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(57) Abstract: A middle distillate, comprising hydrocarbons having a boiling range between 150°C and 350°C, a NMR branching
index greater than 60, and a CHs/CH, hydrogen ratio greater than 2.6. Also, there is provided the middle distillate made by a pro-
cess compressing alkylating an isoparaftin with an olefin under alkylation conditions over an unsupported ionic liquid catalyst,
O and providing an amount of halide containing additive to the alkylating step to achieve the NMR branching index and the
CH3/CH; hydrogen ratio.
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COMPOSITION OF MIDDLE DISTILLATE

Thiz application is related 1o four co-fllad patent applications titled “Frocass
for Producing s Middle Distifiate”, "Process for Producing & Low Yolatility
Gaseline Rlending Component”, "Process for Frodusing a Jet Fual®, and

“Process for Froducing Middle Distillate by Alkvlating O5+ Isoparaifin and G5+

Clefin”, herain incorporated in thalr entiraty,

FIELD QF THE INVENTION

This invanbion i dirscted {0 a composition of middls distillate.

SRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 flustrates the e defined by the equation: RVP = 0038 x (80
vol% boiling point, "Gy + &8,

FIGURE 2 & a plot of the molar ratio of olefin to HO e the GC analysis of
the wits C10+ content in the akyista.

DETAILED DESCRIFTION OF THE INVENTION

Dafinitions:

The term “comprising” meansg including the slements or steps that wre
dentified following that term, but any such slemants or sleps ars not
sxhaustive, and an ambadiment may include other slements or steps,

A “roididin distiflate” s 8 hydrosarbon product having @ bolling range
Datwoen IEOF and TI00°F (121°C and 583°0) . The form "middle distiliate®
moludes the diesal, haating oif, jet fusl, and karosene boiling rangs fractions.
itmay also include @ portion of naphtha or light ol A 'naphiha” is & fighter
hydrocarbon product having a boiling range betwaen 100 and 400°F (38°0
and J04°CH A light off" ts a heavier hydrocarbon produst having a baling
rangs that starts near SOOTF31E7C) or higher, A “jet fuel” is @ hydrocarban
produst having a bolling range in the st fus! bolling rangs. The term "t fugd

o
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bolling range” refers to hydracarbons having & boiling ranges between 380°F
argd §TF (138°C 1o 300°CYH The term "diese! fusl bolling range” refers i
hydrocarbons having & boding rangs botween 280°F and 100U°F (12170 and
S38°C). The term “light off bolling range” refers o hydrocarbons having &
bailing range betwsen 800'F and 1100°F (318°0 and 383°C). The “belling
rangs” is the 10 wol% bolling point to the finad bolling point (895 vol¥s),
inclusive of the end points, 38 measwead by ABTM [ 2887-08a and
ASTM D 8382-04.

A “mickdls distillate blending componsnt” is & middle distillads, sultabls
for blending into & hydrocarbon product meeting desired specifications.

A "gasoling blending component” may be sither s gasoline or a
naphtha hydmcarbon product suitshle for bending into 3 gascline, "Gasolin
» & hguid hydrocarbon used as 3 fust in infermal combustion engines.

& Mlow volatility gasoline dending componant” is @ naphtha
hydrocarhon product having & bolling range between 100°F to 380°F (38°C 1o

T3°0) and & Reld Vapor Frossure of 2.8 pal {(17.2 kPa) or less. Inong
ambodimeant the Reid Vapor Pressurs 5 less than an amount defined by the
equaﬁifzn RVP = -0.035 x (50 wol% bolling paint, G} + 8.8, In psi
‘Alkyl’ means & inesr saturated monovalent hydrocarbon radicat of

ong o sk cgrbon stoms or & branched saturated mongvalent hydrocarban
racical of thres o gight carbon atoms. In one ambodiment, the alkkyl groups
arg methyl. Examplas of alkyl groups inolude, bul are not limited to, groups
such as methyl, sthyl, npropyd, isopropyl, n-butyl, isobutyl, sea-butyl, thuyl,
r-penivl, and the ke

“Unsupported” means that the calalyst or the halide containing addifive
s not on g fixed or moveabls bed of solid contact material, such a8 non-basie
refractory matenial, 8.g., silics.

Test Method Desoriptions
AP Gravity ks measurad by ASTM D 28792 {Reapproved 2008) or
ASTH & 1238-08 {Reapprovad 20051
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Dlenstly & measurad by ASTM D 1288-88 (Reaprovad 2008} or
ASTM D 4083-88 (Reapproved 2003 Density is reporied in giml, st the
refargnos emparature in °F,

The test methods used for bofling range distributions of the
compositions in this disclosire are ASTM D 2887-08a and ASTM R 8252-04.
The teat mathod iy referrsd {o harein as “SimDist”. The bolling range
distribution detsrmination by distillation is simulated by the use of gas
chromatography. The bolling range distributions obtained by this test methad
are essentially eguivalent to those obiained by trus boliing point {TRP)
distiltation {ses ASTM Test Methad D 2882}, but are not squivalent to resudts
from low sfficienay distiliations such as those oblained with ASTM Test
Methods D 88 or & 1180,

Reid Vapor Prassure (RVP) Is measursd divectly by ASTM D 518107,
Alternatively, RVP s caloulated from the balling rangs data obtained by gas
chromstography. The calowation s described in the ASTM spegisl
publication Dy de Bruine, W., and Rllison, R.J., "Galculstion of ASTM Mathod
1 86-87 Distilstion and Reld Vapor Pressurs of 3 Gasoline from the Gage
Liguid Chromatographic Trus Bolling Point,” 8TR353188, January 18758, To
convart Held vapor pressure axpressad in psi, mulliply the resull by 8.885 1o
abtain the Radd vapor pressurs in KPsa.

Total weight percents of carbon, hydrogen, and nitrogsn {CIHIN} s
determined with & Carle Erba 1108 Analyzer by ABTM D 528102
{Reapproved 2007},

Low level nitrogen is separately detenmined by oxidative combustion
and chemiluminescanve by D 46838 ~ 02 {Reapprovad 2007), Sulfuris
rmaasurad by uliraviolet flugrescencs by ASTM B453-08a,

Flash Fointis measured in 3 small scale closed-cup apparatus by
0 3828-07a. Smoke Point s measured by D 1382 ~ 87 {Reapproved
20021, Clowd Polnt is measured by ABTM D 877307, Fresze Pointls
messured by AETM D 5873-058. Kinematic viscosity st -20°C Is measured by
ASTR D 4458-08. The Nat Heat of Combustion is satimated by
ASTM [ 333808, and reporied in both Bludb and Mikg.

3
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Different mathods ars uzed for caltilaiing oclans numbers of fuels or
fuel bland components. The Motor-Method Octans Number (MONY i
detsrmined using ASTM D 270007k, The Research-Msthod Qotang Numbsy
{RON) 18 determined using ASTM D 2680-07a. MON and RON both amploy
the standard Cooperative Fusl Research (CFR}Y knock-tost enging,
Additionally, the RON may be calculsted [RON (GC) from gas
chromatography bolling range distribution data. The RON {GC) ealeulation is
desoribad iy the publication, Anderson, PO, Sharkey, M., and Waish, R P,
Slournad institule of Petrolewny”, B8 (580), 83 {(1873)

The Ushuilated Cetane Index is oaloulated according to
ASTM D 473704,

The vol% of the differsnt carbon numbsrs (G110, T, 17+, Q27+,
CA3+, and CH5+) in the hydrocarbons (s determined from the
ASTHM D 2887-08a and ABTM D 6352-04 boliing pointe (BimDist), using the
following shart of the bolling points of paraffing with different carbon numbers.,
it the context of this disclosure the vol% of C10+, for sxample, is the vol% of
the hydrocarbon product that boils above C8 parafiin, or above 304°F
(IE1°CL The vol% of CHix, for sxample, i the wi% of the hydrocarbon
product that bolls above Q10 paraffin, or shove 35 F {(174°CL The volums
of U85+, for example, is the vol¥% of the hydrosarbon produst that bolls abowe
(84 paraflin, or above 1088°F (H82°CL
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Carbaorn Batliing Point, | Boiling Point,
Nugnbear “F "G

G 304 181
1 348 174
Y a8a 188
C18 548 /7
C17 578 303
C28 774 413
G3F 781 422
42 Q93 534
<43 1003 83¢
84 1088 §83
085 1105 R3S

The extent of branching and branching position can be deterined by
NMR Branching Analysis,

& NMR BRANCHING ANALYSIS
The NMR branching propsriies of the samples were oblained on 8

SO0 MHz Bruker AVANCE spacirometlsr operating at 500,118 MMz and using
10% solutions in CDCL. AY spectra wers obiained under quantitative

10 conditions using 80 degree pulse (5.8 us), recycle delay of 4 second snd 128
scang to ensure good signalto-nolse ratios. TMSE was used as an internal
referanca. The hydrogen atom types were defined scoording to the following
chamical shift regions:
0.5-1.0 ppm parafiinie Oy methyl hvdroger

16 LO-14 ppm paraffinic OHp methylens hydrogen
1421 ppm parafiinic CH mathine hydrogen
2040 ppm hwdrogen at oeposition to aromatic ring or olefinis carbon
4 0-8.0 ppm hydrogen on alefinic carbon stoms
§.0-0.0 ppmt hydrogen on aromatic rings

20
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Tha NME Branching Index is calculated as the ratic in parosnt of non-
benzyiic methyt hydrogen in the range of 0.5 1o 1.0 pom chamical shift, to the
total non-benzylic aliphatic hydrogen in the range of .5 10 3.1 ppm chemioal
shift.

The GH; to OHp hydrogen ratio s definad as the ratio in percent of
nan-benzyiic mathy! hydrogen i the range of 0.5 o 1.0 ppm chamical shift, to
non-benayviic methyviens hydrogen i the rangs 1.0 1o 1.4 ppm chamical shift,

Thea percent aromatin profon is defined as the percant sromatio
hydrogen in the range 8.0 to 8.0 ppm chemical shiff among all the protons in
the range 1.5t 8.0 pom chamical shift,

Tha methad for determining the wi olsfing is desoribad in US Patent
Fubdication No. USI0080237344, fully incorporated harein, The mathod for
determining the with olefins s by 'H NMR. The wi% olefins by 'H NMR
procedure works bast whan the parcent olefins result is low, less than abowt
15 wils.

The with olefins by 'H NME is determined by the following steps, AD

A, Prepare a solution of §.10% of the test hydronarbon i
destacochkwoiomm.

B, Acguire a normal proton spactrum of at least 13 ppm spactrs! witdth
and accurately reference the chemical shift {ppm) to
telramethyisiiane {THMS) When a 30° pulss is applied, the
mstrument must have g minimum signal digitizstion dynamic range
of 85,000, Frefarably the dynamio range will be 360,000 or mare.

. Measure the inlsgral inlensities bebween:
8045 ppm {olefin
$.2-1.8 porn {aliviig)
1.8-00.8 ppm {saturate)

£ Using the moleculsr weight of the lost substance % olefin in the
sample was oaloulated.

Frogesses for Froduging Middle Distillate

In a first embodiment, there is provided a procass for produsing a
mickdle distiliate comprising reacting s refinery sirsam oontaining isobutane
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with & process strearm containing butsne under aliivistion conditions, wherain
the mobutane and butene are alkylated o produce an alkylate progust in the
presancs of & chivrosiuminate lonie fiquid catalyst. The fonic Bquid catalyst
can somprive an alky! substifuted pyridinkem chiorcaluminats o an alkyl

substituled imidasolium chioroaluminate of the general formulas & and B,

respectively.
R P
3:;5"%{ gg}gw E\g” / §3§>
e
.
)R
A B

In the formudas A and B, R s H, methyl, athyl, propyl, buby, penty or
hexyt group, R'=H, methyl, ettyl, propyl, bulyl, pentyl or hexylgroup, Xis a
shinroaduminate, and Ry and Ry are H, mathyl, ethvl, propyl, butyl, pentyl ar
hexyl group. The onic lguid catalyst may also comprise a dedvative of efther
of the structures & or B In which one o mure of the hydrogens attached
directly 1o carban in the ring hag bean replaced by an alkyl group. Inthe
forrnudas & and B R, R, By and Ry may of may not be the same.
Atermatively the konic iguid catalyst is g chiorcaluminats lons liquid having
the ganaral formula RRR N H ALCE, whersin RR and K are alkyl groups
containing 1t 12 carbons. i this embodiment the mathod also comprises
separating out the middie distiiate from the allylate product, whearein the
separated middie distillate fraction Is from 20 wi% o higher of the total
atkyiate product,

it 3 zacond ambodimant, thers Is provided a process for producing &
mididie distillate or middie distillate blending component, comprising
comtacting a fead i an lonie liquid alkylation zone, at alkyiation conditions,
and recovaring an effiuent comprising an alkylatied product with defined
carbon numbey distribdion. Iy this embodirnent, the feed comprises an
olefin, an isoparafiin, and less than § with oligomerized olefin. The lonic
Hoquid atylation zone has an acidic haloaluminate fonic liguid., The alkvlated

product has greater than 30 vol% 10+ and less than 1 vol% C88+. In somse
a

w §ow
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smbodiments the alkvisted product has graater than 30 volls O, for
example greatar thary 40 vol% or graster than 58 vol% 11+, The olefin can
have from 2 10 7 carbon atoms, or five carbons or less. in sams
armbuadiments thera can be no oligomernizad olefin in the feed. Saparsting can
be done by any number of processas well known in the ard, and In one
arnbodiment may be distillation, such a8 vaouum or slmospheric distillation,
Oina method of separation is frgctiona! distiliation using Hactionation columns.
The fractionation oolumns may be ordered in any number of different ways to
producs desired boiling ranges. The desired bolling ranges are adjusted {o
sulf the reguirements of different end uses.

i & thirg embodiment, thers i provided g process for producing 8
middie distilate or middle distillale blending component, somprising the slaps
of providing 8 fead, miking the {cad with an isoparaflin fo make 8 mbed feed,
alvylating the mixed fsed In an fonic hauid slkylation zong, and separating the
midddie distiliate or the middis distiflate blending componant from the atkylsted
product. The feed used is one produced in 8 FC cracker comprising olefing.
The middle distiliate or the middie distiliate banding component has greatey
than 30 volS G104, loss than 1 vol%h G588+, and 8 oloud point less than -
80°0. i some embodiments the stkviatad product has greater than 38 vol%
L1+, for example greater than 40 vol oo graster than 80 vol% O+,

The alkyiation conditions are sadected to provids the desired produnt
yiglds and quality, The alkylation resclion is generally carried out in a liquid
hydrocarbon phass, it a batch system, a semi-bateh system, or 8 continuous
system. Catalyst volume i the alloplation reactaris in the rangs of Twol% o
8¢ volls, for sxample from 2 vol¥h to 70 vol¥, from 3 wol% to B0 vol%, or from
Svol% to 28 vol¥s, In some embodimants, vigorous miking can be ussd o
provide good contact batween the reactants and the catalyst. The alkylation
regction temperaturs can be i the range from 40°C {0 150°C, sunh gs -20°C
0 100, o Y1570 1o BO°C. The pressure can be in the rangs from
atmospheric prassurs 1o 8000 kPa. In one smbodiment the pressure is kept
sufficient 1o keap the reactants in tha hguid phasa, The residence time of
reactants in the resdtor ¢an be in the range of & second o 360 hours.
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Examples of residence times that can be used include 0.5 min to 120 min,
T i 130 min, 1 min fo 80 miny, and 2 rain o 30 min
i ong embodiment, the separated middie distillate fraction is not the
entirg fraction. Heanbe g range from 20 10 80w, 28 Lo BO wi%h, 0 o
& 50 wilh, 28 10 50 wite, 20 1o 40 wi%, or 39 to 40 wi% of the totel alkyviate
product,
iy ane embodiment, the isobulane straam s from o refinery, from g
Fiacher-Tropsch proness, of & a mbdure thereol, Substantial quantitics of
mobutans and normal bulans are produced i refinery hydroconversion
18 processes, for exampls hydrocracking and catalytio reforming. The
mobutane stream may be fractionated from the producis of the refinery
hydroconversion processes, of it may be oblained al lsastin part by
isomarization of norms! bulane,
in one embodiment, as deseribad & UBHE7H8035 and USRT43882, the
16 sobulane stream is oblained from 8 FischerTropsch procuss by subjecting 8
Fischer-Tropsch detived hydrocarbon fraction to hydrotreating, hydrooracking,
hydrodewaxing, or combinations thaereal; and recovering a fraction containing
at least abowt 30 wi% iscbulane.
i one embodiment, the process stream santaining bulene is rom s
S refingry, from & Fischer-Tropsch process, or s & midure thereof. It another
embodiment the procsss stream contalning buteng is o least partisliv a
separated fraction from orude ofl. The process stream containing butane can
be oblained from the cracking of long chain hydrocarbons, Cracking may be
dons by any known process, including steam sracking, thermal eracking, or
25 catalvtic oracking of lung chain hydrocarbons. In ong smbodiment the
process stream containing butens is from a FC cracker,
inanather smbadimeant the process strsam containing bulene s from a
Fischer-Tropsch process. The process straam may comprise a Fischar
Tropach tall gas or & separated stream from fail gas.  Some Fischer-Tropsch
30 provesses, such as those teught iy EFOI 1887241, are known o produce
pradominantly C2-08 olefing.
v ong embodiment the amount of the bulene fraction in the proosss

straam may be norsased by dimarizing the ethylens in a Fischer-Tropsch or

e S
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petroleum derived hydrocarbon, Processes for doing this are desoribed, for
axampla, i USHESQ4G0T.

i ancther embodimand, the procsss stream containing butens is made
by traating & hydrocarbon siream comprising G3-04 olefineg and alkanol with g
dehydrationfisomerization catalyst which ponverts the alkanols to olefing and
isomerizey the G4 olefin. Exarniples of procssses o do this are faught in
USSTOROAS angt USHTA3882.

The modar ratio of isoparaffin to olefin during the procssses of this
rnvertion can vary over a broad rangs. Generglly the molarraticis in the
range of from 8.8 {o 10001, For exampls, in difterent embadiments the
molar ratio of scparafin e clefinis rom D1 601, {1l WO, LRl b
S0, Lower isoparafiin {o olefin moler ratios will tend o producs a higher
yiald of higher molecular weight alkvlate products.

in ane embodimant, the middis distiilate or the middls distiliate
blending component thal is separated md iy the procsss is comprised of 8
fight fraction with boiling points i the jet fuel bolling range. Additionaliy &
hoawy fraction with bolling points ahove the el fust holling rangs may also be
separatsd, Under some condifions the kght fraction with boiling points in the
jet fued boiling rangs meats the boiling point, fash point, smoke point, hoat of
combustion, snd fresze point requiraments for Jet A1 fusl

I one embodiment, the ight fraction with boiling points in the jet fusl
botling range has & NMR branching index greater than 80, grealer than 85,
greater than 70, greater than 72, or sven greater than 73, The NMR
branching index is gensrally loas than 80,

Tha fevel and type of branching i the middie distillste can be selecied
o give improved properties, The levsl of branching and CHy/OH; hydrogen
ratic can be controlisd by adjusting ths lewal of the halide containing addifive.

in some embodiments, 8 high branching indsy raises the flash point of the
micidie dintiligte. In other ambodimants, 8 high CHYCH, hydrogen matio
fowvmers the froezs point of the middie distiliats.

In one embodinmant, the separating step in the progess additionally
produces a low volatiity gascline Menging componant, Under certain

conditions the wy volatility gascling blending componant has 8 RVP less than
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2.3 pet {152 kPa) or less than the amount definsd by the squation RVR = .
{3,035 ¢ (50 volis botling point, “Cy+ 5.8, in pal. The chart of this equation is
shown in Figure 1. To comvart psl to kPa, mulliply the result by 8.8058

tonic Houid slkylation producss an atkylate product having 2 o level of
olefing, aven without any further optional hydroprosessing. Inone
ambodiment, the alkylate product, or separatad fraction thereof, has less than
S with clefing. The levad of olefing may be aven less, such o% loss than 3
wi%, loss than 3 wi% olefing, less than 1 with olefing, or sasentially none,

fortie Hqguid alkylation produces 3 high vield of alkylate product based
ot the amount of olefin in the feed o the wonic liguid alkyiation reactar. For
sxample, in one smbodiment the yisld of alkyialed product excesds the
amount of olefin supplied o the ionio oguid reactor by 3t least 30 W%, In
other embodiments the vigld of alkviate oan be al least two imes on g weight
basie of the amount of olefiy supplied o the nie Higuid renctor. In differsnt
embodiments, the amount of olefin suppliad to the lonic liquid reactor can be
the amound of olefin in the process stream coniaining butens, the amount of
Slsfin in the fead supphiad 1o the jonic liquid allkylation zons, the amount of
olefiny in the hydrocarbon steam reacied by the lonic liquid catalyst, the
amount of olefin in the fead produced in a FC reactor, or the amount of olafin
in & mixed fead supplied 1o the nie liguid alkyiation 2ons.

HONIC LIGUHD CATALYSY

The onic Houid catalyst is composed of 3t least wo componants which
form a complex. To be sffsctve al alkyiation the jonle Bquid catalyst is acidio.
The acidic onie Hould catalyst comprives g first component and & second
component. The first component of the calalyst will typleally comprise a Lewis
Agidic compound selected from componenis such as Lewis Acidic
compounds of Group 13 metals, ncluding sluminum halides, alkyl aluminum
habde, geliitm halide, and alkyl gallit halide (ses Intemationsd Undon of
Fure and Applied Chemislry GURALG), varsiond, Oclober 2008, for Group 13
matads of the periodio table). Gther Lewis Acidiv compounds besides those of

Group 13 metals may also be ussd. in one embodiment the first componant is

L
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stuminun halide or alkd alurminum helide. For soample, aluminum tohionids
may De used as the first component for praparing the lonie fiquid catalyst.
The second component making up the lonie quid catalyst is an

organic salt or mikture of salts. These salts may be characisrized by the

boronium, wdontum, or sudfonium cation and &~ is 8 negatively charged jon
such as O, Br-, ClQq, NOg, BF,, BCL, PRy, ShFy, AlCL™, ArFy™, TaFy,
Cully , FelQly", SOUF, BO:Gy, and S-sulfurtrioxyphanyl. Inone
gmbadiment the sscond component is selecied from those having quatemary
ammaoaniumn halides containing ong o more slid moleties having from abou 1
to about 8 carbon atoms, such as, for example, rimethylamine hydroehioride,
methyitibubdammaonium, T-butylpyridinium, o hydrocarbyl substituted
imidazolivnm halides, such 33 for example, Tethyl-3-methybimidasolium
chigrida.  In one smbodiment the lonic bgurd catalyvst is 3 chicrogluminate
jonde Hauid having the general forrmula RRTRY N H ALRCH, whersin BRR and
R are alyt groups containing 1t 12 carbong.  In one smbodiment the jonis
fguid catalyst is an acidic halosluminals lonig liguid, such as an alkyl
substituted pyridinium chioroaluminals or an aliyd substituted Imidazolium
chioroaluminate of the general foymula A and B, as disoussed praviously,
The presence of the fist componsnt should give the ionie iquid 8
Lewis or Franidin acidic character. Generally, the greater the mole ratio of the
first component tu the second component, the grealer the acidity of the lonie

ouid mikdure.

HALIDE CONTAINING ADDITIVE

in ong embodimentd, & halide containing additive is present during the
reacting.  The halide sontaining additive can be sslectad, and presant at a
teved, o provide invreased yield of the middis distillate. In this embodiment,
the reacting s performed with a halide conlaining additive in addition {o the
renie Houid catalyst. The halide confaining sdditive can boost the ovsrall
acidity and change the seleciivity of the onie liguid-based catelyst Examples
of halide containing additives arg hydrogen halide, metal halide, and

cambinations thereol. i1 one embodiment, the halide containing additive may

43 .
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be w Bronsted acid. Examples of Bronsted acids ave hydroohioris acld (HCH,
hydrotworic acid (HEBD, and tifluoromethanesulionic ackd. The use of halids
confaining addifives with onic liquid catalvsis & distlosed in U8, Published
Fatert Application Nos. 2003/0080358 and 20040077814 In one
embodiment the halide containing addifive is 8 flugrinated alkane sulphanic

ackd having the gengral formuly;

whergin R = QL Br, L H, an alkyl or perfiuoro alkyl group, and R = H, alky,
aryl or & perfiusroe alkoxy group,

Examples of melal halides that may be ussed are NaCl, LIGL KCY
Bell, Cally, Bally, Srll, Mglly, PFhllh, Cull, Il and AgQl, as described
by Roebuck and BEvering (Ind. Eng. Chem. Prod. Res. Devslop., Vol 8, 77,
TG In ong embodiment, the halide containing addifive comtaing one or
more (VB metal compounds, such as SrCly, &rBrg, TGk, TiCL, TiBry, TiBrs,
HICL, or MiBry, as described by Hirschauer st sl mUS. Pat. No. 8 038,024,

in ane embodiment, the halide containing additive is present during the
rsgoting step 8t 8 lovel that provides increased yield of the middis dintillate.
Adjusting the levs! of the halide containing additive level can changs the
selectivity of the alkylation reaction. For example, when the level of the halide
sontaining additive, e.g., hydrochiono aold, is adiusted lower, the selectivity of
the alkylation reaction shifts towards producing hesvier products, Inone
ambodiment, the sdjustiment in the level of the halide conlaining additive to
produss heavier products doss not imparr the concurrent production of low
volatility gasoling blending componant. The effents of icreasing the molw
ratio of olefin to HC in the Tead to the ionic liquid reactor (adiusting the level
of the hydrochione acid lower) on the vield of C10+ products in the alkyiate
praducad i demonstrated i FIG. 2

in one ambodimant the halide confaining addifive s unsupported.

i ong embodiment the separaled, or recoverad, middie distillale
fraction has greator than 30 vol% C10+. The middle distillate can have sven
nigher lvels of ©10%, such as greater than 38 vol%, greatss than 40 or

- ¥
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S0 vol¥%, of even greater than 80 val¥%. The lpvels of vary haavy C43+ or
58+ gre imited, In ang embodiment the level of U885+ in the separated, or
recoverad, middis distillate fraction has foss than 1 voldh O85+, such as less
thar 0.5 or vl 88+ In one embodiment the fevel of C43+ in the
sparated, or regoverad, middis distillate fraclion hias loss than §vold% 043+,

m

sunh as logs than 1 wol%, less than 0.5 vol¥h, or Gvol%

in one smbadiment the separated mididie distilate or middiz distiliale
blending component meels the bolling poind, flash point, smoke point, heat of
combustion, and frecze pobid reguirements forJet A1 fusl,

The wi% oligomerizaed olefin in the fesd is low, generally loss than
10 wi% or & with, The wi% cligomerized olafin in the feed can be ess than
4 c3with et or 1w, In one ambodiment there is no oligomarized
olefin in he fead,

Procssses for Producing A Low Volatilty Gasoling Blending Conpaneant and
a Middle Distillals
The processas desorbed above can also be used for producing both a

gasoling blending component and a middle distiliale. in 3 first and second
ambodiment of & process to produce a gasdline blanding component and &
middie distifiaty, the process comprises the steps of reacting and separating.
in the first embodimant, the reacting step comprizes: reacting an
sebutane stream with g procass stream containing butene undsy alkvlation
conditions whearain the isobulane and bulene are alkyiatsd {0 produce an
alyiate product in the pressnes of 8 chiorpaluminats jonie Hguid catglyst
The chlomatluminate jonio Hguid calalyst comprises an alinyd substifuled
pyridiviurn chiorogluminals or an atkyl substituted imidazolium
chiorealuminate of the general formulas A and B, as desoribed previously,
iy the sscond embodiment, the reacting step comprises: reacting s
tydracarbon stream comprising &t least one olefin having from 2 1o § carbon

N

atoms and al lsast one paraffin having from 4 {0 8 carbon atoms, with an onic
iqud catalyst and 2 hatide containing addiive. The reacting is done such

that the at least one olefin and the af lbast one paraffin are alkyisted tn

id e
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praduce 8 road boiling alkylate. The procsss produces a low volatility
gasaiine Mending component,

iy the first embodiment, the separating step separates out the middis
distiflate from the alkyigte produdt, wherain the separated middle distiliale
fraction s from 20 wit o higher of the {olad alkyiste product, and wheretn the
separsied gasuling bending componant has 3 RON of §1 or higher.

in the second sambodimant, the separaing step saparsies the brosd
bodling atkylate into at lsast the ow volatifity gasoline blending componeant and
al lsast the fusl suttable Tor use as a it fuel or jol fus! blanding component.
The fusl suitable for use as & jet fusl or jet fus! blending component has a
boling range hebween ZB0F to G7EF (138°C & 300°0), o flash poind greater
than 48°C, and a cloud point lssy than -50°C,

in & third smbodiment, there is provided a procass for producing a
gascling blanding componant and a middis Jdistillate, comprising the steps of
adiusting a level of a halide containing additive i an alkylation reacior and
renqyvering the gasoline blending component and the middle distifisle from the
alvyigte product produced in the reactor. The slicdlation reactor s anlande
Hguid alylation reactor. Adjusting the level of the halide containing addithvs
provided o the lonic Boguid slkylation reactor shifts the seleclivity towsards
heavier progunts i the allyiate product

The hydrocarbon stream feed 1o any of these prooessas can goms
from & crude olf, 8 refinery, a Fischer-Tropsch process; of # can be a blend
thereof. In one smbodiment, the hydrosarbon stream s a blend of two
streams, ons stream camprising at least ong olefin and the second sirsam
comprising of east one boparafiing

The process is not imited 1o any spacific hydrocarbon stisam and is

generaily applicable o the akyiation of G408 soparafiing with C2-08 olefing
fromt any sowrse ard i any combination. In ons embaodimend, the
hydrosarbon siream comprises af lnast one olefin from a FC wacker. In
another embodiment, the hydrocarbon stream comprrines Fischer-Tropach
derived olefing

iy one embodiment the lonie iquid catalyst i unsupportad.
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I one embodiment the process makes 3 low volatiity gasoline
anding component having 8 RYP less than 3.3 (152 kPa), or even less than
an amount defined by the equstion: RVP = -0.0358 « (50 vol% bolling point,
08B, rpsi In another embaodiment the separating step provides two or
morg fow volatility gassiineg blending components.

iy one embodiment, the middie distilate produced by the pronsss has
a high fash point, generally greater than 4070, but i can be grester than
457G, greater than S0°C, greater than 55°C, or graatsy than 58°C.

frr one embodimeant, the middie distillate produced by the process has
3 jow cloud point, generally less than -50°C or B5°C, but i can be less than
SSRPC, less than B0, or less than -83°C. Additionally, the middile distillate
can have & low freese point, such 8% loss than -B°C, less than 8570, less
than ~88°C, legs than -B0°C, or less than -83°C.

fr1 one embodimeant, as described earlian, the middie distiliate produced
by the pracess can have g NMR branching index greater than 80,

Processas {or Produging g el Fual

Additionally, there are provided provesses for produsing a jet fuel. The
processes usa the sams leachings as described sariler harein. The
procasses include the slaps of performing an akyistion and recovering the jat
fuel,
in the frst embodiment, the process comprises reacling an isobutans stream
with a process straqm containing butens under stkylation conditions. The
mobutansg and butens are alkviated to produce an alicviate product inthe
presenee of 3 chiomatuminates lonio louid catalyst. The chiorcaluminale
onie quid vatalyst comprnses an alkyl substitided pyridinium chioroaiuminate
or an alky! substituted imidazolium chivrorgluminats of the generas! formulas A
and B, respactively.
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in the tormudas & and B, R s N, miethyt, sthyl, propyd, bubdd, pentd or hexy
group, Ri=H, meathyl, sthyl, propyl, bubd, pentyl or bexyl group, Xis a
ohioroaluminate, and Ry and R; are H, methyl, athyl, propyl, butyl, pentyl or
hexyl group. The jonix iquid catalyst may siso comprise a dorivative of sither
of the structuras A or B In which one of more of the hydrogens atiached
directly to oarbon in the ting has been replaced by an alkyl group. In the
formidas A and B: R, R, Ry and Ry may or may not be the same. The jei fusl
is separated out from the allkylate product. The jet fusl mests the bailing
point, fiash point, smoks point, heat of combustion, and fresze poind
reguiremsanis for Jet &-1 fusl

fri the secord embodiment, the provsss for producing  jet fusd
comprises performing an sliivlation of an olefin and an oparaffin with an
unsupported catalys! systers comprising an fonie iguid catalyst and 8 halide
cortaining additive o make an alkylate product,. The jel fuel is recovered
from the akyisle product. The jet fus! mestx the balling point, Bash point,
smoke point, heat of combustion, and freeze point reguirements for Jet A-1
fuasd,

in the third embodimant, the process for producing 3 el fus! comprises
selediing a feed produced in a FO oracker comprising olefing. The fead i
mixed with isoparaflin o make a mbed fsed. The mixed feed s alkvinted in
a3n fonio liquid alkyistion sone, at alikylation conditions, o form an alkylated
praduct. The jet fusl is separated from the akylated product. The jst fusl
mests the bolling point, flash point, smoke point, heal of combustion, and
freaze point requiraments for Jet A1 fusl

in one ambadiment the jel fusl s greater than 8 wi% of the total
alkyiate produet. Examples include from 10 o 80 wi%, rom 10 {0 25 wi%,

grester than 15 with, and from 15 to 50 wite.
- 17 -
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ir some embodiments the jet fusl may have other desired properties,
for gxample, 8 catang index greater than 4&, 50, or §5§; a heat of sombustion
greater than 43, 45, or 47 MIKy,; o freezs point less than 4770, B50°C, or
SO 8 clowd point less thar 4700, -B0°C, or B¢ a sulfur lovel of loss
§  than 10, § or 1 ppm {or essentially nong); & flash point greatsr than 40°0,
S°C, or §8°C; and a sivioke point graater than 28, 340, or 35 mm,

A Lomposition of Middle Diatillate

Additinnally, thers are provided compositions of middle distifiste. The

1 compositions uss the same teachings as described satlier hergin,. The

middle distifiate comprises hwdrocarbons having 8 bolling range betweasn

150°C and 380°C, 8 NMRE branching indsy grester than 80, and s CHY/CH;

ratio greater than 2.6, In one embodimant the hydrocarbons have 8 sulfur

content of less than 5 wppm, less than 3 wppm, less than 1 wopm, o

16 essantially no sulfur In ons embodiment the hydrocarbons have & wi%

sromaic profons lesa than 1.0, loss than 0.5, less than 0.3, lsss than 0.1, less

than .08, loss than 0.0, or sssentially no sromatic protons.  Low gromatio
protons helps improve smoke poind, flash poind, and net heat of combustion.

In one embodiment the bhoiling range of the hydrocarbons is bebveen

S0 TESC and 300°C, By anoiher smbodiment the bolling range of the

hydracarbons i between 200°0 and 3007°C. Roiling ranges oan be selecled

for multiple differant snd uses by adiusting the method of separation.

Examples of sutlabls end usas for the hydrocarbons are ag componsnis in

indusinial solvents, diling fluids, melalworking flulds (e.g. aluminum rollsr

25 milling), solvenis in printing ink and pant, cleaning fluids, solvents in polymer
resinw, combustion fusls for pordable stoves, sobvents in fragrance and
cosmatios, and solvenis for agricultural products, For sxample, 8 uniqus
destred bolling range for driling fluids & between 235°C and 30070,

As disolosed previously, whare the middie distillale & an aslilsts

30 hydrocarbon product mads by the processes disclosed herein, the level of

olefin will be very low, generally less than § wi%, or less than 3 wiSh, or less

than 2 wits, or lass than T wtl, or essentially nons.

~ 38 -
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in other embodiments the NMR branching index ig grogler than 88,
greater than 70, o gragter than 720 The hydrocarbons have a ow fresse
point, gengrally less than -20°C, bul it some embodimenty can be much
fower, such ax lass than 45°C, less than 5070, less than 5570, less than
SB8°G, losy than 8D°0, or less than -83°C.

in some embandiments, the hydrocarbons have a high net heat of
combustion.  The nst heat of sombustion ¢an be greater than 30 MUKy,
greater than 40 MIKg, greater than 43 MUKy, greater than 45 MKy, or
graater than 47 MUKg.

in some embodiments the hydrocarbons have g high smoke paind,
such as greater than 18 mun, greatsy than 30 mim, or grsater than 40 .
The smaks point is generally bes than 80 mm.

in some embodimeants the hydrocarbons have g high flash point, such
as grealer than 30°0, greater than 40°C, greater than 30°C, or graster than
BSC. The flash paint in generally less than 80°C.

The hydrocgrhons can mest the bolling poind, fash point, smoks point,
heat of combustion, and freazs point requirements for Jet &1 fusl.

in one smbadiment, the higher the OHy/CHy hydrogen ratio the lower
the freeze point of the hydrossrhons,  In genersl the hydrocarbons have &
CHRCH, ratio greater than 2.8, In other sxamples, they wan have a matio
graater than 3.0 or yrester than 3.8

In ane embodiment the middie distiliate is made by atkyialing an plefin
and an lsoparaffin with an unsupportsd jonke liquid catalyst and a8 halide
containing addifive.  In some embodiments the onie Higuid catalyst doss nut
cordan any sulfur, The ionie Bguid oatslysty desaribed previously are thoss
that may bs ussd

in another ambodiment, the middle distiliste & made by alkylating an
sopgcailin with an olefin under alitlalion conditiong over an unsugported
forie Hguid calalyst and providing an amount of halids containing additive to
the alkylating step o achisve the NMR branching wdex and the CHYCHy
hydragan ratio.  iIn this embodiment, for example, the middie distiliate can
comprise hydrocarbons having & % aromalic protons less than 0.5, a sulfur
pontant less than § wppm, or lees than 3 wi% olefing. The amount of the

- 48 .
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halide containing saditive provided during the aikvlaling step provides » molar
ratic of plefin o HOH froam SO0 fo 15001, from 8001 to 12001, or from 7001 o
12000

For the purpesss of this specification and appendad claims, unlsss
otherwise indicated, all numbers axpressing quantiting, perosntages oy
proportions, and othey nlanernics! values used in the specification and claims,
ars by be undersinad as being modifiad in all instances by the orm "about”
Furthermaee, all ranges disclosed hersin g inglusive of the endpoints and
gra independantly combinable. Whanever g numerinal rangs with a lowey
firrdt and an upper imit are dischwsed, sny number falling within the range
also specifically disslosad,

Ary term, abbraviation or shorthand not defined s understood to havs
the ordinary mesning usad by a parson skilled in the st at the ims the
application is filad, The singudar forms “8," “an,” and "the,” include plurad
referances unlsss expressly and unequivosaily imited o ong ipstanoe.

All of the publivations, patenis and patent applications ciled in this
application are harein ncorporated by refarence i thelr entirety to the same
axtant gs {f the disglosurs of sach individual publication, patent application or
paterd was spacifically ang indivitually indicasted {0 ba ngorporated by
referance in its antiraty,

This written desariplion uses sxampdes o disclose the nvantion,
includding the best mode, and also 1o enable any parson skilled in the ad o
make and use the invention. Many modifications of the exemplary
smbodiments of the vention disclosed gbhove will readily ccowr to thoss
skilled in the art. Accordingly, the invention s fo be construsd as inpluding all

sfrusture and mathods that fall within the soope of the appended olalms.

EXAMPLES
Txample 1

Alxylate was prepared in a 100 md iaboratory continucusly stirred {1800
RPM) resctor operating al 10°C and 150 psig {1034 KPa), The alkyiate was

accumudated from several alkylation runs in this resctor setup. The feedstock

I3 I
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for the alkylation was mixed C4 olsfing {bidene) from an FQ cracksy

containing 40-50% olefing and the balance being isobutans and n-butane

{feod flow @ 2 mifming, and refingry isobitans containing 80% or more of

sobitans {feed How @ B mifmin.).  The molar ratic of soparafiin o olefin

was i the rangs of about 1001, None of the feed to the alkylation reactor was

aligomerized olefins, Nebutyipyridindum chioraluminate {OgHNTMHALCE)

ionic Hguid doped with hydroohdorio acld was ussd a8 catalystand added in g

sontinucus stream (o the alikylation reactor st & volumstiic flow of 0.8 mifmin,

The onic liguid and the hydrochlonio acid wearg unsupported. The bvel of

hydrochione acid was saiscled, and adjusied cver time, o provide 8 good

yield of middie distillale, without adversedy effecting the qusiity of the Hghler

bailing slkylate product. The alkylste from the reactor efffuant was separated

from unconvearted butanes by Sash-distiliation and the alkylate was separated

from the tonie Hogudd by phase saparation.

8408 g of the aooumulated alkylate efffuent from the aliivlalion reactor

was oul into 4 fractions by almospheric disBllation. The vields oblalhed and

thal properties arg shown below in Tabls 1.

Table 1

AR

Fraction 1

Frachion 2

Fraction 2

Fragtion 4

Utility Light “Heavy JetFuel | Heavy Dicseld
Naphtha MNaphtha Heating Qi

Yisld, g 47838 1186.8 1357 1054
Yield, mi at B840 16235 17 1272
SO°F

Yiald, witth 56.8 141 18.8 RS
basad on
oombined

akyiate

prodicts

APl Gravity T2 2.1 52.8 383
Density, 80°F 0.6885 {3.7308 {3.768 4.8385%
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Frastion 1 Fraction 2 Fraction 3 Fraction 4
Simbist, °F
10 volt%h 132 248 353 520
20 vol% 198 251 380 B47
3¢ vol¥% 201 283 Kiaty 870
40 vol% 202 271 376 43
50 vol% 204 292 g 833
o0 volth 221 284 408 855
TO volt% 330 30¢ 431 B84
80 vl 224 327 448 738
Q0 vol% 238 338 47§ _05
FRP ($8.5) 264 368 R2E IS
Composition,
Vol% by GC
A >3 >38 >0
S <& »80 »88
L7 0 { & =70
LT+ 0 It 4 38
a3+ 2 { { <3
S85+ & g & &

Fraction 3 and Fraclion 4 are middle distiliates. After separating them

from the lolal alkylate, they amounted 1o 281 wi% of the otal alkylate

procguct. Both Fracton S and Fraction 4, separately or combingd togatheyr,

had greater than 88 vol% D10+, greater than B0 vol% O+, and less than 1

vole $43+ or 85+,

Example &

Fractions 1 and 2, desoribed above, were tosted by gas

chramatography for composition and octans nuwnbears, The resulis arg

summarized below, in Tahle 2.
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Igble s

WA

Composttion, W% by GC | Fraction | Fraclion
1 2
e 334 4.1
CB 4.30 0.02
o7 6.88 D42
8 F3.08 878
&8 1145 82.36
210 o 2.03 2144
CHis 2.4a7 877
RVP estimated fram GG, 248 040
it
RON (GG} 84.5 S8.0
RON 88.4 §8.4
HMON 83,1 88.3

Fraction 1 was pradominantly CF atkylale. Fraction 2 was mostly 08
alkylate, mikad with some $10 alkyigle.  Both Fraction 1 and Fraction 2 were
sutable tor gasoling blending. Frachion 1 was an axample of an espeuially
good gasolineg blend stock, with & low RVF and high RON.

Fractions 1 and 2 ware both low volatility gasoline blending
components. Thair RVF, caloulated by GC, wers both less than 3.8 psi {172
xFa;, argd also lnas than an amount defingd by the equation RVP = 0038 »
{50 vol% hoiling point, *CY+ 8.8, in psi.

Example 3
Fraction 3, desoribed above, was further charactrized and comparad

with & typical example of JET A1 jet fusl. Thess resulls are shown iy Table

3, hadow,

Fo3
Lz
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Anafyticad Test

Fraction 3

JET &1 Raguirements

€, wit

H, wi%

14.518

N, wi% <1
Low lpvel nifrpgen, wpom %7}
Sulfur, wppn <9 fhax 3000
Flash Poimt, *C 88 Min 38
 Smoke Paint, mm 43 Rin 18
- Clowd Pang, C <83
Fraezs Poim, °C <33 Max 47
Qensity, 80°F 0,768

Q7780840

Visoasity, -20°C, mmSis

Max 3.0

Net Haat of Combustion
BTUAL
MIKg

Min 438

Calculated Cetane Index

Simbigt, 0
183 vol%

3 volk

fax 208

30 vl 187
48 volts 181
B0 volsh 188 Report
B0 volth 208
TOvoits | I8
80 vol% 231
80 vl 248 Report
FRP 9.5 374 fay 300
NMR Branching Index 7347
Wit Qlefing

A maore detalled summarny of the proton NME analysis of Fraction 3 is

summarnzed below in Table 4.

7 I
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Table 4

Fraction 2
KNMR Anslysis (%
paraifinic CH3 hydrogens 73.32
paraiiinic CH2 hydrogens 16,41
paraifinic ON hydrogens 7.08
Mydrogens it saturated groups giphs to
argmatic or olefinie carbon Q.00
Olefinic Hydrogens 0.21
Arormatic Nydrogens Q.00
Sum ' 100.00
NMR Branching idex 7347
CHI/CHR Hydrogen Ratio | 378
% Aromatic Protons - 3.00

Fraction 3 had propsriies that are dasired in jaf fuel, and B would make
an sxoslient st fuel or blend stock Tor jst fusd production. Fraction 3 msd
excesded a number of desired JET A~ fus! spacifications, including sulfur
content, flash point, smoke paint, frosze point, heat of combustion, and
distitiation bodling paints. The density was 8 bit low and the Kinemstic
vistosity was & bit high, Both the viscosily and the densily could be brought
info the speoified range for JET A1 by addition of a second fus! blend stock
rioh i aromatios andéor naphthenes. The hagh smoke point would allow for
the addition of 2 significant amount of a second fuel bland stock with a high
aromalic content. The high heat of combustion measurad oy Fraction 3 was
signiticantly higher than that typically oblaingd on JET A1, and itwould
improve fuel effiviency i b were blended with a second fus! blend stouk. The
axcelant ow cloud point and low freeze point was related to the highey

branching.

¥
(91}
H
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Fraction 4 was not further characterized, byt ds properties indicated
that i was a high gusity middle distillate sutlable for use 85 @ heavy dissal

fuel, a blend stock for diess! fusd, or & haating oll.

Exampla &

Alkylate was prepared v g 100 mi laboratoy continuously stiyred (1800

HERM) reacior operating 8t 10°C and 1580 payg (1034 KPa). The fesdstock f
the alkyistion was mixed G4 olefins (butene} from an FU cracker containing
40-50% olefing gnd the balgnce being irobutgne and n-butans fsed flow @

¢4 miiming, and refinery isobulane containing 80% or mure of isobutane {fead
flow €0 8 mifminc}. The molar ratio of oparafiin fo olelin was in the rangs of
aboul 1. None of the fead to the alkylation raactor was oligomerized olefing,
N-butyipyridinium chioroatiminate (GaHsNCHaALTH) fonic Higuid doped with
hydrochione acid was used as cataiyst and added o the alkylation reaciar.
The onic iguid and the hydrochions asid wears unsuppontsd. The level of
hydrochionn sl was adjusted over time from 3 molar ratio of olefin to HGI
from 257t about 10511, The slkylate from the reactor sfflusnt was
saparatad from unconvaried butanes by feshodistillation and the alkylsle was
separated from the fonie liquid by phase separation. A plot of the molar ratio
of olefin to HGDvs, the GO analysis of the wile 10+ content in the alkyiats i
shown in Fligure £ A higher molar ratio of olefin fo HO in the feed o the
regctar gave & higher yvield of C10+ products iy the alkyiate product.
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A midddle distiilate, comprising hyydrocarbons having:

& @ hoiling rangs batwesn 180°C and 350°C;

L. & NMR branching index greater than 84 and

o, 3 GHYCHZ hydrogen ratio greatsr than 2.8,

The middls distiliate of claim 1, whereln the hydrogarbons have g sulfur
cortent of less than & wppm.

The middie distillate of claim 1, wherein the hydrocarbons have a wi%
arpmatic protons lees than 1.0

Thea muldie distillate of claim 1, whersn the hydrocarbons have a boiling
range between 178°0 and 3045°C.

The middie distillate of claimt 1, wherain the hydrocarbons have less than
3 witth ofefins.

The middls distillate of claim 1, wherein the hedrogarbons have g net hast
of pombustion greater than 43 MRy,

The middis distillate of claim 1, whareln the hydrosarbons meet the boiling
ool flash point, smoke point, hast of combustion, and fresre point
reguiremants for dat A-1 fusl

The middls distillate of claim 1, whaveln the CHICHR hydrogen ralic is
greater than 3.0

The middis distillate of claim 1, made by alkylating an olefin and an
ingparaffin with an unsupported onic Hguid oatalyst and & halide
soniaining additive,

10, A middis distillate, comprising hydrocarbons having 2 boiling range

R

bhebwsen 150°C and 38070, 3 NMR branching index gresterthan 80, and a

CHAOHZ hydrogen ratio graater than .8, made by & process comprising;

a. alkylating an hoparaffin with an olafin under sikylation condifions over
an unsupporisd oniv iguid catalvst and

b, providing an amount of halide confaining additive to the slkylating step
i gchieva the NMR branching index and the CHA/OHZ hydragen ratio.

The middis distillate of claim 10, whergin the hydrowarbong have awt %

aromatic pratons jess than 0.4
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1. Tha middis distillate of claim 10, wherain the hydooarbons have lesy
than 3 wi% olafins.

13, The middle distiiate of daim 10, wherein the amount of the halids
corfaining addifive provides a molar ratio of olefin o HOHrom 30t to
1%t

14, A finished product, comprising & middie distillate comprising

£t

hydrocarbons having:
B, & builing rangs betwesn 18070 and 380°C;
B, & NMR branching index greater than 80, and

10 oo 8 OHICH? hydrogen ratio greater than 2.8;
wharein the finished product is sslected from the group consisting of
ndusina solverd, drifing fluid, metalworking Huld, printing ink, paint,
cleaning fluild, polymer resin, combustion fusl kr portable stovas,
fragrance, cosrnatic, and agoicuitural product.

16 15 A finished produdt, comprising a middie distillste comprising hydrocarbons
having a buling rangs belwaen 150°0 and 3807°C, a NMH branching index
greater than 80, and a CHYUHZ hydrogen ratio graater than 8.8, wherein
the middle distiflals s made by 8 process comprising:

a. atkyiating an oparafinwith an olefin under siylation conditions over

G an unsupporied one guild catalyst; and
b, providing an samount of halide containing additive o the alloylating step

o achisve the NMR branching index and the CHI/OHZ hydrogen ratio;
wherein the finished product & selected from the group consisting of
industrial solvent, drilling fluld, melalworking fluld, printing ink, paint,

&5 cleaning fukd, polymer resin, combustion tust for portable stoves,

fragrance, coametie, and agriculiural produst,
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