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ALKYLATI ON PROCESS W TH EFFI Cl ENT EFFLUENT

REFRI GERATI ON BACKGROUND OF THE | NVENTI ON [ 0001] This
wOonv@Eniise rel ates generally to a process for PO®US2005/025042

al kyl ati on of an al kyl ation substrate with an

al kyl ating agent. This invention relates specifically

to the separation and heat exchange of the al kyl ati on

ef fl uent. [0002] I [ nwﬁ. yl ation
substrate (e.g., g@%ﬁﬁ#@?#ﬁif&§?@ﬁsgn_ ﬁylating agent
(e.g., ol efi NEFFRCIBNTERPFNEIENT REFFRIGERW TIoNMer ci al |'y
it is practiced using a catalyst at relatively | ow

tenperatures, which helps raise the yield of alkylate,
the val uabl e PrEXKURGROMDODE THR AVYENaONN

tenperature depends on many factors including the
choi ce of catal yst, but_al kylation reactors. general I){ .
[0004], This inveniiemistrtesreengially & 3 pragessosiepdylatisnmf anplglation

. ; g . .
oL A 0L 26 Tcrk R bl e gpuaion
heatteaxtclpinge to€ dhendlkdhtiohefllherige in three aspects - to

recover the product alkylate, to utilize the heat

o0 SR ol R OB ERE £ B A taing gen
(e.gl %I@i%? aldif &otleBaR3badtioh0 Coﬁﬁfleré‘ﬂahx litdh prdtiedd dstnd 4 Yatdl9st at
neet this challenge b}‘/1 flashing the reactor effluent:
¢

relatively lgw teapseasurgs walpol helharaissahe rieksofedlsylrtp, thavekieblegroduct. The

.al kyl.ation substrate. This vapor. is then.used like
optipifY siffie AR B epdlh 2o RS Sy PraiRRAHR T Sof S catatys
but SIRYIABEH Yeaehd sherdl§frih §LthaRinge dft50 ® WOPP(S836d12°F). The
condensed, and then flashed. These steps provide a

alkydatioaapacipn fuend iveuplly Buthatfemasrgtire sagaseo. Thus; the effluent poses a

- 1r I - r t o
iR S BUPRECAED LFRIRLOB AREAAAR Wit e
heatakkysedttycthe pikglatins réaption; @al ingcytie esactand th ity easobatra suitable

substrate that is recycled to an al kyl ati on reactor.
low t1pRY’IEconomi ¢s Program Report No. 88A, Al kyl ati on
of Motor Fuels (February 1993) by Elaine J . Chang,

[0003 PirShNAkY1906H unilVBR) B nhRk this @‘?&Ill'eﬁ?é’ By AashifSHE k8B effluent.
al'kyl ation processes that enploy sulfuric acid and
Thisprodvesk rivpporthhiorentfiG0odstlyumieactadraditydation subsirgse.i Ghis appor is then

usexiJ Hl|<et 3 re(%rqgértantvlg ra%‘ei}f\fglerlati\(l)\'rfl] (seystetnrl];em & ?1rt is goq}u%iorq@ clailgcp J;refrigeran ”,
It is compressed, condensed, and then flashed. These steps provide a stream which is both
coolant and reactant. It is, therefore, well-suited for recycling to the reactor. US 5,750,818
(Mehlberg et al.) describes an alkylation process for cooling unreacted hydrocarbon substrate
that is recycled to an alkylation reactor. Process Economics Program Report No. 88A,
Alkylation of Motor Fuels (February 1993) by Elaine J. Chang, SRI International, Menlo
Park, California, describes alkylation processes that employ sulfuric acid and

autorefrigeration.

[0004] Unfortunately, the prior art units don’t work well when the vapor contains light
components that don’t condense at conventional condensation conditions. These components
often include (but are not limited to) hydrogen, hydrogen chloride, methane, and ethane.

They are commonly called “noncondensables,” even though they most certainly will
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conmponents that don't condense at conventiona

condensation conditions. These conponents often
woneidess§but are not limted to) hydrogen, hy@8Cogsm05/025042

chloride, nethane, and ethane. They are commonly

cal |l ed "noncondensabl es,"” even though they nost

certainly willcondense at very high pressure and | ow

enperature. But co essing the refrigerant in .
condg AL P PESRLE 208 ORI Cop Ve B eliedhf & Figerant in an
alkyR¥iBRipRicks V8 iat @XELHEA Messul LB QrIhidikieeIofepnsivef f i ci ent

nmet hods are sought to recover al kylate, use the heat
reaction, and recycle unreacted al kyl ati on

of
[0005], h Shherafere, efificiontetodspye spmm}re@wqr gteAgpe the heat of reaction,
' 4 ih the refrigerant is cool ed
and gé§§%:llag{1feg§(‘tgﬁ%n gﬁl\?ﬁn}gﬁ&{tﬁ?g@nal kyl ati on reactor effluent
i s disclosed. An advantage of the process occurs when
the ef fl uent congai %@?Rﬁﬁ ot condense
at conventi onal %@n eﬁSa ionﬁggiéﬁgﬁ%ﬁgg)or their
recycle to the alkylation reactor. This is the case
[0006h e At dkylatiky pedtcessrwlnatialtlystefitgenprt i semlahbyohdat excdmoige with the
he effl ue cont ai ns hydrogen chl aride. The process
oy G Pl G 1Y R iEcy AP PROGAHARE OF PHCOSSGR BER fget the efftuent
conté BoBporbhel 18I £dtlcBhdG8e ANWBnlehtionh] dWEEREEH SdHdidrdSor their
| osses, w thout excessive conpression costs. This

recyplede dexlkdatignsisacionf This itibe cafevéen thodkylagownfatalyst comprises

al.kyl ati on,reactqr. usi [e fluent i,S not .
cntofS o s R b B e AR, S R ePBigperein s o
recybRaphPEorpsHears subleaPhaiRegdn cbforitle ahbio @agUTgetchlovigBlosses,

[0007] In one enbodinent, this invention is an

withgkeHCassIHrEoHBesIg, Corls. Ahisyreaesbis alsguisefuh when girect cooling of the
Kyl at | : ' reactar. -

P e, AL AL 8 PSP BB g O v iyt
reactrlaydl/at thegncbdrties oflthyteattopeffsainst rate i s recovered

fromthe reactor. At least a portion of the reactor

effluent is reduced i.n pressure_ and. preferabl | ashed
00} g0 & e@me@értglﬁtm\@eeﬁ%ﬁ@@raﬂfygwewwﬁ-sﬁﬁgaﬁlfyﬁaéwn substrate
is alRY KXk it @ﬂﬂlﬁﬂaﬁng%geﬂ fid &Qct@#%%ﬁﬁtaﬁ?yla% h§aRdoretfluent

portion of the refrigerant exchanger feed is heated in
comarisieg thegdkdate and dlte dkylatiomysbstrate issfecovpeedfiomaheteaciger At least a

ffl t | Si t kyl at dt I '
por s PR P H LS BB o KR B
refrig¥ @8R gefFecd @B ETpridinB Ahd d1RMaRfanti s A1RVIE G5 1@Rkrate. At least a
exchanger effluent "is fpassed to an effl uent
<

porticadithe iefpigegers epeheager ieediswhgpied iph sefdgerantdicat exeganges

l.kyl at i on _subst.rate and a Li quj h C ri:sin :
A regﬁl%%?rgteé&é@gel} %@8% rcggmpggﬁqﬂgeﬂ%kﬂaﬁ% X3 %né zﬁﬁﬁaﬁgn SL%s{erg is
recovered from the refrigerant heat exchanger. At least a portion of the refrigerant exchanger
effluent is passed to an effluent vapor-liquid separator. A vapor phase comprising the
alkylation substrate and a liquid phase comprising the alkylate are recovered from the

effluent vapor-liquid separator. The vapor phase is compressed to form a compressed stream

" comprising the alkylation substrate. At least a portion of the compressed stream is at least

partially condensed to form a condensed stream comprising the alkylation substrate. In the
refrigerant heat exchanger, heat is indirectly exchanged from at least a portion of the

condensed stream to the at least a portion of the refrigerant exchanger feed in order to form a
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ef fl uent vapor-liquid separator. The vapor phase is
conpressed to forma conpressed stream conprising the
wablbyricaiisen substrate. At |east a portion of tReT/US2005/025042
conpressed streamis at |least partially condensed to
forma condensed stream conprising the al kyl ation
substrate. In the refrigerant heat exchanger, heat is

Jndirectly exchanged fr . least a tion of. th .
ohilef) SerFlEsirbet S ERARE S o e A o SR ¥lrd AR sk pSiigh B the chitled
recycRf e 88 i &dcy %€ bihg @act@e dhi BIkGTEER rédvERHIM @S hd li@6d phase.

recycle stream conprising the al kyl ation substrate. At
| east a portion of the chilled recycle streamis . )
[00084 ¢ yAdditionah empadiments and adypdages |y s Bvpriiqnoare descaiped in the
L1 quid phase. [0008] Additional enbodi nents
detag%(gaésgggtﬁéﬂages of this invention are described in the
detai |l ed description. BRI EF DESCRI PTI ON OF THE DRAW NG

et o DETATED LA TR oE e RVERG o

[ 0010] The feedstocks for this invention are an
(0009 k Wigtres h asdiBshowteembmdinents aff tky inaentnan. agent . The
al kyl ati on substrate is a paraffm c hydrocarbon, such
as a branched paraffin having from4 to 6 carbon
at ons. Sui DENAILFD DESCRIPIFAON0O&T hbls INNENIdAON
2-met hyl propane (commonly cal |l ed i sobut ane),

o0 T B SRR At S st e

The Ry tonRubRiatdR ausedfin{cAidcarbo, flck ¥k abt@ohelpatfatiRving from
is alkylated with an al kyl ati ng agent. The al kyl atin

4 to garhon;asorns pitablg paspiivicaiidircartops i@&t&let?ome&wmramer{gommonly
| f ]
call{d Ot R B RARR M Rop AP 2P Ableilib a8 BinBiytpentane, and

3-mtth@lpentdnd uvenethaabde baaffitmenbe udddr e t han one ol efin
may be used. [0012] The al kyl ation can be perforned

usi ng any .sui tabl e cat st., Altho t he al kylation .
00t} 5 vﬁl%ﬂﬁfyw%awﬁ aﬁk%éﬁﬁé Wl@@%ﬂﬁ%@waeph otheoeé1<ﬂatlng agent
is ty%ﬂ:laﬁ&' bh 61e®Bi Chy dk S@ Il BB §85A 456 cdrBorRa®Rls Ex@hples of such

et er ogeneous catal yst. US 6,392,1 14 Bl (Shields er

olefads )include athylerss, peopytepe) hbotepe cat-2Huteee, diansBybuterdfep phise;butene.

descri be uitable solid catal ysts. The process
MOW&@%%@@QMY &%l | -suited generally for a

catal yst that conprises a halide. One such catalyst is
[00R2] " EfticAtkAAtYor BRI for@¥d G8nd ABY KetaBleatalyst. NARhough the

alkyrlra?tirz)%vcila?ynsgt m%?tble %r}iquiecis Euec(l:lia? lhlyalroggn fluoride or sulfuric acid, the preferred
catalyst is a solid or heterogeneous catalyst. US 6,392,114 B1 (Shields et al.), which is
hereby incorporated herein by reference, describes suitable solid catalysts. The process
disclosed herein is well-suited generally for a catalyst that comprises a halide. One such
catalyst is a refractory inorganic oxide impregnated with a monovalent cation, especially an
alkali metal cation or an alkaline earth metal cation, and whose bound surface hydroxyl
groups have been at least partially reacted with a Friedel-Crafts metal halide, as described in
US 6,392,114 B1. The alkylation reactor may be any suitable alkylation reactor. When the

alkylation catalyst is a solid, a transport reactor may be used. US 6,392,114 describes a

suitable riser-reactor.
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al kali nmetal cation or an al kaline earth netal cation

and whose bound surface hydroxyl groups have been at
woeawoipastial |y reacted with a Friedel - Craf t sPaeaR005/025042

hal i de, as described in US 6,392,1 14 Bl. The

al kyl ation reactor may be any suitabl e al kyl ation

reactor. Wien the alkylation catalyst is a solid, a

10013] & SriableaTipGion coBos ineBE Y 3Btk &f PRy pOas BOIC (58 10
212@9 Bk 58&,@% B¢ wqq&e@tot ﬁ&iﬁ%@%ﬂér@dﬁka{bﬁmré&t 692 1Q0fC The

2120F) a pressure as required to maintain
presslhe 1mdh@mgb ofmsqaldg Sront 133&9 ta 4ISBQ1KP@(g) @08 tp 768 psif®). i Slnce an

e 5y R MREL AT B D TR o

overﬁH l%ﬂal%ﬁo bﬁalgszlraﬁma bljlbétr@t%QU antcymuhg la@érit VegdrerdlR&rom 5:1 to 20:1.
atlng agent, the overall nolar ratio of
Yy

Injeqquwféher oiylgiime egeat at a Babsyf apinkgndbratkyltorteeioamay be used to
malrg?,ﬁ aannaaf% g ?ar rtio {h@c ﬁ%%{lﬁ%@ th%% fl?g\{e%lﬁﬁlo%l &, aﬂ%na[llbylatlon

ornts 1 n onreacorrra
reactt @thyt e amglsnitﬁola réaltod yeshage ﬂiﬁéf—&’acfo&t iThe tdaator asd fHagﬂikﬁf
than the overall nmolar_ ratio. The alkylatlon r eact or
condifignspe geRerally eheseretorashieye Aesitgdyalies gf repeiant Gopxersion, product

sele%ﬁ%gfr %Ea@e{lgﬂ @pabﬁﬁ{jlcﬁ!o%v&o H‘Hegﬂr pé}gcﬁl &e(ﬂ&l'h%lyl ill in the art can

én to athieve desired val ues react ant
optimiue\be sélentionpif debise parsamieterd fowdfept tha pebduat @Eyety and recycling of
stability. However, if desired a person of ordinary
ComppRINtS-i "t he art can optinize the sel ection of these
paraneters to affect the product recovery and

[0014§ C YRl ANl 19 orCr@ AR RIMGMH] Sent P@ﬁ&é‘ﬂy doheaid ¥ ldadite@product of the
reaction ‘ef fluent general 'y contains the desired

alkyfsn’n@mﬁ@lkybte),t b}@r@du@;sl oftsidereqcaionss land upreagigd alsalatios salpstrate. When
o S e e BE SR b e ARG o

hydfe@®bhORaveld fro@nt tot 1PRjaEivnl atora @ iilidigg Mediaae astharspropane,
having from 1l to 12 carbon atons, including nethane,

propsng, nebrhslmé Pepiespte RENtanas; hgvanes, Bentenfssoctyens nonages, decanes,
e
undé;p%ﬂésggxgc? do ér%%n i)s?pgfd?%fgﬁ gﬂe k gﬁflﬁ%%ﬁt%acﬂg ﬁlkxlanﬁn reaction
efﬂuﬂnkh’iagitcbmﬁlmlﬁaad) g@t-contdihﬁng blb’f;ciattd)@ rTTlﬁeelmids geﬂmoﬁfaﬁﬂnug Bpecies is
f/ contajn a hal o %ont ai spfglmles t 0o. ?
typiegll YIS eIeDE Bt SANRFHER 1@5@ geeryl gryi«}% 9o O DR h% 9geg, and is
t

R P e
efﬂmt o@mmplbsaeﬁ[hlcugﬂantdmﬁtawﬁhg htecis indhadeadrgadiabalales and hydrogen

reagtion efflue f hal g ntalnln
halidi5e IRESE TREIEDHE I GRHTES AT oot B e freAnc bromides,
hydrogen fluoride, hydrogen chloride, and hydrogen bromide. Examples of organic halides
include the products of halogenating the alkylating agent such as propy! chlorides and butyl

chlorides.

[0015] In accord with the process disclosed herein, some or all of the alkylation reactor
effluent is lowered in pressure from the reaction pressure to a lower pressure. Preferably this
occurs by flashing. The flashing preferably occurs at constant enthalpy, although the
enthalpy of the reactor effluent may change. Since the hydrocarbons in the alkylation reactor

effluent are usually in a liquid phase, the flashing typically vaporizes some of the lighter
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hal i des. These species include organic fluorides,
organi c chl orides, organic brom des, hydrogen
wohorondss hydrogen chl oride, and hydrogen br oRCTAIS2005/025042
Exanpl es of organic halides include the products of
hal ogenati ng the al kyl ati ng agent such as propyl
chl orides and butyl chlorides. [0015] In accord with

hydxfﬂrc];e éﬁo f % gF%L}’(?PJb ?sﬁcg? zfshtﬁ%ﬁlllky agoqx g%&é@al”[lﬁe Sélitgrfgrrgactor effluent

nwﬁﬁ@ﬁbé@ﬁmfgﬂﬁkhﬁ&ﬂﬁéQﬁﬁﬁkﬁaﬁ@hﬁuHOWEf pressure.
Preferably this occurs by flashing The f1 ashi ng

&ieferablg occurs at constant enthal py, although the
[00X94¢ nEhelasBinggheo 19@5&%? tegprerafagof Hweecﬁwﬂuelsl tiyen theagh the

reac%f%ffﬁt?&? Hﬁ?%a q UI t ?(Lthé’ bk ﬁ@at f%%as%fga b?ftﬂcj: Mﬁgfa]tlsﬁ ?eacﬁon, the

usua I'n’a ase, ing’typic
tempapiord ﬁethe sR0®T @fﬂuehEaﬁargH&I ﬂﬂshmgrmhﬁv lfmnghlaﬁ té p&mit some or all of

ef fl uent h as.the | ati on subs
the yeagiyy ?fE]Hert@ bewsed @rcppﬁ%rwi( heggiyeany By 1 eat Y ﬁﬁl‘éﬂ&@é heat from that
streaﬁh XtrH518n Ylrn HRRQ th&fedctbt %h@rﬁ[ 9Q16¢and IE}%% H &g Edar eI%ﬂ at least in

[ owers the terrper ature of e reactor e uent.
parttfrooug hapdrephamwhmh itgélf [sufermedmyplrae sgpavdtinlg the regooeefifuent after

I he en erated by the al kylation reaction, the
the]tngﬁfﬁg LF?(S B¥°t he reactor effluent after the flashi ng

i's Iow enough as to pernmit sonme or all of the reactor

[00¥7] f | TiRrfhat®sdparatiog @f tHe 6aRdr cFNnh efterSthé @RIMebheat exchange takes
indirectly exchan heat fromthat stream That in

place @ ;PIeEEES Of a@eraég/cfmn Oe B3 kRa(g) (e knsél@m andat a temperature of

s e 513 9 D BTV OB BRER

prowaddd themduitalble meablliles tonldlinit @€ prevedtaicinglesnge tak[eﬁ() M(])re'Eb@clﬁcally,

phase .sep on of the re cto effluent after th

thosP ARG %@ BLRaLetyde |tHRes the reqcisr ifbigpi(osp liquid phase
[

it 5L P45 8,y

recoy@yFspctiqul Heachrstags wf dagong bvaksthe peessurb abdrtesgiveative, of the stream

o P L R R S D S GHE et o,
smafenditd £ 1rg§1fé§sﬁﬁie hid tféﬁlel rafifte HoG DB stRE. Thi® %hé ater the

reactor effluent (or a qgui d phase derlved t héref
number ¢{ siages.dhe nlosertthe preesmr@ twel t@inipylatitre oﬁtheqéaamepanatmm ef the

reac SEA TG RTEY GokE R OB & s St e Ctheppie ofte

alky$dtio8 asactdiatselfs The @ﬁib%@epa’%ﬂfbnt\bi@lﬁ 6419 ra%lﬂgle htﬁgé?@f‘ﬁisﬁlﬂgyoccurs ata
the case that the greater the nunber of sta

pressiaof Sencrally Hemtas 207 kBrieh e T (¢ pefashly &ofn 10 to 172
kPangt) ?pjetotﬁ psss(%%?and h( tEm%er%tu% &F, ée%%ra‘ily%rom 7 to 18°C (45 to 65°F),

preferably from 10 to 16°C (50 to 60°F). If there are two stages of flashing, this phase
separation occurs at a pressure of generally from 207 to 414 kPa(g) (30 to 60 psi(g)),
preferably from 241 to 379 kPa(g) (35 to 55 psi(g)), and at a temperature of generally from 7
to 24°C (45 to 75°F), preferably from 10 to 21°C (50 to 70°F). If there are three stages of
flashing, this phase separation occurs at a pressure of generally from 241 to 483 kPa(g) (35 to
70 psi(g)), preferably from 276 to 448 kPa(g) (40 to 65 psi(g)), and at a temperature of
generally from 18 to 32°C (65 to 90°F), preferably from 21 to 29°C (70 to 85°F). The vapor
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nunber of stages, the closer the pressure and

tenperature of the phase separation of the reactor
wehbtd7werassafter the indirect heat exchange is POTHUS2005/025042

pressure and tenperature of the al kylation reactor

itself. The phase separation with only a single stage

of flashing occurs at a pressure of generally from 69

t o, 207 kP 10 to 30 psi( eferably fro 0 .
phagegndt3gsufle g ths thaspschpedibnodiaiont i & Hivtasioh SFbetiretative to
the Rhctoeran k] dhd the Rstlth 1@%&%&4@1&& RRAM thdAIRY1BAGPIbstrate.

from10 to 160C (50 to 6Q0F). If tﬁere are two stages

of flashing, this phase separation occurs at a )
[0038] o sEherstregn thatdeeealed by indirectdmat exchange vty &y reaptoriedilwmt is

I o
somBnbhckerrdif HEfAP sl KOG, bRad{ Kb In {3rd Gopgsosed
here2ddG Ydpsitrilar Elkgw a pefeizeraabis yiséd inra i i gemtibnk@ﬁelgﬁ (IHeQ@efrigerant,

this

.IJQOF). If there are three stages of fl ashing,
Whlﬁwésf%rr%féﬁéﬁ%ﬁ Broep diarm Yok Phagh (e theephape EroREALIQR, i compressed.
ARG bR S0nt S A IR &) bR b Qe BEHE# Bl EXERAR dep, te
refrigenapiis at lenst poftiajlyreenddrsyd fisingm t@ndeosed 2 QSuEIBAtht coREMEYr, is either a

ref er abl rom2 1 to, 290C (70 to 850F). The .
watdf S roe el hadefy b oot Soils b arpRosble. For
exafiple! B 88ndeRsdrt@oRhkinbpbl et wetRelo @frRrefRioativ@of & ¢Nmnal

reactor effluent, and the resultant 1iquid phase is

refrigeqation veit,ion itney B¢ kyirean onths pheiucticeovefVoersipn g requires
reb Sfream t hat is cooled by indirect heat exchange wth

(illl]eg‘react or effluent is sonmetines referred to herein

as the refrigerant, because it is used in the process
[0019] s cTlesiadirdte hedtRx thange Wyl iStfinagpattiallf@ondensef dongistartic

is used in a refrigeration system The refrigerant,
condgmsation; of, erdpyreiths tempesaurg of, é@rr@fnrgr:@m-v%awm lesiadpecy hpat

anai.l - r t '

o e Ol gl AR R BB e sy i A o the
refrigeant isxxehaalifefromebto 11H€ (B &b 20°Geamhprefesatdy floaa3to 8°C (5 to 15°F)

abo%g1 %i@q%atﬁgen%ﬁﬂ%@?asggﬁa&%ncog Efgegiggc%r&f@%ﬁ :@lg)é{ ’&gemdirect heat
exclENEO NG res AW 0 OhB 8L friE AL AR bEndAly std?ﬁci&?tlr’cg GORiEle ﬂ%%i'esired extent

possi bl e. For exanpl e, the Conderiser cool ant nay be
of cotenyatioki ng refrigeration fluid of an external
refrigeration unit, or it may be a streamin the

odugct recaovery section that requires.rebojling. .
1003 0 ShiEer SRl et Sebibey PRiraE SR hEino-Rilfpe, vapor-liquid
mixRRé tdrMdihng CORPBNRGEEs thePaTal it SorldefseqpATIaNS abhdensd) or Bkingle liquid
| ower the tenmperature of, the refrigerant. Any

phasei(fatalb eonderier e coeneeally, heanitageant hes/oase chidled by Ahe iadirect heat
excfgaﬁge pEHRA ter%%@xlatueré 8?929’19& psrtd&f%augr Qt?ai}le:efpgﬁﬁcgu%ﬁﬁllg ﬁefrigerant

contains mostly the alkylation substrate which is almost entirely condensed after the indirect
heat exchange, the reactor effluent and hence the refrigerant may contain components that do
not condense either in the condensation step or in the indirect heat exchange step. These
components have not condensed because their concentration in the refrigerant has risen or is
otherwise beyond the level of their solubility in the refrigerant at the conditions of
temperature and pressure after the refrigerant has been indirectly heat exchanged with the
reactor effluent. These uncondensed components usually have fewer carbon atoms than the
alkylation substrate. These uncondensed components comprise most of any vapor phase that
-6-
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refrigerant is generally from2 to HOC (3 to 200F)

and preferably from3 to 80C (5 to 150F) above the
woeopganassir e of the phase separation of the reaCcrms2005/025042

effluent after the indirect heat exchange. The

pressure of the refrigerant is generally sufficient to

achi eve the desired extent of condensation. [0020]

After the j dir ct he t exchan he refr era
s prgfeptaiordog (DO SAME TP ECaDOK pit G CUEa -
equlﬁgﬂm{%?@&fcénttrﬁﬁﬁl otk ﬂ@laﬁ&[‘%@ﬁﬁe oRadd foathé Va;%? PRI in

or a single liquid phase (totally condensed)
cont@drvathathe Jiquidshagef r i ger ant has been chil | ed by t he

indirect heat exchange to as low a tenperature as can
[OOZEEn?é ?(?]Iée Srzrr%g[ esattli] Uﬁ(ﬁon]dé#sl%g g&gggﬁeiﬁ?s @%ﬂ%&ﬁ%&&h are preferably

retudbdresthe &ﬂ&yﬂettﬁn)teamcnd @os eifarﬁiﬂé Aydtdpenichldride ¢rt thHeeafrigerant may not
exchange, the reactor effluent and hence t

condegse gty awiet ﬁﬁ%d%@m%thﬁ ’@éﬁﬁﬁi MERHEXCRAGE SE?E, ‘?Hitlf the alkylation takes
placg pndle gﬁ% lﬁea ) lenl 1cfer1:%nfa § Qcilﬁf 08 ﬁtﬂe@oﬁa bk B éf?ﬁed t at the

I ndir exchange s ese onponents ave
hydrogerdéiisd: dedensed. Tihbe hydmgaeclﬂondla wouldrohdemse, then if the liquid
refri isen or i

phasgds {eﬁgcﬁeg g)gqhg% yi 3tion; reactqt dhe ]@fcﬂer o r1b X qlﬁg%Q ?etlllr%\eg as well.

So, Qe § b&’srés]in%f r&kﬁgﬂﬁ’f QhHftfnd BFIth@ LEPigUast Atd Se fBfect heat exchange
refrigeran een indirectly heat exchanged wth

are suffecierdde keap ipfsblutientin theHawel phasoatdeass 89 ocadpoore preferably all of
usual 1 'y. have .f vver car bon, at ons t,han aIkIatlon

the e b DS i B R Bl S B e P o Bl Bgptd be lost

fronPthe 28Yig¥RARPINPRHESEE hhhidiol rE%Slﬁ&Qny Alduey mﬁl&% | R RS the

heat exchan%e step, except for ang eqU|I|br|un1(or
alkyhdian eepsidri wrlessry is otrewise renovened ehd raterned tosthamrasess.
substrate owing to the vapor phase being in contact

[002\2’,1t hl'hge gatlrﬂdﬁ!ij %uﬂot?&%%%bn({eglg%ﬁ% f{r)g? ?I ?ﬂeﬂfﬁlqﬁg ?e%ngérggtstﬁat is

con onents in

pref@abllyec@bled to elid.bflklyidtldroreh&’ter @dpeydadn ﬂﬂedoﬁamﬁwbalalﬁﬁl{g of the costs of
exanpl e, hydrogen chloride in the refrigerant my
not s ersirgth stcomﬁen%w@tth%em ¥ ondensi the comBRReE! Th%%&sts of not

conc?ﬁglﬁgg%% toﬁéht ot E(l: lfygE%nQWMQWO%H ﬁ*l@fﬁ] J@c%§§|d§gfldmg

Fesence. of e-contai nin
maketip viodide oiel @frddpesingdf ﬂdsahydrbgeﬂlgmhsm@e Thekd costskere offset by the

ens If the, hydro hl or.i.de uId condens .
costs er‘g‘ einge W@Squfeq‘iﬂ”dpfﬁ?fﬁég i\eé’é‘;‘ Bd HHOmHTRSP) tg? fediigerant to
§ I t
a Sufmfﬁe?ﬁ%.*l?éla%mﬁ%ﬁéﬁﬁﬁﬁggi‘”g‘*‘)%?%F%?%ﬁr@%ﬂ%ﬁc%fnd. gy sl

in thehet caefdetegmimribisaptieunt. he - i ndi rect heat exchange are
sufficient to keep in solution in the Iiquid phase at

[00i3?a%}’1 %(i/%r?s?a%cgg) e 1Pnrcg1f1 erngf?d é/omponentfs in the refrigerant are preferably not
returned to the alkylation reactor, as in the case of paraffins lighter than or having fewer
carbon atoms than the alkylation substrate. Examples include propane, ethane, and methane
when isobutane is the alkylation substrate. Such components are preferably maintained in the
vapor phase and are separated from the alkylation substrate by distillation or phase separation

prior to recycling the alkylation substrate to the alkylation reactor.

[0024] The liquid phase resulting from the phase separation of the alkylation reactor

effluent after the indirect heat exchange may itself be flashed and then phase-separated one or
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t he hydrogen chloride in the refrigerant. Any

uncondensed hydrogen chl oride would be [ ost fromthe
woeboriogessant and woul d have to be replaced by addiusgoos/025042

makeup chloride to the al kylation reactor, unless it

is otherw se recovered and returned to the process.

[ 0022] The opti mum anount of condensation for a

morf GG WO, A0 RS SHRECITIBUROE OA e ofte e

subGRNAT TP BbAY E%&ﬁs ﬁt)mttﬁ@hgﬂatpﬁas@f S00¢achQBASRS P se is
conmponent with the costs of condensing the corrponen

enridied e alkyktioh snbﬁtrat,e@ ﬁ@@p@hmgsuﬁmgd@@hphﬁse suddpleied in alkylatlon

h orl de I nC t-he s _of
s SO R ShAFEL e 0005 Sl B3R cant
comﬁfﬂswdl if®ne dPLDE: @&ﬁﬁr&ss@cﬁﬁs‘[?eﬁ 88d cdiybd WlEinResy Sobinkd&ith the
pressure equi pnent of the utilities needed to

vapapeclsem threinitial phessrsaprratien of theslkyletiantqagtonegfluent. A person of

S SR SIS o DT et

comPHs$ioml Bﬂageﬁs(,') B@Bihelrropotatiag comBtianscamsordédte avlieona dessed recovery of
B TR L T IO E W
expf?ﬁﬁalfe iﬁ%%ﬁ ?fneﬁha‘w Atwh @ﬁélgé‘sgoff ﬁ%ﬁé%%@fﬂ?ﬂﬁ%&fﬁ) the second

Fon substrate. i nc
phaansepﬁiatmn (m‘chrsm 2 pacsdunewtt Igammal\]mﬁmrnl Habutl Ak@afgs (3 trel 7 psi(g)),

PrefRaP M0 5 R RRECE) bl | pRED AP A §mEUAPE b b TEF from -4 to

13°¢ (18 B15k3thablenRaliy Bt at® 10yC sl JoP@t IWhRh Yired E‘Lﬁ%@s of ﬂashmg, the

separatlon prior to recycll(% the al’kyl ati on substrate
secand phass sgpkglient PEWIT & aqIrensure| aﬂmqralhhﬁrom I38itd 2;36 &Ba(g) (20 to 40

osich Sttt b B2 PR R R B A e et Ty bl ecneraily

fron 4 &1 §oC@0ftd 858 brafehbihREMINRSIE S efRfod(EH), OW@thQ]hﬂé@ Et@ges of
times. Each subsequent flash and phase seﬁaratl

flashipg.tthe thandephasrisapaietion pequnatA myssatq Frgeseny iame0 gneP kPa(g) (0 to
r r [
1 S B RIRADRGE L STLAIB 191, (PH28 o SRep S of scnelly
frons UPsd 128C €15 BT ERprefer@blylftdnm g7 toi -4C¢ CQ%@@@F)I dn deplagicechse the
in alkylation substrate, relative to the liquid phase

prespipygcopld be|sybaR@sPhesis, subissf t9 tﬁ@ evﬁﬁro?onaﬁa@é §1)31fb%9§10?}’@mg air
Qnpressed in one or nore conpression stages and can

e ultimately conbined with the vapor phase fromthe
initial phase separation of the al kylation reactor
[0025] f | TherpiroceAs pliespls;)eﬂi ldfreioreei banyora;fcﬂllylunﬂﬁrstdwd barrtfeccanae to Figures 1

' 1 | ashij tiqn, d.
and 3o TP SESrofion PEEES: | B et TopeaR h SEBar o BivatYifton
subsHafe b nliRuAS Hf lﬁﬁ&wﬁs&ﬁ@ﬂs b8 thel MM RINYaght, and hydrogen chloride as the

halogen-containing species in the reactor effluent. However, the choice of these reactants

ingr

and this halogen-containing species is not intended to limit the scope of the invention as set

forth in the claims.

[0026] Referring now to Fig. 1, a mixed butenes feedstock enters alkylation reactor 10
through line 12. The butenes may be introduced into the reactor 10 at more than one point.
A stream containing fresh and recycle isobutane as the alkylation substrate enters reactor 10

through line 14. The alkylation reactor uses a solid catalyst employing a chloride. The
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al kyl ati on substrate and al kylate and with a view

toward mnimzing utilities costs for a given
weoexpendidssre in capital equipnment. Wth two st ageaseifos/ 025042

flashing (and conpression), the second phase

separation occurs at a pressure of generally from2 1

to 117 kPa(g) (3 to 17 rsi(g)), preferably from55 to

. kP to 12 rsi .and at t t
alksflrierly Fusn? cotes® aisdiets, s@b{igBe iyl Ry Bhe an
hydrogén E8loA&X) Crie30,-09 paaBins mMW hdvetehtets the a@REr Hith the feedstocks or
fgashl ng, the second phase separation occurs at a

1nay|[ha§g b@ﬁr)efOGﬂe@@ﬁq@kﬁlla’Fl?n bymipducss the efffeent maygven zonteis seme
hydlg,glég%%m %%a Sg eaggh fLOM 172 to 241 kPa(g) (25 to 35

enperature of generally from4 to
180C (40 to 650F), preferably from7 to 160C (45 to
[005P0F)he allitlatidnheedostitiges fhfwsfthasph fige 16 hed tlits thtpbas portions

Oneagpar % (Ib\%q T(hggu:: lwaltysq%(dg; S g’sérp&sg%)g%pglgglal M}f ' og]gz lowers that
porthad Irgrless(lrelarfd‘%eﬁ pB&idr8) The ﬁ%e@boﬁoﬁ?@ﬁﬁ@ HASR V%f)or-h uid mixture
gener a from-9 to 20C (15 35F), preferably f %

that has the same oaanﬁtlomasat@e Fga,ctolr nfﬂlhzns Tleet flashed pertion Hlows through line

20 RGP Bob i frdingsoly TRORAE o B SPAGRE s g ggsign removes

heat i HeQ8RES ﬂiﬂvﬁﬁ% AFBONEREL ) t62sby IR iR thid p&rlmzsn of the reactor
under stood by reference to Figurés 1 and 2. The

efflupat cFieghdatnd portin igstill ® taiechhmsq wpar-ligeidmixhire. e?fh% flews through line

24, LEORLADE A3 L0Gu AU EH O T BRA B Pyl 54 Y58 oo vapor-

I soners as ron agen

liquithdepiratde 26s Fidiel had 2depiccSepaitdti 26Ghnd RREHIBST Vdpot-ﬂh@uld separators as
reactor effluent. However, the choice of these

cyhm&g@% weitieallyrientadsvensal o hotamtal wrﬁ@t@p‘@ﬁeé%on ajiyrfyitable phase
s TS A O S NG AR El o as
phastl sepatatioit. eA@apdrgddsd anichedireissbuadne)and tconmininpiopane] 8thane,

f hrou line 1 The butenes_may be introduced into
methag, @r%gmd&gew%&ndﬁﬁ? EOPYEATH BB SERATRIOT 5@1% ?eefgffn (yrogen may
be pg?%@ﬁtabﬁ‘t' P ft ‘if@@séﬁ@ Onfy8R ¥mhE qLaRfidt 8Bpaed E@H%drlo%eﬁlechloride.)

kyl ation substrate ters react or 10°t hr ou
Thlswapoif pleaseiskddeater arrefriggong for disepsroeess.0 Clorhpmsm 3pstompresses this

Vap%rgﬁzlag ﬂ‘@gddgqb%{]glgg [étl dﬁe sll'm[}t g'n@f le%{:%)gegqjé)% g%q%gﬁgfcon&lenses a portion of

the ERHNBARBA s@&eh HYEKODE AnE BhQS pHRe VEPS‘T Kdui&hiR@E@A bW B ehrough line 38
may have entered thé reactof with the feedstocks or

to enfﬁhﬂngfai\lé the exchiangered, Guthet kyrdansation bfispoutand ecculdixchanger 22
coo]g él’llealie égerqr};g é‘é g?plceo en?lchat, *PlE p? sg&rg 9 Ec~1"1edclf1‘1elletdo recycle stream

recovered from the outlet of exchanger 22, a significant portion of the hydrogen chloride is

condensed and is dissolved in solution in the isobutane-rich liquid phase in line 40.

[0028] The chilled recycle stream flowing in line 40 contains paraffins lighter than the
alkylation substrate and/or hydrogen chloride. Since these components do not react to any
significant extent in the alkylation reactor, recycling all of the C;-C; paraffins and any
hydrogen would allow them to accumulate in the refrigerant to concentrations that are not
condensable. These components are preferably purged from the refrigerant from any

convenient location. One possibility is to vent a slipstream from line 28. Although this
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[0027] The al kyl ation reactor effluent flows through
line 16 and splits into two portions. One portion
wohovwmiidssough |ine 17 and fl ashes across expaReTmis2005/025042
val ve 18, which lowers that portion's pressure and
tenperature. The flashed portion is a two-phase
vapor-liquid m xture that has the sane conposition as
reacto The

.t he ef f.| uent. fl ashed portion flo
optiorh VUGRAYY The C98 I RPBPRERRE i JRE L SSREGT s > 2 cqggpressor
suctiofPrésgtile nigat beieNGRAs a pidtacdlindgtre torRBe §iRAeiR I®VYESseful
heat fromthe streamflow ng through [ine 38, thereb

elseyberei Agrotather postibilisias gk to Nentaakipstesranefromines 34 pré8. While these
; o . Ll ) M.
loca {5 U8R O st 1 Qe B3 R meo i v yguna
preveht taashigstresn fgbm Bxdhianging s htdtowsh the redcalr effluedt Bbexclmver 22,
enters vaporliquid separator 2 Figs. 1 and_ 2 depict
therebygaruning thegaperirafing Ogﬁﬁé_?a% uqnt e s iy o eigerant
itselE Y RAELG i)ss‘i’tﬁfiﬁésc BhkdvePrdr€ p&@ég]rum%ﬁ?lﬁegﬂ%?f the dutg/ of condenser
S e phase

ori zontaflly oriented vesse any suita
36. ¢emaieatar 8 adédloi exchanger 28 mgeasd lavetahesmalhaplosed vepiii vehich can be

separators. including i, nal s. assj st phas )
OPeIEgga IR o TR TLBRTOIsh A ot R PSS TRLS sba A e 4Rds  two-phase
mix@R) b NG RLARG A0 RN o B SRRE strARANBYHAI 8Re 40 to 2 vapor-
chloride 1s recovered fromseparator 26 in |ine 28.

liquidHgparetge fnqimlyow_@@_, frresega yaron phase agd ailiquidsphasg sejretingihy resulting
vapdyihb S tion MR R SRR BE PRSI byrS 42, This woutd

helpﬁ{r@xﬁéﬁﬁ&avit@ﬁ@fpﬁﬂﬁﬁﬁi 4B anCRORIIeEREHIzE Nobua® Rssdd SR nedifrating the
ischarges it into line 34. Water-cool ed condenser 36

Cr-anersAseanddorduidragsn i thetveated strpatas Sadhe pthenhandrf therabilled
recy?lféﬁ‘g@%@ ir?gﬁég(% Esgaﬁglgglx %ﬁﬂfd] ﬂr]?'age; 'itﬁ'g%l B g%%rgelflgéévs %%Pars 1%9tr1]eam from

C ger
line 40 fslprogdattiracovefy desibI8SINEhae alé SlipsksahabgidrbeZRageaksa flash
the refrigerant to such an extent that, at the

drum pp3a derepafizar distidlation exjupadyel skown) ek flask gywp of deprepgnizer

wor [ L SCRROREL 20 B, AL U001 00 e v
fronsthk pidcess infline9®, arsbihe isvbatane edould puechvyehalsia itsrboktbmestream to be

40. [0028] The chilled recycle streamflowing. in line .
recyglgd & el rdatioRrigpgtomd W@@@Wet%ﬁ ﬂilﬁ%g}hllllk%/]rgﬁyo‘ﬁay of a line not

sho b%ﬂe@%ﬁ@gﬁcg{}e& )égd'tﬁt‘ﬂ%@ ol BhEMEe bRhRGEish RRSE and a

conpon 0 not'react to any significant extent In
deprohaizdrk fhaselectionedthooptimen foin agoad thesd opttoms GlwiiBin the skill of a

araffins and.any hydrogen would allow themto
persgggﬁﬂqglprg{ryéspﬂugﬁéqr%fri gerant to concentrations that

are not condensable. These conponents are preferably
[0020Y 1 GshatdlROF iR 16&HtHoh @BERAFof F18BIn@ANe C;-C3 paraffins and hydrogen

chloride, most or all of the refrigerant flows through line 40 and is pumped by pump 42 to the
pressure required for charging to either the alkylation reactor 10 or the product recovery
section 88. Except for any slipstream to product recovery section 88, pump 42’s discharge
stream flows through line 44, combines with the stream flowing in line 94, and returns to the

alkylation reactor via line 14.

[0030] The other portion of the reactor effluent flows through line 62 and flashes across

expansion valve 64, which lowers this portion’s pressure and temperature. This flashed
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conveni ent | ocation. One possibility is to vent a
slipstreamfromline 28. Al though thisoption would
weavE/isscost of conpressing the slipstream i RCT/US2005/025042

conpressor 32, the conpressor suction pressure m ght

be too |low as a practical matter for the slipstreamto

be useful elsewhere. Two other possibilities are to

vent a slipstreamfromlines 34 or 3’?&' Whi |l e these

portjog dnalsdASWHBHRLE ‘fa@f”é@ﬂulti X Qps thet has AR samecqmppsdions ghe reactor

efﬂdséﬁ. efﬁésl‘Pesz!:? P&%%ﬁ WoGys thildB¥h WRIbEhodxRM 8 per 68€Using indirect heat

pstream from exchanging its heat with the reactor
exchahfd, tleim flashedepoctiemefahe g2ctot hidluebiremetiechaat fromethe isobutane-

vaporization of .the reactor. effl w and thus the flow
contiiegp el kit 08 ferEeeBLaS Voo W PR 1iedes e st betore
its r}MNEY B alRY1BtiMPEca@Y | ¥ ahiMeatl RchRigE el atdrer @gioﬁz@sf some of this

condenser 36. (Condenser 36 and/or exchanger nma

/ 2
portighsf theagactar efflupel |Theefffwatiolashangshpg ﬂowgﬁhr@églbbémy%% combines
..t.o remve . ".no v I i+ {:

witn B BETRH B O AAGRATORAR, incaa: Hob SrGlld B, SN Enes
sepapA&iS2Ri ity is to pass sone or all of the stream

flowng in line 40 to a vaporliquid separator (not

shown), . form ng a vapor., phase and a l|.iqui.d phase
0031 B lwgm{ PRESF esgreiee goslaﬁa?ra_mﬁ d6dnfipg Egagr liglte and
usuARSofRYS 6o, e i kid éléf)@et'l:d AULhuPhR$6 k¢ RUAP sifedm flowing in

T 42 and

IS wou el p ‘prevent "cavitation in punp
line @61 THistquidiplzase flowvb tie produttasswsrisecion®nAktheughooat Keown,

prodSHl RN FRstOR SRR FAIDHEFER T if BBy W TEpPaa f Grom or

depropfBz4 QidtFlafos bHGhR dsivitill & aRRASButahize @Yt IRLioRIcBIuRkd @6t shown),
to pass a slipstreamfromline 44 to product recovery

whicheis tchmma®y catledrag, isastreppst. i Pt liavidhplase i 1ine 8¢ prd ¢ 8elditartanes

a flash drum or a.depropani zer.distil]lation.col
stre ot RO ik o e S bahoAR i b §B are charged to
the BOMEHIT Al orhlAEb&ndSirdaay iafline 184, andkgihterdd @t etedndid g 82, and
overhead streamto be rejected fromthe process in
the isphisargetreamdn fine 92 {ubishsaetains bpth feshrisahyiane shangad viadine 86 and

sl SRR SRR Op b L4800 AT 8 o

butdnb RexyHeire&dveysd)in 1hB@2pr oduct recovery section 88 coul d
i nclude both a flash drum and a depropani zer. The

el ectioon of the opti mum fraom, anon hese i, [ .
(00537 i Epangi P AR B SS 3¢t FShash i § &y tiop eacing 10 via
excl¥nber 480 gﬁg baReganl @ssr roh{éecgbﬁocﬁé tRc1e RAS &RsH Rbbutane in

purgi ng the Cl1-C paraffins and hydrogéen chloride, nost
exclomged 48 odfotervhargidg it grealipintién mastot hd.oliyhsttdaneindeards ata

temBHaRg: SicRer By Hen i ReRot 1 R s ot S neie. 1, the
strethOFUses 08 GAY @D ¥nay be cooled by heat exchange with some or all of the liquid

phase flowing in line 80.

[0033] Fig. 2 shows a system similar to Fig. 1 but with three stages of compression.

Similar items in both Figs. 1 and 2 have been given similar (but not identical) numbering.

The butene feedstock enters reactor 310 through line 312. An isobutane-containing stream

enters reactor 310 through line 314. The alkylation reactor effluent flows through line 316

and flashes across valve 318. The resulting vapor-liquid mixture flows through line 320 to

refrigerant heat exchanger 322 where it is further vaporized as it cools the stream in line 338.
-11-
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section 88. Except for any slipstreamto product

recovery section 88, punp 42's discharge stream fl ows
woOhoargis3si ne 44, conbines with the stream fl oRCIESR05/025042

line 94, and returns to the al kylation reactor via

line 14. [0030] The other portion of the reactor

effluent flows through line 62 and flashes across

' I 64, whj ch his portion's
The g BRRE e e Yo druabeh B ¥R S oniehh Suberkiauahecpareirgs. A
vap@ phak SMREE] MABSHutretHAdd oMty €;-Uh Bhral@ss dnldy8RFen chloride is
conposition as the reactor effluent. The flashed

recopeyed ifkom $apavesortIR0dn dine B heTlis verprakesraageyinggvitiugiersgream

i.ndi rect .1 hi h tionof the .
ﬂov&?rg%@tlg}% 3 gpﬁ?tg%rﬁf&ggﬁg%g S1’111 Eféez % idf ?\glrlrcffxtd%g&ﬁons as the 1e%r1gerant in the
prodess Hldnmresson B30 tompresses Yids ereatt @rindisdhavdes & ihldr 10160934, Water-

line 92. Wile cooling t_heeé@cycle stream before its.
cooled corpdenses 38 &ondaryesA PUHOR abibe sireapy in kipg 334 @nd a vapor-liquid

; t I . i .
B e e PR P o e D bHgnstion
occifrs.oM of thredyginogeanrvhlotfile is ordoluties imilteh sebweareenidh loquidphase in
. %hg effluent flowng in line 24, flows through |line
line38Y. and enters separator 26. [0031] The |iquid phase

recovered fromseparator 26 in |ine 80 contains

[0033 KYARbEthe Refrigsraat flyws eifbudhIaR 84916 ﬁh@@s@ymcﬁ pusnps the

depleted in isobutane relative to the streamfl ow ng

refrigerant into 128 34hiA ling gt shgymaserrids ewkipsteeapr ofguueep 342’s discharge
ef i t J oWy, odu N
suedr B SRR BB ree iy K s THE By TR 42’5 dischare
streqifi €drhbinss Withel stesasofldwiaghn UheIBOT FlodSARRPNAR1iAEB 94, is cooled in
distillation colum as well as a dei sobut ani zer,
recyghediept gxghangsr 30, A rethes e HswHyylatignireactersd Wovimding §14.
called an isostripper. The liquid phase in line 80 and
fi . . ! L .
003 L ARRE ol BE Mol baP3t 8 e e Multh by il and s
depleted in sobttangpemmpardd tootherstredouflawmgsih lima 3240 The hquidghasenflashes
al kyl at.e erodgig strean1iggline 2, ,and the isobutane
acrogy ?’éaﬂﬁ% #1h 8+ oV igh RS Bt aihRIAEE RrassweRnd dopearaites and
fornfshAlResha¥é AikthREh SO ARGEREK Hne 356 AW R%);,uﬁf s%ﬁ%rator 352. A
recovered fromthe 1 sostripper. Optionally, so or
vapelphagsf enrichehipripehiutingtand sontainingemetbems; ethede.i propanecar@lizhydrogen

0032] The jsobutane i he.streamin line 92 is.. :
cHIoFg Rty sl EH1B BRI OT b B it TEOVPLATE ARG with the
stref® floWir}einIthe 37890 ForiiPthd dtrealh irSlideO1H6E (CHRRrEssoR 858 BGMBreSes this

and fresh isobutane in exchanger 68 before charging it
streanp ard digthargesnt méakeoi600. The streamin line 14 is at
a

[0036] The liquid phase recovered from separator 352 in line 362 contains alkylate and is
depleted in isobutane compared to the stream flowing in line 350. The liquid phase flashes
across expansion valve 364, which drops the liquid phase’s pressure and temperature and
forms a two-phase mixture that flows through line 366 to exchanger 368. This flashed liquid
phase cools the isobutane-containing stream flowing in line 394 and passes as a vapor-liquid
mixture through line 370 to vapor-liquid separator 372. A vapor phase enriched in isobutane
and containing methane, ethane, propane, and hydrogen chloride is recovered from separator

372 in line 374. Corripressor 376 compresses this stream and discharges it into line 378. A

-12-
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tenperature of generally from- 4 to 270C (25 to

8Q0F). Al though not shown in Fig. 1, the streans in
woioEn1883sand 12 may be cool ed by heat exchangecwiusoos/025042

some or all of the liquid phase flowng in |ine 80.

[0033] Fig. 2 shows a systemsimlar to Fig. 1 but

Wth three stages of conpression. Simlar itens in

oo R e e B S P e SR o 3721

1mcggactor 310 through |line 312. An isobutane-contai ning
streamenters reactor 310 through Iine 314. The
al kyl ation_reactor effluent flows through Iine 316 and

[0057] asHiedicaid plagse jin]ine3 80 Bowsrioeprp@iust recoweyy\sapiénn 388 iine 386 carries
L S USRS 0580, L  GEEL B AT Il 5.
lightsichm dongprisingeraathime, kthase maﬁh,emdmﬁmg@ﬁ chiekitle iemefected from the

flo h line, 324 and en vapor.-|.iqu
prodsksAnine 3905 BanoTRiA] by AR JHAEOMARE SEMar 1lky I dush srapiin line
382 CRRA ﬁbﬂlﬂa&lcéﬁalﬁﬁ‘fg%ﬁ%rﬁgwﬁﬁﬂ cB fn@g)%fh ff@.}ah dq@c cise  isobutane)
Tecovered from separator 326 in |ne I's v

in liph3%%are gedoivered fidm thetfredust resavery Isenhomg in line 360 to
formthe streamin |ine 330, which functions as the

fr) i4y the 0cess ressor, 332 resse
0038, A S5 o GReRHGREEE T A RESHT ftacts of COMBRSSOR “Thus,
valvh84 8160 500sepantia B3l amtBitheCIMALNSIRSnRtddOsd ﬂl@f'th@fsuézﬁﬁ in line 346
streamin [ine 334, and a vapor-liquid mxture flo

flowsshirgeightol akee g Itl@e 3%t hinndés, copmretter ¥ % endling éqSO ayce deleted
s SR SR OB By ol DETSET

phase in |ine 340. [0034] Al of the refrigerant flows
through line 340 to punp 342, which punps the
refrigerant into line 344. A line (not shown) carries
a slipstreamof punp 342" s discharge streamfromline
344 to product recovery section 388. The bul k of punp
342's di scharge stream conbines with the stream
flowng in line 392, flows through line 394, is cool ed
in recycle heat exchanger 368, and returns to the

al kyl ati on reactor 310 via line 314. [0035] The liquid
phase recovered from separator 326 in |line 346
contains alkylate and is depleted in isobutane
conpared to the streamflowing in line 324. The liquid
phase fl ashes across expansion val ve 348, which drops
the liquid phase's pressure and tenperature and forns
a two-phase m xture that flows through line 350 to
vapor-|liquid separator 352. A
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vapor phase enriched in isobutane and contai ni ng
net hane, ethane, propane, and hydrogen chloride is
woecemoerss from separator 352 in |ine 354. Thi BCYAR2005/025042

phase conmbines with the streamflowing in line 378 to

formthe streamin |ine 356. Conpressor 358 conpresses

this stream and discharges it into |ine 360. [0036]
CLTg@_liquid phase recovered from separator 352 in |ine

Ag ‘contains alkylate and is depleted in isobutane
conpared to the streamflowing in line 350. The liquid
ph se l.ashes across expansi on val ve 364, which drops

%%ﬂﬁH“bW£§%“§OBP8§ fire and tenperature and forns

a two-phase m xture that flows through line 366 to
exghangarky&fitg ahhillsylddoasbslrdid Gith dn BIkGERIngAGES th f&m alkylate in a
i sobut ane-containing streamflowng in |ine 394 and
reaclpisses as a vapor-liquid mixture through line 370 to

vapor-|liquid separator 372. A vapor phase enriched in

I s@but a b Ol :

y 8 ogoreon o g Rl o P 305 10R and the
alkylatioe s@¥rateConpr essor 376 conpresses this stream and

di scharges it into line 378. Aliquid phase containing

al kyl ate and depleted in i.sobutane is covered.from

Sebhr at GPPEFSIAR of [ S a3 SdhS [FariE SFRGEN o gt e east
portlont t#8@adthO¥Elub® Jfte theéeple8iPMMB s BRGRMBRoAPBsitibh B€the reactor

386 carries a field butanes stream carryi ng i sobutane

efflyesedst ock to the product recovery section 388. A |ight
stream conpri si ng net hane, ethane, propane, and

gg 5 0ge 'ﬂee&ﬁlgﬁﬁ% gfle,ias? arg%l't‘r:o%t O%Qhé {e%ﬁ)} %X?ﬁth%% ?r}s;cf%g%eiggheﬁng ina

A nor ane streami1n li1ne an a

refriperafiiieiat Stchedgeriand kdcoeerd otk fehtperant heat exchanger a refrigerant
i sobut ane-cont ai.ni ng stream (which contains both fresh

exchngeredidueat gompysing Sraalkylaie ppd theadbylation subsisier ed from

the product recovery section. [0038] A variation of

the enbggésﬂﬁrﬁt 1bddt & bgﬁ‘tiog og ﬂ‘%sreﬁ@ﬁre %%%%ﬁlé%ér efflyent to qénzefﬂuent

conpression.” Thus, ve parator 352,
vapaddiuid sepa26® aadec@vermgfomdhe siblubhtatapbhBqeit segaratona vapor phase

line 346 fl.ows directly taq valye 364. Line 354, |ine
comguigte By Supic ate v rbis Griprsuipealkials
and the streamin line 378 flows to the junction of

l'imes 3%&n§f€@si§%% bMtiasd to 0Pl deylRéIsONstRIaRL &R Bprising the
conprising a) alkylating an al kyl ati on substrate with
alkylgtion|skistiate; ng agent to formalkylate in a reactor;

2) at least partially condensing at least a portion of the compressed stream to

form a condensed stream comprising the alkylation substrate;

h) indirectly exchanging heat in the refrigerant heat exchanger from at least a
portion of the condensed stream to the at least a portion of the reactor effluent to form a

chilled recycle stream comprising the alkylation substrate;
i) recycling at least a portion of the chilled recycle stream to the reactor; and

i) recovering the alkylate from the liquid phase.
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b) recovering fromthe reactor a reactor effl uent

conprising the al kylate and the al kyl ati on substrate;
wopomiaprasssuring at | east a portion of the realtCoOUS2005/025042

effluent, wherein the at |east a portion of the

reactor effluent after the depressuring has the sane

corrpositi on as the reactor effluent; d) heating the at

t portiqn. of act or, effl after the.
2. gedbesesrg G | oo sEagHerindlin B Bhe bt ahiion of the reactor
effldehf Bﬁféfe@&ri‘zé@ B};Eﬁ@mﬁg {d fogfraastridermt eRnah@d8sd dmprising the
refrigerant exchanger effluent conprisin the al kyl ate

alkylatelandhtse allwwmn suhstgm; stheegie thegpiriggepat exrhangdrdessk hag the same

T S T T A

combphiSes@hd hor€ibh o¥ ﬂ&Q’éadtbﬂBfﬂderﬁ apaedirothe fefigpant Gitbseger feed ina
conprising the al kylation substrate and, a_liquid, phas

refrigeinpt hest erphangery ar@ngmnté@ﬁb?xgé@ng% lrtdﬁéctbaﬁef#langes heat from
at leg%}%fﬂ%ﬂ{l&l I)igt%nc ?ms%%?fﬁgcoﬁ d ﬁ%ﬁs?@ ﬁlo@ ﬂqetljag‘ e%%ain;[] chhanger

i on sub t Teast part y con
feedatb fopntie caﬂ];a:fdrrted:}@ﬂ'e gifeatrh@ngoispreahs e]diyhltlbﬁ aubstiatef or m a
condensed stream conprising the alkylation substrat e;

5. ) dBAet Lctshandlng,eat Lo L oll bperant, hegtin oo

conéénrs&?srﬁetaﬁl ét'l@as@f)arh@l@% LorleRRE i 8 rofigtRat A@@ekManger, the chilled
luent to forma | ed re%¥cle strean1conpr|5|ng

rec}tctaestlahlkl)doamrl@m @qcnsiemﬂ@hasse) andthy ctdyalingof theatteast a portion of the
l'lgﬁrti on f the chilled hee g n? gmﬁtothe react or;
LR e T HEBVSPIHG SPHE AT Ry AT 2P R i qui d

phase. 2. The process of Caim1 further characterized

4. 1N THeFrodebEoPClaiBas or 2 fRdhe chitaqibrizdden tiea eiethilbdd ﬂedﬁﬂ\é stream
is depressurized by flashing to forma refri gerant

corr@xxé%aﬁ@éroge@é@hé@ramthq erpdenied phasp|cappriseptieast 99% of the
hyd%)gc hlgﬁde il tﬁg%ﬁﬂéf{e%ﬁclwﬁéa% n the refrigerant

e sane conposition as the at
Ieast a portlon of the reactor effluent, the
5. refThegeoans ob&hivanger 2 ffetitbr charpeteszel in gt ploer alkylatind occurs.in the
t he reacﬁgr e fluent heated in the refrigerant
presepeaRfrfgiolidie fn a refrigerant heat exchanger, and
the refrigerant heat exchanger indirectly exchanges

6. heaﬁheg;r%s%f CRASE 1 dr PUHtR 1R reddi& 1§ ANAARRREraEHLAM
| east a portion of the refrigerant exchanger

7. The process of Claims 6 wherein the transport reactor is a riser-reactor.

8. The process of Claims 1 or 2 further characterized in that the at least a portion of the
refrigerant exchanger effluent is separated at separation conditions comprising a pressure of

from 0to 483 kPa(g) and a temperature of from -9 to 32°C.

9. The process of Claims 1 or 2 further characterized in that the effluent vapor-liquid
separator operates at a phase separation temperature and the chilled recycle stream is at a

chilled recycle temperature of from 2 to 11°C greater than the phase separation temperature.

10.  The process of Claims 1 or 2 further characterized in that the vapor phase comprises a
light component having fewer carbon atoms than the alkylation substrate, a reject stream
comprising the light component is formed from a stream selected from the group consisting
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feed to formthe chilled recycle stream conprising the
al kyl ati on substrate. 3. The process of Clains 1 or 2
wouod7verdssharacterized in that the at | east a poTHISZN5/025042

of the condensed stream at | east partially condenses
in the refrigerant heat exchanger, the chilled recycle
stream conpri ses a condensed phase, and the recycling
of the.at |least a portjon the chilled recycle. .

of o Eseie SiraBhe B shPly ot gfore i aBe Shilled peyele

streddh, 088 $8e BEht CoRipdBent iR theZejbtt stBgh i€ Rt B6hABSpioBedshat
the chilled recycle stream conprises a hydrogen
hal i de, and the condensed phase conprises at |east 99%
of the hydrogen halide in the chilled recycle stream
5. The process of Clainms 1 or 2 further characterized
in that the alkylating occurs in the presence of a
solid catalyst. 6. The process of Clains 1 or 2
wherein the reactor is a transport reactor. 7. The
process of Clainms 6 wherein the transport reactor is a
riser-reactor. 8. The process of Clains 1 or 2 further
characterized in that the at |east a portion of the
refrigerant exchanger effluent is separated at
separation conditions conprising a pressure of fromO
to 483 kPa(g) and a tenperature of from-9 to 320C. 9.
The process of Clains 1 or 2 further characterized in
that the effluent vapor-liquid separator operates at a
phase separation tenperature and the chilled recycle
streamis at a chilled recycle tenperature of from2
to 110C greater than the phase separation tenperature.
10. The process of Clains 1 or 2 further characterized
in that the vapor phase conprises a |light conponent
havi ng fewer carbon atons than the al kyl ati on
substrate, a reject stream conprising the |ight
conmponent is forned froma stream sel ected fromthe
group consi stingof the vapor phase, the conpressed
stream the condensed stream and the chilled recycle
stream and the Iight conponent in the reject stream
is rejected fromthe process.
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