A H GH ENERGY DI STI LLATE FUEL COMPOSI TI ON AND METHOD OF MAKI NG THE SAME

FI ELD OF THE | NVENTI ON The present invention relates to a high energy

di stil | atwof2amlo483mposi ti on and net hod of maki ng t he fueCTase@odst42DN.
BACKGROUND OF THE | NVENTI ON Heavy hydrocarbon streans, such as FCC Light
Cycle G ("LCO! Medi um le QI (" ' I il ("HCO'),
mave & rel ﬁl&%&Nmﬂmﬁ’im%m%@m@%@mﬁf@@&o o

upgr aded t hr ough hydr oconver si ¥AKINGIHESANEg catal ysts are wel | known in
the art. Conventional hydrotreating catal ysts conprise at |east one G oup
VIl netal conponent and/or ﬁngeéﬁtqﬁﬁ\I%éﬁzgﬁl B netal conponent
supported on a refractory o » p VII'l netal conponent may
ei ther be based on a non-noble nmetal, such as nickel (Ni) and/or cobalt
(Co), or nmay be based on a noble netal, such as platinum (Pt) and/or

pal | atff umlhpascsentinisption wlatet tala Mghpranendistiilae fusd eomnperdiéeo ctgpd

mol ybdenugy (ML %dfu'éféb%?o%ioﬁw' The nost conmmonly applied refractory

oxi de support nRterial s are I norgani ¢ oxi des such as silica, alum na and
silica-alumna and al um nosilicates, such as nodified zeolite Y. Exanples
of conventional hydrotreating cata t are N.M/ al um na, CoMd/ al um na,

Ni Wsilica-al unina, Pt / s BAGKGEDUN AOF b NN IO uni na, Pt/nodified
zeolite Y and PtPd/nodif ed zeolite Y. Hydrotreating catalysts are normally

used in processes wherein a hydrocarbon oil feed is contacted with hydrogen
t o r ettuceHictwy lpoho@ntongftreamemath es EoGPogtdsy,clsQil(kCO"), Medium Cycle

Oil (“MCO”), and Heavy Cycle Oil (“HCO”), have a relatively low value. Typically,

such hydrocarbon streams are upgraded through hydroconversion.

Hydrotreating catalysts are well known in the art. Conventional hydrotreating

20  catalysts comprise at least one Group VIII metal component and/or at least one Group
VIB metal component supported on a refractory oxide support. The Group VIII metal
component may either be based on a non-noble metal, such as nickel (Ni) and/or
cobalt (Co), or may be based on a noble metal, such as platinum (Pt) and/or palladium
(Pd). Group VIB metal components include those based on molybdenum (Mo) and

25  tungsten (W). The most commonly applied refractory oxide support materials are
inorganic oxides such as silica, alumina and silica-alumina and aluminosilicates, such
as modified zeolite Y. Examples of conventional hydrotreating catalyst are
NiMo/alumina, CoMo/alumina, NiW/silica-alumina, Pt/silica-alumina, PtPd/silica-
alumina, Pt/modified zeolite Y and PtPd/modified zeolite Y.

30
Hydrotreating catalysts are normally used in processes wherein a hydrocarbon oil
feed is contacted with hydrogen to reduce its content of aromatic compounds, sulfur
compounds, and/or nitrogen compounds. Typically, hydrotreating processes wherein
reduction of the aromatics content is the main purpose are referred to as

35  hydrogenation processes, while processes predominantly focusing on reducing sulfur
and/or nitrogen content are referred to as hydrodesulfurization and

hydrodenitrogenation, respectively.



conpounds, and/or nitrogen conpounds. Typically, hydrotreating processes
wherein reduction of the aromatics content is the main purpose are referred
to as hydwogerduszsm processes, while processes predonm naorius26000662T1g onN

r educi ng sul fur and/or nitrogen content are referred to as

hydro urizati.on and dro enitr nati on egti vel y e present
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hydrogen and in a“single stage reactor. T RELATED ART

Mar no, U. Snglatagntredstor. 4, 162, 961 di scl oses a cycle oil that is hydrogenated
under conditions such that the product of the hydrogenati on process can be
fractionated. Myers et al., U S. Patent No. 4,619, 759 discl oses the
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whi ch nol ybdenum and ni ckel have been added. Kirker et al., U S Patent No.
5,219,814 discloses a noderate pressure hydrocracking process in which
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contacted contains a catalyst which comprises alumina, cobalt, and molybdenum and

the second portion of the catalyst bed through which the feedstock is passed after
passing through the first portion contains a catalyst comprising alumina to which

20  molybdenum and nickel have been added.

Kirker et al., U.S. Patent No. 5,219,814 discloses a moderate pressure hydrocracking
process in which highly aromatic, substantially dealkylated feedstock is processed to
high octane gasoline and low sulfur distillate by hydrocracking over a catalyst,

25  preferably comprising ultrastable Y and Group VIII metal and a Group VI metal, in
which the amount of the Group VIII metal content is incorporated at specified

proportion into the framework aluminum content of the ultrastable Y component.

Kalnes, U.S. Patent NO. 7,005,057 discloses a catalytic hydrocracking process for the
30  production of ultra low sulfur diesel wherein a hydrocarbonaceous feedstock is
hydrocracked at elevated temperature and pressure to obtain conversion to diesel

boiling range hydrocarbons.

Barre et al., U.S. Patent No. 6,444,865 discloses a catalyst, which comprises from 0.1
35  to 15 wt% of noble metal selected from one or more of platinum, palladium, and
iridium, from 2 to 40 wt% of manganese and/or rhenium supported on an acidic

carrier, used in a precess wherein a hydrocarbon feedstock comprising aromatic

2



proportion into the framework al um num content of the ultrastable Y
conponent. Kal nes, U S. Patent NO 7,005,057 discloses a catalytic
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Kirker et al., U.S. Patent No. 4,968,402 discloses a one stage process for producing

high octane gasoline from a highly aromatic hydrocarbon feedstock.

20
Brown et al., U.S. Patent No. 5,520,799 discloses a process for upgrading distillate
feeds. Hydroprocessing catalyst is placed in a reaction zone, which is usually a fixed
bed reactor under reactive conditions and low aromatic diesel and jet fuel are
produced.

25

Connor, U.S. Published Patent Application No. 2005/0027148.

Barnes, U.S. Patent No., 3,367,860.

30 Hamner, U.S. Patent No. 4,875,992.

Tsao et al., U.S. Published Patent Application No. 2008/0249341.

Carl, U.S. Patent No. 3,222,274,

35
McLaughlin et al., U.S. Patent No. 2,964,393.



bed reactor under reactive conditions and | ow aromatic diesel and jet fuel
are produced. Connor, U.S. Published Patent Application No. 2005/0027148.
Bar nes, UvG.20foauea51t No., 3, 367,860. Hammer, U. S. Pat ent PNo/US4008/06149D2. Tsao
et al., US. Published Patent Application No. 2008/ 0249341. Carl, U.S.
Pat ent _ No , 222,274, Laughlin et al., U S Patent No. 2,964, 393. Shabt ai
et al U §h§11§%1teéﬁ Lilé M:o{,elit ,ésl%?’?é%M\AARY OF THE | NVENTION I n one
enbodi ment, the present invention is directed to a jet fuel conposition,
conprising: (a) an aromatics content of less than 22 vol % (b) a
cycl oparaffns content of a3UMMARYQFUHE INYVENIION nornal plus iso paraffin
content of less than 28 vol. % (d) a net heat of conbustion of at | east
128,000 Btu/gal; (e) a snoke point above 19 nm by ASTM D 1322; and (f) a
JFTOT t hern@de Shsdimbidtythe padsastigvdngiet iPdiradtddith tagét fREIedEIPoSitidhop of no nore
than 25 nm Hg, a breakpoint tenperature above 290 degrees C, and an overal
t ube Hepos¢mPiHegng | ess than 3 by ASTM D 3241 . |n one enbodi nent, the
present inventjQn i i : i f osition, conprising: (a) an
B omati cs-cont Bt oft PSP ELECopb e RgShuih R AR

(b) a cycloparaffins content of at least 72 vol. %;

() a normal plus iso paraffin content of less than 28 vol. %;
(d) a net heat of combustion of at least 128,000 Btu/gal;
15 () a smoke point above 19 mm by ASTM D 1322; and
() a JFTOT thermal stability characterized by a filter pressure drop of no
more than 25 mm Hg, a breakpoint temperature above 290 degrees C, and an

overall tube deposit rating less than 3 by ASTM D 3241.

20  In one embodiment, the present invention is directed to a jet fuel composition,
comprising:
(a) an aromatics content of between 10 and 20 vol %;
(b) a cycloparaffins content of from about 80 and about 90 vol. %;
() a normal plus iso paraffin content of less than 10 vol. %;
25 (d) a net heat of combustion of at least 128,000 Btu/gal;
() a smoke point above 19 mm by ASTM D 1322; and
() a JFTOT thermal stability characterized by a filter pressure drop of no
more than 25 mm Hg, a breakpoint temperature above 290 degrees C, and an

overall tube deposit rating less than 3 by ASTM D 3241.

30
In one embodiment, the present invention is directed to a process for making jet fuel,
comprising:
(a) hydroprocessing a feed comprising at least 50 vol % of an FCC cycle
oil to produce a high density jet fuel having
35 (1) an aromatics content of less than 22 vol %;

(i1) a cycloparaffins content of at least 72 vol. %;

(i)  anormal plus iso paraffin content of less than 28 vol. %;
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(b) a cycloparaffins content of from about 80 and about 90 vol. % (c) a
normal plus iso paraffin content of |less than 10 vol. % (d) a net heat of
conbust i omoab1causiseast 128, 000 Btu/gal ; (e) a snoke poi RCTAISeMe/0dR2TM by
ASTM D 1322; and (f) a JFTOT thermal stability characterized by a filter

pressure drop of no .nore than 25 nmm Hg, a breakpojnt t erature above 290
degreeé C, and an oli¥} al Pn‘?ﬂk‘?ét_%Ifécﬁggﬁtgn‘?lh_?$%g‘?a§£§s&®9aﬁ%a y ASTM D 3241 .
I'n one enbodi nment, EJ}G_ p_ﬁ‘éﬁ%ﬁépd)iﬁ‘b’@dl')%qgnﬁrﬁb?!AW@lﬁ&;%ncﬂ”OCGSS for

making jet fuel, conprising. (a) hydroprocesSing a feed conprising at |east
50 vol % of an FCC 6wkl eadFTOT shgymeabistelelity dhiagistadiend by g filtet pfessaire havi ng (i)

an aromatics content of |ess ihan 22 vol % . (i a .cycl opa fins content
of at Teast 7230501 nggore irih 2 HE A e kinipe P SR AR S s
than 28 vol . %c(hnd arPoed]l fBatesit¢Riipusis thih 9by alsTIN®S324428, 000 Bt u/ gal ;
(v) a snoke point above 19 nm by ASTM D 1322; and (vi) a JFTOT thernal

stabilQty characterized by a filter pressure drop of no nore than 25 nm Hg,
a breakpoi t r r@er@l}g . . degr . deposi t
rating | eg{s%l%%%n%) Uﬁéﬁ{,& %@ﬁ%ﬁu& %’ dgrggteg%%ﬁﬁ%ﬁe@%tfggﬁéﬁ%% ééstteﬁ%g’ i nvention
i s directesinpsimg:pr ocess for making jet fuel, conprising: (a)
hydr oprocessing a feed conprising at |least 50 vol % aromatics to produce a
hi gh density j get) f uéydrﬁg_gpp%sgmg a feed comprising at least 50 vol % aromatics to
produce a high density jet fuel having
15 (1) an aromatics content of less than 22 vol %;
(i1) a cycloparaffins content of at least 72 vol. %;
(i)  anormal plus iso paraffin content of less than 28 vol. %;
(iv)  anet heat of combustion of at least 129,000 Btu/gal;
(v) a smoke point above 19 mm by ASTM D 1322; and
20 (vi)  aJFTOT thermal stability characterized by a filter pressure

drop of no more than 25 mm Hg, a breakpoint temperature above 290 degrees

C, and an overall tube deposit rating less than 3 by ASTM D 3241.

In one embodiment, the present invention is directed to a method of increasing energy
25  density of a jet fuel composition comprising
(a) mixing a jet fuel composition having an energy density of no more than
127,000 Btu/gal with
(b) a jet fuel composition having the following characteristics:
(1) an aromatics content of less than 22 vol %;
30 (i1) a cycloparaffins content of at least 72 vol. %;
(i)  anormal plus iso paraffin content of less than 28 vol. %;
(iv)  anet heat of combustion of at least 129,000 Btu/gal;
(v) a smoke point above 19 mm by ASTM D 1322; and
(vi)  aJFTOT thermal stability characterized by a filter pressure
35 drop of no more than 25 mm Hg, a breakpoint temperature above 290 degrees

C, and an overall tube deposit rating less than 3 by ASTM D 3241.



(i) an aromatics content of less than 22 vol % (ii) a cycl oparaffns
content of at least 72 vol. % (iii) a normal plus iso paraffin content of
| ess t harw@2owal4825% (iv) a net heat of conbustion of aPCra®gt9n2RA2000
Btu/gal; (v) a snoke point above 19 mm by ASTM D 1322; and (vi) a JFTOT

therma] stability characterized by a filter pressure drop of no nore than
25 nm ,hhmt?reé% mt,f?l@ﬁﬁeéﬁlgﬂm%ﬂ% r@f&ﬁitaég?tﬁ{é%l l@fndéﬁ?a an overal | tube
deposit rafhpgkihess than 3 by ASTM D 3241 . In one embodi ment, the present
invention is directed to a nethod of increasing energy density of a jet
fuel conpositi 6 ageirfpeliimpysitiah havirg ag cacrge terfsitglof nompos thtand2708Q0i ng an
ener gy degﬁi/t _of, no nore than 127,000 Btu/gal wth (b) a jet fuel

conpositi ' # vimﬁig the follow ng characteristics: (i) an aronmatics content

of less than 2g,)ugbt el dompositios el iap MbllowifehhRicrigficsat | east 72 vol . %
(iii) a normal plus iso paraffin content of less than 28 vol. % (iv) a net

heat B conbustion ) at an amsiatiepondgy oBtags Ban22(ve) Y& snoke poi nt above 19

nm by ASTM D 1322; QBd (Xi&@%&éﬁﬁ%é@g‘qt@aﬁgﬁ%l\joi'm/,char acterized by a

filter pressure drop’of no a“breakpoi nt tenperature
above 290 degrees C(iipndaaormihaliko parbffindeprst 6f leaithing2$ esisyd;han 3 by ASTM
D 3241 .1 n one enbodi nent, the present .invention is directed to a jet fuel
bl endst ock conpri si ﬁg) a net heat of combustion of at least 129,000 Btu/gal;
(v) a smoke point above 19 mm by ASTM D 1322; and
15 (vi)  aJFTOT thermal stability characterized by a filter pressure
drop of no more than 25 mm Hg, a breakpoint temperature above 290 degrees

C, and an overall tube deposit rating less than 3 by ASTM D 3241.

BRIEF DESCRIPTION OF THE DRAWING

20
Figure 1. discloses a ternary diagram plotting aromatic content (vol. %), cycloparaffin
content (vol. %), and paraffin (normal and iso) content (vol. %) in a jet fuel
composition. The region of the ternary diagram corresponding to the jet fuel
composition of the invention is denoted in gray.

25
Figure 2 discloses a single-stage process for producing high energy density naphtha,
jet and diesel.

DETAILED DESCRIPTION OF THE INVENTION
30

While the invention is susceptible to various modifications and alternative forms,

specific embodiments thereof are herein described in detail. It should be understood,

however, that the description herein of specific embodiments is not intended to limit

the invention to the particular forms disclosed, but on the contrary, the intention is to
35  cover all modifications, equivalents, and alternatives falling within the spirit and

scope of the invention as defined by the appended claims.



(a) a jet fuel conposition having an energy density of no nore than 127, 000
Btu/gal; and (b) a jet fuel conposition having the foll ow ng

char act erwet20#048351) an aronati cs content of | ess than PETWSRoWpe(427) a
cycl oparaffns content of at least 72 vol. % (iii) a normal plus iso
paraffin content of less than 28 vol. % (iv) a net heat of conbustion of
at | east §¥§$§@358tu/gal; (v) a snoke point above 19 mm by ASTM D 1322; and
(vi) a JFTOT thermal stability characterized by a filter pressure drop of
no nore than 25 mm Hg, a breakpoi nt tenperature above 290 degrees C, and an
overal | t b€ -defsostotiluictitalytic emek téraning, @y-cASTM D 3241 . BRI EF DESCRI PTI ON
OF THE DRAW NG Figure 1. discloses a ternary diagramplotting aromatic
content (vol. %, cycloparaffin content (vol. %, and paraffin (normal and

i s0) cont gMT { Y&brs t§Fhydlotedk@t’ fuel conposition. The region of the ternary
di agram corresponding to the jet fuel conposition of the invention is

denot 8y in gray. Figure 2 discloses a single-stage process for producing
hi gh ener ensd n jet and diesel. DETAI LED DESCRI PTI ON OF THE
| NVENTI (?Igé%%goiﬁggégﬁgﬁkis susceptible to various nodifications and
alternative fornms, specific enbodi nents thereof are herein described in
detail. It should be understood, however, that the description herein of

speci fic MHFArreistsstoi eakeup hykestded to limt

15  Hydrogenation/hydrocracking catalyst may also be referred to as “hydrogenation

catalyst” or “hydrocracking catalyst.”

The terms “feed”, “feedstock™ or “feedstream” may be used interchangeably.
20  JFTOT - refers to Jet Fuel Thermal Oxidation Tester.

A. Overview

Jet fuel compositions having an aromatics content, cycloparaffins content, and normal
25  paraffins content consistent with the current invention are shown in the shaded region

in Figure 1.

A method of processing a jet fuel composition is described in Figure 2. In the
embodiment shown in Figure 2, hydrocarbon gas oil 410 is fed to a hydrotreater

30  reactor 510 for sulfur/nitrogen removal and then directly to a
hydrogenation/hydrocracking reactor 560. The hydrogenated/hydrocracked product
420 is fed to the high pressure separator 520 where the reactor effluent is separated
into a gas 430 and liquid stream 450. The product gas 430 is recompressed by the
recycle gas compressor 530 to yield stream 440 which is then recycled into the reactor

35  inlet where it is combined with the makeup hydrogen 400 and hydrocarbon gas oil
feed 410. The liquid stream 450 is depressured at the liquid level control valve 525
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pressure separator 520 where the reactor effluent is separated into a gas
430 and Irqurd stream 450. The product gas 430 is reconpressed by the
recycl e g E%hpressor 530 to yield stream 440 which is then recycled into
t he reactor

15  Hydrocarbon gas oil may be upgraded to jet or diesel. The hydrocarbon gas oil
feedstock is selected from FCC effluent, including an FCC light cycle oil, fractions of
jet fuels, a coker product, coal liquefied oil, the product oil from the heavy oil thermal
cracking process, the product oil from heavy oil hydrocracking, straight run cut from
a crude unit, and mixtures thereof, and having a major portion of the feedstock having

20  aboiling range of from about 250°F to about 800°F, and preferably from about 350°F
to about 600°F. The term "major portion" as used in this specification and the

appended claims, shall mean at least 50 wt. %.

Typically, the feedstock is highly aromatic and has up to about 80 wt% aromatics, up
25  to 3 wt% sulfur and up to 1 wt% nitrogen. Preferably, the feedstock has an aromatic
carbon content of at least 40 wt% aromatics. Typically, the cetane number is about 25

units.

C. Catalysts
30
The catalyst system employed in the present invention comprises at least two catalyst
layers consisting of a hydrotreating catalyst and a hydrogenation/hydrocracking
catalyst. Optionally, the catalyst system may also comprise at least one layer of a
demetallization catalyst and at least one layer of a second hydrotreating catalyst. The
35  hydrotreating catalysts contains a hydrogenation component such as a metal from

Group VIB and a metal from Group VIII, their oxides, their sulfide, and mixtures



inlet where it is conbined with the makeup hydrogen 400 and hydrocarbon gas
oil feed 410. The liquid stream 450 is depressured at the |iquid |evel
control wabDwve108@8®md t he product is separated into a ga®CItuseanodad7 and
into aliquid stream570 in the |ow pressure separator 540. The product
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maj or portj . t ock having a boiling range of from about 2500F
t o about @%8@%?5%% &%$§§§%ébly from about 3500F to about 6000F. The term

"maj or portion" as used in this specification and the appended cl ai ns,
shall nean at |east 50 wt. % Typically, the feedstock is highly aromatic
and has ufne&f %ﬁ?ll@@m%léﬁmw@r%tp bg 3 gogd stagiing waerg foahe up to 1wt %

ni trogen. .Bref ef,abldhydtde cﬁ&%dﬁ% Q3% A0 ROVRLILEhGRRBRGPE ent of at
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at | east tm%fcatainf L . .

to this material have been reported one of which is ultrastable Y zeolite as described

in U.S. Pat. No. 3,536,605 issued Oct. 27, 1970. To further enhance the utility of

synthetic Y zeolite additional components can be added. For example, U.S. Pat. No.

3,835,027 issued on Sep. 10, 1974 to Ward et al. describes a hydrocracking catalysts

20  containing at least one amorphous refractory oxide, a crystalline zeolitic

aluminosilicate and a hydrogenation component selected from the Group VI and

Group VIII metals and their sulfides and their oxides.

A hydrocracking catalyst which is a comulled zeolitic catalyst comprising about 17
25  weight percent alumina binder, about 12 weight percent molybdenum, about 4 weight
percent nickel, about 30 weight percent Y-zeolite, and about 30 weight percent
amorphous silica/alumina. This hydrocracking catalyst is generally described in U.S.
patent application Ser. No. 870,011, filed by M. M. Habib et al. on Apr. 15, 1992 and
now abandoned, the full disclosure of which is hereby incorporated by reference. This
30  more general hydrocracking catalyst comprises a Y zeolite having a unit cell size
greater than about 24.55 Angstroms and a crystal size less than about 2.8 microns
together with an amorphous cracking component, a binder, and at least one
hydrogenation component selected from the group consisting of a Group VI metal
and/or Group VIII metal and mixtures thereof.
35
In preparing a Y zeolite for use in accordance with the invention herein, the process as

disclosed in U.S. Pat. No. 3,808,326 should be followed to produce a Y zeolite having
9



| ayers consisting of a hydrotreating catalyst and a

hydr ogenat i on/ hydr ocracki ng catal yst. Optionally, the catal yst system may

al so conpwp=elcausiseast one | ayer of a denetallization cacalussevand2at | east
one layer of a second hydrotreating catalyst. The hydrotreating catal ysts
contaips a hyd oge ation conponent such as a nmetal from Goup VIB and a

met al roﬁlc@zg@ijﬁl ‘E/Pels?fhaflﬁg‘?‘iwm@}&their sul fide, and mi xturesthereof and
may contain an acidi c conponent such as fluorine, small anounts of
crystalline zeolite or anorphous silica alum na. The hydrocracking

cat al yst s Myoas@EicHsaly Hidhpdreeratkiog cttalypionsally somhrises feonmrebait 30%em G oup VI B

and a net from.Go VILI, their oxides,.their sulfid an 1 Xtures

Cher aof _atridhrraEnT et FotrpBibtstasSapodeh v R ihe aol T te or
anor phous 7%l 1098 b kBhR 8f biaer. Plefériblyz@elchiaBst Mmpilicé ftik@nsildeiqmtd 0 be a
good starting material for the manufacture of hydrocracking catalysts is

the wid | - RhYwRoktprnd emoehpus pagkeny corsperest thas e fiom abogt 6@At20%bY 3, 130, 007
| ssued Ap(xfeg%é?f ¥R dlite i’éﬁ%&' gﬁ'ﬁ??prhoﬁ% %@9@ 'c&%%lfeﬂﬁ ah8 gl a?ooﬁ?ﬁ@%'—l%l% gﬁ"e been

reported on whi'c ras Zeo e’as described i n Pat .
No. 3, 536we(ht bbisivest, 41 beidy/parfi&brly frefdriedtfan albnh80LL83% dyutdiglitioy of
synthetic_Y zeolite additional conponents can be added. For exanple, U S
Pat. No. ¥ #sghtcgpd amosphoys srrckiag componengandigpnpabant é0%a] 3% huavsighies a

hydr ocr ackj . Ml 1he : -actory oxide,
a crystal flnﬁgr' gg%f?ljie%{ﬁé§F‘%?n’ttﬁgﬂgil{glggg%%&§%§hépﬂ§s ?gglélﬁ tpgsn&%%ﬁr%g%nent

sel ect®d tomportche G oup VI and Group VIII netals and their sulfides and

t heir oxides. A hydrocracking catalyst which is a conulled zeolitic

catal yst conprising about 17 wei ght percent alum na binder, about 12 wei ght

percent nphyRAeRUDBr YeRQute f (MEEGAY st ranges from about 5-70% by weight of the
combined amount of zeolite and cracking component. Preferably, the amount of Y
zeolite in the catalyst compositions ranges from about 10%-60% by weight of the
20  combined amount of zeolite and cracking component, and most preferably the amount
of Y zeolite in the catalyst compositions ranges from about 15-40% by weight of the

combined amount of zeolite and cracking component.

Depending on the desired unit cell size, the Si0.sub.2 /Al.sub.2 O.sub.3 molar ratio of

25  the Y zeolite may have to be adjusted. There are many techniques described in the art
which can be applied to adjust the unit cell size accordingly. It has been found that Y
zeolites having a SiO.sub.2 /Al.sub.2 O.sub.3 molar ratio of from about 3 to about 30
can be suitably applied as the zeolite component of the catalyst compositions
according to the present invention. Preference is given to Y zeolites having a molar

30  SiO.sub.2 /Al.sub.2 O.sub.3 ratio from about 4 to about 12, and most preferably
having a molar SiO.sub.2 /Al .sub.2 O.sub.3 ratio from about 5 to about 8.

The amount of cracking component such as silica-alumina in the hydrocracking

catalyst ranges from about 10%-50% by weight, preferably from about 25%-35% by
35  weight. The amount of silica in the silica-alumina ranges from about 10%-70% by

weight. Preferably, the amount of silica in the silica-alumina ranges from about 20%-

60% by weight, and most preferably the amount of silica in the silica-alumina ranges

10



percent nickel, about 30 wei ght percent Y-zeolite, and about 30 wei ght
percent anorphous silical/alumna. This hydrocracking catalyst is generally
descri bedwOrrold/8s25pat ent application Ser. No. 870,01 1, pCirlusdooopeib™M Habi b
et al. on Apr. 15, 1992 and now abandoned, the full disclosure of which is

hereby_in orp eference. This ener al cki ng catal yst
conprides raw%f@bfﬁqwé%rém WGt dHse: spanfieR 2y @lﬁlela%h@}l 3} sabbut 24, 55
Angst r ons ;@i sthab npSh-Altal fleZ$zel ?(%gsrﬁah% RRREGted- b? SPn@LANS-r4PREANGEesM th an
anor phous cracklng conponent, a binder, and at least one hydrogenati on

conponent caelbeesmtebllyfapph@ct mr@kmg)cwqmlmts aogprdihg & @e@u@em emipgdainerind/ or

G oup VI nd nl reo ollte for use in
accor dance! e PreeRaryyShe 1BnHES Ry pho-FhaR bRt Ay elfdras™ n°L &> par
No. 3, 808aRA6 0909k &b Adut ololvawed to produce a Y zeolite havinga crystal
size |l ess than about 2.8 mcrons. Mre specifically, the hydrocracking
catal Y&t suitably conprises from about 30% 90% by wei ght of Y zeolite and
anor phous t of bi nder.

Pr ot or abi 3 e rRRERTH, POt ATHARSH (R DR ISR 1 o' D
anor phousoxgidas Boﬂgaﬁ&@h@ﬂlﬁcﬂid cr&dﬁaﬁhne Bindérk oan B@q&ﬁheBOl%a&Qﬁ’ew seRalgbt of Y
zeol ite and anorphaous cracking conponent, and from about 40% 0@6by wei ght
of bi nder DINgAE CBBIHEC HHSFD iRbas |0§,ay|§ Bf afreonde- PrefRicasolE oY duusssPiwei ght  of
Y zeolite, %Hgggggg fgus cracking conponent, and from about 20% 15% by

wei ght of binder. Preference is given to the use of silica-alumna as the
anor phbus cracki ng conponent The amount of Y zeolite in the catalyst

anges [ about S ERARLMRLSNL of Lhe copblngd ATyt oL gegl 1 te and

cracklng
about 0.5% to about 30% by weight of Group VIII metal component(s) and from

about 0.5% to about 30% by weight of Group VI metal component(s), calculated as

metal(s) per 100 parts by weight of total catalyst. The hydrogenation components in
20  the catalyst may be in the oxidic and/or the sulphidic form. If a combination of at least

a Group VI and a Group VIII metal component is present as (mixed) oxides, it will be

subjected to a sulphiding treatment prior to proper use in hydrocracking.

Suitably, the catalyst comprises one or more components of nickel and/or cobalt and
25  one or more components of molybdenum and/or tungsten or one or more components

of platinum and/or palladium.

The hydrotreating catalyst comprises from about 2%-20% by weight of nickel and
from about 5%-20% by weight molybdenum. Preferably the catalyst comprises 3%-

30  10% nickel and from about 5%-20 molybdenum. More preferred, the catalyst
comprises from about 5%-10% by weight of nickel and from about 10%-15% by
weight molybdenum, calculated as metals per 100 parts by weight of total catalyst.
Even more preferred, the catalyst comprises from about 5%-8% nickel and from about
8% to about 15% nickel. The total weight percent of metals employed in the

35  hydrotreating catalyst is at least 15 wt%.

11



zeolite in the catal yst conpositions ranges from about 10% 60% by wei ght of
t he conbi ned anbunt of zeolite and cracki ng conponent, and nost preferably
t he amourwoahiox4gmel ite in the catal yst conpositions ralrgeaskeoosabout
15-40% by wei ght of the conbined anount of zeolite and cracki ng corrponent
Depend$ng on the desired unit | 1. |ze thetg ?bZIAI f O sub. 3
mol ar 1 at MoousTerReivensete o o Riskel islisbiox F Y Blcicpls ygt@%ny

techni queg dRstahBBGud 1.t he art which can be applied to adjust the unit
cell size accordingly. It has been found that Y zeolites having a Si O sub. 2
[ Al .sub.2 O sub.3 nolar ratio of fromabout 3 to about 30 can be suitably
applied as,the.zeolite co toftecaays 05|t|osacordingto
the presonh RibETEiHh T BREpERERaBa g RsER kB Sy b FRRRL S BRNGRER o1 o

Si O. sub. 2]daéllong Wb ndrOVS Wometal, qtr’eférefﬂl@ﬁh@@ﬁ&i&g&aﬁ&ﬂﬁ%ﬁ@éraélﬁng anglysost
preferably having a nolar SiO sub.2 /A .sub.2 Osub.3 ratio from about 5

to abblt eommaws arpsahndgpngstackinmkcbafpoahdenigs hlydcalyl thegcdyauni na in the

hydr ocr a(ﬁggg}g %qhgh?/(ﬁh%gn%{?ﬁ@ﬁ 309 ﬁﬁgﬁtal&g’%oﬁ%é’s@éro}i}ﬁq%ﬂ{ 3% (ﬁ)&ﬁgab' y from

about 25 ica I'n e silre a ranges

from abOubveﬂgﬂi%)ﬂﬂi%élyﬁn&\lﬁbghdbouﬂ%fm%lb&Welgﬂﬁem@mau ndalcfated 4d Iﬁ&alsrlbet he
silica-al um na ranges, from about 20% 60% b ght, and nost preferably
t he amount OQpartshy; weightpfitpal %ﬁtﬂ}l}’%aPéﬁf@FﬁP]ﬂathFé‘ﬁ@‘éfsmP@Fﬁ1861&f‘ut 25% 50% by

wei ght . Ah?cﬂro é{ﬁﬁS%g@Igc?éflflﬁg 15531% Lt 697 ﬂ) X— oa yél%t%? havi ng

crystallite s zes to y stan echni ques)
can b#&S sunicktll apd dmh hleoht é%-@@%d:)&lwq;glﬁam[gstmn ﬂ\&oraque]ded; gha @tivbeneriocess

O o g BRSSPk o B S P PR BEnAgh, Lot 1
the hydrogf giekdR8d GRhAID6RE S8BT $08BY v SOTRIHeSRn| MYEBREGred, the active
metals in the hydrogenation/hydrocracking catalyst comprise from about 9%-15% by
weight of nickel and from about 8%-13% by weight tungsten. The total weight
20 percent of the metals is from about 25 wt% to about 40 wt%.

Optionally, the acidity of the hydrogenation/hydrocracking catalyst may be enhanced
by adding at least 1 wt% fluoride, preferably from about 1-2 wt% fluoride.

25  In another embodiment, the hydrogenation/hydrocracking catalyst may be replaced by
a similarly high activity base metal catalyst where the support is an amorphous
alumina or silica or both and where the acidity has been enhanced by a zeolite, such

as H-Y 1in a concentration of from about 0.5 wt% to about 15 wt%.

30  The effective diameter of the hydrotreating catalyst particles was about 0.1 inch, and
the effective diameter of the hydrocracking catalyst particles was also about 0.1 inch.
The two catalysts are intermixed in a weight ratio of about 1.5:1 hydrotreating to

hydrocracking catalyst.

35  Optionally, a demetallization catalyst may be employed in the catalyst system.
Typically, the demetallization catalyst comprises Group VIB and Group VIII metals
on a large pore alumina support. The metals may comprise nickel, molybdenum and

12



oxi des. Both anorphous and crystalline binders can be applied. Exanples of
sui tabl e binders conprise silica, alumna, clays and zirconia. Preference

i s given wo 20toen4gese of al um na as binder. The amount (s) Pofi/usg@mwoganat i on
conponent (s) in the catalyst suitably range from about 0.5%to about 30% by

wei ght _of Group VIII metal conponent ( and from about_ 0.5%.to about 30% by
wei gt of TG BB s Rr< HBRIBRERIS) Pretat di I Bkt AU bEr 100 par 2

by wei ght ¢aho,04 fhd HALAL ¥sdut 6 e, RYAHAarmRL HpIGRAP AN ikmclaNiZafien cat al yst
may be in the oxidic and/or the sulphidic form 1f a conbination of at

| east a GeaulystvhayabripramGtaiupith/it lbastrebalt 1owfipplesphoross.pr esent as (ni xed)
oxides, it will be subjected to a sulphiding treatnent prior to proper use
i n hydrocracking. Suitably, the catal yst conprises one or nore conponents

of ni ckel OpABNATy, & 9&BhE had@trenehgQatdlfyt tha§ANPARM TR iltlyddgpm and/ or
tungsten or one or nore conponents of platinum and/or palladium The

hydr ot ¢ easystii.c Bhasopand bydpireatiag cpiabist egrepiscs deezam thy dipdicatie etalyitckel and
from aboug1S ii%g‘g)g{fdp ei}@/ei ght nol ybdenum Preferably the catal yst conprises
an

3% 10% ni cke rom about 5% 20 nol ybdenum More preferred, the

catal yst conprises from about 5% 10% by wei ght of nickel and from about
10% 15% b§ wei ght nol ybdenum cal cul ated as netals per 100 parts by wei ght
of total PaPhPduqts Even nore preferred, the catal yst conprises from about
5% 8% ni ckel and from about 8% to about 15% nickel. The total weight
percent of nmetals enployed in the hydrotreating catal yst is at |east 15
W % | b5 ondét hasblsdiboendiscavheedrtixttitioe wdt htdtef romkeadtionatf aljgtshcltcontpositiom| ybdenum
catalyst thiII:l]é) a rrng é gorin‘;[ a %?lt gllflrg aslde]férmined by ASTM D1322 and a thermal

stability of no more than 25 mm Hg as determined by ASTM D 3241, may be

determined by interpolating the aromatic content, cycloparaffin content, normal plus

iso paraffin content.

20

As discussed hereinabove, Figure 1 discloses a ternary diagram plotting aromatic

content (vol. %), cycloparaftfin content (vol. %), and paraffin (normal and iso) content

(vol. %) in a jet fuel composition. All volume percents were determined by ASTM

D2789. The region of the ternary diagram corresponding to the jet fuel composition

25  of the invention is denoted in gray.

In one embodiment, a jet fuel composition has an aromatics content of less than 22
vol %; a cycloparaffins content of at least 70 vol %; a normal plus isoparaffin content
of less than 30 vol%; a net heat of combustion of at least 128, 00 Btu/gal; a smoke

30  point of at least 18 mm as determined by ASTM D1322; and a JFTOT thermal
stability characterized by a filter pressure drop of no more than 25 mm Hg, a
breakpoint temperature above 290 degrees C, and an overall tube deposit rating less

than 3 by ASTM D 3241.

35  Preferably, the jet fuel composition has an aromatic content of less than 22 vol %; a
cycloparaffins content of at least 72 vol%; a normal plus iso paraffin content of less

than 28 vol%; a net heat of combustion of at least 129,000 Btu/gal; a smoke point of
13



The active netals in the hydrogenati on/ hydrocracki ng catal yst conprise
nickel and at | east one or nore VI B netal. Preferably, the

hydr ogenawoaeniomgszsocr acki ng cat al yst conpri ses ni ckel amrdTiusagoers2or
ni ckel and nol ybdenum Typically, the active netals in the

hydr ogenat i on/ hydr ocr acki n t al conmprise fro t 3% 30% by wei ght
oF " Sk SR 3 G b GUETDIE DYDY PHEl BHE: Sk oh T RTEUT R M et als
per 100 péﬁéréctayzewygmu&fprésm@hrcﬁ)a&@owﬁém R B3 LhAPHY, 2 blS R ve metals in

t he hydrogenati on/ hydrocracki ng catal yst conprise from about 5% 20% by

wei ght of temipskathreahovd 2Whdeaes C, 894 200y dgll twbe glaposituratysg kess thibB dypr ef er r ed,
the acti V%ﬁ{g I%jln t he hydrogenati on/ hydrocracki ng catal yst conprise from
about 7% 0 @ irght of nickel and from about 8% 15% by wei ght tungsten.
Most preferred, the active netals in the hydrogenati on/ hydrocracki ng

cat al ¥st conprise from about 9% 15% by wei ght of nickel and from about

8% 1398 by Must greferradn st etrfuclmempositigh hapigtromete eerentof leshdageZaios i s from
about 25 w.% o t ¥ i i h

nyar ogenattart Ry BRans 8pish e P REGOPAY: paBErfTEul pPPIhRa5Le" ) east

1wt % f | uotdsslthan P8 &@bEH abhat htdtaNcamduitich-of ane¥stf 1130000 d2u/ghlna 3mOkdpdint
enbodi nent, the h%/drogenati aon/ hydr ocr acki gg catal yst _may be re‘plgg%ped by a
, sta.

si mi | ar | yohatdepshs? mpr a3 deiersunsreaf SEN BRI\ wﬁi@fnéaﬂﬁgﬁtﬁ%w iligy

anor phous ¥ £l d L, dj been enhanced
by a zeol f@é%%ﬁ%gsasﬁl}&é\ﬁ?eﬁgge?%e%ﬁg%g%ﬁo%%%h %ﬁé% §115t w % to about
15 wt % Thenpefdtectaboe 20aderes (Ohnd heotyrall atbe elapositgatat Bbsythtn pdyt i cl es was
about O. 1@@? gzg‘q the effective dianeter of the hydrocracki ng catal yst
particles 9 about 0.1 inch. The two catalysts are intermxed in a
wei ght ratio of about 1.5:1 hydrotreating to

Even more preferred, the jet fuel composition has an aromatics content of from about
5 to about 20 vol%; a cycloparaffins content of from about 80 to about 95 vol %; a

20  normal plus iso paraffin content of less than about 5 vol %; a net heat of combustion
of at least 128,000 Btu/gal; a smoke point of at least 18 mm as determined by ASTM
D1322; and and a JFTOT thermal stability characterized by a filter pressure drop of
no more than 25 mm Hg, a breakpoint temperature above 290 degrees C, and an
overall tube deposit rating less than 3 by ASTM D 3241.

25  Most preferred, the jet fuel composition has an aromatics content of from about 10 to
about 20 vol%; a cycloparaffins content of from about 80 to about 90 vol %; a normal
plus iso paraffin content of less than about 10 vol %; a net heat of combustion of at
least 129,000 Btu/gal; a smoke point of at least 18 mm as determined by ASTM
D1322; and a JFTOT thermal stability characterized by a filter pressure drop of no

30  more than 25 mm Hg, a breakpoint temperature above 290 degrees C, and an overall

tube deposit rating less than 3 by ASTM D 3241.

Even most preferred, the jet fuel composition has an aromatics content of from about
10 to about 20 vol%,; a cycloparaffins content of from about 80 to about 90 vol %; a
35  normal plus iso paraffin content of less than about 10 vol %; a net heat of combustion
of at least 130,000 Btu/gal; a smoke point of at least 18 mm as determined by ASTM
D1322; and a JFTOT thermal stability characterized by a filter pressure drop of no

14



hydr ocracki ng catal yst. Optionally, a denetallization catalyst may be

enpl oyed in the catal yst system Typically, the denetallization catalyst
conpri seswQrouwp4¥4sB and Group VIII netals on a | arge poPeTAalSaom9na14eUppoOrt .
The netals may conprise nickel, nolybdenum andthe |ike on a |arge pore

al um na support. Preferably, at.|east abouj 2 % ni ckel is enplqyed and at
| east abolOT SR 96 Iy 15 &FEFHPLNEITBIPGTEES o R0y ?Z%HGIS SOl yst may
be promot g WehdbidhtihERSS hab oWl Alsiii% phosphorous. Optionally, a second
hydrotreating catal yst may al so be enployed in the catal yst system The
second hydrotreating catal yst conprises the sanme hydrotreati ng catal yst as

described, herein. D. Prod .1 has al so bee i scovered that the net heat
of - conbustl g1 Brvedigt PEdF 0T e BT rahmRHBE AR PERYRE Al ohoabdG: "6
as det er mneashymARE MUakddine e RrdthieraBBle Sdedghdck Y, pfefBrablyi&tdrhan 25 nm
Hg as determ ned by ASTM D 3241, may be determ ned by interpol ating the
aromat® ¢ BwAL8hdegiegcl opidlrmaierpreforebbngreatpiothamPOphHemedsdo apdmest i n cont ent .
As di scus ' 21 i e - ' l,otting
aromatic ?Igeg?ren& %ké\}gﬁp%&)%mc%gf%spg%@ %hgg%talel?ﬁ‘ﬁe((&gﬁéy@??g gekgmﬁgéaf fin
(normal abgdASO) Dedntient (vol. 9% in a jet fuel conposition. Al volune
percents were determ ned by ASTM D2789. The region of the ternary di agram
corresponding to the jet fuel conposition of the invention is denoted in
gray. In . i e j.et [ | content of
| ess than?ggﬁ%gFQggﬁg&%?gf%%gég%#ﬁévggﬁyg%?h@%ﬂgggﬁgg ¥ﬁ§%Q@%ﬂ&§?4a nor mal
pl us i5opartht presewtnbemtion, which upgrades heavy hydrocarbon feedstreams to either jet

and/or diesel products. The products of the present process may include jet or diesel

fuels or both having a high volumetric energy density.

In one embodiment, the jet fuel composition of the present invention may be mixed

20  with other jet fuel compositions that do not have a high volumetric energy density,
thereby producing a jet fuel blendstock. Preferably, the jet fuel blendstock comprises
(a) a jet fuel composition having an energy density of no more than 127,000 Btu/gal;
and (b) a jet fuel composition having the following characteristics: (i) an
aromatics content of less than 22 vol %; (i) a cycloparaffins content of at least 72

25  wvol. %; (iii))  a normal plus iso paraffin content of less than 28 vol. %; (iv) a
net heat of combustion of at least 129,000 Btu/gal; (v) a smoke point above 19
mm by ASTM D 1322; and (vi)  a JFTOT thermal stability characterized by a
filter pressure drop of no more than 25 mm Hg, a breakpoint temperature above 290
degrees C, and an overall tube deposit rating less than 3 by ASTM D 3241.

30
Typically, the jet fuel composition prepared by the process employed in the present
invention has aromatic saturation (i.e., low aromatic content) greater than or equal to
70 wt%. The product also has an energy density that is greater than 120,000 Btu/gal,
preferably greater than 125,000 Btu/gal. The jet fuel product has a smoke point of

35  greater than 20 mm. The jet fuel product also has a freeze point of less than -40
degrees C. Preferably, the freeze point is less than -50 degrees C. The diesel product

has a cetane index of at least 40.
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of less than 30 vol % a net heat of conbustion of at |east 128, 00 Btu/gal;
a snoke point of at |least 18 nmas determ ned by ASTM D1322; and a JFTOT

t hermal sweabwiowg2sehar acterized by a filter pressure dr epTafS2e09/06@2? t han
25 mm Hg, a breakpoint tenperature above 290 degrees C, and an overall tube
deposé rating |l ess than 3 by ASTM D 3241. Preferably, the jet fuel
conposition has an aromatic content of less than 22 vol % a cycl oparaffns

content of, &fe én@@o’iﬁmg@c ﬂ’l@lp/@du%t J@Pﬁﬁ%orﬂﬁdéﬁldn%re%éﬁafr@dﬂycoment of Iess
than 28 vol % a net heat of nbustion of at |east 129,000 Btu/gal; a snoke

poi nt of ahydreamt:eﬁglgranﬁea@trd@n@pmpnsdg byleA‘S'ﬁMVDI%zﬁ 2n Feficcyatcbibto] FTOT

th | stabilit t d filt th
25 1 Ho. Pt AR FLTS APURY B SR HES e 8 Bdhari 00 21 | " libe
deposi t ref;iangclopeaffimabn@niyf AREM 10 32442 M8l Pluefseparein doaeenk 6f f uel

conposi tion has an aronatic content of |ess than 22 vol % a cycl oparaffins
cont el ofesathandgapl7sa yadihggt of cambrgtionpifgslepgd 28 0GB gplcopestpovtt | ess

poi nt of " 3 g8 PElgt Bk B TR RN AP DIS oy R Smd SMRO R A o =T

t her mal stlﬁblzlslrﬁryi}@wcﬁﬁ:érﬁﬁmeﬁagrmwmIDB;Mler pressure drop of no nore than
25 mm Hg, a breakpoi nt tenperature above 290 degrees C, and an overall tube
deposit rating less than 3 by ASTM D 3241. Even nore preferred, the jet

fuel comegirtlon. RESr@RcAPRREL e 1t £ dr gg(g qlbout 20 vol %
a cycl opara ‘% 2 comr tC?Jo?ﬂ?r odr}nﬁ%%out eI9013 %(P{)R H\B/m?e a nor mal pl us
i so ph¥ af fdedstoant @miproing ais];&st mmlz%oﬂan BC(Eo;iyc%oﬂatorped:ddceathlg:hf demeitust i on
of at |east 128, (f') ? Bt. u/ a snoke ?t of at_| egst %63 Iy .as det er m ned
by ASTM energy jet fue havmg arornatlcs content f rom about 5 to about 20 vol%; a

cycloparaffins content of from about 80 to about 95 vol %; a normal plus iso paraffin

content of less than about 5 vol %; a net heat of combustion of at least 128,000

Btu/gal; a smoke point of at least 18 mm as determined by ASTM D1322; and a
20  thermal stability of no more than 25 mm Hg as determined by ASTM D 3241.

In one embodiment of the present invention, the aviation turbine fuel composition has
a particularly high thermal oxidation stability. The high thermal oxidation stability of
the fuel of the present invention is a very desirable feature in jet turbine fuel and

25  provides an additional margin of safety characterized by minimal deposit formation at
operational conditions. The thermal oxidation stability is measured by the JFTOT
procedure (ASTM D 3241).
In one embodiment a method of increasing energy density of a jet fuel composition
comprises (a) mixing a jet fuel composition having an energy density of no more than

30 127,000 Btu/gal with (b) a jet fuel composition having the following characteristics:
an aromatics content of less than 22 vol %; a cycloparaffins content of at least 72 vol.
%; a normal plus iso paraffin content of less than 28 vol. %; a net heat of combustion
of at least 129,000 Btu/gal; a smoke point above 19 mm by ASTM D 1322; and a
JFTOT thermal stability characterized by a filter pressure drop of no more than 25

35 mm Hg, a breakpoint temperature above 290 degrees C, and an overall tube deposit

rating less than 3 by ASTM D 3241.
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D1322; and and a JFTOT thermal stability characterized by a filter pressure
drop of no nore than 25 mm Hg, a breakpoi nt tenperature above 290 degrees
C, and arwowercal4B2st ube deposit rating | ess than 3 by ASPRTIDS3@4M06142Wbst
preferred, the jet fuel conposition has an aromatics content of from about
10 to bo t 20 v 4:% a c cl oparaffins content of from about 80 to about 90
vol % oP Feesytoe ‘F‘QB paraffin content of |ess than about 10 vol % a
net heat of conmbustion of at |least 129,000 Btu/gal; a snoke point of at

| east 18 nm as determ ned by ASTM D1322; and a JFTOT thernmal stability

char act er Dnedmbypdineni df the pprsestguyaatidn oyr wkthed ofiorasinglangl2Bnargy Hg, a

br eakpoi nt,. t. ratur oyve.290, degrees C, .and an, overall .tube deposit
atng 1 ol R s @B RS SR B v aleP U ea i g5
conposi t i PRishAgh@NcohHizRs b&ﬁa&ﬁ@&l@é"ﬁe 9{6 Higpnasdivatic hhArdcardagddous0 vol % a
cycloparaffins content of fromabout 80 to about 90 vol % a normal plus

i so pHt af facd, oles@thcd beroinp gyth heaalusoystenovivel copsisg afethyeaitcadhg conbust i on

o a1 a5l 04000, Bt o BUDHR,0EA By AR 43 Ao gt o
pressure ehaoforoprooesnécrteb@ntiziby thaskige p&:shl[re akpaicntle eenflevaitd) r”EheabOV e 290

degrees C, and an overall tube de%gsm rating.less than 3 by ASTM D 3241.
In one enff@aﬁl%%tenthaétﬁvpﬁeﬂﬂqnﬁeﬁ firogeatHg se@tyoqq%i Bh¥qroerasking essure drop

of no nor g 4iBAN,Kieh LRaKPRIRL i LR S AR YEARA tfegr ees C,
OEhgecin ey

preferably greater t egrees C, sti nore pretrerably greater than
300 d&gyr ebgdrQireaimg soutsin qnde]ﬁeehﬁinbgra@m@&;eetiom bame@bﬁpwegneémp@u;e tand an
overal |

t ess t han. STM D 3241. et f uel
compos t 1 BABEEHT i bove Hap cburpfepibal bors: groted MEkbyed
More preferred the pressure dlfferentlal is no more than 100 psi. Most preferred the

pressure differential is no more than 50 psi.

20  Representative feedstocks include highly aromatic refinery streams such as fluid
catalytic cracking cycle oils, thermally cracked distillates, and straight run distillates,
which come from the crude unit. These feedstocks generally have a boiling-range
above about 200.degree. F. and generally have a boiling range between 350.degree. F.
and about 750.degree. F.

25
The hydrocarbonaceous feedstock is contacted with hydrogen in the presence of the
catalyst system under upgrading conditions which generally include a temperature in
the range of from about 550°F to about 775°F, preferably from about 650°F to about
750°F, and most preferred from about 700°F to about 725°F; a pressure of from about

30 750 pounds per square inch absolute (psia) to about 3,500 psia, preferably from about
1,000 psia to about 2,500 psia, and most preferred from about 1250 psia to about 2000
psia; and a liquid hourly space velocity (LHSV) of from about 0.2 to about 5.0,
preferably from about 0.5 to about 2.0, and most preferred from about 0.8 to about
1.5; and an oil to gas ratio of from about 1,000 standard cubic feet per barrel (scf/bbl)

35  to about 15,000 scf/bbl, preferably from about 4,000 scf/bbl to about 12,000 scf/bbl,
and most preferred from about 6,000 scf/bbl to about 10,000 scf/bbl.

17



in the present invention, which upgrades heavy hydrocarbon feedstreans to
either jet and/or diesel products. The products of the present process nay
i ncl ude jwO20r0/d8®msel fuels or both having a high vol umeCTius2emasyy7

densi ty In one enbodi nent, the jet fuel conposition of the present

i nvent nﬁ/ be%ﬂ xed with other jet fuel conpositions that do not have a
hi gh ﬁe oces @Y giredtnsi ty, thereby producing a jet fuel blendstock.
Preferably, the jet fuel blendstock conprises (a) a jet fuel conposition
havi ng an energy density of no nore than 127,000 Btu/gal; and (b) a jet

f uel corrp"oFQi: t:fit@hyrstrsavﬁemg)ftth@plfesﬂnlt memjpmmﬂaatsed irst vagsety ¢ ) an aromatics
content of ara |ns content. of at |east 72
Vol o (FriEREioB B Phsertn' plbadi ot By ST hindlse ol 756
(iv) a nettapemhctin §ORRLSirbRMLY, aatsadnea%ysté@%o@t%s Bthyd@ddcatef ¥id & Snoke

poi nt above 19 mm by ASTM D 1322; and (vi) a JFTOT thermal stabili ty

char abq er hydsgctiggkes rggctor @pergting N\ the semofscyéle gas loop end pzassersiayrthag,

br eakpoi n e r.al e dep03|t
ating | osheHRRAE" i AR BRI ERRLF AT BRI Bede hRD T on

pr epar ed pgesidﬂerqabﬁmegeteﬁﬂmlﬁg&edmnmgﬂhe hpdegeating amie@timfaclmg aromatic
saturation (i | qw aromat.i c content reater than or equal to 70 wt %
The pr odué%taléfﬁt§oTh%1£ee§ﬁS erehigsd wehssay efi x¢irogen greiiredugeddp the2o, 000

Btu/gal, pLefi& f}@le)’n %Fcﬁtcﬁﬁghg‘%rh ﬂl%ﬁsegﬁgn E&Hélgfﬁgla hyaﬁ‘o&}e%n%flago r oduct has

a snoke point of greater t uct as a freeze
poi nt 19f hebssdchad secion degraes: aﬂayd%ce&cﬂmagmyalymh@hé fieet zectpaicomprised ess t han

-50 degrees C. The diesel. product has a cetane ind of a Ieast 40. I n one
embod wentt ISEhEID RaEHIER O3 DI RUUIE & BT rTb e e e Fapates)

hyflr ?pr OCESRpEs 8t 88 UL FGRMbEBPLInBifdg thyHRRRKRE HRly4. Oﬂ‘;otﬁn FCC cycl e
oi o

sections are operating at the same pressure. Under reaction conditions, the highly
aromatic feed is saturated to extremely high levels therein producing a highly

20  saturated product. The effluent from the reaction system is a highly saturated product
having a boiling range in the jet and diesel ranges. After the reaction has taken place,
the reaction product is fed to a separation unit (i.e., distillation column and the like) in
order to separate the high energy density jet, the high energy density diesel, naptha
and other products. Un-reacted product may be recycled to the reaction system for

25  further processing to maximize jet or diesel production.
Other embodiments will be obvious to those skilled in the art.
The following examples are presented to illustrate specific embodiments of this

30  invention and are not to be construed in any way as limiting the scope of the

invention.

35
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produce a high density energy jet fuel
% a cycloparaffins content of at
| ess than 30 vol % a net heat of Pcordsa@wvioors2pf at

| east 18 nm as determ ned by
nore than 25 nm Hg as determ ned
conpositions are prepared
% of an FCC
havi ng an aromati cs

than 22 vol
i sopar af fwo 20tweast of
| east 128, 00 Btu/gal;
ASTM D1322; and a ther nal
by ASTM D3241 . Preferably,

st abi |
t he

by hydroprocessing a feedstream conprising at
to produce a high density energy jet fuel

cycle oil

a snoke point of at

orSbe

f uel

| east 50 vol

havi ng an aronmati cs content of
| east 70 vol

% a normnal

| ess
pl us

content of from about 5 tkxabpletA 2FeeditbéannDesaripgivar af fi ns content of from

about 80 to about 95 vol % a normal plus iso paraffin content of |ess than
about 5 vol=%—anet—heat—of—conbusttopn ot at—teast—128000Btylgaly a
snoke poi n{ Fetd at | east 18 nm as deﬁ‘-e?%ﬁ‘%d by &(S#QICDIBZZ; Canth her mal
stability of no nmore than 25 nm|{HgLGQME(br i ned by ASTM D 3241 1 one
enbodi ment | 81t he present invent|i on, 1¢He avilati oA08urbi ne fud.0 conposition
has a part| spéafi¢ @rah;iitgh t her mal |[oxi datgs@n st abi lpidpy1 The hi glpipher mal
oxi dati on stabttity_of—thefuetof ti)ﬁ present—i Ilglg:‘lltiUIl S ery
desi r abl e @%‘?ﬁ—e& R:En} et _turhine fuel gmd ol ovides an additi %ﬁgl Al gi n of
saf ety char 8elfer W2ed by mi ni mal |depo8i38 formati of.18t oper ati 824l
condi tions H&Bﬁ)g%ﬁ,%ﬂ_‘r% oxidatign stapjlityl|is neagured|by theg JFTOT
pr ocedur e Ao-'ll;l“v'I D ﬁ%41). H—onme enbodirent—a et {od—of —mct cg i ng—emer gy
density of ga, er- 1P conpositign codpri ses |(a) ﬁg% ng a jet (F'ﬁpl
conposi t i onAemitgCahoeheNBMdensity 6f no nore téban 127, 000 Bt u/ gal|l with
(b) a jet tbel conposition having the followi ng characteristics: an
aromati cs cOmMtglationfDIs8gs than 22 vol % a c¢ycloparaffins content of at
least 72 votgp 291 281 356

10 % 436 407 483

30 % 462 452 534

50 % 500 459 577

70 % 560 488 626

90 % 656 514 658

EP 807 572 859

Characterization Factor, Kw 10.21 10.49 10.0

A blend of light and medium cycle oil (i.e., Feed A. from Example A), having a

boiling range of about 300 degrees F to 775 degrees F and an aromatic carbon content

of 73 % as measured by nDM method, was fed to a single stage reactor, which

comprised a catalyst system, having a liquid hourly space velocity (LHSV) of 1.0

I/Hr. A catalyst system was employed to produce the product. This catalyst system

comprised layers of a demetallization catalyst, a hydrotreating catalyst and a

hydrogenation/hydrocracking catalyst. The demetallization catalyst comprised Group

10

Example 1
15
20

VI and Group VIII metals, specifically 2 wt% nickel and 6 wt% molybdenum, on a

large pore support. The catalyst was promoted with phosphorus. The hydrotreating

catalyst consisted of a Group VI and Group VIII metals catalysts, which was

promoted with phosphorus, on a large surface area alumina, non-acidic support. The
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% a normal plus iso paraffin content of |less than 28 vol. % a net heat of
conbustion of at |east 129,000 Btu/gal; a snoke point above 19 mm by ASTM D
1322; anowea 20fnd@82sthermal stability characterized by a fPCirtuseoopnesisur e dr op
of no nore than 25 mm Hg, a breakpoi nt tenperature above 290 degrees C, and

an overall tube deposit rati | ess than 3 by IM D 3241 .E. Process
Condi t1 on¥RHNIGE Mt Forh ﬁﬁrﬁge%aélﬁfﬂhwﬁv@wAE@ﬁ Cﬁ@fygt frét'HeY of naking a
hi gh ener gy;\ghiyHabd fnatafcdth§lt coRgiGlR &}*QOWMM&&/Z@ WO, bindGtet 8048, lafyet Ee ] et

and/ or diesel "boiling ranges. This nmethod conprises contacting the heavy,
hi ghl y ar eratimorhpds sitiaz blomaee obsrd the deiddy wde sehranbetibhaddeng? widst h a

cat al yst st em whi,ch, consi st s.,of a hydrotreating cat LSt d a

Py ot acBP o GRS Jug NPt Sisart 58 BT tPlpdng: age
reaction RiARESPrddHE O 2B3ANEL AW ol ®aNEucRIrass € oPSTHOrREYll erhgas
flowate. The reaction systemhas two sections: a hydrotreati ng section and

a hydt®cr aesksugdidteeqntioshts Oitsi-c hhacactiongaedust iyieldser¢ af fortthiar Eabiles 9%1 8ressure
differentigl between the hydrotreating section and the hydrocracking
section caused by pressure drop due to flow through the catalyst. The
pressure differential is no nore than about 200 psi. Mre preferred the
pressure differential is no nore than 100 psi. Mst preferred the pressure
differential is no nore than 50 psiTatﬂfeﬂ)‘?‘esent ative feedstocks include

e e |y b el B T o oo dha ot rasabe r U 1 st og. o
cone fromthe crude unit. These feedstiocks generally have a boiling{range
above abput—200. degree F.—and generally have a boiling range between
350. degr pe. F. BWETOSBBGONTHDEgr ee. F. 2290 scifbbl
Hydrogen Sulfide (wt%) 0.36
Ammonia (wt%) 0.06
C1/C2 Lt. Gas Make (wt%) 0.4
C3/C4 LPG (vol%) 0.4
Naphtha (vol%) 9.4
Jet Fuel (vol%) 87.3
Diesel (vol%) 22.7
Total (vol%) 119.8
Jet Plus Diesel (vol%) 110.0
15
20
25
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The hydrocarbonaceous feedstock is contacted with hydrogen in the presence

of the catal yst system under

upgr adi ng conditions which generally include a

t enper at Wwe 2010/t4Bxs1r ange of from about 5500F to about 7PEFUSpeefersabl y from
about 6500F to about 7500F, and nost preferred from about 7000F to about

725F;
to ab

i

pressure of from about 750
3,500 psia, preferably

rr dploa

per square inch absolute (psia)
1,000 psia to about 2,500 psia,

and nost preferred fron1aboutJﬁfgétﬂﬁﬁhmpéuﬁﬂﬂﬁpngboo psia; and a liquid
(LHSV) of from abo

hourly space vel ocit

t 0.2t

0 about

5.0, preferably

fromabout 0.5 to ab

faWal y ot 1

put 2. 0, and nost pr

Al
| FHo—abo

=ﬂ@rred

fDiesnl abo

ut 0.8 to about

1.5; and an oil to g
barrel (scf/bbl) to i

U Ul

a%%t@i‘sﬂyooo scf/ bbl

Jgﬁpefer

é%ﬁ fro

cubi c feet per
m about 4, 000

scf/bbl to about 12,
scf/bbl to about 10,
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Example 2
10

| east omne—+eaction—bed-conta
Flash Pomt (F)

Net heat of Combustion,
D240, KBTU/Gal
D4529, KBTU/Gal

12377

acki ng catal yst.

140.1
131.2

A light cycle oil feed having an initial boiling point of 280 degrees F and an end

boiling point of 570 degrees F and an aromatic carbon content of 62% as measured by

nDM method, was fed to a reactor, which comprised a catalyst system, having a

liquid hourly space velocity (LHSV) of 1.0 1/Hr. A catalyst system was employed to

15

produce the product. This catalyst system comprised layers of a demetallization

catalyst, a hydrotreating catalyst and a hydrogenation/hydrocracking catalyst. The

demetallization catalyst comprised Group VI and Group VIII metals, specifically 2

wt% nickel and 6 wt% molybdenum, on a large pore support. The catalyst was

promoted with phosphorus. The hydrotreating catalyst consisted of Group VI and

20

area alumina, non-acidic support. The total metals were 20 wt%. The

Group VIII metals catalysts, which was promoted with phosphorus, on a large surface

hydrogenation/hydrocracking catalyst is a high activity base metal catalyst consisting

of 20 wt% nickel/20 wt% tungsten over a large area amorphous silica alumina, where

the acidity was enhanced by adding 2 wt% fluoride as hydrofluoric acid. Hydrogen
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sections are operating at the sane pressure.

Under reaction

conditions, the

highly aromatic feed is saturated to extrenely high levels therein

pr oduci ngwe 2hioglBasisat ur at ed product.

The effluent fromPChaSe@amti4oh Ssyst em

is a highly saturated product having a boiling range in the jet and diesel

ranges
a sep
separate {
napt ha and ot her

Hath

or&nPt

ter the reac

has ta

%&?{h RHE- M4t ?({;‘i‘? tl‘}
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products.

ace,

DI Alfiref

the re

%‘éf[ 08&2@%{/@13 fﬂﬂa

EheRitGR oZRRY QYctdeNS! 100°F SThe hR8s M AIFFEORROY RN STltlé’reg&t?o?lel
Un-reacted product may be recycled to

is fed to
er to

reacti on pyosluetmi¢lds aewset foeth ipfaklegdi.ng to maxi mize jet or diesel

production. O her

enbodi nents wil |

be obvious to those skilled in the art.

The foll owi ng exanples are presented to illustrate specific enbodi nents of
this invention and are not to be copgfi¢pgd in any way as limting the scope

Eee

stream Descri nfl 0

of the invention.
bl end of [ight af

EXAMPLES Exanple A -
nd rredi um é‘y@ﬂlectoi I (i

Feed Aield om Exa

n Example 1 A
ple A, having

a boiling range of

carbon cont ent of

73 SRR SSUR B Eoyrnbk’ﬂ

SN T

net h

an aromatic
tp a single stage

reactor, which cc)rrpr I E%Im%erggﬁlﬁhy%t%yst em havingia Iiquid|hourly space
vel ocity (LHSV) af r A catalyst systemwas enplaoyed{to produce the
product. This catal yst s‘yrm‘l@mad@/ﬁr%bl sed I clyers of 0@1demat al |ization
catal yat. The. defet of 11oak! O CHRAISEE) corpr i sed B1oup VI ahd & oup I
netal s, specifically 2 @gfunipekgloiand 6 W% nol ybgenum on a
Naphtha (vol%) 12.1
Jet Fuel (vol%) 107.3
Diesel (vol%) 0.0
Total (vol%) 119.9
10
The reactor products were distilled to yield only a High Net Volumetric Energy Jet
product, having a Volumetric Energy higher than 125 BTU/Gallon. The product
quality is shown in Table 2B.
Table 2B
Feed LCO
Prodcut: Jet
API Gravity 36.8
Specific Gravity, G/cc 0.839
Sulfur (PPM) <6
Smoke Point, mm: CRTC 27
Freeze Point (°C) -53
D2887 5%/95% F 327/509
Net heat of Combustion,
D4529, KBTU/Gal 129.1
15
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| arge pore support. The catal yst was pronoted with phosphorus. The
hydrotreating catal yst consisted of a Goup VI and Goup VIII netals
cat al yst swowhioalaszsas pronoted wi th phosphorus, on a | ar @geTAisedoamel4ar ea
al um na, non-acidic support. Thetotal netals were 20 wt % The

hydr ogenat i on/ hydr ocr acki ng cat al, (S, a hi activit tal catal yst
consi§§in658Wt © K Fﬁk@%ﬂ?@iﬁé@5@&&B§W@ﬁngggwgélqﬁﬂégeaﬁz aanor phous
silica al kﬁ’ﬂs&%ﬁalﬁ{‘ﬁ%ﬁeﬁtﬁﬁl e 1195 BrivealsN NG e RYmAddingudswt % f | uori de as
hydrof l uoric acid. The tenperature of theé reactor was 6500F. Hydrogen,

having a pressure of 2130 p.s.i.g, was fed to the reactor at a rate of 8000
scf/ bbl . ghe Bigfsure differential is O psi. The reaction product vyields
are set f Table 1A & I B. Table | ATable IB Jet and Di esel Product
Qualities Exanple 2 A light cycle oil feed having an initial boiling point
of 280 degrees F and an end boilin _Eoint of 570 degrees F and an aromatic
car boH) cohhefred smpbpaxl as Exeraladay aghg howloadt heding wasnifigdotlingpaietadt or |

whi ch co i t t..8YS i Lauid . locity
(Lrev) “or 0 S5 QoA by B Eor a0 Ol 1 e BEL Xy BRRERR PE Lt
Thi s cat aby61% sy sdcasaredbPrDIE vdsdydtosa @hctar, avhid @nhprizad henataBat al yst, a
hydrotreating catal yst. and a _hydrogenati on/ hydrocracki ng catal yst. The

denet al | | Setionheants Yewid bonpy Praca veesip (NS Bhef [P ol Vi Patakysiypiem
T e T
consi §i eddohct@igagpondataysd, Ciyalugrddiihg caelyal, 8 hgdtogbnsios/hydivicciekings pr onot ed
with phos Qagglglsjtsdnd%nseca:bnld%r ?ot?eléll‘[iflga gae[alyst. The demetallization catalyst comprised
Group VI and Group VIII metals, specifically 2 wt% nickel and 6 wt% molybdenum,
on a large pore support. The catalyst was promoted with phosphorus. The
hydrotreating catalyst consisted of Group VI and Group VIII metals catalysts, which
20  was promoted with phosphorus, on a large surface area alumina, non-acidic support.
The total metals were 20 wt%. The hydrogenation/hydrocracking catalyst is a high
activity base metal catalyst consisting of 20 wt% nickel/20 wt% molybdenum catalyst
supported on a silica/alumina support where up to 20% of a zeolite has been added.
The total metals were 20 wt%. Additionally, a post layer of the same hydrotreating
25  catalyst (i.e., nnickel/molybdenum/phosphorus, supported on a large surface arca
alumina) was added to the catalyst system. The total metals in the post layer was
about 20 wt%. Hydrogen, having a pressure of 2250 psig, was fed to the reactor at a
rate of 6000 scf/bbl. The temperature of the reactor was 680°F. The pressure
differential is 0 psi. The reaction product yields are set forth in Table 3A.

30

35
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area alum na, non-acidic support. The total netals were 20 wt % The

hydr ogenat i on/ hydrocracki ng catalyst is a high activity base netal catal yst
consi st i Myoah102@824 % ni ckel / 20 wt % t ungsten over a | ar geCansatamer4phous
silica alum na, where the acidity was enhanced by adding 2 w % fl uori de as
hydr of | uori ¢ aci d. Hydrogenhavi ng a],rﬁée?éure of 2250 psig, was fed to the
react at a rate of 8000 scf/bbl. nperature of the reactor was
7000F. The pressyre difTergppidlt 1S U pSi. Ihe reggfd on profuct yields are
set forth in Tablle 2A. Table 2A The reactor products were d|stilled to
yield only a High Net Hydfagﬁn(}ohwrﬁnmngy Jet pr @doe scf/blvi ng| a Vol unetric
Ener gy hi gher than—325-BFJ-Gallen duct qual -ty—+s—snown in Tabl e
2B. Tabl e 2BAs wilth tH@a’rQ%%IP\T"SFl@di(WVHBe J Fuel " sOf8t~ Vol unbtri c Energy is
at 129 BTU Gal substantAlﬁHO}{ r tnan The 1Z25,BjUGarton typical for
comercial fuels.| Exanple 3 Th e fe d enployed in Exarmle 3 |s alight cycle
oil, having an ini tlﬁll/(}istl GagMpde (wt%0f 283 degre@d3F and epd boiling point
of 572 degrees F and—an—aromatic—carbon—-content—of 60%as—npasured by nDV
was fed to a reagtor, v@ﬁ/gﬁl@&r@oﬁ’é’bd a catal yst sly3stem haying a liquid
hourly space vel gCiTy ( S (IT 0o LA TACaralysy Systen was enpl oyed to
produce the product. This catalyst” system|conprised |ayers of a

denetal | i zati on c¢at al yst Jet&ublydoBty eat i ng |cat al yd07.7a
hydr Ogenati on/ hy(lr ocracking-catalvst and a second h\lrlr otreal i ng cat al yst .
The denetal |l i zatijon cat aIQ@%elé‘fﬂl{ﬁél sed Grcup Vi arﬂal Goup V|II netals,
specifically 2 wo% nickely @tgp(hg 76 Mo ybgenum  0Ofysg | arge pore support.
The catal yst was |pronoted wt phosphor us.| The

The reactor products were distilled to yield only a High Net Volumetric Energy Jet
product, having a Volumetric Energy higher than 125 BTU/Gallon. The product
10 quality is shown in Table 3B.

Table 3B
Feed LCO
Product: Jet
API Gravity 353
Specific Gravity, G/cc 0.846
Sulfur (PPM) <6
Smoke Point, mm: CRTC 25
Freeze Point (°C) -54
D2887 5%/95% F 363/520
Net heat of Combustion,
D4529, KBTU/Gal 130.2

As with the example 1, the Jet Fuel’s Net Volumetric Energy is at 130 BTU/Gal,
substantially higher than the 125 BTU/Gallon typical for commercial fuels.
15
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hydrotreati ng catal yst consisted of Goup VI and Goup VIII netals

catal ysts, which was pronoted with phosphorus, on a large surface area

al um na, WoOrrerdi4sise support. The total netals were 20 wWP@a/URh@9/061427

hydr ogenati on/ hydrocracking catalyst is a high activity base nmetal catal yst

consi s 0O Wm%n keI/ 0 wt % nol ybdenum cat al ys p rted on a
S TT con il Histieal SubiOht UG08 T ot B DO A PBGRS £ TRl BRBR ek The
total ”Et ?éréar%fa%ra%@w‘é@ %/ﬁlpl%‘il/gdl td @é’t‘@fh 11¥e th@ g@ﬁ%aﬂb@ﬂ @6m9551ﬂ&{3013(ﬁ@@n

hydrotreating catal yst (i.e., nnicke denum phosphorus, supported on a
| ar ge sur frac gt Aredspasad etarimmeeyd byetbe a@d@dq@phﬁenl@amdm@fﬁmyaseimermhedt ot al

2250 psi " a0 aamient e NeFRARRE i 4ibekin U G0t et ru B TP o

t enper at UgemBistibh ¢ink £ as H&Emvasd BBPAGKFM Dag2PhRssW Rinlidd &Sdkdalbons 0 psi .
The reaction product yields are set forth in Table 3A Table 3A The reactor

produtQ s eripposdiog: j Theaeiling ware deteaningd forpg aptualiaet hgaispisempestbaasgy Jet

product, ! Hgf TU Gal | on. The product
quality i s%éh%lqlllen{% Bg;(!fécgg‘?%&XglgEg%sS%O&vp %‘F ﬂ%%eéegarrpl e 1, the Jet
Fuel's Net Volunmetric Energy is at 130 BTU Gal, substantlally hi gher than
the 125 BTU Gl l on typical for comrercial fuels Figure 1 shows the effect

of the jetab aé|suemﬁ5@§qi theglatagniotterbindigurr dathleg ngBged iy Tee 4 5 t er nar y
di agram vagy, %Eﬂtn%y&‘?aﬁg gﬁ'\;e EHM et 1, %C&faﬂ%gﬁ%ﬁ%”th% 151'1191?#c0f ol ef' nfree

jet fuels as erm ne omati c, napht nlcadpara
det er ¥ nedndoyy H2A8Y ,]etcfmit(HNtEDJRD ebHthi nietIfud edmipnsitibn of thic pgersamn m;eemeloar e

constant net he conbus n. |lines, .as determ ed b T 29 and as
oo oh el kBB ORERS S Fa et & ) B A e P TAL S f o'
actual nepshedtSaRll QMU HEL YT c8Sibustion. This calculated value supports the

experimental value corrected by the hydrogen content.
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mapped in the ternary hydrocarbon diagramas shown in Figure 2. Table 4
summari zed the data plotted in Figure 1. Also included in Table 4 is

conpar at iwe 2der@sfser conventional jet fuel. As can be seem/ustove/ohisgh

vol unetric energy density jet fuel (HVEDIF) of the jet fuel conposition of
the present invention is about 4 KBTU Gal higher than the conventional jet
fuel determ ned by ASTM D4529, a cal cul ated net heat of conbustion. This
cal cul at ed val ue supports the experlTr‘i‘ﬁlr?t‘hl val ue corrected by the hydrogen
content.Table 4 Jet Fuel ConpodietFush&0maPsiieisCLAIMED |S: 1. A jet fuel
conposition, conprising: (a) an aromatics content of less than 22 vol %

(b) a cycloparaffns gontent of at Hgdsitrcded\W®icle @8l (c) a nor mal (unwsntichal
paraffin content of lless than 28 vol. % (d) a net heat of conbustetamedf at
irgast 128 D00 B U Gal E{ o] | & BFe 0@ NIEAT9TCES: TMERYE AT T8, 290
aJI-IUI thermal 3t it har | [t Rerr pr ure ar no
(?E? e T AT —J IIIII l_lg, 3326' Y\%’Z‘gt c L ?I ég?e Zgg\\?e J§‘7UMGS§‘§D 4g MII
&F@Féﬂquaf"mﬁe deposi t rd;?%ghqﬁlgéég H&éﬁb b%/ SAS P 324445 2(?-@#‘4,] etO $Qﬁ§l
conposition, conprisi a) anlaromatlics cantent [of hetiweén 10 and 20 vol
%itroe), ppney ¢l opar af f s Q:bm eftl of fkbm|aldblut |80.And abbut| D1 vol . %.1(c) a
F\gﬁ{f&jm Pk us | SO paraff|m6cont<e@t of< ess £han 1Ogval .<% |[(Qegalnet fmgat o
ot + 1901l "N N+ ) Al -
c{y TREst oot reast P OB B 1350 | 1348 | 1334 | 1332 13.78
:moke Point, mm 24 29 26 23 24 25 23 23
reeze Point, °C -52 -53 -59 -61 -59 -60 -59 -46
\niline Point,, F 136 141 134 127 127 129 126 134
FTOT (ASTM D3241):
Highest Temp. Tested, C 310 300 345 350 350 350 350 295
Breakpoint Temperature, C >310 | >300 | >345 | >350 | >350 | >350 | >350 290
Tube Rating <3 <1 <3 <2 <2 <2 <1 1
Pressure Drop (mm Hg) 1 0 0 0 0 0 0 0
et Heat of Combustion.
D4529, KBTU/ Gal 129.7 | 1285 | 128.8 | 129.6 | 129.6 | 129.5 | 1294 124.9
D4809, KBTU/Gal --- | 1283 | 128.2 | 129.7 | 130.0 | 1294 | 129.1 ---
“omposition (Mass Spec), %
Paraffins 8.8 15.6 15.7 15.1 14.9 150 | 138 59.0
Naphthenes 83.0 | 80.0 79.8 76.4 76.4 755 | 769 243
Aromatics 8.2 4.3 4.5 8.5 8.7 9.5 9.7 16.7
distillation, D2887 (T°F)
IBP 333 267 268 262 269 257 243 240
10 % 379 352 358 367 367 366 363 315
30 % 402 391 388 393 392 392 390 370
50 % 421 413 401 408 404 407 406 413
70 % 446 | 437 | 424 | 432 | 432 | 432 | 430 455
90 % 493 489 472 475 475 475 475 511
EP 574 600 543 539 544 547 568 590
“haracterization Factor, Kw 1135 1147 | 11.35 | 1128 | 11.26 | 11.29 | 11.29 11.84
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(e) a snoke point above 19 nm by ASTM D 1322; and (f) a JFTOT thernal
stability characterized by a filter pressure drop of no nore than 25 nmm Hg,
a breakpowot2otoemgasn at ure above 290 degrees C, and an ovecalus2embelsdeposi t
rating less than 3 by ASTM D 324 1. 3. A process for nmaking jet fuel,
conpri sing: %)I dr (i ssing a feed conprising at |east 50 vol % of an
FCC cytl e = high density jet fuel having (i) an aromatics
content of less than 22 vol % (ii) a cycloparaffns content of at |east 72

vol . % (jkii) %j@ﬁu@ﬂ%nﬁioléﬁiohséb tﬁf .in content of less than 28 vol. %
co a

(iv) a net heat "o stion’ o east 128,000 Btu/gal; (v) a snoke
poi nt above 19(aym byn AShiMtits dB2&it ofiteds {hah P2 a&olI%IOT t hermal stability
characteri zed a filter essure dro re than 25 nm Hg, a

of _no
br eakpoi nt t enffdr at fCECIARE né%ntﬁlét@fé&ea%, ARl “an overal | tube deposit

ratingyless thay 3 BYoARIMIR idRfdkafith coftdRf SCIRSShAPT8 PEkiRg j et fuel
conprising: (a) hydroprocessing a feed conprising at |east 50 vol %

aromatics to pfdduce nat Hriatbl aperisistign pledt [fage] 28Q00i Blg/gel.) an aromati cs
content of less.than 22 vol. %. (ii) a cyc| r 5 content of at |east 72
vol . % (iii) ) nor Frﬁ’inob?ﬁ%m¥35%%&%&?@%’&%@%&?%@ Aidss than 28 vol . %
(iv) a net heatf)of goRPOFith@mablta@ility @asdctcli28d 60Q fifekip@ure §idp onsnOke
poi nt above 19 mm by ASTM D 1322; and

more than 25 mm Hg, a breakpoint temperature above 290 degrees C, and an

15 overall tube deposit rating less than 3 by ASTM D 3241.

2. A jet fuel composition, comprising:

(a) an aromatics content of between 10 and 20 vol %;
(b) a cycloparaffins content of from about 80 and about 90 vol. %;

20 () a normal plus iso paraffin content of less than 10 vol. %;
(d) a net heat of combustion of at least 128,000 Btu/gal;
() a smoke point above 19 mm by ASTM D 1322; and
() a JFTOT thermal stability characterized by a filter pressure drop of no
more than 25 mm Hg, a breakpoint temperature above 290 degrees C, and an

25 overall tube deposit rating less than 3 by ASTM D 3241.

3. A process for making jet fuel, comprising;:
(a) hydroprocessing a feed comprising at least 50 vol % of an FCC cycle
oil to produce a high density jet fuel having
30 (1) an aromatics content of less than 22 vol %;
(i1) a cycloparaffins content of at least 72 vol. %;
(i)  anormal plus iso paraffin content of less than 28 vol. %;
(iv)  anet heat of combustion of at least 128,000 Btu/gal;
(v) a smoke point above 19 mm by ASTM D 1322; and
35 (vi)  aJFTOT thermal stability characterized by a filter pressure
drop of no more than 25 mm Hg, a breakpoint temperature above 290 degrees

C, and an overall tube deposit rating less than 3 by ASTM D 3241.
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(vi) a JFTOT thermal stability characterized by a filter pressure drop of
no nore than 25 mm Hg, a breakpoint tenperature above 290 degrees C, and an
overal | twbeooapsssit rating | ess than 3 by ASTM D 3241 PCH/US200amw6130T Of

i ncreasi ng energy densi ty of a jet fuel conposition conprising (a) mxing a

jet fuel orrp0|t|on an ner density of no nore than 127, 000
Btu/g ﬁt h (B) prﬁcejs%? Hﬁ’@g'cg%BﬁSlﬁ&w ng the foll owi ng

characteristi Céa) (I hy@d ﬁ@@ﬁﬁ%‘a%e&@d}ﬁﬁ%n%)& IERE50 VPN affmMRL to@ (ii) a
cycl opar af f s conten¥ ? | east 72 vol (rir) a normal plus iso

paraffin pmduwahkghdle%‘s'wmm@&mgol % (| v) a net heat of conbustion of
at |l east 129, 000 Bt gal snoke e mm by ASTM D 1322; and
(vi) a JFTOT therrra sta%‘fi1 ﬁ@%ﬁ%%%ﬁtgﬂ HiaB?rg Ogﬁ "ter pressure drop of
no nore than 25 mm Hg, aabyaskReit chatmerat khg 7280y e,290 degrees C, and an
overal | tube deposit rating Iess than 3 by ASTM D 3241 . 6. A j et fuel

bl endb? ock conpri si fi§) ( a} narmaplysyse paaimosntonbel lkispthay2&rolefrer gy density
of no nore than 127 19?0 ?&191/&)% ofc%%gougtt?% @fzit%as{f@odg)]%‘tﬁ Agl.tion having the

foll ow ng charact er ics I Cs content &S than 22 vol %
(ii) a cycl oparaf f mgv)conh embkepoiat aHoeaSE)nYrﬁbyoiSTl\%D (322; and nornmal plus iso
paraffin content of |less than 28 vol (i
(vi)  aJFTOT thermal stability characterized by a filter pressure
drop of no more than 25 mm Hg, a breakpoint temperature above 290 degrees

15 C, and an overall tube deposit rating less than 3 by ASTM D 3241.

5. A method of increasing energy density of a jet fuel composition comprising
(a) mixing a jet fuel composition having an energy density of no more than
127,000 Btu/gal with
20 (b) a jet fuel composition having the following characteristics:
(1) an aromatics content of less than 22 vol %;
(i1) a cycloparaffins content of at least 72 vol. %;
(i)  anormal plus iso paraffin content of less than 28 vol. %;
(iv)  anet heat of combustion of at least 129,000 Btu/gal;
25 (V) a smoke point above 19 mm by ASTM D 1322; and
(vi)  aJFTOT thermal stability characterized by a filter pressure
drop of no more than 25 mm Hg, a breakpoint temperature above 290 degrees

C, and an overall tube deposit rating less than 3 by ASTM D 3241.

30 6. A jet fuel blendstock comprising
(a) a jet fuel composition having an energy density of no more than 127,000
Btu/gal; and
(b) a jet fuel composition having the following characteristics:
(1) an aromatics content of less than 22 vol %;
35 (i1) a cycloparaffins content of at least 72 vol. %;
(i)  anormal plus iso paraffin content of less than 28 vol. %;

(iv)  anet heat of combustion of at least 129,000 Btu/gal;
28



(iv) a net heat of conbustion of at |east 129,000 Btu/gal;(v) a snoke point
above 19 mm by ASTM D 1322; and (vi) a JFTOT thermal stability
char act erwoediopszmifi |l ter pressure drop of no nore thanP2F/uspomkye14ar
breakpoi nt tenperature above 290 degrees C, and an overall tube deposit
ratinggless than 3 by ASTM D\ 32t dbove 19 mm by ASTM D 1322; and
(vi)  aJFTOT thermal stability characterized by a filter pressure
drop of no more than 25 mm Hg, a breakpoint temperature above 290 degrees

C, and an overall tube deposit rating less than 3 by ASTM D 3241.
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