WD 2004/ 016573 PCT/ US2003/ 018584 PARAFFI N ALKYLATI ON

BACKGROUND OF THE I NVENTION Field of the Invention
wab@4prassent i nvention relates to the al kyl at i BeT/082003/018584

paraffinic hydrocarbon feed stocks. The present

i nvention provides both an inprovenent in the

operating conditions and the feed stock for acid

paraffin al kyl ati ons. Related Infornmation The conmon

obj ective of nost al kylation processes is to bring

I soal kanes (or aromatics) and light olefins into

intimate contact wwth an acid catal yst to produce an

al kyl ati on_produgsachriapeHIRTIONN refi ning

i ndustry, acid catalyzed alkylation of aliphatic
hydr ocar bons BAOKGREUND OhyHEoNVYBNAONs a wel |
known process. Alkylation is the reaction of a
paraffin, usually isoparaffins, with an olefin in the

FieldPsBR8Mferitfond strong acid which produces paraffins,
e.g., of higher octane nunber than the starting
et e presenhmyentior relatss toithe aligigiopiof gagafiinigdydregarbon feed

o RS QUSRI Y 19 OBRTBARY 1 cprtin
conditffrsnartptial feedaitbeinfor deydlpafdffiroalkglationsul furic aci d

catal ysts are nost widely used under |ow tenperature
Relageshtif@ingaton Low t enperature or cold acid processes are

f aﬂgé ?&nprgtfr‘?b'ﬁjgcﬂed@f ﬁ@%lkﬂ%@ﬁﬁc%ﬁééﬁ%&@ grinb{i‘sddﬂé‘anes (or

tradi tTonal process the reaction 1s carried ot in a
aronfigtizs) and Vit clefiheirty ihtatemontact adthean scidroatalysijepsediice an

alkylgge" mecidorn o s tem TR o plRG i o nRE A RAton of
alipl}tétﬁcggéfcﬁta?@oﬁw% BRAinReRSGarbess iBestelaghovii process. Alkylation

ntinues to be the fmajor nethod of al kylation for
is the ceantionesfreaparatimtusually ingpamfingavito andlefiminthepresence of a

the . f t that th \ id . i i .
srogSoniAiin bbb Beflits K SoBEERTAla huFBet eyt Bering
mat&Reah® wWHISH BMwirﬁmgérdT?mgliméBe Ihgaattdleumasfiningdhs osaction is

extent, noderate the undesjrable effects. U S. Patent

geneyally thermahion aiiases & bd Olgfl Wile ISOOURNG-i cul at e pol ar

cont act.. ies i , i i .
¢l BBl SEhAONS QR g g ot videly

use® 0Rder08:\% B81d pBEE (SRS BdHSS S84 temperatudd dr dold asidyyyhcesses are
conbi ne the parti.cul ate contact

favoged BRGASe S FASHLR LS MG AR b7 Bie A e RIdE S8 gregction
is cAREH SUliATEL rdddibr SMktaIfRE h§diodarbon reactants are dispersed into a
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 to 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.S. 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 systens have been proposed for

contacting liquid/liquid reactants, for exanple, U S
w@aioeniesibs. 3, 496, 996; 3, 839, 487; 2,091, 917; BamUS2003/018584

2,472,578. However, the nost widely used method of

m xi ng catal yst and reactants is the use of various

and ?ﬁﬁﬁr’l ubﬁt & c&hﬁﬁ‘%sthep@ém&ﬂéte b SH rﬁbferﬁbﬂ‘ @ntNRe catalyst

Vi gofously agi't at e and he conponent's
by Irrtp@@@’ﬂdtﬂrg, a frmnerakanptga,nusetmp.d:rspamlate Nﬂ;h sufuris S1cEH.8;

75, 258; .and 785, 933., The resent
pr IONSs Static ?‘?méah?v%cmﬁ’i‘cg PPSRHe et %%h@nllqwd/ liquid
reactéﬁ{sat ?P@x&rﬂ @ Ky atpfanaNGs. Bmgmgges cglaaslg 487 2,091,917; and

petrol eum refining paraffin al kél ation by Prow di n
2 472678. Howsverdhe mostiidely used met od pkiyiang eatalyshasd reactants

feed and
o rh SRR Araple B EBR B RS IR B b e et
wgor&hwy%g@eé:ambﬁenu theasmpBedrits It@géthaglfblaéxamptd‘l seely.S. Pat.
elimnati ngyshaft seal s, reducing costs and inproving

Nos. 270,31 8thE7 52582 PRE % AE5.8BRVARY OF THE | NVENTI ON
frﬁ{se% pfident %P é’tﬁﬂ grés%nw K bﬁﬁﬁﬁﬁ EBY&&Eé N thel chnology

aspect Cess ation o _
relatipgrtafdikylatiam eher mb;bartlcslananaﬁétm’lewnt neﬂnin@f paraffin alkgfation by

orovBine By SR SR S0t T4 1. e PG feea and an
appdrQiSYbf Sﬁktanrﬁr%gj)&'htn%ﬁ @%@Mf}éoﬂwbb%ém IR &sthlysPaid the

reaction zone w er nal ack I ng, such as a
fluid [:baqutsemth@a’smbehamInalfa@hatldeﬂaﬁrebbéabmlm?dlélg sbafigealsorasiucing

cost%ﬁadérg e\/[lﬂagtegélﬁ g%(ﬁg%lsﬁ%gétqﬁ Oalf E;F;t Za:{)?ohig?ar affin

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

fzomere-af@ twe ashectadpe ptﬁsenh@vsn Qenf he ﬁo%rﬂSiosﬁt Is a process
f
for thRSERSH'of P rRip b ap it i Rl fihipfn precursor

comprisiag centactifg arﬂwdlsvgmmeconfprlem@ acid neteéystealkaae)and olefin in
ol efins such as the diner, sobu

concgireat v pralerably CRMRSPYCEo RIS g oG P SREE Witk njernal
packﬁ’ﬁgﬁ UEGHh %?Je%‘é}t (a§ hférelﬂbﬁéﬁrﬂeséPlbé!&)a‘Un@l@r eBHd®Ghs of
gomer s o tert

rary olefins as he ol efin co onent
tempdraturaearal ;Imlsatﬂneotn) vaach samb@bparﬁﬁn and gaid defimto produce an

ot BT Y5 S Ao b pqpaneo

at aB(ﬁFgl%rbdil ;Sblﬁi indpERESCRdn 2bRf.i ns made by

ynerizi'ng shorter chain ol efins) when reacted in
acTUe aldophdtaspechiof thepresenionyeniigm fesiges on the olefin in the

alky 'PH vﬁﬂglg ig cﬁiﬁ%??%ns ic Bfla‘hﬁgﬁ% ?Pe%‘i{%lés%;r[ al;gﬁo@nér%?mr it E@rsor is an

oligomer of one or more tertiary olefins such as the dimer, trimer, etc. of isobutene
or a material which corresponds to said oligomer. In a particular embodiment, 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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through the oligoners, perse, to produce al kyl ate
product of the constituent olefin(s) and the

wo swalkane and not the al kyl ate of the ol i goOMEPCPES2088018584
as expected. The reaction nmay be carried out in an
apparatus conprising a vertical reactor containing a

lsoalﬁlér?é) %\ﬂ?t:? HQJ n%ﬁﬁ%as%&ﬁ%@c@ﬁ&hbé\& dIQ\‘IM‘Sf t'h%acﬂfgbﬁ{br rather

nmpri se entire columm or

th roumrthe oligbimers, qn‘er sﬁF‘&b Emmﬂmmodﬁcfmmmmnﬁmfm(s)
and {papepalksne i PregiraIVERn AT 4 619aanPeh SFias fReesisd. The

| far t tai
B PAETD TN G o T s o

a dlspéretefrdricﬂln@/r snitafoimaawmg] in theateagties zopeayhieh msyagomprise the

Wth t tirtuent tertiary olefins of the
ent"%lcpmprlaé? ?n he oligoners. The alkylate
product cor B@@EPTD‘ES@RIWI@N S THIMDRAWINGt erti ary

ol efin and isoal kanes, For the &&pose of illustration
anthe 6tGHRE isia sghesmatis represeifiatiers of the firskagpact of Bie present

app%?ﬁjgdhevﬁ §ﬁ§1$ hretsgﬁ% %I?% BEbA q)ré&?é%t r‘ngg HRELANRES dube

I'S ane, omer 1S cracked
into its DIEGTAIDEDGDES@MPQQN@E Tﬂ-&h‘thENﬂ'HONhe
i soal kane. on a _ nol ar sobut ene +

i S'_[)Ip@fmionpf Qllggrg@@fatﬁ% obajf@stwlim‘g% pn%%ﬁt%%pol%ba&s
with Er;é Eérj?t#h& ﬁteﬁy oﬁﬂfﬁ%tme “olidoh*?&{Pehan the oll%omers. The

pent ane) The~conventional view
aIkylhEeprddwt cbrtnes;pnmrkﬂ;dotthefreac)tlmmﬂ thepertiaryolefinlanghisoaliages.

gg%f%dqlﬂﬁréqé)efag a%rsal%?p agﬁdﬁaot%hmlﬁaltiéﬁgo gté%ér[og:%gs IEI% believed
that ir{@,@ééd bPtHe SXFi&d feaeiibh eAREEnthe BAgomel Bnathdl isoalkane, the
[ation roduct of the reaction: 3) 2 butene-2 + 2

ollgqm@blat(zliaekezi néo iie lafia carypenentsarch react withothe: ispalkane on a
ol | sooctane The great advantage of the present

mo qrrR?eshs“ on is that although acid alkylations are

1) exfiRiene*d kebutapeand IMIImam@(alblStrmmthgll pentane)

2) bvinends Gonenens s ana BB SRS,
P B P B 13 S

and tred proglercaof 2))n/vamidat ba@ @{gealhmmmwhereasdbe@(m oY eeacgipns 1) and
usef.ul  product

2) l%&%gg% aég d8i dlg(? ﬁ@g&@ frqra g ﬁgpv%lgﬁnﬂaL 80@{J$C|pnall‘§ylatlon
pro(ﬁJ%E 8F Md feacloN© 2004/ 016573 PCT/ US2003/ 018584

3) 2 butene-2 + 2 isobutane - 2 isooctane
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 isoalkane 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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distillation, for exanple, units fornerly used to
produce MIBE can readily be converted to producing

w@bkiogonesr3 merel y by changing the feed to the rePeUS2003/018584
since the sane catalyst serves both reactions.

Preferably, the oligomer conprises C8 to Cl16 ol efins

[ esho t I o) :
581D, LR DS oA EPeER 6P roaty b
convéiged m@dboiﬂlgaﬂlgnmeambrelgrbiy@tlpogmg the feeﬂd tgdhe rQaGMm amnce the

are epared from Cé% C5 ol efins. The wi dest use of
sametﬁ@tafyﬁaﬁweﬁ bath yeag ioﬁ‘ﬁ is for the preparation of a C8

gﬁgﬁrﬁswbctﬂgp& er & |§8§I cQ tth§ RIERRS Soirésponding to

usua t ene t ertiar Yy but ane cont ai ned
Ollgomr@répmbd fraoom € to é)gotefmn Im@@aeﬂeyredn embedinant the eligogmer has

6t Fhepbireiont ATLsTaaen 1o oG e wa B SPaf T, o

C. olefiRput ane and tertiary butene. The separation of the
5 hornal butene fromthe isobutene can be effected
f rles wiclest um]owwﬁtpamffm plkylatipnde tarile perparaien ofa Gs gasoline

boi | i ng- t
comiptnreBepo (HsRELEH oy ErAEPAEHE drhigfiay putane
contélhéd mare “(E(ﬂdcédld/’erelaetubm asyaly aﬁthnsmlmrfooaa:rd aorhidayviEie normal
oduct which is easily separa

h
butetp dpateBeL, 1oF BXABIES domarnenbpbla! g tﬁ%%%‘ﬂ‘/'th normal
butafe el%ﬂ)ﬁht%ﬁé ahé?ﬁr‘g%@i MitbRe 2ThO¥EHardkicR B@ihe riotRtal §l§ten|e from the

ano to formethers, such as net
isoblitehe lcanjoetaﬁtepteﬁwbact(oma&r) wlthtdiftad:ultyc kecaiuge pf Mry:{ose boiling

poiniyefs eretbaranantc SePAabARPRE B HaTaRS PhYRe dhind Gecdhalogs
is to*P h 9h 8 PSR catlivdRFRHS DI¢Tin focdtiih header peduthhich is easily

I gonerization of the'tertiary olefin is also a
sepama@ﬂdrmmdhemmﬁbﬂleﬁm%byf@&tlpﬂ@’ﬁpl@)ut on a napht ha

o bttt nine Eertg oRh Ve o R B o loflr BEBel, such as
metr{TdHéﬁilgﬁ?thagglr g@ﬁﬁanmgggﬁgw;j@aﬁmg%x I‘cmlwbutgalmﬂhdarr(l\/mli) ethyl
tertiary byl sgreen(EWBEé tertigry ARIYLGH emergmﬁgp\'ﬁﬂ&ﬁm been used
as g% alnea&!tgn%’ rmﬁj 88}’@6{1’[3 eE%ﬁg dl’\%%ea%‘élt bbcaFsd 69fE4RACbNcerns.

cessary ydrogena | gONEr s For use in _
gathe ioligoniBnizatios tof des tertibhyeolefiorip atema pr@ferga;is otdation when

carrlgéggﬁalnﬁpﬁi@ ﬁﬁgﬂ@rw'ﬁh teglggg rg@%@é’)fhﬁp&%‘%{l 8}/9th being easily
achn@(/écg b?fﬁlachSﬁéﬂl(ﬁ{ oRl Bk Heavdiqhidghed bbﬂlng\;@hgbrﬁé#sd(mamly dimer

However, the present "I nventi on has found
and trhaer) T hesollgomerfemybawedtas gasalime epmpeneqishsit thase are limits

to the: :{anoupﬁ%f qué’l.,%i;lrsg g%dqlggvgﬂoﬂwﬂ;a%%me g 89% |§9:‘équently
necé*s%arﬂ?‘t@ yé%@&a@ﬂxé 8fddrherssfok ee |ﬁmoﬂn@dl]'¢te mSSt desirable

nono ol efin alone with the addjtional benefit
compesgent fpr gasoline blending is Cg, e.g., isoctane (2,2,4 trlmethyl pentane)
The oligomer may be cracked back to the original tertiary olefins and used in
cold acid reaction. However, the present invention has found that it is 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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WD 2004/ 016573 PCT/ US2003/ 018584 exotherm c overal |
reaction requiring less refrigeration and, hence, a

wo owen1asner gy cost for the al kylation. The  PCT/US2003/018584
ol i gonerization process produces a heat of reaction
that does not require the magnitude of heat renoval

exotig(%rrg(g ﬁ{é&eall ?Eg’tl@rﬂ Lﬁrrl re{r er&on aliSRed € a lower energy

Fizatron is i'n a catalytic’
cost firghé bliglatiom. t ype react| on the heat of reactionis

{ﬁﬂwoqvﬁ%a%%bﬁ%m&%cp%@&qt%ﬁ%@%?E@%ﬁbﬁﬁmﬁ 3 ief ecuire
the r?ﬁgﬁ%o%eg rh%ta?qle gg‘?n qhé %T@ramdﬂb‘r'éceé%Ve'lh fhQougien the

re is eat prouce in the omerization it Is of
ohgom:snzah:bntls cetegboodi i tai oatalydit dlﬁ’&.ﬂ ajiesolypeeresichier, the heat of

reaclrgs raeyPaEd bR, Pk T i BEa ohfe é’#@‘*ﬁéﬂ%@?ba@ﬁ%mwo

oleﬂﬁsoah&pélﬁﬁﬁeéSwmch%r@'Helﬁ séﬁ@'até‘cpfﬂr‘bﬂﬁltth@flﬂlboﬁ’fmrtThus even
chain olefin. In a preferred enbodi ment of the E resent

though therais beatredeeed indhpiojaematzationit issafmessast RIpggction
of thg%@ﬁhgggﬂ] e{t i ﬁ%é%?rll %é RS clichHm: %ﬁﬁeﬁe%éé}aﬂﬂg 6tof the

gomeri zatron cond

alkylBtién @in@nisi I@dluytedet@pth@ uBerdfl digophert e répace a;oyn@IoefaIInef the
with thenselves to formoligoners, and feeding said
convgntigrahanert ehad olgfiy| ati on zone with an isoal kane in

t hlﬂ Dpit ?ﬁ%&eﬂ‘fbo% aht Sftﬁwgﬁ‘ééédt%ﬁeﬂﬁ gr%eéQ @n@ﬂ%@htha

I on uct conprising the ylate sal d
streatm cbmrlylrxg r&frrmal and tartiady olsfird ik moatactéd with an acnd resm catalyst

undsudamenizaie Shddne ripters ity foadit Rridel flo i) defins
with ﬂ?érﬁéé{\?’és & %Hﬁrohlbﬁnﬁatré AriiteclingSdid BRydrRaftbem dlkylatiorézone

catalytic distillation reaction where there is both a
withaip soatlainel ingthed pmeaﬁﬁaﬁ a%rﬂi'&bﬂ@’@ﬂ catalyst to produce an

alkyléﬁglgglr&&gt g:%ﬁi!g%nqa%m% lﬁ%\%%t %’ertl%.ﬁpolgegﬁ%ngssa?d isoalkane.

ol Bhe ftﬂlgﬁﬁierlzﬁﬁbﬂdMaKS@@wamﬁﬂ oamdmesqmmalem,admser i the
nmore reactive than the normal olefin |sorrerf and {
presgnes ef an@Ec ¢3tias regineatalyslettherin sBrigh PRSP RgIRaFtion orin a

catagftlfgddi'é:t %tléﬁeregbf@rf %vh%'ﬁéit éHe”Erb%thTé@aRéPQhHa}ﬂ%ﬁj hase and a

rise ut'ane, | sopehtane or tures
condthtsmtvéactwmflraetlmmlang hPrqdem@lyr dhetfeediis au€gdss, <uchr &g light

nenshE e 35k bl Hienes anc r
mor&'réa th‘éﬂﬁﬁélrfdrﬁ%l oldm 18bingfBhd diergretereh@iliynsligdntkrized.

I soal kanes nay fed to an acid al kyl'ati on reaction.
Themmamrahgbrrwrm@@sctauaee divaers ansbisimerse Thnigpalkenss preferably

nt al k tLon al kyd ati on conditions
comlpﬂge Fssog’éll %%ésq ?gewp‘hj'}yﬁeg theF flr olefin to form
al W 8 stlﬁigﬁﬂ elssa@adctor Iduddae subRia¢ thatdisclogetiin WeB! Patent
ol efins of t eollgomarstoformthe al k

Nospf GO, H1R40, HAE00A A G AGASH 4281 hoamiaeiiypeteampprising
the &fggﬁ'n%? norindl Binshd isoalkanes may be fed to an acid alkylation reaction.

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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5 WD 2004/ 016573 PCT/ US2003/ 018584 ol igoners are

di ssociated or in sone manner nake their constituent
woeb@iions7avai |l able for reaction wth isoal kaneGT/UT100%018584

the reaction will produce: 1) isobutene oligoner +

I sobut ane i sooctane; 2) isobutene oligonmer +

oligohfé?g SR @BSociateR'R H&iHe FParfdf #i& theid boh SIRAEME SBfns available
ol1 gomer 4)

+ 1sobutane branched C9 al kanes;
for réatiomytitmisoalkagesem husj thepeactorewill prodbeaed C10
al_ka}?es; vigrereas i.t would have been expected that
1) r dsekythe PIIQRIGT 3 IBPRIHGRE aBOPEREE: or nostly C12
al; S6REne b tricP i3dpayRdhe -PhRMeRed @, dlR@sds;or nost |y
2) C1I§ a kgﬁes,éé reeacti%n 3) would produgce at | east or

3) noisoayyiens ddigkaess: isahutaneac branehgy Gwalkanegr oduce at

I 1l 5. ) i G..
4 g espmPlenPanopher T sRpeftine . BB G S , |
PajgateasNafould hddd bedfh expediedthatréaction éwoajdeprotiace at least

the oligonerization, the oligoner is.  separat eﬁ fromI
or mogy Cap@tkanss) reastinbr DavorldaioAYCca Rl 18aSLLATBOBY (e alkanes,
- i r fr lhanat
rosclfSh RUBTRIIGES bR HHESH CLL REBEeREReadh: ) woid
prodakté @ ferss of hatstlgrds); alkanesbe united or individually fed

| calnen s el RBi fpackin 55h s Bl istiosh . Patent
Nos.g%,%%w W@,g%%"r@fsf IGYRd! 6P Y BRy&ABFASHdM Ghe oligomer is

paratus and process or producing and separating an
separhied faor the tawer baiknggosualidlefins and alkases it Bieyreactiompepduct

same or. .simlar deyjce al it e
oy o585 el ThE SR oA bBRS sl oygrnpace)
and ®HoRER Gottlemy)! mayRaahicsd pairkiRidwellyfed toti@alkyledion or may
internals or packing material ( may be jnert or

whi ch
be usad andividugily with @ leashihe ﬁlimgééei'agcf@ﬁég theakylation;

oh . _ e
o8 S o S 6 s RO A  process
for paoyduchng aadrpsparating anlajidiate product phinges ufudc acid as catalyst. This
aci d/ hydrocarbon enul si on phase. , A sigpificant .amount
sameroraimia deviee M A BeciSg B PHST Aeis HoPc muaRties,
i's [ C ' :
s TPEUBIER Bpcksktraleay U0 o LDGnfaRceBRispackod wit
contabting éntkinads or Paeking roateriah (ubishymay Hsoingesor eatalytiae through

.acid phase and al kyl.ate product | At [ puo
whicipdssBs BropRugenHEU e igTe sl SuE I BPHEdrgoripen solvent
and PFRREHE ANheWHiIRGRPBAT ofc B GYEidneN Thet spdtent kémprises a
boiling point tenperature. The reactor is L
hydiscarbarephaseland ampeidivstiocaipen esuieipR pbase phxsighificant gmount
oper a QU0 , . i
of gAML hEPaLRYDoreTIg tRUETERIAALS e potucen
the aésddilingpdrotarbon phase and the sulfuric acid dispersed on the packing.
Olefin continuously dissolves into the acid phase and alkylate product is continuously
extracted into the hydrocarbon phase. Adjusting the pressure and hydrocarbon
composition controls the boiling point temperature. The reactor is preferentially
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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Adj usting the flow rates and the degree of
vapori zation controls the pressure 6 WO 2004/016573
WEMDANE3A0D3/ 018584 drop across the reactor. MAT/UR1083/018584
injection of olefin is preferred. The type of packing
al so influences the pressure drop due to the acid
I f

crop BERES 31 actt. MIMFRR/iRfEion oTHEHIEpRA RS, Tho typs of packing
also Tiiftuemcied thm.;bressure drepadae ée thapaid phhsemqlalrelp The product

mixturh ol arradionativ s fresTeraorsuias Fesh bhedeR Briuision
sepa?&t%% J‘?@/}Rﬂ fr@ﬁﬂ%@srﬁlcﬁr@@arﬁbﬁqlﬁﬁtcﬁan@isend)rfmﬁﬁfsr@ey@led with only a

extracted fromthe acid phase (enul sion), the
few marmtes nemdmtdedtme mmh@boﬂorprmﬂaee&@au@@a Because the products

ae L8R Bl e P AL RGBT o

emuBRBH SicPibtergsdd incORTeABINAISUIfdRS Qbh@l@l@mmpwﬁseé@my be
conti nuous as opposed to acid continuous. Preferabl

addachwithipbesetat 6apserader Breaking ia BmAISIgN. q Ghe.ArPgesImay be
s TR BRI B g BREER b Gptnpptooc 1

ese are

el Profably, stie dispérericohgrises dﬁ@ﬂnﬁfeﬂeﬁionalmwitéllwldmaiescer of
i nvention the. element fuynctions to,. erse the fluid
a typmpbighaissoperatiyg foreeralescing vapefiz hewﬁ? 1esg are Common'y

knowt! 'a‘éa iSt ?Iirﬁl’ﬁﬁ §f OICFTES is%&%” %dWéJérSMCt‘ﬁea&e%ﬁPm'VBhﬁon the

w re and exanple, it been
elenfemt lfwhcttbas ta dﬁipermtﬂieeﬂuldl matarlalsmn ke teamrfor)be’(mrr@ntact A

suitcly 4S8 sEamaPene BT LLD 2og 0 ko AR A fibBfQSE el For

exarfipie, R8T i foMRd Yhatld 60 AeddIetapaIe to-kinit nMésH oPRire and multi-
undérstood that various other materials such as

filament fibetglass sucinas manufagturethipyristaconepasagientPreycts, Inc. of

T T e

othediméterars such b@ capkrar wirgsandVarilib filameéentetefion E(E)mlpbyl‘pﬁM) steel

acki ngs may empl oyed where t screens re WOV
woofgply@,row\gm\e lPﬁ(Qlfeqplngtﬁ@pr \é@r%oggpléco gg@lg ¢an also be

effe#tﬁ% \klpgﬁlli&f Ofit §;Ppa°1%ﬁ§.sv%ﬂ6u§ ?é‘@@!% fg‘%bs padkifys may be

Cross C anne structures ar e woven W th
employer gzhaaes tlmas sotelegis amgt @ovah s*aﬁmrhthaﬁ krottgaher @ther acceptable

co-knj t sh ex erforate
dispBfist cluaRarasaed tef Spegtand, FXpan Pt 088%'8%%93%%%”9'
stru&ﬁré‘(ﬁxﬁlﬁlc}ﬁt - coKJUSvéWMth*foe'r@%@br éﬂie&hﬁéﬂeﬁal@étﬁiﬁ &4 polymers
yners such as sul fonated vi nyl

co- k(lé vglth thzmwenyesr) expanded ar peiferated gheetsy of’hddlagnﬂly the multi-
fllam\@tmg})m ga%ﬂ&g r'ljber m%ﬂB?fa'n?&ﬁ cgEaIW%té%l may be

polyfisrs esudhl é@@lﬁﬂaﬁe@mﬁyn@%ld (e0d, Wnilduriyst) Iaadrm:adyil@metals such
zone in the reactor. Thus, for exanple, the multi

as Nij PaehtMeoMponent and the structural el ement,
The disperser comprises at least 50 volume % open space up to about 97

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.g., knit wire, should comprise about 3 volume % to about 50 volume % of the total

disperser, the remainder being open space.
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e.g., knit wire, should conprise about 3 volunme %to
about 50 volune % of the total disperser, the

WO evaiondes bei ng open space. 7 WO 2004/ 016573 PCT/US2003/018584
PCT/ US2003/ 018584 Suitabl e di spersers include

structured catal ytic distillation packings which are

Lﬁf&%féjgrkgerté%lréj El@r%'sﬁ‘dbﬁfr@d%ﬁf b(§d|§trlla%n b&!dﬁ%;é'b\m‘i’ch are

n pac I'ngs conposed of a catalytical
mtenaetr itey holdapartrcala,te satarlysas, arreituctlired| distdlation ptactsngsaqomposed

o o S et S RSB B LA A 0
whrcl‘éiélr:neorf o@%d%@rﬂﬁ rt%%trwly%\tn@lnkhl@h |d¥s Yl str”tdctu res that have

te grids sgace apart and held rig
a ngm rnanm majdec:ff twassbstantially vertical ﬁﬂ@h@@iﬁ grrﬂg.saaw%@@a@ and held

ral ity of
roio Fyfaco Rl o AL o 5 By o
substdritiafly Pafibvaes waretngs ﬁﬁ)dsuheanteﬁatocthélmrds tbéd)nmg aqﬂ’ptayrty of
or cont aining catal ytic, or catal ytic materia

fluid pathwaysRTARE AN Adhasn §3id JbeR Deikg SR OF FERRINg Gatalvtc or
non %%ﬁmgtrﬁét%nta}’so 'a?t@lej.t%cﬁﬁgatﬁa‘&ﬁ@gh Wﬁtl:r 3;'& ‘éiﬁgél cr iaﬁztggért which

various angle
are typicallyi cdssiacizhl afrcerrhgateztcmetal bentsit sakieus anglesnviteopesh which

s crigRag OBBEUBAITiSh A oAb ERRL0 B AN HP cf T piiorctyph as

drscI3$ Vt’ﬂ'sﬂbeg r‘xﬁJ 660,685 Wfich r§‘irﬁét$‘r HF86d REFAM irSits@ntirety and
uralty ets of wire nesh orned into vee

whrch rmsuds-coutya:t istmistunesy camprisigs a euraibhot Bleets <, wire mesh

ormgAoRH P ShgElh Bl P BRP B ety o

sheeﬁé hRfd 8N sabstaftifIRt @itfdral sive iHaving Opesks saéttedinghe same
ei ng separ ated by pluralit of rigid nmenb
d.reqmneancbaub@ianﬁalwntadrgamn@aﬁeﬁ ﬁbgets@lugéﬁpgrat%é by @splurality

of ”%Eﬁ%@gg}é @kﬂ%rﬁe |n§)ﬂﬁ% ?%h@%%%ﬁ@ljgbﬁcam ytically

| n@tHerdultable Wsma‘ndm é(Al)l rdmidgine or dom‘rpeﬂrdmtlilatnn packings
e e bl S A5 P racton e
marrﬁ%ﬁr@k&aﬁr&ﬁar@é ff}%{);e ar 'surc'h”é’sS E(éYF-‘SQHélIes 'i’@btarﬁic@%aschrg

pr opyl ene) ke "and

angsa(t(}dramra:)aﬂaychrgtﬁtmgs r(%t&ab)anadtcringsg(M@tﬁl)c Rall singai(Rlasse, e.9.
polylpa:%%sy %r}eﬂn%a%gl 4 C%ﬁﬁal‘%{: II‘&Sﬁéﬂ@%&gggﬁtpﬁc%%%’%ﬁ%ontam
at ledst cﬂ@cd:tﬁlyﬂéalt’sﬁédtlvé%tgréﬁfeﬁﬂ%@bﬁ%s@&gzmGFRi NisTGICw| Zn, Pt, Tu,

| at e corrﬁpﬁ)exes aci ds such as phosphoric
Ru, é‘a (r i, Au, Mon¥eandirroagavallcas isoprgenated samepnants sychra metal-

croB B b 5 A B OB, poncr

mat&i94ls avith eatantict agtivity; and¢By nesmdliths evhichcale catahyiielatly inert or
and may be constructed of various matgrl al s su

ac’n\rﬂ wbtqh@recséwtﬁrss cgptaipipg naultiplg, iepRndente V@W&ﬁﬁ&%’“e's and
mayaﬂeeccér'}’ﬁhfﬁ?édd &t \?aqfé% FnatBRUE St 2R PRticIESYERIiE | A nétal, th which

ize
the channels are typrcally square however, other geometries could be utilized, being

used as such are coated with catalytic materials.
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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used as such are coated with catalytic materials. The
hydr ocar bon feedstock undergoi ng al kyl ati on by the

woreaohothsed t he present invention is provided POI/UR®03/018584
reaction zone in a continuous hydrocarbon phase 8 WD
2004/ 016573 PCT/ US2003/ 018584 contai ning effective

cont BBl 1 S0 SRS S s o
sufficémiyfbafoeminigpahl alkylald praaluet. i The sletimisa:fp‘eiraffimhelerraho io the total

roacios aastEould SO RMAELET e b R0GHh BoANG Wetspl s about
1:5 t&aﬁgut yfq\ger cﬂ&&f bIBfith: Fﬁflﬁ'rﬁtlésaﬁﬁa‘ysalé@lﬁe@s‘é@ be

he o I'n conpo ent shoul d preferably contain 2
t oTHesoledin bompminentsiawld preferabhygentaint2 i tﬁﬁﬁfbﬂe atoms and the

. ul d_preferabl t ai r bon

sopdgifbseMbaPToE S ebenrably SR 200 F4 prbon atoms.

Repr‘e@éhfé@ﬁe'e&@ﬁ#ﬁl@é‘@f SUIWBbpﬁfafﬁ@s |fﬁﬁid@’|bbl§ut@h@, isopentane, 3-
nmet hyl hexane, 2, 3-di rretggl but ane and

metrwlmemnleet BynﬁtéwmaneRe%B jmethiibutanex angl &s4-simethylhexane.
Repr 5?@%2‘@ e%ﬁ{p&%@?fsﬂ@w%%l Ws%‘&ug? Rhfe%uﬁX cﬁﬂﬁ%lene butene-1,

pent enes ene exe
prop9iehengentends Nsthilene, haxsne! Mcﬂeﬂenamﬁhapfm manelyds name a few
descri bed above nay be ol I%OH%E E:Rese olefins. In
and g depeliber APevR 5 bR oligaimeis Qf4BESH PIRTBSH uori c or

Sul'nfﬂﬂ%' ﬁux@?r%é% e/ §gs°temulﬁ‘§je‘§ hx‘&;ﬂoﬂhbﬁﬁlo\f éu‘H‘Wnc acid catglysts

nper at condi t1ons. For exa e sul furic aci
undalrklﬁhadalydmw terapetatune donditiansi Eaf exdnpleetis sulfugiciacid alkylation

cach R Do GRS R 545 A bl o

in orH%F YdTﬁ{lhlﬁﬂié e sidRt realBobf BlefiRgiolymbAEAHEH. OB¥trbRVIAT Fefinery
kyl ation over polynerization because | arger

techqulagv favass alidylatiogimater pelymeatizafipn because igerquaniidies efihigher

oo 8 S A0 f AP EE o 25 SHARROLB rencn

thes@ﬂi@}ﬁ&f abidycatalyataiafiedation &&cb@se@@/pmfemlyghwlmsmw at 88 to
conti nuous addition of fresh Cld and. t

4%cbmW¢iGBU§S"\91 thearaniduays aqsitien @Sfbﬁlﬁ@r aa@ the contipuous
Wlth@%\l\l%ﬂ) %fém%%w Her &6idd sﬁB%f ﬁg%ggé E)ﬂogﬂhoﬁdjé’cﬂerrﬁéﬂi’e used by

Sts W |nor ngnraerla
sup&rmﬁgtlﬁ)batalyslh@mhmn@sm thie pdokimy pedatiali nvent i on
ul d mcohgorate re nount,s of

hy referaly ihe f4oeess R t%t@(ﬂgegqen |ng|?téo‘§b§laqtﬁig ﬂngonrgorate relative
amoYif éJB‘PééIH %nﬂ%y&océrﬁﬁﬁ'fw td friRMpPSUtheGelédiol lﬁ 8 @RMNétric ratio

nor e re er abl y In a rati o rangl ng rom
rangutg)ﬂrorroabm.ﬂi) Ob1etb(ah0u¢)25 and Imorneherefiereblyin ¢f iatipganging from

abofHE8 TR RRh I E4R BRI oD gl o kiRgimbhe oflne, prosen

mveﬁﬁéwttheQaﬁo bf abfiftd hedvataontdipuit sRefesfrom aibolitite1:ddodbout
into the reaction zone shoul d occur
0.3:1.

Additionally, the dispersion of the acid into the reaction zone should occur
while maintaining 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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whi |l e mai ntaining the reactor vessel at a tenperature

rangi ng from about OF to about 200F, and nore
w@e@herand y from about 35F to about 130F. Si mi PEI/U§2003/018584

the pressure of the reactorvessel should be

mai ntained at a | evel ranging fromabout 0.5 ATMto

vostliBianl 65 ReRR R GErSh e by BRI TS i dabe rom

abouvasitF e abeubl §5F ahe theepszictor dresqee should sé maiotaired within a

mai ntai ned within a ran om about 40F to about
range fegm ghaut G '?‘glgctpcﬁb%lt%s%ﬁ e shoul d be mai ntai ned

gengélé}]e‘ﬁi‘ al rtﬁé‘gfarﬁétﬂgﬁ Bpgiﬁtm@ SMIMEHsOuSRPH the "bT%eésﬂof the

t he rtic operating conditions used in
prestheinpenticeswilladepens tommemegrewemm UTB apectlfl@laﬁ@ledlondeactlon

oo o8 SR 5eBRES A 8 BB, S96LHE end spaco

Veloélﬁiﬂlﬂhéi 4 the rﬁb%ﬁé‘t‘i&oﬁﬁ@ r&HEERts Wi bﬁébﬁﬁie@ﬁ\a\faﬁérlﬁ&;s of the
lar ratio of the reactants will affect the

resultingrediytaie psedust and maybe adidsted inaccardgneg with paneetegsignown
i n accordance with paraneters known
to tnpge shfied M IR #

in the art. An advantage of operating

at Ah Iaavémabe o operatingadt théboiing peirtt of mpramnt saatosnn system
is that there is sgne evaporation which

is thay thereigtsarae ENBPRRRIONOFNIPR IS B4 1SSIRRTNE en@e@trpé reaction and
mak r@’%‘%r@m{éﬁﬂfr g éqﬁ@émlﬁghm%’é&fd@bﬁ)s@ 85 $hat! &F thBathaterials

eaV|ng e reactor as in an
Ieavir@dhbeemstbr aem:anosothérmel rehetien.kyl ation reaction has

07 Bee s elibletion TEarticlbas Behard ePinibefichy tfe ppastionmisture i
trané'ﬁé%@ t6h *%Qﬂaﬂl'é%%%a?%rﬁ\'/éﬁs@!}whéﬁéethé|H§Mh§’da¢b@|ﬁ 9H1d§é cém@dining

any unreacted reactants is separated fromthe acid
the a@kylete protuct g say udeemteq/reaﬂtarttﬁes seRATates R thaasi. Since

e L

g/cclaacscetd e rdsipal foP tise Qéld@entamll&b@m‘tvltﬁmﬁhg/ra@ged dsfeablunwO 9glcc
ghases are readily separable bﬁ)r conv ’%@% Z

to abeut P& g/ccstha AP eprg%ﬁ.arstreaﬁ S@@ﬁ%}bi% sC<P gaal gravity

settlg?{ferlf%\rb% g ALEGHAIsR ﬁlsatoi’%]hal]%q%%e t%tr§ P%dt%%?élbhés which

ence; are al so U|ta
sep@@b@ﬂy gensity diffehenee, iane tofso $UIBURE whi ch | s a

e el goR st © SRR R dhe HEURE iR 8 Yhhplified
schérggﬁé feg{géselﬁﬁﬂaﬁ of ﬁﬁé?appé}%‘ﬂd% &ﬂfﬂo@@f%@ﬁroé@%@ 'RERGLWmMS as

own cont ai ni ng di sperser nmesh 40.
valvpse@bnﬂersdpsﬁwsse’t@ hmﬂ lesen panifted. di sperS| on of t he

o B¢ S B60nd B ik 40”3516 esent
disp?e%é"rs ashievetheredigpersion of the fluid or fluidized materials in the reactor.
The feed to the reactor comprises an olefin fed via line 12 such as n-butene 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 16c. A liquid acid catalyst
such as H,S0, 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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i soparaffin (e.g., isobutane) fed via line 14 through
line 52. Preferably a portion of the olefinis fed
wW@bkongidshe reactor via lines 16a, 16b, and 16CPCHUS2003/018584
liquid acid catal yst such as 2SO is fed via line 56
and make-up acid may be supplied through line 38. The

into tmédc{ %?&%Ploﬁegﬁ‘a@t ?6}1 dihflel §¢ tl{hnt\f)i?e B a%%&?m@% ?ﬁbéhs

genéral ylln rica unn Vv I ne

armhet I du@hrtappremmaaﬂseaddsm sagjivegaeso¢arbons Hevh) normal
10 WO 2004/ 16573 PCT/ 03/018584 nt
butarp Sl oA, AR Ak Caleyst iR alidatippproceeds.

The Féé&ﬁbﬁh@éﬁ?/tgsﬁﬁc e M&@l@ém@ll Re ks LAAtIRRToM@Actants are

reactive rocarbons (e.g., normal butane) are
ad jUStBﬁ |taxkee;b thecsystero icethpanemts afethactmdlng@pmtw padialliin the liquid

ation roceeds The re t e
phassr S 45k SRR, 8P Ratenisd Paak TR BRw et I, edgprCmixed
aporfiguiflt Shdeati@ ot thBugh SineM & fp @eeahtera0. t retietbsager the
point but partially in the liquid phase as the syste
SySt@ﬁmmmﬂ@tepa@sSQﬂﬂmteldl ipt am aétsﬂqphasee“rﬁ eQpialng Fh%@é@@st a

hydré(g%rgﬁb ;:)I‘Pé\)y@%?@cfrﬁaﬁ\g‘g% % eatrlla{l Sr’nh“ésétkg%&ibolﬁgg cémd unreacted

isop@=ffirs @lndrr@hedactthﬁethwtnombdns bad @ véfocpinase 44 m@mﬁmay contain
catal y

hyd 2 t
somapkopdh &f thaReBenBRGIEHATY |RREr O BSay B op QepReatsyhich are
rem(%é‘i{i o thed Eﬂeﬁ?v%ﬂﬂ&@@f&%ﬁhépﬁaﬁdw@pﬁ apppriafet

may C nt ain sone of each onponent s and
aniylokt ghmeraciq/nlnamsbeqycdeﬂmwadmm% wmcﬂ 6ﬁ intoghe reagips dMake-

th f
up agiiPay BeAdechga ing e A BRidiSpirest PEL raRpeLdf file 4c.
l'i Pge %ﬁdﬂ%r&ﬁm lidUi@ phBse i€ astheved Makipe 280withizdportipn becycled
added via line 33 and buil d-up spent acid renoved via

to theitap oféhe repséomyafine 28pohe rejnaiadghakhydrecaden rhasg ig fed to
b 2 it j | f .
oty §FuhizR B IRG L B ebohele, (el e tprosen

in théfféé@ dah Beebriovediviatinel 38 amtlmdalkymteZ@rodluat isirema®@d via line
ere it is fractionated. l\lorrg;} but ane, res

34. Theioverheads 55 A BAMAEROURSACI isprkans wiiith RBeyaed via line
52 t& ﬁgLoz,tgfrgégqub is renoved via line 34. The

over are primarily unreacted isoal kane whi ch
EXPERIMENTAESET BF FOR ABRYLATION ©BpSOPARAECELY +1QLEFIN

S ON . . ,
&L EpTRISHBIOWRE SraTPiRe the ISRIAru oadler i dpdpa gy by 1.6 nches
dian‘ie?c@ﬁtl?'is b§ck3e'_2i WRRtvANIBE dModnts ams Bpes ¢f PaEKiIeg materidls The

pac varyi n?Mam)unts and types of packi l%
HZS@atlever&Dry lmboung depeading §n the beldup OiﬂFGPPéP ing used. The

dependi na o
corl RSB35 1AL ) Pl RBURES S i frpron o
the [Bsttdin B biﬁcdlatg i tdohytiliseonndme with a sihble pjumns ¢reeds are introduced
circulate a two-phase mxture with a sin Q/ap
at thedeg of therqastorda l\jl@@bdown with the recycle mixture. Vapor's produced by
heat of reaction plus ambient heat gains and helps force the liquids down through
the packing creating great turbulence and mixing. Most of the vapors are condensed
after the reactor outlet. Uncondensed vapor and liquid 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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at the top of the reactor to flow down with the
recycle mxture. Vapor is produced by heat of
WO e@eniasm pl us anbi ent heat gains and hel ps f oPCEUS1963/018584
I i qui ds down through the packing creating great
turbul ence and m xi ng. Mbdst of the vapors are

mea%tﬁ‘ggﬁﬁ@@lpc&xl driate. ﬁl&ﬁ@g?ﬂcté’%ﬂn%e db’ﬂmgﬁ&%ﬁar‘éaﬁ@ighed.

i qui ydrocar uct passes through an aci

Howeleeretiter wantelowt faémist ¢stimefrdtasdding ke diffetencer keinieandhe mass
tow el e 10 AR ol Tl B 55 S St 5at o
hydr{’éérrfoyﬁ?p(?&)&é&é,&ﬁ&ﬁdim&ufe@ﬁ. Tiratich IS used foprspeat 8cid assay.

I qu products fromthe de-isobutanizer are wei ghed.
OPERAEON , the vent flowrate is estimated as being the

di f f b _ !
b e GRS S0 Bl B Rery b R ol Bodtin anc
acid eHP slanban tiy 8alingspointof ubé rydrdearsens praseéntaFiressire and

used for spent acid assay. ,OPERATION In the follown
tempsyaimse seadings asglegoae ﬁl%¥r0@madlycT¢% (ot Outlad F%va‘i%w% and

pres%/n%ral%cﬁ%eodﬁ%lédl% l‘f\%érﬂ@u%ﬁ ibngn R r%tcgelfe rﬁpfbgocarbon using

ocarbons present . essure afid tenpeérat
an iC giidiiyiate fearsh datmdatibrel ectroni cal ly. The reactor outl et

e ckpreseesp (oo BT HHAtRASsoR TS PLpiiR i ghc yARoso the
de—i%ﬁ&h}éh%f" t(fv{/%}*g mﬁrﬂbm tAE iPBssufe PAGKRAIESABUAL 69y hitlyde used

at passes product 'liquid and vapor to the _
primeelyi te deepaanid romt kaeking wpinie thefeedhine ?@wmeé ton rapeh N will

o3 Sl 5 BN BT LB P ADBES e BB A8 por

phaé@'_ll cause a decrease in product quality by diluting
reactive isoparaffin in the vapor phase.

Th _
ci T el citauatiopupgmpnin e éxperriﬁnréetﬁl a‘}et%tqifﬁua??% doth dke acid

Y . i
emufiJa B ARt PLOBR IV BBl o Mo RBLis filhhs uopnasse may
be pbengudesshratpar atel y. The acid inventory is maintained
e LR IS S0 e EAARR v
thro@@lﬁ %%@Esﬁﬁjieéhﬂuﬁé Llsghg? 88RRIRal Yalver %b%dp{%gerg?teriiﬁg@etﬂes in

une percent acl ayer and” hydrocarbon
secdnusntoufeenh two lapeisutbeivoiume percdrd spirplslyer ardthydrocarbon layer

o oG S5 SGTAIOT D EE AT TrafboRb AR gl e
circUISA6H Patek B Bbih ﬂ,ﬁag@ nt ai ned between 0 and 3 psi by

mani pul ating the circulation rates and the heat,
balThad2P {presadre: highemnatithe top or reactor inlet) is maintained 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 to the
same DP. Most of the time, 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 exira 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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Different packing usually requires different vapor and
liquid flowrates to load to the sane DP. Mst of the
WO pove/0145She anbi ent heat gai ns and the heat of PEHUS$10031018584
provi de adequate vapor (nostly iC4) |oading. Because
of refrigeration constraints, about 1-3 |bs/hr of
circulgfﬁi\é ﬂgbtto%lé\*lgoré %w'@@é é’ cb o%ﬁlé%elﬂa’("bbﬁur‘ié’c@s feesC | Rtios to
2r SR P eS0T hi's excess 14
everylﬂﬁhgtelseel y small and does not signifi cantly af fect

TYPIGHE ORRRARNG b@@ﬁ@@a—“@?ﬁ S ARUATEINY e ExpuPLES

E d%gerf ounds per hour. is the 12 WO2004/016573
ee S2003/ 018584  ci rcuI ating hydr gb flow rate
Olefiming- W8ffosi ti on that domi nates the |Q3§ ios to
Alky eéveripsmirng el se. TYPI CAL OPERATI NG OCB(IDHTLZJ\IS FOR C4
IL@N | N THE EXAMPLES Feed ol e gft's Aefinin
Rxnﬂfﬁéﬁr 0.25 -.50 Alky out - Ibs/ h?og go “1.2  Rxn
Rxn Reigh®UWut - F 50 - 60 Rxn Psig out 6 016 . psi
DP-®sb-3.0 Recycle rates: Acid phase- Q_ﬁm%oo 3-1 HC
Recy@iéafvé@eS' L/'mn 1 - 3 W %|C4 in HC recycle 75 - 45
% H2SO4 'Rm a - 89 W @aHO in Spent
aC|d24 Fres amgﬁ Jton-lbs/g alky 0.3-0.5
Packi ng Type © notes bel owPadki ng Hgt in
Wit % &t inldC-reByclPack density | bs/ft3 5 7934 4¥Notes:
Wit ‘Vfﬁl%@dkglﬁgﬁéntlad@ . 011 inch dianmeter g488s W re

400 denier nmultifilament flberglass
Wi /CE| @a@gg V{/acé(?her stltch 2. Packi n(g?W_Be 21s .011

Fresh meidl additien erlbay palalky wire coknitte # 800 deni er
Packing Typé! ament poly propyl ene yaron 2eveeg notdsebelsiv t ch.

Packing Hgt in feet 10 -15
Pack density Ibs/ft3 5-14
Notes:

1. Packing type 1 is .011 inch diameter 304 ss wire coknitted with
400 denier multifilament 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 stitch.

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
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Exanple | Refinery C4 Aefins used as feedstocks To
the Lab Unit: 38%iBin LowiB total olefins nethane
wW@20200:500 et hane 0.00 0.00 ethene 0.00 0.00PCPUSPAIEISS84
0.77 0.41 propene 0.14 0.16 propane 0.02 0.00
propadi ene 0.01 0.02 13 WO 2004/ 016573
. PCT/ US2003/ 84 . 1isQ-butane 23.91 47.50 iso-butene
iso-bytagis 15 9029’1Eég ot 580, 02" 10. 49 1, 3- but adi ene 0. 02
iso-boter® n-but@88 22. 63900.79 t-2-butene 18.05 7.93
1-buténd- dm propane2 0. 0904900 1-butyne 0.00 0.01
3 prop 0.0 03 c-2-butene 12.09 5.43
1.3 b@%ﬁ%hgadi e@'@ﬁo. OO%&%l 3M 1- butene 0.26 0.04
n-bufalg. pent an@2Pd8 01979 1-pentene 0.06 0. 82
t-2-ba@tdne- but endd800H1 0.7093 n- pentane 0.01 0.03

2,2_0tm rm§n¢0_@900 0.00% c-2-pentene 0.00 0.00
1-butty'ne' pent adi giag 0. 0Qy G 08

m-cyclopropane  0.03 0.03

c-2-butene 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

t-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

iC5 6.27 270 2.51 2.78
2,3-dmb 4.05 2.84 280 3.02
C6 1.63 1.19 1.00 1.15
2,2,3-tmb 0.20 0.17 ~ 0.18 0.19
Cc7 7.17 5565 435 4.35
™ C8 53.88 61.76 66.84 ©66.93
DM C8 12.27 1247 12.69 12.44
™™ C9 5.04 422 289 274
DM C9 0.57 1.01 0.29 0.18
T™ C10 114 0.91 0.70 0.64
UNK C10 0.51 054 029 0.29
™ C11 0.99 0.77 0.69 0.71
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c-1, 3-pentadi ene 0.00 0.00 wunknowns 0.01 0.08 100.00
100. 00 Conparison of Refinery produced Al kylate with
woh.am40nisv3 resul ts using simlar low i B C4 feedP@®/a81003%018584
Plant B Lab 1 Lab 2 iC5 6.27 2.70 2.51 2.78 2,3-dnb
4.05 2.84 2.80 3.02 06163119 1.00 1.15 2,2,3-tnb

0.20 0.17 0. 18 7. 5 4.35 TM C8
UNK@%‘gs 61. 76 661%9 @2 Dl\/ﬁég) @812.47 12.69 12. 44
C12TM C9 5.04 4.24.37. 89 DI14 MZ:@) o489 1.01 0.29 0. 18
13 TM C10 1.14 0.8D00. 7016864 OWBK 01MO0.51 0.54 0. 29
o120-29 TMCI1 o 0. % § 69 %7 1 jg oWD 2004/ 016573
1

PCT/ US2003/ 0185 1 0.00 0.00 C12
C154.37 1.71 4. 7204 bo&i %00 0.00 c14 0.03

HV'SL. 57 0.05 0. 0000515 00.04 0. 030®. 000.0000 Hv' S 0. 05

UNKO- 04 0.00 0.00¢ Op g4 0. @30@ 000@000 sum 100. 00
100. 00 100 OO 68% 10@\50 %@00 114.9 114.6
Broni ne n§ Total ppm <10 <10 <10

AvMWO TOTAL %TMGG‘i 05 1670 661 #4.9 12 491 T™ c8/DM 8

Brontihdtioe) 4.39 4.8% 5. 2%6. 38 <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  4.19 10.08 1557

Typical vent
analysis:

wi%
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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TM C9/DM C9 (ratio) 8.85 4.19 10.08 15.57 Typica
vent analysis: w% hydrogen 0.000 oxygen 0.124
woearogesm 3. 877 met hane 0.019 carbon nonoxi deCOUSD03/018584
car bon di oxi de 0.000 ethane 0.000 ethene 0.000
ethyne 0.000 propane 1.066 propene 0.000 propadiene
0. 000 i so-but 81.233 iso-butene 0.021 1-butene
1-periepso 1,3-buﬁg§ﬁgne 0.031 n-butane 3.398 t-2-butene
n-peiade0 m cycl dpPBBane 0. 000 c-2-butene 0. 000
C5 +i so-pentane 0.®8681 15 WD 2004/ 016573 PCT/ US2003/ 018584
1- pentene 0.000 n-pentane 0.000 C5 + 0.391 Exanple 2
Ef fect of Isobutylene (iB) on Alky Quality

Example 2
Effect of Isobutylene (iB) on Alky
Quality
lab 1
100% iB 38% iB low iB
iC5 3.66 3.97 2.78
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 5.08 4.35
™ C8 50.79 56.95 66.93
DM C8 11.77 12.64 1244
™ C9 6.07 4.22 2.74
DM C9 0.58 0.45 0.18
™ C10 2.06 1.33 0.64
UNK C10 1.14 0.67 0.29
™ C11 2.54 1.28 0.71
UNK C11 1.00 0.00 0.00
C12 8.30 8.99 4.60
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
Av MW 119.1  117.3 114.9
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
TM C9/DM C9 10.51 9.34 10.08
Example 3
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lab I 100%iB 38%iBlowiB iC5 3.66 3.97 2.78

2,3-dnb 3.60 3.56 3.02 C6 1.42 0.52 1.15 2,2,3-tnb
wWO@2008/006528 0.19 C7 5.27 5.08 4.35 TM C8 50. 7BCBESHB3/018584

66.93 DM C8 11.77 12.64 12.44 TMC9 6.07 4.22 2.74

DM C9 0.58 0.45 0.18 TM Cl10 2.06 1.33 0.64 UNK C10

1.14 0.67.0.29. TMCL1 2.54 1.28 0.71 UNK C11 1.00
Propylepg +0!C%0Aﬁ%ia3'°é‘. 30 8.99 4.60 C13 0.07 0.00 0.00 Cl4

Sampled®oiof 14 0. oprodurs 0.12 0.00 0.00 HV' S 0.38 0.00
propAn®0 UNK 0.5400000 0.00 sum 100.00 100.00 100.00 Av
iso-bw 9.1 117.39]5%.9 Bromine no. -1 <1 <1 Tot al

Ut tur ppm <10 <10 <10 TOTAL % TM 61.46 63.77 71.12
n-butapecs/ pM c8 4. $154. 51 5.27 TM C9/ DM C9 10.51 9. 34

iso-petadt Exanpl e $.946 WO 2004/ 016573 PCT/ US2003/ 018584
n-pefifpRy! ene + i Ch gdkyl ation Sanple Point product

2,3-dm butane 2.07

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-heptane 0.16
tm-heptane 1.00
2,2 6-trimethyloctane  2.32
C8s 0.20
C9s 0.20
C10s 0.98
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propane 0.01 iso-butane 9.25 n-butane 0.32
i so-pentane 0.97 n-pentane 0.00 2, 3-dm butane 2. 07
wQktopentsane 0. 30 3M pentane 0.14 n-hexane 0.POI/US2003/018584
2,4-dm pentane 15.59 2,2,3-tm butane 0.04 3,3-dm
pentane 0.01 cycl ohexane 0.00 2M hexane 0.34 2,3-dm
ent ane 48. 97 -dm cycl opentane 0.00 3M hexane
C119.35 2,2, 4-t m@@rln ane 3.42 n-heptane 0.00 2,5-dm
C12shexane 0.37 214&m hexane 0.56 2,3,4-tm pentane 1.52
C13&, 3, 3-tm pentapgdl. 21 2, 3-dm hexane 0.64 2,2,5-tm
CMgexane 0. 68 20§%-t m hexane 0.13 2, 2-dm heptane 0.01
, 4-dm hept ane "0, 03 2, 6-dm heptane 0.03
C159 2 4-tm heptaRP™. 83 3,3, 5-tm heptane 1.70
unkndwdis6- t m hept afd1. 16 2, 3, 5-t m hept ane 0. 16

heavies 0.00

100.00
Example 4

Isobutane + pentene 1
alkylation product

W1t%
C5 5.03
2,3-dmb 0.74
C6 0.35
DM C7 1.14
C7 0.17
T™ C8 22.26
DM C8 3.70
™ C9 52.40
DM C9 6.72
T™ C10 1.51
UNK C10 0.56
T™ 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
feed olefin #/hr 0.25
Alky product #/hr 0.47

Example 5
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tm heptane 1.00 2,2,6-trinethyloctane 2.32 C8s 0.20
C9s 0.20 Cl10s 0.98 17 WD 2004/016573
WEDAWBEAD3/ 018584 G ls 1.62 Cl2s 1.73 Cl3s BCDBS2003/018584
Cl4as 0.05 Cl5s 0.01 wunknowns 0.01 heavies 0.00
100d00 Exanple 4 |sobutane + pentene | al kyl ation
roduct W % 5.03, 2,3-dnb 0.74 C6 0.35 DM C7
Oliggm ﬁﬂza@?‘ﬁof?‘%sﬁf%“cédfzz. 26 DM C8 3.70 TM C9 52. 40
feedstockwith. 38% iBNn Gatal alefins. UNK CL0 0.56 TM C11 0. 16

(Thidbisdudilwas B turkiibed. &8
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-pentene 0.1
unknowns 1.5
2,4,4-tm-1-pentene 4.7
2,4,4-tm-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

iC5 3.97 239
2,3-dmb 3.66 2.87
C6 0.52 117
2,2,3-tmb 0.23 0.20
C7 5.08 4.95
T™M C8 56.95 58.34
DM C8 12.64 12.80
T™ C9 422 415
DM C9 0.45 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 9.41

C13 0.00 0.00
C14 0.14 0.11
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C13 0.33 C14 0.11 C15 0.08 Hv' S 0.03 UNK 0.63
100. 00 Avg MW 123.2 expected MV 128 feed olefin
webm/0:525 Al Ky product #/ hr 0.47 Exanple 5 HRGI/V&003/018584
2004/ 016573 PCT/ US2003/ 018584 (A i gonerization product
fromC4 feedstock with 38%iB in total olefins. (This
C15product.vvas in tu6!'6 usaﬁ s the olefin feed to the | ab
Al kyl ation unit) i Do P ne 48.8 i so-butene+
HV'SL- but ene 1.6 n-b@O&e ®B02 t-2-butene 14.3

UNKC- 2-butene 6.5 ig@gpergepe 1.0 t-2-pentene 0.1

unknowns 1.5 entene 4.7

2.4, 4-tm 2- pesrﬁj[%%igé'?;)gm%? er C8 s 3.4 grouped Cl2's
AvMW4' grouped c16871321383 0 Qi goneri zation ef fect
BromsineNoky products using &4 feed with i B = 38% of

TotaPSSflMNSpom <10 <10
TOTAL % TM 63.77 65.19
TM C8/DM C8 451 456
TM C9/DM C9 9.34 11.75
Operating conditions:

Olefin in - Ibs/hr .25 25
Alky out - Ibs/hr 53 .53
Rxn Temp out - F 52.0 52.2
Rxn Psig out 122 11.8
DP - Psi ~1 ~1

Recycle rates:
Acid phase- L/min 1.0 1.0
HC phase - L/min 2.6 2.6

% 69 67

iC4 in HC recycle

Packing Type 2 2

Packing Hgt in feet 15 15

Pack density Ibs/ft3 7 7
Example 6

Alkylate quality from Isobutene + Isobutane
or Oligomers of iB +iC4.

iB DIB TIB+

IC5 3.66 3.97 3.41
2,3-dmb 3.60 3.70 3.18
C6 142 136 1.53
2,2,3-tmb 0.40 0.38 0.27
Cc7 527 496 6.39
T™ C8 50.79 47.93 38.35
DM C8 11.77 8.92 12.91
™ C9 6.07 6.60 10.31
DM C9 0.58 0.81 1.10
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before after iC5 3.97 2.39 2,3-dnmb 3.56 2.87 Cb6

0.52 1.17 2,2,3-tnb 0.23 0.20 C7 5.08 4.95 TM C8
wWB20095168 34 DM C38 12.64 12.80 TM C9 4. 22 4. ASGT/USNOLIDISSS4

0.45 0.35 TMCI10 1.33 1.29 UNK C10 0.67 0.57 TM C11

1.28 1.41 UNK Cl11 0.00 0.00 C12 8.99 9.41 C13 0.00

0 Ci14 0.14 0,41 4/ 016573
TM cg@}/ Us2003/ 018@8%61 611@90 0%9 00 HV'S 0.00 0.00 UNK
% 0.00 sumiith. 0d-1800. b8%Ay MV 117.3 118.3

TM (B’r'pm ne no. <12<5.4 T2I58I QI Rur ppm <10 <10 TOTAL %
UNKT(ﬁ/g $3.77 65.19 ¢ g C3/7gM @pd- 51 4.56 TM C9/ DM C9
c12 4 11.75 @g{ﬁé nl%og,))nlt ns: Oeflnln-lbs/hr

25 .25 Al ky hr 3 .53 Rxn Tenp out - F
C1352.0 52.2 0.07 0.31 .0

C14 0.28 1.47 0.14
C15 0.12 0.29 0.00
HV'S 0.38 0.19 0.00
UNK 0.54 0.01 0.00
Sum100.00 100.00 100.00
Av MW 119.1 122.1 1229
Bromine no. ~1 ~1 ~1
Total Sulfur ppm <10 <10 <10
TOTAL % TM 61.46 60.15 54.67
TM C8/DM C8 431 537 297
TM C9/DM C9 10.51 8.15 9.37

Operating conditions:

Feed olefin iB DIB TIB+
Olefin in - Ibs/hr 0.25 040 0.25
Alky out - Ibs/hr 049 0.78 048
Rxn Temp out - F 52 516 51.7
Rxn psig out 13 13.5 5.7
DP - psi 2.5 1.1 ~1

Recycle rates:
Acid phase- L/min 0.8 0.5 1.0
HC phase - L/min 1.8 1.4 3.0

% 73 76 45

iC4 in HC recycle

Packing Type 1 1 2

Packing Hgt in feet 10 10 15

Pack density Ibs/ft3 6 6 7
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 to form a C10 alkylate; MW = 142)
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Rxn Psig out 12.2 11.8 DP - Psi -1 -1 Recycle rates:
Acid phase- L/mn 1.0 1.0 HC phase - L/mn 2.6 2.6 %
wW®2008/81657C4 i n HC recycl e Packing Type 2 2 Pap&i/ns2obiy018584
in feet 15 15 Pack density Ibs/ft3 7 7 Exanple 6

Al kyl ate quality fromIsobutene + |sobutane or

ner s, of TIB+ 1C5 3.66 3.97 3.41
Res‘ﬁ%ﬁa'ﬁﬂ{%d%‘&P'%m?ﬂz%“%gé'&'g_}tﬁ%z 1.36 1.53 2.2.3-tnb
moregand loveaVil glefinsthat gomiainggvith 39 TM C8 50. 79 47. 93
add,f&ﬁ—,a3$c4DM C8 11.77 8.92 12.91 TM C9 6.07 6.60 10.31

0.58 0.81 1.10 20 WD 2004/ 016573
PCT/ US2003/ 018584, TM C10 2.06 3.09 3.29 UNK ClO 1. 14
1.18 1.35 TMatasiGA gptaxedero 7o UNK C11 1.00 1. 79
0.00 Cl2 8. R3la@Isfn fetl 97 CASege7prodadt V7 Cl4

Olefff}- 28 1.47 0. 14Expg:§e<§)- 1A% BxPlcted Actual

Hexene-1 1.0 1.2 142 129

Octene-1 1.0 1.4 170 135

Di-isobutylene 1.0 1.8 170 122

Tri-isobutylene+ 1.0 2.6 226 123
Example 8

[sobutane + pentene 1

alkylation product

Wit%
IC5 5.03
2,3-dmb 0.74
C6 0.35
DM C7 1.14
Cc7 0.17
™ C8 22.26
DM C8 3.70
T™M C9 52.40
DM C9 6.72
T™M 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
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HV'S 0.38 0.19 0.00 UNK 0.54 0.01 0.00 Sum 100. 00
100.00 100.00 Av MW 119.1 122.1 122.9 Bromine no. -1
W0 20040165T0t al Sul fur ppm <10 <10 <10 TOTAL % A®A/692045018584
60.15 54.67 TM C8/DM C8 4.31 5.37 2.97 TM C9/DM C9
10.51 8.15 9.37 (perating conditions: Feed olefin iB
DB T,B+ definin- Ibs/hr 0.25 0.40 0.25 Al ky out
feedp‘?%ﬁ‘s’%‘/ﬁF 0. 49005.5/8 0.48 Rxn Tenp out - F 52 51.6 51.7
Alky pradyst #hrout 03443.5 5.7 DP - psi 2.5 1.1 -1 Recycle
rates: Acid phase- L/min 0.8 0.5 1.0 HC phase - L/mn
1.8 1.4 3.0 %73 76 45 14 in HC recycl e Packing
Type 1 1 2 Packing Hgt in feet 10 10 15 Pack density
| bs/ft3 6 6 7 Exanple 7 Expected vs. actual
al kyl ati on product MNW's and noles i C4 uptake with
various olefins (e.g. in theory 1 nole of C6 olefin
should react with | nole of iC4 to forma C10
al kyl ate; MW= 142) 21 WD 2004/ 016573
PCT/ US2003/ 018584 Results indicate depol ynerization
generating nore and | ower MNolefins that conbine with
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additional iC4. Moles i C4 uptake per nole AOefin fed

Aver age product MN d efin Expected Actual Expected
wao\eaowales7Hexene-1 1.0 1.2 142 129 Cctene-1 1.BCT/UZ2007018584

135 Di-isobutylene 1.0 1.8 170 122 Tri-isobutyl ene+

1.0 2.6 226 123 Exanple 8 |Isobutane + pentene 1

The @bééb%kﬁ%?gq%duct W% IC5 5.03 2,3-dnb 0.74 C6

.14 C7 0.17 TMC8 22.26 DM C8 3.70 TM
C91.5A. gdraffiMibfafio proGedsQidmrising cohtaotihg atkeyee amd/olefin in

Cl1 0,16 L UNK Cl11 0.38_ Cl12 3.6 13,0.33_Cl4 0. 11
concarsnb figy inpeeSencs GuRTpAH o%@y%nt%anmm@. 3 disperser
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. An isoparaffin alkylation process comprising contacting a system
comprising acid, isoalkane and olefin 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 contacting internals.
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expected MAN 128 22 WD 2004/ 016573 PCT/ US2003/ 018584

feed olefin #/ hr 0.25 Al ky product #/ hr 0.47 23 WD
WQRMI:BEH73 PCT/ US2003/ 018584 The i nventi on BPCHUS®A3/018584

is: 1. Aparaffin alkylation process conprising

contacting al kane and olefin in concurrent flowin

t e, PiRE prétes fa&Brcﬁg%; fo eRIAl 5k HyFt788% 86htiMidUs. @

di sperse er condrtions of tenperature and

pressure to react said al kane and said olefin to

- e freiastrracBrdng e st G Bl SR ARARS Wnidtises 4
to 8 Eéi‘r%oﬂréléﬁfésan@%éw Sldth é@nghgesxrslo whesaeben bitgngci d

catal yst conprises fluid. 4. The process according to
cI aim2 wherein said fluid conprises liquid. 5. The

e R e

||qu|dyoab¢m;gqm|snt 6. The process according to claim5 is
hydrocarbon continuous. 7. The process according to
claim5 wherein said isoal kane conprises 4 to 8
cagbo d ' | ef | a
ot e, T3 oS acRting 1 LRI TP WHEREn 548 hicBRfdivapor
phaédsowmpnsh)h\ydmacdrboﬁms The process according to claim38
wherein said tenperature is fromabout OF to 200F.
10. The process according to claim4 wherein said
d' ‘F@e@ﬁé g%’éﬁ%rs' §6‘c§or to efairfot & Riterdin® Saidnwixed Nd®a/vapor
. An isoparaffin alkylation process conprising
phammpns&;aqdélwglrmrbonmmul@png aci d, isoal kane and
olefin in concurrent downflow under conditions of
tenperature and pressure to naintain said liquid

systemmtpaahfint dikytation Iprogesww@tnprtshfg)tc@ima:tingaehu ofigomer
zone packed with contacting internals,

compUsngl deab tweropsbloeal olpgRsavian BPﬁ&%\%l@éQ@ presence of an
aCIda%ﬁ(Q/fa bA9cAS] gfécorrgﬂe}lafkglalﬁ%ﬂﬂr 8 f?é\}ﬂse“a‘?ﬂt I ing13- product

rocess rein sal
compﬂsmbmkytatemurmspoﬁdmg to the alkylation product of said isoalkane and

said constituent olefins.

18. The process according to claim 17 wherein said oligomer comprises

tertiary olefin constituents.

19. The process according to claim 18 wherein said oligomer comprises 6 to

16 carbon atoms.

20. The process according to claim 19 wherein said isoalkane comprises 4

to 5 carbon atoms.

21. The process according to claim 20 wherein said oligomer comprises an

isobutene constituent.
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to 8 carbon atons and said olefin conprises 3 to 16
carbon atons. 14. The process according to claim 12
wob@reias7sai d system conprises mxed |iquid/ vEpDDS2003/018584
phases. 15. The process according to claim14 wherein
said m xed |iquid/vapor phases conprise hydrocarbons.
165 T%e"ér%&%% aBEod rﬂd Y cleinC] 2WReldinvi8d %Ié‘flﬁébﬁpnses an
m'xed Tiq vapor ases conprise aci d/ hydrocarbon
oligoemar teving 6 Tarbok apianﬁfl n al kyl ati on process conpri sing
contacting an oligomer conprising at |east two
constituent olefins with an isoal kane in the presence
of o ANThaPreatlskadcaldifg 6 Blaih)® wHERR saiblaligahie?tomprises an
conditions and recovering a product conprising an
isoamlyleneatanstitianéspondi ng to the al kyl ati on product of
sai d i soal kane and said constituent olefins. 18. The
process according to claim 17 wherein said oligomer
C OpPPr TEE Prodedtidcaoiding &F ¢laing 20 siHdreiarsat tekary Bhefin comprises
process according to claim218 wherein said oligoner
lSOb@Wﬁrﬂ%@%Wlﬁnel@r@HF%ﬁS atoms. 20. The process
according to claim19 wherein said isoal kane conpri ses
4 to 5 carbon atonms. 21. The process according to
cl 26mTHe ploeess mcsaidingto glaimar2 omeréis esaidhisoallsrisuc@nprises
. . constituent. 25 WD 2004/016573 PCT/ US2003/ 018584 22.
isobyigbenr ocess according to claim 17 wherein said ol efin
conprises an oligomer having 6 carbon atons. 23. The
process according to claim20 wherein said oligoner
co2fr Aséyegrated ;smeys tnéhe proastuctioe af alkylate comepaingeefacting

o oo A A B 3, LD B ot

undJﬁtﬂlgﬁh@ﬁ%ﬁoﬁé@ﬁdlﬂoﬁ@tdp?eféréhtf‘al@leadft%f gortiors af tthe tertlary olefins
i soal kane conprises isobutane. 26. An integrated

with Bherweeiyes & faren piasmersi N ispdinaaihioRBRRY ABRligpalkane to an
alkyf(;al%baft}r{eng & akgaﬁgh CAFRitoRS A, tﬂ%r[ﬂ’égﬁeﬁé@ O?S"L éé’lHyalkylatlon

ns WI cation resin cat

catabyst gorp?odrzeﬁ mnnalkylation |pmm1ctt<1:qmnm11$m@rline allky}ateem‘mald tertiary

ortlong e tertiary ol efins
olefins and said isoalkane.

27. The process according to claim 26 wherein said stream comprises a light
naphtha C,-C; cut, a C4 cut or a Cg cut.

28. The process according to claim 27 wherein said stream comprises

isobutene.

29. The process according to claim 27 wherein said stream comprises

isoamylenes.

30. The process according to claim 27 wherein said isoalkane comprises

isobutane, isopentane or mixtures thereof.
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with thenselves to formoligonmers and feeding said
ol i goners and isoal kane to an al kyl ation zone under
wa@bkdloatsion conditions in the presence of an arCTIUS2003/018584

al kylation catalyst to produce an al kyl ati on product

conprising the alkylate of said tertiary olefins and

sai( | - 58l sBakafkoMprises

ks it e S iR R
isobutahe, iso@antane csmixtubss thareo8. The process according

to claim27 wherein said stream conprises isobutene.

29. The process according to claim 27 wherein said

st3EamneoBEiSLaccorapyMy S1ara 293@herdire shidoiseatkane comprises

according to claim27 wherein said isoal kane conprises
isobutaobuisapentane @sanikiies #rergPkt ures thereof. 26 WO

2004/ 016573 PCT/ US2003/ 018584 31. The process

according to claim 28 wherein said isoal kane conpri ses

i szhuTABSrotsssPaticrdibgob clhit B7 eghdrbiarteefaci®2lkyBiien catalyst

process _according to claim29 wherein said isoal kane
compishsy $WRHIC 3cibbut ane, i sopentane or ni xtures thereof .

33. The process according to claim 27 wherein the acid

al kyl ation catal yst conprises sulfuric acid. 34. The

pr 3.3 he aromsdiavgotding taclairs 33wileereimsaidiatk atior istdasied out

at arteamoBlEe oihe a8 BOGe L aboy 8 if et e RoEna a
pres5@ROA tAE rAh @TLPRENT alfbut 078 MTIW (@ bbbt SOAAMW  35. The

process according to claim27 wherein said acid
al kyl ati on catal yst conprises HE 36. The process

cSier Tl A B P S B RS Rl by ot
compaéés HFoal kane conpri ses isobutane, isopentane or

m xtures thereof, said acid alkylation is sulfuric
acid and said alkylation is carried out at a

t egg.eﬁ'gggngggcég% c?tcg'sﬁ ri@@ @8ci8im Q?%%r&fn@&i@@ﬂ%%ﬁrpcomprises

about sure 1n the range of m about
isobOtemeATdbgemtermor rhixtuked/thereof Teaid pisoalksse ompriiesgisobutane,

sopbsm i g B by e S oG TR B aiton
is caMidy bat & £RIMPdralrg it iR EngRofPand@R6i dibut 0°F to about 200°F
and a pressure in the range of from about 0.5 ATM to about 50 ATM.

37. The process according to claim 36 wherein said alkylation product

comprises isooctane.
38. A process for the production of alkylate comprising the steps of reacting
olefins with themselves to form oligomers and contacting the oligomerization product

with an alkane in the presence of an alkylation catalyst to produce alkylate.

39. The process according to claim 38 wherein said alkylation catalyst is

sulfuric acid.
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olefins with thenselves to formoligoners and

contacting the oligonerization product wth an al kane
WO poottloessps esence of an al kyl ati on catal yst to peDUSZNE3/018584

al kyl ate. 39. The process according to claim 38

vvherei n said al kylation catalyst is sulfuric acid. 27

2ty dfRPEaesy aRfepiorcait Bnnéltin HPR PIQRAZR. saralyst i

hydréffuorityalsiof | uoric acid. 41. The process according to
claim 38 wherein the oligonerization product 1is in
the vapor phase, the alkane is in the liquid phase and

t fkﬁ airiy| g?éd:é%% Jc@bAliNg to tRaimi 3B Wherdih e 6I|g!6tﬁéﬁzat&>¥1 product

he proc according to claim38 wherein
is in tHe wm'rpfmet the alkankiistin the liguidtiphasei ang thepligdation gatalyst is
ane |s | n the vapor phase and the al kyl ati on
in th%ggg in the liquid phase. 43. The process
accor di ng to cl ai m 38 wherein the al kyl ati on catal yst
is in _the solid phase. 44. The process accordin
cl42.mTB8 PiACeSS aFCORANG ItR wlaim Fhwhgrein ke OIlg,omﬁﬂ%f%@n product

o n AR RESs 8P G SRR RIS L MR e s

in théMguigr pieszs according to claim45 wherein said ol efins
conprise C2 to Cl16 tertiary olefins. 47. The process
accor ding to claim38 wherein said al kanes conpri se

s@3 PhEBR&Rss éécorelr%t%‘a’éﬁw SPWhERSn BislkpBtioN cafl a{s% is in the

aI Kyl at e conpr i si ng the steps of reacting C2 to

solidtghidseary ol efins with thensel ves to form oligoners and
contacting the oligonerization product with isoal kane
in the presence of an acid alkylation catalyst to

f onn fhk pkadeds aédording to claim 38 wherein the alkylation catalyst is in the
vapor phase.

45. The process according to claim 38 wherein said olefins comprise C, to

C g Olefins.

46. The process according to claim 45 wherein said olefins comprise C, to
Cis
tertiary olefins.

47. The process according to claim 38 wherein said alkanes comprise iso

alkanes.

48. A process for the production of alkylate comprising the steps of reacting
C2 to C16 tertiary olefins with themselves to form oligomers and contacting the
oligomerization product with isoalkane in the presence of an acid alkylation catalyst
to form alkylate. |
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