; €3eTXDZ6T] k~ 6 SAN 2002 A Medi um pressure Hydrocracking Process Field of
the Imvention *1~166* The present invention relates to a process for
produci ng high quality notor fuels, especially a nedium pressure

hydr ocracki ng process, fromlow quality heavy oils. Background«ﬁsfﬁﬂyzmn

I nvention Along with the continuous devel opnment of the world econony, the
demand of the market fora MiRAlgresieéHSarodtaOdHE PFotess CONt i nuou

i ncreasi ng. However, the resource of |ow sulfur crude oil in man m’“mwmmmmm
is insufficient. Therefore there is a need to process a great anoun

i mported high sulfur crude oil. FidM 6f gRtIavénti@ask in front of nost *166166
refineries wwth FCC as the nain equipnment as to howto reformso as to neet
t he need of processing high-sulfur crude oil. The experience in processing

hi gh-sul fur crude oil ipn various countrie h t hat  t hydrocr.acki

pr ocesiLﬁf Ereﬁe’?‘?’df%?n? arﬁ%tetsgtocao VEFY tﬁf Sﬁo@ﬁﬁ’g&\rﬁ@ﬁ él%tyor??tg : %&e\;@%ﬁlpﬁ%

hi gh i nvestnment resulted fromthe high-pressure hydrocracking equi pnent and
the greadivgenisparg bydrograckipgpiogess. reddew aualfy dseYols nits the rapid

devel opment of the hydrocracking process. Therefore refiners are eager to
find out a new process for solving this problem Hydrocracking is generally
operated at a pressure level of |5.0 MPa and has nmany advantages such as

hi gh operation flexibility, Haskeprwdefithedayention etc., but al so has such
di sadvant ages as a high investnent in the construction and a high
consunpti on of hydrogen. The di sadvantages are nore severe when here is

Lack ofaiddpndith @ScddtinGhaadevBlpgmefesT thO Wotldecshlsimpthé1adriird ofd8 market for the
However, because of the various advantages exhibited by the hydrocracking

pr pceséeﬂr&hgﬁl?c%?gﬁfdﬂgts h g&tﬁfdl)&ﬁ'); ir{é:rf#égﬁlgOHl)we\tig},etthEngroﬂﬁ:rea(ﬂ'lﬁb\g%uﬁﬁp&%ﬁé oil
still possesses Superror status an unction to’ those non-hydrotreating
processes, and therefore.hecones pone of the first choices made by *@000Q2*
16 <AL §0 FRY RERYTIES IFYERLSt | RRTIOBS LeFRS A &QLPTOFSS rBTER A319Un DHndRogR ¢ o
overcone the shortcom ngs of the hydrocracking technol ogy, people started
t o exphighesulfongrudgoilt bhifisatd adegk inteanh ef miost jefingrigsswith EC%casltbmairt é@upment
operation pressure of the hydrocracki ng process and have nade great
advances to Ml itdl FBfpe S& b ® Myetnthe hesekd fpgodessiig tighrsupfue simidé @ilhYhk exfegieact ing

t echnol ogi es have been successfully devel oped (e.g. US 4,971,680), with an
operati : € ] u At ' ' Ve

o T ot BB B b oo AR HE] R gk dtadmalpRRtass «
shortcom.ng of | ow saturation. extent .of .aromatics |ljmted by th

*her nodidememsgiceRRit Al SR HEERLoR, HRSRTe ek i St cbsifeq fiom he
amount of aromatics are transferred during the reaction to such-a cut
fracti diehaprgssEnhydrocgeking eqpipment aid higtgreat [dpmand dorgihg hydspgem &esopscs Lreashys
such as the snoking point, etc., can not neet the requirenents. This

gr eat | \inhitsnthe sapihéevetoppeeno df thh dydovmcking provessh @hapfratéfomrryare sager ¢o Hifid ble
medi um pressure hydrocracki ng process. Nowadays, the operation pressure

i ndust rdx@d%g@é%@%x%hii {ieproBium pressure hydrocracking processes is
about 10.0 a, and nost of the processes can not be directly used to
produce jet fuel. Also, the quality of diesel is hard to attain the
specifications of the Wrld Standard 11l for diesel. The inproving effect
of | owedydrgcratieng pegateraly greededinta pressure level of tl rdnMParmhddps rmadriyngdvaosges s
not distinct, but the product quality is | owed sharply. Therefore, there

has notsybie 89 hahypemiibh TRMMMity Mhikh @reliR¥ e RINE Bl aRBMab SadH @Sad¥hnthp& as a
medi um pressure hydrocracking process for a long tine. The D scl osures of

the | ”Vrﬁglfé | A5tk Jhg%h%({ﬁlcﬂfm LAS a%ﬁgﬁ?%}sgﬁi}éﬁgﬁ Rfder%) ?nth @rthggiYs%'SQ&te?ges are

medi um pressure Nydr oCracki ng process; above
. -ment i.oned_advant.a of . hydrocracking process, while overcoming its__ .
shor t cORPIFG¥EVERR wﬁf}h ﬂ}emgfaﬁgf&fafﬁﬁ%s %@H%ﬁ?@ﬁﬁ%@gﬂa WGy (gl @ natgalnas.
nore exact, the purpose of the present invention is to solve the quality
pr obl entlo#etdnehepausd 0t thebragioghedvabtages dgpibited by the hydrocracking process in processing
high sulfur crude oil, the hydrocracking process still possesses superior status and function to

those non-hydrotreating processes, and therefore becomes one of the first choices made by

l LT
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the insufficient saturation of aromatics, especially the quality probl em of
the jet fuel product. 2 ~ ~ JAN 20(i The major problem of the A .
hydr ocracki ng under a | owered pressure is the increased aronati 46 80%%%
in the product resulted fromthe insufficient hydrogenation capacity. For
napht ha, the increase in the aromatics content does not bring about adverse
ef fects because naphtha can be. us as .a reform ng feed, and ositel

Che' | reABRS @ EePRA G oy i e HTBnE U8 1l BUDET revesisiad e, PRRCGRisEs br
operation of the catalytic reformng and the unnecessary consunption of
hydr ogea hyfocrackiag décselogyeopletstargd e explorders agaiatfinsheutsvhethes st is possiide
nunber, etc., are greatly surplus because the content of aromatics in the
cor r espORNeRGhdbpetdaon pleshirgvfphe dsdrrdekiigopoaskiang hiasvel mude Wean ad¥umces.
operation pressure is | owered, the hydrogen consunption and the

hydr os ﬂfe‘dﬁﬁ’ﬁ-hfé@sﬂ@ H@?f(ﬂ?&%h@"‘@f %di&ﬂ-ﬁ)rés%e r l%@%édﬁ%%fﬁg tQhnb3gieqURNE theen

speci ficati ons can e net 1 n nmany cases, the processS becones nore

reasonabl e fromthe econoni j int, However the content of i CcS
o an Pipeetder AEpef G TE o PR oM Myn e piedinf BerEcbps FAEME Thie
content of _ aromatics and the snoking point are two-key specifications of
j et fuetodugingualite ingepaty affested ont batmediumrpseasiieclydrograckingudie th dhe Apkingig
point is. In nost cases, the specifications of the jet fuel produced in
medi unsipsres it of) yalv Gatusation: exygnt sui cdrorastidshigmaed bg rthe ofierarodpedmic sgqutltbeium.
snoking point, etc., are not qualified. The factors affecting the activity

of t he phydiRA & HRLEORe], Binkd§ g4 ERAGERAUT aRindice GRS Fardfefre@dubiRk Mhddep@idnGoand
t her nodynam c” aspects. Kinetically, the activity of the hydrogenation

conmponent, in e catalyst i ery. high, t the _hydr.ogenatd o ctivity. of
Che’ cacty tbeb Sicf B B B Rl srettele Sl iR e dheRn et e
of HZS, NIA and the inpurities such as organic sulfur, nitrogen, etc. in
the feSEOKMEAIOEIFE, CthBOY WSRO FFAERDERtat LS 8rpady dignisdhe seuEPTdbe tavuringhe
reaction can be accel erated, and the cracking reaction generally demands
rel at i vethe dpeghion ergesravfithesnediongvessyretiydtoctaskipgpacasse Nawaalays, the operation
t hernodynam cal | y unfavorable to the hydrosaturation reaction. Under the

condi t igadisure finduRiallly AHofEE SEHE endiNeh Qedsark ihgBrociadRinE rddedses s S5 €.0MPa,
hydrogen can conpensate the adverse effects of the . tenperature ~ on the

ther mo : At Ol C . ‘ '
ot um g St ok plcBisbt i bl icLch REpRRGE ! RBE Athoy ity of diesl s,
the thernpdynamc, 3 ~ ~_.JAN 2Q0 ilibri tagin an extent .that. ca

not be THEDIG AL e periiionson o6 aowpridpuendard T 3ot Seter Toe Sirieo vibg Flect e
and di esel wherein the tail oil is conpletely recycled. Heavy cut fractions
pass t Howeritg thehgrirdttanapiessvge raabe gryestmenttand ¢peratingetost Axapi istingf, e the
effluent is then fractionated out and partly recycled so that the snoking
poi nt girodutequadity fsuewed sharply SEitkrefBtd, tlidhd Bagaton beasa bieskthinughus tith deaelvpmeages
so that it is only applicable to those process flows wherein the snoking
poi nt .4 LSkl addkyel I f | evati on t hereof
of onl %g%gﬁ%ﬁ%&?@%nr%e}ﬁrﬁ e S?‘égl%?@cngral%ﬁ@%%;ge%; gtl(Fe1ﬂegat2mrng)'ki ng point of
the jet fuel produced in a nedi um pressure hydrocracking process is
generally |l ower than 20, nm ?Hd t herefore ih use of this process is
restricted under medi um presshf Disclosupesofy ?@P‘PH@“recycle of a part of the
jet fuel will certainly Lower its yield and affect the capacity of the

hydr ocracki ng equi pment or increase the investnent in the hydrocracking
equi preTiie objtive WTGhel pRsehtsialasion ia todevdes 2 mdtiumiptesstue hyelbrodramking ptocessd

t he hydrogen-containing vapor in the effluent of the hydrocracking are

separ at gicR¥hA0}ddsh ialdie émidasd 8dRRthet e BPRYRbith&kiRE phode¥® wiHiRIR ercoming
—vapor-ligquid separator, _and_the. separated jet fuel and a part of the __ .

hydr ogen- cont ai ni n apor ter into.a hydr nat4 on, reactor, for
nyar oootgsonmesrs REF iy ERhe ait Bieh DAURARATN PRUAEEE I b Ross mragy the
vapor enters the hydrocracki ng reactor. Because of the post-processing of
the j et Pyrpese of dhe Bivesnt InvengaR iy fo wdve We quakily pspllgmcaf the prody gbw&a@e@ouh@ér
a mediumto high

the insufficient saturation of aromatics, especially the quality problem of the jet fuel product.



pressure. But the disadvantages are that the process flow is conplex, the
amount of high-pressure equipnent is great, and the increase in the 18 JAN 2002
investnment is nore, so that the superiority of the nedi um pressure cari not
be materialized. And since the oi.l vapor entering the refining reactor
still contains a great anmount of inpurities such as HZS, NH3, H20, etc.,

t he hydrosaturat%lgn per for nance of thg ca al(%{_si in the h drogena ion .

r eact of NoMAPePTPRIETY Bk fheqlyfiragiacking pnder g IQ¥rES PESSYTRGS é%?)l"?c 3F G aromatics
hydrogenation catal ysts are limted too. For instance, nost of the noble
met al dontent iy tHARrRDOP resatted froms ther ingefficieab hediegengition papactyi et capkihgsthe i n
reduced states are not applicable. The object of the present invention is
to ovefmeat: ihtheshiombt@ntdigst ebesradi b bbas udeerby dffecs dekiusg nppinhe san bhat
it is difficult to directly produce qualified jet fuel and high quality

di esel, . Hhareb ofriRE GYdI ol ' ppBLiREY, fERIdrddsY in B 2BRRUENLERES: G reduce the
descri p%l on, the nedi umpres gre yc}rocrackl ng unit of the present
invention.s djivided.into, a nmedi.umpressure hydrocracking syste a

hydlr 05 G PHE SRR OhacHE S HE B BToR S0) LEARr oSO B S 4 rogen
hydr ocr acki ng_ system consi sts of a hydrocracking equi pnent (such as a

r eact oFpr greddigsddtqugthanahativaspesidicasingg éFhetfu PP PUMBES SthedlEsEaRlY SuRBIs

fl ow of the medi um pressure hydrocracki ng systemcan be particularly

desi gneecaase tietbongnt of ilomagpicatt the abrrasedding pooduex afrhigh;predsurealyydvecrackingnigl e
stage hydrocracking flow, i.e., the feed oil directly enters into a reactor
In whi ‘P&v.awﬂé(xg&fécdp%ﬁiﬁbﬁq)r&@ﬁ&'iy%wéréd,QH@h%G%érpc&@ﬁrhﬁti&%nd bR HyResshivedtion

Wi t hout a pre-reaction section for hydrotreating bei hg equi pped; or it my

also b t wo- st age, hydr ocr acki flaw, . e.. .kncl udin hydrotreatin
sectio egthﬂrealowm%oggtat ﬁfeﬁﬁlrglgggt%8ﬁ{,hesqga{1ﬁ¥asp o4 I%a%‘roge ngsltﬁl tf‘a’lyrrngE merﬁ%lé’rcs?gﬁsht 0
the hydrotreating section, in which such inpurities as HZS and NH3 are

r enovednd thaRTreerss baepsmespare reasanatie frognihe eg0noste Vi@ OoHY dHewe Rk ihg gortsat ¢fon
for cracking. O course, the process flow may al so conprise a hydrotreating
secti onrandtica ib\adr mgroacki fgtaeafacting tha qublityhoft the predict gett fuef.r e coment of
hydrotreating section directly enter into the hydrocracking section w thout

first rsmmiddand e inidling bbiRbaRUGD 1RS shchicANoBs offe€ fuel h@dahE Bipher {he content
hydr osat urati on system consists of a hydrosaturation reactor and a

| i qui d- . separ ] iQn
be—al ec\fgag?xﬂé%c%br | ﬁ)é?&% éhe ?ﬁgﬁpgraéoﬁryu?a%f éﬁsﬁa sie%nt,}le specifications of tHEYet fuel

Trom a_grou~consi s~Lr~9 f ~ | ow separ ator, - - - .a stripping .
tower, THOFead {1 B %wemhﬁrgefé&l SHF T COMEH S grumRifS PR BIRRIgrhoiRth
feed oil enters into a medium pressure hydrocracki ng system under a nedi um
pr essuretc.arage hyadr gealidicli nighec dantiorsi affierting eher egtivoint of hiher dadros@nratigndint Hee 5
~gJAN2002 reaction product is separated into vapor and |liquid phases in,
for exawakcrackidy bcdss assefl tly petic hidltHetmsdpamid apectiNinedpally, feaevity of
product is recycled to said medi um pressure hydrocracki ng system as
recycli n: QUG St i 9n:

vel g Hufleaetin BRthohlif h!ALARIARRANHANS bhihe BIRFRANRI AivRY e

wherein Tt ’Is separated 1nto distillates 1'ncluding | an r die

(hereinafter referr to. as. hydrocracked jet fuel .andlor di ) GUt S or
el coRqly, faf 6t 0 iR AL havenat Beopotianift Clibiis St T, Vi oRa ghe
Then, a part or all of the hydrocracked jet fuel and/or diesel cuts enter a
hydr os aimpusities auckyast erganie sHEY, inHragea offe aktt thaifeds. d hatedores dieureagtioorfemaeraiuye t
and reacts wth fresh hydrogen under hydrosaturation conditions. The

hydr os akasr @t bomiseelasd itlean the oeletibn icantieeaccekepacdiand thhraadding rempon -deneypallyl
separator into a hydrogen-containing vapor which enters into the

medi um gresSdr OR{ACkd e KginH Pt ,ar@Nfles 1
- and[.or___g{ ese _%%dg?ogli&ng er n_lri%‘r%%%g ﬁ)ﬁgesv g?hgig qvﬁgﬁgafﬂﬁgt%dn‘ﬁéﬁdggﬁgﬁéfQr___ _

diesel )un avorable to the nﬁfdrgsa%l?rggcgnatrlegc io%yslth erf te ROREHIRS " the high-pressure

hydrocracking, the partial pressure of hydrogen can compensate the adverse effects of the
temperature ‘on the thermodynamic equilibrium, while under the conditions of the

medium-pressure hydrocracking, the effects of the reaction temperature on the thermodynamic



As mentioned above, the jet fuel produced froma nmedi um pressure
hydrocracking treatment is not easy to neet the required specificatipgsJAN 2002
whil e sonetinmes the produced diesel can. So, if the quality of the diesel
happens to neet the specifications, only the jet fuel separated in the
separation systemshall be sent to a hydrosaturation systemfor further
processing. However, if neither the diesel nor the jet fuel neets the
specifWﬁ@ﬁﬂbﬁ%?“%%@he@Fmﬂh@ﬁ?B&ﬁt%%H%QWH“¥ogether to a hydrosaturation
system for further processing. O course, it is certainly permssible to
nerely send diesel to a hydrosaturation systemfor processing according to
certain particular situations. -- Said -hy~irosaturated jet. fuel and/or

di esel ysdgnyy g5 deberided e prde@de forPpaudng Se0fudl hadpdiesd nivhérdinetel @M oil is _
___ preferably enter into an individual separation systemfor

processi t i ' ,
Phe m SRl faRL TRl fafonsil MBa o B EOUELORAEIGE Bl WAOR B0
i ndi vi dual separation. system and nay separ at el ave, the equi.pnent.

or 61 y aiongh TR is then GR350 By desbiele S dha e apipg paint of the
hydrosaturation systemfor processing, or jet fuel and diesel separately
ent er jantfieel ihmiseddBuisthisupratdss hasglstieyn disadyaniagasiseithet, it ishanlhppplissbleue shasd |
et fuel or diesel may | eave the equi pnment as products nerely by sinple

St ri pppf@ed N0 twiidin flé tshkidd p6ias Sif N jdtNfueRse rélhaiely heghydd aratisiatad
jet fuel and/or diesel enter into an individual separation systemfor

proces %ieogdont tﬂgrem" ?fr cﬂffﬁ; 993% jNSElldfrH&It §/1‘%'}gétﬂfen{jén?.ﬁ%w§\‘é{gsch%?r¥{8lr%h% :;Bgfnt of the

conpletely or partly enter 1nto the hydrosaturation syste ocessli ng
and the renuai nder (wher artl nterin is mxed toget her with.t'he

cor r es § RS BebimeuRaEres b T ERerbing Bofiss i erir et iy ad fie and
equi pnent. According to the nmedi um pressure_ hydrocracking process of the

pr esenthereforethe gpe of this gre¢ess ifclestaigigd onder medpmcpressugesr Espsaiatinrtbe ggeyeigef a
processing in the hydrosaturation systemmay al so be returned to the sane
separ atpanrofsiis tjenfuel wilvitetiinlyhkwey disogieldckeidafifecyubdl cppasityaif the hydprraked,
for fractionation together with the hydrocracked liquid product. In this
case, QRh¥mRnPHihcrdsettheinv&itmbmah td Y dRscraikeselquiahineed from the separation
systemis allowed to enter the hydrosaturati on systemfor processing and
the remai nder | eaves the equi pnent as products. The weight ratio of the jet
fuel and/or diesel cuts entering into the hydrosaturation systemto those

| eavi ngJS hP264uL pdiselvsesas prcesty shsre{rathorjeviuat ad aad thehydmgemtomaibmigompor in
generally ranges from1:6 to 6:1 depending on the desired product quality.

Accor dithgefRetthF 1R BEROGrad KV LAY IsOhratb ) 8y ABRIEHKE (BE S8Huire aRY MrRSdrAGk §¥th two
conditions used in the hydrocracking systemgenerally are: reaction

t enper r )r: S . 0= : ferabl - / o
hyar ogaiits: 1200a dra “PRrSRaHbCe Spbed el BRE #HAP of e Byl EBptaining
catal ysts used jn said hydrocrackin rqcess are any .of .those which are

sui t ab|V@p%?merh@tqréiyam%?%@gdﬁéctﬂygqrﬁefﬁghg@wnp?ﬁ@esJet ftﬁ&%ien@etrﬁ@ammg
exi sting medi um pressure hydrocracking . catalysts, such as those as

di scl oswdrageniosnt@indad yapes entdss BheoBirdctackingsacatop., Baduse vt the pastrproeedm of
Ceneral |y speaking, the hydrosaturation catal ysts described in the present

I nvent itgé j& e fompineht) G gualficg e ARl Ryd#ues adrl bé tpoduded jufitler! Al@hedRBA/tOhigh

di esel cuts in the hydrosaturation system and are preferably selected from
the re n Y/ i
the Poriaars. pabfbs Tt fuiles gRIPAOR, Bfel Ot B g ind ko B B et
nore netals sel.ected fromthe group,.cansisting of Pt, Pd, and N .as the

hy dr ogePRHRTH d% BFahetfds g 1 neIgEse, Wothe dB YIRSty 'S FRoreT iR ‘@ﬁp‘ﬁ% PHRETSIIS l?g rihe
..catalysts may be any of the suitable materials, such as refractory ==
i nor ganinedipmtrressatescan nat bel metenalizedi Aindasincetthg o1l vaper galering sheyrefiniig reagige
nol ecul ar sieves. For instance, the noble netal catalysts as disclosed in
CN 1, 05s3i1636ntaiaf@d graet mraoumiodl Enmaitiek watls agd HS NHLIEM,i dic ChhBQyd@6atdréGonr e
suitable as the hydrosaturation catal ysts of the present invention. The
process b deO Lhintihe (=1 : j

00- 2300 Raapesr IRy SR DR L ARERH AR b el TG ples, ARRRIHS e

1.0-2. Othlt\:/l:':l%;plicr:]%% %9grrc])/ggrllaltion catalysts are limited too. For instance, most of the noble metal



volunme ratio 200: 1-1000:1; liquid hourly volunme space velocity 1.0-6.0 h~ ~
The feed oil suitable for the process of the present invention npg JaN 2052

heavy oil cuts suitable for a medi um pressure hydrocracki ng process, such

as the feed oil as described in US 5,026,472, the vacuumdistillates from

t he vacuu~distillation devices of refineries, etc. The fresh hydrogen

described in the present .i nvention .CO froma hydrogen oducti on

syst enfHpYRAr B@rbgotﬁgfneéql SFtHéat‘ro&cflﬁﬁém T%EJCFCE E'tgi?s ﬁﬁ%@&ﬁl%ﬁ%st antively

contains no inpurities such as H2S, NH3, etc. and need not be further

pressurized when used in the present invention. The medi um pressure

hydr ocHackiyag.: PSORRS Bredkyit &%ﬁﬁgcﬁﬁ &t | RO Fheh afortddgnihgY b?%&guma_rlests%rg

characteristics conpared wt e prior arts: s 1 ~ JAN 2002 1.

basi s of .the prior hydrocr.acki. rocess..flow, rec i fl ow of , .a, part. or
Che wnaretcBhe Hratds M CRA B GErRul oBhuck ST & R pido R
qual ity kerosene and/or diesel obtained in the nmedi um pressure

hydr oc gl thgreRy smpravingeits pragi@he®y-and becone high quality jet fuel and/ or
di esel products. 2. The kinetic and thernodynam c characteristics of the
hydrosaturation reaction are fully considered fromthe angle of the process
flow, that the turation.reactjons hg. .l ] a or. di.esel
occur ﬁﬁg?n%eﬁlgn%ep%?%%@%énﬁdﬁ% %ﬁ%lp%ﬁﬁréésggeyhfﬁg&g 1%1%5@%?5 h]oef r?{g:g{ cat rg‘tfoynti c
reaction js greatly raised. 3. The catal ysts having hi gh hydrosaturation
acti vi 1y GAHECE dMPal MMFYUMRIEISHES HEERLRCEng gRYSIRTL\F %Yééﬁ%ﬁﬁwatg}noaﬁtw POGrey
be used in the hydrosaturation reaction of the jet fuel and/or diesel cuts
so t hatsepdngiane agsténon Tho mdedibmagessuee Wedpcracking fstenexanphte, oft hehydeeradking
mdy be perfornmed under a pressure of the hydrogen source of the system at
a t enpegafpricat Glch BE a GOAKRS RN HeAthg Gl HehBSichansin@eqiiP@eht WRereneB&54Y. The
wthdrawn fromthe side-line of the separation sy stemfollow ng the

hydr ocr ' . em ; 0 Ll
por sondp et e T8 SilprB0the AR aBlhraching SRl D SRR RO BLul e, MR
used to hydrosaturate the jet fuel and/or diesel from hydgocracking, _
so- ~hatpr"{‘ﬁ¥’§ﬁl aeedsv Py CAMRIFie thYRY HEat l§’rn§[q SAsE E‘é(é’toicEﬂ‘iangsﬁ%‘ﬁ’sh‘?'e&?e %.efimle
hydrosaturation of the jet fuel and/or diesel cuts derived in the _
hydr oc rdarskiln gntees dntorparegeion incvitiel a hridraenaskjag cafalyst isehargad tseayrat therreaction,
catal yst can not ~e deactivated~y poisons since the inpurities |ike sulfur,
ni t r ogewithadt @. predtedckion jsettidnuflr ydebieatinh 8sidk equippedr & B uhst alsd ibéed ywo-stage
renoved, whereby the conduction of the saturation of the aromatics with
hi gh efijieleRkhg FonRY riﬁ‘éiudiﬁ% a hg%ﬁ@tréﬁ% Q@ox@ancfﬂg&ydiﬁgraaii %Q&tiﬁﬁ,ds;éc‘tﬁ% the
er mre y the so of the

hydr osat'urati on catal ysts pre y reco nde tion

present.ipv i,on makes it ssible to.performthe, hydraosaturation ction
b °Ehe. B0 o dlart Sl 670 b BROR TG i an SR R pbeBh s o N T
t he equi pment and the operating cost are greatly |owered. - 7. The use of
parti alreBovedmonkile Feacipnise apd gW‘meFWeuﬁt‘étth‘?r béﬁroawemg @riéaeformergcking Of
advant ages of the sinplification of the process flow and the full use of

t he capaarseythefprodess fydrmay alskicompesgia hyedmotreating tcoton te aihydroessking rsettion,
investnment in the medi um pressure hydrocracking process of the present

i nvent i gnRyiish MRM¥adtdrtd ermCtﬁérHﬂdI%geéMr{grheEM didbtil REites Piich %ﬁé)ﬁmmgckm% ?]eectio'n

conventional medi um pressure hydrocracki ng procéss. I n npost” cases,

e ot ALY BN DNSHRED BORRRSH, HHE AR b,

hydrosaturate the jet fuel and/or diesel cuts before the fresh hydrogen
ent er s 3Vsted consists of a hydrosaturation reactor and a liquid-vapour separator. The separation system

--- -—— ..-may be selected, according to.the particular situation, from_a_group consisting of a low separator, _ __

a stripping tower, a fractionation tower, etc.

According to the present invention, the feed oil enters into a medium-pressure hydrocracking

system under a medium pressure and hydrocracking conditions to carry out the reaction, and the



t he hydrocracki ng system makes it possible to fully and repeatedly use the
fresh -hydrogen systemin case of very |limted investnent. Since the AN 2002
saturation of the aromatics in the jet fuel and/or diesel cuts canl é
performed in the hydrosaturation system the operation pressure of the
hydrocracking systemcan be further |owered, whereby the investnent in the
~ui pment is greatly reduced. 8. The conblnatlon of the hydrosaturation of

t he j eeadtipnl pradugtors sepewsedd e sappn And higuidephases i ef9s (rxamIMad réo 8iekic Ricpgyre
permts the precious hydrogen resource to be fully, effectively and

r easonapby-ligiid! isg@atoCoMpar abporelpiiaset peodiewv isr eagsiedbed hsaidt medisint-pessure
advant ages of the prior __ _ nmedium _pressur~hysirocracking, and ovexco-~es

_th~shQ 4546965 %?fe%&m QJret: mgﬁNdegeHEQidUcH@h@lh@%ﬁhhreeenté?yﬂﬁ&ﬁrsé’ﬁalﬂtﬁﬂl &/at, t he

hydrosaturatlon pth of thejet fuel and/or diesel cats can not be

ensured, In t er W. t bl e t

the |i WEER )}EF%D&V% a(rjgg%lfli ‘é‘aF "‘E)Chtlcﬁ ég%é gyrodsdg gel‘r%rﬁao t ee%jdé %uel
and/ or diesel cuts so that the unnecessar deep i 0 1 6 JAN 2002

hydr oglrfiesraskedfictighansboradieseh) qitsy orpf%@g@ifr langiiRdorstiplouh gas fapibr. deldfuelk g.
1 shows an enbodi rent of the present invention, in which the hydrosaturated
pr oductiesgidanch eaihyidr therackpat os eﬂamfaﬂhedlyki'rmpwicdecb jaducl artivredictdl cussaemer a
separation system Fig. 2 shows an enbodi nent of the present invention, in

whi ch b obireta RSl yiet edniisQdisClonRE wither IS QaRATIEthtalSRRAT LAY WitHUidh
product” enter dlfferent separation systens respectively. The technical

sol uti of the t| d crl i

the dr %Idro en adBf Gf'li/ l!rlllpq\él%g @l{hl (Ii 1. ?IZhe d 2 %%ﬁigﬁ]wﬁ &a&%ﬂp ;@8&#?%"%%9
pressuri zed oi | i xed with the hydrogen- contalnl vapor, fr
phase §@&éﬁ"%‘{) %‘FO%Q aawaobﬁa FEPFRQY ﬁgbé‘ém\éiﬁ “tRARIBEEYA Bgl.%% IS)igtoy 8
the recycling hydrogen fron1recyc|e conpressor 5, and fed into

hydr oc medkinmgresyuse elydBodracking ctystenf taer mab@hledl}tdyogwatanéxdﬂ’aaﬁgé, andfie  diesel
reaction product is separated into a vapor phase and a |iquid phase through
a hi-gh (presstr e Refittoadsthe hydbiguradddoiet ARASRY/bSdRESS Stidhzaterdit 4 espaedtied by
recycle conpressor 5, and the |iquid phase is separated into different

pr oduc the boiling points of the cut fractions in follow ng
di stlle?%g%&r g?%ﬁ% The liquefied petrol eum gas | eaves the equi pnent
through line 13; the Ilght and heavy napht has | eave t he equi pnent through
lines 14 and 15 respectively. The tail oil can either be partly or

conpl et ietithdi¢d labdvd) ab jet dudlymiodeeadionng msEhaprésstuer Iodgberhdkingy fBatinent is
processing, or partly or conpletely |eave the equipnent directly through

l'ine 111%@45@% tndt tﬁeh%%&%eﬁgp%mam&g hugd S&Hémm tpmcwaeyahcah' 88 ift e

and/ or iesel w thdrawn "t hrough Ti ne can partly mx wth he’fresh

hydr ogen fro rec nt er i.nt aturati,on

r eact oruglLy a&%t g”ﬁ#o%ﬂ%?“%? fﬂ%gqgaFB E 0P oY 0 §§J¥€ﬁb d?@m?&ﬂaprﬁr

12 for vapor-liquid seParatlon The vapor phase goes to the cracking system
3 af t eseparationsystem shall bg seni Jp| acdspsahiifatiargdistesn Fysr fuber, progessingg Howevey, AN
2002 the liquid phase returns to separation system®6. As shown in Fig. 2,

t he f eadithérlthé dmesell ioneheljet fyel afdetsrthe speedfinationes)] bbth afi therpuap b2, semt togethen tb h

t he hydrogen-contai ni ng vapor from phase separator 12 and pressurized by

make- UnyRyihReRdn GOHRR S S AlrthdBprabsinB €OT G, itﬁgcéﬁﬁ‘iiﬂlﬁb@ﬁmshﬁfé‘té’) %‘e){élﬂf 8end
corrpressor 5 and fed into hydrocrac i ng. sysftem 3 to conduct the reaction.

After c e xch n c duc [a into a
vapor ALy AR GRGEcof Ak SRUa- S Bata ahab Pt ERRE Y RGN 0 S 1
pressurlzed and recycled by recycle conpressor 5, and the I|qU|d phase is
separat ed into different products according to the boiling points of the

—cut fragdid angrobdtulatdd! joWVRiRY afi/oF ekt dedifed P HRMMWove PRGekd B 8fel @6sent invention

preferably enter into an individual separation system for processing. In case that jet fuel and diesel
are hydrosaturated together, the mixed distillate of jet fuel and diesel can be separated through

said individual separation system and may separately leave the equipment. If merely one of them



petrol eum gas | eaves the equi pnent through line 13; the |light and heavy

naphthas | eave the equi pnent through lines 14 and 15 respectively. ggﬁumi’l‘m
|

oil can either be partly or conpletely recycled back to the hydrocr ng
system 3 through line 10 for processing, or partly or conpletely |eave the
equi pnment directly through Iine 11. A part of the separated j et fuel cut
w t hdrawn t hrough line 16 and/or_ the diesel cut w thdrawm through [ine 17
can paistrequirad to@nisr énte layhyidrosaturatipn-system for peaeessing: 05 ¢ helamd diess] sepgiately
recycle punp 7 and enter into hydrosaturation reactor 8, and the product of
t he hyggiesaitdl ft hylfogaratidnosysteas evithemamating, the hiydrosatamcad- jet dusl dr skegsalr aby on.
The vapor phase goes to the cracking system 3 after pressurization by
make- u ’ r | b ot GRfthdrpré@Ranat i on
system&fgygﬁe%gg@ F&ﬁﬂl% e§f§%{ts %%g}%%lﬁﬁgﬁg%&%%?g%ﬁ Iinerq)19 andl or the
di esel cut withdrawn through line 20 separated in the separation system

| eave the equipnent as the final products. If the aforesaid jet fuel cut

Wi t hdr awveast hitizn tighhldrovatut ted jed figal abdver diess ehtec Utto wi titividwal separatigrhsylsiemefot 7
are partly recycled to hydrosaturati on~ system ~8 for processing, the

remal n??cfce&ﬁﬁ%‘? $he! WdkodradkBe j& Fudl @nRRRdiesd cuts r’n?‘ bigtler cWinphdk1\on phitly e ihtbne
19 or the diesel wthdrawn through Iine 20 and | eaves the equi pnent

t oget her as, the final A f - he,

t echni Elbel ﬁ%chf?ﬁertﬁ‘gsln %ﬁ{‘ﬁg&gﬁ’fe"s? ésﬁs{ngi arllr\lldetn ﬁ%lﬁi%gl%r f(‘-&gf‘rﬁg‘;rar@itﬁﬁtg%é% PSbrf/ux[eﬁe

foll owi ng Exanples. Table 1 shows the maj.or properties of typi cal. feed
oi | fofogrihyr wiihghecurtRspondpg Wa%fﬂtﬁflleéﬁﬁelpﬁfi?gﬁé’é %%éﬁi"%ﬁe SAYPRAR.
fol |l owi ng Exanpl es and Conparative Exanpl es. Conparative Exanples 1-2 A
medi um pressure hydrocracki ng process conprising a hydrotreating step and a

hydr ocracki t [.0y:Ser LS e [t - :

o oduct GOt B R PuBE RS RGN pRRECSRE el MBnUREERM el
produced are_shown ip Table 3. It can be seen from Table 3 that the jet

el preodae st enlerige dirppite b, PECRTtREG By MR B ERGS SHTATh Adic Hsbre
aromatics, and the snoking point is 16-18 nm so the requirenent of the
speci f iretatriedris tfegyamelsepdratior systens ammdichizhe hydrocrapiaddiqyidproduet s periaratedsifer t y
of this nmedium pressure hydrocracking process is greatly limted. The )
proper tirRGofdtiohhegathe S4ith fhe beldwerhcledlighid product. Tiathiecade, diily a part bé tiegenfubl om
Table 4 that the volunme contents of the aromatics of the diesel produced in

the mediup: b hPGOR" LOYPEnNAR 1RsaRitidl GBRH
T e G o U R R 6

not attain the.requiyed specificatjons.for diesel. les. 1-3 t.h

basi o oot PSR yargS AR BF e aedhe PRen s BRHlucis; K PieEhy 7 of e jeErucl
hydrosaturation systemis added. Jet fuel and other products are produced
under dingfasrdiese! shiscaingoitn theohydrospheratinn systam ftp ghpsesleayipgrthe sqmipgient as
Table 5 shows the process conditions and resu s. Tf can 6e seen from Tabl e
5 that prodidie(gbbteviate aprefidnceto belomy geherally ocaess fwin i Hetop6:é siepending entthon,
the content of aromatics is greatly |owered, and snoking point of the jet
fuel isqdspbpddusQuikityls a high quality jet fuel. 13 ~ g JAN 2002

Exanpl es 4-~ On the basis of the hydrocracki ng process of Conparative
Exanple 2, only an individual hydrosaturation system of diesel (Exanple 4),
or a m xing hydrosaturation systemof jet. fuel and diesel (Exanple 5) is
added. Aetordinglto aind presemdi ies@itiopy thdunediumrmepnrdbcirdcracideg cdidifienentedpndbess

hydrocracking system generally are: reaction temperature 360-400°C, pressure 4.0-10.0 MPa,

preferably 4.0-8.0 MPa, hydrogen/oil volume ratio 800:1-1500:1, and space velocity 0.5-1.5 h.

The catalysts used in said hydrocracking process are any of those which are suitable for the
medium-pressure hydrocracking process including the existing medium-pressure hydrocracking

catalysts, such as those as disclosed in US 6,043,178, US 5,026,472, US4,172,815, etc.



conditions. Refer to Fig. 2 for the process flow. In Exanple 4, the diesel
cut separated fromthe hydrocracki ng product by the separation SyﬁtérJl“AN 2002
conpletely enters into the hydrosaturation systemfor processing. 'l

Exanple 5, the jet fuel and diesel cuts separated fromthe hydrocracking
product by the separation systemconpletely enter into the hydrosaturation
system for Proces,si ngl. The process conditions and results of Exanples 4 and
5 are Sheswily pperiipgeSieshyslrosaturgtign erialyss desriRy Thbree PISSEH 4RVINtion e any o8|
produced using the process of the present invention, the content of

ar omat {hese whichkcamhydrosabwetedble jeafict] aidfocdieseh euts inuthb duydiosatgragianIsystemai aelchre And
therefore the process of the present invention is able to produce the

di esel ,REQEIEG Ll WRES RoACHO &l Adblé RRAME thnf Atdle &Eﬁ&dﬁ@ohﬁ:ﬂ VIB An&8s ¢110f
the m Xi ng hydrogenation of jet fuel and diesel (Ex~:nple S),.-the aromatics

and snpki;ng Pl o Of Lt ] el a i el

speci f Incgfei I())%qulctlﬁ Bl%ﬁﬁJ&ﬁlZ%& I-bge gg{lgffﬁg&g&gg?’l})& b%? er?lﬂg érgeeér gi? ﬂ% I‘_'%gr@lst y
(20C), g/cm Q.9047Distillation r C . .

| BP/ 109 mc&%m%mwaﬁwﬂg@?yﬁw@ﬁ%é@% BRPwEIgesAYEn Fpponents of the

wt %0. 55Ni trogen, ~g/gl1599 Table 2. Reaction conditions and product

di st ri ducehcatlystef TiCosgppows iof sudix eatplyssCaongyabatny ef Bxcainitable rGatapials.atuchets
Exanpl e 2Cat al yst 3936/ 3905* 3936/ 3905* . Pressure, MPa7.55. OTenper at ure,

Q3771 38&?&%@@%?&@%&tedﬁh%l&ﬂluﬁﬁﬁs ilida, v oRell a4 tv- VE! typ® molecular sieves.
rati 01000: 11000: 1Pr oduct di stri buti on,

C<826. g@r A8 Gnde tHelndntd Pl%kla;g gaé@%%%%ﬁ&io%g§ grr' gg?ﬁg?%@ 6 >a§5 Qﬁ@nﬁ%ﬁolﬁe ’E%ézt@‘]s yst

No. 3936 1s a comercl a rotreating cat uced int Cat a

Pl ant of the Fushupn, Third Petrol eum Pl ant nd, Cat al yst No. 3905 .i's a
comrer 8 A1 o kP De 476158 U e Yl EaRE snye. ok s gibsent
hourly vol une space velocity. 15 16 JAS 2002 Table 3. Properties of the
j et fuetvepHoriuced in Conparative Exanples 1-2 No. of Conparative

Exanpl eConpar ati ve Exanpl e 1Conparative Exanple 2Density (200,

g/ cnD. 81730. 81 95Di still ati on range, CASTM D 86ASTM D

861 BP/ 109448/ | 641 48/.16530%.5094.79/,198177/ 19470% 909219/ 244215/ 24Q98% 26|
/ 2632_5%1%56859%5&2%5{‘%%%{1?“02 che e Eﬁ?]‘wa st ﬁﬁ&g&ﬁ%&ﬁ%q@ﬁ#ﬁﬁ%
mMMl816Aromati cs, vy%20.924. 4Sul fur content ,0/ 935 Table 4. Properties of
the di @seiPraploddee0iCh teastisar atessiEe Beemp) Mlpal-lﬂ’zeﬁ%ﬁblbbfl-(b%&péﬁ%?ﬁ i hydrogen/oil
Exanpl eCo_m parative Exanpl e 1Conparative Exanple 2Density (200,

g/ cnD. 84580 BE6 2004t §00D4Y liquidriendy volimeApatd RIGHYAIO6IM5266- 343 | Freezi ng
poi nt, C-5-9Fl ashing point, C155140Cet ane nunber 4941Aromati cs,

vod8. 924. 3Sul fur content, ~g/g3.55 16 ~ 6 JAN 2002 Table.5. Results of
hydrosaturatjon of the jet fuel produced by the present invention Exanple
No. Exa%eefe@peaehwaelez@%ﬂ@eew PESSEFyRESTHARY My bethe heavy ojlquiswifallg for
non- nobl e nmetal catal yst AReduced non-noble netal catal yst BReduced noble
met al  camediysi-préRectuysidoorackimprogess, such as the feed oil as described in US 5,026,472, the

vacuum distillates from the vacuumggdistillation devices of refineries, etc.

The fresh hydrogen described in the present invention may come from a hydrogen production
system or the pipe net of the refinery. The fresh hydrogen substantively contains no impurities

such as H,S, NHj, etc. and need not be further pressurized when used in the present invention.

The medium-pressure hydrocracking process of the present invention has the foliowing

characteristics compared with the prior arts:



nmetal catal yst APhysical properties of the catal ysts before usernter]‘ntﬁ‘gANz002
net al s*El enentary ni ckel, 34wt %l enentary nickel, 29wt %d/ Pt atomrati*o =
0. 2El enment ary ni ckel, 34w %\i ckel oxide, 20wt %Ni ckel oxide, | 7w %d+pt =

| . Omt 9%0Ni ckel oxide, 20wt %Al um na,

wt ¥Bal ancedBal ancedBal ancedBal ancedSpeci fic surface area,

n2/ g156142302156Por e vol.ume, m /qg0.250. 280, 310. 25Pr ogess .condi tionsRef | yux
ot Vo o DB RBISHr1 RHOTIN GG RIPEA IO S6giine fow of & patt or the Whole o
MPal. 21. 33. 01. 5Tenperature, C120130250200LHVSV**, _ . .

h' 2. 03the4et0Relodnddratiesal outs 1/addgdesor thei e dow npality| keowene antljor: dipsed pbtainedsnof

j et fuel productDensity (200, g/cnD.80800.81010.79810.8110Di stillation

r ange, tHelnhsdlivh Dr&GhBRy ik Inbbatd BaHed 4hffoived and become high quality jet fuel and/or

1' 59150/ 16330% 50@677;198179/200169I189178/20070@690@&18I243220/246210/2382
21/2493%@£%$%§8§263262/265260/26426I/264SnDking poi nt, nmR7283126Aromati cs,
v9540. e Ni contents in the catalysts used in Exanples 1, 2 and 5 are
measured after reduction and --before-use,-bu~N exists-in

bot h-el ementary-Ni - and-reduced Ni:--- -- - - --- - - - - - - - -
-- ----2. The KifetiSasml meanbdgnandc ichambaterieti®. of the hydrosalddtidfiredaionear. fully
Results of diesel hydrosaturation of the present invention Exanple

No. Exa I §QEPp t ok

2Cat al e B B e o okl SRl
MPa2. 01. 5Reaction tenperature. C220 . 200LHVSV*,  h'2.02 0 rogen/oil vol une
ot oagargeee el aRRrdBe BpSpEERdigpan TRy seey oY He MR deadin

g/ cnD. 84050, 8386Di stillation range (C, ASTM D 86) 265- 34326S- 343Aronuati cs,
vod 4. 1ivereatst @isédnunber 5354 * Same meaning as in Table 2. t8 ~ 6 JAN Z002
What is clainmed is 1. A nedium pressure hydrocracking process, conprising
the steps of contacting feed oil with a hydrocracking catalyst in a

hydr ocr acki n em.k i ess: - i tions;
capar at g Fradto Bl Rleb WIESHIRCIHG AT tREAEARELd Sl
is recycled to the hydrocracking systemas recycling hydrogen, and a |iquid
fracti ﬁfrIBv@mdéqf greug E{?fﬁ Hegy %H%ﬁda‘f‘e‘# inydrosatEratipd easHOR yftﬂmef gu%ra& 98 diesel
distillates including jet fuel and/or diesel (hereinafter referred to as
hydr oc rcatsksdthptethe freasition ednditionli arseteyy enitds Fof exainplg, the paadtioormayt be perfotmeed
hydrocracked jet fuel and/or diesel cuts into a hydrosaturation system

wher e typ@erCalp@s@@¢TBf ihethy depeh 36trcivot theasybigali, @s atdnipidtan sfah@kyséspanding eact
wi th fresh hydrogen under hydrosaturation

fractions at the time of being withdrawn from the side-line of the separation system following the

hydrocracking system, and so on.

4. Fresh hydrogen containing no catalyst poisons for the hydrosaturation reaction such as HjS,
NHs, etc. is first used to hydrosaturate the jet fuel and/or diesel from hydrocracking, se-that high

activity of the hydrosaturation reaction is ensured.

5. The hydrosaturation of the jet fuel and/or diesel cuts derived in the hydrocracking has the

“particular advantage that the hydrosaturation catalyst can not be deactivated by poisons since the ~—

impurities like sulfur, nitrogen, etc. in the jet fuel and/or diesel cuts are substantively removed,

whereby the conduction of the saturation of the aromatics with high efficiency is ensured.



conditions; separating the hydrosaturation reaction product into a

hydr ogen- cont ai ni ng vapor which enters into the hydrocracking system1aﬁ;JAN 2002
make- up hydrogen, and jet fuel and/or diesel (hereinafter referred to as

the hydrosaturated jet fuel and/or diesel) which enter into a separation .
system for processing. 2. The process according to claim1, wherein a part

or all of the hydrocracked jet fuel cut enters into a hydraosaturatiagn

syst em® oFhepisscddhg Fegucest hyrdresapyraianscatalpts Peefeiably secamuneided Bynibe spiytian 9hy ¢

or all of the hydrocracked diesel cut enters into a hydrosaturati on system

f or prihe ggsdenginvdntichhmakesott g®ssiblecor mhirfogmt the dlydiasatiratihencedtronaoipthet jeb fuedl |

of the hydrocracked jet fuel and diesel ~uts )
~nt exi fid/& Besehatdbwer pletidds, Mhe2¥ HRMnkSdtmBAOGARS bdilﬁgimenr_and_tha operating cost
, 5. The process according to claim1l, wherein all of the hydrocracke

j et f uél and/ or g esel cuts enter into a' hydrosaturation systemfor
proces%rlferggr;;e,art‘1 rll%w?r% hydrosaturated jet fuel and/or diesel enter into an

i ndi vi dual separation systemfor processing, which then separately |eaves
the 19 1 ~ JAN 2QQ2 equi pnent as products. 6. The process according to

-claim 17 pheni of rartdbt cahpleherebyc aewaghdict alel hntbbr @osH Bhs tHeemi@hntEatsof
enter into a hydrosaturation systemfor processing, and the hydrosaturated

jet fu . i.e c int i.ndi W i n for
or oces e okt e IneroSe HAY ol ol G o BSRapRARZLR OBy Sl Bl
hydrocracl Eed jet fyel. and/ or diesel cuts and separately |eaves the

o0t pERPEEt G L inGeaserth (B SRESGIel B G o S, ARG PTG
the liquid fraction of the hydrocracking reaction product and the ‘

hydr osaf theaprederteinvéniion igndrpriitde eomparedt with tthet waihe eatrspendieg) coywméiandlor
fractionation together, and a part of the separated jet fuel and/or diesel
cut s efdedium-Piedsuré bytipdiaokiap prades Mnaysdt @avdsp the P OSBRSHNG, thameediliB-pressure
remai nder | eaves the equi pnent as products. 8. The process according to

claim %K%ee/&%&@hglp?@éegs QYQB@?@&sHﬁtafniv&ﬂicﬁﬁsaé%%t lobwdr. a1 SAHEREr, CRL alsy r #dshh

one .or re metal's of Goups VIB and/or VIII of the riodic Table as the

hydr ogenati on, c onents. 9.. Th ocess..according t | aj wherein t he
a0 FaaERy o AL bR cat? 4 LR R diaer Bl bEes e Bsph By drob B Blsnton,
a tenperature of 360-400C, with a _hydrogen/oil volume ratio of 800:1-1500:1
and a [thegeydgodienking sysenumakesihpessipld Bbﬁuﬁy apd repestedlysispthe fragh hypsegeprsysters
according to claiml1l, wherein the hydrosaturation reaction is carried out
under an case of very-limited investment. Siressthe eatQfatios-@3-tbe FRayatas ia thefgiefual ardéorof
100-280_C~with _a_hydrogen/oil _ volume zatio of _. __ _ _ 200:1-1000:1, and

a | i quidgkbshioWhits YearObd! RrfoRACE i &h& Giyldostfurakion- §ysrkl- the- ofekatidl Prdd@e eSS the
according to claiml, wherein said fresh hydrogen cones froma

hydr ogen-hr i Y. h i . i he i o]
cuch | ARARRRKEL s§ R ceh B0 Sy R g elestyftl RFTE QUGRRATL IR
the process,without being additionally pressurized. 12. The process
anordFﬁB“?% claim8, wherein said one or nore netals is/are selected from
the group consisting of Pt, Ni, and Pd. 13. The process according to claim
9, wherein said pressure is 4.0-8.0 MPa. 14. The process according to claim
10, whegei,.SalHdbiheiRe At He€ ni - 2 -saity p re,l 02,0 a.
15. Thegbgggegggg%cordfﬁgﬂ%ohgﬁg%ﬁg?§§€;%ﬁZ@ﬁjéhgﬂ%e%gﬁ?uﬁg?kgC%F §§?5t$€;

fuel anrgé 11r1m£jplr§sss§rle hydrocracking permits the precious hydrogen resource to be fully, effectively

and reasonably utilized. Comparatively, the new process both retains the advantages of the prior
~—— . medium-pressure hydrocracking, and overcomes the shortcoming of the prior_medium-pressure_

hydrocracking that the hydrosaturation depth of the jet fuel and/or diesel cuts can not be ensured.

In other words, the new process makes it possible to concentrate the limited hydrogen resource on

the deep hydrosaturation of the jet fuel and/or diesel cuts so that the unnecessary deep



distillate entering into the hydrosaturation systemto those |eaving the

systemas | et fuel and/or diesel products is 1:6-6:1. zt 16 JAN 2002
.AnSl . AfR AR A ?. AR Af,.A3,.A3S,. AIR A
M?. AS. A?. A3U?. Ay, . AS?. Ad?. AY?. AQH, . A?. A@. A, ny Tg5zZyb"=1 L Q q(l
| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] caéca Jcall [13S
. %Ch, Ijdxegenatian ¢ fowpbidip eajrechigbaresae dydeceaskinglitajedgda) ca) cal cal cal cal cal ¢

a] caj ca] cal calca]ca]calca]ca]calcalcalcale& (K |17
Yt u™ " 4###| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc

e[ BRI DGR ) D R et o

cajcalc ca] ca] cal ca a] ca ca] calcalcalUca]ca]calcal-1... X/ 09000>111] 22' 33
4i 44+50B366EEE ¥R AR s Hecame apRastion %yaqeaa] ca] ca] cal] ca] ca] ca]

. ca] ca] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca]cajcal93:::;f

;1 <~<<5=?==>d>>?y??B@IoAZAABNBBCs CC DUDZD} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca]

calcal el sthanl arleplgatenlal ﬁ&%ﬁ%ﬁk@kﬁﬂ%ﬂ@ﬁé e A AL <,

ca] ca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
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~ through line 16 and/or the diesel cut withdrawn through Tine 17 can partly mix with the fresh

hydrogen from line 9 by recycle pump 7 and enter into hydrosaturation reactor 8, and the product
of the hydrosaturation goes to phase separator 12 for vapor-liquid separation. The vapor phase

goes to the cracking system 3 after pressurization by supplement hydrogen compressor 18, and
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$LO% gc):c-o?c(l)ir?g ?o t:h:e bglllzl;@%bo}n% ;t; t%(c):/%lxlt(t)ra-lc%i(c)ns in following distillation system 6. The liquefied
petroleum gas leaves the equipment through line 13; the light and heavy naphthas leave the
equipment through lines 14 and 15 respectively. The tail oil can either be partly or completely
recycled back to the hydrocracking system 3 through line 10 for processing, or partly or
completely leave the equipment directly through line 11. A part of the separated jet fuel cut
withdrawn through line 16 and/or the diesel cut withdrawn through line 17 can partly or
completely mix with-the fresh hydrogen from line 9 by recycle pump 7 and enter into
hydrosaturation reactor 8, and the product of the hydrosaturation goes to phase separator 12 for
vapor-liquid separation. The vapor phase goes to the cracking system 3 after pressurization by
make-up hydrogen compressor 18, and the liquid phase goes to separation system 21 dire_gtly. The
jet fuel cut withdrawn through line 19 and/or the diesel cut withdrawn through line 20 separated - -

in the separation system leave the equipment as the final products. If the aforesaid jet fuel cut

withdrawn through line 16 and/or the diesel cut withdrawn through line 17 are partly recycled to

~ hydrosaturation system 8 for processing, the remaindér mixes with the corrésponding jet fuel
withdrawn through line 19 or the diesel withdrawn through line 20 and leaves the equipment

together as the final product.
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A medium-pressure hydrocracking process comprising a hydrotreating step and a hydrocracking
step in series is used. The process conditions used and product distribution are shown int Table 2.
The properties of the jet fuel produced are shown in Table 3. It can be seen from Table 3 that the
jet fuel produced in the medium-pressure hydrocracking process contains more aromatics, and the
smoking point is 16-18 mm, so the requirement of the specifications for the jet fuel cannot be met.
Therefore, the applicability of this medium-pressure hydrocracking process is greatly limited. The
properties of the diesel produced are shown in Table 4. It can be seen from Table 4 that the
volume contents of the aromatics of the diesel produced in the medium-prelssure hydrocracking
process are lower than 25%, but higher than 15%. The cetane number is even lower than 45 at 5.0

MPa, which does not attain the required specifications for diesel.
Examples 1-3 i

On the basis of the hydrocracking process of Comparative Examples 1-2, only a hydrosaturation

system is added. Jet fuel and other products are produced under different process conditions. The

~ process flow is shown in Fig. 1. Table 5 shows the process condifions and results. It can be seen
from Table 5 that in the jet fuel produced using the process of the present invention, the content of

aromatics is greatly lowered, and smoking point of the jet fuel is raised, so it is a high quality jet

fuel.
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10T>10%I'& i) y8 109%0& ()-!96&10%&

dWipdd | digse @1@1@5@) )ad Jet fysdan /?r @1g§ei@§mu€5s arqgn@u@d under different process
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$109%&' (JonSltbheoReer) to, Figdd Fomthe)process flow. In Example 4, the diesel cut separated from the
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0% (?o'r *ﬂrgéelsél%ki Emoé’o/ﬂ@o/fe&ﬁﬂe)[ "and diesel cuts separated from the hydrocracking

product by the separation system completely enter into the hydrosaturation system for pr;)cessing.
The process conditions and results of Examples 4 and 5 are shown in Tables 5-6. It can be seen
from Table 6 that in the diesel produced using the process of the present invention, the content of
aromatics is greatly lowered, and the cetane number is greatly raised. And therefore the process of
the present invention is able to produce the diesel produc; which accords with the world fuel
standard III. In case of the mixing hydrogenation of jet fuel and diesel (Example 5), the aromatics

and smoking point etc. of the jet fuel (Table 5) also entirely meet the specifications.
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P! | HR 109&& () - 7% yr{r! 1r~r|[|\IAAIHF\>I10&‘L(R,1ﬂR, S>109R& () - S-104R&' () -
S8l + 10% - 13lysh qo _)___S_@M h - ~rrr rsss~"€53\§@4fl‘ 10& \"
"1099& () - d "Prosemg, MPa d " 1098& ()-7-5S10%& (
S's' 10984 () - TenpamsnsYs s) &) J*d " B0VBEO()- d | T00& ()380/680100/8/&' ()- '\"d
"1090& ()- 0 THOVBE*E)rT d T LOY& (0:0/1 68SSS{SYSSShL, d "3.0PE& ()- d

—_—

"1098& () HydFogehRT% e ¢ 1000:1 1000:1
' ratio
Product distribution, °C
<82 6.5 6.3
82-132 12.1 11.7
132-282 36.3 36.5
282-350 9.3 14.3
>350 32.8 28.2

*Catalyst N0.3936 is a commercial hydrotreating catalyst produced in the Catalyst Plant of the
Fushun Third Petroleum Plant, and Catalyst No. 3905 is a commercial hydrocracking catalyst
produced in the same Plant).

**Liquid hourly volume space velocity.
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10%4& () Table 3. Properties of the jet fuel produced in Comparative Examples 1-2
No. of Comparative Example { Comparative Example 1 Comparative Example 2
Density (20°C), g/cm’ 0.8173 0.8195
Distillation range, °C ASTM D 86 ASTM D 86
IBP/10% 148/164 148/165
30%/50% 179/198 177/194
70%/90% 219/244 2157240
"~ 98%/FBP 261/263 255/260
Freezing point, °C <-60 <-60
Flashing point, °C 39 40
Smoking point, mm 18 16
Aromatics, v% 20.9 244
Sulfur content, pg/g 3 5 .

Table 4. Properties of the diesel produced in Comparative Examples 1-2

No. of Comparative Example | Comparative Example 1 Comparative Example 2
Density (20°C), g/cm’ 0.8459 0.8601
Distillation range (°C, ASTM 270-345 266-343
D 86)
Freezing point, °C -5 -9
Flashing point, °C 155 140
Cetane number 49 41
Aromatics, v% 18.9 243
Sulfur content, pg/g 3.5 5

———————e e
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110% & ()~

110% & ()
110% & ()f

s Uanf a2

d uuuuuu*vev@vVe" 10{

d?10%& ()- @JvTvAv_vovxvuY9vVe" 10{ P10 & ()-& '10% & ()-&? !1{
&f 1.1.094 -8 / ) ,Qf 1 1094 & XA -2 VB 104 - L 10048 & (V- &f
of 1 Byamnde No. 8{({ ] ﬂyaglp}c{ 1 & Eﬁ(ﬁ@pl{@.—z( - R}?xaxﬁple 377 Example 5
VVARPR AR NABTT0f 1 Fo9pogd( ) - a(Redused &' |() Bgduced | Reduced
Catalyst non-noble non -noble noble metal | non-noble
metal metal catalyst C metal
catalyst A catalyst B catalyst A
Physical properties of
the catalysts before use
Content of metals* Elementary | Elementary Pd/Pt atom | Elementary
nickei, nickel, ratio nickel,
34wt% 29wt% =0.2 34wt%
Nickel Nickel Pd+Pt = Nickel
oxide, oxide, 1.0wt% oxide,
20wt% 17wt% 20wt% -
Alumina, wt% Balanced Balanced Balanced Balanced
Specific surface area, 156 142 302 156
m /g
Pore volume, ml/g 0.25 0.28 0.31 0.25
Process conditions
Reflux ratio of jet fuel 3:1 1:3
Hydrogen partial 1.3 3.0 1.5
pressure, MPa
Temperature, °C 120 130 250 200
LHVSV** h™ 2.0 3.0 4.0 2.0
Hydrogen/oil volume 300:1 400:1 400:1 400:1
ratio
Properties of jet fuel
product
Density (20°C), g/cm’ 0.8080 | 0.8101 | 0.7981 ] 0.8110
Distillation range, °Ct ASTM D 86
IBP/10% 147/164 150/164 146/159 150/163
30%/50% 177/198 179/200 169/189 178/200
70%/90% 218/243 220/246 210/238 2217245
98%/FBP 260/263 262/265 260/264 261/264
Smoking point, mm 27 28 31 26
Aromatics, v% 5 4 0.7 7

* The Ni contents in the catalysts used in Examples 1, 2 and 5 are measured after reduction and

e before-use,-but Ni-exists-in both-elementary-Ni and-reduced Ni.— -

** Same meaning as in Table 2.
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-8)7? | ?e)é 10% & () - f&. *%@a&m&&xy Vb TOTPRTGTE & FlE
& Catalyst Catalyst B Catalyst A
Process conditions
Hydrogen partial pressure, 2.0 1.5
MPa
Reaction temperature, °C 220 200
LHVSV*, h” 2.0 2.0
Hydrogen/oil volume ratio 400:1 400:1
Properties of diesel product
Density (20°C), g/cm’ 0.8405 0.8386
Distillation range (°C, ASTM 265-343 265-343
D 86)
Aromatics, v% 14.1 12.2
Cetane number 53 54

* Same meaning as in Table 2.
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hydrocracking catalyst in a hydrocracking system under a medium pressure and hydrocracking
conditions; separating the hydrocraking reaction product into a vapor fraction which is recycled
to the hydrocracking system as recycling hydrogen, and a liquid fraction which is further
separated in a separation system to produce distillates including jet fuel and/or diesel
(hereinafter referred to as hydrocracked jet fuel and/or diesel) cuts; feeding a part or all of the
hydrocracked jet fuel and/or diesel cuts into a hydrosaturation system where the cuts come into
contact with a hydrosaturation catalyst and react with fresh hydrogen under hydrosaturation
conditions; separating the hydrosaturation reaction product into a hydrogen-containing vapor
which enters into the hydrocracking system as make-up hydrogen, and jet fuel and/or diesel

(hereinafter referred to as the hydrosaturated jet fuel and/or diesel) which enter into a

separation system for processing.

2. The process according to claim 1, wherein a part or all of the hydrocracked jet fuel cut enters

into a hydrosaturation system for processing.

3. The process according to claim 1, wherein a part or all of the hydrocracked diesel cut enters

into a hydrosaturation system for processing.

4. The process according to claim 1, wherein a part or all of the hydrocracked jet fuel and diesel

e ___._cCuts enter into a hydrosaturation system for processing.

5. The process according to claim 1, wherein all of the hydrocracked jet fuel and/or diesel cuts
enter into a hydrosaturation system for processing, and the hydrosaturated jet fuel and/or diesel

enter into an individual separation system for processing, which then separately leaves the
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6. The process according to claim 1, wherein a part of the hydrocracked jet fuel and/or diesel cuts
enter into a hydrosaturation system for processing, and the hydrosaturated jet fuel and/or diesel
cuts enter into an individual separation system for processing, which then mixes with the other
part of the corresponding hydrocracked jet fuel and/or diesel cuts and separately leaves the

equipment as products.

7. The process according to claim 1, wherein both the liquid fraction of the hydrocracking
reaction product and the hydrosaturated jet fuel and/or diesel enter the same separation system
for fractionation together, and a part of the separated jet fuel and/or diesel cuts enter into the

hydrosaturation system for processing, and the remainder leaves the equipment as products.

8. The process according to claim 1, wherein said hydrosaturation catalyst is a reduced catalyst

with one or more metals of Groups VIB and/or VIII of the Periodic Table as the hydrogenation

components.

9. The process according to claim 1, wherein the hydrocracking reaction is carried out under a
pressure of 4.0-10.0 MPa, at a temperature of 360-400°C, with a hydrogen/oil volume ratio of

800:1-1500:1 and a liquid hourly volume space velocity of 0.5-1.5 h™.

10. The process according to claim 1, wherein the hydrosaturation reaction is carried out under a

.. pressure_of 0.5-3.0 MPa, at a_temperature of 100-280°C, with a hydrogen/oil volume ratio of __

200:1-1000:1, and a liquid hourly volume space velocity of 1.0-6.0 h™.

11. The process according to claim 1, wherein said fresh hydrogen comes from a

hydrogen-production system or the pipe net of the refinery and contains no such impurities as
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