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PULSE FLOW REACTI ON BACKGROUND OF THE | NVENTI ON
woiedahiofiat he I nvention The present invention yelaiRes 25014
to nulti-phase reactions where a hydraulic reginme is
utilized, which provides pulsations, to yield greater
m Xi ng and associ ated interfacial mass transfer and
heat transfer. By obtaining a desired vapor and liquid

mass flux in a ddWJLSEdWLOWAREACTIOdess, fluid
pul sati ons can be induced. Related Information The
pul se flow regi ne has been studied in regard to

trickl e-bed f@ﬂégﬁﬁour\@pﬁﬂhtm\/@@!ﬂlﬁw bed reactor

refers to a soll articu e pack down fl ow
Fieldraddloe tmventiperating in the trickle flow or gas

plolihtI Bgé)s(lé?’f im'%unﬁﬁa f?@% & g’gllllﬁ q%enrggg Qnstj%gere 4 hydraulic

reginie U2 [whieh brivides &Jisééﬁbnd"lfdiy:@ld gr@afe@gmmg(andeassocuated
Trickle, pulse, bubble ow) . Veeknman,

mterfgmatmaqey@ang,fer arlmh@atﬂranﬁf@h By abtaipingta ggSIEﬁd vapor "and i?qmd
mas< e 3 Bp ALttt S, AliaGsatonta R be HACRE, |
Relafﬂ?ﬁdh&]ﬂ'nationegl nes f ound i n packed beds These pul ses
o o e o i 35, BREIRRo o
Genéréﬂ’)( ‘iﬁéklé’fbea PEFROFichers t6 ﬁ%h@ bértiﬁ’ﬂla‘f@ﬁé&f‘ged Soﬁﬁ ﬁbﬁltr@actor

ydraulic region known as tric [ ow. Pul se
operaﬂinwri theatnnklzefvamwsmaﬁmuew gegiate. nAdhygsadlic map called a

BalefREH, oisd EbAdp ' fialeCing, WSS s sty BRniBlioH ven

hydr@.ﬂibl“regmr@(ues Bridkdegi s foubblsflave). cWdekmem) 3. 41, e, bad J. E.
Iglas conti nuous.. The Eul ses are djiscrete bands of
Mye"ﬁat HidsFloyy eharacigristics & cansurarmsgasyliquid flown i paskachheds”,

AlCh?;B@Lﬁ‘@i 163@5'1 01@651 f)viﬁBg abfgﬂg”%‘ thE%a?iéh%%ﬁr?l}{}%"r%glmes

ndi n§ the ove vapor
founahirt :baakedlhedsh?tjemlpulses g@ld}hulrbuieat mmewiﬁuy thee rasictarisystem

t he, fl d th t b
and bit§ide'agidhnén BVelStMast ond) RERt Bhnsten ot VBB AL S mercial
reactdrd $Afch 8R4 td @p@fat@rmsmef ihyafauuc.e&éé,udrpmﬁfwﬁ B8 HHEIE How.

pul ses. The mechani smfor® devel opnent of this type of

f IRlse Howdn aduiked phase reacier issisfined as dchydyauliniegian ipavhich
wavelof SR SN ASH)GEp FHER o B P R T Bfven
eachofaveie a rebimni of flowapltich éncbrisidered to Bda gasicbasnuous. The pulses
are diggTof bamls Ghipatyial Mingvgherustall dopdl Rendpghptiaateril
both FFOMIHRAM P bulse or wave. By changing the overall liquid and 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/fliquid) 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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provi ded Equations 1 and 2, which denonstrate the 13 December 2006
increase in nmass transfer as one noves into the pul se

woheoiegime. The difference between the |iquiglt0s885025014
mass transfer coefficient for trickle flow and

pul sing fl ow can be seen fromthe follow ng two

oGS E SFe Sh o SHEL 3Bl b el e one
el 470 Bl g, T B ot b o e

transies cobfficient fortrickiesflav and phifsing flaw can be seemisorhe fallowing two

i.nterfacial r f ' erna .
oqualiths 1hpE BruRitbd TS BF B 10 dRediEBhn] it bashgow:
1) k &I et /e’*Re . 428e" P44l nunber of the
M) " qui d ';Qrgﬁsout yf emﬁ}ggﬂ) ¥ Ct)ig?)gﬁﬁrj]ggnodi fied Reynol ds
(2) kBt lRf:@eSgaédre@én's(rlri}extMPed) Sc is Schnidt ‘
Wher%.unber (ratio of the nmonentumdiffusivity to the nass
iffusivity dp is the particle dianmeter, Dis the
dikaisethermasés traesfeeacefiicienheft is the liquid hold-up

tip of the.vol f liquid held up in th t
oa the RootBEHEENE! SHriais Bied) | and P s the

g g !thé@ﬁéﬁb%ﬂﬂééé’o%aﬁl@e dagdeth by thé sguareof @k particle
i graphically in FIG | ere the ratio of pulse flow
diametss transfer coefficient to trickle bed mass

i B e AARD RoFRbids iRt PolBEIRRA L isho ke

NREEs té neodifiet Repreolts quimberaf tiymgas Keatisity cemnpved)

[ yecomdnrbs (o of e bty SRy S iedpeSSairushiy
cqmgqggggrtpﬁ Agnfasst ant. Schuster et al U S Pat.
No.” 4, ,

3, 640 -1 dentifies a narrow region within the
Bak isr thpl diametesof theegacteransf er benefit occurs as one

' fl. O Wi

e 510 g R rplf S ionubBr Ao BBE R et eRRtor over
the tétal fe@tortvohithb), iapgal flow. Transitional flow

represents a narrow region of mass fluxes between

t g i thermelpchian diftusédiyrafdie 97hi s region is :
e : d : Wte Iy l STRBw
si'gg% ﬁh%%p@ﬁé%r@é@@ﬁgrﬁ It@P i1ct’ﬁgref ?{Jewlfatﬁ\ﬁhq c% I es artna.ss
transfienaiefficiamidodrickle bedmasshrangéer coefficientds shawn taincesase with
el atjvely large change in differential essur. op.. :
the Regrils amtogig Wafiafid g oag, Thairemaid SrurBhgRot e e Ruid
or gafis H%&gl 7;SrB§oﬁi8hél 18h & FloRdate? all 8tHap aiHINes RSMetdfBf reactor,
_ 2004/ 016714 PCT/ US2003/ 025014
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 Iarg_’e change in differential pressure

drop across the bed. Schuster et. al list a range of APIL of twice the AP/L obtained
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during trickle bed operation and characterizes the13 December 2006
pul se region as one where fluctuations in the

woOnReRsMER4di fference across the reactor occur pEeuses2s014
pressure fluctuations as having the same frequency as

the pulses. It is known, however that the pul se

. regi xt.ends f.ar be f erenti al ressur e
during, g&%gﬁaeog?rai'ﬁpc@yfﬁ z%s {De RUSPOEIRN G500 . where
fluctiatitisdinnheSprebsvire! differtinctaciosh BRITERIcEIradcode ahl the pressure
reactors was presented in "Trickle Bed Reactors”

fluchuzrionses auing e sarme ragesncyrs iheaulsege|it isknowkghowsyer, that

the py?sreer alq%ﬁ %r)dé}%s f%?or%ﬁiethggﬁff@llétnﬁgf RS GV @Ptcﬂ%gé D twice

egion e & P Bac
wmméﬁkmkle regi me; whereas, sone connerC|aI reactors

operated in the | se regi.on es
i Pt o gap s g ek pbp ot g e sraleceaptors was
presérﬁ]éatu?“ﬁ;dﬁé Bedl R%%&%?é’%hbbie%étt&ﬂr‘éﬂj h@CHE%GFrﬁaI Nltdpe No.

regli on, since af runn| ng in u se
2, Mmhélaﬁﬁs ppoﬁ@ﬁ)-aéﬁe d hecﬂuth@mbbaervezdwtlt@é theaop@ahyg region for the

i ns ab|I|t and .br p. of p cles in.the
pilot SE3{eE Foagtiys A8, BRI SmBE bietehs, "Rl fgfimbftid) feactors
operhfR@sif i pdiskesgiond rr@utsrswgeem that dariry scadé-ug t6 asbmnyasrtial size
the main _resistance towards the desired hydrogenation

somg cempercial) reagiors wergngadyeraniiy @%9@%@5 to ippegateninothenpulse

reglolcr)f hﬁf)ﬁ%n%te gﬁ? t(])rf'ét he ca |ﬁ%"1‘ﬁ‘ Lﬁéé%]; ac ew‘% gh%lf” lerdO t&ﬁ&ad to
undesn“abledmdjrauﬂic inStability amxhbaala}tﬂp ob cakalysh padicied)in the packed bed.

R T

sondnfawiyét $hé 'ﬁﬁéintrbgls%b@ toRafds th aé@rahhycﬁ@géﬁéuon include: 1)
eration in the pulse flow regi on may a’grow

ma8$ setes fiong thergss phaamﬁ@rth@aéﬁ@rﬂml‘@sec massiransfrdrems the

vk 353ke, o 1 B SABonEPar RGN bl o o
catalybep:f)l'r@(eﬁamdém”aasorpm of ¢l seaganisysito aheaattallystssurface, 5)
oror SR Ao S o e

qﬁluce m%%cto?‘t?pe?&ﬁid 1 in ChepL% flE! @%loﬂ' ff\?g Iph?\gtg% g’ftéresting

effects occ ude space
maS@Maansferob@pﬁﬁs,u v maih concarnsoxisginotine Winett ddsre$sasgiixed bed

catafys PR, Taud B e ot R, Bb e, Vpliton (e tRE Bed may
occup@4asingdshy@ical Bhtalyst aegradationt Hfd aBraBidr bvéi@se. Secondly a
co-current flow reactor systemthat operates

problerm i seale|up Tom piles plant siteIaaY begnsaUniered.oThaeamall size of
pilot %’Mﬁ?e\%c%rs Fﬁubﬁy W' %?EL%E,&"@&‘O&’E Héesf'ﬁége \‘d}VFébtlé oﬁulse

e operation a OW react or
disparsiooh dricdhis not khowiivtieted largeradiafmieter reactotsprovide Iamegut\mlent

flow @ggu?rgfgigms%%\é l{%ggo%) gg%&lﬁ\?&ggﬁieéool? is \Qf\) 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 mulii-phase downflow reactor
under condition.s of liquid and vapor flow and the packing to induce a pulse flow
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regime. The process is preferably carried out in al3 December 2006
vertically disposed reactor containing a contact
wobtoumismne having a void space of greater thanp&flus2003/025014
vol une% The packing system may be conprised of
materials that are either inert or catalytically
[ P
reglraﬁg Jf(liea ﬂ}oggéc%ﬁr%gﬁ&gtﬁf y r?gg'@phpckzgﬁl ﬁeﬁﬁg 19@%&!&%@ reactor
conthinimsd @mntaoﬁitfuod:uuerlrtamngh voidi spacé d)hgmeam thar &8ivelume. The

Fl G is a plot of di essu Ver sus
PackiihaRiemgnay ‘F‘-‘?rB%%eCI\Bﬁiﬁé é‘r‘i’ ﬁ&ﬁ?" !“ﬁ&tﬁroc%ﬁutlca"y
activih gg}fg_ol ds Nunber of the vapor in a packed reactor.
CIFI'?—:\n Is a plot of the ratio of the pressure

devi at i ons Bf&lEﬂ-‘eBEIS)CRJRTi@NfCDEWHEa DRANVINSSa |

FIG p{]essure dro versu gqove{ﬁ% 5 fsurf drog.wh n.a |
't Pe%C%'WB@BS a‘ag'ialﬁ (URY APies CRElIFIcy (8 puise
4 ﬂ@ugngqhg{y@lﬂbw representation of the first aspect of

he present apparatus in which the present alkylatio
FIG. &l@@@@t aegiffgeential pre@@umerswgﬁmmo Chetrpude Number of

P I

PREETRE AR B R 8 of i 1Pl Rkt ctor

FIG. cSmrmptoderof iledl rdit;o bﬁﬂ@eprmawreajmlndtmls daused ey pulae dew to the
Increglﬁed cat al wet and, a conti puou

t
b BRSELIS B1oH eTih 6 pUeIRl Eefiite dEh Whell A thide phase
%@gmhmdmﬂw@ gstérﬁ isdgdd.i on, the formation of |ocal

spots IS re Ieadlngto an intrinsically
FIG. &isar scm@f@%@pmwrﬁammpfsﬂh@d” retadspept of theapreseat arparatus in

o o R e gy |

di sapp@ESCRBTION antﬁaEa?REhERmED EABODMMENTout 10
to_30 percent  of thetotaI in trjickle

ui d hol du
f 1 Bwise dlovals shiaingq at ﬁ‘tﬂhs%ﬁ/ 'aqteqi falesquthe gulses are
f
charHiof 8007 i RRASI R RahRer oD, AIcRASS il Myetting and
a coﬂﬂmmuscrummg) bemee&tpamﬂelrfmnag nwlmtm@m’nmsh/élew imiaddistribution.

inadiion hEToafatchofioea R iets IBibeab A TS cEdfintingiayy safer

procesigsd ﬂmﬁtnm@a%@tﬁlymeabmbho ThedlsdLsbitiptolifly nfiize the
| evel s due to better overall plug flow behavior. A

stagnaptt liosid heldup ytheopolpl vdiery Its|séa@n@1trnﬁiwehd@ﬁ@pears Since
seaf il Blo SEREIGS ot AR RN P oo
flow sgbmtbnw ity mareadynamic Eheranﬁerrdmmgepﬁu!*swgtﬂwp ehbances reactor

ot A A S T el o et

eﬁedtNébr%H%PQ'ﬁxﬂ{ fsbn e Riffdhént farbileDREWHECHqAE Wread and
2004/ 016714 PCT/ U82003/ 025014

disappearance of stagnant liquid hold up. Especially undesired consecutive

reactions are reduced to lower levels due fo 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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catal yst physical characteristics are optim zed ang3 Pecember 2006
the reaction kinetics are not Ilimting, increasing

woasRyéapsfer is a key to increasing the procgsBus003/025014
performance. Sone exanple reactions that can be

conducted in the nmulti-phase pulsed flow reactor

catalyE phfRea! atas BRSlice Bt oBrmiAtd Snd it §Rstd BeCs ol not
|lmltlﬁ?t inbdeskinghatd eaneRe id akey AP irRXeaaME tHeSprocess performance
efin/paraffin alkylation wusing sulfuric acid or HF

asSHe sKkgIple rgaphwdba# tanfe @prsiwt@rm theympii-phageeulsed flow

reaclt$i is an inert structure that functions as a
container for solid particulate catal yst, as a support

fot)c at\éégdrlmqurdm(gnd ayﬂemsmmhbh d:h@pad:kmg suméraamad oiie ofthe
structure, [.i segpof rm erl

liquid, Sfagasds fheaianator s BARiPe. SnsyamHISls Slaf/barie alkpiation

usm@gg[rﬂg{gs&;afqu_"zgg bﬁlélﬁs"t hydrocar bon feed stocks over
a supported - cat-aly 2@ Vapor/ Li qui d/ Sol i d

sy} ews\/apormlmwd wﬁ’@mwwhg:hu e praking B arelinertistruetye that

o S B9 TR BRERRE, 40 L Moy

matéﬂ@iﬂepoﬂit@d |olnCthe Gurhaes ef il structure] érib y:drrm@ea@ﬁ nidtérials that
cont ai ni n%ml nely divided nmethanol synthe

are nofiingn, apd haye Gaidlylc prgpesties. nHDce@mpie |I$]BV@I‘5)§iieﬁglflm?@tlon of
hydr8&sbbA F&ed BlocRs ﬁ?lﬂé %hﬁp&@e& - b'dé‘tl%g frate until a

pressure drop s I Cie t0|n uce pul se flowis
ach) ev daporftiguitiSolidisystemsin myiakethe backiagjzined. Wmelyednvuded

cotal SR pd ol ISp SRR BRR  85edt! Ak b8 gthess o
methz@8Leh COM2\EHe Rflid ph8ss isth ihdHyrdcarbovlobeMaining finely
mai ntai ns nore even flow rates. The di sperser

divided ipethaeal synthesis catelysiol une % open space up to about

991 B}, BRSAIRRRESY DI SRRIPR L 09tk Allpgaining the
liquicke xatespdiretil at heeswuké idrdp Isanff&ﬂéntclomnduemthermjlsmﬂow is achieved.
ct u eI e knit wire, should conp

Furtfs ghis palshy G B4 Hampenie wieseRing Beniie.chamateristos by
utlhzﬁigsaoﬁéﬁﬁ l hlheoff fffeichd %c@ﬁtyﬂ Qh%ﬂﬁ?nﬁé%ﬂﬁg recRiteR the wear and

ac I NgS rmy be COfT'pOSGd of met al s ceramcs,
tear pn @Qtaly&t$ and disgo mapitpinsi mereneesrflaw gatesome of these

?@%@%ém’&éﬁbﬁep&%%? %ﬁoﬁﬁ%e '%O%?@ Spaq%/ép %g?pgut 99

volurﬁet Bnopen shhckel DlSF@ﬁie?i‘. lagy positidh withih thbheactdn Qme in the
propyl ene, pol yet hﬁll ene, Kynar, and Tefl on,

reac qfs%{m@f a8 &é‘ﬁmpé% fh% A ?H’t?nél eanpaneRt ans the strpat&tral&h@nent
e'g"\mﬁt‘:ﬂﬁ%érsg&%igt al yt | ca ﬁ?%ﬁn@%ﬁéﬁgg%%%d{g%% fotal

disp&8er /tivd erhaineieT bebroRer08pade! Such packings may be composed of
metals, ceramics, plastics, and/or composite materials. Some of these materials
include : Carbon steel, 304 8S, 304L SS, 316 SS, 316L S8, 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 catalytically inert
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Dunped packi ngs contain higher void fraction and 13 December 2006
maintain a relatively large surface area, such as,

w8euds/oPeddll es (Ceranmic), Raschig Rings (Ceram ﬁdeUszﬂosmzaom
Raschig Rings (Steel), Pall rings (Metal), Pall rings
(Plastic - pol ypropyl ene) I ntal ox(r) saddl es,

Dum;{%%@%%%énﬁﬁﬁﬁ grhﬁr youdf ﬁﬁs&lpﬁ 5H§1@4 E‘% Wfﬁ?ﬁé‘gﬂl\ﬂf&lce

area, Huchoxd, rBerl 3360!@81(Oefmw95 Ra)schlglcmng:PfCére)mlc) rRasaig Rings
ak eTM Random or

(SteeauﬁﬁgdmgﬁéM?FqH)alrg a&}mqggd%?q%lg Wﬂﬁoﬁyén@% alytically
Intalo3@} | Ridlesy F@:Oﬁﬂn@ﬂckkrrg@cm %ll%@t%%lﬁﬁm atcR@St Chegnpak™,

cat a ti Ve ingredient i ngredi ent s
Levapah®, NUWWT@IWNSFEEXMMT%@M , JaegeNT ri-packs® NOR

PacSripraitia o danPact sl e o % T

c P RarRom Bf 'ddm}ﬁ@@lsﬂﬁatwhoéﬁmgslwﬁiéhdarewatﬂgﬂcm@ active.

|nor ani c, é)]owdered materials with cataly
Randgm peclﬂpgs ey coptain) %tdaastcﬁnﬁ)@@tab@@ﬁ!%@%ﬂ\«ﬁdugwdIent Such

lngregmﬁﬁgé;gﬁla ?Lcﬂ!lac}r’ée él%g?ﬁ?’ftg %Bé* %rs r@dw PLNI cPicd ™, !Pt, Tu, Ru,

. it o’vat rdus
Co, Tigandloe, \fandHepewel asimpegnatdabsompynentd sush aspéiai-cbelate

compg%ggéggg;fed Fesprey pAEs pibdiiset e pPucbred Ratrias

with ‘5’@3"‘5"2’“9 mat aI bent at various angles, wire nmesh
or grids which are hor| zontal |y

s@baeawaﬂﬁblemmm pAckings wewd includeeatalytic @@mmme form

o s Wl 308 NG TP AT DB 4B B ucn
cubegrﬁylmgéw spﬂimelb di Iscl ose? cgnt act f structur eﬁ ‘o
t t
" Wb stk Whish s tnayealy o rﬁerame%ﬂ?m
typlc%iﬁgsﬁ'abl‘éd R %ﬁ'{lgé’ééd%e%g SEﬁtsat%hBQs gﬁgl L\Eﬁé "f‘r‘i@él’ﬂhl’] i6h is

rmsize havi S oriente
crimpaid; ec igrids vehich ase hstizontally stackad ainegrmion of tha dtl'@hwctl as

GoopE EPRTIZAA™S ety Bvoind kB BpufB U] e No.
6,000,685 whitHas qﬁ@tﬂ’p@?étéﬁ Yidreindirs fts | érﬂﬁ'et?n WHISHK idiifosdsl ebntact

are intended to hold articul ate cafal ysts, or
struchires commsising a wiureli ensheetxioh yérecmesbSermed into vee shaped

; . .
cormiBBGhY e’ Yotst BT e e, I, BRI of sfibe®’ bbfg of
substemliaipg upfoes sml htbvmgntlm pe:fkm bah#]tedaln the s=ed dicectilon and
subsiagiiadh GHOAMPEc s Sneetd: Do skperaig, D Plaaity o figid
memBé?kti)r"kShte ﬁBﬁﬁélﬁPtooéné 58141rBbithg §56N sailYedsopen nesh

ements whi ch cont al n particul ate
cd)al Stsugtaled calytivadistiilatiors pagking® oyhicttrdrer intendesb ke hold

parti Sate %@E@lﬁtﬁ%@?ﬁtﬂp‘(&%ﬁ %ﬁl‘?’%n pzac%%gsvt\:@nggo%dgdogffj a7 %atalytlcally
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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disclosed in U S. Pat. No. 5,730,843 which is 13 December 2006
i ncorporated herein inits entirety and which

woi2emloasas structures that have a rigid frane pagesabsiozsos
two substantially vertical duplicate grids spaced
apart and held rigid by a plurality of substantial ly

s gH 28 ke Y SR S isomrgy ano

wh:cH dﬂ@c]@ééé’ §trﬁt§«tufé%ftﬁhﬂ1aﬂeﬂ ﬁbidtﬁ’arﬁé nﬁéd!é O‘f Méumtmﬂp ngriical
he tubes, said tubes being or contai ni
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rigid inBFfS 3fic'a By Bt Shbdaidify RdipoptilWitd fedfilbos mounted

ion I's react
to theagridsty- fﬁnhaan plurahty beflpidesatimeayo amongfthe itubes; |sa|dmzb|eg being

an i nternal th m Xi n ste nprising the
empt}f@ﬁﬁpﬂﬁ'ﬁ"ﬁﬂcﬂ icQInany al% EET?""'E%IFTIEIV| ng a reaction -

aﬁreéuérhﬁe u?d%.eﬂ&ﬁﬁs AtRRRP thtHenSLﬂﬁin@ d(ﬁ@‘émylﬁiioﬁ%cess

parﬁ cul ar | for carrying out paraffin a@y ation
wherejpianplefin m:neac@dtvatryam Isosalisane i thedreseyins: @eulfuric acid using

on o S8 5D S oY, R G RBRE rBtr

havnn@;@ﬂé@ﬁﬂ@nﬁ zos&hnd the dISpérséa@iepbsaﬁlh@aﬁ¢|®abtlomon@,rnaﬂicularly
ymers, cataIP(/tlc pol yners, taI tlc nmet

for cwpg”cgg ‘Rawaifia Aikylgien Ksing %ngl eatd 3@@3 A pgeaijerreg disperser
comp?its[eH iedikird Wgﬁﬂ Al fiRndnt %?ﬁ?ﬁ%hﬁﬂi ﬁse)éﬁ%hbe@ﬁ'létﬁﬁn@med

required 1 n reactors e novenent of vapors
with aammlil ifi lamellst ¢dmopyient heaid y'eaulu rfilarmant sleleqateds‘mmnwt pelymers,

catalPIgRA"S Retaierenls S tanfired iRt e wie gdifiigs the
strucmrélqnwyﬁw bEBeldySterPals Wdll 44 tHe Gish SpHdd reulrad®mtsactors for
Wit hin frame. The reaction zone nmay conprise the

the wm@tc@ﬂ vRperpang lissids moughhfélﬁewstemheﬂw &dsnarser may be
compﬁs . i Oe%técéuer . éﬁﬁﬁ?&t 5, 0f f eeéf ANy vﬂ% Eﬁg tﬁé%&itn%augent

companektli Thet systémrmay atecc bormprse alueilcyatkmtamqu aindiemtiltiofilaments
mst rs and co-knit stryctures ar
i tha

withiy Gyfrariey T SeAcion 10| Fatpiee. i 85, Didimg o a portion
thereBPa*rﬁé%rBQeﬁfdlﬁeﬁ'bérs ABUvE r&dikN@¥Pedfon & e fluid or fluidized

[i mnators” dem sters and are conposed of one or
matendﬁenmimeeamrs whi ch are knit together to forma nesh.

{ E0y Pt e R ST agS MR auS bl BERE BRgr active
Demistars a0€ @i-keit Sieuctu®sudare typically usey ﬁiraiquiiﬁlimmﬂ ebaksders and
coal escer nmaterials such as t hos? constr uctg b
coaleagingy ‘éfo“@%ar éﬁycﬁfeﬁ’rr@d‘(fb% misie '”@if‘at&l“i/l ¢, Q'é'i@i%rsaﬁ"@ are
comp%%gﬂrml e %-r oY hfat !§ r?aréjkmffb tﬁbﬁh%}‘g{g@ﬁ The

i anent’s ol 'ypropyl en
stltchpdl yeshds. thelmfoumrmj @ﬁretdmi temddiesded be buhdleei to prowde the
anents i ngl ude a) the fi Ifa\mant count, and b) the.

deswﬁ%ﬁ'm'—"ﬁfo £Hea¢s f rVOI‘Eﬂ’ﬁé'? QUccept abl e deni sters

| RYVA] d m%%rD.?ﬁc?@Béfesggp%atmlgoﬁﬁhoéﬁmﬂse constructed by
PCT/ U52003/ 0250

Amistco Separation Products Inc. of Alvin, Texas are composed of single materials
or co-knit metal wires and mulii-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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perforated sheets and expanded netals, open flow CH89%fecember 2006
channel structures which are co-woven. Additionally,

woahed/pb11¢ naterials can be woven or interwoveRctikRos025014
structures such as sulfonated vinyl rein (e.qg.
Amberlyst) and catalytic netals such as Ag, Rh,

o s o oGt e i

are dodlvevéni ned with the knitted wire or expanded netal .
The:  ca tic netal filanengs are generally of hi her
d&#%%@@y Galic fi‘ﬁ@l“ﬁ'%‘ﬁ%b@rwo‘@éh@' inferwogen into structures

such%;@]ﬂl e reds ﬁ.g.%@b)é@g&?bhd.dafﬁ%ci t?l{e})aﬂ%%ht‘!ﬁ as Ag, Rh,

s are“stru nt al ni ng
Pd, Nin@epeudént Pt, Jer, Rug &b, Thandile, \Grahtig. Gheoomayrhecupdd 100

or mils, 8 B IR At Wi 8 KBRS Wiy BBt fietal. The

catalfid ShABP RRINGRS 418 YethePRlyubi high@?* dehit® FRIBBITheir greater
channel s could be constructe i npregnat ed, or coated

densifyt h active cat al ytic rmterlals A preferred dlsperser

t;}@g rl\\hl\ﬁr‘?&ﬁﬁs AN 3 ‘léa'liﬁﬁﬂ iv@ AR S X €L reQtnitures

I S operati V or” coal es I'nNg vaporil
contémnngl dm[tlpTe,emaie@eadmtmmrﬁo,al lchanwnelsaand mhay be constructed of

t h th esent
Variofi§ VBRI SHRD S5 BIRSHE: CATaNIG S IBGIAs-1 ThaEAarBiLar typisally

squaP@t}ﬂﬂe%Je? dtRetRni&tAES Sulldl BE uBRidE m nteé\chanq(e!s could

sui t ab di sperser conprises a mesh su as a

be cwst@wémﬂ impregnfited, oreeated with activeoplatytici malesdislsbeen
found that a 90 needl e tubular co-knit nesh of wire
and multi filament fiberglass such as manufactured by

AGSpPéfdh@Wdlﬁ]&fhéﬁC@ﬁphﬁé@é%mé’ﬁﬁ@%l liqaRKlidied coalescer of a
utilized, however, it will be understood

ffect
type ﬁh@ﬁ%éggﬁw&walqsﬁmer@apsze%mﬁd%sTWepomm@rlﬁmpwn
as élimfn'a't "d}@ﬁ%l‘éps”( PH 804r, *Mhe 5reSEht N‘N?lhtg?n the element

po yprop ef or varlous 0
fu nctmsklnl dISpEIBe lthleaﬂls[d omteaalsan tiee reddtercior bettyr muntiad:tz dstiitable

aratus. Various wire sgreen.type S m
dispishS BRERSES mERD i B S aRdils Wirkeah TSRS piesp. For
exanmgielit s bEERSHuRE FRIPETY ﬁeedié $tﬁl§l§!§ﬁé@-khﬁ %ét.%eof wire and multi

perforated sheets and expanded netal s, | ow cross

filamentfitesglass suo o) mumt@wd&yeq@smdusyﬁeww of IHoustgh aBexas,

can B oG TiiE0d HoeR B i bBUnKEREBod ffkt SBldud by rdferiats

suchsaseeo-kmﬂoavnrmaand nga!tmﬁijarhenter‘imfloyieé?t‘)\‘ubente TV steel wool,

SCr ens n rather than itte Thus
POlVEESRAERGL EY B POPStET PT AHOND DR SAGN BIRRiak can also be

effecg%%lg?}tﬂiké‘& i e bara% ydl g.iﬂ@iu‘s \{%r% ?cg%ezhfyg?jfﬂmﬂs' nfay be

35 vol unme A) to
empldyepeviemre. the d3edrs andavoveoothatCth2nokiited.7 1@ther acceptable

dlspeﬂ'gg'/@yrfq O&é {ogé r0 eg'd %{ﬁa{eﬁs gt[@ %&éﬁe@p@%,%& ﬂ%\rr]vecross 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.

8




conprising a wire nmesh packing material containing{3pDecember 2006
0.011 SS306 turned wire and interwoven 800 denier

wOebopneny! ene. One source of the material is M@Sﬁ!ﬁsmzsou
Separation Products, Inc. of Alvin, Texas. The pack |ng
is useful for contacting alkylation reactants, i . e.

ol efi ns nda S t he c aci

e ProfieaemPrimafdne SRar & phoked wiit § <peef disperser
compisIng s Winé Bhesh/padiind maferidh cehtaming i0des! 8S306ftagrd Wll'e and

area of 444 ft.2 for five feet of the material in

inferiguien  3(h deniavepelypigpyiensc oQiensourssr ph ke snatgrial is " Amistco
| t f

SondyEhBh FARpeeL I LA TR S R ol oftacting

alkylpfioik remjatanﬂser eaqlolefinst andwalkgn@s QOdrid B%ﬁ@u;ﬂwdfadc aoid eatalyst.

Paciig JeBtibHor KN artaial it SPrroBEIey 4§ PSEh haio gvRgs & surface
arealreu A RPWor Sive frbét @ﬂ‘het PaRrafics fou ﬁ%hfdiﬁl‘ﬁefé?* gléé‘é golumn.

packi ng. Ot her suitable di sgersers are |sctﬂg I n
Surfagesargmrelatiog t6 s ovalis onin ot the solurpr de So2difted Her slkylation

ook RIS SHReMB0 SRR AR 5 S33bp e

wire Gingl intshivever 8OO damisrgsblaprepylensd Arplaksurg dﬁbp bi’aﬁeast about
pluyrality of substantially horizontal

rig
0.06 p¥aop Parkingt has pegn pdios sulficipnt ﬁ%rﬁ@@H?%lPL\iﬁer ﬂO\Nef% this
pal@ﬂ%es nmounted to the grids to forma plurality of
id pathways anong the tubes, said tubes being
enpty or containing catalytic or non catalytic
materials and U. S. Pat. No. 6,000,685 which is
i ncorporated herein in its entirety and which

di @ﬁiéﬁ%ﬁﬁaﬁlﬁrﬂléﬁérséfsf areldid es <P IS P, ﬁop|5U736 84y which is
sheets of wire nmesh forned into vee shaped

incorperated hereinsintt emygety andwhishfiseloses str@@wre%maa have a rigid
framgeréff’%b% Mvc?éﬁs&&&géé @‘Fﬁd&@d@él Oc%l‘*d%é{ ﬁg%gg&néedag&ge RE Held rigia

Sl ze avin S orien 1 on
by a phuntality bsswntaaﬂidlw Hanizehiabrigid membarstarche plusality ofigubstantially

oSS et Al L oA e TS L St
amoﬁ@ 3R EFbbS) &ﬁa %‘tﬁésaﬁglngr&ﬁﬁwr& édﬂtahgﬁng%ivtﬁ@br"ﬁfnecatalytlc

term ned f phase tri ckl I'eact
matartalmgnd\ LhEd E’at shlet éh00,685 millich is innerpouatedrhareinidh dts entirety

an ol BB S B g oot
fmb1AD oGO SgBlon M Sotgsbu iasabidpuratyor

shea Beincko bIPHRRAIY Grifong)Si2a baUNBdRe meakac Eniafh ethesame
el AR 53 S RISy o purat

of rigl@ mmbér%]m'ldmé’d hisanald/ u2selghid restingagtoro$ait veepacki ng

o oS ehangss ddlans Sod Peshstre fardhe packi ot dstgrmiapd for a

three,Bﬁﬁésé:ﬁ"{ifR!e Bed 'flb&’fto}—bsﬁg%%oéépsfb\er‘ﬁ' Bsimilaté38& sulfuric acid

Her ei n stand for
alkylation of butene with isobutane. Sulfolane was used to simulate the acid (heavy

liquid, 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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FIG 2 depicts graphically the effect of flow rateg3®ecember 2006
the pressure drop. The pressure drop in pounds per

woaa@sHpch per foot of colum is plotted as per/us2003/025014
function of the product of the Froude Nunber of the

hexane, Fr(LL), and the Reynolds Number of the

v 1G8a RE ook B oeFPpdt O 1RelSEE Bl ok el B drebRbitons
were fheasiesd Belidiey: 39 BUAdEBROR) Basé Dase) IrMigh LefCads and 4) High

gravity constant tinmes the dianmeter of the react or .
HL Cage. éielf@fl Hlaptanddpr heewh val ues are a result of the

S8 PR AP S VLR AP EhTEe pREER o, The
presguite gleop EmdmmdsTﬂe&caaaatmh pen fegtmfaolumn & plotted @s@function
of thf piaeat ey brosider NoRiek oting et By Gndithe Reynolds

Num§§m%h@hg®@bhva 'Trwwuhbwrﬁ&eﬁymeempeﬁfélaweroa@%?the

uxes c sted whereby only one |'i quid phase
fiuid ﬁustmsmthalhwang)adlmedgay the sguaregaptef th@gqra@uctmf the gravity

constiof fifesith3fiamplanarthi Teb i 7R Sty BB I SleR Jeldte e
resulﬁbf thefdaw tetrrptakbrin thepulse dloivcregias. Astshowm Wiibflieg points
be increased when conpared.to a_ |l ower viscos

beyorl @ RHULIREIOIES e inike BHos EuiBg: K3 ScaeR o Aaproximately a
0.0 Byl B B FFEN B P o

pW shique (feature tolﬁelsing/\e rthmespdmet fvapbuliighidliqdoi)isystatr snthat
t d a h
maspdrcafiie Slsteterehitont brib Rt oltess & dssbalivllidhepating
in thé)p@lé@fre@me MVRH rﬁghéﬂ \ﬁy\t@ﬁ fluldle (Suérehs Isnlfblrah@ldr%ulfim gcid)
pe oper ation is usefu because it pr ovi des t he

it wasg%wdr%hai ingrdextecibizinpuige irwat a éxed pas/fluk: theiliguidmas flux
woul@;h%%g%ebé% gésé&%%‘?\ Pé’me%doﬁJaéglﬁw%ﬁ%éc%sﬁﬁ'ﬁﬁﬁﬁ tdih as

second viscous
hexage ap E’Eoclajtbple)i epihendatle |llquiEb(éf dﬂferﬂ;r&r\dscnsltjn areg a$edit wab found

that theE Has SLpmmlino s B HorcspRisa (o dheionenuscodty fid).
ComB{n%ﬁ@ﬁ;bf Eqbﬁevﬁﬁéﬁlﬁ)@#l& ateed High \ns&éngqm §II<‘3\9§ fétoperation

tion of Isopdraffin wth ol ef or olefin
whergmmdlqum iscamsgntiallynoperatingin puige dow anditheysthenin trickle. This

tyvo iR ari® «EEbilpefRLR BlovideR3in SR nTPa tefici e g puise

flow Butrlmfa ﬂh@rprégs\ﬁevsvtnhg@ E89s3Y by i pilsus dek t6 Yadhpa by the
enperature and_pressure. to react said isoparaf

secogﬁ yissaysligid phase. oTrﬁs@g,r@phmHﬁﬂﬁglp@cgn b Ged¥herein the rat|0
of th<|§:> g?énsgl[lﬁ%&‘éwa%&gfo fal'Legta\?erlﬁftf?f'%ghré’Wﬁ é%ﬁ?@ed égﬁmgt fl‘%‘jovserall

nt ar ne i Ng poi'n
pressmareeimbmr 2006 WO 2004/ 016714 PCT/ US20031025014

ction ol ef i recurso o] i.gomesr of
SrSTeT Pua DRt sty S BiieeRs iR aIglangR SisoBaratrin
it Biirsof 88 Qontadii Eal isi id
with %I(b)lr'lﬁgg ol glgpr{ao SoPe H\?ﬁ hgon b8 i@l syBiedM comprising aci
catalyst, |soal ane 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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The reaction of oligoner of tertiary olefins with 13 December 2006
i soal kanes is on a nolar basis wth the constituent

wbabdaioagmMq 0l efins of the oligoner rather than pdRus003/025014
ol i goners. The alkylate product corresponds to the

reaction of the tertiary olefin and isoal kanes. For

reacdf 2Bt I8 ofefr plethiidhds &h SRS ond it bR el olefins
suchexpetidifier, @aekt, Gic. stivsinnend or almaterigrwiich colresponds to said

i soal kane, the oligonmer is cracked into its olefin
Ollgomﬁ’fponents which react with the isoal kane on a nolar

b .
oFnobliof o ARBHAN i GBS B henEs g a motr b
with theotansditien tertiancolefies EP fH dligameretather thanttbe ejigdiners. The

R e B ST .
a F@'@I‘l@ﬁﬁ@ﬁ@e M‘Fﬁﬁ@ﬁétldrhﬁncph«@ﬁél%ttﬁﬁorf SRRk ippdtsesh) it A klieved

is the same and is_indistinguishable froma
that lﬂﬁtﬂﬁdrﬂf tha gxpeeled raactipmbeiyvean e oligpaen@nddhetsralkane, the

ohgoﬁfe?gé E%&kﬁﬁkgé ltgéﬁl Bapgoaehﬁngfcgg}gg tavHigh %lﬁéé%é%ﬂ@(gﬁe ona
molaabasist age of the present invention is that al t hough

1) SclisoRuehar 2 Bobuidiar RoSTeRk G ey patenson

2) U HREpEcneS %dem&aﬁ@ms BBEEtahe (PIosA ﬁﬂﬁeﬁ’l‘yljﬁentane)

reacti ons, resent reaction of oners”with
t hing @Umnmmlmevp had beenttinat the lpyoduc of ) wneldm C,, alkane

and HeBrodyc BRE) WEHIHE T oo alnBE Wbl B My 7 i D anc

2) is@ne fmné iandl igrindm.tingdishabler feemca ronontisnEe icolds abiﬂaélkylatlon
carried out, in a catalytic distillation, for exanple

prodygtiafdhe spagtieny used to produce MIBE can readlly be
3) COMEEheS L2 BOAGRLI0, ldugpy merel y by changing the

e reactor since t ame catal yst serves
4) ba@ buteeai + GrisobiRané er Aopctartee ol i gomer conprises C8

LonCle of efins cor {tﬁ%‘h?ﬁgérﬁﬁg@gppm GRS RIRRItE Sikylations

are ébhré}ﬁél?r eftﬁﬁernﬁct&dlﬁeéélfé’%bgfdﬁﬁﬁl ?éﬁgéﬁﬁtioﬁsﬁpfh%ntfam the
oners which are prepared from C4 C5 ol efins.

reaCtﬂ'l gnpetsdugein RpHBUNMWERGR 4P areYeat 9@19/ esetioss.otheo present

oo g M A 08 A 0

ylelds héguirsdless sefrigetationl tpkingrthelprocdssnesarstptrsive d6nthe same

t an tained in a "cold acid" reaction usually
Y'e]d\ﬂl# ghpf‘?iﬂ‘l acid or HF. The nor nal

One particular method of producing cligomer 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 C; olefin. In a preferred embodiment the oligomer has
6 to 16 carbon atoms and corresponds to oligomers which are prepared from C,4 to
Cs olefins.
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butene (butene-2, for exanple) is a conponent of |i8Mecember 2006

napht ha al ong vvlth normal butane, isobutane and
wbabdsioagM4 but ene. The separation of the normal p@pt§M83/025014

fromthe isobutene can be effected by fractionation

with difficul ty because of their close boiling p0| nt.

A TRESHAREE s B R SR B B e BerhB OB  Galgepaine

complopicht. aTi’lvie qeed tmtrﬁs)?fd@éss S bamnye‘fom’ra@duténemcbtemay butane

easi |y arated fromthe nornal ol efins
contained i 8o Fcbacndr@@%zt@nolﬁ%la lly it spifurig pcig) %'f . w&be nomal
buter{eeﬁﬁﬁ&‘?e i fd?'fé}ram he;ﬁsﬁ&ﬂﬁbnexﬁ"cﬁﬁ ﬂﬁn?ﬁi{i{é?%{‘%}#%%th nc}rmal

butaret, lebu(avieBand teeicdry butenex fTiharsgpbretipn cﬂtﬁmmorﬁETBEyene from the

sobulieAtibe ABbwed Rk FopiafalpomtietEbacie G0 Bbiing

pointO®¢ &ré’cfl vdé?% %Epﬁl%‘?& ke olérh‘i? iSO &1 5p i g d)ﬁﬂle5 drilogs

ter aryo inis also a preferred reaction whe

is to react tl"@dnom regstive terjanrelen iaformue heavise Pusivet mc@ns srsily

sepaRETRont L AGaT ofinSy) tlctoBlbR o o2 er o (il y
le”é?étof@@d the itertia)y oldfin wakgeasetsl wﬁh ?éowsredlcahol, such as
m

aso ne cC en but t ere a S
methg%lmeﬂeﬁn te?q’ %@%‘% SHF aﬁgnetﬁw%maw %‘I‘W'&fc’é@" GTWBE) sthyl
tertia F&ﬁe?@%h telrt?argrrer S ib))l etﬁb?r‘l?ﬁg aQX'YH'&] hav%been used

enat oI| use in I ne
as gasobme d@snea’npmvemhqﬂme eirfgphagedaiut becasenfihegithcoaserns.

e lcERicRion BEine 4D blB: RS et RddhRl e
carrieNguliie @ haphth®ktteami With €06 beparatiba\uf v@imal BRABI SR leasily
invention has found that it Is not pnecessary to ¢rack

achievge byl fragieRatiomiTem W%ﬂﬂﬁt(ﬁt&hﬁé prﬂegbpl@qmerﬁe(a@"ﬂlw dimer
and tﬁl?lleﬁ Wedolfgﬁﬁﬁré %y}ﬁgt&edt Bt ﬁ'%rt%ﬁﬂe limits

nmono not'e ove Pe resutF
to thesameunt ofiolefin asatéhial desirabld @fallmw.ddan@awhﬂle ahe it is frequently

nece§atp SoreRRiAlg Hip Pladinerbr ySE 4o Bamolies  (Rebest desirable
comddi’l‘éﬁ{ fdtHfisBlne BRAMINGIE GJ)@. @' is)zsl:@hbc(ﬁ 2 A hﬁnethyl ?entane)

ol |goner|zat|on process pro uces reacti on
t Hde aigemearaeay ke aracked thask iathe @ru;i@aldertlﬁaa@lef' ipgrend used in

ot iy 5, ERM e By B b Bt nocesary

to craﬁk&héloggomg whiabem | 2] aphﬁm_rzte tzwbgaléfthatee@ft? cokiadid egadtidn with
enove as (0] P |1 C I n 'S e o0 re 1 ONn
the alKABe) BV A5 $31651 WERGHORR EIGTHS: AR PalcReAey Srtheciesillds the
e r n -
samd PO, BS1A8 ohs SRAT 2154 P BloRiorBL SBnehf ch s s
exothemmieoveral e¢eactipnogquitigi less rafrigéiaiionanidz henom a lowes amergy

cOS t he production of the gasoline since it is
OS“E)§ h({agig Bt ractionation, and the operating cost of

t Mo Gl *IgESVHe"l‘szﬁéh p'ﬂ@icbss §rdd%|@é§ 8hebYofrB8ctitithaf dédd AstTBduire
to replace sone or all

the magnltude of heat removal as |n 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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conventional short chain olefin. In a preferred 13 December2006
enbodi ment of the present alkylation process, a |ight

wD2b#fdigr14St ream conpri sing normal and terti ari‘ci’h@fdoﬁ‘/ﬁzsom
is contacted with an acid resin catalyst under

ol i gonerization conditions to preferentlally react a

thoudifiigr I fiarar o g M oftichaisioBit of A7 E55i4% B bfbduction

of thé@lgbitid emcednis usdd ih e ﬁraawdaaaﬁ hid the opeespgcestiof the
an acid al kylation catalyst to roduce an al kyl ati on

alkylafios yait l‘édﬁﬁweﬁ Ry thaeusa Ry rde@Msr te deplacersqragyor ali of the
conv@,',ﬁg,-la{lgﬁgﬂ cﬂﬁlrﬂolbﬁﬁal kane. The ol i gorrerl zation nmay be
carrie

I'na partial liquid phase in the presence
ofin arprefercécbahbodlmaﬁ iohtheapiaisgat alkyltatlem prcrcessr alighttnaphtha
tic di.stillation

streaPEapYS aGr Dol AT Briay oS E GantheSa i anedd rflagatalyst
cnciop Do SR CoRRHiOh RE/eRNCATANIEBERS heon BT HetbmBElefns

feed 1Is a4 napht ha cut
with therrlsebney toferm inl@cm@rsj and {eedingend oligemersie an alkylatron zone

it 55 BBYRRE 5008 55ap B 2R, 50 g0 Blpuco an

alkylgfilom priodoet soraprigingttie alkgl@m bbsaitdedianpolefiprmdtsdidioalkane.
The i sQal kanes,_ prefer

bl C ri se i sohutane,
SseAtigemBepzat Iﬁfkmﬂyeg t%ﬂl"%‘gf ut\iRed RATEAL B‘Hlﬁﬁtpfﬁ?’a‘?@s in the

sk in 3 38 4 M MM e

catalytie distilation eéa‘dtloanmharertberes isnbotht &4 erapbi goddiquichphase and a

cono 5} GRS =Bty R T oy r . o
naphthdeit, 1T &eiahyidlsne rﬂéﬁﬁr’ftﬁxdﬁ RoB0tend)l it Ed=prylehBsiand are

al kyl ati on conditions the isoal kane reacts wt the |
morerrgagtye Hast the aermad ofpfl ispmars andryguyefesaatialiy: ¢ligomrerized.

e S SR FESH LS B Bl A1 BERREe refortly
comprmeu‘smbtﬂéneneopemaaebr mlmmthesed)m at the oligoners
nne

i A e N T S kg o
Nos. 4533@ (5196" Qf5540-|_53'§' 5,001 12823%1d §B384l73, W:é%?ﬁt?&?efﬂ)%nt comprising

| SO u ene ol I gorrer + 1 so'bu an - SOOC ane,
the oligranen, spumal dlgfinaandisoal b@@@ﬂ =y befedtorritiacid alidyledios seaction.

The irpig] 8kBHe 2 e PORESr ah R BINbRS Br M BRRBH Ayt pcer

alkyldtich abh@;ﬂeﬁs théd @oadiainiet resiets mthathe reaial olgfitcteeforimalkylate
reaction 16_@\/\/oul d produce, at ﬁ,ﬁt@ 3 13 Decenber
5

produygicrnd wishothesindividtied aopstitysp ﬂ"%P“GﬁfQ?T%/tQCi@' m the
ot 8 4 AR e i bt
oligomess ane didsbcidtkd oein, soameimaeact inake #)einannistituept olefing awdilable
for rela%ﬁg’rt] w?t'h iggglkcl;\Xesc.: I?Sl lfﬁg ?g’éction will produce:

1) isobutene oligomer + isobutane - isooctane;

2) isobutene oligomer + isopentane -~ branched C,4 alkanes;

3) isoamylene oligomer + isobutane — branched Cg 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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Wien a catalytic distillation reaction such as tha{3 pecember 2006
disclosed in U S. Patent Nos. 4,242,530 or 4,375,576

wb20RmbAayed for the oligonerization, the ol i 9pEFBsI03/025014
separated fromthe | ower boiling normal ol efins and

al kanes in the reaction product by concurrent

or messieb e aheneS airmoaes gb denld pRElNER ST s R aGhes,
reactldﬁjB)/Wﬁi FVOJLE;@ at0ehbeornest 01G @ ralieingsandb@adties 4) would
I ndi vi dual with at |east the ollgorrer being fed to

DFOdquBeadeR?ﬂ@tm@ﬁﬂy Thealkpe@®nt i nvention offers an
p?f%@ﬁé | na&g%ﬁsﬁ%@%g@ﬁE%‘écgfﬁﬂz?%rfaﬂﬁ&eﬁ clo%é’di in U S. Patent

e product usi
Nos. 2421680 orcd, 875,5764ds empioyedTiur the séigemerizafion, Ithe ollgomer is
[ th_other acids.or, acid

d | b d
sepaifiad {1068 teriqwep oUBH MOTBLISL S AGY alAICS B s tRpctign product
by ¢ E}E'Ehf’i’i’a&ﬁcﬂﬁtﬁh p@ﬁﬁﬁee\%& hworﬁ%'l‘b%‘fﬁ\b%d' élké’ﬁéba{o%eﬁ’feads)

ng mat er 1 al i nert or Cata%(
and mligomﬂg'a (bodtoron), paays be ualte@mmdneduaihuﬁedu togha edkylationgranay

bo sl Pyl et o ey BRI el o M el GRCA™ ©

CARY ml‘égénﬂnvéwﬁbrpﬁﬁérb@ﬂ |mmtamlr;g:ap¢mwm&r pltmess
enul si on phase signi fi cant anount f.sulfuric Ia dT
forprpguw@g@r\qﬁsemr@tmg %@'KY'ﬁE? preduekysing sulfusisiacid agcaiglyst. This

samé akﬁpﬁia? %y#&%tﬁ‘iﬁf Biso dﬂbgl REP R gﬁm 084 8IC§CEIB Mixhes €

uric” acl on the packi ng.
OTéfel present ipnocess prefiérablyl eraplayst @ domnflawi tbgokerspacked with

cont b e B et A R g A R i Rt g
wh:cr'ilizsaéégs% BSRcurfsHtPadt bhase ARatFfobsutilAc Beid, hydroaivdh solvent
enperature. The reactor is preferentially " operated

and V%@ﬁ?“f@o at ithedealingtpaintyotitke Sstesper dihedsysigm gomprises a
845 ol o STk Sn e BEBR) X it Bmount
of sulfinéc Adidvs heltiep amitietpackidgoReactidn lsdtieveditd take platerbatween
e cpp RS Ao PRl 6l Bl Baapins
OIefREbﬁhnL!\Aﬂs‘i% @é@ow iﬁfd t'h@ ch{PHas@fan@: aum%%&am% comﬁuously

|ng ences the pressure drop d
extractect inéo abe dmydn:mbm |pbas@ Adjastingothec prasisura: asd m@fmbon

combi, A ob S, B Pl B9 lrently

operatedr Odes@@aninmmuSdbandwaySals@rH@Idperat@wnduﬁd doritiuens.y The
a few mnutes residence tinme in the bottom phase

pressiggds prefprentially higher ghther topef the seactonthasat fhe bottom.

RIS e AT B BRat BRI R bissour

drop 2R€gEs0thé redcieCTe. ySZGl@Bpm’ssteddmpoambss saidsredcion of between 0
onvent onal sulfuric a id alkylation esse be

and dcoria Wcitile, Irleetn, 6 e, robtBired "o iR, of macking also
mfiu&fﬂé‘ssth@g)regélﬁe RIT96 e 5o ‘&%ﬁﬂﬁﬁé&é REE-upRSTHY Prediat heiRture

conti nuous as opposed to acid continuous.
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

14



The hydrocarbon feedstock undergoing al kyl ation by1$pRcember 2006
nmet hod of the present invention is provided to the

wbeddlifi4 Zone in a continuous hydrocarbon phagerwyszo0sn2s014
contai ning effective anmounts of ol efinic and

I soparaffinic starting materials which are sufficient

oo LR B PE S B Bl psposss. oy g dc

w:thofu{:‘ﬂ“fé FRRYEShdeRA 85t Hréémgmmmsibrﬁ The @beuss ha§be desdribed
preferably from about 5 to about 1:15. Lower

as hyskegarhon S6pHRUAYS #s PRPP%RY temcid cantioussed. The ol efin

CRORTcalleH RIS gl B o b, of e

presariivaintion id protideddo themeattiorzoneRie preestinuais welresabph phase

contq?éigég#pgg\léee a@%ﬁﬁ%{cﬁﬁ I 5t l Ude I Qbu%%ﬁf%materialswhich are
sufﬂcéer?t‘f&‘fgﬁhfaﬁtq PHAIR St 6d8@t4Tﬁb'ﬂiﬁ$ﬁh‘/ﬂsBS§®“Fﬁ1 mole ratio n the total

esent suitabl e ol efins I nclude
reactd deshzyld ugatfmm abpuib‘lji Srte-about bﬁ@pgn@ peeferably bemabout

1:5 Rl T, R Bt S a Bl R A Epe R e o "

t ergelefietompondént shioald ﬂ)réfeﬁalmy%ﬁmn 2le 16 yaibom al@ms and the
hydr of l'uoric or sulfuric acid catalysts under

ISOPEIf@fﬁQt |‘3\P@PI?PTFQ§W tséﬁid@r argfesably ngopiabhsd 1 13x§ﬁﬁ?q§‘ atoms.
ReprbEsntsﬂIé léf(él‘hp?éé' & s@l‘:tﬁwe"’léé\)/eﬁt?ﬁff{n?Iﬁélhﬁé‘ idobubsHd, i eﬁfaIrIé 3-

Sensitive to tenperature t enper at ur es
methiyloexand, Zmeihylhexame mi23-dinzethyhataried e‘andaaz,ﬂr-djmecbIIthexane

I I [ '. I fi I
RoprfsrivExaTaes Shotibiie g oRER SRt G nah B AR Rkne-1,
pmpﬂéﬁ@tpént&se@tetﬁwm 'hex@ﬁé Jetori, AU HeptarRs) nisrel/ tBthagRsla few

per avail abl i ght chain ol efins. Acid strength in

and as]dg%criheqmbpvgdnay beraligpmens af thesetaleiinssr ocesses i s
Hﬁftﬁ%?ﬂld’n pick é%';sgh sfim ?I%P% ggﬁflcﬁuo% Wé@ﬁfnc“édl@ Qatalysts

t1’on o acl d and
undeg eathiivelplasy mm:;mbond]ﬁomé?vr exanmple, thér enifuait atdd slglation

reacf?qs{bg?plglﬁg}lﬁgrﬁ) h%[lt#y%ntg @mgﬁraifwg vwg'iled b}'/r;p@(rg 2 faglﬁg favored
in orﬁ’(l-‘;] ergﬁIaIﬁze hissidé %@aﬁnoéf Sid¥h Bb@ﬁ%ﬁzah@r\{ewétr%lbum refinery

I'ncorporate relative anounts of acid
techmqldgptmrobmalkyledon ovehgolymgrigitiankecagisedanger quantltles of higher

octafS YT ot B0 Shoa iA2EA0 AT, MR el A Wi

thes@%ﬂﬂ aéid @atalyied dikastiorPprocdssdsiis pluferabbl maintdined atZBS t094%

di ment of the present _inventjon, the ratio of
by welghtusing feicertinuays addiion #f freal @cid i nlipugus withdrawal

i b bl

the (mtabetsmlthnﬂ beon dae packing orederidloul d occur  while

T Bl Beateea e E5t sofoh SHRGEhBaorate rettive
amot tg.fcﬁ ra"é'EH ¥nd hoAiceamtn &dfoitRe ¥PUt thEXactor el Wllintetric ratio
ranging 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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pressure of the reactor vessel should be maintai neq3@Wecember 2006
a level ranging fromabout 0.5 ATMto about 50 ATM
wonthamER4 Preferably fromabout 0.5 ATM to abopéra§003/025014
ATM Most preferably, the reactor tenperature should
be maintained within a range from about 40F to about

wAds Bty ool ARP:RIRTRE R 66 B AR 2BhaSpuld ocour
whllegﬁﬁﬁﬁéhngﬂfﬁz mrctomxés@el ngrt@ﬁip@mmwdarﬁgrm@s'mm @@ouno F to
<al)()%émgg)rocess of the resent invention w

lae@?%mqm@ﬁefﬁh@ix Fen abeut1ay tarahaut r1§9c?. &nmﬂariy, the
pres%iﬁb%gtr%%gefo?@é’sse?ﬁﬁmﬁ% %&ﬂf&uﬁé’d‘éﬁél&é&%@l @figing from about 0.5
d DS Pyengingdiom ab

ture,” pressure and space
ATMtib mbmut 80 ArTa.ﬂ,l andhard prefeaatﬂy.ifmm abhaut 0B PEM ta bbout 20 ATM.

Mos{FSHEED 5 eEBcPleeisg o Ba AL PR 8o
abouft aobﬁ%Sbé‘!ﬂﬂ 1103¢ dridl Héereé&{for pPe“ssﬁééf 3RO@E DeOhaRisihall wWithin a

at the boiling point of present reaction system

rangeiromabowmﬁé\ Mt@@bﬁué5£ﬂa\ﬂau on which aids in

gﬁ’p‘%@%ﬁ%}r ghé ?’%{%@ﬁérn%%aﬁﬂﬁ tCJO?IQ i ?ﬁ? J%%gs eﬁ'uet @Fchg of the

pres@ﬁt ihii@tmhtwilIcwpéndlte@v)megdé@eertmtthe speclfic alkylation reaction
i sothernmal reaction. Once the al kyl ati on reacti on has

being, HREOTBC R0 HPEEFHRONIIENS SHER iABriIRATANS: Blssure and space
ve[ogyﬁzsgjg B[ dthe! oI%r%Hotd'ﬁh@réefb%ﬁtﬁgﬁllg?ﬁéfﬁﬁ@bhéﬁ‘égfe?sﬁé?o the

ase cont ai ni ng ate product an
resulang alhylaéapmeid:ct atraybe adwsacblara@:cewancewwtlmrametars known

Si n¢ typical density for the hydrocarbon phase
tom?%%ﬁ@@?é {}'oe% ut 0.6 g/cc to about 0.8 g/cc and

Sim¢ gdenagé bﬁép%@tlh@ at 81 tsblmggﬁds:ﬁt thbqirésefnttréaéﬁmstem

ranges, of about /cc qut 2. % the twg
is thajihewesis spee @wqrg\tl%p@mbwds md@@mﬁg Bﬁaﬁa’g@far@ﬁpyon and

maknﬁ@été%?é@gg%lﬁgt th frﬁ:Y)Hlﬁémn?&EhaEe(ﬂéé@rl t%rt'&g't gg rlt]kgélj&/atenals

ones Separ at e
leavidgftrh@r@m@' asamearalssmes’mal edractionOne aI kyl ation
shown

t t he FI
155 FReckliyIHS FRGtion e asns oo efion. e Teppianmixture i
trans‘?é‘ﬁecﬁ tPNVs@kabil SepAREBAVesSHIGhdré ﬁf@h?&océﬁ%bﬁ%ase containing

reboilers, punps, etc., have been omtted. The reactor
the alkylate psodhwot apdmraiunireactad deagiantsds separiaterbfromHbe acid. Since

et Bl MESrAPah Phfed PR BB offesb Hpyp 08

g/cc bad kmeedensities forahp ralc&ﬁgemaw fafl W’thfreldne\tangés 0Bab1:21t 0.9 g/cc
such as n-butene and an Decerrber 2006

to abay§2-B giea.Ahpcwy s eeiily Separaltipi by panyentonal gravity
oSO BBRIr Al g WPy RyRESER
sep'draieada/ ddtesity thiierennd, am(BIsd\stIIta:hhed aci d catal yst such
ngaE% i%%/létsmngggw\é:d?rﬂlgﬁtge ﬁ%\n?nn n ﬂ?e FigP 4 Wthh 13/ a S|mpl|f ied
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 fo the reactor comprises an olefin fed via line 12 such as n-butene and an
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The hydrocarbon reactants are fed to the reactor Wi @ecember 2006
is preferably a generally cylindrical colum via line

wé%oo@mﬁ'ﬁﬁbfough appropriate di spersing neans (f@fmszoos/ozsou
shown) into the disperser nesh 40, for exanple,

co-knit wire and fiberglass mesh.. The hydrocar bon

isopgy Bt 465 BB RS FE st D PoR660853, (irgol% BBhion o
the atefirnis)fat aafngthe rebélpk ala limespicac ¢6bsand Toe. Adiguid acidicatalyst
sure svveII as the i es of

Suchasd e S 48 T SE 0 e e Bo e RS PR kst e 36.
The ﬁkdfd&%rm éd&%rﬁ@'aﬁ‘é 84 tto RRE tréé“étb?/ w’h(fjb eg?ﬂeféi"élbﬁ geﬁerally

e as the system conponents pass
cyhnd hieal lcebmnmwaulme adend thragbrappiropriate piis@sesnag theans (not shown)

h |
into 8 st B8R 40, RiraCEiR8, &baditwite and 1585 %#ﬁé@%ﬁs
C OTHe gt Rgaftth e@é@hu@t and ndny FERE3E 1) @éwssnél%e g., normal

cont ai hi ng the aI | ate, unreacted ol éfin and
butane)} akecingimately spatasted withdhe asishcatalyst as dhe plkyistionyaseeds.

The gc%g:tnﬁg\f 2BRSthBRARE THE oﬂ\&éb&ﬁ're@%\ggflf Q% %dégggﬁﬂg%s(gf 34 nts are

onents an
adjus:tedw@ heep ﬁ]e/dysm aomponentmﬂdihé bmﬁng beint pat mrtual];anlth@ Bquid

50 furth handl te.
phasgcpy e syelers comippents pass APHE Bow Jgugh i @ackel in mixed
vapoﬁr\ﬁaemshas'&hém oHPtH%Sh&h Y Heeings %Qah‘tbﬁ 30! A tﬁé dRGnter the

-'up spent acid renoved via |line
systerm @pamf@o frecpfip@raieddato) an a@dm}'@aeﬂﬁapontﬁelr@zthwcamlyst a

rycr QBB R 4 S B Bl BB E el el Urreacted
isopatiaffin, bhdhbaneasivehydristarbond arﬁtﬁa Rapurshasel44 which may contain
fractionated. Normal butaneg, present in the fe

somg giearh oTdigcmPYnents aRd any llghf&r hh@oaamweﬂmwhice are
I

remdBATRGH 146 Syctefifvia tfio S Er AR TRARINS a8 HpRIAAE) | Y

t Hdostogf thé acﬂa:mase i4 CecyEMERRN MAbnSEB ko #FEeReactor. Make-

ALKYLATI EFI OLEFI N For, the foll

up a8i3 Y Be SEHET Melenh apcrults spdnt 281d tedfovedl wlipehes
I ”ﬂ’f@ﬁydr@béﬂﬂ%thwd pha§e E&éh@@eﬂMdﬂnﬁ@Qi itth élﬁehtmh&ecycled
and t%/ es of packing materi al H2SO4 i nventory i

to thgmmo hey rea@ior yigplingizég The I‘emﬁlﬂdﬂfdlﬁ hydrocanorppbRsaig fed to
cistgS8A oy 25 Ps S5 FB0aYrd, e TPaRRe, fprosen

in théfgad) tah beaemovedivia Hzné ﬂed-anuahe ahmy!eltel pﬁoc?l/}dt hls ensoved a line
mp. Fee |ntro uce t {he top of, the reactor
34. TREBvathoagar 2 erPi Y GeyRaciosisPellaBe Waighys racyoed via line
52 toot'h%‘ﬂﬁlg torl#0.13 Decenber 2006 WD 2004/016714
200

PCT/ 025014 heat of reaction plus anbi ent heat
EXPEB]IMEI\HWI. SET p4P FOIR ALKNYAATION OF !SQ/E’IRIRAFELI@H ®hisFiIN

oo B o e SR e b B Gy @Ot s R e thighPact. Sinches
diamfsro RAe fHed MM valythd hbusitHRd YRISLONpAEIGSY Phaterial. The
HZS&? isn?neaﬁtory 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 boitom to circulate a two-phase mixture with a single pump. Feeds are introduced
at the fop of the reactor to flow down with the fecycle mixture. Vapor is produced by
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through an acid de-entrainer then through the 13 December 2006
backpressure regulator to the de- isobutanizer. Mass

wbhowyAetigrs are used for feed flows and a DopptEiis2003/025014
nmeter neasures the circulation rate. Liquid products

fromthe de-isobutanizer are weighed. However, the

nt_ f.l t t te he. di f f
heatf? PéactinR Bl Hriaibfe s B e BE et Ieintiids B i Hipugh the
pacldm@ ureétmgcgi@at RirfMencdBnanabdnte Medtl of thy dapery Q@Wcondensed
ducts, 1ncluding the vent. Titration is used for

aﬁeréb@ Feacter eutigls Hycon@amwamr rAd {iguidihydrenaraen Brasivst asses
o o A5 S Rlnal b G bR 850l 538y 8% i
isobyiaaizent Ma%seﬁ&wrmemnsi areengert ddufeed davsngsd & Odppisgecheter
meaguEedhe arcetariale Lt id prdusteromang BRSO BRNZepATEveighed.
Howb08r, HRE YEhSIoW it f-Pé iRRatedl dibeind thAiffefdiod @étﬁeéh%%@nmass

cal cul ation. A backpressure regulator that passes
flow rmgtmed feieduind and dthea pesighes diquid geodieatd LoutniGer analyzes all

450 ARG RFTE BB Bt P e Mg Gosey

OPEBRATICONe feed |ine. However, too nuch N2 will cause a

decrease, in roduc quallt uting reactive
| SByRp dhewinD perPleR F{m%%ntaw@t ercWateathysiogashpn and

acid 'dbvfﬁ‘?loﬁ?‘ﬁ? EHéTBBﬁlgb q'?f?ﬁtl“Bf i dﬁﬁhgﬁ oca&%l Ere%éé‘ﬁt aptdlsure and

sion [ayer an
temptratere madmgeyaretlhgg@:! elmtrph&:a Trlta/reanmrmulh‘ptatdamperature and

orosRCH R el o e S BB 5 PR 0 Bgaron i

an ;Gﬁafmmat@qushhgim’tm a three-way val ve. The trapped
rmterlal settles in seconds to formtwo | ayers. The

ot lhackprassura regylaion maérpaﬁﬁgs ppéh at%du%ﬂqwdy@d vagor to the
de-@&igaH&E tdvﬁércl‘ﬁﬁlri{fé’iﬁ% 'tl‘?é' % e <Ak @n% rﬂ%tfw may be used

o0 estinm ric C|rc at1 o
primafi lytlolkhep Ims:lefﬁomﬁaekia@ L(pamttsﬂ'lerfealjlllgbelﬂowevem tod mmcher will

eaclor in bet ween 0 .and 3
causkeadsereate b prooel Al e it atite isabaratn in thé vapor
phadeal ance around the unit. Different packing usually
re uires different va or and liquid flowrates to | oad
¢ girculabien DPJmWUBtt ef exneélmcerﬂtsl sehip eintillales brashtthe acid

em“%%ﬂay%%ﬂ% R o BRoLS 06 RSty IS AR may

be p(lmpetilseplaféilblyt oadi ng. Because of refrigeration
straJ nts, abqut 1-3 I%Eéhr of extra liquid iC4 nma
be 1 BFIGJOVRIHOR I8 H‘Q'Wé"ff ymra@rdarltyéiwﬁag the gntire recycle

througdtPh niShsulbSulX GERS d {Hhed vdydid. e/ trapped material settles in
seconds io 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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smal | and does not significantly affect the i C4 / 13 pecember 2006
Aefin ratio since the circulating hydrocarbon rates
Wgr2®4y0yp;1g:al ly on the order of 100 - 200 poundscPfe03/025014
hour . is the circulating hydrocarbon flow rate and
conp03|t|on that dom nates the iC4 ratios to
th| el,se. \TYPL.CAL OPERATI NG CONDI TI ONS FOR 4
adequ%(%_ qs'q T@Hﬂ NPLES Feed olefin C4's Oefin in
Bélﬁdéé dl- r@ﬁlgeraﬁ@n Anistrainité, abdup LD bPhioér-ekird lldﬁﬁltC4 may
out - RanS|gout616 DP - Psi
be mt;ogugecbmtlpqmeyf@pd to pravide sQme triin g9elingudinis excess Gy is [retatively

smalP s Bty 060G, DR e U i

hydréeatboirirate zae itybieallyidn the erdebef ﬁO@aEOQIﬁqunds@e@hBu_r itis the
cirouleB50 roSiBoRIBK ik and poMIRRic af ganTRgIER4he ICs Fatis to

type 1 is .011 inch dianmeter 304 ss wire
ever}?@ﬁﬁ%‘tg%d with 400 denier multi-filament fiberglass
TYPIOALOF ERATING QQNDEIONShFOR CAACAA TN N THE EXAMPLES
inch dianmeter alloy 20 wire coknitted with 800 denier
Feed\9iefin- 1 i | ament poly propyl ene yarn ev@%ﬁ ot her stitch.
Olefibtmnafidsghrl Refinery C4 A efins used d525f88dst ocks To

Alkybtl?- Ib@,y.hrUnl t: 38%iBin LowiB totglsgolgfda ns 19 13

ﬁﬁ) 006 WO 2004/016714 PCT/ US%BO%CPZ5014
Y ha .02 0.00
Rxn Psig out 6 -16
DP - Psi 0.5-3.0
Recycle rates:

Acid phase- L/min 03-1

HC phase - L/min 1-3
Wit % iC4 in HC recycle ~ 75-45
W1 % H2804 in Spent acid 83 - 89
Wit % H20 in Spent acid 2-4
Fresh acid addition - Ibs / gal alky 0.3-05
Packing Type 1 or 2 — see notes below
Packing Hgt in feet 10 -15
Pack density 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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ethane 0.00 0.00 ethene 0.00 0.00 propane 0.77 01§becember2006
propene 0.14 0.16 propyne 0.02 0.00 propadiene 0.01
w8 20i01659- but ane 23.91 47.50 iso-butene 0. 90pdHy9R03/025014

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 mcycl opropane
met@angs 0. 03 002 put dh8012.09 5.43 1, 2- but adi ene 0. 00
ethafe01 3M 1-Biflene .26 0.04 iso-pentane 0.98 0.02
ethepepPent ene Og@p 0. 8% pg@M 1-butene 0.01 0.01 n-pentane

1 O 03 pentene 0.00 0.08 c-2-pentene 0.00

F’mpéhg Qfﬁadl en(g4§ 00 0.08 <c-1, 3-pentadiene 0.00
propengo unkno@n‘lé 0. 00.%608 100.00 100.00 Conparison of
propReéi nery prodiced A).8glate with Lab Unit results

Y S|mlgr Iow feed Plant A Plant B Lab | Lab
pr()pger'l%sam1 %78 2. 3-dnb 4.05 2.84 2.80

Iso-bytae 0 1.15 '2,2,3-tnb 0.20 0.17 0.18
iso-hpitaree 0 90 15 90
T-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 (.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 6.27 270 251 278
2,3-dmb 4.05 284 280 3.02
C6 1.63 119 100 1.15
2,2,3-tmb 0.20 017 018 0.19
Cc7 7.17 5556 435 435
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2004/ 016714 PCT/ US2003/ 025014 TM C8 53.88 61. 76 66. 84
w@@eo‘iﬁnﬁﬂt\/‘ C8 12.27 12.47 12.69 12.44 TMC9 5P@14U§203§025014

DM C9 0.57 1.01 0.29 0.18 TM 010 1.14.0.9
070064 UNK C10 0.51 0.54 0.29 0.29 TM Cl1 0. 99
0.77 0.69 0.71_ UNK 1. 02.0.00 0.00 C12 4.37

T™™GCB 71 4. 72 4. 6@3-5%13 gf%@ 1%%8304). o@é)-a. 00 Cl4 0.03 1.57
DM @805 0.00 Cl32000 0243 01Q06D. OR.4MV S 0.05 0. 04
TM D 00 0.00 UNKsB474 0483 0.98g0. OQ m 100. 00 100. 00

0. oo 100. 00 MW T 0 114.6 Brom ne
DM(#% <1 <1 <01§¥Tot al- &éul f@}%g <1o <10 <10

™ Gﬁ@TAL % T™M 61.bd467. 66911, 1@761 o@ 64’I’M C8/ DM C8
UNK(G'HIl o) 4.39 40.85 5. ZW5%. 380.2%M CO/IWM C9 (ratio) 8.85

G000 oxygen @-@3 20 O o e S hane 0 g0
UNK%&bon nonoxi d4 2 (wbﬁca g@ﬁodl ob%oe 0. OOO et hane

C12 0. 000
C13 0.00 1 .58 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 0.00
UNK 0.74 0.83 0.00 0.00
sum 100.00 100.00 100.00 100.00
Av MW : 1134 116.0 1149 11486
Bromine no. <1 <1 <1 <1
Total Sulfur ppm <10 <10 <10 <10
TOTAL % TM 61.05 6766 7112 71.01

TM C8/DM C8 (ratio) 4.39 495 527 538
TM CO/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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et hene 0.000 ethyne 0.000 propane 1.066 propeneq3 December 2006
0. 000 propadi ene 0.000 iso-butane 81.233 iso-butene
w6 26ik1644 13 Decenber 2006 WO 2004/ 016714  pcrays2e03/025014

PCT/ US2003/ 025014 1-butene 0.000 1, 3-butadi ene 0.031

n- butane 3.398 t-2-butene 0.000 mcycl opropane 0.000

c-2-butene 0.0Q00 _iso-pentane 0.968 1-pentene 0.000
1-butengent ane 0. 0805 + 0.391 Exanple 2 Effect of
13HLMﬂJemQ/I ene (|CB)3'bn Alky Quality lab 1 100%iB 38%iB
nbulzpw i B 1C5 3.56808.97 2.78 2,3-dnb 3.60 3.56 3.02 C6

0.52 1.1 23-trrb 0.40 0.23 0.19 C7 5.27 5.08

t2-bftehs 1ot g 53)9@)56. 95 66.93 DM C8 11.77 12.64 12.44
m-cygiopepaneo7 4. #200074 DM C9 0.58 0.45 0.18 TM C10
c-2-baitdie 1. 33 0. 64.000

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 3.97 278
2,3-dmb 3.60 3.56  3.02
Cé6 1.42 0.52 1.15
2,2,3-tmb 0.40 0.23 0.9
C7 5.27 5.08 435
™ C8 50.79 56,95 66.93
DM C8 11.77 1264 1244
™ C¢ 6.07 422 274
DM C9 0.58 045 0.18
™ C10 2.06 133 0.64
UNK C10 1.14 0.67 0.29
™ C11 2.54 128 0.71
UNK C11 1.00 0.00 0.00
C12 8.30 899 4.60
C13 0.07 0.00 ©0.00
Ci4 0.28 0.14 0.00
Ci5 0.12 0.00 0.00
HV'S 0.38 0.00 0.00
UNK 0.54 0.00 0.00
sum 100.00 100.00 100.00
Av MW 119.1  117.3 114.9
Bromine no. ~1 <1 <1
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UNKCI O 1.14 0.67 0.29 TMCLl 2.54 1.28 0.71 UNK @3 December 2006
1.00 0.00 0.00 C12 8.30 8.99 4.60 Cl13 0.07 0.00 0.00
w6b00a@18840. 14 0.00 C15 0.12 0.00 0.00 HV' S PeRBsRodhso1q
0.00 UNK 0.54 0.00 0.00 sum 100.00 100.00 100.00 Av
MV 119.1 117.3 114.9 Bromne no. -1 <1 <1 22 13
Pecember 2006 WO 2004/ 016714 PCT/ US2003/ 025014 Tot al

TOfaéé‘ﬂU#qupemm <105Wo <90 TOTRIC 96 TM 61. 46 63.77 71.12
TOTAU %STIOM C8 468464, 533.872771T& C9/ DM C9 10.51 9. 34

T™M ¢8/8N dgcanpl e 4331 Progene g9y C4 Al kyl ation Sanpl e
oduct opa 0 o- but ane 9. 25 n-butane
™ §§)§g\% q@;o pen?g‘ﬁg 9$£P égrqazne 0.00 2, 3-dm butane
2.07 2M pentane O. 30 3M pentane 0.14 n-hexane 0.00

2, 4-dm pent ane 15. 59 ZE;’(aﬁmlémbut 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 1.562
2,3,3-tm pentane 1.21
2,3-dm hexane 0.64
2,2,5-tm hexane 0.68
2,3,4-tm hexane 0.13
2,2-dm heptane 0.01
2,4-dm heptane 0.03
2,6-dm heptane 0.03

2,2 4-tm-heptane 1.83
3,3,5-tm-heptane 1.70
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2M hexane 0.34 2,3-dm pentane 48.97 1,1-dm 13 December 2006
cycl opentane 0.00 3M hexane 0.35 2,2,4-tm pentane
w§260')4/016‘71!i‘ept ane 0.00 2,5-dm hexane 0.37 2, 4p&fys2003/025014
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
2,3, 4- tmhexane 0,13 2, 2- dm heptane 0.01 2,4-dm
2.3 gbpthemtans 03 2. dm heptane 0.03 2,2, 4-tm heptane
2,3,8:rBdhepBarty 5- t Nkt ane 1. 70 23 13 Decenber 2006 WO
tm-hépfe016714 PCY/(3g52003/ 025014 2, 3, 6-t m heptane 1.16

Zzét@"%ﬁ&@"%@ha?%é)ane 2tg}2he(%t82n8 %ooocgs 0.20 ClOs

C8sp.98 dlIs 1. 6,@ 20c12s 1.73 Cl13s 0.09 Cl4s 0.05 C1
C9s5s 0.01 unknomi) 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
TMC9 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
C13 0.33
C14 0.11
C15 0.08
HV'S 0.03
UNK 0.63
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100. 00 Exanple 4 |sobutane + pentene | al kyl ati on13 December 2006
product W% C5 5.03 2,3-dnb 0.74 C6 0.35 DM C7

Wé26(ﬂl/0163]40 17 TMC8 22.26 DM C8 3.70 TM CgPéf—’[UgﬂOSIOZSOM
.72 TM CL0 1.51 UNK C10 0.56 TM Cl1 0.

UNK Cll 0.38 Cl2 3.68 Cl13 0.33 Cl14 0.11 C15 O 08

HV' S 0.03 UNK 0.63 24 13 Decenber 2006 WO

2004/ 016714 AE#1Y52003/ 025014 100.00 Avg MV 123.2
Avg Elpect ed MV 19Z3.2f eed ol efin #/ hr 0.25 Al ky product
exp eﬁféHMQVM Examplge 5 Jdigonerization product from C4

feedo?eq‘l dsipck with 38%iB in total olefins.
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 4.4
grouped C16's 1.2

100.0

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

iC5 3.97 239
2,3-dmb 3.56 2.87
C6 052 117
2,2,3-tmb 0.23 0.20
C7 5.08 4.95
T™C8 56.95 58.34
DM C8 12.64 12.80
™ C9 422 415
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(This product was in turn used as the olefin feed 48 December 2006

the lab Al kylation unit)

wo264i08884 1. 6 n-butane 11.2
C-2-butene 6.5 iso-pentane 1.0

i so-but ane 48.8

i so-but ene+

t-2-butene 14. 3 por/us2003/025014

t-2-pentene 0.1

unknowns 1.5 2,4,4-tm1-pentene 4.7

4,4-tm 2-pentene, 1.3

ot her C8's 3.4 grouped Cl2's

2
DM C@ 4 gr ouped c16®&t 20450. 0 Qi gomeri zati on effect
TM G® Al ky products U3 ng1@8 feed with i B = 38% of

UNK@®] ins

before afger g% 3.97 2.39 2, 3-dnb 3.56

'S7 06 0.52 1.17.22.2.3 tnb 0.23 0.20 C7 5.08 4.95
TMC'Zr'l\?lcs 56. 95 1"2%)M éfﬁl

58. 34

2.64 12.80 TM C9 4.22 4.15

UNK£ZHI 113 Decenber 26090 WbObo4/ 016714 PCT/ US2003/ 025014
C12 DM C9 0.45 0.35 SMHC10.4H. 33 1.29 UNK C1 O 0.67 0.57
c13 TM C11 1.28 1.41 4K glb 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
T™M C8/DM C8 451 4.56
T™ 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 52.0 522
Rxn Psig out 122 11.8
DP - Psi ~1 ~1
Recycle rates:

Acid phase- L/min 1.0 1.0

HC phase - L/min 2.6 2.6
% 69 67
iC4 in HC recycle
Packing Type 2 2
Packing Hgt in feet 15 15
Pack density Ibs/ft3 7 7

Example 6

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

iB DIB TiB+

ICS 3.66 397 3.41
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Cl2 8.99 9.41 C13 0.00 0.00 C14 0.14 0.11 (15 01Q(December2006
0.00 HV' S 0.00 0.00 UNK 0.00 0.00 sum 100.00 100.
wOoMbdAT. 3 118.3 Bronine no. <1 <1 Total %f/ﬁézoﬁﬁéﬂsom
<10 <10 TOTAL % TM 63.77 65.19 TM C8/DM C8 4
TM CO/DM C9 9.34 11.75 COperating conditions: (]efln
in - lbs/hr .25 .25 A ky out - Ibs/hr .53 .53 Rxn
2,3-dmihp out - F 5260 58.20 RBriPsig out 12.2 11.8 DP -
Cce Psi -1 -1 Rec?dlZe ﬂafB@s 1A€ESd phase- L/mn 1.0 1.0
2,2’32& hase - L/ ng 69 67 1iC4 in HC recycle
c7 i ng Type 2 % in feet 15 15 Pack
density Ibs/ft%? nf 6 Al kylate quality from
TM G&obut ene + | SR aﬁ'é-93or &BPgomers of iB + iC4. iB
DMJ33B TIB+ 1C513. 66 3.97 31491 26 13 Decenber 2006 WO

™ 0%004/ 016714 PCJi¥S2@0&4 02R944

DM Cg 0.58 0.81 1.10
™ C10 2068 3.09 3.29
UNK C10 1.14 1.18 1.35
T™ C11 254 253 272
UNK C11 1.00 179 0.00
C12 8.30 10.51 14.97
C13 0.07 031 0.07
C14 0.28 147 0.14
C15 012 029 - 0.00
HV'S 0.38 0.12 0.00
UNK 054 0.01 0.00
Sum100.00 100.00 100.00
Av MW 1191 1221 122.9
Bromine no. ~1 ~1 ~1
Total Sulfur ppm <10 <10 <10
TOTAL % TM 61.46 60.15 54.67
™ C8/DM C8 431 B37 297
T™ C9/DM C9 10.51 8.15 9.37

Operating conditions:

Feed olefin iB DIB TIB+
Olefin in - lbs/hr 0.256 040 0.25
Alky out ~ Ibs/hr 0.49 0.78 0.48
Rxn Temp out - F b2 5H1.6 517
Rxn psig out 13 135 567
DP - psi 25 141 ~1

Recycle rates:
Acid phase-L/min 0.8 0.5 1.0
HC phase - Limin 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 ©6 1.42 1.36 1.53 2,2, 3-t §8 December 2006
0.40 0.38 0.27 C7 5.27 4.96 6.39 TM C8 50.79 47.93

d
wd8eodhieM B 11.77 8.92 12.91 TM &9 6.07 6. %ﬁﬁsﬁ@smsm
DM C9 0.58 0.81 1.10 TM C10 2.06 3.09 3.29 'UNK C

1.14 1.18 1.35 TMC11254253272 UNKClllOO
1.79 0.00 Cl2 8.30 10.51 14.97 Cl13 0.07 0.31 0.07
Packdensitydps/it347 0614 c¥5 0.12 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

MN 119.1 122.1 122.9 BE%EE? -1 -1 -1 Total
Sul fur ppm <10 <10 <10 % TM 61. 46 60. 15 54. 67

Expe%@é DrGa aicytdtion ﬁ%d%c?ﬁ/lw'égﬂe?g Pel\,ﬂ‘ |C§ Ilg 5D|188Tllg+
and Eioi‘?‘? %‘F(%O‘EP‘E%E‘ B@tﬁh‘?"“rg“%s&%ﬁ% 0.25 Alky out - |bs/hr

(e.g.an ey 1gnglessf CRetefmeshpuldifeact with, 516 51.7 Rxn
1mdlélo@|®4=lt0ﬂ33rn]é30305alllyla@PMWp=sﬂ42)5 1.1 -1 Recycle
Resql%tlﬁ?rc 1%36 APRefizatidi GeRerBtilg> 1- 0 HC phase - L/min

moreé and ower 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 14 170 135
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
Cc7 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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%73 76 45 iC4 in HC recycle Packing Type 1 1 2 13 December 2006

Packing Hgt in feet 10 10 15 27 13 Decenber 2006 WO

wa00s/RdAas14 PCT/ US2003/ 025014 Pack density | bdfi;32083/625014

7 Exanple 7 Expected vs. actual al kylation product

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

in theory | nple_of C6 olefin should react with 1
C18nhple of ic4 tFFBrma CL0 al kyl ate; MW= 142) Results
C14i ndi cat e depolQitieri zati on generating nore and | ower
Cc15MNV ol efins thajggonbine with additional iC4. Mles
HV! | C4 upt ake pery Hg\l e Aefin fed Average product MV

efin Expected Actual Expected Actual Hexene-1 1.0

UNK1. 2 142 129 &f@ne-1 1.0 1.4 170 135 Di-isobutyl ene

1.0 1.8 170 1HM.00ri-i sobutylene+ 1.0 2.6 226 123
Avg Pl e 8 |sohggagne + pentene | al kylation product

o 5.03 -2°3-dmb 0.74 ©6 0.35 DM C7 1.14 C7 -
e"pe\céf‘%e@"“\’ﬁ/l cs 22! DM C8 3.70 TM C9 52. 40
feed olefin #/hr 0.25 -

Alky product#hr  0.47
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DMC9 6.72 TMCIO 1.51 UNK CIO. 0.56 TM Cl1 0.4 December 2006
UNK C11 0.38 Cl2 3.68 28 13 Decenber 2006 WO

WQQ&Q/OQG'I;@]14 PCT/ US2003/ 025014 C13 0. 33 Cl4 Opusiodm25014
HV'S 0.03 UNK 0.63 100.00 Avg MW 123.2

expect ed MW 128 feed olefin # hr 0.25 Al ky product
#1 hr 2 3 Decenber 2006 WD 2004/016714

The anl%]zgl 57]%%%%14 The invention clainmed is: 1. A
nmet hod of operating a nulti-phase downfl ow reactor

N e R LR T —

it
condRGEE s 10 ABRILALIBAS e Ty ' phcin
comprging acottagstrechse iaving aahmdtspage oigraater thaop 8A volume%.

space. 3. The nethod according to claiml wherein said
contact structure is conprised of inert material. 4.

The TRE hestnag @Riclidisy tPcialntit fwﬁer‘éhﬁéﬁdﬁro‘iﬁsﬁa@@l%tlﬁﬁo about
structure is conprised of catalytic material. 5.

99 velredd @FCrHPRIGR-i ng a three phase packed reactor
conprising increasing the liquid and vapor rates
until a pulsing flowis induced. 6. The nethod
ad&:or'bhengnethodl accordinghter elaimsthiwheretrsaid contast letnlicture is

compnsed gf mert matenal

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.

8. 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) awire mesh material containing stainless steel wire and interwoven with

polypropylene;
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mesh material containing stainless steel wire and 43 December 2006
i nterwoven with pol ypropylene. 7. The nethod
according to claim5 wherein the liquid and vapor
rates are adjusted to produce a pressure drop across
said reactor of at |east 0.06 pounds per square inch
mﬂ&%d 8il |Hﬁ§é§élﬂ‘9nx§d gﬁh%qw&leﬁnaccm ding to claim
erein t [T qui vapor rates are adjusted to
pr(cy el \aanmfoa:k akhaeesure drop across said reactor of
between 0 and 4 psia. 9. The nmethod according to
claim5 wherein said three phases conprise: (a) a
W 1(R mﬁféﬁh@@bﬁéwbtlﬁ@ahml REss tenflewseadtonh induce amqsmg
interwoven with polypropylene; 30 13 Decenber 2006
flow (agimpicgmpising ingreasingthe dasiate \«Mer]malr&auwgﬂf@thwd reég until
apréaégﬂ{é/ @H( ﬂdu&gthé%ﬁFéIﬁB QfacARREAL I N a
i -p ase owreac 0 In uceapu[smg flow
regi ne conprl SI ng increasing the gas rate while
maj ntai nipg the uidra yntil pr
O BBt g e U8 b e B A B Bampising
té}fvﬁj arBbACERipheRt KMt 'df ﬁo?éﬁrf Bldifh R6btsor or mixture
feed!Frg tr?o% cgnpﬁijs??‘ng &%(ee | a drocar b op’r? cor?g[)%rent
theraxd asd swiisgalsénayin it kefaisha partish gasmmﬁa@m dewrfloweeactor in

th f and. kane, "

the RiCRAra 0" SRUEE e 2R et o Bitanfte ald RS el iatig mbang

systdth whepsihthé rté uf feedasfisdidiatsfing blefingposirgdt o mixturenginareased
internal static mxing systemwherein the rate of

until pgrgsyirespn syfficie tosadicethp palss QY iachipwedire i s
increased wuntil a pressure drop sufficient to induce
the pulse flowis achieved 12. The nmethod according to
c @i, nTHe meltterceacrosding te alatn itvenetain stidsaid infexnal gtatic mixing

syste%{ %ﬁ@*ﬁ‘g*&aﬁp&?ﬁr%ﬁ&}f E‘p&@ r‘ﬁ@si‘? mr\z{nﬁ?é gﬂﬁﬁﬂ!a drf component or

onent expan

expandedmataHateringd witha multlffulqiraﬁ@hﬁow S¥RId M @ament selected

from 8 rt Forsxmeamltalﬁﬁi Esty@ers, capmticnaetaled yixeurss thereof.
catal ytic polyners, catalytic netals or m xtures
thereof. 13. The nethod according to claim 12 wherein
the liquid and vapor rates are adjusted to produce a

pres S'Uﬁeeﬂdatlwd acctoramgStﬁicliuma?@ere?f thetl:qlué:hamd Va8 rates are
) nds per uar e per foot o . 13
adiufiRt EnBrrise oo Cusroian ABTaTS PARLERCAT A 4 hist 006 Rounds per

squard rF8blof PAKiIMR! static mxi ng system conprises a
. pagiLdﬁﬁﬁ\la conpri si ngﬁb:\ contact structure having a void

space of greater than 50 vol unme%
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15. The nethod according to claim 14 wherein said v8igecember 2006
space is up to about 99 volume % open space. 16. The

net hod according to claim 14 wherein said contact

structure is conprised of inert material. 17. The

met hod according to claim 14 wherein said contact

structure is conprised of catalytic material. 18. The

met r‘l@fd W%ﬁ’étﬁ@dtébc@réﬁh@ t%zc}’?ﬂﬁr ¢4 NyRgich rs%‘?cftlﬁlrerhé static

acked wth a re teriral containi ng staln
Miing 3YSIRTPCUNRIISEH 8r WGGEIRIVEARPIITBY B FORRACE RlEUCtuee hw@g a

voitedree Gfagreatdr figart GOCIalimedd. wherein the pressure drop
across said reactor is at |east 0.06 pounds per

square i nch per foot of packing. 20. The nethod
accdbdi Hee tretoddbocdidinghier eaim tiHewhexteil spidesddispacs tpup to

abaﬁ{@%ﬁjﬂ%éi%rg&gﬁ gf)a&-f‘. between 0 and 4 psia. 32 0

16. The method according to claim 14 wherein said contact structure is
comprised of inert material.

17. The method according to claim 14 wherein said contact structure is
comprised of catalytic material.

18. The method according to claim 12 wherein said reactor is packed
with a wire mesh material containing stainless steel wire and interwoven with

polypropylene.

19. The method according to claim 11 wherein the pressure drop across
said reactor is at least 0.06 pounds per square inch per foot of packing.

20. The method according to claim 19 wherein the total pressure drop
across said reactor is between 0 and 4 psia.
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