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(57) Abstract: An internal static mixing system such as a disperser of mesh wire or expanded metal co-knit with a multi filament
material selected from inert polymers, catalytic polymers, catalytic metals or mixtures in combination with a vertical reactor having
a reaction zone and the disperser disposed in said reaction zone, particularly for cartying out paraffin alkylation using acid catalyst
is disclosed. The wire mesh provides the structural integrity of the system as well as the open space required in reactors for the
movement of vapors and liquids though the system. The disperser may be in sheets, bundles or bales or positioned within a frame.
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(57) Abstract: An internal static m xing system such

as a disperser of nmesh \r/%(? Tﬂ&T%"ﬂﬂZef@ﬁ tal co-knit

wth a multi fil anent rial Fominert
pol ynmers, catal yt i ¢ BACKGROLND @raTHE INVENTIOR or

m xt nation with a vertical reactor having
a re@gﬁqﬁ%@wgnhﬂ@ the di sperser disposed in said
reaction 'mmﬁesé}@tﬁﬁ\}%ﬁbﬁféléﬂe%%re%@f‘chéd?\@ad? Qﬁ‘ucﬁﬂﬁéff&" e as intemal

al kyl ati on using acid cat al [ osed
meshP#iE 9esea Sewm@iwwwte stafis griking obreactien spmpenents:

as WRLlatbiInkdigRBRN space required in reactors for the
nmovenent of vapors and |iquids though the system The

di spers erThﬁat;Dm@Dn obisctiee of mbsiradiviation prixaisess isito bring isoalkanes (or

b, 54 RAREARichiohs Rstb & o 1o OBbhact 5601 Fot £yt 'proauce an

PCT/ tlo280idd PaiiLdl ANeAsStrofEit EafvitichindBAEK Egid biRalPad alkylation of
ese

THE | t Th
v eHATBHE Peitpabongw Rb alafis i GRptions & walKiewd regess. Alkylation
use @hd PéRMBAlS aRReAFIAud RNl Fs%ﬁQFé?F (s, ‘Mih‘éh dPéfﬁP‘Httﬁe presence of a

static mxing of reaction conponents; Related

| nf ofHRAG 2R Whish @&Hﬁmseaﬁfﬁms,@a i highst oiang membeythan the starting
pr octﬁ%ﬁ%d aﬁ'lot\ﬁhl% 534 ld lsé?l? gﬁ%lﬁ% lﬁ&ﬁédrﬁ ?%ﬁrﬁﬁt?the reaction is

l'igh |ns nto Int
cat aggnaralythgrreattion era CatkGL alefio withrisshatdane. | n t he

o ol priy e Rl PHB oy R Bh ik i Pl st vicely

i s aused dmdem m;mtem]:mr:ﬁam cdemolnaI L@.n temﬁertalﬂlea el acﬁdﬁ processes are

? L e%@@@é{é@gagﬁe e g?#l%lﬁas 9 ralf g%cﬁ IB mﬂr]\t[ﬁg@@nal process the reaction

par ajsfdatfed @uBin a PeadtbBWBErOHAMRAIOCHIBE rd dt%ht& ke dispersed into a
startin materi als and which boil in range of

gas oPPTHERIOUS ACiHNaSPeum refi ning the reaction | s
general | yAﬁqlﬁlgh?@ﬁhkﬁésQﬁﬁépgﬁebﬂ eﬁ(riﬁorgﬁﬁit%\ B’oﬁr% yandis hazardous

i sobut ane ati1 one
eul f terorerats. noedhell W@@@Szﬂﬂ@ haes\taamfﬂ@iem andgtebniindes to ba the major

or oc BERRE & dioRGH1BE HoRRE ek 8RR BB ARRIAEMorE” i vew of the

m ni fack it the coldeadid gulddassnaill cpntimest bdéhe pmbss; of chslce, various

carried ou react r where t droca
o nepnegls Hale ad T e, e Grd ERESEE B8 paptian and, to soma
Al t hextght, wmﬁr@tedﬁeﬁﬁdbgﬁautwbﬁmgn envi ronnental |y

friendly and is hazardous
U.S. Patent No. 5,220,095 disclosed the use of part[culate polar contact

material and fluorinated sulfuric acid for the alkylation.
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to operate, no other process has been as efficient and
it continues to be the major nethod of al kylation for
oct ane enhancenent throughout the world. In view of

t he whaglnidaat the cold acid process will contin
be the process of choice, various proposals havgggggzgnmzsm

made to i nprove and enhance the reaction and, to sone
extent, noderate the undesirable effects. U S. Patent
No. 5, 220).89Batdhthbasetl(,0@3 usesdidpdbtdonghtad eopirithe particulate

cont ternial d fluorinated sulfuric acid for .
he Gt deere e ot By Mopsanatine,a syteraben organic support
8: 54ttt neinsudofpseg, 713 780 7671 WO 20(141016342

PCT/ US20Q3/ 023132 U.S. Patent Nos. 5,420,093 and
5, 444, 175 8BU§Hlake sysirDIsH bave dasar prapgsad dor eontagting liquid/liquid

mat &Gehdianty) orl S&neRk 2UYS phKnt Wpﬁ?g,&?fi@?)@' 3 g8 BIRl M1 917: and

organi c sugport particul ate w Urit "acid,
Var i 2482,87 8¢ Howsyea thesnbstvaddly usepmethasiaf niiking catalyst and reactants

par datdide bt Ml asBioEmere GL R0 el ibaire andthe ike thet
2, 4 Migdidasly Hgitateend tibed mem{:@iﬁrﬁ tipRehdreioh ; estafiple see U.S. Pat.
m Xin C S._is the use of various

arr %g%%%@sgﬁm%ggé?%gg%npel lers and the

i ke thatThevhraesgu i i d?\'“ﬁjc GOHARO

t oget Pe,r, feop ex_arr%lbpécgg% 812%-93%21?@1 ll\losabh%fi769, S%S%%Stmhm[ogy
4, 078lating o ghyiation smdo epariipwa te petrolespprafiobug paraffin alkylation by

pr esﬁB@iﬁinﬁoﬁdgﬁ nf LEe FHYRBEG fhre: Ig\gﬂf?lgf?fh '}?Jg/g%laﬂnlc feed and an

relating t k{l ation and, I nO}pa
pet rappaiatus éariobialging atigh degret o tertactbebyesrpthetigdidgtalyst and the

bot f ki t for th kyl at l.on, ..novel ,
of e AT eRR L Wi o FeC el af FnS s e RiagE ot eal, recucing
?legrcgmtménntbmiraﬁhg ?ﬁﬁv?eﬂudtl?ﬁphiaﬂﬁh.d glg} at ?! yst t ﬁnd tb he

uid reactants wtho [ﬁggg ation thereby
elimnating shaft se_agg, gli’ﬁ‘r:@ Eg ENHRY i npr ovi ng
aci d prodsiefly, 389 sedbhidivente MR inidna Eﬁﬂhﬁ]@ﬁ%@%zp gomprisingthe

Briefly, the present invention Is an inte
mi xiGXFIRatoa At doepicat raagtarhevingseastian zumesnddhe disperser disposed

ver tij Gald :reg_@l‘ﬁrpio ,\Haﬁgzu?arfyggpﬁélﬂﬁréiggﬁﬁé‘ﬂﬂ‘lnt:nﬁylatioh using an acid

di sperser dispose I'n sald reac
par taatalystr Apreferred dispgiseocanmprisesmadsdhi wireavitlya atultbfilament component

o eBHaRSadmefeRl B Sl 7 it fiRuimoh PR e mutt mament
or exerietbiiominert polymers, \mhmhdicvp'dwn@smﬁtﬁl'?ﬂid metd1®the compositions
com nenti . Sal (g rryl ti B‘Hfl arIEnt sgl ected frominert

ol yiTerE IS TS ior RS Hherent, ol W fBesh Brovdss the structural
coninteighityosistheObystathads/ Well AL Sp6H lsﬁb‘aéé %gﬁétd;ﬁ-g fe,%fctors for the

The wire nesh provides the structura inte

t he TBHGNERQL YARArsS and Hauigp dhodgh dae rygigim.edThen disperser may be
r ea%&ﬁﬁﬁ%& foftéh%etsmp\ﬁ’gmgﬁtoroéalé@aBﬁ{ar% @d&ﬂni@ g@%:éi«gdegm i filament

t hough the system sperser |
shecompanentll dbemysiem gwyosise tomposk the codknit wiredandhenulti filaments

mul tjufd | The system.may al so .
Comp i1 R, THETRERFON <ol el SR gt or 2 portn
a f rihereof. Tiibe meesdrit dispeces aolicee rdialstsgdreion ifithe fluid or fluidized

col r ortio thereof. The present dispersers
achiu'ggtee%Flas ﬁ‘g'le r&iagg’é'rsi on of the fluid or fluidized

BRIEF DESCRIPTION OF THE DRAWINGS
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materials I'n the reactor. BRI EF DESCRI PTI ON OF THE

DRAW NGS p. 04 2 Thursday, Decenber 30, 2004 8:54 AM

Kennet h Johnson 713 780 7671 WD 2114141016342

PCT/ 132 Fig. | is a schematic representat|i
\Hﬁéggglé%tgﬁs in which an alkylation process H‘E@/‘ 7é’"3“’23'32

carrl ed out using the present static internal m xing

system Fig. 2 is a schematic representation of the

conbi nat irgn 9fis EQ@h%Sﬁ@F@pr&ﬁrﬁéﬂ@m‘ of ﬁ@ﬂ&atmﬂh Qhich an alkylation

systemin a reaction zone in a down flowreactor. Fig,

3 i Pragessnay jedariedweuf apipadhe reasentstatiointersal mixing system.

mat er ol e AP alh ot ieH e ol ongr ne presentinternal
Pr efstatithinixing fieten épa resation aope iirs 8 slowndlomweaticonal
For coal Eav 5 S0ngr oot (B mlfrernel0o Br BBREEHn of % co-satwie

knovghca@u&m@hemlmmaﬁg]t ors" or dem sters", however,
in the present | nhvention_ th ment functl ons to

di sperse the fl Q%T%Egr[?%ﬁgﬂipﬂprﬁ\bof e NVERTIQN: ¢ er
contact . pheredsiy 3Rt @i (ngP%? "cﬁﬁgrlgé’é@ cEﬁ\@tsﬁngﬁﬁnlcﬁ?&f}i coalescer of

as a co-knit wre an SS Nes exa
it r%ﬁlp@e\@lmc!n duereratiea fog @ealeseiag vapotizad Bguids- kTmetse are commonly

man& At egh"%?g lifEakdrs” élé LR f' AASH t‘ﬁ? rﬁ?e@esl}t invention the

A SR par atl oduc’ts
AI VI miem?éabcfaacilmna bispefdecthe ifiuid matehalsmzﬂm rehpwefcmb,ette:t contact. A

s BRI FamerShe ¥ Fies8 fien % eFbft bl Mefipiaso meeh. For

st eedxagsle, it h@ObaeH fRKH et .a W@Eedl@%b(mtcﬂkrﬁlfmééﬁ bPWke and multi
terials can _also be effective

h %
Gt 1 9 WoaralES e as MAPUTGRSd P AT ISt Sedaralom Broducts, Inc. of
packaRES Tﬁﬁai kan b%&@ﬁe%%ﬁé’}{ Wheks, ﬁg\g?\%‘?r l?ﬁﬁhsbéﬁﬁd&@%%ﬁ that various

rather than Knitte accept di spenser

i ncl elher paterislssticl as he-bnid wite and rputiitlanenide Is(DLm@ehTM) steel wool,

| S BpABRENIERF. DA "l RS SN B o b

co- keiffectively rutlibed in the amsellamspa\mmxdlsomrepecrfeen&ypd packings may be

crmp! O BPYaR e S SoraBRcera, ovas, B PHE, Filegh - Other accoptablo

kni t giefersbit indl6dSedRGhtedishbbie dpHexpahdddHenld, @ﬁe@mhmss channal
Statl C m Xl ng structures CO rrse a cat al tI C

nmul t
fil afRBHiUES € GDT‘H%V%WF ﬂP?’IQh?ﬁérﬁf Uglaﬁféﬂ%ﬂéls such as polymers
Mat egh.fhit Wik tﬂbﬁmr@ﬁ&ﬁfﬁkﬁa (?%H Oklé’r!dil\é'w:re screen type

resin (e.qg. ¥ tlc netals such
N, Peckings, map! ba Agm q&wér\!éhefaﬁhmcrepm grelgovest I’Eﬂiﬁl‘éhﬁn knitted.

mul ti fi | ARat épéﬁ ﬁfe"iﬂrﬁ@%t uWehﬁ Rﬁ\ﬁf%ﬂﬁéé ﬁ@d?{% éﬁucﬁﬂres comprise

expanded et al cat c ne
geneaaatalyticafuitiifi glmntdmnmpnnebé céhbs muiti fitahresing cg’nahdicematarial may be

d ' Th t ' t.al t

G o; bhbmeth SHFES slarEr ViR P o, AriEToRg and oftaiytic metais such

fi nensds, Rtf Cbhmof.l\g arrhewesma@bem tgfﬂ‘;ntdr)m@@ﬁhuitl Bildngénts intertwined
uct ur es

to th at ti c. aspect { he

Thur yg%@ '?%ﬁ%%@? SXPAHEA fge*éﬁ M%&a%wame@bﬂﬂgeﬁ& are generally

713 éBAgHér Hknier because of their greater density. The catalytic metal multi filaments
are distinguishable from the knitted wire by their fineness of the filaments which

'E

greatly contributes to the catalytic aspect of the structures.
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WO 2004/ 016342 PCT/ US2003/ 023132 The di sperser
conprises at |east 50 volune % open space up to about
07 volunme % open space. Dispersers are position
Wi t ction zone in the reactor. Thus, for

exa% éﬁthﬁh ?larrultl filament conponent and the pCrruszonsnzs1s
structural elenent, e.g., knit wire, should conprise

about 3 volume %to about 50 vol une % of the total

di sper seThetdigodresredomifizcbeit hed BO VoRAS & o ?Hh bphts up to shout 87
di spehﬁgr%l ncl ude structured catalytic dis | at1on

pack’ CORNAPEACe| nYiRaEET: 8 @Pﬂfl%w\fl’ﬁhﬂmm gaction zone in the
cat Eiléé(t&bﬁ Thas, 16f é)&#?ﬁblé A Lﬁﬂ fiihnahi &ﬂn;{i’@ﬁ?\‘g Pﬁ’& the sirugtural element,

conposed of a catalytica active
t hate- @ Ko ‘&lf,@cﬁhoﬁlcwcmpria@taqu;% vBlumsoYsié2boutbETyolime % of the total

i nc S ty and which

di sﬁ%@%ﬁaﬁg E@ser{gﬁglb che\rI}eépageTl gid frane made of

two su bsﬁamablaldiapemrs mﬁideds:lmbtuc@d gatélig Elgﬁl%h%iﬁﬁ éackmgs which are
apar, i ura substantially

hor Iiritgﬁ{f%q por 41(39 Ht%ﬁlg?gﬁ )gfa ts, og;gt;péﬁurqq,d@ﬁllaﬂon packings composed
e haritaoul ekt B8 AL SOl 570
t he 1§ incosperatasbiaareipdn Hg e@ﬂ’fﬁlwardd Wbmhtdﬁuimseg structures that have

t A t d
ggcéﬂl rlrﬁjuﬂ ﬁe\rﬂb mé}gbef‘i\?g {Qg tﬂl?'irgtttilcﬁie ali ﬁ%d% ggacucrdeapart and held

typirigid by ﬁ:cﬂh—gﬁhtuc@feeubﬂtardtaﬂy Ugmzmtahefgui n’mmtteratand a plurality of

var 'Sﬂﬂgﬁaﬁff‘% gfrlr':bz O%{afﬁiﬁ%s?ﬂfgﬁe% H@ugﬁéc{ gﬁ?\signaﬁ éogmto rm a plurality of

ot hélu;d patbivays aMngdh@msL saitl t&hePBiing H@nptﬁ o%&htﬁﬁﬁwg catalytic or

iﬁn g%tﬁlﬁt‘ég%eﬁo tﬁfﬁi@? %'E’F“-h%“h Eﬂ%&%@e i r%ertﬁﬁgtaagmcallymertwhlch are
IOI utgpicdlly cohstalRed of étfrrd@'at&l ﬁ‘i@&ﬁ‘ bgﬁt‘%!t%ﬁouﬂél‘&{/é(se Wire mesh which is

shaped corrugations having ats bet ween

sai @1 B’lﬁ?ﬁaf’\' evé%whmbr@et@r@@ntﬁ@y steckemh enaonitapiof the ather, such as
uni f h

it SRR LS y Nor © RS b Bl fiorb a8 g ontirety and
bei milicfepiselases coptaat plrustatestgompising glpi.lmﬂnyhfrsheets of wire mesh

| i d t
O 05 85 DL ke 890 i SSR Fehose et puraty o
dunsbeets beting basu!mtamwmmermwtzeqﬁnmgathecgéadswrieﬁeéd m the same

o PR O 5Bl S0 S bt sanod 5 sy
B

R:;tgrf] ?gﬂ%hmbéf:dm&? n%tgilﬁ:alﬁlls?(?t.:: dnd Bhl&wg?slﬁ@ﬁ@ﬂ %&w vees,

(Pl astic! '%egf Fu ﬁal% Fjﬂﬁﬁ?tﬁ?ﬁ apkiredAd rand@m olkdurweﬂ dlshllation packings
cat QJ’I'H@H gﬁ ldét@?ﬁda‘ﬂ? Iflé{] béngr '&Elncmgh& golgyachan and

| east .one catal ytical | ént
Rh mgintajg a r@atwedmlar@]surﬁaqe araa, SuRin, a@aeﬂﬁaddhs (Cedramic), Raschig

v, SRS, Radthud ALY EATRRS b e st

aci golypropytamnds dnd |ﬂnmhI@md:catawmweattlvmrﬂdnﬁbécmgshmhich contain

ot B ety B By e S8 G B SNl @5 Cu, Zn, Pt, To,

contRal, i€a) Ji, L, thip) &, ardEe BendiiNds inkfrebhaal & '
ur sday, Decer nber 30"\%r g4 3 54H?%Shﬁssuchametal

Kenﬁg?ﬁ%?%%ﬂm%ﬁasi #sidpgych a9 Phaswrmcmgubmmmorgam. powdered
PCTM@@Q@N@@%&QIW@)& C%ﬁat(l?,z]ﬁ{cﬁ%hﬂfs \Mfﬁﬁb U catalytically inert or

materjals such as plasti

whi RtIVE WRICh [ ﬁ@ﬂ@umsecomqjmaamm;ltn;ﬁquadepsmmwemcal channels and
ot her geonetries could be utilized, being used as

such are coated with catalytic neateri al s.
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The present internal staftic mxing system has been
useful in a process for the alkylation of isoparaffin
with olefin or olefin precursor conprising contacting

a fhu em conprising acid catal yst, isoal kane
andk*ot:’d‘?lﬁ%?% concurrent flow, preferably domfr{;ww"”’"‘um

into contact in a reaction zone with present system
under conditions of tenperature and pressure to react

sai dnéﬁ@@@cﬁrﬁhfubfédaﬂ@aﬁ&léim%eﬁa!%&ﬂ sk %HEQ:e?&PmG or metals, in which
al kyl ate product. Preferably, the f|UId

co mﬂ"? gi@@nr@ls’, ﬁiF@GYRiG%lW@qu grayRpwevemetiier gﬂomjﬂes coutld be utilized, being
boi 1,j588 %k a'rc? cb%‘t%dr\!ﬁﬂicéétgi%é ﬂ‘[é?énaﬁ‘e olefin

precursor IS ar e or rh)retertlary
oI efi ns dhelpresnt hneberuamtatlc miximgesysterh bas béen ssﬁfuitanea$rocsss for the

o !Wﬁil'fo&réﬁqugﬁ QI ggg@féfﬁégﬁqgor\% rising contacting a fuid

i sozﬁykmmmﬁnsiﬁlg acﬁﬁia?élyélaﬁbélkaﬁré hhd biefin ‘?rPQ&{du‘rrﬁﬁf‘ﬂow praferably
ins of the oligoner rather th

tertjary ol.e

ol i M§ W iigecontagdin & '@EEF'% gere Mhrt’é@?ﬂﬁ@ﬁswm emger conditions of
t al

o s bl o QoL LB G o o prodco o

t he purpose o mta
t he g¥fvéaia pEodydt. F’Sefbabﬂse\ﬂwﬂulﬂrwstennmmpmma Iic’quﬁd and is maintained

exp en _th
is o?&gﬁgﬁéqﬁ"n&&oﬁ}ﬁémre i3 C@?"a% d nﬁrﬁ‘%eﬁj"f R E’&PE‘PF 5 an oligorner of
(t:) onpRant mr&ﬂfmagﬁmt irs SMdZ‘lhaStthe d{rﬁ@ﬁh’ﬁ@geﬁ_@%ﬁs{%ﬂm&@ or a material
ar en i sooct ane -, i sooct ane
gﬁtﬂcrg ngs{pﬁfyﬁs g%ﬁ?@r?@? OM&Y- triisobutene + 3
| s obut and&he ré’adt@ﬂwt:ﬁgtﬁnér?afialﬂahrdléﬁ{srw th i@%k?ﬁ@ &A% molar bagsis

conve tional view had been, that product

noultinbe &%i%”‘érlr{féﬁ@w RIEANE 1k ﬂaﬁ @léa%merdﬂth@;z;handbamhg@ners The
a C%}@éﬂé Wuc%&"r@%ng@?% Prf@%é%ﬂm%f ﬁ\gqgftlkgf‘@eﬂr}&gd isoafkanes.

and (2) i.s the sane 'an hab
convent i GREIhedwIrppsecefdlustreiipmand not apilmlm'lmn obthet frecess, itis belioved

r ea%ﬁ%ﬁﬁﬁs‘étﬁéa E?t%é)&:fégge%{ rgﬁghél)rf Bgmaggjgsf g | Soowuﬁﬁuﬁ isoalkane, the

aci dlightog! istdracieddint whhﬁne:bmpenenﬂmﬁmfc resid el with dbé (sBalkane on a
SUb%&Q{b%s refrigeration to maintain the reaction
temperatu 2% n opti mumrange to prevent side

r each)i onﬂlisdﬂmeelﬁ Giﬁmbdt@t?é?klﬂﬁo@étaﬁé‘@ 2"4%&@1@9{ pé‘h{taﬁa)
t he soal roduce the aklatelnt e
yi el Eﬁ%ﬁrh”é § TSJsphyjtang ér%ﬁpeﬁa%kz,%é-tﬂﬁ@tw aeetgse)

| ess ex
6 Thur Sﬂg—ﬁ @%ngﬁ%rftréhar 3% ﬁ§%2¥h ﬂiﬂu’%\ﬁrﬁn net ﬁ%ﬂ% %@ena Cye 2lkane
713 apggng GWW@@@MUM!% a&e@kauszwbemsmarc@uet of reactions (1)

Car TR R LaiRd it 1P RRRbdn R ARFFE e idia) grigiagid alkytion
uni tEodist gelhieyreastian: t o produce MIBE can readily be

convgrte L go erely by changi ng the
feed’to ?r@? rgeragq'glsgﬁH%@Bt*h 3095@1@ catal yst serves
bot H)r eadtbuterse-2 Frfsebatang.- 8 isdoeldngoner conpri ses

Cato C18 efins gorr ondi ng to oligomer prepared
from C3 t"@l“‘e&'gh ariR *W?a*ﬁraaﬂfﬁrﬂéfremeada@mmi%nﬂ reqidre substantial

ol | geigerian tSrintdf the 262U MPErALE it 8FERENIIAGe tdbrevent side

i
ol l goner whjch is prepared fromor are ol ? oners
pr e%ﬁ?@@nﬁﬁgﬁ] Rrgsery reactignegfithg cligomers with the isoalkanse to producs the

alkylate in the same yields required less refrigeration making the process less
expensive for the sama yield of useful product.

5
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The W dest use of the paraffin alkylation is forthe

preparation of a C8 gasoline conponent. The feed to

this process is usually normal butane and tertiary

but ned in a "cold acid" reaction usuall
tﬁ‘oéﬁ?‘@@?&? acid or HF. The normal butene bt rusamsmsian

(butene 2, for exanple) Is a conponent of [|ight

naphtha along with normal butane, isobutane and

t er tiary Owd paficulhtheHeRpERErbabciAd olidiendias it cbmeertﬁxt in a catalytic
but ene can be effected ¥Ofract| onati o

W ¢ ro laiqkafhpau Qryexpplgs Anls forRsny s mﬁmqluqagMTBE can readily be
poi n

PSonieRoR A RHEfa o BB/ AahGRE LREL dne rostornoa e
nor esarea calalyst serves apth wacfions.t o form a heavi er

e L L R
ol ef pnepaml freradC.£id Oui gl lhm/\ﬁfef@fedcémba@ﬁﬁht e ol!gomer has 8 to 16

met han et hanol to f t hers, ch as

Cor 1 FAIPON BorH A SRIFEPOPGES SIGORFT WHidh o PERTRIOM of are oligomers
et he rabgﬂ'm@mt@ﬂol@rmeﬁqg/l net hyl ether (TAME) which

have been_used as gasoline_octane Inprovers but are

bei ng phabtavigast mmﬂﬁﬂnﬂmaﬁloe@f@ém@mmf@twn of a Cg gasoline
ol i gpsRBbhGAL *r% QE%J‘&H& ,rofcbeé L&hsﬁ,t Rodnyal %hﬁeqﬁaand tertiary butane
preferred reaction arr e on a

st r econiained io e ‘e acid? ireaction mamwlthMfum laeldntg}' HF. The normal

?ﬁ%h%tren%gﬁt g.% gﬁ)/r J&;ﬁ)ﬁéﬂg %Bﬁo nrgﬁﬂ%f lib%gﬁgﬁiﬁh% Algng with normal

TE e blfagesisentandynd@risg Huﬂﬁagah@bemaﬂ@fmlﬁ@mmm blitene from the
t here e, anmpu

desi PaBngeabE siieden bY sackiatieR iR eFicyBhraiedtthey closs boling

necepoRmtsy A ﬁrd?é(ﬁ'é@ﬂra{ﬂﬂi &ﬁﬁﬁthé%@ﬂﬁlsBﬁ{eréiéﬁthe of the Gy analogs
gaso|ine. The nost desirab mponent for gasol i ne

bl ent tﬁgea(g tlegs maye §eaciive Mnm@quﬁx to form plwemier product which is easily
Pent a86dra fgﬁﬁ[&g"cﬁé’ Wedﬂ%ﬁf?a%g&qatm‘:k to the

orlglna ry O errns an use col d reaction.
However, Heretefordetha thdianyl oldfint was reactedtwitieaclowar \alaohof such as

Feod ey & SRS T SReR iR R T RaruTeE), oty
a cotértml'y\butyh ethen (:EKBE)‘ Bﬁgﬁa{; '_‘%ﬁ'lwmkﬂﬂl[ ather T AME) wisish hive been used

2004 38 O RRIAEEA RPN UGS 19 POng SYESH AR becu S ghppih cancerms.
16 342 Wbﬂ@i’lﬁ@ﬁé&%ﬁ@&hé%ﬁlﬁ@ 6@%!@&@6'%@@?@1 reaction when

with the additional benefit of | ess exothermc

over &RIried Qi On » Haplifaistieam with §h'3r egnargiiomef amal@lefin being easily
henc i

nen BBk OYE B 985 1 e TS ot (i
t hat and&gmeipt The qhgcmmrs riay beagad as gaSQimetcemponemsm there are limits

e R e

di st mlegeuaaqntc_t lhpfbmga?teihtb_ﬂ olitytvaciscfat ueé |n gasutine oIThesmost desirable
removed as boi | up, whi N s t r tion |s

{he FOMBRRSPT HBSER TN Bt 5 SpRen Bt tEelppentane)
bei ng sepghabigormbomay B cPddkea Bakk toTth%ngm\aﬂematr@@léﬁhs and ysed In
there is heat produced in the oligonerization it Is

no c&Sd tegcliery AyeRyeni ibhas beepreunthitithis 'aqtrﬂ@ep?a%to crack the
used dliforhbe r f

I?Oy awﬁ%ﬁﬁﬁ%f?ﬁ?égﬁ{ig éﬁ’eﬂ Ighﬁ‘%éﬁ?ﬁe ﬁdeg'%? 99?‘&;091 with the alkane
to r@pﬂ'@é’@eﬁﬁafﬁﬁwﬁl mope otefigs. Bemiteﬁﬁb@v\ethegﬂwltlsthaSame product
chain olefin. In a preferred enbodi nent of the
al kyl atl on process, a light naphttha stream
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conprising normal and tertiary olefins is contacted

wWth acid resin catal yst under oligonerization

conditions to preferentially react a portion of the

ter ns wwth thenselves to form oligone
R*(Zg)dﬁﬁ/ﬁggszlal d oligoners to an al kyl ation zonePQ/\E""t"hZ‘'"3""23'32

an i soal kane in the presence of an acid al kyl ation

catal yst to produce an al kylation product conprising

t heaaltkéﬂrﬁcﬁrﬁ) olkfis adichd @ith itk Ydaltiehilhatiaét s8hdess exothermlc overall

I soal k The ol i gonerizatio be carried out in
par t$34 ’DP 3 ?ﬂH"’H‘gg efrigsratioa anB l&‘éﬁ’e@‘%‘ﬁr gRergy cast for the alkylation.

cation regé Bl@ﬂﬁéjiiéﬁbn ?HGQ% prloﬂuéésf &hédtor RARFor #REdoes not require

reaction or in catalytic distillation reaction
whete Magniude Obd‘tem semayalrasaindtiie olil dacish peaseand Ia fact, when the

FccaaargdfRRct' Ghtied 3G AT ARl e sidlfon. the heat of

t er reavtipndd ehioved rm)boulm,lwl'd@ inglaie Wpemﬁremfldn IS the lower boiling mono
d are e.act ive

o oP1Bfing S, Ak6ndl, Syl BR bR eraraty plgner. Thus, sven

The tipsughehareds hu@:rmméadu mesa@bmeﬂkﬁwfﬁt B¢ nd EbERE the production
The i soal kanes preferably npri se i sobutane,

i sopefiegaslinesingat i Usdskindbe 1 fragfienations engitheopgeatiog cost of the

coolgiah 436 st 2 Haiglh Bl Ty G845 a1 o o

t he cenventignek shodieshain obﬁml sing the oligonmer, nornal

2l kyl ati S PLEBFP RRERRIFRET 1 By dToRRESs. qupapt naphina stroam

unde‘.nrru:lmemgomjgiai ang taﬁiatyfﬁe‘r" mi Isyctmitacnm withdgid resin catalyst under
ation con

mor PP BB g BE s bobeleFaany ekt cposin ohthe iy oletins wit

i ndityérelsellesRiToin biithere! &id féédfhfg sblﬂ%l?bhﬂ%ra?l d|%ylation zone with
form the roduct , i cation

| ky]
resmﬂ“t's‘?ﬁ 3’@%@ ns%&eggchsalwl@tton s/ctqrnm@@awn alkylation

Vo STkt Pameasid bk Ayl dransidiuaty B %"Ecja%éf’ryggglr@%&

di ssoci atié8 eligomeriaiien maynbe oauied oubiin acpalztlal figeidt phase in the

| ef h
e raZeneB KRRl el b7 63 RBLMbIeh 1) SR BRE e teltion orin 2
| sokmateadytic dlstllmhontramlonzyheredhateeisdmhIsgmrmr and liquid phase and a

of 1 GoERTSI, gl Mgkt e ocibhv the o = 7 50, C or C light

I somaphﬂfascml TheBitiary mlémihemb?ﬁﬁslude lbéﬁﬂéﬁ@%nﬁlié)oamylenes and are
al kanes it woul d have been expected

r eadP?f&rrEEfﬂ\(ﬁo@Pa the semmal qlefin asag"ters ghd ﬁﬁ%pregfel@pyallv oligomerized.
al kaﬁ’]ﬁ%rirh%l!?@ﬁle??)rdﬁﬁﬁgsdar@r RSt TRS ué&ﬁéa'n)és preferably

Cl13 al kanes eact uce at [ east
s tOOJIRTISS Tspbutanss '5Q§Jﬁdt&n§dlfﬁ‘milﬁwrﬂﬁthﬂtﬂmf d produce at

| east or

ot 11 e Re sl RadtERr ik 8 85 Hidh Bisgloged in U.S. Patent
Pﬁt d¥ns. NOS1341842, Sﬁﬂﬁﬁﬁ |45$KB ,B2A6 dral 6@35?‘}’?%3 h;n@r entire efflusnt
t he on, the ol, r ar at e ro \
t o R RTRL I hlotin Ao ARG 2nd g alies Ry (Heuted to an acid
r eacdlkydstioor cedamtitbn bihes abaHalr SiRbnés aed iimsrauhger thE"@ondltlons of the
stre norma ﬁ’k‘)’ |ns and al kanes (over heads)

ol i Fone hiaes pikylatina gonsitions the iog ﬂl’lﬁa"r‘ﬁ(ﬁtw&‘l‘ tfgﬁrfcmaloleﬁn to
to tibem Qi'll%y}‘éltélbl'dmlc:?énd@ﬁh the individual constituent olsfins of the oligomers to

form the alkylate product. The implicatlon of the result of the present process Is that

7
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be used indi viduall y Wth at |least the oligoner being

feed to the al kylation. The present invention offers

an i nproved contacting apparatus and process for

ro [ separating an al kyl ate product usin

gul %?.’Qg’é{?‘:} aspcat al ygt. Thi sy sarrepor simlar PUT/US20031023132
device may al so be used with other acids or acid

m xtures. The process preferably enpl oys a downfl ow

r eaghObligRakRIarY §Bestbadr il Gomd hRinhal fndde PRTKIdMtiuent olefing
material (which may be Inert or_catal ytic) through

whi @Naifaile foy reactiosnwith isealkanes. tThl!.ﬂa dpragolion Wil produce:
sul fyyric 0 eactants at

t he gm I I]sﬁagh%&ey@gﬁ'@hgé’éb@% Dg'&g])%t em conpri ses
a hylir oc ieobutenshigemend isapentariet byatvobed oatkamast si on

pha { Amunt f sulf c i d,Ls_ held
o B L Ao Rsnteod Gurbhied Co SiaRe ace
bet wgen tdmangﬁ’@@mtyomr mgdpaﬁaﬁéwrbrﬂw Gikdes;
sul furic aci er n the packi
conti nuo g‘é’BWé&V@ E?’éﬂ EXREciR] tﬂlagrﬁe?@a%ﬂ]hwould produce at least
al kﬂr@ﬁ@stﬁr@g%ﬁaﬂ& ?éﬁ&ibﬁ%%thﬂ’d p?dﬁdc%cétqgaéé%ﬁnbgl% C,5 alkanes.
hydr ocar bon phase. ustin ressur
hydrre@amo% W@'éiﬁ‘pm'gﬂlﬁ&)ﬁf l@@n& @romstlm@m@manng s reaction 4) would
SRy S1odhSrGRRYR BiaREE eTent al Ly operat ed
vap r conti nuous but e operated liquid
cont i nuoWghefT Iae:atapiymsdlahlmtm rﬁaﬁfmmmhi a4 that disgloseddh U.S. Patent

th h t t h {t

t he Vi a2 20 BF A% ReTR08 huhioidtl1aR she Slhorsafialith, Bibcongomer s
t he seperded frodrthe Idm!ér(boﬁm reebylefifesedBREndDin tRE%daction product
8;54 AM Kennetéjwiqpiohnson 7 780 7871 WD 5%04/ 016342

P T AU ST AR R s W t FERATETA nppad alkanes (overheads)
i nj %H'd?plofagaré’ tﬁfﬂoﬂld)smﬁg %feQ{n'itESI orﬁﬁﬁwﬁldﬂf\} fﬁa t@ﬁ@‘élﬁﬁaﬁon or may

al so nces sure
phad® Yrsiddndiyiduziewik @Bi@@ﬁt meﬂlfgmer beingrfeed to the alkyiatlon

;L:C;Lf’g% y%ﬁ@%ﬁ@é@ ﬁEFseé%\ ﬂé‘}p&'ﬁﬁécﬁ drﬁ%@@l appatatus and process
hy driorprodoeing end sdpamting sn alhylam productepingesifuide hcld |k yatalyst, This
epdPaTbY ETRr SR Y AR pasth il pHel SSER(E A miduree.

rapidly Jaocwb prefmably endsdyd PHaTeAde maaﬁarqjs)ckea Rgth contacting

reaction and/ or emnul sio ronoters used
conyaRITRIR AT Pavking materizkwilicy way beilpgit 9&%@%@%@ wilch passes
add@coﬂ&%ﬁﬂhu&i‘%a&é %ﬂktu%%ﬁff@ric‘f &did Hyarddansh é‘f ntand reactants
enmul si on- process nay described” as hy rocar
contatmﬁ)b@h@& Peppokibe svﬂeab@ecsy#tem g@m@nsm hydrocarbon phase and
hydr
ot O é?fjé'ﬂ dﬁ)fﬂgd %ﬁgr%?)@%gw%ﬁﬁ Eé%%e WSISJ‘AIH%%IﬁﬁnﬁH&IgJﬁ of sulfuric acid is held up
hydraibél‘re)mcbhgseReamm is heliektett take plaoerbetweén the descending
ol ef a i.soparaffjnic tart ng..mat eri,al s whi .
or o WGP, ArE8R e hf Sufid] agd HiEbHRe Ry B0 wRbking.  Olefn
ol efoammaolmy dﬂésomeﬁtihﬁ that held i ahb@ﬁdohmylateepﬁid@bt is continuously
e from bout out 30, and

feed sho
ettt ke I BulrocaBan hasB o Adlysthg thacepsure and hydrocarbon

ol efdofmpceftivly &dritrdlS tHe BoillRY p%irﬁQel‘ﬁﬁeHﬁlﬁ@; ﬂi@r@édﬁfnl‘ i preferentially
conmponent shoul d preferabl contain 2 to 16 carbon

at orRPEARIGt Yror| SERLEHS bt epnplsRehe atesated liguid continuous.  The
prefgeadiny ig %ré‘ntfqilg%@fercé’trt?l ogt e regetor than at the bottom.

Represent atl exa sui I sopara

i ncl%@ﬂwbatfamerata%@mbmmmenf mdn,zlahmx emﬁrols the pressure drop
2- net hyl hexano, 2, 3-di net hyl but ane and

2, 4- di et hyl hexene. 8
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Represent ati ve exanpl es of suitable olefins include

but ene-2, isobutyl ene, butene-1, propylene, pentenes,

et hyl ene, hexene, octene, and heptene, nerely to name

a fe&’zﬁﬂﬂl ,described above nay be oligoners o

t hese 0 ih > I'nthe fluid process the systemugég"‘m'"“m”132
hydrofluoric or sulfuric acid catalysts under

relatively | ow tenperature conditions. For exanpl e,

t he ' ' r r
sensy{ve oo eREl BTN SR 9D BrRa: ThE Wil drbacking aleo
f avoindidendas thedwessurs o dile &o thesadid ¢dbase holdium 'Btne product mixture

| ef f h
? o pErRATERLA 3 preRlrl A UG R L OFEN ThE SRR on separates
quantapidly Erom‘ thb Ihgbwcarbmthqmﬂ grddsl n@trﬁa!gﬂecﬁt&e@ww Uﬁl?Gb few minutes
per avajl abl e I| (;[&alrﬁé%geflns sﬁﬁ g_@gg
t hesBPH ecﬁ\??&"lfdf‘ w5 ea?ﬁ??l'%?" GoHBR 9““1"?5 are in essernce
r ef ta
Phe. Fa B RUMNGACNE adk? philso Bttt fedtbR Bindlor emulsion
cont PRUBRISIS/eastinasrnventmnal sulfuricaacid . alidatian processesushy be added
Phe SithBhARO SRR L dtinst Bk A BN “PRPRIHE Mimpy be descrived
9 Thes syapcabetetntnud s, a&@mbs%d?ndam(immmﬁs Johnson
713 780 7 01 /USZOO 3132
oot or abl T8 hYSRoRBen eI g BRUBESH B rrpyiged to the reaction
anoupbme iafa cwhhﬂucﬁmhydi‘oﬂérm-ﬁﬁm@ cﬁﬁﬁlﬁlﬁg éfl‘@cth@ Bn@‘unﬁé‘tﬂ olsfinicand

react or I % umet r

0 03 Epbetstife SR matatials shigh o Futgisny Far famntg “ alkylate product.
rangirhg cﬁéﬂ?ﬁ‘s%&ﬂff nOmeé rﬁt[bﬁ"n ﬁ@!&al r@a&otlfeehrb gb from about

preferred enpodi nent he ratio aci d

shouftdt 5rtan§té0ufr6|%0abﬁ:nﬁ posferaply droa:boahm 1;51to Zhout 145, Lower
Addi Ele‘?iﬂ‘?é Egatﬁﬁs%afsgwﬁeﬁhe acid into the

reactlonz €' mai ntai ning the

react or vIbs elef intompteagehatidpeefembly canptdin@to 46 catbhobRtoms and the
to 00F, and r referably from.ab ut 3

abou %gfﬁgz SF?WF%’??@D Eﬂ'@d Bfeggﬁk# Yo GHNtRIRe réﬁc?g carbon  atoms.
vessélepsésmtaiwb@xam fdsaif zafalslh isdpaaffins Tn@mmﬂ:bfum isopentane, 3-
aboun?fg@i( ATM t gulg 50 ATM_ and nore prefera

from expng, A nstBYaERANS: 26 3ﬁm3th3ﬂm§9“‘bré'F‘ér%-ﬂT‘iJme"hY‘heXﬂ“e

the m?fééymétﬁmﬁmgré%efmﬁiéblaﬁ\smmabﬁsﬁew |E51515ty1@ne, butene-1,

range from about F to about 110F and e reactor
pr es PIPRYIEIgo DPTIepEs. Ainyiena, Hewenq, ortaneaand hepjens,magrely to name a few

abouty Q.43 SAEMib&H m&méﬁﬁg igdme ﬁ@é@i %Iﬁﬁﬁs

particul'ar operating con A2 use € process
will depeh‘dtha ﬂuldm&ﬁaqmesyaqsmus&ﬁahsqlmﬂmnmor sulfuric acid catalysts

?L%:“?Hhéﬂ%miﬁ%ﬁ Oﬁ@p&%%ﬁgf gﬂfcﬁseggm)%‘@ﬂa thp syifuric acd alkylation

ve: locre?%tloass mtzbulﬁﬂy smztmelt?lemma’?h{vﬁ aﬁthtldm;ce{rqmaw?é&emg favored
W a e Gha | STI.CS e resu LN .

o ey TR BT e It Ririe e S8 rectign of 61a8H RO REEEghn Bstroleum refinery
Wi th t@@fn@@%@org BRI otr@ﬂiﬂ}ggéﬂlidtlﬁﬁ bbeaﬁééqafgﬁetr quéﬁihnes of higher

advant age of operating at th I?é’? oi nt of
preséﬁ"fanlaéﬁ’@f"i"ﬁﬁ°§'§‘/§?é”r‘ﬁ’dl{°§dtﬁ‘?ﬁ€"@' elig fgcbamief ne. Acid strength in

evapehédd i éj"ﬁb‘id:{:até‘l e‘z! rB@ddsag |stﬂ}§{16'|’§@%m% ntamsd at 8810 94%

reaction an en‘p rature of
mat ediyaveigidlusigithe @onﬂmmuefadﬂ Hen ehfresh atld and etm/mfgglnuhm withdrawal

oy (P a0 Sl e AES R o B8 biineteRid oo used by supporing

r eactth® natalystsuwighin er on ihe packing material.

9
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transferred to a suitable separation vessel where the
hydr ocar bon phase containing the aikylate product and
any unreacted reactants is separated fromthe acid.
Sin " Lypi cal density forthe hydrocarbon ph i
rangg(s),'ﬁ('lr]@}#g out 0.6 g/cc to about 0.8 g/cc angéﬁusznusmzslsz
since densities for the acid generally fail within the
ranges of about 0.9 g/cc to about 2.0 g/cc, the two
phases armef&ﬁmly,l thesprozbeblsholi iEspERite ABRItvE aYddnts of acid and
settlers %ﬁCE{R/ %r avi tatl onal separators_ include
doc ANkt HPdRR ST thihreastor 2 gafoliraetsip ratiy sangjng from about
di f fienenegab I \ @ﬂﬁ-b{
Decenber 30 a%%oﬁ agﬂsrﬁ@ﬂ,’?\hﬁi\%ﬁaﬁéﬂﬂ ﬂ(g F@m 7 %%’79[5 110 about
V\D 4.9t dmébaznmpnfaggd@smmemztr@nmtnalofwcat fodwydracarbon should

| which is a
Si npq? g@rﬂgm é%ﬂ'hwﬂégrag%@edszent ation of the apparatus
and f| owAufditicnallyribe elispersloe bf theeasid asto therefion zone should oceur

reb have n.omtted. The reacto

o VN BieiBnireactar e sssL LR Setatuis, renior o Bbout 0°F to
to tdiDut POBEE, AndCRBRY prafsaBl fmnesbéutfa@dFVcb%bbuﬂgaol%. imilarly, the
such as n-b %hene nd an | sopar af @dgﬂj i SO t_ane%
{ ed RIPSSUTE RLETeRfiPkyRsRelshRbids maintanactatiajeve] RRQINGSHom about0.5
of tAmvababbbt 5§Afrﬁ¢ ané'n?é}g gfr%re{bﬁﬁﬁmrab\é'u@o'd ﬂ@@&@ﬂout 20 ATM.

1 6b, and 16c. aci d catal'yst such
i s f“é@lSt\Hfafelfﬁibih fBG F%ﬂmommatﬂ@ummu@e beintainpd wmmn a range from

thfo&t&!ﬁ:thb“ﬁﬁ&u%&q% P-‘éﬂ ﬂ?%‘e%g{é g %ﬁﬁ{‘%tfpu"i‘é Be hfhthRed within 2

t he reactor i's prefe
cyl iradgé draim aisduti@nd ATH ioiatmuﬁ&/!amﬂ t hrough appropri ate

2 IOS p 1?:)? ' 23 g%ﬁ?’é’f ttg n@%ﬂé’lﬂgq 0 r@@%@h&lﬁﬂg hggi@ﬁérgg:ﬁtggs will depend

The thysbroe dshe® uEsetHNéSeciROalRAMISIE PSHYA hain performed Process
normal butane) are intinga

hydr ocar bons %e@% 'y
c ont ORISR SN R domEPERlE: BIfst reaNd $RAcs \r@wcéw.a@rweu as the malar
Pr 0GRREDS the! RACERRSIMICATCE tHXH Eﬁ&xcs-@?% F&%ﬁfg{ Bl¥ate product

wel |l as the quantities of reactan%s are
keepandrdayhe adinsied mpmndmcawﬂmmmetammm totthdmet skilled In the art.

partially,
con‘ponentﬁgrl %%Js%%aoé)d &Lqp?ratiﬂg %?%L? g mlh%’:” ?'i ok ? PFERe RagHon system
vapds thatdbére iplsase m@omﬂbnt\:\hﬂm@bs lin ﬂlesﬂbﬁtlmmih@ heat of reaction and

sepanafhe e sdpbiaing ik Horerite maiBheln sime 1 et of the materials

cat degihg the reaytbresdn BAsdharffl Asbctiont ai ning the

al kyl at e, unr[i%@ tl ol efl n and unreacted isoparaffin,
and non r i @'ﬂ@%} glisnchaseene 1o gemplefiens thespaction mixture is

whi Cﬁm%t%ﬁab@%aﬁttoﬁ%ﬁséﬂm WE@ %qg}a%b%?ﬁ%@f%e containing

any |ighter hydrocarb onents
fr onﬂ“?l?@‘Yé%igpéQﬁ‘-\ﬂ ang almeuweactsd reantants is sepaiatiod ggrcmthe acid. Since

FhePBaAceltohet UrEah e BERE phbeh BOLENE (g toabouios

addegfcy Bad kinne deasthemfobthd abiw@almpallyfahmtldmrtbermngés wf gbout 0.9 g/cc

line.4 rbon |i qU|d se is r

11 neoAbat Ah8 JRECIEE S Bhased e S sopB i By envertional gravit
r eacdaitlersi Sultable g?s&fitaﬁtb‘r%l sepEaiAChcRide MisdaMen. %rocyclones which
phase is f illation colum 20 via liné 2

wher &FRAE Jﬁe?yf‘{aé@{t ditierenee. Ry 318 switatipe, | f present

in the feed, can be renoved via |line 36 and the
al kyl ate product is renoved via line

10
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34. The overheads 32 are primarily unreacted isoal kane

which Is recycled via line 52 to the top of reactor
10. Fig. 2 is a schematic, sinplified illustration of

t hewphn f, position of the disperser (segnents

A\ TG
140a‘{1% i\7\/|{”tﬁ}?1)"|2n the reactor 110. Each di sperser ggédﬁéﬂ{’"‘m”m
(e.qg., p.13 11 Thursday, Decenber $0, 2004 8:54 AM
Kennet h Johnson 713 780 7671 p. 14 WD 21103/11163.12

PCT/ US20 )1 QR§E8an ktitadithélt = dddg) ih IheliRiposathich is a simplified
Iaterﬁll ,across the Wlfd h of the rec?ﬁtor &%eferablg .
fi1I5°Rg Er%W?F?@HWm?ht%eéﬁpaﬁ@T%fé“ P ORtSx PraresserSugh items as
por tisresbpitedelse sSmbSattcahhvObedh8mideRACt Or in the

formof nultiple sheets of the disperser. Sulfuric

aci d is ddifepeier 1§ is sBown saotabting BdispereeriBesha. dhe feed to the
m X : | A .

1| e SedbL b Fediroibfh Bl RPRAlondy d- fuBfig bl &l odratin o.g.,
pr odsaliutangfed srimllg}eawﬂirgm@} Iinwﬁz.e_ﬁ’géf?rhhbw afortion of the olefin Is fed
unre [ araff.in ent [ the entire

contathel BARREEa s 285, 6 Bha 3601 &l el chiklyst ueb as H,S0,
118 i§ dedtvigdineepé @R MaReLpakd AR§Ché bRgplidd ¢hrough fine 38. The
preferred di sperser iis. shown in Fi

200 g., ,3 as
conpWAERREPR readants e gd to \ife eactarwhich ii§ sveferably a generally

t efiadri i "
" SR S TN L B AT ot

| abdptexthe fispermarsreshsd0.gof @@mpie, ghedyinil wieiandifiberglass mesh.
" o . . d
of “packi nuienadoPARSA by A hE REBINS P ¥hs To.0. noma

lit ebutelm)eﬂfdiimt@ngtalytdgmtmgnﬂ lwithdhe abiadmysm ﬂhlseilkytI]a'Hm proceeds.
sur .vVoi r_j.s. about iters an asses al|,.t
el s GREfE st eroleiPBt aFiorrestir® ReetfSR 6 pLBptuss S reaciants are
Ci r cadjadted & kewp iAbagstem coimpofies antd 1Sdilfgy r%iuﬁ%@;t:rartially in the liquid
Feeds are iptroduced at the to%rof the reactor to

fl oW SYSHRIM CoEgRANeNt Res downy figy: threuglt Hieutagtor in mixed
by hgriniglid Hhaek Eil &Jt%ﬁmﬁ%ﬁﬁé‘%hﬁﬂd st ﬁ‘dlnrﬁé%canter the

force the 'liquids down thro the packing creat
gr ealystaim nenanentsnseparrioninio Mpsacidfphaise 4G pontsiningethe catalyst, a

con t - . Uncondense apor
Coa FRAGEhnAS (st 16 LERGHR K b VRISGRS HeniBRd unreactod
de- eiaopm"affm; amdheon telactivediy ckchrmrbmﬁqndasf I ALoe phmﬂmdm::h may contain
to t - i sobutenizer. S meters are used for ..
{ oeding Stodch o R TnenkiEg Ay AT e Se4thSn tmpondits which are
ci r crevadviedrironatie syisteihivih (el ﬂJere@ﬁthri]lﬁ\g as :?ppfrcl)priate.

er e ven 0

de-i sobut.ani.z are wei ghed. However, ) w
rate is dUEStoltAdd PB%?E_h@ requcied; wia bnedd and obipiathe fractor. Make-
nassyp Ghidhaese beed Gadink @Bas??ﬂ t&ﬁlg ﬂ?gcih'rghﬁbged via line 48,

I ydrocar bon p ,

products out’, GC anal yzes all n products,
i ncl udi ngl henydresarbomrliguid Phase issemeovad vis linepthwittagipgrtion recycled

. : | g I .
2= 1 BEBATL b {58k 36 G BHER oy By prase s o o
downdistiltationtcoiunen 2o viailing 6oiinare dfis fractidnatzd cidoine) Hutane, if present
i 5 P R S ol 955 v e
pr es34ir €haceetheeds 82 aca pdmadlycunréwctedrizoatkand whikh ik fecycled via line

Eglecéfg%/ﬁ%ﬁ?péglr_e%%%rq%? using an 1C4 /A kylate flash

Fig. 2 is a schematle, simplifled illustration of the manner of position of the
disperser (segments 140a-k) within the reactor 110. Each disperser segment (e.g.,

11
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Thur'sday, Decenber 30, 2004 8;54 AM Kenneth Johnson

713 780 7671 WD 2(R)-1/016342 PCTI U52003/ 023132 A
backpressure regul ator that passes both product I|qU| d

and vgﬂ}%‘”&ﬁ the de-isobutanizer tower, maintains

pressur e 4mal | amount of N2 may be used pri n%ﬂ’!‘y[’"y"“m
to keep acid frombacking up into the feed Iine.

However, too nuch N2 will cause a decrease in product

qualiang, byofdit lﬂ-l@} B g igmaed uaft@ral@czmﬁs'ﬁ thierwitith bih@aBBStEr (preferably
pha?@ T*ge circul ati on& in the experimental setu {o

G r dllingy B8 ST Mche) Alendthengt i ofyreporting belg less than all of the
i Q%Qctbyﬂﬂl%\%’rmﬂ@ﬁpﬁé shp@tﬁgf tﬂ@tdﬁ?% er, gnﬁ‘éﬁ’c éé”@ts admitted to the

phases nay punped ‘separ at e acld I nventor
i s ITERFPRYIA éﬂe B8 epeermixei Istredm/@‘rodafngandwleomfﬁms admutted vialine

Vol Ve or AR AR Wbkt BPalE) Tl ol PRbrsing amytate,

L Ozrj mmmtémyleﬂs unTh@cte@Impara@m aespeattiadid au@én@réttontents fromthe
ydr g

|
t e BB R ecFek B e, Gk iaFasttins AreMiouly Hpeoribed.
circul at mha ﬁr@‘éﬂ'&d afsperichzot mwﬂﬁ RigPR Ad¥cRR5IsiRy wire 205 co-knit

hi ghe tlﬁl or reactor inlet) 1S maintalne
bet WEHha Gty é”@”béﬂa"%ﬁl At pul at | ng the circul ation

rat e@xﬁ@ﬂu\hmmﬁ%ts'rbequlg @@Lﬁh@léﬁ%# ”ébmq@ﬁﬁiﬁ eBLEFIN

packi ng usual Ify requires nt vapor and
fl ow rat &gring Dﬂrafdng exarhples ﬁuaiabmtorwmctmmsﬂﬁﬁaathm by 1.5inches

or o8-8 Ry e il S bR o, e
g; t :%ﬁ@ger?t?wns aboat T hte:‘lﬁep%rgigigégn lhe'ShdJlbﬁpS bf tmgnackmg used, The
or O\ﬁ EE&&EIQ[H' i I%E]ra %itﬁ Ftﬁﬁs aq%pgssg,?@g% p?l@ Fqund inydrocarbon out

rel athemattmt@ﬁﬁidl 18 AMWE RABSERMixtTeIHHA & f
the i C4 [ fin e;atl OQL?I n?c’:e theem rcul ﬁ@bhﬁnﬁ F&6ds are introduced

hy dr@dig E?@rpfmﬁ egciyr & igpdeunmithdhe reryctsr raefg-lr@fvam is produced by
200 f

hydr!g%gpﬁ%ﬁ%n WQér‘éambleht I'aéatggﬁg Saﬁp h%ﬁ;ﬂéﬂcﬁ%deol Jauids down through the
t he pachingareating greabitsbyleniang n@lmmngmsmmmmt ai@ condensed

ol e%ﬂ-@&@\ﬁ EQQ or gﬁﬂ@hﬁ%«%ﬂdﬁgﬁ\lgh%gg%w wcb\);%&%argon product passes
| bs/thrcmgﬁcnn 4cid dexentiaingr thoh throtgh the &i&ckﬁr@sﬁ&la%?uhﬁar to the de-
oS Robiaftr. Vi 1 s S eeror o Py Cberter meter
Kennegasutedieeirciibory #e. Lfilild products from the de-isobutanizer are weighed.
However, the vent flow rate is estimated as being the differance between the mass
flow meiered feed in and the weighed liquid products out. GC analyzes all
hydrocarbon products, including the vent. Titration is used for spent acid assay.
OPERATION
In the following examples the experimental unit circulates hydrocarbon and
acid down flow at the boiling point of the hydrocarbons pressnt. Pressure and
temperature readings are logged elecironically. The reactor outlet temperature and
pressure are used to calculate the amount of iC4 in the recycle hydrocarbon using

an iC, /Alkylate flash calculstion.

12
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WO 20041/ D16342 HC phase - L/mn W %iC4in HC
recycle W % H2SO4 in Spent acid W % H20 in Spent
acid Fresh acid addition - I bs 1 gat al ky Packing

TyIO in feet Pack density Ibs/ft3
R hD 158 o4 e o a4 0. RGN

1 or 2 - see notes below 10 -15 5-14 Notes: 1.
Packing type 1 is .011 inch dianeter 304 ss wire

coknitted kmctldprdb&ﬂredmmu&rmmbt pﬁsée'ﬁm&ﬁh ﬁrb@.ﬁi’: Qih@@sand vapar to the
t hread. eve {%‘ Fer Stlr&g %%Packln pe 2 is .

| nchogisontiabiZeL vy, mainiARe He RiseUBd Aol arswidvémzmay be used
mul torifrid | '
e ek TR oo olokt RTRRAANG LAOMB FecirdE ol bt fho ruon 0, wi
Lab CEH$E A desienss lnrﬁtcﬁidﬁ‘é qoalie byediliéing roactye mphﬁmﬁln in the vapor

0. 0@napsopane 0.77 propane 0.14 propyne 0.02
pro adiene 0.01 Iso-butane 23.91 iso-butene 0.90

- but ene The. drulatips-fummdn ¢he expéAmentah wotupe cRRIIGRBs both the acid
emuision layer and the liquid hydracarbon layer. Alternatively, these two phases may
be pumped separatealy,

The acid inventory is maintained by momentarily diverting the entire recycle
through a measuring tube using a three-way valve. The trapped matsrial gettlos in
seconds ta form two layers. The volume percent acid laysr and hydrocarbon layeris
then used in conjunction with the Doppler mster 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 refrigeratian 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 haur. It is the
clrculating hydrocarbon flow rate and composition that dominates the iC, ratios to
sverything else,

TYPICAL OPERATING CONDITIONS FOR C4 ALKYLATION IN THE EXAMPLES

Feed olefin C4's
Olefin in - lbs/hr 0.25 -.50
AlRy out - Ibsfhr 0.50-1.2
Rxn Temp out - F 80 - 60
Rxn Psig out 6-16
DP - Psi _ 0.6-3.0

Recycle rates:
Acid phase- L/min 0.3-1

13
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t-2-butene 18.05 2,2-dm propane 0.09 1-butyne 0.00
m cycl opropane 0.03 c-2-butene 12.09 1, 2-butadi ene
0.00 3M1l-butene 0.26 as 38% iB in total olefins

0. 0Qun 0 00 0.41 0.16 0.00 0.02 47.50 0
10. 350"6'%5'39’10. 79 7.93 0.00 0.01 O0.03 5.43"3@”371’”3’"23”2

0.04 p. 16 14 Thursday, Decenber 30, 2004 8:54 AM
Kennet h Johnson 713 780 7671 WD 21104f (11(342

t-3-

| so- pent ane0. 980, 0 - e 060, 82 .
2M ]g‘gw 50 QA0 oﬁ%-”ﬁ%ﬁ‘%anﬁg%‘."@lo. 03 751_25
t - 2- perf &ned Bed=HEd- 2- pent ene0. 000. 00
Y itb RSO Swentesid 83 - 89
Wt % H20 in Spent acid 2-4
Fresh acid addition - bs / gat atky 0.3-0.5
Packing Type 1 or 2 - see notes below
Packing Hgt in feet 1015
Pack density |bs/ft3 5-14
Notes:

1, Packing type 1 is .011 inch diameter 304 ss wire coknitied with
400 denter muitifilament fiberglass thread evary cther stitch.

2. Packing type 2 is .011 inch diameter alioy 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% B in

LowiB ftotal olefins
methane 0.02 0,00
athane 0.00 0.00
ethene 0.00 0.00
propane 0.77 0.41
propana 0.14 0.18
propyne 0.02 0.00
propadiene 0.01 0.02
iso-butans 23.91 47.50
iso-butene 0.30 15.90
1-butene 20.02 10.49
1.3-butadiane 0.02 0.19
n-butane 22.63 10.79
t-2-butens 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-butadiens 0.00 0.01
3M-1-butene 0.26 0.04

14
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c- 1, 3- pent adi ene0. 000. 00 unknownsO0. 010. 08 100. 00
100. 00 Conpari son of Refinery produced Al kylate with
Lab Unit results using simlar lowIB C4 feed Plant A

Pl antq ahlﬁl/ggéhgb 2 1 C56.272.702.512.78

2 3-Und 42.803.02 C61.631.191.001. 15 PCT/US2003/423132
2 2.3-tnb0, 200. 170. 180. 19 C77.175. 554, 354. 35 TM

C853. 8861. 7665. 8466. 93 DM C812. 2712. 4712, 6912. 44 TM
C95.,04 892. 7 C90. 571. 010. 290. 18 TM
moi%fﬁ%’.%éé%. 700. g'ﬁgum %1? 510. 540. 290. 29 TM
C110-898en% 0. 690, $49%0UNK €194 090. 020. 000. 00
Cl22M871hutdre 724, B®1C130.0001. 580. 000. 00

CL4Ch-B3#ahd0. 050. O®W1CL50.0089. 130. 000. 00

HV SO, 40. 000 LI NKOne 40. 830. 000. 00 sum
100%%2@%’8‘9@%100. 081 . oo%gm13. 4116.0114. 9114. 6

Br orff" '@eﬁt?."f§1<1<1 Tot al’QUl f ur ppnmx10<10<10<10 TOTAL
% TNB:pesadiess71. 92001. 01 Of% C8/ OM C8

(1 at¢-0)B4eRAdIOnS. DA 36 RCJH| | S2110310 23 1 3 2 p. 17
15 T nﬁﬂrﬁ?f' Deceggﬂalggé% 04 8:54 AM Kennet h Johnson

713 /671 WO TM C9/DM C9 (ratio) 8.85

4.19 10.08 16.57 _Typical_ vent analysis: W%
10000  100.00

p.17

Comparison of Refinery preduced Alkylate with
Lab Unit results using similar low iB C4 fesd
PlaniA PlantB Lab1 Lab2

iC5 6.27 270 2.51 2.78
2,3-dmb 4.05 284 280 3.02
Ca 1.63 1.19 1.00  1.15
2,2,3-tmb 0.20 017 0.18 0.18
Cc7 747 555 435 435
™ Cs8 53.88 61.768 6684 66.93
DM C8 12.27 1247 1269 1244
™ C9 5.04 422 289 274
DM C8 0.57 1.04 029 0.8
T™M C10 1.14 0.91 0.70 0.64
UNK G10 0.51 0.54 0.29 0.28
T™M C11 0.99 077 o062 071
UNK C11 1.08 0.02 000 0.00
C12 4,37 171 472 4860
C13 0.00 168 0.00 0.00
C14 0.03 157 0.05 0.00
C15 0.00 013 0.00 0.00
HV'S 0.05 0.04 0.00 0.Q0
UNK 0.74 0,83 0.00 0.00
sum 100.00 100.00 100.00 100.0C

Av MW 1134 116.0 1149 1146
Bromine no. <1 <1 <1 <1
Total Suifur ppm <10 <10 <10 <10
TOTAL % TM 61.06 67.86 71.12 71.01

TM C8/DM C8 (ratio) 4.39  4.95 527 538

15
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hydrogen 0. 000 oxygen 0.124 nitrogen 3.877 nethane
0.019 carbon nonoxi de 0.000 carbon dioxide 0.000

et hane 0.000 ethane 0.000 ethyne 0.000 propane

1.0 LeRepe 0.000 propadiene 0.000 iso-but i
51, SRS . 0. 001 P e but ane” 0000 Feruszmsnanse
1, 3-but adi ene 0.031 n-butane 3.398 t-2-butane 0.000
m cycl opropane 0.000 c-2-butane 0.000 i so-pentane

0. 98Rv Clo/pRNt &8l 0@%s n- pgabane ghd005 6 + 0. 391
Exanple 2 Effect of Isobutylene (iB) on Alky Quality
lab 1 100%iB 38%iBlowiBiC5 3.66 3.97 2.78

2, 3-TypicaBvéft 3.56 3.02 C6 1,42 0.52 1.15

PC T/ US2003/ U23132 p. 16 16 Thursday, Decenber 30, 2004
8: 5ARW M &Ennet h Johnson 713 780 7671 WO 2uul4/ (110342
2,2, 3-tnb0. 400. 230. 19vt&r5. 275. 084. 35 T™M
C85ChydoaferD566. 93  0.000

oxygen 0.124
nitrogen 3.877
methane 0.019
carbon monoxide 0.000
carbon dioxide 0.000
ethane 0.000
cthena 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-butehe 0.000
iso-pentane 0.868
1-pentene 0.000
n-pentane 0.000
Cs+ 0.391
Example 2

Effact of Isobutylene (iB) on Alky
Quality

lab 14

100% 1B 38% iB lowiB

iCS 3.66 3.97 278
2,3-dmb 3.60 3.56 3.02
C6é 1.42 0.52 1.15

16
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DM C811. 7712. 6412. 44 TM C96. 074. 222. 74 DM

C90. 580, 450, 18 TM Cl 2. 061. 330. 64 UNK 0101. 140. 670. 29
TM C1 12.541.280.71 LINK C111. 000. 000. 00

C12 ,(;@3“@84760 C130. 070. 000. 00 0140. 280.140.00
c150 20888700 v S0. 380. 000. 00 UNKO. 540. 000. 06 CJ(}30n3/023132
100. 00100. 00100. 00 Av MAL19.1117.3114.9 Brom ne

no, - 1<1<1 Total Sul fur ppnx10<10<10 TOTAL %

TVBL. A6631,7771. 12 T &8/ DM, 684. 334515. 27 TM C9/ DM
1 19. 3410. 08 Ex e Eégéopy gge + 1C4 Al kylatlon
Sa e Poi nt product opane®’01 T¥0- but ane9. 25

n- bd?hk80. 32 i so- pehd.dRe05685- HSHEAne0100 2, 3-dm

but 8¢ 2807 2M pent ane@730 12M4pent2ahe0. 14 n- hexane0. 00

2, 4-qdnceent anels. 59 252, 3- but 0.04 3, 3-dm
pentDM 01 PCT/IIS ! 13/&%132@?@'19 17 Thur sday,
3 1.33

Dec er’ 30, 2004 8; AM net ﬂ‘q%hnson 713 780 7671
wo 06418 10342 .06 0.64
UNK C10 1.14 0.67 0.29
™ C11 2.54 1.28 Q.71
UNK C11 1.00 000 0.00
c12 8.30 8.92 460
C13 0.07 0.00 0.00
C14 0.28 0.14 0.00
C15 0.12 0.00 0.00
HV'S 0.38 0.00 0.00
UNK 0.54 0.00 0,00
sum 100.00 100.00 100.00
Av MW 119.1 1173 1149
Bromine no., ~1 <1 <1
Total Sulfur ppm <10 <10 <10
TOTAL % TM 6146 8377 7112
T™ C8/DM C8 4.31 4.51 5.27
T™ CY/DM C9 10.81 934 10.08
Example 3
Propyiene + IC4 Alkylatlon
Sample Point product
propane 0.01
iso-butane 8.25
n-butane 0.32
iso-pentane 0.97
n-pentane 0.00
2,3-dm butane 2.07
2M-pentane 0.30
3M-pontane 0.14
n-hexana 0,00
2,4-dm pentane 16.59
2,2,3-tm butane 0.04
3,3-dm pentans 0.1

17
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cycl ohexane0. 00 2M hexane0. 34 2. 3-dm pent ane48. 97

1, 1-dm cycl opent ane0, 00 3M hexane0.35 2,2,4-tm

pent ane3. 42 n- hept ane0. 00 2, 5-dm hexane0. 37 2,4-d m

hexg 3,4-tm pentanel. 52 2, 3,3-tm pentanel. 21

2, gﬁg%g‘ﬁglg(ggzeo. 64 2,2,5-tm hexane0.68 2,3,4-tm ‘?’%Tﬁ%z("'mmu
hexane0. 13 2, 2-dm hept ane0. 01 2, 4- dm hept ane0. 03

2, 6-dm heptane0.03 2,2,4 tmheptanel. 83 3, 3,5

thé PbRB&he’0 2’03’120!:6'@' Eept anei- g—)g

y O, RF t aneO. t eptane .

2.2, -"‘gf‘%%ohyl oct angz'j.%Z C8e30. 20 Cgs0.20 C1 Os0.98
C11s43-6m rerdane 73 c14%6709 Cl4s0. 05 Cl15a0. 01

unkrigiwlsOs@lopsedariees 0,000 100. 00 Exanpl e 4 1sobut ane +
pentanBekanaal Kyl ati og gy oduct P(' T/ 1US2( 1113/ 023132

P- 2 38 tm pentane 3.42

n-heptane 0.00
2,5-dm hsxane 0.37
2,4-dm hexane 0.56
2,3.,4-tm pentane 1.62
2,3,3-tm pentane 1.21
2,3-dm haxane 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
2,8-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-haptans 1.00
2,2,6-trimethyloctane  2.32
Céo , 0.20
COs 0.20
C10s 0.98
C11s 1.62
C12s 1.73
Ci13s 0.02
Cids 0.05
C18a 0.01
unknowns 0.01
heavies 0.00
100,00

Example 4

lsobutane + peniens 1
alkylation product

18
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Thursday, Decenber 30, 2004 8; 54 AM Kenneth Johnson
713 780 7671 WD 20041f 116342 W % CS5. 03 2, 3-dnb074
C60. 35 DM C71, 14 C70.17 TM C822.26 ti m C83.70 T™M
C95% 40 %?%? 72 TM CI OL. 51 UNK 0100.56 T™M CllO&
UNK "¢ 1 23.68 C130.33 C140.11 C150.08 Hv SBCHYs203M23132
UNKO. 63 100.00 Avg MWV 123.2 expected MV 128 feed
olefin # hr 0.25 Al ky product #l hr 0.47 Exanple 5
A igonerization proé%t fromO04 feedstock with 38%iB
in total olefins. s product was in turn used as
t he efin feed to t | ab Al kylation unit) iso-butane
48. 2,3-feb- but ene} 1bltene 1.6 n-butane 11.2
t-2gputene 14.3 c-PPwtene 6.5 iso-pentane 1.0
t-2geene 0.1 PCT/{UpL03/ 023132

c7 0.17
™ C8 22.26
DM C8 3.70
TM C2 52.40
PM Co 8.72
™ C10 1.61
UNK C10 0.56
™ G11 0.16
UNK C11 0.38
c12 3.68
C13 0.33
C14 0.11
Ci5 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 §

Cligomerization produat from C4
feedstock with 38% iB in tofal olefins.
(This product was in furn used as

the olefin feed to the lab Alkylation unit)

iso-butane 48.8
iso-butene+ 1-butene 1.8
n-butane 11.2
t-2-butene 14.3
g-2-butene 6.5
iso-pentane 1.0
{-2-pentene 0.1
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p. 21 19 Thursday, Decenber 30, 2004 8;54 AM Kenneth
Johnson 713 780 7671 p.22 WD 21111414116342
unknowns1.5 2,4,4-tm1 -pentened. 7

2,4.4- -pentenel. 3 other C8 s3.4 grouped Cl2' s4.4.
ar ob‘g)efc'f%éﬂgl. 2 100.0 digonerization effect of%’%ﬁ;""m”m
products using C4 feed with iB = 38% of Oefins before
after 1C53.97 2.39 2,3-dnb3.56 2.87 C60.52 1.17

2,2 ﬁ‘é‘{ 23 0.20 Gr5.05 4.95 T C856.95 58. 34 DV
C815. 4‘“?% 80 TM C94.22 4.15 DM,C90. 45 0, 35 TM CL01. 33
1. 284Kk -BBNE720. 57 T™ c111. 2871, 41 UNK C110.00 0. 00
C128.4%-tm-2tpexieBe. 00 0. 00 C140.14 0.11 C150.00 0, 00

HV' StheP@C8s 00 UNKO. 00 0. 00 sum 3@0. 00 100. 00 AvMAL17. 3

118&%‘%39%%%%. --- 1 <1 Total 4gul fur ppm<10 z10
'S

TOT. 1, 7 65.19 TM C81DM (B4. 51 4.56
drouped .

100.0

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

befare afler

{C5 3.97 238
2,3-dmb 3.56 287
Cc6 082 1.7
2,2,3<+mb 0.23 (.20
c7 3.08 485
™ C8 56.95 58.34
DM C8 12.64 12.80
TMC9 422 415
DM C9 045 035
™ C10 133 1.28
UNK C10 0.67 0.57
™ C11 1.28 1.41
UNK C11 0.00 0.00
C12 8.00 8.41
C13 0.00 0.00
C14 0.14 011
C15 0.00 0.00
HV'S 0.00 0.00
UNK 0.00 0.00

sum 160.00 100,00
Av MW 1M7.3 118.8
Bromine no. <1 <1
Total Sulfur ppm <10 <10
TOTAL % TM 63.77 65.19
T™M C8/DM C8 451 456
T™M C9/DM C9 9.34 11.75
Operating conditions:
Olefin in - Ibs/hr 25 25

20
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! L p.25
TM CO91DM C99. 34 11.75 Operating conditions: .25 .25

Aen in - |Ibs/hr PCT1115211(13/023132 20 Thur sday,
Decenmber 30, 2004 8:54 AM Kenneth Johnson 713 780 7671

WO Al ky out - Ibs/hr .63 .53 Rxn Te
ARG S s g out 12.2 11.8 DP - Psi P tisamsnnsise
Recycle rates: Acid phase- L/mnl.01.0 HC phase -
L/ m n2.62.6 6947 1C4 in HC recycle 22 Packing Type
Paclﬂlmomqbéfﬁrfeet 1515 daack gdgnsity Ibs/ft377 Exanple
ity fro ne + |sobutane or
%M‘%ﬁ@fﬂaf& e ﬁsb E#& | C53. 66 3.973. 41
999370318(?142 8361, 53 2, 2, 3-t nb0. 40

o 3dIP 2PsiC75. 27 4. 9BB_391TM C-8‘50 79 47.9338.35 DM
CB1R(cR- RAd2. 91 TM C96. 07 6.6010. 31

Acid phase- L/min 1.0 1.0
HC phase- Limin 26 2.6

% ai] a7

iC4 in HC recycle

Packing Type 2 2

Packing Hgt in feet 15 15

Pack density Ibs/it3 7 7
Example 6

Alkylate quality from [sobutene + lsobutane
ar Oligomers of iB + iC4.

iB DIB TIiB+

IC5 3.66 3.97 3.41
2,3-dmb 380 3.70 318
ce 142 136 1.53
2,2,3-tmb 040 038 .27
c7 527 498 B39
™ C8 50.79 47.93 38.35
DM C8 11.77 8.92 1291
™ C9 6.07 6.60 10.31
DM C8 0.58 0.81 1.10
™ C10 2.06 3.09 3.29
UNK C10 114 1.18 1.35
™ C11 254 253 272
UNK C11 1.00 1.792 0.00
- C12 8.30 10.51 14.97
C13 0.07 0.31 0.07
C14 0.28 147 0.4
C15 0.12 029 0.00
HV'S 0.38 0.18 0.00
UNK 054 0.01 0.00
Sum 100.00 100.00 100.00
Av MW 119.1 1221 1229
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DM C90.58 0.811.10 TM C102. 06 3.093.29 UNK C101. 14
1.181.35 TMCl'12.54 2.532.72 UNK C111. 00 1.790.00
C128. 30 10.5114.97 C130.07 0.310.07 0140.28 1.470. 14

C15Q. 00 Hv' SO.38 0.190.00 UNKO.54 0.010, 00 .
Sumg‘l‘%ﬁ’."%?)‘%%go. 00100. 00 Av MAL19.1 122.1122.9 pCfusansinzsise

PCT/ US2003/ 023132 p. 23 21 Thursday, Decenber 30, 2004
8; 54 AM Kenneth Johnson 713 780 7671 WD 211114/ U 16342
Bro “2 : ol_i 1-1-1 Totagl Sulfur p 10<10<10 TOTAL %
TI\/B? rg‘g% q554. 67 TM C3/ DM . 3% , 372.97 TM C9/ DM
co1d O SUBOPRR per &Png TWohdi £1®ns: | BDI BTI B+ Feed
ol eflGTAN ¥ TH in - | B5AGr 60250. %087 25 Al ky out -

| bs/tiv C8ASIA.CH80. 48 RyB{Termaput 2:97F5251. 651. 7 Rxn psig
out Y - psi 1. R le rates: 0.80.51,0
ACi gﬁégggﬁgﬂ CL mn mﬂgp'ﬁgsegl"-léu %%‘ﬁ 81.43.0 %’37645
iC4 in HC recycle 112 Packi ng Type Packing Hgt in

f eetQrerating conditions:
Fead olefin B DIB TIB+
Olefin in - Ibs/hr 025 040 0.25
Alky out - Ibs/hr D42 078 048
Rxn Temp out- F 52 516 517
Rxn psig out 13 135 &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 olsfin should react with
1 mola of IC4 to form a C10 alkylate; MW = 142)
Results indicate depolymerization generating
mors and lower MW alefins that combins with

additional iC4.

Moles iC4 uptake per

mole Olefin fed Average product MW
Olefin Expected Aciual 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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Pack density 1'bs/ft3667. Exanple 7 Expected vs.

actual al kylation product MNVs and noles 1C4 upt ake

with various olefins (e.g. In theory |I nole of C6

oIe react with | nole of 1C4 to forma

al ky %"%BQW 142) Results indicate depol yrrerlpz%'ﬂ'gﬁ"ymm
generating nore and | ower MNolefins that conbine with
addi tional i C4. PCTIUS20031023 1 3 2 Ml es i C4 uptake

per nole Oefin fed Average maghsab sMV

A ef i nExpect edAct ual Expect edAct ual

mxmmmpammmzlg Oct ane- 11. 01. 4170135

Ien 1.01. 8170122
Tr| aﬁggagg STy 6226123 22 P. 24 Decenber 3

Thur sday, O 2004 8: 34t%aM Kennet h Johnson 713 780 7671
p 2505!\0 21104f 1034&x.@xanple S |sobutane + pentene 1
ooad KAt i on prodygf4 5. 03 | C5 2, 3-drub0. 74 C60. 35

%14C7017T 2.26 DM C83.70 TM C952. 40 DM
Co6 C';M 0101. 51 U 00.56 TM C110. 16 UNK C110. 38
0.17
TM C3 22,26
DM C8 3.70
™ C8 52.40
DM C9 6,72
™ G10 1.51
UNK C10 0.56
™ C11 0.16
UNK C11 0.38
12 3.68
C13 0.33
C14 0,11
cis 0.08
HV'S 0.03
UNK 0.63
100,00
Avg MW 123.2
sxpected MW 128
feed olefin #/kr 0.25

Alky product #/hr 0.47
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CI123.68 CI30.33 C140.11 C150.08 HV SO. 03 UNKO. 63

100. 00 Avg MAL23. 2 expected MAL28 feed ol efin #l hr0. 25

Al l ey product #/ hr0.47 PCT/US2 1131{123132 23

ThU{,@gﬁx : %Senber 30, 2004 8:54 AM Kennet h Johns

713 Y89%21\ v 0 2004/ 0 16342 PC TJuszlN31112é’f§2U‘>2'*"3"'23'32
The invention clainmed is: 1. A conbination of a

vertical reactor for carrying out catalytic reactions

CONMMHsShightinv@itieeias: reactor and a di sperser di sposed
In said vertical reactor, said disperser conprising

at | east 150AvGANUpRAtATLPER \abtient reactomfr asiionalt eaialytic reactions
acc%gj{g;?} r[tj;loau ﬁ%ﬂg}ﬁl‘ % @ﬁéﬁ&l 8 G é’rﬁﬁéb&%gﬁrgséﬁlﬁ v#ﬂlcﬁpreactor said

about e co I'nation
cl aldasphrsmemmmiss‘@aildasi;ﬁ@rmmempmepacaresh wire

metal 1 nter (i Ao hg o B ne BB b SER BB atREn space is up o
sai Gbmut oY vﬁiuhmT%nt sel ected frominert polymers,

I I t t
f ﬁ;?e& ' 4%% BWBE%I%F 'dﬁv@geércd?ﬁ"i\g1o{wgn@)i(ra§$wlsperser comprises
V\’”errﬁééh md:o%ﬁmms rmﬁ]E'TPieérﬁsco% ndrenk B gxrf:ﬂgﬁgd%etal intertwined

W re and nmer conbi'nat 1 on

cl aiwtga mét« élam%'amnmomat said mwithfilamept aeiecteduftonmwm polymers,
W r C cording to

o ooetdtic pTRAHE Shtafic ISR TR Blarifoo) I 19 |

co-knit Wi ridhesgaimizinatidn acmrdnwlalmemm said Wispersen gomprises a

comSeR BREh pLEPR an PR ERRD ot on atcoraing to

cl ai m 3 vhaheiconbiniadiodiasperdirfto tiirh 0 WHerdif esfd di¥peer comprises co-
pI ural [ t% of vertlgjall arranged transverse mats

oD Wire Q08 FO5198%%er ti cal reactor. 6. The
CO”b' nat i MicshsthAbr @c&f&h@@cl%ﬁ Wh% ﬁé&ld‘éﬁ #]%rsercompnsesa

mesh provides _ structural grit e syste
t he ropeEh Ofs,ﬁ%rlsait g EAndeai mupi laa@nbﬁ@np@nerﬁ lemprising teflan, stesl wool,

o AP P Al s g DL et o

sheet s, kYu nweesnmbmataIbmoofdm@m daimk®wherin saiddidpetser is positioned
mul ta's a p‘urﬁ;‘? tof 8&{(&9@ arranged transverse mats within and acroes said vertical
reactor.

8. The cembination according to claim 3 wherein said wire mesh provides
structural Integrity of the systemn 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 filament component or
combinations thereof.

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

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

comprising a vertical reacior, a disperser disposed In said vertical reactor, comprising

24
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conbi natTons thereof. 10. The combi nation accor di ng to
claim 3 wherein said disperser conprises nulti
fi | ament catalytic material of sulfonated vinyl resin,
, Ag or mxtures thereof. 11. A
rrﬁﬁnz" 'ﬂ?'rqj or carrying out catalytic reacti ons’GTAS2003/023132
concurrent downfl ow conprising a vertical reactor, a
di sperser disposed In said vertical reactor,
contt issktishPpafalBAiglitifestiyt, coenerbed ra2ltin 08diforhvto AMdintain said
Kenneth Johnson 713 780 7571 WO 2004/ 1116342
pCTIRRiigy ligdidgeaatant &t a beiliRg PeIAL partial Iy 1iquid
reactant 42Cqhak E%ﬂﬂ'*ltl'\rmé?eﬁgaﬂﬁi efkd} comprises
said parti ah yﬁﬁhrﬁ%{%nragg%?gﬁt%at a R n’g poi rlrgB comprs
12. ITRRD Wieisorit wi adnldﬁd“iar@eﬁt@ommnﬁmqr spanded meefpldntertwined
d| S
;S 3 TR orERark <Bf B kel qletel ok, inet polymers,
a mdataiytfc: palyraats, catahdioendtalssainaixtordd thefadf.ament

catalyti dSranacRrindiBnhreaing S Pl |1 ihohln A dispersor comprises

conty étﬂkhr@ﬁre%ﬁwwer%dﬁblﬁhar Medd. Wherein sal d
di sperser conprlses a co-knit nmesh of wr

pol ymer fésHh %@mbwm@a%wﬁmtaﬁlaaaaammeﬁ@ntsaldcdi%nqwsr comprises
11 V&Eﬁ&ﬁhﬂéﬁhﬂ@%ﬂ%@?@és&OW“ ses co-knit nesh wire

and fi ber% ass. . The” combi nation according to claim
11 whereil Jére@omtsrwm@ccwmrtw@@n1éwr@s¢rn@ﬂldahspen$arcompnses

W re% ﬁl@gh ?f & H:l F r% la%g%%ulﬁ ?‘%% %n‘rl%gggrtqt' és%rrg:gls‘n%fttlaﬁ)& steel wool,

opylene,

con’qm{wiromrien& rﬂéf[eiéfpolyefater'lﬂre:cmfmtuas theresfccording to
claim1l er i n sabme@r sperse Qsi t,i on

ol ar a1 i eyiBor e esdkinabRrteaghng So JRR dn ARl s3id disperser is

Wit fbdslt@ﬂéd ag h@ﬁ%ﬁ?bﬁverﬂﬁl&'ﬂﬁﬁhﬁé& aehSVersd rhatsbighin and across said
combi nation according to claiml wherein said wire

mes VaWGR FRRSION- st ructural integrity of the system and

of “vapor o Tange dcfibinafin Acof i sim £f wheftin S WféHhesh provides
contstrugturahiniageitr af ihg systernzine the apisarspiagegadjiired in reactors for the

di S%B?%e&owaggﬁ%mfmﬂﬁﬁs ?’FFE’E@LEF‘ or bales of the

co-Kkn W re an conponent or
conbi nat i@ S helvernddfatioch®ccdiftéingtotzimattivierainsaidtispsreer comprises

cl ai in saldd er ser. npri ses [ i

1 P Reshe. dapfa o B SF BB S RAL SREDING ER il iemeat spmponent or
Ni , ddmbifatiofdthers@for m xtures thereof. 20. The

conbi nati on _accor di n to claim 11l wherein at | east two

phases ar'®- Resoaminaton acgorgingfecaim dowpeia; sal Giargiser comptises
W I emiti ﬁéﬁ@h@'%ﬂtd@kﬁhaﬁétak%‘f%u%ﬁé’ie@v résran' GI:TIE?D Mo, Ag or

material selected Tromcatalytic polyners, cata
net amikiues theredk es  t her eof ,

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

21. Adisperssr comprising mesh wire or expanded metal co-knit with a multi
flament material selected from catalytic polymers, catalylic metals or mixtures
thersof,
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p. 27 25 Thursday, Decenber 302004 8: 54 AM Kennet h

Johnson 713 780 7671 WD 2004/1116342

PC ' 1t 1520031023132 22. The di sperser according to
T

cl aj Wh ein said disperser conprises nmulti,
: JupA . . :
fil l:%i‘%ﬁ'tilwcfgi%agl ytic material of sulfonated vinyl ches’,

Ni, Pt, Co, Mo, Ag or mxtures thereof, 23. The
di sperser according to claim21 wherein said disperser

conpri sespAt Thé ARplarse? a¥ebHIRILURERM Qpﬁlﬁgr@igﬁaiﬁ-@l@pemer comprises
di sperser accordlﬁgj% to claim21 wherein said disperser

conpifivieBlament wetadBisunaterial of suiiopaipd vinybaesin, BE. PiTHeo, Mo, Ag o

conbm,iegqh%gprdi ng to claiml wherein said _
di sperser conpri'ses a structure that having a rigid

fr age rrad!é3.o'5h& diepau@sa‘:jca:rt]nrcliigg tcyctz_sxigT %1 whhre:ikusdzilii _dﬁpersfer compriges at

gri ced apart and held rigi y a plurality o

subs@ﬁf@“ﬁﬁf”ﬁ&?%%f%cq‘i gid menbers and a

pl ural i t y2Qf Tt disp&rsér Rlcbitifetol T A widrem sREdis pHRB8Scomprises up

nmoung e toﬁ%heﬁénﬁjs to forma plurality of fluid

pat h(&fﬁj%o% g POPBBSPAGRI d t ubes being enpty or

cont ai ni g5 ChkALYhbRafén EE&br&iﬂP%)ﬁfﬁirﬁ 1T reinati %‘r%ﬁerser comprises
d o cfarm 'wherern sai

The conbi nat i on accor .|_n? t
di spestdeiuedhgihaying a dgid frametroade oibwprsubstaglially vertical duplicate grids

pl ural.i f LT 1. or I vVee .

Phapdirdel HertdiFhaa ity & sty f sietahiG o Peantel ioid mombers

sai damd arpliretity affsubbiaatisliyosarzontl wireuhsstanibesIrhounted to the grids to

uni f Qr i Vi he,peaks oriente nth ne

i r TR Ao a s aRond e dubbs. sy 35 eico empty or

bei nmmsmmwaﬂmomﬁ eHtalytis naldridld,0i d  nmenbers

ori ented Sbor_iral g/ }3-0 {amd sai d rest| nr% upon sai d vees. i

p. 28 26 . he combination according to clalm 1 wharein said disperser comprises
a structure comprising a plurality of sheets of wire mesh formed into vee shaped
corrugations having flats batween the vees, said plurality of sheets being of
substantially uniform size having the peaks ariented in the same direction and

li]Sr%lN}.i."UH 132

substantially in alignment, said sheets being separated by a plurality of rigid

members orisnted normally to and said resting upon said vees.
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