PROCESS FOR PRODUCING A JET FUEL. our.ccrfiied patent applications tit'Process - "Process for

. Producing a Lpw Vc4atlflty nd a Middle Distillate", "Do, uping Middie Distillate by Aikyh nborporated in
their entirety, D F THE IN'1 This invention is directed ioE pro.besS for producing a,el. SUMMARY In a
first aspect, there is provided aprocess: fepprodueing et dugl sgmmurising: a. contacting an olefin and
an isoparaffin with an. unsupp?dr ed catalyst system comprising an ionic liquid catalyst and a halide
containing additive in an alkylation-zone under alkylation conditions to mak.e an allcvlate product; and
b recovering the jet fuel from thi -Rilate, praduat. wherei thejetiuelmigets Testmiling point, flash.
point, smoke i%@’*ﬁ%é‘%ﬁf? 85%1%%%%(%#%%%%&%%?% r(i:ﬁ Ei:%m,ents for J t,A%-JﬂE el; wherein the jet
fuel has a smpjerpoit-greatédidtienDadinie 2 Treesessomt SSS U -%gewﬁ\i-%%éé%nd aspect, there is
provided a prggegsg.;}cg &g&ﬁ?@%@}égﬁﬁ:%@@i%;@%@%ﬂg‘@#msm@d in a PC cracker
comprising olé‘f%s? B! mixing tfe feed with ar_l_ls%parafﬁn. tqQ make *Tﬁxﬁd feed ci.alkylating the mixed
feed in an ioridigisdakiEEorerone ',f'ﬁiﬁﬁw*éﬁoﬁ%ﬁ’aﬁ%%*gc%% rgr%‘fa%%l!ﬁ%laté%x product; and

- . N U SO TP ST I b prbleader
Ch+ ‘g_ga.g.g_ygﬁ}n aind 5+ Olefin”, harein NooTpo zied in then grtirety;

FIELD OF THE INVENTION

This invention is directad toa probess for produsing et fusl

SUMMARY
In a first aspect, there is provided a process for producing a jet fuel, compriging:
a contacting an .oie.,m and an isoparafgﬁ .With an unsupported catalyst system
comprising an ionic liquid catalyst and 2 halide containing additive in an
| alkcylation zone under alkylation conditions to make an alkylate product; and
b. | recovering the jet fuel from the alkcylate product, wherein the jet fuel mests the
hoiling point, flash point, smeke point, heat of combustion, and freeze point
requirements for Jet A-1 fuel; wherein the jet fuel has a smeke point greater
than 30 and a freeze point less than -50°C.
In a second aspect, there is provided a process for producing a et fuel, comprising;
5. providing a feed produced in 2 FC cracker comprising olefins;
b. wmixing the feed with an isoparaffin to make 2 mixed feed;
¢. alkylating the mixed feed in an jonic liquid alkylation zone, at alkylation
conditions, to form an alkylated product; and
d. separating the jet fuel from the alkylated product, wherein the jet fuel meets
the boiling point, flash point, smoke point, heat of combustion, and freeze
point requirements for Jet A-1 fuel: and wherein the jet fuel bas a smoke point

ereater than 20 and a freeze point less than -56°C,



d. separating the jet fuel from the alleylated product, wherein the jet fuel meets the boiling point, flash
point, smoke point, heat of combustion, and freeze point requirements for Jet A-1 fuel; and wherein,
the jet fuel has a smoke point greater than 10 and a freeze point less than -50C. In a third aspect,
there is provided aprosgssianaodusigadel furlesomppriog:iag eatfirg, anisoiiine stream with a
process stream containing butene under aIkYIa ion condi‘t\_iq_rg,rwngrrl%if?_ltlgg {sebytane and butene are -
alkylated to pr@du%ﬁﬁéﬁ&%@%ﬁﬁ&?ﬁﬁh@é@?@ﬂ%s“OF a chioroalurnifiate ionic liquid caalyst -
having the genera}fapmiia BB RN datrAd € 1sFbuwhereid RivmndRillayeiatkis groups containing 1
to 12 carbons; and b. separatin.g out the jet.fuel from thgﬁalg I roduct, wherein,the. jet fuel meets
the boiling point, FRESHSIAE @l‘ﬁgﬁ@ Bﬁﬁﬂ%%ﬁﬁf%&%ﬁﬁ? r% galltﬁ%P Fé%%lgjﬁ%iﬁ?l%}e%{gl I“élr!fents forjet .
A-l. fuel. Ina fourtbs@eﬁ?ﬁ%aﬂﬂ%%@@E&t@dQﬂrﬁx@f@@&%ﬁﬁrmriéb*ciﬂ&iﬁ‘@?a\jaétefw?ei, RBirrbkig: a. reacting
an isohutane stream with a process stream Lcont ining butene, under alk-ylation conditions wherein the
isobutane and buteie2id SRPAEIIBHRTILER 'z?hc Hie Product in the presence of a. |

chloroalundnatg ionic:ligtid satalyst-camprisingryuitiidsuhstiised pyridiniunecileioaksminate or an

o

alkyl. substituted imidazolium chlororal.uminate of the ggl}%ral fgrmu{qu st'ﬁ‘g gn"d %&g%svgectively, where
R=H, methyl, ethytherpiyRBRtfE pRtaA b7 RG-S a5 RS9 Re i BBpit bury T pentyl. or hexyl

 group, X is a chlorgalyminate.AndRhand R2-Tad1. methyl., ethyl, propyl, butyl., pentyl or hexyl group
“and where R, R', and R2 may or may not he the same; and b. separating out the jet fuel from the

alkylate produc, whereln. e jetiuel meRinas balipadintpiashReiplcemalecagintiteat of
combustion, ana reeze point requirements for Jet A-1 fuel BRIEF DESCRIETtONI OF THE

DRAWNGS FIGILIEE d,illustrates:vel, 10-nailingtpoiftodess stream containing butene wnder

' alkylation conditions wherein the isobutane and butene are alkcylated to
produce ap alicylate product in the presence of a chicroaluminate ionic liquid
catalyst comprising an alkyl substituted pyridininm chioroaluminate or an
alkyl substituted imidazolium chlororatunsinate of the general formulas A and

B, respectively,

R R
P
) - .
2 X \—/
X
R
A B

where R=H, methyl, sthyl, propyl, butyl, penty! or hexyl group, &K’ =H, methyl,
ethyl, propyl, butyl, pentyl or hexyl group, X is a chloroaluminate, and Ry and
Ry=H, methyl, ethyl, propyi, butyl, penty! or hexyl group and where R, R', By
and Ro may or may not be the same; and

b. separating out the jet fuel from the alkylate product, wherein the jet fuel meet
¢he boiling point, flash point, smoke point, heat of combustion, and freeze

point requirements for Jet A-1 fuel.
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d by theVP =-0,035 x (50 FIGURE 2plot of the molar ratithe. SC analysis of the wt%content in the
alicylate. DETAILED DESCRPT.ON :F THE INVENTION Der The term "comprising" means including
the elementsp hat are identified foliowino that term, but any such elements or steps exhaustive; and an
embodiment may include other elements or steps. die distillate" is a hydrocarbon product
having a boiling rang between 2g0E¢0-13046 (326Gt pIBLE [TRetemmiddle distill he diesel,
heating oil, jet fuel, and kerosefi& boiling ran include a portion of naphtha or light oil. A "naphtha"
hyd.ocSbcn produt..havinga boiling range400T (35"C to 204C).oil" is a heavier '
hydroca'bQ”“EM@YW&&&@Q%@QQ@ QOT(3150 e highetioh: Vel ist BydiBarbon product
having a boiling range In the jgtufqlel;boijj%g range. The term ")et fuel boiling WO
2010/014535P €T3 82809/DE 825 rafigetretSr to hydrocarbonsngen 280F and

FIGURE 2 is & piot of the molar ralie of olefin fo HOE the GO anglysiz of
the widh G100+ content in the albylate.

 DETAILED DESCRIPTION OF THE INVENTION

Dafinitions: |

The tarm “oomprising” means including the slements of steps that are
identified faliowing that term, bl any such alementa:or steps are not’
;é&ha’uﬁﬁm and an smbodiment may includs other slemeanis or steps.

A "riddle distilate” is a hydrocarbon product having a bolling range
fstwean ZE0°F tu 1100°F (121°C fo 583°C) . The term "middie distitate”
ncludes the dfiésail weating off, jet fusl, and kerosene boiling range fractions.
{may also include 2 portion of naphths of ight ol A “naphiha’ s e ighter
hydrocsrbon ;;smiimm@iag a bafling range betwesn 1 Q0°F 1o 400°F (38°C to
.2’6}.&“{:}. A “fight off” i & heavier hydrocarbon product Ranving & bolling rangs
"‘Etiét'&iai.“‘ﬁ'ﬁ near SROF{318°C) or highar. A ‘et fuel’ & & hydrocarbon product
having & boling range In the jat fue! bolling range. The term ‘et fuel bolling

ib



572F (138C and 30The term "diesel fuel boilirrefers to hydrocarbons having a boiling range between
250F and ioorr (121C and 538"C). The term.light oil boilingrefers hydrocar‘t:)%r 2&2)%31) 8%)oiling range
between 680 RMHU4TST (316" CThe "boiling he 10 vog point to the finalBo! E]E% end points, as
measured by ASTMD A "middle distillate blending _%omp‘onenLé_;fig}%;a_m:id_{rj%ﬁi istillate, suitable for b
ding into a hydideaRh &R HioHL BFRTEERI e SIRYE SR AR R LBIHE BRRRERG tOMponEnt” may be either
a gas naphthadweocarsen pregdactsaitable: ferblediingt iftel & glnqli@asslingtis &liquid hydrocarbon
used as a fuel in internal combustion

n inte | ngines.. \ "low valatility gasqlipe.hlepding.component' is a
naphtha hydroB4rBRHTEaEHHAVY gcﬁi&ﬁn??gﬁ' | “B‘gﬁggng %O%Ig?ci)? %‘g %3@ ?(?‘i% and a Reid
Vapor Pressurgs25.p3ha kize), tileissi buting eanlpad it thel ReidosporPhréssigeis less thn an

ount defined by the equation RVP = -0, X (30 yohboiling.peint, Gl 8:@ninpsk, «, i Akyr means a
linear satu rate)é?ﬂ%ﬁg?ﬁ%%th}%ﬂ reoaégr% c?’r?%a& 10 %%% h&?ié?%??o%gﬁgﬁ% %’F'aﬁ%qgﬁgﬁaturated
monovalent hydrogalbo theatitatof thedi torsighte dhsoinatdraking jorstdBibBdImEnt the alkyl groups
are methyl. Examples oLalky graupsnelude-butarenel e ipogeupaanethyl,such asethyl,
n-propyl, isopropyl, n-butyl, isobutyl,tyl, t-butyl, n-perityl, and the like. 'U,n;uggﬁorted" means that he
catalyst or the halide &cHediRgE EIIRIIS FOPSTETREIFI NS A FHBNEGHORRIEt material,
such as non-basiasiord Te siethad Reseraonsi AP Geny sl biASTMRAATA (Reapproved
2006) ASTM D 1298-99 (Reapproved 2005  Density is measutrhedr%y ASTM 0 1298-9 (Reaproved 20
4052-98 (Reapproved 26657 DRI epIREd IR gt TaY be einer

naphtha hydrogarbon product sulfable jor blending Into a gasciine. “Gasofine”

gesulnp or 8

is @ Houid hydrocarbon used ag afusl In intsrnsl cgmm@ﬁma SNGIISE..

A “tow volatity gasoline blending samponent” isa naphihea
nydrocarbon product having a bolling range batwesn 100°F fo 380°F (38°C o
163°C) and & Reid Vapor Pressurs of 2.5 psi (17.2 kPa) or less. I one
smbadimant the Reid Vapor Prassire & less than an amount defined by the
enuation RVP = -0.038 « (50 vol¥: builing point, "C) + 5.8, it pst.

"Adlepl” mesns a lnear ssiurated monovalent hydrocarbon radiosl of
pne to six carbon atoms or 2 branched saturatad monovatent hydmoarhon
radival of three to eight varbon stoms. In oneembodiment, the alkyl groups
are mathyl Bxamples of siky! groups include, but are not imited 1o, groups
such as mathyl, ethyl, n-propyl, isopropyl, n-bulyl, isohutyl, sec-bulyl b,
a-pantyd, and the ke,

“Unsupported” means that the catalyst or the halide containing additive
Bnolons ?é}%@;ﬁ'm movaabls bed of solid nontact matedal, such as non-basic
refractory material, ¢.4., silica,

Test Methed Deseriptons:

AP Gravity is measired By ASTM D 287-82 {Reapproved 2006} or
ASTH D 1358-88 (Reapproved 2008).

Clansity s measured by ASTM D 1268-90 (Reaproved 2005} or ASTM
D 4082-98 (Reapproved 2002). Density is reported in gfmi, al the referance

temperature In°F.



temperature in "F. WO 2010/014535PCT/US2009/051825 The test methods used for boiling range
distribution compositions.in this disclosure are ASTM D 2887-06a and ASTM D 6355-98%, The test

method is f&¥feAHH ¢ Arein as "IE3imDistn, The boiling range distributior; ST AINATON by distillation
is simulated by the use of gas chromatography. The boiling range distributions obtained by this test
method ae essentiallyf 8§ isaIBRS IoSEBDRINSHBY RSB 8%%%??1‘%0I§39distiHation (ee ASTM
Test Method D,2802)s/Hhak8 1ok equivalent tod Rermiply pificiarpy sistilaionsi>asasdhose
obtained with ASTM Test Methods 0 86 or D .,11@9. “Be‘&yapclf Prgsig,ire %Vg) is measured
irectly by ATM G 53 b7 eRies iR 6oeR 996 VRISt Brestlh iﬁ?v ;‘% CAlciSted%rom the boiling
range data obtgiget:iaasehremategr aghyicTheisalculathatis:ddscriedsia tHga&S FM special
publication by de Bruine, W,, and.Ellison, R.J" "Calculation .of / \ 1Q 86- iStillation and
Reid Vapor PréSSaratd&h¥oli getagé)él} BT Eh 8%%%%%%‘5’%%‘%%@0 ﬁ%%%%é%@%%l%, Jan
To convert Reigryagacprassuse skprassedinpsicniaitipl thdreshinibiysa@obibii-the Reid vapor
pressure in kPa, Tatal weight percents,of N RYElk and.oitragen (CliDis.gatepmained with a
Carlo Erba 11(5%‘%%% ﬁf&%&%ggﬁﬁ?&g@%}%ﬁ%ﬁ %r%%;héﬂé%%??(%%%lig%é%t%q%ggg by oxidative
combus and cHemdlirmirdBtiency ﬁ'@ﬁﬁﬁ%ﬁfl@%%&Wd@@@%@@@?@%‘lﬁ?%ﬁ%ﬁ%yy@ﬁ aviolet fluoreby
ASTNI 5453-0%&@@@ Ratispneasured in maH scale closed-cup apparatus by D 07a. Smoke

Point is measured by 0 1322 -'97§‘(Reabprov_eg 2002)&1. Cloud, Point js measured by ASTM D
5773-07. Freeze Poinﬁ@@ﬁé@&fr@é@%&gfﬁliﬁ%wi‘éﬁ%%ﬁfﬁﬁ%iégd%%séi %O%giﬁﬁ%geasured by

ASTM D 445-06,iEhe Mek teak of Gambustionestimaeriby ASTM:G 33repostodimpotngiullb and

Moiormethod SEERPRIELFHORG eomEearapty OThe A IHRE(E Soldrmaa i fgmponents. The

ASTM shedial publication by de Brulne, W., and Efison, R.d., “Calculation of
ASTM Method [ B8-87 Distillation and Reid Vapor Pressure of a Gasoling
fror the Gas-Liguid Chroratographia True Boiling Folnt, STRIS51ES, Jan
1878, To c:c:_:mgeﬁ Redd vapor prassure expressed in pal, multiply the result by
8 BE5 o obtain the Reld vapor prassurs in kPa.

Total weight percents of carbon, hydrogan, and nitrogen (CHN) s
determined with & Carlo Erba 1108 Analyzer by ASTM D 828102
{Reapproved 20073,

Low level nifrogan i separately determined by gattdative combusgtion
and chemiluminescence by D 4628 - 02 (Reapproved 2007). Sulfur is
measured by uliravicist Suorssoenos by ASTM B453-08a.

Flash Point s measurad I g small soale closed-cup &g&gﬁamt&@ by D
3828072 Smoks Point is measured by D 1322 — 97 {Respproved 2002)e1.
Clotid Poird is measured by ASTM D 577307, Frasze Foint s maasured by
ASTH D 5672-05, Kinematic viscosity 56-20°C is measured by ASTM D 445-
08, The Net Heat of Combustion is estimated by ABTM D 3338-08, and
repoted i both Blu/th and Mk,

Different methods are ﬁsé‘ﬁ_ for calculating octane numbers of fusls or
fuel Hend componerits. The Motor-methed octane number (MON] i
tﬁa’i@mﬁnﬁ;ﬁ using ASTM D 2700-07h. The Resegrch-method oalang numbsr
[RON) i determined using ASTM D 2608-07a. MOM and RON both employ

L3
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dSterv ed using ASTM D 2700-07b.. The Research-method octane number (RON determined using
ASTM 0 2699-07a. MON and RON both employ the standard Cooperative Fuel Research (CFR)
knock-test engingoAtdionally, the Research-method octane number may BE ¢RI HARETRON (GC)}
from gas chromatography boiling range distribution data, The RON  calculation is described in the
publication, Antlerstada@, (Blvakeyive, MushRewaksh, I PR Jotrkder stitgiasof Petroleum”, 58 (560),

B3 (1972). The Caleulaled Gelansodex pCalciele AScRINRG: 1 ASTMOUTAT: ke volte o the
differentnumbers C10+, ClI

17+, C27+, C43+, and C55+) in the hydrocarbons is determined from the
ASTM D 2887 bofilid:poirtetShspraoasagmebnemy e S idesnity pomE8paraffins with
different carbonambgrsiinhe.contexetthississliasusaithe volteebG 16+ fonexample, is the vol%
of the hydrocarbon product that boils above C9 paraffin, or above 304 (_151%\). 'J;R? ﬁ\(/f)loo of C11+, for
example, is the P oF SIS rbdR BrSHICFTHACHIIE HE36& 8 107 PArkthh, & 7d 345F
(174"C), The volume gf@55gi-{asexpstiends: tiey alde0f thedry deeeadhon prodiititiat Tgills above
054 paraffin, or above 1098T (592°C)" NIVR BRANCHING ANALYSIS The MAR branching
properties of thed amples were obtained on a 500 MHz Bruker AVANCE spectrometer operating at
500.116 MHz and using4 Q8% altition Siin-GRCI3: Wdirspectiewdieidhtaiiedtuhderqiatitative

it e SISt O R B S R VAT oy o

signal-to-noise an internal refefence. Irogen atom types were
defined accordibgitogimeifaidibing tadmiskicshi felionsg G Opibm pafamine Brsmethyl hydrogen
1.0-1.4 ppm pagaffipic. CHiz metylene hydiogen.L.4:2. 1.nam parallinis (R mecbingdwdrogen 2,14,0

ppm hydrogen g%a_-posmon to aromatic ring or olefinic carbon 4.0-6.0 ppm hydrogen on olefinic carbon
atoms 6.0-9,0 p¥ngtivogen Bif areimaie. iy volThel NRR Branahg Rdeird Bt aigd as the
ratio in percent of ponbenzylicawvishvdihyekagenin e renga et Q5190 & 0 ppe) Rhemigabehift to the
total non-benzylic aliphagjc hydrogen in the range of %B_Ato_zjf‘m-rn c%r?écal %tg{;t The Chia to
CH2 hydrogen [afioss Hes e 8 E M PEREP I pEREAT %F?%é’rﬁlzwg ViBVArGgEh in the range of
0.5 to 1.0 pprn gheical Hiftitosnan-bemg yhicumethyl e -hylnogesinithdy émg ecd %0dbiisd ppm

chemical shift hydtocarbon product that bolls above C54 paraffin, or above 1098°F (G82°C)

Carbon Bolling Point, | Boiling Point, |

Numbsr F } G
&8 A TTTTTE
618 T M7
¢t 385 % 198
&6 B4 TTTTEEY
47 576 a0z
£38 Fra AR
&57 781 453
¢4z 563 534
C43 1003 B 1
CE4 7568 553
£E8 1166 568

The extent of branching and branching position can be determined by
MR Branching Analysis,



The percent aromatic proton is defined as the percent aromatic hydrogen in the range 6.0 to 9.0 ppm
chemical shift among all the protons in the range 0.5 to 9.0 ppm chemical '?-B;Sz%(rz ﬁgf&%s for
Producing WifighetSidtifate In a first embodiment, there is provided gérocess or producing a
middie distillate comprising reacting a refinery stream containing isoldutane with a process stream
containing butene under alkytation conditions, wherein the isobutane and butene are aikylated to

produce an atkylate pr@ekichinate L M 204 9{04H85PCT/US2009/051825 presence of a

chioroaluminate ionic liquid catalyst. The ionic quUid cataly can comprise an alkyl substituted
pyridinium chloroaluminate or an alkyl substituted imidazolium chloroaluminate of the general formulas

A ar;wdlB, hir|1 the forngql@lqﬁ;@@g;lém%:E&@@Wﬂ%&ﬂfﬁhﬁmﬁwmﬁ-{mwgmexyleg&iﬁp, R'=1-1,
methyl, ethyl. propyt butyl, pen exyl group. X is a chloroalyminate .ar E &PQ are H,
methyl, ethyl., %ﬁﬁﬁfﬁhﬁﬂ’%@r‘%ﬁ%@ﬁggﬁgﬁg J ioRic |§ﬁ%”§§§@éﬁ%ﬁ§%ﬁom})ﬁ;% a derivative of
either of the strugiiressARHEIOWhithsareios mare ofittidirogees perasHatihvgirestiyitsraarbon in the
ring has been replaced by an alkyl.group. In.the formulas A and 8:.R.R1 and REzmay ar saay not be
the same. Alteﬁgiﬁge%g} tﬁ%%%%c%é%d%%a‘ﬁét?g a éh#o%f%;%ﬁrr%iatg lonic liquid having the general
formula RR' Redfetre AJR0d BianhbieinoRR wie ') A RURAGISEIsHBonS HiAis¥RiESdmentd also
comprises sepakatng oult the mie istillate. fromsthe alkylagiprodychavhersinribe:aerasated middle
distillate fractionE?F"oFgﬁ“%f,t‘!)&é}/%[g}c>'r%{rEt Pgn!g %%of thé total afkylate =~ second embodiment, here is
provided a pro¢&s’ fagisfodu middle distillate or middle distillate blending component, comprising

contacting a fe%db‘iﬂ mg&ggcéy%gﬁggﬂgﬂqﬂ Zoneradaligwation conditions, and recovering an effluent
comprising an alkylated product with defined " . -
1.0-1.4 pom paralfinie CHy methylene hydrogen

1.4-2.1 ppen. parafiinic GH methine hydragen
2440 ppm hydrogen at a-position to stomalic ting or vlefinic carbon
4.0-8.0 ppm hydrogen on olefinio carbon atoms

6.0-0.0 ppm hydragen on aromatic tings

The NMR Branching Indey is calouiatad as the retio in peroant of non-
i:;ﬁnzyi'i# methyl hydrogers iy the rangs of 0.5 1o 1.0 ppm cherical shift, o the
total non-benaylic afiphatic hydrogen in the rangs of 0.5 10 2.7 ppm chamical
ghifl.

The CHs to O hydtogen ratio s defined as the ratio in percent of
nonchenzylic methy! hydrogen in the rangs of 0.5 to 1.0 ppm chemical shift, fo

| non-bereylic methylens hydrogen in the range 1.0 to 1.4 ppm chemical shift

The percent swomatic proton is defined as thee perosnt gromalic
nydrogen in the range 6.0 to 8.0 ppm chemical shitt among all the protons in
the range 0.5 to 8.0 ppm chemical shift

Processes for Producing Middle Cistiliate,
iy & first ambodiment, theve s provided a process for producing &

middie distifiate comprising reacting 8 refinery stream containing laspbutane
with & pronsss stream containing butene under aliiylation cenditions, wharsin
the isobutane and biisne are alkylated 1o produce an aliylate product i the

B



carbon number distrib olefin, an isoparaffin, and le liquid alkylation zone has an acidic product has
greater than 30 vol",/ mbodiments the alkylated product bodiment, the feed comBri es an
oligorneriz88MHI R ionic aloalurninate ionic liquid. The alkylated and feS&thaR Y64 055-t. In
some r than 30 vol% 0.11+, for WO 2010/014535PCT/USZ 03{0%1?%25 "Q%eﬁ%}reﬁa (%than 40 vat%
or greater thanFSEESPENTCR FHOTORSTERA  APRUSHD FERESH cAHSoR AR S RVE Grbons or less.
in some embodimentsshete sarheinewligomarizetoiafin ithtbenédecki:Bépanating:ibah be done by any
number of processes well known in the art, and in one embodiment distillation, such as
vacuum or atmespHEHIEHi SRR Cfﬁ%‘?ﬁ?ﬁﬁ"éﬁ%ﬁc&?ﬂggﬁﬁﬁﬁ‘e@%@%@\% bé%i'agég)%’ess for
producing a middle distillate or middle distillate blending component;jgomprising the steps of providing
a feed, mixing the feed with an isoparafff to make a mixed feed, atkylating the mixed feed in an ionic
liquid alkylation zone, and sepgggii the middle distillate or the rdiddle distillate blending component
e

from the alkylated product. g J used is one promd. & F aEker comprising olefins. The

middle distillate or the middl¢ distillate, blending components ter than 30 vot% C10+, less than
1 vol% C55+, and a cloud poirtdgss than - 50C. in som&embgdithents the alkylated product has
greater than 30 vol% 011+, for gxampPig greater than 40 voi% or greater than 50 voi% 011+, The
alkylation conditions are selectddito provide the desired product yields and quality. The alkylation
reaction is generally carried out ipya liquid hydrocarbon phase, ##a batch system, a semi-batch
system, or a coifti§stis®ystem. Catalyst voluine in the alkylation reactor is in the range of 1 vol% to
80 vot%, for example from 2 vol*.k. to 70 vork, from 3 vol% to 50 vol%, or from 5v% to 25 voi%. In

some embodiments: vigorous mixing can he used tq provid d contact pefwee >actants and
the catalyst. The alkylﬁiig??rﬁﬁ@féﬁgé%ﬁéé%ua ‘8‘3%*6%‘_“%?%‘%?%@1? ?:r%?r% %%%!‘tg %{géﬁél?such as
-20C to 100PC pekl Bt oS 0RGEH] hespirgsstine! carubelin thel rargtyforharh gsphipricipressure to 8000

resitence ime O AL T e TeAtAdh Cavbb e Eangs ol b s B o A o e o
residence timesithat cancpe tisedeiniclligeio Sxaipsornap s, SriATeI2gPvR TR ’BITB® min, and 2
1t chi be in & e SO IS B0 s 20 B 00 s ph S0 D b o 40 wivb,or 20
to 40 wt% of thelteribalitaeban in the ring has bean raptaond by an alkyl graup, inthe

formulas A and B R R, By and Rp may of may not be the seme.

ﬁ%&emaéivéiy the fonie liguid catalyst s a s;%‘:ém‘aa'imﬁinataii&tx%a-_'éiggid' hawing

the general formuls RETR" K H® ALGY, whersin RR and R are alkyl groups

containing o 12 carbons.  In this embodiment the method also comprises

s&gsazﬁa;ﬁég out the middie distifiate from the alkylate produch, wherein the

saparated middie distilate fraction i from 20 wi% of higher of the totad

alvlate produch |

Iry 2 second embodiment, there is provided a procsss for producing a

rricidle ﬁé_iﬁﬁéitﬁ%@ or middle distiiate pending componand, comgrising

contanting a feed in an ionic iguid aliylation zone, atalkylation conditions,

and recovering anefffuent comprising an alkylated produst with defined

carbon number distribution. 10 this embadiment, the feed comprisaes an

ééé&f‘iﬁ, an isoparaffin, and less than § wi¥ pligomerized clefin, The lonie

tiguid alolation zong hes a0 scidic haloaluminets onic guid, The slkylated

g%ﬁaﬁmi Ras grestar than 30 val% C10+ and less than 1 vol% C55+ In some

srhodiments the sikylated product has greater than 30 vol%% G, for

-

.'M{} -’



product, WO 2010/014535PCT/US2009/051825 In one embodiment, the isobutane stream is
from a refinery. from Fischer-Tropsch process, or is a mixture thereof. Slmm ) gsagidies of is
butane and¥fbit&PETEEne are produced in refinery hydroconversion processes, for example
hydrocracking and catalytic reforming. The isobutane stream.may,be t{ Gt ed from the products of
the refinery hygrassHIeIEBIDEGEEER % ot RTAEY D %_ ‘“tgéfnrge{g]%%{fégé ?n’ 'pﬁ?%y%%m%&aﬂon of
normal butaney..« $8eNeieMhedimantiaslesdizectind)B6765685 BNtk 85743962, the isobutane

stream is obtained from a Fischer-Tropsch pracess by subiecting a.Eischer-Er ﬁ%g chdetkied
hydrocarbon ARSI EEHarBtr Aty y(ﬁ?%é}?%@ﬁ%&ﬁéj(%% %\{V%)%%%B%%o_m‘ 'lna_ti.o% thereofi. and
recovering a fragtigmeantaining atieastiabout SGw e isuhttaht the 3, gl diibBdiment, the process

stream containing butene s from a refinery, fram.a Eischer; Ttopsch-Rrocsssi-Qhisigamixture thereof. In
another embocﬁﬁ%ﬁ‘ﬁ the rgrgﬁgss%ﬁgé{%%khtaiuﬁfng u'tené is at least pgrtially_a separated fraction

from crude oil. The ploce§sstratebnembibybeere 2dABLOBIGREE SR HEGE8KNg of long chain
hydrocarbons, %{%ﬁé‘%ﬁ%ﬁ%bﬁ Q0810 RAY WA RIRSeSINGHGIN g stegmiatatiengathermal
Viic

cracking, or caia cracking of long chain hydrocarbons, In one g_,\mbodiéréent the grOﬁeSﬁ stream
containing buteri@is fidnnareeradrashtEAdamsH EHbBRIMRRTIRED IO BES S LR é%) ftaiing butene
is from a Fischg;@@w{g&r@g@,@% Brogessisteam Mayctmpiisesadrischerdmipeehitail gas or a

separated stream from tail gas. Some Fischer-Tropsch pracesses.as thoss tin EPQ216972A1,
are known to pryEdEe PrEERIRREHIR B %Fé’l#ﬁgﬁz %@EFggﬁé" %ﬂrﬁ%%%ﬁgr?%jr?ﬁ%uég%#%ﬁ%o the butene
fraction in the pregess Straam:maydelincreased iy didierziRg thre@thy s i R seABRsTropsch or
petroleum derived hydrocarbon, Processes. for. daing.this are. ibed. for example. il S5994601.
In another embb %ﬁt’%&%‘%%%gsg’fs%?%éﬁ%@%%ﬁ%niw%ll l%%g @rﬁggﬁ‘ E);){/? tr%);tin "'éﬁﬂg;ﬁfocarbon
stream comprisingG3- Gl efirts-aieb alttamol withiaGidhydasgbn irbrserz At dseaiiist which converts
the aikanois to glefins.and Isorneri 16.04.0lefin,:. ples,of Eecassesyiede this:-arg taught in
U86768035 an§%§6fﬁﬁ§§? 'aﬂ%l%%%}ho é’?%%i%ig%%igg?gaﬁin to olefic%?du_rirl‘g [;L"I? processes of this
invention can varyieveénmehronpieaige e dherah) eYinalar raien i wnRe Mot fom 0.51 to 100:1.
For example, in different.embadiments thednolard atig-efdsopaseinitoinleiads fopctiduo 50:1, 1.1;1

to 10;1, or 11:1 to 20:1. Lower isoparaffin to olefin malar ratios _xvill.ggng to produce i.hggger yield of
higher moleculaﬁ%gﬁﬂ%ﬁ@ﬁ%préﬁﬁ%ﬁmmﬁ%*%ﬁﬁgﬁ%ﬁi%hcé‘“ﬁw‘l RIS the middle

el T Ot i, bt
fuel b%illoing ran@é’?ﬁ%?ﬁs%%%é%&i’ﬁ%&n Wdﬁgkg%%%%&ﬁé\%é% %%gﬁg{%}gagc%%% [\%v%%ggling pointh in
the jet fuel boiling kange Meetstheiboiing pouttdiash pointe stokedpoiiit ed&foftBmbULESh, and
i the ot foel bONTE Falto8 hA B VIR B ST e B etos o 5 S i A2 oreater than.
70, greater thary7ayice enen gregtrt theim@an The MIMEEBIARKIGITRR Y eheraflE8han 90.

regction lemparaturs can be in therange from S0°C {0 15070, such as -20°0

fo 100°C, or ~15°C 10 50°C. The pressure can be i the range fom

strospherie pressure 1o 8000 kPa In ong-embodiment the pressure i kapt

sufficiant to kesp the raactants in the Hguid phage. The residence thme of

reactants i the reactor zan be in the range of & second to 360 howrs,

Examples of residence times that can be used inchids 0.5 min to 120 min, 1

in 5 120 min, 1 min o 80 min, and 2 min to 30 min,

i one embodiment, the separated middia distiliate fraction s not the
antice fraction. 1t can be in a renge fram 2040 80 wi%, 28 1o 80 wi%, 20 10 50

Wi, 20 to 5O With, B0 to 40 wi%, or 22 to 40 with of the total alkylate

wraduct,



The level and type of branching in the middle distillate can be selected to give improved properties.
The level of branching and 0I-13/0H2 hydrogen ratio can be controlled b)é@.gm?]glégﬁégvel of the
halide cont&iRitfj4Hdive. In some embodiments, a high branching index raises the flash point of the

middle distillate. In other embodiments, a high CH3fCHZ hydragen, ratio lawers th ze point of the
middle distillate. 3%%%%Wéﬁtfﬁé§°§§%%ﬁé{ﬁégﬁg ﬁ%g%%éé%syéwagza?t%%a ly produces a
low volatility gasgling-hlending serspenentivadertenatmcentitdussiheloiveolaiity §asoline blending
component has a Reid Vapor Pres *‘re"less than 2.2 psi; (15, 2:KP; Jess.than-the. amount defined by
the equation: @W@%ﬁ&s@%@%%%%%lﬁ%%gﬁ%ﬁ%% ﬁ%%gs;i.‘g'?#?e éha'rt of this equation is
shown in Figurgrdaskeeonve s petikipaimmiiplinthendsattyts 55w, Tha
20101014535PCT/US2009/051825 uid alkylation preduces.an alkylate-pradustihaming a low level of
fins, even withyRRREOtonal "ﬁ?/g?%;:?rrl%%!g%%%g{%%one__gar%%o_dimen’tl the alkylate product, or
separated fractigtirthereaf;siovtpsusietinss THA VS BECIEIMHE P besslBhAESSSuch as less than 3

US Patent Pgb}%&%%ﬁ;&i\g&ﬂu%%%g%%{g%&fuIIy incorporated herein. lonic liquid alkylation:
produces a high'yield of atky

ath product based on the amount of olefin in the feed.to.the ionic liquid
alkylation reactor. Forﬁémﬁ@}ﬁﬁ@ﬁ@@h%éﬁﬁ%@ﬁ?ﬁ%?igﬁﬁ%ﬁgﬁﬂét@iﬁ%ﬂoﬁ?g%é%%e%‘? the amount
of olefin suppliegd o the.iopicliquid seastarby.at leassetmer Brnpedimentstheld nftatigllateacan be at
least tiAiid timesa'weiq_~  mount of le m(guyggllth the .|og|gdgggl_d}%%%cﬁgﬁgg§;j{ _%g%t
enbothments théaRTSUHEBFETEAR SFb et S BB T0nEMGI A réacior C the anToun olblefift in the
process Strea%WM%giagm%dh@samm plotefindndine foedr8ypplfattptheciciiofiguid
alkylation zone, the amogun qQf olefin | hu _ ah!){,ﬁol_rocarbon steam rth ionic liquid catalyst, the mount of

olefin in the fect FEthiaaY "“éﬁ.:fﬁ’tr‘"éali%?gr%or |

nohe embodiment, the process sirsam pontaiing butens s from 8
sfinery, from & Fischer-Tropsch prossss, of s a miture thereof. in another
embodiment the process sirsam pontaining bulene 1§ ot least parlially a
sepavated faction from crude off. The pradess sireany containing butenea can
e abtainsd from the ormcking of long chaln hydrogarbons, Cracking may be
done by any known process, including steam cracking, thermal cracking, of
satalytic cracking of long ohisin hydrocatbons. 1 one smbadiment the
process strsam containing butens s from a FG wracker,

in snother ermbodimaent the process straarm containing butena s from 2
Figcher Tropech process,  The process siream may Q@ﬁ"&;}%ﬁé@ a Flsohere
Tropsch tail gas or & separaled siream from fall gog. -Some Fischer-Tropsch
;}:’éﬁ&s&ﬁs,, s.a}f:;h as those taught in EROZTEET2A1, ate known to produce
;;radam_iném%y L3008 oleling,

i one ambodimant the amount of the butene fraction in the process
siream may be increased by dimetizing he sthylene in & Fisches-Tropsch or
petrolaum Saréy‘aﬁﬁ hydrocarbon, Processes for doing this are desoribed, Tor
sxample, in LISS804601.

in another emboediment, the process straam sontaining bulens 18 made
by treating & hydrecarbon stream somprising C3-C4 cdefing and atkanol with a
dehydrationfsomsrization catalyst which converts the alkanols b elefing and



ixed feed supplied to the ionic liquid aikylation zone, IONIC QUID CATALYST The io c liquid
catalyst is composed of at. least two components which form a complex E%g %E%cstlg%at alkylation
the ionic ligti ¥AENABS acidic, The acidic ionic liquid catalyst comprised & first component and a

second component The first component of the c%tal st will t %isfally C i[lg_&tp;ris_;e a _I*_ea/hgis Acidic compound
selected from tomipsHentdsueh aElewBREHE TG @rgﬁg S8 taE i dlding aluminum

halides, alkyl halige:-galiun halidey anwbatkyl gallium halide (see International Union of Pure and
Applied Chemistry (IUPAG), version3, Qctober 2005, for. Group 13 metals of the periadic table), Other
Lewis Acidic compounds BedRid@tRose  HRErBHp % ﬂi%%fg@o H%'P Q%‘?ﬁé‘e":&?‘é‘?’ na%%h%%embodiment the
first componenis.akmainuanhalide;asalidyatdmingsa, halide: For Sarmple, aitiminitichloride may be
used as the first component for. preparing.the ionic liquid gat WO fimants the
2010/014535P’@Pﬁ§§§ @?b?&iggiégsge’cc%r% %3%{% !F?‘é%%r%!g%’r?gf%p tthiig} ggtﬁly’s?is an organic salt
or mixture of salsisFhese shitemayihe chakdindstzom By the §8reralforinula:d+98-} wWhitein 0+
isonium, phosphienium, borenium, wdanim,.or sulfonium calianand A-ds.anedativalygharged ion
such as CIN%%FWg?%%%g@%%E?%E#FG TaF6-, CuCl2-SOSCF3-, Spr%)hei one
embodimentsegi@it] thmporenpisserctsknb AGEE REvHI§Faternary ammonium halides containing

one or more Ikyl m°‘%§§&_@¥%&mﬁ:ﬁ@_ﬁ%ﬂ{@ AhoutUsahas alamsrauchk asstlbrexample,
trimethylamine hydrochloride, rnethyltributyiammoiyridinium, or hydrocarbyl substituted imidazolium
halides, such a%i?ﬁ@?iWﬁﬁ?@?ﬁ@h{fﬁ@ﬁﬁ&%ﬁﬁ&ﬁ%ﬁiﬁh%%%%ﬁ%%% Bife %Wﬁﬁgﬁrﬁeﬁt the ionic
liquid catalyst is,a-chigraaiupinate ipnqliguidihaving tHieg endtal famusla RRIRSMHLAIZC wherein
i acic naloA RAHATAOIRG AP HE 0 AR T B Be ey o oSl B oy
substit imidazoliguelimaliminatersttbergiimalfanigiiak=nidreidisduitiod prévioiskieThe
Groater the motSTAtE BT b e S e ot the o
liquid mi HALIDE@GENTANNING ABRsTIVE! requiramants for Jet A1 Tusl,
In one embodiment, the light fraction with bofling points in the jet fusl
toiling range has 8 NMR branching index greater than 80, greater than 85,
greater than 70, greater than 72, or even greater than 73, The NI
branching hdes s ganerally less than QU
| The fave! and lype of branching in the middie distillate c&ﬁ'tsﬁ setecied
1o give improved properties. The fvel of branching and OHS/OHZ hydragen
fatia can he controfled by adjusting the iewal of the halide containing sdditive.
in some smbadiments, 2 high branching index raises the flash point of the
middie distiiate. In other embodiments, & kigh CHIICH2 hydrogen ratio
iowars the freere point of the middie distifiate.
In one smbodieent, he separsting step iy the process additionally
pragduces 3 low volatiity gasoline blending somponent. Under certain
é{méi’iims the low volalifty gasoline blending companent hes a Reld Vapor
Pr&s@u;‘é less than 2.2 psl (15.2 kPa) or less than the amount dafined by the
equstion RYP =0 038 x (80 \&:}E% boiling point, *C)+ 5.8 in psi. The chart
of this suuation is shown i1 Figure 1. To convert pel to kPa, mulliply the
rmsull by 8.588.



in one embodiment, a halideg additive is present during the reacting. The halide containing additlve
can be selected, and present at a level, to provide increased yield of the middle dlgtlg}latsei In this
embodmeﬁ%’@ﬁ@h‘é‘ﬁéﬁ%@ is performed with a halide contalnlng additive in"Sdditiéh 16 theFid catalyst

The halide containing additive can boost the overall chan é% selectlv c%g of ét;g
o}

liquid-based catalyst. ERENEIE BRNRIEE GREHARY %8 SUS GH hafide et allde and

combinations thereof, aRe.eRNediment:ithe hplide: beadfdronstethgcidn Emmples of Bronsted
acids are hdrochlonc . WO 2010/014535PCT/U82009/051§2 pgd{%br %%JQQ@_'F&@

3
iqui cat ysts is

tr. |f|uorornethaﬁ’@%‘ﬁ%?ﬁ@ﬁ%ﬁ““l’ﬁ%ﬁ%@&;ﬂgﬁdg Bb AR |ves wi h ionic
disclosed in U.g. sﬁu@@@%Pamﬁwwmﬁwwm@wwmwm%&w&e embodiment

the halide con ning additi elsgﬂ orln ed aikang sul haying the. generalformula. WO
2010/014535P & EJ%Q%O%j are ml’ie%lbS ngé%%ﬁn dlrﬁte%r%}the Ieveltothe%eparath overed,
middle distillatefraction b ttmm velvsesEratdty asates HHR 0 Br onRivaEBCRSHE embodirhe

At of C43+in the.s Lsg [ d.distillate fiathas less thampyelle B4tk as. less than rol%,
less than 0,5\ )ﬁ%ér orig ?r‘?tcg;t%}éﬁergnbod*ment the se ara%ed middle dior mlddI%dlstl
fonic Hquid alkvtation produces 3 bigh vield of alkylate product based

on the amount of olefits in the feed 1o the Tonc fuid alkylation reactor, For
example, it one embodiment the yield of aliiylated product exceeds the
amount of olefin supplied o the onis lguld reactor by at lessd 30w in
other embodiments the visld of aliylate can be atleastiwe Umes on & waight
hasis of fhe amount of olefin supplisd 10 the fonie liguid reactor, by ofifferant

embodiments, the smount of tlefin supiplied fo the fonic Hotd reactor can be
he smount of Slefinin the process stream containing buteng, the gount of

olefin in the feed supp ted o the lonie fnuid alkylation zone, the amount of

glefin in the hydrocarbon steam reacted by thelonic i;c:gxﬁ.ﬁﬁ {:ataiy&%, the
amount of olefin in the feed producad in o FCG reactor, or the amount of tlelin
in & mixed feed supplisd to the jonic lguid allylation sone.

IOMIC LIGUHD CATALYST

The jonic ould catalyst s composad of ol least two components which
form 2 complex. T be effective st alkylation the lanio Houdd oatatyst is scitic,
The scidic lonie fiquid catalyst comprises & first compbnent and 3 seoond
sompenent. The first component of the catalyst wil typically comprise & Lewis
Acisis compound selected from components such 3 Lewis Agidic
compounds of Group 13 metaly, including a§um§mmha{igiﬁ$! alkyl abuminum
halide, gathium halide, and allyl galive hatide {see International Union of
Pure msﬁ Spplied Chamistry (JUPACY, version3, October 2008, for Group 13
matals of the petiadic tabl ei" Qiher Lawis Af:?-aiiaﬁamgmm&&hﬁs—s-i‘r;iaea those of
Group 13 fetals may sise be used, tn one embodiment the firsd campm&m et
sturminum halide or alkyl sluminum halide. For example, aluminum tickionde
may be used as the first sompanent for preparing the lonic tguid catalyst

. ‘f ﬂ e

w



the boiling point, flash point, smoke point, heat of rements for jet A-1 fuel, in the feed is low, generally
less t 1 olefin in the feed can be less than .4 iment there is no.oUomerized The processes described
above an a®éhy WétH&gasoline blending component and a middle distillBfel A e Mnhodiment of
a process to produce a gasoline blending component and a process comprises the steps of reacting
and separating bocilniét s rabetinp et orapinebEp FRECHTtE "BuvhRa8HEhM @it a process
stream Comai%}%&%&&%@%ﬁ%&&!@@%@iﬁﬂ@égvm@iﬁz@%@gmmg@ygm are alkylated to

produce an alkylate product in the presence of a thioroalurninate ionic liquid catalyst. The
chloroaluminatgsssreituradarmyarcsripriasah BIR SABSRRIWY TRt Rloroalurninate or an
alkyl substituted mdazaliusushigroalyminate:aihegenerat IO mulas:-A:ane B «adesrtibed prusly, in
the second embodiment, the reading step comprisa hydr: ,arg stregam.comprising, at least one olefin
having from 2 tgtch s Clad¥fofe hrathin "év% f?o#ldéga‘ Carbol gﬁ%mg@ﬁn gﬁ‘%ﬁc liquid
catalyst and a k@;@gm@ég_iagx@@dﬂh;egﬁﬁmct;r@ﬂéﬁﬁ@ﬁemuﬁbﬁi@tﬁf&khﬁi@t}i&h&ﬁﬁnéﬁolefin and the
at least one paraffin are ﬁ%}%l_atg | to proégu&%ﬁamb{gggrggélig& @Q@%nlh& géggggﬁg%oduces a low
volatility gasolir& VERARG LB RERETC FRTIREIEI SR T

guaternary armmanium halides containing one or more aly! moleties having

'fmr_ﬁ about 1 to about 8 varbon stoms, such as, for example, imethylamine

hydrochionds, methyitrbutylammoniam, T-butylpyridinium, or hydrocarbyl

‘subsfituted imidazolium halides, such as for exampls, -aihyh-3-methyl-

iridazolium chioride.  In one embodiment the-lonio liquid catalystis

chiaft;éi;_&miﬁaig innis Hguid having the general formiulg RRRYNH ALCE.

whersin RF® and R are alkyl groups containing 110 12 carbons. In one

&m{m{i?mﬁm the lorte Hguid catalyst is an scidic haloaluminate mic liguid,

such ss a0 alky) substitited pyridinium chiorgluminate or an alkyl substituted

imidaralium chinrosiumingte of the geperad formula A and B, as discussed

praviously.

The presence of the first companant should give thefonic fiquid a
L ewis or Frankin scidic character. Senarafly, the greater the mole ralio of the
first componentfo the sscond componant, the greater e ackiity of the lonic

fauid mixture.

HALIDE CONTAINING ADDITIVE

in one embodiment, a halide containing eddifive is present duting the -
raaching, The halide containing additive cam be selecled,; and present ata
teved, ié provide increased yield of the middle distilate. in this embodiment,
the reanting s performed with a halide containing additive in addition to the
fanie fiquid catalyst. The halide cortaining additive can boost the overall
acidity and change the selectivity of the lonic liquid-based catalyst. Examplas
of halide containing additives are hydrogen halids, metal halide, and’
sombinations thereel. In one embodimant, the Nalide containing additive may
he g Bronstad acld. Examples of Bronstad acids are hydrochlioric acid (HCH,

41 -



WO 2010/014535PCT/US2009/051825 todiment. the separatingseparates alkylate product, wherein

the separated nip wt% or higher of separated gasoline blending compongg&%&ﬁ%@zgf In the
second entBBditHENd e separating step separates the broad boiling alkyrate into at least the low

e SN A AR R

INng component has a boiling range

between 280F 19.572F 4 B8 ¢ 38T hniflashipoittigrtaiertsalvaoliddd. 4 ¢Bl6int less than

-50C a third embodiment, there is provided,a.prog H0UCHIG 84 4 SOHNg;Blending component
and a middle dig§ ﬁie’?‘%@r‘ﬁﬁ?@%@gﬁh5§§§’%§%§§%§ﬁe in an alkyiation reactor and blending

component ang:Hie aisiste tisthkaltathecedanite addbter. TR BIRGTERIGH A6 BRRusting the v of
the halide containing additive provided tg.the ionic liquid alkytation reactor shifts the selectivity towards
heavier produ&%‘%‘nr}%ﬁ‘g%l&]gtgeﬁ‘r%z uc%g “The hydrocarbon stream feed to any of these processes
can come fromrde oil, a reffhery, a Fischer-Tropsch process', or it can be a blend thereof. In one
embodiment, the hyCﬁ%GQLQOn str__ea_md of two streams, one stream comprising at least one olefin and
the second stream comprispgpat&fih. The processlimited to any spec tic hydrocarbon stream and is
2y compination I one emfsociment tYE RYEKb Barhin dle it cOln ARVLE 418 £ SSAALY bociment, he
hydrocarbonp(‘igsr%%gjs&%h;@pg%% aryl or a perfluoro alkoxy group.
Examplzs of metal halides that may be used are Nald, LIOHL KO
Balli2, {’aﬁfﬁ BaCiz, Sz, MgCR, PLl2, Culd, 2014 and AgCl s
desoribad by Roshuck and Bvering (Ind. Eng. Chem. Prod, Res, Develop,,
Yol 8, 77, “%I‘?}?{}}g tn one eymbodiment, the halide containing additive santaing
ong Csi* mﬁre 1‘&53 métat compounds, such 58 Zrew, ZrBrd, TICM, TICKR, Tige,
TIRG, HICHK, or HiBrd, as desaribad i&xf Hirschausr et 3L ULE, Pat Mo
5,038,024, | |
i one embodiment, the halide sontaining additive is present during the
reacting step at a level thal provides ncraased yield of the midcie diglittels,
Adiusting i’hés el of the halide pontaining additve level can change the: |
salectivity of tha sikylation reaction. For exarmple, when the level of the halide
containing additive, 2.9., '%xytﬁ_rcmhiwic anid, I agiusted lower, the selecthily of
the alkyiation reaction shifts towards producing heavier producis. Inope
ambodiment, the adjusiment in the levet of the halide containing additve to
?m@ﬁ#& .heaxe%ar products doss not iﬁ?ﬁ;;}ﬁ%}“ the concuirant production of ke
volatiity gasoline blending component. The gfacts of increasing the molar
ratio of olefin to HO inthe fead fo the lonio figuid reactor (adjusting the fsvel
in.i?‘.’fié hgfﬁfm%‘fém'ie::aeiﬁ lowert o the eld of G0+ products in the slkyials
srodiced ls demonstrated It FiG. 2.
in ane embodiment the halide containing additive io unsupporiad.
55 one embotiiment the separated, or recoversd, ricidie distillsle
fraafism.hasr greater than 30 val%h C10+ The middie tistilats can have even
higher levals of C10+ such as greater than 38 voith, graater thar 40 or §0
vol%. or sven greater than 80 voi%. The levels of very heavy 043+ oy £S5+
~4& -



ved ol In in blending or even lean amount defined by the equation: RVP -0.035 x (5 WO 2010/014535
yboiling point, .1lin psi step provides two oir moe low In one embodiment the a high sh point,
generally gW8'019@ 1 ¢idfa PCT/US2009/051825 another e.rnbodiment th& SEFRAGESsH#e blending
components. distillate. produced by the process h n 40t but it can be greater than 55C, or greater than
58C n ongremitbdditnentthe aniduidichsntisite prodlebt birtie Brotess'hiadodd point, eless than
'C, ButT can pe eas b s iian PR A linaa LHinthosuddia distiptessan have a
low freeze point, SUc fr‘é\‘gs" I%%% t'"“facglg%ge\n é’ IéSs than TN/IOT, or less than -63T,  one embodiment,
as described etmisrptheidHkolisthide produsaByaRiBiddesswH HAFE R 1BIB¥R branching index
gre ter than Prg gséa%%%ggr Predubhgailetifue dishadilienalshereiate pravigd dprpcesses for
producing a jet u'e_l prccesses use C@he_saﬁme tegchlng% as descriped earlier herein. The processes
include the steps®F perR¥mitiaiah ‘éﬁ%ﬂaﬁ%ﬁ %‘r@c%%‘}rﬁg?ﬁ }gi Y. -
In ane embodiment the separsted middle distillate or middle distiliale
planding component mests the bmiﬁi_hg point, flagh point, simoke point, heat of
sombustion, and freeze point requirerments for Jet A-1 fuel,
The wi% oligomerized olefin in the feed is low, generally less than 10

W% or 8 with. The wi% oligomeiitced olefin iy the fesd can be less tharn 4

Wi, 2 wi%, 2wl or 1 wi%h. In one embodiment there 5 no dligamerized
olefin in the feed,
Processes for Producing A Low Volatfity Gasoling Blending Domponent and
& Migdle Distitlate

The processes described abowvs cart also be used for producing both &

gasoling blending component and & middle distiflate. I a first and ssgond
émémdimem‘ of & process to produce s gassiine blending compenent and 2
middie distillate, the process compriges the steps of reacting and separating.

in the first ambodiment, the re‘aczéng step comprizes) reacting an
isobutane stream with 3 process stremm containing butene under alkyiation
conditions wherein the isobutang and butene are alkyiated to produce an
alkytate product in the presence of a chibrosluminate ionie hguid catalysl.
The chivroalumdnade anio ligud mﬁ%é§ysi- pomprisas an akyl substituted
pyridinium chisroaluminate or an alkyt substituled imidazolium
shiorealurtinate of the genseal formulas & and B, as desaribed previously,

in the sscond embodiment, the reacting slep somprises reacing 8
hydrocarhon siream comprising at lesst one olefin having from 2 to 8 carbon
atoms and at leest one paraffin having from 4 to § carbon atoms, with an ionic
liguid oatalyst and 2 halide condaining additive. The reacting is done such
thist the ot lsast one olefin and the af least one paraffin are alkylated to
produce a broad boling alkylate, The process produces a low volatility
gasvling blending samponant.



fuel. In the first ernbodim  a process sobutane and buten presence of a el-4pr ionic liquid catalyst

comprises an alkyl substituted pyridinium chioroaluminate or an alkyl su%%%&g%byéi?&%ﬂum
chlororalurfif2E ¢eH&#alhe mules A It and B, respectively, In the formulas is H, mthyL

ethyl, propyl, butyl, pentyl or he.xyl group, R'=-H, methyl, ethyl propyl, butyl .. yl group, X Is
a .,hbroaluminate, ariﬁ'?i%lﬁ Hird ﬁ?@?%@‘ﬁ?’iﬂ%ﬁﬁ%ﬁﬁisﬁ i ?Ppéﬁ%fagggﬁf%%%%gﬁ p. The ionic
liquid catalyst mayialaacornpEsaigigrrivalive-afeitbarin thestraresiArot@dniwhigheone or more of

the hydrogens attached carbon in the _rin_%glgg_bg__ n replaced-hy an gl& yaroup. Aand B, R, R. R4 and
Rj may or mayi#6tieE the &@md. #Ha ft &‘hﬁ\*é%q%ﬁ’gn%ﬁe%% ﬁ%g{ et'Ail'?fL %ueﬁn' the second
embodiment, the:prodessienpredisingrepmpnisesrerforming @i al§fagoniaan olefin and an
isoparaffin with an unsupported catal =30 Eﬁmg‘[' Ing.an anic liguid.catalystiand.a halide
containing additive to'n El?e"’ﬁi’iﬁaﬁ yﬁgbt{(’ag&ﬁ%rﬁ%ﬁg 'e‘jé%uel isﬁ [eC(:k)gvered from the alkylate product.
The jet fuel magtihpiingiprintiiastepolritis! poine AR BIRI AP HERE SPOIRP f#8fhentsJet A-1
In the third embodimracesg for praduc, e Wis & jet fuet or jet fusl blending component.

The fust suitable for use g5 @ jet fusl ot jet fusd blending component has &

buifing range betwesn 280°F to §72°F (1387C to 300°C), = flagh point groster

than 40°C, and a tloud paint less than -80°C,

i s third emboditnent, there is provided a ?rac&&s%ﬁr produsing 2
gasofine dending componant and a middie distillgle, comprising the steps of
adiusting @ fevalof a hafide containing mdditive inan alkvlation reactor and
rECovETing i?z;a gasaling blending componant and the middle distifate from the
afioviate product produced i the reastar, The allkylation reactor IS an bnic
fiuid alkylation resctor, Adjusting the levet of the halide containing additive
provided 16 the jonis guid alioiation reactor shifts the selechivily fowards
neavier pradusts it the alkylate product
The hydrocarbon stream feed to any of these processes can come
fesm @ orude oll, & refinery, & FischenTropsoh process; of tcanbe a blend
%hﬁ:p@aﬁf. in one smbodiment, the hydrocarborn stream 18 3 bland of two
ositgams, ong stream gomprising &t laast one olefin and the sacond siream
coinprising sl least one isaparafin.

The pracess s not imited fo any spenific hydrocarbon strsam and s
generally applicable to the alkylation of 04-CF isoparafiine with $2-C6 olefing
from any sotrce and In any combination: i one embodiment, the
h}fﬁmmf@an siream comprises at least ong olefn from a FU cracker, 4]
snother embodiment, the hydrocarbon stream comprisss FischerTropsch
denived olefing. ' '

| iy one embadiment the fonie Hould calalyst i unsupporiad.
in one embodimant the grocess makes a low volatiity gasohine
blanding component having a Reid Vapor Pressure less than 22 {18.2 iKPa},
or ewn__i%s than an amount defined by the eguation: RVP = -0.038 % (50

“ i;&. -



an ionic licuid alkylation zone, at alkylation eon,htions to form an alkylated product. The jet fuel is
separated from the alkylated product. The jet fuel meets the boding poin%%gﬁﬁﬁ%gke point, heat
of combustith 28l e¥ze point requirements for Jet A-1 fuel, in one embodiment the jet fuel is greater
thanthe total elk ate product Examples include from 10 to 5025 w2, tet than. 15.vt%, and from ISto 50
Vit%. In someveioBanERe Mpie: a BctabRftey g A 2@:%%%%&%% %%re&%aze pcﬂ@nt 60C cloud
point less than,4¢ %m’@@é@i’&h#@@@mﬁesm;kﬁmm&i@fgtess%&aamm@ﬁwE@mﬁ@i@%fssentialIy none); a
flash point greater than 40C, 50C . smoke point greater.than 20. 30, OF 3 N, s B s fins
2010/014535PCT/U@@8@/6@%@”/&%@%@%0%?%1%% o{féﬁdé%ﬁ% %éﬁi%te_ | ?Addit_ionally, there are
provided compositiams:ef gﬂﬂ&eﬂsﬁ@@gmmﬁféﬁmgfﬁ@@&@@ﬁﬁ% as described
earlier herein. The middle distillate.camprises, hydroeasbons having: a-eilig range between 150C and -
350C, a NMR %%%cﬁfﬁ&%d%ﬁ Br“ét%gtg%n 60, and a CH3/CH2 ratio _reat}er than 2.6, In one
embodiment the hydiacarbanstaiiaarsutfii ﬁﬁﬁ%@ﬁf%‘?%%?tﬁ%{?@%?ﬁ%?ﬁ’, @%@ﬂ%ﬁ&ﬁ‘f?}_%{%m, less than
1 wppm, or essaniall o sulyr o ahsigmRedimANiE ycoseThens ase Bsdkeatamaic prolons
ess than 1,0, [essthan 0.5, less’than 0,3, less than 0.1, fes .{?an 9._0 , less g?an .0.,{3 %‘t or essentially
no aromatic profShis siEaBniRiCr SIS NERSs Tprove SHGRESI ‘,t‘flggﬁ p%iir%it?‘ande net heat of
_ combustion. . fit.ane emhedimentdhebeliing sangesafire Hyriihcadsoiisis-bétwesrsd 75tC and
300C. in another emboﬁdlmen_t the boulr‘gganqt% of QeﬁQ&@)@farbons is between 200C and 300C.

As disclosed p%%ibtfé@ygvﬁé%ﬁﬁ% nddre dis! Féaté hn alkylate hydrocarbon product made by the
processes disclosed hetgin, dhexlgnetatiotefideutrbeveyrion, iyerakip Ssdilain BYWgEEer less than
3 \vele, or less than 2 wt%, or less than 1,.wi%,.or essentially 0008, 1118:0ther embodiments the
NMR branchinﬁ’ﬂg@)?f§*’ﬁ€?§§t‘é?’?§§a‘%v%§ gﬁﬁé}%ﬁ%ﬁ%%r gncega}tgér than 72. The hydrocarbons have a
low freeze point, generally less than -20C, but in some embodiments can be much lower, such as less

than -45 C, less than 0C, less & ?ﬁ»g%?&gfl} S tharo58C, less than -60C, or less than -63C, In
ﬁﬁ% v% 2 ga o

some embodiments, teTs 1ave a high net heat of cp_mbuséigﬁn. Th%-@gt% of
combustion can be gréatitenayatharEIRE K ER PR AT RIS RSB RAR 49MIIKG, greater
than 45 MI/Kg, ar greater thanid! MdiK@achindt semesmbedimeis tediydrdcarbons have a high

RO

smoke point, such as greater than 18 mm, greater than 30 mm, or.greater t The smoke
P aeas o mrayie ap S shabiToRa SR, Qi 2l han 4R g meToe

fusl.
in the Sirst embodiment, the process nomprises reacting an isebulane siream

with 8 process straam Sontsining butene undser alkylation conditions, The
isobutane and butens are atkylated to produce an alkylale progust in the
prosance of a chlornalumingts jonic fepsid catalyst. The chiorcaluminate

onic figuid catalyst comprises an alkyl substituted pyridinium chiorsaluminate
mfl.éﬁ aty! substiiuled inidazoiiom shiorovaluminate of the generat formulas A

R / R
. ' 4
o e | . & ;
o B e N
=9 b G —
{ K..

>4 N
A B

and B, respectively.



- In some embodiments the hydrocarbons have a high flash point, such as greater than 30C.
greater than 40C, greater than 50C, or greater than 55C. The flash point is generally less than 90t.
The hydrocaibatis/eai¥heet the boiling point, flash point, smoke point heBE&E3MYEEHBA, and freeze

point requirements for Jet Al fuel. In one embodiment, the higher the CH3ICH2 hydrogen ratio the
lower the freeze pairfooftiashpdrsdRothis: th GEiBral HHerhRIfsearBohs: A BHISIEH2 ratio greater

than 2.6. In ot:g&g% I‘g;gﬁ&gg%g%%ﬂgv&&ﬁﬁﬁ%@?aégm ek 3501 Gtaaterthan 3.5. In one
middle a

embodiment t le distillate’is made by Kylating an o?efin and an isgparaffin with an unsupported
ionic liquid catalyistemeaiRalfEEEMTRIARY Realfve. MEsie EMbodiRmahEhe *i%ﬁ@ﬁ(ﬁﬁid catalyst
does not contain any:sulfurkhedanicdouidcatplisisdeserbetnrevionsly angithostaiiatmay be used
In another embodimeént: the emid‘dlehdistillate is mad.e %aikylfg}ng?an i\gﬁ%gar_aﬁi%vgt%an olefin under
alkylating condi§is BUes R PRt RIICHGUR ThkR & T BTy S AMstnt of halide
containing addifie-ig he-alsdatingratemiorachiee thep MR ranchiglyigdescan the CH3I01-12
hydrogen ratio, in this embodiment far example, the, middle disti Ko Ori rgcarbons
having a % argf?irgfl‘g%’i‘gd%%@sis%hgh %%ﬁg?gs%}&%%%r%%%zgsgﬁa%n{ﬁgwgp&p%n@ Oiﬁ%’gtﬁg% 3 wit%
olefins. The amouapeafdhe alidescotheainihyativitveyrovitied iBbfirg mesadiatigis@p provides a
molar ratio of 9'%&'& tQ %l}glilégg%%%&% %\g&(}lg@@égﬁ,ﬁg&é&g Qhéram.2Q:449,120:1. For the
purposes of thig specification and appended’claims, unless otherwise indicated, all numbers
expressing quamtitigsrpariefitages uripéportions, and other numerical values used in the specification
and claims, are to be yngdersigod.asheingimedifigdinalkingiances:audhe; term fagout” Furthermore,

all ranges disclosed herein are inclusive of the endpoints and are indgpen@g&%y combinable.
Whenever a nu#fBHESINRRGE Wik ISR HiRtR &R UpPERIFAT e BREE5EaE % y Hlmber falling
- within the rangeg,is als0,speGificalldiselosednmpriding terrurabbireniation i@y sher thardidsot defined is

understood to have the ordinary meaning used.by g person skilled.in the art af the time the application
is filed, The sinGeiARERNSEEVELS gﬁ%‘g%tﬁg,a%ﬁ%) 'E‘?@%‘Iﬁre@% *égeqswu?ﬁgég%%%g%gsly and
unequivocally lmitedie areiinstenshe:. Al pft thepublidatbas;ptgrisiahdipsheriabplications cited
in this application are herejn,incerporate .refe e intheir.entirety to the same gxtent as if the
disclosure of eﬁ“éﬁ{}i%idi%?dﬁéalﬁﬁ?u ?hca?%gﬁg B‘%S“r?k?ﬁ%&%%%@% ﬁe‘%ﬁ v\%s gpecifi’caﬁ% and individually
indicated to be fnebrporated by reference in its entirety. This written description uses examples to

disclose the invention, Eludiig b Beslmader@alsadaansbia AmReEOR skl ndbe art to

make and use the invention. Many modifications of the exemplary embadimepts of the invention
disclosed abovealwiieadifFescpiaTehEt skiedTAHE SETMESTEIATR e IRGelSHdNTs to be
construed as ingluding,an sisiuemand metbadmtnas Ribwithin therseopeidherprmended claims,

EXAMPLES Example 1; lkylate wias pre in.a 100 J..Jabor%é r conting{ y?s%( &stirred (1600
ulated from several

> 1:  Alkylate ared in.a 100 mlJabo ) |
RPM) reactor oﬁ%ﬁ&iﬁﬁ%@fﬁ%%ﬁﬁ%%%ﬁﬁﬁrﬁﬁ%ﬁﬁé%?“?i% i%?krgﬁa 58 SEctimita

0
as accun'¥ |
alkylation runs ig-thisotearter setup! Ehedeedstad for the alkylsisohonwasmixdbGaidiedins (buten?)

from an FC cracker containing 40-50%. “ ins.and the balance heing.isobutane:and.n-butane (feed
flow (c), 2 m|imfﬁ‘%?‘§notg“?é?%@é%%9 i%%‘hhté%eg%ﬁ?‘a?hﬁ%%ﬁf‘%%ﬁ i%%%%%?e%ﬁ #ow @B
milinin,), The mitsrzatioiof soparaffiincts &efisivas ivdle range of about 10:1, None of the feed to the

alkylation reactor was gligomexized;olefing. N:buplpyidinium GRERORIMMINGtE e toimt
(Cs4-15NC4119AISGf%)%§§?§%é%%9d}€§ped wi’ih hydréc loric acid was used as catalyst and added in a

continuous stre&fviaitheramkywt drAsaBlEs HHPSITRRICISS S0 PR PR Tohitiguid and the

hydrochloric acig.wgte unsuppqried. Jhedevel-of hydrogploric, acid was selected, and adiusted over
time to provide & good yield of middle distillate, without adversely ef .ectigg the _u_alitg of the lighter
i some entdodimenis the g&f fuet may have other desived propanies,

for exarnple; & catans index greater than 48, 50, or 55; o heat of combustion
greater than 43, 48, or 47 MJKg; 2 fresze point lass than -47°C, -50°C, or »
&0°0; a cloud point less than 47°C, 5050, or -80°C; & sulfur level of less
thar 10, 8, or 1 ppm {or essentislly none); a fissh point greater than 40°C,
S0°C, or 55"&; and a smoks point greater than 20,30, or 38 mm.

<~



WO 2010/014535PCT/US20091051825 boiling alkyiate product. The alkylate from the reactor

effluentseparated converted butanes by flash4istiflatiofl and the alkyl9te was

rated lid by phase

: was sepa
separa’qonM&ﬁJ,'OMfﬁI% acc;umulated alkylate  cutinto 4 fractions by gﬁﬁ&sé)ﬂ%g/ﬂ?]cﬁﬁ their
properties are shown below in Table 1, Table Jet Fuel Heavy Diesel/ Heating Oil 1397 1054 1817

16.6

A Composiion of Kiddle Distillate

Additionally, thats are provided compositians of middie distilate. The
compositions use the same tenchings @ desuribed sadier hersin. The.
middle distilate comprises hydrocarbons having a boling rangs betwasn

45000, and 380°C, a NMR branching index grealer than 80, and & CHYCHE

ratio grestar than 248, inone ambadiment the hydrosarbons hiave 8 suifur
sordent of less than 5 wpom, less than 3 wppt, ipes than 1 wpmﬁ; o
essentially no sulfr, in one embodimant the hydrocashong have 8 with
aromatic proons less than 1.0, less than 0.8, fegs than 0.3, less than 0.9, less

than 0.05, less than 0.01, or essentially no sromaiic protons. Low arcmatic

protons helps improve smoke poind, flash point, and nel heat of comblistion.

ifi one embodiment the bolling range of the hydrocarbong ks betweean
§7HC and 200°C. I another smbodiment the bolling range of the
hydrocarbons Is between 200°C and 300°C.

As displosad previously, where the middie distliate & an alkylste
hydrosarbon product made by the processes disclosed hersin, the level of

- olefin will be very low, generslly less than & Wi, or less than 3 wi%, of less
than 2 wi%, or less than T wi%, or sssentially none.

In other embodimants the NRMR brenching index is graaier than 88,
greater than 70, or grester thap T2, The hydroosrimons have 8 low fresze
point, generally less than Ei}iﬁ hut in some embodiments can be much
fowat, éuﬁth as jesy than -45°C, isse than -50°0, less than ~35°C, lees than »
58°C, less than -80°C, or less than -83°C.

in some embodimants, the hydrosarbons have & high net heat of
combustion. The net heal of combustion can e greater than 30 MIKg,
greater than 40 MJiKg, greater than 43 MJfKg, greater than 45 MJUKg, ot
greater than 47 MJiKg.

i some embodiments the hydrecarbons have a high smoke o
such as greater than 18 mim, grester than 30 mwn, of greatsr than 40 mm,
The smoke point 18 generally less than 80 mm,



39,3 0,6285 520 360 547 623 406 421 448 736 475
WO 2010/014535 PCT/US2009/051825

in some ambodiments the hydrosarbons have a high flash point, such
as greates than 30°C greater than 40°C, greater than S0°C, or graater than
5570, The flash point is ganerally leas than 80°C.

The hydrocarbons can meat the bofling point, flash point, stoke poing,
heat of combustion, and freese polnt requiremenis for Jet A1 fuel.

i one embodiment, the kigher the CHIICHE hydrogen ratio the lower
the freeze polrit of the hydrocarbona, In general the hyﬁr@cw&;éﬁﬁ have g
CHIOHR rafio greater than 2.8, I other examples, they van have a rato
graater than 3.0 or gragter than 3.5

i ene srnbodiment the. middle distiliate s made by alkylating an olefin
and sn isoparafiin with an unsupporiad jonic foud catalyst and & halide
sontaining sddiive. In soma embodiments the Jonic liquid catalyst doss ol
contain any sulfur. The tonie fiquid catalysts desoribed previously are those
that may be used,

i another smbodiment, the middle Jdistifiste & made by alkyiating an
isonaraffin with an slefin under akyiating conditions over ary unsupported
ionis fiauid catelyst and prindding an amount of halide containing additive to
the aliiating step o sohieve the NMR hranching index ang the OHICHME
hydrogen ratin,  In this embodiment, for example; the middle distiflate can
mmﬁ%%@&%mmmwga%mm%@m%mhmmmﬁﬁam%r
sondent less than 5 wapm, or lzss than 3 wi% olefins. The amount of the
halide containing additive provided during the slivdating step provides a molay
ratio of clefin to HGE from 5017 to 150, from 8001 fo 12001, or from 7011 to
12004,

Far the pumoses of this specification and appended clalms, unless
othisrvise dicated, all numbers expressing quaniities, parcerdagss of
srapardions, and sther numerical values used in the specification and daims,
é.re--is;a be understood &5 being modified in afl instances by the tarm “about™
Furthermore, ail ranges distlosed herein are inclusive of the snapoints and
are independently combinable. Whenever a numerical range with a lowar
frrit mnd an upper it are disclosed, any number falling within the range is.
also speciiically disclosed.

- H -



805 525 WO 2010/014535PCT/U 52009/051825 Fraction 3 and Fraction 4 are mAftein from the total
al‘kytqte, they amounte_d to 29.1 wtalkylate product, Both Fraction 3 and Fraction 4, separately or
combined t8Ye &l htid greater than 95 vol% 010+, greater than 90 valof E P RA RS than 1 yol%

composiion and oclaAEHTBCRTHEURIS SIAARIGEEbERTSN T AL CFBTe S ahBostion.
WI% by GC  [H@aeligRary meaning used by a persan skilled In the art st the tims the

application s filed, The singular forms a,” Pan,” andd "the,” includs plurgd

refersnoes uiless axpresely and unsqguivocally imited W ong instancs,

Al of the publicalions, patenis and patent applications cited in this
application are hereln incorporated by reference o their entinsty 1o the same
extent 2s I the disclosurs of each individual publication, patent application or
natent was spaciically and inglvidually indicated to be insorporated by
reforance in is entiraty,

This written description uses examples to discloss e fmeention,
ncluding the best mode, and slso to enable any person skilled i the artto
make and use the invention, Many madifications of the exsmplary
svbadimants of the Invention disclosed above will readily soour 1o those
skifiad in the ar, Accordingly! the invention s o be construad as inclading al
structure snd methads that fall within the scope of the sppendet! dlaims.

EXAMPLES
Examnple 1

Allylats was preparsd in 3 100 ml laboratory sontinuously stirred (1800
RPA) r@aﬁ@r operating @t 10°0 and 150 peig (1034 KPa), The alkylate was
angumuiated from several aé_i«syéa‘iém ning in this raactor selug. The fesdstock
for the alkylation was mixed 04 clefins (buteng) froman FO cracker
containing 40-50% olefins and the balance being ischutane and n-bulans
{feed flow @ 2 mifming: and refinery sobutane containing 80% ormore of
isobutane {feed flow @ 8 miming. The molar satio of isoparafiin to olefin
was in the range of sboud 131, None of the feed to the atylation resctor was
sligomerized clefing, N-butylpyridinum chioroaluminale (CabaNCHALTE)
ionic fould doped with hydrochiors acidwas uted as calalyst and added i a
confinucus sirsam 1o the aliylation reactor at & volumetric flow of 4.8 mimin,
The oric Aquid and the hydrochiore acld were gnsupparted. The fevel of
sydrochione acid was seletted, and atjusted over time, o provids a.guod
viekd of middie distilate, without sdvarsely effecting the guality of the lighter

A
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boling sikelals product, The slkylats from the resctor effluent was separated
from unconvertad butanes by Sash-distillation and the akylste wes ssparated

R 408 g of the accumulated atkylate effuent from the allylation reastor

thalr properiies are shown below in Table 1.

was out info 4 fractions by atmospheric distillation, The vields piiained arid

Tabds 1
I Fraction 1 Fraction 2 Frastion 3 Fractond
Utiity | Light Heavy Jat Fusl Heavy Diesel
Maphiha Naphiths : Haating Dl
Vield g TarERE 17868 1367 TTToEA
Visid, mi &t 84D 1625 1517 VTR
BOF
Cield, with 588 141 188 TEE
hased o
coanibined
aficviate
produsts
BB Bravity 759 833 59E 503
TDenstty, 60°F G685 0.7365 &.765 G EEEE
“Simbist, °F |
10 Vol 132 248 353 520
20 vol%h 168 254 w0 547
wi% | 201 253 268 570
A0volth 202 271 378 593
50 valth 204 262 381 823
80 volh 224 204 408 8585
70 vol%h | 230 306 21 B9
80 vol% 234 227 448 738
G0 vol¥% | 238 335 475 8OE
FBP (80.5) 264 268 525 995




Fraction 1 was predominantly C8 alkylate. Fraction 2 was mostly C9 alkytate, mixed with some 010
alkylate. Both Fraction 1 and Fraction 2 were suitable for gasoline blending, Fraction 1 was an
example ofyap agpeeialy good gasoline blend stock, with a low RVP andfugiuR@NeErastions 1 and 2
were both low volatility gasoline blending components. Their Reid Vapor Pressures, calculated by GC,

were both lesstharn 2.5 psi (17 FkRa)and alsoHdegsitran an arfiesmigefined bymasequhtlon =-0.035
x (50 vol% bailing.point, ..EC) +.5.8,.in-psi.-Example-3: Fraction-3;-deseribed-aboverwas further
characterized éﬂéf%%ﬁ%d with a typical example of JET A-l jet fuel. These results are shown in
Table 3, below WA %@1{@@1%4535 PCT/US2009/051825

Eipe TUTRETTT e o8

EATE SETTTTTTTRES TS

okl E 3] g ¥ ' »70 :
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S48+ 0 g 4 1

R8s G g ¢ 2

Fraction 3 and Fragtion 4 are middle Jistillates. After separating themy
from e totef alkyviate, tey amounted to 281 wit of the totsl alioviate
product, Both Fraction 3 and Fraction 4, separaialy or combinad together,
b gregter than 85 vol% G0+, greater than 80 vol% O, and less than 1
val% CA3+ or GBS+,

Exampla 2
Fractions 1 and &, iz’emﬁbm ahove, wers fosted by gas

chromatography for mn'zm@i{é:@nami gutane numbers, The rasyils are
swnmarized below, i Table

Table 2
Compasiion, With by GC | Fraction | Fraclion
3 2
85 334 0,01
ca | 4.36 .02
oF .88 S R e
&8 | FIEE ; 55
£3 1145 ] TBIES
&An TonE 5744
e TUEE B3




Analytic, TestFraction 3  cosity, -20t, rim%8.367 Net Heat of Combustion BTU/Ib tvl,11kg 56.63
iImDis A more detailed summaryproton NMR an&ysis of Fraction

WO 2010/014538 PCT/US2009/051825
§ RVP estimated from GC, | 219 oan
pal
BON (G0 CEC B
BON TTERATTTTEEE T
% TON TTeRTTEEE T

Fraction 1 was pradominantly OF aliylats. Fraction 2 was mostly O8
shicsate, mixed with some 10 alkyiste. Both Fraction 1 and Fraction 2 were
suitable for gasoline blending. Fraction 1 was an gxample of an especially
good gasoting blend stock, with a lpw RVP and high RON.

?r&gﬁmg 1 and 2 wers both low volatiity gasoiing blending
components. Thelr Reid Vapor Pressures, calculated by GG, wats Doth less
than 2.5 pst {17.2 kPs), and also less then an amount defined by the sguation
RVP = -0.035 x {50 vol¥ buiing point, “C) + 8.8, in psi,

Example &
Fraction' d, desoribed abipve, was further charadterized and compared

with & typleal example of JET &-1 st fusl These resulls are shown in Table
3, bedow,

Tabie 3
Al ’ﬁmai Test Fraction 3 UET A Requirements |
T wtte ' 851 |
H, wi% ' 14 518
N, wi% ) <1
| Low level nitfragen, ' =
} WHRM _g
Suttur, wopm | <3 ; Wax 3000
Elash Bomt, 6 58 Win 38
“Srmoke Pomt, mm A : Min 18 %
Cloud Point, °0 <53 :
Freaze Port, ¢ TR | S
Density, 8 QQ .78% . 07RO RAT




In 'Table 4 ie 4 Fraction a NIVIR Analysis {% paraffinic OH3 hydrogens73.32 paraffinic CH2
hydrogens19.41 paraffinic CH hydrogens7.06 Hydrogens in saturated groups apha to aromatic or
olefinic carlppQQo/@efiac Hydrogens0.21 WAR Branching in CH3/CH2 bygnegam ftatiesProtons
Fraction 3 had pi .e re desired.fuel, and it would make an excellent jet fuel or blend stock for jet fuel

production. FractionshRighah Test Fraction 3 - JET A-1 Reguiremenis
Cissesity, DOE e ] 8387 Wax 5.5
Mt Hest of Combustion ' '
BTUSD 20237
WK 47.4 Min 42,8
| Calowated Cetane
: Index 58,83
Bimdist, °0 : ]
10 vol% | 178 | Max 205
20 voith | 182 |
30 vel%% 187
40 vol% 191
S vt 195 Hapoit
80 vol%h | 208
O ol 246
B vol% 231 _5
20 vol% 248 Report
FEF (88.5) 74 z Kax 300
NMR Branching index | TRAT7 |
Wit Olefins | 2.64

A more detatled summary of the proton NMR analysis of Fraction 3 is
summarnized balow in Table 4.

Table 4
“Eraction 5

MR Analysis (%)

paralimG GHS hyarogens 7332

parafliniy OHZ hydrogens | 1841

paraifinie OH hydrogens 7.08
é@;@mgms’ by &éiwémd Qmu;as alpha to : o
ar%ﬁmati{: or olefinie carban 004

Siefinic Hydrogens | a4




exceeded a number of desired JET A-1 fuel specifications, including sulfur ash point, smoke point,
freeze point, heat of combustion, and g points. The density Was a bit low and the kinert a bit high.

Both the visggdgilaadensity could be brought o the specified range for IE-f+ishyasidifien of a
second fuel blend stock rich inand/or naphthenes. The high smoke point would allow for addition of a

significant amoun
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Fraction 3 had groperties hetare dasirad in jet fuel, and i would msks
anexcalient jet fusl of blend stodk for jol fusd production. Fraction 3 metor
sxceeded 8 number of desired JET A1 fuel specifications, including sulfur
sartent flash point, smole point, freeze point, heat of combustion, and
distillation boiling points. The densily was o D ow and e Kinematic
wisoosily was g bit high, Both the visoosity and the density sould be brought
it e specifed range for JET A-1 by addition of 2 second fusl blend stogk
rizh in aromatics andfor naphthenes., The High smoke point would sllow for
the addition of & significant amount of & second fual blend stock with & high
aromatic content. The high heat of sombustion messursd on Fraction § was

significantly higher than that typically obtained o JET At and §would
improve Tus( afficiency if § ware blended with & sgcond fust blend stock, The
sxoalient low oloud polnt arad low freeze point was rslated to the hgher
branching

Fraction 4 was not further chigracierized, but g8 properties indicatad

that & was a bigh quality middis distilsle sultebles foruse a8 @ heavy disssl
fual, & bland stock for diese! fusl, or a heating ol

Exgmple 5
Alkyiate was prapared it a 100 i laboratory sontinuously stirred (1600

and 160 paly (1034 KPa). The Teedsiook for
the alkylation was mixed G4 olefins (bulene) from an FC oracker containing

HER) reactor opsraling st 10°C

40-50% olefins and the balance being sobulane and n-butane {feed fow @
2 mifrin.}, and refinety isobutans containing 80% or more of sobtane (fesy

24



about 9:1. None of the teed to the alkyiation reactor was oligomerized olefins. N-butylpyriclinium
chforoaltmfinate (C5SH5NC4HAI2C17) ionic liquid doped with hydrochloric acid was used as catalyst
and added {9dha @liydadion reactor, The ionic liquid and the hydrochloric a¢iginemgauasemaported. The
level of hydrochloric add was adjusted over time from a molar ratio of olefin to I-ICI from 25:1 to about

105:1. The alkyigte fom:thesractorafiiveniwas:sepamisafrenounieanvesethhtitanesibys

flash-distillabon and the alkylate was separated from the ionic liguid by phase separation. A plot of the
molar ratio of OW%§ He %@?tﬁé’%%%?ﬁ%l%s’i -‘b?@é%% %iﬁ %%ﬁéﬁp%%%ré)ﬁélgﬁ‘%%%hown in
Figure 2. A highiaranlay raichohalbfindeittBiinth¢deagul iHetig@blongavisiaitiighpegielihof C10+

products in the alkylate, product.  International Applicati ), PCT)S09/51825 ndment dated
May 27, 2010 5’&@1‘ R %ﬁ%@é%@i@%ﬁaﬁ%ﬁ IS%I%QSQLAIMS WHAT
IS CLAIMED ISFHe Repobgsis forgptod @gi‘dgz?a%jmimscé@ﬁ@riﬁsmw@@ﬁéoﬁ“t‘a@t?wgééﬁfoleﬁn and an
isoparaffin Wit JOSUABUIRAFRLAEL KSDL AR AN LA G FBIaIARER halde

containing additive in"an alkylation. zone under alkylation conditions to make an alkylate product; and
b. recovering tHeogt dgel froatan AGihiepro adot sk Breiniverfeiais sk B Doiling point, flash
point, smoke pQint-Reakotcernhusien Rad.lieszaneintraaquisements fordet Ak fugk wherein the jet

fuel has a smoke point greater than 30 ?nd.a freeze point less than -50C. 2. The g_roc_e s of claim 1,
wherein the jet $6EPREES SRR B 8L RY BIBPRPSPRIR BIode SEOFLRMM ’hEHS a level of
the halide containingradeitive! issprasediduning shealipdatih at atevelihatiprdviddsiacseased yield of
the jet fuel.. 4.A process for progducing a jet fugl, comprising..a..providing.a feed, prodyced in. a FC
cracker compriﬁ%%ﬁéﬁ'n%?hg%gxi%}m}% e?‘g_&“%ﬁfﬁ%ﬁ%gi%%%ﬁ% t%\,;négiqe%% %%?é %%%d; c. alkylating
the mixed feed iasansiopisdiquidgilky letibh o & atratidlatio ndbadiiofeiagfiiran alkylated product:
and d. separating the jet fuel from the alkylated product, Wherein the t fuel meets the boiling point,
flash point, smoke point, heat of combustion, and freeze point requirements for Jet A-1 fuel.; and
wherein the jet fuel has a smoke point greater than 30 and a freeze point less than -50C. The process

of claim 1 or claim 4, wherein the jet fuel is greater than 8 wt% of the total alkylate product.

-



26 AMENDED SHEET - IPEA1US Interr,ational Application No. PCT/LIS09/51825 Amendment dated
May 27, 2010 PCT Article 34 Amendment 6. The process of claim 4, wherein the separating step
additionally produces a low volatility gasoline blending component. 7. A process for producing a jet
fuel, comprisiniereetieat ting!aat fsdibuaheSHeUP 8fh a. process stream containing butene under
alkyiation coriitFseg§vHEremMRE 4oBtitAne and butene are alkylated to produce an ancylate product
in the presengggfe‘g EMErOARIATAYe ionic liquid catalyst having the general formula RR' R." N H
A-12C17-, whetaly Bmﬁra{ﬁ PHYSEIURS AONBINNG A9 carbons; and b. separatin.g out the
jet fuel. from i Rytate proquct, Where € jet tuermeets the boiling point, flash point, smoke point,
heat of combustion, and freeze pomt requirements tbr Jet A-1. fuel. 8. A process for producing a jet
thel, comprls?%%gﬂrgg@ngﬁ@ﬁp{wtane stream with a process stream containing butene under
alkylation co ein the iSobutane and butene are alkviated to produce an alkylate product in.
the presence of a. chloroaluminate ionic liquid catalyst comprising an alkyl substituted pyridinium
chloroaluminate or an alkyl. substituted imidazolium chlororaluminate of the general formulas A and B,
respectively, e IX- A where R=14, methyl, ethyl, propyl, butyl, pentyl or hexyl group, R'=H, methyl,
ethyl, propyl, buty, penW$é¢mmmgr®&p}9( 53 cRIREEIEINa. te, and RI and

a. contacting an olefin and an 1<;waraﬁm with an unsupported catalyst system

comprising an ionic liquid catalyst and a halide containing additive in an
alkylation zone under alkylation conditions to malce an alkylate product; and
b. recovering the jet fuel from the alkylate product, wherein the jet fuel meets the
boiling point, flash point, smoke point, heat of combustion, and freeze point
requirements for Jet A-1 fuel; wherein the jet fuel has a smoke point greater

than 30 and a frecze point less than -50°C.

Th.c process of claim 1, wherein the jet fuel has a sulfur level of less than 5 ppm.

3\)

3. The process of claim 1, wherein & Jevel of the halide containing additive is present

during the alkylation at a level that provides increased yield of the jet fuel.

4, A process for producing a jet fuel, comprising;

providing  feed produced in a FC cracker comprising olefins;

b. mixing the feed with an isoparaffin to make a mixed feed;

¢. alkylating the mixed feed in an ionic liquid alkylation zone, at alkylation
conditions, to form an alkylated product; and

d. separating the jet fuel from the alkylated product, wherein the jet fuel meets
the boiling point, flash point, smoke point, heat of combustion, and freeze
soint requirements for Jet A-1 fuel; and wherein the jet fuel has a smoke point

greater than 30 and a freeze point less than -50°C.

e

The process of claim 1 or claim 4, wherein the jet fuel is greater than 8 wi% of the

total alkylate product.
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27 AMENDED SHEET - IPEA/US International ‘Application No. PCT/US09/51825 Amendment dated
May 27, 2010 PCT Article 34 Amendment R2=H, methyl, ethyl, propyl., butyl, pentyl or hexyd group
and where R and R, may or may not be the same; and b. separating out the jet fuel from the alkylate
product, wheriartizgqes fieb imetshthe BONIRGPBIAE Flash point, smoke point, heat of combustion, and
freeze point réétarsmentder Yay A1 3BE). 9. The process of claim 7 or claim 8, wherein the reacting
step addition%?%ﬁﬂﬁﬁe%émﬁﬁﬁ% level of a halide containing additive provided to an ionic liquid
reactor where the reacting occurs. 10. The process of claim 9 wherein the level of the halide
containing additive is adjusted to a molar ratio of olefin to HO between 50:1 to 120:1. 11. The process
of claim 9, whéreiRthprievet of hifidetcoitirimiiasaimve iR Ut ioH Brearss shes\AdRIOf the jet

fuel, but does notviggﬂ%iﬁ%}@%&q&%%@%gé%ﬂ%mg{_a low volatility gasoline blending component. 12.

The process of claim. 1., cfaim 4, claim 7, or claim 8, wherein the jet fuel has a NMR branching index
greater than 60. 13. The process of claim 12, wherein the jet fuel has a CH3ICH2 hydrogen ratio

greater than 6 4%2 Hcele ?1?&8%%‘(')52&1%9@'%&;%%7 or claim S. wherein the kylate product

has less than 5 wt% oléfins prior to optional furtﬁ_er processing. 15. The process of claim 1, claim 4,
claim?, or claim & .wherginghe jieldioheriredky it protRse SECEHsC I EIELMLSRDIENET the

process stream contaiging.hutene by, at leAst.30.w%: 16:The,pracess aflaimlerclaim 4, wherein
the smoke point is 40 or greater. 28 AMENDED SHEET - IPEA/IJS ) o
nroduce an alkylate product in the presence of a chlorcaluminate icnic liquid
catalyst having the general formula RR” R” N H™ ALCly, wherein RR” and R”
are alkyl groups containing 1 to 12 carbons; and
b. separating out the jet fuel from the alkylate product, wherein the jet fuel meets

the boiling point, flash point, smoke point, heat of combustion, and freeze

point requirements for Jet A-1 fuel

8. A process for producing a jet fuel, comprising:

a, reacting an isobutane stream with a process siream containing butene under
allylation conditions wherein the isobutane and butene are alkylated to
produce an alkylate product in the presence of a chlorcaluminate jonic lquid
catalyst comprising an alkyl substituted pyridinium chlorozluminate or an
alky! substituted imidazolium chlororaluminate of the general formulas A and

B, respectively,

Ng X'X:'.:.—:j

S
R
A B

R R
5 /
E\ R1~.....Ng«" n— R
o, &

where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group, R’=H, methyl,

ethyl, propyl, butyl, pentyl or hexyl group, X is a chloroaluminate, and Ry and
27
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International Application No. PCTiU 09151925 Amendment dated May 27, 2010 PCT Article 34

Amendment 17. The process of claim 1, claim 4, or claim 16, wherei inti

60C. 28 / 1 AMENDED SHEET - IPEA/US . ) ein the freeze point is less than -
internationat Application No, PCT/US0S/51825
Amandment dated May 27, 2010
PCT Article 34 Amendrmaent

R,=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and where R, R%, Ry
and R may or may not be the same; and

b, separating out the jet fuel from the alkylate product, wherein the jet fuel meets
the boiling point, Bash peint, smoke point, heat of combustion, and freeze

point requirernents for Jet A-1 fuel.

9. The process of claim 7 or claim 8, wherein the reacting step additionally includes
adjusting a level of a halide containing additive provided to an ionic liquid reactor

where the reacting ocours.

10. The process of claim 9 wherein the level of the halide containing additive 18

adjusted to a molar ratio of clefin to FC1 between 5001 to 12001

11. The process of claim 9, wherein the level of halide containing additive is adjusted
to increase the vield of the jet fuel, but does not impair the concurrent production

“of a low volatility gasoline blending component.

12. The process of claim 1, claim 4, claim 7, or claim 8, wherein the jet fuel has a

NMR branching index greater than 60

13. The process of claim 12, wherein the jet fuel has a CH3/CH2 hydrogen ratio
greater than 2.6,

14. The process of claim 1, claim 4, claim 7, or claim 8, wherein the alkyiate product
> 3 P

has less than 5 wi% olefins prior to optional further processing.

15. The process of claim 1, claim 4, claim 7, or claim 8, wherein the yield of the
alkylate product exceeds the amount of olefin in the process stream containing

butene by at least 30 wi%.

16. The process of claim1 or claim 4, wherein the smole point is 40 or grealer,
E I %
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international Anplication No. PCT/US08/51825
Amendment dated May 27, 2010
PCT Article 34 Amendment

17. The process of claim 1, claim 4, or claim 16, wherein the freeze point is less than -

80°C.
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