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(57) Abstract: A process for producing a middle distillate or a middle distillate blending component, comprising contacting a feed
comprising an olefin, an isoparatfin, and less than 5 wt% oligomerized olefin, in an ionic liquid alkylation zone with an acidic
haloaluminate ionic liquid, at alkylation conditions; and recovering an effluent comprising an alkylated product that has greater
than 35 vol% C10+ and less than 1 vol% C55+. Also processes for producing a middle distillate by alkylating isobutane and
butene in the presence of defined chloroaluminate ionic liquid catalysts, wherein a separating step separates the middle distillate
and wherein the middle distillate is from 20 wt% or higher of the total alkylate product. Also a process for producing middle dis-
tillate with FC cracker feed comprising olefins. A separated middle distillate has greater than 30 vol% C10+, less than 1 vol%
C55+, and a cloud point less than -50°C.
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PROCESS FOR PRODUCING A MIDDLE DISTILLATE

This application is related 1o four codiled patent applivations titled "Process
for Producing 8 Low Volatiity Gasoling Blending Componant”, “Frocess for
Froducing a Jet Fusl”, "Composition of Middie Dintillate®, and "Process for
Producing Middle Distiltate by Alkylating G5+ lsoparafiin and C8+ Olafin’,
hargin noorporated in thelr sntirety.

FIELD QF THE INVENTION

Thiz invention is directed 1o 3 process for producing @ middie distiliste.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 Hlustrates the iing defined by the eguation: RVE = 00358 x (80

i bolling peoint, 0+ 8.8

FIGURE 2 is 3 plof of the maolar ratio of olefin o HOes, the GG analysis of

the wi% C1D+¢ content i the alkyiste.

DETAILED DESCRIPTION QF THE INVENTION

Definitions;

Tha term “somprising” means including the slements or steps that ars
wentifind following hat term, but any such eloments or sleps are not
sxhaustive, and an embodiment may inolude ofther slemeants or steps.

& “midddle distiflgte” is a hydrocarbon product having a boiling rangs
hatwean Z80°F to TIOUTF (131°0 to BES*0). The term "middie distillate”
nohudes the dissel, heating off, jet fuel, and kerosene boiling range fractions.
Homay abee include a portion of naphtha or ight ol A “naphtha” s o lighter
hydrocarbon product having a bolling rangs betwesn 100°F 10 $00°F 380 i
204°CH A Tlight olf” s a heavier hydrocarbon product having a bolling rangs
that starts near 8O0TF{318°C) or higher. & Yjet fuel” is @ hydrocarbon product
having & boiling range it the jet fuel bolling range. The term et fusl boiling

T
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range” refers o hydrocarbans having 3 boiling range betwesn 280°F and
S72°F (138°C 1o 300C). The term "dissel fuel bolling rangs” refers tn
hydrocarbons having & badling range between 250°F and 1000°F {121°C and
S3FCY. The term “ight olf builing range” rafers to hydrocarbons having a
bolling range between B00°F and TI00°F (31870 and 583°C). The “boiling
rangs” is the 10 vol% bolling point {0 the fingd bolling point (88,5 voi%%),
inclusive of the end points, 38 measuwred by ASTM D 2887-D8a.

A “middle distillats blanding component” is a middie distiliate, suitabis
far blending into a hydrocarbon product mesting desired specifications.

Agasolineg blending componsnt” may be either 3 gascling or s
raphtha hydrocarhon product suitable for blending inte 3 gasoling. “"Gasaling”
s & hguid hydrocarbon used ss a fusl in inlernal combustion engines.

A Mo volatility gasoling blending componant’ (s a nephtha
hydrocarbon product having 8 bolling range bebween 100°F 10 380°F 38°C to
19370 and & Reld Vapor Pressure of 2.5 pst (17.2 kPa) or less. Inons
embodiment the Radd Vapor Prossurs i3 less than an amount defined by the
gauation RVE = Q038 x (50 vol% boliing point, T + 8.8, in psi.

Akl moans a insar saturaltsd monovalent hydrocarbon radical of
one {0 six carbon afoms or & branched ssturated monovalent hydrocarbon
racical of thres 1o ¢ight carbon atoms. In one smbodiment, the alkyl groups
ara mmethyl Examples of alloyl groups include, but arg not imited 1o, groups
guch as methyl, sthyl, n-propyl, isopropyl, r-butyl, sobudtyl, sec-butyl, huby,
sepanbdd, and the ke

“Unsupported” means that the catalvst or the halide containing additive
& not on 2 fixed or moveable bed of sofid contact material, such a8 non-basic
refractory matarial, 8.4, sifics.

Test Mathod Deseriptions:

AR Gravity 18 moeasured by ASTR [V 28782 {(Reapproved 2008) or
ASTM D 1288-88 (Reapproved 3008).

Density is massured by ASTM D 120808 (Reaproved 2008 or ASTM
£ 4052-88 (Reapproved 2002, Densily is reported i gfmd, at the refarence
omparalire in °F.
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The test methods used for bolling range distributions of the
compositions i this disclosure arg ABTM D 2887-08a and ASTM D 8352-04.
The tast methad s referrsd {0 haveln as "SimBDist”. Tha boiling range
distribution delermination by distilistion s simulated by the use of gas
chromatography. The bolling range distributions oblained by this test method
are essentially equivalent to those obiained by trus bolling point (TBF
distillation (ses ABTHM Test Method D 2882}, but are not equivalent {o resulls
from low sfficlency distiliations such as thoss oblained with ASTM Test
Mathods D 88 or D 1180,

Neid Vapor Prassure (RVYP) ls measured dirsctly by ASTM D 518107,
Alternatively, Reid Vapor Fressure (RVP) s caloulated from the bofling range
data oblained by gas chyomatography. The calculation s described in the
ASTM spedad publication by de Bruing, W, and Eliison, RL.L, "Caloulstion of
ARTHM Method [ 88-87 Distilation and Reid Vapor Pressure of 3 Gasoline
from the Ges-Liguid Clromatographic True Bolling Poind, STRASH18R, Jan
1878, To conver! Rawd vapar pragsure expressed in pal, multiply the rasult by
§.885 {o obiain the Reid vapor pressurs in kPa,

Tolal weight percants of carbon, hydrogen, and nifrogen (C/HNY &
determined with & Carle Erba 1108 Anatyzsr by ASTM D 328102
{Reapproved 3007)

Low level nitrogen is separastely detarmined by oxidathve combustion
and chamilumingscanos by 4828 ~ 02 (Reapproved 2007} Sulfuris
maasured by ultraviclet fluorsscence by ASTM S453-08a.

Flash Point is measured in & small scale clossdoup apparatus by D
3828-07a. Smoke Foint is measured by I 1322 - 87 {(Reapproved 200e1.
Cloud Point s measured by ASTM D 8773-07. Freeze Point is measured by
ASTM D 887205, Kinematio viscoally al -220°C is measured by ASTM D 445-
08, The Net MHeat of Combustion is estimaled by ASTM D 3338-0%, and
reported i both Brwib and Mlkg.

Different methods are used for caloulating octane numbers of fusls or
fuel bland components. The Motor-method ootans numbey {MON s
determined using ASTM D Z700.07h. The Research-method ootane number
{RON} s determined using ASTM D 2888-07a. MON and RON both empiloy

-
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the standard Couopsrative Fusl Rasearch {CFR) knackdest angine,
Additionally, the Ressarch-mathod octane number may be caloulated [RON
(GG from gas chromatography boliing range distribution data. The RON
{0} calcuiation is desuoribad in the publication, Anderson, P.O., Sharkey,
JML and Walsh, R P “Joumnal Institute of Pelroleum”, 88 {880), 83 (1§72).

The Calouiated Cstane Indey in calouiatsd according 1o ARTM D 4737
04,

The vol% of the different carborn numbers (C10+, O+, C17+, 274,
CASY, and C&5+) in the hydrocarbons 18 deferminegd from the ASTM D 2887
builing points (SimDist), using the following chart of the bolling points of
paraffing with different carbon numbers, In the context of this disclosurs the
yol% of C10+ for sxample, s the wi% of the hydrocarbon product that boils
abovs €3 paraflin, or above SG4°F {(1B81°CL The vol% of C11+, for example,
ia the vol% of the hydrocarbon product thet boils ghove G148 pargffing, or
ghove J48°F (174°C) The volume of GBS+, for axample, is the volt% of the
hydrocgrbon product that bolls abovs €54 paraffin, or above 1088°F (882°C)

Carbon Boiling Point, | Boiling Point,

Numbser °F G

R 304 151
O 345 174
O 388 188
{18 5489 287
17 578 302
C28 774 412
C27 7a1 423
042 883 &3
43 1303 838
54 HGS 582
G885 1105 586

The sxtent of branching and beanching position can be determined by
NMR Branching Analysis,
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NME BRANCHING ANALYSIS

The NMR branching properties of the samples wers oblained on a 500
MHz Bruker AVANCE spectrometer oparating at 800118 MMz and using 10%
solutions in CDCHKH. All spechra were oblained undsr guantitative conditions
using 80 degres pulse (5.8 us), recycls deday of 4 seoond and 128 seans (o
ansirg good signabo-noise ratios. TME was ussd a8 an intermal reference,
Tha hydrogen stam types wers defined accarding o the following chamioal
shifl regions:
0.5-1.0 ppm parsflinic UM, msthyt hydrogen
10-1.4 ppim paraffindgs CHy methvdens hydrogen
1441 pom paraffinic OH msthine hydrogen
2.1-4.0 pom hydrogan at o-position to aromatic rng or olafinic carbon
4.0-8.0 ppm hydrogen on olefinic carbon atoms
&.0-8.0 ppm  hydrogen on aromalic rings

The NMR Branching Indsy is caloulated as the ratio in percent of non-
benzylic methyl hydrogen in the rangs of 0.5 10 1.0 pom chemica! shill, o the
folal non-benaylic sliphatic hydrogsn in the range of 0.5 v 2.1 ppm chemical
shitl,

The OHy v CHy hydrogen ralic s defined s the ratio in percent of
non-banzyic mathy! hydrogen in the range of 0.5 {0 1.0 ppm chemical shiff, to
nonebarzyiic methylene hydrogen i the rangs 1.0 v 1.4 ppm chemica! shift,

The percent aromatio profon i defined as the percent argmstic
hydrogen in the range 8.0 1© 8.0 ppm chamical shilt among all the protons in
the range 0.5 to 8.0 ppm chamical shift.

Hrocesses for Producing Middle Distiliale

frr @ fivs embodiment, thers is provided a process for produding a
rridddie distifiste comprising rescling a refinery stream containing isobutansg
with @ proosss streamn containing budeng under sliovlation conditions, wherain

the ischutane and butene are sivwlated fo produce an alkviate product in the

S
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prasence of a chiorcaluminats lonic Bguid calalyst. The lonie liguid catalyst
can comprise an alkyl substituted pyridinium chiorosiuminate or an alkyl
substituted midazolium chiorogiuminate of the gensral formudas A and B,
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respectively.

in the foymudas A and B, R s H, methyl, sthyl, propyl, budyl, pentyl or
hexyt group, R'sH, methyl, ethyl, propyd, butyl, pentyl or hexyl group, Xis a
chiorealumingte, and Ry and Ry are H, mathyd, ethyl, propyl, butyd, pentyl or
haxyl group. The lonic guld catalyst may alse comprise a derivalive of etther
of the structures A of B In which one or more of the hydrogens attached
directly to carbon in the ring has bean replaced by an alkyl group. inths
forrnulas A and B R, R, Ry and R; may or may not be the same.
Alternatively the ionic iquid catalyst s a chloroaluminate ionle iguid having
the general formula RR RN H ALCEK, wherein RE and R" are alkyl groups
containing 1 fo 12 carbons.  In this smbodiment the method also comprises
separgting out the middie distiliate from the alkylate product, wherain the
saparatad middie distilale fraction is from 20 wi% or higher of the folgd
alkylate product

i & second embodiment, there s provided a process for producing s
riiddie distillate or middie distiiiate blending componant, comprising
contacting & feed i an ionke guid atkylation zone, at alkyiation conditions,
and recovering an efffuent comprising an alkylated product with defined
carbon number distnbution, In this embodiment, the feed comprises an
olefin, an isoparafiin, and less than § wi% oligomerized olefin, The ionio
Equid atkylation zone has an acdic haloaluminats jonic quid. The atkviated
product has greatar than 30 voi% C10+ and less than 1 voldh C88+, In some
embodiments the alkylated product has greater than 30 volth G111+, Jor
axample greater than 40 wi% or greater than 80 vol% C11+. The olefin can

have from 2 1o 7 carbon atoms, or five carbans or less, Insoms

VB
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smbadiments there can be no oligomerized plefin in the feed. Ssparating can
ha done by any number of procssses wall known in the ad, and in ong
ambadiment may be distilistion, such as vacuum or atmospheric distillation,

in & third embodiment, theve & provided a provess for produging &
middie distiflate or middie distiliate blending component, comprising the steps
of providing = feed, mixing the foed with an isoparaffin to make 8 mixed fead,
alkyiating the mixed fead 1 an lonic iquid alkylation zone, and separating the
middie distifiate of the middie distilaly blending component from the alkyisted
pradust. The fesd used s ons produced it a FO arackar comprising ofefins.
The midille distiflate or the middis distillate blending component has graater
than 30 vol% 104, loss than 1 volts TS+, and g cloud point less than -
SG7C. In some embodiments the alkvialed product has greater than 30 volt%k
G, for exampls greater than 40 vol% or greater than 50 vol% C11+,

The alkyviation conditions are selected {o provide the desired produst
yields and gquality. The alkylgtion reaction v gensrally carved ot in a liquid
hyarogarbon phase, i 8 batch systam, a semi-bateh systam, or a sontinuous
aysterm. Calalyst volums in the allkyiation rsactor i i the rangs of 1 voils fo
80 wol%, for sxampls from 2 wol% 1o 70 wol%, from 3 vol® o 80 vol¥, or from

& vol% to 38 vol%. In some smbodiments, vigoraus mixing can be used o
provide good contact betwesn the reactants and the calalyst. The alkylation
reacton lemperature oan be in the rangs from 4070 10 1807, such as -20°C
o 1000, or 15 C e 8 The presswre can be in the rangs from
atmospheric pressure to 3000 kPa. I one ambadiment the pressure is kept
sufficient 1o keep the reaciants in the liquwid phass. The residencs time of
raaciants in the reaclor can be in the range of & second {o 380 hours.
Examplas of residgncs imes that can be used include 0.5 minto 120 min, 1
raine b Y20 min, 1 mun i 80 min, and 2 min o 30 min,

in one embodiment, the separated middie distillate fraction is nod the
entive fraction. # can be in a range from 20 to B0 with, 38 1o B0 with, 800 50
wi%h, 28 o B0 wit%, 20 1o 40 with, or 28 to 40 with of the {otal slkviate
product.

in one embodiment, the iscbutane stream is from 3 refinery, from a

Frachar-Tropsch process, or v a mixture thergof, Subsiantial quandities of
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isobutane and normal butane are produced in refinery hvdrosonversion
processas, for example hydrocracking and catalvlic reformming. The
wobutane stream may be frastionated from the produsts of the refinery
hydrocorversion processes, of i may be oblained al least in part by
ornetization of normal bulane.

Iy one embodimeant, 8s desoribed in UBETEIN3E and USST43082, the
isobutane stream is oblained from a Fischer-Tropach process by subjecting o
Fischer-Tropach derived hydrocarbon fraction o hydrotreating, hydrocracking,
hydrodewaxing, or combinations thereol; and recovering s fraction containing
at least about 30 with sobutans,

in ang embodiment, the procsss stream containing bitensg s from a
refinery, from a Flacher-Tropscl process, of 18 3 mixture theren!, In another
ambadiment the procsss stream containing bulene © ot least partially a
separated fracion from orude o, The process straam containing butene can
be obiginad from the cracking of long chain hydrogcgrbons, Cracking may be
done Dy any known procesy, including steam cracking, thermal cracking, or
catabtic cracking of kong chain hydracarbons. I ong embodiment the
proness shream containing bulene is from s FC cracker.

in another smbodiment the process stream containing butens s rom a
FischerTropsch process., The process siream may compriss a Fischen
Tropscoh tai gas or 3 separated stream from i gas.  Soms Fischer-Tropsch
procesess, such as those feught in EPUZ18ETEAT, ara known b producs
predominantly C2-C& olefins.

in ang embodiment the amount of the butans fraction iy the process
stragm may be noreased by dimsnizing the ethylens in a Fischer-Tropsch or
petroleum derived hydrocarbon, Processes for doeing this are desaibed, for
gxample, in US5894801.

i ancther embodiment, the process stroam containing bhutene is mads
by reating & hydrocarbon stream comprising C3-C4 glefing and alkanol with &
dehydralionfisomerization calalyst which convarts the alkanols o olefing and
isomerizes the G4 olefin. Examples of processes to do this arg tsught in
LUSB788035 and USET43802.
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The molar ratio of isoparaffin to olefin dwing the processes of this
ivention can vary over 3 broad range. Genarally the molar ratio is in the
range of from 0.5:1 {0 100:1, For example, in different ambodiments the
motar ratio of soparaffintoclefin s from 11 R ST 1T 10t or L1t to
281 Lower isoparaffin to olefin maodar ratios will tend {o produce a higher
yield of higher moleculay weight aikviate products,

in ons smbadiment, the middle distillate or the middie distillate
blending component that s separated out in the process is comprised of a
fight fraction with bolling points in the jol fusl bolling range. Additionally a
haavy fraction with boiling poinis above the jel fuel bolling range may also be
separagted. Under some conditions the light fraction with bolling points in the
et fuel bolling range msels the bolling paind, fash point, smoke point, heat of
combustion, amnd freeze point requirements for Jet A-1 fusl

in one embadiment, the light fraction with boiling points in the jet fusd
bodling range has a NMR branching index grester than 80, greater than 85,
greater than 70, greater than 72, or even greater than 73, The NMR
branching index is generally less than 80

The lavel and type of branching in the middie distillals can be salected
o give improved propertiss. The level of branching and CH3/CHZ hydrogen
ratic can be controlled by adjusting the lovel of the halide containing additive.

In some simbaodiments, a high branching index raises the flash point of the
mikddie distilate. n other embodiments, 2 high CHI/CH2 hydrogen ratio
fowers the freere point of the middis distillste.

in ong embodiment, the separating step in the process additionally
produces 8 low volatility gascline blending componsnt. Under certain
condilions the low volatility gascling blending component has a Reid Vapor
Frossurs less than 2.2 psi {15.2 kPa) or less than the amound defined by the
squation: RVP = -0.035 « (B0 vol% boiling point, *C) + 5.8, in psl. The chart
of this aquation is shown in Figurs 1. To converd psi to kKPs, multiply the
rasult by §.888.

tonio Hauid alkylation produces an alkyiate product having a low leved of
olefing, sven withowt any further optional hydroprocsssing. in one

ambodimend, the alkylate product, or ssparated fraction thereof, has less than

-9
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5wt olefins. The bvel of clafing may be sven loss, such ag jess than 3
with, lpgs than 2 with olafing, loss thar 1 Wit olefing, or essentially nong.
The wi% olefins can be measured by proton NMR by the method desoribed in
U Patent Publication No. US20080337344, fully incarporated herain,

tonie Hauid alkylation produces 8 bigh vield of alkyiats product bassd
or the amount of olefin in the fead to the ionie liguld alkyiation reactar. For
sxample, in one smbodimant the visld of slkylated product sscesds the
amoeuntt of olefin supplisd {o the lonie iquid reactor by al least 30 wi%. In
other embodiments the visld of alkylate can be at least two tmes on & weight
basis of the amount of olefir suppliad to the onle figuid reactor. In differant
smbodimenis, the amount of olefin supplied 1 the lonic Higuid reactor can be
the srnount of olefin 1t the process stream containing butens, the amount of
slefin in the fead supphiad o the jonic liguid alkylation zone, the amount of
olefin in the hydrocarbon sleam reacled by the ionip liquid catalyst, the
arnount of olefin In the fead produced in a FC reactor, or the amount of olafin
in a mixed fsad supplied 1o the onie Hould alkyiation zone.

HONIC LIQGUHD CATALYSY

The fonic Hould catalyst is composed of at least hwo components which
form a complex. To be effective at alkyiation the onio ligued catalyst is acidic.
The acidic oo quid catalyst comprises 3 first component and 8 segond
component The first component of the catalyst will typleally comprise 3 Lewis
Acidic compound selected from componenis such as Lewils Acidic
compounds of Group 12 metals, ncluding sluminum halides, alkyl aluminum
halide, galium halide, and alky! gatlivm halide (see Intermnational Union of
Fure and Applied Chemislry (JUPAQ), versiond, Gotober 3008, for Broup 13
matals of the periodico teble). Other Lewis Acidic compounds basides thoss of
Group 13 metals may also be used. In ong embodiment the first component is
alwninum halide or alkyt aluminum balide. For example, aluminum frichionde
gy be used as the first component for preparing the lonie kauid catalyst

The sgrond compunent making up the ionic Bouwid catalyst is an
organic salt or midure of salls, These sslls may be characterized by the
ganaral formula QA whersin O+ is an ammonium, phosphorium,

T
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boronjum, kdanjum, or sulforium cation and A~ is & negatively charged ion
such as G-, Br, QG- NO2~, BFd~, BOM~, PF@~, SbFG~, AlQ~, &F8~,
TaFg~, CuliR-, Felil~, SUICF3—, SOCT~, and Ssulfurtioxyphenyl. In
she ambodiment the second component s selected from those having
guatemary ammanium halides containing one or morg alkyl modstiss having
from about 1 to about 8 carbon stoms, such as, for sxampls, trimethyvlaming
hydrochioride, methyitributvlammonium, 1-butyipyridindum, or ydrocarbyl
substitited imidazolitm halides, such as for siampls, Tethyl-J-mathyd
visdazoium chionids.  In one embaodiment the onic iguid cotalvsl s g
chicroatuminate jonic Bauid having the general formuda RR RN H ALCK,
wharginy BR and R arg alkyl groups contgining 110 12 carbons. Inone
gmbodiment the onic liguid catalyst is an acidic halosluminale onio lquid,
sunh as an atky! substiludad pyridinium chivroaluminate or an alkyl substituted
imidazolium chiorgaluminale of the general formula & and B, as discusssed
praviousdy,

The prasence of the first component should give the fonie iquid 3
Lawis or Franklin acidic character. Gensrally, the graater the minle ratio of ths
first component to the second component, the graaler the acidity of the jonio

fiquid miture.

HALIDE CONTAINING ADDITIVE

in one embodinent, & halide containing additive is present during the
reacting. Ths halide containing addifive can be sslected, and presant at a
evel, o provide inoreased vield of the middie distillate. In thiz embodiment,
the reacting & performed with a halids contgining additive in addition o the
iore liguid catalyst, The halide containing sddifive can boost the overall
acidity and change the selectivily of the lonio quid-based calalyst. Examples
of halide containing addiives are hydrogen halide, metal halids, and
combiinations theraof. In one embodimend, the halide containing additive may
he a Bronsted acid, Examples of Bronsted acikds ave hydrochiorio add (MO,
hydrobromic aod (HBn, and influoromethanssulfonic acld, The use of halide
portaining additives with jonio iguid oxtalvsis is disclosed in LLS. Published
Fatent Application Nos. 20030000358 and 20040077814, Inone

w1 -
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ambodiment the halide containing additive s 2 flucrinated alkane sulphonic

acid having the general irmudan

T v
=]

S cwharein R = O Br, L M, an sl or perfiuor alkyl
group, and R = M, alkyl, arvl or a perfluore slkosy group.

Exarnples of metal halides that may be used are Nall, LCH KT
BeCl?, Calil, BaClz, SrCi2, Moli2, FbCi2, Cull, ZrCH and AgCl ax
desonbed by Roebuek and Evering (Ind. Eng. Cheam. Prod. Res. Develop,,
Vol 8, 77, 18701 In one embodiment, the halids containing additive contains
ane or more VB matal compounds, such as ZrCld, ZrBrd, TiCK, TIOI3, TR,
TiBr3, HICK, or HiBrd, as describad by Hirschausr et 3l In U8 Pat. No.
5,028,024,

in o embodimant, the halide confaining sddifive is present during the
raacting siep ot & lovsl thal provides increasad viskd of the middls distilate.
Adiusting the level of the halids containing additive level can changs the
selechivity of the alkylation reaction. For seample, whan the level of the halide
containing additive, 8.g., hydrochionic aoid, is adjusted lower, the selactivity of
the alitylation reaction shifts towards produsing hegvier products, In one
ambadiment, the adjustment in the leval of the halde containing addithe to
oroduce hegvigr products doss not impair the concurrsnt production of low
volatility gasoline blending component. The effects of increasing the moly
ratic of olefin to HU! n the fead to the fonic lquid reactor (adjusting the level
of the hydrochior ackd lower) on the vield of G0+ products in the alkylste
produced is demonstrated in FEG. 2.

i one embodinant the halide containing additive ls unsupported.

in one smbadiment the separated, or recoverad, middie distiliste
fraction has greater than 30 volt G110+ The middie diglillale can have sven
higher levels of L10+, such as greater than 35 vol%, greater than 40 or 80
voi%, or even greater than 80 vol%. The levels of very heavy 043+ or U588+
are fimided. Inone embodiment the level of C88+ in the ssparated, or
recoverad, middle distillate fraction has less than 1 vol% C85+, such as less
than 0.5 or § vol% C8B+ In one smbodiment the level of G483+ in the

4D
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sapargted, or recovered, middls distilste fraction has less than 5 vol¥% 043+,
such as less than 1 volth, less than 0.8 voith, or § voi¥%,

in one ambodimant the separated middie distillate or middie distilate
blending componsnt meats the balling point, Sash point, smoke point, heat of
combustion, and fresve pant requiraments for Jet &1 fuel

The wi% ohgomerized olafin in the feed is low, gensrally less than 10
wi%e or § wite, The wi% oligomerized olefin iy the feed can be less than 4
withs, 3 wi%, 2 wil, or 1wl In oneg embodiment there is no oligomerized
slefin in the fead,

Processes for Producing A Low Volatity Gasoling Rlarding Component ang
a Middie Distillate
The proogsses described above can also be used for produning both a

gasoline blending component argd a middle distiiate. i a first and second
ambodiment of 8 process to produce a gasoline Mending componant and &
middie distifate, the process comprises the steps of reacting and separating.
in the first embodiment, the reacting step somprises: reacting an
obidans stream with a process siream conlaining bulene undser sikyiation
cordiions whersin the isobutans and butene are alivylated to produce an
atkylate produgt in the pregsence of a chivroaluminate lonic liguid oatalyst,
The chileroaliminate jonic iquid catadyst comprises an alky substifuted
pyridinium chioroshuminate or an alkyl substitited imidezolium
chivrostuminale of the general formudas A and B, as desonibed pravivusiy.

i the second embadiment, the reacting slep comprises: reatting &
hydrocarbon stream comprising at least one olefin having from 2 to 8 carbon
atome and al least one paraffin having from 4 to § carbon aloms, with an ionic
Hquid catalyst and a halide containing additive. The reacting is done such
that the al lsast one olefin and the st least ons parafiin are alkylated {0
produce a broad boiing alkylate. The process produces a low volatility
gasoline blending component.

in the first embodiment, the separating siep separates out the middis
distiiate from the alkylate product, whergin the ssparated middie distiliate

-3
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fraction s from 20 wi% or higher of the total alkylate product, and wharein the
separaied gasoling blending component has 8 RON of §1 or higher,

in the second smbodiment, the separating siep ssparates the broad
boiling sliivlate info at least the low volatiity gasadine blending componant and
at lsast the fuel sullable Tor use a3 & jel fuel or jat fuel blending component.
The fust suitable for use as g ot fust or jet fuel blending component has a
boifing range between 2B0°F to 872°F (138°C to 300°C), a flash poird greater
than 40°C, and a cloud point less than BU°C.

in & third smbodiment, there s provided a process for produging a
gasoline blending component and a middle distillate, comirising the sleps of
adjusting & lewal of a halide containing additive ity an alkyigtion reactor and
recovering the gasoline blanding compuonent and the middle distillate from the
alkylate product produced in the reactor. The alkylalion reactor is an lonie
fiquid alkylation reactor. Adjusting the lsvel of the halide containing additive
provided o the wonie liguid alkyiation reactor shifts the seigelivity towards
heavier products in the alkyiate produst

The hydrocgrbon stream fesd (o any of these processes can come
from & crude off, 3 refinery, a Flischer-Tropsch proosss; or it can be a blend
thaveol, in one smbodiment, the hydronarbon stream i a blend of bwo
shreams, ong stream comprising atf least one ofsfin and the second stream
sornprising ot hast one separafiin

The process is not Bmited 1o any spedific hydrocarbon strsam and s

generally applicabls o the alkylation of C4-08 soparafiing with C2-C8 olefing
from any source and it any combination. In one embodiment, the
hydrocarbon stream comprises at least one olefin from a FC cracker, In
another embodiment, the hydrocarbon stream comprises Fischer-Tropsch
detiven olafing.

in one embuodiment the ionle liguid catalyst is unsupported,

frr one embodinmant the rocess makes & low volatifity gasoling
blending component having a Reld Vapar Pressurs less than 2.2 (158.2 ¥Fal
of evan lass than an amow detinad by the egustion: RVP = 0035 x {50
vol¥ bolling point, “C) +8.8, inpst. In ancther embodiment the separating

step provides two or more low volatiity gasoling blending componants.

<44 -
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in one smbodiment, the middie distillate produced by the process has
a high Hash point, gensrally gragter than 40°0, but i can be gresater than
A5°0, graater than 80°C, gragler than 857C, or greater than 58°C.

in eng embodiment, the middie distillate produced by the prooess has
a jow clowd point, generally lsss than 8070 or -85°C, but i can be less than -
S8, less than -80°C, or less than H3°C. Additionally, the middis distillate
can have a ko freaze poind, such as less than SB0°C, loss than -858°C, less
than ~88°C, less than 8070, or less than -B3°C.

in one embodimant, g8 desoribed sarlier, the middle distiliate produned
by the process oan have 8 NMR branching index grester than 80,

Praoceases for Preducing a Jst Fust

Additionally, there arg provided processss for producing & et fusl The
processes use the same teachings s desaribed earlisr hereln. The
procasses includs the steps of performing an alkylation and recovering the jst
fusd,
In the first embodiment, the process comprises regcting an isobutans stream
with 8 process stream containing bulene under alkylation conditions. The
wohutans and bulene are alkylated o progduss an sikylate product in the
presance of a chioroaluminale ionic liquid catalyst. The chioroaluminate
ionic Sguid calslyst comgeises an alkyl substituted pyridirdian chivrosiuminats

o an alkyl substituled imidazolium ehlororaluminste of the general formulas &

3{ f §{
., !’
xﬁ*ﬂ\ .,} §‘2§ o w N«M F;i)
k J e
,\~§_

angd B, respsctively, A

in the formudas & and B, Ris M, methyl, ethyl, propyd, butyl, peniyl or hexyt
group, R=H, methyl, sthyl, propyl, bubyl, pentdl or hexyl group, Xiga
chiorealuminate, and Ry and Ry ars H, methyd, sthyl, propyl, bubvl, pentyl or
hexyl group. The jonie iguid ostalyst may also comprise a dervative of either
of the structures & or B in which one or more of the hydrogens attached
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dirgctly (0 carbon it the ring has been replaced by an alkyl group. In the
formulas & and Bl R, R, Ry and Ry may or may not be the same. The jat fusl
is separated out from the alicviate product. The jel fuel mosts the bolling
point, flash point, smaoke point, heat of combustion, ard fresze point
raquiremants for Jet A-1 fusl

i the second embodiment, the proeess for producing a jst fugl
comprises performing an alkylation of an olefin and an isoparafiin with an
unsupporiad catalyst system comprizing an onie Hguid calalyst and 2 halide
containing asddilive o make an aliylate product, The jef fusl is recovered
from the alkylate product. The jet fuel mests the bolling point, flash point,
sinoks point, heat of combustion, and freezs point requirements for Jet &1
fusl

i the third smbadiment, the process for producing 8 et fus! comprises
selerting 8 fesd producsd in 8 FU cracker comprising olefing, The feed i3
mined with isoparalfin o maks a mixed fsed. The mixad fesd is alkyiatad in
an onie fguid alkyiation zone, at akylation conditions, to form an alkylatad
product. The jef fuel is separated from the alkyisted product. The jat fus
maels the bolling point, flash point, smoke point, hest of combustion, and
frawze point reguiraments for Jot &1 fuel

In ons ambodiment the jef fuel is groster than ¥ wi%t of the foial
alkylate praduct. Examples includs from 10 {0 50 wi%h, from 10 o 25 with,
greater than 18 wi%, and from 15 to 50 wibh.

Iy some embodiments the jet Tuel may have cther desired properties,
for sxarmple, 8 cotane index greater than 45, 54, or 85, a heat of combustion
greater than 48, 45, or 47 MUKy, a freeze point less than 4770, -80°C, or -
8070 & cloud point less than 47°0, -5, or -80°C; a sulfur level of less
than 10, & or 1 ppm {or essantially none), 3 flash point greater than 40°C,
SO°C, or 85°0; and & smoks point greater than 20, 30, or 38 mm.

A Composition of Middls Distiliate

Additionally, thare are provided compositions of middle distiilats. The
compositions use the same teachings as described earlier hemsin,  The

middie distillate comprivses hydrocarbons having 8 bolling rangs belween

~ I8«
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1S0°C and 350°C, 3 NMR branching index graalsr than 80, and o OHIICHRZ
rafio graster than 3.8, In ong embodiment the hydiooarbong have a sulfur
content of less than § wppm, less than 3 wppm, less than 1 wppm, oF
sasentislly no sulfur. I one embodiment the hydrocsrbong have a wi%

aramatic protons less than 1.0, less than L5, loss than (3, less than (01, less
than D05, less than 8.01, or essentislly no aromatic pé@mns. Low aromatic
orotons helps nprove smoke point, figsh point, gnd net heat of combustion.

i ong embuodiment the boiling rangs of the hydrocarbons is bebvaen
178°C and J0Q°C.  In another embodinent the bolling ranges of the
hydrocarbons is batwesn 200°C and 300°C.

Az disclosad previcusly, where the middie distitlate & an alkylate
hydrocarbon product made by the processes disclozed hereln, the level of
olafin will he very low, generally less than § wi%, or lass than 3 with, or less
than 2 wite, or laas than 1 wi, or essantialiy none.

in othar embodiments the NMR vanching index is gresater than 85,
greatar than 70, or greater than 720 The hydrocerbons have a low freeze
point, generally less than 20°C, but in some embodiments can be much
fowat, such as less than 48°C, less than -50°C, leas than ~B85°C, less than -
BRI, loss than 80°C, or less than 83

in some emboadiments, the hydrocgrbons have 3 high net hest of
combustion.  The net beal of combuslion can be grealer than 30 MRy,
greater than 40 MUK, grester than 43 MUKy, greater than 48 Mg, or
graater than 47 Mg,

in some embpodiments the hydrocarbons have 3 high smioks paint,
such as grester than 18 mm, greater than 30 mm, or greater than 44 mm.
The smoks point 2 generally less than 80 myn.

n soma embodiments the hydrocarbons have a high flash point, such
as groater than 3070, grester than 40°C, greater than 80°C, or greater than
88°C. The flash point is generally less than 80°C

The hydrocarbans can mest the bolling point, fash point, smoke point,
heat of combustion, and freeze point requiremsnts for Jet A1 fusl

in ong embodiment, the higher the CH3AOHZ hydrogen ratio the lower
the freeze point of the hydmocarbons,  In general the hydrocarbons have &
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CHICHR ratio greater than 2.8, In other examples, they can have a ratio
greater than 3.0 or greglerthan 3.8

in ane embodiment the middie distiliale is made by alkviating an olefin
and an lwoparafiin with an unsupported onie Hquid oatalyst and a halids
sontaining addiive.  In some embodiments the fonie Bguid catalyst dogs not
cardain any sulfur, The ionio Hquid cstalysts desaribad praviously are those
that may be ussd

i another embodinant, the middle distiliate is made by alkyiating an
soparafiin with an olefin under sligialing condilions over an unsupporied
onic Hquid cgtalyst and providing an amount of halide containing additive to
tha alkyvisting step v achisve the NMRE branching index and the QHYOH2
hydrogen ratic.  In this embodimant, for exampls, the middle distillats can
compriss hydracarbons having & % aromatic protons less than 0.8, 2 sulfur
cortent less than § wppm, or loess than 3 wth olefing. The amount of the
hatide containing additive provided during the alkyiating slep provides & molar
ratio of olefin fo NG from SGi1 to 180, from 8001 to 13001, or from 700 to
141

For the purposes of this spacification and appended claims, wiless
otherwise indicatad, sl numbers axprassing quantities, percentages or
proportions, and other numsyinal valuss ussed it the spectiication and daims,
are {o be understood as being maodified i all instances by the term "about”
Furtharmore, all rangss disclosed hergin arg inclusive of the endpints and
are indepsndently combinable. Whenever g numerical rangs with 2 lower
it and an upper Imit are disclosed, any number falling withinthe range s
alzo spacifically dinclossd.

Aoy term, abbrevialion or shorthand not defined s undersiood to have
the ordinary meaning used by a person skilisd iy the art at the time the
application s fled. The singular forms "8, "an,” and “the” include plursl
references unless expresaly and unegquivocally imiled o one instance,

&l of the publications, paterds and padent applications cited in this
application are herein ncorporsted by referance in thelr sntirely to the same
extant as ¥ the disclosure of sach individual publication, patsnt application g

~i8 .
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catent was specificely and individually indicated to be incarporated by
refarence i i entirsty,
This writlen description uses examples o discloss the invention,

make and uss the ivention. Maoy mogifications of the sxampiary
ambodiments of the invention disclossd abowe will readily ooow o thosse
skifled in the vt Acoordingly, the wvention is (¢ be construsd as inoluding sl

structurs and methods that fall within the scope of the appended daims.

EXAMPLED
Exampis 1;

Allolate was prepared in g 100 md Iaborstory continuously stirad (1800
RIPM) reactor operating 8UHPD and 150 peig {1034 KPg). The akylate was
accumulgtad from several alivdation runs i this reactyr satup. The feadstock
for the alkyiation was mixsd G4 glefing {bulans) from an FO aracker
confaining 40-50% olsfing and the balancs bhaing isobutans and n-butans
(feed flow @ 2 mifmin), and refinery sobutane containing B0% or more of
isobutans {fead flow @ 8 miimin. The molar ratio of isoparaffin o olefin
wag iy the rangs of abowt 131 None of the feed 1o the alkviation reactor was
cligomaernized olefing, N-butvipyridinium chiorcaluminate (CaHgNCHALTH)
ionic Bguid doped with hydrochiono acid was used 98 calglyst and adlded in g
suntinuous stream 1o the alkylation reachyr 3t 8 volumetric flow of 0.8 mifmin,
The tonio liquid and the hydrochioric acikd wers unsupported. The level of
hydrochioric acid was selected, and adjusted over time, o provide & gond
yield of middie distillate, without adversely sifecting the qualily of the tighter
boiling atylate produst. The alkylate from the reactor efffuent was separaiad
from unconveried butanss by fashedistilation and the alkylate was separated
fronm the lonio iquid by phase ssparation.

8408 g of the accumutiated alkyiate efffuent frony the alkyiation reactor
was oyt into 4 fractions by atmospheric distillation. The vislds oblatned and
their praperties are shown below in Table 1.
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Table 1
Fraction 1 Fraction 2 Frachion 3 Fraction ¢
Utility Light Hizavy Jet Fust Heavy Dingel
Naphtha Naphtha Heating OH
Yield, g 47838 11888 1387 1084
Yield, miat 8840 1625 1817 1272
BO°F
il Wit E5 B 149 168 125
based on
combinad
alkyiata
progducds
AP Gravity 7 8521 G2.5 383
Qansity, BOF 0.885 Q7305 0.789 0.8285
Simigt, °F
10 volh 132 S48 83 B0
20 vol% 168 251 R §47
30 vol% Pity! 253 368 E¥Q
480 val¥ 202 a7t ars 583
50 wol%% 204 293 391 823
80 vol¥% 231 204 408 885
T vol% 230 340 421 881
80 volts 234 327 448 738
80 wol¥% 238 338 475 805
FEP (085 284 288 828 885
Lomposition,
Vol by GG
10 >20 »85 >80
Cit+ <5 =850 85
7+ o 0 0 »70
C27e 0 ) >10
{43+ 0 <y




WO 2010/014531 PCT/US2009/051819
Fraction | Fraction 2 Eraction 3 Fraction 4
O8R5+ ) { 3 o
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Fraction 3 and Fraction 4 are middig distillates. After separating them

from the total alliviate, they amountad 10 281 wi% of the {ola] alkyiats

product, Both Fraction 3 and Fraction 4, ssparately or combined togsther,

had graater than 85 volf C10+, graater than 80 vol% C114, and less than 1

woi% G434+ or C88+,

Example &

Fractions 1 and 2, described above, were {ested by gas

chromatography for composition and cotane numbers, The resulls are

summarnzed below, in Table 2

Tahle 2
Composition, W% by GO Fraction | Fraction
1 2
C5- 3.24 0.01
8 4.30 0.02
C7 688 §.02
o8 73.98 §.79
co 148 1 8238
10 0.02 2144
C1i+ 6.07 577
RYP estimated from GC, 218 0.40
psi
RON (GT) 94 .5 86.0
TRON a8 .4 88 4
MON 93.1 882

~ 2% -
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Fraption 1 was predominantly O albyiste. Fraction 2 was mostly 8
aikylate, mixed with some G0 altvlate.  Both Fraction 1 and Fragtion 2 were
zuitable for gasciing blending. Fraction 1 was an example of an especially
good gasoline blend stock, with 3 low RVE and high RON.

Fractions 1 and & were both fow volatility gascling blending
compenants. Thelr Reld Vapor Prassuras, caloulated by GG, wars both less
than 2.8 pal {17.2 kPa}, and also less than an amount defined by the equstion
RVE = 0.O05 x {80 volb bolling point, "Gy + 5.8, in psi

Exampls 3

Fraction 3, desoribed above, was further chargolerized and comparsd
with 8 typloal example of JET At jet fusl These resulls are shown in Table
3, bealow.

Table 3

Analytiog! Test Fraction 3 JET &1 Regquirements
s Wt 851
H, wite 14.518
N, wi¥h <1
Low leved nilrogen, <<}
WP
Suffur, wopm <4 : Max 3000
Flash Point, °C 58 ! Min 38
Smoke Poind, mm 44 ' Min 18
Cloud Foint, °C <53
Freaze Point, °C <83 T Max 47
Ciensity, 80°F 0.788 0.775-0.840
Viscostty, -20°C, mmls 8387 T Max RO
Nat Heat of Combustion
BT 20337
MK 471 Min 42.8
Calculated Cetane T o '
index SB.83
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Analytical Test

Fraption 3

JET &-1 Reguirsmenis

Simbdist, °C

Wit Qlsfins

10 vol% 178 Max 205
20 vol¥ 182
2 vol¥% 187
40 vol® 181
50 val% | 198 Report
S0 volts 208
T vl 18
80 voldh 231
G0 vl 248 Regort
FRP {80.5) 274 R 300
NMR Branching index 7247
2.84

summatized below in Tablke &

Table 4

A more delaited stmmary of the proton NMR analysis of Fraction 3 s

Fraction 3

NBR Analysis (3%}

parafinic OH3 hydrogens 7332
paraffinie OH2 hydrogens 18.41
paraffinic OH hydrogens 708
Hydrogens in saturated groups siphs o
aromatic or olefini cawbon 4.00
- Olafinic Mydrogens ' g.21
Aromatic Hydrogens .00
Sum

10000

NMR Branching index

7347

223
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CHICHE Hydrogen Ratio 378
% Aromatis Profons 4.00

Fraclion 3 had properties that are desired in et fuel, and § would make
an excellent jet fusd or bland stook for jot fus! production. Fraction 3 met or
sxoeadad 8 number of degired JET A1 fuel specifications, including sulfy
conterd, fash point, smoks point, freezs point, heat of combustion, and
distifiation bolling points. The density was a bt fow and the kinsmatic
viseosity was a bit high. Both the viscostly and the density could be brought
into the spacified range for JET A-1 by addition of a second fus! blend stock
rich in aromatics andfor naphthenss. The high smoke point would sliow for
the addition of & signifivant amaount of a second fusl Blend stock with 3 high
aromatic contert, The high hest of combustion measursd on Fraction 3 was
significantly highar than thel typically obtained on JET A1, and it would
prove fusl efficlency 11 wears blended with & second fuel kand stock. The
sxcelient ow cloud point and bw fresse point was malated to the higher
branching.

Fraction 4 was not further characlierized, bt #s properties indicalad
that it was a high guality middle distillste suitable for use 88 8 haavy divsst
fuel, & biend stock for diesel fund, or @ healing ot

o

Exampls §

Allcvlate was prepared in g 100 mi laboratory continuously stired (1600
RPM) reactor operating &t 10°C and 150 paig {1034 KPa). The feedstock for
the atikylation was mixad C4 olefing (butene) from an FO oracker containing
40-50% olefins and the balance baing isobitang and n-butane {fead flow @
< mifmin }, ard refinery isobutane containing 80% or more of iscbutane {fesd
flow @@ 8 mifmin.l.  The muadar ratio of Isoparaffin to ofefin was in the range of
about 801, Nong of the feed o the aliviation reactor was oligomerized olefing.
N-bubyleyridiniu chlorealuminate {CaHaNCHALTE) onie iguid doped with
hydrechlone acid was used as ostalyst and sdded © the alkylation reacior,
The jonic fauid and the hydrochioric acid wars unsupporisd. The level of

24 .
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hydrochione acid was adjusted over ims from a mudar ratio of olefin to HCI
from 381 to about 10811, The alkylate from the reactor efffusnt was
separated from unconvertad butenes by flash-distiliation ard the alkyiate was
suparated from the wnic iguid by phase separation. A plot of the molar ratic
of olefiry to MO vs, the GO analysis of the wi% C10+ content in the alkviate is
shown in Figre 3. A higher molar ratio of olefin i HOin the foad 1o the
reasior gave a higher yield of 10+ products in the atkylate produet.

LR
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. & progess for producing @ middie distiliate or a middls distiliate blending

componant, comptising!

a. contacting @ feed comgrising an olefin, an soparafiin, and less than §
wi% cligomarizad olefin, in an lonic lguid alkyigtion zone with an sqidic
ralosluminals fonfe Bguid, at alkylation conditions; and

b, recavering an efffuant from the ionde fquid aikylation 2ong comprising
an sikylated product that has greater than 35 wol% C10+ and less than

1 el GBS+,

The process of claim 1, additionally including adding a haldde containing
additive to the jonic quid aiylation zone, wherain the lovel of halide
soniaining additive s adjusted o change the yiekd of the middie distillate in
the alkyisted product.

The proosss of claim 2, wherein the adjiusimant iy the level of the halide
containing additive Increases the yield of the middie distillate, but doss not
irmpair & concurrent production of a low volatility gesofine blending
componant,

The proosss of olaim 1, wherein the alkylated product has less than §wi%
olefing prior {0 optional further processing.

The proosss of claim 1, wharein the vield of the alkylated product
axcesds the amourt of olsfin in the feed by at loast 30 wi¥.

A process for producing & middie distillste, comprising:

g, reacting an kokudans stream with & process stream containing butene
under alkylation conditions whersin the isobutane and butene are
atkyiatad {o produce an alkyiate product in the pressncs of 8
chinroalminate ionio liguid having the gensral formula RRORN W
ALCEH |, whersin RR' and R are alky! groups containing o 12
carbons, and

W28 .
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b, separating out the middle distillate from the alkylate produst, whersin
the separated middle distillate fraction i from 20 wi% or higher of the
folal alkylate product.

7. & propsss for produsing & midkdle distiiste, comprising:
5 a. rmacting an isobutane stream with & process stream containing butene
undar atkyiation conditions whereiln the sobulans and buteng arg
atkylated to produce an slkydate product in the presence of 8
shivroaluminats lonis guid catalyst comprising an aikyl substituted
pyridinium ohioroaheminate or an alkyl substitited midazolium

10 chivroaiuminale of the general formulas A and B, respectively,

/ S/
L h S N‘“‘%

N
. ;»:{ 5 3% N /
X
B
A B

where RaM, methyl, sthyl, propyl, butyl, pentyl or heoyl group, R's
methyl, eiwl, propyl, butyl, penty! or hexyl group, Xis &

1§ chivreaiuminate, and By and ResH, meathyl, sthyl, propyd, bubdl, pentvi e
oyt group and whers B, R, Ry and By may or may not be the samsy
and

b, saparating out the middle distiliate from the alkyiate produnt, wherein
the separated middis distiliate fraction is from 20 wi% o higher of the

20 total adkviate produnt.

g The process of claim 8 or claim 7, wherein the separgted middis distillate

fraction & from 28 to 80 with of the tolal alitviate product.

25 8 The process of claim 8 or claim 7, wharsin the separsied middie digtiliate
fraction s from 30 o B0 wit of the tolal altkyvlate product

10, The proosas of claim B or claim 7, wherain the process stream containing

butene is st least partially a8 separsted fraction from oruds ol

N an
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11. The precess of claim § or olaim 7, wherein the process stream conlaining

bButene is from a FC gracker.

12. The procsss of olaim 8 or olalm 7, whersin the process stream containing
butene is made by treating & hydrocarbon siream comprising C3-04
olefing and alkancl with & dehydrationfisomerization catalyst which

corverts the slkanols o olefing and isomerizes the G4 plefin

13. The process of olaim 8 or olaim 7, wherain the middie distillate &
comprised of & Hght fraction with bolling points in the jet fusl bolling range
and @ heavy fraction with bolling points above the jet fuel bolling range
and wharain the lght frection with baling points in the jet fuel bolling range
fras a NMR branching index greater than 84

14, The process of olaim § or claim 7, wherein the middle distillate
comprised of a light fraction with balling points in the jptfusi bolling rangs
and & hegvy fraction with bolling points abovs the (st fuel baolling rangs

and wharein the light fraction with bolling points in the jat fued bolling range
additionally has & CH3/CHE hydragen ratio greater than &8

15, The process of claim & or claim 7, wherein a halide containing additive is
orasent during the reacting, &t & levet that provides increased visld of the
rricldie distiliate.

18, A process for producing 8 middis distifiate or g middia distilisie bending

gomponant, comprising:
a. providing & feed producad in a FO cracker comprising olefing;
b.ixing the fesd with an soparafiin {o make 2 mixed feed;

¢ akyisting the mixed feed in an jonie liquid alikylation zone, at atkylation

conditions, 1o fonm an alkylated product; and

CPH -
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d. saparating the middie distiliate or the mddie distiliate blanding
somponant from the alkyviated produdt, wherain the middie distillate or
the middie distilate blending component has:

i greater than 30 volS 10+,
& §. loss than 1 wol% C85+, and

i, a cloud poirt less than 80°C,

17. The process of daim 18, wharein the middie distiltate or the middie
distilate blending component meaats the botling point, flash point, smoke

14 noird, heat of combustion and froess point requivements for Jet &-1 fual.

18. The process of olaim 18, whersin the mived feed comprises lsss than §

witi oligomerizad olefin.
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