WO 2010/ 042154- 1 - PCT/ US2009/ 005458 HYDROTREATMENT AND DEWAXI NG TREATMENTS
FOR | MPROVI NG FREEZI NG PO NT OF JET FUELS FI ELD OF THE | NVENTI ON 100011Thi s
invention relates to a process for inproving the yield and properties of

jet fuel from"® R¥PE&he feed. Mire partilcul arly, a ker F&EHS2P¥EEBock i s
hydrotreated and dewaxed to produce a jet fuel having inproved properties.
BACKGROUND  Okypkbi ch RN EEN el D802 | 4 BArmEMR| SorafiRrBFRE UREE: 1fi& OBLIN6F Ret r ol eum
refining proeess. The production of jet fuel can be sinply a cut froma
crude fractionator. Mdre frequently, jet fuels go through various
processing steps to neet specifications such as acidity, aromatics,

ol efins, naphtidl2OE THEDNYEMIION sul fur, nercaptan, freeze point, and
color. The particular processing required is a function of the grade of jet
fuel producedipobipght Bk ihwation FaxMe® 4 fBcdsSord itProvingtiRdgelaagdgener al | y
strai ght run kerosene produced fromdistillation of crudes. H gher jet fuel
grades such agrop@tiss afdt (el Bowankeaipseng dedo dorg particulaely, & kengsens

ant i oxi dant s, S| i.nhi.hi j L et

peci i ¢ ond FERUAT: ABRME LR Sow ReRFpRANLE, PR Bavibp BpReITEL
scope as et prapdrieare used in a global market. [0003]Wile the overall

mar ket for kerosene has been in decline since the 1970's, the market for

jet fuel s hasgRegsESONTFORITHP INOSINTAOMtries. Thus nost U.S. refiners
have been running at close to capacity to neet the fuel needs of fuel

custoners in j,ng t need for, | f . [ -2 ), the U S.
uses slightl ;lloﬁéeiis]s t h}aéﬁﬁ’f‘?srﬁ]I F Iplr%dﬁllc %%Frlogjle%gggr%éé@?%éﬁi?%ﬁ Iooggsesf . st of that
usage i s prodiedsttida WE ft ifigs lchly bkintplp e eyt fom redrhdefimdtiohatof. Moports. Exports
are also smal| and nmpst|y conprise fuel | oaded on airpl anes used for

i nt er nat i onal reaueRhy det frep g9 Hrouslyrariqus RRCCIHRESHEPSIP S SRESHEHSR:d | et

fuel is used diof abhtl Bt slbmchafiiflicldlsokdpSihi gakgs. This use may

| essen because jet fuel usually contains nore sulfur than permtted under

t he new ul t r an¢roaptanylffegze pidiet ehd (QJoSOThe paytitwlen pynecssingpéemsdtisg i on of t he

ULSD regqul ations. may.., however., [ncrease the. d,for .ke ithin the
refinery as é%%(ishé’ge tlEﬁ %rﬁg%?é’gkhﬁggﬁﬁ%edi‘tﬁigg’?gegglfeéﬁ'hatvbn%tégiégﬁgm fur from
ker osene t harralicaseberdeidly stiaddd ol k@ os@s prafuct @ frofidibtilionléenites.a seri ous
issue for airline operators. In general, the cost of jet fuel roughly

tracks the cdigh@retdhelaadssisuchay-aiend P8 cop@imyasious pddisvesgshicgnced a
significant rj TPy I : ] : i : iqM ze the
yi el d of hi gﬁh%ﬁ;gfiﬁt!fﬁbg%&i? hé@g&ttﬂ%’r |18%%g%1{rg%§?%éér %ksitr?gﬁ @elggl%:%(l)ﬂri%é{s&l?ch as
sul fur, flashspogoirementeeSeciprignirements sabeingnattonabmdcope dsgechnbi dered in
i ght of chanﬁi ng .t e%ulgt{ on gover ning jet fuels. SUMVARY OF THE | NVENTI ON
[ 0007] Accor di*hgiSy® 1t Aere? gxa%e vided a process for producing a jet fuel
froma kerosene feedstock which corrrgri ses: hydrotreating the

a

ker osene feed®tk i nVhikethsvsepcearket for Fsiéf@ﬁ%r}@&b?ﬁgindﬁﬁhm%@{m%ﬁer
hydrotreati ”9%%’9 dhd QS hf(} é&rfﬁglg ‘5‘3? geeeggegg%r&cﬁx?%fnﬁﬂo&%ﬁﬁtﬁ@@ ﬁg\f‘stt ock;

dewaxi ng the hydrotreated rosene e presence a catal yst
i ncludi ng a bstriEeefindrnave-idemplredng #rclese eéw eapanidp to vhewtetke figgl oegddi ti ons to

produce a hydr.odewaxed kergsene feedst.ock; . and fracti (]
Py oenaxes ok B LG SRS U0R R SRRl cuirihly (0ts e), e
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



BRI EF DESCRI PTI ON OF THE FI GURE 100081Fig. 1 schematically shows a reaction
systemfor performng a process according to an enbodi nent of the

i nvention. DETAI LED_DESCRI PTI ON OF THE | NVENTI ON Feedst ock 100091l n an
enbodi nent, t N PEEGETbck for the present2process is a KEr'0SEHE e osene,
such as straight run kerosene, may be obtained fromfractionators used to
fractionate crudes or distillate fractions thereof. In another enbodi nent,

sui tabl e feedst ocks can ipnclude conventi.onal crude-oil rived kerosene as
vl | “as par af FITHIES Ryt sl HaseermairorHer b sy iRy Rl BEeiShn ae
hydrocracker KerSSeRgulaibnd. | IRpleRkniafiof 85 theHESIS répYations Wagehdadvat,f i ni c
hydr ocar bons, neat or as co-feed, fromsynthetic crude sources such as

Fi scher Tropstkregsd be damand fankerasens wihis therafipery dsragdiessi blesdgoslent sources
such as trigl ride. v o] i L nck-udi rel ated conpounds
such as fattyyegcg}lgtf fre@teﬁgg’t%sfFﬁ‘nggﬂw‘é%’?g%ﬁd‘%‘r%g%é?‘%é’ al gae. For feeds

cont ai ni ng oxyﬁgenat es, it is_pr g?gr able to pretreat the feed via

hydr ogenat i on[0085k ero¥he 695) §EIFt e habrreme afREQES ISSHCSAr SRS QRTEAINS: t o
paraf fini ¢ hygr QGehbeRsScostoRNEeRRI Rihehly PREE el bCoftYeHAGRT PARS I Re] 6t T uel
vi a hydroi sonerization IS one speci §I feature of the current process and
cat al yst systeperatpsdlavs exherife@NG| Sugnifibard rise ettt bcksostave a boi | i ng range
from 149 to 343C (300 to 650F), preferably 163 to 316C (325 to 600F) as
measured by AB006]086 Dherd&Tdvhd3aas maxihize teoyipRI Fhidoqediny RAfienal ker osene,
an increased upper end of the boiling range helps to nmaintain the yield of
jet fuel whilderypd fioaykasewege) dstoresighing spldury Bashpaintafreezepointiagdn poi nt .
G oud and fregz8 R i A : 6514 el

[ 00111Freezing pgﬁ)%%rﬁ?iﬁgdg&(r:r y,s?lg'l l%?e{{lpglﬁwgéln%@g?gggggtﬁ% gl ni nag

speci fi cati oryef fuefset fuel production. The prinmary controls are to cut back
end yield (to reject heavy wax nol ecul es) and naxi mze front end yield (to

add sol vent tsusoiARY O aHBaNVERMYORD! ecul es in the back end). WAx
i sonmerization significantly reduces the inpact of the heavy wax nol ecul es

on freezing i per .t : i lst lyng i n

i ncreased jeﬂg?ml yig}%fr&lﬂ%g{e%flg éé‘ngél;&c%}&é)ggséif@r#g?ugé QE# f{]éulel oil are
t oo heavy t o freet keesedaufebddteckaphichtomplisgser f or rance requi renents.
100121Anot her benefit of the present process is that it could extend the
yi el d of dual purposeyestRaBig the kefosenk Bicasi8A€intthdprdiBicelRF aused as No. 1
diesel for winter blending or jet fuel depending on the market need.

Hydr ot r eat i ndyHOWEalingeaialzsianteriisiofetesing gpnditivnstoasedusicd hydrdtigatednd/ or
nitrogen co ] [ R.an anount unacceptable for jet fuels.

Accordi ngly, q{eﬁcgkr%g@%@séél%’f eedstock is contacted with a hydrotreating

cat al yst under conditjons, ef I*E?cti ve to {Sem)ve at st a portion_of the

| e
sul fur and/or nitrogdR™Rsinedhs Rudpyeated ?rSWEée%iSWgﬂ%f}}eé’é?séac?%fr%sene.

Hydr ot r eat | N@aGAkin¥RidheSii 6 AlRhibef Ahg YS9 nlMBERIR sRVE ubQRwalikgal ni ng at
| east one Group 6 (based on the IUPA%: h

Periodi c Tabl e having Goups 1-18)
met al and at chediensoner@iusepdygdradewasedkerosang [fepdistogkdndt ur es t her eof .
Preferred nmetals include Ni, W M, Co and m xtures thereof. These netals
or m xtures of netal SragtiendtitRith@hydtodsveseikeasexicd@iodk topuddicd@geton
refractory netal oxide supports. The m xture of nmetals may al so be present
as bul k net af'€at al ysts wherein the anmount of netal is 30 wt.% or greater,
based on catal yst. [00141Suitable netal oxide supports include oxides such
as silica, alBRd ESCRIPAFION QR THE 61GUREani a, preferably al um na.
Preferred al um nas are porous alum nas such as gamma or eta. These

catal ysts typognsl |y iFigliudBemBliclly showhh Redchion EMae relasefo above in
relation to bul k catal yst and at |east one extrusion agent. The anount of
netal s for s@fseistaseodigrtoaneatiodinentoiiesingentiont her i ndi vi dually or in

m xtures, ranges fromO0.5 to 35 w.% based on catalyst. In the case of
preferred m xtures of Goup 6 and G oups 8-10 netals, the Goup 8-10 netal s
are present in anounts of fromO0.5 to 5 w.% based on catal yst and the

G oup 6 netals are present in anbunts of from5 to 30 w.% The anmounts of
nmetal s may be neasured by atom c absorption spectroscopy, inductively
coupl ed plasma-atom c em ssion spectronetry or other nethods specified by
ASTM for individual netals. Non-limting exanples of suitable commercially
avai |l abl e hydrotreating catal ysts include NEBULATM KF-840, KF-848, KF-757,
and DN-200. Preferred catalysts are low acidity, high netals content

catal ysts including KF-848 and NEBULATM [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 wopmor |ess. The sul fur
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to 400 C, preferably 300C 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 fromO0.1 to 10 LHSV, preferably 0.1 to LHSV,
and a hydr ogeM ¥ P42 @%/as rate of from 18 %o 890 n8/n8 (1 "f%“"%‘@é’sscf/B)
preferably 44 to 178 nB/nmB8 (250 to 1000 saff3). [00171Hydrotreating
typically reduces nitrogen and sul fur contam nants in the kerosene

f eedst ock by ', noni a and hydrogen sul fide,
respectively. B%H‘é@éh?g@]z&am ?\gb%. Mﬁa erably be separated from
t he hydrotreated kerosene using conventional techniques such as strippers,
knock- out drubeedstedkthe Iike. In the alternative, the entire gaseous and
liquid effluent fromthe hydrotreater may be sent to the next stage. Direct
cascade i s pr@0egy ed foin ethbgdiment, theefisedstdckPor A pradest pro@dss than not have

i nt erstage seg%r ation. [0018] The hydrotreating reacti on stage can be

conpri sed of gs<ge- Fﬁﬁf‘@e?q’ﬁ%‘a‘ Peilraredh Binresosspe, e bs effangd 89Mach of whi ch
can conpri se ng catal yst.
Al t hough ot he?gt?]fggtg gg‘?a fg({%he S g%&ldhgﬁﬁ%e ,n??{xedlte djél are
preferred. Sualother Iamboo:hqus suftabiatf@ddytstks dtaedscludecdandentidnal chuzle@llbeds,

ebul | ati ng beds urry beds,. and bed shage coolln

heat i ng betmeeﬁfvfgggrt% q“e%?c‘%af%ﬁ (I}ﬁ' Ocali)ronﬁg(to %th 5(’8??’59“ ?js in the
same reactor gchhaen m@rraclz@rkeros@am Sml P ;1 esds $eds enalyhBclf@Sprhtnizat i on
reaction is general ly exothermc, é}”' on of the heat generated during
hydr ot r eat i nghYSEFAERONS 31 @ 28cPO- fppd rfeom pymhetisarudesaniess gudnas lopches not _
avai | abl e, copgahi Rahqdoe aﬂagax%&ig s 8518 HoB E@Qoﬁaﬁ&% OB 0ROt I 11 i es
such as cooling water or air, rough use o rogen quencﬁ stream
In this rrannanglympndmwg\etabhacandcammdrfpermbhndeg rehtedtn@mpmedsasa&hlay

i ntai ned 19 | t k f eed.
sel ected t hattebacs eiy1Rst GRS afd o uiriine fedse it Spds SOOI RN: .t he
hydr ot r eat i nghx ?F&F&té’éaﬁ I@I@refmm& eslpreESAT Red 9fa ﬂs@&%@aa@oﬁ eadmotbat coul d

have sufficiently low |l evels of contam nants inclu hydr ocr acker kerosene
and ker osene Qaéfsm/@ui q%ﬁﬁt&nﬂh@emﬂmdﬁr@p@éw parpffinigy Bydgearaisng [ 0020] The
effluent, pref ri pped
effluent, from tﬁgi(ﬁy@rIJ atratrfkeigl\lltcgé'hlL en{@%{n{ugrc ltdglyamx%on%rkag&gf sogltﬁerl zation
dewaxi ng cat abyggal featuee csf&h@mdrmﬁ@nicemrﬂtm@éysﬂmkﬁm ki;sdroscdsorrerl zation
conditions to produced a hydrodewaxed kerosene feedstock. The dewaxi ng

catal yst wil I{omql caldwitaRTeédsPocks ARfeAd bdlMAl RBBE &N MERMIBPEMoRRd a 10
menber ring D nol ecul ar sieve sup gorted on a refractory netal oxide. The

met al  hydr og&AatH) cprefesaiiphehto 3 E5°Br(82 & toaOYF laasanenspred-bycA SEMaP 86 aor e

referably ay al r eof . The
gm)unt of yrret ;ﬁgﬁd;bnip%tgerwh%}}s)él n&t"%lc% c%ﬁl/ée(m};)% OS%B? %ng{héleh'%;ﬁ %ngéd on
catal yst, prehéohtieolling tangehalps &bmaihant it rydatd of jet fiedl athilexnde nmay be

al um na, sili.ca, i ca- al n titania,, zirconi | i ke, preferably
al uni na, rmstmcﬁ‘FaéP‘i.l%r)‘?nag%ﬁt%nﬁfﬁaﬁ%the flagippaint éloﬁaﬁﬂﬂgeﬁe PRIPecul ar
sieve in theuﬂ,‘?%émn%@dpé%ndfs13&9&%&,0 to 100 wt. % preferably 40 to 80
wt. % based on catal yst he bal ance of the dewaxing catalyst is

refractory s t a taI Y 019008 nent uch catal ysts can be
formed by mek'(ﬁﬂgi sucqﬁeegﬁ rgt(s Zal IZ%I& Ot?]eaa f%ﬂsg K€  The dewaxi ng
cat al yst nay spheificaeidn imjet h&l pwdﬁmﬂ@d Dhie pmﬁwyfdodedlsfa@df 10 cuback éndpr ef er abl y
in the sulfide form [[0022] The 10 mepber ring 1-D nol ecul ar sjeve can be

ZSM 23, zSm YisK (to sqectdicay wan gioteeml SLPRLBIETE Ben B e e 08 of or ab Y,
the nol ecul a§ol§érﬁ‘f@ Sélﬁb%§%6%§' thofeduftls i@ tfbask th@? Wax folBR&idd t he

ZSM 48 of |ess than about 110:1.° [0023] The at |east” one hydrogenati on netal
i s i ncor por asigdificantdy redugrsshe supact ofithe hefey war alojesuldsehdresziog paftter |

referably af er. t he b|n r.a ort.. such as r ory.nmetal oxide
Buppor . hasPhBaTedte R erb s bR RRE Ribnd i ieGskflet R T east “one
hydr ogenati on netal can be deposited by any nmeans known to be effective at
doing so. Non-limting exanples of suitable incorporation nmeans include

i nci pi ent wetness, ion exchange, nechanical m xing of netal oxide
precursor(s) with nol ecular sieve and binder, or a conbination thereof,
with the incipient wetness technique being the preferred nethod. [0024]1n
one enbodi ment of the present invention, a kerosene feedstreamis contacted
wi th the above-descri bed hydrodewaxi ng catalyst in a reaction stage under
ef fecti ve hydrodewaxi ng conditions. The reaction stage containing the

hydr odewaxi ng catal yst used in the present invention can be conprised of
one or nore fixed bed reactors or reaction zones each of which can conprise
one or nore catalyst beds of the sane or dlfferent catalyst Al t hough ot her

o Y . Y




[ 0026] The use of a catalyst containing a 10 nenber ring 1-D nol ecul ar
sieve inproves the | ow tenperature properties while mnimzing the anount
of kerosene cgnverted to |ower boiling fractions such as_napht ha. Thus
singl e iso- pagg)fzf’f%oén%y ei t her hydrocrack or more pref rdbYYIPAEREr i ze to
nore branched nol ecul es. These nore highly branched iso-paraffins are
protected fromfurther reaction such as cracking. In particular, ZSM48 is

an excel | ent tal.yst for hydrojsonerizi. trai ght chajn and singly
branched i so- E’?}%f‘?v%%ﬁé“‘&ﬂsr%wp é’ieg?ﬁ @Fﬁcgﬂgreiqoaﬁ%gxéo F‘&Ehﬁbﬁ’ﬁface. Thi s

i nproves the gevepsta@dn)ipstfofi@ice réduikdhtsi on, the overall process inproves
the snoke point to acceptable |levels by saturating aromati c conpounds and

al so provides conQuj f I i.ng; f.

ni t rogen- cont Q?Elzﬁg c%ﬁ%g’% tr’léaHr%Fg8€%e§%%38%t¥i§é+é§g}sgyéetllgé.ou%?]g’((:tgrsl%meOZ7] I n one
enbodi nent, t heldofdiuet puepddegrasanali ¢ s keschedthavana ynige wsetiab Y&t 1 ddupy
different fixgd beds in the sa reactor. It is preferred that the
hydrotreati ngﬁ)ééﬁ‘%tﬂ/@?nq}%f’&tﬁt E%é%%eélﬁé‘gf@e‘égf“@&l%tf‘? t, i.e., is placed
upstream of the dewaxing catalyst. In an enbodi ment where ZSM 48 is

sel ect ed as tHedrofreatingul ar sieve, it is preferred that if the amount of
H2S/ NH3 formed by hydrotreating is not excessive, the entire effluent from
the hydrotreaoid] st ageros@e foedss@hkt tipicdlife ofRibeul g agd/8geit@dger’ SM 48 i s nore

tol erant of these contam nants than are ot her isonerizing dewaxi ng

catal ysts. HovE{ASHNaNty I AT HRacsePable/ fRfist f‘@}sneACFCBSﬂ"Pﬁa&ir@Fr eating is
excessi ve, t NeRodehe rehftb R ohfaPtl Wit Ak cBa1Rf @dRr WBYGiRGnsSt T T PPed
to renove these S(;ont arr% nants.O 'Iahe Wowﬂl){%ﬁ?%éeaﬁs%(g?zg X%rougﬁh tcﬁg&}iactor may
be co- curr entefecticotontmove atrleast a, popiaef Eithbsulfur endoenitogen eortamitadtsogen may
be added to the fgedstock, streamprior,to entering,the reactor. 100281l n
anot her enbod? REHECC ¢ hé&ﬁffﬁ?%ggg?g?lﬁg }Mﬁ%trvilpgfzgtglyﬁgéugg@g&%@e first
reactor. The hefdih benhodercomaiting hi leadt oh@a}@&:gfé (BasEDSKHISIBPAQWEModRE W t hout
stripping to r%rmve gases such as |ight hydrocarbons and H2S/NH3, to a

. g y >
second react orRoEJIRVHIE PP dvidk medpl @ad at lpast onp@spups & Hemetd, isrldingor
by- passi ng an; i LS. - 1y ] of the
mol ecul ar  si g?/lgagﬁsgﬁ%ﬁgﬁdggér%@%{neta%ﬁ? gﬁ#ﬁﬁ’i@h% C%)Eigldgl?] %‘ Jgsnt fromthe
first react orthergdfi dihaset invlsygr mimbtrbeof mytpls aof typepHy atesentrmyxblesosed bet ween

t he hydrotreatnent and dewaxi ng stages. 100291ln either enbodi pent, the
ef f | uent froﬁ’i’?ﬁgs% TACHRgY Giekg &% “B%O%qogﬁﬁé?léalrfBPQe PARISP be
preferably aphisgit B8HABSHER] SAMFER WdereiR 1 dnltfint bombdl BIFo wedtorf rom the
separator is sent to a fractionator to produce the desired jet fuel having

i mproved vyi elBEFaifidbasebprREataySt. [ 0030] A reaction system suitable for
carrying out the above processes is shown schematically in Figure 1. In
Figure 1, a k#Hd$ene Shgetdsnotd ok suppond incldde oxlidesnswzhans fsilica

hydrotreatment r.eactor 110. A hydrogen. treat gas stream 115 .is al so

i ntroduced iﬁ{uguﬂ@dpﬁf?i‘ﬁ?‘r‘?@ﬁf t‘?%%@é}erf&@.aﬁﬁ*ﬁ@aki’mgﬁﬁ AFB ek is
exposed to hygioat hRalihAdGueRadpdthRASr e, FiHesd calﬂMglgt@wpwlgqﬂ&ua@actpr 110 in
the presence of one or nore catal yst beds that cont'ain hydrotreating

catal yst. Opictkawithin theeange dagcsided abelestip crlationtabullncasalystsandant dgast 122,
where gas ph r t | i Qui .oduct s.

Optional ly, gﬁi%’?{u?g)#%gg m?hghg%ggéﬁpcﬁg%%&%?3538@#55%§12p ??‘gjf‘%éggy separ at or
122 may be ceasalgstecithacindivididile driim stixtuesctangesafsora Orewy3ds wilvhyakedgen treat
gas stream (not sho .. After passing throu first hydrotreatment reactor
110 and opt i BhEFPYS mﬂéé}?eaqaa? of BT R ST oD £119 deviax ng
reactor 140, mafafy)eheVdiolp 3- REMRR 1Y JrR68Nn bidthis 32 %rodt 0 SaRs44>, The treated
feedst ock can then pass throu%h a separator 142 for separating out a fuel

sui t abl e f orbasgé onsatalysieandsthe Gropm6 aretals awrpresentio astdvoth afefnam Stthe
hydr ot r eat ne ' be contalned i.n_a single reactor.
[ 0031] The abgt}glgﬁzgs?r%:ﬂ%ﬁ’%s ?‘zsr%gtl%?serg?%ge ﬁ‘ggsﬁlrrée ?etgauceﬁ%%ﬂ?t}?&nt s of the

present invention. Those skilled in the art will recognize that other
enbodi ments that are equally effective could be devised for carrying out
the spirit of this invention. [00321The followi ng exanple wll illustrate

the inproved effectiveness of the present invention, but is not neant to
limt the present invention in any fashion. Exanple [0033] The hydrotreating
and dewaxi ng of a kerosene feedstock was acconplished in a two-reactor
systemwi th no interstage stripping between reactors 1 and 2. Reactor 1 was
| oaded with a comercially available (Criterion) CoMd hycirotreating

catal yst. Reactor 2 was |oaded with a Pt/ ZSM48 dewaxi ng catal yst. [0034] The
ker osene feedstock was prepared from predom nantly Arabian |light crude to
represent cutting deeper into the crude to nmake heavi er kerosene. Wile a
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crude. The feedstock (Feed #2) and properties are sumrmari zed in Table 1.
The experi rrent al results are summarized in Table 2. Table 1 APl Gavity

Ni t rogen, pp ppm Hydrogen, wt% 43.8 4.9 4204 Poi nt
[D93] 63 FreeZing éf‘n{) C [D5972] -31.2 Snoke Point, mﬁc’g‘%?@” ﬁgmatlcs,

wt % [ D5186] 25.7 Flash Point, F [D56]

spectroscopy, inductively coupled plasma-atomic emission spectrometry or
other methods specified by ASTM for individual metals. Non-limiting
examples of suitable commercially available hydrotreating catalysts include
NEBULA™, KF-840, KF-848, KF-757, and DN-200. Preferred catalysts are
low acidity, high metals content catalysts including KF-848 and NEBULA™.

[0015] The kerosene feedstock contacted with hydrotreating catalyst
reduces the nitrogen and/or sulfur content of the feedstock. The nitrogen
content of the feedstock is typically reduced to 10 wppm or less, preferably 5
wppm or less. The sulfur content of the feedstock is typically reduced to 500
wppm or less, preferably 300 wppm or less.

[0016] Hydrotreating conditions involve temperatures in the range 240°C
to 400 °C, preferably 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 5 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

C



154 Vi scosity

[DI 840] 3.4 Aromatics, vol %[D1319-1] 22.12 Distillation [D2887]

300 5 333 10

WOBZ%?O/(MZIM -6- PCT/US2009/005458

beds include fluidized beds, ebullating beds, slurry beds, and moving beds.
Interstage cooling or heating between reactors or reaction zones, or between
catalyst beds in the same reactor or reaction zone, can be employed since the
desulfurization reaction is generally exothermic. A portion of the heat
generated during hydrotreating can be recovered. Where this heat recovery
option is not available, conventional cooling may be performed through
cooling utilities such as cooling water or air, or through use of a hydrogen
quench stream. In this manner, optimum reaction temperatures can be more

easily maintained.

[0019] In an alternative embodiment, a kerosene feed may be selected that
has a low level of contaminants. In such an embodiment, the hydrotreating
step may be omitted. 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.

KV@ - 20F 8.855 Viscosity, KV@OF 5.772 Napht hal ene, w %

| BP, F
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(0021] The amount of molecular sieve in the dewaxing catalyst is from 10
to 100 wt. %, preferably 40 to 80 wt. %, based on catalyst. The balance of the
dewaxing catalyst is refractory support and metal hydrogenation component.

Such catalysts can be formed by methods such spray drying, extrusion and the

like. The dewaxing catalyst may be used in the sulfided or unsulfided form, and

is preferably in the sulfided form.

[0022] The 10 member ring 1-D molecular sieve can be ZSM-23, ZSM-
35, ZSM-438, or another suitable molecular sieve. Preferably, the molecular
sieve is ZSM-48 with a ratio of silica to alumina in the ZSM-48 of less than

about 110:1.

[0023] The at least one hydrogenation metal is incorporated, i.e. deposited,
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
1s 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
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heat generated can also be recovered. Where this heat recovery option is not
available, conventional cooling may be performed through cooling utilities
such as cooling water or air, or through use of a hydrogen quench stream. In
this manner, optimum reaction temperatures can be more easily maintained. It
should be noted that the reaction stage containing the dewaxing catalyst is

sometimes referred to as the second reaction stage.

[0025] Effective hydrodewaxing conditions involve temperatures in the
range 240°C to 400 °C, preferably 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 5
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).

[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 acceptable 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
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molecular sieve, it is preferred that if the amount of H,S/NH; formed by
hydrotreating is not excessive, the entire effluent from the hydrotreating stage
may be sent to the dewaxing stage as ZSM-48 is more tolerant of these
contaminants than are other isomerizing dewaxing catalysts. However, if the
amount of H,S/NHj; formed by hydrotreating is excessive, then the effluent
from the hydrotreating stage may be stripped to remove these contaminants.
The flow is feedstock through the reactor may be co-current or counter-current,
preferably counter-current. Hydrogen may be added to the feedstock stream

prior to entering the reactor.

[0028] In another embodiment, the hydrotreating catalyst is in a separate
first reactor. The effluent from the first reactor is conducted, with or without
stripping to remove gases such as light hydrocarbons and H,S/NH3, to a second
reactor containing dewaxing 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
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gas phase products separated by separator 122 may be cascaded back to the
first reactor as a recycled hydrogen treat gas stream (not shown). After passing
through first hydrotreatment reactor 110 and optionally separator 122, the
treated feedstock enters dewaxing reactor 140, along with a 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
embodiment, the hydrotreatment and dewaxing stages may be contained in a

single reactor.

[0031] The above description is directed to preferred embodiments of the
present invention. Those skilled in the art will recognize that other
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 P/ZSM-

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
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crude. The feedstock (Feed #2) and properties are summarized in Table 1. The

experimental results are summarized in Table 2.

Table 1

API Gravity 43.8

Nitrogen, ppm 4.9

Sulfur, ppm 4204

Hydrogen, wt% 13.81

Flash Point, °C [D93] 63

Freezing Point, °C [D5972] -31.2

Smoke Point, mm 22.2

Aromatics, wt% [D5186] 25.7

Flash Point, °F [D56] 154

Viscosity, KV@ -20F 8.855

Viscosity, KV@ OF 5.772

Naphthalene, wt% [D1840] 34

Aromatics, vol% [D1319-1] 22.12

Distillation [D2887]

IBP, °F 300

5 333

10 349

20 375

30 397

40 420

50 445

60 468

70 496

80 524

90 550

95 567
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Table 2
Jet Fuel Data Summary

FEEDSTOCK Feed#2
CONDITIONS MB330 MB329 MB334
Pressure, psig 400 400 400
Rxr. Temp (HDT) 600 650 650
Rxr. Temp (Dewaxing) 300 650 675
LHSV (HDT) 5 5
LHSV (Dewaxing) 2.5 2.5 2.5



<3% 3.4 -

1.2 1.8 Aromatics, vol % <25 22.1 20.9 20.1 21.8 Snoke Poi nt,

>18mm 22.2 23.0 22.5 21.2 Visscosity, KV@18C 8@20C 5.8 7.0 6.8 6.8

Hydr ogen,

wt %
WO 2010/042154

H2 SCF/Bbl

YIELDS, wt%
H2 Consumed, SCFB

C1-C2
C3
C4
C5-330
330+
Jet-A
Properties Spec
API Gravity 37-51
Freeze Point, Deg C <-40C
Flash Point, Deg F >100F
Naphthalenes, wt% <3%
Aromatics, vol% <25
Smoke Point, mm >18mm

Visscosity, KV@-18C 8@-20C

Hydrogen, wt%
Sulfur, ppm
Nitrogen, ppm

-12-

Pilot Plant
Feed #2
438
-31.2
145
34
22,1
22.2
5.8

13.81
4200
5

PCT/US2009/005458
2000 2000 2000
75 95 150
0 0.1 0.1
0 0.5 0.8
0 1.1 1.8
2.9 7.9 13.9
96.8 90.2 83.2
HDT HDT/Dewaxing
Nominal 350F+ Bottoms
44.2 44.0 434
-30 -40.6 -52
160 154 135
- 1.2 1.8
209 20.1 21.8
23.0 22.5 21.2
7.0 6.8 6.8
13.95 13.87 13.81
70 15 12
<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 PUZSM 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 P/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.

mm
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<0.5 <0.5 100351In the first experinent designated MB 330, the Pt/ ZSM 48
catalyst is "turned off' by operating at a |ow tenperature. The results
show that hydrotreating alone is ineffective for reducing Freezing Point to
the required specification. In the second experinent (MB 329), the Pt/ZSM
48 catalyst is brought on-line at 650E1§343C), resulting in a 90.2 w.%
yield of high flash point, ultra low sulfur jet fuel. The | ast experinment
(MB 334) d MY:ates that yet higher Pt/ZSM 48 catal yst severity (675F,
357C) can be enployed to produce a very low freeze point jet fuel with a
hi gh flash point in excellent yield (83.0 w.% . Snoke point and aromatics
are inproved inlall dagesess for PBoduc@gAd MB: fuel from 4. .kefvspeoedgodkowhjphoduci ng
a jet fuel Cgnrqorm a kerosene feedstock which conprises:
hydrotreat| ngpfsﬁ% ker osene feedstock with a boiling range from 163 to 320C
(325 to 575F) in thehpireseniag thf kerofyd rfodds@ak it ﬁi@biaihg&ﬁngéni?@ﬁdl& tok
' itions to produce a_hydrotreated kerosene feedstock;
hydrotreat SP@CC(%EQ to 595"%) in t}?e presence of ayhydrotrea%ng catalyst under hydrotreating
conditions to produce a hydrotreated kerosene feedstock;
dewaxing substantially all of 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;
wherein:
the dewaxing conditions include temperatures of from 300°C to 380°C (572 to
716°F), pressures of from 791 to 20786 kPa (100 to 3000 psig), liquid hourly space
velocities of from 0.1 to 10 hr!, and hydrogen treat gas rates from 45 to 1780 m*/m® (250
to 10000 scf/B); and
the jet fuel has an API Gravity from 37-51, a freeze point less than -52°C
(-61.6°F), a flash point greater than 100°F (37.8°C), a smoke point greater than 18 mm;
and
the yield of hydrodewaxed kerosene feedstock is at least 83.2 wt % based on the

kerosene feedstock.

2. 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).

3. The process of claim 1 wherein the hydrotreating catalyst contains at

least one Group 6 metal, at least one Groups 8-10 metal or mixtures thereof.

4. The process of claim 3 wherein the hydrotreating catalyst may be

supported or unsupported.



dewaxi ng substantially all of the hydrotreated kerosene feedstock in the
presence of a catalyst including a 10 nenber ring 1-D nol ecul ar sieve under
dewaxi ng conditions to produce a hydrodewaxed kerosene feedstock; and
fractionating the hydrodewaxed kerosene feedstock to produce a jet fuel;
wher ei n: t he dewaxi ng conditions include tenperatures of from 300C to
380C (572 to 716F), pressures of from.[91 to 20786 kPa (100 to 3000 psig),
liquid hourly space velocities of fromO0.1 to 10 hr-1, and hydrogen treat
gas rates from45 to 1780 nB/nm8 (250 to 10000 scf/B); and the jet

fuel has an API Grav:ﬂl%( Iorcg)%](s)géf ?%_} %&%rgﬁ%ﬁgl(p%ember! ﬁ?gsl H‘fﬁ@leaﬁ%& éve61 E’::])

a flash point greate a sno poi nt” greater Than
and iseSM48l d of hydr odewaxed kerosene feedstock is at |east 83.2 wt
% based on the kerosene feedstock. 2. The process of claim1l wherein

the hydrotreating conditions include tenperatures in the range 280C to
400C, pressureséin tihhe pmn@e obElaitd BOhteindOd d6vdsintg 203t Eanta3fA Idasi @k, a
space veloc%%%hmﬁ%gron10 to 10 LHSV, and a hydrogen treat gas rate of

from89 to™ RBIEEHPPBE™M0000 scf/ B). 3. The process of claim
1 wherein the hydrotreating catal yst contains at |east one Goup 6 netal,
at | east one G oups 8-10 netal or m xtures thereof. 4. The process

of claim3 wheréin thee Ppeesoef elatm fgvheeimthy setabhydiggengtipherpraneniis Pt,
unsuppor t ey or 4 mpdure thereof, °: The process of claim 1, wherein the 10 member

ring 1-D nol ecul ar sieve is ZSM 48. 6. The process of claim1l
wherein the deMHX|ng cat al yst contalns at | east one netal hydrogenation
conmponent . C i erejin.t I regenati on
component is Pt, 8. Pd (T)ﬂ;bz)rcpceé)s i la?‘& @k&‘eﬁ YM@ fl}%é&refiﬂgg a?esgygf&gl aiml

wherein thkmhymg@hmeatmmgpwﬁmahmikdﬁdehhemmemaxing catalyst occupy
separate beds within a reactor. 9. The process of claim1 wherein
the hydrotreating catal yst and the dewaxi ng catal yst are contained in

separate react09.s. The procd§. ofl R&imr 0COB&eial thel Ryddtleatiihatilydt tahe fker osene

feedstock is derived at least jn part froma bi oconponent source.
dewaxing catalyst are contained in separate reactors.

10. The process of claim 1, wherein the kerosene feedstock is derived at least

in part from a biocomponent source.

11. The process of claim 10, wherein the kerosene feedstock is derived at

least in part from triglyceride vegetable oils.

12. The process of claim 10, wherein the kerosene feedstock is derived at

least in part from fatty acid methyl esters.

13. The process of claim 10, wherein the kerosene feedstock is derived at

least in part from animal fats.

14. The process of claim 10, wherein the kerosene feedstock is derived at

least in part from oil-producing algaes.

15. The process of claim 1, further comprising performing a separation on the

hydrotreated kerosene feedstock prior to dewaxing.



11. The process of claim 10, wherein the kerosene feedstock is derived at

| east in part fromtriglyceride vegetable oils. 12. The process of
claim 10, wherein the kerosene feedstock is derived at least in part from
fatty acid nethyl esters. 13. The process of claim 10, wherein the

kerosene feedstock is derived at least in part fromaninmal fats.

14. The process of claim 10, wherein the.kerosene feedstock is derived at

| east in part fromoil-produci ng al gaes. 15. The process of claim
1, further conpifsind hﬁéfq06$5rﬁfrfgﬂl@ peeein Bis sSPAratE GOprSes BHPRIBE KSr osene

feedst ock RyiBledQr MENBNd REustock. 15 - 16. The process of claim 15,
wherein the separation conprises stripping the hydrotreated kerosene

f eedst ock. 17. A process for producing a jet fuel froma kerosene

f eedst ock whi ch gonpr,i : . .de N kerosene feedstock with
a boiling range1 Tonfﬁégéf% @6i%9%§5§ %$§5$%¢?D?hgﬁﬁ%”%%%%?%%gﬁbpkg%
cat al yst i pahpribestg a 10 nenber ring 1-D nol ecul ar sieve under dewaxi ng

conditions to produce a hydrodewaxe er osene feedstock;. an ragtjonating
Che hyc odevixod ker SSERIE & SHCPSERCE Sathct PR E TR Ao Wb lesin

t he dewaxi 25a6Fd5) @thel predehicieoft LORAY AN RENOE 1D MERD OfagtiODIBOE(H72 tO
716F), pressures of from 791 to 20786 kPa (100 to 3000 psgg), liquid hourly

space vel odiFYs Welepdeviaxingeonditions tq prodpcq a hygipdenpyrddeseasens feedstogksandat es fr om

45 to 1780 nB/ B (25@,diRnkB000e BdrbBIvaxaEbrbddfe feflstdd pRRATcA Yok, G avi ty
from37-51, a freeze point I'ess than -52C(-61.6F), a flash poi'nt greater

than 100F (37.8@jsred: smoke point greater than 18 mm and the yield of
focdstonk, . HBSRIBMERIAAT houl oifRhuboor ol e RERals R T’
1- D nol ecuV &°F)sipeassuress oZ 8nd 891 to 20786 kPa (100 to 3000 psig), liquid hourly space

velocities of from 0.1 to 10 hr'!, and hydrogen treat gas rates from 45 to 1780 m*/m® (250

to 10000 scf/B); and

the jet fuel has an API Gravity from 37-51, a freeze point less than -52°C(-61.6°F), a flash

point greater than 100°F (37.8°C), a smoke point greater than 18 mm; and

the yield of hydrodewaxed kerosene feedstock is at least 83.2 wt % based on the

kerosene feedstock.

18. The process of claim 17, wherein the 10 member ring 1-D molecular sieve

is ZSM-48.



