PROCESS FOR PRODUCING A MIDDLE DISTILLATE This application is related to four co-filed
patent applications titled "Process for Producing a Low Volatility Gasoline Blending Component"”,
"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 their entirety.
FIELD OF THE INVENTIONslhigpnyentior ipdirasiediteca pragessifer predqucing@middle distillate.
BRIEF DESCRIPTION OF THE DRAWINGS 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 analygigof theuutfs C10E seateny B ihe Aldatis s RHMIMARYtions iR dirstaspast, there is

provided a process for producmi a middle distillate, comprising: a. reacting an isobutane stream with a

process stream SRR HE oelilirdaes BRI RS BRI RBbutBFeCasa Ritene are

alkylated to prodsiceaRialicyaie: productdn e JurReNseIRlR R oraalkminaip domedigid figving the
general formula RR' R" N'H+ AI2C17-, wherein RR' and R" are alkyl groups containing 1 to 12

carbons; and b. Bepavsiing Middie Hirddriaiyiiyripanteo ks Rie 6f88 R0 et iNGHR separated

middle distillate f{aetion s oM 2RWietaEhigharl the total alkylate product. In a second aspect,
there is provided a process for producing a middle distillate, comprising: a. reacting an isobutane

stream with a process stream containing butene under alkylation conditions wherein the isobutane
and butene are alkylated to produce an alkytate predpgt-Hnhgpigsence of a chloroaluminate ionic
liquid catalyst comprising 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, pertyl or hexyl groun, R'= e kﬁ l, I r# 4 oup, Xis a
chloroaluminate?ﬂé(ﬁsdEE{t}lggﬁggh%:%grﬁg%ﬁ ét illtﬁgp%%épy%[%ﬁéﬁ,gyg y?gﬁﬁg%lgé%éﬁ%%nd where R, R',
and R2 may or may not be the same; and b. separating out the middle distillate from the alkylate
product, wherein the separated midd Fd tillate fraction is from 20 wi% or higher of the total alkylate
product. In a third aspect, theteisprovideth-aprocess oeaeing-a-midele distillate, comprising:
a. reacting an isobutane stream with a process stream containing butene under alkylation conditions
wherein the isobutane and butene are alkylated to produce an alkylate r%u_ct' é?t%—s resence of a
chloroaluminategl(g‘l%'ilc’ﬁtﬁﬂj’Hﬁ?ﬁ@?ﬁé’h&‘eK@%ﬁﬁ%ﬂﬁﬁghﬁﬁew&pﬁlw e“r“e"lﬁw' grﬁﬁ? are alkyl
groups containingbAmdiggrpemns; bepdjasgng over time a halide containing additive during the
reacting step to increase the yield of the middle distillate; and c. separating out the middle distillate
from the alkylate product, wherein the separated middle distillate fraction is from 20 wt % or higher of
the total alkylaterp@degt. 2 is drpviasfthannsiel thaeosqiediidedCpracers iBCpaeaiERga middle
distillate, comprising: a. reacting an isobutane stream with a process stream containing butene under
alkylation conditmﬁé"ﬁ %Ir%h O@mt%ﬁl‘ r?j iﬁg%‘re are alkylated to produce an alkylate product in
the presence of a chloroaluminate ionic liquid catalyst comprising an alkyl substituted pyridinium
chloroaluminate or an alkyl substituted imidazolium, chlor inate of the general formulas A and B,
respectively, - la - where R= H, methyl, ethyl, pr@%ﬁggnwl 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, R', Ri and R2 may or may not be the same; b.
adjusting over time a hgﬁo% hg?ﬁﬁlﬁﬁ?gc dttlﬂﬁ{}% ﬁjmavfﬁ%&egcﬂﬁ%%tgesp? Fimere Ce"\%eaylrgfgedc;?the
middle distillate;agg@liatsepanatingiogt thersaidtite distillsse dtametizeratiylatétiprauot eekestivetihe

; NS A : .
separated middle distlate raction. s from 20 2% Sh Migherel le el alivlals RIgEUELBEFALED

butene are alkylated to produce an alkylate product in the presence of a

chloroaluminate ionic liguid having the general formula RR' R” N H" AlLCl7,
wherein RR’ and R” are alkyl groups containing 1 to 12 carbons; and b.
separating out the middle distillate from the alkylate product, wherein the
separated middle distillate fraction is from 20 wt% or higher of the total
alkylate product.

In a second aspect, there is provided a process for producing a middie

distillate, comprising: a. reacting an isobutane stream with a process stream

-



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 distillate" is a hydrocarbon product having a boiling
range between 250F to 1100F (121C to 593C). The term "middle distillate” includes the diesel, heating
oil, jet fuel, and keyesenR HOBNG RANIRHACUARSIHMRY: SIRAHBAL AR fRAFIGROf Rapifbmer gkt oil. A
"naphtha" is a lighter hydrocarbon product having a boiling range between 100F to 400F (38C to
204C). A "light oFPW@%%@é@ié?igﬁbj)é?@@a?ﬁoﬁfﬁ%&l%ﬁﬁ“a\ﬁP?@f ’é%oiﬁf@j%g@ tHaE SPARSHEAY Of 2
600F(316C) or heﬁ@#v&foéﬁu'aﬁ_tﬁgfé“ab%ﬁsmwg%&qps@rmfnggmab@!%ﬁ%ﬂaﬁé@ ?@a@mu% boiling
range. The term %gt fuel b0|.I|n% -1b- ran%e- retrs to hydrocarbonshaving a boil280F and 572FictThe
term "diesel fuel BURFRP gAY @FoesrFikgo SHRSEH PED FRK@ZDD0E @PetoaninBaleoi1he term
lightboiling range;iefers fo-hydracarbppshaxingaRragiling range between 600F and 1100F 316C and
593C). The "bpUing range" is the 10 \col% boilin inclusive of the end points, asby ASTM D 2887-06a,
A “Middle distillate blending component' is aggidde distWate, suitdBle  for blending into a
hydrocarbon product rreeting desired n{?’,’lfications 10 A "gasoline blending component™" a gasoline or
a isoline, "Gasoline" engines. 193CJ:§ip a Reid VaporRr 25 psi 07.2 Pa), or less. In one
embodiment the Reid Vapor Pressusgds-ess than an aggoufit defined by the equation RVP =-0.035 x
(50 vol% boiling point,+ 5.8, in psi. "AlKyI"waeans a linear saturated monovalent hydrocarbon rd one to
six carbon atoms or a branched saturéited monovalent hydrocarbon radical of three to eight carbon
atoms. In one embodiment, the alkyl grdups are methyl. Exan%les of alkyl groups include, but are not
limited to, groups ethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyfc sec-butyl, t-butyl, n-pentyl,
and the like, whsappettedimatansdtiat theoaydlystier theriglide bertdigngad&itvd, isreobgn ed or
moveable bed of solid contact,material, such as nop-basic refractory,material: e.q., silic Pi Gravity
is measured by &%W &E%pﬁ(gﬂﬁ?}_‘fl%gﬁé’ ?%eeé B%\%‘IB 2% 5 a c%ioroaﬁummage, aﬂC{’iR?‘aﬂ%

R2=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group and where R, R, R,

g
I

and R; may or may not be the same; and b. separating out the middle
distillate from the alkylate product, wherein the separated middle distillate
fraction is from 20 wit% or higher of the total alkylate product.

in a third aspect, there is provided a process for producing a middle
distillate, comprising: a. reacting an isobutane stream with a process stream
containing butene under alkylation conditions wherein the isobutane and
butene are alkylated fo produce an alkylate product in the presence of a
chloroaluminate ionic liquid having the general formula RR’ R” N H® ALCl;,
wherein RR" and R” are alkyl groups containing 1 to 12 carbons; b. adjusting
over time a halide containing additive during the reacting step to increase the
vield of the middle distillate; and ¢. separating out the middle distillate from
the alkylate product, wherein the separated middle distillate fraction is from 20
wt % or higher of the total alkylate product.

in a fourth aspect, there is provided a process for producing a middie
distillate, comprising: a. reacting an isobutane stream with a process stream
containing butene under alkylation conditions wherein the isobutane and
butene are alkylated to produce an alkylate product in the presence of a
chloroaluminate ionic liquid catalyst comprising an alkyl substituted pyridinium
chioroaluminate or an alkyl substituted imidazolium chicroaluminate of the

general formulas A and B, respectively,
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Density is measured by ASTM 0 1298-99 (Reaproved 2005) Or A TM 0 4052-96 (Reapproved 20
Density is reported in giml, at the reference temperature in "fi, WO 2010/014531PCT/US2009/051819
The test methods used for boiling range distribuho compositions in this disclosASTM 0 2827-D6a and
ASTM4. The test method is referred to herein asDist'. The boiling range distribution determination by
distillation is simuted by the use of gas chromatography. The boiling range distributions obtained by
this test method are essentially equivalent to those obtained by true boiling distillation (see ASTM Test
Method D 2292), re not equivalent | with ASTM Test r D 1160, 10Reid Vapor Pressure (RVP) is
measured directly by AS Alternatively, Reid Vapgy: Pressure (RVP) is calculated from the boiling-range
data obtained by gas chromatography. Theti isdescribed in the ASTM special publication by be
Bruine, W., and Ellison, R,J,, "Calculatio@l\//?Method O@@;ﬁrz ' )i!l,aﬁ@n and Reid Vapor Pressure
of a Gasoline he Gas-Liquid Chromatog i True Boiling Rain® 3TP355196, Jan To convert Reid
vapor pressure expressed in psi, multiply tl’?‘e rgsult by obtam the Reid vapor pressure in kPa.  Total
weight percents of carbon, hydrogen, and.mitrogen (WHIN) is determined with a Carlo Erba 1106
Analyzer by ASTM D 5291-02 20 (Reapprosied 2007), Low level nrogen separately determined by
ﬁjf@f;ﬁﬁfg“ﬁ;;&g?%' TIessstyl BT, prony BUBE Baniy or ey group, % LAY Rigthy!,
ethyl, propy!, butyl, pentyt or hexyl group, X is a chicroaluminate, and Ry and

Ry = H, methyi, ethyl, propyl, buiyl, pentyl, or hexyl group and where R, R', R,
and R, may or may not be the same; b. adjusting over time a halide
containing additive during the reacting siep to increase the yield of the middle
distillate; and c. separating out the middle distiliate from the alkylaie product,
wherein the separated middie distillate fraction is from 20 wt % or higher of

the total alkylate product.

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 elementis or steps.

A “middle distillate” is a hydrocarbon product having a boiling range
between 250°F to 1100°F (121°C to 583°C). The term "middle distiliate”
inciudes the diesel, healing oil, jet fuel, and kerosene boiiing range fractions.
it may also include a portion of naphtha or light oil. A "naphtha” is a lighter
hydrocarbon product having a boiling range between 100°F to 400°F (38°C to
204°C). A "light oil" is a heavier hydrocarbon product having a beiling range
that staris near 600°F(316°C) or higher. A “jet fuel” is a hydrocarbon product

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

-1b -



Flash Point is measured in ia small scale closed-cup apparatus by 0 3828-07a. Smoke Point is
measured by 0 1322 - 97 (Reapproved 2002) Cloud Point is measured by ASTM D 5773-07. Freeze
Point is measured by STM 0 5972-05_ Kinematic viscosity at --20C is measured by ASTM 0 445- 06.
The Net HeaWdf Dondberstion is estimated by ASTM D 3338-05, and reporteciimtoth/Btusit and MJI/kg.
Different methods are used for calculahng octane numbers of fuels or fuel blend components. The
Motor-method ocetkgihesfiseriM@IKGcis: Heter hiined; usingiAS Tivid2 2200:072>Fhe-Regearch-method

octane number (RN is; determingg- ng;{% TM D 3 MON.an | RON.both employ WO
20101014531PCT/US2009/051819 s*t?ridJa__rc_.%é%{lép%%%%\?g%%%ggg%hgﬁc E fir%%ck-t Adthbonaliy,
the Research-metiSd GHEaiE imiBernvaype sss SR ROREED R HOMGAT ditiidtegraphy boiling

range distdbution giater; The. ROM(Gdesstibedin the.pubikeys and Walsh £.L. Jownal institute of Pe
le(580), 83 ( dex is calculated according to ASTM Et'4737- 04, The

§97?.:\he Catcutated OCL@Q*%&“ X is calculated according to Et4

vat% of the diffefehtnaribers {HTH 0274 0435 and 0556 1 thé'hyddedrbonss Betittined from the
ASTM 0 2887 boilingspaints:( Simbist)suiing the-falonmngrehasinidhe beiling painparaffins with
different carbonthe context. of this Qise voi,4 of 010+, f rex e, v0l% of the hydrocarbon
productoils abov%%%%%géif%%oé%sﬁg?}g 304 r}iﬁ%’? ' g\/(ﬁ‘%ﬁgﬁﬁ,_f&é&ample, vol% of the
hydrocarbon product that digiasevisietobaratiabovecusm (174 @)iTHe valtineob058ssfor example,

is the %et-) of the,hydroga Mq%%&%ggim&%%%%&?@&w%?@%%gé%%- wo
2010/014531PCT/US2009/051819 NMR BRANCHING ANALYSIS The NMR branching properties
ofp,es werd obtained oft algFHine blending component” may be either o gascling or a

naphtha hydrocarhon product suitable for blending int 8 gasoling, “Gasoline”
i a Bguid hvdroowrbon used as 3 fusl in inferns! combustion sngines.
A Miow volstiity gasoling Mending companant” & 8 nsphtha
hydrocarbon product having 2 bolling range between 100°F o S80°F (38°%C o
15 193°0) and & Reld Vapor Pressure of 2.5 pst (17.2 k%) or less. In one
embwdiment the Redd Vapor Prassurs s eas $han an amount defined by the
sguation VP = 0035 x {80 wol% bolling point, *C) + B8, In psi.
“Alkel” meang a Insar saturalad monovalent drocarbon radgiond of
one to s serbon gtoms of & branched ssturated mongvalant hvdrocarbon
24 radical of thres o elght carbon atoms. In one smbodimernt, the alky! groups
are methyl, Examples of aligyl groups include, bt are not limited fo, grouns
such as mathyl, sthyl, npropyl isopropyd, byl isobubyl, ssc-butyl, f-bubi,
repantd, and the ke,
“Unsupported” means that the calalyst or the halide containing additive
25 s ot on 2 fiked or moveable bed of solid content material, such as non-basic

refractory material, e.q., silica.

Tost Mathod Descriptions:

AP Gravity is measured by AETM 28742 (Reapproved 2008) or
30 ASTM D 1288-88 (Heapproved 2008).
Densily is maasured by ABTM D 1208-09 (Reaproved 20051 or ABTM
L A052-86 {(Reapproved 2007y, Densily 8 reported In g/mi, at the reference
tsnparahss iIn °F.



Hz Bruker AVANCE spectrometer operating at 500.116 MHz and using 10% solutions In CDCla. Al
spectra were obtained under quantitative conditions using 90 degree pulsedelay of 4 second and 128
scans to ensure good Signake- oise ratios. TMS was used as an internal ref The hydrogen atom types
were definedw@csiditgiwing chemical 10shift regions: 0,5-1.0 ppm para Appospavaifizid.,4-2.1
ppmmethine hydrogen - ppm hydrogen at a-position to aromatic ring or idle 4,ppm hydrocarbon
atoms 6.0 ¢ 1 ppm hydrbgeieahreedmdiio Fae NMRBranehing dixdeisscaleyilgted as the ratio

gen infhe range a6t BemEtatmosl e, ta e el hydiogen inihg psnae oL 5 0 2.1

ppm chemical The,}C’ izi. to CH2 hydrogen ratiodefi\nedrng in percent zylic'methy en in the
range of 0,5 to 1,0 BpREHaRIES EniftetgdiichnsthyfenSiyEishen retheifangertio to 1.4 ppm

chemical shift, The:pricent asasnatiepraanigidelined asdhe pawentarmalicpiesence of a
ionic ligthd catalyst can comprise an alkyl substituted

chioroaluminate ignic liquid catalyst, The ioni catal K k titul
pyridinium c%?oroi”gm&mﬁf'qgf%pﬁ’%% ;ﬁ%ﬁ %8%% ﬁ?é@%ﬁggéyﬁfﬁ{?hﬁ%ﬂ?ﬁﬁz’iﬁﬁg‘%ﬁﬁﬁ%g@ﬁﬁ“ﬁ%l formulas
A and B, respectivelgsseninithedoimaidas 1 dndBpRas methyd ethiyigrrepyk ity pentyl or hexyl
:mop, R'rcH, methyk . " .or. hexy ), X, hioroaluminate, and R1 and R2
are H, methyl, eﬁ;%lhggjm%lie l%?ﬁ%%ﬁg%?%%%%%]%&? gg&.*é%&rc i%ﬁ%fd“ RELES 3%%?%%§§§1'§§“comprise a
derivative of eithBPTD B thESG et EdIRGr . shabet vie shmdreb e AydidJens attached
carbon in the ringshas,Beenggplacedzy: an alkyl group. In the formulas A and E. R, R', R1 and R2 may
or may not?f;}e the same, AIt&rnativ ly the ionic liquid catalyst is a chloroaluminate ionic liquid having

0

the general formula RR™EB* ‘W’mﬁlg PTG T R S8Ry by rbii & Bniaing 1 o 12
carbons. In this eftlodstient. e methoo dlsesearapfises sepatatingautthe middieidistilaie from the
e oo et e spaen S, ARl e leclin R AR tnh &l igher oo
ASTM special publication by de Brulng, W, and Efison, B4, "Daloulation of
AETH Maethod I 86-87 Distilation and Reid Vapor Prassurs of 3 Sasoline
15 From the Gas-Liguld Clvomatographic True Botling Point, BTRPA5510%, Jan
1878, T vonver! Reid vapor pressure expressed in pal, multiply the result by
§.885 to obiain the Reld vapor pressurs in kPa,
Total weight percents of carbon, hydrogen, and nifrogen (C/HN s
determined with & Carlo Erba 1108 Analyzsr by ASTM 0 528102
20 {Reapproved 3007
Low lsvel nilrogen Is separately detarmined by oxidative combustion
and chamitninescanse by 04626 — 02 (Reapprovad 2007). Sulfur is
maasured by ltraviolet fludrescence by ASTM 8483-08a.
Flash Point s measured in a small scale slossd-oup spparatus by D

28 3828-07a. Smoke Point s measured by T 1323 — 97 (Reapproved 200861,
Cloud Point is measured by ASTM D §773-07. Freezs Paint is measured by
ASTHM D 8072-08. Kinemalic viscosily &l -20°C is measured by ABTM D 445
08, The Net Heat of Combustion is estimated by A5TM D 3338-05, and
reportad in both Biudh and Mldkag

20 Different methods are used for deloulating colane numbers of funls or

fuel blend components. The Molormethod octans numbey (MON) s
determined using ASTR D 2700.07h. The Researchumsthod oolane number
(RON} is determined using ASTM D 2805072, MON and RON both employ

Lk



In a second embodiment, there is provided a process for producing a middle distillate or middle
distillate blending component, comprising contacting a feed in an ionic liquid alkylation zone, at
alkylation conditions, and recovering an effluent comprising an alleviated product with defined carbon
number distFEuAeN/ ¥Hkis embodiment, the feed comprises an olefin, an f&3parEHA*“4Hd less than 5
Jligomerized olefin. The ionic liquid alkylation zone has an acidic haloalurmnate onic liquid. The
alkylated produdtRadasraate CRansdyefOR Beasasmy eSS HHHTNE9h D58%%in some embodiments
the alkylated progugt:hasgrenterthana® veilh&ldtstar ﬁ%%@%ﬁ@@&ﬁ?@ﬂﬁ@@/ﬁ%ﬁ@r greater
than 50 vol% 01 olefin c hav from 2 1 carbon at, r fiv rbons S, In some
WO 2010/0145 Jﬁf*épr'F ederey §1“é¥1‘?§b§‘?§%“ *Ejé?%‘é%rf%gﬁ %I%f?r?lpn Aile E"es d, Separating
can be done by ﬁﬂg@m@sﬁ&mﬂﬂ(d@mdhﬁém& fiaycbbidistitatidmdsushrad vacdtimbratmospheric
distillation, @ ath Q}j%ﬁ@ntﬁt@er @&ﬁ&y%@%g@@g@g&%@@@@ggg@ggIg fﬁkjﬂ%@ blending

component, comprlsmg e steps rowdlng a feed, mixing the teed with an’'isoparaffin to make a mix
ting the mixed feedionié fhmuréiaﬂ%??ﬁﬁdﬂfimiéiﬁﬁ{ééﬁﬁﬁﬁwﬁ aceording o ’?**ST%%éﬁﬁate blending
component prodaigt. The feed used is one produced in .a FC cracker corn 10The middle distiilate or

the middle distillate blendin cqm r tOvoIO/ elthan 1 v I°/ G5, and.a cloud po $s 50C.some
embodiments the alkyiat&d 688 §P‘f‘%l ’Eﬁﬁfgrﬁﬁt Y %éﬁ B8 § %gter %C ﬁb(%vet@ g?greater than
50 vol% C.11+, {ad+, aﬁheﬁlﬁybattdhmamdmoamar@sset&@mwaﬁmmm%@%@@ pEgHiuct 15yieids

and qualltyE The aI at'%”m'%%i@#'%@}!%g%[]??&%Yég?mﬁ%ﬂ UH@'%@QE&E@{QQ@%&% ina

batchml- batch sy stem f'a continuou C. or -15C 10 50 e pressure can be in the range
from atmospherb%ﬁé’@@m@&?@ BiiomrPes %W@@bﬁlﬁ%éﬁﬁth@%%&%%%ﬂ%%ﬁﬁﬁé@% keep the

reactants in the liguid phase.The tesidenseill ise voitt of the hydrocarbon product that bolis
above OF paratlin, or above S3G8°F (1810 The wol% of O11+, for exampls,
i the vol% of the hydrocarbon product that bolls above G paraffin, or
15 abhove 345°F (174°C) The volume of G55+, for axample, is the voi% of the
hytirocarbon product that boils above C84 paraffin, or above T0B8°F (582°C)

Carbon | Bolling Paint, ﬁﬁ-ék%ﬁg Point, |
Mumber g e :
T
S T A B T R B £
ekl 385 f 168
& Eag S5
C7 E7E 555
2B T4 412
EEFTTT TR &
B4 T g T
EEETTTTTT R Ges 536
£ CUTTRESR T seE
N B i A R

The sxtent of branching and branching position can be determined by
20 NAEIR Branching Anadysis



25 reactants in the reactor can be in the range of a second to 360 hours. Examples of residence times
that can be used include 0.5 min 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 WO 2010/014531PCT/US2009/051819
isobutane aNdnsvwal458itane are product.d in refinery hydroconversion pfEcEE8&d*fbrékample
hydrocracking and catalytic, reforming. The isobutane stream may be fractionated from the products of
the refinery ydmconversion prcoesses, or it may be obtained at least in part by isomerizaton In
one embodiment, as deggrited #86EBARG angdiS6743962, the isobutane stream is obtained from
a Fischer-Tropsch process by subjecting a Fischer-Tropsch derived hydrocarbon fraction to
hydrotreatina, hydrocracking, waxing, or combinations thereof; and recovering a fraction containing 10
at least about 30 wt% isobutas. inenhdheprocess:sttearmecoptamings chiained on & SDopsch

process ot is & LG J1er9h-3E el ATROUIMEnL S prasessaqn Ao bulen 5 ablgast partiaf

id traction from rocess s ream containing bufene can be ‘obtained from the cracking of long chain
hydroca done by‘éﬁaﬁﬁym\iﬁh PrcesHi n@f@ﬂﬁﬁ@ steahrSiadiang HileRIROf ) e ceatiiyEe

crackinvain hydrocagbens,da,eneembodiment the. pracesisligamseeniaining butenRans to
anzuie good signato-naise atios. TMS was used as an intemal reference,
Tha hydrogen stom fypes wers defined acnording o the foliowing sheminal
10 shift regions:
0.5-1.0 ppm parafiinic OFl mathyt hydrogan
1.0-1 4 pom parafiinig Gy methydens hydrogan
1421 ppm paratfinie OH methine hdrogen
2.9-4.0 ppm hydregan 8t a-pesition 1o aromativ dag or olefinie carbon

4080 pom hydrogen on olefinie cathon gtoms

e
j44]

&.0-8.0 pom hydeogen on aromatic rings

The NMR Branching Indey i calculated as the ratio in percent of none
benzviic methy! hedrogen in the range of 8.5 1o 1.0 ppm chamica! shifl, o the
20 total norebenzylio sfiphatic hydrogen in the minge of 0.5 o 2.1 ppm chemical
shift.
The UMy to CHy hydrogen ratio s defined as the ratio iy parpent of
nor-benzyvie methyl hydrogen i the range of 0.8 0 1.0 ppmw cherical shift, to
anr-berzyic methylene hydrogan in the range 1.0 10 1.4 ppm chemical shitt,

25 The percent aromalic proton s defined as the percent aromastic
fwdrogen in the rangs 8.0 to .0 ppm chemical shift among all the protons In
the range 0.5 to 8.0 ppm chemical shifl.
Frocesses for Produsing Middle Distilsle
30 i g first embodimant, there is provided a process for producing &

raiicile distillste comprising rescling 2 refinery stream containing isolntans
with & process sirearn condaining butene under siiclation condifions, wherain
the ischutane and bulens are slyiated fo producs an aliviste product in the



In another embodiment the pi 20 FischerTropsch process. The proc. EC cracker, ,antaining bute
comprise a Fischei  -ropsch tail gas of a separated stream from tail gas, Some Fischer-Tiopsch
processes, such as those taught in EP0218972A1, are known to produce 25 stream may be
increased byidirmrigirgsthe ethylene in a FischerTropsch petroleum deriVEdTIREHBEAFIBYY. Processes
for doing this are described, for 4601. her embodiment, the process strea by treating
hydrocarbon stre&ifiecsiapiising C3ayeatanist whic i esavenzthe mas'es the G 48lafiis! Examples of
processes to d WA 26803%anah aniyt Ehesmolatiralia-ofisepataiiinlo-alefia duting:tha processes of this
invention can vary over a broad range. Generally the mola%ratio is gﬁbe ra)#%e of fg) 0.5:1to 100:1,
Bi&tir

For example, in & IETEEHBEETRERTE the Bt Yarleot Sop&Sitfh FERF1™ to 50:1. 1.1:1
to 10:1, or 1,1:1 to J20:1. Lower isopgyaffin to olefin molargratios will tend to produce a higher yield of
higher molecular weight alkylate preducts. In one ephbodiment, the middle distillate or the middle
distillate blending component‘«»‘rﬁ%ffs separated-Qut ipthe pregess is comprised of a light fraction with
boiling points in the jet fuel béz{l_i@ range, Additi y a hea \.ty fraction with boiling points above the
jet fuel boiling range may also ¢ sgparated. Urider S6me conditions the light fraction with boiling
points in the jet fuel boiling rang& meets the boiling point, flash point, smoke point, heat of combustion,
and freeze pointseguirgragnts fakJet A-1 fuel. In he embodiment, the light fraction with boiling
points in the, jet fuel boiling range has a NMR branching index greater than 60, greater than 65, greater
than 70, gre‘“%ter than 72, or even greater than 73, The NMR branching index is generally less than 90.
The level and type of braifehitginigieAnidd|8 disiilldlervai ve seidcisany gvdvimprolddproperties.
The level of brar&%jw%ﬂ%%sgg%wr%%g%@w can.be.controlied by adiusting;the level of the
ive

halide containing additive. - . ‘
chiprogiuminate, and Ry and Ry are M, mathvl, athyl, propyd, butyl, pentyl or

hexvl group. The lonio Houid oatalyst may also comprise a dervative of either
10 of the structures & of B in which one or more of the hydrogens attached
directly 1 carbon in the ring has bean reptaced by an alkylgroup. In the
forrmudas & and B R, R Ry and R may or may oot be the same.
Allernatively the lonic liquid catalyst 5 a chiloroaitminate onio figuid having
the general formula R RN M ALGE, whereln R and R are alkyl groups
1% containing 1o 19 carbons,  in this embodiment the method also comprises
separating out the middie distiliate froms the alkylate product, wheran the
separatad middie disillate fraction is rom 20 wi% or higher of the tolsl
abludats product
i1 2 second embodiment, there is provided a process for producing 8
20 micdle distillate or middle distiliate blending companant, comprising
contacting & feed n an onie lguid alkylation zone, at alkyiation condibons,
and recovering an efftuent comprising an skwlated product with defined
carbon number distribution. In this embodimend, the feed comprises an
olefin, an iscparafiin, and Isgs than & wi% oligomerized oiefin, The onic

Bguid sikylation zone has an sadic haloaluminats lonie quid, The atkylated

ot
53]

oroduet has greater than 30 vad% C10% and less than 1 vol¥% 85+ insome
ambodiments the alkylated product has greater than 30 wol% G111+ for
gxarmple graater than 40 vol% or greater than 50 vol% T+, The olefin can

have fromn 2 {07 oarbon stoms, or ive carbons or lses, insoms

.



In some embodiments, a high branching index raises the flash point of the middle distillate. In other
embodiments, a high CH3/0H2 hydrogen ratio lowers the freeze point of the middle distillate. in
one embodiment, the separating step in the process additionally 25produces a low volatility gasoline
blending conptriénrodatier certain conditions the low volatility gasoline bietidingrevmpenent has a
Reid Vapor Pressure less than 2.2 psi (15,2 kPa) or less than the amount defined by the equation:
RVP = -0.035 x (5uiaievepbdiiag: peintsC)bmigirnpsisThakiiart thofidss. eGuationtisyshown in
Figure 1, To conygrtpsktg.kBa, Multiply $he AAURSML DG 89n in AQDICI B Id ailkylation produces an

alkylate product having a low level olefins, even without any further option droprocessmg In one

embodiment, the>AIGAIERROHRY 6t SepURsigY wedtion tHatast ﬁ%lgir@s%ﬁﬁﬁwv@e tation,

21110/014531PCT/USM&I&S&O@MW Faeslevelofioleflingmayheevenigss,such as less tha
letins, less than 1y éo/ s Qr.essen F&The t°/ sured b (g)roton NMR by the method described in

US Patent Publicat |on E‘Féiﬁlli’/rlm:s o%fééﬁ?i% GRS g AR ATSHTBIOBEAEE &RfSh yield of
alkylate product b*aset@@ifameﬁﬁmf m%m{ym&f@tﬁéﬁ itb threiiamierbffidatyiatianeastdesRor ne

oo (e el oh SidatmRLpIRANE Fateses IR RSN e dDedROC I Rppler by o least

30 wt%. In bodiments the e amount of olefin s(g)pUec [8ast Imo

times on a welgHi“%%%tﬁ%é?ﬁ@ftﬁ@éﬁ%ﬁfﬁtW@@ﬁr@éﬁbﬁf?@&%ﬁ’m@ﬁ% iguide glledatislint of olefin
in the process stieameontadiRg:-buianeidhea plefiniathe fead supplieddamthadonisligyid alkylation

zone, the a,moun}m riciifle distilate or the meddie distilgte blending component has greater
than 30 volSs C10+, lops than 1 vol¥% TS+, and g cloud point lesa than -
S0°C. In some embodiments the alkylated product has greater than 30 val%h
Ctre, for sxampls greater than 40 vol% or grester then 50 v OV1+,
The aikviation conditions are selected to provide the desired product
16 yields and guality. The alvrdation reaction s generally caried out i 2 liqudd
fhydrocarbon phase, it 2 balch system, g semi-batsh system, or a sontinuous
systent. Calalvst volums in the alkyaliom rsacioy v in the range of 1 vol®% o
8BGynd%, for ﬁmm;ﬁw fram 2 wolt fo 70 wol%, from 3 vol%h to 50 voldh, or from
5wl 0 35 vol%, It some embodiments, vigoraus mixing can be used i
20 provide good contact hetwesn the reactants and the calalyel. The atkyiation
reaction emperaturg can be in the rangs rom <480 1o 1807, such a8 -20°C
to 10050, or 1570 o BOYC, The pressurg gan be in the range from
simosphar pressure 1o 8000 Pa. In one embodiment the pressure s kept
sufficient to kaep the reactants in the liquid phase. The residence time of
25 rescdants inthe reactor can be in the rengs of & second o 380 hours.
Examples of resiigncs imes that can beusad include 0.5 min fo 120 min, 1
et o 120 iy, 1 i to 80 min, and 2 min {o 30 min,
iy one ermbodiment, the separated middie distillate fraction is nof the
antire fraction. H ocan bein a range from 20 10 RO wite, 28 to B with, 30 0 50
Wi, 28 10 B0 with, 20 fo 40 wi%, or 20 o 40 with of the total allkkylate
orodiuet,

o}
ke

i one embodiment, the isobulane stream s from & refinery, from a
Flachar-Tropsch process, of s a mibdure thersof. Substantisl quantifies of




,e hydrocarbon steam reacted by the ionic liquid catalyst, the of olefin in the feed produced in a FO
reactor, or the amount of olefin ed feed supplied to the ionic liqUid alkytation zone, IONIC LIQUID
CATALYST The ionic liquid catalyst is composed 20form a complex. To be effective at aikylation the
ionic llquid cataly8td/614531  iquid catalyst comprises a first component afi@&iSgesmes tdmponent. The
first component of the catalyst will typically comprise a Lewis Acidic compound selected from
components suck AL SERIETEB M EHMe S 6f Brobpsd imetilsinbltdtigraksmsioam halides, alkyl
aluminum halide, el e, an oy aliuminieuatiesal Liniopiof Ryee and,Applied Chemistry

OUP, 2005, for Group 13 metals of the periodic table). Other Lewis Acidic compounds besides those of
Group 13 metalSTHayaTSoEER™R B SMbaairerehEtrismpshistt & fammitRihalide or alkyl
aluminum halidexft:examnpieyaliminssedlichionde may: based-asthe firstepmponent for preparing

the ionic qul,;’jd cgg%g.i_%%grsgg%ggf.ggrggg&rhe@nt making up the ionic liquid catalyst is an org general It
or mixture of salS. Thesé salts may?be‘ characterized by the A-, whereinis an ammonium,
phosphonium, boroniun, deoriumeersnit: Gilimedtshiand AT A TegatdvéBiciargsd foa such as
DI Br- C104- NORiEd300s PG ShER: AU e ATBe A} e o Uy FgGlS;, SIDICFS
--- S03C7-, and 3-sulfurfrioxyphenyl, In one embodiment the second component is selected from those
having 5quatern&f§-RRTH SRR A dBHEEIRHE ShERT R e BT oRRESs Mg #dMabout 1 to
about 9 carbon atemsisuehiag: iorexampliesitnetdanne Bydieshighiteaction containing
rrrethyltribytylammonium I-butylpyridinium, or hydrecarbyl substituted imidazolium halides, such as for
example, I%%{thyfié%;r%ge‘tﬁ%ﬁhﬁidgz%fiﬁr?‘? %f%gl%(?ﬁ%}./ In one embodiment the ionic liquid catalyst is a
10chlemaluminate ioni¢iguidsttaiingthieigEne rabimmuladRRt RINERHAIEB8&: is Fom &

rafinery, from 3 Fischer-Tropsch process, of i3 & mixiuwre thereol, In another
srnbadiment e prooass strearn containing bufene & ol lsast pactialy a
separated frection from crude off, The process stream containing butens can
15 beoblained from the cracking of long chain hydrogarbons, Cracking may be
done by any known process, including steam cracking, thermal cracking, o
catalytic cracking of long chain hydrocarbons. In ong embodiment the
proness stream containing butens & from 8 FO cracker.
in another embodimant the process stream coniaining butene iz from a
30 Fisches-Tropsch process. The process stfeam mey compnse a Fischer
Tropsch tall gas o & separated stream from el gas. Soms Flecher-Tropsch
processes, suoh as those taught in EPUZI8ETIAY, are koown o produse
predominantly C2-CE plefins.
in one embodiment the amount of the butene fraction in the provess
25 stream may be Boreased by dimerizing the ethylene in a FischerTropsch or
petroleun darivad hydrocarbon, Processes for doing this are desaribed, for
sxample, in UHBEBGEG1.
it another embodiment, the process stream containing butene is mads
by treating & hydvosarbon stream comprising U304 olefing and aliancl with @
30 dehwiraliondfsumearization calalyst which oonvearts the alkanols to olefing and
isomerizes the 04 olefin. Examples of provessas o do this are aught n
USB708035 and USET43808,



wherein RR' and R" are alkyl groups containing 1 to 12 carbons. in one embodiment the ionic liquid
catalyst is an acidic haloaluminate ionic liquid, such as an alkyl substituted pyridinium chloroaluminate
or an alkyl substituted imidazolium chloroaluminate of the general formula A and El: as discussed
previously. woThapresance of the first component should give the ionic kquidsadeexmassoy Franklin
acidic character. Generally, the greater the mole ratio of the first component to the second component,
the greater the acidity offtheriofie ditjgicd:hiixtunes 20, b ALIDEICON TAINING: ARP FEINVE in one
embodiment, a i‘gg@dﬁﬁ:&p@gl{;&@%@ e &%@é&%ﬁ%@u@r&%ﬂ}%ﬁ ctln g;{h;galgde ntaining additive
é“'l Tidaie ’&s? Ate. In this

can be selected, and present at & level, to provide creased e mi
embodiment, 25?]@‘@@@&@“@%%%rfdﬁn@ﬁrtﬁ“ﬁﬂﬁ%@?&@ntﬁlﬁiﬁ@?ﬁﬁw%&wﬁ additioiio the ionic liquid

catalyst. The halideigoriainingadditive:can hosstdhe.averallagdity andichangs the selaclivity of the
ionic liquid- Qase%t? talyst, Examples of halide containing additives are hydrogen halide, metal halide,
h

and combination® ther&SF* i BREEmBEdM Rt RRIG EOREIHRG %ﬂfﬁ\‘ﬁézvﬁ’a%/?ﬁé"ﬁ‘%ronsted acid,
Examples of Bropistadratigssareshiydrdehlonin BrigiNe® sayduebromio acid (HBO, and
trifluoromethanesulfoni ec ing additives Wlth 0 uid catalysts is
disclosed in U.S. Pub|l§h%§%§g§tl§&$ étlo% W{% 8%%%% Bané}fﬁ%ﬁiﬁé 14. In one WO
2010/014531PCHRISHED 051G 191 tmmér@fmmtwaﬁé p\e&éﬁm@f@mmsmmmm ased are NaCl,
LICL KC!, , 0a0%2yBrécldnSHEh 2 MeG thik ﬁ@ﬁ%@%&;@#@ﬂu@%fk@é‘%ﬂSaécr@ &z@ﬁﬁgﬁtﬁ“‘:k and

n

Evering (Ind., En% Chem. Prod. Res Develop., Vol one embodiment, the halide
containing UitV TBEARE oY %??ﬁé?éﬁ“\ﬁ@*ﬁ?e%é’rﬁ%ﬁﬁ&@éﬁéﬁ‘% PRIEATVAYFEEPETIC'S,
TiEr4, TiBra, HfGi4aontdtEind dedesebessbynttitschaigueatatiimUdh Ratk-Nodngns embodiment,

the halide Conta'”réﬂ% dﬂm z\;‘% '?&quaet ngé’éd‘?ﬁa%%%%ep%%? 'Qa%‘%”g‘}%s dﬁds“!ﬁe@ Q\St;ig}?t? hieat of

combustion, and freeze point requirements Tor Jet A-1 fusl,

it one embodiment, the Hight fraction with boiling points In the ot fusd

-
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nolling rangs has s NMR branching index greater than 80, greater than 88,
greater than 70, greater than T2, or even greater than 73, The NMR
branching index is generally less than 80
The lavel and type of branching in the middie distiilale can be selpcted
to give improved properties. The jevel of branching and GHB/CHZ hydrogen
20 ratio can be controlied by adjusting the lavel of the halide confaining additive.
In some smbodiments, @ high branching index raises the flash point of the
middie distiiiste. In other embodiments, a high CH3/CH2 hydrogen ratio
Wowers the freers point of the middle distilate.
I ong embodiment, the separsting step in the process additionally
25 produces a ow volatiiity gascling bending component. Unader certain
sunditions the low volatiity gascling blending component has a Reld Vapor
Pressure jess than 2.2 pel {15.2 kPa) or less than the amount defined by the
squation; RVEF = -0.038 « (80 vol% bolling point, G+ 5.8, in psl. The ohart
of this aquation is shown in Figure 1. To convert psi to kPa, muitiply the
30 result by § 808,
fonic gudd alkyistion produces an aliyiate product having o low level of
clefing, even without any further optional hydraprocessing. In ons
embotimerd, the alkyiste product, or separated fraction thereof, has less than

“B-



difive level can change the ple, when the level of the halide djusted lower, the selectivity of 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 ofM@veigaseliFie20 volatility blending component. The etiects of Mir@agimeythginolar HCI in
the feed to the ionic liquid reactorlisting the level of the hydrochloric acid lower) on produced is
demonstrated in‘Fré Y0 pfoducis thekyiatésinone e bodimémsthediblide leonthining additive is
unsupported. bogiment{he:sepatated. racovared.middie distliate . &%R@%gf%&%ﬁ than 30 vol%

C10+. The middle distillate can have even higher levels oeater thanter than 40 of 50 vol%, or even
greater thanThe l&Veléhe QU5 Ba 580 PHSESSE HnRE 8 He5nE 8By dhterseparararsistricovered,
middle distillate fractiondhas|ess #1an0854. suchasdessdhang,5-entvelle§haHin one embodiment
the level of %43+ inthe - 12 WO 2 ;Q[QLL4531PCT[US 0%9/053%8 9 %eg%rated,.or rem,fraction has;)
043+ tofic lguid altyialion produnes 8 fugh vied of alvviate ploduct bashd

o the amount of olefin in the fead o the onlp lquld aliviation reactar. For

axampie, in ong ambaodiment the viskd of sllylaied product sscesds the

amount of olefin supplisd (o the lonio Bould reacior by at east 30 wit. In

other ambodimernts the visld of slkviate san be sl leas! two times on a weight

10 basis of the amount of olefin supplied to the onid liguld resctor. in differant

smbodiments, the amount of olefin supplied v the lotie Hould reacior can be

the smount of olefin in the process stream containing budens, the smouni of

stedin in the fead supplisd {o the jonio iouid slicdation zong, the amount of

ciafin in the hydrocarbon steam reacted by the fonle fquid catalyst, the

ok
in

amount of olefin in the fead produced in a FU reastor, or the amount of olefin
i & mixad fsed supplied o the mie liguid alipdiation zone,

FONIC LIGLHD CATALYSY
The ionic Hguid catalyst is composad of al jeast two components which
20 form g complex, To be effective at alkyistion the lonio loudd catalyst & acidin,
The acikdic ome Hguid catatyst somprises s first component and a second
componeyt. The first componant of the catalyst will typlcally comprise a Lewis
Aoidic sompound selected froen componenis such as Lewls Acidic
compounds of Group 13 metals, including aluminum Halides, alky! atuminum

b
43t

hatide, gallium halide, and alkyl galfium halide (see Internafional Umion of
Pige and Applied Chemistry QUPAC), varsion3, Golober 3008, for Broup 13
miatals of the periodic table). Othar Lewis Acidic sompounds besides thoss of
Group 13 metals may also be used. In ong embodiment the first component is
aluminum halide of alkyt aluminum halide. For sxample, ahaninum trichionide
30 may be used as the Tirs! component for preparing the lonio Buuid catalyst,

The setond component making up the onle lould calalystis an
crganiv sall ormikiure of salts, These salts may be characievized by the
ganersd tormula GrAe- o wherain G i an amimonium, phosphonium,

T



ess than 1 vol%, less than 05 vot%, or O vote/ ,diment the separated middle distillate or middle
distillate nent meets the boiling point, flash point smoke point, heat of 5 combustion, and freeze fit
requirements for Jet AA f The wt% or 5 wt%. The wt% oligomerizad can be less than 4
wit%, 2 wt%, WL 4itlone embodimenthere is no oligornerized he feed U IRrOCHESBQ for
Pr4Qn,gA Low Votatthty 'c d above can also be used for producing both 8 le distillate. In afirst and
second embed riidgleidistiialehe procasisbmprsbathadbpdsof reaptiigrarehsapatating.  in the
first embodiment,thg rgasfing:slep: cOMPHReS-reaeking:ah.sobyiane:gteeam with a progess stream

containi conditions wherein the isobutane and butene ‘are aIkyIated to produce an 20 aikylate product
in the presence d Fh& chiBroalumimate iorte fiotiid ca%%&ndﬁﬁﬁrﬁ%?ﬁﬁﬁﬁﬁﬁg@& g‘n alkyl of the
general formula ad&mbma‘mmi the ﬁ@@ﬁtﬁ&hﬁ@f@@@f@@@mmemnprtaﬂﬁ@aiefﬁa%t one ol atoms

and at le, as%onep @;ﬂ, “ v f;}g&nﬂdhtq |qU|d gata stgndwamg}alg‘dec nta{:!m{n a}gdmve The that
the at least one Sletin and t dast one ar i ar pr dlicea brE‘)ad ﬁé NS )%‘a YRR process

produces a low vammpmé E)I@nmfc%mmmwmﬂmmﬁ&b%g estepraiaesir rrethylaming
frvdroohioride, methyltributylammoniue, T-bubyipyridinilan, or ytrensebyl
subatituted imidaroliiom halides, such as for suample, T-ethyb-Iamathyl
mictazadium chiorde.  in one embodiment the ionic iould colabvst s g

10 chiforosiuminats oni Bould having the general formuls RE RN H ARSH,

wherehy BR and R are alivl grouns conisining 110 12 carbions.  Inone
smbadiment the fonic liguid catalyst is an acidic haloaluminaie lonje dguid,
sunh 38 an atkyl substitutad pyridinium chioroaluminate or s siky! substiliied

inidaradivm chioroahmminats of the genaral formula & and B as discussed

18 previously,
The prasence of the firsbcomponent should give the ionie Bguid a
Lawis of Frankhn auidic character. Generally, the gresder the mole ratio of the
first componert to the second component, the greater the aoidity of the ionis
Hguid midurs.
20

HALIDE CONTANING ADDITVE
i one smbodiment, & halide containing additive s present during the
reacting. The halide contatning addifive can be sedected, and preseniat a
ievel, 1o provide inoreased yield of the middhe distiliate. In thig embodimeant,
25 the reacting is pedformed with & helids containing addiive in addifon 1o the
onte Tiquid catalystl, The hedide oontaining additive can boogt the ovarall
avidity snd change the ssisctivity of the lonls lquich-based catalvst, Examples
of halide containing additives sre hydrogen halide, metal halide, and
combinations thersol. In one embodiment, the halide containing addifivs may
30 be a Bronsted acid, Examples of Bronsted acids are hydrodhiods acid (HOU,
Fyrhrobromic soid 4B, and irifluoromethanesulfonio acld, The uss of halide
sontainmg addiives with jonio lgusd oxtalysts iz disclossd In U8, Published
Fatord Applicstion Nog, 20030080288 and 20040077914, In one

MRS I



lkylate product, whereinparmidd fraction is from 20 wt% or higher of the total alkylate product, and
wherein the separated gasoline blending component has a RON of 91 or higher. In the second
embodiment, the separating step separates the broad bolling alkytate into at least the low volatility
gasoline bleridingoedriptrient and 5at least the fuel suitable for use as a jetdualmgenfusidlending
component The fuel suitable for use as a. jet fuel or jet fuel blending component has a boiling range
between 280F toS57EiSSE e 300ay, cofitshinpintdieater thimdoSdneiactoudipeinidess than
-50C. in a third e&@@gm@,ﬁg@%@@;@@%m@ process for producing a 10gasoline blending
component and a middle distillate, comprising the steps of adjusting a level of a halide containing
additive in an alkylation teactor and recovering the gasoline blending component and the middle
distillate from the alkylatepi (‘J!g‘g_:_‘t__&[\qguced in the reactor. The alkylation reactor is an ionic Ucuid
alkylation reactor. Adjusting the level“of the halide containing additive 15provided to the ionic liquid

alkylation reactor shifts the sglectivity tow; rQs.b%%yienggducii in the alloylate product. The
hydrocarbon stream feed to any of these procasses can tome e EtS Bil e remter, a
Fischer-Tropschiragess bRt esdn. bépl bleyidthereofiinrorsembpdiarent, the hydrocarbon stream is

a blend of twpo 20 strea%@;g%g&ei%&@mﬁ@%ig%% lz‘?;%% @é‘%soé&ﬁ-“ {95{% {Qeis{g??qgstream
comprising at least one iso Q}raffirju.w The process is'not Ilmlte§ to any specifi i‘i’ydrocarbon
stream and is gefetafly apbitabris (FeafioidtioR of t2iE S ardHih e WithaS2-@6 olefins from any

source and in anycorbigasion dstone srhedimeTk ke 25 XHEAIBRYSHEATLAmALSes atleast
prises

one olefin from ‘_té_c&aclger,g,{ig _nﬁther em o%;ment, the hydrocarbon stream comprises
Fischer-Tropsch d&rived oléfind 1 ﬁoﬁé@e@fﬁ’% GRHARERY e SR ot eIy st Mg p#Ea. 1n one
embodiment theprocessarakes alow: volatilityrgasaling 38 BlendinyBempurent hagings-Reid Vapor
Pressure lagh a2« (184 KEdlusrexen eas an an amaunl defingd by e sguggon: RYVP 0,035 x

(50 vol% boiling point, 0) 5.8, in psi. In another em pdiment the separating step ides two or
more low volatilifs’/«‘gﬁ%éiﬁe blending components. In one embodiment, the middle distillate produced

by the process has flash peiat-@eRerANaRARGRULILEARRE GheRle: 1BaRASG:han 506, Or
mbodiment, th regctng step st @ lovsl that provides inoreasad vield of the middls distiliate.
Adiusting the level of the halide containing additive level can changs the
16 selectivity of the alkviation reaction. For sxample, when the level of the halide
corttaining additive, 8.9, hydrochloric aold, is adjustsd lower, the selactivity of
the alylation reaction shifts towards producing hesviar products, In one
ambadimant, the adiustment in the level of the halide comtaining additive 1o
produne hesvier products doss not impalr the concurrent production of low
20 voistity gasoline blending component. The effects of moreasing the molar
ratic of olsfin to HOHn the feed to the fonic lquid reacior (adiusting the lavel
of the hydrochiorie acid lower} on the visld of OO+ produsts in the sllviate
produced 1 demonshiated i FIG. 2.
it ong embodimant the halide confaining sdditive i unsupported.

25 i one ernbodiment the separated, or recoverad, middle distiliste
fraction has greater than 30 vol% G110+ The middie distiliale can have aven
higher levels of ©10+, such a8 greater than 35 vol%h, grester than 40 or 50
valt, of even greater than 80 vol%, The levels of very heavy C43+ or DES+
are Umited. In one embodiment the level of C88+ in the sepavated, or

30 recoversd, middie distiliate fraction has loss than 1 vol% C88+, such as iass
than 0.8 or O vol% C88+. In one senbodiment the lovel of C42+ in the

LAD.



han 55C, or greater than 58C. distillate produced by the process has 9 be less than - an if33C.
Additionally, the middk. distillate can have a low freeze point, such as less than -60"C, lesstlan
-60C, or less than - In one embodiment. as described earlierdie distillate produced by the process can
have a NMRvbhearieHingsindex ehan 60, Ef.2c1g5"a Jet Fuel Additionally, tRETEtEAS (GG VRIEd
processesproducing a jot fuel. The scribed earlier herein. The of performingalkylation and recovering

the j fuel, In the fiRSEERMBCIMERS REprcEskEcEmpie sRsdisihiearsisobiatafestfedMith a process

stream containing;pylteng. sndesalkylationcongditions: Thend,pytepe;are alkylated to produce an
alkytate product in the 20presence of a chicroaluminate ionic liquid catalyst. The chloroaiuminate ionic

liquid catalyst comprise® SREafYPSHESHTEE SdrRD i ieso TR s RySStiR®pentyl or
hexvi  p, RizHsimethyl ethylspopyhelautyl isding point, Sash pont, smoke polr, haat of
5 oombustion, and frasze paint requirements for Jet A1 fusl
The wi% oligomerized olefin i the foed i ow, gonerally less than 10
with or § with. The wt% oligomerized olefin in the feed tan be lesg than 4
with, 3 wt%, @ wi%, or 1 Wi, In ond smbodiment these & no oligomerized
sigtin in e fead,

Processes for Producing A Low Volatlity Gaseling Blanding Component and

s Middie Digtillate

The processes deseribad above can alse be used for produciyg both a
gasoling blending comporend and & middle distillale. In s sl and gecond
15 ambodiment of & prooses to produce a gaseline blanding componant and 8
middie distiate, the process comprises the steps of reacting and separating.
in the firgt embodiment, the reacting step comprises: reacting an
obutans shream with & process shresmn containing buteng undsr glioplation
corditions whersin the isobistans and butene ars sitviated o produce an
20 alkyisle product iy the prasencs of s chivroalurninale lonic bquid catalyst,
The chferdaiuminats lonlo fould catalys! comprises an aliyd substifuiag
pyridintum ohlorosiuminate or 30 alkyl substituted nidazoiium
ohigrogiuminate of the general formudas A and B, as desoribed pravioushy,
i the sseond embodiment, the reacting step comprises: reacting =
25 hyedrocerbon stresm comprising &t feast one olefin having from 2 o 8 carbon
atoms and at least one paraliin having from 4 to § carbon atoms, with an lonic
Bauid catalyst and a halils condeining additive, The reacting s done such
that the al least one olefin and the st least ons paraflin are alkviated (o
prodduce a broad boling alivlate, The procass produces a low volatility
30 gasoline blending component.
in the first embediment, the sepergting step separates oul the middie
distiiate from the altylate produat, whersin the separated middie distiligte
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chlorcialuminate, and Rl and R2 are H methyl, ethyl, propyl,tyl, pentyl or hexyi group. The ionic liquid
ca derivative of either of the structures A or B in which one or more of ,hidrogens attached directly to
carbon in the ring has been replaced by an alkyl group. In the formulas A and B: R,Ri and R2 may or
may not be @ 2afier4THe jet fuel is separated out from the alkylate prodBet/ P et meets the
boiling point, flash point, smoke point, heat of combustion, and freeze point 5requirements for Jet A-1
fuel. In the secolidcdifib&diTRBNE HE Prot KR PrEdUETY BetHiar CHpr$88 SEHsRRINgRan
alkylation of an glafin.and andseparafiimmih-apunssppesied catalystsysienyeemprising an ionic liquid
catalyst and a halide containing additiv j[qg _r@nalFﬁ an alkgla:g_e product. Thejetﬁi{’y% is%recovered 10from
the alkytate product. TH\é?]Ff e StERne BE gf b%ﬁﬁ ﬁa%ﬁ%“ﬁdﬁ ?égr‘?r%ﬁ*és}%‘ﬁm‘t,{:’h rgtagf combustion,
and freeze pointxeijutyefaghts fotclet kebifieh iow virthiethirdeimbddimding therpracesssfor producing
a jet fuel comprises, Ing . d.nroduced in.a.FQ f _ ising:nlefins...The feed is 5 mixed
with isoparatfin t%%%ﬁﬁ%%ﬁ?&%ﬁ%?‘%ﬁ %%kgﬁ%}e‘;é% %%éﬁgggﬁE%%%ﬁ‘%ﬁ%ﬁ%@l%ﬁétion zone, at
alkylation conditicks fue! foritakile Akyigted Hro8liBESTHEFa T RTe FIS R ErBREPRBATHRE RIRy lated product.
The jet fuel meets,ghe, baltingpaintdlashpoint, srmeke peint heatofcombusian:ang:keeze point

requirements for Jet A;%_“[_uelk. 20in one embodiment th% et fuel is greater than a wt% of the total
alkylate product EstaffplesthEI G HEM A0 5 50 A% Fom 10 to 25 wt%, greater than 15 wt%, and
from 15 to 50 wt%"  iriix Soieesembddimnehts:the jetfusidaayshaveathérdesitediproperties, for
example, g cetane index greater than 45, 59, or 55; a heat of combustion 22 ter;than 43, 45, or 47
MJ/Kg; a freezeT aoﬁﬁiitﬁvlie%s% “aﬁ”;‘cﬁ‘_}%f’?g’&%%é%f? é%% t a %I(\T)%alp%%ﬁt\fés; téﬁ%i@ﬁig}%& or -50"C: a
sulfur level of lessising @ Byt &f pore!(or eestrtaly sbhbyedmashsiatoresriitiandoc, 50'C, or
55C; and a smokgpointoreater tham20,30ueh 32 MmaOA LenpositienoMiddle pistllate

Additionally, there are provided compositions of middle distillate. The compositions use the same
teachings as de&&rtEe '@&?ﬁé@h@%ﬁ%‘?i@é%%T@W&ﬁia@‘gfm}@@ﬁ?&%ﬁ%‘%@ﬁé%ﬁ%ing a boiling
range between @i sivdlation reastor. Adisting the level of the halide sontaining additive
15 provided 1o the fonic lguid alkylation reactor shifls the selsctivity lowards
heavier products in the alkylate produst,

The hydrocarben stream fesd 1o any of these PIocesses can come
from & crude off, 8 refinery, a FischerTropsceh proosss; or i can be & blend
shereod. In one smbodiment, the hydrocasbon stream & a blend of bwe

20 streams, ong stream comprising al least one clefin and the second stream
comprising of ast one boparalfin,

The pracess 8 not Imited o any specific hydrocarbon sirsam amnd s
generally spplivabls to the alkylation of C4-08 soparafiing with C2-C8 olgfing
from aoy sourse and i any sombination. I one embodiment, the

25 bhydrocarbon steam comprises 8t least one olefin froma FC oracker. in
another smbodiment, the hydrocarbon stream comprises Flachaen Tropsch
darived olefing.

in ohe smbodimant the unie hguid catalyst s unsupported,

i1 one embodiment the process makes & jow volatifity gasoline

20 blending component Having 3 Reld Vapor Pressurs lees than 2.2 (15.2 kPa),
o even less than ary amount defined by the equatice RVP = 0 038 x (50
Vol bolling point, “C) +5.8, inpsl. Iy snother embodiment the separating

step provides wo or more low eolatility gasoline blending components.

NEX N




150C and 350C, a MAR branching index greater than 60, and a CH3/0H2 ratio greater than 2,6. In one
embodiment the hydrocarbons have a sutfur content of less than 5 wppm, less than $ wppm, less than
1 wpm, or essentially no sulfur. In one embodiment the hydmcarbons have a wt% 5 aromatic protons
less than 1.0W@88HHEA015, less than 0.3, less than 0.1, less than 0,05, le8§THEROWE B essentially
no aromatic protons. Low aromatic protons helps improve smoke point, flash point, and net heat of
combustion.  In onelemtdrtetitReBollifg EaAte G R pareEERT0RS DRIWESE I98C and
300C. in anotherampbogimentie @@4&%@@%&!&@&%@@@@@% ehebueanzQ0C and 300C.
As disclosed previgusly, where the middle distillate is an alkylate hydr cqr% n product made by the
processes disclo%%&‘*hgfigﬁﬁ?mg%@ of SIERH Vé’r)g’ro%,%gﬁé’aﬁ VeSS than 5 wi%, or less than
3 wt%, or less than 2 wit¥esar dessdhamsbiviid, rokeSseitidihinpnei:dsio othee embedinients the NMR
branching index js ipaier Ihan 69, drealey than 0, ok realer dhan 12, The.hvdrocarbons have alow

freeze point; generally Tess than -20T,, but in some embodiments ¢an be much Tower, stich as less
than 45C, less tHEN BOC I8 thaN 550 ks Hiin-SBYC. fedsiihanib0EreorigsStHER18EC. 20In some
embodiments, the;hydraearbaps-have ahigh.net heat-of gembustion.dhemngt heatoficambustion can
be greater than 30 Wil_g_%b greager than 40 MU/Kg, greater than 43 Mj/Kg, greater than 45 Mjikch or
greater than 4711A"T/g & 1855 [HAEHHE SmBbHifTent& tHehirdrocarbons have a high smoke point, 25
such as greater than 1&mm; greatel:than, $6 pwodbgleatdisthan4d0inte Gheismakepaistis
generally legs than 80 In.some iments the hydro ns.have a high flash point, such
as greater?%an a{;}1 t?%igg%rﬁ fah 4 %%r%’ra%%%t %{rﬁ%%&%%}é%eg%g% %r?( %%%% e flash point is
generally less than 90C. 30The hydrocarbons can meet the boiling point, flash point, smoke point heat
of combustion, and freeze poigt reguisements for JetAlifuel,  In one embodiment, the higher the
CHBSICH2 hydrogen ratio the Tower the freeze point of the hydrocarbons. In general the %ydrocarbons

have a - 17 - 5 containfif'&adfite. HiFSome Bibea et fohic HasucaaianEt §68s AbEcontain
any sulfur. The igrigdigiid qatalystsdescabedipie ieuslyare-thatmay hewsedine  In another
embodiment, the mitgdlg_‘gzistilft §:‘,i mqgle by, gllgij%tinli%soggr%giga igg an }.}gﬂn.}{rlgeri ]k;{lgting
conditions over AN OREGPPOrEd™™ MG CatalySt and providing an amount of halide-containing
additive to the alky#hting step to achieve the NMR branching index and the CH3/CH2

in the first embodiment, the process comprises reacting & sobiane stream

with 8 process stream containing butene under alkyigiion condiions. The
mobutane and hutene are aliviated to produce an alkylate product in the

20 pressnee of a chiorosharingte onie iguid catatyst. The chiomeluminals
omie figuid cadalyst comprises an alky! substifuted pytidinim chioroaluminats

o an aliy! substituted midasobum ohivroraluringte of the generst formulss A

=
P \g&_ f(!' E\c.
Ny i
e . P :
o) R P
”\&, - g Y od
F2

and B, respsctively.

38 Inthe formuias A and B, Ris M, mathyl, ethyl, propyl, butel, penbyd or hexyt
group, Ri=H, methyl, athyl, oropvt, bubyl, pentyl or hexyl group, X is a
chiorealuminate, and Ry and By ars H, methy], sthvl, propyl, bubl, pentvl or
hexyl group. The londe dguid oalaiyst may aiso comprise a derivalive of sither

of the structuras & ar B in which one or move of the hydrogens attached

-~ 15



a embodiment, for example, the middle distillate can comprise hydrocarbons having a % aromatic
protons less than 0,5, a content less than 5 wppm, or less than 3 wt% olefins, The amount of the
halide containing additive provided duringalkylating step pro o HCi from1 to 120:1, 1201, For the
purposes of Wi Bierigidge indicated, all numbers d appended quantities, FEFE@REAHES G %roportions,

and other numerical values used in the specification and claims, are to be understood as being
modified in alt inStEEES! B HHecR MBS TR NEITSISaaRT NGRS didlesadhdreifitare inclusive of
the endpoints and argiindansnantly corbinable, Wheneveka Rumerisal sange with alawer limit and

an upper limit are disclosed any ,numggﬁllin within the range isico specific-ally disclosed, Any term,
abbreviation or SROFRANY Hot HelREY R AR BE S Hay AMERhinG tida by 4 Herson skilled in
the art at the timedhe, dgphcation isviled referchees aintesshexpisrgulat femss'adyand unequivoc and

'the." includg plural od.10 NS INSRANGE fues.

Iy tha second embodimant, the procsss for producing & jef fugl
comprises performing an alikylation of an olefin and an lsoparaffin with an
unsupporiad catalyst system comprising an onie nuid catalyst and a halide
containing sdditve {© make an alkylate producl. The et fusl is resovererd

10 from the alkyiate product. The fet fuel mests the bolling point, Hash point,
smoks poind, heat of combustion, and freezs point requirements for Jet A1
fusd,

in the third embadiment, the process for producing s el fus! comprises
selecting » foed produced 1 3 FU cradker compriging olefing. The feed s

1 mixed with Soparatily (o make a mied fead. The mixed fead i alkyviated i
an onde hguid atkyistion sone, st slkviation condilinns, toform an aliolstsd
product. The jet fus! s separated from the aliivisted product. The et fusl
maets the bolling point, Hash point, smoke poind, hesat of combustion, and
frawye poind reguiremaents for Jet A1 fusl,

28 in ons smbodiment the et fuelis grogler than 8 wt% of the {otl
alkyinte product. Examples nolude rom 10 to 80 wi%, from 10 o 28 wi%,
greater than 18 wi%, ard from 1540 50w,

in some embodiments the jet fuel miay have other desited progerties,
for axarmple, 8 cetane index greater than *ﬁ‘eﬁ, 80, or 55; a haat of combustion

25 groster than 48, 45, or 47 Mg, & freeze point less than 4770, -B0°C, or -
GO0 8 doudd point less than 47°0, -80°C, w -80°C, a sulfur lavel of loss
than 10, & or 1 opn Gy essaniially nonel; & Hash poird graater thay 40°0,
SO0, or BERG; and a smoke point greater than 20, 30, or 38 mm.

K1§ A Composition of Middle Dintiilste

Additionadly, thare ars provided compositions of middls distlilste. The

compositions use e sams feachings as desoribed earfier hamin.  The

middie distiiiate comprises hedrocarbons having 8 holiing rangs bebween

L




extent as if thesOf 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 $ ridka0a§{8r ¢f%é the invention, many modifications of the exemptary/emtiBdithats of the
invention disclosed above will readily occur to those skilled in the art. Accordingly, the invention is to
be construed as TRBiRGTRR & GotardiiFh PRETRETS IR B thersEShetf the-dppetited claims.
10EXAMPLES Exampleater Allodateswas prepasechiniard0f mklahoratonteentingeuslysstimed (1600

Rpm) reactor operatLh_ at 10C and 150 psig (1034 kPa). The alkylat was,loac.cu llated from
several alkyiatioﬁﬂr?}fﬁ“é%i nﬁt%i%‘z%éa%f%? s‘étff‘*pw.%ﬁéﬁé "e‘%%ds?%%% f°or§ktﬁgﬁ§i Eﬁéﬁo%%%%s{:m%g{kﬁmtﬂ glefins

(butene) from aref@ctatkencontiningM0:58@olkiing and ﬁﬁ@bﬁi{mﬁem@ iSobatanevtind n-butane
(feed flow @ 2 ralipin, a0dkelineas inehitane coniaining S13e.onmpie ofisabulane (epd flow @ 8
0

miirnin,), The molar ratio of isoparaffin to olefin 20 was in the range of about 10:1. None of the feed to
the alkyfation reetor Was. ehgdrieiiz8d20lefin s SREBUBRAD FIFHRINFER Gre AR hinktey aromatic

(CShISNCAHOAIBEAZ daris g dopeshoits podonblarisacidanas esedassalahstanshadded in a
continuous stream to the al lumetric flow of Q.8 ml/mm, The i n_ic quuid and the

hydrochloric acid were ﬁn‘%ﬁ%ﬁ%&ﬁ%g‘?ﬁé %%@%%%ﬁ’g?h%r}f@% “H{g\%@gﬁ%&éﬁﬁggﬁ‘ﬁ%ﬂﬁ usted over
time, to provide aoad yedd Bidnitidle distitattewnithout-ativerseljhefféetifgathexggalityfotithe lighter
oy flachcrat TR e b A S S ekt oo i by phase separation” 308408
g of the accumulated afkylabsBrenPhoieHe alkyiafriteacti st e Ffrastiohes):
atmospheric distillation; 1he yiglds.abtained gpddbeirpropastiesame showabelowM Tablest. - 19-
WO 2010/014531PCT/11S2009/051819 'Table 1 Fraction Light R _
piafin will be very iow, genanally less than § wWite, orlass than 3w, or less
than Z.wit, or less than T wit, or assantially none.
) in other embodimends the NMR branching index is greater than 88,
greater than 7O, or gresler than 72, The hydrocarbong have a low freezs
aoing, generally fess than -20°C, but I some smbodiments oan e mueh
jowar, such as feag than 450, lesy than <500, leas than -55°C, lsss than -
580 fess than B0, or lags than B3
20 in sorpe embpdiments, the hydroosrbans have & high net hest of
gcombugtion.  The net heat of combustion can be greater than 30 MJIKy,
gragter than 40 MJKg, greater than 43 MUKy, grester than 45 Mdkg, or
greater thar 47 MKy,
I some embodiments the hwhocsrbong have a high smioke paind,

25 such as gresgter than 18 mm, greater than 30 mon, of greater than 40 mm.
The smoks poind & ganevally ioss than 80 mm
fn soeme embodiments the hydrocarbons have & high flash poind, such
as greater han 30°0C, greater than 070, graater than 8°C, or grester than
58°C. The flash poinl is generally less than 80°C.
3G The hydrocarbong can mast the bolling poirt, fBash poinl, smske pointd,

haat of combustion, and freere poind reguirements Tor Jet A1 fuel,
in ong embodiment, the higher the CH3OHZ hydrogsen ratio the lower

the freese point of the hydrocarbong, In gengral the hydrocarbons have a

- AT



Naphtha 4 ion 2 Heavy Naphtha 1186,8 Fraction 3 Jet Fuel Era Heavy Dies& Heating Oil 1054
Yield based on -d afityla products API Gravity

WO 2010/014531 PCT/US200%/051819

10

.3
wr

I
£

OHBIOHR ratio greater than 2.8 In other examples, they can hwvve g matio
ereater than 3.0 o gregtarthan 3.8,

in ons smbodiment the middle distifiale s made by alkviating an oladin
and an soparafin with an unsupporied onie Bould ostalyst and o halids
nontaining additive, Iy some eimbodiments the jonic loguid oatalyst does not
gordain any sulfur, The ionde Houid celalysts desaribed praviously ars those
that may be ussd,

I anothar ambodiment, the rmddie distiiiate s made by alkylating an
soparaifiy with an olefin under aliiviating condiions wver an unsuppored
joni Howid catalvet and providing an amount of halide containing additive o
the alkylating sler v achisve the NME branching ndex and the GHEAOH2
hydrogen ratio.  In ihis smbodiment, Tor sxampls, the middie distiiste can
comprise hydrocarbons having a8 % sromatic profons tess than 05, & sulfur
cortent logs than § woprm, of less than 3 wi% olefins. The amount of the
hialide containing additive provided during the alkyiating slep provides & malar
patio of ofefin to MO from 85001 fo 1801, from 8001 o 13001, or from 7001 to
1201,

Forthe purposes of this specificetion and appended claims, uniess
otherwise ndicated, all numbery axpressing quaniities, percantages of
oroportions, and other numaeriosd valuss used in the specification and deims,
are to be onderstood as being modified in all instences by the e "abowt
Furthermore, all rangss disdosed hergin are inclusive of the endpoints and
are independently combinabls, Whenewer g numerical range with a lower
it snd an upper §mit are disclosed, any number falling within the range &
algn spacifically disciossd,

Any torm, abbreviation o shorthand not defined b undenstood o have
the ordinary meaning used by a persan skiflsd iy the art atthe time the
applination s fed. The singuiar forms "g," "an,” and “the.)” ndlude plurs!
reforences uniess axpressly and unegquivocally Bmited 1o one Instance,

& of the pubiications, pefents gnd patent applications cited in this
sopdicaiion are harein corporstad by reforencs in thelr snlirety 1o the same
extant as ¥ the disclosurs of sach individual publication, patent application or
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patent was specifitelly and individually indicated (o be incorporated by
refarence in iy entissly,

This writien: desoription uses examples o discioss the invention,
mciuding the best mode, and aiso (o enabis any person skiffed in the atto
make and use the rvantion. Many modifications of the examplary
ambadimants of the Invention disclossd above will readily ooowr o thoss
skiied In the st Acoordingly, the invention s {0 be conslrusd as inoluding sl

structure and methods that fall within the scofe of the appended dalms.

EXAMPLER
Dxampis T

Allvlate was prapared in e 100 mi laborstory continucusly stirred (1800
RFLG reactor opersting U100 and 150 pelg (1038 KPP The alkyiste was
accumulated from several glkyiation runs i this reactor sstup, The feedsiook
for the alkviation was miked 04 olefing (butensd from an FO gracker
containing 40-50% olsfins and the balanoes being sobutanes and n-butans
{oad flow @ 2 mifmin), snd refinery isobutane containing BO% or more of
mobutans foad fow @ 8 mbmint.  The molar ratio of isoparaffin to wefin
was i the range of about 101, None of the fesd 10 the allivistion reacior was
cligomerized cefing. M-butyipyridinium chioroatuminate {CaHaNTHALTH)
ionie figuid dopsd with hydroohiorio acid was used as calaiyst and added in g
gontinuous strsam o the alkyistion wmacley gt g volumeatric fow of 8.8 mifmin,
The lonio liguid and the hydrochiorn acld wers unsupporisd. The lavel of
hydrochionic aoid was selected, and adjusted over time, o provide a good
vinld of middie distillate, without adverssly effecting the quality of the Hghier
bofling silylate produst. The alkylate from the reactor effluent was separatad
fromr unconverted hulanas by fashedistilation and the alkylsle was separated
fronm the lonio Hguid by phase separation.

8408 g of the accumiiiated alkyviate aefffuent from the allkvlation readtor
was put into 4 fractions by atmospherio distillation. The vields oblsined ang
their praperties are shown below in Table 1.
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Table 1

mpOsition, 1% by GC "99 "95' >70- >

PCT/UR2009/051819

Fraction 1

Eraction 2

Eraction 4 Fraction ¢

Ly

Light
Maphihs

Heawy
Maphihs

detFusl - Heavy Dissel |

Heating Q8

Vield, g

§753.8

11885

1387 104

Yield, mi st
Beits

£540

TRAT Y472

TEX I B ¥

| Yiedd, wit% 5.8 14,1 | 5E
pased on |
alkylate
ERY Gravity 721 821 52.5 355
“Density, BOF | 0.685 07508 R S TR
Simbist, °F | ,
wvol%h 132 248 asa | s
20vols 198 281 360 sa1
svel% | 209 253 368 570
sovalh 202 271 378 593
sovol% 204 252 391 &3
SUval%h 221 294 408 855
T vol% 230 300 A 894
S0 vl 234 | 407 448 735
sovol% 289 | 335 475 805

. FBP(90.5)
“Compesiion
Vol% by G0

2064

g%
33
s

>3

<%

o B T o
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- Fraction 1 Frastion 2 | Fraction 3 | Fracton 4
CBs+ 0 g 8 0

Fraction 3 and Fraction 4 are middie dintiiistes. After separating them
frarn the total slitviate, they amounted o 281 wit of the tial atkylats
sroduct, Both Fraction 3 and Fraction 4, separately or combinad together,
had graater than 85 wol% C10+, graater than 830 woif T114, and less than 1

vl G 3+ or GO+,
Evample &
Fractions 1 and 2, deswribed above, were {asied by gas

stromatography for composition and oclane numbers. The resulls are

summarizad batow, i Table 2.

Cite e

RUF estimated from GC, | 248 . 0.40

Table 2
~ Composition, Wi% by GC | Fraction | Fraction
cE O S
| o 430 6.3
&7 TUEEs GXE
CH 73.95 879
&8 EEEER AR
&5 5oz R AR

sl
RON (GO @4.5 1 BS.D
RON G5 4 gad
RMON 3.1 | 887




3Fraction 4 0 Fractior Fraction 2

WO 2010/014531

PCT/UR2009/051819

Fraction 1 was predominantly C8 alkyiste. FPraction 2 was mostly T8

ativiate, mived with some 010 alivale.  Both Fraction 1 and Fraction & were

sultable for gasoling bendting. Fraction 1 was an sxarmple of an especially

gtod gasoline blend stock, with 8 low RVE and high ROR.

& Fraciions 1 and § wore both low volatility gesolins blending

compenants. Thel Reid Vapor Prossurss, caloulsted by GG, wers both less

than 2.8 pal {172 &Pa), and also less than an amount definsd by the eguation

RYF = D035 x (B0 volb% bodling poind, "0 + 5.8, i1 psi

18 Example 3

Fraction 3, desaibed above, was further chamacterized and comparsd

with g typloal example of JET A1 jet fugl These resulls sre shown in Table

3, haloww,

Tabie 3

Analytioal Test

Fraction 3

JET A Reguirements

W g4
H B R
1 N, Wit =
| Low level nittogen, <1
| WP
’’’’’ Sulior, wppm <1 Rax 3000
Flash Poind, °0 pits Min 38
Srnoks Point, mm A Miry 18
loud Foint, °C <33
Froaze Pomt, *C <53 Max 47
T Bensity, 60°F 3765 §.775:0.840
Viscosity, -20°C, mmfs 5,387 Max 8.0
?m'ii-\%{a‘ei Hest of Combustion |
5 BTU | 20237
MK | 471 Min 42.5
Baiciiated Cetana .
Indax S8.83

!

[

Pl
i
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Anahyiioal Test Fragten 3 - JET A1 Reguiremsnts
Simiist, 78 , | :
16 voi% 178 Max 205

20 el 18E
30 vol% | 187

40 volf | 191 |
50 vol%a 198 3 Report

80 volt 208
70 vl 218
80 voith | 231
G0 Vol | 246 Fepon

FRP (58.5) | Max 300
NMR Branching index B

Wittt Qlefins 2.84

)
P

A more delailed stymmary of the profon NMR analvsis of Fragtion 355
surmmarized below in Table &
Table 4

- Fraction 3

NEIR Analysis 1%

| parafiinic OH3 hydrogens

‘ i3
paraffinic CH2 hydrogens w4t
> :

. paraffinic OH hydrogsns

Hydrogens in saturated groups sipha lo

- avomatic or dlefinie cevbon 0.00

Olafinig Hyémgfzﬁg | .21

- Aromatic Hydrogans 0.00
|
| S LILERNE %

:

%
CRIMR Branching ndex R




n 3 and Fraction 4 are middle distiliates. After separating them ale, they amounted to 29.1 wt%
of the total alkylate product. Both Fraction 3 and Fraction 4, separately or combined together, had
greater than 95 vol% 010+, greater than 90 vol% 011+, and less than 1 vol% 43+ or C55+. pl
10Fractions and2/desaribed above, were tested by gas chromatographydoncempasition and
octane numbers. The results are summarized below, in Table 2 Table 2 Composmon to, by Fraction 1
3.94 | Fm CS- CeA(3628:88 Hydrogen Ratio 78

% Aromatis Protons .00

Fraction 3 had properties that ave desired In et fuel, and § would make
an excallent ot fusl or bisngd stook for ot fusd prodiuction. Fraction % met or
gxosadad 8 nianbar of desired JET A7 Juel speaifioations, ém@iucﬁé‘ng sulfur

&  content, fagh poinl, sioks point, freeze poin, heat of combustion, and
distilation bolling poinis. The densily was a b fow and the Kinematio
vistosily was & bit high, Both the viscosily and the density could be brought
o the specified range for JET A-1 by addition of & second fus! blend sinck
rich In aromatios andfor naphthenss, The high smoke point would sliow for

10 the addition of a significant amount of & secend fusl Blend stock with & high
aromatio content. The hugh heat of combustion messured on Fraction 3 was
significantly higher than hat typloally oblained on JET A1, and bwould
improve fusl efficlency ¥ ware Mended with a second fuel bend stook. The.
gxoaiient low oloud point and low fresre point was ralated to the higher

1% branching.

Fraction 4 was not further charactenized, bt ity properties indicatad
that it was a high guality middles distiliate suitable for use as 8 hegvy dinsst
fuel, & blend stock for diese! fusl, or @ heating ol

20 Exampls &
Adioylats was prepared in g 100 mi leborstory continuously stirred {1800
BFM} reacts operating &1 1070 and 150 paig (1034 KPa), The feadsiosk for
e alitviation was miked G4 olefing (butensg) from an FO oracker containing
48 40-50% olefins and the balance balng ischutane and n-bufane (foad fow ©

£ raliming, and refinery isohutane contalning 80% or more of sobutane {feed
flow @ 8 mifmin), The madar ratio of isoparaffin to olefin was In the range of
aboul 81, Nons of the feed to the alkistion reactor was ofigomerizad olefing.
N-bulylpyridinium chiorosiuminate (CgHaNCHaA LT foniz Souid dopad with
30 hydrechlonic acid was wesd a5 oatalyst and sdded o the alkylation reacior,
The jorio lguid and the hydroghions scid wars unsunporiad, The favel of

~ 2 -




0.02 9.79C911.45 0.02 21.44 011+ 0.07 RVP estimatedGC, psi 0.40 RON (GC) 94.5 86.0 RON

96,4

WO 2010/014531 PCT/AUSZO09/051819

16

hydrachions sold was adiusted ovar tme from a mudar ratie of olefin to HG
from 2801 10 about 10801, The alyiate from the reactor efffuent was
saparated from unconvertad butanes by fash-distillation pred the alkylate was
separated from the ionic lould by phase separation. A plot of the molar ratic
of olefin to MO ve, the GO ansdysls of the wi¥ C10+ content i1 the aindate
showr in Flgees 20 4 Mgher molar ratio of olefin fo HCHn the feed 1o the
rranior gave a higher visld of €10+ products in the alkvlate produst,

CBE



88,4 MON 93.1 88.2 -21 WO 2010/014531 Fraction 1 was predominantly 08 a al yiate, mixed with
some 010 alkytate. Both Fr for gasoline blending. Fraction 1 was an good gasoline blend stock, with a
low RSVP and high RON. Fractions 1 and 2 were both tow volatility gasoli PCT/11S21109/05181 9 an
espeodally r, ess thannequation t, C) + 5.8 10 Example 3: d above, wasized and compared

CLAIMS

1. A process for producing a middie distillate, comprising:
a. reacting an isobutane stream with a process stream containing butene under

alkylation conditions wherein the isobutane and butene are

- 26 -



T JET A-1 jet fuel. These results are shown in Table CH31CH2 Hydrogen Ratio3.76 % Aromatic
Protons0.00 d properties that are desired in jet fuel and it would make an excellentblend
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,
The den a a bit high. Both the viscosity and the density could be brought into the specified

range for JET A1 by adlijon gcaecon bighbiepdsiock enaatliianas Fsbiafaeke port

would allow for 10the addition of a significant’amount of a second,fuel blend stock with a high The high
heat of combustion mEa&HREFSRERE B IS YTHAGRY Higher Aan Yﬁ%%r%%glﬁ%%%gained on JET

A-1, and it would impeowettytyfiupsverebiamndedvitivaisssordduel blend stock. The loud point a 4w
iddle disti a blend stock for di ad uel or Example 5:

b separating out the middle distillate from the alkylate product, wherein the

separated middie distillate fraction is from 20 wt% or higher of the total alkylate

product.
2. A process for producing a middle distillate, comprising:
a. reaciing an isobutane stream with a process stream containing butene under

alkyiation conditions wherein the isobuiane and butene are alkylated to produce
an alkylate product in the presence of a chloroaluminate ionic liquid catalyst
comprising an alky! substituted pyridinium chloroaluminate or an alkyl substituted

imidazolium chloroaluminate of the general formulas A and B, respectively,

R /R
/ S ~
QX R]X{N/%
. B

where R=H, methy!, ethyi, propyl, butyi, pentyl or hexyl group, R'=H, methyi,
ethyl, propyi, butyi, pentyl or hexyl group, X is a chloroaiuminate, and R, and
R,=H, methyl, ethyl, propy!, butyl, pentyl or hexyl group and where R, R', R, and

R, may or may not be the same; and

b. separating out the middle distillate from the alkylate product, wherein the
separated middle distillate fraction is from 20 wt% or higher of the total alkylate

product.
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eze point was related to the but its properties indicated suitable for use as a heaw diesel heat 2
milmin.), and refinery isobut flow (c). 8 mlimin.), The molar about 91. None of the feed to the alkylation
tea, igomerized olefins, N-butylpyridinium chloroaluminate (C5H,INC4H9AI2t..nic liquid doped with
hydrochloric acid was useddded to the alkylation reactor. The ionic liquid and the hyd hioric
acidrunsupported. The level of - 24 - hydrochloric acid was adjusted over time from a molar ratio of

olefin to;HCI from, 25:110. abaui1 93 leidierallndale remdhsseactriaiiuantwarsenarateshfrom

unconverted butanes by flash-distillation and the alkylate was separated from the ionic liquid by phase
separatfohiCAPitst’s PRt PIIRISF SRR to NCI vs. the GC analysis of the wt% C10+ content in the

alkylafe is shown in Figure 2. A higher molar ratio of glefin to He| in.the f eac ve a
higher yleld of rBF%&%S sc’ﬁ‘%r{hg‘)aﬁ%ﬂ‘é‘%e p‘?‘%&ﬁ%{‘i t?&sﬁﬁ\ﬁré‘ti‘.lAméér%%e&;l%ﬂ%&ﬁfﬁ{ﬂgﬁ%ﬁ middle
distillatez(comhfrigitcp! drciatalvi<dnAtispisdidhe stream with a process stream containing butene under

alkylation conditions wherein the isobutane and butene are alkylated to produce an alkylate product in

the presence af a chloroaluminate, ionic _liquj .i R ENdREHARC12-,
Whereir?éa RR’ aﬁé} ﬁwg?gsgll%& g Ca”g%%%\%qgtlﬁg %égﬁ%%%%g%dm&?é%aﬁﬁﬁgl gu% théegmiddle

' groups containing 1 fo
distillaterehPartabiid rereftet faciph iihaeseharated middle distillate fraction is from 20 wt% or

higher of the total alkylate product.
8. The process of claim 1 or claim 2, wherein the process stream containing butene is from

a FC cracker.

7. The process of claim 1 or claim 2, wherein the process stream containing butene is made
by treating a hydrocarbon stream comprising C3-C4 olefins and alkanol with a
dehydrationfisomerization catalyst which converts the alkanols to olefins and isomerizes the C4

olefin.

8. The process of claim 1 or claim 2, wherein the middle distillate is comprised of a light
fraction with boiling points in the jet fuel bolling range and a heavy fraction with boiling points
above the jet fuel boiling range and wherein the light fraction with boiling points in the jet fuel

boiling range has a NMR branching index greater than 60.

9. The process of claim 1 or claim 2, wherein the middle distillate is comprised of a light
fraction with boiling points in the jet fuel boiling range and a heavy fraction with boiling points
above the jet fuel boiling range and wherein the light fraction with boiling points in the jet fuel

boiling range additionally has a CH3/CH2 hydrogen ratio greater than 2.8.
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2.A process for producing a middle distillate, comprising: a. reacting an isobutane stream with a
process stream containing butene under alkylation conditions wherein the isobutane and butene are
alkylated to produce an alkylate product in the presence of a chloroaluminate ionic liquid catalyst
comprising an alkyl substituted pyridinium chloroaluminate or an alkyl substituted imidazolium
chloroalyminateref ghegengrabiarmeiasim angrdrapspraitebsntdipaddiieuhpresgtlyrmgthyl, ethyl,
propyl, butyl, pentyl or hexyl ar =k t%g yle pr utyl..pentyl or hexyl group, X is a
Ch|0r0a%r%lr%§%§?§’/n?? EQ] \éé{nggﬁ%yﬂ ﬁ %%?%ﬁl%%{ yk%?o%yﬁ%ﬁéﬁ%éﬁ&%gg’hexyl group and where R, R',
R1 and R2 may or may not be the same; and b. separating out the middle distillate from the alkylate
product, wherein the separated middle distillate fraction is from 20 wt% or higher of the total alkylate

product.! B. THeRSPEEES LoPRAHHNE Breirlh FsWRE MRS E&harated middle distillate fraction is from
29 to 80,Wi4-afthe. teta) bk ate. prodiict AsdhePrasesscofelrify baeekaimig: whesein the separated
middle qistifie MaRion SO SRi0 30MIA0L the Ll Aleviate BIRdUGt..iR, JBS RIRRE P AL claim L or
claim 2, WHereivthie process stream con aining Buténe s 4t least partially a’seps rated fraction from
crude oibregeTRoh fosRigEP BB IICIaIE bavimkiane prévestasiBa Udntdikiry butene is from
a FO craglkesin RA hadrocessafciaimd @nelaimg2, whereirdie;process stream containing butene is
made by treating a hydrocarbon stream comprising 03-04 olefins and alkanol with a
dehydration/isomerizafion catalyst whi 0 s I fi j i 4 olefin.
B, The HHoa e e a2 A e et wit
boiling pBfhitAefEsdetaetMiling range and a heavy fraction with boiling points above the jet fuel
boiling range and wherein the light fraction with boiling points in the jet fuel boiling range has a NMR
branchirg degexigigatetibandal: dtifie poocessatfytlsnyddociclairrdn Wikerenartiedmdiudle distillate is
comprisgdat.a. gl fraction i holling-Rpipts i e dativpLRojing kange and a heavy fraction with.
boiling points above the jet fuel boiling range and whereinthe light fraction with boiling points in the jet
fuel boiling range additionally has a OH3/0H2 hydrogen ratio greater than 2.6. 10. The process of
claim 1 or claim 2, wherein a halide containing additive is present during the reacting, at a level that
provides increased yield of the middle distillate. 11. A process for producing a middle distillate,
comprising: a. reacting an isobutane stream with a process stream containing butene under alkylation
conditions wherein the isobutane and butene are alkylated to produce an alkylate product in the
presence of a chloroaluminate ionic liquid having the general formula RR' R" N Ht AI2C17", wherein
RR' and R" are alkyl groups containing 1 to 12 carbons;
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b. adjusting over time a halide containing additive during the reacting step to increase the yield of the
middle distillate; and c. separating out the middle distillate from the alkylate product, wherein the
separated anfdpitecdistiltaterdractianeisifiam d6indidocenipighes:of the total alkylate product. 12. A
process for producing a middle distillate, comprising: a. reacting an isobutane stream with a process
stream containing butene under alkylation conditions wherein the isobutane and butene are alkylated
to product TA LY EILSSRYERNG AR YR RIS StSERmOFGHINIR TR tehe lidRt atuedyishcomprising an
alkyl subsingisenpyviirdinthelidobotuenindte enanalkpsbstitued inidazaliinchigioalyminate of the
general foraadias A a ively.. Ri-Nr N- = H. methyl, ethyl, propyl, butyl,

2] Rk Bro SRR G i ﬁ?um ééltﬁ%)%o%m%g R %@ )ﬁt%as tdt?é(?é’%gg}’ﬁ'é

pentyl or hexyl grou ' = H, methyl, ethyl, propyl, butyl, pentyl or roup oaluminate,
and R, aﬁﬁ?‘%ﬁg% W%ﬁ%ﬁﬁ?eﬁﬁ%%&%‘%?ﬂﬂf%%@?ﬂﬂCﬁﬂﬁ%@éymjfﬁéi?méﬁ@ gpisre ForRyYIRAand R2
may or ni&y Hotas@ané/slime; b. adjusting over time a halide containing additive during the reacting
step to increase the yield of the middle distillate; and c. separating out the middle distillate from the
alkylate product, wherein the sepa,rjlt}i}ﬁwiddle distillate f7ti§1 is from 20 wt % or higher of the total

alkylate product. s
Q Feng R
oy ) s\
-
R
Ay B

where R= H, methyl, ethyl, propyl, butyl, pentyl or hexyl group, R” = H, methyl, ethyt, propyl, butyl,
pentyl or hexyl group, X is a chloroaluminate, and R, and Rz = H, methyl, ethyl, propyl, butyl,

pentyl, or hexyf group and where R, R’, R, and R, may or may not be the sarme:

b. adjusting over time a halide containing additive during the reacting step to increase the vield of
the middie distillate; and

C. separating out the middie distillate from the alkylate product, wherein the separated middie
distillate fraction is from 20 wt % or higher of the total alkylate product.
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