PROCESS FOR PRODUCI NG A LOW VOLATI LI TY GASOLI NE BLENDI NG COVPONENT AND A

M DDLE DI STI LLATE This application is related to four co-filed patent

appl i cat iwoo0todikssd " Process for Producing a M ddl e D stecirlusb@d/051885 ocess
for Producing a Jet Fuel", "Conposition of Mddle Distillate", and "Process
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invention is directed t ENT r ' latility gasoline
bl endi ng conponent and gc%l\@idtﬁg di s{“ﬂ[?g[@fb’@k'agﬂgﬁ‘é@%?‘% ON OF THE
DRAWNGS FIGURE 1 illustrates the line defined by the equation: RVP =

-0.035 x (50Q_vol % poi ]in goi nt, ) + 58 FIGJIRE 2 is a _plot _of the nolar
ratio of ol efif apgllcpq@pn\)g_r leted edolnapyiasraent ﬁléplﬁa%'-’@_s ﬂqu coracess 9m t he
al kyl ateg ﬁéhhéﬁg%ﬁ@%ﬁﬁ%&ﬂa@, Tl cb OV ORE! ot FUky:,  The term

"conprising” nmeansTinclu the élenents or steps-that are’identified
fol | owi ng t He&ommrsiorbaft Matdje Bistiiatd’ e mpdt“PracesstfopPradueingpMiddd@aust i ve, and

mbodi : ' .ot I ~ A"mddl e distillate" i
2 nyar ocar baisHB UEAKHaN R, CBUSPRIRY ) Nt CHoPIREh helBnency PRTIBest (“12
1C to 5930 theifkatifedym "mddle distillate” includes the diesel, heating

oil, jet fuel, and kerosene boiling range fractions. It may also include a
portion of naphtha or light oil. A "naphtha" is a lighter
10 FIELD OF THE INVENTION

This invention is directed to a process for producing a low volatility gasoline

blending component and a middle distillate.

15 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.

20 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:

25 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 250°F to 1100°F (121°C to 593°C) . The term "middle distillate"

30 includes the diesel, heating oil, jet fuel, and kerosene boiling 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 boiling range
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hydr ocar bon product having a boiling range between 100 F to 400F (38Cto
204 C). A "light oil" is a heavier hydrocarbon product having a boiling

r anget hatwetaroii43sear 600F(316C) or higher. A "jet fuel PCrassacoaypsarsezar bon
product having a boiling range in the jet fuel boiling range. The term"jet
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1 C and 538C). e ter ght ol oi ling“range" refers to hydrocarbons

havi ng a boirehgg’ redergdo hydrecanb@tDhavingd LAibFrage Bdwaed Z08E)andThe
"boi li o 1 |, 2 1] POI to, the final, boili I nt
(95,5 voi 05 harEi Gab Ve ap ARECL e s SR il pblifaonie @HmiPoeh7. o6a.

"m ddl e di sthydrgéRbBhs$REVIRG LIOGMEG eatige bstwaeri ZBYU°F HdB100d°#t(@2130ighabl e for
bl ending into a hydrocarbon product neeting desired specifications. A
"gasol i ne bl¥iChg Thertponelight otdpilig r@ingreFefarsyi@duidraearbpng hadivBtha

hydr ocar bon pr. ' 3 INAG | bRE. T 1ne" is a
" qui d nyar SERHEngBtd 86 coRtr B oReE (316 CaBi R Tar NG oy,
vol atility gasgélisehdlendlvdoaimppoianto’ thesfireal baping pifty 90 acesi¥n pr oduct
havi ng a boiling range between 100 F to 380 F (38C to 193C) and a Reid
Vapor Pr essup@ugive of ihe,end ppints, agpagpradds ASITM Bhe8&1B6ai nent t he Rei d
Vapor Prgssure ispk | "y At T =.-0.035
x (50 vaPos boi | ny @cﬁﬂé B%@'@@ i igd,lf@ gggfgﬁ%ﬂg\ﬁﬁglrﬁ%gg&;ﬁghgﬁﬁ Shitacte
sat ur at ed ndooblehdimy ihjala bydrdoanboragraciict nfeeting desired »speaifibatiorest. ons or a

branched sat urat ed, nmonoval ent _hydrocarbop radjcal,, of three to eight carbon
atons. In one entbeGaRHPe HENing ROMPORETnLMaY BS Fney P S2EQRRAES of al kyl

groups i ncl ygnttedhydioRafttn prodliteslitabie frBiing into a gasoline. “Gasoline”
is a liquid hydrocarbon used as a fuel in internal 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 alkyl 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:
APl Gravity is measured by ASTM D 287-92 (Reapproved 2006) or
ASTM D 1298-99 (Reapproved 2005).




such as nethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
t-butyl, n-pentyl, and the |ike. "Unsupported" neans that the catal yst or
t he hal i dwocorwmEaissung additive is not on a fixed or noveablus2meds5BL3 sol i d
contact material, such as non-basic refractory material, e.g., silica. Test

2006) or ASTM D 19185 (AR Er e NS 1 Bant (e N 0 E ol D
1295- 99 (Reapuosesbe2¥lpohoydbETON. 495si§s ERORRY RS 2A0RY rodRBRAd Y | o

reported in g/nl, at the reference tenperature in 0 The test nethods used
for boiling teapgeatdrestnr ibuti ons of the conpositions in this disclosure are

ASTM D 2887- 06a d ASTM ) 6352- 04 he. test nmethod is referred to herein
2 SinDi st Thololosl Mt do r RelinG BhoR cvanhvishs GHFBY di stil ati on
i s sinul gt eccdpipdditforissia this dsSlosireTBtASITMIN 288 T1o8alsHd ABTM BEBE52-04.

di stributions obtained by this test nethod are essentially equivalent to

t hose obt ai nEt iept Matleod i nefersedhtn Rere(mrap)Simdist’| | The eilinG EANIRSTM Test

Met hod D 2892)... LLVa - r | r I | ci ency

g sti 11t  ord gt B Re Rl ERY BaiMtcinls RERlELt) R atioPorts or b 1160
Rei d Vapor Rmessiategr@ivR) The batimguaade digtaibtitionstybtABENHy thisl@si mthod
Alternatively, Reid Vapor Pressure (RVP) is calculated from.zthe boiling

range data cﬁfﬁzﬁsﬁéﬂti@_kyp%fﬁgv@ﬁ'ﬂbtﬁéhgﬁ aptanedrh treg kAN PYRT {1BRlescri bed i n
Gl cul a0 o ST AP ER R LB Ry DR e rgt ROPRRGITSY SsSur e o
a Gasol i ne from low efficiency distillations such as those obtained with ASTM Test
Methods D 86 or D 1160.
Reid Vapor Pressure (RVP) is measured directly by ASTM D 5191-07.
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 86-67 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). Sulfur 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
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fromthe Gas-Liquid Chromatographic True Boiling Point, STP35519S, Jan
1975. To convert Reid vapor pressure expressed in psi, multiply the result
by 6. 895 wo 20twmEiss4t he Rei d vapor pressure in kPa. Tot alpCcraisgém/opsesent s of
carbon, hydrogen, and nitrogen (CHN) is determined with a Carlo Erba 1106
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and reported in both Btu/lb an fferent nethods are used for

cal cul at i ng (GSE)aricuieaisdestribediis the paBlisetion ehadesRpoR &ht Shakey.
Mot or - et hod t A ' ; ' [ NG AT, A . Th
Resear oh- mochie AR AT ber Yok MR Paetle . BERBT T SRS o7a

MON and RON bot h EwgpCalculdied Sctaa irdiekds palcaldtee atosidirfdereasTM D)7 -

knock-test engine. Additionally, the Research-nethod octane nunber may be
cal cul ated [ (GC0)] fromgas chromatography boiling range distribution
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ASTM D 4737-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% of C10+, for example, is the vol% of the hydrocarbon product that boils

15  above C9 paraffin, or above 304°F (151°C). The vol% of C11+, for example,
is the vol% of the hydrocarbon product that boils above C10 paraffin, or above
345°F (174°C). The volume of C55+, for example, is the vol% of the

hydrocarbon product that boils above C54 paraffin, or above 1098°F (592°C).

Carbon Boiling Point, | Boiling Point,

Number °F °C
C9 304 151
C10 345 174
C11 385 196
C16 549 287
C17 576 302
C26 774 412
C27 791 422
C42 993 534
C43 1003 539
C54 1098 592
C55 1105 596

20



04. The vol % of the different carbon nunbers (ClL 0+, C 11+, C 17+, C27+,
C43+, and C55+) in the hydrocarbons is determ ned fromthe ASTM D 2887
boi | i ng peorbR/(&3aDi st), using the follow ng chart of wrhe/usesbios2poi nts
of paraffins with different carbon nunbers. In the context of this

di scl osure the valL% of, C 10+, for exanple, is the. vol % of the hydrocarbon
o odue T hat bot | e SHelt e6biarane Ay BerGREOSORPNCAn 56 Aol By gl of of
C 11+, for q%mpq)gﬁanchﬁjgt)gﬁa%gig% of the hydrocarbon product that boils above

C 10 paraffin, or above 345F (174C). The vol une of C55+, for exanple, is
the vol % of the hydrocarbon product that boils above C54 paraffin, or above

1098 F (592C).Th ' d branching position can be
det ermi ned by N@@ﬁﬁ@%\%&@%@s BRANCHI NG ANALYSI S The NWR
branchi ng properties of the sanples were obtained on a 500 MHz Bruker

AVANCE spectroneter OR/ﬁ'\r’ati ng at 500.1 16 MHz and using 10% sol utions in
CDCl 3. All spect rEneRMR bpang PreResties ohine sampies weneRktried erspMP00

denree BuL SR 5008 VIR SR BBt AT A PPl PO

good signal -to-noi was us er nhal he

hydr ogen at aoldtigpesinveiDECigleAll repécaracwed optdiged hadep|duawtitzgive heanditédnss hi f t
regions: 0.5-1 .0 ppmparaffini¢c CH3 nethyl hydrogen 1.0-1 .4 ppm
paraf fi ni ¢ GPHEPHBBRR MRS 636rS), IROYCIE dolay Rirhperend ats 148 seans to

DA oe 107 B SR MEATE R, THATAS AT b leMrSbRbbr
The hydrogen atom types were defined according to the following chemical
shift regions:
0.5-1.0 ppm paraffinic CHs methyl hydrogen
1.0-1.4 ppm paraffinic CH; methylene hydrogen

15  1.4-2.1 ppm paraffinic 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 carbon atoms

6.0-9.0 ppm hydrogen on aromatic rings

20 The NMR Branching Index is calculated 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 CHs to CH2 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-benzylic methylene hydrogen in the range 1.0 to 1.4 ppm chemical shift.

The percent aromatic proton is defined as the percent aromatic
hydrogen in the range 6.0 to 9.0 ppm chemical shift among all the protons in
the range 0.5 to 9.0 ppm chemical 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 isobutane
-5-



6.0-9.0 ppm hydrogen on aromatic rings The NVR Branching Index is
calculated as the ratio in percent of nonbenzylic nethyl hydrogen in the
range of wWO20tow1453@ ppm chem cal shift, to the total nomclaszgiviosisasi phatic
hydrogen in the range of 0.5 to 2.1 ppmchem cal shift. The CH3 to CH2

hydrogen ratigQ is defined as the.ratio in percent of nonbenzylic nethyl
hydr ogen | n Willba PEAGRSSGIr @51 CPBEINIGO HNE UM ST ATKUAIAN CORIGTSh WS\ |

met hyl ene hyee aaiutaie bR HUAHEark Akji8tel: th RBEUEH8ATMA)ateHrbuct iRen@er cent
aromatic proton Is defined as the percent aromatic hydrogen in the range
6.0 to 9.0 ppesemendicakchionvdlumimaiedorit liquidecatalystonbné ionidiguideglysts to 9.0
ppm chem cal _shift. .Proceﬁ%gs fqr Pr.oduci. nH(_} M. ddl e Di.st{ | | at e , nafirst
enbodi ment, FReFEPISEHFGTRYL gU RS SE L Al QAN g SR et 8™yl stif 1 ate
conpri si By re@stiuted anidakbnen thidrogiamissetsiithe aenbad frhangyvatdhcpBpr ocess
stream cont ai ni ng butene under al kylation conditions, wherein the isobutane
and butene are alkylated to produce an alkylate prodyct in the presence of

a chloroalumnate ionic |liqui dRcat al yst. The i;;c/l i quid catal yst can

conprise an al kyl substitut pyri di ni um chl oroal wm nate or an al kyl

substituted i m dazoli roal um nate 9f the ggheral fornulas A and B,

respectively. A B In tlhe mul as A and ’1\RNiQ§ H, NITé |, ethyl, propyl,
y

butyl, pentyl or hexyl'\g@up, R =H, nethy -e\r I,!/ propyl, butyl, pentyl or
hexyl group, X is a chloNoal yni nate, and a are H, nethyl, ethyl,
propyl, butyl, pentyl or Ihex&m group. The ionic liquid catalyst may al so
conprise a derivative ofReither of the structures A or B in which one or

nmore of the hydrogens attgched B
respectively.

In the formulas A and B, R is H, methyl, ethyl, propyl, butyl, pentyl or
hexyl group, R'=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group, Xis a

10 chloroaluminate, and Ry and Rz are H, methyl, ethyl, propyl, butyl, pentyl or
hexyl group. The ionic liquid catalyst may also 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
formulas A and B: R, R’, Ry and R, may or may not be the same.

15  Alternatively the ionic liquid catalyst is a chloroaluminate ionic liquid having
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 distillate 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
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directly to carbon in the ring has been replaced by an al kyl group. In the
formulas Aand BB R R, R and R2 nmay or may not be the sane.

Al t er nat iwel2g1oithesssoni ¢ i quid catal yst is a chl oroal unPoatus2e0emsts23 i qui d
havi ng the general formumla RR R*" NH+ Al2CI7 , wherein RR and R' are

| kyl t hj ' t th t hod al
Combr i Ses. SAERRA 1) BvOL {Hueing Ferednan ol BT oSGy  ate pr oduct,
wherein the B@d.ﬁ{e%@s tHedalkpaticPpioduet Rad gaecattépﬂﬁah%dw% 891wt fgror higher

of the total aI kyl ate product. In a secon mbodi ment, there 1s provided a
process for qammlelgm@etar thahd4 @ vdi%s or preeter thranhiiddléo GildtiTHeaolefibicandi ng

conponent, conpr ssi,n f eed an.ionic liquid alk n ne
S Ky at on JONE ToTBec AR e Do uEs g ik SaroRaaiett g srp s difehar oo™
product @it hheef tdiebe mr&igarrwrzbaroléﬂurswthbuée@nSebarétfmgs%em’@@dbﬁ@rbk/, t he
feed conprises an olefin, an isoparaffin, and |l ess than 5 wt % ol i goneri zed

ol efin. The arMuUMberEi RIOaESSASAVEbKNOWAEN Hrnpiti @&Irmn%@nmodlrngmtdaa)am nat e

ionic |iqui y t 0 vol % C10+ and | ess
than 1 vol %C&%é[gﬁllqﬂolﬁséﬁéﬁgﬁg@gg% qr%ﬁﬁgﬁﬁ%ﬁé Pate 03} oduct has greater

t han 30 vol % C 11#,a third awmmh@ngrtaateaus ;irbandeé% prolctsoforgreaticing tahan 50
vol % C 11+. The ol efi.n can have from2 to 7 carbon atons, or. five carbons or

less. In sor@'déli?og'émllﬁﬁtoé rpidglecdistlate Slensing FYBREAEHte GOBIPEEING TR SRS f eed.
SeB% 00 SRRl PO el pER SRR e sy
di still ati oralkylatirag the nnd<ee|rfbed||mmnfuon|t: iquiel alkylpti@vzoes anqassemafatmg the
produci g 2 gl Sstlgb okt it TS Bl 5 F et P BRGRRLS
i soparaf fin digqi@kerife Bedtkeda8dne produced in a FC cracker comprising olefins.
The middle distillate or the middle distillate blending component has greater
15 than 30 vol% C10+, less than 1 vol% C55+, and a cloud point less than -50°C.
In some embodiments the alkylated product has greater than 30 vol% C11+,
for example 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%. In 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

wt%, 29 to 50 wt%, 20 to 40 wt%, or 29 to 40 wt% of the total alkylate product.
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al kylating the mxed feed in an ionic liquid al kylation zone, and
separating the mddle distillate or the mddle distillate bl ending
conponentwbnromviis4al kyl at ed product. The feed used is ene/yseadossdsin a FC
cracker conprising olefins. The mddle distillate or the mddle distillate

bl endi ng conponent has ter than 30 vol % C 10+, | ess than ol % C55+,
ond 5 ohoud boi riinaiecerhgntdy, e sobudie SkEBtUE N & refiBoat EplaE o

product has mEgarerro }> Eﬁﬂ:e‘é@'(%’lgalﬁafxtuﬁeoﬂhe?é%ﬁ”@%sﬂirﬁ%’i aaaﬁﬁw&d’fo vol % or
greater than 50 vol The al kylation conditions are selected to

provi de t he iseitaee apdcrmnmal 9u’ianesararmioqm&d nyrefimery idkgeenvessioneacti on i s

general ly carried ou% in a | ﬁw dh r.ocargon agl}fie,f in a barhch system a
sen -bat ch RFSEEIRCS Ora?X@mﬁ? ORI ANY CRIAY VB Ot RSt he

al kyl ati gn riggsuitane isreb ﬁn'éy Heaagtiophtdd ftom%hepréfuatslotind rafinexanpl e from 2
vol%to 70 vol% from3 vol%to 50 vol% or from5 vol%to 25 vol% In sone

enbodi ment s, NYArQRATYGES AN RIPRESEaR, Welt MEYdE BLIgINAA Adegslol ReshRact bet ween
t he react ant, e al kylation reaction tenperature can be
So PR30 GAIGMA hue

in the range such as -20 Cto 100C, or - 15Cto 50 C.

The pressure can lreoné ehibodirasgt abrdescabed #HPUS6768PB8 and ESE X IB20tHePa. | n
one enbodi nent the pressure is kept sufficient to keep the reactants in the

1 qui 0 phaseSOBHiEne SYFABNEODLARET GO 8ddeaifrs! PRSEHEIGesE DurSLDMELHg 2 n the
f
iaod i ndPaad B BPFPgERYE ny HRRIGF o8 ORI R vt Riadiy, G

mn to 30 mhy.drd)demen@,mnmﬁmbinatiomsmese@‘aaad eelcoviedidgen lastion d:cmteln'irrgict I on

is not the e tir fra can be in arange from20 to 80 wt% 29 to
80 W% 20 t %QV@&’ SOUEHIE. 20 to 40 W% or 20 to 40 W% of the

ﬁg} ?lne(ralyky:‘ ?Eﬁq grlﬁ%terhﬁo@iﬁﬁarﬁ”m@%r%éﬁs stré¥inicoRBHR R DUIERERMdR  Fom 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.
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Fi scher-Tropsch process, or is a mxture thereof. Substantial quantities of
| sobut ane and normal butane are produced in refinery hydroconversion

pr ocesseswoforo/maxzapl e hydrocracki ng and catal yti c ref oPgirrus2009ls1823obut ane
stream may be fractionated fromthe products of the refinery

hydr oconver si on ocesses, .or .t may._be optai ned | east in rt b
Somer | 24t o of "B RRIA58IA A6 SOPATA [ ASSH SHERe ths oraesssenstden
US6768035 aﬂﬁvéﬂﬁ%?ﬂé’&ﬁ?argtd%r LbI9BHY *ASgS GRABHIS tﬁatnwﬁepata‘oriem e

Fi scher-Tropsch process Dby subjecting a Fischer-Tropsch derived hydrocarbon
fraction to randeof freat Didy] tdh§ad0 dc rfaridxampleyidrdifiereak empodonentsribé nat i ons

t hereof; and_recovering a fractian.containjn ] east, abous 30, W%

| sobutane. IMOBREEwoaPRRAT ot Skl LT Re A LanTt B RE ekl s from
a refinepy, 40:pmLawer sspRfaflin @9 STinheRe $atioPWill tend topiddice 4 ARgheef . In
anot her enbodi nent the process stream containing butene is at |east

partially ayelg&i sighermeleculanweidihatyiaie RPIUCtFhe process stream
cont ai ni ng b”te“%n%%[}ég&ﬁ@@&hﬁér@%gﬂﬁ@@aén g@t(iﬁété‘%‘F'tﬁ@nﬁéd%%?&in B2bRod

hydr ocar bons. CracKki on NOWN process,” 1Thc g steam

cracki ng, thenisdnent dedtiisgeparatedbat tthe proesds isgoaipriseddmfehijht fraction
hydr ocar bons._ I n gne enbodi nent the process stream containing butene is

froma FC crtkBeiling Roltiaimisie Jehinsd PRERY ranes-preekionaly p &gV HifCHPRi ng
DL e, 18 WO PofhgpRgts BpBRe: RS A58 St englara apdluag g o o o
Fi scher - Tr ogdrndrermonce serdifiossitte gghttitactien waihnghdiling p&RERih t68 &Alel are known
to produce Fgoell(ljnogn;arﬁ%re]trlngetg%ﬁg%oﬂljn%fF%orllr?t', flash point, smoke point, heat of
combustion, and freeze point requirements for Jet A-1 fuel.
In one embodiment, the light fraction with boiling points in the jet fuel
15  boiling range has a NMR branching index greater than 60, greater than 65,
greater than 70, greater than 72, or even greater than 73. The NMR
branching index 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
middle 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 less 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 by 6.895.
lonic liquid alkylation produces an alkylate 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
-9-



I n one enbodi nent the amount of the butene fraction in the process stream
may be increased by dinmehzing the ethylene in a Fischer-Tropsch or
pet r ol eurvdenionads3haydr ocar bon. Processes for doi ng thisprarasdesosisbed, for
exanpl e, in US5994601 . In another enbodi ment, the process stream

t but treati h d t C3- C4
ol o1 ins. and WPkdRst AT A HRIRDER dETOERS m% @a{“’%@?@%?%ngéky Tneh
converts thel'h%l WERQISfitOcH BE infisastinéd | bg e teAmetyd desdrbaaphes of

processes to do this are taught in US6 5 and 86743962 The nolar ratio
of i sopar af fla Radent] Rdblication iNgg US@Qﬁoéée%ésfutW indorgoratacteinéiednh can vary

over a broad range.. nerally.the | ar £ 0.i i.n,the ran f fromO0.5:1
Do 100 5 Ror “od8nisTGUR] Ahihriol et Richais® df ke HPOF stk

| sopar af 6i n grpthel #hbiint & di&MMnlhé feéd ¥tHe ionfe |ilqu|c1atk<9|ali6n1react@r fol :1 to
20:1 . Lower isoparaffin to olefin nolar ratios will 'tend to produce a

hi gher vyi el &x@MuiegRanengmbedingnties yield af aviated prasyigt exceads thae

erhodi rent . ST eyt gt Ebabndlodl BolhdgheoPby 4t Sgendiye

corrponent th I'S separa out esS IS

fraction w td1h@|0erinb09|nﬁ3ént9ﬁf$e yield bEalkyltatéuah bb it léazy twatigees d\@ldiWéigntal ly a
heavy fraction vmth boi | i ng points above the. jet fuel boiling range may

al so be sepdiasieeft Grﬁfﬁ?u%tcﬁf@%fﬁhﬁmm'@ﬁstotﬂﬂ%'QW'%)H‘ﬂU'fjrrﬁé@tpbn"\/\ﬁj'ﬂcfﬁr%l li ng
poi nts iy{ ”@‘Hb&‘imf ‘Fé tlt? alrﬁdlﬂwtro?egagmfr e&?@tr@bh'id‘lﬁuﬁ’@%ﬁctorféé’r?ﬁ%po' nt,

snmoke p0| nt eat ustion ze point re rements et A1
fuel. In onetheraimmim’r@rﬁb]efmha thegMce‘ssa&trteanmcmmﬂamnh@bUten@ ﬂmaItm;Junhot he j et

fuel boiling, range has hi.ng. i nde ter th e ter t han
65 gr oat er QFGi 7S Taed SUBP It an 950 G AU seARYREG 2P e iR 2o

olefin in the hydrocarbon steam reacted by the ionic liquid catalyst, the

amount of olefin in the feed produced in a FC reactor, or the amount of olefin

15 in a mixed feed supplied to the ionic liquid alkylation zone.

IONIC LIQUID CATALYST
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 gallium 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 example, aluminum trichloride may be
used as the first component for preparing the ionic liquid 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
formula Q+A-, wherein Q+ is an ammonium, phosphonium, boronium,
iodonium, or sulfonium cation and A- is a negatively charged ion such as Cl-,

Br-, CIO4-, NO3-, BF4-, BCl4-, PF6-, SbF6-, AICI4-, ArF6-, TaF6-,
-10 -



branching index is generally less than 90. The |l evel and type of branching
in the mddle distillate can be selected to give inproved properties. The

| evel of woanmniumgp4and CH3/ CH2 hydrogen rati o can be comrCraisked/obig23
adjusting the level of the halide containing additive. In some enbodi nents,

high b [ i nd ' h [ f th iddl e distillate. |
o, b branci g | gl Aagaphhe dhash polh o he e gt Tate n
the mddl e difbbdihfingthd SeiRl EIRPENERNS seldtfe RO ﬁids@%er’iﬁﬁd)qbﬁ'te?r%‘ry

process additional Iy produces a |ow volatility gasoline blending conponent.
Under cert aiammondinihalides bentaming ohator iniarg ajisd ohdiatehavidg ipne abponent has

a Reid Vapor, Pressure |ess, than 2 2 psi 15.2 kPa r l.es hap, t he anount
def i ned by (RGBT SrEhET BpEe SuEnGsbTar ag: SBonTPRYTE Brorecsee, s .

in psi. Khe pb@iitrightylddmorrinat 1-B0tyiSyriioum, bhhdideamyl sudsitgeavert psi to
kPa, nmultiply the result by 6.895. "'Ionic |liquid alkylation produces an

al kyl at e pr dandazohbn gjides] sueh as &r exfanaples 1-@thylSraethylimisiazolwy f ur t her

optional hy cessing. odi - - or
oD par ot ed 1 ARRHEE TR e et E R R R bofBRY o EhibrbiBiiGhe O
ol efins may ibeiceigail hadsg tiraigbneaal foramld RRYRBW W AlsSls, ihareid RR%ref ef i ns,
less than 1 wt % ol efins, or essentiall é none. The w % ol efins can be

measur ed by %’r@ﬁeoﬁﬂkwlﬂ_ﬁow 99@8??@@916&0&_ sQ?}rp%'é‘_f'j i'ﬂ_%@_qﬁﬁ?@imqﬁ@mq ©R1G on No.
USZOOGO%@”ﬁIﬁg}dc gz%tb}ylst [8CEH rQ%’lgﬁ:t ﬁggglﬁhﬁhé}e ibQRiGuld, %Hbﬁg@t&ﬂ%l?&l' on produces

a high yiel ate p uct based on the anount o in the feed
to the ioni csubstjuted pykginam ohloreslominate lEoanex kytisubstitutedbineidendioutn ment t he

yi el d of al kyl ate roduct, exceeds .t he amount of olefin supplied to the
oni ¢ 11 qui EHGRELERNGY GhinEERsera OUg A A € asdiscus3ed BrBvibGSly:
The presence of the first component should give the ionic liquid a Lewis
or Franklin acidic character. Generally, the greater the mole ratio of the first
15 component to the second component, the greater the acidity of the ionic liquid

mixture.

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 liquid 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 trifluoromethanesulfonic 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:

-1 -



ot her enbodi nents the yield of alkylate can be at least two tinmes on a

wei ght basis of the anount of olefin supplied to the ionic liquid reactor.

I n differwotzosmhaesdtnents, the anmount of ol efin suppliedpco/usheviosrses | i quid
reactor can be the ampbunt of olefin in the process stream containing
butene, the amount ofgolefin in the feed supplied to the ionic Iiquid

al kyl ati on zone,"Ehe mount of olefin in the hydrocarbon steamreacted by
the ionic liquid Catal yst, the anount of olefin in the feed produced in a
FC reactor, or the anpuntS8fHolefin in a nmixed feed supplied to the ionic
liquid al kylation zong. IONIC LI QUI D CATALYST The ionic liquid catalyst is

conposed of at |east gwo conpaviesrem Rh+ O, BNl HaaG arkyl @p(peﬁ]gohgamw ective
at al kylation the ionic uid catalyst is acidic. The acidic ionic liquid

'
catal yst corfiPHBeaNGRY i=r|§i|cg|&5|rr§6/rl\@h? REFHURIOSBERHI®YRponent . The first
conponent of the If)%trﬁbll%%fY’ﬁ%’]télaﬁsé’i@;e\%%étXrg?g.'B%rds%% ?re"l\’idﬁtg & ficg compound

sel ected from conponent's suc S I'C compounds oup 13 netal s,
i ncl udi ng alBe®i2u@alidl, BeGl2, SkEK, MgQig) RuGiZ)@uCleZr@dldnduagB@hlasde, and

1 B AR AT R G Mt
tabl e). Qhajollgws 1@?:92' Iﬁ_WBBQ%&%%%@%IFd'é%téﬁﬁin@félﬁﬂ?ti\ﬂ@c&%ﬁﬂ!ss ay

al so be used. In one enbodinent the first conmponent is alum num halide or
al kyl al um rama dranocke |VB-oretakeompeyndd, sochamArCi4 rBr4 deChpyl G, Usddd, as t he

component | neidbR i HERD <o Peas iRedoet Feera & S el do o cPel e or m xt ur e

of salts. Theggggauts may be characterized by the general fornmula QtA-,

wher ei n 8+ I s an ammoni um phosphoni um boronium _
1 In one embodiment, the halide containing additive is present during the

reacting step at a level that provides increased yield 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 alkylate
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 35 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% C55+. In one embodiment the level of C43+ in the
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Il odonium or sulfoniumcation and A- is a negatively charged ion such as
d-, Br-, A O4-, NO3-, BF4-, BCl4-, PF6-, SbF6-, AICI 4-, ArF6-,

TaF6-, CuvD-2010Ra@33-, SO3CF3- , SO3C7-, and 3-sul furtri exyptsesvplosisth one
enbodi ment the second conponent is selected fromthose having quaternary
ammoni um hal i des .cqgnt ai ni hg one .qr r | kyl .noj eties havin r about 1
fo about 6 caRRERed: ot couder Fuddiedhe e het T his s BN SOUMARERR o | de,
met hyl tri buty(|cAEEDREY Manl1 Reloy! RYE kDb WWol9, dppdiggar byl substituted

i m dazol i um hal i des, such as for exanple, 1-ethyl-3-nethyl-imdazolium
chloride. In one lerdhedmeadimdnt the aeparaieplimiddatdidtyiste orsmiddtd distibatieuni nat e
lonic liquid having the general formul.a RR ' N H Al2CL7 |, . rei n. RR
and R are RGNS PGUREEBNTIRES HE oS PO ARSI OY AT HAROAPRERL e
ionic |igui corithdtivht ahg fRezaPofitGehditarabars oaYEt Aanjuel.l i qui d, such as an
al kyl substituted_pyridiniumchloroal um nate or an al kyl substituted

i mi dazol i um chl or 0¥ Witeredigemsrized @lefemiartae feed ialpw, gead@llp lessthansssed
previ ously. gnc f the.fi - - I | L gni c
qui d o Lent96 8P SERGRC PR wier GiodrbRlEPRAN TN oo B a7 1.
mol e ratio aft% ewtdo; etwichronaitts. tio onkeeraleodintbnt tmgrens nb oligbmegizedt er t he
acidity of the ionic liquid m xture. HALI DE CONTAI Nl NG ADDI TI VE I n one
embodi ment , Aefiain @ f88et ai ni ng additive is present during the reacting.
The hal ijge containing additive can be selected, and present at a level, to
provi de increased yield of the mddle distillate. In this enbodi nent, the
reacting i s Rrecésgesivr Wroducndg Al liale odattlity Giasglireel Blandue Co eht end o t he
ionic liquid,cata Y t., The halide containing additive can boost the overall
acidity and Halesel ect i vi ty of the ionic |iquid-based catalyst.

Exanpl es The processes described above can also be used for producing both a

gasoline blending component and a middle distillate. In a first and second
15 embodiment of a process to produce a gasoline blending component and a
middle distillate, the process comprises the steps of reacting and separating.
In the first embodiment, the reacting step comprises: reacting an
isobutane stream with a process stream containing butene under alkylation
conditions wherein the isobutane and butene are alkylated to produce an
20 alkylate product in the presence of a chloroaluminate ionic liquid catalyst. The
chloroaluminate ionic liquid catalyst comprises an alkyl substituted pyridinium
chloroaluminate or an alkyl substituted imidazolium chloroaluminate 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 at least one paraffin having from 4 to 6 carbon atoms, with an ionic
liquid 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 alkylate product, and wherein the

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



of halide containing additives are hydrogen halide, netal halide, and

conbi nations thereof. In one enbodi nent, the halide containing additive may
be a BromwsDediczaizs4 Exanpl es of Bronsted acids are hydr echiuseece/nases ( HC ) ,
hydr obrom ¢ acid (HBr), and thfluoronethanesulfonic acid. The use of halide

taini dditi th | t al d | i u. S.
Publ | shed Pat ent AR FEERIGAMSIMEd0 P BREBENG slppARrAT o5 1085708 one
enbodi nent tmﬁ.r{@aémgﬂ@tecmfts at F@a@gth%qgwt\}d{@tllit§géscﬁ”n‘é%léﬁéihg%o%d@{é%t $Hyphoni ¢

acid having the general fornula:wherein an al kyl or
perfl uoro ala«tyeasj:tbeqﬁJeI@udalste fer wse aslay]et ftmi prjedorfu@l tqdmdnng:comp@hleoky group.

Exanpl f hal i t hat L. Lidl BeCl 2,
D, “Bagy A Tefief Sta&Tor (8 ed'8 erciel 518 &ieh bl PRt iias S bed by
Roebuck gnd gaief rgom gelbiweEA2808h €67 PTO th 38RESt0 W@?@flasﬁ/pblntgrealér

1970) . In one empodinment, the halide containing additive contains one or
more 1 VB netthen d0rpoandie, cleud pois lessdhan -59°&r.4, TiCl4, TiCl3, TiBr4, TiBr3,

6 028 024. 1 ond’ en TR aARSIrEhy HERFEOLBY Fhrost Sl irodina et
during the rmtm@@lértdmg edmpohentednd AatidgleadistiRge,i comnprdsiegl thd stefseff t he

m ddl e distill]ate. Adjusti n% the level of the halide contalning additive
| evel can ckﬁ%‘@%‘”@h%'%’@' aka Nalids containiag addiivatn an qliéé%tﬂqrb'i?acﬁ%ar@xanpl e,

hen 90, ¥k gL AP BE AN e DG o 21 ¢
t owar ds pr ochlkylatg pbreductquroduoetmm the reactone T@etaikiylm reddbar iadnuehicent i n
e el o P abs 5o, R o SR SolER g iRt
provided to the ionic liquid alkylation reactor shifts the selectivity towards
heavier products in the alkylate product.

15 The hydrocarbon stream feed to any of these processes can come
from a crude oil, a refinery, a Fischer-Tropsch 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 isoparaffins 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 liquid 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 middle 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.
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volatility gasoline blending conponent. The effects of increasing the nolar
ratio of olefin to HCI in the feed to the ionic liquid reactor (adjusting

t he | evelwof2otona43sydr ochl oric acid lower) on the yield eCTTRI09psBABCtS N
t he al kyl ate produced is denonstrated in FIG 2 . In one enbodi nent the

or recovered m dargerabodinant PEIEs sl RS G R feseropgrefies g The
i ddi e di stibhalsucBeindRhePBNebs attef doe@edr%g*cdetqf*caﬁséirb@thaheat er

than 35 vol % greater than 40 or 50 vol % or even greater than 90 vol % The
| evel s of vdi&/%mwtha)%@ow ar3ess Hhap -BBHTL édidIthmadiyi,etherm@die‘rélﬁtlllatae | evel

of C55+ in the sep te recovered dIe i | i,on has |ess
Chan 1 vol v eRetAect i Teept sbMfafirons s 1of U iessThen -BAT dfBod: nent
the | evep ofth§}4353‘1(31, |t esRPabatEdor [@Es m@pw@d, m ddl e d| stillate fraction
has | ess than 5 vol % C43+, such as less than 1 vol% |less than 0.5 vol % or
0 vol% In one edﬁ&mer@ﬁboﬁlﬁ@r&e@iﬁﬁ@%@ﬂ)%%h@ e middigdistiptenpiggeed
distillate I poi nt, snoke
por nt.,  heat W EonBee BT il TRRUR AaReRb hdék SR neh B St a1 Ther
The wt % ol i goneri zed oI efinin the feed is Iow generally less than 10 wt %
or 5 ww% The wt%ollgorrerlzed olefin in the feed can be less than 4 wt% 3
w % 2vvt% or 1 Rioges OhEradueing gelet Fugbre i s no ollgonerlzed olefinin

the feedqg Process Pq.?ga i
Corrponent and a ﬁd{l&{%@) ?.F%l aé’%p%e pr @Jg‘s%tggéé?f CI’ILE Gg%ﬂgiv@%gamﬂgl so be
used for prqaocessgshoiehthe spase teavhingseasidescribedpeariert herath. altme ddl e

distillate. plr(r)]cé’j‘ssesrlﬁg:lug (?hesgfe%%dof performing an alkylation and recovering the jet

fuel.

In the first embodiment, the process comprises reacting an isobutane stream
15  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

liquid catalyst comprises an alkyl substituted pyridinium chloroaluminate or an

alkyl substituted imidazolium chlororaluminate of the general formulas A and

R'
/J/ R1\ //
Xx®
N _
X
R
A B

20 B, respectively.

In the formulas A and B, R is H, methyl, ethyl, propyl, butyl, pentyl or hexyl
group, R'=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group, X is a
chloroaluminate, and Ry and Rz are H, methyl, ethyl, propyl, butyl, pentyl or

25 hexyl group. The ionic liquid catalyst may also 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
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enbodi mrent of a process to produce a gasoline bl ending conponent and a

m ddl e distillate, the process conprises the steps of reacting and

separ at i nyO 20r/aiiss4f i rst enbodi ment, the reacting step eompsc@emsiseeacti ng
an i sobutane streamwth a process stream cont ai ni ng butene under

al kyl ati on condltlons er I, Sobut ane and butepe are alkylated to
o oduice. an dPRHEBA BROALE. 7 nFe RBCRTaTaNGE A BOLHR Beosd T TAbde) G o
l'iquid cat a'|§%bpar-5ff'é‘d et ﬁé%hérﬁlmét% AreaLé. | THiliel fFAhdats thé BBMRG Ses an
al kyl substituted pyridiniumchloroal’'um nate or” an al kyl substituted

i m dazol i umpgintpflasih painbagreokd poing hgat of abmbostion,sndareere Boinks descri bed

previously. In the s Frg gjl ment, the reacting step conprises: reacting
a hydrocar bdRALYERE S@ ?fm n eé(t | east one ol efin havi ng from2 to 6

carbon agons and |atthé e886n®BMbIGAIASHT, m@Qchégsffér%Fbéuélﬁg%J@ﬁfL@n at ons,
with an ionic liquid catalyst and a halide containin ditive. The

reacting i s GPOMRIISESAIEATENNG AR a4tYIationsef @h@leﬁn@mﬂraraﬁapawéﬁrawth@ast one

paraffin ar I cess
roduces o A-PEPab Foldy g SU5HHAR OmRLRAG A lobi i ¥l and il

enbodi ment, doneainipigeadditivegtosheake aerAkAaesprodiictt HEhen}edcua @Irédowaaﬂeorfnrom
t he al kyl ate product, wherein the separated mddle distillate fraction is

from 20° wt 915F AAEIPTedUsthd hedebfuekmaats e B‘?'B'aﬂu@?'nt,aﬂﬁfh/@@%ﬁﬁ‘qkﬁe
separatag dasdi H@a%ﬁ&ﬂh&%t%‘ﬁ”@ﬂ&?@ez@?ﬁmﬁ BlirehefisoPUelAdNRer I N the

second enbo I ment e separating ste eparates t e broa b0| I'ng al kyl ate
into at Ieast t hdnltiosvthiad embbdtmer@atmal pnoeess @rgiroducingiageeiuel aochpases east

Flel  sui t abISSRSNO S IeeaEaerd KA CFracker bBPTBNGARTG. cORGREHE has a
boi i ng ranggixeatwRetRogEAMHN iPmakéfa fixedeeHOTREPiked fébd ksatkyiRRdNh ar eat er
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 wt% of the total
alkylate product. Examples include from 10 to 50 wt%, from 10 to 25 wt%,

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

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 -47°C, -50°C, or -
60°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 middle distillate. The

30 compositions use the same teachings as described earlier herein. The middle
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
-16 -



than 40 C, and a cloud point less than -50C. In a third enbodi nent, there
I's provided a process for producing a gasoline bl ending conponent and a
m ddl e diwoi2bicztiesa4conpri sing the steps of adjusting a lpevalS2ab/osushal i de
containing additive in an al kylation reactor and recovering the gasoline

bl endi ng conponen nd th Lddl e distillate fromthe alkyl at t
or oduced | n TRoSRDREEN (st SIRPE P Bt B W OB CORIRIONS JIen
al kylati on regcles thAlious IeagHdreo ke wals hbntgHe, 1834 kit ORB, Ayl thanasigi ti ve

provided to the ionic liquid alkyl ation reactor shifts the selectivity
t owar ds heavdreesgandiglly tro iatomiagc apriojonst. e lovedaromatithpraignl deirhampegiveeam

feed to any of these Qgesses_can ne, froma crude oil, a refinery, a

i scher - Tr op SR PoRLdEshapi, aidnef Beat o BB eor . 1 n one embodi rent,
the hydrgcarbon ghrgenbodirhbengheoboiliMg rahde dfthe PRErcdaeeiB FOPBfednng at
| east one olefin and the second stream conprising at | east one isoparaffin.

The process 1 Rotand RA0eE- t o Imingneiheci embodic i pPiiNg e@rganfi the
general ly aH’RJdir(g@é)régné% BQQIe%h%Oabl 9600%4- C6 isoparaffins with C2-C6

ol efins from’any source and 1'n any conbi hati'on. In one enbodi ment, the

hydrocarbon streake alisgoset praviolsystwiosre tHeefriadfe aigtilateC isr@e ketkylaten
anot her enbaodi nent, the hydrocarbon stream conprjses Fischer-Tropsch

derived ol efhw%ocarh%r@oeﬂ%maﬁi@nby tthe Rresesses; digcigsedthgreu _thS level of _
O oEPod0E i, AP TREF G LB I5 N TER, B It bl o g e
or even | esghah2nwih, enmessthatet wi¥d obessémtiaiguetneon: RVP = -0. 035 x (50

In 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 90°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/CH2 hydrogen ratio the lower

30 the freeze 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 middle distillate is made by alkylating an olefin

and an isoparaffin with an unsupported ionic liquid catalyst and a halide
-17 -



vol % boiling point, C +5.8, in psi. In another enbodi nent the separating
step provides two or nore |low volatility gasoline blending conponents. In
one enbodwvoentoo1t3ze m ddl e distillate produced by the protassodasisas hi gh

flash point, generally greater than 40 C, but it can be greater than 45C,

ter than 50C, . er_than 55C, ter than 58C, | nbodi ment ,
The i ddl o GBS P vIudR FOBYE ERBOSTBERSSNRASTE FHF SPUTMIgRER ol
general ly | eghtdiRathy 8Qifr. OThe Rfe 118U EAtaRRE BEséis @F&lﬁbuslﬁ%% thxes than

-60 C, or less than"-63C. Additionally, the mddle distillate can have a
| ow freeze gbahmaydecksess | ess than -50 C, |ess than -55C, |ess than -58C,

| ess than -60 C, ,or_less than -63C. ,In o en i.ment s  descr,i bed
e et e adfneiass BB e gt gie e TR e pYr AUl e
branchi ng i nespyaraiffieali ahlAsirPnd&lr ARAEEES cORditiGh S Bust a9 usdsidorfdétionic
Additionally, there are provided processes for producing a jet fuel. The

processes ud@uicheatalym anshemvigingaan eyt sdfchaliglel centalidneiadditivRetopitecesses

nclude the 5t apgofc 85T OLEN RGN N 9RARY FAGRVERA Ne! PRid Bl uel

In the first € process conprises reactrng an iso e’'stream

W th a proceasgirsgereaaticonhaihis egndudiraset, fod@xaadty| tia aniddiendistilad@scanThe
| sobut ane and butene are al kyl ated to produce an al kyl ate product in the

presence of RIS BAIRRARNE N3G 4 Varemaig froteps lese han Broal SHifWat e
o onlT SFEST K88 GRTE LEE 0 Bebihon O5i0) MRV M AL ol e
general forrmdlide cdnéaiding, additsyeeprtovidedydurkgdthe 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
15  otherwise indicated, all numbers expressing quantities, percentages or
proportions, and other numerical values used in the specification and claims,
are to 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
20 and an upper limit are disclosed, any number falling within the range is also
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

25 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

30 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 -



In the formulas A and B, Ris H nethyl, ethyl, propyl, butyl, pentyl or
hexyl group, R =H, nethyl, ethyl, propyl, butyl, pentyl or hexyl group, X
is a chl owoabiwmiimsstte, and R and R2 are H, nethyl, ethylPCTaSo@Ylos18k3It Yyl ,
pentyl or hexyl group. The ionic liquid catalyst may al so conprise a
derivative of .either of the structyres A or B.in which one or re of the
nydr ogens - atlERB (o6 AEC AGPorgngly Hisvanianis iy FRisteges BElArEAby an
al kyl grOUp-stﬁu&tdrlaedcrféfrﬁ%lfﬁ)ﬂsﬂhéﬂﬁll%]’g% the scc%eI SNAeRppBRYec/dTRYy, Not be the

sane. The jet fuel 1s separated out fromthe al kyl ate product. The jet fuel

nmeets the boiling point, flash point, snoke point, heat of conbustion, and
freeze point requirenents for Jet A-1 fuel. In the second enbodi nent, the
process for producing a jet fuel conBXAMBLE®rform ng an al kyl ation of an
ol efin and Zé] isogaﬂr_affi n with an unsupported catal yst system conprising an
ionic | igui XapR! yst and a halide containing additive to make an al kyl ate
product. The jet fuel is recovered fromthe al kyl ate product. The jet fuel
nmeets the boiling point, flash point, snoke point, heat of conbustion, and
freeze point requikgatnwasfpoepared imall Gluml labonatohecaentinudusiytsiidiete(1600t he

f i j et. fuel i I ' d duced i
B or acker dShihTrdfr Sptping i CRRAErSRERAREET, LBRARIREE ke a
m xed feed. gheanitixed ffRdelsrarbliiylatibfduh irthid ﬂcsﬁcﬁoﬁéau@rdmé fedagtdckn zone,
at alkylation conditions, to forman al kyl ated product. The jet fuel is

separ at 48 f rloninenalkplkign aesdaniped dut plefimadbyiene) (rem arv&Cscrerkenoi | i ng poi nt,
N L T e e A
the total al(ke8dfiew i@ oguaiminExantlrefinérpddarsigarie eonththihg 86% vt foré bdém 10 to
25 W% 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
15  oligomerized olefins. N-butylpyridinium chloroaluminate (CsHsNC4HgAl>Cl7)
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 adjusted over time, to provide a good
20 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
25 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

-19 -



greater than 15 wt %
may have ot her desired properties,

f uel

and from15 to 50 wt %
for exanple,

In sonme enbodi nents the jet
a cetane index greater

t han 45, w0,20ov0158% a heat of conbustion greater than 4BCTAB2000/05423 M)/ KQ;

a freeze point less than -47C, -50 C, or - 60C a cloud poi nt | ess than
_47C1 - 50 C1 or 60 C1 2 ol foar | a\ nl |l occ h::n 10 = nHm /nr
essentially none); a fl asﬁr%ﬁpﬂﬂ gne aFr@Pt'?'hgn 4 ”'%580%@1:? of Eﬁg@&
snoke poi nt it han 2 ,_of 35 A Cpnposjighi7on o
Distillate Qgg?j?mnally, th)6e8re are|provi e5d cofposi tions of gle
distillate.| 606 conposijti ons use the sane teachi ngs as desgribed earliler
herei n. Themddle—distitHate cu..H. ses—hydrecarbons hav: Ag—a—be+HHhrg—r ange
bet ween 15088%"‘5% C, Nﬁﬁ% br anchi ng“mdex greatE@ t han| 60, 1;n%
CH3/ CH2 r at|igysaHasH er than 2.6. In|one enbodi nent the hydrpcarbons have a
sul fur contlent of l[ess|than 5 wppm| | ess than 3 wppm | ess|than 1 wppm or
essenti al |y cmbntsinetﬂ ur. (I none enbodiinent the hydrocarbons have a wt %
aromati c pr|o l? St Iess tthan 1.0, less than 0.5,|less than 0/ 3, less than 0.1
, less than PGS | ess [than 0. 01 , |lor essentially no aromatic protons.| Low
aromatic pr q;r@agctgel ps |i nprove snoke point, flash point, apd net heat [of
conbustion.| 1n one enhadi nent the )0|I|na range of the hydrocarbons is
bet ween 175@ARNAraay0C.| | n aAdt her enbod?. frent he tﬁﬂﬁl ng range’3903 t he
hydr ocar bo S-betneet—2000 . and—306C dt-s¢tos evipust rete t he
m ddl e di st ?q)?rést'té( Pg al Ig?%?e h) Zﬁgg odu@wqﬁa e by t%@z%s ocesses
di scl osed Hegigimist, PRe I evel of olefi n vm [ be ery Tow, geperally Tess| than
5 w% or lless than 3 W% or less|than 2 wt% |or less thah 1 wt% or
essential Iy nonel0vol% 1 248 353 520
20 vol% 198 251 360 547
30 vol% 201 253 368 570
40 vol% 202 271 376 593
50 vol% 204 292 391 623
60 vol% 221 294 406 655
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 >09
C11+ <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,
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I n other enbodi nents the NVR branching index is greater than 65, greater
than 70, or greater than 72. The hydrocarbons have a | ow freeze point,
gener al | ywbesny/aissa - 200C, but in sone enbodi nents can peTmseénolosises , such
as less than -45C, less than -50C, |ess than -550 | ess than - 58C, less

t han -600C, or, |es sone e od drocarbons have a
hi gh net hedtadgre @%E@'ﬂlgé Ogéh(JQWévtgrﬁ@'%ﬂ’ I E@tqt'ﬂ Iggs er ;/han

30 M/ Kg, angpdecashapcks+Mi/ Kg, greater than 43 M/ Kg, greater than 45
MI/ Kg, or greater than 47 MJ/Kg. In sonme enbodi nents the hydrocarbons have
a hi gh snoke poi nt, such as greater than 18 mm greater than 30 nm or
greater thar]‘:r The snoke point is generally less than 80 mm In sone
enbodi ment s )f?émhl (?rocar bons have a high flash point, such as greater than
300C, greater than 40C, greater than 500C, or greater than 55C. The fl ash
point is generally I ess than 90C. The hydrocarbons can neet the boiling
poi nt, flash poi Mtractenské apdihdespebed @go‘&)%@fﬁtﬁéﬁ?d yheiRs r eeze poi nt

e S S e o PR R o s b 2 2

t he hydr ocardupmealizedbsloeHy THBlg2ati o greater than 2.6. In ot her exanpl es,
they can have a ratio greater than 3.0 or greater than 3.5. In one

enbodi ment the mddle distillate is nade by al kylating an ol efin and an

i soparafhin with an unsupported ionic iguiod catalyst and a

hal i decontai ning additive. In sone enbo ments the ionic liquid catalyst

does not contain any| sCompositidme VWishiby CBCundacMraﬂyﬂractdBSErl bed
previously are those 5 394 001
C6 4.30 0.02
C7 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) 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. 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 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
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that may be used. In another enbodinent, the mddle distillate is made by
al kyl ating an isoparaffin with an ol efin under al kylating conditions over
an unsuppaotet)diessdc | i quid catal yst and provi di ng an arountS2@b/obesks de
cont ai ni ng additive to the alkylating step to achi eve the NVR branching

i ndex and t 12 hydrogen ratio. In this enbodinent, for exanple, the
m ddl e di sti 4%@@ n conprise hydrocarbons having a % aromati c protons

|l ess than 0.5, a sulfur content less than 5 wppm or less than 3 W%

ol efins. The anpbunt of the halide containing additive provided during the
al kyl ating step ;ﬁraoiimg aesarsibed atatvieowas folte¢n charactiadred mochdendared 150: 1
, from60:1 t or fra For 0s f.this
speci 11 cat | MHAPAGHRRPERIVR ATiBLEET o hese et b SHBER TR P hinber s
expressi Bg @lyHdwi es, percentages or proportions, and other numerica

val ues used in the specification and clains, are to be understood as being
modi fied in all instances by the ternTT%%QQt " Furthernore, all ranges

di scl osed herett Ve th nts—an

conbi nabl e. #5@@’?'03' E%#EI‘I Cci| ran ew{ﬁﬁ?’a | ower ﬁﬁﬁﬂ%ﬁgﬁﬁﬁ %r
limt are |scl oseg, wasy nunber fallinggguthin thelrange is also

speci fical I}y_discl osed Any tenm abbreviation or shorthand not defined is
under st ood [t 0 haveHl; Mé/oordl nary neani nﬂﬁﬁéﬁd by a person skilled in the art
at the ti the—anpi ”V\}f ton—+sfited—The—singutarforms—a,"—anm— ou’lld
"the," incliude plu ?ef erences unl ess expressly and unequivocally lijmted
to one i nstanC|g3W,{>é\Je| Aftrdged, publ i cati onsgq patents and patent applicatijons
cited in this

wppm
Sulfur, 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/Ib 20237
MJ/Kg 47 .1 Min 42.8

Calculated Cetane Index
56.63
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application are herein incorporated by reference in their entirety to the
sanme extent as if the disclosure of each individual
appl i cat iwo 20r0/qpad3ent was specifically and individual | ypcmdisScabmsise®d be
incorporated by reference in its entirety. This witten description uses

dicel ncpn t hn | nvent

If\l’\

publ i cati on,

hact mMda ::nrl ::I SO
AT

pat ent

exanpl es t
enabl e any
nodi ficatid
will readil
is to be cg
the scope d
ina 100 m
at 10 C and
al kyl ation
m xed C4 ol
t he bal ance
refinery ig
m/mn.). T

about 10:1|.

olefins. N
doped with
streamto t
tonic |iqui

p;rso@@a@tl: éd in th
ns of the exeqplgfy

y occur to thoses
nstrued as |n2(l)udi%1g

f the appendeg clain
QIIVPE?&(

| aboratory c
150 psig ( 1834okk4
runs in this reactor
efins (butened0 ¥p¥m
bei ng i sobut
obut ane cont éﬁ%ﬂgpf
he nol ar ratip0ebl% g
None of the feed t
but yl pyri di ni §@velp
hydrochl oric '
he al kyl ati on reacf(
d and the hyBP¢08/5r i

c—acid\was—select c\rl

Helua-hrg—the

e art to make and u
embodi mepyg of the

[l ed in the art. Acc
) all strd82ure and

5. EXANP&EZ Exanpl e
pusly sti d ( 1600
1) . The ahgyl ate was
setup. The feedsto
an FC cr48Rer conta
d n- butané éfeed flo
30% or 8 i sobu
,oparaff|g16o ol efin
o the alkylation re
)roaluninagé ( C5H5NG
is used agygatal yst

)rat a volunetrlc f
ic acid @B4e unsupp

se the invention.
nventi QR d%] @ osed
br di ngly, the invent
met hods that fall w
1. Alkylate was pre
RPM reactor operat
accunul ated from se
ck for the alkylatio
ni ng 402609 ol ef i ns
v @2 mM/mn.), and
ane (feed flow @8
was in the range of
act or was ol igoneriz
MHOAI 2C1 7) ionic liqg
and add ta conti
ow of gﬁ 6r}1/mn T
prted. Wax 308vel of

hydr ochl orile

NMR Branching Index

e to nrn\lir‘ln:\q
re—+o0—provHae——a

to
I\/BJny

above
i on
t hin
par ed
i ng
ver al
n was
and

ed

ui d
nuous
he

ood

Wit% Olefins

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 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 0.00
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yield of mddle distillate, w thout adversely effecting the quality of the
| ighter boiling al kyl ate product. The al kylate fromthe reactor effluent
was separabedioimaesssunconverted butanes by flash-distil | aciras2eostshe

al kyl ate was separated fromthe ionic liquid by phase separation. 8,408 g
of the accunul ated al kyl ate effluent fromthe al kyl ation reactor was cut
into 4 fractions by atnospheric distillation. The yields obtained and their

properties are shougihebNd fropaRled that Jr%ttﬁélr%’arlﬁgét'f%l %nam%gu@%ara@ 4 are

mddle distillates. After separating themfromthe total alkylate, they
anount ed t o @vexcelent et fudior béeral statk jorgefupt prhaleictioBotradtioacd meho8 and

ar oat et harPGBeYaH 5 uie SRS ERelE t Ran e SOF9RaRr oAl Sl ¢ 2
Fractiong 1 cymerd, ﬂ@lﬁﬁs@hb@n@@g int, WRe@etpite He Ao fsmisitioraaAgr aphy for
conposi tion and octane nunbers he results are summari zed bel ow, in Table

2 . Fracti orfligtilighien podingraaiatst ITWGC@@WW%Q a bitRpwancoheXingmatiost Iy 9

aLigtate, TViEdetl OB e Ongh e SRy AodR I akigr 2

especi al |y detctthgapekified rbhg@dor&llzfr:k 1 by taiditidnaoy RSEtamrdfuel PlenBStdck
Fractions 1 and 2 were both low volatility gasoline bl ending corrponent S.

Their Reid VhHop aspeatics 88d/ck aphingnes- phedigh wBiekenenint wadldl allpyhfos 5 psi (
10, 035 10 50 G PERRe e DA o AR G StodtRERY plche FAKMAR R o1 5
descri bed alwomaticasnientt Ade figlahaat ef caedustiah meaparreeld)n 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

15  Dbranching.
Fraction 4 was not further characterized, but its properties indicated
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 ml laboratory continuously stirred (1600
25 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
ml/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
30 about 9:1. None of the feed to the alkylation reactor was oligomerized olefins.
N-butylpyridinium chloroaluminate (CsHsNC4H9Al2Cl7) ionic liquid doped with
hydrochloric acid was used as catalyst and added to the alkylation reactor.
The ionic liquid and the hydrochloric acid were unsupported. The level of

hydrochloric acid was adjusted over time from a molar ratio of olefin to HCI
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with a typical exanple of JET A-1 jet fuel. These results are shown in
Tabl e 3, below. Table 3A nore detailed sunmary of the proton NVR anal ysis
of Fractiwo 2810ve4umrari zed below in Table 4 . Tabl e 4FPattiseonsdsisasl
properties that are desired in jet fuel, and it would make an excellent jet

fuel or blend staock for je e roduction. Fraction net or exceeded a
nunber of  aatim g b ierapedi ot TpBalhe Tesndte FeRat s HUSRUMPRY cont ent
flash point ’seﬁﬁP&%dﬁl‘Unﬁ'hncéﬁ\‘i‘&?& BaRks b@Q%%hQTistﬂ%ﬁBH%WdQHe aWWat_e was

distillation boiling points. The density'was a bit [ow and the kinematic

vi scosity weespardted frangithe Boicliquié byiph@ssiseparativn Kepldtaktineymolanratidhe
brought into_.the.s Lfied r e for. JET A-1, dition.of a second fuel

bl end st ock AT i bk e S e arlis aneilet Otk P it ISRBEE R woul ¢
al ow fop t hhoadtlintFigoreod. A 1HgB&t Mokt BPLREiNed HCISE ¢ies feddie! thel end st ock
with a high aromatic content. The high heat of conbustion neasured on
Fraction 3 v@@c@rgﬁwiadagb%/ylﬁidgﬁéﬂQghﬁqulﬁéﬁ inttpgiatielate pspdu¢thned on JET A-1
, and it would inprove fuel efficiency if it were blended with a second
fuel blend stock. The excellent |ow cloud point and | ow freeze point was
related to the higher branching. Fraction 4 was not further characterized,
but its properties indicated that it was a high quality mddle distillate
suitable for use as a heavy diesel fuel, a blend stock for diesel fuel, or
a heating oil. Exanple 5 : A kylate was prepared in a 100 nl |aboratory

continuously stirred ( 1600 RPM reactor operating at 10 C and 150 psig (
1034 KPa). The feedstock for
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the al kylation was m xed C4 ol efins (butene) froman FC cracker containing
40-50% ol efi ns and the bal ance being i sobutane and n-butane (feed flow @2
m / m n.) ,wandiweafizaery i sobutane contai ni ng 80% or nor eprafi/tissavwsmae (feed
flow @8 m /mn. ) The nol ar ratio of isoparaffin to olefin was in the
range of ab , the feed to the alkylation reactor was

ol i gonehzed C wr i di ni um chl or oal umi nat e ( C5SHSNCAHOAI 2Cl 7)
ionic liquid doped with hydrochloric acid was used as catal yst and added to
the al kylation reactor. The ionic liquid and the hydrochloric acid were
unsupport ed.1 .TAaorbeeﬁ fonforogulring bllowivolatitydgasadinad) ersdieg courgronentend mom a
nolar ratio of ol dﬁ%@otHCIfromZS 1 to about 105:1 . The alkylate from

t he reactor efm' 8 EPIAEW f r om unconvert ed but anes by
flash-distillai Q@aéﬂ”ﬁb bm@dﬁddsayw Strég® cﬁﬁﬁ@rsaﬁgfét fda@frbﬁ@%léfmﬁ&nh%qw d by
phase separation. plot o6f the nolar ratio of olefin to HCl vs

anal ysis of the v&%@tpcﬁrcar@o)nemomsmrtdn@t ledstyore panafinshaving fionFddalde 2 . A

i gner yierd of <o Bt bt ot GriehEt shd AmindREHEL BB VED 1 s
1. A process for d@fn@@lnmgrmjomu}e)wneaémtthélattyemmbldr@nrbé@mmewat leasieent and
a mddle distillate, conprising . reacting hydr ocar bon stream

conprising at | edﬁraﬁ'ﬁearélaéwweﬁatﬂ PIQOLES @ @0{5‘6 bollngrallylate ieglushid at | east
one pargpfin hgvi gg%arﬁﬂﬁ%fhé B &&%l@g%&%’f@g\%%t ‘;’\th Qﬂhﬁstl tbgtl'b\ﬂ cat al yst

and an unsupporte SoRtAI NI A eint |'east one
ol efin and the atvdlﬁ&ﬂ;}gmrﬂmpawlerhcﬂmg wnmmiehybad@dleasothﬂnMedastantmd

boi l'i ng alkylate roduc arating the bro 0|I|n al k roduct
Pto o et i naRhTL BRI § YRGS ALUEN SHAPIR, O YRB GRS vl OFISh oaot
the mddle disti 'fhéitlﬂena‘merc%'nﬁbdr{%t HAHR Lbsilihg kaige betwednigdo-Fudqbl e for

use as a jet fuel
572 F (138 C and 300°C), a flash point greater than 40°C, and a cloud

15 point less than -50°C.

N

The process of claim 1, wherein the hydrocarbon stream comprises at
least one olefin from a FC cracker.

20 3. The process of claim 1, wherein the halide containing additive is present
during the reacting, at a level that provides increased yield of the middle
distillate.

4. The process of claim 1, wherein the yield of the broad boiling alkylate
25 product exceeds the amount of olefin in the hydrocarbon stream by at
least 30 wt%.

5. A process for producing a gasoline blending component and a middle
distillate, comprising:

30 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:
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fuel bl ending component that has a boiling range between 280 F and 572F (
138C and 300 C), a flash point greater than 40 C, and a cloud point |ess
t han - 50Gv02010/0iB84pr ocess of claim 1, wherein the hydr@canisemssrseam
conprises at |east one olefin froma FC cracker. 3 . The process of claim

1, wherein the halide containing,additive i resent duri. t he reacting,
at a level that prolle@esqling LSRG GPRIAPNENT it 15 dew wolgildigasaiine s | The

process of claim 1, pld@iR] forhpsnentebfgof the broad boiling al kylate product
exceeds the anount of oléfin in the hydrocarbon streamby at |east 30 wt %
5 . A process f orii. pthedmiddig distialeol i ne bl endi ng conponent and a middl e
distillate, conprising: a . adjusting a |level of a halide containing
additive provided to an ionic liquid al kylation reactor to shift

sel ecti vsty g.0WREQrodeavdfadlaift SOWRERIN theamidilK isiit 8tePs AbAs DD t81Bd Wt%
recovering fromthe al kylate product:i . the gasoline bl endi ng conponent

that is a | ow 9bthgttofal @ikvipie AIrediectbl endi ng conponent; and ii. the middle
distillate. 6 . The process of claim5, wherein the mddle distillate is
from29 to 50 wt% of the total alkylate product. 7 . The process of claim
5, wherei n theThdjpustedsdoficaim bowrersgthaf adjbstinglead loveringeofitbilelel o8 . The

process of cl aj{hné r?r_:l”d\/é/r.]erei n a yield of the al kyl ate product exceeds the
10
8. The process of claim 5, wherein a yield of the alkylate product exceeds the
amount of olefin supplied to the ionic liquid alkylation reactor by at least 30

wit%.

15 9. The process of claim 1 or claim 5, wherein the middle distillate has a NMR
branching index greater than 60.

10.The process of claim 1, or claim 5 or claim 9, wherein the middle distillate
has a CH3/CH2 hydrogen ratio greater than 2.6.
20
11.A process for producing a gasoline blending component and a middle
distillate, comprising:
a. reacting an isobutane stream with a process stream containing butene
under alkylation conditions wherein the isobutane and butene are
25 alkylated to produce an alkylate product in the presence of a
chloroaluminate ionic liquid having the general formula RR’ R” N H*
AlCl7, wherein RR’ and R” are alkyl groups containing 1 to 12
carbons; and
b. separating out the middle distillate and the gasoline blending
30 component from the alkylate product; wherein the separated middle
distillate 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.
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anount of olefin supplied to the ionic liquid al kylation reactor by at

|l east 30 W% 9 . The process of claiml or claimb5, wherein the mddle

di stil | atwohlan/|a43VR branchi ng i ndex greater than 60. 1@CT/Hseoopnssess of
claiml1, or claim5 or claim9, wherein the mddle distillate has a CH3/ CH2

hydr ogen r at eater_t han 6. 11. A ess for prod c n sol i ne
bl ending cortoAdpossRICk PR aiczisPlife BNt BPREH! 2062 FuddR ng an

i sobut ane st rea@t,%tbhcé\mgﬁgiﬁ §S stream contai ni ng but ene under al kyl ation
conditi ons wherein the isobutane and butene are alkylated to produce an
al kyl at e produet reacmrtgaarpnmmm sireamaotithoa padcassraitaan cnhtalmhgubutenoavi ng

h | formyl d | kyl
ar oups. cont ai ni nder giypioR dellionsding M s OoyiRge 30 GlieReed o

distillake and theﬂk Q@@'tbgﬁo@u@éh Alkyfe gt irh ﬂ@pﬁé@@n@ébvbate product ;
wherein the separated mddle distillate fraction is from 20 w % or hi gher

of the total al kyiheereapnagaate: ionigdiuicheataiyst ?ﬂ@pﬁlémraﬁ alyridsttifrted bl endi ng
conponent has a ﬁq%gﬂﬁur% clnlc%r(?PIUnglng tl'}lz @g% L?%‘Ctttutg nrﬁ o%‘%ﬁbtrﬁg a gasol i ne

bl endi ng conpone e di feacting an

i sobut ane st r eamghildrbaruinminateesfsthetgepanal dom@asiAngnd & eé@eaztideuy al kyl ation
condi tions wherein the isobutane and butene are alkylated to produce an
al kyl ate product in the presegge of a chloroalum nal@ ionic liquid catalyst

conprising an al kyl substitu
z NJ/ R~ l\(/
;]
D,
R
A B
10
where R=H, methyl, ethyl, propyl, butyl, pentyl or hexyl group, R'=H,
methyl, ethyl, propyl, butyl, pentyl or hexyl group, X is a
chloroaluminate, and Ry and Ry=H, methyl, ethyl, propyl, butyl, pentyl or
hexyl group and where R, R’, Ry and R, may or may not be the same;
15 and
b. separating out the middle distillate and the gasoline blending
component from the alkylate product; wherein the separated middle
distillate fraction is from 20 wt% or higher of the total alkylate product;

and wherein the separated gasoline blending component has a RON of
20 91 or higher.

13.The process of claim 11 or claim 12, wherein the separated middle
distillate is from 29 to 80 wt% of the total alkylate product.

25 14.The process of claim 11 or claim 12, wherein the reacting step additionally
includes adjusting a level of a halide containing additive provided to an

ionic liquid reactor where the reacting occurs.
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pyhdi ni um chl oroal um nate or an al kyl substituted i m dazolium

chl oroal um nate of the general formulas A and B, respectively, where R=H,
met hyl , ewbybio/quzspyl , butyl, pentyl or hexyl group, R 2HI/USRM0MEIS2RL hyl
propyl, butyl, pentyl or hexyl group, X is a chloroalumnate, and R and
R2=H, met hyl, hyl ropyl,. butyl, pentyl or hexyl .grou nd where R R,
R and R may!on TosES HeieT sl Sandim ddp i breif g Hel i eoneane
distillate andghheveasahsiydplegndi ng conponent fromthe al kyl ate product;
wherein the separated mddle distillate fraction is from 20 w % or hi gher
of the total alkylate product; and wherein the separated gasoline bl ending

conponent h RON of 9 .1 ar higher_ 13.. The proce of claiml r. claim
T2 aher ei n ThanEabara Ul <A e: FRihd 1t oF PRGN 20 W5785 1k altofitene
total al kyl at eppcRtBhs |6t thahS W)@@@fﬁwsqﬁr_id‘rlt@!orpsnéﬁa|orurtﬁéapmcéasinp@er ein
the reacting step additionally includes adjusting a | evel of a halide
containing additive provided to an ionic liquid reactor where the reacting
occurs. 15 . T, 0 |_al al - J L0 the halide
containing a diﬂevé'%?ésﬁkéﬁ'égﬁmﬁo&&il@‘ W‘“e’h%eé@é?é%rj‘ﬁm%%&%&c| aimb5,
claim 11, or cpriducl 2xceduy thierarhbentadfiyefat i the plocdsshstrednesentdidingS wt %
olefins prior to optional further processing. 17 . The process of claim 11
or claim 12, whelesePal/easiBdItione al kyl ate product exceeds the amount of
olefin iy the process stream containing butene by at |east 30 wt %
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