HYDROTREATMENT AND DEWAXI NG TREATMENTS FOR | MPROVI NG FREEZI NG PO NT OF JET
FUELS FI ELD OF THE | NVENTI ON [ 0001] This invention relates to a process for
| npr ovi ngwohelnseisd and properties of jet fuel froma kecwaseesfhemds More
particularly, a kerosene feedstock is hydrotreated and dewaxed to produce a
jet fuel having inproved properties. BACKGROUND OF THE | NVENTI ON [ 0002] Jet
fuel s ar®&DBPBRFACUENT ABPYEHEX Pt TREASHRN T FPhi INGROYIGEEREEZTRE ROERH PEt fBh of
jet fuelF®&A be sinply a cut froma crude fractionator. Mre frequently,
jet fuels go through various processing steps to neet specifications such
as acidity, aromatics, olefins, naphthal ene, snoke point, sulfur,

mer capt arfIELA2 & T ANVEMEIQN| or. The particul ar processing required is a
function of the grade of jet fuel produced. Light jet fuels having the jet
fuel 1 gr re it i distillation
of crudes@qﬂllgherg?gtgqlﬂjéé%ﬁoglrlggggfgu%Efbggg]gfrgﬂg’rﬁg{]\] -8eglcl)énltﬂgl?ﬂr(\1 vari ous
addi t i vespropehies vfgext fuek frdanh kerssene des¢d nMoné phiticular]y,di kgresemnt s and t he
like to neet specific end use requirenments. Such requirenments can be

i nt er nat i fendstock iskysbretraatedeandsdesyaxedrte nreduce &jef fyeldpavingdmpedved 0003]
Wil e the overall market for kerosene has been in decline since the 1970's,
the mar kdlTOPEHISSet fuel s has been expanding in nost countries. Thus nost
U.S. refiners have been running at close to capacity to neet the fuel needs
of fuel BACKGEROWUKRD OH THE REVEMEHOGNr jet fuels. Currently (2005-2006),
the U S wuses slightly less than 2 mllion barrels per day of jet fuel.

mpor 5. WON3F T o ek ot Brel G CaTRR Y petidtbarh BB, BRZ ™
ai r pl anespdageibPbf jed FREINGn Kdmply iadhk $rom a crude fractionator. More

frequently, jet fuels go through various processing steps to meet specifications

such as acidity, aromatics, olefins, naphthalene, smoke point, sulfur,
mercaptan, freeze point, and color. The particular processing required is a
function of the grade of jet fuel produced. Light jet fuels having the jet fuel 1
grade are generally straight run kerosene produced from distillation of crudes.
Higher jet fuel grades such as JP-5 and JP-8 contain various additives such as
antioxidants, corrosion inhibitors, dispersants and the like to meet specific end
use requirements. Such requirements can be international in scope as jet fuels

are used in a global market.

[0003] While the overall market for kerosene has been in decline since the
1970's, the market for jet fuels has been expanding in most countries. Thus
most U.S. refiners have been running at close to capacity to meet the fuel needs
of fuel customers including the need for jet fuels. Currently (2005-2006), the
U.S. uses slightly less than 2 million barrels per day of jet fuel. Most of that
usage is produced domestically with only a small amount of imports. Exports
are also small and mostly comprise fuel loaded on airplanes used for

international flights.

[0004)] A significant volume of kerosene based jet fuel is used for blending

with diesel fuel in cold climates. This use may lessen because jet fuel usually



[ 0004] A significant volunme of kerosene based jet fuel is used for blending
with diesel fuel in cold climtes. This use may | essen because jet fuel
usual | ycomoanr4esre sul fur than permitged under the newcCmiuse@9loosassul fur
di esel (ULSD) regulations. Inplenentation of the ULSD regul ati ons may,
however, increase the demand for kerosene within the refinery as a diesel

bl endst ock because it is easier to renove sulfur from kerosene than di esel
fuel. | 090kaifd fadieshifl tlai piifilie BIDABLARTRVAURRLIGW SulfiPRsbPT @ Tl ne
operators. In general, the cost orf jet fuel roughly tracks the cost of
crude oi [(UOSD}repiuldtiors. ohapRinértation ef expeLiSEncegilaticrisgnay ) leaweveri se in
jet fuel costs. [0006] There is a need to nmaxim ze the yield of high

qual i ty jiscreasethe demand forfkesasenerwitbinetherafinerysassaidieselsblendstaek [ ash

poi nt, freeze poi.nt and snoke point need to be congidered,in |ight of

P hang! ng HEATOR I FRSopdrrIS S i &erGoR AP SESSHBCl NVENTI OV [0007]
Accordingly, there is provided a process for producing a jet fuel froma
ker osene [0008Ft oc K hwhdasin of patifuekless bdipdiod seddusnigsud forkadrl nrasperateesist ock in
the presence of a hydrotreating catal yst under hydrotreating conditions to
produce antgeerly bgtcost REjes Seelaonghlsiracs; tha eashoigudp eilhybiustaidinced
kerosene feedstock in the presence.of a.catalyst.including a 10 nmenber ring
1D ol ectACEAION A CrReSienieda siay ICHHdiSs et 5! 5P¥uce & hydr odewaxed

ker osene feedstock; and fractionating the hydrodewaxed kerosene feedstock
to produci@086] et fliwre iBRhEEd REMERIMHTAeGNe QrelddE HiglogRalify0je0fjelsi g. 1
schematically shows a reaction systemfor perform ng a process according to
an enbodidrsieddfomierosengnt Fwomwmﬁsummm%cﬁrem@omgm ON

Feedst oc ksmoke point need to be considered in light of changing regulations governing

jet fuels.

SUMMARY OF THE INVENTION

[0007] Accordingly, there is provided a process for producing a jet fuel

from a kerosene feedstock which comprises:

hydrotreating the kerosene feedstock in the presence of a
hydrotreating catalyst under hydrotreating conditions to produce a hydrotreated

kerosene feedstock;

dewaxing the hydrotreated kerosene feedstock in the presence of a
catalyst including a 10 member ring 1-D molecular sieve under dewaxing

conditions to produce a hydrodewaxed kerosene feedstock; and

fractionating the hydrodewaxed kerosene feedstock to produce a jet

fuel.

BRIEF DESCRIPTION OF THE FIGURE

[0008] Fig. 1 schematically shows a reaction system for performing a

process according to an embodiment of the invention.



[0009] In an enbodi nent, the feedstock for the present process is a

ker osene. Kerosene, such as straight run kerosene, nay be obtained from
fracti onawonsiumers4t o fractionate crudeg_or distillate Pcaatseansoidker eof .
I n anot her enbodi nent, suitable feedstocks can include conventi onal
crude-oil derived kerosene as well as paraffinic hydrocarbons from ot her
refinery sources such as hydrocracker kerosene. Still other process feeds

may i ncl U§RTRAT ¥ DR RSRIGPASHE TRAMERTI co-feed, fromsynthetic
crude soumu%%%ﬂ% r hydrocarbons derived from
bi oconponent sources such as triglyceride vegetable and animal fats,

i ncl udi ngFeedstackd conpounds such as fatty acid methyl esters (FAME), and

oi | produci ng al gae. For feeds containing oxygenates, it is preferable to

pretreat [00g9f eed iz dHMESPGRIAL theTebdstdQORHThO PYSRAL BteSORVET t
unsaturated side chains to paraffinic hydrocarbons. nver si on of

par af f i nikerbsaheodéeroserse, tsach as sfraight vurakénpdens, snayg be obtdined fronone speci al
feature of the current process and catal yst system di scl osed,” [ 0010] :
Sui t abl e frectipnatRir asedie ractiondte sudesyadistiltaf frastiogs sezoef. (Boo to 6500F),
pr ef er abl 63 to 3160C (325.t0-6Q00F) as neasured by AST Qf ASTM
Preey. -t b ettt iGble rersPcke i BRDRE SRR Al nd of

the boili 'Jean&%o%ﬂﬁg% Wwel %Paﬁf'ﬁﬁiédets&ﬁlbengfﬁdr&btﬁef%ﬁmv Puddes

I ncreased | ower en ps to increase the tlash point. C oud”and freeze

poi nt i nsirehes hwhescrhbleeriiapeseren dtilk othee pescessl fedd3@ndy ioledz pag fiinicnt  (wax
crystallization) can be a constraining specification in jet fuel

product i ddraeasbpns,meay or ance-deed, fremisyntheticisaude sprrcos such 4s Bisebgrect heavy

wax nol ecul es), and imze front end yield (to add solvent to solubilize
the heavy! reE ANe et iareca ROt G5t var o mutingoRanFSh S uites SieB st Iy
reduces t | t | It permtting
rore of (HEh e el at A rthis Bt re Bl E bR P M4 o her
feeds sucfattgsicill arthylfditdrs (FAMIE), adidloibpducing¥lguy. For faes doftaiiing]
(evaporation) performance requirenents. ) )

oxygenates, it is preferable to pretreat the feed via hydrogenation to remove

oxygen and convert unsaturated side chains to paraffinic hydrocarbons.

Conversion of paraffinic hydrocarbons to jet fuel via hydroisomerization is one

special feature of the current process and catalyst system disclosed.

[0010] Suitable feedstocks have a boiling range from 149 to 343°C (300 to
650°F), preferably 163 to 316°C (325 to 600°F) as measured by ASTM D86 or
ASTM D2887. When compared to conventional kerosene, an increased upper
end of the boiling range helps to maintain the yield of jet fuel while an
increased lower end helps to increase the flash point. Cloud and freeze point

increase when the upper end is increased.

[0011] Freezing point (wax crystallization) can be a constraining
specification in jet fuel production. The primary controls are to cut back end
yield (to reject heavy wax molecules) and maximize front end yield (to add
solvent to solubilize the heavy molecules in the back end). Wax isomerization
significantly reduces the impact of the heavy wax molecules on freezing point

permitting more of them to be included resulting in increased jet fuel yield..



[0012] Another benefit of the present process is that it could extend the
yi el d of dual purpose kerosene, i.e., kerosene that may be used as No. 1
di esel fowownrwoe1sbl endi ng or jet fuel_ gependi ng on t hePoRnisetoonesads
Hydrotreating [0013] Kerosene feedstocks typically contain sulfur and/or
nitrogen contam nants in an anount unacceptable for jet fuels. Accordingly,
the kerosene feedstock is contacted with a hydrotreating catal yst under

condi ti ongufef fr&&dsiieh b8 diEeP ¥Ge1¥r ﬁgﬁ@i afe ﬂ%fﬁegog égfégéeéangeﬁfabi ur and/ or

nitrogen contam nants to produce rotreate Hydrotreating

cat al yst y(esapdratibg) @@fomﬁ@d@arequneﬁreﬁtst hose containing at |east one Goup 6
(based on the | UPAC Per| odi ¢ Tabl e having G oups 1-18) netal and at | east

h | | ud
N W VEOOER o Adother Bt g prosbE BB R hay T RSLR PRt ol S are
typicall y ?ﬁg@‘s‘eq&-??%nes%f k@ﬁ%eﬁé‘tﬁa‘?frﬁ%%@{lﬁ’ec?@séﬁlo @xdjelée] SUppoOrts.

The m xt ur my a be present as bul atalysts wherein

t he anourforwlnt&ﬂ)aaéndlﬁg 30 jettfueb depeplagt o1 thdomatekbtagedat al yst. [ 0014]
Sui tabl e netal oxide supports include oxides such as silica, alum na,

silica- al%@ n§ gg. titania, preferably alumna. Preferred alumnas are
porous al h as gamma or eta. These catalysts typically include

metals within the range descri bed above in relation to bul k catal yst and at
| east one[0018} usi dberagen feciistecksrtymcalbyf corsaml il fusrand(grpdtrogdn hydr ot r eat i ng

catal ysts, either individually or in mxtures, ranges fromQ0.5 to 35 w.%
based on aftanyants inan moeagv@lwemabieefqr ﬁ’i‘%&- u&@%oré#ng%'o@s 6 and G oups
810rret [ unt f fr 0.5to 5
o6 " badsiomederdiid: R oGk uhufh FublERaRbe ARy oatliihni < o

f rom S t ARtk tdrerhBfe aTIARE 8 Peftldf%ﬁ{h% suRsar RRA/R a3t 8Eh Byn@hRiAks
absor pti onspectroscopy, inductively coupled plasma-atomc em ssion
spect r omebrproducend hedroteateblikeropa. f Hedrdiyeafifg Matabysts sdlitabld dat uset al s.
Non-limtin

hergin are those containing at least one Group 6 (based on the IUPAC Periodic

Table having Groups 1-18) metal and at least one Groups 8-10 metal, including

mixtures thereof. Preferred metals include Ni, W, Mo, Co and mixtures

thereof. These metals or mixtures of metals are typically present as oxides or

sulfides on refractory metal oxide supports. The mixture of metals may also be

present as bulk metal catalysts wherein the amount of metal is 30 wt.% or

greater, based on catalyst.

[0014] Suitable metal oxide supports include oxides such as silica,
alumina, silica-alumina or titania, preferably alumina. Preferred aluminas are
porous aluminas such as gamma or eta. These catalysts typically include
metals within the range described above in relation to bulk catalyst and at least
one extrusion agent. The amount of metals for supportéd hydrotreating
catalysts, either individually or in mixtures, ranges from 0.5 to 35 vx;t'.%, based
on catalyst. In the case of preferred mixtures of Group 6 and Groups 8-10
metals, the Group 8-10 metals are present in amounts of from 0.5 to 5 wt.%,
based on catalyst and the Group 6 metals are present in amounts of from 5 to

30 wt.%. The amounts of metals may be measured by atomic absorption



exanpl es of suitable commercially available hydrotreating catal ysts include
NEBULA(tm, KF-840, KF-848, KF-757, and DN-200. Preferred catal ysts are | ow
aci di ty, woghowmeeeks content catal ysts_gncludi ng KF- 848 pamashEBIobASs 1) .

[ 0015] The kerosene feedstock contacted with hydrotreating catal yst reduces
the nitrogen and/or sulfur content of the feedstock. The nitrogen content

of the feedstock is typically reduced to 10 wopmor |ess, preferably 5 wppm

or | ess. &g{gt 5 s 1S ' d to 500
wppm or Isgs%gtra%%gyérl a yﬁgbb@%%&g;ﬁﬁgié&ﬁ%m M%’&?é%?%@? ?Xgﬁcondi tions

i nvol ve tethpefthddssspedifidieby AIBTM IO luA0thetdls. Ne@f-Hnftthy 300 0C to 380
OC at pressures in the range of 1480 to 20786 kPa (200 to 3000 CFSi g),

pr ef er abl gxangses pbsuikdde chran¢gGilyt avalabte b}édrgﬁl',eatirég caadysipinsdudey of fr orr:c
0.1 1 . V,

65 1o KR el e gl D e oAb, BB bl bgen Lisal gfe ot o
1000 S 1B, o RY T oMHAEG SGHAT DA B BEPSR Pt RGARRACTSUI  ur

cont am nant's erosen by converting ese contam nants to
ammoni a and hydr oglgn sul fide, respectively. These gaseous contam nants may
pr ef er abl POBE] sepallea kerosemmiaedstopl ¢ontactet withduidseenatingeatalysbnvent i onal

t echni h Stri , k-out d t.h ike. Inth

2l 1 or nat | FAICEHBEdHEPEEE BaUah EILar EONPHLRLIETEFRRRE | TBRFFRERy dr of r cat er
' " _ reat

o) st g sunief R PR RIChT RO KRIE 10 WBpRl & RS TR SR, " 1

hydr ot r eaypps 61€R64.1 Phe ShFGEcS@BnSS theTeedstesk Bftyprallgreduder toi 5080 bed
reactors or reaction zones each of which can conprise one or nore catal yst

beds of twppswomrless;preferaldyi3fg wppml ardess. Al t hough ot her types of catal yst
beds can be used, fixed beds are preferred. Such other types of

rovi ny belae] ot o dfdikafng EonaRie v pHAES in B ke P0C T on
zones, ortobfI0&Bpreferably 300 °C to 380 °C at pressures in the range of 1480 to

20786 kPa (200 to 3000 psig), preferably 2859 to 13891 kPa (400 to 2000

psig), a space velocity of from 0.1 to 10 LHSV, preferably 0.1 to S LHSV, and

a hydrogen treat gas rate of from 18 to 890 m*/m* (100 to 5000 scf/B),

preferably 44 to 178 m*/m® (250 to 1000 scf/B).

[0017] Hydrotreating typically reduces nitrogen and sulfur contaminants
in the kerosene feedstock by converting these contaminants to ammonia and
hydrogen sulfide, respectively. These gaseous contaminants may preferably be
separated from the hydrotreated kerosene using conventional techniques such
as strippers, knock-out drums and the like. In the alternative, the entire gaseous
and liquid effluent from the hydrotreater may be sent to the next stage. Direct
cascade is preferred for drop-in to existing reactors that do not have interstage

separation.

[0018] The hydrotreating reaction stage can be comprised of one or more
fixed bed reactors or reaction zones each of which can comprise one or more
catalyst beds of the same hydrotreating catalyst. Although other types of
catalyst beds can be used, fixed beds are preferred. Such other types of catalyst



catal yst beds in the sane reactor or reaction zone, can be enpl oyed since
the desul furization reaction is generally exothermc. A portion of the heat
gener at edwaduniomg2isydr ot reati ng can be rgcovered. Were trhirasheéatosssgovery
option is not avail able, conventional cooling may be perfornmed through
cooling utilities such as cooling water or air, or through use of a

hydr ogen quench stream In this manner, optinmumreaction tenperatures can
be nore kL I; ' ' . I ' ' a kerosene
foed my o loilB PAUDES oedd Hifial R BRa s Bl B ABYIIERds 2 2
enmbodi rferlhterﬁth?e Rydling be kit beScciBradierddi idatdon E¥aey)loe bedbedier osene
feeds that could have sufficiently |low |levels of contam nants include

hydr ocr aclatalystdrads en¢hersaink seastener xactiondone, ®anderimployed siaggbeh oi | .

Hvdr odewaxi ng. [.0020] The effluent, preferably, all .the.effluent, nost
pr ef er abl Saﬁ?ll?#&imapﬁs@ds gererallyexothermic. s PRTHODOF the Bt s ¢ hen

t act ] ' | ' | | d action
Contact el YL SV ARIRLAGR! LA RIBERR. SPRAEYES Hi B SERDC e
ker osene JiRRRmSE 9K avdilbleeshieRtofall @oling by be péPlormlelthfighai n a met al
hydr ogenat'i on conponent and a 10 nenber ring 1-D nol ecul ar sieve supported

on a ref raoliogwtisicalsuckiad eoolihg wattadr diy,drdhrnmhi uwse afarhbpdregeni s
preferably a Group 8-1Q nmetal, nore preferably a noble I’T'Etg|, nost

pr ef er ablqnepgh speayy Inythis manner,;eptirawm regefzon ragres,gampe @fonent is in
t he range . 5 wm.% based on catalyst, preferably 0.1 to 2 wt.%
The ref rzf@%%?@arq%%gﬁeodc)xi de may be alumna, silica, silica-alumna, titania,
zirconia and the like, preferably alum na, nost preferably gamma

al umi na. [[0029] Thdnanwliternativenerhbodinzentsa koxosene fdeel meydei seteceat thiagst i s
from10 to 100 . % _preferably 40 tq 80 . % based on catal yst. The

bal ance dRS@HEW k@%gor},ta{nam%ﬁ- sy @rae%vbpghrggﬁparqh QUigatng

hydr ogenasképo&ag%”ép&ﬂﬁ&td_ Examples of kerosene feeds that could have sufficiently
low levels of contaminants include hydrocracker kerosene and kerosene

derived from a Fischer-Tropsch oil.

Hydrodewaxing

[0020] The effluent, preferably all the effluent, most preferably all the
stripped effluent, from the hydrotreater is then contacted with a
hydroisomerization dewaxing catalyst in a second reaction stage under
hydroisomerization conditions to produced a hydrodewaxed kerosene
feedstock. The dewaxing catalyst will typically contain a metal hydrogenation
component and a 10 member ring 1-D molecular sieve supported on a
refractory metal oxide. The metal hydrogenation component is preferably a
Group 8-10 metal, more preferably a noble metal, most preferably Pd, Pt or a
mixture thereof. The amount of metal component is in the range from 0.1 to 5
wt.%, based on catalyst, preferably 0.1 to 2 wt.%. The refractory metal oxide
may be alumina, silica, silica-alumina, titania, zirconia and the like, preferably

alumina, most preferably gamma alumina.



Such catal ysts can be forned by nethods such spray drying, extrusion and
the li ke. The dewaxi ng catalyst nay be used in the sulfided or unsulfided
form andwo=opreebsaably in the sulfided form [0022] ThecIQscegoessssi ng 1-D
nol ecul ar sieve can be ZSM 23, ZSM 35, ZSM 48, or another suitable

nol ecul ar sieve. Preferably, the nolecular sieve is ZSM48 with a ratio of
silicato alumna in the ZSM 48 of |ess than about 110: 1. [0023] The at

| east on oge ' hEacl : atied 1.0,.81 ' - t he
catal yar UL} 90T Aot 6 plofe s S B el R ot euch

as refracoay wets] peférdblysd@ e 80 wih &, baged onratalpsir aThel balanbe oficherol ecul ar
sieve. The at |east one hydrogenation netal can be deposited by any neans
known t o dewvaxingcatalyst & refedoterysmpprorand metal hydeogenatien componentbl e

m:; . of Sy cat B e peciormeA Ry Cetiodh ok st AR AR ATAE o1 o
or ot orr ed e e s Py rEHELET i e AR AT Ao E b 8

ker osene i ppefetdtanim tife fiAfidagifeenwi th the above-described hydrodewaxi ng
catalyst in a reaction stage under effective hydrodewaxi ng conditions. The

mvent i or 0038 o i lY B i) FOFRIAr SEXEHR brAivr s 4Bt on
17 or ont> 22CAVAE br R OHER SRIAOR ORCALr SR, TRRHO, BCRoReuld® o0,

fixed bedsews i 28948 fdth a Eatidodtiien té whasinafinahe ISHE14Seliiess timnude
fluidized beds, ebullating beds, slurry beds, and novi ng beds. Interstage

cool i ng cabouwedldPrlg bet ween reactors, reaction zones, or between catal yst
beds in the sane reactor, can be enployed. A portion of anyheat generated

convent i g Eool | o A e oo AR U T i ey P egited, 20l €
onto the catalyst before or after, preferably after the binder and/or support, such
as refractory metal oxide support, has been incorporated with the molecular
sieve. The at least one hydrogenation metal can be deposited by any means
known to be effective at doing so. Non-limiting examples of suitable
incorporation means include incipient wetness, ion exchange, mechanical
mixing of metal oxide precursor(s) with molecular sieve and binder, or a

combination thereof, with the incipient wetness technique being the preferred

method.

[0024] In one embodiment of the present invention, a kerosene feedstream
is contacted with the above-described hydrodewaxing catalyst in a reaction
stage under effective hydrodewaxing conditions. The reaction stage containing
the hydrodewaxing catalyst used in the present invention can be comprised of
one or more fixed bed reactors or reaction zones each of which can comprise
one or more catalyst beds of the same or different catalyst. Although other
types of catalyst beds can be used, fixed beds are preferred. Such other types of
catalyst beds include fluidized beds, ebullating beds, slurry beds, and moving
beds. Interstage cooling or heating between reactors, reaction zones, or

between catalyst beds in the same reactor, can be employed. A portion of any



such as cooling water or air, or through use of a hydrogen quench stream
In this manner, optinmumreaction tenperatures can be nore easily

mai nt ai newlo 2bto/@hsul d be noted that thegreacti on stage @®OmMUSs2M00545He
dewaxi ng catalyst is sonetines referred to as the second reaction stage.

[ 0025] Effective hydrodewaxi ng conditions involve tenperatures in the range
2400C to 400 0OC, preferably 300 OC to 380 OC at pressures in the range of

1480 to Q) f : a (400 to
2000 psi o AeSAICECHR difo BERLL AR, whbR, BECRe rechvtrl Bplisidinbl®, (P 0
LHSV, andawailapl¥, egaverticaal cgalin aia?rﬁépénfmé&ﬂh@u@eowuﬁmﬁes to 5000
scf/B), preferably 44 to 178 nVnB (250 to 1000 scf/B). [0026] The use of a
cat al yst sshtagiooohiggavater apaiveor throeghi use oia bydiagengjusneh isirpamvls t he | ow

tenperature properties while mnimzing the anount of .kerosene verted to
| owor - boi S /HARRET, OPHRWIE feaetian RHIRTAAres RANDMAR EASIGMBHNAReand oy

o1 Lner DGR AElofla 8 BoELALANAKo LOANRGNE Sl AL ARLANSHE ol ecul es.

These nore I'S6-pararfins are°pro o 't her

reacti on gmdtirass ffasid fd as the rohtd G¥dcion 48 is an excell ent catal yst
for hydroisonerizing straight chain and singly branched iso-paraffins

Fuel -1 n BRASL | on ERFUNGRIPRENPOeRo HipBYohRa eSS ithe o | ©
bl | b ] '
cconom car"REL RS F 407 L PleERLRY 0B G g SR CA e alie e bl 067, Mant <

to accept py0etol X76skPP00eS3 (0007TE), pleferebl¢T8sditganBy 1 tiiPa (Apdret r eat i ng

catal yst and dewaxi ng catal yst occupy different fixed beds in the sane
react or. 2Q00i psip), efspacesekdcily afffeomytit do d@dtHBY, prafatapdy Oclotet &ct ker osene

Lﬁgng Ergﬁeﬁ@ﬁ(ztﬁedﬁfxdmég%%gf% 3 Stﬁ S%%Féggﬁ)gl% @F@&O %(?%Sé)ést)r e]l‘ gr ?gﬂ
i t.’ R cferr
enti re eitTEanpbrally HER AR A TRERE R PP SLOBS ! 1 0 e not excessive, he

[0026] The use of a catalyst containing a 10 member ring 1-D molecular
sieve improves the low temperature properties while minimizing the amount of
kerosene converted to lower boiling fractions such as naphtha. Thus single
iso-paraffins may either hydrocrack or more preferably isomerize to more
branched molecules. These more highly branched iso-paraffins are protected
from further reaction such as cracking. In particular, ZSM-48 is an excellent
catalyst for hydroisomerizing straight chain and singly branched iso-paraffins
without significant cracking taking place. This improves the yield of jet fuel.
In addition, the overall process improves the smoke point to acceptable levels
by saturating aromatic compounds and also provides an economical method for

lowering sulfur and nitrogen-containing contaminants to accéptable levels.
Process

[0027] In one embodiment, the hydrotreating catalyst and dewaxing
catalyst occupy different fixed beds in the same reactor. It is preferred that the
hydrotreating catalyst contact kerosene feedstock first, i.e., is placed upstream

of the dewaxing catalyst. In an embodiment where ZSM-48 is selected as the



may be sent to the dewaxing stage as ZSM48 is nore tol erant of these
contam nants than are other isonerizing dewaxi ng catal ysts. However, if the
anmount ofweR28loB1skor ned by hydrotreatjgg i s excessive, PCas2adosoass | uent
fromthe hydrotreating stage may be stripped to renove these contam nants.
The flow is feedstock through the reactor may be co-current or
counter-current, preferably counter-current. Hydrogen nmay be added to the

f eedst ockmggeicﬁ?dpsﬁweo Fe ik gr@[@h‘éﬁitﬁ it e ABRRRPOE g%@ﬂ?ﬁ% gdr??eﬁi;w her

enbodi nment, e hydrétreating catalyst Is in a par a reactor. The
ef fl uent Hydiotreieng i9153t oxeassive, the entreckffluedt front thediydsotrbariig stage ppi ng to
renove gases such as |ight hydrocarbons and H2S/NH3, to a second reactor
cont ai ni nyaydrEenhtp thetdemwaxing Mgse s ZMM-4feisi mpentoleranbof tesei ng an
interstage stri pe%rjl s a fﬂ{lct.i on of. the nature he,.nol ecul ’E%QF?I eve and

the degr €M thanAe GRS HSQIRETENg) X1pg S?ﬁ%iﬁ -1 FIOReVER4

Al t ti t t f :
nyar ot r et gt SRS hme by ERRORERIRE T oRRSRE R EMUGH |\
ef fl uent fro@nthe s desv@tingdstag@ffyBystHpped fslteiheve tHese corpaiiahnts,

preferably a high pressure separator, and the liquid effluent fromthe
separ at orTheflewnis feedstodk thirougin theoreactor mnaydbe sotduerané or cednteeicufngat, havi ng

i mproved yield and properties. [0030] A reaction system suitable for
carryi ng Rygterahly W-msﬁxdgpg%wes%ﬁﬁd;&q%&fﬁ@stwlﬁm 1. In
Figure 1, r ] e k 108 is introduced into a first

hydr ot reaqri%ﬁ? e&‘i%é?%b%l%a&%' hydr ogen treat gas stream 115 is al so

i ntroduced into hydrotreatnment reactor 110. The kerosene feedstock is
exposed t[@0B8Hr ot rlaamiothercombbdimens, the hiydratreatingraatalyst isvna secpaateor 110 in
t he presefnce of one_or fgﬁlre gratal st beds that cqntai,n hydrotreating

cat al yst. I@f‘?%%ﬂ-me? t Erom the Hesh Leastar 181coRduetadoW, pEItaeY, 122,

wher e gas 4 r Lqu] r
where 9o RBERE BRI RE PR ARG R PhSO T ek,
nmay be caggadedoRfeiing et king catalyst. Again, the decision for by-passing an

interstage stripper is a function of the nature of the molecular sieve and the

degree of contamination of the effluent from the first reactor. Alternatively,

another type of separator may be used between the hydrotreatment and

dewaxing stages.

[0029] In either embodiment, the effluent from the dewaxing stage may be
conducted to a separator, preferably a high pressure separator, and the liquid
effluent from the separator is sent to a fractionator to produce the desired jet

fuel having improved yield and properties.

[0030] A reaction system suitable for carrying out the above processes is
shown schematically in Figure 1. In Figure 1, a kerosene feedstock 108 is
introduced into a first hydrotreatment reactor 110. A hydrogen treat gas stream
115 is also introduced into hydrotreatment reactor 110. The kerosene feedstock
is exposed to hydrotreating conditions in first hydrotreatment reactor 110 in the
presence of one or more catalyst beds that contain hydrotreating catalyst.
Optionally, the treated feedstock flows into a separator 122, where gas phase

products are separated from liquid phase products. Optionally, a portion of the



first reactor as a recycled hydrogen treat gas stream (not shown). After
passi ng through first hydrotreatnent reactor 110 and optionally separator
122, the woeatogd2fseedst ock enters dewaxpng reactor 140, palrarsgoogiovissea second
hydrogen treat gas stream 125. The treated feedstock can then pass through
a separator 142 for separating out a fuel suitable for use as a jet fuel.
In an alternative enbodi nent, the hydrotreatnent and dewaxi ng stages may be

cont ai nedsjshise bt Rr S fed bhARBa B ARAYLRRERIR bRk i Tect ed to

preferre 0 nts of "‘the pr I nventi o ose skilled in the art
w1 recofist zaactdrads dictgcledbiiogantreatidasisteam @ouahownyf Adtdripassingul d be
devised for carrying out the spirit of this invention. [0032] The follow ng
exanpl e vihrough fixss hydrasraatmenhinastosd 18randcantionslyseparatorel 24, dbent

i nvention, but_.is not neant . to Limt th resent invention.in any fashion.
Exanpl e [ fepdat cﬁné‘%fﬁéimw%ﬁﬁ%f%s&a b A D&W&Hr?e%ﬁagaﬁéwﬂé ock was
acconpl i ' t ] |t rd-pRi bet ween
Feact or s e agS st s PP O oA B eIP e LS NAORE o sPB e U
(Criteri o foeNepautingloueatfubDsiigibid Rsitusefdeadgeofuel. Imanladraediva th a

Pt/ ZSM 48 dewaxing catal yst. [0034] The kerosene feedstock was prepared

f r om pr edonbodimeny, the dtyidsotrédtgtent and dewasingsgfagesanay bgtcontgjnedépar into t he
crude to nake heavi er kerosene. Wiile a normal conmercial jet fuel cut has
a normal PRRFIrAYPAnge from 300 to 5500F (149 to 2880C), the kerosene cut

had a boiling range of 325 to 5750F (163 to 3020C). The higher initial

boi | i ng fO081] Was Tixesbdve ddseriptiss i§ Bieedted st ppeferred @ntbddimentsodftheend poi nt
was used to maintain the sane overall yield oncrude. The feedstock (Feed
#2) and pprogenttiinesntine Thoserakilleddnithe Febvidl recogmige dhatcatheent al results are
summari zed jn Table 2. . . .

embodiments that are equally effective could be devised for carrying out the

spirit of this invention.

[0032] The following example will illustrate the improved effectiveness of
the present invention, but is not meant to limit the present invention in any

fashion.

Example

[0033] The hydrotreating and dewaxing of a kerosene feedstock was
accomplished in a two-reactor system with no interstage stripping between
reactors 1 and 2. Reactor 1 was loaded with a commercially available
(Criterion) CoMo hydrotreating catalyst. Reactor 2 was loaded with a PYZSM-

48 dewaxing catalyst.

[0034] The kerosene feedstock was prepared from predominantly Arabian
light crude to represent cutting deeper into the crude to make heavier kerosene.
While a normal commercial jet fuel cut has a normal boiling range from 300 to
550°F (149 to 288°C), the kerosene cut had a boiling range of 325 to 575°F
(163 to 302°C). The higher initial boiling point was used to increase the flash

point and the higher end point was used to maintain the same overall yield on



Table 1 APl Gavity 43.8 Nitrogen, ppm4.9 Sul fur,
13.81 Flash Point, OC [DO3] 63 Freezing Point, 0C [D5972]

ppm 4204 Hydr ogen, wt %

-31. 2 Snoke

Poi nt, nmmwO@20R/0deaat i cs, wt % [ D5186] _3%..7 Fl ash Poi nt, POF/USDE6003u58!
Viscosity, KV@-20F 8.855 Viscosity, KV@OF 5.772 Napht hal ene, wt % [ D1840]

3.4 Aromatics, vol % [D1319-1] 22.12 Distillation [D2887]

| BP, OF 300 5 333

10 349 20 375 30 397 40 420 50 445 60 468 70 496 80 524 90 550 95 567
crude. The feedstock (Feed #2) and properties are summarized in Table 1. The

experimental results are summarized in Table 2.

Table 1

API Gravity

Nitrogen, ppm

Sulfur, ppm

Hydrogen, wt%

Flash Point, °C [D93]
Freezing Point, °C [D5972]
Smoke Point, mm

Aromatics, wt% [D5186]
Flash Point, °F [D56]
Viscosity, KV@ -20F

Viscosity, KV@ OF

Naphthalene, wt% [D1840]
Aromatics, vol% [D1319-1]
Distillation [D2887]
IBP, °F

5

10

20

30

40

50

60

70

80

90

95

EP

Table 2

Jet Fuel Data Summary

FEEDSTOCK

CONDITIONS MB330
Pressure, psig ) 400
Rxr. Temp (HDT) 600
Rxr. Temp (Dewaxing) 300
LHSV (HDT) 5
LHSV (Dewaxing) 2.5

43.8
4.9
4204
13.81
63
-31.2
222
25.7
154
8.855
5.772
34
22.12

300
333
349
375
397
420
445
468
496
524
550
567
597

Feed#2

MB329

400

650
650
5
2.5

MB334
400
650
675

2.5



EP 597 Table 2 Jet Fuel

VB329 MB334 Pressure, psig 400 400 400 Rxr. Tenp (HDT) 600 650 650
Tenp (DeviaRi2on)043G@ 650 675 LHSV (HDT). 15 .5 5 LHSV ( DewarCm@)S2®@98025% 2. 5H2
2000 2000 2000 YIELDS, wt% H2 Consunmed, SCFB 75 95 150 C1-C2 0 0.1
0.1 C300.50.8C401.11.8C5-3302.9 7.9 13.9 330+ 96.8 90.2 83.2 Jet-A

SCF/ Bbl

Pil ot Plant HDT HDT/ Dewaxin e Properties Spec Feed #2 Nom nal
APl Gavity BAdBu13.8 44.2 44.0 43.4 Freeze Roont,
-40.6 -52 Flash Point, Deg F >100F 145 160 154 135 Napht hal enes,

3.4 - 1.2 1.8EPP®MYi cs, vol % <25 22.1 20.9 20.1 21.8 Snoke Point,
22.2 23.0 2HXCopsumed JCEBCosi ty, KV@ 18C 8@ 200’55 8 7. 0956 8 6. 85Q—|ydrogen
w % 13. 81 1331%? 13.87 13.81

0 O 5 0 8
C4 0 1.1 1.8
C5-330 2.9 7.9 13.9
330+ 96.8 90.2 83.2
Jet-A Pilot Plant HDT HDT/Dewaxing
Properties Spec Feed #2 Nominal 350F+ Bottoms
API Gravity 37-51 43.8 44.2 44.0 434
Freeze Point, Deg C <-40C -31.2 -30 -40.6 -52
Flash Point, Deg F >100F 145 160 154 135
Naphthalenes, wt% <3% 34 - 1.2 1.8
Aromatics, vol% <25 22.1 209 20.1 21.8
Smoke Point, mm >18mm 22.2 23.0 22,5 21.2
Visscosity, KV@-18C 8@-20C 5.8 7.0 6.8 6.8
Hydrogen, wt% 13.81 13.95 13.87 13.81
Sulfur, ppm 4200 70 15 12
Nitrogen, ppm 5 <0.5 <0.5 <0.5

- [0035] In the first experiment designated MB 330, the Pt/ZSM-48 catalyst

is "turned off" by operating at a low temperature. The results show that
hydrotreating alone is ineffective for reducing Freezing Point to the required
specification. In the second experiment (MB 329), the PZSM 48 catalyst is
brought on-line at 650°F (343°C), resulting in a 90.2 wt.% yield of high flash
point, ultra low sulfur jet fuel. The last experiment (MB 334) demonstrates
that yet higher Pt/ZSM 48 catalyst severity (675°F, 357°C) can be employed to
produce a very low freeze point jet fuel with a high flash point in excellent

yield (83.0 wt.%). Smoke point and aromatics are improved in all cases.

Dat a Summary FEEDSTOCK Feed#2 CONDI TI ONS MB330

Rxr .

350F+ Bottons
DegoC <-44p0p-31.2 -30
wt % <3%

mm >18mm



Sul fur, ppm 4200 70 15 12 Nitrogen, ppm5 <0.5 <0.5 <0.5 [0035] In the
first experinment designated MB 330, the Pt/ZSM 48 catal yst is "turned off
by oper atwogoswo4aishow t enperature. Thejgesults show t hatChguseawnemss ng
alone is ineffective for reducing Freezing Point to the required
specification. In the second experinent (MB 329), the Pt/ZSM 48 catal yst is
brought on-line at 65Q0F (3430C), resulting in a 90.2 w.%yield of high
flash poietAI%g.ra | ow sul fur jet fuel. The | ast experinment (MB 334)
denonstrates that yet higher Pt/ ZSM 48 catal yst severity (6750F, 3570C) can
be enpl oyed to produge a very |ow.fr.eeze i et fuel wdh igh flash
point in excell en'?l'y r@ce%fq; RXPq%mgédﬁﬁﬁleE%‘i aﬁaosgp&fﬁ?(}sggc ?e

i nproved ;& .CLAIMS: 1. A process for producing a jet fuel froma
ker osene ‘?fehecgsdtogg@%ﬁi ch conprises: hydrotreating the kerosene feedstock in
the presence of a hydrotreating catal yst under hydrotreating_conditions to
produce a hydr ot r eat Bridresregtinghe kerpsene keedgtagdodn ibe PHSCRGeIPhEr eat ed

15D ol ccticaprenune cdabar WaERR AR BonBeRAliah GRS By or odovaxed

ker osene { k 1 ' ting the hydrodewaxed kerosene feedstock
R e

to produc e prdcess of claim1 wherein the kerosene
feedstock has a boiling range from 149 3430C_. 3. The process of claim1l
wherein the hydr otreﬁ?Wﬁ@l%dhﬁihYﬂmeqt?éﬁ%eﬁ%ﬁﬁ?@ﬁ rlééflia RTGSRBCE ange

o), o dpsedobal ERGRER (0 mistd 1 mdBibuedd Badt b atfecs gas.

rate of feoiBshd @ pré8AcdBhYBrd RN KPO¥e feedstock; and

fractionating the hydrodewaxed kerosene feédstock to produce

a jet fuel.

2. The process of claim 1 wherein the kerosene feedstock has a

boiling range from 149 to 343°C.

3. The process of claim 1 wherein the hydrotreating conditions
include temperatures in the range 280°C to 400 °C, pressures in the range of
1480 to 20786 kPa (200 to 3000 psig), a space velocity of from 0.1 to 10
LHSV, and a hydrogen treat gas rate of from 89 to 1780 m’/m’ (500 to 10000
scf/B.

4. The process of claim 1 wherein the hydrotreating catalysts
contain least one Group 6 metal, at least one Groups 8-10 metal or mixtures
thereof.

5. The process of claim 4 wherein the hydrotreating catalyst may
be supported or unsupported.

6. The process of claim 1 wherein dewaxing conditions include
temperatures of from 250 °C. to 400 °C., pressures of from 791 to 20786 kPa
(100 to 3000 psig), liquid hourly space velocities of from 0.1 to 10 hr 1 and
hydrogen treat gas rates from 45 to 1780 m’/m’ (250 to 10000 scf/B).



scf/B. 4. The process of claim1l wherein the hydrotreating catal ysts
contain | east one Goup 6 netal, at |east one Goups 8-10 netal or m xtures
t her eof . WO 20twm4prsacess of claim4 whepgin the hydrotreaCrng2eanedsgst may
be supported or unsupported. 6. The process of claim1l wherein dewaxing
conditions include tenperatures of from250 OC. to 400 OC, pressures of
from791 to 20786 kPa (100 to 3000 psig), liquid hourly space velocities of

from0.1 to 10 hr 5 - 1780 nB/ B
(250 10 10000 scf /) THE MRS it [PhofR A Cincklifih i 1t 0, O Mg

1- D nol eadbRicukireisrelis Z8WE48E. 8. The process of claim1l wherein the
dewaxi ng catal yst contains at |east one netal hydrogenation conponent. 9.

Th f clg wh i | h i .is Pt, Pd
or a1 xt ur et hor dor THE BTORRS 5 URBLE VATt AP AR e WAk FRPRECHIAFS: r cat i ng
(1:i1t al yst angd,ct Bﬁe%ﬁﬁwfg%ﬁkﬁéoﬂﬁgﬁ%dsepar ate beds within a reactor.

The process o aim ereint rotreating catal yst and the
dewaxi ng catal yst are contained in separate reactors._ 12. The process of
claim1, wherein theTkepseesss of skaim davhereindbe matal hiydrpgeratiqm part from a
bi oconponent sour claim 12, wherein the kerosene

ce . The.process o
f eedst Ocigqrgpcggﬁtgﬁelét,i’?i (Preaagltlgﬁuﬁe ﬁ};ﬁr?()ftfrom triglyceride vegetable oils. 14.

The process of claim 12, wherein the kerosene feedstock is derived at | east
in part from fattylOaciltherprobgds afstlains 1 viliereibhtheprydretssatofg cdtaliyst 48] wher ei n

the kerosene feedstock is derived at |east .in part fromaninmal fats.
the dewaxing catalyst occupy separate beds within a reactor.

11.  The process of claim 1 wherein the hydrotreating catalyst

and the dewaxing catalyst are contained in separate reactors.

12. The process of claim 1, wherein the kerosene feedstock is

derived at least in part from a biocomponent source.

13. The process of claim 12, wherein the kerosene feedstock is

derived at least in part from triglyceride vegetable oils.

14. The process of claim 12, wherein the kerosene feedstock is

derived at least in part from fatty acid methyl esters.

15. The process of claim 12, wherein the kerosene feedstock is

derived at least in part from animal fats.

16. The process of claim 12, wherein the kerosene feedstock is

derived at least in part from oil-producing algaes.

17. The process of claim 1, further comprising performing a

separation on the hydrotreated kerosene feedstock prior to dewaxing.

18. The process of claim 17, wherein the separation comprises

stripping the hydrotreated kerosene feedstock.



16. The process of claim 12, wherein the kerosene feedstock is derived at

| east in part fromoil-producing algaes. 17. The process of claiml,
further owopnisi4ags4perform ng a separatjisqen on the hydr orceaiseakessssene
feedstock prior to dewaxing. 18. The process of claim 17, wherein the
separation conprises stripping the hydrotreated kerosene feedstock.19. A
process for producing a jet fuel froma kerosene feedstock which conprises:

devixing a ker 0sen, T 655t A5k} Brodifeig §5811581 fbnPa KBNS feddifdadi ng a 10

menber ring 1-D nolecul’ar sieve xing conditions to produce a
hydr odewawhithkmoseses: f eedst ock; and fractionating the hydrodewaxed
kerosene feedstock to produce a jet fuel. 20. The process of claim19,

wherein the 10 menber dre %mg a krepos%ﬁg Ifeeds?oc(i% in the presence of a catalyst
including a 10 member ring 1-D molecular sieve under dewaxing conditions to

produce a hydrodewaxed kerosene feedstock; and

fractionating the hydrodewaxed kerosene feedstock to

produce a jet fuel.

20. The process of claim 19, wherein the 10 member ring 1-D

molecular sieve is ZSM-48.



