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PARAFFI N ALKYLATI ON  BACKGROUND OF THE | NVENTI ON

whh@1@16H3 t he I nvention The present invention f@h@éﬁ&mlss&
to the al kylation of paraffinic hydrocarbon feed

stocks. The present invention provides both an

i nprovenent in the operating conditions and the feed
stock for acid paraffin alkylations. Rel ated

I nformati on The comon objective of nost al kyl ation
processes is to bring isoal kanes (or aromatics) and
light olefins into intimate contact with an acid

catal yst to prod I t roduct. In the
petrol eum refi ni ﬂsfﬁﬁgﬁg@&fx@éﬂagt al yzed al kyl ati on
of aliphati cBAOKGRAUND OMIHE INVENTI@Nhydr ocar bons

is a well known process. Alkylation is the reaction
of a paraffin usual Iy isoparaffins, with an olefin in

of a strong acid which produces
Fle’&éﬁggfll ns, of hi gher octane nunber than the

st'ﬁiet p;rexgenhmt;entim selafed twline:aikjaletion iof paeafiiic bydrocarbon feed
et r ol eumr t he reaction.

stooandiisr Popserl MEKRroRTIdes baliy ah RPEPRAGA fre oerating
condltﬁﬁﬁ%rﬂf‘ﬁe feBd stbifor @Rl sararin SRglatibiyslr of [ uoric or

furic acid catalysts are nost w dely used under
Relalteﬂ/\lm‘@mﬁm ure conditions. Low tenperature or.cold

id f
o ORISR o R SE s el BEaIaRSs o
arontdtics) &ad gt dlefis mnﬁlmatMBnmct Wwith faycacid aaiaxlyst to produce an
reactants are disp ed in ont i nuous R f? ;
alkylafioh priinatiIs the seeieumm sohins b, ariktatdiess BJSHon o
ahpl‘]‘aﬁlbﬁ ﬁmb vﬁtﬁé‘éﬁﬁ???ﬂmcﬁﬂa&%@é alell kﬁ@wﬁtdi*@éess Alkylation

een as e cilent and it continues to be
is the Inma’mpcm‘ a pmarfad usiially lsppatafins, Mith ar olelie e dheaeesesae of a

stongopet BE7eH myogBiedSbaimng. sk 1 Btarfimp dhad Hystarting

matéiii 88d whidH B6iBin 1BheB @S ghsolhée Ih petroirde réfiningitheare@ction is
and enhance the reaction and, to sone extent,

generalisihe reachien of ads; 1065 eledinmith isobulage. pat ent  No.
goﬁtzrggﬁ‘%a n%@%@%gﬁ{??ﬂd&ﬁ d?fsuﬂ‘gﬁé a%‘ﬂ &t5lyBe %*e most widely

uorinated sulfuric’aci
used edezlidwy tearhpemturd cendRimnent.owbsmp8rat@® @redld dcid Brocesses are

Decenber 2006 2004/ 016573 U 3/ 0 8584
favoredibecayss Sécg?f&ﬁgp?'aﬁ %r@rmﬁnﬂa@ﬂe'%é?f Al BgReSDE reaction
is cAREEdutlin aNfbdchsr wAbR thet h){d%cérﬁﬁh%ﬁéidrﬁé} afe dispefsdd into a

or organic support particulate with sulfuric acid.
continuous acid phase.

Although this process has not been environmentally friendly and is hazardous
to operate, no other process has been as efficient and it continues to be the major
method of alkylation for octane enhancement throughout the world. In view of the
fact that the cold acid process will continue io be the process of choice, various
proposals have been made to improve and enhance the reaction and, to some
extent, moderate the undesirable effects.

U.8. Patent No. 5,220,095 disclosed the use of particulate polar contact

material and fluorinated sulfuric acid for the alkylation. U.S. Patent Nos. 5,420,093
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Various static systems have been proposed for 13 December 2006
contacting liquid/liquid reactants, for exanple,

wBab@meNos. 3, 496, 996; 3, 839, 487; 2,091, 917; ?@%52.003/013534
2,472,578. However, the nost widely used method of
m xi ng cat al yst and reactants is the use of various

ans B PARBRIG B R B R Fef P o

by lrﬂiﬁﬁg 5ggafnﬂhe|%*@ﬁb nic seppbrpafticulate Wik, sUBLB ACRILS;
and 5, 785, 933. The present appllca

pr\é%ré,iﬂiss Sipt61 YRPTGa hevaRARTT EToPPSeRe [0 BARGRYGY lauidiquid
reacfg@{tsat TP Lxbfhofl, Y P ABE s, al’,ﬂgﬁ,‘é?és CHledo, 447 2,091, 917; and

eumr ning para i'on’” By’ providi’
2,47DE78. dfovedvieedhe veostetideiy ubed midtbodibkmixng catalysbasd reactants

is theu§p el VErons A 2B0e RS B D) PARIEScIRaoes adidhe ke that
vngox%hgmjadlf%\%bﬁa‘lﬁeﬂ& fHéoéBmﬁEﬁé‘rﬂQ'té@éthéﬂ'fbﬁéﬂ(éfﬁp@gééknys Pat.

nat | n%t shaft seals, reducing costs and inproving
Nos.a% 789,31 844 753?é§3a|aad|‘&3585 SBRVARY OF THE | NVENTI ON

TRALE bRl O] Bidetd' RERRERNS hOYSTN i tyeRennology

re!atﬁ@t@félkﬂatm{ Gﬁ@f mb‘ba‘i'tlc&laiﬂ&bqiétMeNmtrbf ningf pa‘raﬁ"m alkgiktion by

precur sor gt% contacting,a, flui % %_
prov@mﬁabpﬂw AB altctive 4n pdfor ihe 2heaiion. @pra! lefific feed and an

appdraRE4bF SBEa.rﬁﬁg)&'h.@{ awfxoﬂﬁwﬂ&é%éme naer& @é%élyétrhrﬁi the

reaction zone Wt rnal  packing, such
fluid deamﬂntsewth()alsmbehammalfagmatlda trerebyedjminatiog sbaﬁi dealsmesiucmg
erat u ﬁ gl(]&ressure to react said isoparaffin
RBH

costs ARd SHPEO LAY SEVRLAUEN- al kyl at o pr oduct

Preferably, thesiMVARYYSEIHE MVENTEONa |iquid and is
mai ntai ned at about its boiling point in the reaction

zohkereTaie twe spectsdp dha presenhiavpriéenthe fist aspert is a process

o SRR o BB g g e

comprisiay rcontacting arfluid Isygt@macombrlslng avid oniadystealkaree wnd olefin in
[ trimer, etc. of isobut

| ef h d
concyireat fave %?@‘e?%w SR BEP IS, FRRBEL A Faagian S Wiy jnternal
pacl@ﬁé LLGeH s g (a§ tFﬁerellgiéﬁére'&I?szsé‘r'nI:B‘G)ﬂ)ahhcﬂ’é‘r RBRHIBY¥As of

goners o te ti ary | efi ns as fin corrponent
temmpdrature and essitriecie machsa@daomﬁm aml saatolﬁéierto produce an

B B B 55 B s 350 g Mo

at ab NS bIHY psbuml ihaRe®é4ctn ARl i ns made by
polérrerl zing shorter chain olefins) when reacted in an

acl e feepnd@gseachPf Fhaupresent anygidideptacusgsen s olefin in the
s BABABE SRR 4 00, e St Bchror s
oligorhéafiate or moteetertiaryradefiis suoh a8 thgodimes, tripmsrsefc. bbiscbutene
ora rrﬁaqtgngiewﬁ'l ﬁ clo?rtegpgngs 0 sa|8 ohégr%e?o nsélptal#t?crh aroérﬁ[)oc?igﬁc’gnt, the
present alkylation employs oligomers of tertiary olefins as the olefin component of
the alkylation with isoalkanes.
It has been surprisingly discovered that olefin reactants that correspond to
oligomers of olefins (for example, the longer chain oligomers of olefins made by

polymerizing shorter chain olefins) when reacted in an acid alkylation with an
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and the isoal kane and not the alkylate of the ol i gq8%fecember 2006
per se as expected. The reaction may be carried out

wonRo@p1sPpar at us conprising a vertical reactor pcr/us2003/018584
containing a disperser or other suitable packing in
the reaction zone which may conprise the entire

isoaf iRt BrokEasis i3 spfitk p TPt kf L tyfogreTatner

th rodi He' dl@bn?é?rﬁ %ér sef tolgreducesiRplate progatesiite consthiedt olefin(s)
‘present al kyl ation Ioroc SS may be carried out.

and Eilﬁmq_élﬂﬁf’[%@@hlmﬂlﬁ\lﬂ@ I”F@/ENQ‘P‘@NF PRE 3?@&0?3‘%@9"6@ The

r
racfobg5AEhe Sl SDBAERR AP BSRNA0RA i oining
a diéphees@ orgstiver sniéibie patking in thee mactionzose wilieh neykgdraprse the
uct corresponds tip the reaction of the tertiary

entufé YRNAH P PRI JONIENRTEST. For the purpose of illustration

and not a | igRIEFDESCRIPTIGNROPTPESDRAWINGDE! | eved
that instead of the expected reaction between the

ol The Mm@ URTdist & echamalik rapsesentiation bf Gienfirst aspast ot kedpresent

appdrghs iR ihé Proa ARG Hio M6y ag e tdrfled 85t
| sobut ane DETAILESODES@RIPTROR, @FWHETHﬂVENTID@Nt ane) 2)
tril sobutene + 3 isobutane - i SO0

(2The AGQCFtIQMfI%VQOW@ﬁPHﬁ&)aWﬁ@fE@rY‘UﬁH??@'KﬁFeﬁliseﬂn FE@lar basis
: d
WIth? ﬁ% %Bbg@ucbpgerrﬁ%? %ﬁmsgéfb%égﬁ?%al gﬁgﬁv]iner eas R%%hmél'g The
alkylate graiuchtorrespandsis th reactionf the telthlansaleﬁnmm issalkanes.
1 Ror b 9iiboss etifhtragPnang et SlimiBan sF fs pef. s believed
that hﬁsq@é@ BPthe ex T;?edtéd?ﬁﬁfdcﬁﬁﬁ befweén ltWé @lt%%:rﬂer*aﬁd o ldiafe, the

I sooct ane reat advant age of r esent
ollgome@ﬁtqraﬂkedslrﬁth sts oéﬁfmwmrgnowtu vﬁllmmqtd\ntsb thgrisoalkane on a

molqe@%? |y exotherm c and require substanti al
FTglearatlon to maintain the reaction tenperature in

1) optiisobutsne 8 isobpinagen ImMn@mzzmmnmethmaammnt
reaction of the oligoners with the |soal

2) pr BHsRRUtERR +a3 I@?p'd & 3RO (2.9 %a\riRe ﬁgd?ﬁrg%‘&p)l ess
r efl’l"lla %%h%h l‘é@?rpfh%‘f g%sﬁ)ﬂoﬁﬁét SPDRNBRIY Se Q. , alkane

sane pro rticular
and ﬂm prodiuct otﬂ)ommd bg acﬂqa@tkeme whendastthe prqduetjomactlwnem) and

2) iS8e 5¥soan 18 AR HELTTab Tom & B EAIRLCO g alkytation

produdt BEfHe/rdégfdnt 0 produce MIBE can readily be
converted to_producing oligomer nerely by changing the

3) fedduteneRet Rdsahutanest clsopetane

4) 3 butene-2 + 3 isobutane ~ 3 isooctane

The great advantage of the present invention is that although acid alkylations
are extremely exothermic and require substantial refrigeration to maintain the
reaction temperature in optimum range to prevent side reactions, the present
reaction of the oligomers with the iscalkane to produce the alkylate in the same
yields required less refrigeration making the process less expensive for the same
yield of useful product.

One particular method of producing oligomer is that carried out in a catalytic
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sane catal yst serves both reactions. Preferably, tHgpecember2006
ol i goner conprises C8 to Cl16 olefins corresponding to

wolzoeieg7sprepared fromC3 to C5 olefin. In a ﬁé%@id’uﬁﬁhssm
enbodi nent the oligomer has 6 to 16 carbon atons and

corresponds to ollgorrers whi ch are prepared fromC4 to

csiRof ot BRershi AR Bt o 18 SHRHREL AR KA LBy be
convéhédft@ ﬁ)d&lﬁd’b@oﬁiéﬁ@é&lytﬁjdﬂﬁlﬂ@idgﬁhé@ééﬂothét’m@@bethe

ertlary butane ~ contained’in a "cold acid" reaction
same satalyst seivas kethfreaeliongei d or HE. The normal  but ene

3056 RO, hahaec A", i o

ollgopﬁrtpréﬂs{rel@ltﬂ'cﬂﬁ €, 13103 olefparintai plfefemrfedtdmb@dxmmit tHeudligoener has
rom t

i sobutene can pe effected fractionat,ion
6 to $p carkar atosg apd SerasRRNSroQUgPACs WELE AR RrRBareddram Cq to
C Oéﬁ%eferred way to separate these olefin isoners or
5 e of the C. analogs is to react the nore reactive
t eFhé widesb Leé bithegaraifimatkylation is forghe praparalinreef 4 € gasoline
asily _se t fromthe no
compgert! i o torpisatBessas (Y befndl b MEn@hnd teutiery butane
conthip@dtifta Webld Acil'On&dctish Q%hl@ll)r/] withCSulfisic A&t harieF. Oll‘he normal
ethanol, to formethers, such as nethyl tertiary b

butege Kbutemﬁ%éplr eéarnple) iy acompapent of lighitaphthaalgng with hormal
utaég, gg@;ﬁfﬁna%d t Byﬂ)utgﬁg.ef'hé ;@?ﬁ)atlﬁﬂ bgf&eﬁg)\ffgﬁg@ggn% ﬁtt%% the

P RE ST AR I Mpr overs are
isobmeﬁeuﬂa befeffextdd by fractiomation w'ﬁheinfﬁd:wl’gmm:ausanf theircfosetbeiling
erred reac i on

fi |
point gy arGlevistk Wik L Seaeie ol TR piers AEsB.al 156 s apploas
is to?@é ﬁ%ﬁlfe r%a@ﬂé‘%r%?'dléﬁn l@)ethﬂVaeﬁie&Mei* ﬁr@@hbﬁﬁﬁbb easily

avi er her boiling) oligomers (mainly
separatmﬂromthetnqrmi plefsma@ycfrac@or@h@ .may be used as

RO RS MY Rthg: Qo Vi Eo B ) “Slavisfifol. such e

metigRi) ol 8anbl to forhfethéR)sedH dymetiag mambmyi ether (MTB E), ethyl
hydr ogenat e _t he ol i gonmers for use |n asolin

tertiany bt etrardBTBE) deHimnamy! etyd atisr FAVED i hpvebass used
o5 oy SRS ol i€ PR RE B FOSlausB opsegRens
_anmhamgomenzabdmi od thel tertiaryt dlefin isHalsey arprefamedpreastion when

I Hve tion ha fou&d tha@bh}ﬁis no{. ne essarK ﬁo crack i
carrigflOH| Q8 MaPlA EheamyWIEL g SeRATatoR Of Siobpalolelil paing easily
ach:é?é@' b?(ﬁdétlbﬁéﬁdﬂ ﬁamfmb esh/it® (Rigkap Bomhg}T@liqd@ﬁ?erQmeaﬁﬂy dimer

frono ol efi ns. not ed above the resu is th
and b'sm@r )pTbe@ligomers may h@ﬁ@e@ pe gagolinasenppaents hut there are limits

o BSOS OB s BE5 Aoh R SRE0 PR o Wonny

necéSRey ite lhaydmyenetmmd eipmatrfopasatin gaselins. Mheeeosialesirable
| ower fener cost for, the alkylatio
component for gasoline blending is Cg, e.9., lsoctaneQZ 2,4 trimethyl pentane).
The oligomer may be cracked back to the original tertiary olefins and used in
cold acid reaction. However, the present invention has found thatitis not necessary
to crack the oligomer which may constitute the olefin feed to cold acid reaction with
‘the alkane or may be co-fed with mono olefins. ‘As noted above the result is the

same product as the mono olefin alone with the additional benefit of a less
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The ol i goreri zation process produces a heat of 13 December2006
reacti on that does not require the nmagnitude of he
woelmyaks7as in the cold acid process. In fact, ngzdogy@18534
ol igonmerization is carried out in a catal ytic
distillati on type reactl on, the heat of reaction is
tElermved a # ﬂ_ts t e of éeacti olﬁ I S
SXOIRNIC QYEr2 bEﬁ%C '98 "ﬁ‘BWH“QJﬁ’SéfFP @e&ﬂ PRYnRENGR: & Iws gneray
Cost%,}fp,g FRpatigi.ed fromthe ol igoner. Thus even though
here i s heat produced in the ollgorrerizgtion it is of
noTI@@ghgctraetlzﬁ&IO@rmag%as praduegs a heai{seaction thatdaes not require
el @t [ g
the (g te el TonRRR Hs R B0t i f RSB 31 Bkt Bhhon the
oligdmenizztibacie wned autdhla ehtdiytie dlsbll‘a)tmmt mean‘eashomtthe heat of

ot ChE R T ConEbS G
olefiR"dHl alﬂﬁﬂ?é %ﬂlbﬁ”a)fe %q‘?ﬁ% %ﬁgét%té@'?ﬁ‘?ttﬁg aﬂfpbme?'n PR even
rization con

resin catal yst undero 1 ons
thoughdiieneds heat produeced in tae;m:gomenzaﬁon it és afara ¢amt $o tb'leqfroms;ctlon

of 1 GERBPSRES s by M dhd oS, B0 E GRdPuad st of the
alkykafién QIS RN efiredaby afé disal dydiRjdneer &RTEDHINGE Sofd P RUCS the
an al kylation product conprising the alkylate of said

conventionalrshast ehain odgfin.sai d i soal kane. The

ol fngé’BFéfbfrEB = dﬁ‘?n%eh?oﬁf\[e grééérﬁgﬁl%)a%h&l ;!%%Ieéé"a igrinbPhtha

phase’l presence o I on
strearaicampsising] mdsrma! anddéntianoblefinsis soniguted waath lalncacld)reswmalalyst

undé’rgg;gb%gq@a%@ %ﬂp%&nﬁt 2B e ratRily PSS At Sof the Bttty Blefins
with ‘tﬁé}ﬁﬁél%‘é fd ﬁ)‘?ﬁ'l' &IF]@HGQQ -and f@é&lh@@a‘i’d o H}ﬁnél%qg ahSliylation zone

ht ha cut . tertiary

wnthcﬁmﬂsmmm thﬂ @d@sar@@bg{) aneacr@ww%tmpa@lwi tarmméuree an

alkyBREF eh &R P B bR RIBEr idlcyPalyO Bnd i Satkane.

Pr PHY QliRyonterizationr magrise tcarriel dut Thea ipswidl Kitjudd phase in the
preferably, copprise isobutane, i soglent ane or m xtures
presefee ehan ameatmﬁqsm eAtelypiaither insliraioht passiyvge reaetionarin a

cataly i (UEORTER6YT Yyre THETS hot 2, vépolzand fiid phase and a

conc&ﬂ'fdrmeeacinmtbactmnajlont hiereférablynthe feed imb ©)-€&i g ar@s light
a be, f.ed to an C|dakla n _rea
naphhg &yl iR ey Slents o'y PR Serfete M BobfRiiegind are
moré h@aéméslﬁﬁh tRE draal elefinliBsiaers ahd Wrépreeratizglyidlighmerized.
the isoal kane reacts with the normal olefin to form

The grigyary cgomes Preducis gravlinmers gadi timers d The iserlkanes pigferably

corBlife Pt Mor AT BE RolifrobthBtT) « "o\ R pr esent
%m% lg?atdhﬁbaﬁh g%%(g?%?sl.?ggﬁgl}v?i ad Gt lelbsed in U.S. Patent
Nosch 3458118 A0 4% BB Tana s Taa T D Hhe phligefiuentsamprising

thec?fﬁSHeP%&H%lb%ﬁbﬁa (?arll%‘“e%'n%yB\éféﬂitb%ﬂadéﬁﬁélﬁﬁatuaﬁ‘r‘é%ctlon
€ reaction w pro

The normal alkanes are inert under the conditions of the present alkylation. Under
alkylation conditions the isoalkane reacts with the normal olefin to form alkylate
product and with the individual constituent olefins of the oligomers to form the

alkylate product. The implication of the result of the present process is that the
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1) isobutene oligoner + isobutane isooctane; 2) 13 December 2006
| sobutene ol i goner + isopentane branched C9 al kanes

woO)rodsiaed¥y| ene ol i goner + isobutane branched CﬂCTfUSZOOSIOlSSM
al kanes; 4) isoanyl ene oligonmer + isopentane branched
C10 al kanes; whereas |t woul d have been expect ed that

oS sbbP A 85T a e SRR g oo RN s pypieti

for rédctiod d@m%@alkarn@@cmm e maiction Milbgreeitical | east or
nmostly Cl4 al kanes, and reaction 4) woul d produce at

10 1 eﬁgbutanemﬂgprqerm@;oauta@ﬁes!sommea catal ytic

2) pafiobiteR 8o RS isBla AR AhudeBla Coalangs (0 FP
D |ttt e[
4) reﬁé’?ﬂ'\é’% ‘g *biﬁ OPERENIE ¢ emaqq?‘&gt(? ‘?Qﬁ? The
St pdrshs |f\lggﬁiﬁ| hﬂeﬁéeﬂ%@%@teﬂ thanRaction 8} %@Eﬁﬁmdﬁ&é’ at least

ol I gomers ottons) united or indivi duaw\d/
or mastlyr(é,zaalmnm |r@actmn ahwouwepr@gluqe iah deastoeramnpgtl maﬁianes

oo O SR8 R R D SNBEEH, B4 el o

procdRRaitaéatd oR bR C gdlkaiey. produci ng and separ atl ng an
aI kyl at e product using sulfuric acid as catal yst

Thi
&t agiglytis distlation rractign syicheas,that digalosest el ' Batent
Nosaa'giﬁ £40 aﬁn%@ gtd!iEem Bs%d%ﬁ%n?bu@%ﬁﬁéw eh& CREbMer is

dolnfT ow reac or pac contacting
sepanautm ﬁrahﬁherlowanlkmlh@g matreali éfisdndaikengs hetherreactlcm product

by cBRGIES TP B0 o TP e F Bl e 0RS ABf Fikeslsdhberheads)
and ¥NgofRAs tioPnd)! nidyebéjghfftéd“@r WE\MUEQIS/ feligo %hkkmatlﬁh ®r may

system CO ri ses ) y rocar bon p ase and

be L@@ddmy@ua \awith r&té@ﬁﬂtih@ pligerasebeing ded e ihez:al#vlaa%u nt

O T 5 TS o o R broces

for mwdmdﬁ@ah@ﬁep@@ﬂﬁganthRMewbdmusmge;wfudcapmlrmiataiyst This
t he packi ng Aefin i)@ntlnuo&i?sl dl ss | ves |nto t he
sawroﬁlwﬁrs%e\a% mangtFa RFI yxtures.

exﬁ”h@‘L‘}Sr%tht“bl%g Cd;gﬁgm n@ogg%ssowﬁ%w%beﬂ:rtmked with

pressure and hydr Ition controls
contmhhg iafepls br packisganatesial Nnblch anay be inert or catalytic) through

QLS e A BRI B S B 3vens

andPficeaat atattey boilbige poitt sthend @pstem.t h@‘hée?fsﬁ@m tO@Brises a
at the bottom Adjusting the flow rate he degree

hydestcajqphassransha BRdiIEogarkon pEYASIPR Phase:oA Bigniaget amount

B 1
the dbscdnding lfdrpeattiongphaslesand thie! sudfarie scidhdis perssd wnehd ipapking.

U rtubh ey%lslsgl\}oeg?r?t% tfqg ggidlf:) asc;r Qﬁd B kyFalfé: E)rod uct is continuously

Olefd in continuousl
extracted into the hydrocarbon phase. Adjusting the pressure and hydrécarbon
composition controls the boiling point temperature. The reactor is preferentiaily
operated vapor continuous but may also be operated liquid continuous. The
pressure is preferentially higher at the top of the reactor than at the bottom.

. Adjusting the flow rates and the degree of vaporization controls the pressure'
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m xture before fractionation is the preferred 13 December 2006
circulating solvent. The acid emul sion separates

woapiglitys7sr om t he hydrocarbon liquid and i s nopgBlukibes/o1ssss
recycled with only a few mnutes residence tine in
the bottom phase separator. Because the products are

oony By FREFRTBLPR. R LA BB, TR o pckin

alsoUﬁﬂ@emcbsCm@/pmgB@mgg@alUﬁartbcthecadlid quaﬁbleﬁoldmp The product
rocesses nay e adae usual concern

mlx’f%'iﬁbla%fpf%ff{aﬁ@f@?ﬂﬂﬁ e 1c>l=ﬁvﬁVI 3 ey lgs ipg yolyent. abas am@&mulsm
sepeﬂ%téyfgp‘i’d]g?l%g?temdgpgéﬁ%?ﬂgﬁgﬁpgﬁé‘r“éjn&‘?n n%’r .I%ggcled with only a

cont’l nuou | sperser co
few mimytesatrésidanhcd fimaiinl the QOttdntpimmaraibr Becgapee e products

are tg@gs@ﬁ%ﬂ\f y%ﬁi{q@%ﬁg lgrz)srﬁ: }.H%q@(\:@ Bﬁr L& gq i'g%nle)),qﬁe reaceuon and/or
emu\éi’&‘i‘b?drﬁét%rs u%%ﬁfnvehﬂoﬁé]%uﬁﬁﬁé a8id angwstlﬁn BfbckBSes may be

el enent functions to di sperse the flui materials in
addechwitheut thsr usust cpacerarfor brraldng the eawisien| dhainspesssemay be

S I
desi BB 47arBolBRA BHGfiuis Bs EBpERL 1HER Bnbibe’ 3. 500
t uptéfé:‘abm the dtﬁpmﬁ coﬁ;pnsee aanémwmltlbna! Ifquicgh@.mti coalescer of
ergl ass such as manufacture epar ati on
tyme SRR & OPSrETVR for GRAIPRAIG YeRerioad s of FESR. §ié: Spmmonly
knov‘cﬁﬁ 'ds' w5 eﬁfﬁiﬁ%&% oLt‘d%lsltelge HEWSet! i‘ﬁolﬂetﬂlékel"{ﬁh\/@h‘tﬁ)n the

her .materials such as co-knit wre and
e¥en13ﬂtdumttorlsetb Idispetsriherfiuid Matedaledh the/\xﬁa@k:tor for better contact. A

suitdffe fRpBRRsBRRpaPes & gt Pl  GHalR 8 Ay Phefmsaert, For
exarhbl% ﬂmft%dﬂﬁfouN@that@gﬂ\hé@dl%qtlb&l@r biykAit PesEh GROSiread multi-
npl oyed where the screens are woven rather than

fi Iam@ﬂttﬂbgfgla@ Bésh ag masdartarediby ﬁgmgg.‘pSquwag% Products, Inc. of
A!wrPel“é)&rsaEEr‘i' pé'é?t%%ﬁv &y mﬂﬁlﬁ?ﬁ%‘é\%ﬁ?t B bé’ﬁﬁ(?;br%{c%‘grtﬁﬁf’\?@nous

ructures are co-woven Wt
otheo rmamehars smdhe 8 abskriuwire amdooiuftiréilasnent dekon (Dupd)mt TMQ, steel

ool RERRYIeN e RO R B Coaflf iaterialy n diso be
effeéwe’iy utifiZeMPNtheCas Jﬂrﬁfdsc Yaksns %ré@dre@ﬁ tyBé"pélERTnijs may be

such as sul fonated vinyl resin . Anbeér | yst)
empipest whete e streepgodie wWoven ratbter toen kaittedag Otnae acceptable

o R RSB LB 0PRSS Hbnne

struftafdd whithvrk ltorwdven with fibefjlagdoeoiher Menaﬂemth ras OFolymers
Thus, for exanple, the nulti filanment conp ‘“

co-knfiavith mwwpanesél exranided er gerforfg anslwthﬁ %c{%émr@ y the multi-

fllarr?é?[f’?ﬁ%ahﬁjgnl sper I fbé’ tﬁWﬁc%]{h% Bﬂ“ﬁla%n’t’eéféiﬁlc{?\é‘lferl%h@?y be

e r emai n er belng open ‘space
polyDersdiimh Mﬁfenﬂ@cﬂﬂﬂﬂ/maﬁqé@ PaEmbeggsipand QSWIC metals such
: ,\ﬁ {'?f ersers i nclude structured catal ytic

as i shiv9; pack| ngs which are intended to hold

pa"l’hb%ﬁﬁr@eﬁ%rﬁbﬁé?éssat lREsE50 YBluthe %, dpehidpadkiupito about 97
packi ngs conposed
volume % open space. Dispersers are position within the reaction zone in the
reactor. Thus, for example, the multi filament component and the structural element,
e.d., knit wire, should comprise about 3 volume % to about 50 volume % of the total

disperser, the remainder being open space.
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of a catalytically active material, such as that 43
disclosed in US. Pat. No. 5,730,843 which is December 2006

wooesaes/ated herein in its entirety and whi chper/us2003/018384
di scl oses structures that have a rigid frame nmade of
two substantially vertical duplicate grids spaced

PR hrs e BBl SRS R HGRcnar
interfideistoaidll Particunstel o!a@élf/ﬁb ot stwctﬂﬁdtrl dletumomqwmke@stcmmposed
t he- Yg[rlds to forma p

of a catalytigaly activg H‘ﬁ%ﬂ?é@l&l;?r@?&lﬁlgt ﬁﬁlsyl hf gt Eﬁhﬁ "61730,843
wmcﬁ% @cwrb&ﬁgé 8 ks’ ar?’tfréﬁ/ ﬁﬁicﬁ'oﬁscl%&ﬁPdﬁhﬁ‘e@&ﬁé‘t have

are catalytically 1ner
a rngﬁﬁmmalnhqde:m‘itabrambb’edntnany wticalgmphdaw@mils slpeoed apart and held

rigic B & Plratgst Subsaralie Ratttrtiol, oy erBRer; it o Pidiiiy of
subs@éﬁlﬁll Kot wifd S8k 8skd Mokinfed 3athe dWis B f@l@l@ a8Slarality of

h is 1ncorporated herein in its entirety and
ﬂu1d\mtbwaﬂs soiangetbedubes said tubesthaing gy oF sphlgining catalytic or

non B SR Sy TR AR S RAALRE nert whih
are tpicallptonsthicted of cormbawcﬁ*nbml bentaft vatibss amg[ea,lmlmse mesh which
uni form sj ze having the ‘B’ks or i nted i.n

Is crw%tqraﬁldérvmguegq bprzoxltally stacke aﬂﬁ@ﬁﬁop@gﬁw Qg suich as
dlscB§bH% ﬁl N rra% Y080, BB "\nﬁhéﬁ % m&frpbiﬁé&’ h@%ﬁﬁﬁﬁs entirety and

|ente Yy tO an sal d rest ng upon sal vVees.
Whlcﬁ tiscloses tainlact ditsiptirez conprisingla: pl(ma)ltyr ah dloests rof wire mesh

forme R Ve PR ATGgEO G P T e s oS P Selsf Bl of
sheéfB'UEi of dubStaatiaMehlnifdral QQeWrﬁ%ﬂa@p@ﬂ&s Gtieite@9n the same
Ber| Saddl| es £Ceram c), Raschi s (Ceramc

diretipneand srbsigatialit l@@li;;nnmt | saigl ﬁ@@eksmﬁtrag pepwamf} by agilurality
of rlé g{fﬁ?ﬁ‘?’?}ca Qnted%r%gﬁggm’ L&0 g)alci‘l‘%@tlﬁa Wﬁbh KGiAY %&I 0 at

active random co
I e@lﬁer@uﬁabmmpﬁr&et&llmdua@imﬁrEandmgn erdemped distilatien packings

which ‘e atalvisaTheinord- gt cinekirias Comtathbiaher ith fgetion and
ma;r‘n@fr@é rel%ﬂgé 2'1&?%@%% @Pea %‘El'cﬁsass ey @édcﬂ@@%@&%rnhl@% Raschig

acid I nor gani C po ered materials w
Ringse{Ceratiic), Raschigt Rings iSteed) Pabinigist(Metahi Rall dngs (Plastlc e. g

oA B AL G R e coma

at leasibna@ataliticalBnadtive digeddieht, sath esAgTRE PdaNg Gruch, 28, Pt, Tu,
pl astic, ceramc, or metals, in which the channels

Ru, 5}% Ttny/buc%{lm Y. sfddiceas M@ueaselmprsgﬂ@ﬁedq‘éme@nw§ syl gmetal-
chelg?ei &?r‘nbl &?(%Q h é’ﬁlﬁﬁoﬁﬁng?‘lgc%@cg g qnéSY'lgtach powdered

erla

matenmlervgth ngtad&tlcymtt\ntsunamy (maomjhthsdwhfcht are cqlalyieally inert or
i nv

actS RO IAIESRipBires SPBGIN on 2Ll igopandorerdedshappsls and
may@édr%%ﬁ:’é?é’d ﬁ?ﬁ ridrd Rié A8 26én §§Pta%'t|8 | Gamid, BF frictdls, in which

anount s of ni c and |sopara I NniC startln%
the channelsrs typically square;hovidver,athergaomelries aguldie utilized, being

use{i1 | E;ysltug:bﬁrgrc%g eccf with cata?yt%fr'ngfériapsoar affin nmole ratio in

The hydrocarbon feedstock undergoing alkylation by the method of the
present invention is provided to the reaction zone in a continuous hydrocarbon phase
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reactor feed should range fromabout 1:1.5 to abou
1:30, and preferably fromabout 1:5 to about 1: 151i3 December 2006

wbhaeewoied7ef i n: i soparaffin ratios may al so be upeduski®oissss
ol efin conponent should preferably contain 2 to 16
car bon atorrs and the isoparaffin conponent should

contfefi e e R B efolslnianGit el RBppgrptegets which aro
sufflbiéﬁtféﬁﬁ)mﬂﬁ@ dh @ﬂ?late fﬁ)@@;ﬂlﬂ ange oléfnﬁﬁli;i‘aflaﬁmﬁlé ratio in the total
- met hyl hexane 3-di net gl but ane and
&

reaotorzte@ni ﬁ’e@wwﬁ@&%ﬁ@m alrit il eka i abPute! -3Q aasl igfermbly from about
I I l; I
1:5 P HIRRHS S ga‘r)IggﬁPreﬁﬁ. ycgagangmheraﬁosg% f@gg% (8,

yl'ene, hexene,
ocTheelefarubniyegrics ehould pedferably cambaire? feel@ carbdn atoms and the

sOPEIRHH | Ao APRRBGSSUIL BRP RN AP b Rt cegpon. Stoms.

Repfadehtdiive a@ntbledbhbyitdtie isepdrifing Irdiideskybli@We, isopentane, 3-
tenperature conditions. For exanple, the sulfuric acid

methylkgiang, o 2-metuthaxane; s2,galimetuibutapes endi 2 wlm@thyihexane.

ook SR B ol il BN Rt LA Bt end Butene-t,
pronylénwrpénmoathy%@abr Regeh®, befenecand hbpemeohredly tenams a few
al k atl on over merl zati on because | arger

and gg siesctibed agpve, In'g‘ﬂye ofigaraeis ofrthese Pefi®gn be produced
Pen ﬁﬁ\éaﬂu:@bé chidle %2?5&9%63 Eg@oﬂﬁﬁhé’ or SuRAc I%lcidnca’talysts

these |1 qui aCI d cat tiron processes IS
und@'rrefaéwalylIwmanpemtm@cbmndm&asi bor edhiple, ﬂmg;llfurlqamdglkylatlon

i f f h d
reackigf 1§ Al GUARYReRSILG 1T Boierhlfe MR i 18P RatatGies being feored
in o%r%@%ﬁmﬂﬂ@%ﬁé‘ @IdeCre%tl&I BRyledn p&ﬂfﬁehﬂatrow pP@FréléGﬂI refinery
the catalysts within or on the packi ng nateri al

techpplogi fawrg allytrtiopraies pelysrerization besawse langenauapiities of higher

octaﬁgg)r %cgu&t %QH;B% dﬁi}ﬁu{:ﬁé ﬁ{ell e\(\?alllaﬁ[%:lyf'ﬁ%hg[n &81:1 aﬂgld strength in

ar reac
thes&dlcmicbacidccatalyzed allqd@idmgprbceﬁs@&wpre@en@blylnmmtalbedtat 88 to

94%4n 3 GG s ool addhier of drdadi i and: e gontinuous
Wi GO ntelid oy ek S883uoh BYSBRY PRlosRAIC A e used by

drocar bon shoul range om about
suppdrtiog th@cataiystsx\wahmwrmﬂm padkmgjmp@mI on of the acid

nt,o .t he,r tion zon sho [ d occur mai nt ai ni ng_,.
t nERerblhg RS A8l 8 P i Vition oy FRBha: fiative
amo@uﬁtst 6f acii el RRPEcarbod féﬂnfcﬁm@rt@beffahé Yehdtoninod odlumshiic ratio
to about 130F. Slmlarl¥ﬂ the pressure of the reactor
e

rangjrgsram abeit 0 hd tembeuk: an@m%reme@rabwgaﬁgtw Fegiging from

abod98, 015 eI =P ot Mof@RBr B BERIA G prson
inveRAHiOHE, thﬂlﬂaﬁ@@#bﬁtﬁﬁﬁlﬁ%yd?ﬁﬁ'drbﬁﬁ&h&bmmé fidratabout 0.1:1 fo about

_ﬁ"raeferably, the reactor tenperature should be
intained within a range from about 40F to about

1 1ﬂ5d RioHaly &he *ASPIEioR" TIRE i Y e PeadindHe & fbuld occur

hin a
whlle mamtamlng the reactor vessel at a temperature ranging from about 0°F to

about 200°F, and more preferably from about 35°F to about 130°F. Similarly, the
pressure of the reactor vessel should be maintained at a level ranging from about 0.5
ATM to about 50 ATM, and more preferably from about 0.5 ATM to about 20 ATM.
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range fromabout 0.5 ATMto about 5 ATM In generakg December 2006
the particul ar operating conditions used in the
wprosmassef the present invention will dependptPusfi®oissss
degree upon the specific alkylation reaction being
performed. Process conditions such as tenperature,

d | oci | +h l.
mosP pETErebR B e RRERemErdfis Yt altahaf sfufh sengg fom
abo@ 4090 bRttt 0PI adbikbié Péfton rebsireabulthbe beaiaingt within a
i n accordance with paranmeters known to those skilled

rangerfremebgut 0.4 btitraabudd 6T Moper ating at the boiling
2Slbaalr BeSARE: SR SRGR ubs hthe'iBEdsd B e

vapar S| Ing t
preseatitiventiorandl depdnd e stmetdoygees apon ¢hoEpedific atikytationgeaction

.materials clLoser to that of the naterigls |eaving the
beingRRiRImest PTOGRS| QIRRFUTL AR (PORerahE RTFgsure arid Space
veloBlr s fbil 98 thSARAArBtid BtHEBEcthRtsAAIREREL P8 chiahfsteristics of the

reaction mxture is transferred to a suitable
resudtingallgiateprodgciandunay lbe adjgstedin accardancewils parameters known

cont ai.ni.n t he al kyl ate product and any unreacted
totl]oggaigiﬁgglgitge ggpar ated fromthe acid. Since the

t y pinGivafies dfppeedtinieatitid boitiag point i dsepraseatiedctionsystem
about 0.6 g/cc to apout O, /c¢ and_ since densities

8, 9/cc ;
is theptheare is sEINg qyarerationywhigh |al%gmrﬁ'$§'%f@19 Keghaatof reaclion and
fy1.2 . . :
el G QTR Re ST, rlSASEABHS T g o ot
leavig thelreacigr asiin aniisotherrelaaatian.s i ncl ude decanters.

LY D dfie &SRt Sio BRR pRLF (S o RRian 4l FeagiEh Histure 1s
transferiddfo BlsHiESleddpEhatich PesseMRhbld the h?rlﬂﬁétﬁ%ﬂbéﬁ Egase containing

representation of the apparatus and ow of t . ]
the aikyletssprodgatand asykineactediraastants issnasated fpumike acid. Since

. ] r O
the GhRpliclG iR apEcePonditsRGeghotaldy BiEdRo o aboutos
glcchrrpshicedensitids for ¢the adidajendiadlydalbwithindhe rdvegdsl afiatboot 0.9 g/ce
fluidize terials in the reagtor. efeedto_thel )
to apeyE£ 9&8@?? $uq le?sgﬁeﬁ‘rﬁrf efaaﬁv separable by calyyeptigral gravity
oot IR0 AR ISR B ook SR ALl S
sepaizdé by dessitedificremes, tane alssegitit@blevi a | i nes 16a, 16D,

6 diquid id I . ks f .
o0 ek Sl Gubh iy A SR GTIRe SH g fitoinec
schéimatc Pébresditetiby f GenspearatlReaiBAGW oftite pritcks. Sheh items as
reactor which is gzr eferably a generally cylindrical

valves| iabailgisaPHIMRS. SE-dirve besuamit®sr opri at e di sper si ng
e, S0y 1018 oA, SR 0 MR S
dispexsers behiezecadiahdispersien efitieffuitbogiddizedesdteridlsan the reactor.
The?f)é_gé %: ol b%%ﬁ{o?%%tmaprﬁssés%%dolg M fed Wia ine ?2@6% @s-Bufhe and an
isoparaffin (e.g., isobutane) fed via line 14 through line 52. Preferably a portion of
the olefin is fed along the reactor via lines 16a, 16b, and 16¢. A liquid acid catalyst
such as H,SQ, is fed via line 56 and make-up acid may be supplied through line 38.
The hydrocarbon reactants are fed to the reactor which is preferably a generally

cylindrical column via line 58 and through appropriate dispersing means (not shown) .
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butane) are intimately contacted with the acid
catal yst as the al kylation proceeds. The reacti on‘lT"ngecemberZOOG

woxoddmasdrsc. The pressure as well as the quant pgte8208%/018584
reactants are adjusted to keep the system conponents
at the boiling point but partially in the liquid

into (a2 iEadRe iash 4 TS ATHRRE B okt 2l ey W
t TR Hydrddiebdi® restiantieandtison 8active hjirodatensae.d. haormai
system'conponents are separated into an acid phase 4

butaa@hﬁaﬁ intimptell contacied ydth the agjdirataliod &8 tbﬁaﬁdléyia,fzon proceeds
The ?@é&tﬁh% %Qotthgﬁnﬂ:l %@ér%ssﬂ %%ﬁ%s%@@hﬁﬂ of repctants are

eact e i SO non reacti ydrocar
adjua;edi ta keepdine gﬁsm obinpdniarits akihedwilingipointbanpadiallg acthe liquid
of t onents and.any | i ghter, hydrocarhon . .
phas,eoﬁﬁgﬁ@ SRR COMPQTENts Pags <IbWn BAMy ﬂ B@-ﬁ‘%ﬁ%‘“ inygixed
vapo'-‘r@lqw Rﬁaéé BR& d"'tﬁ‘ﬂﬁ’ﬂobgﬁ [ f@ﬁt@ﬁfécﬁh%r 3Pstn #fe d8anter the

acid ase Is recycled via line 24 and 56 into the
systemammmonevﬁ&ere separstad lnayab@cw@lwaA%comMthw@atalyst a

hyarai PadtE e BT S eiids, aifedded il ang piregoted
isopagifiin, emditirehetile ioydrbearbens ahd Bhapoepledsy 44/wh1dhl may contain
28. The renai nder of hydr ocar bon phase is fed

somgiof each atthe gorpensAtsaNd any lighier hygregasben p@mpgnents which are
t d,
romoY P EORAL T VBN 20 R Tuthor RARIRGAs MEPOPRAET”,
r eMwsedf theaadid pbasem re@'Meqbvuerlhe@rlsam:tSﬁnmtoﬁhe mwctoly Make-
up PR oo FEER 3o 2 2 pul-WBRPRDT S BB via Tnd B
AL*KP(&WHEB‘éa%H i‘ﬁﬂ?d\BﬁEEé S rerfdie] Nafine 22hwith @ éd?ﬂbtﬁl gecycled

exanpl és the | a orator% reactor is 15 feet hig

to therfened theireasterada line 2 B&k%ﬂalﬂﬂehompﬁ@'bﬁﬁmhﬁﬁg is fed to
dlst@%go&gcﬁﬁﬁn?jeor\ﬂg%b \ﬂﬁél%ﬁf%f@%ﬂﬁghéé??%{fﬂﬂ‘ﬁﬁéﬁé % brésent

epéndi ng-on acki’
in thefedd, ceicbe famavesd adine@6 andthebalkylatd d>mdac’srsaemoved via line

asses all th d pl I d h t
34. D0 SrarPeAds TEarsPATRTIUDSAAE iHoatkeie MR SdeeydigH yia fine

52&9%%) (gf gct@,q.qol ntroduced at the top of the react or
own wWith the recycle mixture. Vapor is

EXRERINEKNTALBEThYa F@R Aleléhft_A?ﬂOlbil Ok 1ISeFAEAFHRatT QlE R

and hel farce t { Kk
or Eat PefBupdhl SapBin MR BN et R e gyt Bnches
dlan’{@tﬁﬂflﬁ |33b§cmﬁﬁ%dyln?fér@éuﬁtb%ﬁcﬁ%b§rofquidk&tg material. The
Uncondensed vapor and uid hydrocar bon product

H,Spa drvantomris abgnt 1 tes legending an tiedoidumehth hepagigng used. The
surcBEKBAGR3Y E8aDES et 8R0S of e SEEMSSugE cltefon ou
the st to dificulste Bewerjiase2nifire Wih205rdlo pasit8Feeds are infroduced

P 03/01858 sures, the cir i on
Bt the TR 7 GRAGLAT 30 A PTG Wil 06 ERRYClarp e VEPRERs greghced by
heat Bi¥24&tion gh‘.@ atRbient h@&t Qra 8 dndl IRAp4 BRES th@fiqinas Wwnrough
differenc etween the Ss
the packing creating great turbulence and mixing. Most of the vapors are condensed
after the reactor outlet. Uncondensed vapor and fiquid hydrocarbon product passes
through an acid de-entrainer then through the backpressure regulator to the de-

isobutanizer. Mass flow meters are used for feed flows and a Doppler meter
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flow metered feed in and the weighed |iquid produc
out. GC analyzes all hydrocarbon products, incl udltléé)ecember 2006
wolpeoames73 Titration is used for spent aci d aspayws2003/018584
OPERATION In the foll owi ng exanpl es the experi nent al
unit circul ates hydrocarbon and aC| d down flow at the

meagfils g oBghBliof teto. 1M ErOaRA I BERAGbby ERERT Hdweighed.
HowEher,thavent flowrdtetis bstimateak ag beiagdhe pifsssncebatweansiad mass
to cal culate t he anpunt o

flowr, eiared: FR i (ATt T Wesaned I RIOfHES N Duh, 861 analyges all
hydrﬁcQﬂfdéP% ﬁHfseln'bﬁ%‘ﬁjlq?‘ﬂ%’véJgaflt BRGS uBad Forky ﬁ‘ﬁ‘t‘%&d assay.

vapor to ut ani zer to
OPEﬁA‘ﬁt@an the pressure. A snmall anmount of N2 may be

F e Etine U5 hpfISF 35 REbfrRani Fv CrRlet hiuBp Ry and
ac:dl dowh GIHYE tat Qh@IUoﬁl gnwoﬁtlwtth@my&@ﬁmbﬁs Ipﬁ@@éﬁtafp‘regsuré and
the vapor phase. The circul ati'on punp

In
tempsiislirerendings o lgeged lesteanicallyof he fwt@r&taleté@mpgraéwe and

e e B oY R RS Bt i
an_l(DnghylatQ/ﬂash a:m«t:ma’ekbmed by nonentarily diverting the

A b RS L8 LI ror o e
de—é@BGﬂ@ﬂ?zéerﬁr@rr méll‘ﬂ‘élﬁsq}ﬁérp?esémé K@rﬁﬁl%rﬁ@ﬁﬁteéFN 2fisf be used

l'ayer and hydrocarbon layer 1s then used in
primedily torksepoacidfrom bmkmm)pp irde thextead linea ioweves, tostmucht N, will

caugsp Rudde It Rroghlek Hembh B T BactRRoBRRIE m 2€ vapor

phag@i nt ai ned between 0 and 3 psi by manipul ati ng the
circulation rates and the heat bal ance around t

unithe cisuiationepempalik they exeermeptal saln @gcafat% .beth the acid
I
o 3RlayBP e el MG AR R ARty TroRlTR iflazps mey
be pmn?npegmsdzpamtqw ovi de adequate vapor (nost I y i C4)
L3R PEBREST b S ORI B P pvce
throti§§ afrﬁégsﬁﬁgotruﬁlé' Lﬂsﬂ'lgsﬁ HRrelelivaY GaRE! THe tféb’péd Qﬁé@ﬁél é&ﬂes in

IS relativel and does’ not s:dg ficantly af
secands foderm t@loéayer& Ihe yokime petgeant @icidclaye am@ hydrocarbon layer

lsth%ggggﬁ{n@ﬂ%@cﬁfoﬁ%ﬁ{ tﬁﬁ cﬁisp‘ffqJ ¥teigeélc§r?gbfe5 Ia%%golumetnc
circOMi@0 fate® bb bath fHaEEdS2003/ 018584 circul at | ng

TV IhOEP laestueiniohenasihs iomar wrstor Tiel) 1§ maiaingd between 0
and 3 psi by manipulating the circulation rates and the heat balance around the unit.
Different packing usually requires different vapor and liquid flow rates to load o the
same DP. Most of the tims, the ambient heat gains and the heat of reaction provide
adequate vapor (mostly iC,) loading.

Because of refrigeration constraints, about 1-3 lbs/hr of extra liquid iC, may
be introduced with the feed to provide some trim cooling. This excess iC, is relatively
small and does not significantly affect the iC, / Olefin ratio since the circulating
hydrocarbon rates are typically on the order of 100 - 200 pounds per hour. it is the
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TYPI CAL OPERATI NG CONDI TI ONS FOR C4 ALKYLATION IN

EXAVPLES  Foed ol efin CF' s Qefin in - Ibslhr 0. o513 December 2006
wo.2060/016878y out - Ibs/hr 0.50-1.2 Rxn Tenp oupcrub20e8lo1sssd

- 60 Rxn Psig out 6-16 DP - Psi 0.5-3.0 Recycle

rates: Acid phase- L/min 0.3-1 HC phase - L/mn 1 - 3

B HINEN: UL MR L I g

everﬁﬁﬁhbté@él - Ibs / gal alky 0.3-0.5 Packing Type | or 2

- see notes bel ow Packin t in feet 10 -15_ Pa
TYPIGAISORFRAEING SONDIIONGEOR C# ALVIAHON N THE ESAMPLES

do@l]l inch diameter 304 ss wire coknit with 400
FeedQIffier nultifilament fiberglass thread&Vvery ot her
Olefigtm t §#8/hr2. Packing type 2 is .011 i fbB5diS8meter all oy
Alky 80t Wbsghrcokni tted with 800 denier mba+fi2ament poly

ng-yarn every other stitch. gl e | Refinery
Rm @éﬁ%yéé'ﬁl ﬁ:s used as feedstocks To th?eﬁ%%d Unit: 38%iB
Rxn Pgig @Ww i B total ol efins nethane 0.08-0°00 ethane

DP -®sH0 0.00 ethene 0.00 0.00 propaned.§.73.00.41

RecyRIORAEE: 0.14 0.16 propyne 0.02 0.00 propadiene 0.01
0.02 13

Acid phase- L/min 0.3~-1
HC phase - L/min - 1-3
Wt % iC4 in HC recycle 75—-45
Wt % H2S04 in Spent acid 83 -89
Wit % H20 in Spent acid 2-4
Fresh acid addition ~ Ibs / gal alky 0.3-05
Packing Type 1 or 2 — see notes below
Packing Hgt in feet 10 -15
- Pack density Ibs/it3 - 5-14

Notes:

1. Packing type 1 is .011 inch diameter 304 ss wire coknitted with
400 denier muttifilament fiberglass thread every other stitch.

2. Packing type 2 is .011 inch diameter alloy 20 wire coknitted with
800 denier multifilament poly propylene yarn every other stiich.

Example 1

Refinery C4 Olefins used as
feedstocks
To the Lab Unit: 38% iB in

Low iB total olefins
methane 0.02 0.00
ethane 0.00 0.00
ethene 0.00 0.00
propane 0.77 0.41
propene 0.14 0.16
propyne 0.02 0.00
propadiene 0.01 0.02

13



13 Decenber 2006 WD 2004/016573 PCT/ US2003/ 018584
i so-but ane 23.91 47.50 iso-butene 0.90 15.90 13 December 2006
Wﬂ)—zbﬁ]ﬂ](ﬁm:gzo 02 10.49 1, 3-butadiene 0.02 0. 19PCTfUSZOO3/018584
n- but ane 22.63 10.79 t-2-butene 18.05 7.93 2,2-dm
propane 0.09 0.00 1-butyne 0.00 0.01 mcyclopropane
03 0.03 c-2-butene 12.09 5.43 1, 2-butadiene 0.00
lso-b@ﬂ@le 3M 1-B4Ptne 4758 0.04 iso-pentane 0.98 0.02
iso-bligemt ene 00(E® 0. 825.99M 1- but ene 0.01 0.01 n-pentane

- 0. 03 spenyg@ 0. 00 0.08 c-2-pentene 0.00
1-bubris) 20.8 00 0.08 c-1,3-pentadiene 0.00

. p di e
13’?5“68'9“8nkno§m§2a r1be3)g08 100. 00 100.00 Conparison of
n-bukate nery pr%ﬁ@ed AP ate with Lab Unit results
t_z_busemgg sim |4g.0650w iBo%4 feed Plant A Plant B Lab | Lab
27 nhe/0 2.64n2.78 2,3-dnb 4.05 2.84 2.80
(pigéﬂﬁ ?99 9?‘%0 1.15 2,2,3-tnb 0.20 0.17 0.18
-b“ Mgy 7 7 7005 55 3085 4.35 TM C8 53.88 61.76 66. 84
m-cyegepams CO.08. 27 0347 12.69 12.44 TM C9 5.04 4.22

c-2-Bui8fe2. 74  12.09 543
1,2-butadiene 0.00 0.01
3M-1-butene 0.26 - 0.04
iso-pentane 0.98 0.02
1-pentene 0.06 0.82
2M-1-butene 0.01 0.01
n-pentane 0.01 0.03
t-2-pentene 0.00 0.08
c-2-pentene 0.00 0.00
{-3-pentadiene 0.00 0.08
c-1,3-pentadiene 0.00 0.00
unknowns 0.01 0.08
100.00 100.00

Comparison of Refinery produced Alkylate with
Lab Unit results using similar low iB C4 feed

PlantA PlantB Lab1 Lab2
iCh 6.27 2.70 2.51 2.78
2,3-dmb 4.05 2.84 2.80 3.02
C6 1.63 1.19 1.00 1.156
2,2,3-tmb 0.20 0.17 = 0.18 0.19
C7 717 b5 435 4.35
T™M C8 53.88 61.76 66.84 ©66.93
DM C8 1227 1247 12.69 1244
™ C9 5.04 4.22 2.89 2.74
DM C9 0.57 1.01 0.29 0.18
T™M C10 1.14 0.91 0.70 0.64
UNK C10 0.51 0.54 0.29 0.29
™ C11 0.99 0.77 0.69 0.71

14



&

25

30

35

DM C9 0.57 1.01 0.29 0.18 TM CL0 1.14 0.91 0.70 0
ONK CL0 0,51 0.54 0,29 0.29 TM CLL 0,99 0. 77 0. 69> December 2006

0.71 14 13 Decenber 2006 i+'t ti'""""1I"" " 11 N
e g kR O TR BN i RS T AL I g{ : r=
Jitami 2"it 1EPEAMS. .. 11 . L.m....p0...0
JAAL 1101111 ..., O 4-P"4" mll..... ...,. n UNK
1.

ClL 1.09, 0.02, Q.00 4.3 71 4.72 4.60 C13
UNK% 1.58 0. o?ﬂ-@?’oo %c@ﬁ o.Céé’Ol. 5b® 05 0.00 5 C15
C120.00 0.13 0.0048700 WAs 0438 0.d46%. 00 0.00 UNK
C130.74 0.83 0.000.0000 siuE81000@0 100.@D 100.00 100. 00

C14 Avg MV 110. 2 13834 112s8 1184 1@ @§onine no. <1 <1

015<1 <1 Total Su gr p §10 <ég <1%€@10 TOTAL % T™M
61.05 67.66 71093 71 TMEY v (ratio) 4.39 4.95

HV'S5 27 5.38 TM@95DM @04 rat PP 8. ®P%. 19 10.08 15.57

UNK15 -'~ Typi calQ.vant g3l yso®0 W @%odydrogen 0. 000 20

oxygen O. i g 7 t . 019 carbon
A oxi de #ﬁo d'bergl?lbr?g'm?oif)%geohzf?% 5 et hane 0. 000
VG Mhene 0. 000 ép@ne 03¢oo 112.8 4
Bromine no. <1 <1 <1 <1
Total Sulfur ppm <10 <10 <10 <10
TOTAL % TM 61.05 67.66 71.12 71.01

TM C8/DM C8 (ratio) 4.39 495 527 538
TM CO/DM C9 (ratio) 8.85 419 10.08 1557

Typical vent
analysis:

wit%
hydrogen 0.000
oxygen 0.124
nitrogen 3.877
methane 0.019
carbon monoxide 0.000
carbon dioxide ~ 0.000
ethane 0.000
ethene 0.000
ethyne 0.000
propane 1.066
propene 0.000
propadiene 0.000
iso-butane 81.233
iso-butene 0.021
1-butene 0.000
1,3-butadiene 0.031
n-butane 3.398
t-2-butene 0.000
m-cyclopropane 0.000
c-2-butene 0.000
iso-pentane - 0.968
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J propane 1.066 propene 0.000 30 propadiene O. 0083 December 2006

I so-butane 81.233 iso{butene 0.021 1-butene 0.00

1, 3-but adi ene 0.031 35 n-butane 3.398 t-2-butene
w0005 Dty el 6phdi dhe 1 5H0DE Y2Vt ene 0. 000

i so- pent ane 0. 968 R&MN’DED SHEET 13 December 2006

"4 0t" S R o T I A I Y I AL Y B ~'1.: B I I o

! Cccdl Hr 11C’ VV159CE|t “fi i HU _..
1—pe;nlt_[angll W. dO(&O iro... .. i 9...0 ..... 0.~ ,.A,.

n-pepiang . U||00 OniL ., . ..... Al p..nblt 11... iL_U
C5Hi...1l 11" Pend3®WB 1-pentene 0.000 n- pentaneOOOO

C5 + 0.391 5 Exanple 2 Effect of Isobutylene (iB) on
Alky Quality 10 lab 1 100%iB 38%iB lowiB iC5 3.66
3.97 2.78 2,3-dnb 3.60 3.56 3.02 C6 1.42 0.52 1.15
to 2,2,3-tnb 0.40 0.23 5.27 5.08 4.35 TM C8
50.79 56.95 66.93 DM éxﬁpl%?flz. 64 12.44 TM C9 6. 07
4.22 2.74

Effect of Isobutylene (iB) on Alky ,
Quality : ;

lab 1
100% iB 38% iB lowiB
iC5 3.66 3.97 278
2,3-dmb 3.60 3.56 3.02
C6 1.42 0.52 1.15
2,2,3-tmb 0.40 0.23 0.19
Cc7 5.27 508 435
T™ C8 50.79 56.95 66.93
DM C8 . 11.77 12.64 12.44
™ C9 6.07 4,22 274
DM C9 0.58 045 0.18
™ C10 2.06 1.33 0.64
UNK C10 _ 1.14 0.67 0.29
T™ C11 2.54 1.28  0.71
UNK C11 1.00 0.00 0.00
c12 830 899 460
C13 0.07 0.00 0.00
C14 0.28 0.14  0.00
C15 0.12 0.00 0.00
HV'S 0.38 0.00 0.00
UNK 0.54 0.00 0.00
sum 100.00 100.00 100.00
Avg MW 115.1  113.8 1124
Bromine no. ~1 <1 <1
Total Sulfur ppm <10 <10 <10
TOTAL % TM 61.46 63.77 71.12
TM C8/DM C8 4.31 4.51 5.27
T™M C9/DM C9 10.51 9.34 10.08
Example 3
16
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20 DM C9 0.58 0.45 0.18 TMC10 2.06 1.33 0.64 U
10 1 14 0. 67 0,29 TMCLL 2,54 1.28 0. 73 UNK CL113 December 2006
w2000 0. 00 25 C12 8.30 8.99 4.60 C13 0. OBcPu9RN03/018584
0.00 Cl4 0.28 0.14 0.00 C15 0.12 0.00 0.00 HV S
0.38 0.00 0.00 30 UNK 0.54 0.00 0.00 sum 100.00
100. 00, .00  Avg MWV 115.1 113.8 112.4 Brom ne no.
Pronv?l”@lﬂég%fﬂaﬁ%ﬁm%ul fur ppm <10 <10 <10 35 TOTAL % TM
Sample R6IM3. 77 7praductTM C8/ DM C8 4.31 4.51 5.27 TM
prop@AdDM C9 10. 51 P34 10.08 Exanple 3 16 AMENDED SHE 13
iso-bﬁ%e er 2006 2004/ _016573 PCT/ US?OOS/ 018584
'E) lene + i “Al'kyl ati on Sanpl e Poi nt product
n-bufgngpane 0.01 i&%32butane 9.25 n-butane 0. 32
iso-pettament ane 0. IO7n-pentane 0.00 2, 3-dm but ane 2. 07
n-pe?% ntane 0.3Q @M pentane 0.14 n-hexane 0.00

2,38 bUIBhEe"! ane Jg7>9

2M-pentane 0.30
3M-pentane 0.14
n-hexane 0.00
2,4-dm pentane 15.59
2,2,3-tm butane 0.04
3,3-dm pentane 0.01
cyclohexane 0.00
2M-hexane 0.34
2,3-dm pentane 48.97
1,1-dm cyclopentane 0.00
3M-hexane 0.35
2,2,4-tm pentane - 3.42
n-heptane 0.00
2,5-dm hexane 0.37-
2,4-dm hexane 0.56
2,3,4-tm pentane 1.52
2,3,3-tm pentane 1.21
2,3-dm hexane 0.64
2,2,5-tm hexane 0.68
2,3.4-tm hexane 0.13
2,2-dm heptane 0.01
2,4-dm heptane 0.03
2,6-dm heptane 0.03
2,2, 4-tm-heptane 1.83
- 3,3,5-tm-heptane 1.70
2,3,6-tm-heptane 1.16
2,3,5-tm-hepiane 0.16
tm-heptane 1.00
2,2 6-trimethyloctane 2.32
C8s 0.20
C9s 0.20
C10s 0.98

17
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2,2,3-tm butane 0.04 3,3-dm pentane 0.01 cycl ohe

0.00 2Mhexane 0.34 2. 3-dm pentane 48.97 1, 1-dm 18Becember 2006

cycl opentane 0.00 3M hexane 0.35 2,2,4-tm pent ane
freg B 2 o g1k Hep ol 00 90 |, R EREIdishEkEiie 0. 37 2, 4-dm
hexane 0.56 2, 3, 4 t%; 52 2,3, 3- tm pent ane
1.21 2,3-dm hexane 64 2 2,5-tm hexane 0. 68
2,3,4-tm hexane Q.13 2,2-dm heptane 0.01 2,4-dm
C119nept ane 0.03 g dm heptane 0.03 2,2, 4-tm heptane
C124.83 3, 3, 5- tm1h?(8pt ane 1.70 2,3,6-tmheptane 1.16
c13€, 3, 5-tmhept apggd. 16 tm heptane 1. 00
C14%’ 2,6-trinet hybq)cr‘?toane 2.32 (C8s 0.20 (C9s 0. 20 Cl0s

.98 17 13 De er 2006 'l 9 ..,....:V... .,.11 s
188 " 1x it0.01 11 A .11 IL... 11. Atllz
unknpémnis~s Cl1s 10@21. Cl2s 1.73
heavies 0.00

100.00
Example 4

Isobutane + pentene 1

alkylation product

Wit%
C5 5.03
2,3-dmb 0.74
C6 0.35
DM C7 114 '
C7 0.17
TM C8 22.26
DM C8 3.70
TM C9 52.40
DM C9 6.72
™ C10 1.51
UNK C10 0.56
TM C11 0.16
UNK C11 0.38
C12 3.68
C13 0.33
C14 0.11
C15 0.08
HV'S 0.03
UNK 0.63
100.00
Avg MW 120.2
expected MW 128
feed olefin #/hr 0.25

Alky product #/hr 0.47
Example 5

18
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Cl3s 0.09 Cl4s 0.05 5 Cl15s 0.01 wunknowns 0.01
heavies 0.00 100.00 10 Exanple 4 |sobutane + pemglpecember2006
wo 2ed4pbsti on product W% C5 5.03 2,3-drib OP(?'ﬂstm3/018584

0.35 DMC7 1.14 C7 0.17 20 TMC8 22.26 DM C8 3.70

TMC9 52.40 DM C9 6.72 TMCLO 1.51 25 UNKCI O 0.56

T™M C11 0. 16 {\I%( Cl O 38 Cl2 3.68 C13 0.33 30 C14
Oliggmegizaifonsprpdyst TR Q40. 03 UNK 0. 63 100. 00 35 Avg MW
feedsRkavitie 3PUciBant tMM biginsf eed olefin #/hr 0.25 Al ky

(Thi® prsbiet wiishh tidsetadxanpl e 5
the olefin feed to the lab Alkylation unit)

iso-butane 48.8
iso-butene+ 1-butene 1.6
n-butane 11.2
t-2-butene 14.3
c-2-butene 6.5
iso-pentane 1.0
t-2-peniene 0.1
unknowns 1.5
2,4 4-tm-1-pentene 4.7
2,4,4-im-2-pentene 1.3
other C8's _ 3.4
grouped C12's 4.4
grouped C16's 1.2

100.0

Oligomerization effect on Alky products
using C4 feed with iB = 38% of Olefins
before after

iIC5 3.97 239
2,3-dmb 3.56 2.87
C6 052 1.17
2,2,3-tmb 023 0.20
C7 508 4.95
™ C8 56.95 58.34
DM C8 12.64 12.80
™ C9 422 415
DM C9 045 0.35
T™ C10 1.33 1.29
UNK C10 0.67 0.57
T™ C11 1.28 1.41
UNK C11 0.00 0.00
C12 8.99 941
C13 0.00 0.00
c14 0.14 0.11
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18 AMENDED SHEET 13 Decenber 2006 WD 20041016573
PCT/ US2003/ 018584 O i gorreri zation product from C4 13 December 2006
feedstock with 38%iB in total olefins. (This product
e 0 "INVRS] DS TGN usied spss 1, esnliah AT Edd to the lab
Al kyI at| on unlt)j_,p;&ra wﬁe 48 8 iso-butene+
1-butene 1.6 n-butane 11.2 t-2-butene 14.3
c-2-butene 6.5 isQ-pentane 1.0 t-2-pentene 0.1
C15unknowns 1.5 2, § mrbl&gentene 4.7
HV'S2, 4, 4-t m 2- penterQaOQ 30.G3 her C8's 3.4 grouped Cl2's
UNK4.4 grouped Cl6'gol- 20l6P. O O igonerization effect
on Al ky prod eed with i B = 38% of
Qleting ' befd 13@6‘%8&63 97 2.39 2,3-dnb 3.56
5 Av MYV g7 0605211 P13Itnb 0.23 0.20 C7 5.08 4.95
Bromiiiié @8. 56. 95 58. 34<1DM C8112. 64 12.80 TM C9 4.22 4.15

Total®ifeft ght> 0.35 I A Qqp 33 1.29

TOTAL % T™M 63.77 ©65.19
T™M C8/DM C8 451 456
10 ™™ C9/DM C9 9.34 1175
Operating conditions:
Olefin in - lbs/hr 25 .25
Alky out - Ibs/hr 53 .53
Rxn Temp out - F 52.0 522
15 Rxn Psig out 122 118
J DP - Psi ~1 ~
Recycle rates:
Acid phase- L/min 1.0 1.0
HC phase - L/min 2.6 26
20 % 69 67
iC4 in HC recycle
Packing Type 2 2
Packing Hgt in feet 15 15
. Pack density [bs/ft3 7 7
25
. Example 6
o Alkytate quality from isobutene + Isobutane
~ or Oligomers of iB + iC4.
30
iB DIB TIB+
IC5 3.66 3.97 3.41
2,3-dmb 3.60 370 3.18
C6 142 136 1.53
35 . 2,2,3-tmb 040 038 0.27
C7 527 496 6.39
™ C8 50.79 47.93 38.35
DM C8 11.77 8.92 1291
™ C9 6.07 6.60 10.31
40 DM C9 058 081 1.10

20
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UNK C10 0.67 0.57 TMCl1l1 1.28 1.41 UNK Cl11 0.00
Cl12 8.99 9.41 C13 0.00 0.00 C14 0.14 0.11 19 13 13 Yecember 2006
Decenmber 2006 ... ~....... TR ;, ae, ;;.ncr _aa
e o g ﬂl«"% il 4 @S AR | e R EH"{} .r, uc.. u-' n...
ng., ..... na a_-_[:pgqq/ .no....o,nnoa-ir
mn,..... "o.ou Iow nz p&19 Ju ClSOOO

00 HVS 0. 00 0.00 sum 100. 00 100. 00
™ GOy My 113. 8 123351 209 G20, o1 o1 Total Sulfur
UNKgpH <10 <10 TOTAL %.T% 63.3% 65. 19 TM C8/DM C8 4.51
TM CHH6 10 TM CO/ PM4CO D584 217275 QOperating conditions:

inin - |bg/ . .2 | ky out - Ibs/hr .53 .53
UNK%m Tenp out iﬁﬁsz %?%2 g’ n Psig out 12.2 11 8 DP
5 Ci2 - psi -1 -1 R@é%pcl éor5ét e§4 9%ci d phase- Umnn 1.0 1.0 .
C13 HC phase - Unmi .07. 6 ®36 2002669 67 1C4 in HC recycle
C14 Packi ng Type 2028 Packynggigt in feet 15 15 Pack

c15 density 1bs/ftg46 74509 .00

HV'S 0.38 0.1¢ 0.00
10 UNK 0.54 0.01 0.00
Sum100.00 100.00 100.00
Avg MW 115.1 117.0 118.1
Bromine no. ~1 ~1 ~1 -
Total Sulfur ppm <10 <10 <10
15 TOTAL % TM 61.46 60.15 54.67
_/ TM C8/DM C8 431 537 297
T™ C9/DM C9 10.51 8.15 9.37

Operating conditions:

20 Feed olefin iB DIB TIB+
Olefin in - ibs/hr 025 040 0.25
Alky out - Ibs/hr 049 0.78 048
Rxn Temp out-F b2 516 517
Rxn psig out 13 135 57

25 DP - psi 25 11 ~1

Recycle rates:
Acid phase- Limin 0.8 05 1.0 '
HC phase - L/min 1.8 1.4 3.0

% 73 76 45

30 iC4 in HC recycle
Packing Type 1 1 2
Packing Hgt in feet 10 10 15
Pack density Ibs/ft3 6 6 7

35 Example 7

Expected vs. actual alkylation product MW's

and moles iC4 uptake with various olefins

(e.g. in theory 1 mole of C6 olefin should react with
1 mole of iC4 o form a C10 alkylate; MW = 142)

21
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25 Exanple 6 Al kylate quality fromlsobutene + 43 December 2006
| sobutane or digoners of iB+ iC4. 30 iB DB TIB+
IC5 3.66 3.97 3.41 2,3-dnb 3.60 3.70 3.18 C6 1.42

fy o L BB den B3 BB ey v zaraam 3- £1rly fO LN I8 0. 27 C7 5.27 4.96

R ke R DM C8 11.77 8.92 12.91
TM096076601073:F'6':3%IA%058081110 20
EE cerrber 2006 YV ...ai L,A" -
Resuﬂ?' afE’ 0&1‘@1@ ipngenerating 3 29 UNK C10 1. 14 1.18
more]alﬁﬁlow’elleoIEf mtk&at@@nﬂllﬁ@wﬂblNK Cll1 1.00 1.79 0.00 5
add,t@;.%, @430 10.51 14.97 ' C13 0.07 0.31 0.07 Cl4 0.28
.14 C15 0.12 0.29 0.00 HV' S 0.38 0.19 0.00 10
UNK o 54 0.01 0.00 Sum 100.00 100.00 100.00 Avg MW
115.1 117. 0 MoesiiCipymakeeeno. -1 -1 -1 Total Sul fur

ppm <10 <10 mbfe Olefin fed Average product MW
Olefin Expected.: Actual Expected  Actual
Hexene-1 1.0 1.2 142 124
Octene-1 1.0 1.4 170 130
Di-isobutylene 1.0 1.8 170 117
Tri-isobutylene+ 1.0 2.6 226 118
Exarmple 8

Isobutane + pentene 1

alkylation product

Wit%
IC5 5.03
2,3-dmb 0.74
C6 0.35
DM C7 1.14
C7 0.17
™ C8 22.26
DM C8 3.70
™ C9 52.40
DM C9 6.72
T™ C10 1.51
UNK C10 0.56
™ C11 0.16
UNK C11 0.38
C12 3.68
C13 0.33
C14 0.11 .
C15 0.08
HV'S 0.03
UNK 0.63

100.00
Avg MW 123.2
expected MW 128

22.
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1-5 TOTAL % TM 61. 46 60.15 54.67 TM C8/DM C8 4. 31
5.37 2.97 TM CO/DM C9 10.51 8.15 9.37 QOperating |3 December 2006
woanshidibans: 20 Feed olefin iB DIB TIB+ defi FC".I'/@S2003/018584

| bs/hr 0.25 0.40 0.25 Alky out - Ibs/hr 0.49 0.78

0.48 Rxn Tenp out - F 52 51.6 51.7 Rxn psig out 13

13. 7 25 DP, - _psi 2.5 1.1 -1 Recycle rates: Acid
feed %fg’égfhﬂm n 0.828.5 1.0 9 HC phase - Unin 1.8 1.4 3.0
Alky%raductét/is  3M.AC4 in HC recycl e Packing Type 1 1 2

Packing Hgt in feet 10 10 15 Pack density Ibs/ft3 6 6

7 35 Exanple 7 Expected vs. actual al kylation product

MAN/'s and noles i C4 uptake with various olefins (e.g.

in theory 1 nole of C6 olefin should react with 1

nole of iC4 to forma Cl0 al kylate; MV = 142) 21

AVENDED SHEET 13 Decenber 2006 'rz'a n" ~(, n 9 it-

5"11 771 ?" O:L'jl "n:-":' 521, ii_ _.on._ fi"fi -

e B N I B s N T T PUU PR I 11 11...p

LA L 0 J Lo 1.,  T74.~C# 1US Results indicate

depol yneri zati on generating nore and | ower MANol efins

that conmbine with additional iC4. 5 Moles i C4 uptake

per nole Aefin fed Average product MN
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fin Expected., Actual Expected Actual Hexene- 11:1"[%cember2006

ad
1.2 142 124 10 Octene-1 1.0 1.4 170 130
Di

e
2
-isobutylene 1.0 1.8 170 117 Tri-isobutylene+ 1.0
2.6 226 118 Exanple 8 1-5 |Isobutane + pentene |
al kyl ati on product W% 1C5 5.03 20 2,3-dnb 0.74 C6
0.35 DMC7 1.14 Cr 0.17 TMC8 22.26 25 DM C8 3.70
CLRWI% 52.40 DM C9 6.72 TMC10 1.51 UNK C10 0.56 30
1 0.16 UNK Cl1 0.38 Cl2 3.68 Cl13 0.33 (14
0.11 35 C15 0.08 H\fSO 03 UNK 0. 63 100. 00 Avg MN

12342 A 6Qra¢PFrP§FR Rélo t%@ﬁﬁq ne and olefin
Decenber .20Q6 20 4/ 0 6573 PCTays 3/0

in concurrent flowin the presence o an acid ca into con?ac? with a
disperser to thereby achieve radial dispersion of the fluid materials for better
contact under conditions of temperature and pressure to react said alkane and
said olefin to produce alkylate product.

2. The process according to claim 1 wherein said alkane comprises
isoalkane

3. The process according to claim 1 wherein the acid catalyst comprises
fluid.

4. The process according to claim 2 wherein said fluid comprises liquid.

5. The process according to claim 4 wherein the conditions are such as
to maintain said liquid at about its boiling point.

6. The process according to claim 5 is hydrocarbon continuous.

7. The process according to claim 5 wherein said isoalkane comprises 4
to 8 carbon atoms and said olefin comprises 3 to 16 carbon atoms.

8. The process according to claim 7 wherein flow is downward.

9. The process according to claim 8 wherein said temperature is from
about 0° F to 200°F.

10. The process according to claim 4 wherein said disperser comprises
mesh of co-knit wire and polymer.

11. A paraffin alkylation process comprising contacting an oligomer
comprising at least two constituent olefins with an isoalkane in the presence of
hydrofluoric or sulfuric acid as the alkylation catalyst under alkylation conditions
and recovering a product comprising an alkylate corresponding to the alkylation
product of said isoalkane and said constituent olefins.
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feed olefin # hr 0.25 A ky product #/ hr 0.47 23 1

Decenber 2006 CLAIMS: 1. A paraffin al kylation ?3 December 2006

process conprising contacting al kane and olefin in

concurrent flowin the presence of an acid catal yst

into contact wwth a disperser to thereby achieve

radi al dispersion of the fluid materials for better

contact under conditions of tenperature and pressure

to react said al kane and said olefin to produce _

al kjZatldedrogess aceprdngdoplaipett whecin @iangotcgmqerammmlses
terli§Tefin Eanhslitaék@ne conprises isoal kane 3. The

process according to claiml wherein the acid catal yst

conprises fluid. 4. The process according to claim 2

wher 8i ﬂ'h@q:irdcééiw:a&cﬁdiﬁmiﬁrtb?q@ni 1h 3 wih@r%i nBaidl dﬂl&;dﬁ’ﬁélccﬁﬁﬁprises

0 aim erein the conditions are suc

Gtgg% ({agb#gﬁiﬂ?ﬂ n said liquid at about its boiling :

point. 6. The process according to claim5 is

hyd'ir@Cg'h\AﬁﬂoEé’&t éé&b?&ﬁug té; claTIHPKPU\iPI%F‘éﬁ s%ﬁ)C@BQFkBget ©

claim erern said oal kane conpri ses
COPRFiBRM4de Sraarbemd aind ol efin conprises 3 to 16 carbon
atons. 8. The process according to claim7 wherein

flo downward. 9. The p oce ccarding to clai
wher 51 TrEGTECR At do AR ThPgidheab elddsiergmhbrises
anls(]hbqunm porastisantaccording to claim4 wherein said
di sperser conprises nmesh of co-knit wire and pol yner.
11. A paraffin alkylation process conprising
conf@ctlingrasess aeparding te eigim £1 wherrin isaisselefingomprises an

0||g.“d?ﬁ§,thé\yiﬁ$‘lb Qrsbh BEoMe t h an isoal kane in the presence
of hydrofluoric or sulfuric acid as the alkylation

catal yst under al kylation conditions and recovering a
pr ofific Theqrpeéss agcordingltls el £ aheasinealli diyontert dignprises

on Bt RonBiRNe. °24°5 2’ Decenber 2006 12. The

process according to claim11l wherein said oligomer

conpgi §Hg rSE%ésaéé/co‘Pb:ﬁp t8 ¢ f%%@%lﬁ safhgtegtllTeln'g olefin

process accor erein said oner
COIRBH$RS isebutene an |soamylene constituents.

19. The process according to claim 15 wherein said isoalkane
comprises isobutane.

20. An integrated process for the production of alkylate comprising
contacting a stream comprising normal and tertiary olefins with an acid cation
resin catalyst under oligomerization conditions to preferentially react a portion
of the tertiary olefins with themselves to form oligomers and feeding said
oligomers and isoalkane to an alkylation zone under alkylation conditions in
the presence of an acid alkylation catalys’t in concurrent downflow under
conditions of temperature and pressure to maintain said liquid system at about
its boiling point through a reaction zone packed with disperser contacting
internals comprising liquid-liquid coalescers; to dissociate said oligomer into its
constituent olefins and to react said constituent olefins with said isoalkane to
produce an alkylation product comprising the alkylate of said tertiary olefins and
said isoalkane.
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6 to 16 carbon atons. 14. The process according 043 December 2006
claim 13 wherein said isoal kane conprises 4 to 5

carbon atons. 15. The process according to claim 14

wherei n said oligomer conprises an isobutene

constituent. 16. The process according to claim11l

wherein said olefin conprises an oligoner having 6

car bon atons 17. The process according to claim14

wherein said oli goner conprises_ an isoanyl ene )
congti tignRrocess aggrrdingdesdaimé@ wihgrely sall sireamcpaprises a

lighthedpHtia €aLCE &1 BiGyrout @r &éf Chcutconpri ses i sobutene and
i soamyl ene constituents. 19. The process according to
clai m 15 wherein said isoal kane conprises isobutane.
20. 22n Tihet pycasedcqordrgste daim 2 hwhereidwsatd sinearh comprises
isobukHeat e conprising contacting a stream conprising
nornmal and tertiary olefins with an acid cation resin
catal yst under oligonerization conditions to

pr eber ethd wok¥ss 88&drd ﬁ‘]gﬁgrdlélﬁm‘i W‘he"élﬁ shff Eﬂr@érﬁ comprises

. olefins wwth thenselves to formoligoners and feeding
IS08HIeN&-i goners and i soal kane to an al kyl ati on zone
under al kylation conditions in the presence of an

aci t, 1 n.concurp fI nder

condt | eEReR AR dhif°2F Wokih B RerReaty
cogyriges isplivthngy ssapentaneabonnixtuiesdhersiofi ng poi nt t hr ough

a reaction zone packed with disperser contacti ng

internals conprising |i C{w d-liquid coal escers;

di s8cildePresess arsidingrioighaim 24 wherejnseid '@@ﬁikaﬁﬁefl ns

compfise® iSobutdne; Mobchtdlss bt ipdtiredlthéidas. Wi th said
i soal kane to produce an al kyl ation product conprising

the al kylate of said tertiary olefins and said
i soabkdine. prabess aGcdidingrtb exdai@0P® whatein Bad isoalkens

BB A OF s gph a com e

process accor d| ng to claim?21 wherein said stream

CO”E'?' e proseSyhERRdingdo cldif 2T ARHRASNn A& AEHl eﬂﬁyléﬁon
m 21 wher ekn sald Stream conprises |soanylenes.

Cat@WSt‘?H@pﬁ'PﬁﬁéE Ue@9Fdi ng to clai m21 wherein said

i soal kane conprises isobutane, isopentane or m xtures

t heégo The process according to claim 27 wherein said alkylation is carried
out at a temperature in the range of range from about 0°F to about 200°F and a
pressure in the range of from about 0.5 ATM to about 50 ATM.

29. The process according to claim 21 wherein said acid alkylation
catalyst comprises HF.

30. The process according to claim 21 wherein said tertiary olefin
comprises isobutene, isopentene or mixtures thereof, said isoalkane comprises
isobutane, isopentane or mixtures thereof, said acid alkylation is sulfuric acid
and said alkylation is carried out at a temperature in the range of range from
about 0°F to about 200°F and a pressure in the range of from about 0.5 ATM to
about 50 ATM.

31. The process according to claim 30 wherein said alkylation product
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25. The process according to claim22 wherein saidqg December2006
I soal kane conprises isobutane, isopentane or m xture
thereof. 26. The process according to claim 23 wherei n
sai d i soal kane conprises isobutane, isopentane or
m xtures thereof. 27. The process according to claim
21 wherein the acid al kylation catalyst conprises
Coﬁ]%lnggg isootfdd. 28. The process according to claim 27
wherein said alkylation is carried out at a
tenperature in the range of range from about OF to

Sbga%Tm?chagg fc:,-r tgg rpzcgsr@lm%i ot Talrl]lmatémﬂowng mmb@ t@f

- .L O roce CcC (0]
recifg s ingnBRIHEmBENE b AT I aB e Baftgrfig e
oligameprizatisd HEJGCL willhen@lkaresia the poestnug df@nchlkylati@l catalyst
in amﬁfu%at aamﬂmwd%fr %oﬂ{j%hé‘ of faﬂ@éﬂgﬁﬁa dg@ﬁﬂ%‘s&uﬂ% to

1. SOp ent ene or 1 SO :
maéraiﬁm $6y@§qmds%tﬂra@é abpybiteheiling Peint iretigh @sreertiergene

paél@édjwﬁﬁ ld%p@r%é‘r' (ﬁn*té’dhn'gﬁnfe\#hélg Icof &Iy Ilcﬂﬁ@-hé@h%ﬁa]escers to

Qs carr a.te ture

disPargls 1 clgereation g e CoRSiUSHBRRINS Dt tGiRacawith said
alkpneds preduce dlk@ateange of from about 0.5 ATMto about

50 ATM 31. The process according to claim30 wherein

said al kylation product 26 0 13 Decenber 2006

conpdi J&e frecess acnordipg.to alaimei2whefein saltealpylation catalyst is
sulfifricdddiy! ate conprising the steps of reacting olefins

wth thenselves to formoligonmers and contacting the

ol i goneri zati on product with an al kane in the presence

of 3a. dhkyiratégnacairdinggd cldifm IDReBrdIg BhiCAMABLOCatalyst is

Cc itions of tenperature and pressure to
hyc:iirgﬂ '3?% gal d liquid systemat about its boiling point

through a reaction zone packed wth disperser

Conl'agcfrh' Egarbaésesré‘@éo?dlﬁg ria%gez hahidthd S@djmeriza{tion
cOal escer ocClI onerlza on I1nto
pradust isgAdhe vaper PRass: fh%ausﬁaetf%rrb Icwd phasg and thecane

alky/RitiBh @auapstas ket iRuidphaddie process according to
claim 32 wherein sald al kylation catalyst is sulfuric

acid. 34. The process according to claim32 wherein
sai 86 alTkelpAbcess aatoadingtio icsalmfﬁmméfelmheeobgrirdenz’ﬁron

pro u.%t fylﬂ ‘iﬁc—? ﬁg&ﬁfp‘?{a%nﬁ'le @k&lx@ls%%ﬁ%%%re#ﬁ%% agr%d ﬂ}% e
alkalanan@atajystms trhfélel liogid ghasease and t he

37. The process according to claim 32 wherein the alkylation catalyst is
in the solid phase.

38. The process according to claim 32 wherein the alkylation catalyst is
in the vapor phase.

39. The process according to claim 32 wherein said olefins comprise C»
to Cy olefins.

40. The process according to claim 39 wherein said olefins comprise Cs
to C4 tertiary olefins.
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al kylation catalyst is in the liquid phase. 36. Th§3 pecember 2006
process according to claim32 wherein the
ol igonerization product is in the liquid phase, the
al kane is in the vapor phase and the alkylation
catalyst is in the liquid phase. 37. The process
according to claim 32 wherein the al kyl ation catal yst
is ghnt ghsa i
LT SR PR g el 52 WA R SR GGl B Bphfprise
Q2K8PeHhase. 39. The process according to claim 32
V\hereln said olefins conprise C2 to Cl6 ol efins. 40.
The ss._aceordin o.clai,m39 wherein.sajd ol efi
cond?s SPERE I e W el R S5 AE Yo BB,
reezmmg C2 1o Crhdepiaoy eedinacdthr thiemgpefvesdb dom 3Bg®vimer$and

co ﬁ%‘oﬁn@klﬁ%@@ﬁ@ﬁﬁﬂoﬁﬁp*a ?%ﬁ&'ﬁ?n%?’%lskaﬁ% in ﬁhé) @&Cs%f‘lﬁe fo(f’ an acid
'@f‘l Gagalyst in &Oc%rre@{d@varﬁfip% uedem@orwlﬂmn& @fetﬁwewslre gnd

présyun@ t?d mﬁamaa@qqu.acggﬁs&% 'aﬁ@bblbﬁté;lgdgﬁﬁg?ﬁb!n% %ﬁrbeah a

oduct with isa
redBip e gircket L AEPerseh ratiarBng TGS turarigep Tquid-
liquid udiate serss fof dissogiatcadaid eligorderipatpsprodutiont@its tanstituent

ole?lﬂb%ﬂléﬁpééjctWﬁt% ﬁoaﬁ&%%ttﬁiféﬁg%g@éetng poi nt through

eacti on zone pa ? contacti ng

|nternals conprising liquid- liquid coalescers to
di I t
| s39CiRbSraf Qlk Ila'ﬁgﬁ 'ﬁ‘?c?%%% ddﬁ?prﬁﬁ?ﬁ&ﬁta‘cgﬁg Sa!)ktgﬁe and

onstituent
ol 1h SH6DETIEPERI a0 RRBleh o ORIAE) MR B ISRP e & thereby
aclsien® Ii’a@ah@ssmtcﬂﬁ@ﬂ the f?lhd( Aizeerdld fordetfdr %ohfiact hﬁder
cat a

L an, aci d

cofifSAT GEiRndtnES g WhEhia Ve A G HiRGhe Foicias pefipdo
pradugedalikpater pratioctf or better contact under conditions

of tenperature and pressure to react said al kane and

said olefin to produce alkylate product. 44. The

prottésd f@d&@ﬁ%ﬁngcwd@gép B2 4hwiherein saicialispra semprises
isoa¥pel ses isoal kane. 45. The process according to

clai m 43 wherein the acid catalyst conprises fluid.

46. The process according to claim44 wherein said

f1 u#8. dbweprosess a¢dayding.to claim 43 wherein the acid catalyst

comprises fluid.

46. The process according to claim 44 wherein said fluid comprises
tiquid.

47. The process according to claim 46 wherein the conditions are such
as to maintain said liquid at about its boiling point.

48. The process according to claim 47 wherein said process is
hydrocarbon continuous.

49. The process according to claim 47 wherein said isoalkane
comprises 4 to 8 carbon atoms and said olefin comprises 3 to 16 carbon atoms.

50. The process according to claim 49 wherein flow is downward.
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47. The process according to claim46 wherein the 4g December 2006

conditions are such as to maintain said liquid at

about its boiling point. 48. The process according to

clai m47 wherein said process is hydrocarbon

conti nuous. 49. The process according to claim47

wherein said i soal kane conprises 4 to 8 carbon atons

and said olefin conprises 3 to 16 carbon atons. 50.

The _process according to claim49 wherein flowis

dowRharlde pzsceqssamawsép clajoeo0 wherginsajst teeererature is from
ab8GPFomaep. cl ai m 50 wherein said tenperature is from

about OF to 200F. 52. The process according to claim

46 wherein said disperser conprises nesh of co-knit

W r 82 althegbyesy ac&Rding to claim 46 wherein said disperser

comprises mesh of co-knit wire and polymer.
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