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BACKGROUND OF THE I NVENTION Field of the Invention
wab@4prasent i nvention relates to nmulti-phase PERUS10081625014

where a hydraulic reginme is utilized, which provides

pul sations, to yield greater m xi ng and associ at ed

interfacial nmass transfer and heat transfer. By

obtaining a desired vapor and liquid nass flux in a

down fl ow react orPYLSEdISOW REACTHON:at i ons can be

i nduced. Related Information The pul se flow regi me has

been studied in regard to trickl e-bed reactors.
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are disgratebandsopwat @Q@MVGF@"&AP@&M t'@m matdﬁéhﬁ material
both?@ﬂgﬁte aflb&Mnd FRO Bk YrvdvRe By YHA Ry th JRESI iU Sh& Vapor
mass fluxes within this hydraulic region, the frequency at which the pulses flow down
the reactor can be manipulated. Higher overall mass flux, yields higher frequency
pulses, and lower mass flux yield lower frequency pulses. The mechanism for
development of this type of flow is not due to oscillations provided by some type of
mechanical device, rather it is a known two phase (vapor/liquid) hydraulic region
which is a function of the relative vapor and liquid velocities.

Fukushima, S. and Kusaka, K., J. of Chem. Eng. Japan 10, p. 468 (1977)
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noves into the pulse flow regine. The difference
between the liquid to gas mass transfer coefficient

wo e00401d7¢ekl e fl ow and pul sing fl ow can be seenPd¢T/UR0031€25014
follow ng two equations where equation (1) is for
trickle flow and equation (2) is for pulsing flow
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t he N, g£d) Sc is Schm dt
(2) kLﬁU‘EBeﬂ F%l%?ﬁi osgﬁﬁ{ﬁsmﬁﬂﬁ%ﬁiﬁn@%f fusivity to the mass
wherét ffusivity dp is the particle dianmeter, Dis the

di aneter of the reactor, hext is the Ilqwd hol d up
(kaﬁtbedﬂa$?r1’t§a%f|90ﬁ@ef8ﬁlequ| d held up in the reactor

and Dm is the
Cﬂégﬁeéfﬁkﬁ{l}gﬁgg% Q%qé{%he gas This is presented
g&gnﬁithaldmemal Etluﬁ?acd ofvpariicle kevided by thé snuiase of Itbey particle

. mass transfer coefficient to trickle bed mass
diametesnsfer coefficient is shown to increase with the
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(gﬁnggﬁr &Mnﬁbe gr(%lg éﬂfenr%'gﬁlﬁﬁ?%l d‘f@fs@ﬁ/tb’fl'é@ﬂgg? diffusivity
Neip i4 tRS Bafitfe didawted,i es a narrow region within the

Baker pl ot where heat transfer benefit occurs as one
i htisdheahampterghdhe reaplels of the gas and |iquid and

?gﬁ){t gﬁﬁgﬁﬁglﬁ;ﬂoﬁe% b gr%W? IOI rlgrﬂgl%? ,@jig ﬁ@ﬁr@VJinQHe kSactor over

the tdtaprezetstwlemapmhdw regi on of mass fluxes between
trickle flow and Isefl W This region is

edeift thgimolegplar dETUsMEYGf h%ﬂaﬁl ne of the flow nmap
Seﬂﬁ‘é?éb dMEF §rd fﬁﬁlfyﬁﬁmlﬁ'ﬂ%@ré 'tﬁfé"’ratWTd)FBulhéQﬁ)v@hass

a pol nt ere a m ange I n IC]UI | ow causes a
transfer] cteifficiént tbdrigkde bedmgassu trarsiférf coaticient is ph@wgl;t@ encraas@wﬂh

o FSPaTR ARG S STR e To8 Bl ol D8RP i i
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charact eri zes the pul se region as one where

density and viscosity of component) being constant.

Schuster et al U.S. Pat. No. 4,288,640 identifies a narrow region within the
Baker plot where heat transfer benefit occurs as one increases the mass fluxes of
the gas and liquid and approaches pulse flow. This region of operation is called
transitional flow. Transitional flow represents a narrow region of mass fluxes
between trickle flow and pulse flow. This region is essentially on the transition line
of the flow map separating pulse flow from trickle flow, which lies at a point where a
small change in liquid flow causes a relatively large change in differential pressure

drop across the bed. Schuster et. al list a range of AP/L of twice the AP/L obtained
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fluctuations in the pressure difference across the
reactor occur and the pressure fluctuations as having
wo b@4pamed f requency as the pulses. It i s knownPCT/US2003/025014
however, that the pulse regine extends far. beyond the
differential pressure drop change of twice trickle
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mas$ frresfesdom dhe apg Phase rto the dapisl phases2)massdiarsfanfom the
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occuP RaUSINGS dpl%@‘ ide} icardiVst de ad}élﬁ)rpdhé%bfréswh [R8t dmd. SSecondly a
rovi de SUMVARY OF THE | NVENTION Briefly the present

prob énstale ups frorepitgialanti tuntsamﬁwbﬁ eoastergdwnihegmall size of

r d

oo 35 st o Rt Sl AU R YaReL, B 8 e
dlspé?@'ﬁrtéﬁi%ﬁ@&/lﬂ kAdWN Mﬁmmrgéhelamelemact(ﬂs prowidﬁabdaquwalent
carried out in a vertically di sPosed rFact
flow pattern at the same liquid and vapor velocities. [t Is an advantage of this
invention that a multi-phase co-current flow reactor system that operates efficiently

in the pulse flow region is provided.

SUMMARY OF THE INVENTION

Briefly the present invention is the operation a multi-phase downflow reactor

under conditions of liquid and vapor flow and the packing to induce a pulse flow
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containing a contact structure having a void space of

greater than 50 volunme% The packing system may be
weowpnieed of materials that are either inert BPCT/US2003/025014

catalytically active in nature. BRI EF DESCRI PTI ON OF

THE DRAWNGS FIG 1 is a conparison in graphical form

regln‘n’é t'D-l‘?e fb??éeésr @nge%rwfcahféoe@w ih T REHRAIly fd.%s@adreactor

ow. Fl Is a plot of differenti al
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mal di s tio

| ddi
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sq@gg/hqgrdgpﬁﬁé) @g@brﬁllgugé@hed cat al yst deacti vati on.
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FIG. Hosmhamimrqmemntakm ef thedfirst agpratof H2g prasent apparatus in

¢ oVBREES BrosrB ol FEPtss el A SRR T ok
f1 ow opESCRIPHEON OF THECPREAERRED rmnaammawm ng
puI Si ng‘ fl ow enhances reactor performance.

di Ryee diayn is ebtained @ high gas E‘H}Hﬂaﬂ%’ﬂ ratgst rTBwpglses are
char%&:t?; edeflagg n‘fé l‘%?ﬂl’(@atrn%ﬂ i r ﬂ%r@ﬁé&?@éc}ah}%?wettmg and

eren OW ng | qui d streans
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a0 bt S5 S0 SRS WSy e

procéé’s! AN HinfRIshRHaGRal Pt dlédcﬁVétE)nf ITHE pifisEdebhtiHuBRTy mobilize the
radi al conductivity. In sonme cases, depending on the

Stagpamfslmuid doldicto the gaintivhene ishstageant natbee Hisappearsangince

s HTEHA oSN poll b HRRRLU A DA P e

flow aperdtioak, its ansreadyritinsic tohatdtterad ey pulsthd flvw Wriraees reactor
produced. When the 4 WO 2004/016714 PCT/ US2003/ 025014

perfarmances i xiahdisparsion i cansiderally less sparaped i Hikiefrw, due to
effedtiV8 2074 hBAh bREKESS tRE Hif9Ent parallel flowing liquid streams and

disappearance of stagnant liquid hold up. Especially undesired consecutive
reactions are reduced to lower levels due to better overall plug flow behavior. A
further advantage of pulsing flow is much higher radial conductivity. In some cases,
depending on the pulse frequency, significant changes in both yield and selectivity
occur.

The main benefit with pulse regime reactor operation is that of increased mass

transfer and heat transfer due to the associated turbulence produced. When the
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limting, increasing mass transfer is a key to
i ncreasing the process performance. Sonme exanpl e
WO e@eicons that can be conducted in the nulti-piEES2003/025014
pul sed flow reactor include : 1.) Vapor/Liquid/Liquid
systens in which the packing is inert and one of the
catalgétq;:grﬁa&i&’cﬂ %T’l%faétér%t% sed Bhﬁrﬁfﬁsﬁ%nd Se r8A6HAP RinefiBs are not
xXa e Is olefin/paraffin alkylation wusing sulfuric
limitirag,iidcreasidg raass transfesis a Rey tovinsoeddingthelprgess performance.

[ ch the cking is,.ap inert structure th
f Gt 6RAMRE reeEihsIndtan o cardhiotrd i tithohase pulsed flow
reacioftiint> as a support for catalytic materials
deposited on the surface of the structure, or is

co1rr)3|r i Sapooiliqrid/biquid systerns in whishitoe packing isdnert aagdene ofthe
o FiEAp41 ARG e FReBAT B Sibie' sl Triparglyiaton

oneotppssy e gbctmty st 1) oo /L SO
SR Ly St LiEd splash BT Becrankiig (3 frdter GiHatire that
rnoRihs £RoRERE &r IB/PAIETLR By B bubpio cataic
mateciate dépuisitgd Dinrthé purfdce ofithe stetcturapdr is wompisies of materials that
are 4 B F0E 4 Bt gl P RS8R foon o

hydro¢RB8N FSadIsDRkS BlE} & istBpofted OddMedtaIgspul se flow is
achieved. Further the pul si %rré% be  danpened whil e
¢hitbe

kebpi nd/apes/Ligquitiaplidisystemsdn packingiis ingrta fingly divided

oot R0 Sl o ShrSeh e RSP s RS ARERER Hhosis o
meth@RbNérh GOME. ETIRY Buifl pbiase & @sineifttte/dddcarbor @il containing finely
dividggnrrrl)“ ses at |east 50 volune % open space up to about

: %tbﬁﬂﬂles%*@ﬁﬁé?]cgmtséz Di spersers are position
w fﬁn% pléqsa ;?Réjasltii@u@{qogwﬁfe%égf%tﬁeegg it vtk maliining the

exa m one
liquics ratectintil & pedssueatdrop esuffigiekintat indiuce, thehpuibe flosmis askieved.

Furtifﬁki’gﬁtg ng’lés:ll&l; H}%S/ po/%tggmp&@abo%hgg%p\gﬁ?%&gr}eg # o%w@%iﬁ@&bcﬁ)tra%teristics by

utilizPRCK B dTRYIPST GiFERMT SR cOSity. THAdSmpERIgFedces the wear and
plfastics, and/or conposite raterials. Sone of these
tear patcatdlysts andralsa @intas wore evareflow3aiesss, 304L SS,

T, Thss e et A USlme 855 jmppbe fap fpictiout 09

volume! Y%Peeey Ispace. DRIpeeddry | L8 eposifiomawithinthel eddation Zdne in the
| ist of packings containing desirable void fractions

reacaicl iise forexpmuiadbmnat dlamsan camponenband heeystwgselement,
9. SRS a2t Rty Bl 2 BREAIEORITE Y ofpg el
dispénsar,tthe mremathderibeig opan sphet.i Sech pdeakipgssnay deecomposed of
metals, ceramics, plastics, and/or composite materials. Some of these materials
include : Carbon steel, 304 SS, 304L SS, 316 SS, 316L SS, Alloy 20, Monel, Inconel,
PVC, PTFE, Titanium, Nickel, Hastelloy, aluminum, other alloys, polypropylene,
polyethylene, Kynar, and Teflon. A list of packings containing desirable void
fractions include:

(1) Random or dumped distillation packings which are catalyticaily inert
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area, such as, Berl Saddles (Ceramc), Raschig R ngs
(Ceramc), Raschig Rings (Steel), Pall rings (Mtal),

wo2004/01d7mgs (Pl astic - pol ypropyl ene), | ntal oxfeh/US2003/025014
saddl es, Hy-pakTM K-PACT"", Ballast-plusTM CWMR(r),
ChenpakTM  Levapak(r), NutterRi ngsTM HcPpTM

Dumﬁ%%@g%n Ilfl h@)‘ﬁ(e%‘)r/]%lg’# gﬁr Ij\é}lhti m@%ﬁcir %/l }elaga@Y Iar%e surface
area, (S2h Res)Ber 8addleet(€ermmm)t RhschigrRipgs kCargimighi Raschie ngs

(steeficP Al Hoos DietatfPal Fioe PR G POCIRGRoRY et . “Such

Intalok@g rs%@!'d?ékt Sng&—adeI rl&‘lpmnel emabt_srpmvh @N\gr@\/ m;ﬁmkw
Levapak@;élutteaglngﬁﬂf é‘bJ’EiaIT@dFleBMMMéH‘t Hifiy®), Jaqger T Rﬁ%ﬁ@t NOR

oG G B LN oA o
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|ncI ude cataa%tl c materials int

h 0
Randam packings WhisheCqidain %trtaaﬁoqn?eeataﬁtﬂea%ﬁﬁsﬁ‘s'ngreé'ent Such
Inpnger
noro SRS e SPBEE Rut s NS SR Oy 2% T R
Co, Tl lfes M@paslandde as welleymmpeegrwted)mmponems soith a metal-chelate
com ore%ﬁ (;:ftltggg%(i t al bent at v rlous d;&gg%?yre({ﬁegmatenals
with St ﬁm@ on top of the ot her such as GO(DLOE O
Z ATM "and MONTZ BT" and the device of U S.
N@them\weble@wmmd:pm@ngerwwlgmcawejcatety@pmatﬁrlalts;mtheform

of sm@m}o'ﬂfeet Bh\% %%&ﬂgﬁﬁ{i QSﬁeoc ﬁtgée t@éhw?éﬂéb’ﬂeﬂ‘fe‘%ﬁ shapes such as

cubes,Bylindé’, Spiesred. corrugati ons having fI ats between the
vees, said plurality of sheets bei n s_rﬁst anti al |

LG Saen pRekITgs WhishRBsahTEleRert | Rese Aapngs are
i
crimped, entgeidsnahiollary hoodzanidllg statkedsariengn dpp of 4z dtharesuch as

GooRLOg oA fiowad YT e 4 it 88 SRS SEP.87PEL No.

6 00@889%#&[%‘%qhééﬂpbté’tbdoﬁerléﬁﬂm ngsesEBOSMNCRT didcloses contact
Catalytically active material. Structures sinmlar in

structusesncoonprisings a rpignalityedf aheetsmfarvlremqséuqrﬁ@@l ipto vee shaped

comie B P il SRaT 38 05 Lo A0 Kb o o

subst@mm|;a%nﬁatnalsrze hadire) tHd pebks opieatddN IS thes lsaheiﬂlrectlon and
acking nposed of flexible, sem-rigid open

sh
subs nyallsarm Alghement, saicKhesis: BeRg geparatad yvea pluraitty of rigid

membRtoNeited hobialy td 3o spl R SRR ALES 055010
didgycl ssecturetl datalytieatistiNatiord, pé&ﬂm@é:%whlmhchre intended to hold

ncor por ated herein ti
partlcl:ulate atalysts, or structured1 dlst ﬁatlorh perxc r¥gs composed of a catalytically

active material. Structures similar in form to the structured distillation packings or
rolled bales which contain pockets can be used to contain particulate catalysts.
These are commercially know as catalytic distillation packings, such as packing
composed of flexible, semi-rigid open mesh tubular elements which contain
particulate catalyst(s) (U.S. Pat. No. 5,431,890). Other suitable structures are
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whi ch di scl oses structures that have a rigid frane
made of two substantially vertical duplicate grids

wapageth7apart and held rigid by a plurality of PCT/US2003/025014
substantially horizontal rigid nenbers and a
plurality of substantially horizontal wire nmesh tubes

dISC|Og8¢I rﬁwgds B3 NBE 597484l thléh’ |§‘ dﬁccﬁggf; A h¥reh il ||té1éﬂ|rety and

ys ‘anbng’ the t'ubes, eing enpty o
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using  an internal static m Xing system conprisin
to theogmis todforrora plirality of fluid pathways amongdhe tgpes, saittu bemg

erser ai d reaction zone,
emptybgy 9‘?@@"5’?9 9afda’yi| oggpmdéﬁél?/ggﬁ%agﬁ%ls fin al kyl ation
UR partRilstahé phrdefiong tis uﬂllﬁcﬁfrﬁﬁfeeﬂjlmrrsmfdselkylatlon process
conprises mesh wire with a nulti fllarrent co

wherein garalefin isgeasted ity anvisecaikang imthg RrasenRce ¢f HF acid Using
an infBBAERE mixBoCStirh oshyo IR tng EoRfh i 6 Mcal reactor

havingiaxeattsn towes and theldispevseedispeseginmaidiesactior zone, particularly
t t I it f th t I th

for caypite oMb Al ARV IFURE USING 73120] RBTMorf AT iaperser

comp"ﬁggs H C}Vi?? WiRH gk hl%n*?éfﬁtcémpo-ﬁ@ﬁt o e%b%haéﬂ nﬁ@tﬁl ikRertwined

rise sheets, bundles or bales of the co-knit
with awrmétl atamemteccrm;banerftl saidemulti flampoheealectetiHsornisedmatyyers,

mpri s the co:knit
cotat S RIORR, PRI oS SRULAEL i e BB ices e
struct%?él' |hﬁ;g¢|€3} ke BysterR @stwélnas tHeeogen spé\'(té?rdl:flﬁmelrih reactors for
di sperser’s achi eve radi al dispersion of the fluid or

the moveenicof vapareang igUids heugrota systeps) Therdigp@reer ARy be
compggplc(inéftsﬁ‘egéél% fiss WP %ibsaéfeﬂiéaﬁglk-‘ﬁﬁ'vﬁ 'aYId'rf?\%rhuﬂf filament

ers an ructures

comgareintalThe systenfraay lalspcdriprigeitie cm»alkreswaresarww thulti filaments
coal esci n_? of msts. They are known as "

withins i Tiam&t o ae reACtPBrF IS PEaYAFRMRHEE “&%ﬁBHE?eSO'b‘beHE agportion
thereﬁiﬁgefh%r%% rg@r's%ﬁs ébﬁlebé'rédltaPa%bBPé“oﬁ of tis AUR mdlzed

t tc I's then crinped, stretched, and
matefialsdadheredmmdl ed to provide the desired ampunt of

c 25{ jﬁ S art%gt%qr GP< gmi{[%w cg r'eg hvgﬁgﬁ %ﬁ glaf%)mcéy? 6n§|'F 8r active.

DemiSfBr8tdrl GSRAR strhGrdy o ighRrally heed dbr Mﬁuid-lﬁqufﬂeaQ%esm"e%s and
conposed of single materials or co-knit nmetal wres

coalessinghof mistsi | Ehaynare lgrovsdiegp miph elininatorst op denpisters apd are
| .
com PR le oh G TFHCARSLEE f AGRF00ReE I8 Rim,apeshy The

stitch@einiryshoik thea drinhpat néteetciiddieandr éoldpd adyl lsurdibed <o grevide the

_include 7 WO 2004/016714 PCT/ S2003/ 025014
desirgd anpeuntcl SYHaee aremBCEYYHMEI@URet al s, open flow cross

chanRel) SEMREMERE MHI&dter materials such as those constructed by
Amistco Separation Products, Inc. of Alvin, Texas are composed of single materials
or co-knit metal wires and multi-filaments of polypropylene, Teflon, PVDF, or
polyester. Information used to describe these filaments include : a) the filament

count, and b) the denier of the filaments. Other acceptable demisters include
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are co-woven. Additionally, catalytic materials can be
woven or interwoven into structures such as
waokongted vinyl rein (e.g. Anberlyst) and cap@l/ys1003/025014
nmetals such as Ag, Rh, Pd, N, C, Cu, Zn, Pt, Tu,
Ru, Co, Ti, Au, My, V, and Fe. There may be up to 100
perfoPéteH%h%efQJéﬁdl gibémétdlé‘t(ﬁfénmmérdﬂstéhérﬂhﬁl &idthR® which
or expanded netal. The catalytic netal filanents
are cawmwnerally of hi gher deni er because of their

ttie?{r]aéjgf E%EMQ .1'6 %Fig/gn qu{,ég ng or, iﬁge?g/pgen into structures

such %\fsréMﬁ)Hbﬁﬁ:i ViRQIveft (.g\AMBEHYS) and icatityRNmetlls siéet bs @), Rh,
channel s and may be constructed of various materials

Pd, Niseh G 2.4 Ty, Ryefant & AlpMarat,aangl Fernd hefrafiay ke wp éo 100
or mcﬁﬁépllnﬁﬁl ﬁ%q&ﬁggi\{ég%m@gﬁ@@ g@lé;gﬁgfeg%ﬁﬁg%trréxﬁﬁnﬁgd"rﬁetQP The
catalﬁﬂﬁﬁidtalcfllament@mr@%aéﬁilly of highat eenigrtbecatise v their greater
catalytic materials. A preferred disperser conprises a
densiynventi onal i quid-1i qui d coal escer of a type which
' ?GPWﬁh‘tleewh% a?@%?a?ﬁlc%g}/ Yr%‘i’l%r‘ g&fel 'I\%Hdi%s AreestRictures
are’ commonly known as "'m el i m nators"”
contahuﬁem suﬁrmé,, independent, ivertidaé qbaeeeist amh\may |bmcoh§ructed of
o dis erse thF erials

variolin g alsGi RS Bty CHBRGeT MALE 1L Shariielpare bipicall

squaF@miBwe%ﬁ othdRdontfids @éulébé@rtlliiéd wnégegaﬁméu leR&BMES Eould
mesh. For exanple, it has been found that 90 needl e

be cansbiuictad, dmpkegnates: coptad wih etivergRtalytio mBterel:
fi berglass such as nmanufactured byACS I ndustries LLC
of Houston, Texas, can be effectively utilized,

hONVpVeﬁérredtd|§¥bérbebeompd§é§tacwﬂwéhﬁdsnad diquid+Bquit lealescer of a
materials such as co-knit wire_ an 8$ I[ti filanent
Y

typeWBMhdﬁOP?IﬂBMﬂfO'“ﬂW|eS§P@é13P®66¢d liqyy FRATE MBI known
as n@g é‘lﬁﬁ@‘n Gtore? o lﬂwtﬁ’ilgfelré”t HS{}veQQ lfﬁ“tﬁe eht flventen tﬁé eRment

|ve ratus. Variou
funcﬁﬂnsetoschsmettly@ﬁuhanatemgls imdlpe h)eactentdrdnpuer udiataet. thswtable
SCreens are woven rat&er t han

dispersel FPaRNses # Mrshs e Bfce Lmekfatwr&r avgd%ﬁ@@?% megh- For

exar'r?m@aif‘ﬁﬁg pERhaband GRER éo ﬁéé@léqgﬁul‘éh 2ot mééH HEWHE @Rid multi
are co-woven with gCaSS or other material s

fllamsnt:fibexglqse Isyakas mamxfa@tmedm BHadygtries keCiof Eopstamne arexas

can B84 B 95 i EV I SBB RN DS ip pteri

suchr Qistho krienwike| éh@dmuThlfﬂameﬂf ef efigrb| (Dupont rTDMl)I steel wool,
filament conponent and the structural elenment,

polypeapyleer £VDEnhpalvasted r%rv%f@%behher £5-4t IRReURISCah also be

effec!;?:%.ly @Eggg 'Btztgglészaa?ér;(ugl pr e eoré %%%Rﬁgé]e?ﬂ)? él%ﬁgs may be

emploged twihierestheasérednsidra wowre catabr divarp dnittad. c Qtper acceptable
dlspéarggﬁégcwnﬁégegfgaaﬁeg Sheet Es%\rnldae'xpaﬁc?eg1 | mtglg opeonlfjfov§ CS:I%%g channel
structures which are co-woven with fiberglass or other materials such as polymers
co-knit with the wire mesh expanded or perforated sheets. Various wire screen type
packings may be employed where the screens are woven rather than knitted. Thus,
preferably the multi filament component and the structural element, e.g., knit wire,

should comprise about 35 volume % to 80 volume % of the total disperser.
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i nt erwoven 800 deni er pol ypropyl ene. One source of the
material is Am stco Separation Products, Inc. of
w@\avisio167Texas. The packing is useful for contap€T/nsR003/025014

al kylation reactants, i.e., olefins and al kanes, and

the liquid sulfuric acid catalyst. Packing density

f9h d Efe?eﬁ“@&eé BbdittertRRE 9?#1&8]9% Pa@kéd’%tfhta% pdBiaf Bisperser

provi des a sur ace area o for five feet o
comptrlsmgwatvere meshrpa:kfngmatemahcdm’farmmgﬂ Qﬂ‘b8§366Itumed wire and

area. rel t|n to th nly.,of t .C
interyiguest $90f HSMeF RSBy lafe onONFoselisE oL 5, chalfrial ishAistoo
Sepathfich PReHURAC A JofMAlH,| Péxae0NTRE ki @%e‘ﬁﬁf&ﬁ contactlng

turned wre and interwoven 800 denier pol ypr opyl e

alkylatigir eeastanis di.@p olgfingtancealkanep oand the beuid sulfpic @Cld catalyst

3
Pac%&émﬁ hgseﬁ'%@%ﬁ#;a&g)%gﬁtgl 7 Ibgfp \?yﬂib‘ﬁ rrggﬂrdsﬁga surface
area @f sialdog 8dof gvd%Jfé‘et dfahe Migterial iv38, f6l4r3|n\oglcﬁhme$er glass column.
i ncorporate erein in ntire an
Surfagiesaregs edating te the é\@"{swﬂy qhihe 50 o ds 5%1%‘9 R aliplation
reach® FERBUTH] AWt HESA pESKing ORI B tY ROAE 88306 tumed
wire hndnrzhenuaven BgO dielmrmyaprapydeaeplm pedgsuye dfop of at least about
sub t ti [l hoti zont al W|r S rmunte
0.06, hakind s baBR b sifigr al noRTe AR ks this
tubes said tubes being enpty or containing
packi
cat al ytic or non catalytic materials and U S. Pat.
No. 6, 000,685 which is incorporated herein in its
entirety and which discloses contact structures
conprising a plurality of sheets of wire nesh forned

| MOhey eaitshlapiishareersugetdisuissdiii UES. fPat! Nobe, 78@ 848 vhich is
vees, said plurality of sheets being of substantiall

incorpRrates rhegewénnmrﬂfg'etyh@wa@ Jrlores strualirns thatave 4 rigid
framg';ﬁae&é bmcfg?bsgama@%n%ah pu%ba@% pagggpgc%o; ggggghamd rigid

el ng sepa ['ura
by a plurality etisulustamially I'tomlzantal sgid inemberaandip piuralilydf selestantially

norizpBfad ek Db ke’ PR e SARa LEror kG BEEH § dd patipways
amoH? it 1@ &P dRid IS Bbing Srhptyl &t é’oﬁtaﬁm;gi béwytrc SChéh catalytic

[ation of butene wth | Sobutane f ol'ane was
matan@dﬂjamd) sBnBakt Blot H&08@i685 whiely s incpeparatedHhgreimisritgagntirety

e 88 g S AR e oo

formbil Ghte ceeapbaedriugatonghaving ot tRAREES thevees, Faitcpllixity of
1) liquid holdup and 2) pressure drop across t he

sheafmbRINg LsURFaREHIANIGHY Sice RevigolhegaeakssoTiented in the same

dlrecgggé 2 Wt?@l&‘}n ga?ﬂﬁgﬁf%hlcf%%éé‘[ﬁm i ib?gar%?ed by a plurality

of ngl@ nsirhberssoriemted noeaally ’erbndwsdalddesigqg ﬂlD)OIBSEIM&IQS 2)
h LL ,Case, a

Ca Hi
ol Fhandes kblfap RO SSHe TomNedpIaing Hess ARimingd for a
thred Bﬁa% ti%ie BEd rbQ¥oF BERY PR sPEBATHY Sinfli gt théRBifuric acid

alkylation of butene with isobutane. Sulfolane was used to simulate the acid (heavy
liguid, HL), normal hexane to simulate the liquid hydrocarbon (light liquid, LL.) and
nitrogen to simulate the gaseous hydrocarbon feed (gas, g). Measurements were
made for 1) liquid holdup and 2) pressure drop across the packed column containing
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pressure drop in pounds per square inch per foot of

colum is plotted as a function of the product of the
woe@udes7Nunmber of the hexane, Fr(LL), and the Reynsiods025014

Nurmber of the nitrogen, RE(g). The Froude Nunber is

the superficial velocity of the fluid (in this case

five fé(%i%{ E%@&Z(qujéé’ HES&iba. LiRGhE Aue ﬁe gﬁbupfnﬁﬁ@eﬂ%rd?%ﬁéhtlons

const ant tines t met er of
were rmeastind |n&lhd|rzgr lpBobadaryf 2y Base/6ase3 ) dighhtLase, apddi) High

e data bei ken in the pulseflowreglrre As
HL C%?ﬁmger%{n ?taﬂﬂg%ﬁ?%‘fys beyond a Fr(LL)Re(g) = 5 are
' QBB Os BRARKE PreBRLeS o The
Opbér%g?wﬁe aggisdé?}ét%—éf]ggeprow de%l bi;.g\t-nhe gackl ng -

pressuhe drop mmmvedstpe@ spubeinth@er foot ficglisnn ésplofted @5 a function

o 1 A A B RRRRCN BT A B O S ool

Numberfitise ﬁ.h@g@nl REQ@)SQTHG Rrouye Dhuanloéris the $updrﬂe\amélscﬂty of the
gher. viscosity fluids

fluid (Qm%ﬂ&ﬁ%@éhé heésawm'v'@eaéqydble Sﬂvar\ﬁargot éﬁfﬁ& Ftrﬂilﬂctm the gravity
const%hfjﬁﬁw £Qhg k?fl?rr@té?%fstﬁ jaﬁc‘ﬁ'o?t TReldrGih A8 %of gi\‘/é Jdilfes are a
MGG maes Fd-have When

to be i ncrease
resulicofthardata being takeriin thes paise tfipwf neglrde( Fscshawn, aileoa‘athe points

ot 0 s VG B o A s
0.06 e&yﬁ b@s%hfég gsr%vmuqiy %@rp&ﬂllﬂ%/ﬁlbﬁgn&uce% thelfRIISOHEW.

I SCOSI ty f nbi nati on of | ow vi scosi t
f lhuiciqae deatune g>iﬁ ugingcadhreg mmaﬁed(vappdmuwﬂuw@ryateirms that

mas 1558 8 A P RBTREL I RS DAEAEE RhEbppono

in thd pulsé eéglfnebaﬁl@ths’rﬁghér \isavsitg isidsheugioad suifsiamg or sulfuric acid)
associated with pulse flow but |limts the E]ress

it Wa%fmuﬁl§§h@fdl]§é@e'ﬁ? qhﬁ@n;nw%eeféo\w abafiged grgdirn edgﬂwc{w@ass flux
wouI%eﬁ%%qo }Eéécg V{%rpggﬁlﬁ?heﬂ”té gl f?)\/\%rra\ﬁ glf}ﬁld (such as

eplcte erern ratio of t ressure
hexadeor &bl-tmtahe) t Wiheomthe digLidsrof slifferentdrisqosity apda asead d was found

)

Combin@héh 8f &ilbw Vskbsif) ﬁ’untjr!ar@f a Ngfﬁ ViScHMiSCia Allows for operatlon
conpri si ng contacting a d system conpri si ng aci d

wherem“msnd ISI easant«aheoraemtlngm pulserflayoand theatherfipitickle. This

type §f dierpfiabaC et ool B AR oo BB PRI pue

flow Bunﬂlrﬁfseﬁﬁ%résstﬁl@ $\5iAgs caasel by anapaldesitrmnd dam enlng by the
ol efin to produce an al kyl ate product. Preferab

second ¥iscous iqwd Phase.c biisis g@?@hépallv depistedhin F1S5. %Nhﬁrﬁlwﬁbé ratio
of 0 FROHL 1 BUATIA WoUE Erd St Bl & WBLBA DA TR ore
pressureato@l i goner of one or nore tertiary olefins such

as_the diner, tringer, etc. .of isobuten na

e Prese Rt Ristey s sl I pniReRSS fone Alodedin isbaratfin
with 8lefifl ST Bleff preBltdoRconiRirg ortbéthd & Ald:syseem| confftising acid
catalyst, isoalkane and olefin in concurrent flow, preferably downflow into contact in
a reaction zone with present system under conditions of temperature and pressure
to react said isoparaffin and said olefin to produce an alkylate product. Preferably,
the fluid system comprises a liquid and is maintained at about its boiling point in the
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with the constituent tertiary olefins of the oligoner
rather than the oligoners. The alkylate product
weemresponds to the reaction of the tertiary oPef/Us2o0a3oR5014
i soal kanes. For the purpose of illustration and not a
l[imtation of the process, it is believed that

reactgir?]lsdi(?%g Phe galﬁkgineﬁﬁé%tﬁhsgﬁ{ i§ %ﬂ%li@n&%f"@rﬁ:ﬁﬁ H@r@'téﬂi@{ﬁgbleﬁns

i SO ane, ol igoner Is cracked into i
such alséheé dimenprimenteic.wifisdbutene or ainnatetialewhicb siokgsponds to said
.ol ar basis: 1) diisobutene + 2 isobutane - 2
OligoMefnct ane (2,2, 4-trimethyl pentane) 2) triisobutene +

3 TrHeaRHERGEof ol ohfstef tarfiar/ Aefindtwith istRikanes Reoh anfdlar basis
The conventional view had 'been that the product of 1)

with thewtanstiiient Ertiam dlafies okifie eligomeniiher banihe wigemese The
sk TH G0 RO I R BT U R4 g scRines

C (low € pomase Obilldsl@@tﬁ@zahdkmb‘eé limitatig ofthetproedshit is believed
ytene-2 +

et on et Bk B AL BT, e
oligo@%}‘?‘%ﬁ%&&’ﬁntb% HRERT BBMpoRYRR WARK reab@ith #hé fﬁb‘ég@dneeon a

ations are extrenely exothermc and requir
molasbasisantial refrigeration to maintain the reaction

tep { I ' t t Si
1) ¢ iBoblite »bobblathr 2 Radtens 2t Hitoedy Genane) w 1 n
2) theisbBa@hkans idobuisiu cRisbbetank k2! 284 ErimBtHyD BeARdiR)
yields required less refrigeration makin process

| e enrprentional viey had beearthat t?B_@ll'@IdleC ofid gwt@u!%kh@a Gep alkane
anc RFrPAI 5T FEOULG ChIERR GO BbIBR0E riehdie 1) and

2) is Uhetsanh@ramgrisYindistidgtishabledfiom diddnveationatagbld yackk alkylation

converted to producing oligoner nerely by changing the
prodyetqf the reatdiopeact or since the sane catal yst serves

3) b%@ﬂ{ ﬂ@%#%%obﬁ%ﬁéﬁfé‘*?éddbctéﬁbe ol fgomer comprises C8
to & 6lef i3 corresponding to oligoner prepared
4) frdbuiedetd+ Ghasobwtbne.~ Bisoqutafer red enbodi nent the

ot eRL advanod St sipss San roian i s SRe4 IR R ut fations
are Sdrdibbig084dtR it 4amEelitd O (Habaftibf reftiiRratiche % mamtégg the

the paraffin alkylation is for the Er_e aration of a
reactiprs d¢inperatdigp tn @ptimunh gange dot pravens sifteoceadions, the present

su nEL b Lar t [
st B i, BRSBbrs Vo FPIGETA 7 plog i 85, aEPRLELIR sameo
yield®rediliiredr ks nefrigetatiddireiking thet mrioeess [dserexpensiveer tise s8ame
. caonponent of |ight naphtha al ong with nornal
yield of useful product.

One particular method of producing oligomer is that carried out in a catalytic
distillation, for example, units formerly used to produce MTBE can readily be
converted to producing oligomer merely by changing the feed to the reactor since the
same catalyst serves both reactions.

Preferably, the oligomer comprises Cg to C,4 olefins corresponding to
oligomer prepared from C, to Cg olefin. In a preferred embodiment the oligomer has
6 to 16 carbon atoms and corresponds to oligomers which are prepared from C, to

Cs olefins.
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but ane, isobutane and tertiary butene. The separation

of the normal butene fromthe isobutene can be
we@bdogotas by fractionation with difficulty becetmesSwh3/025014

their close boiling point. A preferred way to

separate these olefin isonmers or those of the C5

a?ﬁl;%aestuﬁeto?tﬁeeaé}% ki¥Bfi6n fﬁé%biﬁeﬁ%hbﬁb?a@S@dsahne

orm a avi er product”which is e cgarate
compbnent. t Tiee feadrid thid macass Eg/uwailwtnqmml butenem tecﬁtlawtbutane

contalriith g "ol AGHE reantioB vl With, St ape R S8 ormal

bute Yéné—Qrfdr% IS aeédiﬁboﬁéﬂﬁﬁﬁ)l|ghf3hé?hthata1®tﬁg ith normal
ether (ETBE), tertiary amyl meth et her &'AI\/E)
butanahisobumaearnbt@ﬁlmrs butengs T@mareéw@afmfenmmﬁl@u ne frem the

soni AP ARARR O PRSP rhS8) b BAET i 0B oing

pointPAepreferest Wagdd sepandie theseaslefie thomdrs@r t?@osmohﬂlwbac5 analogs
streamw th the separatloF?anor | o]efin hg!}
is to reast hg maehreaciive ErtiaryRlelin Fafargha feaiier ﬁ@%@?\w his easily
y diner and trimer).
sepa&FEé ﬂﬁ g@%eﬂr‘%'ﬂﬁ%y@g’ng éécggj%gghl i ne conponents but
t haretofore, ltheitediany olefine wasoeactask \Mtheallmwenaakmf@I such as

desi d
meth 58 B4l By e SR 32 Ry BREL plft SBBRHATEY, oy
tertia Vi diBer Ema“go@méi%mwhi&hwmqmmafmm ﬁaoé bBeén used

ending is C8, ., 1soctane (2,2,4 trinethyl

as gapem@m@t)anememmers;bw@rerh@;ngo@aﬁmwesa@w elhealin concerns.

¢ Tt Ao Bhror i s AL RIS AR? AL haption when

carrldch@ltlt o al sapiha Beeamswith thé @epamﬂcntd“fenmmmgotﬁm bingheasily
constitute the oleflnfeedtoc aldreatlo

achieyA by ARICHPHEREOD) NecgeBIeT B aNaY BRIING) PSRBT ASIY dimer

o TP i A

to thé amuneabblbﬁn matenalededitablecacaliowed imogasaling andsms frequently

necesgayItaaredonais tie idmeraiar diedpsolie, ditaiod) dedfable
comd?ﬁfé‘nt dr é%%ﬁﬁé ‘Bibrfd'ﬂﬂj lsC@Be% @Oisob%h\é (262, 4tthfeffRa Pehtiies).

heat rermva as in acid process. In fact
vvﬁ'é‘re cnllg@meﬂ mgyoheprezcz!aedchaqksto élaa prlglaab’r@rtlam olefins and used in

cold gﬁéf@ fﬁ)% i—\cﬁ:@%{;éﬁé%ﬁe%%ﬁ ;?%ﬂ\/\h hgﬁ‘f !Bn&ftﬁlg?ﬁ[s r?ét )t necessary

to crdckapeigiigohfer ificH @agcobstifutethedlefin feddfo cuid aordi reaction with
al kanes whi ch are being separ ated fromthe oligomer

the afiyane, olomay be 0ogsl MibATONe PlefnscTABSRtRrbABo¥R the resiilt is the
samé tb‘?Hél’uhctt Qgrtﬁe' ﬁﬁoH?a&Ieﬁﬁ OSHAE it thgeatfdhhﬁr?é’febéﬁ t @M a less
t to the fhe g

producti on asoline
exotherrmcs overallsreasm requiring Ifensacrefrxgeeatlcxmanchdmmbea lower energy

ating .cost of the alkylation unit is reduced by
COSt?CﬁZﬁ%@b‘Vg?'%'I i gorer to replace some or all of the

C OrEAligoiEHZzatiBR pFocedg ipfodi@sidheat of reaction that does not require
the magnitude of heat removal as in the cold acid process. In fact, when the
oligomerization is carried out in a catalytic distillation type reaction, the heat of
reaction is removed as boilup, which in this type of reaction is the lower boiling mono
olefins and alkanes which are being separated from the oligomer. Thus, even
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In a preferred enbodi nrent of the present al kylation
process, a light naphtha stream conprising normal and
wo eootiosa7y4 ol efins is contacted with an acid r eBCTUS2003/025014
catal yst under oligonerization conditions to
preferentially react a portion of the tertiary olefins

thoqu'tf‘\Qret IE%@%?E%%%CE? i TP#;I t II@oh%?lféhén it3O8f h&ESEt RS tHiepdduction

goners to an a on zone h an isoal kane in
of thd gascpimsance itoifs waedamtbeafrao}uoatatl@m, @m they speradingrenst 6 the

ool T SRR RS 5 FE g e 1 bt o B aPbf e

convetltionalshod shhiprblémy, be carried out in a partial liquid
phase in the resence of an acid cation resin

chi apy%ﬁerr@dterm odimest phihgrpregarkalkylgtion peroessna fght; rapptha
{
strea%nacg%wli%{rgg {)lé‘h%l (#ngﬁgrg@r%S%‘ﬁh’s %&dﬁﬁﬁ&sd ’v{lfﬁr $h 46d PELIR ctalyst
under cﬂ@@h@[ﬂaﬁlbﬁ@:bhdmam; wbreféreﬁﬁalhhbact d pertibr eftthietertiary olefins
l'i ght ht ha cyt. The tertiar
with ﬂewr@ﬁelwgs itmiprmmg@aaerﬁ %@Haﬂg $d OligerRRYs f@r?ébalﬁ)ﬁ'at'av gone
with érrl?r AR 1Y §nd gﬁgséﬁ}fe BeRhciA! Qﬁglﬁtlbﬁ%%lﬁstaﬂﬂ pfddtice an
pre erentlally I gomer i zed. rimary o oner
alkylgtionchrodsctesampliisiey theaalilylate aésald taiary elefinleandesaid isoalkane.
p f er abl .cqnprise jsobutane, .i.sopentane.or. nm xtures
Becafaortpurationmas; b sl Sut B BrPar el idlio Wis? B the
preséri&étof(ﬁn%l@%gﬁoh Fesih Satakat efher lhl%‘iralg’-h Phés Yhfs reaction orin a
003, 124; and 6, 335 the entire
catal;dfcf dnaauatnomrqaqtngn weheretibers ISgbemra Vﬁ@pﬁanddwd ﬁbaaﬁcand a

concF G SARESRABERI AR VL LA R 3L PP, s

naphtHzecut! eRrMerdry\léfinsanay ihede |s@bk|;érw; land |srmrdylbnes19nd are
the isoal kane reacts with the nornal

f
moregeRgliva tharpiheatRimal et 1semears anddie ki gq?ree%l& Plastmerized.
The @rﬁéw g%péﬁﬁoapétg%ﬁ‘ﬁnfe% 504 Rrhés, 'ﬁll%‘}éo%“{%nes referably

ication of the result t he pre
commiseaastwtaaenbapemtbae oomigtures theaeef. di ssoci ated or in

S man er nmake their constituent olefins, avai.l e
¢ SThed Ao baaes Peglar ianeed. Steas et upRicRERn Uy patent
Nos. @@I@U@ﬁ? 41340 39@%@0@1211' SR8335,4730tHé @tRe effluent comprising
i Sooét ane; 2) isobutene oligomer + |sopentane br anched

the okgraek anesal olgjng mﬁqyalgaee@m@hee‘ﬁd {0 ar geidElindation reaction.

bra | k
The iy ket (R Bndahe IRIE-S 1 bRAER aflyjation,, inder
alkylélﬁﬁﬂ cenditens dhé isdalkarctdats Withvihie! nbrmalcblefeh &b fd)leraﬁlkylate
13 WD 2004/ 016714 PCT/ US2003/ 025014 or nopstl|

produgticnb avith thee indbrdus! canstitiest Rlefins af th%@wome%@tfpvﬂ the
alkyl%zqrﬁyb@‘{j?gﬁka ﬂ&ét‘idw BlneRad it & 4@% usisaht E&ﬁ%‘és % that the

reaction
oligoineas airexdis saciatey o(@ikfsamdx maser ede themadnraétmerd olefins available

[ ' [ . S.
for rqag%dl t@r:\twﬂ?ntllsgglkgﬁgs?t JI'ﬁlr}s,stHghreér':nlc‘uotnhv‘ril/tll pro S(I;eo:sed in UsS

1) isobutene oligomer + isobutane - isooctane;

2) isobutene oligomer + isopentane - branched Cgq alkanes;
3) isoamylene oligomer + isobutane - branched Cgq alkanes;
4) isoamylene oligomer + isopentane - branched C,, alkanes;

whereas it would have been expected that reaction 1) would produce at least
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Nos. 4,242,530 or 4,375,576 is enployed for the
ol i goneri zation, the oligoner is separated fromthe

wo ome01diod | i ng nornmal ol efi ns and al kanes i n tPEI/US2003/025014
reacti on product by concurrent fractionation. The
streans, normal ol efins and al kanes (overheads) and

or mq%'tl&l R aﬁiﬁ%’éﬁﬁe%ﬁén Zggbbuhﬁpkﬁﬂdc%dat%aéﬁgﬂ Hid%ﬂ?'d %,( eﬂl@hes

I'on or e used individually w
reactibaa®)t woblel pltddgloeeart Ibastrrg hestly €41 ladkaxiasy laadi reactiamé) would

resent i nvent ers an inproved contacting
prodlg (r? §}§rzmgst Ea N&br produci ng and separating an

a\/\b%ﬁbecd%wﬂé%ﬁstmghm r&attionr suthags thatsdisaibséd &t U.ShPatent
same or sinmlar device may al so be used with other

Nos. 42485530 oadi,37 b6 is emplanies for dke eligpmesiaationrtbealigamer is

separ%ﬁn%)ctf ﬁﬁ] @eﬂﬁwéb&ﬁﬂé%@&{ﬁ% elgﬁﬁ% Wﬂd e{?\esq m?f]égcpgn product

by coﬁ%& bt ﬂré?tldri%ih@]lglg I‘rhlec/%’credm@ Emgmal elefmetangr aihanem(dverheads)
ase m xture of sulfuric aci ocar.bo

and c&m@meée&betmr@swn%ee bHited ﬁgl%Y'ﬁ%g\[}ffcea tE?@?‘@ﬁ'oﬁr@ may

be us}?ﬁﬁ?&]o@%ﬁ? ithSat I@ﬁ%trmg oﬂﬁ&fqgg geﬁﬁq%@ t81 Iatlon

on emul sron I gni | ant anount
off hmﬂrésemtqnaemttbn cffdrelad mm»r«wed tentpaling agpalaeﬁe:amd) process

for prhéu&%'eéﬁé%%pé?ﬁ‘g%%@@%ﬁe SRR e A GATER Blalpt. This

same s ‘ﬁkﬂ@%ce r@ayfﬁls@ B ddWRN Dterd dEObY 86idimikeurés.e
aC| ase and kyl at e @roduct i s continuously

emheapmesent pracessepriefjerab employphemwn&@mseaqﬁq pagked with

con 3R AR R R o G Pt rou

wmcrppﬁéﬁs&élbm@édmentmﬂf phask nidaare efulfurivacil, hydrotaybanl salvent
be operated |iquid continuous. The pressure is

and fragtantsnat 4he yooilinghdioindt of Kae + Hyster. tﬁreher SYysles qompyises a
hydrcgc%ar@&? RaLd ?HE ahdid Wﬁ%q?gc%rﬁ‘é}nférﬁ%lbﬂgﬁ%gépﬁ§|§ﬁiﬁ€§‘r&r unt

ap rrzation co ressur rop across the
of sulf@écacid is leeld.up dmtlhelpapklags Eﬁeactiom);s ledieved totake plmbetween

the dBscqiRG Pydtcanan piyiee id ik st Al SRpeRestin Bishading.
Olefuﬁ’ F;Sﬁt?ﬁlf(ﬁléw @iQs&W@s fn@b @h@%cﬂﬁbﬁ’as@hﬁfﬁﬁalWbie'ptﬁdua'th§cont|nuously

mxture before fractionation is the preferred
extractecbmitattha gmyslocbcaehon phaee achdjusting He pressyse angshydrocarbon

comt G Koh 8 PRl B Al 399, gt Ak romay

operhfed bﬁbépﬁbﬁhﬂﬁﬁjssbnﬁfn@é)DblsoBbéa@ﬁaatétﬁ Inqu@duomtaqm The
in essence rapidly extracted fromthe acid

presqztgﬁuss srefayentiafy highes @t fhe toppfdhe dpagter Bian qwgwboﬂom
R

drop adest thei rebotdr, ¢lge, totall plessane drap éonosbrsaakreeg:td:rrm‘ between O

emul si on. The .progess be descri as, hydr.ocar bon
and Gopinn WULTFIS IDBEURE P (LT T PESRTERL0BES Yl Of backng also

inﬂuen}%%gg@gé}@tgﬂgr%ecﬂ%b% {ONAR R PHade MuldRlp OTHAYproBEct mixture
before fractionation is the preferred circulating solvent. The acid emulsion separates
rapidly from the hydrocarbon liquid and is normally recycled with only a few minutes
residence time in the bottom phase separator. Because the products are in essence
rapidly extracted from the acid phase (emulsion), the reaction and/or emulsion
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present invention is provided to the reaction zone in

a conti nuous hydrocarbon phase containing effective
warmwie1of ol efinic and isoparaffinic starti nBCT/US2003/025014

materials which are sufficient for form ng an

al kyl ate product. The olefin:isoparaffin nole ratio in

prom{)fé?s %l ?'nl crggﬁé ®pdl %%?uﬁ@ %Hiodalkﬂ@\%nfﬂrﬁﬁéé’éééuﬁnair tﬂe added

pre erably fromabout 1:5 to about
withoat the usUalrmnaelneforrbrealop@ﬂwfémulsm e pragess Bayihe described
H ed., The olefin co one sho g,@;fferably contain 2
as hy, @cféb%FBB ‘5{%1%58 ﬁ PEIYSYY: conponent
shau! ﬁyd?b@éﬂfdhb\‘é(eo%%ﬁkaljﬁdélrgbmgl&ll@mmnb;lttﬁﬁb‘method of the
Representative exanpl es of suitable isoparaffins
Presanih ivedtion isqisavidad tg?@dpaﬁtom@nean a@@ﬂhwmmocarbon phase

e A M D e et icnr

sufficiasit f(ﬁbbﬁnmb%fnl arlﬁylat@quud@ctb%e obefi; lsopaﬂaﬁﬂlryirmmeratlo in the total
but ene- 1, Iene pen §nes

reacteiieaf shoul 2REBT@R abas Tt b enewpr%féﬁﬁﬁxffom about
1:5 tcf'ﬁtz&;tl i g fRALE o h@&gé&la\‘fﬁpf&*bé rﬁé{/glr%g?cfeueé@é.' ns.

process yst em uses oric or
s U'Ihialﬂléfm emmponmtaslhpstdspretmdlely cootain 2¥ell § cathen atoms and the
erature Lti or, exa e he sylfuric acid
|sopa5qa |§PmﬂP” E’hPU |@'e 5??'?"08%%?/ %1 ﬁgl ;’iilzvga{%on atoms.
Repréféﬁle e Exk@mpldstof! s‘@xWabl%ﬂE@da%bﬂfn%&n&ladé @Bdbiu\téﬁ@ dsogentane, 3-
order to minimze the side reaction of

methplbeyane.i Zxmealhylhesane| &ﬁrdmwbu;anq e%mdmwggilm%bﬂh@xane

oo SHAA S PELIRE o B RETRNSS 2Bt ptpno-t

prop;ﬂ@tﬁe Epewtérﬁﬁd ethlylgiy, helkene, oet@id, zmd h‘k{pteln@tmemgtio nanne afew

t hese id acid catal yzed al kyl atl 0 rocesses is
and %@W%&@WWQV@@@'@PWS pbt 6"‘ i ght usi ng
th t fy
A b e 0o

undearelatielyllophiesyievaiuce aomaﬂtlcmae/ For exaetpléythe spliaric acig alkylatlon

oo S R le BBt BPELTB TR S B avor
in orﬁéﬁ%‘rﬁldlrﬂ%ﬂ%rﬁﬂé réSétsnl M%Ieﬁwﬁél}h%rﬁatl@ﬁ' Petisleum refinery

drocarbon fed to the top of e reactor in
technm@gy@vpr&alknlail@n ovanpelgefizatinrpetause lamer quanﬁutﬁﬁnf higher

oty e B BB B R AR A gencts

thesé&gudla6E @htalﬁzédﬁlkﬂéﬁ@eprbcessésﬁﬁ bréferatimmaﬂmair@d@ft 881094%
acld to hydrocarbon shoul d ran%e from gﬁgut 0. 1: ?1
by weihtjsing A contimious aoBipnel Fpeh asisra %9'6%1@92 withdrawal -

of spAHfjé(% d o@ﬁil\éﬁ’acﬁ%%ﬁ(ﬂi dé%&ﬂﬁi' &%ﬁs%oﬁ@ 8ciiGhd b@tu%eﬂ % supporting

reaction zone s ccur e Farntah Ing t
the da@yﬁtmwmmeebnahe aaclengmaateuale rang| ng from about OF

R L LM AR ST
amoMﬁt%%ﬁ 'ac?chQHJj GyBRodERbEH fdRdhattod of B Fedc@&thwvélﬁﬁf@tnc ratio
anglng from about 0.01:1 to about 2:1, and more preferably in a ratio ranging from
about 0.05:1 to about 0.5:1. In the most preferred embodiment of the present
invention, the ratio of acid to hydrocarbon should range from about 0.1:1 to about
0.3:1.
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ATM to about 50 ATM and nore preferably from about
0.5 ATMto about 20 ATM Most preferably, the reactor
wao esopeteiur e shoul d be mai ntai ned within a ranper/i$mn3/025014

about 40F to about 110F and the reactor pressure

should be maintained within a range fromabout 0.5

AﬁMdﬁtfbn%W%e%léﬁ&%lddqoﬂﬁﬁeéél& mtbﬁﬂe%hbﬂ&ﬁl &éﬁe should occur

operating conditions used in the process of
wh|lepmememtnm.rthenaaotorwelssekjaqoarielmperaurm rmn@érqmp@bouh@ F to

abouf i et A8 RE o 25 PoBHa TR , SIRAERS. the

presé(ﬁé @fiﬂhb)feé’c%ov\@éése%hédlé bEPhaihtdifdd & aortevéhangm@qftombsout 0.5
affect the characteristics of the result

ATM acp lappuit %0 ATdband mere pesfermblatipusaautitd Addd itQi ah@@t 20 ATM.
wost 5Bl B 855k 1 Rere el 4100 6 P et et famcom

aboup4e ety a@actiQoR awsﬂherreacisr presisurdieheuld besmgintained within a

evaporation_which aids, | ssi pating the heat of
range gﬁmﬁwt%ép‘-ﬁﬁl@ﬁeok‘h@%gﬂperature of the incomi ng

m},t, ge'n@kfi ﬂ{é’ﬁ‘éﬁlctupart raﬁ g%ﬁdﬁ%ﬁ@rds@cﬁm Jttﬁaa)ﬂlfd&skrtﬁthe

or as in an isothernal”reaction.
presaitkmlremtlon will eependro lsamegdmweempmrﬂ)bape@mc alkgation reaction
bei rea&tion m'F;(tureis irans erredlgtoaﬁluitable d
eing; pEHpaRed, Rracess capdifians fUCh A, GERIaMIBrHEESSure and space
veloditQ saell thetriGlaftdtid GFitige RIS walnaiféethe Bheteitics of the
reactants is separated fromthe acid. Since the

resultwawlatej@r@siuppa rchnay he anjustetinaseardanesaviinnayametersinown

to about 0.8 g/cc and since densities
to th&b &{"he%g' Qa(S;rt(f:neral ly fall within the ranges of about

0./h gdemtage@obbgeratidg @t thedsoilindeoiht\of thearesertreaction system
readi |y separable by conventional gravi tée sett%ers

is thatherg éomea@vamram}fvhscé\oaﬂaﬂrb¢§8|n%'ned deakat agtion and
makﬂﬁ%ﬁ qﬁé’%ﬁ]bgﬁ? éﬂbp@i@dwngﬁgﬁﬁg%&ehéﬂs n‘g&%{[% ik fo?rtﬁﬁ%terials

e al so sul [at1on e ment is s
Ieavmgthmma‘étcﬁasdfmvdn isbthesmal seaghbnf i ed schematic
res&nt%@op of trt1e aratu ande %f t he,. hdure i
pr R e agipvig 9'?5‘?&9'89 39%09055@9 ign,thejgagtion mixture is
transférfed O RY@tRRE Be@ﬁﬂa‘tlbﬁd/esﬂ'éﬁvﬂeﬁé‘ﬂﬁ@ hydr@céﬁnoﬁ%%e containing
contai ning a disperser nesh 40. The present

the auqyiﬁrb@ prasiust aodiaayainreaciad repcipetsds saparatediom tnecid. Since

the typitAEASH AP LR o Brb RS Bl s rant Aot 7R b h2Bouto.8
glcc an@ gines @eﬂ@iﬁe@lfbrtlhé adld géretamifall Mhi?ﬁHeUSﬂQ@§bﬂ2l5@ﬁ‘O 9 glcc
opar af f .,. 1 sobutane) fed V|aI|ne 14 throu

to ahquie. @a/cq:rtefeetw&opva%espafet F‘?ﬁﬁj“bﬁfseﬂ%ﬁ g1 ly icAnyentiong grawty
settlfljs‘)@% &5 aC| S\ﬁfétf?)rna}’éé”pe{ra ﬁﬁfsﬁ%ntérf@)d HyRfocyRlones ,Which

cat al yst ed’via’llne
sepaaaté byedensity mftﬁerénna,yaﬂeealsmppitatdel through |ine 38. The

B%/ %%?aﬂgﬁ}%gr g&ﬁ)@%m 8 ta{sesrﬁgvgn t|no tﬁé] %Iéeaﬁt Olqlcwhls a snmpllfled
schematic representation of the apparatus and flow of the process. Such items as
valves, reboilers, pumps, etc., have been omitted.

The reactor 10 is shown containing a disperser mesh 40. The present
dispersers achieve radial dispersion of the fluid or fluidized materials in the reactor.
The feed to the reactor comprises an olefin fed via line 12 such as n-butene and an
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cylindrical colum via |line 58 and through appropriate

di spersing neans (not shown) into the disperser nesh
wao4borriexanpl e, a co-knit wire and fi ber gl asRCTESI903/025014

The hydrocarbon reactants and non reactive

hydrocarbons (e.g., normal butane) are intimately

isopdraffird@ dgedlswb&!anteb] @ecﬁviaohrf:eamwéhgnﬁné 50 . be¥drabiyod portion of
procee he reaction is exothernmc. The pressure as

the o&@‘m isfed aleagdbaneagtioryiadines dfes AAbsang 6c.ad)ligicdacidsatalyst

suc T8, S01 5 W VBT R G ekl 58 i be Ao B ¥ordln tne s,

The hpdivenitinsrepatnts e féd dovihd reactbr Which Baprefsrably aigendrally
vapor\|liquid phase and out through line 18 into

cylm@@zeéﬁplél.mrswa lipg SBranddBraahaprarrate gisnersing H‘ﬂﬁﬁ!@n(ﬂgt shown)
into t%edlﬁﬁé)r?é%%gtﬁﬁg s fordkal lphaggqﬁ]ﬁt%ré:?% 8 ng??lé Rfesh.

contalnin
al e aydrocarbcnacémtamseéndl reond reactiee dtyeldocarbopar(efd.j normal

butaip) 2 RUoEOh AN TRCRO RIS Grich ook S dDARIURICS prqgeeds.

The r%%)étlbh %‘é%th@bfﬁlbocﬁfek&%swt'W\ﬁlﬁﬂ as\he ahaﬁf ti%s SfeEBMats are
fromthe systemvia line 50 for further

adjusipgtose¢rthe. systasn comnmenmtdh@ hailiag psint @uwarénaﬁylmthe liquid

I|ne24ad56|totereactor cid
phasig B¢ 15 s394 BoloReh b d Shin adliRiout 8 Gt Remived
vapolr\!lltiﬁld‘kﬁ'\ase'ré\ﬁj Buttrreaghdnel 181itd debasteri3o. rmreeaboamer the
line 22 wth a portion recycled to the top of th

systers geryongnts alierepasatedjato @?raplﬁd@m@ﬂﬁmntamg)ﬂw catalyst, a
d
nyr 88! s erffin Y AR LRk ] 380 frreacted

|soparafﬁrh entieed remtweltwdrmmbenls ancalvaper Sitasedd whizh may contain

te roduct is re a li
somg pERarhheeorPanets ERA %eh{eégw@&ar%?%ﬁenwwch are

remdv%drf?&'}ri%ég{é’tbﬁﬂ Vi liRe &?fdr‘?urtﬂ’?@r HRiliRG ars 'b_
Rl MENTA! UP FOR ALKYLATION OF°I'S FlN +

Ogesivofbe acidephiasiel |smwg;mk\aaﬂjhe£4tam bGinde dhergactor. Make-
reacto

up afyaibsitRed i< M St PR P AT Yip e 48
MEf IR hidrocdibdn IIerﬁDFhaéb’ RYeiovedsvia nee 22hwikh b?ortlon recycled
de endlng on the ho of the packing used.

to theg d;% ef theskeegtarvia &n%%utﬂ@ rlemaipder:ofdsseearbon nhasads fed to
distilRffibH q‘& n Dbk ﬁn%ﬁ@rvﬂ‘féarfe*?ﬂg fl%l&l%)ﬂét'éa W&Mbh?ane if present
Circul a e a two-

ase m xtur
in thé-éssthy candel netrravédmai lin@B6tanel merallqﬂatermod&aqs mmboed via line

L
52 tdﬁl%ctbg‘?ﬁré’ééiér ffybi ent heat gains and hel ps force the

down through the packing creating great
EXPEE&lMEI\éTrN.eSEFFdJﬁB(DRg%LWﬂsQ\TI@N tQFeISQIBARi\I%FrIN + OLEFIN

PTG A PP B e BB EaLies  Th Sa TRy Lertaghes
dlam;égerte 'I‘té rsacbeg&édt\/am vaRjiRy ahduies Baakppes o packingUmatdtial. The
H,S0O, inventory is about 1 liter depending on the holdup of the packing used. The
surge reservoir is about 3 liters and passes all the acid plus liquid hydrocarbon out
the bottom to circulate a two-phase mixture with a single pump. Feeds are introduced

at the top of the reactor to flow down with the recycle mixture. Vapor is produced by
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i sobut ani zer. Mass flow neters are used for feed fl ows

and a Doppler neter neasures the circulation rate.
wao.e@aioth7ps oduct s fromthe de-i sobutani zer are RET/GR®A3/025014

However, the vent flowrate is estimted as being the

di fference between the mass flow netered feed in and

heat Fﬁf‘l&%a\éﬁbﬁ EFEJ@ dnhisiEntthet 8EiHElhdHEIps farcé el IR ddvn through the

hydrocar bon products, “including the vent. Titration is
packingeerepting great: tuduliencss sag. mixiDRERONt O the vaperss atd entidensed

ror 1 SRR B P BFER s

throughdan crid daseriifa@sdithen RhAsLRIN theabackpreésgige abyuktor to the de-
readi ngs. are | ogged el ectronicall The reactor_outl et

isobytanizer.aMass o m@ﬁeé%s-?weeus;ﬁdeﬁ@rs&yéd Howsl and & Happler meter

. : et . .

meafR e Prodiathr Bue, Mg Bl RioHa IS LRI HRaRGer M icihed.

Howévert thesreSlobotale j3r estimsateliagpbeing tite diffleesndechdtiveen the mass
e

fow Jialered deo gt il Mol WSedscail cderames al
hydrgm@ﬁcrpbﬁgwy@uétg,ti@cmaﬁgftﬁs%nt.ﬁﬁgamvlged k9e5g§f§bim%ssay.

ause a decrease in product quality b uting
OPERAdON/e isoparaffin in the vapor phase. The

oo e T S B PP i SR Ve hiBBn anc
acid erﬂ@WbQPtHealé@ilin? Adist BRtHe BlyiroddiBess brésaMiaPRSsstvy and
be punped separately. The acid inventory is nmaintained

tempeyatpmtaadingd yredegesd elegtronisalyi Theeraastsrsiudlet tatnpergturg and

[ t ' - e .
oros {8 AR B A%E AR 1S, K eg B MR8 uein
an iC40Aikyiatp dlash malcadatidonl ayer and hydrocarbon |ayer is

then used in conjunctjon with the Doppl er, neter
" S deREprEs U tegklalot et RissRs ot PRGYCE linkic @i vapeisto the

_i i Smai i t t
do-i85hatob g maFtanb T progty o aaindl I i o used

primailyitp keeap iaciyl frére beickingl up intotheafieed liardHbvever doo much N, will
bal ance around the, unit,. , Different packing usuall

causpee, HerTeAts vt it dlliy Bndivid fepdie sotaralt i theyapor

phase0 the same DP. Mst of the tine, t he anbi ent heat
gains and the heat of reaction provide 18 WD )
20078 cirevlaiop@urusiodheooxerimeniak gatire civeidates( holbt the acid

crmul ) 6P SR R hascs may
be pumpeddiepecatelyt h the feed to provide some trim cooling.

This excess i C4 is relatiyely snmall and does not .
i it AiddRventoRys ediniaiaed by mompakerily dluertigodha eatirmescycle

througt & ¥héddufihg tube using a three-way valve. The trapped material settles in
seconds to form 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
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hydrocarbon rates are typically on the order of 100 -
200 pounds per hour. It is the circulating

whyanooaibon fl ow rate and conposition that doPrCTIHS®E3/025014
the iC4 ratios to everything else. TYPI CAL OPERATI NG
CONDI TI ONS FOR C4 ALKYLATION I N THE EXAMPLES Feed

| bs/ hr O. 25 -.50 Al ky out -
adeafip@ Yeb sl £ fbéd?q%np out - F 50 - 60 Rxn Psi
oBecausé of BEfrigedion@ohsBaits, Rbwut e3 Hsllrsof exdiadigutichifer may

bo infrethcliityine et PSR iqsie M haling Znedpss tge R ritively

smalam® @oes rﬁﬁeﬂgnlﬁ%rﬁlyzaﬁectﬁhéslb 8/001bfmdditbl siAce th@Scnbulatmg
gal alky O Packi n - see no

hydragerken Faieriag tmallmorf herorder 0fL$00 PQQQ nsmglsm,erlh@slrf't s the
cwcul%BEl&iyd&féaiﬁ%% @R géééﬁ,.& € hﬁ%ﬁ)gﬁldﬁtﬁaggﬂ)rﬁl%gs?hg@t F%’[IOS to

every’mhgr@éass t hr ead every ot her stltch 2. Packing type

TYPIga QBERATING CONPTLONS FOR G AT I Y7 EXAlpLES

Fee other stitch. Exanple 1 Refinery C4 g4e£| ns used as
df% tocks To the Lab Unit: 38%iB in__LowiB total
Olefigiiref Ingdr19 WO 2004/ 016714 PCT/ US2004)-825094 net hane

Alky 8uD21b8/HP0 et hane 0.00 0.00 0.50—-1.2
Rxn Temp out - F 50 - 60
Rxn Psig out 6 -16
DP - Psi 0.5-3.0
Recycle rates:

Acid phase- L/min 0.3-1

HC phase - L/min 1-3
Wt % iC4 in HC recycle 75 —45
W1t % H2S04 in Spent acid 83 -89
Wt % H20 in Spent acid 2-4
Fresh acid addition - Ibs / gal alky 0.3-0.5
Packing Type 1 or 2 — see notes below
Packing Hgt in feet 10 -15
Pack density lbs/ft3 5-14

Notes:

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

2. Packing type 2 is .011 inch diameter alloy 20 wire coknitted with
800 denier multi-filament 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
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et hene 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
wWQ@2009016474 50 i so-butene 0.90 15.90 1-butene ROT/022003/025014
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
- hut yne 0. 0.01 cycl opropane 0.03 0.03
metrng "L Y "6, o 49205 %5 o, 1, 2- but adi ene 0.00 0. 01
ethangs 1- but ene00026 0.90 i so- pentane 0.98 0.02
ethedle pent ene 0006 0. 820.0@M 1-butene 0.01 0.01 n-pentane
1 0.03 - pent 0.00 0.08 <c-2-pentene 0.00

mbp%h%o t-3-p®7?édie(ﬁm§.00 0.08 c-1,3-pentadiene 0.00
ProPEiBy  unknodrld 0. 02-8508 100. 00 100, 00 Conpari son of
propyeg i nery proddced AR§late with Lab Unit results
mopéékh@ siml@oil ow iQZ4 feed Plant A Plant B Lab 1 Lab

e c5 6.2 0 2,5k2.78 2. 3-dnb 4.05 2.84 2.80
IS0 bét%{ze 6 1.%%90171. 19‘113.13(20 1.15 2,2.3-tnb 0.20 0.17 0. 18

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

iso-pentane 0.98 0.02
1-pentene 0.06 0.82
2M-1-butene 0.01 0.01
n-pentane 0.01 0.03
t-2-pentene 0.00 0.08
c-2-pentene 0.00 0.00

t-3-pentadiene 0.00 0.08
c-1,3-pentadiene 0.00 0.00
unknowns 0.01 0.08

100.00 100.00

Comparison of Refinery produced Alkylate with
Lab Unit results using similar low iB C4 feed
PlantA PlantB Lab1 Lab2

iC5 6.27 270 2.51 2.78
2,3-dmb 4.05 284 280 3.02
C6 1.63 1.19 1.00 1.15
2,2,3-tmb 0.20 0177 018 0.19
Cc7 717 9.55 435 435
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Cr 7.17 5.55 4.35 4.35 20 WD 2004/016714

PCT/ US2003/ 025014 TM C8 53. 88 61. 76 66. 84 66.93 DM C8
wa2002/p16i24 47 12.69 12.44 TM CO9 5.04 4.22 2. 89PQr/v&42005045014

C9 0.57 1.01 0.29 0.18 TMC10 1.14 0.91 0.70 0.64

UNK C10 0.51 0.54 0.29 0.29 TMCl1 0.99 0.77 0.69

TMC% 71 UNK Cllééﬁs Qég A é)4 00566842 4.37 1.71 4.72

60 C13 0.0 c124°03 1.57 0.05 0.00
G815 0.00 0.1318:40 o! 66‘7 H\?§% 0826404 0.00 0.00 UNK

TM093 74 0.83 0.005.0400 sLP?1002:89 10@.00 100.00 100. 00
|v|w11|3f4 11§50 114 81114969 Bromge no. <1 <1 <1 <1
tal Sul fur ppp,<10 <10-<10 T AL % TM 61. 05

TMCé 66 71.12 711181 ﬂ/%?:s/ D@Fés 0) 4.39 4.95 5,27

UNKE188 TM co/ DM-BY (r £2.54) 088 4. 992510 08 15.57

TM CHypi cal vent am@bysi s{)?W%OIﬁ;}Bdro@e'm 0. 000 oxygen

24 nitro 877 th 0. carbon nonoxi de
8'1\'5%12)100 car bog fBg)(I de0 ftCe)oomb%t harle 6) 000
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 114.6
Bromine no. <1 <1 <1 <1
Total Sulfur ppm <10 <10 <10 <10
TOTAL % TM 61.05 6766 71.12 71.01

TM C8/DM C8 (ratio) 4.39 495 527 5.38
TM C9/DM C9 (ratio) 8.85 419 10.08 15.57

Typical vent
analysis:

wit%
hydrogen 0.000
oxygen 0.124
nitrogen 3.877
methane 0.019
carbon monoxide 0.000
carbon dioxide 0.000
ethane 0.000
ethene 0.000
ethyne 0.000
propane 1.066
propene 0.000
propadiene 0.000
iso-butane 81.233
iso-butene 0.021
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ethene 0.000 ethyne 0.000 propane 1.066 propene
0. 000 propadi ene 0.000 iso-butane 81.233 1iso-butene
wO2®2016724 WO 2004/ 016714 PCT/ US2003/ 025014 1r@TIUS2963/025014
0.000 1, 3-butadi ene 0.031 n-butane 3.398 t-2-butene
0. 000 mcycl opropane 0.000 c-2-butene 0.000
1—buti&§8' pentane 0O 1-pentene 0.000 n-pentane 0.000
0. 391 Exg e 2 Effect of Isobutylene (iB) on
1,3-bntad}er®a||ty O3t 100%iB 38%iB low iB iC5 3.66
n-butan87 2.78 2, 3:38® 3.60 3.56 3.02 C6 1.42 0.52 1.15
t-2-b gStrrbO4% éh®3 0.19 C7 5.27 5.08 4.35 TM C8
56.95 6 DM C8 11.77 12.64 12.44 TM Q9 6. 07

mcyﬁ'OEE’F’?“% .58 0.45 0.18 TM Cl O 2.06 1.33 0.64

c-2-butene 0 000
iso-pentane 0.968
1-pentene 0.000
n-pentane 0.000
C5 + 0.391
Example 2
Effect of Isobutylene (iB) on Alky
Quality
lab 1
100% iB 38% iB lowiB
iC5 3.66 397 278
2,3-dmb 3.60 3.56  3.02
C6 1.42 0.52 1.15
2,2,3-tmb 0.40 0.23 0.19
Cc7 5.27 5.08 4.35
T™M C8 50.79 56.95 66.93
DM C8 11.77 12.64 1244
™ C9 6.07 422 274
DM C9 0.58 045 0.18
T™ C10 2.06 1.33 0.64
UNK C10 1.14 0.67 0.29
™™ C11 2.54 128 0.7
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 1191 117.3 114.9
Bromine no. ~1 <1 <1
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UNK C10 1.14 0.67 0.29 TMCl1l1l 2.54 1.28 0.71 UNK Cl11
1.00 0.00 0.00 C12 8.30 8.99 4.60 C13 0.07 0.00 0.00
wW@00401284 0. 14 0.00 C15 0.12 0.00 0.00 HV' S ECBBSHNO®S014
0.00 UNK 0.54 0.00 0.00 sum 100.00 100.00 100.00 Av
MA119.1 117.3 114.9 Bromne no. -1 <1 <1 22 WO
/016714 PCI/1JS20Q3/,0250 Total Sul fur ppm <10
TOtaE%ﬁ%gP%OTAL i%‘#M 61&26 63,77 71.12 TM C8/DM C8 4.31
TOTALSA 27 TN EPDMER7H0. $1-18. 34 10. 08 Exanple 3
T™M CB/Ddy C8ne + | @B Al kyhd&il on 52npl e Poi nt product
™ Es/oree 0. 01 1H$9- bubayre 94@pg n-butane 0.32
I so-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 2ERafpleBbut ane 0.04 3, 3-dm

pentane 0.01 cycl ohexane 0. 00
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
cyclohexane 0.00
2M-hexane 0.34
2,3-dm pentane 48.97
1,1-dm cyclopentane 0.00
3M-hexane 0.35
2,2 4-tm pentane 3.42
n-heptane 0.00
2,5-dm hexane 0.37
2,4-dm hexane 0.56
2,3,4-tm pentane 1.52
2,3,3-tm penténe 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
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2M hexane 0.34 2,3-dm pentane 48.97 1,1-dm
cycl opentane 0.00 3M hexane 0.35 2,2,4-tm pentane
w@2002/01611hept ane 0. 00 2, 5-dm hexane 0. 37 2, 4PCiMUS2003/025014
hexane 0.56 2,3,4-tmpentane 1.52 2,3, 3-tm pentane
1.21 2,3-dm hexane 0.64 2,2,5-tm hexane 0.68
- hexan .13 2,2-dm heptane 0.01 2,4-dm

236%%%P§R§H8 03 ',1%- dm heptane 0.03 2,2, 4-tm hept ane
2,3,5¢tngheptang 5.t P&t ane 1. 70 23 WO 2004/ 016714
tm-h&6TaheS2003/ 025000 2, 3, 6-t m heptane 1. 16
2,2,62tri$ne':thglﬂbﬁﬁ@t apg-0.16 tm heptane 1.00
C8S2, 2,6-1r1nethy cbtane 2.32 (C8s 0.20 (C9s 0.20 A O

0.98 Clis 1.62°Cl2s 1.73 C 13s 0.09 Cl4s 0.05 C
C9s 55 0.01 unkno@?9 0.01 heavies 0.00

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

Wit%
C5 5.03
2,3-dmb 0.74
C6 0.35
DM C7 1.14
c7 0.17
™ C8 22.26
DM C8 3.70
™ C9 52.40
DM C9 6.72
™ 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
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100. 00 Exanple 4 |I|sobutane + pentene 1 al kyl ation
product W% C5 5.03 2,3-dnb 0.74 C6 0.35 DM C7
wa24/0142714 0. 17 TM C8 22.26 DM C8 3.70 TM COPGRUEM03/025014

DMC9 6.72 TMC10 1.51 UNK C10 0.56 TM C11 0. 16

UNK C11 0.38 Cl12 3.68 Cl13 0.33 Cl4 0.11 C15 0.08

HV' S 0. 03 Uglég% 63 24 WD 2004/ 016714

PCT/ US2003/ 0 9 100. 00 Avg MN 123.2 expected MN
AvgMY8 feed ol etdh2#/ hr 0.25 Al ky product # hr 0.47
expefiedrii\e 5 (A i1@8meri zati on product from C4 feedstock

feed Widin :88% i B i g gmptal ol ef i ns.
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
unknowns 1.5
2.,4,4-tm-1-pentene 4.7
2,4,4-tm-2-pentene 1.3
other C8's 3.4
grouped C12's 44
grouped C16's 1.2

100.0

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

iC5 3.97 2.39
2,3-dmb 3.56 2.87
C6 052 1.17
2,2,3-tmb 0.23 0.20
074 5.08 4.95
™ C8 56.95 58.34
DM C8 12.64 12.80
T™ C9 422 415
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(This product was in turn used as the olefin feed to
the lab Al kylation unit) iso-butane 48.8 iso-butene+
wa2uveited 1. 6 n-butane 11.2 t-2-butene 14. 3 PCT/US2003/025014
c-2-butene 6.5 iso-pentane 1.0 t-2-pentene 0.1
unknowns 1.5 2,4,4-tm1 -pentene 4.7
4, 4-tm 2- pentee 3 her C8's 3.4 grouped Cl2's
DM(‘?4 gr ouped C16 4% OI'%O O digonerization effect
R Al ky products ng 1@ feed with i B = 38% of
UNKO1®‘| ns before @&62r 0i8% 3.97 2.39 2,3-dnb 3.56
™ 3487 CG O 52 1. 47g2,2,48-tnb 0.23 0.20 C7 5.08 4.95
UNK 11C8 ﬁ)(%@\r/l 2.64 12.80 TM C9 4.22 4.15
WO 2004/ 01671 / 03/025014 DM C9 0.45 0.35
C12TMC 0O 1.33 1.298.9%K 81d 0.67 0.57 TMCl1 1.28 1.41
C13 UNK C11 0.00 0.0®.00 0.00

C14 0.14 0.1
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 4.56
TM C9/DM C9 9.34 11.75
Operating conditions:
Olefin in - Ibs/hr .25 .25
Alky out - Ibs/hr 53 53
Rxn Temp out - F 52.0 52.2
Rxn Psig out 12.2 11.8
DP - Psi ~1 ~1

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

% 69 67

iC4 in HC recycle

Packing Type 2 2

Packing Hgt in feet 15 15

Pack density Ibs/ft3 7 7
Example 6

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

iB DIB TIB+
IC5 3.66 3.97 3.41

26



Cl2 8.99 9.41 C13 0.00 0.00 Ci14 0.14 0.11 cC15 0.00
0.00 HVS 0.00 0.00 UNK 0.00 0.00 sum 100.00 100. 00
WQO00M6r1/. 3 118.3 Bromne no. <1 <1 Total SedT/us20ppoR5014

<10 <10 TOTAL % TM 63.77 65.19 TM C8/DM C8 4.51 4.56

™ C9|/tli))l\/llﬁg 9.34 11.75 Operating conditions: defin

in - s/ hr . 25 ky - Ibs/hr .53 .53 Rxn
2’3'dmgrrp oue T F 8360 59:73; SR g out 12.2 11.8 DP -
C6 psi -1 -1 RechdRe fadtes: 143 d phase- L/nin 1.0 1.0
2,2,3fabphase - L/ n.402. .38 6 0%RM9 67 iC4 in HC recycle
C7 (Fj’ack! ?g IT)k/)p/ef ZEQ sgrz_%éng@jy 6i nI Lelet 15 15 Pack

ensity S a A ate quality from
TM CBsobut ene + I§ jﬁa‘% owﬁgomsrg of ig + ici. i B
DMCBI B TIB+ 1C513.66 8.9 31291 26 WD 2004/ 016714
Tm cBCT/ US2003/ 02594% 6.60 10.31

DM C9 0.58 0.81 1.10
T™ C10 206 3.09 3.29
UNK C10 1.14 1.18 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 0.28 147 0.14
C15 012 0.29 0.00
HV'S 0.38 0.19 0.00
UNK 0.54 0.01 0.00
Sum 100.00 100.00 100.00
Av MW 119.1 1221 1229
Bromine no. ~1 ~1 ~1
Total Sulfur ppm <10 <10 <10
TOTAL % TM 61.46 60.15 54.67
TM C8/DM C8 431 b5.37 297
T™M C9/DM C9 10.51 8.15 9.37

Operating conditions:

Feed olefin iB DIB TIB+
Olefin in - [bs/hr 0.25 040 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 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
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2. 3-dnb 3.60 3.70 3.18 C6 1.42 1.36 1.53 2,2, 3-tnb
0.40 0.38 0.27 C7 5.27 4.96 6.39 TM C8 50.79 47.93
W@30036167DM C8 11.77 8.92 12.91 TM C9 6. 07 6. 6BCT/OSBI3/025014
DM C9 0.58 0.81 1.10 TM Cl0 2.06 3.09 3.29 UNK CLO
1.14 1.18 1.35 TMCLL 2.54 2.53 2.72 UNK Cl1 1.00
1.79.0. Cl2 8 30 1Q.51 14.97 C13 0.07 0.31 0. 07
Packdensity 5%59?347 0%24 &5 0.12°0.29 0.00 H/ S 0.38 0.19
0.00 UNK 0.54 0.01 0.00 Sum 100.00 100.00 100. 00 Av
MA 119.1 122.1 122.9 BEQ#; po. -1 -1 -1 Total
Sul fur ppm <10 <10 <10 TOTAL % TM 61. 46 60.15 54. 67
Expcbhéd8s. Rihea atkyBatich BrodzicdKIWEM C9/ DM C9 10. 51 8. 15

and %O?EZS |C99ﬁt5t9kclé C\Pd?ﬂiuts'cﬂé‘% Feed olefin i B DIB TI B+
O O 25, Al ky out - I|bs/hr
(e.9.9n Fep W?é“@'%%s‘?%ﬂ?q eact WM, 5176 51,7 Ren
1 mabe pfiGito fDB“l%CHOSBIWy|aBPMWpS|142)5 1.1 -1 Recycle
Resulitifdicatcdsbdimesizatidnmysnérating. 5 1. 0

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

Example 8

Isobutane + pentene 1

alkylation product

Wit%
IC5 5.03
2,3-dmb 0.74
C6 0.35
DM C7 1.14
c7 0.17
™ C8 22.26
DM C8 : 3.70
™ C9 52.40
DM C9 6.72
TM C10 1.51
UNK C10 . 0.56
T™ C11 0.16
UNK C11 0.38
C12 3.68
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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

W@ 200487670 2004/ 016714 PCT/ US2003/ 025014 Packrdensions/025014

| bs/ft3 6 6 7 Exanple 7 Expected vs. actual
al kyl ati on product MNW's and noles i C4 uptake with
C13vari ous ol efi:ks %e.g. in theory | nole of C6 olefin
shoul d react wr 1 nole of iC4 to forma C10
4al kylate; MVH.142) Results indicate depol ynerization
C15generating nmx@and | ower MWV ol efins that conbine
Hy'sw th additiogphai C4. Mles i C4 uptake per nole Aefin
U fed Average progéjct MAV O efin Expected Actual
NKExpect ed Act udl®3Hexene-1 1.0 1.2 142 129 Cctene-1
1.0 1.4 170 18W.0®)i -i sobutylene 1.0 1.8 170 122
Avg VAW - i sobut 31/I emgs_zll. ? 2.6 223 1t23W5)(alrmC!56580580k2)uga3$rb
+ ne ation produc 0 : , 3-
eXpeﬁ’.‘#ﬁM 0. 3584 C7 1.14 C7 0.17 TMC8 22.26 DM C8
feed glefim #/hr 0.25

Alky product #/hr 0.47
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TMC 52.40 DMC9 6.72 TMC10 1.51 UNK C10 0.56 TM

Cl1 0.16 UNK Cl11 0.38 Cl12 3.68 28 WD 2004/016714
WEMANE2003/ 025014 C13 0.33 C14 0.11 C15 0. OBCT/BN2083/025014

0.03 UNK 0.63 100.00 Avg MAN 123.2 expected MN 128

feed olefin # hr 0.25 Al ky product #/ hr 0.47 29 WD

The %Qgﬁﬁcm.@gmegg/ US2003/ 025014 The invention cl ai ned
. A nethod of operating a nulti-phase downfl ow

reactor conprising conditions of liquid and vapor

fl ©W A0 [ e f c o
o AR By BB b HYTSPIES, HEWABRE Ay comprising

condétiopat &f lidiia@narid vepbt fiee ta2indlice airfpljlsmlﬂawcmgimegmt@ packing
claim1l wherein said void space is up to about

comprisiinge oaNkRsE lisishte hayingih KOIHER6EE 1 SESRIET MR éoc\f%"ﬁ?%
1 wherein said contact structure is conprised of
inert material. 4. The nmethod according to claim1l
wier Ehe nsethdd azebeding $d claoh Urwherein saiipraid sgacé is up to about
atalytlc material. 5. A method of operating a three

c
99 VOJUMSToRRANLBPIEict or conpri sing i ncr easi ng the liquid

and vapor rates until a pulsing flow is induced. 6.
The nmet hod according to claim 5 wherein said reactor
i $3.patheednelhod acearding to claim 1 wherein said contact structure is

comprised of inert material.

4. The method according to claim 1 wherein said contact structure is

comprised of catalytic material.

5. A method of operating a three phase packed reactor comprising increasing
the liquid and vapor rates until a pulsing flow is induced.

6. The method according to claim 5 wherein said reactor is packed with a wire

mesh material containing stainless steel wire and interwoven with polypropylene.

7. The method according to claim 5 wherein the liquid and vapor rates are
adjusted to produce a pressure drop across said reactor of at least 0.06 pounds per
square inch per foot of packing.

8. The method according to claim 7 wherein the liquid and vapor rates are
adjusted to produce a total pressure drop across said reactor of between 0 and 4
psia.

9. The method according to claim 5 wherein said three phases comprise:

(a) a wire mesh material containing stainless steel wire and interwoven with

polypropylene;
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mesh material containing stainless steel wire and
i nterwoven with pol ypropylene. 7. The nethod
waemendi’ng to claim5 wherein the |liquid and vEQDDS2003/025014
rates are adjusted to produce a pressure drop across
said reactor of at |east 0.06 pounds per square inch
p fis according to claim
mé@glrdnélﬁ]lﬂ%%ﬁé@u%Ixﬁgibglggg (?g?gs are adjusted to
pr(of@nd \sapooous akhaegsure drop across said reactor of
between 0 and 4 psia. 9. The nmethod according to
claim5 wherein said three phases conprise: (a) a
W 1e ARthodRipethtingahiiltdphass tewnflewseadtoeto induce apulsing
i nterwoven with pol ypropylene; 30 WO 2004/016714
flow mglm@sgomrsmsmzeasertg thei gasi rateswhilemaintaining fhedisyidyateuntil
A et hod
aprééfsﬂtﬂ grro t:ﬁ]fh@ien“b?p aug%ase&élgg? Iwo'\gvaé@é\%vt%grto i nduce a
pul sing flow regine conprising increasing the gas

rafe mai nt ai ni.n qui d aIe unt i
o beshrmefogprRprpeng Aae i ddfifiecql el iatn,cpmprising
i
feed Fﬁ%@f tf})ﬁ‘?gc%r%lé mp?)tﬂaé‘ﬁt F’gﬁfs&%’cﬁ%ﬁfgn%eﬁ% ?Yeéfﬁ ;?rebﬂrs@r or mixture
therdofand mrnﬁmikawpn@élﬁastamrtﬁl lage@ﬂs siatetea dﬁwnﬂo\yfreactor in
recurs r.or, mxture. er eaf al
the Fpesites gl b K Bic /b0 Bt & RanBRs Pl ARA RN RERial sBitipiing
systéri VHer SR 86 Fate bf fdedlifdaridI&fin, lofefﬁlﬂprécﬁl%@r 8t mixtay1s Intfdased
rate and an internal static m xing systemwherein the
until resgyrefdsen syfficientdo dndygethepulse flowreaghigyed or
m xture is increased until a pressure drop sufficient
to induce the pulse flow is achieved 12. The process
actar Jihegprocess abnmrlﬂng'\km chaim laivtieckin said elispersqrr ¢arppsrises
shvvl multi filament co anded
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polynnlee& e:atalytk:%meﬁie omeikbdestheseof ng to cI aim 12 wher ein
the liquid and vapor rates are adjusted to produce a
pressure drop across said reactor of at |east 0.06

PO dPhé AiethSd BBEEHdirtld diin foRherdin BREkduid and Vapor rates are
adjusted to produce a pressure drop across said reactor of at least 0.06 pounds per
square inch per foot of packing.
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