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BACKGROUND OF THE I NVENTION Field of the Invention
wab@4pr@sent i nvention relates to reacti on conP@rUS2003/023132
structures for use as internal packing for reactors
whi ch pronote static m xing of reaction conponents:
Rel ated I nformati on The common obj ective of nost
al kyl ati on processes is to bring isoal kanes (or
aromatics) and light olefins into intinmate contact
with an acid catal yst to produce an al kyl ation
product. In the petroleumrefining industry, acid
catal yzed al kyl ation of aliphatic hydrocarbons with
ol efinic hydrocarbons is a well known process.
Al kylation is the m@T in, usually
i soparaffins, with an o )é Fnﬁ%g?ﬁyﬁgsence of a
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r eacthOprdsent BOBRIIGH te¥atbh & Fe2Rbbh 88ntakt Strictuled fEPuse as internal
olefin Wth isobutane. In refining al kyl ati ons,
packingpfdr ueactorowhichl gramate statie roking gfveacter camponents:
i_de u under | ow tenperature conditions. Low
R&@ﬂ%ﬂehﬁ’rﬁ%%& cold acid processes are favored

bec apg@csmetor sisietiveef racst dikyrtivrzgdcessed iBeo bring isoalkanes (or
traditional process the reaction is carried out in a

arogatice) ang gl alainsipdp tidimaie sontast withan agid catalytte prpduce an

s feorda’ THSHS R Foin gl R o caBpessiytaton o
aliphatip @ydtczarisnsovitteslefinicthgd socaatsorizrie b was! kebfvngireoéssaidkylation
it contjnues to t he ' t hod, of al kyl atjo
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isdbe erction Rl B n,tqﬁugﬂgmrq BS.\\With ar) oi%}/r\,lpéhp@lresence of a
S0 708 S Foolpbe PRI b, PAREGRS dtarle IRER R iR sterting
matedials and mhichy/izoibindaage af gaselives: dapetrotewsm defining $wmeeaction is

tent der.ate. t i r.abl. f ts. U S. Patent
ol trasson oL ertes BiCs RS0 BoBEET u ac e pol ar
cont RCefinify Qk&léf{o%%fd‘réﬁfdri&%r%lfﬁﬁbfaléfd 6atafjsts AR most widely

the al kyl at’i on 004/ 016342 PCT/ US2003/ 023132
usedBIndriiewternperatereszndigpsahawicmperatues eiselthacid grocesses are

T T T —
ispeErfie€ Wudtie amddeteiuivhers theaiydioconowaiciiras iate lisiersed into a

have been proposed for contacting liquid/liquid
cordlsoaftasid peasexanpl e, U S. Patent Nos. 3,496, 996;

3, 83R11A8gh thiftbeddd hadfid 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.



2,472,578. However, the nost wi dely used nethod of

m xi ng catal yst and reactants is the use of various
wareeangsaent s of bl ades, paddl es, inpellers anelCT/H82003/023132

i ke that vigorously agitate and bl end the conponents

together, for exanple see U S. Pat. Nos. 3,759, 318;

4,075, 258 and 5,785,933. The present application
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Wre nes he structura I ntegr
fluldj eeaqtamte mlthxsumiebhamcalmgltahen {lsgraby ehmmatmg@haft seals, reducing
act or, novenent of.vapors and |iquids

cq &y 'mﬁg)vé%?@ﬂ\pr?ﬂléc’[o‘?esoﬁé?%} may be conprised of

sheets, bundl es ogyRAIARYOOFITISE QVENTION re and the
mul ti fil ament conponent. The system may al so

C ochmeﬂy thepresentinventionds andintemnal static mixieg systew eormprising the
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materials in thglareact om BRI rEtlpﬁgDESCRI PTI ON OF y THE J

catexst Mogeferragslisperses cemppispeNesB(Nitr 8 Mt filpment gomponent
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on process nm
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schemati c representati on of thg_ conpi nati on of

ofppiabilie mﬁtaé$ r‘PJI m')‘f§‘ﬂr§§| theredfi n §y‘§lr%rﬁ‘ﬁﬁh aPr?\é'g% |t5ﬁ structural
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Vite a sec 'on of a co-
movementirod vapdrs énd diqmids thiuphi e syEiear.LEDhe dlsperser may be

coDrEErﬁ:s% TIL q}leg‘E d,es orNgaIes of the co-knit wire and the multi filament
component. The system may also comprise the co-knit wire and multi filaments
within a frame. The reaction zone may comprise the entire column or a portion
thereof. The present dispersers achieve radial dispersion of the fluid or fluidized
materials in the reactor.

BRIEF DESCRIPTION OF THE DRAWINGS



Preferably, the disperser conprises a conventi onal
liquid-l1iquid coalescer of a type which is operative

wo ero4o0@hesci ng vapori zed |iquids. These are cPOTDRL093/023132
known as "m st elimnators” or "dem sters", however,
in the present invention the elenment functions to
di sperse the fluid materials in the reactor for better .
configt 1 i\a sohiemalicoegressatation ebamappakratys ifewhicdamalkylation
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e ; . | _
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fildreanfitsérgresuchrds menafaoilited By Aenistod Septambijdn Products, Inc. of
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le, th
paskings may sesroployrgyraie thygcierasare M&V@ndﬁt*@réﬁ%kmﬁed
b OB 45kt EF B Bt FERApA RgPaticinbityg SRuChAeS comprise
a _Camlh'rtigdﬁulttitfﬂmlﬂ@nbgem;?}m.eq? Tﬁg!m?lﬁ:fﬁar?papemtaaﬁig material may be
e Siruc red cata 1.C 'S
PalfTerF. sHEh 2 RulARRE L ISP saich At LaRd polehae rptals such
as N, il éb?g/‘od It | Thete! g Béﬂgj 950¢ BFRR?E thulf filatnents intertwined

cat’al ytictal Ty active material, such as that disclosed
witnthe: Ihitted wirehar. expareiedgnstal \iftiectatalytic metalfdaaests are generally
ot{]ﬁéﬁe‘r%@erlt}e%aﬁgé 'o¥ ﬁ'ute¥r garggtevr\%leﬁgitﬁ' 'Fﬁ(la 8§’t%f'ytf%:tnr1e %} MuftPfilaments
are distinguishable from the knitted wire by their fineness of the filaments which

greatly contributes to the catalytic aspect of the structures.



arigid frane made of two substantially verti cal

duplicate grids spaced apart and held rigid by a
w@bamald3sy of substantially horizontal rigid neebEsm03/023132

and a plurality of substantially horizontal wi re nesh

tubes nmounted to the grids to forma plurality of

fluid pathways anong the tubes, said tubes being
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folfAé@Intd vgébhypém@wug&t.or@me\m fidts Yet@eén fHe Weds!saRl plurality of
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active which are structures containing multiple, independent, vertical channels and
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one or nore tertiary olefins such as the diner,
trimer, etc. of isobutene or a material which
w@ormmsgends to said oligoner. The reacti on of POI/USINE023132
of tertiary olefins with isoal kanes is on a nol ar
basis wth the constituent tertiary olefins of the
oligoner rather than the oligoners. The alkylate
may be gonstrusted opwaritus watatials suahtasplastic, caemier of metals, in which

n§ L8 % ARBLY BBfiers: PivevOr Rt BBofetied gulfd b RiAEY. being
usedads suth s@ccaxted Mtheodialgtie thatenals! on between the
ol i goner and the isoal kane, the oligonmer is cracked

i nt o haRreseRfinterodifieiempdngwyiammasdaean ysefulie a process for the
SR af oBtien L efio} Joghip EbuRBPKbbRsedianactgp @ i

systam somprrising aci@ catabysif isoalkand ansadefiraimeconcurrent flow, preferably
vi ew, had

oo it CORIEGH RIGECHEN ZRRS I HepEnhorateMpRdsIasonditions of
te?ﬂ%@rétnﬁ’e BhABEEs @k {o_zﬁea\é’f’%%@ |§§%§raffg§7aﬁ§ ‘%ﬁ]'ﬂ? oléﬁﬁ%gﬂ?duce an

e product of reactions e sane
alkyaternptoductn geriesérablye te Suidssystam eotpsises acliquid andds maintained

ot 318 g BOPLYEtnedlat b5 2578 rBRoi G s BHERfs Apidomercr
ond or5AefS RAfarfoldTMeBuchEsthaldimbRtHNBE AE HfSXSBLRERS ¥r a material
exot herm ¢ and regw re substantial refrigeration to

whigh goeeapends fossaid iojgomenper at ure i n opti num range to

re .Sl ti : r o ' of t .
o e RreRtllh o SRS elRD BERBS ISk Byl dfptrvasis
witmtheheorsstitarentitertidsy oifinsrafdhé etigomef rather tiarothen@igohters. The
the process | ess expensive for the same yield of .
aligdate progueifirrtesrondpto dr rencsion of therfantiaotetne gnd jsoalkanes.
ne ot _ g . . _
O AP e SRR B LARUBLORBTR b 8oL boved
thatinsteaidoofribe lexpestdl teaction hetecdW Ble cligpmeraatid theisoalkane, the

o874, S BB b A bty M85 M on
m&at Baggacti ons. Preferably, the oligoner conprises C8

to Cl6 olefins corresponding to oligonmer prepared
1)f r ordliisgbyienes+ dlisghuiane n 2ispoetamer(@R. ¢+itiveth pentane)

ol i t.o 1 arbon at ons correspaonds to

2)g1 1 JRBPuCR-H3 o and A BBl 2 4Bl B Rb Ehe)
pr e pReecbrivieptivRd! Vigw fad Peehithat thd oMl es (1) weril@be IS, , alkane
paraffin al kylation is for the preparation of a C8

angkibs| rraduciaftgowentd bareC eetitrnes wheargas tiw peaduict of reactions (1)
o3I Bl R PR IO PR L A5 abtaon
produdtfof tid eeanstiomal
3) 2 butene-2 + 2 isobutane - 2 isooctane
4) 3 butene-2 + 3 isobutane - 3 isooctane

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.
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but ene (butene-2, for exanple) is a conponent of |ight
napht ha al ong with normal butane, isobutane and

w0 esoioa3y2 but ene. The separation of the nornmal POTYUSIV63/023132
fromthe isobutene can be effected by fractionation
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is f |
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bLgL?end%%utﬁﬁa%gméﬁlaﬂ‘?ﬁut%ﬁgl ?he‘é?gal%?i%ﬂtof r%ncﬂrﬁ%l'bhﬂ#]e fromthe

i soct ane L4 trimet
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ls% Fe4ctithe mé’r‘e‘ r@gﬁﬁfe Wiy Jd1Bth ﬁ)oﬂ?o?ﬁw' 3 Héé\/léhprddu%f Rich is easily

feed to cold acid reaction with the al kane or may be
scwaratefdefdowtha nosmal oledini iy fraptionsti@d above the result

per) Qa36T 85 s J5tary P 8RS GRERH ih A dower igope! sueh e

méehrid! enathdpenef fokm@fthérs! §t$<§h Sxwicksi mrnarwﬂnwéther (MTBE) ethyl
reacti on requi g_laé | ess refrigeration and
f

terriiamy bubd @ﬂgﬁr (B tgrtiangamyl Rigtiayl edher ( T—AME) WhICh have been used
a€ h ﬁﬁ%fdcftéﬁ Rﬂpr%rvg&et?@t é%@h’@ﬁﬁ}a@g {:aﬁ@&tﬁ concerns.

does no require eat reana

as iThe Iwgomwlzatlom qﬁnbeesreklary olefinds alsmerprefmrred reaction when
ol j gonerization is carrie a_ cat

cafiriedi Qutan amaphia sgem wﬁh T, seRamtion;ot nan@l olgfin being easily
a%l’ﬁg?%(c?ﬂ @ls%clﬂerét‘l’cﬂw frof fh‘é h vidH (ﬁlg‘lﬂé?%o%? Sﬂé‘érhéfé n?amly dimer

I ng nono ' etins and al kahes whi ch
abe trirgery efheatigomersmay e usled@srgasohné]qsmpenents b theyl are limits

¥ 5P AR A IR o el i loaventy
nééééé!sa' td 'h?dfdgéﬁdté"ﬂ?é bfomardidr eetinajarbling. dafe mekt desirable

lation unit is reduced by the use of ol igoner
compoepnta gesakinebleadingis G4 e.9.-cishotane (8aft tamethyl pentane).

grﬁﬁgg ﬁ{qbﬁ}eggé g 8%}&8%1%%85%?% g@(ﬂﬁ%ﬁé{t a'?)‘?olefms and used in

cold reaction. However, lt has been 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 a co-fed with mono olefins. As noted above the result is the same product
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conprising normal and tertiary olefins is contacted
wWth acid resin catal yst under oligonerization
wa@orvdiotézans to preferentially react a porti on PET/UR®03/023132
tertiary olefins with thenselves to form oligoners,
and feeding said oligoners to an al kyl at| on zone with
an i soal kane in the presence of an kyl ati
96: u%tle%%

as dhe angre odeflrpab@@cwtlarth@ﬁdwt&nﬁb Ren ﬁﬁ@ﬁ?@r g overall
ree? Eggl é@% i %ﬁgfreﬁigbpatfoﬁréddaﬁéén@é Paflb@e Carr??'cgstforthe alkylation.
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the ERaTIUACR! NAaareBaval 3t it (o SOl PEF BIPRaRot ofet, when the

oIi%@l‘ﬂ[eﬁzéﬂ% & oy B}J?II’Y %p@étagﬂg dlétﬂllétlgn Rpgs Qeé‘étg)rﬁ the heat of

current reaction/fractionation. Preferably,
redation is serao@d @5 boilp,avhidsin thigype atigactien isithe lomer boiling mono

tertiary olefin cl ude i sobut
olqfBBe EHRTes A Eare et Sendinne A tf Bigamag Thus. even
th&]g@f therd BHERR %Jr@dlﬂ:e@ﬁﬁ tts sliirRsizaaioh\t i8of Bo @Bt tZ)Etﬁe productlon
e primary oligonmer products are dinmers and tr

of‘(m&ggas@lm&au'n@g iHiseH i the &@wp}naglgn, gagdhg,;@eratlng cost of the

AIBRRFTHARSs Foulled el U5 E9'ojoiRR 8 AR ROmBESE a of the
coNesntichad $Bof thairtol2fif, 839; 5, 003, 124; and 6, 335, 473,
the entire effluent  conprjsing. the ollgoner

o1 o AeprEfaIac BDRAIS NG G RN TRRE S 2o Nabhtha stream
co?rh%i’él r?gi h8ﬂn5le§ﬁ(§ lt&rﬂaryo?%flﬂgrlé“%mf%c@‘ﬁﬁhaécﬁd r8§htcatalyst under

€ conditions ati1on. Under
ollgbimdrlaail@m conditions mprafd;\entlall)adelaaha podint of thettartianeolefins with

theRaPLPa oA ESren b Tea s o ofaeers B pkdiaBh zone with
anf |§6§‘k5ﬁ§ ]Jl‘? }ﬁ%/b@s‘én% of aptacid Bﬂkyld?@h'c@@élgﬁrtoqfro@lh@a an alkylation

result o resent process Is t hat
pramm@t/ammmgvms alkglatphHogid dertianhelefin @@kﬁﬁl@ ispadkane.

ol o1 s Qimefizafla Ry FRLERIER Ui i s baffeliabid $hge in the
rég@‘\dee@lcérh Q&d%dtlbnﬁéﬁﬁléﬁfaly&)elméﬂ Mtﬁﬁlghmam@é réaction or in a
I sobut ane - isooctane; 2) 1sobutene oligo

catalpiie disiiflatior reactiephwheretharg indoth aSYaFP%ro%ﬂM'GWQ phase and a
oG R s ERSon C2Bagy haleangeg b, or o o

na%iHEl@é{l_eat !\Mt@ﬁ?? @leﬂgsl hthaalebembL&elpe,mluﬂlsbbmlenes and are

reaction wou roduce at t

mafec EpRsdve rt%%ﬁh%ﬁogpawa'@ﬁ 'ﬁqmgtaﬁsén%%% DiS r%?’“ﬁi‘%&"ﬂg?meﬂzed
r

i SO LSRRI A SRS, helSagiass prorratly

cdnemﬁe Bobntass\el )soﬁbﬁtaid(mmtur‘ebéhemoéat alytic

di st.i Iatlonr ction such as that disclagsed in .
Pat WheNSralghoassERaagir Is Uyod Suel 7S Tutlgfsatpd .. Patent
Néﬁe 9l 3C0OP6; 21354@839* hes, 003 998% arids 6,330a78! &k fartife effluent

e |'ower boiling normal ol efins and al kanes in the
canapiising theraligomer, normal olefins and isoalkanes may be fed to an acid
alkylation reaction. The normal alkanes are inert under the conditions of the
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
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by concurrent fractionation. The streans, nornal
ol efins and al kanes (overheads) and oligoners

W@ botoosss) , may be united or individually fed POT/UR®03/023132
al kylation or may be used individually with at | east
the oligonmer being feed to the al kylation. The present
invention offers an inproved contacti nglﬁea arat us_.an

.and ,
theppligarsers atg digseaiatathgr i §OBEHAIBANERGN IRy capgtituent olefins

L f. Ul ' i i or
av[aR S RGPt S Garts, TR, B Poston wilpPog g™
1) aci fsobutdns eligonidrer Fobutste pisoetarid,y enpl oys a
downf | ow r eact or |Joa(:ked ith contacting ,internals or
2) pac lGobyiana GiGomen tf0PEnANS BB Go lENEPy 1 | c)

gythr %y@hé %'iﬁﬁ'f‘%ﬁf; Jsduane Wt!ﬁrﬁﬂbhéalbgialm?e%‘? m xture

of C ac rocar bon sol vent and reactants
4) at idoanbdené oliggroent isdpantans y dirancherh€ s gkkaneas;

e pbeRas bl B s ST g s PR R SR bt et
or nfodif/ @guﬁlkaﬁés,t reachas ) Mbuldppsduddat RaBEbr aveslyt©,; alkanes,

take 'pl dce between the descendin hydr ocar bon phase
reagtiont ewould prddsicacdatdeastspremesty gmtailéam langlgreactien i4) would

ti | ' ' th id ph d
prézﬂo%ﬂl é}tqgggtr%rdﬂégtvg\%%%%ﬁ%%ousIeyaCIext Pa?f:dainnt o the
hy dvpgern Bosatalyais listiidtios reagidrhsugit es shatedigoldsed in U.S. Patent
hydr ocarbon conposition controls th(?_ boi |l jn Eog{ét . .
NosedpALba0 or 60,0408 SRVt tardne Alioamayizaals ficceligomer is
seﬁ%ﬁiléd oM {Hél]flﬁgr%r %BHin rﬁb?@leﬁﬁ? QRE Mk SHfbs ih e ﬂeactiop product

nuous. ressure I's preferentially higher a
bytdomcumenbfratiienatieactTive stheamsaj narveal imbefirsrand allkposs (oxgrheads)

anhRieMES (petamap ey feuped cs Btk fadkiso e At or may
be%&ﬁmdkﬂﬁjeglggﬁ%@ét leY& theRIigohidr DeirigPredftodhetdlkyidtion.

preterred. pe of packing also ™ influences the
pr eskher predeohinsertiorvoffers arcintprpred eontsicting gpparaius and process

oSl il BT G o . o
sahﬁpbﬁl%;i)ggfarr Qv icaemAy diseciss heed Witk WitHeeaslds sr acidnmixtyres.

recyc with only a few mnutes residence tine in

t he Thst progeps psefetaipn eatripys Bdewndewtnracior pagked withecontacting

ey 27 B AR GG PTG B 5585 icn passes
a ¢srRAirient AR phasombtiusudfisuifudc aciddhpdriogbrtonsolvent and reactants
rocesses may be added w thout the usual cern

9 S, ray CO for
atihe hRiling ot oS Mg SYSAM. THie preferaLompiisese dwlipraihag phase and
oS I R RIS RS sl
oralttey | ptckiny. | Reaaiondisd believdde to dake ipace between the descending

cont i nuous, hydrocarbon ase cantai ning, effective, . .
YERRRADON BB 3T &ha ne i EoPGRF PRIt Bl i dcking.  Olefin
cdﬁ?ihgbhé‘lklsdi%blﬁi@s e el héigi tHYsel aRd fakyTatadp@idiuat ke bahtnuously

product.” The olefin:isoparaffin nole ratio in the
extracidd irdadherhydesechrbhouwitaseanddjustientae quessureiami hydrocarbon
co?ﬁﬁ@%iti%%\%gptrggdth%r l%iﬁﬁ& %lantftfaﬁ{Be?Qf&%. ]T r?e Pé)atﬁglo 4 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 drop
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olefin:isoparaffin ratios may al so be used. The olefin
conponent should preferably contain 2 to 16 carbon
watenwi@mz t he isoparaffin conmponent shoul d pPef/E@szi0s/§23132
contain 4 to 12 carbon atons. Representative exanples
of suitable isoparaffins include isobutane,
i sopent ane, 3- nethyl hexane, 2-nethyl hexane,
acoss mamabgdrbhmmme injectionof dlefist isyoretexessle The type of packing also

infiites- be HresTHE Bt BRACIE PrapgtPIR. ‘THE YERugt micure

b&b@/ﬁ&ﬂ@nahsﬁ fhe pRstefed.ciretidting BblvBAt. TRy &did etrmlslamrgeparates
a few and as descri bed above may be oligoners

raplsds Bow! taeihydrogasbembayid @nd ip n@tféaléy lﬁwd??é'wmrﬂlg@sfew minutes
BB iy sREA R LRI 1 Biffutc o osconce

raplty ssxtrbutadcfram theabksld phass (emimd)m)orihe epatidn taukjmrl gmulsion
sensitive to tenperature Wt eratures bein

PIOARIPEAUSEth Il FaBYERtONAY ﬁvhﬂw%‘ea@lﬁealkylgﬁom DiRG4SSRSJNaY be added
&cﬁjt'tﬁ‘e B?ﬂé(l%ﬁbémfopﬂreala tRE BHTISiBR! 'Tﬁé?roée%‘“shrﬂgi/ B8 ¥escribed

avors al'kylation over polynerization ause | arger
as)bypdvocarben mntimugbelas appiosed tqmaodhmrﬁlml@usbe produced

ItO ﬁ;s vaH’j tc))lgggqlé gg%ciy Iegg;qlﬁq? 3 Iﬁy %Bf‘lgrgg%\gé%d oSthe reaction
e% e RPiNuBas Ay droBshoaipHEBelcaniiiiing *é}‘fe\éﬁ\!regékhotiﬁtsftﬁ olefinic and

e continuous addition of fresh aci d and t he
|sopanaffnuo staning naatavials wiieh ape suffigiand fokaneningan ddkydaterproduct.

TR oy SpGRRER Al ko T R B8 riRRHer J¢ed BB PR figm about
140946046842 1730/ Hﬁaoﬁn?df&%ﬂﬁifrorﬁr gbeutality tot Abogr detshs Lower

shoul d |ncorporate rel ati ve amounts of acid and
olefiasisanaratin retas My Heobepsed-t he reactor in a

voI u‘frﬁé é|e‘?|nrc%trﬁp6’or¥ez1?gw@dfprr@ﬁ§}éﬁ? Hontath 2fo 16 {:é’rb@h%ﬂéms and the

nore naratio ranging rroma

|sapQ|@‘fﬂntcoﬂimubnt OsHould brefemlymsmmanefértcedm carbon atoms.
enbodi nent, the ratio

e i A o Rt R e
rrfeﬁi}/ S'rZOr‘H mﬁ‘fylﬂé?%n%c' g3l cﬁiﬁ%tﬁﬂ@ufa@é‘:térfw Zﬂftﬁmethylhexane

occu l'e nalntalnln e reactor vessel
Rept@mmwammme@mﬁsgu|tab@ml@ﬁrmncloﬁebuteraaa,usolzﬂwlsne butene-1,

DB, BoRleS! Shhck, BB B b0k 9B gpgmo  fow

aHSa@%é&bﬁb@@%b@Ve% C}ﬁﬁébhg@ﬁ@w@fﬂwé@@oﬁ’&m@ 0.5 ATM
to about 50 A nore preferably fromabout 0.5

ATM trotheb8uid Qr@cawthe wsttenpuee&ﬂwdrqﬂuorlﬁeorr%ﬂ%mramd Catalysts

oG T A TR RE oL B € 205480 aytton
rédtiBhGs partidaidtlyaieneitivaitd tirmperaturength lowaseeaturds being favored
ATM to about. 5 ATM In general, the partjcuylar

iropiales o myniroiAgithe side Wastion of olinpelisizaion. Fegielpym refinery

c&nﬁéﬂi@efrgﬁ o{s%léﬁg@ho&'i@r mélflialo‘?ll BRdaRks MhgbPEGAARRS of higher
octane products can be produced per available light chain olefins. Acid strength in
these liquid acid catalyzed alkylation processes is preferably maintained at 88 to 94%
by weight using the continuous addition of fresh acid and the continuous withdrawal
of spent acid. Other acids such as solid phosphoric acid may be used by supporting

the catalysts within or on the packing material.
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condi tions such as tenperature, pressure and space
velocity as well as the nolar ratio of the reactants
wowdokoaf3kect the characteristics of the resul t PEYUS2003/023132
al kyl ate product and nmay be adjusted in accordance
wi th paraneters known to those skilled in the art. An
advant age of operating at the boiling point of th
pr eSurferablyc the pregessefhoyld inparporalsy EelaféV%@ﬁpuntS of acid and
[
nyEHGRAOEH 8 18 B b e el ahRPbo el rdftPlorfing from about

0.0kt &0 iabbat 2:H pard niave bt‘ﬁérab‘ly inkeratiatrangia $ronh ebeutrig0s:héo about
reactor as in a

0.8k yInthedRos e o a@fog*'é%@n%am a4 8?36@ {oghygirocarbon shouid
rah§8 on?Bodl S 41 £id Shodtiggglerred to a suitabl e

paration vesse ere the hydrocarbon phase
contﬁsdmtlmrgallyt thee dispgtsiore optlmjacld mtualthmyeaqmamOshould occur
acta S.is,se tedfrmth id, Sinc
wiiESeemie 1S Festor ves sl &t ot BN ping BEmahapt 0°F to
ab%)meO@FGal% %‘orb%réfé%%ly@rdﬁn aBbGE3STH tS hh66t TBOPF. tSipdlarly, the
for the acid ner al | all within the ranges of about
pressurg/of the reacksyassel sbogldde maindaingg apﬁggy@grwg from about 0.5

il I ' ' Ut &
AU et SRR EnSthe B Porf RBY Lo SRl pEhBut 20 ATM.
Mbb‘lﬁbr@m/réblgnﬂfe regBtcthemperstud shduld denaainyaided gthéms eange from
are also suitable. 10 WD 2004/016342 PCT/ U82003/ 023132
abowié 481 E)ﬂP abruhT O Hoandha reastarrsassyre shewl dbe majntginedwithin a
rahde Froth BBbl 4 BN PENE A E 5TResent aton, of {he
aratus and flo € process. Such itens as
val Mageneaildhbepastncqbanmmra’mhg:conmm lhmhncbhe ptaoass Wilkdepend
reactoy 10 is shvvncogtal a dis er nes

40.
togpme Legres, UPRE thegspackic @ Wﬁﬁpgéga% @f']ghp?gamiﬁda Process
corldit n%zslﬁ,‘h“'%’s %?nﬁer‘%]r@nﬁre%%@rélﬁnd %‘BﬁééQfefdd"ty(e% \Qell as the molar

I sobut ane ed via line 14 through I'ine Preferably
raao b ithe maaiantshmu@lfbk:t the sharedteratlcﬁngf theeresetttrmlkydatae product

16 6 d d cat |

RES b aysted At Piatorattp A R Bt fR in the art.
SuppAm édvérﬁtégé% obéﬂﬁn@%’t tHBoiliRy ébﬁﬁ@f Bpregant @@bﬁon system
are fed to the reactor which is preferably a generall

is ¢hati there issgonae evaporatignwhieh 9@3&@@%&@“@@%@ r%ﬁ!célon and
m%‘?ﬁ@%ﬁ' t@%ﬁ%‘%@ﬁe (H%he ?W% r@ﬁie?ﬁﬂ&? ‘E‘g)%b? RE 4t ofniﬁﬁr}natenals

for a co-k erglass
ledliaghid rr@@caobasl m aadsainérgnaindaction.r eacti ve
hydr ocar bons normal butane) are jntinatel

Contgaﬁ%y‘wwlaﬂ"ﬁ@ rgaslipnchanggae togompietiong theytqagion mixture is
trﬂa@?ﬁ@&'{’o shiSHIESR ?)Hé%n' vesSERLRERThE: hgahﬁ:g%&? égésee &Sntaining

quantitres of reactants ar
thb@kylaﬂeq)rsgisd:temcbammmmeacmdareacmtsbm Sepagamdlntm fthe acid. Since

TR O SRt TEN T e W
Mé@ﬁﬂ%‘lﬁ%&éﬁl&?& ﬁfédadi’d*{;eﬁé\faﬂy el WitMiR tASrdryed of about 0.9 g/cc

decant er 30. In the decanter th system conponents
tOS@tp@utaZ 8 ¢lacothentwe iphashasse geadiynsapaiatte biyeconventional gravity
seccﬁers. %osun’ab?e gravitational separators include decanters. Hydrocyclones, which

separate by density difference, are also suitable.
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hydr ocar bon phase 42 containing the al kyl ate,
unreacted olefin and unreacted isoparaffin, and non

WO e@aiese2 hydr ocar bons and a vapor phase 44 whPChURmY3/023132
contain sone of each of the conmponents and any
l'i ghter hydrocarbon conmponents which are renoved from
the systemvia line 50 for further

i alkyat d - 058 Figof aflaigh s 2 simplified
apprgﬂﬁl%{kﬂ?t'%_ﬁm*& NGB 48 iSHOPIaLe the Figc cVighyp A SImpliiie
oA A R AR 8871 gty s
vdlvew rdBoilergheuhpsirefcahaue beequinditiedase is renoved via
et réhctor T e showh o sferstSen BRsR 400 e feed to the
reBifstRohfprised ahlefith fld Vi fifié 90 stieh 48h-BGerbandi difisdSaraffin (e.g.,

~where it is fractionated. Normal butane, if present
isphutiane) feskuia linen1 b throughling 52 aPraferabiea pedtiamef the olefin is fed

B8 e it ihen s TR Aok} G AU Casin FRfalvstisugh as HoSO,
isl fed ORY th€d56/ iamd hidke-@2 daid trhgy tisp seppliehah@ughOline 38. The
. 2 1s a schematic, si ITP|Ierd illustration of the

F
hyérgﬁ@r{ooef reasdantsoarenfed He the eprgter which deraieterablyaakgenerally

o8 TESH A 536 ShaREEARL4BI9RT R bt o

in%@tl’d& Gippeblﬁe@r h}fﬁﬂ@@,lf&r ﬁmmpm, arm-kviéitﬂt?]vireca‘nd fiterglass noesh.
refer j1ling t entire w dt | ong the

| engtie dvciprarbpn 1Fetae Anenan Tresdle, Affeapioas (. nomal
bli&Ae) 9fe Irﬁin%{iﬁpfﬁrﬁé&fadgwﬁ tH §cit§[t‘;agél?%’t°%%f6iﬁ9alkglation proceeds.

di sperser. uric acl I's adm react or
Thé aeddtion i3 SXothedmic. nT e gretsuea as sfelldsstherguantdities of reactants are

SRR BB PR R BT i i
pRadey batthe systracrasordms ipass WHveRfbadthrea@iatié frefictanth mixed
spent acid(the entire contents fromthe reactor

vaponliguichphase endroutithraughdine 88 fintp deceatersdl. &3 the decanter the

B Bl SR8, . S S A BRI R e, =
hydrotarbon press 4mtentailing the dRNRER, NiBAtteGETlefil dridRunreacted
ALKYLATI ON OF | SOPARAFFIN + OLEFIN For the follow n

ispRarAiflipandon reesH BydroFarkens anfa Vapor eBase g MItsh fiay contain
o415 o oAFE Epchlonk o RTSAILIRLIBEAL 8 SRS ichar
rexhoved from thersystgme vii line 68 forrfarthet Hapdlofg as appropkiatey

used,, The_. . sur eservoir i s about liter, d

passMosEef therts phasels iBoveiadvie e andisirinis ihe repgtor. Make-
ug%fcfooﬁﬁ‘ag%féad“éﬂ #agind 38'and Baﬁatu? SHai Bty fefdvedl iglife 48.

unp. Feeds are introduced at the top of the reactor
t o f Thevhydvecarbom liqghid phasgds eempxed via lingad withsa portion recycled

S RBIBNY eratat vid e ol RRATREEOh AT msBRiarERAD s fed to
distiBRidNEolarfaL0 Vidrlite Z5eRep il igirittithatd®sNodhal bgtane, if present
vapors are condensed after the reactor outlet.

inghedaadneritibe spmevenyia lingud® ang dne aliwylsbe Ppdsel is removed via line

3RS} eSoverheads 32 are primarily unreacted isoalkane which is recycled via line

52 to the top of reactor 10.
Fig. 2 is a schematic, simplified illustration of the manner of position of the
disperser (segments 140a-k) within the reactor 110. Each disperser segment (e.g.,
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t hrough an acid de-entrainer then through the
backpressure regulator to the de- isobutanizer. Mass

wo bawonstsers are used for feed flows and a DoppdEUS2003/023132
nmeter neasures the circulation rate. Liquid products
fromthe de-isobutanizer are weighed. However, the

P AP RGN T L SRR o p—
fllilﬁdqgiéjeﬁﬁl‘é%ﬂ@ d&Hﬁg tlgle\ﬁ/‘yg;ﬂln YESF ofkl porli¥e beRRY l§§$ than all of the

cts, incl Titration 1S use
reaptmtln theifdrmaof mltnpl@@ﬁwﬁlo@the disparsef. oSutﬁwm@mqum@lEd tothe

reag&)ﬁ 40 )i | Jg%él %ﬁlg aﬂrﬁiﬁe C 5re%3rl1 ﬁi’ e%g.ﬂyar%@" %@é&%ﬁ ai%%gém&eg via line
118 §8€ MultipleereedsCas tidscHiBa® vl € TheagidHift %b%ﬁri%@@%lkylate

el ectronically. The reactor outlet tenperature and
urpreegtedr@efm,@m@@ed soparaffinand apest aeigutibe entifepntents from the

replforl PRI R rOHOIRRELRE 1 e b bs s iU St

bac Kph@pﬁ;ﬂmecu d@q@bmmt)h@shmﬁ freBigh Gtds qurphistihg Wirg@0d co-knit
and vapor to de-i sobut ani zer tower, nmaintalns the

Wk§|'r‘ aday 'ef"ameﬁhﬁ!after@#gﬂﬁt of N2 may be used primrily
ERSRIENAEA st‘rogPtlf’éh!mT%VEAﬂtSN AP ESOPARAFEIR + O EFIN
wever, too mich N2"wil cause a decrease in produc

qual IFd)Mhbyolthlmg exgmplesdhe lebadratopparesctonis il 6 feétélgfaby)rl 5 inches

o L B Bt S Tl T
H%)?F] Wi PYSH 6 8h8GIM i eﬁbﬁ"ngrdiﬁﬁe Nup oPREp éc‘,’l@n%used The

des may e punpe ar at he aci d i nventor
surgemresenvair rrsaabmyt &bﬂeemaad ipagses a& the agidties bauidrhydrocarbon out

cle, thr srn us a_three-way .
o HY Ot REH soriaE miRReb HtR 2hdle pols) FRE3 e introduced
afitRE b BPtHeRaERr td lew\dIviTRitR B 3ty clrahiktdray ¢aperid produced by
hydr ocarbon layer is then used in conjunction with

hegteof EQﬁS-‘;SIDé Plugdapiené haaigpinvars belpaferceie jalidsgewn ghrough the
p%l{lrﬁ# ?é%tﬂ@%r@%?ﬁr%leﬂ% n@&%&ﬁ thﬂgt & th(en\lajﬁﬁ'g (??e condensed

Oor ‘reactor inl

aﬂv@*tﬂne edadlor outtbt3 Lmst)nbgnmemdraindrllgutdiwdrocarbbatprmﬂud passes
rates and _the heat, bal ancg] around %@e unit.

thieligh AP ard Sersntraien e trewgh e gbp_,r,esgﬁ@ 'rngiﬁtar to the de-
isghﬁf‘é{gf entatsﬁ hoRImctersnsr ﬁ é@ foF- fe%@sfbvﬁ ahB€a th&Bpler meter

eal galins an e heat reaction
n’qeaeured;ethe aniemjahmre raie.dnqmd rmedlhqts fron) thieakedisnhutaBéres aszweighed.
refri nstr out 1-3.1bs/hr, o
HaWerS (NEPR 1 ralays ST PIRY afieEY e NTRRCE betasy the mass
fIdSWOerf’éi'eaof%dt il rﬁrﬁ)o‘?lhé NPeighBH Sliqui¢ §9dubts bt. GC analyzes all
relatively small and does not S|a%n| ficantly affect
hydrecaibon/pradectsnincluding thenventt higration deilaed iF:g“ spent acid assay.

OPERATION

In the following examples the experimental unit circulates hydrocarbon and

acid down flow at the boiling point of the hydrocarbons present. Pressure and
temperature readings are logged electronically. The reactor outlet temperature and
pressure are used to calculate the amount of iC, in the recycle hydrocarbon using

an iC, /Alkylate flash calculation.
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hydrocarbon rates are typically on the order of 100 -
200 pounds per hour. It is the circulating

whyanoosibon fl ow rate and conposition that doPCTEBES3/023132
the iC4 ratios to everything else. TYPI CAL OPERATI NG
CONDI TI ONS FOR C4 ALKYLATI ON | N THE EXAI\/PLES Feed
olefin C4's Aefinin - Ibs/hr 25-.50
| bs/A rbaGkB@SS!TGZFGWO'TH?ﬁS Rﬁ?ﬁes hﬁﬂs@md% "qr%arp% vgpor to the

it
d@ﬁ%%tg.{taﬂl er ﬁﬁ\be Bl%_%l'lritgrn§ gﬁ%rg%%ﬁ%%%ﬂ@ &RouACoN, may be used
prl?ﬁﬁ’rf IY$2 B8P GRRIIfBEM BaCkpigageinto tHerferdlling. va\%vief;ctob mudd N, will

recy cI 75 - 45 ent
caRsD Rt agionin REdych Wats, b RIEEG redie Saparafgy i the vapor
Kile al ky 0.3-0.5 Packing Type 1 or 2 - see notes
be|OM/ Packing Hgt in feet 10 -15 Pack density lbs/ft3
- 1the qircalation . purapkinniie: gxperimestal Getup gohulgiesrbotlr the acid

emv%zﬁ@ﬁi“%fr g PERbfblatnen e Al thatey didsiReHnases may
bel LlfnpeG]sb am'imydl aneter alloy 20 wire coknitted with
800 denier multifilament pol %Mpropyl ene yarn every

ot hefh& apiddaventeraiggnainiained éngm@ntatuhéfiwraﬁmgsf@e eqyire recycle

th&@?ﬁé?ﬁé&s@ﬁﬁgntg% ln%gndajg threc? ?{%bﬁlvg ggégfé@g@derﬁ%%hg settles in

sdtands o 88rm two layers. The volume percent acid layer and hydrocarbon layer is
then used in conjunction with the Doppler meter reading to estimate the volumetric
circulation rates of both phases.

The DP (pressure higher at the 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 Ibs/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
circulating hydrocarbon flow rate and composition that dominates the iC, ratios to
everything else.

TYPICAL OPERATING CONDITIONS FOR C4 ALKYLATION IN THE EXAMPLES

Feed olefin Cé’s
Olefin in - Ibs/hr 0.25 -.50
Alky out - Ibs/hr 0.50-1.2
Rxn Temp out - F 50 - 60
Rxn Psig out 6 -16
DP - Psi 4 0.5-3.0

Recycle rates:
Acid phase- L/min 0.3-1
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propane 0.77 0.41 propene 0.14 0.16 propyne 0.02
0. 00 propadiene 0.01 0.02 iso-butane 23.91 47.50
w0 s@4louizeéne 0. 90 15.90 1-butene 20.02 10.49 PCT/US2003/023132
1, 3-but adi ene 0.02 0.19 n-butane 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 0.03 0.03
c- 2- but ene 12. BT phdse - 1./@imut adi ene 0. 0D-0. 01

VWAM: 1B BIterdivaf 0. 04 14 WO 2004/ 0163475 _ 45

/ 3/Q23132 . iso-pentane 0.98 0.02, 1;Qent ene
“EQ%éHgﬁgg"ﬁg MT8Efene 0.01 0.01 n-pen QBO 01 0.03
W% -HA ireBeeot 80do. 08  c- 2- pentene 0. 00 9: 6
FKesBu amwbdditlene BsQ@abalky c-1, 3-pent adoemeoqs 00 0.00

0. 01 0. 08 100. 00 100. 00
Pagmﬂ gzg uced Al kylate with ﬁggﬂgﬁ%bqﬂﬁegﬁe§w

IOW|BC4feedPIantAPI3\t' Lab 1 Lab
Pack delssny Ibs/ﬂéi 70 2.51 2.78 2,3-dnb 4.0% 9484 2.80
3.02 C61.63 1.19 1.00 1.15 2,2,3-tnb 0.20 0.17 0.18

0.19
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
iso-butane 23.91 47.50
iso-butene 0.90 15.90
1-butene 20.02 10.49
1,3-butadiene 0.02 0.19
n-butane 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
m-cyclopropane 0.03 0.03
c-2-butene 12.09 5.43

1,2-butadiene 0.00 0.01
3M-1-butene 0.26 0.04
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C7 7.17 5.55 4.35 4.35 TM C8 53.88 61.76 66.84 66.93
DM C8 12.27 12.47 12.69 12.44 TM C9 5.04 4.22 2.89
W@ 2004/0138 C9 0.57 1.01 0.29 0.18 TM Cl0 1.14 BCRUSHITW3132
0.64 UNK C10 0.51 0.54 0.29 0.29 TMCl1 0.99 0.77
0.69 0.71 UNK C11 1.09 0.02 0.00 0.00 Cl12 4.37 1.71
4.72 4.60 C13 0.00 1.58 0.00 0.00 Cl4 0.03 1.57 0.05
|sdJ @l@tan@15 0. (mga 13 0.030 0.00 HV' S 0.05 0.04 0. 00
UNK 0. 7 83 8.430 0.00 sum 100.00 100.00 100. 00
B AV é]061 0 114.9 114.6 Bronine no. <1
eng  Tot Sulf pm <10 <10 <10 <10 TOTAL % TM
n;ﬁéntéﬁeG? 66 701012 71008 TM C8/DM C8 (ratio) 4.39 4.95
tPodcfe38 19U 2004/@8L6342 PCT/ US2003/ 023132 TM
e SR&}Q&%Q (ratp h 8.89 ¢p 19 10.08 15.57 Typi cal vent

ydr ogén. 0. 000 oxygen 0.124 nitrogen
t-3speyiadienst harfb08 019% djaar bon nonoxi de 0.000 carbon

c-tiBperdadien800. 08t han®.@ 000 et hene 0. 000
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 1.15
2,2,3-tmb 0.20 0.17 0.18 0.19
Cc7 7147 5.55 435 435
™ C8 53.88 61.76 66.84 66.93
DM C8 12.27 1247 12.69 1244
™ C9 5.04 4.22 2.89 2.74
DM C9 0.57 1.01 0.29 0.18
T™ 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
UNK C11 1.09 0.02 0.00 0.00
C12 4.37 1.71 472 4.60
C13 0.00 1.58 0.00 0.00
C14 0.03 1.57 0.05 0.00
C15 0.00 0.13 0.00 0.00
HV'S 0.05 0.04 0.00 0.00
UNK 0.74 0.83 0.00 0.00
sum 100.00 100.00 100.00 100.00
Av MW 1134 116.0 1149 1146
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
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ethyne 0.000 propane 1.066 propene 0.000 propadiene

0.000 iso-butane 81.233
W@ 203016312 3- but adi ene 0. 031
0. 000 mcycl opropane 0.000
I so-pentane 0.968 1-pentene 0.000
C5 + 0.391 Exanp

i so-butene 0.021
n- but ane 3. 398

TMI GY/DRLAS (ratio)ab8B5 10046198 380408B 16w01 B
3.97 2.78 2,3-dmb 3.60 3.56 3.02 C6 1.42 0.52 1.15
16 WD 2004/ 016342 PCT/ US2003/ 023132 2, 2,3-tnb 0. 40

Typiced vento C7 5.27 5.08 4.35 TM C8 50.79 56.95 66. 93

a@/l%%g 11.77 12.64 12.44 TM C9 6.07 4.22 2.74 DM Q9

5850, 45 0.18 TM C10 2.06 1.33 0.64 UNKCIO 1.14
0.67 0.29 TMCiWtk 54 1.28 0.71

hydrogen
oxygen
nitrogen
methane

carbon monoxide

carbon dioxide
ethane

ethene

ethyne
propane
propene
propadiene
iso-butane
iso-butene
1-butene
1,3-butadiene
n-butane
t-2-butene
m-cyclopropane
c-2-butene
iso-pentane
1-pentene
n-pentane
C5+

Effect of Isobutylene (iB) on Alky

Quality

iC5
2,3-dmb
C6

0.000
0.124

3.877 -

0.019
0.000
0.000
0.000
0.000
0.000
1.066
0.000
0.000
81.233
0.021
0.000
0.031
3.398
0.000
0.000
0.000
0.968
0.000
0.000
0.391

3.66
3.60
1.42

Example 2

lab 1

100% iB 38% iB lowiB

2.78
3.02
1.15
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c- 2- butene 0. 000
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UNK C11 1.00 0.00 0.00 Ci12 8.30 8.99 4.60 C13 0.07

0.00 0.00 Ci14 0.28 0.14 0.00 C15 0.12 0.00 0.00
wWoR00%006:338 0. 00 0. 00 UNK 0.54 0.00 0.00 sum 1POT/082003/023132

100.00 100.00 Av MW119.1 117.3 114.9 Bromne 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
2,23-B1b 9. 34 10. 0D 4&anpPe3B Pyl ene + i C4 Al kyl ation

cpanpl e Point prajert progoane;. 8501 iso-butane 9.25

tane 0. 32 pe 0 n- pent ane 0. 00
T'\g @Jdm but ane 25@39 ﬁ@g@t aﬁg 30 3M pentane 0. 14

DM.G8xane 0.00 2147dm Webtand2f4 59 2 2 3-tm butane
TM(DQL 3, 3-dm perg.@he 04(®R 17 2012004/ 016342

§US2003/ 0231%258cycbqtyexar@1@ 00 2M hexane 0. 34
1ézlm pent ane 458 g ]Iég-dmd:ggl opent ane 0. 00

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 1173 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

Propylene + iC4 Alkylation

Sample Point product

propane 0.01

iso-butane 9.25

n-butane 0.32

iso-pentane 0.97

n-pentane 0.00

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
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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
weemtans41. 52 2, 3,3-tm pentane 1.21 2, 3- dm hBXENS2003/023132
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 hept ane
cyclﬂhbxaﬁ,es, 6-tm héhP@ne 1.16 2,3,5-tm heptane 0. 16
fondepeane 1. 00 @32, 6-trinmethyl octane 2.32 (C8s 0. 20
0 Cl10s O Clls 1.62 Cl2s 1.73 C 13s 0.09
Zggciry Qp?rggn Cl15s 6§§Z unknowns 0.01 heavies 0.00
@4 PQobut ane + pentene | al kyl ati on
3mb@bume 18 WO 20@8916342 PCT/ US2003/ 023132

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
C11s 1.62
C12s 1.73
C13s 0.09
C14s 0.05
C15s 0.01
unknowns 0.01
heavies 0.00
100.00

Example 4

Isobutane + pentene 1

alkylation product

18



W%C5 5.03 2,3-dnb 0.74 C6 0.35 DM Cr 1.14 C7
0.17 TMC8 22.26 DM C8 3.70 TM C9 52.40 DM C9 6.72
waRko@h312 51 UNKCI O 0.56 TM Cl1 0.16 UNK ClRCDUSB03/023132
Cl2 3.68 C13 0.33 (C14 0.11 C15 0.08 Hv' S 0.03 UNK
0.63 100.00 Avg MWV 123.2 expected MN 128 feed
olefin #/ hr 0.25 Al ky product #/ hr 0.47 Exanple 5
A igonerizati onModuct from C4 feedstock with 38% i B
Ccsl N tolt a:c ol ]f:fi 35_03 (This product was in turn used as
fhe . olefin fee the lab Al kyl ation unit
Z’Q"QW-bbut ane 48. 80't7|9'so-butene+ 1¥butene 1.6 )n-but ane
C611.2 t-2-buten®3P4.3 c-2-butene 6.5

DM C7 1.14
C7 0.17
T™ C8 22.26
DM C8 3.70
™ 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
feed olefin #/hr 0.25

Alky product #/hr 0.47

Example 5

Oligomerization product from C4
feedstock with 38% iB in total olefins.
(This product was in turn used as

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
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i so-pentane 1.0 t-2-pentene 0.1 19 WD 2004/016342
PCT/ US2003/ 023132 unknowns 1.5 2,4,4-tm 1 -pentene
W@ 2004P168420-t m 2- pentene 1.3 other C8's 3.4 grpOUPEN03/023132
Cl2's 4.4 grouped Cl6's 1.2 100.0 digonerization
effect on Alky products using C4 feed with i B = 38% of
Oefins before after 1C5 3.97 2.39 2,3-dnb 3.56
unRn8wnsC6 0.52 1.17 2,2,3-trfd0.23 0.20 C7 5.08 4.95

Z,JMt%%ﬁarﬁéwé& 34 DM C8 12464 12.80 TM CO 4.22 4.15

A5 0.35 TM CIO 1.33 4.29 UNK Cl0 0.67 0.57
2,5 t&?'pﬁrg%“ﬁ.m UNK C11 0.3'0% 0.00 Cl2 8.99 9.41

ottearyC®s00 0.00 C14 0.14 0.184C15 0.00 0.00 HV S 0.00
gréuisd Ci§ 0. 00 0. 00 sum 100404 100.00 Av MN 117.3

grc]t]ﬁedgm 6's 1.2

100.0

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

iC5 3.97 2.39
2,3-dmb 3.56 2.87
C6 0.52 1.17
2,2,3-tmb 0.23 0.20
C7 5.08 4.95
T™ 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
™ 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
C15 0.00 0.00
HV'S 0.00 0.00
UNK 0.00 0.00
sum 100.00 100.00
Av MW 117.3 118.3
Bromine no. <1 <1
Total Sulfur ppm <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

20



Bromi ne no. <1 <1 Total Sulfur ppm <10 <10 TOTAL %

T™M 63.77 65.19 TM C8/DM C8 4.51 4.56 TM C9/ DM C9
w@284/0168475 (Operating conditions: defin in -PCHESINN3/023132

.25 .25 20 WD 2004/ 016342 PCT/ US2003/ 023132 Al ky out

- Ibs/hr .53 .53 Rxn Tenp out - F 52.0 52.2 Rxn Psig

out 12.2 11.8 DP - Psi -1 -1 Recycle rates: Acid
Aliphagte-lbs/hrin 1.0 1. 63 HC.phase - L/min 2.6 2.6 % 69

Rxf Terhfbut D FHC recy@oep Pagking Type 2 2 Packing Hgt in
RXfRﬁ%}Qﬁ'ElS Pack de]%ty,lh%s/ftS 7 7 Exanple 6
DRy Pt

quality fronlsobytene + | sobutane or
§omers of iB + iCA. iBEDIB TIB+ 1C5 3.66 3.97 3.41
Re2ydledrdtes:. 60 3.70 3.18 C6 1.42 1.36 1.53 2,2,3-tnb
0. 40708 g3hRel/mia’ $.027 4.86 6.39 TM C8 50.79 47.93

38. " .
ovi CHCPPRseg. BN 168 TM%80 2. 06 3. 00 3.20 |
% 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 3.66 397 341
2,3-dmb 3.60 370 3.18
C6 142 136 1.53
2,2,3-tmb 040 038 0.27
C7 527 496 6.39
T™ C8 50.79 47.93 38.35
DM C8 11.77 8.92 1291
™ C9 6.07 6.60 10.31
DM C9 0.58 081 1.10
™ C10 206 3.09 3.29
UNK C10 114 118 1.35
™ C11 254 253 272
UNK C11 1.00 1.79 0.00
C12 8.30 10.51 14.97
C13 0.07 031 0.07
C14 028 147 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 1221 122.9
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UNK C10 1.14 1.18 1.35 TMCl1 2.54 2.53 2.72 UNK Cl1

1.00 1.79 0.00 Cl12 8.30 10.51 14.97 C13 0.07 0.31
wWO204/0163322 0.28 1.47 0.14 C15 0.12 0.29 0. 00 PERUS003/023132

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 21 WD 2004/ 016342

PCT/ US2003/ 023132 Bromne no. -1 -1 -1 Total Sulfur
Bromime<6. <10 <10 ~OTAL~% TM 61. 46 60.15 54.67 TM

Tﬁ?ﬂmﬁéﬁh 31d5. 3102 %10 TM(49 DM C9 10.51 8. 15 9. 37
rg condi t | . Re iniBDBTIB+ defin
T L }P hr 0. 2&@25065:% 8&\1%% out - Ibs/hr 0.49

TN CADY G8 Rxn Térdl 037 FA2751.6 51.7 Rxn psig out
TMEOBMCS. 7 DP 10.p$1 815 191371 Recycle rates: Acid
phase- L/mn 0.8 0.5 1.0 HC phase - L/mn 1.8 1.4 3.0
%73 76 45 1 CA in HC recycle Packing Type 1 1 2
Opelaking §oPGHIONS: feet 10 10 15 Pack density | bs/ft3 6 6
Feedlafipl e 7 Expei?ed 8B adildal al kyl ati on product

OIM¥ $n - Ibs/hr 025 040 0.25
Alky out - Ibs/hr 049 0.78 0.48
Rxn Temp out - F 52 516 517
Rxn psig out 13 135 57
DP - psi 25 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)
Results indicate depolymerization generating
more and lower MW olefins that combine with

additional iC4.

Moles iC4 uptake per

mole Olefin fed Average product MW
Olefin Expected Actual Expected 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
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and noles i C4 uptake with various olefins (e.g. in

theory 1 nole of C6 olefin should react with | nole
wo@RouCle3sn forma CLO al kylate; MV = 142) ReseCT/85S2003/023132

i ndi cate depol yneri zation generating nore and | ower MWV

olefins that conmbine with additional iC4. Mles i 4

upt ake per nole Aefin fed Averaége product MV Qdefin

Expect ed Actual Expected mamale 8Hexene-1 1.0 1.2 142

]5;'21?S Octeer}ﬁ-l i.o 1.4 170 135 Di-isobutylene 1.0 1.8

Isobpsane 3 PeRPIS doput yl ene+ 1.0 2.6 226 123 22 WO

aliQPH3®atét PCT/ US2003/ 023132 Exanpl e 8 | sobutane +
pentene 1 al ky t,} on product W% 1C5 5.03 2,3-dnb
0.74 C6 0.35 3g‘,71.14 Cr 0.17 T™M C8 22.26 DM C8

IC8.70 TM 9 52. %P3 DM C9 6.72 TM CIO 1.51 UNK C10
29dnfb TM Cl1 0. D674 UNK C11 0.38 C12 3.68 C13 0.33

Cé:14 0.11 0.35

DM C7 1.14
Cc7 017
™ C8 22.26
DM C8 3.70
™ C9 52.40
DM C9 6.72
™ C10 1.51
UNK C10 0.56
™ C11 0.16
UNK C11 0.38
C12 3.68
C13 0.33
C14 0.1
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
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Cl5 0.08 HV'S 0.03 UNK 0.63 100.00 Avg MWV 123.2
expected MNV 128 feed olefin #/ hr 0.25 Al ky product

werLdo/006347 23 WO 2004/ 016342 PCT/ US2003/ 023132rPCTN82003/023132
invention clainmed is: 1. A conbination of a vertical
reactor for carrying out catalytic reactions

conprising a vertical reactor and a disperser disposed
Theyinygntion slaimedlisir eact or, said di sperser conprising

at |ea o 2 ' iR ;

e cofarh SO ofsopNaneRiorr TRy TRIBLL Bl roactons
carhpriging & warticateed6toB and lzedispersien dispored it saidi vegtica) reactor, said

claim1 wherein aio{ﬂ's ersef, conprises nesh wire
dispensar FORPIIRING qHiPeTt Y‘ﬂ%‘ﬁ‘t /"c%(?%ﬁ%qﬁe'or expanded
et &) TALSIIhiASEon Weédrdtdmy Eliairhi 1 @RBRASIN SAEPGHENEpace is up to

said nmulti filanment selected frominert polyners,
ahaut@Analemedloyners, catal ytic netals or nixtures

fNE 2 : ilo ﬁ'hg:gc‘io&ﬁr @ﬁgﬁ@ﬁ%@?&@ﬁ}oﬁ@éﬁﬁ gi \D@%ﬁeﬁh %%ﬂi,}ﬂ%[ﬁerggr comprises

mékh Gvie BokaltYATET a RGN - fildmehheompohentbr expatdy fietd ihtertwined
claim 3 wherein said disperser conprises co- knit mesh

witlh semaiifilamest goapenest, sgid eytiilaraenbselaetes: ipmdned polymers,
N . : : ) hof
kiR rontes LA Ao RPBE FEURRTBIEES B 1000 D g
t ef | 4nThetceaibinatimn acqueding to phairarBewh&édrsaig @igpessercamprises a

c'o(nbi nati ons, thereof. 7. ThE combi nation according to
ce-Kait mesh plavies And NAYMPLHEsBer is positioned as a

plurgl -y c%bﬁ%‘tibh%%bbﬁﬁiﬁq {AISIRTS wheAdis ¥§iﬁ%¢sﬂ_%§ee§r comprises co-

within and across said vertica reactor. 8.
knibmigishavireandfiberglassy to claim 3 wherein said wire

mesh_ provides. structural inteqgri of .t he systemand .

the BpaRepmindiaifcabuting  ciingt ¥nfisin Pig HiReGEREHimprises a
miekh\GIRBLIGiBWHe landU ffult HRhesMrcontbneht coprieshytenan] stdel wool,

according to claim3 wherein said di sperser conprises
pelpespylensu RYRYs, polyesieeer egmbingtions Kiereohi re and t he

mul t 47 ﬁ’h%%gﬁ{bﬁné:t%wg&%%ing 'to claim 3 wherein said disperser is positioned
as a plurality of vertically arranged, transverse mats within and across said vertical
reactor.

8. The combination according to claim 3 wherein said wire mesh provides
structural integrity of the system and the open space required in reactors for the
movement of vapors and liquids therethrough.

9. The combination according to claim 3 wherein said disperser comprises
sheets, bundles or bales of the co-knit wire and the multi flament component or
combinations thereof.

10. The combination according to claim 3 wherein said disperser comprises
multi filament catalytic material of sulfonated vinyl resin, Ni, Pt, Co, Mo, Ag or
mixtures thereof.

11. A combination for carrying out catalytic reactions in concurrent downflow

comprising a vertical reactor, a disperser disposed in said vertical reactor, comprising
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conbi nations thereof. 10. The conbi nation according to
claim3 wherein said disperser conprises nmulti

wo ooasoess2 cat al ytic material of sul fonated vi nRCT/DER031023132
Ni, Pt, Co, Mo, Ag or mxtures thereof. 11. A
conbi nation for carryi ng out catalytic reactions in
concurrent downf|ow conprising a vertical dfaCt

atlgass ops oAy JGuicteRRta GRtaIURtANGIPaFIGR paRditions o taifitain said
pﬁ‘fﬁgfg‘“c@@%a&én\;%eggﬁﬁggﬂagﬁﬁZ PCT/ US2003/ 023132 at

arti reactant, catalyst and _
r eactd. oThe:«:mdbhadms acoordingtoed!ains &1 Whep@lmsawl digpersquéemprises

t ant 12. Th nbi nat
méSR o sk Yo mdld Rnpas cordReRed: ErRAeRgial intgrwined
wﬁf?%%\MtHﬂaﬁféﬂ'ﬁ Rbptineht, f’sa\"ﬁlJ Inbuiti Fildraemndel 6StBB GRSAtindit polymers,
expanded netal intertwwned wth a nmulti filanment

catalirfio pelymers a¢atahflic metpls eimpipdures|teeriesi from i nert

B A SBSTEaf Tu b B rcomproes

a 6ba&nMridsibewire argiapslyties prsher conprises a co-knit
nmesh of _wi re and pol ymer nmesh. 14. The conbipation

accolt4i The @@ﬂblr@tWﬁfcm%m@mlglm 41 wihepripsaid ABRpISPEERMPrises
I bergl ass. 15. The conbi nat
a@r&lgr(fts fé(;amj fﬁe@% %leer elgn sai d di sperser cloprgr: 223
a meth 'brﬂe C@mbmettlomaceoamg o ofailn 11 vihleaain rsalcbdmpensent:omprises
conpri_si teflon, ste Wool ol ypr,o en
a et corktunien AR At Grf ARt easpond s e faliah; sipel wool,
pcﬂgﬁrﬂ?yfeﬂ% PYCH, 3 eglermeao%ﬁnéﬁbﬁls fhetesr ser is
posi ura

oned as 4 p ity of vertically arranged, _ .
t r ant.er The nearsbiniationh racoeddiagr tes slaimi a1 wberdie gaid disperser is

o Asaplralty of LA BiastaheB Bt tee = Pifbghdapross said
veéficdlteastppt em and t he open space required in reactors
for the novenent of vapors and |I(1UI ds theret hrough,

18. TheTbespmpination agsosding ig cledndlavherein opidvdrameshgrovides

st c_?@%r fﬁ&gﬁt&%ﬂ@%ﬁ%&t m“ﬁds rﬁ)gﬁe %?)a% rBﬁ ?d gﬁ réd¥ors for the

moosiientbf O&i}ﬁoﬁs@f&lﬁfwdslﬂleréhﬁougmbl nation according to
claim 1l wherein sald dlslgg?rser ? ri ses [ ti
fi | ahenlhegempbiRationagcarding taglaign |l vihereld spGisPeser Romprises

o5t pateh AeleRlng SRt e A BBy et compgnent o
cqrhbimations éherpobsent .

19. The combination according to claim 11 wherein said disperser comprises
multi filament catalytic material of sulfonated vinyl resin, Ni, Pt, Co, Mo, Ag or
mixtures thereof.

20. The combination according to claim 11 wherein at least two phases are
present.

21. A disperser comprising mesh wire or expanded metal co-knit with a multi
filament material selected from catalytic polymers, catalytic metals or mixtures

thereof.
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21. A disperser conprising nmesh wire or expanded net al
co-knit with a multi filament material selected from

W@ an0aloyd3uz pol yners, catalytic netals or m xt uP€BUS2003/023132
t hereof. 25 WD 2004/016342 PCT/ US2003/ 023132 22. The
di sperser according to claim21 wherein said disperser
conprises nulti filament catalytic material of
sul f 8datldw dispgiser @scording to Flajm@d, whereimgaisk disperser comprises

xtyures thereof. 23 . The disperser. accor.di | aj
i et A el &F RBRISE S "Rty BB CoTMB, Ag or
mixduseiepsstn space. 24. The di sperser according to

claim 21l wherein said disperser conprises up to about

97 véBukbedisrarseireeerdipg to tladmdriwhersin said sisnerserpmprises at
' (Klnﬁg ' | d di sperser conprises a
I%?Fgg?gmg&? Ta ‘%Iag\j?%gé'a rigid franme nade of two
subsanTheldisperssrtaccatdiny pd claimh 21 Whedsin saftpdiegedRatdmprises up
and hceér?d ri %l qd b)[/) a plurality of substantially
th@hout t‘_é‘P'U egr 8 RBMPEFS- and a plurality of
subsbgn h@'édﬁ'nl?ﬁéﬁ&r?ﬁé rd}’l“‘g{t%d@ ?Whtéeréin i hEPelRr comprises
the grids to orma plural®ty o ['urd pathways "anong
astractundthat hawing a rigie fraives mgdemb two substantialb/i vertical duplicate grids

SRBir0) Harf a0 N PGBy Bip el o astangfaly irigontal rigid members

afld TPSIUFATty 6P S0bStBRGallPhSHZoMEAIULIfe HIEH fBe8 Indunted to the grids to
plurality of sheets of wire nesh fornmed into vee

fosrapepluralisy of fluid paghways amdricathe ttheske aaid tebesdejing empty or

o Refhil LaRel Hor AR Be iBRall cnred i n the same
di r e26] Theastinbinaticn astdraldgtoidlaird 1 WhERsh safRibpeRRROmprises

bei nﬁt separated by a plurality of rigid menbers
agtiustracaonapiiging @ plyralify of sheetscaftwing nigeinfosaied nteyee shaped

cgﬁugations having flats between the vees, said plurality of sheets being of
substantially uniform size having the peaks oriented in the same direction and
substantially in alignment, said sheets being separated by a plurality of rigid

members oriented normally to and said resting upon said vees.
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