PROCESS FOR PRODUCING A LOW VOLATILITY GASOLINE BLENDING COMPONENT AND A
MIDDLE DISTILLATE This application is related to four co-filed patent applications titled "Process for
5Producing a Middle Distillate", "Process for Producing a Jet Fuel”, "Composition of Middle Distillate",

and "Process for Producing Middle Distillate by Alkylating C5+ Isoparaffin and C5+ Olefin", herein
incorporated in ROGESSFOFOPRDDUTHNIGA INVYNOOATIRIS TGS INBiRENRINGprocess for

producing a low volatility gasoli Eﬂ'pﬂqﬁo n adHgeng qigifiate. SUMMARY Ina
first aspect, there is provided a%ﬁr%)@esss or pro u%ir‘%qgiml\"/olati ity gasoline blending component and
a middle distillate, comprising: a. reacting a hydrocarbon stream comprising at least one olefin having
from 2 to 6 carbgn atoms an I raff] [ ¢ ' ionic liquid
L {EAMLAJRG AL AN YL a5 q
catalyst and an unz g nh?t%&%%fﬁ%%ﬁ&%n@%@%ﬂ%é,Iav%h%rghm fﬁe at least one olefin and the at least
one paraffid ardadkieiregl atd/jsideUis il aiwadFvonerp iy redveian & 8t Séghrating the broad boiling
alkylate prOd“C'fd&gfﬁé;%ts@gﬁtcg?E{llﬁéﬁe"ﬁ'ﬁ@’éi”&){@?%i&@lﬂ%@ G 50teansREaniakleast the middie
middle distilla '

distillate, wherein istillate is a fuel suitable for use as a jet fuel or jet fuel blending
component thatisiélate sy edateetrdenrseffiamm g i (ORI ang so0 CFARMA8IEAdINt greater
than 40C, and gpléq]@[%l{‘lyt less than -50C. wherein the ionic liquid catalyst comprises an alkyl
substituted pyridinium chloroaluminate or an alkyl substituted imidazolium chloroaluminate of the
general formulas A and B, respectively, where R=H, methyl, ethyl, propyl, butyl, pantyl or hexyl
group, R'5id, methyl, ethyl, propyl, butylFgentylsy frexyl| gr@ER YO8 a chloroaluminate, and R1 and
R2=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and where R, and R2 may or may not be the
same. In a second aspect, there is provided a process for producing a gasoline blending
component a”d}%i@‘\ﬂ%ﬁ]Hb"‘ﬁ'\?Eﬁre‘iﬁ’é@%séﬁgﬁoce@s%meiﬁ%"gll@\fv@ﬁl@'ﬂmﬁ/qﬁ%@“ﬂ@g additive
provided to an-ionic liquid alkylation reactor toshift selectivity towards heavier products in an alkylate
product; and  blerstogaangrporntedRyRIEIsSiRiEEE the gasoline blending component that is a
low volatility gasoline blending component; and U. the middle distillate.




wherein the ionic liquid catalyst comprises an alkyl substituted pyridinium chloroaiuminate or an alkyl
substituted imidazolium chloroaluminate of the generaF formulas A and B, respectively, NeNN-R2 X
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 R1 and R2=H, methyl, ethyl, propyl, butyl, pentyl or hexyl
group and where R, and R2 may or may not be the same, and wherein the halide containing additive is
selected from the group of hydrogen halide, metal halide, and combinations thereof BRIEF
DESCRIPTION OF THE DRAWINGS FIGUREMMARAtes the line defined by the equation: RVP =
-0.035 x (50 vol%qbhgifing ReHeCtR Fs Ei&kﬁ%& 2 jrecplel ©F themeingratiewtelafimyo HCI vs. the
GC analysis of the wt% CI 0+ content in the alkylate. DETAILED DESCRIPTION OF THE INVENTION
Definitions9asoling @ IRnAng SRTPRLARP AR A THEH QiR IR ISABRIE S eps that are identified
following that term, but any such elem 0, | Snhpginent may
include other elefient8 'ﬁe%i\.ygrg%aen%ﬁgd%ﬁ%l%ﬁlg@']'?i’g% ) %F&%g%oérﬁ grg%uct hav#? a boiling
range between 250Frtsn 206/ (@2boneEseBe priias teast ‘onieleeraltinbavinsdirredtitiesel,

heating oil, jet fuel, and kerosene bailj ' Hg@y [ igeaEnaphtha or
light oil. A "naphtha"ﬁé‘?‘h'&ﬁt&ﬁw@%é@%ﬂgﬁgﬁiﬁy r?gxt/?lng a bﬁlﬁ‘% ?gngégf E%ﬁﬁgeﬁnﬁ{%%F to 400F
(38C to 204C). A "lightretibiritng heditiee hydrerzirbbe gogast kadipinenddhamidessione |
2010/014534PCT/US2009/051823 that staris Ha) ~#S a hydrocarbon -
product having a boiﬁﬁ& 1Hgaerema g%?ﬁjéﬁﬁﬁﬁg%g%gﬁﬁiﬁgﬁﬁgéﬁ%%ﬁﬁ?@?gnge refers to
hydrocarbons hawingsebaititiggahgebeadduilipgoriatets predudsotant SRRt fhedeerm "diesel fuel
boiling range" refers to,5 hydrocarhon Vi i [~ | 21C and
538C). The term "lighPGF i|%%3?dﬁge§9@é?&icwh%g‘c§%}%ﬁ§ r%g\ﬁgg%%ﬁgl?ﬁ?ﬁaeﬁgggb%t%éen 600F
and 1100F (316C angma36) tHienenidoitndjstitate issalfuel syt o initppastadehbiahal I§iling point
(99.5 vor/0), inclusive of the end points, as red.b - e distillate
blending component?‘f?leg}‘ﬁfbcgf@poclgtmg?e’?esﬂﬁ%%ﬁg? l:%{eﬁrtﬂﬁg Eat'ggaé %y%@%gﬁ%%@ﬁ%@t meeting
desired specifications72°FA1 80| medbBainy edrapbrrsint grepaiss Bﬁmﬂﬁ‘&s@iﬁﬁ@ ¥ Aaphtha
hydrocarbon product suitﬁPle f% ble@@%into a gasoline. "Gasoline" is a liquid hydrocarbon used as a |
fuel in internal comb&tB %ﬁ%i 8L 15 Mow volatility gasoline blending component” is a naphtha
hydrocarbon pggehreirhendrigradiifing cataly detosprisesomaBgosutzditied 930YiakdNa Reid Vapor

Pressure of 2.5 psi (17.2 kPa) or less. Jn,one ' Rei ksidass than an
amount define&’% rﬂ?g“é’&'ﬂgﬁ%ﬁ rﬂ/rba[:f(yé%@?:g@ Fé%%vﬁ%%%ﬁlr%ﬂ p%%?ﬂ%}?@%%%%ﬁﬂ%

general formulas A and B, respectively,

- ‘/ R~ /N,%
>R x \—/
1 X
R
A - B
where R=H, methyl, ethyl, propyl, butyl, pentyl or hexy! group, R'=H, methyi,
ethyl, propyl, butyl, pentyl or hexyl group, X is a chioroaluminate, and R, and

R.=H, methyt, ethyl, propyl, butyl, pentyl or hexyl group and where R, R',R4

and R, may or may not be the same.
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20 "Alkyl" means a linear saturated monovalent hydrocarbon radical of one to six carbon atoms or a
branched saturated monovalent hydrocarbon radical of three to eight carbon atoms. In one
embodiment, the alkyl groups are methyl. Examples of alkyl groups include, but are not limited to,
groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl, 25n-pentyl, and
the like. "Unsupported” means that the catalyst or the halide containing additive is not on a fixed or
moveable bed of solid contact material, such as non-basic refractory material, e.g., silica. 30 Test

Method Descriptiéhg: seconPaspeafitiher tisaymMadesl s sRess So7Poodysiippradesiineos) or ASTM D
1298-99 (ReanRiyedidmint and S RIS AR eeRyMiSiY D 1298-99 (Reaproved 2005) or
-ASTM D 4052-96 {Reapproved 2002). Density is reported in g/ml, at the reference temperature in F. .
The test methodsaiseddprstioi) eyl esef efdidtiidéamshtdithied axidithasironvidiad isatisolusure are ASTM
D 2887-06a and A TM%% 6352-04,[T e tsg%h@g‘tg&g/ff s Jeg9€ tggae\’[%n as dSE: s[?ri?t"h The boiling
range distributji;élrli" et ,Hgﬂo"ﬁ?%@ A sBLON = S Xtegvby e isa of Sas C roma?ography. The
boiling range didityilatdipnschimtginad by this test method are essentially equivalent to those obtained by
true boiling point (ﬁ'BP 10distillation ﬁee ’f“kS[LM T!eg,é M%thod D 2892), but are not equivalent to
results from low eRicle r?&\/’%ﬁg}ﬁl (0hs Suéh 3¢ E%)se Obtained with ASTM Test Methods D 86 or D

L160. | Reid Vapoy Prassue (RVEbisdneasueh dkestibi ASTIP Rl s Adisinatively, Reid

Vapor Pressure (RVFl) Is caltulated from the boiling range 15 data obtained by gas chromatography.
The calculation is describezhitingeco@pihspedatipublication by de Bruine, W., and Ellison, R.J.,
"Calculation of ASTM.M lt%oﬁ@g{?g- I7h[a£§glation and Reid Vapor. Pressure of a Gasoline from the
Gas-Liquid Chromato‘bra?p i o?llng oint, STP35519S, Jan 1975. To convert Reid vapor

pressure expregieekin frst, ionitiphuit catsiyiiop 206895 2o cikyirstiesiiuie v ayoressure in kPa.

Total weight percents of carhon, hydrggen, and..nitragen (C/H/N) | termi L rlo Erba 1106
Analyzer by Aﬁﬁrﬁ%‘ﬁ@ﬁ% @fe%bé%’de%%f%’g;e qué, o[\?v{me?q\'/‘;‘f %%fgrgmédrﬁg‘ ﬁ%&r@t@% determined
by oxidative cogahisstipfr2baasl AhevwiBmesedivelyby D 4629 -02 (Reapproved 2007). Sulfur is
measured by ultraviolet fluorescence by ASTM 5453-08a. Flash Point is measured in a small
scale closed-cup apparatus by D 3828-07gxSmoke Point is measured lRD 1322 - 97 (Reapproved
2002)el. Cloud Point is measured by A D 5773-07. Freeze Poinyis measured by 30 ASTM D
5972-05. Kinematic viscosity at -208¢, j8 measured by ASTM D 445- 6. The Net Heat of Combustion is
estimated by ASTM D 3338-05and’r@ported in both Bttis-a fk‘q\r Fifferent methods are
used for calculating octane nurpbegs of fuels or fuel blend comgp®nents. The Motor-method octane
number (MON) is determined usingfASTM D 2700-07b. e R h-method octane number (RON)
is determined using ASTM D 2699t07a XION and RON both employ the standard Cooperative Fuel
Research (CFR) knock-test enginBAdditionaIIy, the Research-method octane number may be
calculated [RON 5 (GC)] from gas cfomatography boiling range distribution data. The RON (GC)
calculation is described in the publication, Anderson, P.C., Sharkey, J.M., and Walsh, R.P., "Journal
Institute of PetrglguraRa8; (P69 A3 4487 Drdpe, GalgllateshC etahexyidew ipcRetithtedtigtording to
ASTM D 4737- 04. '

ethyl, propyl, butyl, penty! or hexy! group, X is a chioroaluminate, and Ry and

: Rz'ﬁH, methyl, ethyl, propyl, butyl, pentyl or hexyl group and where R, R',Rq
and R, may or may not be the same, and wherein the halide containing
additive is selected from the group of hydrogen halide, metal haiide, and

combinations thareof.
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10The vol% of the different carbon numbers (010+, 011+, 017+, 027+, C43+, and C55+) in the
hydrocarbons is determined from the ASTM D 2887 boiling points (SimDist), using the following chart
of the boiling points of paraffins with different carbon numbers. In the context of this disclosure the
vol/0 of C10+, for example, is the vol% of the hydrocarbon product that boils 15 above 09 paraffin, or
above 304F (151C). The vol/0 of 011+, for example, is the vol% of the hydrocarbon product that boils
above 010 paraffin, or above 345F (174C). The volume of 055+ for example is the vol/0 of the
hydrocarbon product that boils &b 0% ' ba vl 2 Carbon Number Boiling
Point, Boiling Point, 09 304 151 C10 345 174 C11 385 196 016 549 287 C17 576 302 026 774

FIGURE 1 illustrates the line defined by the equation: RVP = -0.035 x (50
vol% boiling point, °C) + 5.8. '

FIGURE 2 is a plot of the molar ratio of olefin to HCI vs. the GC analysis of
the wt% C10+ content in the alkylate.

DETAILED DESCRIPTION OF THE INVENTION

Definitions: ,

The term “comprising” means including the elements or steps that are
identified following that term, but any such elements or steps are not
exhaustive, and an embodiment may include other elements or steps.

A “middle distiliate” is a hydrocarbon product having a boiiéng range
between 250°F to 1100°F (121°C to 583°C) . The term "middle distillate”
includes the diesel, heating oil, jet fuel, and kerosene boiling range fractions.
It may also include a portion of naphtha or light oll. A “naphtha” is a lighter
hydrocarbon product having a boiiing range between 100°F to 400°F (38°C to
'204"0).- A "light oil" is a heavier hydrocarbon product having a boiiing range

ic



412 027 791 422 C42 993 534 C43 1003 539 054 1098 592 C55 1105 596 20 WO
2010/014534PCT/US2009/051823 The extent of branching and branching position can be
determinedvg biviR Bsanching Analysis. NMR BRANCHING ANALYSIS Bcr/ustieMhME branching
properties of the samples were obtained on a 500 MHz Bruker AVANCE spectrometer operating at

500116 Mz afidsng. 026 Solies . CDGIR bRl wele elRDR B ANl e

conditions using egree pulse ( ps), delay of 4 second scan
having a boiling range in the jet fuel boiling range. The term “jet fuel bcnhng

range” refers to hydrocarbons having a boiling range between 28C°F and
572°F (138°C and 300°C). The term "diesel fuel boiling range” refers to

5 hydrocarbons having & boiling range between 250°F and 1000°F (121°C and
538°C). The term “light oil boiling range” refers to hydrocarbons having a
boiling range between 600°F and 1100°F (316°C and 593°C). The “boiling
range” is the 10 vol% boiling point to the final boiling point {99.5 vol%),
inclusive of the end points, as measured by ASTM D 2887-06a.

10 A “middle distillate blending component” is a middie distillate, suitable
for biending into a hydrocarbon product meeting desired specifications.

A "gasoline blending component” may be either a gasdfiﬂe ora
naphtha hydrocarbon product suitable for blending into a gasoline. “Gasoling”
is a liquid nydrocarbon used as a fuel in infernal combustion engines.

15 A “low volatility gasoline blending component” is a naphtha
hydrocarbon product having a boiling range between 100°F to 380°F (38°C to
193°C) and a Reid Vapor Pressure of 2.5 psi (17.2 kPa) or less. In one
embodiment the Reid Vapor Pressure is less than an amount defined by the
equation RVP = -0.035 x (50 vol% boiling point, °C) + 5.8, in psi.

20 “Alkyl” means a linear saturated monovalent hydrocarbon radical of
one to six carbon atoms or a branched saturated monovalent hydrocarbon
radical of three to eight carbon atoms. In one embodiment, the alkyl groups
are methyl. Examples of alkyt groups include, but are not limited to, groups
such as methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-butyl,

25 n-pentyl, and the like.

“Unsupported” means that the catalyst or the halide containing additive
is not on a fixed or moveable bed of solid contact material, such as non-basic

refractory material, e.g., silica.

30 Test Method Descriptions:
API Gravity is measured by ASTM D 287-92 (Reapproved 20086) or
ASTM D 1298-99 (Reapproved 2005).




10 ensure good signal-to-noise ratios. TMS was used as an internal reference. The hydrogen atom
types were defined according to the following chemical shift regions: 0.5-1.0 ppm paraffinic CH3
methyl hydmygem b0k ppm paraffinic CH2 methylene hydrogen 151.4-2drpmm@ersf$asic CH
methine hydrogen 2.1-4.0 ppm hydrogen at a-position to aromatic ring or olefinic carbon 4.0-6.0 ppm

hydrogen on olefinic cAIRAPIMR AL AP RTden e e oAl laa AR 6 MR franching

Index is calculated as the ratio in percent of non- benzylic meth drogen In the range of 0.5 to0 1.0
ppm chemical hifQ%d tBe (Brapissh2{iid aliprasihipdieperiad theahgs brosfesernaeppm chemical
shift. The CH3 E@%égypgq!gep_ratio is defined as the ratio in percent of non- 25benzylic methyl
hydrogen in the range of 0.5 to 1.0 ppm chemical shift, to non-benzylic methylene hydrogen in the

range 1.0 to 1.4 ppm dHENRSAIBRIROCOS usaskidehedicranagid prdroiqssefifil as the percent

aromatic hgdroggmpbEnforneeddedda e ehareashif et the ProtoEsiptog range 0.5 to
9.0 ppm chemical shift. 30 Processes for Producing Middle Distillate In a first embodiment, there

is provided a pricB48IoMSIHaddmMIFERAdR REBILES coiMpRShg 1E% BRGNS &Sy stream containing
isobutane with@gpripoEss slsesaminantaningisulane rdsirraliaiedion eandgiwpsgaderein the isobutane

lauid catayat. SHETOREAAEN a5 AH LR LM PN S s Rec By o CHIBHBluminate or
an alkyl 5substitutessipitisyisquishlerdatuihts @ bizihed bparaé foafintasAnaioER,) In the the
e T Bl 0 LR B U A et el e oy
butyl, pentyl or fiesylawcefficieheyiahitiirfiod cataly stabgsal subtonegstiséraAigTivaiiestof either
Methods D 86 or D 1160.
Reid Vapor Pressure (RVP) is measured directly by ASTM D 5181-07.
Alternatively, Reid Vapor Pressure (RVP) is calculated from the boiling range
15  data obtained by gas chromatography. The calculation is described in the
ASTM special publication by de Bruine, W., and Ellison, R.J., “Calculation of
ASTM Method D 86-87 Distillation and Reid Vapor Pressure of a Gasoline
from the Gas-Liquid Chromatographic True Boiling Point, STP35519S, Jan
1975. To convert Reid vapor pressure expressed in psi, multiply the result by
20  6.895 to obtain the Reid vapor pressure in kPa.
Total weight percents of carbon, hydrogen, and nitrogen (C/H/N) is
determined with a Carlo Erba 1106 Analyzer by ASTM D 5291-02
(Reapproved 2007).
Low level nitrogen is separately determined by oxidative combustion
25  and chemiluminescence by D 4629 — 02 (Reapproved 2007). Suifur is
measured by ultraviolet fluorescence by ASTM 5453-08a.
Flash Point is measured in a small scale closed-cup apparatus by D
3828-07a. Smoke Point is measured by D 1322 — 97 (Reapproved 2002)e1.
Cloud Point is measured by ASTM D 5773-07. Freeze Point is measured by
30  ASTM D 5972-05. Kinematic viscosity at -20°C is measured by ASTM D 445-
06. The Net Heat of Combustion is estimated by ASTM D 3338-05, and
reported in both Btu/lb and MJ/kg.
Different methods are used for calculating octane numbers of fuels or

fuel blend components. The Motor-method octane number (MON) is
-3.



of the structures A or B in which one or more of the hydrogens attached directly to carbon in the ring
has been replaced by an alkyl group. In the formulas A and B: R, R, Ri and R2 may or may not be the
same. 15Aeonmtivelyihe ionic liquid catalyst is a chloroaluminate ionic liguidisviegiteygeneral
formula RR'R" N H+ AI2C17-, wherein RR" and R" are alkyl groups containing 1 to 12 carbons. In this
embodiment thgehAA IS0 FORRRFDEARAIN cHidneidnie istiale dromdis alidate product,
wherein the separated middle distillate fraction is from 20 wt% or higher of the total 20alkylate product.

In a second el éneatrsrainedrevinda IfbLedeFUfmd MY andit§id! disthgpipwmiddle
distillate blendipg.compRRRENty HDg RIS & e iorankiqsc issid apydation zone, at alkylation

conditions, and recovering an effluent comprising an alkylated product with defined carbon number
25distribution. MARKCERDo SR HRSEETRERED R ¢eker AiRsBp i iesd’b than 5 wtv
oligomerizgd olgfi)jFRsmiaiie igkishaltodadionyzeniRreprangsessinnagigic atpattmairggyionic liquid. The
alkylated product has greater than 30 vol% 010+ and less than 1 vol% 055+. In some ntodiments the
alkylated produ@ﬁégﬂ%éjﬁgf’%'éﬁj%qw% E11¢ REPSHABI \GRERA P40 IS greater than 50
vol% C11+.Thejolefinreamaaste fRom, 2Jeunehibetitato o etriika. o8B HE0IesS. (royome
embodiments 5 there ¢an he no oli rized olefin in the feed, Separating c 0 y any
number of processes meﬁ Qﬁb%’?fﬁ%@%?ﬂea %6%834%@8%# ?/90%) ggmt%ﬁn%?ch as
vacuum or atmoOdpheric distillation. In a third embodiment, there is provided a process for
producing,a middle distillat iddle distillate blendi , C ising,t s 10 of
selectingglaefeed, mixir?é|1 %ﬁ\é%goegy v?/ﬁé an |§%%E1€r:§1}§r? Fsoﬂrgr@léeg] ’gor@@&“ ‘fee:pedfﬂ[al ylai?hg ?ep mixed feed in
an ionic liquid diddatienc GHEgnd tephyatincatbemsiduie distiings drometmiddid IdiSliR&87blending
component fro | . f i n.aFC. r comprising
%@ﬁgﬁ%ﬁ‘?w it #rénfpfj J&e?@ﬂ;ﬁtﬁ?#dﬁ% go&‘?aWB?“t‘r?c?%ﬂa Coifiage

olefins. The mi ate ate blending component has greater 15 than 30 vol%

010+, less thanP@ @hios 0% dHiRTenERRIBPOIMTEE $hah s eoniexsbaidhinihisenhersiBe alkylated
product has gregfief #ran3A VRIVe Rddibidoraxanele, BemeHaa Ayl s erareaiar B S0 vol%

011+. The alkylation conditions are selected to provide the desgred product yields and quality. The
alkylation f@actfiPKe §eh BRIRf Ea et Ei R GUIPI 0y dfbeaYRbh Bhadd finfel sx@mRstem, a

semi-batch SyS@meW@ﬁﬁ?tiHé%%%ﬁn%%@W& MUB&I%&@V@'M@"M%@ET@{ pkyihe range of
1 vol% to 80 vol%, for example from 2 vol% to 70 vol%, from 3 vol% to 50 vol%, or from 5 vol% to 25

volA. In some etiBddinéht Nig SRS HIGRY %Befﬁ%ﬁﬁa@'ﬁll%\)ﬁig@d@éo&%@& between the
reactants and thecrataifistnredliy i els reeeie CRMpeEdinocandesin (e rgs2from -40C to
150C, such as -20C to 100C, or -15C to 50C. The pressure can be in the range from atmospheric
pressure to 8000 kPa. In one embodiment the pressure is kept sufficient to keep the reactants in the

liquid phase. The residence time daf selagtants|irBthikrge&ctiot, carBbéing theinange of a second to 360
hours. 30Examples of residerice timen%gggt can be us,gd incluge 0.5 ypin to 120 min, 1 min to 120 min,
1 min to 60 min, and 2 min to 30 min. In one embodiment} the separated middle distillate fraction is
not the entire fraction. It can be in a &&ge from 20 3080 wt%| 29 to BB wt%, 20 to 50 wt%, 29 to 50
wt%, 20 to 40 wt%, or 29 to 46-wtoof the-totat-atkyl ‘5 prodtiet: 1?,I(p efre-embodiment, the
isobutane stream is from a refinery, from a Fi scher-%opsch grocess, or is a mixture thereof.
Substantial quantities of C11 385 196

C16 549 287

C17 576 302

C26 774 ' 442

c27 791 422

C42 993 534

C43 1003 539

C54 1008 592

C55 1105 596

20



isobutane and normal butane are produced in refinery hydroconversion processes, for example
hydrocracking and catalytic reforming. The 5isobutane stream may be fractionated from the products
of the refinemplrydrocaaversion processes, or it may be obtained at least Ftpartloysisorsmrization of
normal butane. In one embodiment, as described in US6768035 and US6743962, the isobutane

stream is obtained fro [ 7 F}%ﬁ&h ik k?ge lng: j = erived
hydrocarbon fraction to aygg%ﬁe{aa{ﬁn%, ydrﬁ%@ﬁrgg,xhydr dﬁe%g@g%%!r: %ﬂ%ﬁ%@@ggg rt]Ij-lgereof; and
recovering a fradhitin By dtabsst-about 30 wt% isobutane. In one embodiment, the process
stream containing butene is from a refinery, from a Fischer-Tropsch process, or is a mixture thereof. In
another 15embodiment the process stream containing butene is at least partially a separated fraction
from crude oil. The prOPEEERAMG R RMRYLDRENe can be obtained from the cracking of long chain
hydrocarbans. Cracking may be done by any known process, including steam cracking, thermal
cracking, or catalytic crackinﬁ-é)f long chain h dro_carb%ns. In one embodiment the 20 process stream

containing butene is froff QRUGHNG, H9RFEPE AbORREMAIES proi&ebeinedeshefifing butene
is from a Fischesiz@sKaProcass H BeQIRcessatQRiTaigy A0 seaischedligipechdsl gas or a
separated stream f[tom tail Fiorz\g Fischter-TroPsc %r,o%gses such aﬁ.ﬁgose taught in
EP0216972A1 SIS S?‘é auld RGNS R0 EDRSE Yiditsauantiatyie. cantbeiRent the
amount of the hutieigeStadtigrea s prif.éspsirezstndeayeheyindréassrbby dimetizhgdhesethylene in a
Fischer-Tropsch ar petroleum derjved hydrocarbon cesses for daing this are described, for
cxample, 1 U O TS S e A R B R e by
treating a hydrodagbloytdsogematomdrisiry @3- daflefid scandraikgntsl With feldstipdratieniisemerization
catalyst which %?]W%@%Hg:alkanols to olefins and isomerizes the C4 olefin. Examples of processes to

do this are taught in 768035 and US6743962. The molar ratio of isoparaffin to olefin during
the processes & thisGrRrimtiearediniefyrtyveethbtbadregaie. Generally the molar ratio is in the range of

from 0.5:1 to 100414 .E%ﬁﬁawgﬁ?ﬁ‘é@@%%teﬁwwrﬁ%ﬂ@g@ﬁ molar ratio of isoparaffin to olefin is

from 1:1 t0 50:1, 1.1:1to 10:1, or 1.1:1 to 520:1. Lower isoparaffin to olefin molar ratios will tend to
produce a Righdrirreit R RighiafiBiE Lia el BNgR@SProducts.  In one embodiment, the

middle distillateor-thg Bﬂﬁﬁ'ﬁ@?&@@?ﬁ&'@%@ﬁi@ﬁﬁﬂpﬂ%ﬁ‘ém&@ LRAEAIRE Qitbibhthe process is
comprised of a Iig?ht fraction with boiling points in the jet fuel boiling range. Additionally a heavy fraction

10 with boiling At Ve e RIRTEPBAIRI IGFYEPRAIARS be separated. Under some conditions
the light fractio \gith(ppiting ednésentbe ebfuetibeitigg range meets the boiling point, flash point,

smoke point, heat of combustion, and freeze point requirements for Jet A-1 fuel.

20 The NMR Branching Index is caiculated as the ratio in percent of non-
benzylic methyl hydrogen in the range of 0.5 to 1.0 ppm chemical shift, to the
total non-benzylic aliphatic hydrogen in the range of 0.5 to 2.1 ppm chemical
shift.

The CH3 to CHz hydrogen ratio is defined as the ratio in percent of non-

25  benzylic methyl hydrogen in the range of 0.5 to 1.0 ppm chemical shift, to
non-benzyiic methylene hydrogen in the range 1.0 to 1.4 ppm chemical shift.

The percent aromatic proton is defined as the percent aromatic
hydrogen ih the range 6.0 to 9.0 ppm chemical shift among all the protons in
the range 0.5 to 9.0 ppm chemical shift.

30

Processes for Producing Middle Distillate

In a first embodiment, there is provided a process for producing a

middle distillate comprising reacting a refinery stream containing iscbutane
-5-



In one embodiment, the light fraction with boiling points in the jet fuel 15boiling range has a NMR
branching index greater than 60, greater than 65, greater than 70, greater than 72, or even greater
than 73. ThevOIMR/brassehing index is generally less than 90. The levet and ypaafbranching in
the middle distillate can be selected to give improved properties. The level of branching and CH3/CH2
hydrogen 20ratip, &éggral@g YaLFHNY dheeleyelabinginalids contaipingsageitvg, In some
embodiments, a iﬁgﬁ é)rr%nc Ing Index raises l’tque ;%ash point of tf%?#nﬂldfiﬁe disti@?ﬁ’. In othgr
embodiments, digPTHINERRhDYIBRR BrafNdAletkitheradese poiAtotateniiddr distiBate. In one
embodiment, e seaalia HRBBmparesn R ienahaR e omiess g iplalliysgasoline

[

blending component. Under certain conditions the low volatility gasoline blending component has a

Reid Vapor Pre@%ﬂ@f@@gsﬁeﬁpz%xﬂsﬁt(@%t@r@daw%gg%ahmaﬁﬁ%ﬁﬁa@wlthe equation:
RVP = -0.085 xGosHaltcheiing:Boin Shiordsfuriniae Theshameldhisariuaiandssown in Figure 1.
To convert psi to kPa, multiply the result 30by 6.895. lonic liquid alkylation produces an alkylate
product having a low level of olefins, evgn without any further option& hydroprocessing. In one
embodiment, the alkylate product, or rated fraction thereof,;?s less than 5 wt% olefins. The level

of olefins may be even less, s less than 3 wit%, less than Z wt% olefins, less than 1 wt% olefins,
or essentially none. The wt%q dlefihg can be measurdgiqy. efor ‘IWRFBQ the method described in US
Patent Publication No. US20Q6Qg3%¥344, fully incorporateﬁm onic liquid alkylation produces a
high yield of alkylate product basied 5on the amount of Slefinki feed to the ionic liquid alkylation
reactor. For example, in one en‘%oditxént the yield of alkylated product exceeds the amount of olefin
supplied to the ionic liquid reactor by at least 30 wt%. In other embodiments the yield of alkylate can
be at least two tignﬁgcqp& weightfasis of the amount of olefin Bupplied to the ionic liquid reactor. In

m

different 10embroa en¥s,¥he amount of olefin supplied to the ionic liquid reactor can be the amount of

olefin in the process stream containing butene, the amount of olefin in the feed supplied to the ionic

liquid alkylation zone, it the hydr t ionic liquid
catalyst, the amount olﬁboﬁ?a%irigi}n t Ie8 %ee?@o%fégﬁ’ g@(%%ﬁ?ﬁ%%’?&%ﬂ%@l@%ﬂ 15in a
mixed feed suppi&d @ame.ihidliquritalkygiidnprenyl. IDRCRaTY 17 CRBAERSP. X isThe ionic liquid
catalyst is; gompegsdAlAHIRRS! A1 RORATENEMAIGRIRNT, BAJMBIBKyT BBGICHBRt)@AL alkylation

the ionic liquid catal?/st is acidic. 20 The acidic ionic liquid catalyst'comprises a first component and a

second comporEty ERaURsT BBrifsim it B SRR ERRY RifQyRREINSSor fRdeiMewis R@tic

compound selegtepdraGORRRONERTS FUGKRE bRWiSIAGHIC somPayaasyehemisidimetals, including
aluminum halides, alkyl aluminum halide, gallium halide, and alkyl gallium halidev(gggelnternational

Union of Pure a?iE?E%VABﬂ%BO@HQﬁHQtW‘Q@ﬁﬁé‘f?{)ér%?@@c&f&fbﬁ%b@f%?G 13 metals of the

periodic table). QthrideNisRCBIRCANPFOLMNS Residgsoinmssy abiselnd 8anrials may also be used. In
one embodimen the first component is aluminum, halide or alkyl aluminum halide. For example,
B s AL B AP R 3

aluminum tichioVEE A e s &4 e A F RERB Rl 3PP “p“é{?-ﬁ% T Y Wraryst.
the general formula RR’ R” N H” Al,Cl;, wherein RR' and R” are alkyl groups

containing 1 to 12 carbons. In this embodiment the method also comprises
separating out the middle distillate from the alkylate product, wherein the
separated middle distillate fraction is from 20 wt% or higher of the total

20  alkylate product.

in a second embodiment, there is provided a process for producing a

middle distiilate or middle distillate blending component, comprising passing a
feed to an ionic liquid alkylation zone, at alkylation conditions, and recovering
an effluent comprising an alkylated product with defined carbon number

25  distribution. In this embodiment, the feed comprises an olefin, an isoparaffin,
and less than 5 wt% oligomerized olefin. The ionic liquid alkylation zone

comprises an acidic haloaluminate ionic liquid. The alkylated product has

-6 -



30The second component making up the ionic liquid catalyst is an organic salt or mixture of salts.
These salts may be characterized by the general formula Q+A-, wherein Q+ is an ammonium,
phosphoniuw bomenissy, iodonium, or sulfonium cation and A- is a negatitetytshergetisen such as Cl-,
Br-, ClI04-, NO3-, BF4-, BCI4-, PF6-, SbF6-, AICI4-, ArF6-, TaF6-, -10- CuCl2-, FeClI3-, SO3CF3-,

S03C7-, and 3-glfEigPRGTYINONG-CARIHLDEAL INE R§59PS EPMPOYSHS Selected from those

having quaternary ammonium halides containing one or more alkyl moieties having from about 1 to

about 9 carbonéiTéIagiragRis #ie R URIRAEO BN SFRRTE hidid SMore, GidethiAfributylammonium,
1-butylpyridiniugypr udeecadhyhaHREILERA BPigzabin R inbdess4eh 33 e sRmPIgan

1-ethy1-3-methyl-imidazolium chloride. In one embodiment the ionic liquid catalyst is a

chloroaluminat@RYSERauR R/ FRIIAR §EHEFaCOIVRIERRRMRONGSS AR EATE GRERGIT R Sand R are

alkyl groups cotiaiaiRgnlte A3 SribeRsiABoneRMRvEEesd thedpaia tkiiedis satady isyan acidic
haloaluminate ionic liquid, such as an alkyl substitutedﬁéridinium chIoroaIurEin te or an alkyl

substituted imidAR6IHM R SfFIRRFRRTER WRtHE QUG RTtIATE A1 8T SRRt EE B éviously.

The presence gighsstitsitepimpaiteat sheulthyvedieogstefiquigdlbearis or Franklin acidic character.
Generally, the greater the mole ratio of the first 15.component to the second ¢ onent, the greater
HofiAgiow R, gt

m
the acidity of the ionic it FHigH BENFRIVIRES ADBiTToR T 8ReCEB8 dment, a halide
containing additniddiepiisttatedorm@githe @Btdads mieiheghediohpooatd) mog @de iy ¢heasidyes selected,
and present at alevel, to proyide incre i the.mi istillate, . In this er iment, the
reacting izqé)erfgrfrﬁg%t\%\%ﬂﬁaa ﬁ%%%’e”?:‘é’rﬁ@ﬁ%% d%éﬂ ?rbn ellgégd%ﬁﬁ% ?éen?é]ﬁ%ﬁﬁ%ggﬁf%?%t The halide
containing addigikyledinddustnxedierd iaeiligrembaticuagy kiosadeotviay distrpaiatiodithdd-based

catalyst. Exampias 5ot ialde qopainiag aditiiesaprhuiousi halide: mstathalie, s

combinations thereof. In one embodiment, the halide contairiing additive may be a Bronsted acid.

Examples of Brof@steetaditis fechysredrione aEdveed, Ry féboafiss e nBpnamdefins.

tifluoromethangsy oAb THe P! RSB SAGiesMEBIRROHANAdaRIVSLS i
disclosed in U.S. Published 30 Patent Application Nos. 2003/0060359 and 2004/0077914. In one

embodiméft théBaIHE Wridinify: epftians bMRigriaiy andAC SRR 888 hahngtife general

formula: In some embodiments the alkylated product has greater than 30 vol% C11+,
for exampie greater than 40 vol% or greater than 50 vol% C11+.
The alkylation conditions are selected to provide the desired product
yields and quality. The alkylation reaction is generally carried out in a liquid
20 hydrocarbon phase, in a batch system, a semi-batch system, or a continuous
system. Catalyst volume in the alkylation reactor is in the range of 1 vol% to
80 vol%, for example from 2 vol% to 70 vol%, from 3 vol% to 50 vol%, or from
5 vol% to 25 vol%. [n some embodiments, vigorous mixing can be used to
provide good contact between the reactants and the catalyst. The alkylation
25 reaction temperature can be in the range from -40°C to 150°C, such as -20°C
to 100°C, or -15°C to 50°C. The pressure can be in the range from
atmospheric pressure to 8000 kPa. In one embodiment the pressure is kept
sufficient to keep the reactants in the liquid phase. The residence time of
reactants in the reactor can be in the range of a second to 360 hours.
30 Examples of residence times that can be used include 0.5 min to 120 min, 1
min to 120 min, 1 min to 60 min, and 2 min to 30 min.
In one embodiment, the separated middle distillate fraction is not the
entire fraction. It can be in a range from 20 to 80 wt%, 29 to 80 wt%, 20 to 50

wit%, 29 to 50 wi%, 20 to 40 wt%, or 29 to 40 wit% of the total alkylate product.
-7 -



SO3H , Wherein R' = Cl, Br, 1, H, an alkyl or perfluoro alkyl group, and R'=H
alkyl, aryl or a perfluoro alkoxy group. Examples of metal halides that may be used are NacCl, Lid,
KCI, BeCl2w@eatdiz/iBe642, SrCl2, MgC12, PbCI2, CuCl, ZrCl4 and AgCl raghsimsgnbedsby Roebuck
and Evering (Ind. Eng. Chem. Prod Res. Develop., Vol. 9, 77, 1970). In one embodiment, the halide

containing additive co 4 TC|4 TICI3,
Tara Tiora. Hicra. o e 5 o A R e o ety T e0a, 20 one

embodiment, t%'%@feﬂf@ﬁf@?ﬁn@@@%ﬁﬁﬂ@é 53 @)F’é!?@ﬁf&jmﬁﬁ@QﬁeSéﬁ%ﬁﬁGi@t@ﬁ@t@@v@f that provides
ncreased yild g il oI ASEHRO SRS Vo s SRnglB e evelcan

change the selectivity of the alkylation reaction. For example, when the level of the halide containing
additive, e.g., hPtREEARSIEe é’él@xml’éﬂq%ﬁﬁék'QE@@@I@@M%%@Q’EH&“&WI@W& reaction shifts

towards prgducigenhemiesrsaniisiay Beonscaaimeimrsih the priasknest indherleys) of the halide
containing additive to produce heaV|er products does not impair the concurrent production of low

volatility gasolif®/ ﬂT@ﬁﬁW&'@é?ﬂp?fﬁ@ﬁ?s?ﬁe%ff%@@%?ﬁlet’%%]ﬁa B LRTIILH PRGLRY olefin to HCI in the
feed to the ionigskigkdireastobf aditsting. iagdevel of 20the hydrochloric acid lower) on the yield of 010+

products in the alkylatq produced is demonstrated in £1G: 8156768035 and US6743962, the

isobutane stream is obtained from a Fischer-Tropsch process by subjecting a

10  Fischer-Tropsch derived hydrocarbon fraction to hydrotreating, hydrocracking,
hydrodewaxing, or combinations thereof; and recovering a fraction containing
at least about 30 wt% isobutane.

in one embodiment, the process stream coniaining butene is from a
refinery, from a Fischer-Tropsch process, or is a mixture thereof. In another

15  embodiment the process stream containing butene is at least partially a
separated fraction from crude oil. The process stream containing butene can
be obtained from the cracking of long chain hydrocarbons. Cracking may be
done by any known process, including steam cracking, thermal cracking, or
catalytic cracking of long chain hydrocarbons. In one embodiment the

20 process stream containing butene is from a FC cracker.

in another embodiment the process stream containing butene is from a
Fischer-Tropsch process. The process stream may comprise a Fischer-
Tropsch tail gas or a separated stream from tail gas. Some Fischer-Tropsch
processes, such as those taught in EP0216972A1, are known to produce

25  predominantly C2-C6 olefins.

in one embodiment the amount of the butene fraction in the process
stream may be increased by dimerizing the ethylene in a Fischer-Tropsch or
petroleum derived hydrocarbon. Processes for doing this are described, for
example, in US5994601. '

30 ‘In another embodiment, the process stream containing butene is made
by treating a hydrocarbon stream comprising C3-C4 olefins and alkanol with a
dehydration/isomerization catalyst which converts the alkanols to olefins and
isomerizes the C4 olefin. Examples of processes to do this are taught in

US6768035 and US6743962.
-8 -



In one embodiment the halide containing additive is unsupported. In one embodiment the separated,
or recovered, middle distillate 25 fraction has greater than 30 vol% C10+. The middle distillate can
have even kighsndanesssof 010+, such as greater than 35 vol%, greater tharr4800565 1190, or even
greater than 90 vol%. The levels of very heavy 043+ or C55+ are limited. In one embodiment the level

of C55+ In the separaiad, grgesaxereds uAdle P WAIR flagliond glessdland ypl.Cos+ such as

less 30 than 0.5 or 0 vol% nonee iment t “separated, or recovered,
middle distillatefkestiom (686 6aty theer B PRAICA83¢ sUckresddgdhhanolaveiss isss then 0.5 vol%, or 0

VO e o dBRGITANIRERS S SBREIP IR gt R aNEl Rl HRIRCIARCINg component

meets the boiling point, flash point, smoke point, heat of 5combustion, and freeze point requirements

for Jet A-1 fuel molarmadicneddssiRpsaiarze P itiisifione tektPiStoly, lgbreiamPiéssrtiah 1Pwt% or 5
wt%. The wi% oligpmesizes ilsfistiinefsRAeARRe 18884N0N A% Aol iingF 1 W%. In one

embodiment there is no oligomerized olefin in the feed. 10 Processes for Producing A Low Volatility

Gasoline Blendiifj CEhiiRiinalssdaiiiebtbinate Produgi? processes described above can also

be used for producing|h@iRcacaasetineshicfeing icerarneariany mavdrie diskliatae pia-kisgand
second 15 embodiment of Eiq%rocess to produce atﬁgsoline blend%%gt component and a middle distillate,

the process cofABEE &L LIRS SPREARIRL O NLISRERARES S CRIMAESRL LEABBRHTERIYMe reacting
step compriseswigaptinig@ndsoioutatie B paihng PEOC@SSAtikdiann sontaiingyblteneninder
alkylation conditi %vv.tne?ein.t ei obu?me(;aa gbyr?nle are alk Iatedfmroducﬂtz alkylate product
i the presince B eSO AR AR5 S G EL)IBE TSRS o RS e Rid catalyst
comprises an alkytisubstitetedrnuiitioisiting dpldrovakimmaih drciimglkglisshstitegdtifoelazolium
chloroaluminat the ral f I , | Vi I cond embodiment,
the reacting st&ﬁ%ﬁ%ggg '?‘eea%éﬁg%%@'ﬁ@gﬁ@gﬁﬂ%gﬁsﬁ@ﬁﬂ %ﬁ?nkp%ﬁ#w%t’gﬁ%zg?one olefin having
from 2 to 6 carlgoméustisrarmndtiteazeqrenpseatinehzenty) odenAoldieglrbon atoms, with an ionic liquid

catalyst and a halide qaniainiaasdiue: The seRcands aNe SUthiBbIE 7 frestopolefin and the

at least one paraffin are alkylated to produce abroad boiling alkylate. The process produces a low

volatility gesolif@biheaig 8029 mpoidrirananagiisdemashme ftatheGasapignt stepSeparates out
the middle distijaig P heraliylaitdrraducrnbeEiBpcapRRipd mideiR digiate fraction is from

20 wt% or higher of the total afkylate product, and wherein the separated gasoline blending component
has a RON of S¥Y&1%hiiseindex is generally less than 90.

The level and type of branching in the middle distillate can be selected
to give improved properties. The level of branching and CH3/CH2 hydrogen
20  ratio can be controlled by adjusting the level of the halide containing additive.
In some embodiments, a high branching index raises the flash point of the
middie distillate. In other embodiments, a high CH3/CH2 hydrogen ratio
lowers the freeze point of the middle distillate.
In one embodiment, the separating step in the process additionally
25 produces a low volatility gasoline blending component. Under certain
conditions the low volatility gasoline blending component has a Reid Vapor
Pressure less than 2.2 psi (15.2 kPa) or {ess than the amount defined by the
equation: RVP = -0.035 x (50 vol% boiling point, °C) + 5.8, in psi. The chart of
this equation is shown in Figure 1. To convert psi to kPa, multiply the result
30 by6.895.
lonic liquid alkylation produces an atkylate product having a low level of
olefins, even without any further optional hydroprocessing. In one
embodiment, the alkylate product, or separated fraction thereof, has less than

5 wt% olefins. The level of olefins may be even less, such as less than 3
-0- -



WO 2010/4114534PCT/US2009/051823 In the second embodiment, the separating step
separates the broad boiling alkylate into at least the low volatility gasoline blending component and at
least the fusiGuitaliletfos use as a jet fuel or jet fuel blending component. AtEdsmesiteale for use as a
jet fuel or jet fuel blending component has a 5boiling range between 280F to 572F (138C to 300C), a

flash point oreajas e - a0 lguROBLIER 1 50Giotrns 1 L8k epaligent, there s

provided a process for producing a gasoline blending component and a midd stillate, comprising

the steps of adjURENY % 1REENs e ARRIEeaRtERIHY aiatatdN Vb famsnihedceseired 0fecovering
the gasoline bleysipg:gammanRalRACDe.sdRdicHisia Tom hectsalareds! produced in the

reactor. The alkylation reactor is an ionic liquid alkylation reactor. Adéustlng the level of the halide

containing additive pré¥idfetds thal kYRR UIRRIRFRAEIHIR XM ShtsiRtesRiRetitha8RMArds heavier
]products irgthe_lcaikwi%@rﬁ@gﬁugﬁ di%ﬂi’h?w%@rﬂ?@'@@%@ﬂ(ﬁ f@@@liét@m%immémfﬁet@rﬂolmses can come
rom a cruae oll, a retinery, a rFiscner-1ropsc rocess,; or It can oe end thereof. In one
eombodiment, A A el 1o G B VR CHIAIRS B R areaaa i ing o least one
olefin and the secondistfesisficauppitsig@tiedshipiryisdpataifon R0dhesuosesais.not limited to any
specific hydrocarpon stream and is generally.applicable to, the alkylatjon of C4-C6 isoparaffins with
08 oleting TS LA ST A SR Ca: BR e LB TSR R B o strearn
comprises at. lebssierd memem.taJF@ecE@slapplimddnﬁlm@hbwmm@g HydiGteadrdn stream
comprises & 'SCQE{BEE;‘?&%?%SZW&%ﬁ?&uﬁ%‘f‘ére'éhoéb‘@{?;’s?@‘%S"Eﬂ%’ﬁmgng[]l!ﬁ b
| € process makes a Io atili Y gaso

' is
unsupported. In'one embodiment w Vol meéléjlééq%g%%%%%nponent

having a Reid Vi enPrersisof ollefss ithﬁne_z;g)(:ﬂsgstmammmim@marnearﬁwarﬁcm_rdeﬁned by the
equation: RVP 61éﬁrpﬁﬁ%&@e%oé%‘ﬁﬂ@&”ﬂw8‘]"5&%%Jié-%ﬂl?f%n' DAROther smiodigent the

separating step provides two or more low volatility gasoline blending components. In one

embodiment, tHE&HAIENGISIRCPFBEN GEeRHY thacHe dbsdBdSHhIgh HeHPvsht fenerally greater
than 40C, but itz Be SreRIEH thaRdRledBRAIBELNAN BGS Healsy, hiamoamoRindEaiRsian 58C. -

14- In one embodiment, the middle distillate produced b)@the process has a low cloud point,
generally 18ss tifah MtRddeessRtnplier L BdIBisifHif 25¥EiRsEIREN -60C, or less than -63C.

Additionally, the middle distillate can have a low freeze point, such as less than -50C, less than -55C,

less IONIC LIQUID GATALYST
The ionic liquid catalyst is composed of at least two components which
form a complex. To be effective at alkylation the ionic liquid catalyst is acidic.

20  The acidic ionic liquid catalyst comprises a first component and a second
component. The first component of the catalyst will typically comprise a Lewis
Acidic compound selected from components such as Lewis Acidic compounds
of Group 13 metals, including aluminum halides, alkyl aluminum halide,
gallium halide, and alkyl galtium halide (see International Union of Pure and

25  Applied Chemistry (IUPAC), version3, October 2005, for Group 13 metals of
the periodic table). Other Lewis Acidic compounds besides those of Group 13
metals may also be used. In one embodiment the first component is aluminum
halide or alkyl aluminum halide. For exampie, aiuminum trichloride may be
used as the first component for preparing the ionic liguid catalyst.

30 The second component making up the ionic liquid catalyst is an organic
salt or mixture of salts. These salts may be characterized by the general
formuia Q+A-, wherein Q+ is an ammonium, phosphonium, boronium,
iodonium, or sulfonium cation and A- is a negatively charged ion such as Cl-,

Br-, ClO4-, NO3-, BF4~, BCl4~, PF6—, SbF6—, AlICI4~, ArF6-, TaF6-,
-10 -



5than -58C, less than -60C, or less than -63C. In one embodiment, as described earlier, the
middle distillate produced by the process can have a NMR branching index greater than 60. Processes
for Producingoeedetdusk 10Additionally, there are provided processes forrgrmodsmitigeal jes fuel. The
processes use the same teachings as described earlier herein. The processes include the steps of

performing an qlgiafionyaedecerprisadhe isbiiek e SISt RppRARREh JheAiReess comprises

reacting an isobutane stream 15with a process stream containing b e under alkylation conditions.

The isobutane 8RPBHIBEEIHAS ARGRIECRIMVIRIHPEERIRI dBFo dinesh ARvipEeseaiesnsa
Ch|0r°aluminat%;i%i&-ligm%ﬁﬁé@é’%ﬂ_@%R@%H@'BW@AQ{X&H%@H&&F@V gIRaeRe.an alkyl

substituted pyridinium chloroaluminate or an alkyl substituted imidazolium chlororaluminate of the

general formuld® ADSYE 9 GATRRNTBIARTASUCA RS ORI AR iR adiANIRSH Y 150611959y or hexyl
group, R'=l, mgiblyetbykyRipmbiuiil, Pentylsyi-aexvherer pydriscarshieigsdumisate, and R1 and R2

are H, methyl, ethyl, propyl, butyl, pentyl or 25hexyl group. The ignic liquid catalyst may also comprise
a derivative of M'Hﬁé Eﬁﬂ%ﬁre‘yﬁ{’o@ % W%@%I@ng '&trﬂ%%’a?{i%é[w&q%%]mttached directly
to carbon in thesHgides heenseptanssbyrantalphgragpideshsyimelasidrendBnReR’, IR1 and R2
may or may not be the same..The, jet fuel is arated out from the alkylate praduct., The jet fuel meets
the boiling poini?wg W']é' irtft?\é!ﬂ‘% ep%‘?rqﬁrﬁgﬁp U?%r@tggu tioﬁfﬁn@f’?é&ewﬁﬁrﬁ'?;% ir@ﬂf!jents for Jet
A-1 fuel. 5In th&k8ecemtkghgoodimentttisipgot éss forcgrtmhecininasjed Brebodimanmselsep@riarming an
alkylation of an,qlefi N in Wi I yste prising an ionic liquid
catalyst aﬁd a ﬁ%ﬁ‘é&en %%pﬁk%ﬁil%%ﬁ?ﬁ%% %ﬁ%gé{ Qr%lfaglﬁzﬁg?e%ﬁqrﬁghﬁ. hgeéjé?%%rﬂs recovered from the
alkylate prod u_cﬁ@h&ﬁé@d@ﬁdéﬁtsﬂt@b@ﬂ&igmmﬁe faigtm ok, @heﬁwtﬂdﬁmiﬁﬁh@mmf combustion,
and freeze pougm%%%rlgmmfgf E%lj @Sﬂ’éﬁl"‘}w&% ml%g@pgglm&m gé% Brrggg%%i%r producing a jet

fuel comprises selecting a feed pr din a EC cracker comprising olefins. The | is mixed with
isoparaffin to make a miiReRI¢SEHCT IS hpBreemrOaRy saeuid SivoHie il BIuid aibAWSne, at

alkylation condijops,{@ifPaBidR afteratest ERREANFLHG BidIHS SRR droRe figalkylated

product. The jet fuel meets the boiling point, flash point, smoke point, heat of combustion, and freeze
point requifem&RTRINGEE 12 1heiSECoNd GaTBRR R SRHEPR B ARk 1Y gFdRtiPHal®iftos of the
total alkylate pregugteExamples include from 10 to 50 wt%, from 10 to 25 wt%, 20 greater than 15

wt%, and from 15 to 50 wt%.

HALIDE CONTAINING ADDITIVE
in one embodiment, a halide containing additive is present during the
20 reacting. The halide containing additive can be selected, and present at a
level, to provide increased yield of the middle distillate. In this embodiment,
the reacting is performed with a halide containing additive in addition to the
ionic liguid catalyst. The halide containing additive can boost the overall
acidity and change the selectivity of the ionic liquid-based catalyst. Examples
25 of halide containing additives are hydrogen halide, metal halide, and
combinations thereof. In one embodiment, the halide containing additive may
be a Bronsted acid. Examples of Bronsted acids are hydrochloric acid (HCI),
hydrobromic acid (HBr), and trifluoromethanesuifonic acid. The use of halide
containing additives with ionic liquid catalysts is disclosed in U.S. Published
30 Patent Application Nos. 2003/0060359 and 2004/0077914. In one
embodiment the halide containing additive is a fluorinated alkane sulphonic

acid having the general formula:
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In some embodiments the jet fuel may have other desired properties, for example, a cetane index
greater than 45, 50, or 55; a heat of combustion greater than 43, 45, or 47 MJ/Kg; a freeze point less
than -47C, B0CowrH608€; a cloud point less than -47C, -50C, or -60C; a sualfurdswelosfdess than 2510,
5, or 1 ppm (or essentially none); a flash point greater than 40C, 50C, or 55C; and a smoke point
greater than 20, 30, or 35 n@m. A Composition of Middle Distillate Additionally, there are provided
compositions of middleqdistillate. The 30 compositions use the same teachings as described earlier
herein. The middle distillﬁeccomg@gﬁs hydrocarbons having a boiling range between 150C and 350C,
a NMR branching index gre{ater than 60, and a CH3/CH2 ratio greater than 2.6. In one embodiment

the hydrocarbons have a sifur content gf less, than él“@Hm’ﬂﬁ%tQWI%Wm&?é%Wn 1 wppm, or

essentially no sulfur. In - 16- one embodiment the hydrocarbons havé a wt% aromatic protons less
than 1.0, less tKEAUP6ANESE traf (Ve S8 )tHanE00E! ﬁi@qr@&ﬁp@mm&@s than 0.01, or essentially no

aromatic protons. Loma@ﬂ(}ﬁgg Breens RalRrinRER Ve spekesaeinhdIRsItaiRt aag net heat of
combustion. 5In one embodiment the boilinj ranﬁe of the hcyrdrocarbons is between 175C and 300C.In

another embodRF&AL i@ biRlifPrdRg e St R eBbicdf 208AHAH 3docC. As
disclosed mpevieshtiveaesg thsenmiddlardistiaimis @alkppte hyeropasorgsotusiempde by the

processes disclgsed. herei level of 10olefin will be very low, generally less than 5 wt%, or less
than 5 wtoe. o 1036 thald 2 SR 07 RS FERCE WIRL o e SR RO S 2y a8 EABiments the
NMR branchinginglex iscgeckBrrtiedal Gonyreatelsthauch Gsaf i BB hanT 24T Mecky driigarbons have a
low freeze point,. rally less than,-20C, but.in some embodiments can h 15lower, such as
s than 45, TEOm L o e A e e R A T TR A NS than 5.

In some embodii@@t&2the hydrocarbons have a high net heat of combustion. The net heat of

combusiocan De el A A MR B ARG i B0 3 N Gegreater than

45 MJ/Kg, or 20 greater
reacting step at a level that provides increased vyield of the middle distillate.

Adjusting the level of the halide containing additive level can change the
selectivity of the alkylation reaction. For example, when the level of the halide
containing additive, e.g., hydrochloric acid, is adjusted lower, the selectivity of

15 the alkylation reaction shifts towards producing heavier products. In one
embodiment, the adjustment in the level of the halide containing additive to
produce heavier products does not impair the concurrent production of low
volatility gasoline blending component, The effects of increasing the molar
ratio of olefin to HCI in the feed to the ionic liquid reactor {adjusting the level of

20  the hydrochloric acid lower) on the yield of C10+ products in the alkyiate
produced is demonstrated in FIG. 2.

In one embodiment the halide containing additive is unsupported.
In one embodiment the separated, or recovered, middle distillate
25 fraction has greater than 30 vol% C10+. The middle distillate can have even
higher levels of C10+, such as greater than 33 vol%, greater than 40 or 50
vol%, or even greater than 90 vol%. The levels of very heavy C43+ or C55+
are limited. In one embodiment the level of C55+ in the separated, or
recovered, middle distillate fraction has less than 1 vol% C55+, such as less
30  than 0.5 or 0 vol% CH5+. In one embodiment the level of C43+ in the
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In some embodiments the hydrocarbons have a high smoke point, such as greater than 18 mm,
greater than 30 mm, or greater than 40 mm. The smoke point is generally less than 80 mm. In
some embaodirmemg thishydrocarbons have a high flash point, such 25 asgigttapines18B0C, greater
than 40C, greater than 50C, or greater than 55C. The flash point is generally less than 90C. The

hydrocarbons cggpmeetdhg-halingRainilash BRittefNRkE BRINGRRLIhSABIMMICRaRd freeze
point requirements for Jet A-1 fuel. In one embodiment, the higher the CH3/CH2 hydrogen ratio the

lower 30 the fre& RSiMeST ham) aRitarlsssshndeReraimenhPd@darbons have a CH3/CH2 ratio
greater than 2.6. In otfiepgxaimpleginiapy SRNPRAGHIRARS AR 3rhangkealstifhen 3.5. In

one embodiment the middle distillate is made by.alkylati% an olefin and an isoparaffin with an

unsupported ioMENGTR CAREER L FSIGE Pernd\RSIDp 16/ REIBAFERISPNS/0582897 containing

additive. Inssomg giphsidiments thesienislisuidgatatyshdores 0et sontaig any sulfur. The ionic liquid
catalysts described previous|y are those that be used. In another embodiment, the, middle
distillate is made by alig%wz% zﬂifgg%%'&?ifﬂ%aﬁtwéﬁeol%%wﬁr%gr §|?<§}F‘s{ﬁ‘§§§ 188ﬁ&h%?1363ver an
unsupported ioweAiquia aatalyShand i ovigimgenizedraafit of keadideedordaibiateadditare4o the alkylating
step to achieve thf #ar nching.index and, the CH3/0HZ2 hydrogen ratio. In.this embadiment, for
example, the midh f’é’\%vil\%%ol“at% “é’a%w ’g%]hgp\rfﬁ%hy}ar%%gr%rgrgg EQQ/%H?? Groma :I:' 10 %rrllzs ess than 0.5, a
sulfur 10 contepiel@sétianidadppm, or less than 3 wt% olefins. The amount of the halide containing
additive p{%vided during the alkylating step provides a molar ratio of olefin to HCI from 50:1 to 150:1,
from 60:1 to 120:1, or from 70:1 to 120:1. For the purposes of this specification and appended claims,
unless 15otheniigeassiesfon Patdiaingebslow ekt (rasaiine Blengdinegeams \@dfichis, and
other numericahyalyesisgad 8 the specification and claims, are to be understood as being modified in
all instances bythe term -about.” Furthermore, all ranges disclosed herein are inclusive of the

endpoints and are indéperIeRBFSESHISHFRIHIEARRRKR FeF 2 1RARErEE AL BRFHCBRENIAnit 20and an
upper limit are §i§§&%d@|aﬁa;ﬁd§r@&%w@aﬂ AHENE edianastisadsorsrResitcally disedpred.  Any

term, abbreviation or shorthand not defined is understood to have the ordinary meaning used by a

person skiifed i TROFITENHY BrRECERSEIDIRTAENTRARAFOTRE RIAGTIRY RAMRORON 1Y 3nd “the,"
include plural 2h{Rigiecorerdielans pxpressiy@ngriseaquyecally rméediiagandraisaeting. All of the
publications, patents gnd aﬁent %ﬁﬁliggtionf gged in this aﬁglication are hereiﬁri.incor orated by
reference in their entilh;r% fet EXPRRUMERT 405 FRCHIE RSN SR RERFH&E WQI% blication, patent
application or patsniiwes spesificaily andondisdistinncicatdartg betgreopafetedtkpiaBneference in its
entirety. This written description uses examples fo disclose the invention, including the best mode,
and algo to enable dH?npSeW?oeﬁ S'iglﬁa% R} &gt%r}fa t%nrﬁa ueteaﬁedaligea iqnavd;t%gﬁq gﬁyarrﬁodifications of
the exem@lary alkylate product in the presence of a chioroaluminate ionic liquid catalyst. The

chloroaluminate ionic liquid catalyst comprises an alkyl substituted pyridinium
chioroaluminate or an alkyl substituted imidazolium chloroaiuminate of the
general formulas A and B, as described previously.
In the second embodiment, the reacting step comprises: reacting a
25 hydrocarbon stream comprising at least one olefin having from 2 to 6 carbon
atoms and af least one paraffin having from 4 to 6 carbon atoms, with an ionic
liguid catalyst and a halide containing additive. The reacting is done such that
the at least one olefin and the at least one paraffin are alkylated to produce a
broad boiling alkylate. The process produces a low volatility gasoline blending
30 component.
' In the first embodiment, the separating step separates out the middle
distillate from the alkylate product, wherein the separated middle distillate
fraction is from 20 wt% or higher of the total alkyiate product, and wherein the

separated gasoline blending component has a RON of 91 or higher.
-13 -



embodiments of the invention disclosed above will readily occur to those - 18- skilled in the art.
Accordingly, the invention is to be construed as including all structure and methods that fall within the
scope of thavappendedlaims. EXAMPLES 5 Example 1: Alkylate waB@rasavedoFi 3100 ml
laboratory continuously stirred (1600 RPM) reactor operating at 10C and 150 psig (1034 KPa). The

alkylate was accumulggeth gy SRRl AIHAIAN SR APIRFGASINs SElup.iERa iEqssiaek 10 for the

alkylation was mixed C4 olefins (butene) from an FC cracker containing 40-50% olefins and the

balance being i8eBiGREHREITRRNETR daeriow 'atiilyransy sdienAEly AuBReasS CeMfaining 80%
or more of isobytapgdfess fth%ws@t&mIfminaemeaq&lﬁrenagp'&fﬁé@pa@f&md&daﬂmm.in the range

of about 10:1. None of the feed to the alkylation reactor was 15oligomerized olefins. N-butylpyridinium

chloroaluminate’ (ESHBINCUHRAOCYFS nfify (e dpeb WA %m%&%%%%d as catalyst
and addedsn a seRIgYeHE SR &R TrDaHIGAPIY FEaerata JohrRtHaHew wiRtg rlirsin. The ionic

liquid and the hydrochloric acid were unsupported. The level of hydrochloric acid was selected, and
adjusted over tiﬁ@?t%apmgﬁ Mgl%’%? ﬁﬂifg(gi illate, without adversely effecting the quality
of the lighter boiling alkylateiptasuicbdlinedlikylate fsoirothede actooedtiodgot prasisepgrated from

verted b by, flash-distillati he alkylate was. df ionic liguid by ph
Coperaton,  CERIS 5 T HIE A ALy el ol LR b MM G REeSr Sowas et

into 4 fractions bgjastirggpheriel dittiiae thetyiring atdidivedrazd sheitapitperie®andhown below in
Table 1. Taple 1. E1actiog 4 ERRIONE HEALHRY &HB6HARERHEUNE middie distillate from the

alkylate product produced in the reactor. The alkylation reactor is an ionic

fiquid alkylation reactor. Adjusting the level of the halide containing additive

provided to the ionic liquid alkylation reactor shifts the selectivity towards

heavier products in the aikylate product.

15 The hydrocarbon stream feed to any of these processes can come
from a crude oil, a refinery, a Fischer—Tropschl process; or it can be a blend
thereof. In one embodiment, the hydrocarbon stream is a blend of two
streams, one stream comprising at least one olefin and the second stream
comprising at least one isoparaffin.

20 The process is not limited to any specific hydrocarbon stream and is
generally applicable to the alkylation of C4-C6 isoparaffing with C2-C6 olefins
from any source and in 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

25 derived olefins.

In one embodiment the ionic liguid catalyst is unsupported.

In one embodiment the process makes a low volatility gasoline
blending component having a Reid Vapor Pressure less than 2.2 {(15.2 kPa),
or even less than an amount defined by the equation: RVP = -0.035 x (50

30  vol% boiling point, °C) +5.8, in psi. In another embodiment the separating
step provides two or more low volatility gasoline blending components.

In one embodiment, the middie distillate produced by the process has a
high flash point, generally greater than 40°C, but it can be greater than 45°C,

greater than 50°C, greater than 55°C, or greater than 58°C.
- 14 -



Light Naphtha Heavy Naphtha Jet Fuel Heavy Diesel/ Heating Oil Yield, g 4753.8 1186.8 1397 1054
WO 2010/014534PCT/US2009/051823 Fraction 1 Fraction 2 Fraction 3 Fraction 4 Yield, ml at 6840
1625 1817 B2YR110/014534 PCT/US2009/051823

10

15

20

25

In one embodiment, the middle distiliate produced by the process has a
low cloud point, generally less than -50°C or -55°C, but it can be less than -
58°C, less than -60°C, or less than -63°C. Additionally, the middle distillate
can have a low freeze point, such as less than -50°C, less than -55°C, less
than -58°C, less than -60°C, or less than -63°C.

In one embodiment, as described'earlier, the middie distillate produced
by the process can have a NMR branching index greater than 60.

Processes for Producing a Jet Fuegl

Additionally, there are provided processes for producing a jet fuel. The
processes use the same teachings as described earlier herein. The
processes include the steps of performing an alkylation and recovering the jet
fuel.

In the first embodiment, the process comprises reacting an isobutane stream
with a process stream containing butene under alkylation conditions. The
isobutane and butene are alkylated to produce an alkylate product in the
presence of a chloroaluminate ionic liquid catalyst. The chloroaluminate ionic
liguid catalyst comprises an alky! substituted pyridinium chlorocaluminate or an

atkyl substituted imidazolium chlororaluminate of the general formulas A and

;
o e

A B

B, respectively.

In the formulas A and B, R is H, methyl, ethyl, propyl, butyl, pentyl or hexyl
group, R'=H, methyl, ethyi, propyl, butyl, pentyl or hexyl group, Xis a
chloroaluminate, and Ry and Ry are H, methyl, ethyl, propyi, butyl, pentyl or
hexyl group. The ionic liquid catalyst may aiso comprise a derivative of either
of the structures A or B in which one or more of the hydrogens attached
directly to carbon in the ring has been replaced by an alkyl group. In the

-15 -



60F Yield, wt% based on cornbined alkylate products 56.6 14.1 16.6 12.5 API Gravity 72.1 62.1
52.5 39.3 Density, 60F 0.695 0.7305 0.769 0.8285 SimDist, F 10 vol% 132 248
WO 2010/014534 PCT/US2000/051823

formulas A and B: R, R, Ry and Ry may or may not be the same. The jet fuel
is separated out from the alkylate product. The jet fuel meets the boiling
point, flash point, smoke point, heat of combustion, and freeze point
requirements for Jet A-1 fuel.

5 In the second embodiment, the process for producing a jet fuel
comprises performing an alkylation of an olefin and an isoparaffin with an
unsupported catalyst system comprising an ionic liquid catalyst and a halide
containing additive to make an alkylate product. The jet fuel is recovered from
the alkylate product. The jet fuel meets the boiting point, flash point, smoke

10 point, heat of combustion, and freeze point requirements for Jet A-1 fuel.

in the third embodiment, the process for producing a jet fuel comprises
selecting a feed produced in a FC cracker comprising olefins. The feed is
mixed with isoparaffin to make a mixed feed. The mixed feed is alkylated in an
ionic liquid alkylation zone, at alkylation conditions, to form an alkylated

15 product. The jet fuel is separated from the alkylated product. The jet fuel
meets the boiling point, flash point, smoke point, heat of combustion, and
freeze point requirements for Jet A-1 fuel.

In one embodiment the jet fuel is greater than 8 wi% of the total
alkylate product. Examples inciude from 10 to 50 wt%, from 10 to 25 wit%,

20 greater than 15 wt%, and from 15 to 50 wt%.

In some embodiments the jet fuel may have other desired properties,
for exampie, a cetane index greater than 45, 50, or 55; a heat of combustion
greater than 43, 45, or 47 MJ/Kg; a freeze point less than -47°C, -50°C, or -
B60°C; a cloud point less than -47°C, -50°C, or -60°C; a sulfur level of less than

25 10, 5, or 1 ppm (or essentially none), a flash point greater than 40°C, 50°C, or
55°C; and a smoke point greater than 20, 30, or 35 mm.

A Composition of Middle Distillate

Additionally, there are provided compositions of middie distillate. The

30 compositions use the same teachings as described earlier herein. The middie
distillate comprises hydrocarbons having a boiling range between 150°C and
350°C, a NMR branching index greater than 60, and a CH3/CH2 ratio greater

than 2.6. In one embodiment the hydrocarbons have a sulfur content of less

than 5 wppm, less than 3 wppm, less than 1 wppm, or essentially no sulfur. In
-6 -



353 520 20 vol/0 198 251 360 547 30 vol/0 201 253 368 570 40 vol% 202 271 376 593 50 volc3/0 204
292 391 623 60 vol% 221
WO 2010/014534 PCT/US2009/051823

one embodiment the hydrocarbons have a wt% aromatic protons less than
1.0, iess than 0.5, less than 0.3, less than 0.1, less than 0.05, less than 0.01,
or essentially no aromatic protons. Low aromatic protons helps improve
smoke point, flash point, and net heat of combustion.

5 In one embodiment the boiling range of the hydrocarbons is between
175°C and 300°C. In another embodiment the boiling range of the
hydrocarbons is between 200°C and 300°C.

As disclosed previously, where the middle distiliate is an alkylate
hydrocarbon product made by the processes disciosed herein, the level of

10 olefin will be very low, generally less than 5 wt%, or less than 3 wi%, or less
than 2 wt%, or less than 1 wt%, or essentially none.

n other embodiments the NMR branching index is greater than 65,
greater than 70, or greater than 72. The hydrocarbons have a low freeze
point, generally less than -20°C, but in some embodiments can be much

15 lower, such as less than -45°C, less than -50°C, less than -55°C, less than -
58°C, less than -60°C, or less than -63°C.

In some embodiments, the hydrocarbons have a high net heat of
combustion. The net heat of combustion can be greater than 30 MJ/Kg,
greater than 40 MJ/Kg, greater than 43 MJ/Kg, greater than 45 MJ/Kg, or

20 greater than 47 MJ/Kg.

In some embodiments the hydrocarbons have a high smoke point,
such as greater than 18 mm, greater than 30 mm, or greater than 40 mm.
The smoke point is generally less than 80 mm.

In some embodiments the hydrocarbons have a high flash point, such

25  as greater than 30°C, greater than 40°C, greater than 50°C, or greater than
55°C. The flash point is generally less than 80°C.

The hydrocarbons can meet the boiling point, flash point, smoke point,
heat of combustion, and freeze point requirements for Jet A-1 fuel.

in one embodiment, the higher the CH3/CHZ hydrogen ratio the lower

30 the ireeze point of the hydrocarbons. In general the hydrocarbons have a
CH3/CH2 ratio greater than 2.6. In other examples, they can have a ratio
greater than 3.0 or greater than 3.5.

In one embodiment the middie distillate is made by alkylating an olefin

and an isoparaffin with an unsupported ionic liquid catalyst and a halide
-7 -



294 406 655 70 vol% 230 300 421 691 80 vol/0 234 327 448 736 90 vorY0 239 335 475 805 FBP
(99.5) 264 368 525 995 Composition,
WO 2010/014534 PCT/US2009/051823
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30

containing additive. In some embodiments the ionic liquid catalyst does not
contain any sulfur. The ionic liquid catalysts described previously are those
that may be used.

In another embodiment, the middle distillate is made by alkylating an

isoparaffin with an olefin under alkylating conditions over an unsupported ionic

liguid catalyst and providing an amount of halide containing additive to the

alkylating step to achieve the NMR branching index and the CH3/CH2
hydrogen ratio. In this embodiment, for example, the middle distillate can
comprise hydrocarbons having a % aromatic protons less than 0.5, a sulfur
content less than 5 wppm, or less than 3 wt% olefins. The amount of the
halide containing additive provided during the alkylating step provides a molar
ratio of olefin to HCI from 50:1 to 150:1, from 60:1 to 120:1, or from 70:1 to
120:1.

For the purposes of this specification and appended claims, unless
otherwise indicated, all numbers expressing quantities, percentages or
proportions, and other numerical values used in the specification and claims,
are 1o be understood as being modified in all instances by the term "about.”
Furthermore, all ranges disclosed herein are inclusive of the endpoints and
are independently combinable. Whenever a numerical range with a lower limit
and an upper limit are disclosed, any number falling within the range is aiso
specifically disclosed.

Any term, abbreviation or shorthand not defined is understood to have
the ordinary meaning used by a person skilled in the art at the time the
application is filed. The singular forms “a,” “an,” and “the,” include plural
references unless expressly and unequivocally limited to one instance.

All of the publications, patents and patent applications cited in this
application are herein incorporated by reference in their entirety to the same
extent as if the disclosure of each individual publication, patent application or
patent was specifically and individually indicated to be incorporated by
reference in its entirety.

This written description uses examples to disclose the invention,
including the best mode, and also to enable any person skilled in the art to
make and use the invention, Many modifications of the exemplary

embodiments of the invention disclosed above will readily occur to those
-18 -



Vol% by GC  C10+ >20>95>99 C11+ <5>90 >95 CI?"-000 >70

WO 2010/014534

10

15

20

25

PCT/US2005/051823

skilled in the art. Accordingly, the invention is to be construed as including all
structure and methods that fall within the scope of the appended claims.

EXAMPLES
Example 1:

Alkylate was prepared in a 100 ml laboratory continuously stirred (1600
RPM) reactor operating at 10°C and 150 psig (1034 KPa). The alkylate was
accumulated from several alkylation runs in this reactor setup. The feedstock
for the alkylation was mixed C4 olefins (butene) from an FC cracker
containing 40-50% olefins and the balance being isobutane and n-butane
(feed flow @ 2 mi/min.), and refinery isobutane containing 80% or more of
isobutane (feed flow @ 8 ml/min.). The molar ratio of isoparaffin to olefin was
in the range of about 10:1. None of the feed to the alkylation reactor was
oligomerized olefins. N-butylpyridinium chioroaluminate (CsHsNCaHgAIClr)
ionic liquid doped with hydrochloric acid was used as catalyst and added in a
continuous stream to the alkylation reactor at a volumetric flow of 0.8 ml/min.
The ionic liquid and the hydrochloric acid were unsupported. The level of
hydrochloric acid was selected, and agjusted over time, to provide a good
yield of middle distillate, without adversely effecting the quality of the lighter
boiling alkylate product. The alkylate from the reactor effluent was separated
from unconverted butanes by flash-distillation and the alkylate was separated
from the ionic liquid by phase separation.

8,408 g of the accumulated alkylate effluent from the alkylation reactor
was cut into 4 fractions by atmospheric distillation. The yields obtained and
their properties are shown below in Table 1.

Table 1
Fraction 1 Fraction 2 Fraction 3 Fraction 4
Utility Light Heavy Jet Fuel Heavy Diesel/
Naphtha Naphtha Heating Oil
Yield, g 4753.8 1186.8 1397 1054
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C27+000>10C43+000<1C55+0000 Fraction 3 and Fraction 4 are middle distillates. After
separating them from the total alkylate, they amounted to 29.1 wt% of the total alkylate product. Both
Fraction 3 an@ Fradtigns4, separately or combined together, had greater HaMlSB0PHB €10+, greater
than 90 vol% C11+, and less than 1 vol% C43+ or C55+. Example 2: 5 Fractions 1 and 2, described

above, were t¢sted by gas chionsQg[aRRy for Cprgasgiion and pelahgeimbers TRefesults are
summarized below, in Table
Yield, ml at 6840 1625 1817 1272
B0O°F
Yield, wt% 56.6 14.1 16.6 12.5
based on
combined
alkylate
products
AP1 Gravity 72.1 62.1 525 39.3
Density, 80°F 0.895 0.7305 0.769 0.8285
SimDist, °F
10 vol% 132 248 353 520
20 vol% 198 251 360 547
30vol% | 201 253 368 570
40 vol% 202 271 376 593
50 vol% 204 292 391 623
60 vol% 221 294 408 655
70 vol% 230 300 421 691
80 vol% 234 327 448 736
90 vol% 239 335 475 805
FBP (99.5) 264 368 525 995
Composition,
Vol% by GC
C10+ >20 >95 >99
Cit+ <5 >90 >95
C17+ 0 0 0 >70
C27+ 0 0 0 >10
C43+ 0 0 0 <1
C55+ 0 0 0 0

Fraction 3 and Fraction 4 are middle distillates. After separating them
from the total alkylate, they amounted to 29.1 wt% of the total alkylate
product. Both Fraction 3 and Fraction 4, separately or combined together,

-20 -



10Table 2 Composition, Wt% by GC Fraction 1 Fraction 2 C5- 3.24 0.01 C6 4.30 0.02 C7 6.88 0.02 C8
73.96 9.79 C9 11.45 62.36 CI 0 0.02 21.44 C11+ 0.07

WO 2010/014534 PCT/US2009/051823

had greater than 95 vol% C10+, greater than 90 vol% C11+, and less than 1
vol% C43+ or C55+.

Exampie 2:
5
Fractions 1 and 2, described above, were tested by gas
chromatography for composition and octane numbers. The results are
summarized below, in Table 2.
10 Table 2
Composition, Wt% by GC | Fraction 1 | Fraction 2
C5- 3.24 0.01
C6 4.30 0.02
Cc7 6.88 0.02
C8 73.96 9.79
C9 11.45 62.36
C10 0.02 21.44
C11+ 0.07 5.77
RVP estimated from GC, psi 2.19 0.40
RON (GC) 945 86.0
RCN 96.4 88.4
MON 93.1 88.2

Fraction 1 was predominantly C8 alkylate. Fraction 2 was mostly C9
atkytate, mixed with some C10 alkylate. Both Fraction 1 and Fraction 2 were
suitable for gasoline blending. Fraction 1 was an example of an especially

15  good gasoline blend stock, with a low RVP and high RON.

Fractions 1 and 2 were both low volatility gasoiine blending
components. Their Reid Vapor Pressures, calculated by GC, were both less
than 2.5 psi (17.2 kPa), and also less than an amount defined by the equation
RVP =-0.035 x (50 vol% boiling point, °C) + 5.8, in psi.

20
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5.77 RVP estimated from GC, psi 2.19 0.40 RON (GC) 94.5 86.0 RON 96.4 88.4 MON 93.1 88.2
Fraction 1 was predominantly C8 alkylate. Fraction 2 was mostly C9 alkylate, mixed with some C10
alkylate. BoORfaetd+534 and Fraction 2 were suitable for gasoline blendimg IFRFaui64s1saas an
example of an especially 15 good gasoline blend stock, with a low RVP and high RON. Fractions 1
and 2 were botﬁ)@%y@%ﬂlity gasoline blending components. Their Reid Vapor Pressures, calculated
by GC, were both less than 2.5 psi (17.2 kPa), and also less than an amount defined by the equation
RVP =-0.035 x (50 vol% boiling point, C) + 5.8, in psi. 20 WO 2010/014534PCDUS2009/051823

Example 3: Fraction 3, described above, was further characterized and compared
with a typical example of JET A-1 jet fuel. These results are shown in Table

5 3, below.
Table 3
Analytical Test Fraction 3 JET A-1 Reguirements
C, wt% 85.1
H, wt% 14.516
N, wi% <
Low level nitrogen, <1
wppm
Subfur, wppm <1 Max 3000
Flash Point, °C 59 Min 38
Smoke Point, mm 40 Min 18
Cloud Point, °C <-63
Freeze Point, °C <-63 Max -47
Density, 60°F 0.769 0.775-0.840
Viscosity, -20°C, mm*/s 8.387 Max 8.0
Net Heat of Combustion
BTU/b 20237
MJ/Kg 471 Min 42.8
Calculated Cetane Index
56.63
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Fraction 3, described above, was further characterized and compared  with a typical example of JET
A-1 jet fuel. These results are shown in Table 53, below. Table 3 Analytical Test Fraction 3 JET A-1
Requiremeit® @1(434585.1 FI, wt/0 14.516 N, wr/c) <1 Low level nitrog@¢EFRMP/EGi18aIfur, wppm
<1 Max 3000 Flash Point, C 59

SimDist, °C
10 vol% 178 Max 205
20 vol% 182
30 vol% 187
40 vol% 191
50 vol% 199 Report
60 vol% 208
70 vol% 216
80 vol% 231
90 vol% 246 Report
FBP (99.5) 274 Max 300
NMR Branching index 73.47
Wi% Olefins 2.64

A more detailed summary of the proton NMR analysis of Fraction 3 is
summarized below in Table 4.

Table 4
Fraction 3

NMR Analysis (%)
paraffinic CH3 hydrogens 73.32
paraffinic CH2 hydrogens 19.41
paraffinic CH hydrogens 7.06
Hydrogens in saturated groups aipha to
aromatic or olefinic carbon 0.00
Olefinic Hydrogens 0.21
Aromatic Hydrogens 0.00
Sum 100.00
NMR Branching Index 73.47
CH3/CH2 Hydrogen Ratio 3.78
% Aromatic Protons 0.00

=923 -



Min 38 Smoke Point, mm 40 Min 18 Cloud Point, C <-63 Freeze Point, C <-63 Max -47 Density, 60F
0.769 0.775-0.840 Viscosity, -20C, mm2/s 8.387 Max 8.0 Net Heat of Combustion BTU/Ib MJ/Kg
20237 47.1WArru2/@Sadculated Cetane Index 56.63 PCT/US2009/051823
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Fraction 3 had properties that are desired in jet fuel, and it would make
an excellent jet fuel or blend stock for jet fuel production. Fraction 3 met or
exceeded a number of desired JET A-1 fuel specifications, including sulfur
content, flash point, smoke point, freeze point, heat of combustion, and
distillation boiling points. The density was a bit low and the kinematic
viscosity was a bit high. Both the viscosity and the density could be brought
into the specified range for JET A-1 by addition of a second fuel blend stock
rich in aromatics and/or naphthenes. The high smoke point would aliow for
the addition of a significant amount of a2 second fuel blend stock with a high
aromatic content. The high heat of combustion measured on Fraction 3 was
significantly higher than that typically obtained on JET A-1, and it would
improve fuel efficiency if it were blended with a second fuel blend stock. The
excellent low cloud point and low freeze point was related to the higher
branching.

Fraction 4 was not further characterized, but its properties indicaied
that it was a high guality middle distillate suitable for use as a heavy diesel
fuel, a blend stock for diesel fuel, or a heating oil.

Example 5:

Alkylate was prepared in a 100 m! [aboratory continuously stirred (1600
RPM) reactor operating at 10°C and 150 psig (1034 KPa). The feedstock for
the alkylation was mixed C4 olefins (butene) from an FC cracker containing
40-50% olefins and the balance being isobutane and n-butane (feed flow @ 2
mi/min.}, and refinery isobutane containing 80% or more of isobutane (feed
flow @ 8 mi/min.). The molar ratio of isoparaffin to olefin was in the range of
about 9:1. None of the feed to the alkylation reactor was oligomerized olefins.
N-butylpyridinium chlorocaluminate (CsHsNC4sHgAILCl?) ionic liquid doped with
hydrochioric acid was used as catalyst and added to the alkylation reactor.
The ionic liguid and the hydrochloric acid were unsupported. The level of

hydrochioric acid was adjusted over time from a molar ratio of olefin to HCI
-24 -



WO 2010/014534PCMJS2009/051823 SimDist, C 10 vol% 178 Max 205 20 vol% 182 30 vol% 187
40 vol/0 191 50 vol% 199 Report 60 vol% 208 70 vol% 216
WO 2010/014534 PCT/US2009/051823

from 25:1 to about 105:1. The alkylate from the reactor effluent was
separated from unconverted butanes by flash-distillation and the alkylate was
separated from the ionic liquid by phase separation. A plot of the molar ratio
of olefin to HCl vs. the GC analysis of the wt% C10+ content in the alkylate is

5 shown in Figure 2. A higher molar ratio of olefin to HCI in the feed to the
reactor gave a higher yield of C10+ products in the alkylate product.

10
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80 vol/0 231 90 vol% 246 Report FBP (99.5) 274 Max 300 NMR Branching Index 73.47 W1t% Olefins

2.64 A more detailed summary of the proton NMR analysis of Fraction 3 is summarized below in
Table 4. Table 4 Fraction 3 NMR Analysis (%)

CLAIMS

1. A process for producing a low volatility gasoline blending component and a
middie distillate, comprising:

a. reacting a hydrocarbon stream comprising at least one olefin having
from 2 to 6 carbon atoms and at least one paraffin having from 4 to 6
carbon atoms with an ionic liquid catalyst and an unsupported halide
containing additive, wherein the at least one olefin and the at least one
paraffin are alkylated, to produce a broad boiling alkylate product;

b. separating the broad boiling alkylate product, into at least the low
volatility gasoline blending component and at least the middie distillate,
wherein the middle distillate is a fuel suitable for use as a jet fuel or jet
fuel blending component that has a boiling range between 280°F and
572°F (138°C and 300°C), a flash point greater than 40°C, and a cloud
point less than -50°C,

wherein the ionic liquid catalyst comprises an alkyl substituted pyridinium
chioroaluminate or an alky! substituted imidazolium chloroaluminate of the

general formulas A and B, respectively,

R K
R

A B

where R=H, methyl, ethyl, propyl, butyl, pentyl or hexy! group, R'=H, methyl,
ethyl, propyl, butyl, pentyl or hexy! group, X is a chloroaluminate, and Rq and
Rao=H, .methyl, ethyl, propyl, butyl, pentyl or hexyl group and where R, R",Ry
and R, may or may not be the same.

2. The process of claim 1, wherein the ionic liquid catalyst is unsupported.
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paraffinic C!—|3 hydrogens 73.32 paraffinic CH2 hydrogens 1941. paraffinic CH hydrogens 7.06
Hydrogens in saturated groups alpha to aromatic or olefinic carbon 0.00 Olefinic Hydrogens 0.21

Aromatic Hydrogens 0.00 Sum 100.00 NMR Branching Index 73.47 CH3/CH2 Hydrogen Ratio 3.78
% Aromatic Protons

3. The process of claim 1, wherein the hydrocarbon stream is a blend of two

streams.

4, The process of claim 1, wherein the hydrocarbon stream comprises at least

one olefin from a FC cracker.

5. The process of claim 1, wherein the hydrocarbon stream comprises

Fischer-Tropsch derived olefins.
6. The process of claim 1, wherein the low volatility gasoline blending
component has a Reid Vapor Pressure less than the equation:

RVP =[-0.035 x {50 vol% boiling point, °C} + 5.8] x 6.885, in kPa.

7. The process of claim 1, wherein the middie distillate has a flash point

greater than 50°C.

8. The process of claim 1, wherein the middie distillate has a cloud point less
than -60°C.

9. The process of claim 1, wherein the middle distillate has a NMR branching

index greater than 60.

10. The process of claim 1 or claim 9, wherein the middle distillate has a
CH3/CH2 hydrogen ratio greater than 2.6.

11. The process of claim 1, wherein the halide containing additive is a

hydrogen halide, a metal halide, or a combination thereof.

12. The process of claim 1, wherein the halide containing additive is

hydrochloric acid.
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0.00 Fraction 3 had properties that are desired in jet fuel, and it would make an excellent jet fuel
or blend stock for jet fuel production. Fraction 3 met or exceeded a number of desired JET A-1 fuel
specifications, including sulfur 5content, flash point, smoke point, freeze point, heat of combustion, and

distillation bailing points. The ge sity was a bit lgw ang the kinematic vi Ity: . a.bit high. Both the
viscosity aﬁ&thﬁﬁeﬂ@?ﬁﬁé&ﬂ %%'B{Judﬂﬁﬁ%nt ees?]oaj(':glj |e%or%%rél'e §r¥‘®?‘ 3%%5‘%@%%%:1 of a second
fuel blend stagrich in aromatics and/or naphthenes. The high smoke point would allow for 10the
addition of a significant amount of a second fuel blend stock with a high aromatic content. The high
heat of combustion measured on Fraction 3 was significantly higher than that typically obtained on JET
A-1, and it wpulthimpeussfust elfisiencyifdtsietadlshvedotodust tarsdésel tbiend sitftk. The
excellent low cloud point and low freeze point was related to the higher 15branching. Fraction 4
was not furfleleh AR SEHORG ﬁé‘}f}% BIAEESRMEated that it was a high quality middle distillate
suitable for use as a heavy diesel fuel, a blend stock for diesel fuel, or a heating oil. 20 Example 5:
Alkylate was prepared in a 100 m| Iagor tory continuously.stirred (1600 lyp ctor operating at
10C and 15 p&@e(fé%ﬁeﬁﬁéli@%g’f e@ﬁgﬁ?&b%gtgﬁyﬁﬁﬁ%é? %%Qe@?ﬁ 0 eﬁﬁesa (butene) from an
FC cracker gioptaitiag-4addtentafinarstst dlefbrianie hgirgdsobotaskecam bytaittars{ié@d flow @ 2
ml/min.), and refinery isobutane containing 80% or more of isobutane (feed flow @ 8 ml/min.). The
molar ratio B‘F?@oparaffin to olefin was in the range of 30about 9:1. None of the feed to the alkylation
reactor was oligomerized olefins. N-butylpyridinium chloroaluminate (C5H5NC4H9AI2C17) ionic liquid

doped with hydrochloric acid was, used as catalyst and added to the alkylatio r. The ionic liquid
and the hyd?écﬁkﬂ‘i@%’cﬁa B %ﬂ%ﬁ'ﬁﬁoﬁgas%elg\%rll(gwgy%?g&%?&?cn%ﬁ wé;ﬁagcﬁtgsted over time

from a molagisatiatef etafiprigifdt! - 24 - from 25:1 to about 105:1. The alkylate from the reactor

effluent was separated from unconyerted butanes by.flash-djstillation and t > was separated
from the ionic Iﬁ;uioq%'ﬁﬂﬁgeaégﬁgrﬁcﬁm iHBF%FSP%@M%l%?@é{%e r(%:'lve'éjrﬁ3 gé:)??-ia%ﬁyvgs}ﬁﬁ\e GC analysis
of the wt% GdQ# eptienbin tbacabetatshis Sshavinity figard 2 hazvigerothlatsrénianf olefin to HCI in

the feed to the reactor gave a h(i]gher yield of C10+ products in the alkylate product. 10 CLAIMS
alkylate product; an :

b. recovering from the alkylate product:
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1. A process for producing a low volatility gasoline blending component and a middle distillate,
comprising: a. reacting a hydrocarbon stream comprising at least one olefin having from 2 to 6 carbon
atoms and at least one paraffin having from 4 to 6 carbon atoms with an jonic quuig catalyst and an
unsupported halide g@@ﬁ@mm@(&dﬁﬁh&ng\/heﬂw@w%\mé’bﬁ ariev e diY B A1 I8ast one paraffin are
alkylated, to produce a broad boiling al Iat% product; b. separating the broad boiling alkylate product,
into at least the low Q@Eﬁlﬁ‘ﬁ §§§6ﬂ 5 nac'ﬂng component and at least the middle distillate, wherein
the middle distillafe ig,a fyelpeitaiadar. use as a jet fuel or jet fuel blending component that has a
boiling range between 280F and 572F)§138C and 30 ' itham40C, and a cloud
point less WharentheipRielifHd TR ﬁﬁl?l%n}%?asl?/%tg(ﬁ))ﬁ%% i’sfge%bagr{?g gd%(ﬁmtitut d pyridinium
chloroaluminaie, of A Alty @%E‘RW@M&K&M%&WBGM@MQ(@W@%@H' formulas A and B,
respectively, where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group, R'=H, methyl, ethyl,
propyl, butgglatp@l@d}immh@@lﬂg%ﬁfpgxr%g ei?fﬁ‘()‘f%’atlumina’te, and R1 and R2=H, methyl, ethyl, propyl,
“butyl, pentyl or' hexyl group and where R, and R2 may or may not bgthe same. 2. The process of
claim 1, wherein the ionic liquid catalyB¥is unsupported. 3. The process of claim 1, wherein the
hydrocarbon stream is a blend of streams. 4. The process of claim 1, wherein the hydrocarbon
stream comprises at least in from a FC cragker. 5. Jroc f claim 1, wherein the
hydrocarbon stream compijises’Figcher-Tropsch deri ed
low volatility gasoline blendingggimponent has a Reidj@p r_Pregsure less than the equation: RVP =
(-0.035 x (50 vol% boiling pointxC) E.S] X 6.895, in kPa. 7. The process of claim 1, wherein the
middle distillate has .a flash paipt greater than 50C. 8. The process of claim 1, wherein the middle
distillate has a cloud point less than -60C. 9. The process of giagim 1, wherein the middle distillate has
a NMR branching index greaterfaan 60. 10. The process of claim 1 or claim 9, wherein the middle
distillate has a CH3/CH2 hydrogen ratio greater than 2.6, 11..Th siclaim-imwherein the
halide cont&vﬁam&%ﬁﬁw@%@hﬁi%éﬁ%%ﬂdgyy %8?6“&%%? 'e())tﬁf @(&%ﬁ%kﬁ%&ﬁﬁ m& 12. The
process of cl?i‘m‘ 1 r\gﬁﬁrgjﬂt@e lidegonainigeagdiive isdnjdroshiorivaieidand R process of
claim 1, whéft i ’tﬁe ide containing additive is a jus(ﬁqed | wer, %A%n@%@é%@;f@aim 1, wherein
the alkylate BrstychbtylestWiansavisPBRHRSBYOPIT SHNORAT Hirther processing. '15. The process
of claim 1, wherein the &glgng%thgtq;gqgebgg}ﬁg@hyﬁl&bﬁ%@\tﬂteéhﬁééd@ﬂﬁé@h%nt of olefin in the
h_ydrocarbona@t?ea%nn}o;)Ay at least 30 wt%. 16. A process for R{OPHCinr% eatgq%“@g lending component
and a middleadditive is selected from the group of hydrogen hiaide, = 5

combinations thereot,

17. The process of ciaim 16, wherain the halide containing additive is

unsupporied.

18. The process of claim 18, wherein the middle distillate is from 29 to 50 wit% of

the total alkyiate product.

9. The process of claim 186, wherein the adjusting is a lowering of the leval of

{he halide.
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distillate, comprising: a. adjusting a level of a halide containing additive provided to an ionic liquid
alkylation reactor to shift selectivity towards heavier products in an alkylate product; and b. recovering
from the alkylate product: L the gasoline blending component that is a low volatility gasoline blending

component the m|ddle tLIIat Wher n the i Ikyl substituted
pyridinium gr%odg‘&ﬁjﬁ%%ﬁgso? an amy 'UWS'[I'[ %Igdl?ﬁn% a%é‘%%d%?r%ﬁ?ﬁu%ﬁgt ﬁg?' ﬁpagé%eraF
formulas A paNEfres$pedtigtlsr.C771/ | X A13 where R=R, methyl, ethyl, propyl, butyl, pentyl or hexyl
group, R'=H, methyl, ethyl, propyl butyl, pentyl or hexyl group, Xis a chloroaluminate, and Ri 'and
R2=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and where and R2 may or may not be the
same, and wherﬁﬂel;bmdmisiefcdaiaimﬁg atiditbie s gastliddrotentngroup pdtsarbgsanhalide, metal
halide, and atlo thereof 17 rocess of.c e lide containing additive
R e NG et R o BN

IS unsuppo 'RereIn the middt is from 29 to 50 wt% of the
total alkylate prodWPI@[@h}Sﬁm({é@svof%lmnﬂ;m@, naietei jhe 28jus BB, andwering of the level of
the halide. 20. The process of claim 16, wherein the gasoline blending component has a RON of 91
or higher. 21. The process of claim 16, wherein the gasoline blending component has a Reid Vapor
Pressure legg tHamerasesynifddfime d Bywhe redu dtie raliRAZRe—FOAIRS ke Bessithaiofling point, C) +
5.8]x 6.895, in Efl 22. Theéproc Ss of Iﬁﬁn 16, wher. S?In the alkylate product has less than 5 wt%

olefins prlor"’l’B RIS AT ggg Agrner Brotas

23. The process of claim 16, wherein a vield of the alkylate product exceeds

the amount of olefin supplied to the ionic liquid alkylation reactor by at least 30

wit%.

24 The process of claim 16, wherein-the middle distiliate has a NMR

branching index greater than 60.
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23. The process of claim 16, wherein a yield of the alkylate product exceeds the amount of olefin
supplied to the ionic liquid alkylation reactor by at least 30 wt%. 24, Tile process of claim 16, wherein
the middle distillate has a NMR branching index greater than 60. 25. The process of claim 16 or claim

e P rocoss of a1 & of i 4 Hereid IR dle drelifi?s has a

CH3/CH2 hydrogen ratio greater than 2.6.
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