PROCESS FOR PRODUCI NG A JET FUEL This application is related to four
co-filed patent applications titled "Process for Producing a Mddle

Di still atw0,20f0Raesse8ss for Producing a Low Vol atility GagolriusecoBlosrsds ng
Conmponent and a Mddle Distillate", "Conposition of Mddle Distillate”, and
"Process for Producing I + | soparaffin and
Co+ A efin", herein i ncg%%gzj@%%&t%@?% @l{i( ﬁ‘t E?E OF THE | NVENTI ON
This invention is directed to a process for produ0| ng a jet fuel. BRIEF

DESCRI PTI ON_.OF THE. DRAWNGS FIGURE 1 il |lustrates the |ine defined by the
equat i on: RUPISBEPIGESTS [BHRPoLIewort-Tivg RO SPRlralions BICETORESS is a

G10+ cont entoin Thg S LyTadE R DD kel e R R A o

Definitions uéménaéi%mﬁsw@m;sm@t mst@ai{ﬁelﬁlatsia@et heom;?eﬁrézm@?or st eps

t hat areid t|f| ng,.that te ut 9 steps are
not exhaust a‘ﬁ*ai‘ r‘r’ﬁgd?}ﬁ‘é‘ﬁetm 5}%1% %%&‘g%{‘ﬁé%a @@ﬁgﬁ{@@ é"t%psp A
“mddl e di smd RbB&rdftn éﬂb)@f@@@é"b@ﬁu@@@ﬂiﬂ@br Nichignah&ehitiRgy r ange bet ween

250F to 1100F (121C to 593C) . The term"m ddle distillate" includes the
di esel, heating oil, jet fuel, and kerosene boiling range fractions. It may

al so |nclude a portlon of nap |-+ght py Naphtha” is a lighter
hydr ocar bon product having a Eﬁg?}?gﬁg; %%Qé&gg?é@twv%?n 100F to 400F (38C to

204C). A "light oil"™ is a heavier hydr ocarbon product having a boiling
range that starts near 600F$316C) or higher. A "jet fuel" is a hydrocarbon
pr oduct This invention is direcied 10 a process for ;};Qduwmg & jot fusl,

BRIEF DESCRIPTION QF THE DRAWINGS

FIGURE 1 Hlustrates the line defined by the squation: RVP = -0 035 x {50
voi% bolling point, "C) + 5.8

FIGURE 2 is a plot of the molar ratio of olefin to HO vs, the GC analysis of
the with U110+ contant in the alkylate.

DETAILED DESCRIPTION OF THE INVENTION

Bedinitions:

The tarm “oomprising” maans including the slements or stops thet are
dentified following that term, it any such slements or steps are not
axhaustive, and an smbodiment may ncluds other elemsnis or steps.

A "middie distillate” s a hydrocarborn product having a bolling range
betwesn 2807°F to TIOD°F {131°C0 1o 583°0) | The tenm "middie distiliste®
inchudes the dissel, heating ofl, jet fuel, and kerosene bolling range fractions.
Homay also include a portion of naphths or ight ol A “naphtha” s & lighter
hy&.ﬁr’@cmw i product having a bolling rangs betwesn 100°F o 40057 (38°C o
204°C) A Vlight ol i a heavier hydrocarbon product having & bolling range
that starts near SOOTF{318°C) or higher. A Yjet fuel” is & hydrocarbon product
Fraving & boiling range i the jet fusl bolling range. The term “jet fuel bolling

.



having a boiling range in the jet fuel boiling range. The term"jet fuel

boi I i ngrange" refers to hydrocarbons having a boiling range between 280 and
572F (138¢0ant/@@&3E). The term "di esel fuel boiling ran@eT/usedoensised

hydr ocar bons having a boiling range between 250 and 1000 (121C and 538C).

The term "l irghis disterh@b hba@c@%&%"sﬁ@ﬁ@@%&&@@%@%@g@ﬁ 2BavE Bgga boi | ing
range between 600 and 1100F (316C and 593C). "The ™boiling range” is the 10
vol % boi | i n§¢por nt3%°6: s 3P0l el erngdissihtust Qolibavangy’, refersitasi ve of the

end points, JEeasured by ASTM -06a. A-wmsddl e distilLate. hl.endi ng
conponent " ihg% m déﬁ %Hﬁ\gés{% fslﬁfdawf@ Ez‘ag]%’}i;“trg“g%gaﬁgr&%e%ﬁ% ﬁ*g@%t‘g*‘g%ﬁ%gocar bon
Erodyc:} neetfﬂsﬁgiz%ie’ﬁ‘hee@mﬁmﬁismﬂiﬁggangéﬁ‘ %@@s \Qbi&gﬁmm&em&@%ﬁﬁ@gmngrt "d_may
e either a _gasoline or a naphtha hydrocarbon product suit e for endi ng
into a gasolb% &8 m@@%ﬁ?‘*ﬁ%@“ Bgégpﬁﬁﬁéiggg%&g %bgjr%fb\z%%ﬁéﬁ‘ ag”i% YIS i n

i nternal copbualiQmeRgi R8s nofin VI L Iellad Yo Reudlkangi;ng conponent”
i's a naphtha hydrigﬁéfggr?@g% ué}té 'a;j\?/i(r%giﬁta?MgiE ?S?ﬁgéggﬁgg é}?"\%gder}] 100 to 380
(38C to 193@)ciavier af Rl ehd/apois. RregssasendfD2ABTHSE INE7F-23kPa) or less. In

The cauart on Ryp A TiguR-ARARke EIGRRGE BoBohERP f AR GURHIS, fiflasied
"Alkyl" nmeats igehiingantosahutebachaioneviabenbalivgdHespedepasiigiiaals of one to

six carbon atoms or a branched saturated nonoval ent hydrocarbon radical of
three to ei ght cdy BE EIDRIENNY eparenydimntes oither ALRYPIG SUds are

met hyl . Exa LBk r il NG s DA - daated.bo, Groeups
such as net %F,ﬁ&ét rﬁf?kk%{lﬁg%ﬁ%}?&ﬁ %g%%r:’l%?ﬁ %&i\n@&ﬁ/ 8%@6\%’&%% ,é%&\éiég-‘ Sut yl,
t-butyl, n-peatiplid landotdrbohidsed dsUnSeed poirtiech! ceabssidrabnghescat al yst or

the halide cont aiﬁnj ng ad lE ive i.s n?t Pn.a fixed ar _nn\‘/:e}a%[i“e bed of solid
contact material’ gfg}% ﬁfﬁgigﬁ sﬂ&g&&&gﬁg ending dompofient & 8 naphiha
hydrogarbon produgt having a bolling rangs batween TOUF {o S80°F (38°C v
183°CT and 3 Reld Vapor Pressurs of 28 081 (17 .2 kPa) or less. hone
smbodiment the Reid Vapor Pressure is less than an amount defined by the
enuation RVP = 0038 « {30 vold% bolling point, "C) + 5.8, inn psl.
"Alkyl” means a inear ssturated monovalent hydrocarbon radioad of
ons o sik carbon atoms or & branched saturated monovalent hydrooarhon
radical of three o eight carbon atoms. in one embodiment, the atkyl groups
are mathyl Examples of alkyl groups includs, but are not Bmited o, groups
suah as mathyd, ety n-propyl, isopropyl n-bubyd, sobubyd, sec-butyl, Bhutyl,
n-pantyl, and the like.
“Unsuppored” means that the catalyst or the halide containing additive
is not on g fied or moveabds bed of solid contact materal, such as non-basic
rafraciorny material, 2.4, silica,

Teast Methad Descriptions

AP Gravity s measurad by ASTM D 287-82 {Respproved 2008} or
ASTM I 1388388 (Reapproved 2005},

Cansity is measured by ASTM D 1298-80 (Reaproved 2005) or ASTM
D 4062-08 (Reapproved 2002). Density is reportad in g/imi, al the referanos

femperaturs in F.



refractory material, e.g., silica. Test Method Descriptions: APl Gavity is
nmeasured by ASTM D 287-92 (Reapproved 2006) or ASTM D 1298-99 (Reapproved
2005) . Deweizbw/aigs3geasured by ASTM D 1298- 99 ( Reapr ovedP2OQASR009/0SIKSET M D
4052- 96 (Reapproved 2002). Density is reported in g/m, at the reference

tenperature in . g i:b@ﬁ;%}@ﬂ%d%%a%%@%ﬁ%ﬁ@ﬁ%& ﬁ%@r%ﬁ@!’%ﬁ% SHiggkri butions of
the conpositions in this disclosure are 7-06a and ASTM D 6352- 04,

The test nethowosdionsfietivediacides @m K‘&TM & &@ﬁé@m MeABOM Pripiabrde
di stribution e of ga
e onmt oot SpFE VSR BARLUAN AN 3h LAY B AR RL Ry A o2 0 O

et hod are esssingieal ﬁ@?@&ﬂmwahéﬂiﬁi;&iﬂ&:ﬁihﬁﬁﬁb@sﬁ]’éiﬁiﬁﬁmg e dgeuef fpd | i ng poi nt
(TBP) distillation (see A%TM Test Met hod 2892), but are not equivalent to

resul ts frofTURRERFRRTeNEY: GPRPH IPRRS Bisd %}%é@@ﬁ@é@%ﬁi&aﬁﬁ@mﬁ% ASTM

Test Met hod d directl
by ASTM D 515 0 05 2 L Tt el v Ry oy B coaned TP Cal cul at ed

from t he boklstdigtivaige 43T &t ébﬁdﬁa%‘@éﬂ? ?@§§} dhiiewatoyeaphyt eﬂﬂmi’mmul ation

R0 al oA IR CHE kST RERURS Db 56 Bl OF T B AT Nadea T Vapor

Pressure of yasiasoli 88 of tomstthe Gas- Li qui d Chr omat ographi ¢ True Boi l i ng
Poi nt, STP35519S, Jan 1975} To conv?ert Rei d vapor pressure expressed in
psi, nmultiply t hESR¥EET BEEBOERVE) SbtBRAUHet ety Ryahsl MR s$ireTi n kPa.

Ot 2t RS REPERET U 809 R9EI R o e
data oblained by gas chromatography. The caloulation s deswibed in the
ASTM spacial publication by de Bruing, W, and Ellison, RJ., "Calculation of
SETHM Mathod [ 8887 Distillation and Redd Vapor Prassure of a Gasaline
from the Gas-Liguid Clyomatographic True Boiling Polnt, STP355188, Jan
18975, To convert Rawd vapor pressure exgwessed in psl, multiply the result by
8. 885 to oblain the Rald vapor prassure in kPa.

Total welght parcents of carbion, hydrogen, and nitrogen (GIHN) s
determined with a Carlo Erba 1108 Analyzer by ASTM D 5281.G2
{Respproved 2007}

Low level nitrogen B separately determinad by oxidative combustion
and chemiluminescenos by D 4828 ~ 02 (Reapproved 2007, Sulfuris
measured by ultraviclst Ruorsscsncs by ASTM 5483-08a.

Flash Point is maasursd in a small soale closed-cup apparatus by D
JZ8-07a. Smoke Point is messured by D 1322 ~ 87 {Reapproved 20021,
Cloud Pointis measured by ASTM D 877307, Fresze Point s msasurad by
ASTM I 887205, Kinemalic viscosity st -20°C is meaasursd by ASTM D 445
{8, The Net Haat of Combustion s astimated by ABTM [ 3338-08, and
raported i both Bludb and Mg

Different methods are used for caloulating octane numbers of fuels or
fuel blend components. The Molor-methad solane number (MONY s
datermined using ASTM D 2700-07b. Ths Resesrch-method octang number
{RONY s determined using ASTM D 2688-0Fa. MON and RON both smploy

?
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(Reapproved 2007). Low |level nitrogen is separately determ ned by oxidative
conbustion and chem | um nesce pce by D 4629 - 02 (Reapproved 2007). Sul fur
i s measurwo 2bw/aakissavi ol et fl uorescence by ASTM 5453- 08aCTHRISa@l/0PB2Mt | S
nmeasured in a small scal e cl osed-cup apparatus by D 3828-07a. Snoke Poi nt

i s measur edphy sldnk8APCncldrHRERAY RURHARB0IRY knddkaug: Baling 1s neasured by
ASTM D 5773-07. Freeze Point is nmeasured by ASTM D 5972-05. Kinematic

vi scosi ty atifigoaily hedivicescibipsASTROD S5 1ur0BeT Mgy NetalipdaedoR Wnbust i on
is estinmated- . -05...and.reparted. i ‘ ML By / kg.
Different me ﬁ)é%dfﬁ&iagr“ a@ucgggﬁggn?g%gﬁggpgsﬁ rgﬁégg%fﬁ %ﬁ@ﬁ%@#&‘ g‘?%fn%{é}:xg or fuel
bl end conpof@dt salclheiohit essomidrbit betmngomiorh eindahiad), i & dehekeiyned usi ng

Sl ng ASTM BM68650 78NN oo RO G5 GAGF YRGSt SRANFD): EIGHeT AL ve Fuel
Research (CFR) k"?ﬁ%'ﬂ‘iéi@ﬁ%&iﬁ&%&%@?ﬁ&@) E}éﬁ?k b Q@%iﬁ'ﬁﬁi bhexiesasrodoms hedyoct ane

nunber may be cal cul at ed rom gas chronmat ography boiling range
di stributiofi4data. The RON (GC) calculation is described tn the

publication, Anderson...P.G. . .sharkey, .J.M nd Malsh,. R, P, " Jayrnal
Institute of Pet ﬁ%ﬁ%ﬁﬁi’,{){g@é((Sgg%?fﬂe%%%g’?%&rﬁgﬁgi @GF&%&*&@ hg | ndex
i's cal cul at edizac aandlFmm- te tASEMIBoAEDhs 19 datsthenyok%ofhat AR TH Dfasgnt
carbon numbers (Cl 0+, C 11+, Cl7+, C27+, CA3+, and C55+) in the
hydr ocar bon§Siigg st (b Hadisty sareHEs ASTwing 2887 Héhe PRENBSINIS of Si nDi st) |
using the f L. 0Qehast of -1 Lo L TNy At fi; Wt h.di T ferent
car bon numg%é@%}%g{étﬁ%{gﬁg {eg‘%%%?’ qﬂ#ié&%l gﬂh%sﬁ}rrg%iﬁg ?SESIC%’%%?%(E%&Q for
exanpl e, i svbiie ov Qli%rofurtchaninidriodas bolie pf Gdubtdivhatbdogirbguct that boils

above G paraffin, or above 304°F (151°CY The vol of O+, for sxampls,

is the vol% of the hydrocarbor product that bolls above C10 paraffin, or

above 345°F (174°C). The volume of 888+, for example, is the voi% of the

hydrocarbon product that boils above G54 parafling or above 1088°F (882°C

Carbon Boiling Point, | Bolling Poind,

Numbear ¥+ ¢
o 304 151
C10 248 174
o 385 198
c1s 548 287
o7 576 302
028 774 412
027 781 422
C42 983 534
43 1003 538
CH4 1008 592
55 11085 596

The extent of branching and branching position can be determined by
NMR Branching Anglysis.



above C9 paraffin, or above 304F (151X). The vol % of Cll+, for exanple, is
the vol % of the hydrocarbon product that boils above C10 paraffin, or above
345F (174¢p.20a43861 une of C55+, for exanple, is the volPeaafS2eadms51825

hydr ocar bon product that boils above C54 paraffin, or above 1098F (592C).
The extent of branching and branching position can be determ ned by NWR
Branchi ng Anal ysi s. NMR BRANCHI NG ANALYSI S The NMR branchi ng properties of
the sanpl es wer e N3BR&RBHCHHNG 88G.LMEASBr uker AVANCE spectroneter operating
at 500. 116 MHz and using 10% solutions in CDC3 . Al spectra were obtained
under quantitative conditions using 90 degree pulse (5.6 nms), recycle delay

of 4 second and F28 MERNEHRHRRSHINGARAGIShE R Hes RS @AhbO B JMBRWasS
used as an internal reference. he hydr ogen ato%yges wer e defined

accordi ng t &YhErgieronrNG EchieRteanet §hPP?W@§|% tSMHZ pPRnPa ki ni ¢
CH3 et hyl Q&Q&%ﬂ& %%Br:% 4 B B, «Qaisé' %m@dz éb@&%a{w&d&%ﬁ&m&&“ 2.1

ppm paraffinic I ne hydr gen ."1- en at position to
aromatic ri nagsmr&a@l::feﬁzrm cubsar dh 14}, Q‘@ﬁ}’@f pm&mhwﬂﬁmgmmndmrm éfBruvensdpbon
atoms 6.0-9.0 géj en.on aro tlcw sTheé\ll\/R Bra chlng r_l‘deg(is

cal cul at ed §§*“” gg} ar%“%@?@én‘ta 'BF 3 HREd RS Hy TR HY oF&RST9F t he
range of 0. iéw%o?rﬁmﬁg@s@rﬁi&ﬂ%eﬁ%s%'wé;’@' &éméapa&@@dtsﬁaﬂ t%f@mz@m&ylckaémazphatl c
hydrogen in the range of O. 1 ppm chenmi cal “shift. The CH3 t

hydr ogen r ashd! fegiest | ned as the ratl o in percent of non- benzyl iC rret hyI

hydrogen i ngthe & gnge 8faflng &9, hedhIRTLRRRN cal shift, to
1.0-1.4 pprn paraffine OHy methylens hydrogen
1.4-2.1 ppmn parafiinic CH methine hydrogsn
214,80 pprey hydrogen at g-position to aromalic ring or clefinic carbon
4.0-9.0 ppm hydrogan on olgdinic carbon aloms
€.0-8.0 ppm hydrogsn on aramatic rings

The NMN Branching Index is caloulated as the ralic in percent of non-
banzylis methy! hydrogen i the range of 0.5 10 1.0 ppm chamical shift, {o the
total norvbenzylic aliphatic hydrogen it the rangs of 0.8 {0 2.1 ppm chemicsl

The Mz to OH: hydrogen rafio s defined as the ralin in percent of
not-henzyiic methyl hydrogen in the range of 0.5 to 1.0 ppm chemical shift, to
nun-bersylic methylens hydrogen in the range 1.0 1o 1.4 ppm chamics! shift

The permant gromalic proten is defined as the percant aromatic
hydrogen in the range 8.0 & 8.0 ppm chemical shift among sl the profons in
the range 0.5 1o 8.0 ppm chamical shift,

Frocesses for Froducing Middle Distilinte

i1 & first ambodiment, there is provided a process for producing @
middie distitiate comprising reacting 2 refinery stream cordaining isebutang
with & procsss stream containing butene under alkylation conditions, whersin

the facbutane and bulene are alkylated to produce an alivlats product in the

.



non- benzyl i c net hyl ene hydrogen in the range 1.0 to 1.4 ppmchem cal shift.
The percent aromatic proton is defined as the percent aromatic hydrogen in
t he rangew6.2010004850 ppm chem cal shift anong all the pProrarsgonstshe range
0.5 to 9.0 ppmchem cal shift. Processes for Producing Mddle Pistillate In
a first enbedbdmpk, oftNSKIBrd BBV defl BoBhegessstl OmePkadURiNgc@asddl e
distillate conprising reacting a refinery stream containing isobutane with
a process sEBBARIEUINEhRIY! @%@M@ﬁm&iwm@mméwrwﬁmf@whg KyWherein the
| sobut ane a%ﬂ Ei&%& Efedls, Al kyLated. Lo %t@%‘é%% 8.4 ﬁ% @%u?% Phaduck 1n

t hepr esence o or oa um na e ¥ on| C ui it 3 eionic liquid
catal yst can corrprl se an al kyl substitut ed pyri di ni yg chl oroal um nate or an
al kyl substituted imdazolium¥hl oroal uminate of th eneral fornulas A and
B, respectively. In the formilas A and B, R is H, e“’n’ethyl et hyl, propyl,

butyl, pentyl or hexyl.s p, R =H, net et pr&l butyl, pentyl or
hexyl group, Xis a crfg o&l um nate, an ' nmet hyl , ethyl,
I |;*

propyl, butyl, pentyl shexyl group. The.i quid catal yst nmay al so
conprise a derlvatlve ofi\ki t her of the strt " A or Bin which one or
nore of the hydrogens ag%gch& directly to car bon in the ring has been

repl aced by an al kyl gr In the formulas Aand BB R R, R and R2 may
or may not be the sane. ternatively the ionicgkiquid cat al yst is a

chl or oal uni FEERETSRIVe | |qU| d having the general formula RR R' N H+ AlzCl7
, wherein RR and R' are al kyl groups containing 1 to 12 carbons. In this
enbodi nent the nethod al so conprises separating out the mddle distillate
fromthe al kyl at é grofiuctiaawhersl B, Rhebs epdhslt eﬁwtris;ddsb:e disst, igkhatierf ract i on

I's from 20 e%?ocgmzr}%}g&er O;‘;t@itﬁ Fett%%t apraga}yg%u?ti myi (}ﬁqf}%:‘k\{ fgroup, Xis g
chiorgaluminale, and Ry and Ry are M, mathyd, ethyl, propyl, butyl, pentyt or
haxyt group. The fonie liguld catalyst may also pomprise & darbvative of aither
of the structures A o B in which ane or mare of the hydrogens astiached
direatly o carbon in the ring has bean replacad by an alkyl group. Inths
formutas & and B R R, Ry and Ry may or may not be the same.
Alternativaly the jonie liquid catalyst s a chioroaluminats onie fipuid baving
the general formula RE RN H ALSEK, wherein RE and R” are alkyl groups
contgining 1o 18 carbone.  In this embodiment the mathod also comprises
separating out the middie distillate from the alkyiate product, whaveln the
separatad middie distilats fraction & from 20w o higher of the {olad
atlvlate product

i & second embodiment, there i provided a procsss for producing &
ricldis distiliate or middis distiliate blending componant, comprising
confacting a feed in an lonke Boguid atkylation zong, af alkylation conditions,
and recovering an afffuent comprising an alkyisted product with defined
carbon number distibution. In this smbadiment, the feed comprises an
olefin, an isoparaflin, and lsss than § wi% oligomerized olefin, The ionie
fiquid aloylation zong has an acidic habaluminats onie Bguid, The sliivlated
product has grester than 30 vol% {10+ and less than 1 vol% CB8S+ In some

smbadimenis the sikvlated product has greater than 30 wol% G111, for

o -



In a second enbodi nent, there is provided a process for producing a mddle
distillate or mddle distillate blendi ng conponent, conprising contacting a
feed i n awmoi20mva433squi d al kyl ati on zone, at al kyl ati on ®omdiseéoosis2and
recovering an effluent conprising an al kyl ated product with defined carbon

nunber di st i ouw g&fama&& ﬁwﬁh%iﬁm@ﬁh t&tertiﬁgnfﬁ%e«%i%%ﬁpﬂ SEHe it 9%& nd an

i soparaffin, eéss than 5 % o omeri zed ol efin. The ionic
al kyl ation tienez‘fh:as ddn Tacdrbino ‘éﬁaﬁaaﬁmmm@ﬁhﬁméﬁtﬂ& doisgimsThe al kyI at ed

product s gt o 1A 0, 0Lk 0% DG eSS AUl %R Bufore

forexanpl e geeRrirRf by Bap ndhivokVeficcgtaatl @l ham bhwehleGlktondhe ol efin
can have from2 to 7 carbon atom; or five carbons or |ess, Inl sone

enbodi ment s epHEKEMERhTY Diodisligne Brskas JPEFIR RiFREPPaRE d S8ERiatLi ng can
be done by any n PGS §l§,§1g h&us wrdfididngone

enbodi nent nmay b%%??% g%l ongﬁgﬁ% ailg vac%ﬁmﬁtr#hatkﬁ%%}g él’l C ad%Q;atl | I ation.
In a third emidddeiizis oherddiestigiiel deddagpraoessefioceppodiugiihg skeps ddl e

distillate or, mddle distillate bI ndj ng ¢ onen npsising the steps of
provi di ng a“f BEYH ﬁﬁ)ﬁg F5t RErREe %ﬁﬁ%"\'%ﬁa ng %ﬁfﬁ k%ﬁagﬁﬁ%‘?%d feed,
al kyl ating thes éﬂ%@ﬁ&f@ﬁgd'f@ﬁ@fh a@m:ﬁ a&&é'a@{%tkﬂﬁ%@%n@mm the
separating the mddle distillate t he di’e distillate bl ending

conmponent fﬁ@ﬁﬁm@féifﬁt?ﬁét?éﬁﬁm%ﬁ@@éﬁ% &W@ﬁ@é}@ PSR g B?%&sﬁéié@ﬁ n a FC
k | [
cracker cog*%p SRIRY ?‘?ﬁ%é@%@@&@ a%g)gécgu c{s }0 écﬁi'gtc?ra el 3G 56 531% tillate

bl ending ¢ onent ha Feater t ess 't han o C55+,
and a cl oud‘ﬂb@lmhjf*ﬂ @S&%&Eéﬁ&mr-?hé&@ddﬂemsswm ehbaidinentisotdve lalkyloated

O cater 1 nadi030 g0k G SeRfahan, Fath bASEoRAT IS Bpet SsPebrea o o
provide the *‘w@@@' rﬁ%ﬁ'fﬁ?@f%&(ﬁ&k@s@%}@@%%@é bk)/{:iuj%w@slréé‘ib@%@m%i gagtion is
generally carried out in a

Sl for example grmim t?’\aﬂ 40 vod% o grsater than 50 vol% O+,

The slkyiation conditions are salpcted o provids the desired product
vields and quality. The alkyvlation resction is generally carried ou i & liguid
hydrocarbon phass, 1 2 batch sysiem, a semi-bateh system, oF 8 continuous

system. Calalyst volume in the alkylation reactor 8 in the range of 1 voi o
80 %, for &xam;sie fram 2 vol% 1o 70 volte, from 3 vol%s o 80 voi%., or from
8 vod%e 10 35 vol%. In some embodiments, VIGOIOUS miking oan be used to
provide good contact bebveen the reactants and the calalyst. The sliylation
regotion temperaturs can be in the range from «40°0 to 180°0, such as -30°C
10 10070, or ~15°C 10 S070. The pressure oan be iy the range from
agtmospheanic prossurs o 8000 kPa. In ong embodiment the pressurg is kept
sufficient ko kesp the reactants i the Bguld phase. The residence fime of
reactants iy the reasior can be in the range of a sscond 1o 360 howurs,
Examples of residence times that can be ussd chuds (0.5 min o 130 min, 1
min to 120 ming 1 min 10 60 min, and 2 man o 38 min,

in ong ambodiment, the separated middia distiiate fraction 8 not the
gntirg fraction. | can be in a range from 20 1o 80 wite, 38 1o BO wid, 2010 50

A%, 28 o B0 wide, 20 to 40 with, or 28 fo 40 wi% of the {olal slkylats

Qr@{iu{:ﬁ'.



hydr ocar bon phase, in a batch system a sem -batch system or a continuous
system Catalyst volune in the alkylation reactor is in the range of 1 vol%
to 80 volwe 2bmvoi1esanpl e from 2 vol%to 70 vol % from 3 PolrfGSe@obOsedl % or
from5 vol%to 25 vol% In sone enbodi nents, vigorous m xing can be used to

provi de good Conﬁ@&&a%ﬁa&ﬁ@aghﬂ%afﬁéMﬁ%f@@@&ntsgg{}wh%ﬁé@;y,%ﬁa &l kyl ation

reaction tenperature can be in the range from-4 to , such as -20C to

100cC, or - Fscheo TsaGohecpiesysus @ roihirpéhemof houbaiaglat pemtdsgddpheric

re re to.8000 kPa. .lLn one enbodimen & :pr.essure s, kept sufficient to
EeegstJ he re%’@g)é*gﬂa Tgrr}ﬁ“if?ﬁggﬁﬁq@gggggﬁggé‘%ﬁ#gg ggégi?%%ﬁ%é&f?%g%@%eagt iamts I n
t he react or pegfeshes| @ ERETHANDRIRbr@kpecontcioh@e0chionysy. EXagpl es of

residence times that can be used include 0.5 mr]%éo 120 min, 1 mnto 120
mon, 1 nin ESEENR HIRRRITEY REATAGOIBIEM Fomithe et EibSaiNfei N Ebhe separ at ed
middl e di stilhaleslracti Anckssaotyt J 18 H6AGH 104k 14 bafdl be in a range
from 20 to @8&%@3@%&%0&%5&&% o5 'tfas B gpeRStieRin bald, 0% 0700 o
or 29 to 40iwrséenfativhettotrad blideykat e product. I n one enbodi nent, the

i sobutane streamjjs froma refinery, fro El.sgher . Tr rQCas or is
a mixture ther eof!™ %Wo%%]ﬁﬁféﬁﬁgfmqﬁ%#??ﬁ%@ %%ﬁ%’gb%ﬁ%%@ggi%‘%}ogﬁ%ﬁf“ %Jift ane
are producegs kel sReky YAtAsQNHERtE FHdMPIRESaN phebseBRRRLRcling &

hydr ocracking and _catalytic reform ng. The isobutane stream may be

f ract i onat e FhEm TS GHHEUSISTOEHEOR SHcHeR JO RYHHROEHHTEr BYGRTHISESs ses,
|°r |t may b%.y&%at%f X °.ggt@§‘ 'Q,S?:gﬁ%it!&s&géé%og%?%gbé@g %grgg\gsaﬁﬁa’?ﬁ infyt ane.
n one enbodr rent, as described 1n an , the i'sobutane
stream i s oht wasédbbnob i iscla@nndr opsch process by subjecting a
Ei scher- Tr opsch ?s‘;e ['}gig eﬁ*?‘s‘ii:bg\g:%%% ,rﬁ.gg ?‘*r&tg?as%ts!i%%ﬁ% 9‘:&@5}%;8&% E}?j’?éf‘ganig’a‘mm &
ydr ocr acki ng, %
refinary, from a Fischer-Tropsch process, of is & mikure thereofl In another
embodiment the process sitgam containing bulens & at least partially a
saparated fraction frory crude of. The procsss stresyyy containing butene can
be abiained from the cracking of long chain hydrocarbons. Cracking may be
done by any known process, chuding sieam aracking, thermal cragking, or
satalvtic cracking of long chain hydrotarbons. in one smbodiment the
process slream containing butene s from a FO aracker,
in another embandiment the process strsam sontaining butane is rom a
Fischer-Tropach process. The proocess stream may comprise a Fischer
Tropach tail gas or & separaled stream from {ail gas.  Some Fischer-Trapsch
prooesssy, such as those taught in BEPOZIBET241, are known {0 produce
pradominantly O3-08 oleding,
i one ambadiment the amount of the butene fraction in the progcess
sirgarm may be increasad by dimerizing the sthviene in a Fischer-Tropsch o
patroleum derived hydrocsrbon, Prooesses for doing this are desoribed, for
axamply, in USSB84801.
in another embodimeant, the process stream containing buleng is mada
by traating & hydrocarbon stream compriaing G3-04 olafing and akanol with g

dehydratin/isomerization catalyst which ponvarts the alkanols & olefing and



hydr odewaxi ng, or conbi nations thereof; and recovering a fraction
containing at |east about 30 wt % i sobutane. In one enbodi nent, the process
stream combabmings3butene is froma refinery, froma Fi sehemnsIoopsshs
process, or is a mxture thereof. In another enbodi nent the process stream

contai ni ng Aulene.dSHaled 8RSH, Rﬁ{%ﬁ@é& ' %r%&@é@%@%%é@%&%kaé??&c?x'in crude

oil. The process stream contal nin utene can be obtained fromthe cracking
of | ong chailiBdRiR(GEarbod&sE€igeki ng may be done by any known process,

i ncl udi ng steam ¢racking, thermal crackinge tal ytic cracking of | ong
chai n hydrocar boﬁg‘.{“ ’T3ﬁ{égﬁ‘§t§%§{)§88f‘" n ?%%%Bﬁ%%@g ﬁg%ﬁééi%&c%g%t%gkaﬁgng but ene
s froma FGuein@ieken Juiy anet 8ekoirRodiaeRind ity lroaess istinéam gent ai ni ng
butene is froma Fischer-Tropsch process. The process stream may conprise a
Fi scher- Tr 6p@hot Bem a5t By 140 d e fay AMaHNE PR AN EBhP TP IRgds Uy ne

Fi scher-Tro QC aseat h ts s 4EPQ2 sar @, known
to produce %?(g %%{i%aﬁﬁ%?ﬁ%&%oﬁiﬁ %ﬁ&ﬁnﬁg%%g de(rié%ﬁ@z ﬁ‘g%aﬁﬁéﬁin‘% of the
but ene fractioh Lowbhaoprodss$ skhfieamvimyibs wildeeddedrdducdianbighai ng t he

ethylene in a Fischer-Traopsch or. petrol eum derived hydrocarbon. Processes
for doing tFﬁ%d&?g‘@&@?‘gg‘e‘éfﬁ??8@2%‘%%?“?@%5994601 . I'n anot her
embodi ment, the pxeeeENBIEORM GOALALBI@BULERE e niiBUe dtiikieat ing a

hydr ocarbon stream conprising C3-C4 olefins and al kanol with a
dehydr at i onAiaysheg rearesantivhisyerapicshnddn e FEERs arrarsrad £dol ef i ns

o eorer 83 Ao U b Roe SR S Pl iASERER BoCOTp 8 Loror, I
t he processésaef fithtion wihantifrgnpoiaty sesys dreget miebtolidg ramgemaGarise 8kl y t he
molar ratio siﬁ:%airar%s(tih%ndm soms conditions the ight fraction with bolling points in the
et fusd botling rangs mests the budling point, fash point, smoke point, heat of
combustion, and fresze point reguirements for Jet &1 Tuel
In ons embodiment, the light fraction with bolling ponls in the st fusl
bodling rangs has g NMHE branching index greater than 80, greater than 85,
grester than 70, grester than 72, or aven greater than 73, The NMR
branching index is genarally less than 80
The levet and type of branching in the middls distillate can be selected
1o glve improved properties. The level of branching and OH3IOHZ hydrogen
radic can be controlled by adiusting the leval of the halide containing additive.
in some smbodiments, 8 high branching index raises the flash point of the
middie distiiats. In other embodiments, & high CHYCHZ hydrogen ratio
lowers the freere point of the mikdie distiliate.
in ong embodiment, the separaling step i the procesy additionally
pradusss 8 low volatiity gaseling blending component. Under cerlain
sonditions the low volalifily gasoling blerding componant has a Reld Vapor
Progawre loss than 2.2 pal (1582 kPa) or less than the amount defined by the
sguationm RVF = 0038 x (B0 vol¥% bolling point, "G+ 5.8, inpsl. The chart
of this sguation is shown in Figre 1. To convert psi lo kPa, multiply the
rasull by 6,888,



range of fromO0.5:1 to 100:1 . For exanple, in different enbodi nents the
nolar ratio of isoparaffin to olefinis froml:1 to 50:1, 1.1:1 to 10:1, or
1.1:1 to wO:2010/01k53%er i soparaffin to olefin nolar rati o®CHUSROWBAB2E O
produce a higher yield of higher nolecul ar weight al kylate products. In one

enbodi nent, the mddkgud Skhhlial prfuckieminghe: g hatieg blieading of
conmponent that is separated out In the process is caonprised of a l'i ght

fraction wi thefisei Rrary wibDrt 8ny ﬁifi?ﬁ‘é gedenglisiipiorRRYNE afiyeNeAddi tional Iy a
neavy fract Lol i bl g Re\hhs, AD8YVE: AN mﬁ%g' AT AR [R8GRarRY

al so be sep 110ons rac lon wth boiling
poi nts in tesjtekidingl Ve iewagafreaa@a& n‘ﬁa@'t%x: amm taml s polass, thmha‘ish poi nt ,
snoke point, heat of co %Jbst i.on, ree

Jet A—l
fuel . I'n ond&éntEth Hahrs ¥ ‘fm’@n?%’r @Pl o ?%f‘b%%(fggﬁ’égg%% ?:1 tﬁe j et

fuel boili NGHARGE o REh IR 9{@&%&&@&; lp&@l@s@ Wﬁﬁx%gtfﬁ@fhc@@dx%ﬁ@@&% t han
65, greater t , Qreater 72 even greater than 73. The NMWR

branchi ng i RéeRatent ivall ﬁWN%&@WﬁJ@@M#H@ éﬁ@??@ﬁiﬁﬁ%é*bf br anchi ng
|nthemddled| L r&LgS. The
| evel of branchi %Eﬁ%%%@&ﬁ%ﬁ@ﬁ% %éﬂ t\égr?lf e %\c{fg ¥ *Eﬁﬁ% %%38

adj usting t ke theveho@lt diigefralki e feontaiini mrgsc:aéeigslm:i blkglatibn regoeyr, eﬁbodl rrent s

a high branching index rais t he flash t of the mddle distillate.
ot her enbodieFeHtde. ¥ C’ﬁ*f\‘*@?ﬁ“@éﬁ@@ ima&@é}bgﬁdfga‘ﬁ%ﬁ ?%\ﬁ@n&‘%q}é\dﬁr E@ze poi nt of

the mddle digtid '&b@‘ex‘m‘ ﬂﬁgﬁéd@ cggfgguabéa@@p@w 128 sheRod Nyt he

process additi onal s a atility gaso I ne bl endi ng conponent.
Under cert ausmhwomdﬁwmm Hes ‘k‘k@w vfo:ﬁ myild e3n hasoidusé hish éﬁm»r@ gavpgident has

g e]B IEIng dVgsor aﬁgﬁegﬁstgé%njﬁggnsi &?Q}?@r}m wpgﬁ%{é ‘ig ‘i%g {%‘i 'L( !Dx% §d9{:~a&?‘§s Q@ﬁ@fﬁlrge amount

smbodiments, the smount of olefin suppliad {o the onic Hguid readtor can be
the smound of olefin in the process stream containing udene, the amount of
olafin in the feed supplied 1o the lonic lgudd alkyistion zone, the amount of
olefin in the hydrocarbon steam reacted by the ionie liquid catalvel, the
arnount of olefin i the feed produnad in g FQ reactor, or the amauwnt of alelin

in & mixed fesd supplied {o the jonio liguid slyiation zons.

HONIC LIQUHD CATALYST

The jonie guid catelyst is compossad of at least two components which
form a complex. To be effective st alkylation the lonio liquid catalyst is aaidic,
The secidic lonic Hguid catalyst comprises a first component and a8 second
camponent. The first component of the catalyst will bypically comprise a Lewis
Acidic compound selscted from components such as Lewis Acidic
compounds of Group 13 melaly, including aluminum halides, akyl sluminum
halide, galium halide, and alkyl gallium halide {sse Intemational Union of
Fura and Applisd Chamistry (JURPAL), version3, Qotober 2005, for Group 13
matals of the periadio table), Other Lawis Acidic compounds besides thass of
Group 13 metals may also be ussd. In ohe embodimerd the first component is
stinum halide or alkyl sluminum halide, For example, sluminum trichionide

may be used as the first component for praparing the ionio Bquid catalyst.

10



equation: RVP = -0.035 x (50 vol%boiling point, "C) + 5.8, in psi. The
chart of this equation is shown in Figure 1. To convert psi to kPa,

mul ti ply wbheoreggudss by 6.895.1onic |iquid al kyl ation pr@dunasgooswskkyl at e
product having a |low | evel of olefins, even w thout any further optional

hydr opr ocessi ng. g %ﬁ@%@%mméa@ abled #iric PG 0 uslaly@ris separ at ed

fraction thereof, has less than 5 wt % o i ns | evel of olefins may be
even | ess, sxmmasaﬁ@ssmmaaﬁhG‘B“s&?@%ﬁ*“i@@@s»%fﬁam&*zﬁiﬁmﬁi@éﬁffﬁw by¥¥s than 1

wt % ol eflns sentl ! C ured by proton
VR by the SECRG iRl - P aR ety b%@?\%‘%@%060237344,
f:JIkI?/ ltncor@%s@%gﬁz Rﬁ{jmmt ﬁ@@iﬁ%&id;iﬁiﬂlﬂ%ﬁﬁwﬁ%ﬂ@%l@ﬁ{iﬁ[ﬁ;&?ﬂﬁ?%ﬁ’iw%ﬁfi@bﬁyi el d of
al kyl ate product based on_the anpunt_ o efin_il eed t i onic
liquid al kySHER S laabrorGiQior Ngangdhled- poépg nepggﬁ Ggﬁ@ﬁtggﬁ‘%y‘g%ﬁﬁ of

al kyl ated pr I reXGeeas,the *gomc l'iquid
reactor by ﬁ%&ast % OES% 3 nasg?éﬁgg en‘Bodﬁf dts t e&?%&&yb gﬁ% kyl ate can

be at | east grwoxtbomsion t?&a wcghi mbrasmsenﬁist%ﬁ@mfbﬁnm difogst %ngsuppl ied to
the ionic liqu n . di.f.ferent .enbaodi gl efin

SUppl 1 6d "t o CHEMEH GGG TAHEE SonE BT e BHRAE o BN BF TRV ¢ he

process stregm ¢aphad f&h @90@&“@ e8fort ferrAmaunt 28f relabinpié, rtr;m@mfsmﬁsur)pl ied
to the ionic I|qU|d al kyl ati on zone, the anount of olefin in the

hydr ocar bon ?%'t‘-‘iéfmh@F@%ﬁ%hwiﬁﬁﬁé‘%%ﬂ@?@im GuirdvRNTEIED, of hraretnt  of
"t g SEELACPLANHERHh RafuEiC dLEAGD: cOfmble AEBYNS (gt el 0 11 2

m xed feed su Ionic |qU| ation’ zone: LIQUI D
CATALYST Th@nimbm;dm mu;nmﬁa: aﬁabygstammmnmw‘eﬁ ok Euid easaiwz\maconponent S
which forma co be eff

o ey T S AR aid apRdfk GRS i afee L Rl gl Ki e A O

conponent  aRghR:$E8RNGnd R ara alkyl groups containing 1 to 12 carbons. 19 one
amboadiment the lonie ligud oatalyst is an acidie halosluminate ionic iguid,
such as an alkyl subsiituted pyridinium chioroaluminate or an sl substituted
imidazolium chioroalumingte of the general formula A and B, as discussed
previously,

The presence of the first cormnponent should give the fonie liquid a

Lawis or Franklin acidic character. Generally, the grester the mola ratic of the
first component to the second companent, the greater the acility of the ionic

Bausd mixturs,

HALIDE CONTAINING ADINTIVE

In one embodimant, 2 halide containing addiive is present during the
ragcting. The halide containing additive can be selesisd, and present at a
lavel, to provide increased yvield of the middie distiliata. In this embodiment,
the reacting is performed with a halide containing additive in addition o the
fonic liquid catalyst The halide containing additive can boost the overall
acidity and changs the sslectivity of the ionio iguid-based catalyst, Examples
of halide containing additives are hydrogen halide, metsl halide, and
sombrinations theraof. In one embodiment, the halide containing additive may

he g Bronsted add. Examples of Bronstad acids are hydrochiorie acid {(HCH,

NEL I



conponent. The first conponent of the catalyst will typically conprise a
Lew s Acidic conpound sel ected from conponents such as Lewis Acidic
conmpoundswof20@auis513 netal s, including al um num hal i de®CTAISRGMY/0818251T NUM
hal i de, gallium halide, and al kyl galliumhalide (see International Union

of Pure am%}'@‘@@ﬂg&@tf{%&&‘{ﬁ%%’ &Q}BQP??@;M%%%W@Q%&@GW%@Q@s@ of @fiaer oup 13

netals of the periodic tab Lew s Acidic co ounds besi des those
of Group 13coetedbivg Miiéﬁt@@%’?ﬁ‘e@ﬂg@mw@ prlshstepbarnest NHS iﬁ%ﬁ*ﬁ*hé@nponent

is alumnumﬁ i.d ‘ _ W' mnum
trichloride r@?‘tﬁ%pﬁ%é%g&agﬁt‘ghe g‘il?“r\‘@?}}a% c%%efnt %r pr epgr |{%§g the ionic
liquid cat akystndinenseeondideonpesient mki;xng:awﬁiz@maﬁ‘en|aé§\dnmxim@ad: alyst is

an organic salt or mxture o salgs. These salts may be characterized by

the general 36y RNIBE HEARENHREIBIW is an anmoni um  phosphoni um  bor oni um

i odonium or sulfoni sfamcation and A- is a negatively charged ion such as
a-, Br-, G-, NO3-i, BF4-, BCW, PF6-, SbF6-. AICl4-, ArF6-, TaF6-,
CuCl 2-, FeCl 3-, SO3GE 3- 5 BC7-, and 3-sul furtrioxyphenyl. In one

enbodi nment the seconc%zcorrponent IS sel ected fromthose having quat ernary

ammoni um hal i des contiai ni ng on noi eties hav om about 1

to about 9 carbon atdns, such ’@fagﬁ ggrf‘%yLH % ﬂ%ﬁ’gﬁy‘ %ﬁ?ﬁ*ﬁ\% Al

hydrochl ori de o wgﬁrlgﬁﬁyﬁaﬂpggg §§k$§mgg%r§;g{5§| um or hydrocar byl
azo

substi t ut ed ium suc as for exanple
1- et hyl - 3- et hyI ifhegkadet phmadsl hadidde %Mtn“ﬂ@hélﬁeuf@@fcﬁﬁﬁ‘é“ﬁﬁmt kil BRi.c 1iquid

catal yst is I t n d,. n torrrula RR
R' N H+ Al 2 ‘*fc’g ﬁﬁé@eﬁg% g%ﬁg @QQ %‘géir 153%} *t&gé‘%ﬁt%@t Ry 1 to 12
carbons. | nm&m@&dwm«wk%& m;&@awl%;ﬁﬂme@?ﬂtﬁ Fasg, deivies.,

hal oal um nate ionic uid, such as an al kyl substituted pyridinium

chl or oal umi néfe®.of? ta?ﬁy? WVIGW?F’?W% ﬁﬁ%%l‘?%‘ﬁﬁﬁ%ﬁ‘ FPEPHERRS0f t he
general forml.a, A.800 nR3adtlFEMSRH, such as ZyCI, ZrBrd, TICK, TICIR, Tign,

TIBrE, HICHK, or HiBrd, as desoribad by Hirschauer e 3l in U8, Pat. No.
8,038,084,

fr1 one ambodiment, the halide containing additive i presant during the
reacting step at a lovel that provides inoraased yield of the middie distiliste.
Adjusting the level of the halide containing additive level can change the
salectivity of the alitylation reaction. For sxample, when the lavel of the halide
gorntaining sdditive, 2.9., hydrochlonc said, is adjusted fower, the selsctivity of
the alkylation reaction shifls towards producing heavier products. In ong
smbodiment, the adiustment in the lavel of the halide coniaining additve to
produce hesvier products doss not inpair the concurrent production of low
volatility gasoline blending component. The effects of increasing the molar
ratio of olefiny to HO! in the fead {o the lonio lguid reactor (sdjusting the level
of the hydrochiorie acid lower} on the vield of G110+ products in the atkylals
producad ik demonstrated M FIG. 2.

in ane embodiment the halide containing additive is unsupportsd,

in one ambodiment the separatsd, or recoversd, middie distilate
fraction has greater than 30 voi: C10+ The middie distillate can have evan
Highsr levels of C10+, such as greater than 38 vol%, graater than 40 or 80

vol%, or sven greater than 80 vol%. The levels of vary heavy U435+ or C85+

LR



previously. The presence of the first conponent should give the ionic
liquid a Lewws or Franklin acidic character. Generally, the greater the
nol e ratiwoabiokiesssi rst conponent to the second conponemrCI/ush@ogsmsat er t he
acidity of the ionic liquid m xture. HALI DE CONTAI NI NG ADDI TI VE I n one
erbodi ment , e NANLAS 15 ARk Ab AR AT KRl 8 DEES RNIMUIGNG ! eact | ng.
The halide containing additive can be selected, and present at a |level, to
provi de i ncreasedey reldiiiofistibaerfiadive fisders el vhin CHIS, snbb @S’ | the

reacting is perfarned w.h.a halide co | additive (0 :addition to the
ionic |iqui él@%%bg?%‘??&?ﬁé’ﬁaﬁ:’éﬁ' %8&{%%{?}&%}&#?&%&%8%?%&3se';‘ly?é‘%r%gBigg?g t he overall
aci dity andsehangesihecsel@eti widyiehsibibe: romieh hegldsd-thas adotBt@Ayst .
Exanpl es of halide containi ngf addi tives ar eQ‘,hydrol%zn hal i de, nmetal hali de,
and conbi natHEhEstiaes B 1 FRUbrIESEHBEOY Feiit?e. BhE Wil% de contai ni ng addi ti ve
may be a Bronsteq,agl 850k BHans! §hd6 S Akt liRs Blalibe aci d
(HA) ;hydrobromq%%g%%yﬁﬁwgﬁgﬁﬁ”?ssfggﬁgﬁ%ﬁhaniesﬁf? ong{:@g?ik ." g%hp use
of halide camalingngraddieti restwmiterbaibm polt.duist marabysks gunidhget osed in
U.S. Published Patent Aeg | ication Nos. 20(5).3/ gp?g@g% an 2004/ 0077914. In
one enbodi néﬁfmt‘f% “Ref & “Cont 4l i"ﬁ%‘”&‘«ﬁﬁ?ﬁ*’\f P8 & fTUori nat ed al kane

sul phoni ¢ aci d hawjngist ReiggereEal o airiliBe feedhenel Qeforaty @ss Bon 10 H an
al kyl or perfluoro alkyl group, and R=H alkyl, aryl or a perfluoro

al koxy groupt¥Esabptids dhe natatligvarerdas! elplie iy bedgsedalssiia ¢ Lia,
KCl, BeC 2,  GaCl Batl 20: Gl oo I ool +and . Aall, as
described b Q%de‘%m’i‘(“gﬁ& ' \%riyﬁgs%}gaﬁgﬁgi %‘%ﬂﬂ%{%g %ééigag%&ég%p., Vol .
9, 77, 1970)fsftrniohe feadodi ment, the halide containing additive contains

Processes for Praducing A Low Volatilily Gasoline Blending Somuenent and
3 Middie Distillate
The processes described abovs can also be used for producing both &

gasoling blending component and a middle distillate. In 2 first and second
embodiment of g process o produce a gasoline blending component and a
mididie distillate, the process comprises the steps of reacting and separating.

in the first ernbodiment, the reacting step somprizes: reacting an
isobutane stream with 8 process stream containing butens under alkyiation
canditions wherein the isgbutans and bulene are akylated o produce an
alkylate pradust in the presence of & chioroaluminate onie iguid calalyst
The chivrealuminate iono liguid oatalyst comprisas an alkyl substituted
pyridinium chicroatsminate or an alky! substituted midazolium
chioroaisminate of the general formulas & and B, as desoribed praviously.

it the second ambodinand, the reacling step comprises readting 3
hydracarbon straam comprising af least one olefin having from & e & carbon
atoms and at least one paraffin having from 4 10 § carbon atoms, with an onic
fiquid ontalyst and a halide containing additive. The reacting is done such
that the at lzast one olefin and the at least one parafiin are akylated
produce & bread boiing slkylats. The process produces a low volatility
gasuling blending sompoanant,



one or nore |IVB netal conpounds, such as ZrCl4, ZrBr4, TiC, TiC 3, TiBr4,
TiBr3, H Cl4, or H Br4, as described by H rschauer et al. in US. Pat. No.
6, 028, 024wol2n100nes3énbodi ment, the hal i de cont ai ni ng addiPCIrxEs2609/0prses ent
during the reacting step at a |level that provides increased yield of the

mddl e distillat e, m‘édﬂwéw%d&ﬁ@nﬂ @%@eksg%ra’éiﬁ@ shal ddevrapntainhagadei tive
| evel can change the selectivity of the al k{i’g ation reaction. For exanple,

vvhendt he |S\ﬁ|csﬁf%@%mmm thalaiigeate sieduni whesddihe veparalag mikge cselpbY i ¢ aci d,
'S adj uste S‘ﬁ‘gfﬁ% 15‘5?1 ﬁ?{@%t é%’er é? g&%ﬁg@ég%g%&éﬁg&ﬁ&?%ﬁ LS hﬁi -

towards pro AV e pro ‘the ad ust

the |evel Okepﬁﬁt&&t}aﬁﬁﬁmﬁbaﬁmﬁn@Wéﬂt%st@&ﬁ}%dﬂ@@ahha&h&r product s
does not inpair he co;ncurrenE, 8; oduction of |ow vol atili tg_‘@agql | pe
bl endi ng conponefit NETHREEKE FEPRIBIEN N R T B RIS F18F S 8% ef in to

HO in the ggg;gg };@@ ;g;&;%ﬂeﬁ&t%éq?x&%@ﬁ@fy &%ssﬁétﬁsé}m @ah@;xs@;ken@é nd he

hydrochl ori c aC| I'ower) on the yield 0+ products in the alkylate
produced i s adlBrashity %@ﬂuﬁm’f} FIE ush a% B iohecbabslfur hendiey harpgesctbnt ai ni ng

ol ai st ATFIVB TGELT (i Uk F BT ar e 200 GERAL e B ot I

distillate %Rsnﬂ&éﬁg@%@ﬂw@&@b@ﬁ“ﬂ &:\/@T@Eﬂﬁ 3810+ JQUCD}, astigireadiat gidher 35
vol % greater than, 40 or 50 vol % even_greater than 90 vol % The | evels
of very healecAGL d“@ﬁ%@ﬁgﬁeﬁé&ﬁm o f:re embodi ment the | evel of C55+

in the separated,ar Ve, £ kL ate fracid-on.Mnas.k gss than 1
vol % C55+, such asql%gg%t han egf“%ﬁ@% sgﬂ;‘@?;\é%% &hn onergﬁ%odl !%nt t he
| evel of CAZsabing hiendegaratessdrandes ovetied]isifiatiylcergiritng argepeaéti on

0 vol % I n GHERLHBGHRNERG 4 HE G pararie rranre racimdRd SRtRrast. "
distillate rpcovaring the gasoling blending component and the middie distiffate from the
alkylate product prodused in the meactor. The alloylation reactor is an wwic
fpuied adkyigtion reactor, Adjusting the lsvel of the halids containing additive
provided to the ionis lquid sliodation reactar shifts the selectivity towards
haavier praducts it the alkyiste product.

The hydroparbon stream fesd to any of these processss cgan coms
from a otude of, g refinery, a FischarTropach process) or it can be g blend
therasf, In one embodiment, the hydrocarborn stream i3 a blend of two
streams, ons stream comprising at least one olefin and the second sirgam
comprising at lsast ong isoparafiin

The process s not Bmited o any speaific hydrogarbon stream and is
generally applicable to the alkylation of C4-C8 isoparafiing with $2-C8 oleling
fror any source and in any combination. In one embodiment, the
hydrosarbon sirsam comprises at least ong olefin from a FC cracker. In
another ambadiment, the hydrocarbon stream comprises FischerTrapsch
darived olefins.

it one emboadiment the onie houid calalyst is unsupported.

in one smbodiment the mocess makes 3 low volalility gasoling
hlarrding componant having 8 Reld Vapor Pressure less than 2.2 {152 kPaj,
or aven less than an amount defined by the egustion: RVEF = -0.035 x (&0
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bl endi ng conponent neets the boiling point, flash point, snoke point, heat
of conbustion, and freeze point requirenents for Jet A-1 fuel. The W%

ol i goneriwodowla#i3n in the feed is |ow, generally | ess PRIUSLDINSLERDr 5
wt% The wt% oligonerized olefin in the feed can be less than 4 W% 3 W%
2 W% or 1b%sliRgQRenerbpdl BB ndihek anbtht@ebhaome: izedo@lralihg i n the
feed. Processes for Producing A Low Volatility Gasoline Bl endi ng Conponent
and a M ddl etspi goividestteoTHenprolssssratite serpBiaddiansve Wanraleds be used for

produci ng both a oline. di CORRONEHL & Ldd) @distild ate. In a
first and secondirgﬁj;}tf)fjﬁ’lﬁ rrearfprlf“%ﬁ *’5%?&%@%&%@%‘?2%{%&% a{igzo%igﬁgéﬁ g%\%i ng

conponent agpdigh Khgdbeird] Sdidrhity grastethpnoess bobipen Sesyeh@rdbaps of

reacting and separating. ln the first emhqdi nment, .the reacting step

conpri ses: ﬁ@a’%t?@@%ﬁ%@o‘@u?aﬁ@%ﬁr ﬁf#‘% &‘hgégﬁ?aé‘crei@ns’t &am cont ai ni ng

butene under al ky, @‘ﬁzé%}égg‘f}ﬁﬁ}:ehh‘%ﬂé n\{%ﬁé&tﬁzﬁsgﬁz@{@fpks&ﬁwﬁaa&m][m@s@@ﬁ@s are
in the a

al kyl ated to produce an al kyl ate product in > presence of
chl or oal uni mate diwei polt.qisireraiht @by shan FRECcH -§B0al bl hagwe bpddssciEnqui d

STkl Y Subet PRucens Hab gt Cun! B bR BB ERE e R AR B 0 A ana
B, as descr khath:peevicoustyze boint hRicgesoads dabodidtenteskhtban eBEW ngsst ep

conpri ses: reactri Q%ca hydrocarbon stream cgzgpél sing at | east one olefin
havi ng fromifen S&le SFFH2EBE dHdo8t 11P8a ne paraffin having from4 to

6 carbon atoms, W bheaRhan '% ok SRkl ket Ridiad dsusMALNLAY
additive. The reg%%gﬁ?g?%&g%%gk‘suc igsf{'h%%téé% Q!E‘a{f | east one ng‘}%n and the at
| east one pardféipnoerss airkyhat 2dME tprochiog et gaatasdiee BY. al kyl ate. The
process produces a low volatility

Frocesses for Produsing aJet Fusl

Additionally, there are provided processes for producing a jetfusl The

procosses use the same teachings as describad sarlier hersin, The
processes include the steps of parforming an slivlation and recovering the
fusi.

in the first embodiment, the process comprisss reacting an kebulane stream
with @ process strearm containing butene under alkylation conditions. The
isobutane and butsng are sikviated o produce an alkylale produstin the
prasanee of & chiormaluminate jonic lqguid catalyst. The chiorealuminate

nie fguid catalyst comprises an alkyl substituted pyridinium chioroaluminate
ar an aliy! substifuisd nidazolium chioraraluminate of the general formulas A

-
R R
i
PR o f
c / Ry g 27 oy Ry
l\ ] Ng N
o grf }; \‘W;
P X"
=
A B

and B, respsclively.



gasol i ne bl endi ng conmponent.In the first enbodi nent, the separating step
separates out the mddle distillate fromthe al kyl ate product, wherein the
separ at edwoi2ddloa4sssstil | ate fraction is from20 w % or RCghiseoofstshe t ot al
al kyl ate product, and wherein the separated gasoline bl endi ng conponent has

a RON of 9 {0/ #&%&Q%&-ﬁ%!&%tml@ﬁ %fgpmiﬁ@}ﬂp@mm?aéws; %ﬁﬁv:a:?@afyabk REx@t ep
n a

separates the broad boiling ylate into at | east e low volatility
gasol i ne bl greimdt enpuniiert ot rasryicgy! pratd gehesdivamt e Xi9@ use as a jet

fuel or jet | l.ending. ¢ At o lile Ly Swit able.far a@S R | et
fuel or | ot oriEraRhERaEnE-EBREER: el iy, FHY PR G RERB3E0 10 s
<138C to 30&%}:};? éﬁ&ﬁ%ﬁﬁ?ﬁ& Rﬁﬁmﬁgzﬁﬁ@&@ﬁ&h&&aiﬁ@@mmﬁém dbu}m;mmg%ﬁmss t han
-50C. In a third enbodinent, there is provided a process faqr producing a
gasol i ne bl @ﬁéﬁ%ﬁf@éﬁ%ﬁgﬁf BV Hchoas s FH‘F“&*%I Yﬁﬁ?‘é’%?%%r g

Sthe steps

of adj usti ngiBoheiPLarBbndy b e nagmeahnkpacad bt Siry@palikylat | on
reactor and recovering the gasofine bl ending conponent and the m ddl e

distillate foomishé @ikl B & produd Ropray ot ewyi ottiethpaaetor Thefel fust

al kyl ation reactor.i donic Liauid alkyl atj.on feacl b, L 4sting the
Fevel of thé RaTT AECSR KNG Ayt %&@i%%%?ﬁﬂ&@%f {87 fes %@?gé&ﬁi%ui d
al kyl ation peag!®Esrsibiht, Sridie Sehechiay bt yohbualics dweavéere poigducts in the

al kyl ate product. The hydrocarbon streamfeed to any of these processes can
come from areqiitEneie fohdelehiinBRY, a Fischer-Tropsch process; or it can be

a blend thereof. g, 006 CADOALIRMent PR MVAROCRIRORISERE AT Gich DI end of

two streans, one stream conprising Eath%east one E}I?ef‘l n and the second
st r eam conprbsimgeaparasinome siiydanafifimelefhengrocespaisdimetthldmi ted to

o e G 0288 DA R LR A0 R 85051 LY ARPLAERAM Enk % A
containing addithe 1o make an slylate product. The jel fusl is recovered
from the alkylate produet. The jet fusl mests the bolling poing, flash point,
smoke point, beat of combustion, and freeze point requirements for Jet A1
fsad,

iy the third embodiment, the process for producing a jet fust comprises
selecting a fead producsd in 3 FC cracker comprising olefins, The feed s
miiked with boparaffin to make a mixed fead. The mixed foed is slkylated in
an ionic Houid alkylation zone, at alkylation corditions, ko form an aliivlated
product, The jet fusl is ssparated fram the albylated product. The st fuel
meats the boiling poind, fiash point, smoke paint, haat of combustion, and
fraczs point requirements for Jet A1 fust

iy ong embodiment the et fusl is greater than 8 wi%h of the fotad
afkyiate product. Examplss include from 10 1o 50 wi%e, from 10 1o 28 wite,
greater than 15 wit, and from 15 1o 80wt

In some embodiments the jst fuel may have other desired properties,
for example, @ ostang index greater than 48, 80, or §5; a heat of combustion
greater than 43, 48, ar 47 MdiKg; a fresse point less than 47°C, B00, or -
SO°C; a cloud point less than -47°0, 8070, or 8070 & sulfur lavel of less
than 10, §, or 1 ppm {or essentially none); a fash poind greater than 40°0,

S0°C, or B5°C,; and a smoks point greater than 20, 30, or 38 mm.
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fromany source and in any conbination. In one enbodi nent, the hydrocarbon
stream conprises at |east one olefin froma FC cracker. In another

enbodi merwQ 20tve138dr ocar bon stream conpri ses Fi scher - Tr @psalis2@ensises
olefins. In one enbodinment the ionic liquid catalyst is unsupported. In one
enbodi ment the process nakes a |l ow volatility gasoline bl endi ng conponent
having a Reid Vapor Pressure less than 2.2 (15.2 kPa), or even less than an
amount def | ned by Ehrpegilian i istitge035 x (50vol % boi ling point, C)
+5.8, in psi. en t: {, 1§ t or
nore | ow vol at| I ﬁ?{}ﬁ %g‘é |§§§ %%@%{F\» &]&j R‘ﬁ;ﬂﬁ%%t?gz% é:\f ﬁﬁ;g&e%g;g?%en?@et he

m ddl e di st kbhgbsitphedusedhhyside mmm laasdasmm;m tBhdsh paient., general |y

reater than 40C, but it can be greater . tha ter t han .5 reater
? han 55C, oftigF@afisid! %ﬁﬁahi‘%‘@@%‘?%‘%ﬁ%‘fgﬁﬁ%ﬂ?\% % ?ﬁ%&f%}%@g‘f f}?‘gte

produced by 'z%@%:% 85§° cbaé w#z%fyaﬁ!:s%!g &@éi‘&gsea@éﬂ@{a&a‘ 6y, 498 tharcHS0 C or
-55C, but it can [ess 'than - 58C, |&ss than -60C, or |ess than -63C.

Addi ti onal | yatis esaticd dhay dt%t i ﬂ’élk‘a‘tﬁe@&&wdﬁ‘é@@? B bwirsadwssploryi 8 S8EN as

| ess than - lL.e tha 5 C SSaid r J.ess
t han -63C. I‘“ﬁctﬁ?é n%‘ﬁ‘fﬁ % g9§§s§%§§ﬁ§“ea%? o % e%&a%dﬁ mtgt |1 | at e
produced by e&ﬁ&iﬁ@cﬁﬁ&mﬁm havers miﬁssammm hwﬁdmaﬁgmmt rewvat hawte60.

Processes for Producing a Jet Fuel Add|t| o here rov
processes f GFOFRBYGEFIRGS £509PUeY.. “W@“fﬁ? L“éé‘é‘ﬁgé}% %‘:’% {tgag@ﬁf’ngs as

descri bed e%’ié‘s So8LEL Rua R PIQ %@%ﬁ?ﬁy‘ﬁi UQ@{?&?% Sheps. of cwerkeiing an
al kytation a cfrecoverlng ejeqf I'n the first enbodi nent, the
process conmprdises he@mmmgmmmé@mﬁsm@asiﬁ padth and nat heat of commbistion.

it ong embodimeant the bolling range of the hydiocarbong i batween
1750 and 00°C. Iy ancther smbodiment the bolling range of the
hydrocarbons is betweean 200°C and 300°C.

Az disnlosed previously, where the middie distillate s an alkyiate
hydrocarhon product made by the processes disclossd herein, the level of

olefin will be very low, generally less than § wite, or less than 3 wite, or less
than 2 wi%, or less than T wi%, or sssentially none.

i other ambadimanis the NMR branching index is greater than 85,
greater than 70, or grester than 72, The hydrocarbons have s low freeze
poind, generally less than -20°C, bul In some embodiments can be mugh
ower, such 8% less than -45°C, lsss than -SI¥C, less than -B857C, less than -
S8°C, less than -80°C, or loss than B83°C

n some embodiments, the hnghrosarbons have a high net heat of
combustion.  The net heal of combustion can be greater than 30 MKg,
graater than 40 MJIKg, greater than 43 MUKy, greater than 48 MUKy, or
greater than 47 MUKg.

in soms smbodimenis the hydrocarbons have 8 high smoke poind,
such as grealer than 18 mm, greater than 30 mmy, or graater than 40 mm,

The smoke point is generally less than 80 mm,



Wi th a process stream containing butene under al kylation conditions. The
| sobut ane and butene are al kylated to produce an al kyl ate product in the
presence Wb 2a100hk3350at um nate ionic liquid catal yst. Theczhiseeooabisas nat e
ionic liquid catalyst conprises an alkyl substituted pyridinium

chl oroal um nate g« «éﬁz@éﬂ%b@%@%&Itwt@@mﬂ@r@@zﬁ@hmmacmﬁrf@ar»al;wmin@t;@nof t he
general fornulas A and B, respectively.ln the formulas A and B, Ris H,

net hyl , et hyk, grgrEmyihan BEF G S%ﬁﬁf %Faf‘bf’*‘:}ﬁe«x?ﬂe%@go%“ WG Hetrgler BaRy|

propyl, butylk,~p LY r I o or oal um nat e, and Ri and R2
are H net h%%' (\ete{ﬁiyli%%%r%{gﬁtlx% 'THRI §n§%%rﬂ iexyl group. The ionic

l'iquid catal yst may falsocabonpsi ma meﬁie&rm\kmﬁﬂge;zom digsharoiof, stthgkespaiogt ur es

A or Bin which pone or nore of the hydrogens attached ctlyto carbon in
the ring ha@%@%ﬁ“ﬁ@%ﬁ%@ﬂWgﬁ?ﬁwﬁﬁgj/iﬁ‘“ ﬁﬁmﬁ ‘?’iel‘*ﬁ%m Hs"A and B: R
R, R and R2 mayy %&af@%z}a&ﬁné@ﬁ %H%%@ﬁ@?mﬂbﬁi@R”ﬁ%@:ﬂ:ad&% s@RAtRt %@fa@ut
fromthe al kyl ate product neet s ling point, fla

poi nt, snokéispdicers raat t‘:ff)ﬁi’?&:éwﬁm&ﬁm}*ﬁ and g\%é@eiﬁﬁoﬁﬁm%@@ﬁﬁpm § for

e A ey B B e O PIRRE R 40, BERERS, VS A0S, b

wth an uns gpeait g@m\at}aj%sm@ysﬁm@nprl sing an ionic liquid catal yst and
a halide containing additive to nake ate roduct

recovered from t i CERKYPRPENEIB AR ﬁ?ﬁeﬁ‘ﬁééi‘? el We?‘}sa?‘%@i‘ﬁﬁﬁ"{ Wﬁyﬁm Inf

flash point,, e f o Usitd ¥ 0 4 genents
or et A LT Rer o PR i h Ebaa et e Dt SReayRobid f de et

fuel conpri w&t&mhg&tﬁﬁ@@a freedammétﬂ%%ﬁaéhfi@i@iﬁd@%& caionst ideragiot

Pbet 1% al eepafat Ay SART e i@ RREALALNsIoalB R Hellsl, 8 1 llg M xed
that may be used,

in another smbodiment, the middle distiliste s made by akyisling an
soparatin with an olefin undsy alkyisting conditions over an unsupported
jortis fauid catalyst and pooviding a0 amount of halide containing addditive o
the alkylating step o achisve the NMR brgnching index and the CHYCHZ
hydrogen ratio. In this smbodiment, for exampls, the middls distillate can
comprise hydrocarbons having a % aromatic protons lass than 0.8, a sulfy
content less than S wppm, or fess than 3 wi% olefins. The amount of the
halide containing additive provided during the alicvlating slep provides & molar
ratio of clefin to HO! from 8001 to 1501, from 8001 0 138, o from 7001 fO
1301
For tha purposes of this specification and appended claims, undess

atherwise ndicated, all numbers expressing quantities, percentages or
praparions, and other numerical values wsed in the spectfication and daims
are to be understood as being modified in all nslances by the term "aboul”
Furtharmare, all ranges disclosed herein are inclusive of the endpoints and
are independantly combinable. Whensver a numernical range with a lower
frnit and an uppsar it are disclosad, any number falling within the range &

also specifically disclsed.

R



an ionic liquid al kylation zone, at al kylation conditions, to form an

al kyl ated product. The jet fuel is separated fromthe al kyl ated product.
The jet fwel20maassst he boiling point, flash point, snokeCpaisnto9/obmsas of
conbustion, and freeze point requirenents for Jet A-1 fuel. In one

enbodi ment the j elwfieh hShi@tRALE I ERARKENIMNYE Bbfitde st @idlsRlgtbales
product. Exanples include from10 to 50 wt‘%? from1l0 to 25 w% greater

than 15 w %hapdiraEinesning wediis PERSOESEHBJEE mehttidheneng Bte fuel nay

have ot her desite ef t S i -0k heysa, € &l Ndexqgreater than 45,
So. “or 55 ORETTopT R L SRR L o Eh e R R o ez
poi nt | ess tHannARGnicSOSpressly BSACHsythmady poitet! hese itkanced7C, -50C,

or -60C, a sulfur,|egvel of |ess than 10, 5 r.L ppm(or essentially none);
a flash point gr é%gtcgrm?ﬁé?%*%@zm_Sﬁéé%? é%éﬁ"@?mgﬁﬁé}%ﬁ“’%ime‘"%& gﬁ_tmﬁr eat er
than 20, 30gp@licdRBehGoMPasHioRehMotighacbis itdil @liRafddithb apald v,
there are provided conpositions of mddle distillate. The conpositions use
the same te&ehimgs B¥dbadprwediasch adividerbprbicaigrinpaignt apsitivngye
conprises hy ar hons. havi ol ling. . G 350C, a NWR
branchi ng i Pf%i%&g %a‘t e‘?é&?a;\géﬁg%é}%,ﬁg%! d%%@%%ﬁer%apﬁ‘q‘g‘%’ég& gﬁ(@?} an 2.6. In

one enbodi megferddie: hyitdrasietons have a sul fur content of |ess than 5 wppm
less than 3 wppm, less than 1 wppm or essentially no sulfur. In one

enbodi ment the hyddEEFBED “ﬁﬁp%uﬁmﬁ%?%ﬁi@?ii‘e d&*ﬁ?sﬁﬂi‘&ﬁ%&mi@ﬁ‘an 1.0, less
than 0.5, | %ﬁu&ﬁ@@ﬁ@ pant 1888, 5RABLG: th o B85S 5h D3R 0Rud PR AN, 01, or
essentially no aromatic protons. Low aronatic protons hel ps i nprove snoke
poi nt, fl astnga atd vandhasvehban. Ming orpliSitions aftheaseegbodi nent t he

boi I i ng range_ .of .t he hydraocarbans is.bet. 178 300G, ;.| not her
enbodi ment %}qéb%#f}ﬁ”‘gg&%%ég\%ﬁ&?‘h .gaiggéﬁ"gﬁgw}mg%ﬁa%%gy %8»1% to' tHodd
skilied inn the art. Accordingly, the invention is to be construad as including sl

structure and methads that fall within the scope of the sppended claims.

EXAMPLES

Example 1

Alkyiate was wrepared in 8 100 md Iaboratory sontinuously stirred (1800
RPM) reactor operating &0 1070 and 180 psig (1034 KRa). The alyvlale was
ascumulstad from several siodation runs in this reactor setup. The fesdsinck
for the alkylation was mixed O4 olefins (butene) rom an FO cracker
cortaining 40-50% olefins and the balance being isohutane and n-butans
Hoed flow & 2 mimin.), and refinery isobutane containing 80% or more of
mobuians (fead flow @ 8 mifminl).  The molar ratio of lsoparaffin (o olefin
was in the rangs of sbout 1001 Nons of the fead o the alkyvlation reachor was
sligomerized olefing. N-budvipyridinium chioroalumingte (CsHsNCaHARTEH)
nnie liguid doped with hydroohiorio acid was used as catalvst and addad in a
continuous stream o the allkviation reacter at a volumetric flow of 0.8 mivmin,
Tha jonie Hguid and the hydrochioric acid were unsupported. The level of
hydrochionic anid was selectad, and adjusted over time, 1 provide a good

yiadd of middie distillate, without adversely effecting the guality of the lighter

~ 4.



hydrocarbons is between 200C and 300C. As di scl osed previously,

wher e

t he

mddle distillate is an al kyl ate hydrocarbon product nmade by the processes

di scl osedwbenrwin4sishe | evel
| ess than 3 Wt %

essentlallyhg%ﬁgagghﬁg
0

5 W%

or

than 65, greater than ,
freeze poi nfioryenesadaripd gsnen ki lagbdisiation angdie W@l“ﬁ%ﬂ%@%ﬁﬁ be much

| owner,

t han 30

80 mmIn some enbodi ments the hydrocarbons have a hi gh flash point,
greater than 30C, greater than 40C, ¢

is generally less tha
flash point,

The flash point
boi I i ng point,

such.as
58C, Iess th%ﬁﬁ
hydr ocar bons have 3h{ g tine
can be greater t han 30 M/ K
great er thans§g-

mm

WFROPRG P

or reater

or

or

gggfqﬁm

t han

of olefin will
| ess than 2 wt %

Fa@rbodi ARPES: Irhe: INRcbeaneiingt ividexedSsagreat er

greater than drocarbons have a | ow

UES Pl Fflid Bibnekgieophiln

reater th

BiespiFrE A

snoke point,

72.

- 50C,

or

The

| ess than -55C,
n some enbodi nents,
retohieabiatld sphustifoent Fhe: teta hﬂaﬁmmf&&ﬁwbust i on

i oo bl

he snoke poi nt

T

hy

or

t he

be very | ow, Pgeruse@bloyiskess t han
less than 1 W %

| ess than -

%g %3 M/ Kg,

Shfs the

hydr ocar bon%ﬂé‘%&z&:ﬁ%s&m@s E%Qiawﬂ BHOB 1as great er than 18 mm greater
is generally | ess than

i i one—anrhadi-nmant ahi-ghar..the
Gl v hydr ogen 1t | 0|t HGSFURRH 1 he TIREESL2po) nt"BRIAAYS. Nyl BEAPBGhS
Oxampres. e an have: a TAETD o bat ceFRan 300 et nrdr T ran g g

Maphths Naphitha Neating OH
Yield, g 47538 1186.8 1367 1054
Yield, mi at 884D 18625 1R17 1272
BUYF
Yielkd, with 56.6 141 18.6 128
hased on
| oornbinead
sikylate
products
AP Gravity 72 ga.1 BE.5 38.3
Density, 80°F 0.695 0.7308 6,789 fels
Simbist, °F '
10 voll 132 248 353 520
20 volth 158 251 380 847
30 vol% 201 253 368 570
40 veldh 202 271 378 5973
50 volts 204 262 391 823
B0 vol 231 204 408 655
7O volth 230 300 431 B9
B vl 234 A27 448 736
S0 voldh 238 328 475 805
FBF (89.5) 264 68 528 995

such as
than 50C, or greater than 55C
The hydrocarbons can neet the

heat of conbustion and freeze

In
er



I n one enbodi ment the mddle distillate is nade by al kyl ating an ol efin and
an isoparaffin with an unsupported ionic liquid catalyst and a halide

cont ai ni rNyo2ATVK11386.
contain any sul fur.

I n sone enbodi ments the ionic |iquipdTast@psts2sioes not
The ionic liquid catal ysts described previously are

those that fmay be used] Tif;afo] RET exhodinent ,| t Pesdi@di e idi Bidduhate 1is
made by al kylating an_isopacaftin with.an olefin under alKylating

condi ti ons MBQaﬁtiuns upported ionic liquid caft al yst and groviding an
amount of h {Péa ning additive to the alkylating step to achieve the
NMR br anchi %‘:‘ ’% 1 the CH3/ CH2 hydrogen riatio. In thils enbodi nent, for
exanpl e, thHe g€ distiTTate canl conprigse hydrocasisons havi ngg& %
aromatic protons.less.than 0.5, a.sulfur_content..|ess.thag.5.-wp or.l| ess
than 3 wt %ol ef(“h%‘? The anmount of the h&Pide cont ai‘rﬁgng addi ti vé”pr oviided
during the iaf r\yé ngestep }JbUVIUC a TlL{-}dl ratorofyolef T toTHEfrom
50:1 to 150: 1 , ﬁom 60:1 to~120:1, or ffom 70:1 to 120:1.! For the puriposes
of this SpE‘CIfI{?;H;N on and appended; cl ai g, unless ottherw se indii¢ated,i all
nunbers expressing.quantiti.es,.pergentages.-or prgpcrflnnc and-—-ot-her

nuneri cal val ués@ﬁsed i n theﬁspem [ catl%n and; cl ai ﬁgs, are to be‘understood
as bei ng nmodi-fiedsmatt Illb&dllbﬁb by thg~term™aboy " Furthergore;al |
ranges di sgl osed herein are inclusjive of the endpoints_and are

i ndependently conbi nabl e. VWenever a nunmerical range with a lower linit and
an upper limt are disclosed, any nunber f n the ran is also
speci fically di séBsEd; ﬁ%‘égkﬁ‘g’éﬁlﬁ?{% m*ﬁ?%o‘ﬁ"’@%t‘sﬁmr ﬁ%ﬁW?{ﬁ?ﬂgg’?‘??ﬁed i's

understood
at the tine

The sing

ular forns "

a1 n n an

"the," incl gededptturiiith Fraction 3 and Fmé:mn 4, separalsly or combined issgemes

had groater than 38 vol%

oi% Cd3+ or OS5+,

Example 2

Fractions 1 and &,

G0+, groater thar 80 vol¥ 11, and less than 1

desaribed shove, were {ested by gas

chromatography for GQ?‘F‘E;)SS@EEGR and oolane numbers. The resulls arg

stynmarized below,

i1 Tabke

Table 2
Composiion, W% by 6C Fraction | Fraction
1 i
S5 3324 .01
o8 430 .02
Q7 6.88 0.02
C8 7les 8.78
&8 11 .45 82.38
10 .02 21.44
Gt 0.7 RI7
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references unl ess expressly and unequivocally limted to one instance.

of the publications,

application or paten
i ncor porated by ref
exanpl es to discl ose
enabl e any person sk
nodi fications of the
will readily occur t

Al |

patents and patent applications cited in this
appl i cat iwo 2aroe135ei n i ncor porated by reference in thePCTarskémwasis2s o t he
sanme extent as if the di scl osure of each individual

publi cation,

pat ent
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|||cu;ll. LUIltl

I ngig du
This wri
ng the b

Al Ty aendi
ten desc

bst  node,

cated to be
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exenpl &?&Zﬁgj&dl ment s
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ntion. Many
di scl osed above
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is to be construed

s incl.udi ng. all_structu

ar g dAcc

w.e..and..n

or deagl y,
ot hods...t-h

the i nvention
t fall within

the scope of the app;
inal1l00 m
10C and 150 psig (10

ended cl aifEN EXAMPLES! Ex

34 KPa).

Ex&fpl e

L RPl a

| abor at oFy-continuoust-y-stirredt (1660 RPN Teact
The al kyl ate was accunul ated from sever al

[ e was prepared

or operating at

al kyl ation runs imatiirs? m@m@amﬁmz}« Thelifvaads Foakidhal mlaeﬂaisd@ytt'ati on was

m xed C4 ol efins (butepe)

t he bal ance SHeiHg: Wéﬁfiﬁ’*ﬁ%i‘ﬁ‘rﬁj r‘ﬁQ

refinery is
m/mn.) T%g

ﬁ?%?

from

BLQI

atio

g ?gl sopar a

F ack
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nGO% BfaniRBES Rbs '&ﬁ@é&ﬁgﬂ@ of headdhbbouw, @ 8

into olefin was |ntherange of

I’lt ai ni. n

W @

‘ﬁ? %
AR

%I ef| ns and

about 10- 1. gﬁoﬁ@mimhéiﬁmﬁc& \@iﬁ'@?éﬁh*&ﬁ\&? Bod e & K. was ol i goneri zed

ol efins. N-butyl
doped with hydro

ridini

TRPEISE

LG 2aBehdl B8 B (B

SR

ionic liquid
in a continuous

stream to t hengldadral | TRsi SReE Rapat Pacyekseiddidattiay 9, 08 iblinkss
than 2.8 pei {(17.2 kPa), and alzo less than an amount defined by the eguation

RVP = 0.038

Example &

Fragtion 3

35

¥ {50 voi¥ bulling point, "0 + 8.8, in pst

, described ahove, was further charactanized and comparad

with & typloal example of JET &1 st fuel These resulls are shown in Table

3, helow.
Tabis 3
Analytical Test Fragtion 3 JET A1 Requirements
G, wi% 851 T A
H, wi% 14,518
N, wi%h <4
Low level mitrogen, <4
WoHpm
Suifur, wopn <} Max 3000
Flash Foint, °C 58 Min 38
“Emoke Point, mm 40 Min 18
Choud Point, °C <83
Fresze Poing, °C <83 Max 47
Dansity, 80°F (.768 QITEL.840




The ionic liquid and the hydrochloric acid were unsupported. The | evel

hydr ochl ori

yi el d of woDadioiaisstil | ate,
i ghterboiling al kyl ate product.

¢ acid was sel ect ed,

and adj usted over

time,

separ at ed
was separa

accunul at ec

!
)

rom gagRAVertad butanes by hbashsd still agros. apdalnevahley |
ed fromthe ionic lLiquid by phase separation..8,408.g.0f tHh
Whkydint eQiEﬁ Im@n& fromt he8ai81<yl atl on react or?‘ﬁiﬁasg Gut intc

1.

fractions K
properties
m ddl e di st

Fraction 4,

S R gy

IQLIUH. IHC leIUb

Table 1. Tabl e 1Frac

obt-airned-and--t-heir
tion and Fraction 4

illates. Aftergsemarating thgmfromthe total alkylate, the

amounted to 29.1 wt% of the total alkylate product{ Both Fra i.on 3 an
separately or Me6fdbi ned togé%'hér had gf eat er ¥Re®e§5 vol %
tessthan1-vol % C43+ or ~C55+"EXanpi &

greater thc
Fractions 1
conposi ti or
2. Table 2k
C9 al kyl at €
were suitakl
especially

Fractions 1

& ‘”{‘é’ai“ﬁ\.déé*é‘é? pefd

escri ed a
and octiagsx nunber s

rahf|nn 1. washr.ed

bove, were tested by
The re$8lifs are su

o.

gas chromat ogr aphy

mar i zed bel ow,

e

ant D A ASD nna
-Factt-oh—2Z2-WasS—hHo

in T

m xed™ith Sone C
| e for gasol i fye ke
good gasolinéﬂﬁlend
and 2 were bt wolfe

.naantl.az (‘Q '3| |/\l| af
ety K

10 al kyl ate. Both Fr
di ng. Fraggion 1 wa

ow vol ati | #8y gasolin

CL

stock, with a | ow R/P and hi gh RON.

action 1 and Fractid
s an exggplesof an

e bl endi ng conponent

Their Rei d Vapor Pr essurgs Gal cul at ed w,GC were; both |ess than 2.5
(17.2 kPa), and al so | es$ {“ﬁ an amount“defi ned by the equation RVP =
-0.035 x (50 voI%bon:g}g@r‘f@t, "C) + %8B, in psi:
S8 vol% 18¢ Haport
&0 vol% 208
T vol¥ PALE
80 valth 231
Q0 vol%% 2489 Repont
FRP (88 5 374 fax 300
NMR Branching index TAAT
VWi Diefin 2.84

of

to provide a good
wi t hout adversely effectingPChasqualostsygs of t he
The al kylate fromthe reactor effluent was

ate
e
4

are
y
d
C10+,
2:

f or
abl e

tly
n 2

psi

A mare detailed swmmary of the proton NMR analysis of Fraction 3

sumimarized balow in Table 4,

is

Tabis 4
Fraction 3
NRMR Analysis %)
paraifinic CH3I hydrogens T332
paralinic GHZ hydrogens 18,41
paraffinic GH hydrogens 708
Hydrogens in saturated groups alpha to
- aramatic or olefinic carban 0.00

Oisfinie H\«iwgem .21




Exanmple 3: Fraction 3, described above, was further characterized and

conpared with

a typical exanple of JET A-1 jet

fuel .

These results are

shown i n wakzbw/@4535el ow. Tabl e 3A nore detail ed sumraryPofi/ush@opssdn NVR
anal ysis of Fraction 3 is sumarized below in Table 4. Table 4Fraction 3

had propertie
jet fuel or b
a nunber of d
flash point,

distillation

Vi scosity was
brought into

bl end stock r
allow for the
with a high a
Fraction 3 wa
, and it woul
fuel

but

a heating oil

Al kyl at
conti nuousl )pxsﬁpﬁgséés fﬁfg@@r af gﬁ‘%ﬁ% %%Ap{ ?{P&i specifications,

he.specified. range.faor JEL A1 by

addi.ti.on..of

btk udbRadRedked Tnjet fuel, and It wopd make an excel | ent
end._stock for et fuel Drodurtlnn Fraction.3.net or exceeded
psired JET A-1 f uel speC| fications, i ncI udi ng sul fur content,

- o nt froapnzo oot £

JII\UI\\/ IJUI 1n., LI i v o oy |JUI IIL, meat Ul CUTI nd

botfi ng points. The density was a bit u%&)“&%d t he ki nematic

a it hirgh. Both the viscosity and the density icoul d be

second f uel

bHAR rﬁraﬁ@mgl f@i‘éﬁ‘\and/ or

naphthenes.

The? ?hri‘igh S

ke point woul d

%\g;l - \,allL aIIUUIIL

iit:4 Fgﬁc}é}ﬁ‘ffé’ﬁ?“ W@ hi gh heat of

||u I

conbu§>t'i*on mea

el bl end stock
sured on

SO(SL\%hétg§§ﬂaéﬂﬁ}ﬁgh| gher than that t

bl end stock. The excell ent
related to the hi
its properti

Lprove fuel..efficiency. if it we

yp! cald i obt al

ned on JET A-1

e_bl.ended._ wi.t

h a second

938l P3P Plar LR

Exanpl e 5; ared

S PGL

in a 100 m |

iuding su

| ow cl oud point and | ow freeze point was
Sk ] e et

suitable f orqw@mﬁ%na;ebmw@&@mmw&ks jonfuad era;dimmk ﬁmm Bawdt uel ,

Lerized,
gTI ate
or

aborat ory

gfw

content, flash point, smoke poird, freeze poiimt, heat of combustion, snd

digtillation boifing points. The density was 3 bit kew and the kinematic

visoosity was 2 bit kigh. Both the visoosity and the density coudd be

irito the spe

Drought

cified rangs for JET A-1 by addition of a sacond fuel blend stogk

rich in aromatics andéor naphthenes. The high amoke point would allow for

the addition of a signfficant amount of a seoond fust blend stock with 3 high

aromatic confent. The high heat of combustion measurad on Fraction 3 was

sigrificantly higher than that typically oltained ann J&ET

A~1, and S would

improve fust efficiency ¥ & were blendad with & second fusl blend stogk. The

sxoelient low cloud point and jow freeze poirtd was refaled o the tugher

branching.

Fracton 4 was not further characterized, b s propseties indinated

that § was a high guality middls Jistifiste suitabls for use a8 & heavy digsel

fusl, a blend stock for diesal fusd, or & heating ol

Example &

Alkyiate was prapared v 2 100 mi aborstory sontinuously stirred (16800
R regcior operaling st 10°0 and 1580 paig {1034 KPa). The feadslock for

the atkylation was mixed G4 olefins {(bulene} from an FC cracker containing

40-80% olefing and the balance being isobufane and n-butane fead flow &

2 mifming), and refineny isobutane condaining 80% or more of ischutans (feed

4 -

3



RPM reactor operating at 10C and 150 psig (1034 KPa). The feedstock for
the al kyl ati on was m xed ¢4 ol efins (butene) froman FC cracker containing
40- 50% olwbizom/Eamidst he bal ance bei ng i sobut ane and n- buramas¢doemssists ow @ 2
m/mn.), and refinery isobutane containing 80% or nore of isobutane

(feedflow @féwr@ @‘f}@is"?m }Th%méﬁ@és Eﬁh@fs@ép&s&ﬁﬁﬁi’&i%&f 0wk iaked kagwass in the
range of about None of the feed to the al k%%atl on react or

ol i goner i ze@b@ﬁb@ﬁns&iﬁw BERA Isypeitaithe sivEIRerBarEHYRS FigeestisRe Ci“iﬁé‘(l?*‘ZCI 7)
ionic liqui h wadded to
the al kyl at i S oasibtrrkerEl h e BT ??’%%ﬁf“@%??ﬁ%%?%ﬁﬁer :
unsuppor t ed hyghehiaitekaio fvdnyeircacd m:silaé},saand *:AMsafiadthtaéw oversetiite. from a
nolar ratio _of olefin to H % 1o about 105: he aIE<¥,}atefrom
t he reactor @@f‘?ﬁ@ﬁ%*%@nfégﬁaﬁh%@& W‘Erﬁ‘“ﬁfﬁ}%ﬁ%é?‘?‘é@%ﬁ}’%n = e

flash-disti '&é?ﬂmfﬁn&gg%@Mﬁ%&z@ﬁw@%w&e@@m@qsésr QAL RNcHE qui d by
phase separation pl o he nolar ratio of olefin to HO vs. the GC
anal ysi s of foine 26t DAGHDRACERE bni he mithaedrky tar eaq@osHBUAN Waki gure 2. A

hi gher nol ar__rat ol cl t.Qr,

i gner yier degprtig opF bR o VinahBr by el RubT SRS FARRE 1 s

1. A processeharaid Wm’gm;d efund uglgmeermwsatmg; f@iﬁtﬂmamum raio ol ef i n
and an isoparaffin w unsupported cataly %{ ax ﬂ% r| Si n% an ionic
liquid cat aw@ee?ﬁh%@ %ébh\a% e o ﬁf‘ﬁi?ﬁl"*‘n?j%ﬁdrﬁ A0F 508 *}inﬁ%ﬁkaﬁ % Bne
under al kyl g Hoal gﬁ@ﬂgm@ 2nA HidndTakes »@@a@é kyhahg (p1-eeus g ARG B neecovering
the jet fuel romth yl ate produc wherein the jet fuel neets the

boi | i ng poi neacibl gete poiigher wwoke (biknprodhstt indhe edntristirodictand freeze

poi nt requirenents for Jet A-1 fuel. 2. The process of claim1l, wherein the
jet fuel has a sulfur level of less than 5 ppm



3. The process of claim1, wherein a |l evel of the halide containing
additive is present during the alkylation at a | evel that provides

i ncr easedw9izelodh1ed3st he jet fuel. 4. A process for produecmgsSaogesistiel ,
conprising; a. providing a feed produced in a FC cracker conpri sing

ol efins; b. wieging Chafsegdiav th an isoparaffin to make a m xed feed; c.
alkylating the nmixed feed in an ionic liquid al kylation zone, at al kyl ation
conditions, to forman al kyl ated product; and d. separating the jet fuel
fromthe al kyl ated. prs W 0 d.he e Mel. neets the boiling point,
flash point %sﬁéﬁghﬁ%&ﬁﬁkj%ﬁ%ﬁ%ﬁ% 3%0%'§§%ﬁ§ﬁ{§ﬂg}hd freeze point requirenments
for Jet A-1 fuel coblachhg mrcessndfarckepadfiowittlai ondupponkereitaivihe j et
fuel is greater than 8 wt%of the total alkylate product. . The process of
clai m 4, wher ei n *¥RE EPAFAPI WSRO %ﬂ‘?ﬁfiéﬁ‘é‘*ﬁlﬁmpﬁ %5}?%%%@%*3!”@'\?@ volatility
gasol i ne bl endi NG RIRANN =ik IRFAE 8S8: {AHPERIMEEA G RIBhs hbSlakCQPY T ST ng:
a. reacting an isobutane stream wi th a process stream containing butene
under al kyl at i on séoidEtireAsciwAgfei n the i sobutane and butene are al kyl at ed

| qui 0 cat aryst e EHEs derab s R AR B ACRIBRSRARE, o7 e

and R' are al kyl rgesiupise olhaipningfidsit pobh? wanbopsi anti S csepakasing out
the jet fuel fromthe al kylate product, wherein the jet fuel neets the
boi ling point, fl4§ y%erf%/?m%fﬁ?ﬁg‘gebﬁﬁw foryght-bfuonbusti on, and freeze
point requirements for Jet A-1 fuel. A process for producing a jet fuel,
conpri si ng:
2. The process of claim 1, whersin the jet fusl has a sulfur level of less than

5 pom.

3. The process of claim 1, whersin g level of the hafide containing additive is
prasent during the alkylation 3t 3 lovel that provides increased yvisld of the
st fuel,

4, A process for producing 8 jof fusl, comprising:
& providing o feed produced in a FC oracker comprising olafing;
b, omixing the fesd with an isoparaffin {o make 8 mized fesd;
¢, atkylating the mixed feed in an tonic liquid alkylation zone, at slkyiation
conditions, to form an akyisted product and
d. separating the jet fuel from the atkvlated product, wherain the jet fuel
meeats the boiling point, fash point, smoke point, haat of combustion,

and fregze point requirsiments for Jet A1 fuel,

(51}

The process of claim 1 or olaim 4, whearain the jot fuel s greater than 8

wite of the intal alkyiste product

The procass of claim 4, wharsin the separating slep sdditionslly producss

vz

a tow volatity gasoline blending component.

2
fsad



a. reacting an isobutane streamw th a process stream contai ni ng butene
under al kyl ati on conditions wherein the isobutane and butene are al kyl ated
t o produceoanivalikissat e product in the presence of a chl @ecoaiseenonatses i oni c
liquid catal yst conprising an al kyl substituted pyridinium chloroal unm nate

or an al kyl ﬁuhs@mwggﬂmmb@@g;@g@laq@ﬁ@mﬁ%@t y-nate of the general
formul as A and B, respectivel where R=H, rreth 1, et hyl , ?ropyl butyl ,

pentyl or hexyR JrREGHIE R SGDUR f%yﬁf@a@%ﬁs&‘m?ﬁﬁw &ifﬁﬁﬁwm il ylutyie hexyl
o X hi |
group s ac ﬁ{a xy|§wg£%em%‘§r%ﬁ%% g% %ﬁsg&ﬁa@é &%J&éh@ a‘?éOpy

butyl, pentyl or group an ma or not be
the same; and b. dggalstivngoduts thalfjttciuedutinope bms&hkylaﬁt&e product

wherein the jet f he boi oln h poin Lnt,
neat of conbust | GHCRRRPAS Enoid Paldlier buhbdtt gENsE TP aeR Hhe
process of clai my oraiatel Rrremierein Rhard @&9@@@&&&@@&@%5&! enal 1y

i ncl udes adjustlng a level of a halide containing additive provided to an

ionic liquid react®Poihie¥s the reacting occurs. The process of claim9

wherein the | eyel I i [ nmol ar
ratio of ol efi }r% to(g%&flhhgj ?@e ?ﬁgﬂggﬁ%%fgga%%ﬁé% %‘E%@egfghg@ Egig%;%fg?g
wherein the | evelme&tahaélma;r@qmsm R‘Eaﬂ@ patd] ¢muies peiradhatstod dotidstionease the

yield of the jet fu but d es not alr t current production of a
low vol atility ga‘?ﬁﬁ%‘% %?@ﬁ i‘f?@m@g J'eitllhé%ﬁé&ocess of claim1, claim

4, claim7, or claim8, wherein the jet fuel has a NVR branchi ng |ndex
greater than 60. The process of claim 12, wherein the jet fuel has a
CH3/ CH2 hydribgémpatioliogpeagenng Raat Reb comprising

a. reacting an isobutans stream with & process stream containing butense
under alkyiation condiions whergin the ischutane and butene are
aikylated to produce an alkyiste produst in the presence of 8
ohioroshsringie onie liguid catalyst comprising an alled substituted
oyrididum ochloroaluminate or an alkyl substiluded imidazolium

chiorgralumingate of the general formulas A and B, respectively,

e R
R
“ﬁﬁﬁ\% o
- \ R’i R ATt 4
k&) Jj Ne Sé
N N X o/
X
R
A B

where R=aM, mathyl, ethyl, propyd, butyl, pentyl o hawel group, Ri=H,
rrethyl, ethyl, propyl, butyl, pentyl o heood growp, X s s
chivrcaluminate, and Ry and Ry=H, methyl, ethyl, propyd, butyl, panty
or hexy! group and whare B, B, R and Ry may or may not be the
same; and

b, ssparating out the jet fue! from the alkviste produst, wherein the jet fusl
mesty the boling point, flash point, smoke poirt, heat of combustion,

and freezs point reguiremants for Jet A1 fush
"}"“)’

\-**



The process of claim1, claim4 claim7, or claim8, wherein the alkylate
product has less than 5 wt% olefins prior to optional further processing.
The procewe 20fo/akmsm 1, claim4, claim7, or claim8, wereraisaoovleisys el d of
t he al kyl ate product exceeds the anmount of olefin in the process stream
contai ning butene by at |east 30 vt %

8. The provass of cladm 7 or claim 8, whersin the reacting step additionally
ncludes adiusting & level of a halide contgining additive provided o an

fonie Hguid reactor where the reacting coours.

10, The process of claim 8 wharein the lovel of the halide containing additive
i adiusted 1o a molar ratio of olafin to NG bebwveen 8001 o 1201

11 Tha process of claim 8, wharain the level of halide containing additive is
adjustad o increass the vield of the jel fugl, but doss not impair the
concutrent production of a low wiatility gssoline blending component,

18, The process of glaim 1, claim 4, claim 7, or claim 8, wharein the jeot fusl

has g NMR branching indsy grester than 80,

14, The process of clsim 12, wherein the jet fual has a CHI/CHR hydrogen

ratio gragler than 2.8

14, The process of claim 1, olam 4, olaim 7, or claim &, wharein the atkylate

product has less than § wi%h olefing prior to optional further processing,

15, The provess of claim 1, ol 4, olaim 7, or olaim 8, wherein the vield of
the glylale product excesds the gmount of olefin in the procsss sbream

sontaining butens by al lsast 30 wt%.



