ .

andmayoaqvte@elwm@aﬂalpwatﬁtaw@msgal& Ehas ap glfylatigh of fragsalkylation
reacaﬁ%ﬂ AfSin adsorbents may be suitable. The clay or

resin adsorber can be run at conditions sufficient to
[00k&lep Chey Risoreiits foratmeeimgdbsit €Cs inalutie alayypionideddy Sudchemie

such G106 S G 3P b R ST 5. 4 £ Bty Rt Birol Corp.
is aR8 s@ikand Rekal ﬁgﬁglrﬁgrgcg T&'r@xﬂva%QM@ Ok 15@1%&9&16%99&! Yline of

ranges typlca tween 6 a W - % am nes and
resiag) A-25 btm@opiTdtrahahdNiVRilidds fdmoRolirh & Heasgbempdnyt el resins such as

adsor bent.. wever, under es dition cla
CT 188 Previae boRar b Siret B ie) LS CHRTyPS s i pssorbents

r §
UL Ty RS B st S bk o

aromauestteannatslﬁast m‘tuﬁlty inttheliqedphade. Ambiwedh kdmpdn&mwp@&l%% (100°F)
and, :cpggs:%deg}uig él?dc{vg ag‘p gfla%%ﬁopﬁ)gﬁé’g (ggﬂﬁl Sshtopl B/easrufp 1ent. Clays and
res@é Q%EOE‘% g&l&%@ﬁ h3wb@seehd 10 Wﬁ"/‘larﬂﬂlgs §1Yd1—1 ahtP2 wi-% NFM and

567, 029 as wel as zeolitic
NMibasedibmthesy egle L tl%&@adeslibdnmﬂpmmr tivler theserednditiansdlay and resin

w1lﬁﬁ;§{eﬁengaﬁy A oo %hn‘sfgtg? mw Iﬁ]@ncg\gagﬁ&n ewelil%l%gl 0 ear%gasures must
be tgkmaahg&grt@e%&ﬁgg y defined microporosity or channels,

Istinct frommaterials such as gamma-al uni na.
[00PTlef eAdsorbeytp of thefpresshicioutrdionshisedfor fiettainavalifaveaklydwsic ONCs

of, crystalline adsorbents are. alymnosilic
inclle &N RITaRIBEHIG S SRFGTS B VEigH {5 O fepgpiinophosphates, and

alum?ﬂ%%hbstpﬁateé BisSIBE&RIialUS £180.871,002438104R0 Shd URLA56H,020 as well as
zeolitic molecular sieves. As used herein, the term “molecular sieve” is defined as a class of
adsorptive desiccants which are highly crystalline in nature, with crystallograpically defined
microporosity or channels, distinct from materials such as gamma-alumina. Preferred types of

molecular sieves within this class of crystalline adsorbents are aluminosilicate materials
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occurring and synthetic hydrated netal

al um nosilicates, many of which are crystalline in
w@reosoede®. Zeolitic nol ecul ar sieves in the cedTUS®A4/040891

formmay be represented by the general fornmula: Me

2in: AI2AB : xSiC2 : yH Owhere Me is a cation, X

has a value from2 to infinity, nis the cation

cont B0 B e ot Rl e Py gV b sty
occE@Baal %fn thel oI df RéEmeRdalumimssilZanhk) thenydf which are crystalline in
clinoptilolite, erionite, fauj aS|te Zeolite Beta

strucm)zeommpteeul@r@g@s i s dedcaned fopra gmaythe represgmfed by the general

P olite, Zeolite MCM22 (MW, ferrierite, nordenite,

orslg) j t e A, and Zeolite P Det ai | ed descri ptions of

some of the abovem %;eq&smgs gmyobe found in

D.W Breck, ZECQOLITE ECUL SI EVES, John Wl ey and

wheso s, is Revwtion ribas agale fTapn 249 idingtyi 1 isthe atignryalings awky has a value
of ff%? Z |I? gﬁ ﬁca& %}v@ﬁ-kvn%fvh%léghtéy ﬁ}tapﬁlta& be ﬁ@éijl 19@11&{ alxabtazne also referred

em ca I'on; Crysta

to ad Aol Y ictibptilo B drion@s, ﬁuy@ht@ze&waetﬂmoe)c Zeolite Omega, Zeolite X,
di ffraction patterns. The nol ecul ar sieves occur as

ZeokitrgY oML sealise, (ﬁeohterMCM'%t(MW“@r fegrierite,mpIdeRits; €Ol A, and Zeolite
P. ]ieg?,l?ngcfr)eé\%ﬁost%gggp%) Se o %1(? étﬁJv%qgé(nth%ﬁ: ?&?tlgsz Il%nﬁ BE %lﬁfd dﬁ e w. Breck,

ZEAIE: MOONEUDARI StV Ea[ thnewueﬁatd SémcNewyY diecHTde t he
sorptive character of the nol ecul ar, si eve,

[00% @g ar SigniSeampdifioranees e bekyesaith %/V&Ufoéiﬁﬁ}’rﬁ]éet’é?gaélg ,pﬂugﬁmatenals n
B AT B e X 8

diffeacki6h PaR@ns. iThe nivlvdulg sivesbeont Avagplorsérhies af ﬁneﬂdgstals or are
Zeolite Y is' the nost preferred

synthepigerd aefite PavHersIdeEe pg;,fergblg@@l%tfp 1?%@3??%{&5 larggsgggle adsorption
usey; fbﬁglgfg}lh%% egl%'as W lglo%rvﬁl&glg%%re éaﬂg{a%w ﬁec%edcﬁ? c%'}g‘tlve character

ers may inc ei t ner umna or si
of thé friﬂ)leltchﬁar Eﬁffﬂ&i’ogm/ﬂﬁ eafgaﬁﬁtoesatéc@ammdaiapmmyaremams essentially

et a-al um_num and. m xtures there rfjcul arl .
unchugied PRGN sdnarbss IO He 6280 Biesh g Lo He chhips i dhumina or
51115aatpg§er%d R Rohif. }gglngag%hﬂﬁmﬁ RE RS OMBENZeANRE Yt 3%he most

fefractory inorganic o e may be present in a range
pre&frreﬂr om 1 t o 95 Wt-% In an enbodi rrent t he m)l ecul ar

W | present i n anoun I ea 50 wt - % .
(00491 { hda 3 §@P9@ﬁten‘éﬁl%i3 et At %?\@r‘éi{]xll ‘&ﬁu? ﬁ?m‘alfnatlgn witha
reﬁ‘%ﬁoéﬁﬁﬁ{ﬁ o\%deg@lﬂ&ert]ﬁﬁdgg 8Aahde élﬁ%g Qllnn-ma?or silica with the former
cu Si SO

éve 1 n the adsorbent of the present
prefoted nhi gamira-Anhhaceta-ahinnigusi and coirtures théngof eimg paticwarly preferred.

a f idity. level,
The e s gh Ay oL BB &0 e E5BOTYS 19 5GP pasgipt and the
reﬁ{iﬁtgﬂpn%ﬁreggﬁ%rbx?& th éfééén@ﬁf a BBOEF FFBRL1 10 GBNIANS Pdh embodiment,

ar sieve e not desirable. Hence, acid
thewasibdulay sievy Wil bd @sdsemttih en tmoneinafiaé leabtikd) wt-% of the adsorbent and more

preferably in an amount of at least 70 wt-% of the adsorbent.

[0020] The molecular sieve in the adsorbent of the present invention is acidic. Using
silicon to aluminum ratio as a gauge for acidity level, the silicon to aluminum ratio should be
no more than 100 in an embodiment and no more than 25 in a further embodiment. Cations on
the molecular sieve are not desirable. Hence, acid washing may be desirable to remove alkali

metals such as sodium in the case of Zeolite Y and Beta Zeolite to reveal more acid sites,
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nmetal s such as sodiumin the case of Zeolite Y and
Beta Zeolite to reveal nore acid sites,thereby
w0 p@seezng t he adsorptive capacity. Al um num PEHUSI0041¢40891
out of the framework into the binder should al so be
avoi ded because it reduces acidity. Incorporation of
Sone IeveI of cations such as alkali earth and rare

ther?%élﬂ% amg% %%ga?lgilﬁe ? rP%Fffi é‘ﬂ?l{utn)l\/( . J"%E@r&\fﬁe frﬂﬁework into the

bm(ﬁJr dRdUd Blso b A Sidéd Petabifieit fsducestacilityf Inaﬁi@‘vbf}mbn alf sorme level of cations
grating out of the framework. The_ | evel

such h%@ikpio eaith and reve qanb clemaniigtostraliterXiss %wﬂf joppray hy thermal and
{
v i) YL 8L B LR PASR b MnEEL RS HFamvon

alufivigh inlﬁat&ig'@lt @0 tHe(fBdnt dvwstk Fhd leecl alf h(r)doqidrﬂfbncrﬁ’ttm gasions should be
in a downstream reactor, such as an al kyl ati on
suﬂiqiemkydpwp avoidanhihiting adgareiie per{grAnGen dhe calcaif @ﬁve adsorbent of

o i T S AT gt

dowﬂfédeztrﬂ ecadtir etich as ars hleylation er tm:msﬁlkyhhbiy unlit. fll@wewrt, when the
:é9021 As |nd|cated t he presence of matg dverse“% »
alkydpticacqatalysy isppre erersivefhen fhegrolephlasiqye adsmbat fhg pomposition of
it
the 50 Bea B The RGPl i Rl e e 1
[00211e f @gdndiatad, T presdnae oﬁwewe adpeagety dffattomilsbptibe of nitriles on acidic
benefi ci al . The water woul d c

W th e for., ..
molgerdar sieves At anbisnt temperaBESs. Cad %FW@B%H&W@&@M%t npigmizing the
df8%h f F
o S 10 D U DOUE T A B v
would chmpeWm:uhb ONGS fov ad‘»somptmn smlle!; rthérehy reliocing the, capgity of the

molSHELHEVeHOF ONGSt WgaHAHe COREPHALLA OV deiP B Sy B A gpgferentially
ads?rbg LAk 1‘&81%91%?1‘ i@\te's Qerditriitd Hol\x%ela%etﬁlﬂﬁ@rfound that in the

enper at ures. ough not w shing td be bound b
preqeacé ofatl iaexdebedvs yoncestrdtiehiof watedreeidic moldoakar sreges adsorb a greater

conpBEaM af MEFSy &l LG BRI DB UEL 10T P Bgheungpy any
partf@fi & thec}rg ew@bélfe'vt: i lﬁﬁh@g at ir&ﬁfﬂder}ﬂlx’q{aﬁk Y& &dsbofb éﬁﬂ) ARSacidic

or am ne¥ over the acidic nolecul ar “si eve. The basic
moknildesiewr adaoibants Howeneratistbe brescnce of mateacthe niriles Ice\‘eh’tlaally

sieve. [QQ22] The cont rocarb eed st
SR RS RSB e b e i
theﬁ]haé'o?lg@lﬁo%é%ﬁ(?& hlechPRQicE. aci dic nol ecular sieve in

e presence of water at an elevated tenperature in an
[0022ib 0 d i The Rbntamimted leascatfdedsicamdoboperifibdnf GoOEChould be run
in an _enbodinent,, int e range of]?ﬁreater than 12

throngh airagsnAdsTRHOB NS aﬁlﬁbc Rlegulat 3ievrdp the EHRNTE waater at an
ele\L%e(f Q@gﬁ%ﬂ%@ d}’pgjhéiﬁg%niéﬁt AP RGst 1D0eC RAEHS HiRe tHént3b6° C, in an

sor ould be in the range of 34.5 kPa to
eméddifict, kifthe tgma @€ prepr thand06°@sidyio Hthﬁeth@N@)qP&‘a dmih th afurther

b B S5 o LSRRI TR e 58 shouta e
thel(rj%%@'d?g4 BNl 1§ %13616 kPP ggao gé)S(S %o 500 Psif). ThwioNE dadirghsm the

| oading on resin a rbent is
molecular sieve adsorbent may reach from 0.6 to 1.0 wt-% before regeneration is needed. The

ONC loading on clay adsorbent is 1.5 to 6.0 wt-% and the ONC loading on resin adsorbent is

twice that of clay. Because the resin or clay adsorbent has a greater adsorption capacity for

ONCs and is less expensive, the impure hydrocarbon stream may be run through a
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twice that of clay. Because the resin or clay

adsor bent has a greater adsorption capacity for ONCs
w@pasie14bess expensi ve, the inpure hydrocar bonPGL/USRN/040891

may be run through aconventional clay or resin guard

bed to renobve the basic ONCs before it is delivered to

the aci di ¢ nol ecul ar sieve guard bed to renove the

conggﬁlowall q%aya%rsrgelg gB%rgl I%ﬁ &?%E&{V% tlgg)ﬂ)aes?cud)ﬂbs% ¥t qyé‘élﬂrered to the

acidi®MeeRtiiap BidVe AEkE0 bEER rehRdle tHetnitiites. Howevead thealbidéc indlecular sieve
install the acidic nol ecul ar sieve adsorbent bed

guar;bbﬁdswle@ﬁm@dwﬁﬂarm&% thehsuvive therongerripaak adserbent bed. It may be

pre%fa?)? rtg ﬁ{qstt?l? i atcﬁzplglglne\(}%{ %lgﬁe;%dsg%’g 0 r]% e nﬁ dgg’ggtgl%gufoénm unication

witle iR tbHntinileddorbbe beai Héme mllestis portivh @f theadBwsnd &oin the
bed. Mbreover, because the tenperature of the effluen

conyensionelrssedanidiedishaar exenterliydaed e goidigmpleculantieyr adserbent bed.
More%%r g&%ﬁ gg Qe t{lﬁ: &'tﬁ@&hﬁ&t'ﬂbr‘?ﬁ% %gfrl:;halbadgorbelg bed may be

onnﬂnlca conventi on

ambiBntUpBéat eﬂcfhaﬁgmmiy Iedifuated in téwhdnealmatonanhaocdientwitethe
to adjust the tenperature suitably for t

consiensigmBeisotERt b qqeaﬁéénuwrea@acgfnng%%npnaﬂqbﬂlg 3ﬂteadsorbent bed to
ad_]lgsfé g{eggrﬂéelfaﬁﬁ 1}1%8 {%g 'Tz:(])t Q&Gfbeﬁﬁﬁé?ir Prehle, gﬂgaé@"a éJorthd% of the

r co eat exchanger an
efflp&it tﬁio(ﬁntlﬁfcohmueflﬂl adsorberdt Ibemm]]] be hesitd exalodaigarthavhdal exchanger

feed to the hot ad an enb,
O LN T LT TR L —
[
i SARRASRSI S 47 AR AR RETh il BECRASobdis n e o
adsabest bell @de 1t'|ik1 éedvia tar alkybatior ahd/at trat[sabdylatlba reaction zone.

drocarbon feed strea houl d be between 2 0
[002-.%/10 Wi BRIV cpResEAton «3’% t_g%gmére?ﬁrg@l %ﬁ%’e ATEAT wa%ﬁ?ﬂwen 20
[ .
oo 8 B AR LB oo A b ol n ool
sievid guianhbedn it ani @mbedifents theerdtertoontdntratiomsterdd bestoichiometric with
nitrile to amn or amdes 004 We have al so found
respaghto tbﬁé"fﬁ’reé%@h@%u | ecul ar si eve

[OOQ?’]ar d WeHave S RInE fﬂﬁ?the &@ﬁdecbﬁ' v@ﬁerﬁﬁ %@lﬁ§&5ﬂ§1n§1§vea§uard bed

evat ed t enper at ur es. e accunul ation on acid .
redades chiee fopmetian au theiadswbars stedevateditmpératitesoCpke mummatlon on acid

R e Bt UM BN s s
bet%rgcaﬁ%g R, GG By Sildveding ttllﬂeecdi@ lFSEHtRR oRItRY £oi@ Hifdsdthe

n mai ntain | onger cycl es bet ween regeneration
mokodlangievet giand h@i@amlnalatasnlppgar@ncleabeiwcmyregmatmn anidphaintain
cycl es_of operati.on becaus

maygmym ?‘é%fﬂ?t}oé‘ C@P@%WV&%\WPFW?? &s ok R t%%@*f%ﬁﬁ?@ewaﬂon

cycfMNIGR ﬁl?@ Ess%%%rﬁyguard bed cannot be
regene ate pent I nstead, the spent clay or

[0028)i n ']]il‘ﬂ$bnimtldnaiy:¢wm resdp gwerd imdl cambbbe wigenazatod whine spent. Instead,

rese i nventio be re ner.at d The
the §pg§; g @5 F?fnb@&sﬂ;lf;? %@ﬁ?da PSH ﬁ%olgciu arsiqyeof gged)rssgagmgentlon may be
regBRerAEY l’ﬁfe Ro1EMBar HvelddErddRAMEy confiin biordRoR xR Beds of molecular
mol ecul ar sieve adsorption bed is reached; that is,
sieve. As the capacity of the on-stream molecular sieve adsorptlon bed is reached that is,
preferably before a substantial portion of the ONCs have passed through the on-stream
adsorption bed, the feed stream is directed to a stand-by molecular sieve adsorption bed in the

adsorption zone. The formerly on-stream adsorption bed may then be drained by passing the
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preferably before a substantial portion of the ONCs
have passed through the on-stream adsorpti on bed, the

w0 ewd/osdeeam i s directed to a stand-by nol ecul BET/BEE0€040891
adsorption bed in the adsorption zone. The fornerly
on-stream adsor ption bed nmay then be drained by
passi ng thecontents to a fractionation zone.

' .t ' ' y ' ;
conlih Y b BrE 5hohiod YOARR U 00! A0RERAAI o ot
adsé®eer R atRsadsbiphion bB@ inayde wegthe@eesd vitl £ho0 rturblygas stream or by a

carbon burn to conbust the ONCs fromthe nol ecul ar

carlgincyen by camybushiheSANE? fremrihe malesHir SiFke ARy anppther conventional

t ed ad i i [ )
mofy e PRl R BB LBE Bt PSR PLRARE PG o
adsbiPB3Bbedricatid capdoptot i ve al kyl ation of aromatics by an

ol efinic alkylation agent as catal yzed. hy an acidic 4
[0026]t al Y& the selsetivy dkylaomelaremaicaiby aneHC alkylaon agent as catalyzed

| east. 2 . -
oy i AR R oy AR B2 88, may b

brahdiRd 9P hddr olefina] dither Riminabordhefhah olefingOThupatht ispeci far hature of the
important. What the al kylation reactions share in ,
olefip s Pamsicwlgely impertagaWhpighe alkylslien Fragenshaisde comgmon is that the

e i i i XalaTe A . i i .
b R PBAL Yof E BURAR SOR Vpai  HUA racity
achievad fdrahe lofves alshders Wnmijigstinh ecdctivepresdueés. Aspongtthy losvee olefins,

and propylene are the nost inportant .repres

ti .
ety ATk TP eTecn i ek ATBRHA PRGN AV AIONeITa foeg sfggam

A I fAD] :
ol MRS 5O TARE PR B5: By R AR i o s
comiprisigoptopylend wilt breatiedsab ert-Vmphredvithgthe bhlangeincluding a large

proportion of propane, with so ropyl epe feeds [
oo ey RSy B PEP B35 55 RIS fccs
wilg%lggzgﬁ% P%\?g@@%‘c—e% R 'Mn&fket%ié ?éfﬁdiﬂihgf%léﬁn‘é‘,f thB8lasd &detergent range

det érgent ‘range ol®efins is particul ar
olefind 1o particilar mterbsisEhis olasi @msisfof linemradefoisebntaging from 6 up

contai ning from 6, t hrough 20 carbon atons which.
OB BPISALE T i FERA QRO AP O Apf fnger olefins
con%iﬁi‘h?'ﬁ% 81 96 Bér?@rll LoRID 86 pRtidBaFPNRAN a8 HOEE A Ange olefins, and
partFcularly useful as detergent range ol efins, and
thokdamaining thanni Mgp fo bhrdbongoms atedespemadtyrprafemed fendstergent range
specj al |. referred for detergen an ol efi.ns. .
olefikyhiaipian Egersressly B RGViGEd B Al [u Rypefigph potvaliytbenzene in

bk i 0 9)iMa K ¥lARN 2888y IbEhARne and dii Tb
2 “@%ﬁ%ﬁ%ﬁ/ Irﬂ%\at%lng% z%dg ?tl?to% zone. Di e¥ hyl bg% Ezu}e n el,1 SopropyThenzent ate

probutinett byirbeiny efeolpaikl térizengsiibasyhi prowatecsuah elkplation agents.
(003 ey diePaedb BHES ] S PRE AR CseC Ay e PE e e aromati
co c}g@n%g% ﬂxg{c’ch&ﬁiﬁé lﬁé\ﬁs‘gﬁ at by 81k9fatibi utRtrikliR iRriotRE @M Bid ifivention. An

y be uséd as an alkglatlon substrate
aronatit Heedstraarh incxy commprise fiomv/etot 9 hmolfyo hergaee sl maybe a recycle stream

o BB o R b ey R SRR Comfttids may e

sel RHQOFGH RN B hA BonsivRE S RN naphthilend affi@ddefe, phenanthrene, and
conmpounds Tmy be sel ected fromthe group consisting of

subisteinderivatayds therbein €he mostinmpordae, clash efisubshituenis founddon the aromatic

nucleus of alkylatable aromatic compounds are alkyl moieties containing from 1 up to 20

carbon atoms. Another important substituents is the hydroxyl moiety as well as the alkoxy

moiety whose alkyl group also contains from 1 up to 20 carbon atoms. Where the substituent is
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substituted derivatives thereof. The nost inportant
cl ass of substituents found on the aromatic nucl eus of
wa@bdogloets2bl e aromati ¢ conmpounds are al kyl nDi ePCEES2004/040891
containing from1l up to 20 carbon atonms. Another
I mportant substituents is the hydroxyl noiety as well
as the al koxy noi ety whose al kyl group al so contains
from 1.up to 20
on gt e Sy bBos GERYP o R Moo calf 1 bl WA sho bitEflnic chain.

Altlhﬁlgﬁlﬂlhﬁibsimhit@ﬁarﬂﬁnéﬂtﬁumméd bénzen@shﬁaphihakﬂeh,mnghacenes and
unsubsti tuted and nonosubstitut ed benzenes,

phemmhneh%ﬁ apawst effRrisse hs pragtige phbHRY FHtSReROTbstiyted aromatics
also) %}{/E ugrﬁ ?ﬁy%tp éié{la%;po ﬁl‘fa%leféﬂlgfaﬁle' a?c\llﬁﬁd epa)unds in addition to

be enp
tho@@t!@”@!a@@vdlﬁcl&dé biphreyl atbkl)éh@b@lblne a]nyilmjzem pnmyﬂ:mmne; n

addition to_those cited above i cI ude Dbi Eﬁ‘?
butylbenzend pe&ty}b@ﬁ%qneehqwlhggz%n]gp %1&91[1% @ﬁ ggene and so forth;
n ARRLY! n X
pheﬁ %ﬁleg(gbéggébﬁeé ocﬁ'y ng‘gﬁé( ﬁg)}ltogﬁd){)s 0 % ﬁqox lﬁ%nr%gne and so forth
[0028]es OlA whlkivasiby,of ettalysts-can pe agmdiy the dikylatign reagienmt zpay.- Suitable

hexoxybenzene, and so forth. [0028] A w ari et f .
catalytsioy ysesinthnTeselionsene mllﬁﬁ@%ﬁ%w&aﬁ%ﬁ q@éé‘f"?scﬂﬁ’t Jufies deleterious

effe%ijs' ﬁ'(ﬁ'ﬁ s &@geﬁké/ (?i‘a\?attep ﬁ’rﬁﬁﬁb%% bRt dnBaCquaB Bty 2 Wt hdy be tolerated

onprise any st t s not suffer "del eterious
or d%ﬁiﬁré&h&hé pm%ﬂcb ef ﬂmaﬂ@mmnafataﬂmt X subBtaafiglrquishtity of water preferably

eSO EF GORCATEOBR U8 el FUSTHTEDY Ay BROL 4610 Gt Loagt 50 wppm.
Theséiggﬁf?(%}f ! ?&l,tlo%%ﬂé 130 YRk cBYitehieSral hlﬁléﬁ%ﬂ‘i\ﬂb Rker 200

ron in reactants entering the al Kyl ation
Wp}im aad Qf) t@1 000ewppm ob mup@ ihe Phefeabkydtalystdor useae thinimveninm is a

zeogg@ patg]ggt ;a%?) ﬁartglgfgcc% %g g{Vﬂ%%@a‘&BLI L }§ h%ﬁ%e% 1rr\l\gﬁmna ion with a
reerEtSfﬁh %qmat afﬂe\/b?ﬁdefr Ofrefipfed 'bﬁ1dteﬁ' e hIMBIY b:lidaS Saitable zeolites

zeo The catalyst of this invention wll
include aédlye bﬁalZSM 3, PSEBRIMOM-22 MUM 13 6 aM(NL+4Q¢ auat MCM -56. Zeolite

b 9 B B i LS 502 Y T v

aluéﬁl\% Cﬁ"SIlEJgI'B"I?&GI‘ MMy &2 zemg’\ﬁn MoMuft9na @l d@%&@ The zeolite will be
beta Is described in US 5,723, 710. Preferred

presdnk i at mount af afl lyast §0 artdo af tlgemetaifystmﬂ 1npes theferabdy mran amount of at
al_um r. silica binder or a beta zeolite having an
lea%{|7§ﬁz(tﬁ’g Ogﬁhesqaltarllisg bi nder. The zeolite will be present
[Othlr lélﬂfcuf?jfr cBditi&RSindePwhich %@Jlk?lﬂﬁoﬁﬁh@iohsi& cé‘rﬂﬂlcted depends
e pre y

erab in an anobunt of at l'east 70 w - % of
updrhthe amhzitiy somppAEPLAId thtelefianised; Sinne thoredétiandn sondugtad under at least
ation reaction i.s ond

h | k d.
partgfid B CoRA e sC BRI IS | A COFE frean T pat leas
Pal'fl gy gﬁng&lﬁ phiscCPOOIEHE 1HE Te @Ecticﬂihﬁiy Raddndaéted at autogenous

se conditions, reaction pressure is adjusted
presmﬂﬁ’ircssmem calh‘earxokwetfmma mdel rew ofldé)rl tkiPalt¢ 3172 kBseAs a practical

h hi I
ma{ggﬂﬁa By éﬂg(g{elo ]ré/d%l ggfm%g gtme ntlgf%%lgau?,neds%g Rﬁx\y? 6{9@0 to 1000 psig)
but¥shiliyis 3n e barkeen 2069 B &R Kpa (3004 600psid)sBat we emphasize

practical matter the pressure normally is in the range,
agdie thabpressiay B tioPa crtich] Gagshl¢ myd ezdoto ke spéfiiery ginky) to maintain at least

partial liquid phase conditions. Representative alkylation temperatures include a range of

between 170° and 250°C for alkylation of benzene with ethylene and temperatures of 90° to

160°C for the alkylation of benzene by propylene. The temperature range appropriate for
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but usually is in a range between 2069 and 4137 kPa

(300 and 600 psig). But we enphasize again that
wEe@smemeo i s not a critical variable and needsPe€DUR®04/040891

sufficient only to nmaintain at |east partial liquid

phase conditions. Representative al kyl ation

tenperatures include a range of betvveen 170 and 25Q0C

alky{lag{%lgl 512(%?3@0%?%@1’?1%& icg V&P.EHS tf] 121?9/(1)th th? olefins in the Cp to

Oti@ﬂg@i@ Sehveen r60ﬁ>xﬁ@m°CThzethttme§taisuﬂeempagmre range being between 90°
appropriate foral kyl ati on of the al kyl atable aromati ¢
andczéﬁ%@lm@tams eoveraliyipess threnetyibe AIEOBIZERS Hs: ass ey tage sufficient

ol PR ARS8 220, PR a9 o 100

[oo3tRact TRt satidITRUNS/dt3b]1P aBMatib cOmMPBurid e oaéﬁiylhﬁtl Inofhemmbss of the
at a mass flow rate sufficient to yield a lig

invension will sigpend upen dleg dagreerefisplgctive alkefion desivgd %%W%‘é paibeyelative
1 Yt
Y A T
benkéh‘éwprélfyléﬁel beremetdolefin Patios enayegras @owﬁs $ 6l andtak ‘hfgh as 10.0, with a
ation desired as_well as the relatlve costs of
ratiq hﬁ%/ Arte ﬁ&tbe@wsfemeéfWhpr@ bepegps e rikelatsd vitheethygrs, .a&ﬁnzene-to-
f
ot ey G B 244 gD BN i RSr g o o,
benBérﬂ:lfto&ﬁeﬁkDraﬁo ofbétkvean 6 atupaoafs hhthst30: ]&s@eﬂmalﬂ'ggsufﬁcwnt to ensure the

deshehalErieh et b 6 8e BRI Ia Al vehanre ety esired.
efe

R

alkydfink dgeny eiegrapylynescointdining stredno welh Syqnncally lakso GtemlanEpfop ane. The
al kyl ation selectivity, wth ran bef ween, 8:

propjene sigar HEY @n% ﬁqoyl Y Oriens wir%e propane and,ypially. e f{Opylene sream
f ol h a benzene al kyl ation

conpalgd@%togﬂan a pr op E?Mene al kyl ati ng agent, the

[00®2]0pY IThb elgtutioa iretction séneswilh oftenlprovipe e ahdleyvaies}oof undesired by-

cont ai n propane.. The propyl.ene str cont
proguaty Fop exannle. g disalkeylatione t*&?ﬁ?%w@i é{bﬁ‘g%(% %? hy?benzene the
reaclct oﬁ%% 8@{1:5196 dhéoqn an?tnfeﬂl n%‘%neqi/i’l RiQREN & oth&%l%}lene
tion reaction zone wll often provide a W de
condadisatidry pmﬁuctmcﬂaﬁnllaﬂsi ih thmlkuyialmnmof Heazenexditipprepyliene torpgoduce
al kyl ati on of benzene with e Iene_%g roduc

cunéqnﬁthg EspeHprR zonerfan pPEaduce gy apd HEsnipp en @&ﬁé@lo&to still more

conBs {15111 g{olaw:tg g@golé/ﬂkglgféﬂtakﬁﬂaﬁcg c%ﬁ&radﬁftﬁﬁﬁleﬁ@matlc substrate in
condensat i on pro imlarly, in the alkylation of

a triveaiketgionirédotap lt@plpklea:eeadqumnabnhuncmlkylatedl produbte The trensabiyylation
zone can rroduce, di-._and trilso nze

reaglinh 4006 A1 Tis W PIOnHIIRISE & ARUHICHA L ;iﬁt? 3ad Wl?r?&é’éesem n an
&HL%? LiUh a6 %19, OF B c%ﬁal)ﬁ?&{@lﬁbrqugfe§dbw| anad'rﬂtﬂﬁt bfat least 90 wt-%

strate in a transal kyl ati on reactor to produce

of theldathlysin Bl mosirvases klyd zeotitic patekystcagainTiheludessansnoiggnig ok sty binder. The
reaction zone of this jnvention wll a.zeolit..c

profegred igrBana Agids doyvoe 21 (it stk BB e gmma-

alufilingd, 8@ umfu ané’ ﬁfxﬁh@@th@f‘bbﬁbéiﬁ% /pﬁ'ﬁ@ulﬁﬂff Braféredde Ta kébhte may be
I'n an anount of | east of the catalyst. In

presans in £ eemgs of fremzﬁetol 99tWTeV@ﬁﬁh¢ gmaly&tgad thei mafrcioysnenganic oxide may

be }I)rrégern ?r{] é ?an%é IOP E‘o 1 toeg’S w’c—‘D Preferred transalkylation catalysts are a type Y

zeolite having an alumina or silica binder or a beta zeolite having an alumina or silica binder.
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preferred inorganic oxide for use in the

transal kyl ation catalyst is alumna wi th gamuaal um na,
wer@sabre num and m xtures thereof being partiPRCl/E81094/040891

preferred. The zeolite may be present in a range of

from5 to 99 w-%of the catalyst and the refractory

i norgani ¢ oxide may be present in a range of from1l to

W ;% Pref d t k i . t _
0055 P B BSOS 13RS Bygpatpacon
read®h&0AE Béd the sAY baSlyaN TRk %ﬁio@é’s i9 uséfli] foe anpiardRemeRGIAlkylation

There is no requirenent that the al kylation reaction )
reactionezons and wansalkalatioh kgaction. dfowavsh i ps beemtound ghag pbeta zeolite or a

. catalyst. .This process,i .
mgliﬁ’?tgnﬁéﬁlﬁ% copyaitied ta?tgﬂmfl gglidtefl" %Jﬁ{ g%rﬁc];erﬁlg %egiﬂ Yell when used in both
the hik§ngich kadcBbh 96hd Rdchd RihsaligEve feactidn hafe. TheBorq Wl the preferred

that a beta zeolite or a high Y type zeolite contained
embadimpntfighis invention dr thgiqumepe perdexh Dath yeagem zqfss Wil ysgithe same
Ln.Qoth t t4 j . .
cot Py AL S LODERIR A0l gnd wamsatitaion
zonBs§ ®ilepregdatdirnesdbdet® péoliad addV sypeueelitd, fuspedtivelyhAdditioraity,
context, both reaction zones will use the sane, i )
trangalkylajien reapaens ocew) inea alkyjption seactipp zensaand pdlgylation reactions occur in a
of et e ' I .at |
ek E e
[00340! i TEmay BS&Ghbleed Use At bédDoratnl alkylaticnsak oy tratdatkylation zone
reactions, occur in an alkylation reaction_zone and .
thataysry pmegidie melaelarsinye satalyst asmnadsorhpatopg fosithgipmoval of nitriles. In

eSS OB P 58 P LIS i o
shohidisjpasiatle adsodptical Aoyt atid Bndeliveeedas ah imabad kydcats mix with the

zone that _uses an acidic, no| ecul ar, sieve catal yst as
denifrpesnated plkilation sebstrate exping theadsrption zone-Howeyer ijmay, pppreferable
an. ev e
to Bt 0ot 2 NEHd BB SUINR b MipmRULGR?,
[0035]s or (thie @ranZNkatioictelitiodehn becaticd outin a brda! hage sfapeeating

cordifam gt e gSBRpRRLNE SN 1080 CI(R Ll BA and pressure
r ef t [ [ t
ranglﬁg )ﬂeogx? PO ol 3169 ﬂ’ﬁlgﬂlf” e dl%\t})ess .2@%@,'tﬂ@%1§?§ﬁ$%gfegld JBerally be

I On zone i n separate [ 00
seldctan®ahitythatdaciants evll rémain dmthelruohphase A w@otdingly, gpréfeoed pressures

R T
ho%fgfiesgéw \%é&a YO 'ﬁﬁ)n{ 69 56195 ch ?ﬁtﬂle lfgxathlé l%iﬁn A1ibRatibA taction zone

the pressure wo general ly be “sel ected
with QHDAGS frbe 0. acs Ant deingpteferestai n in the 1iqui d phase.
Accordingly, preferred pressures for the
¢

[00861n s diheyraasaliylation.and; alylationd eactiqg @onssdravibp aperged pgparranged in
G | Ll 18 ! ing stages.
AR 4 30 ST e SRR i o

Multile saithotingtstapes incthe bikglatian nenesdre boutidsly wsed fo movide Sooling by
5 hr_ being preferred. .[.003 The transal kylation .and . ..
staggdiagidHiony Taskf teﬁn%lgﬂ_@ge@a‘;f 1@5&0&{%&%&% la\?']ﬂﬁﬁd@&mn of the
reabtdni@ 34vER{Y Kbl fhg %fagﬁ%%gﬁﬁaﬂcﬁ%&?&tﬂ% beREAR I8 de temperature
enperatures and n er of contacting stages. "Multiple
contioit Etetalkydatinagedyst s driimaalyleytangédoin nndtipledneds tomeriniientgrbed
inj e%%igrcll otf glk?ffa%}/lé ggen(t:.oﬂllel sggargt% alkylation catalyst beds may be arranged in a single

vessel or in multiple vessels. This invention can be used with a traditional parallel arrangement

for the alkylation zone and the transalkylation zone where feed streams are sent independently
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staged addition of reactants to nultiple beds of
al kyl ation catalyst. The nultiple injection of the
WO e@semd2E serves to cool the stages between aP&yUs1004040891
catal yst beds and provide tenperature control. The
al kyl ation catalyst is ordinarily arranged in nultiple
beds to permt interbed injection of al kylating agent.
e r | af i :
to eiERERARhE oL B AR sGeBlRY oo REE TR f, FR1GRon ome
may Mentsefies fiew alrangeaest withhhaefflnentiftdno thel tramaalkylatidn zone cascading
arrangenent for the al K%‘lf ation zone ,and th

to the ellalon, Fenci e e addiuE] bEREIS T Hatriersy dn thelkylation zone, a

larglg %Qgeggpgﬁé]{zgﬂé I‘ﬁaz ?g% .tﬁl‘iﬁ% }Ft %’ég%e% Qr ﬁl)lla?féﬁoﬁ ia?taf;'gtf bdd8 With interstage

eparately recov Ive the reaction zone
injedfon bballeylatiseageasarfd amy additiang eywentitiasiof benzeae eAlklylation reactor
fromthe transal kyl ati on zone, cascadi.n

to.th
offlagn gecaele SnAy,BebealssA givaniapeaiily 19 Biarh Bt il Ceplygt s for forther
impf&Venttnt iﬂeﬁ%@raﬂhg X{;]lﬁfd tho e nBed R Q@tliiﬁ&rféi $8nQimption of fresh

enzene may pass through a series of al kylation
benga@tealnytht stxrtdSlom hrnarigatmentst copemomjesselimoay afntaih kytaasallgdation
agent and_any additional quantities of ben

reachiORYIOBE PRHORLREARGTE AUPATgRAFACHR yees. Fityyeny epajinitggparate vessels
for ?{&ﬁ%ﬁé@ﬁ?% atd st?)@& B o WoH Mbid Wthh LAk AT caRRHS bEd)sL may be more

nprovenent I n tenperature control wthout the
advastegeouer addi ti onal consunption of fresh benzene. In

the series flow arr enent a co n.vessel
[003nt arhseRarkigh sansyiTals B IRREPTS I HREPEIHCtoRS ogprhead condenser
on af9&dst &&Mé@i%hﬁ’t‘ﬁbtf &AGthh A2 &9RB%on Z6he M8 e Liaddd®r Hﬁis%%aéation of

separate vessels for the transal kyl ation catal yst
watanffoinra cverhead etraain srivtha kdkyinatfiagortict off the aropwtis hydipcarbon

re advant ageous. J0037] A.separat.ion,zone.wll Db
congisaters teueagah o5 ol aR EHBF GRS ARD e oHELgRa 1 fcult due o the
high SOHBMBEES Whtedh HeRftle. HBRevdraohlOnat! AMhé BénseRe difeath facilitates the
separ atl on zone may be used for the separation of

remoableof nitrides. The overhéndaondensernfiadetzetesotummmay bt operated to reduce

NN TN A T —
001%12% ?Iiear%/yr&%‘_igé a BB ch® sibddeh Wit R vidruBhbdninitioh oPs0 &Y 150" wppm.

wever, sonme water in the benzene stream _
[0088ci | iThatfesher ldesaription af erobodiingents [of the prpeese et ipatitus of this
. condenser of  a.benzene columm be o ated to
inv RS DIAEA VISR TCBHROER (A PO PELE 0r<ay P BEtish Senpgsgh aspects of
emB¥HinBhiS LFRMI it &itioh A& Brcl 0P Mtéhdd S BPANhERfiof 6h HEbefBiIly broad
provide a benzene streamw th a water concentration of
scop@of the 1B@ntippas sqt 6odsin tinelafmg: Of aecegeits sepe myscedaneous
enbodi nents of the process and apparatus of thi
eoRGTOe e g DGRy SR Lr o Be et gefhsat g, sy have been
omfte8 Y the [ Bw eS8 UD1ES HARE K EREI bnd@ HAGHBeRhrydoP Cllefifedidomplete
of the invention and are not intended to be a |
understanding ofithoprockss agd appaittiny obihe atesgeidpecnsipn @praillustrated. In all cases,
i nvention a orth in the clains. O necessity,

t f
the PLoFEss s 8 Cop 1%‘??218@§°°§%5purt enances i ncl udi ng val ves,

[00B9[TPS FISEPANAIRHeS an ERBEIMRASS thRAS iR saiaNGe ffe prédittion of
have been omtted fromthe drawi ngs. Only those

ethylbeszshe. A ntdedn perspridegetbzleye eniers shepreagss #he line hpped is injected into
first and second alkylation reactors 20, 30, respectively. Although transalkylation reactions
occur in the alkylation reactors 20, 30, alkylation reactions are predominant. Alkylation

reactors are shown as upflow reactors, but downflow reactors may also be suitable. Ethylene is
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under st andi ng of the process and apparatus of the
present invention are illustrated, hi all cases, the
WEe@SM6R20 S a conti nuous process. [0039] FI G HCT/US2004/040891
illustrates an enbodi nent of this is invention for the
production of ethyl benzene. A stream conpri sing
et hyl ene enters the process in aline 14 and is
. . inkected inta.fi 0 L. QR 700 B
injegh i B AR i S 3hp B8, 37 0L b TG BRERY ok 202,300

¢ pride €l Entiynintd et d Pedd 20f, 36a¢! Thiescalilyst Beds 24dkfy Bed-if oontain alkylation
reactions are predom nant. Al kyl at |}1(fn reactors are

catakysbioreliagata penzsie pad ethulese taRredersRIRIRANZF L SeBrancip g line 10 is fed

al LI ob S ni: i . .
o oy 5 IFy B8Pl £ T RV EEE St i Ra o ol 140 n the
pre-BE@ spee 26pankentdd thetcatad @ bed20d The effarnt fromrthecatalyst bed 20d is

_catal yst beds 20d-f, 30d-f. The cai)%l éft Egds cﬁOd- f.
mixgd with Teashehiviens fiep theiling 1¢himfhg re- ags PO andyenists o the
n I r: ' .

GO LI Tl R AR BT THE o gttaion e
20. Wikbegt thrdertatalyat bydsrara stoowai ihthedlkylhgorereactors 207 80] mowe or less may

14a in the pre-bed space 20a an nters.the catal.yst .
be sitgbloGatonnehiehQERS GHAnt Hanciae Sy SISBUG 61t 2k gnsported in

R Y0 B0 Db 0y bt

18 praaizeissble slkykatiemtenthetaretbeforaitibédelivefedte diss pra-biedepace 30a.
first al kylation reactor 20.. Al thqu three c |l ys .
Eihyjeuainiscio HOVS PiF- bPar o b fher WAt ot Wit e irediat
| e ' I j I3koM | Pukd ;
alk}g%tﬁn &ﬁ?é}??ﬁgﬁﬁlﬁgin%qlg and e*mt{(é{/sﬁh@@é%bl%t%eﬁ 3604 rg%é e process is

uen irst a ation’reactor i's

repdatanfop thretcathlyshbads| 308 end 80f mdtthe alkglationi reattoy Eftueninfrom the second
reactor 30. A heat exchanger 22 .cool s .the. effluent.in,.

ol S i Do e SRR SRR 5t R ion et

h bnal ' 5iR8 tHRbEHPE e SRAE SontdRvalve which is not

efﬂ@ﬁgﬁ%ﬁ%haﬁb{géﬁt@gggﬁﬁbi%g 1p?e- blggd sgraece 30a frg?nV? Eve cHismo

sholvinnmag Bel hedteeim aheater bhbeat excrangetivetieh &l alspl ot slewn, or both.
ffluyent fromthe Line 18 and enter he catal yst bed

Ad @Bl.lalﬁlf’h’élogea e3sradodaion 1gagiors mmay g’& Sf“g?’btl?'he cat al yst

[00 ds e Sgkgla%igfl r&fatbrd BE 30l |a6!fah?i]]§}l‘19l§’6ﬁ Rhct6f 50 48REn in parallel,

rom the ond al kyl ati'on reactor 30 is transported
as showa i ETG.dn berrazhe fronvibe line 40 i noated 20 thEHeanadlkylpen reactor 50 through

it L ST BT
dieti§beftend ?Eﬁganaﬁ@’grﬁt%@éne TERS &ontihe beBBesd ¥ BB ic§lumn 90 to

al'so not 's Additionally, nore or |ess
mixaivity et hennerredn theolirss FPatp pvevidei transalkylftioodeqd life 38dhe

al ation reactors. 2 30.and.a.transal kyl at i .
trans {agpn EQgCioF 38 Copjains thres %ﬂtﬁﬁﬁq ’begssg (%ﬁ%(%nol%ﬁ?nﬁa[@latﬁn catalyst. More
or IBRABMRL Bf&'ﬁli}h& Used 6 4@ thafisdIBHAIRM rbfté. The transalkylation catalyst
transal kyl ati on reactor 50 through a line 52. A line

profbtesdransalkylatiquuileyesiony Mherereetbyl( S2em)s foan thDERenA &M are

styream of. dj et hyl benzene B) and.triethyl n
trarsefiBR i PR BTN SRR B e OE° o8 S geeter
corloBSRrRBADE BfhyitRnEM ahil A80W& doRcddt:@dénléf BEB and TEB than in the

transal kyl agll on feed line 58. The transal kyl ati on

Umw&wtadpn%dd@lnt5§i ns three catal yst beds 50a-50c of
[OOtélli]alnS €?J&skgfllo%lvtnl iIcl) %I(cj:alt %&tﬁ%ﬁé aﬂy}%t(ieon and transalkylation reactors in parallel, three

different streams are fed to the benzene column 40. The alkylation reactor effluent stream in

the line 32 and the transalkylation effluent stream in the line 56 feeds benzene, ethylbenzene,
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or | ess catal yst beds may be used in the
transal kyl ati on reactor 50. The transal kyl ati on

W@ 2008/0§y=20 pr onot es transal kyl ati on reacti ons WhET/E52004/040891
et hyl groups fromthe DEB and TEB are transal kyl at ed
wi th benzene to produce ethyl benzene. Hence, a line 56
contains a greater concentration of ethyl benzene and a

DE#ra\é\ﬁtSF Ohd %%xgﬁ% #@Ea&{ ﬁhﬁDEEE:B%%HQ f@ﬂ.&rftéﬂ)aﬁres femaeoeﬁzeg]e na line 12 is

run Hrobsa Eofeatidnal addodtitnfiehsélrAanpatainth@b bed46 ep6lapbsreksih adsorbent
parallel, three different streans are fed to the

to aemb ampuritéssineludiog basie O %ﬁrq«m itsrbengenerstieaaf A linerfi8 carries the

n the line
puriiel SRR bpbfigstieREodfe sk fubB R Y b A hllcdfillim typically
con@iiits 40680 800 whpavweter. AbBHehfent b@luhﬁfﬂﬁﬂbar@tﬂs i fedinto at least two
Fresh feed benzene in a line 12 is run through a

stregimpvA henzsna Foluassvsthead eté@@évommn%@qbeatzmer@mé thlenagne column
| o
gl S APRREISR ¢ hAeRIE AR IRVE iy ptween 120

and4§ 0e@! TThleonﬂétﬁe@ bvérhégickntdre s E’ecbﬁfﬂz efehivhrireliildsa tidpefor dispensing
benzene col um 40. The purified benzene st ream

undisppived pr {ree walehinrAslinnepar anddimht gasswinfalins 00bTifBeqseiae Jde overhead
hyd% OclaH;Uﬂ sﬁgﬁﬁ%eﬁ]{aﬁfnfa?e& fih Eﬁ@s 1 Eﬁlﬁl %tmﬂn{fc%slﬁ a0l 68 IS transported toa
Streans. Senzene ol unm overhead st r eam conpri sing

hot h@svrbdit vessel 7 White Hpnzienef del averhehdhpdrgtarbord strtenﬁlﬂ reffuked to the
enters a condenser 64 where it is cool

bengengrolumy fe B@t%ﬂwafibbdra??ab%ﬁtr@nm@ugﬁﬁg@é@ wppm of water. The
hot ?Q{?Jrg&@ de Q0 RS @bn?aéﬁse§ﬁ+t\ﬁ95 rﬁ@rlt;ﬁ%lg&lér@févg geg 72 of Eﬁ‘delc molecular

ensi n I SSO ree water in a line
sievangthich g»ﬁllll aW@NGE 1ﬁclhd11ng néifilesiaf appeoEimaconditivns. The temperature and
over head hydrcar bon am cont am nat ed. . wi

wateeanGERFgORiof F arsthead Ay (ipFRsbeBStream Inhe ik %Qeret%eilasuﬁed for
il S Aol L 00, B v e
the derhitrﬁgenfhfhd bEhgene\serede adtHe;lrﬁed@a:DhtamssmmanormN (Esl,evshlﬁli) is no more
to 500 m of ter. The hot adsorbent vessel
tha% 30 F@Phh femsEe § D ea fOHPr ST Bog s s Ufbegene and the
- t thylb
o RGP LAY BN LS, Wi B9 TEM e an o
colmﬁmser ature and water concentration of the over head

drocar bgn_stream t l'in re weII r
[OO§ ecthh§ éthé{&ea%%teucehmb‘t Q(E §qp|arq?eé§1§e ﬁ E’ﬁ& %eam from the
hnes’M @}?ﬁ'ﬂsmatﬁ)ﬂ 180 1+6b GtrBRh & Al ét%;lllﬁé&\éﬁe cdl%ﬁ%veﬁh@fd stream comprising

rogenated benzene streamin the line 10 contains
the prdduuﬁéthylbme@xlﬁsts théretbilbeszene coloma &Han 1B@ 82ppld is rcovered from

the BFas T LR GRS G903 RO S CEE FHEPIte g DERE L Peypically
1ncfuhﬁ1ﬁqgﬂl§§ r’l@]}‘soinﬁ 'ﬁ@a\h@r 15EI§§. éﬂl%h 44 bR heRMINBE, Yiktylbenzenes,

enzene col um . [0042] Thé et hyl benzene col um
trib@ 6y lissmpareat @hylbﬂttglbbﬂzenem dletﬂa»rlbumlbbmmmd dighemyletbanet Bbe

RO CREA K T MR R A p—

totHéPﬂB%hﬁM‘yd) benzene exits the ethyl benzene col um 80
l'1tne 82 and is recovered from
[0043] The PEB column 90 separates the ethylbenzene column bottom stream in the line

84 into two streams. A PEB column bottom stream comprising PEBs heavier than TEB exits
from the bottom of the PEB column 90 in a line 92 and is rejected from the process. The PEB

column overhead stream comprising DEBs and TEBs exits the PEB column 90 in the line 54
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the process. An ethyl benzene col um bottom stream
conpri ses by-product PEBs, typically including DEBs,
w({ BiBs/oemeh heavi er PEBs such as butyl benzenes, PCT/US2004/040891
di butyl benzenes, tributyl benzenes, ethyl butyl benzenes,
di et hyl but yl benzenes, and di phenyl et hane. The
et hyl benzene col um bottom streamexits the

and%%g(\écgl%%g &S}be%%@gﬂ@%geﬂfd t%EJéﬁrﬁgpcgffatlo ggﬁlgrﬁgﬁ tﬁeq nlt%al'ﬁ as
mm@ﬂﬁmmban@@mﬁ col um bottom streamin the I|ne 84 |nto
treans. A PEB colum bottom stream CO%H Si

[0044183 ﬁéavmépdmvahlrr@§ & wsesstworagsorbpel heds OPﬁéteFﬂEE?mOVe
t
ONER ST Uy oo Bt rcBE Gtk ot G BE 1B e s possibly
conféﬁﬁﬁat&m d/lﬂiEﬁNCﬁ)ﬂTHGSbeﬁ e oE’Eam:mi alagnad3Orbient lfehﬁwbs the bulk of the ONCs
recycles to be mxed with the feed t

whlier B élat wPrsznwﬁohe@éert %?veéwd T *’tdﬁ%fbﬁ Fhﬁ’ée@.ﬁl% %@& iqbeding nitriles

that%rggéb’%gﬁ%%baggﬁ cam cog%g}?ate to %Iemljllg C]{Icgsfeso:nm?he

[0048]ky | BIG Ahstommstpradeas fbabpatutus thhl mayf be dith/aﬂﬂaggdlmlyl uSBd when
substrate_ is possibly contam nated with ONCs.,
recyeds bmzerasfiom gRoBPLIPUEEs B SR & SHERRSVEQNADNE Bl I8 aoffacflﬂlé of the total

benfhiSushita faldMiBlaRAS AR EAly HPHEGUL Bbn b HEER ofier source is
posgiblysontantieatad kythaifitrides. AHcbf theede:ﬂcy Inatnemis ihat ddsignbte.an element in
Q045] FIG shoms rocess rat st hat ; .
Fléog ﬂé\%\?ﬁﬂ?@@@é@l asigdl af e 1 E ?@ Bk & Adfersry pni uration will be
ma.%@&’%‘lﬁr R Gnbot ¢ Fpe% sS U SRk dr’éPeE’éHE% hubRkdl will Sedenate

racti o t'he t enzéne use
conetﬂtmldb@dﬁnmts At Gonll wnd Behatdhayethe shen zemfgdratmlm Aldditionally,

althgp. Eﬁ%ggfé;ts Mﬂ%&&giﬁ ﬁ@ﬁattrzgigglyélﬁh lg}et&%tlolrsel% parallel, they
]&ﬂgﬁ&t‘p FHes.2 that corresponds to a simlar
cougie nt aFnH?FGislbut have a different configuration

[0046]l | Becshdeddemnmarictin a lipe il bissymiimbugh the c@ivvationad edsortrmt vessel 44
sane refer%%cé& umer al I, desi na e cor.

confainipg thebed y 0 Iesiyadsorhent to thBulgé gglugmg %NCS from the
ben%fiﬁfs'tl%h'rﬁaﬁb ArileRAl dxpRBIRY iYthe b 8B eflde i 1R 21 & purified

lation reactors and the transal kyl ati on reactors
benzenewmealhltghcaltyrwytaww% t0 800 pppat water. A Ky 4& sarr{ed Gegijurified
Fresh feed, benzene ne 12' .is run,thyqugh .the. ,
bengIRBRE 0 BF caEBrbaA oo bEEr Gso R O PREAL e i ding s
An&fler‘:slogﬂ(:e % bél?z%h@th%gﬁ%&p@d?éd %%oﬁ%ﬁpﬁﬁﬂbﬁﬁlﬂeh%@@ in a line 8 to the hot
I nclu fromthe benzene stream iles
adsanbents»ep@d: 7e. dThemenmefstreah if thedinedmmanke renyqlﬂbfrbmwestyrene monomer
The purijfied zene streamtypi.cal ly..contai ns
uniGiiq o) GRS ST S0 ik St 2hfs ik & T Bgpgion. The
hot RERAEAR vedsERAT dnfrikkethé 9&6%@1%&1 9ot il BRI uER 51698 which will
overhead streamin a |line 68 Anot her source of
adstubrQN Qe inchating mhdﬁp@tappmpnete@@nd@pns Af watiet eancentration is below 50

wpr(;jn?.l \;va\lltg{ r%gy néedto lble rl]l% ecﬁe& 1%tct> Hl% b%géene stream. If the water concentration is

above 500 wppm, it may be advantageous to dry the benzene stream. If the temperature of the
benzene stream in the line 8 is not at least 120°C and preferably above 125°C and no more than
300°C, it should be heated or cooled to the appropriate temperature. This temperature range
and water concentration are well suited for selective adsorption of nitriles from a hydrocarbon

stream by an acidic molecular sieve and will also adsorb basic ONCs. Hence, a denitrogenated
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adsor bent vessel 70. The benzene streamin the line 8

maybe recycled froma styrene nononer unit and may
w@ovsas2bet ween 50 to 800 wppm water and i s tBEI/US1004/040891

at water saturation. The hot adsorbent vessel 70

contai ns the adsorbent bed 72 of an acidic nol ecul ar

sieve which will adsorb ONCs including nitriles at

ben;%1 %g&g%% %\%\EE} oaaéﬁrlétgﬁﬁ%w&%e\gg}tg O@?ﬂfﬁﬁ%&?tagﬁféciig‘n evel of 30 wppb
is n{gﬁéazﬁiﬁﬁ tifetgueriet beiizenb Strdiat BY the (iRe €81 z[rﬁltthebenz&néi&mlmn overhead

0 wopm it may be advantageous to dry the benzene
stresmmeamhnef68t’ Heplto@m@@rmtr%@- e hepeenseyzandn glingdMh-i n

[00@ g b%gleﬁ% Ogaflﬁlgln{’l%g @"%Q?e%tﬁ %I(glaﬁér?pel th?s%v 80 and to the
trangﬂrahﬁﬂoﬂ RatBL5ORR6OM 4 5D eNpatAEIUTRe bdzkse in the 11ne 10’ is delivered
erature range and water concentration are

to tlsma }éeltltfrblfea@tet B andiepgeied wibretiaflens supplicibyf the llﬁﬂﬁ 14 over
appw\f)ﬂ ggys S Ssée?«%ﬁgﬁelax’vﬂjﬁgécgheﬂ@ h eﬁﬁlﬁzftloﬁ'e?fﬁ?en@ﬂldthe line 32 is

asli C

delidered té ﬂﬂ%ﬁiéﬁ@ bﬁmﬂxﬁﬂﬁ) PEEa TEBdrdnm f}& PEB Gmhﬁdmtmgn in a line 54’
virtually no down to a detection | evel of 30 m&

is mixedrvith dlwhemertewgeynrm thedineren jeprevideadgmsiliylatien fepdhgtream in the
11neé)§ th%tqg d%lg\?/elr e@gﬁ%ﬁ?ﬁ:&k&mpﬁ éeZar E)e %ge%ée{cgt@ﬂgg %et]jn]?B laﬁ({]?EB with

benkérdan ek reacEt@lOﬂ(Y roditices hﬁ MZceeHsed torramrationtdf etHyﬂbeﬁz&@ anil @ decreased
fed to the alkylation reactors 20, 30 and to ﬁ ﬁ .
congerirasian RY PEB Bl TR & @Fralgeﬂwwlsa gﬁh%;nr strramsipr the ne 56 relative to the

I
Bl o G D5 08k B, . i Sl i i o 6 i
dehet;]]@yllt@ﬂgt@nmielothym he I | ne 14 over appropriate

catal ysts as explained with res It to FIG 1.
[0048liy| e Berieene polumn 40peptrates thdeabniaaidenst et tpams. Agnzene

coREIBFAL gy 58 AR TSR L Alee SRR e 2

entérs tHel@nli¢rzer GLWhtre ifis ovoldé tcebdtwasrs IR whd i 70fiC. fledondensed
streamin the |ine 58 that is dellvered to t

overhead gaicrs,thareceryer eawbish yudasadrap {ghdisPensg Bl water n the
line (%% Wdtlfggpgﬁéseﬂlethé find 66 & ?1 ﬁirY SfhRIVRAIGE ﬁy(ﬁ'Bcarbon stream in the

reas ncentration o benzene and
hneﬁ&&i rcemamthcopstiiribenatneds r@;fycl%ﬁ) tha dind EB° itsrprawously described while a
transal kyl ation effluent streamin th i ne 56
prber st vk Yt (il kte G bedkzns Folie 40. A benzene
col+xhﬂ %o@%m SEQ I | Vgﬁﬁgé Yﬂeaﬁr fzyi‘t}éﬁiktne%h& 8)-15}08151% including

to t e ben ene colum 4
PEBhexibiebenene obumm i4GhskmpeTbirsisentdre tlfeeael@flbemtzmeaadm@

[ooeﬁ”mff@ﬁ%&m%%%&% §<9 'ﬁq%gp%%ﬁﬁgﬂéﬁga? SAHID yplifgfiream into an
eth%lggrld g@ ?olﬁ%m%fgrh%ﬁ‘& ?fod@ét é’tﬂﬁ'ﬁ&z’eﬁe in%he line 82 and

ween 1 and 1700 e condensed
an ethigbheade esiimndotthm streemi mamnéﬁlg\hlyfprhducm EEBd éstha line 83 which is

paspidymithe BEB ol He The CECEERYR SP stletidh (o PG uinalgn bottom
strdMCILREAPER %Omc?n{] sttddgn édn‘i}ﬁ'l » PEREh v Ahn"BSS {rVthe line 92 and

benzene 1s r to the line ' as previously

the dmcrolhmﬂ owhihka sireaorinitimlinef 54° mecyoled o thedramgalkdeterbisactor 50 as
st mis refluxed to the benzene col unm 40. A benzene

descri e previously.

[0050] FIG. 3 shows the transalkylation reactor 50 and the alkylation reactors 20, 30

M

operated similarly to FIG. 1 but in series. All of the reference numerals that designate an
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col um bottom stream conprising the product
et hyl benzene and the by-products including PEBs exit

wa b@shberzene colum in the line 74 and enters PEEUS2004/040891
et hyl benzene col um 80. [0049] The et hyl benzene col um
80 separates the benzene columm bottom streaminto an
ethylbenzene col umm over head stream conprising the

elerﬁ?rﬁ Elé(ﬁ?t tﬂé %%%é}}eﬁql Ig? ?':Slﬁfﬁl refeéglr%ﬁﬁl % ?%ut have a different

conHEmﬁ oWl bEERskddwiting dbieplirhe wymsdsu ¢ 3 (pmmde tlge dale reference
PEB col umm 90. The PEB columm 90 separates th

nungstrplyvibedesignate cotrespandioe elsmentsria FHTS nt ands3 ﬁeshw therpame

o R, LB O AT 2 BB TER | Bty o

case'iﬁled fcﬁt%ké @H@%tﬂbﬁ rédteort20ansagk ithasé’o ihste‘a& of bém§ frafsported to the
descri b &r eviously. [0050] FIG 3 shows

benmr@rc@amw tﬂmlksé%mn@pamr eéﬂeeqt Hea Hng§i e ﬁn‘éa therusedbenzene
b
socf i RPLPLE LT bl B on P rBSLLER sl b bonsene

colithfPovethéddadtrearin ¢iaip 68 dsddnitrazenatad irﬁﬂhe hbemehiculiansiBvdadsarbent bed
but have a different configuration will be marked w

72 i thehed aéscgbpmfé/egsy},%%m ger)ltromnﬁ@pl\]gieg@ne shgana pdine 10 is dti\berted to be
B ANER AT Yl 534 AR B8 SRR e v 54 fom
the PEBf dolih@ DO bafordl itteringaths akksallaldtion reaant5orin dint 58 Hie

fromthe transalkylatlon react or 5Q ngybe cascaded to
transplkylatigy piiluewisticatidn dhe iy Y00 Bixgs With{he mpnaining oggnated

benQ?rL r%gra%ﬂlqﬂ R4 b &l LR #sl'fﬁe DRPEESErGOALHTY 38 as g&%ﬁbed with respect to

ion reactor effluent’in a li1ne 32
FKpurlfled benzene streamin the line 48 are routed to
t he benzene colunn 40. A benzene strean1from

[005Hn e FEG chilenists alomnichams foranapparaius 48d gEOoPss tIor producing cumene
accgﬁgﬂ% e D %&1‘# ﬂv%nﬁ%g é?@x%g?@h@&i’gaﬁ{ inSi lﬁiéel R4S BIiP&IWith a benzene

hot a vesse
stred@rintarlipge02] adl diewme Hldntbdduasihie mmlxtune oﬂb)anzenejand@rols})dene to a first

cataliy %3@ iﬁ%ﬁ%@ﬁ@ﬁ%@%&egﬁ%%# Aruafonbees? 1 i o bea
doxﬁﬁﬁ) b%PalFﬁé]ﬂ’J\g é@%@ff)ﬁ Ha?%etsﬂﬁabtlé "’Iﬁ‘r%%bﬁl/}ls%écpfﬂa includes an

reac ransal kyl ati on "ef f | uent
amﬁlhﬁ@ﬂmtalyst tfovetht alkylafi6h ofipropyglent aivl hdnzemectogiroducg cumene. The effluent

froqnﬁgcla ctaa:t:p?lg;spetg%a gg q*? gngtérg g}elét%tgr?geg g%q{cg i n&%}gq;gcg dlwethﬁgr{ Stfluent from a
1111% FRPE Cholb@b hﬁeat]e'xc dagl éllﬂOSFén@iS f’ecgﬁ&i £ e alKkh1a0h $&LRB 20 by

or an appa at'us and process roduci ng cunene
dlsmbuﬁmdhm 106a-tchead fecelsintet llnwsvlé)ldfa-leoPnropﬁepc opylien E04divertad from the

o e e B BT R0 BB
efﬂﬁPr% 1?2 ! P B BRELRortirfds 196a-6 %@eﬁﬁ&el{*’ etheki%furk Bf f%@gcled alkylation

Ion reactor 120. The al kylation reactor 1
efﬂabm\md teopytena il therfeédinlat daet Hi4a-cis delaveredotol thewaspective interbed

e suitaghle. The cata ed 122a incl udes an
spage a8 VLG YRS YR e f MaRTEdge C&fﬁi&} ped 22a-e,
resPEMvRIG ARG 1O tHRIBBYG Rerft CARRS: be-ﬁrlQZBff,f teli®Rtively. The alkylation
effluent exits the last catalyst bed 122fin a line 107. A portion of the alkylation effluent is

recycled by the line 106 to the alkylation reactor 120, while another portion is routed to a

depropanizer column 130 in a line 126.
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fromthe catal yst bed 122a enters an interbed space

124a. Recycled al kylation effluent froma line 106 is
w@ombmei4by a heat exchanger 108 and i s recycl ePCT/US1004040891

al kyl ati on reactor 120 by distribution |ines 106a-e

and feed inlet lines 104a-e. Propylene in a |ine 104

diverted fromthe [ine 100 is distributed to the feed

jolet_lines. 104a-e.in.which. it .o ' ]
100330y Beerb appricanin § A (s Dbt e SRt dbent vessel 112
conthfB@s £bed ERPGGEN B ¥lay AR HENX i fethodt bate PN A purified benzene
kyl ati on effluent and propylene in the feed inlet

a .
stredrh gestaibdrd 9 to S08 avripreweidr isglelivered by gdineilia to healepropanizer

ces 124a- : whi ch i . . f
confBRERE T e L PR B Uk 152
conPRLBE Dechitfe SHIHSTIIEF0 wisbnd vt aibal tehipebatiie of at least 120°C and

respectively. The al kyl'ation effluent exits the |ast
prefeablyl greatensban 127C and 1 mptedharnl70°G. ‘Blsse peapesiesipay be regulated to

| kyl at i fil [ I AN .
o 3 e Sh L S e 15 KA R D A b,
temgéiﬂﬁﬁéjoﬂ tBe ehteleRdopesteagT inahd a1 3230 airesudt dfiheet generated in the

26.[ 0052] Fresh feed benzene in a line 110 i

deppopeiizereadlimn 3@ Eamericheia (neisbewpland hratagen gy from the

cont.ai ni a 4 ' ) i
derf BT e B A o TR BB R B i
distiRAbA bslungh. FQRsufficiSRGyaspisinhe deniche didtany beadsdyf the feed

line 116 to the_ depropani zer .colum 1

e 0...Th o
compepitiep an pther cangitifpn e nﬁy&@ina@%te% Hito ﬁ{eé}nﬁelgg ofdditionally, although
T o v L
provitie h eewdifteghahste cut. The ddibpanised colonmiDl3® rejeats piafd€and excess

These properties maybe regul ated to prepare the .

watprainga e cdeadaraanHinHiEng }3deHydmcargpnsicayicp fhag propane are withdrawn
LR U5 sileafl} i &fimhNg0.

torfigf Bl hiPl stteafin SRR SRR eab B0y TPEDGIAS e flnby

[0053at @B BEdieae columintielOdeqiep detdAeom el hottons3d the daprepanizer
reboi l er (not shown). and heat _take way fromthe

cohg@@,l%(bgyﬁhﬁ dipe é%@ aftet 1’&13@1115 gﬂt@é}ﬁ& | .'?ltl | Uy M}ine 152. The
ben?@efcﬁgﬁiﬁlf Iljé(ly @Jrc])ﬁeées QHeh AR thutnﬁ'le@vgﬁ‘leaﬁ istrbth 'c&'ﬂﬁ]ﬁﬁhg' BBhzene in a line

t water 1s in enzene stream because
1420 dtateni @etohmpbsticn sincant caxhprésingethylbénzone andbPEBs in a line 144.
maybe injected into the Iine 132. Addjtionall .
Theertsag Rewise R By 6o Snf L ma o REVIIIovios Yalsy cppeegiration of 50
| ot ' b1y'eRghet than 125°C and
to 15 3Gpfil Al o Rl DLt 20 CRATER Ly Bffhcl fhay 125°C and o
mothan7(EB0 The{l edsanined raermcdinte srcamsia thatiag 132hhassimilar properties,

wadiehheed, st eCam il & e don Hicoarbe DAL fo 1.
hot'[agi)cgg%ﬂt%} s Iggmﬂtaqﬁﬁ‘mﬁagﬂié BoRcRENGENEAROIEAT oL tHe removal of

nzene colum 140 receives feed fromthe
ONIGB} inohmingfnitrikes foep tlepaiied denzeok sineand 30the tine hel.| Theglen@@genated

after_ it is mx Wi transal kyl atign.effl yent,{.n .
beryzprice it i bt S Brte Lot B digrent e e e ine 102 and
iRy 60156, ITHe HInRBB 5088 il thd 1ink 86 is mixed with
to ai%fgan g%%ﬁ?@ﬁ?% um bottoreﬁ stream conpri si nigI )
an fitdmylediatezstreemanthpAERg dilnoropylbenzeney(DIB) in a line 168 from a heavies
column 190. The mixture of benzene and DIB in a line 154 are delivered to the transalkylation

reactor 150. The DIB transalkylates with benzene over a transalkylation catalyst bed 156 in the

transalkylation reactor 150 to produce cumene. Transalkylation effluent in the line 152 has a
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The overhead benzene streamin the |ine 142 maybe
provided with a water concentration of 50 to 150 wppm
wanasactsemper at ure of at | east 1200C and pr ef ePEU2004/040891

greater than 125C and no nore than 1700C. The
depropani zer internediate streamin the |ine 132 has
simlar properties, and is conbined with stream 142

del i det h
e oAU 0P « RGP VBRE A0SRl B hn n o
linedsidi c nol ecul ar si eve adsorbent for the renoval of

ONCs, including nitriles fromthe m xed benzene strea
[00541 t h&h¢ bmenesqolumm dotemi strp@gémmeéuleﬂéﬁ Feerliveredtg érﬂlmene column

180 2@%1!}6@1%?% eperlf)\'m\égg %g%gnegﬁ{elrﬂhetag r sl a+lﬁlf}1i1§]q$ Broduct cumene

wmélﬁﬁ%&fveﬂe'a(in B)hn@ 182 MEheldtnend Bolubertotiomsstreaain b fint 184 comprising
line 166 is mxed with an i nternedi ate stream

hydmm;bpn%hwglea thaspmepg Issiohyersd t¢ thedpayips 11 d 99 GBhe egies column
f
100 gOGRA e e FARa e R AR RS A e i

heavie@6¥@healiz@eant iewh@atvhadne dink D2 beda hbatvh‘eshmttbﬁrmreame's withdrawn
a transal kyl ati on catal yst bed 156 in the
in adingd84 kyl ati on reactor 150 to produce cunene.
ansal kyd at
0SS B L AR 84 PP S8 b

stre®AAZ pieficind thd Bnlvb@ivnahadsbebeht vessel 5412 coitfindig thbibed 114 of clay or
benzene colum bottom streamin the line 14

resig eflsoyleané and then icderitreeagpd inihe dot adﬁﬂ@e%‘f?é 19@!?81?%6 entering the
o RSa P58 0 HTER UBEREE  BpTBf Oy i 5

thatcvéﬁemndﬂtdwﬁnbl@t tlemmentsih FEG N4 bt vk b deffer&at oonﬁgmﬁt'mmgill be
ydr ocar bons heavi er _than cunene is_delivered tq.th

mmﬁe@wtw REBRUAIOPD6)- FtherHeafhewmegrios SBMETL Hit desighte
corﬂf%q?}[del@dél%&tsc‘ el ﬁgﬂ@ﬁ'tﬁd’t Ry B shifle EOYFidukAfonl A8ine 110° delivers

eriral in the heavies overhead streamis
freswifédidcennei to thee donmentidzl aiisdrbantrmsﬂl &$2, ladirtedrh6s tremsports purified
wi t hdrawn in l'ine 4. [ 5 sh a fl.ow o
bengerecia S AdSebeRy SptehL 17 5 By ot i RaieSioh 460 Papieifiigan acidic
! RAYERZERA the d
mo%%@or%%ﬁefg e\E/l gg g‘a*&% ?g Eééﬁ?%?%ﬁ%nfbﬁg bed 114 of0 c? a@prglgamzer
coluras il B0.axsmtdrmptiaterntretinen ailme 82 ﬁomgmwpe@panmer bedumnt130 mixes

WItQ%%W%@X g £ 18%3 q){gel}:xegl;egllzgqrg e i t n ga%tesﬁr%@%alﬂ I’[hzeelme 142 of the
benJ&R! c%ﬂﬂltn? Waﬁ is ﬁ@ﬂ&eré@to’%h@alk?laﬁ@ﬁ‘}ea(%@ﬁ‘ 26 ROMEkSVisS) tie flow scheme

simlar eerren in FIG but "have a different
offdGnﬁlogem&ssthamuh]lyhﬂaFBﬁaﬁked W|th a prime synbol (').

O herwi se, the sane referenge at.e ’s
[003Q)r r e S HErRishasA &%ﬁ?@n}eﬁiﬂpﬁ lﬁléngttfﬂﬁta%‘?&% Ofgat bed 162
isp Mquﬁréf&agyﬂﬁ};lhﬁh rehctbt 1’1 1‘@1 oﬁﬁé tefgesod dudsdralk aed demgnate an

enzene to the conventional adsorbent vessel 112,

elethéntdn FIG. 6 thanespeepdrsls poa sinikd elesrentimefIGr 4 put have a dlfferent

cong@REHPA Y DA TE: FOPLDEPHRCSTERE (©AuOipED S dheoame rference
nurfaéergffxg%gﬁs@% 3rrEBhing SRAMNRAN IROR €N 8nd @ tHabBave the same
configuration. Benzene in the line 110 is purified of basic ONCs in the conventional adsorbent
vessel 112 containing the bed 114 of clay or resin adsorbent. The line 116 feeds purified
benzene stream to the depropanizer column 130 along with alkylation effluent in the line 126

from the alkylation reactor 120. The depropanizer intermediate stream in a line 132"’ is
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colum 130. An internmediate streamin a line 132" from

t he depropani zer colum 130 m xes wth the benzene in
w@20050614202' fromt he benzene col umm over head BCT/E82004/040891

the line 142 of the benzene columm 140 and is

delivered to the al kylation reactor 120. O herw se,

the flow schenme of FIG 5 operates substantially as

e RO e SR B B TRl bt 1
divetisiMheR@hianingd 166anR8alidHl a6 tRrransdk§lationle@ctor 1$0°°. & cdri®] valve 188
reference nuneral s that designate an elenent in FIG 6

regulates howrmechjoHiin hegvigs ditermediatesteaganin thyling 198 Fomgdhe heavies
conf PR bGP 2ok e RSB ot o e

bypasheB b dilne Wo 4 11685100 BYRisE B¢ Mq\hé Itrﬁﬂsaﬂty%’tﬁiﬁtﬁadtd& IBK)GSncludes the
4 and 6 that have the sane confi |ugarr ation. Benzen

sacrifieial hot@dsorbent beghdip2’f péepléw nmalgq o8 catalyshior adsorbing ONCs
1nc%%nver?{rﬂ$sn ﬂe ggr[a?% ? g’z}t%hf%ﬁlﬁ] h@f ﬁi{i% xﬁtfb%g{tl%é” mixes in an

esi n a

intgobied dplaeell fb?eﬁﬂim MBﬁdn@ﬁmHypaﬁs himed8p rang antezser beddlSGh’be Il&ﬁsalkylatlon
along with al kﬁwatlon effluent in the line . 126 fr

catalys. BhadpIBrprsalkylaies voith hogenereyer fisransalkylaton catalyst in the bed 156’
to ﬂr&i\ﬁ%"éﬁ&t ﬁé efrgﬁs'é 1BH eﬁlde % tﬁ§ i?me ifi ﬁa%rhso@%tﬁle&g@&ﬂratmn of

benze rom a enzene cO
cunsére@nthai sthallbecdncargratié? ofl bereeheshd Di®tigh imtHeilime 1566'1“ ransalkylation
and is fed to the transal kyl atjon, reactor 150"

efflyeniti dre g \5e miggs WElh RO rBiACh DRIOTBR AP B it §36 and feds the
ben!zglﬁ e&mﬁﬂgghg streamin the line 168 fromthe heavi es
col um

m xes with the diverted benzene over head
[00S7) eamll of thBaittiles én fediesh benAvowstieathinaiipiias 80 that aneaot adsorbed in

154" thrqugh a bypass. |ine 186. The trans | ati o
thejcamaipnal 398orbere v GeRek ! 2R dgiR RoUTRISS s Hh@?%ﬁ%’@%‘éﬁtoverhead stream

in A€ fnd g§4 wﬂ&@fegén‘f e‘i‘x‘ft%ﬁé’dlaﬁia S¥&nt AL @k YAl 132F. Nm}e of the nitriles

adsor lng nitri Deni t r ogenat ed
sholutdtye 151’3&113 acthe ﬂeprbp;lummmoﬂdmcmbanm thedinkd36. Ao the mtnles from the

an_inferbed space 157 th DIB fromthe bypass .|i.n . ’s
freshoigehPenZent SrATHB AR Hug; ol 1 ety SIEK I REGoHRT kb 1931%6 line 132
Thd 6w ﬁ}(tl R%a Ky b ;/‘?ﬁ ¥ diftcRENEERErRNE “A® Hence, all of the nitriles in

transal atl on catalyst I n the bed 156" to produce
theding® A2’ v&'iﬁtlaﬁsiaiektyﬂ &i the saaificialdnt adsnrbehiebddi 192”146 2ethanee the nitriles.

No RIS AT SRS st (AR s ETFARe P TiH S P e sheavies
mte-{'ﬁﬁﬁ f doehAlih b I%Lef 1688 Pefdribly Qﬁ of tHé%e&@i@s iﬁtéi‘ﬁr%dié&et dtream will

epropanlzer ottomstreamin the |'ine 136 and
byfaseths shdrificia peaisorbohtived 1620, thicagh e bgApassdfnetuﬁé

(003kht ' s ey Scbiws i B0 OB R e At GG that the
dep‘f@;?a%# %‘thm?eﬁfiat@gtfeaﬂﬁh arlﬁieeigbed Jdlﬁ‘s hB 8eRAE BRMBRInZR Erhead stream

streamin 1 ne w il be present in the
fromnthe tine d4 21toefosh itixalanzenct ﬂaed $traam m:%ﬂine 103178, aofl atshenﬁmal hot

nitri houl in t.he de
adsQgheahed 162 nas 1 @b ot AR pLieiphecorior 107 oo AT it frgerence
nuﬂiéﬁﬁqhﬁt% gﬁ@c@ 4R @fém%hf RATGL 7 tha ‘éox'rés?@nés]t@ atsiatlarSdléént $n FIG. 4
In the process wll be in the |ine
but have a different conﬁgura’uon will be marked with a triple prime symbol (°**). Otherwise,
the same reference numeral will designate corresponding elements in FIGS. 4 and 7 that have
the same configuration. The benzene feed stream in the line 102°”’ only flows in the direction

of an arrow “B”. As in the flow scheme of FIG. 6, all of the nitriles from the fresh feed benzene
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The flowin the Iine 166" is only in the direction of

an arrow "A". Hence, all of the nitriles in the line
wa3ws/oemi4kd be directed to the sacrificial hot PCEUSHEH040891

bed 162" ' to renpve the nitriles. No nitriles wll

travel up line 166" into |line 102". Because no

nitriles will be in heavies internmedi ate streamin the

| ine I it
stre%r{llnégqeqmel lﬁr()etflﬁ g@@u{ i% tf'le a}gro #glg ?{12{%@%1‘6 ﬁt%algfsé lggent %ﬁ:@ all of the
nitrilésdn tﬁdﬁlliﬁwm ’t’ hﬁlllw rda‘é&edl tonthe 38mifici{) BoBddsdivent beolvi 62’ in the

schene in FIG 7 differs fromthe fl ow schene in FIG
alkygation reppier 1208 drpmayaihedileht er nedi ate streamin a
1003910, PRBisoskShQEoAp e PARAGR oMo 1 AP AsBICBPERd 1627 enters

an 1h’deﬂﬁ:dl:9é’ce 1.24antipavisiok itii§ mﬁ:)t@ll witiopropgifene Hatribubeichyltf@ lite 1042,
is the | ead bed of an alk é ation f?eactor 1
t

Coalefbalidpidorepiduenifrrm alige d Hat” §avgiedie th&r?“@ﬁ@%?élﬁﬁath 120 by
l E 29 |

i D ogf £ SRR SR 18 o o

disteblited 3 theFeddinles Mﬂéspll 04() ¢'th wHithhie mvik esewyith meydadmllqlatlon effluent

reference nuneral w.|__designat rrespondj n
froma thedigfribution ];np@g%br”’aﬁ’a’ wspgfg{veﬁ'a&ge ;étggeaqlﬁlg gycled alkylation
L fRag-atre DR JekfiBtive interbed
R A g T e s
spatd’ 1208 f-bOWnseliielrit naikedwvith efﬂueﬁﬂ ifromfprd:deélnlglc'atalys‘ebedf Y22hi-e",

the fresh feed benzenestre in.th e 110 t .
respEaHvA m@nﬂﬁn@ﬁﬁ Bﬁ%é@ée“i‘}\ﬂ plyg é)eflrlfﬁ%e T rssos Vﬁy The alkylation

efﬂgg‘ﬂ G&i ’ts e Has? E:ﬁtﬁl’}?t Héﬂtl?ﬂ’ egn e el 011"1)’(%‘1 of the Mkyﬁﬁon effluent is

tot e"sacrificia ot asor ent bed 162 in
rec)tcllml w ﬂhy liat i1 067 v toakd akyla@é reattor 208y whilérenothérrpioktea is routed to

[0059] Denltrog at ed n e effluent fromthe
the deprppyizar pluguy 1 @d%h%ﬁﬁ‘ﬁﬁ&gd 162" ' enters an

ter?ﬁf@ ¥hh I chedh %M‘IGS 6and 7 b
[Oopogopy ene gl st?%%ﬁ% Sgh%melttﬁl% |%§e§iﬁ12afﬁ)ﬂ .e a Y

usirg) thwol satitificialidt ladsonbent bedm Alll qf ru]aae rbmeﬂceummealg/diaedbs:gmate an

t he .al kyl ati on reactor 120 ution |ine
clempgin e & thpbeorissepii et il Stentibin I 4 by diffgrent

con"{gﬂxthSn i g }:%ﬁkédswﬂk 8 Efos P81 (P Uﬂf‘er%%@ dthb BArRé rdférBES numeral

m xes wth recycled al kyl ation
wﬂlede‘sigmetetcofrespmﬂhng ettingdnts indRIGSN4 bch ¢hat bt the exme configuration. One

Sac’éﬁﬁagﬁgﬂa\/el %enégsgg, th %?qe}’ﬂ?ﬁ,(}é gl)églsaﬁlgp{lgtll K r:e%gétgr PSOT as described
wiﬂ%giggct jt(_? ]é‘,IG '()Sarfélei ée¥&{cﬁﬁcﬁﬁmﬁﬁ§ﬁ @addri¥éht bBd 261 pPPRAEREin an

which it mxes with effluent from
alkjdaidmexd:aa:tgr l:%ﬁTadsykscribed withapspect to' FIG. 7.o4 deproparafey colmn
ent s t he subse

e SRSRRIES I P 12 Lt
stre%ﬁlk@z}ﬂé?ért&ﬁﬁ 211821133 id Aidedsvitd E&z&gyfrorﬁ alfhkdr@Rofim erhead

lon effluent is recycled by the line 106'" to
strdansnahd(mleawbdmmldhmugll 20t 1667h am@szsfﬁrbﬂm@rghwqu ¥ ite the

to t pani li.ne 126,
QB ot e 15 1S5 QPRS0 S5 A [ S e siove
cat:h{/é%\é{d&ﬁb@@?ﬁzs%cl’&&lﬁémtﬁlea R/ thB YeddSstragim! mnaagéﬂafddqbai from the

hot adsorbent beds. Al of the reference nunerals that
sacrl fisialjnattadsarhent bed 162a mixes in the interbed space 157 with DIB from the bypass
line 186 and enters a bed 1567 of transalkylation catalyst. The DIB transalkylates with benzene
over the transalkylation catalyst in the bed 1567 to produce cumene. Transalkylation effluent in

the line 152 has a greater concentration of cumene and a smaller concentration of benzene and
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element in FIG 8 that corresponds to a simlar

element in FIG 4 but have a different configuration
waowdos/ob20mar ked with a cross synbol (j). O herdBES20041@©40891

same reference nuneral w Il designate corresponding

elements in FIGS. 4 and 8 that have the sane

configuration. One sacrificial hot adsorbent bed 162a

DIBL‘E%‘@ {qo,%ié g‘gd i H}f ?%érkgﬁi’?l 1§1¥ | ieﬁigin;tﬁ%ﬁ%g 2’56% u g%as With the depropanizer
bottSREHefihGh Me 1R 13805A0R ihdrAzdfe2ddlitin p4@Vi ded in an
al kyl ati on reactor 120f as described with respect to

[0061]G.  The gecdnd stograninzakine B 5uderived fiepnibe daprepanizes saiunn igtermediate

line.132] ..S.splif into t r . Lat. i
stegfds it tedaq t 3fpe b Sont SRR R eac AR B R 188 o form
the ¥érizBndRBE SGn IPMige bERZ@Aes BalsybRedahb eadns biceditial Rot adsorbent
the line 142 diverted through a line 166| and is fed

bedtlbPoleghing the allsylatian reaetor h20: Pentragryated bangeneeffipent from the
150.. . Th ificial h .
st 585Gt boELeh 98k BRSNS ARy Rl diked win

prolgsiléﬁei digsbhee By bhel1686. The amkylatibr prddeedicinaheslk lateh reactor 1207 as
romthe sacrificial hot adsorbent bed 162a ni xes i

explainediwitherespast tpBlice 71Efflugnt omythe alkylatiomicapiop A4S s itrﬁgsported to the
186 _and_ent . . i .
oo Bpek SR 130 B RERad 188 bt oA e ot ine 1661

only fl8ws & thyldakétrh cfahadryet “An, dndehdbehzéhbfped strgmoiithe line 1021 only
cunene. Transal kyl ation effluent .in the Iine

h i
flovg edheiressB R heArrost 151 4 b oo B11HIea s g Togh Toed bemzent stream in
tho R8T R RPhl-FRe M) rREPERAEW A nitne HAPIAZY, Hfied, ale Hafiiles in the

linet 3¢ dENHRRIGREEE Lo thetshaifickd]l hepadsbrbentised iale il 86 tenshlkylation reactor
feeds the benzene colum 140. [0061] The sefo d stream

or tp thegsaprifieialims adeorbepbhed 1 il flpadomrrster 1l tgrfmove all

i_nter i LNydiEio!3 2f joins the benzene
rem@'%’l“?ﬁm over %lgé{gsirégsrrﬁfror%%oﬁgpﬁne 142 to formthe
[006FNZ e FEG | ®ehists beadditiona floivniehdBe foramakingcumaenespcorting to the

to the second sacrificial hot adsor be&g%%ed 62b
preq;e@h@wﬁ]@uqmglﬂaqqg Vg i sispropaEEescolgy. Al e FIGERch nyperals that

; e o
scsYGRE SIS P, R AL L] Sy, Dok arepbus e
diffetexecbnfightatipn eviil ibe mearkiddswith b dbetsle byosasymbd (10 Dilferwisththe same

al kyl ati on proceeds in the al kyl ation tor as
refessse apmmetrl will Weyigagieeqrresponaeg dormentp i GLFY. %Mﬁ%@m the same

| Al tq . .

cogi A 90 €25y I A SPIRASAS U 100 gy e puied
in tHé v@rvestioraé adsertens vessalrhl R rotthiming the béd 614 ofteyinfdr oley aidsprbent to

remqup By DR BUT Lo Syt i pAfie 1S f et Db o heat
excége}%gf“‘l {’PYL‘{%&I Rlivalda 18 fthet}fbl? ﬁ&egoil'l%égk ?&sélr @O dyhelide ﬁﬁﬁ.h Tieesbt adsorbent

ene streamin the hat survive in the
vespel Q66 s6ntaink la beé 162 of iadic mmdechiB2fsieve bidsorlegnt £ thefemdyel of ONCs,

incljgig i saom dee BRELERFES sces b0 finp gL [he denittbgenated benzene
efﬂ'iléﬁriﬁ gllilﬁ)é ll@&%%ﬂgfx‘g& L@ coftfbidedd AlRatRRACd thahbAky1A®In effluent streams
adso bed 162 I kyl

rbent in the alkylation reactor 120F to

in a leweoh3s T aintl delviaedforegbeDikiGes, columet 440.ng nitril es down to

[00691 V\/ppl‘kf{e benzene column 140 produces a benzene column overhead stream comprising
benzene in a line 142} and a benzene column bottom stream comprising ethylbenzene and

PEBs in the line 144. The overhead benzene stream in the line 142} may be provided with a
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[0062] FIG 9 depicts an additional flow schene for

maki ng cunene according to the present invention
wowRahoerts20si ng a depropani zer colum. All of tPEr/US2004/040891

reference nunerals that designate an elenent in FIG 9

that corresponds to a simlar elenent in FIG 4 but

have a different configuration wll be marked with a

doubl e .cr.oss.s . i t e
watfi e R AL Sioxb B bt ARl urd st RAERIICGHE pfffrably
gredlerdigh 29°hall nbavere i 158PE. A& poftiopuifalid overhdad dshizdhe etleam in the
benzene in a line 110% conta|n|ng%400 to 800

1 m .
lineyld2gis diserist fortheaansalkylsdion xR PO RYR 1ABPbAME pdashsavies
112. cont ai_ni . i . .
co 0L B o LTl R SSARER e i
166t it Bro¥ide thé tramiallgnaionfedietican ih B limehéat. Ehedbingarsalkylates with
and delivered to the hot adsorbent vessel 160 by

a
benp¢neevesths tramsadlyigionsaiadysh bed 130udhe traggliybtiog reactogjef to produce

162 .pf 1.6l i
b AT 5 15 PRkl o
smdlePé&entsdtionaNbefizanb and DI tHanlin thehienediEdiit Thgbematwocolumn overhead

benzene effluent in.a line 164% is nmixed with comhi ned
stregppmaininginaitne: 102 h drerRgieh PitE Prng Y Er %lign}’lé% cq'%%y% in the

L ' .. .
AR PRI o PETIODS, SRYMD it in v 1261
mixe@hdinrarsiichiation sfflueainm clenind £52rtg poeidecmenbinedeffiuem streams in the
~142% and a benzene col um bottom stream conpri si ng
lineck3%i benzene and PEBs in the |ine 144. The over head
[009@22 e %Eﬁz%ﬂ?bblﬂrrh%tﬂ}phﬁs‘%re%%ﬁ 6 IndPE14RE QUTiFieel W thdcumene
awat er ‘concentration of up to 500 wppm and a _
coliir@ 80.alHercanehe adlulmmalt0 ntAGOE anmingneeiverhaid strapnecnaprising product
than 125 and no nore th 00C. A portio f the . .
cunespgriEelis o eivd 6 e 13- THECnGe Coonst P, dfpmn the line 184
i id hs dafeM 8 thd Ravik6 BSiuml 180. Th
Cm#éb%¢§?$%§%ﬁgé§§% dﬁﬁﬂ?ﬁﬁgéﬁgéﬁégeestrean1trgnsporped é
heabies thlanini 196 pk6dices shegnteimhédiatbd stomnz eyneprising PEB i the line 168. Lighter

166% to provide the, transal kyl.ati on feged eamin a
oA 8 BE VR GV AR FIEADGS Ry PR PR e L Yy s botiom
streE\erisWiﬁlk IR i1 6t al yst bed 156 in the

transal kyl at1on reactor 150 to produce cunene. ]
[0065]ans & dhyliklt bearwteaf thitiastmicof thediiging egbipnicatsuchgs excewyers,
concentration C e and |l er concentrati.on, of
rebpkeTE¢ ABAENEFS BRIOF FRIXI 180t e o1t fos pgme pBIPsnE ot 1 others.
Ho&GVdTnRY:6h R 8tbnct SRRMASIRLMH G dnd kb @ock@dPindicate that such
reacted w th propyl ene over alkylation catalyst in the
equiprkgritdd hatronteaplaed, ba0thasontadordibay shilkin theapwdi knov what
FIG 4. Alkylation effluent in a line 126% is m xed
eqwl'fl?ﬁttl?%ﬁ@ Ryl ation effluent in the line 152 to
[00?86\6”4] ﬁg\'f'%ﬂtieﬁ G bE et cBEFBABY alcBndift@atidr6r thSfblowing examples,

enzene colum bottom streamin the line
whibh4ré mtahebd toebeeplirely exbrmplegnefithe uss afithe mgentiocthe cunene
columm 180 provides a cunene overhead stream
conpri si ng product cumnew s recovered in the
line 182. The cunene colu lL streamin the line

EXWMPLE I

[0067] A test was run to determine the effectiveness of an acidic molecular sieve in
adsorbing acetonitrile from a benzene stream containing water at low temperatures. The

adsorbent was prepared by extruding approximately 80 wt-% Y-zeolite with 20 wi-% alumina
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conpri sing hydrocarbons heavier than cunene is
delivered to the heavies colum 190. The heavi es
w@ ei0ans142®0 produces the internmedi at ed stream PCT/US2004/040891
conprising DIB in the line 168. Lighter material in
t he heavi es overhead streamis withdrawn in the |ine
192 and a heavies bottomstreamis withdrawn in the
194. 06 t _shoul d
bindep K fiving HRoborbimia 2 s dpBg af P hailcib Btuvcth 361 8 mesh were

loade@ M8 REME Fes3B18 FRALY Sdbinichied $n sdries dddrabhefted @:itlmtmtewﬂh water,
equi pnent but not 1n others. However, kK gm ssion of

whickeis2i00 wipm Wetedenddoasier svitha PP GGrteBitils sees R througshuthe eight
t e, t.hat | ated, but
adsqrfght Birgisap Sl ARl R auleB aB@ bropRBL PP, SR ot

[0068]Ui PTRS hltlhrﬁat@%aﬁl aﬁ Yermb @0 8dbrbEd nitrapeanelative o the adserbent
further clarif a consi derati on_of the fQ|

e ad
aveegachpmséhe mght@ﬁserb@ltmtiewae@ 20 Windo-plhteexdyorbsnd Flger%n%ﬁve beds

had Sy 31 bt PP Ron Wbl T E‘Eiéﬂ%%ggw o te

ads@bbistiif bBdY S thraighsdightadidtbatisocdpacity witkinawotdayd.e from
a benzene stream contai ni ng wat er at | ow tg&pﬁ at ur es.

[006He adxsiwb@mfrqmﬁled?eéﬁ)aflaéawwné&@ Vit aerap O3t pyr. Ninety-
sevii gt PRI AR ol Taled ol WRGRRRL TG of [ emperatures

watéOindafs 42 JA8sHtive b Ladequadigitt indlar ie h@otbedqssfeieﬂtlﬁlllymocﬂcytonitrile.
communi cated in series. Benzene feed saturated with
wat er, which is 500 wopm water, and | oaded with lwppm
EXAMBIG It rile was run t hrough the ei ght adsorbent
vessels in series at anbient tenperature and pressure.
[00%1068]A sEis f fekt RS cbitfifdteddo b féﬁ’e@ﬁe &soRMDA PEABrmance of clay,
t rogen re ative to the adsorbent averaged over the
resmlagﬂl tnoammr bient atseodsentefor Accl@iitriig, NHP Ehé NAGM oFliseadisotbants were
the first five beds had adsorhed its C .
Toadgl B g A6 By CBRCHPG R AT IRRS b agpateg gyith water,
dew Nind tArdeEbaded Wi tﬁli‘ e Rh Wb AGER162UFM and NMP
WhﬁﬁgsiapaQ&EQ&ﬁﬁ %ln F%o days. ' %gg %dsorbent from
wad e thredsh thesighh edsorbens edssmks tlrhsems et arablemaemper@mremd pressure. A

hour.. N netyseven ercen of t I tro
toluGR Fird LT GRP R QSO Lttt “EHRE s ¥ AP0ile iar propared by extruding
oL PG wie aRHER] Bihilgn of
mﬁ%@@ﬁ%ﬁﬁ%?ﬁé/@?aﬁg?hﬁgﬂgdsofggd preferentially t
[003tet offlableillcompEDeARR tEne [t3@RS fororganit isrogen tremntw& fbreak through
condug dto are the adsorption perfornance of
the splggted pdsorbenby %PD | ecul ar sieve adsorbents for
acetonitrile, NMP and NFM The adsorbents were | oaded
into eight vessels fluidly communicated in series.
Tol uene feed saturated with water,
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which is 500 wopm water, and target | oaded with lwppm
each of acetonitrile, NFM and NMP was run through the
wep@hoeaesor bent vessels in series at ambi ent PCT/US2004/040891

tenperature and pressure. A toluene feed for one
experiment was without water. The Y zeolite was

prepared by extruding approxinately 80 wt-% Y-zeolite
with 20 wt-% al um na bi nderTAﬁ]%) 1] Table I conpares

the tinme it takes for organic nitrogen inpuritie

break through thel selGleyed pds@®dsant heds. TABLE .
Res i/HISBERSBY bent Y| @robd@s)Y] ZepAilsy (<>cd227§§§3 (P %?é’ome

Water Vater Vater| Fegg LYY [Sat uyiated Jat upahgd
Fee&at ur at ed ACN breakéﬁ?ﬂ@w ns.l“iu?agd ate §at8rdalté’al‘r€il at &ry

haod £ 1 .l.

ILI | LAY aysS) ACiN A 1LY ' 1,0 UJo U. 1
AC%TW%*H%‘ Bed ( dlayismdiide of eakioy ough iimnfediate 1
initiahhediday® 0 1 0.1 initial d_(days) NMP breakthi

ACNpbredigouglsin-7 >8 e| gg%h bed (days) NAM br@qkthr(ﬁéﬁ
eighth béd @laysimedi at e 1injti aI ed (|days) NEM

NMPrgadidtiooggm i n >30 15,0 6.7 7.0 eightlh beg,(day$)

initial bed (days) _ 0.1
ggghbg:ﬁggggh Tn 30.6 >15 >7 >8
Eﬁ?ﬁfﬁg};’s@ n 6.9 immediate 0.1 0.1
nghbizglﬁgg)gh n >30 15.0 6.7 7.0
?‘gf[ff,’/f)en on adsorbent 13 1.4 0.9 0.8

Table I indicates that none of the beds under these conditions were effective to adsorb
acetonitrile for a prolonged period. The Y zeolite may be effective to adequately adsorb
acetonitrile from dry feed if a sufficiently large bed is utilized because break through in the
initial bed was early, but reasonably prolonged in the eighth bed. Clay adsorbent seemed to be
the most effective with NMP and NFM. Resin seemed to adequately adsorb NFM and NMP
only if a sufficiently large bed of resin adsorbent is utilized because breakthrough of the initial
bed was immediate but prolonged in the eighth bed.

EXAMPLE III

[0072] A series of tests were conducted to evaluate the removal of acetonitrile (ACN) from
benzene by contacting it with an adsorbent prepared by extruding approximately 80 wt-% Y-
zeolite with 20 wt-% alumina binder. The adsorbent had an ABD of 0.625 g/cc. For all tests,
the adsorbent was dried at 120°C for 2 hours prior to loading 25 grams of the adsorbent into a
vessel. The tests were run at 24°C and 150°C operating temperatures and with varying amounts
of water in the feed benzene.

[0073] Feedstock for the tests was prepared by spiking the benzene stream with ACN to
give a target of approximately 20 wppm nitrogen. The starting benzene feed was dried before it

was spiked with the ACN. In two of the tests, the benzene feed was spiked with water to
-26-



10

15

20

Ni trogen on adsorbent 1.3 1.4 0.9 0.8 (w-% Table I

i ndi cates that none of the beds under these conditions
wowens/oefsbect i ve to adsorb acetonitrile for a prol/osIPe4040891

period. The Y zeolite nay be effective to adequately

adsorb acetonitrile fromdry feed if a sufficiently

| arge bed is utilized because break through in the

Ltl I

deteitd 8t eREH o ol < 8h it niBker £RSONBH! ol ORI dsbrbb i amalysis for
fometéﬁgaltelsuﬁlmﬂzbdﬂi\lpa‘tﬂﬁﬂ, NFI\/I Resin seened to adequately

adsorb NFM and NWP only if a sufficiently |arge bed of

resin adsorbent is utilizegapiIgapse breakt hrough of
the initial hed was ipnediate but prolonged in the

| gl ped. | Exeneriare b [ Domzal NVajer i as eifent Adsarbapiryerage
onducted tp ev@Clat e| t Heontemdwapmpf |acliteegenGangent (wi-%)
ACN) from pbenzexse by|contactdng it with an adé8@bbent
repargd by] ext 1511 ng| approxigrately 80 wt-9% Yzgabite

In 2 W= ai tﬂg@na pi nder. shhe adsgrbent had; g ABD
F—O0625—¢gf¢tc: 2 at By testsg, hre—adsjorbert vvaeg'ri ed

1 t act Ao A + b
120u@f" z—OtH-S——pPH+o— 0T 0attg—o gtraid—or—tne

adsorbent into a vessel. The tests were run at 24C and

reof P BRFF 0 PO A B DUEEBR L i paition o
watbEBliBe RS iRpRRad B8 ni¥ogeR ckpaifty bhehe Qﬂﬁbﬁ’Bﬂﬁ ’Bﬁd earwith $Owppm water
ACN to give a target of approximtely

at 1A0%G shypavs. apProxinatalt2Shg steaisr Bitogte e@aw%th@n ﬂeﬁeﬁeﬂft ainpient
tvvo of the tests, the

temB%rﬁ‘YZ\%?]gnﬁéQdVﬂ%?nglﬁl??@aeﬁﬁ ‘wat er todeternine the

effect of water on the nitrogen adsorption. Results of
EXANMPIE pdsSor bent analysis for four tests are summari zed

in Table . TABLE Terrperature Nom nal Water Spent

Adsor bent Average Test _ No. do‘z Content_(wp n%
[007dT: r ogéﬁ adsorpamh iropyt estgNog. an 5 J9gmpla Byt ybissted tq fhgrmal

grav) 8’1 l!rllc ana %TE(?G;}%QO 4 t%ﬁm'ﬁ%?l{@ %&%Je £ S collel acb?m fi g;%ﬁﬁ tlﬁ%%orbents

eva evat ures, range o
Theawlélight fcedt of coke deposited on the adsorbents and the temperature required to

jab) OhS'O"\O (¢}

combust the coke from the adsorbents were estimated and shown in Table III.

TABLE III
_ Est. Combustion
0
Test No. Est. Coke Weight (wt-%) Temperature (°C)
3 <1 <400

Based on the TGA data, temperatures in excess of 400°C were required to combust coke from
the adsorbent from Test No. 2. Additionally, the coke level of adsorbent sample from Test No.
2, conducted at 150°C and no water, is approximately 8 wt-%. Conversely, the adsorbent from
Test No. 3 did not show a significant weight loss as the temperature increased above 400°C. It
was estimated that the coke level of this adsorbent sample of Test No. 3, from the experiment
conducted at 150°C and 50 wppm water, is less than 1 wt-%. Therefore, addition of water has
decreased the coke formation on the adsorbent by more than 85%. Regeneration of adsorbent

will be less frequent when water is present during adsorption of nitriles at elevate temperatures.
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water to the feed inproves the nitrogen capacity of
the adsorbent. The test with 50 wopm water at 1500C
WG bawdseappr oxi mat el y 25% greater nitrogen caparCT/yS10na640891
the test at anbient tenperature with no water in the
benzene feed. EXAMPLE |V [0074] The adsorbent from
Test Nos. 2 and 3 in Exanple | were subjected to
CcLAhggmal gravinetric analysis (TGA) to determ ne the
extent of coke accunul ati on on the adsorbents. The
wei ghtA precese fior sspareivikgongeamio vittagén compoendsdiom bbaydocahdn stream
'd;gre terr&%eilrat.ur.e required to conbust the coke fromthe
SAUCHYLEFHENTRIHBSe estimated and shown in Table EL TABLE

Pl t6Rihg acomHSAAQDhyRSIar: stiedh- (668 SnMEdiad WateMandbreanic nitr
Ten‘per%taure (00 Z.Sﬁ?d_foo 3 1 <(4§)38j58asec} %n at he TGE§Mllcm ogen
dat a, comppedatinaleding nitélkesess of 4000C were required to

nbust ..cok t d bent fr.gm Test L. 2.
T A
Test RBPleast 120N HULHIRS g a&é%@n%ﬁﬁ’et ﬂg, Y6)ehind | S

approximately 8 wt-% Conversely, adsorbent from
TegecausTing adeepniamningled Wydrosarhon siresan(10w@3 ginclulings: sawmller

the t t d. ab 4000C. |t

et i MR EHA QA LA At PP BisPREhen YR o

of JTeThe Peocesk offclai 1t dMRrRPREd MKt RANCHHEIRIHaRE hi®OPsbon stream
and 50 wopmwater, is less than 1 w-% Therefore, -

incladrsiarommicogonpauads.nas decr eased the coke formation on

the, a n mpr.e than 85% Regenerafion of

acsr S8 PRERS TR Cor 7 R R TR iR Pl gy ot o
tempéthivfgoBdesethboms¥C. nitriles at el evate
teger atures. CLAIMS: 1. A Er ocess for separatin

or ¢ niLge RIOCPSS (R lairip d 0n d shrmeintizedindhal camnere tlm%rle wirlo olofin is
pre%)i"/}ﬂ d@ the 8@?&31@%@%&5%%%%%%@% g a contam nated

ocarbons I'Mcl udi ng water and organic

ni tg; Ogﬁﬂgﬂﬁ&%@mm&nilp 2] 316 M ehdrhdiérided sn tHAOBL @ 6biitARirHAIdd
hydr ocarbon_streamw th an acidic, nolecular sieve at
hydepcprbap streany inclugtes at least 2Qtwppprogaer.n a nitrogen

S0 AL BRLERNT TR, 1084 LERRIEH L8, i
hydsgalbbe strean drhideat hgdrooirben hikilatien titatraierand @ither including:
¢ orf:ta?s%é] 2 %1res(’3 alrlgfijarcigg ggbbssc)rgtesfteédesatrne]am (12, 12°) comprising an alkylation
substrate and impurities to an impurity adsorption zone (46, 114) containing a
purifying adsorbent comprising clay or resin selective for the adsorption of
impurities and recovering from the impurity adsorption zone a purified alkylation
substrate feed stream (48, 48’) comprising the alkylation substrate and having a
concentration of impurities that is less than the concentration of impurities in the
first alkylation substrate feed stream; and
passing an alkylation agent and at least a portion of the purified alkylation substrate
feed stream and at least a portion of the decontaminated hydrocarbon stream
(10, 23) comprising the hydrocarbon alkylation substrate to an alkylation reaction
zone (20, 30) containing an alkylation catalyst, alkylating the alkylation substrate
with the alkylation agent to produce alkylate, and recovering from the alkylation

reaction zone a reaction effluent stream (18, 32) comprising the alkylate.
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2. The process of claim1 characterized in that said

cont am nat ed hydrocarbon streamincludes aromatic
weeowpoemeds. 3. The process of claiml or 2 PCT/US2004/040891

characterized in that said contacting occurs at a

tenperature of greater than 125C. 4. The process of

claim1, 2 or 3 characterized in that no nore than 1

W - %0l efin is.present | . ' ar.
st ?'eoé[%e bgocess Qf %?1 c egl%ar‘lil)(?e%%ég inr?nﬁ%E Qt&ﬂaé&g& ‘g?ﬂ}fﬁﬁd{f‘g&ﬁ phffied
allylGHéH SRt 28 stidaihiN@gais abrttarnbmtedrtiydadcerbohptieaar bon

streamincludes at |east 20_wppm water. 6. The process
of 8.cIHierpracespof Gaimyl, g 354 Eh%ﬁﬁﬁleéfl}c §n that said

decont ami n . i nal .
RSB OO ol b REN BESAFLPOR, | 19 cbAiERafe o hydrocarbon

i ncl udiyigionab&iatgail drigfisit nittdgyh acmpousls bs & sepaeatiopedne (40, 130);
stream (12, 12') conPri sing an al kyl ation subgtr te 63. 8
anepopYRSRg: frara &1 SPHAPHERIE L COLEIpHPS R BFEBqT ftcam (68, 8)
114) g RNE hig h&¥mpounds;
or 1 SO B Ph QB BlaRIEHORER, GRS o mp
angassRgQY Baktngpdriiomof distrdanp(12] 13/) ecisainpig aoraligdatnesubstrate to an

purified al kyl ation supstrate feed stream, (48, ,48'
conprimpy adiePHPR §PIR @énl & GRiALRE S RS g ek vé for the
conce . ] . . ds: and
conc Ao BlibeBr AR EbmbEing Bitic biSanie Hfndgdf dokpGunds; an
supsdstritan dlledatiost agearand ah thagtaswirion afthe dkydnéamioated fudrocarbon

g E gs ? S:trélﬁlgl%i E&&ai;) gglirntélla%g&ﬁ{f agllfqﬁ?tg‘g’gu%é% ﬂgg folt qﬁ%%}@t?{rhfgaction zone
eco @Q M) ggrlggﬁmaﬂ@g G AT S AR R theZafly AR G\r an

t he n substrate to an al kylation )
r eact dlbylattanet{l3 to fOjlucoaikdatei aigl racovarikg et e alkylation reaction

talyst, al kyl atjng, th tion .subst ith th
oyl 2P grcasgen ethunitpand St Dy apeSigte kfabhr ng
frgm Tﬁbe%lgké%g %f&l’bﬁﬁ 8 %ﬁﬂﬁ&ﬂeﬁfbdzlﬁ'ﬂ?at RaidSRPlLHGMASShlioE Péne and said

stream ( conprising the al kylate.7. The process

nitragbn alisirplidh 2ina aecdpecddzeen isaidtaligdation reastion zengor t i on of

o bt b prokee og et A chBRcSiipat i ASHEuSHAE T 6 OR e impuricy
adsog#t%ﬁ'%&e iLsaiPalkdlaBbn sudsHhieT8dd dtReudi ng: passing an

ation substrate feed stream (48, 116) conprising
a hydAaalyiionaykehabmprisisgbst rat e and organi c

ni trogen.conpounds to ation. zon 40, 1.3Q),.
r eéa‘}lgélpplﬂg %l?lhgesgeégg’gﬁ?gﬁorit‘a 'é'gsaacﬁ%y( %roanﬁeéﬁngﬁsé({rge&n (46, 114)
hydr oAl 598 f&itth AdBoffidn o ImpRiRisiaal klidies Ay slkoleobsubstrate feed

al kyl at1on substrate and organic nitrogen conpounds;

passi imipt412,1189sinda puoified elkybtion substiatemfeed outlet P48, 48°);
¢ ogtn?‘érgéerr]lgadggrpg(l)rlf Xclis%et:ll(‘?& 1561(5? gcgrlrtgﬁn%gtaode%{]crogenating adsorbent (72, 162)

comprising a molecular sieve selective for the adsorption of a nitrogen compound

and including a purified substrate feed inlet (68, 161) in downstream
communication witﬁ said purified alkylation substrate feed outlet and a
denitrogenated alkylation substrate feed outlet (10, 164); and

an alkylation reactor vessel (20, 30) containing an alkylation catalyst (20a-f, 30a-f) for
alkylating an alkylation agent and an alkylation substrate under alkylation

conditions and including an alkylation reactor inlet (10, 18) in downstream
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I mpurity adsorption zone (46, 114) containing an
adsor bent selective for the adsorption of inpurities
W@ 9p6"eng basi ¢ organi ¢ nitrogen conpounds; BEITUS2004/040891
passi ng an al kyl ati on agent and at | east a portion of
t he decont am nated hydrocarbon stream (10, 23)
conprising the al kylation substrate to an al kyl ati on

react| oqjéﬁlg&gﬁﬂrg &l Sg,fa)kd as¥hALd agyltaﬁ&l ﬁlﬂﬁ%ﬁt@tfié%rbeﬁﬂet and an

subs Pt ylatcon agent over an al i on
cat alhjStation rédctvatetqliBY3Dt e, and recovering fromthe
al kyl ation reaction zone a reaction effluent stream
(18, 32) conprising the alkylate. 9. The process of
claim8 characterized in that said inpurity adsorption
zone and said nitrogen adsorption zone are spaced from
said al kylation reaction zone. 10. The process of
claim8 characterized in that the effluent (48, 116)
fromthe inpurity adsorption zone is said al kylation
substrate feed stream 11. An al kyl ati on system
conprising: an inpurity adsorption vessel (44, 112)
containing a clay or a resin adsorbent (46, 114)

sel ective for the adsorption of inpurities and

i ncludi ng an al kyl ation substrate feed inlet (12, 12')
and a purified al kylation substrate feed outlet (48,
48'); a nitrogen adsorption vessel (70, 160)

contai ning a denitrogenating adsorbent (72, 162)
conprising a nol ecul ar sieve selective for the
adsorption of a nitrogen conpound and including a
purified substrate feed inlet (68, 161) in downstream
communi cation with said purified alkylation substrate
feed outlet and a denitrogenated al kyl ati on substrate
feed outlet (10, 164); and an al kyl ati on reactor
vessel (20, 30) containing an al kyl ati on cat al yst
(20a-f, 30a-f) for alkylating an al kyl ati on agent and
an al kyl ati on substrate under al kyl ation conditions
and including an al kyl ation reactor inlet (10, 18) in
downst r eanconmuni cati on with said denitrogenated

al kyl ati on substrate feed outlet and an al kyl ati on
reactor outlet (18, 32).
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