- 1 - | MPROVED HYDROCRACKER POST- TREAT CATALYST FOR PRODUCTI ON OF LOW
SULFUR FUEDS007AMEMD OF THE | NVENTI ON [ 0001] Thi s i nvent ipem/use00ioex4t o
a hydrocracki ng process which uses a post-treat zone for reducing the
sul fur content of the hydrocracked products. [0002] The catal yst in
the post-treat stage is a bulk nultimetallic catal yst conprised of at
| east one G oup VIII non-noble netal and at |east two G oup VIB
netals with a ratio of Goup VIB netals to G oup VIII non-noble netal
fromabout 10:1 to about 1:10. BACKGROUND OF THE | NVENTI ON

[ 0003] Envi r onmrdMBROMBD HYIDROSGIRACKER ROSESTREAT ENTALYET FOR
increasingly |ower |evel . : aronmat | ip.distillate
fuels. For exanple, the 4 s ed 1SN £ £k ate fuels to
be marketed as road diesel in the European Union for the year 2005

was 50 wpEIELD 0B TEESIINMENTHEONequire | ower | evel s of total

aromatics in hydrocarbons and, nore specifically, to | ower |evels of

pol ycycl i qpappyrat ilngﬁs iV etishirblafdsSof &oﬁ%@kgﬁgﬁyﬂoﬁésstwﬁfec@gﬁépggnrost-treat

products. "For ‘exanple, the nmaxi mum al ["owabl e mat| cs
U. S. road znedet redidirE; thef sulfn centdine o€the lanttotiaelled préduss | di esel
are 35, 10 and 5 vol.% respectively. Further, the CARB and Swedi sh

Class | di fu : g :

pol yar omatlpgg%q regg%c%t%/lg#yﬁq}jg?’égﬁ #?%%m e, S?’hrﬁehl%?g& (t)l I;i/i;cac aE%%St

Sul fur Di esaipr{sedSi@)atiedsh one Grohip VIEDnbdemobly meeil afdze léatwd GrpppWIB
w |l becone ndatory from1l June 2006 with a simlar constraint to

be met evdR§iaksevihiayatigof Grouppyikmstalsie Groppd/ boprswblameial fiamgbout
work is pr i, done to produce conpliant fuels, mainly by
195P R 55’?18[81'0 j.
MIINEY

hydr opr ocessi ng. Hydrocracking is a well-established nethod
for converting |lower value petroleumstreans such as FCC cycle oils

i nto nor e BREAHGRLNINLL R, YW ER T ION; gher hydrogen: carbon rati os
and reduced contents of heteroatons, sulfur and - 2 - nitrogen.
Dependi ng [6003] y @&@nvitoantesalad tegilatowy intivgives tird fegjuiring itsasiigle
hydr ocr acki n be_carried out either_ in a single stage or_a

t wo- st age [OWFE varyek efultsangrargmatiss 10 distilate fyelse (Eengxample, thg prepgsed
carried o {,01:8+: aff ' e (™Y a TR a¥ .
hycr oor achy aoF St TRARSARAL KOG 1 bEKRBled  rbad BB F' Ry YT Union
cat al yst s fenthe yat 2005 svav0 dippin. nOthdrueghilations rdquireTlosver ¢e@klaofltotal
added hydrogen are cascaded directly fromthe initial hydrotreating

step to t REOMAHSY IYHroerhors agdemepe sRackdeally, fe werlsyclsaipolyosshicor
watef v Srear prae i ESRa e Ty BRIRR o Rt SeiRe vy

carried ouwfadimuneativerablemontatindevdls &6 ULS. 36ad Hicsely CARB Reerdffsidicsel,
renove hydrqgen sul fide fromthe_hydrogen which is then recycled to

the unit. apASwesish flasdaicsalae 39 aband 8 ved Pacrspeqively. aiuither; the

hydr ot r eatA - fal nwent | 3
o andr SARE AR IS T bids8t aleFORIEL rbThore GAA R DT Yorbe
conver si opolyarematics,regpdctively. Nk Saifordiaatit udei SfUNRALHA Sulfilk3iesé3)
under nore_ severe reaction conditions using a catalyst which is

normal |y &6 kwithes sulfut congengof aopmare #amal 5 pemw Wl gcomeangndgtery
one or Mok & loiiﬁ)ie\ﬁtd% \Qﬁﬁ%sﬁg{il%} Bohfifuintd B mef %ﬁ#@%ﬁf@ﬁgﬁg# pg"

a refractory support suc mna or silica-a

nobl e net Septahlbdry2006 UConReupally aduciivmark is pidseutly Baingl difeIoPrisdddss 0
be used; NNWon silica-alumna is a conmon choice for this catalyst.
A post - t r égmpliont figls mainlyhy hydrepreoessing.at the end of the first

st age hydrocracking and also at the end of the second stage

hydr ocr ac {0gad)r eatl@lrozrabkihg ifhevgiepabHsiadd ﬁlhﬂldabﬁirnbheéftingekﬁ!c)"#ivhlue

is minly to renove reversjion_nercaptans _ so as to allow production of

| ow sul f uPCHaEWRstreans seelasECG exde oblgdntoympeeshighbrefined produets with

higher hydrogen:carbon ratios and reduced contents of heteroatoms, sulfur and

LA B HY




SUMVARY OF THE | NVENTI ON [ 0006] 1t has been found that a class of catal ysts
represented by the bulk nultinetallic catalytic nmaterials provides

ext renel ywoaoar/desiml furi zati on activity when used as a paItUstooeai3040

desul furization catalyst follow ng a hydroconversion stage. In a single
stage unit, the post-treat catalyst will normally be | ocated as the final
catal yst bed foll ow ng the hydrocracking,beds and, in a two-stage unit, as
the final bed in the second stage (vvith'tzﬁe separators and water wash

bet ween the stages); in the two-stage unit, best results may be achi eved
fromplacenent as the final bed follow ng the hydrocracking beds, and it is
possi bl e mitroger. uDepandiagdndinnen theedesifedtbodlimg) rdrigerdfaht peodiatglthst as t he
| ast bed in the first stage. [0007] I n an enbodi nment, the invention_relates
to a hydr ¥HERKEReINE kb cetesout cithsr 1n a anglesipgs pr 8 dwoastagshunit.elnitheock
in which! wo-das rpLh ' : L LS. LSt r j ep
cont ai ns (g\r?lg Si)%?gerrgﬁr{lg t?%z??ta %‘%)ér%gczlgﬁggé ﬁg%%y#%?%qagﬁ t g%ﬁ%gétrg%g%g%vﬁ% fL‘lh each

reacti on bedemipiarahiet the obyehldiydratiaoRingaseduenenis, condutedih shdpaseideat ed
l'iquid produgt. stream havi n% a, reduced sul fur and nitrogen_ content; (b) the

hydr ot r eattd @itEI50E eatahysticachsyith atmoven dissisefuactiepality. (Me feed andiadded it

T the. f o hned EFLEHRE UGS R RO LR M BfEafe FRP G0 RFER ", 0°°°

hydr oconv dydreoracking Beeppwithoncmtattage BypuratoR ok ingganicdey&batonss f ol | owi ng
t he hydroci']a ki ng sted:%,E t he hydrocracked effluent 1s passed directly to a
post - t r eaf B sulfides AMmenighi Am ipkrEstege waterpvaualicr the fiigfj ected to

post - ¢ real e | inigas 593U ect
il 1 et ar o Baring oIS TGP Lo HaeRel ) Bat R th AL Rk ind R inian, ot a

and at | eastintsoruBrmaay aldolbe usidabgeinovethydhogdhesul e Gronh tH ooyt metal to
Goup VIII non-noble netal is fromabout 10:1 to about 1:10. [0008]In its
appl i cat i SYIER ig Rendeefdedirithscinit kOns convertianalite-stage bydrogeacker uses

hydr oconver.si , . t. | Ot ersiage water sh-t,o I enove
o a1 eoap LBy BBl R RSB A o B R P BBt 3 e e
hydrogen sulifordeiMé MDD WatalyRtl tiiEahald pertieatodibhoiling fanple®iodieRlion i sposed as
the final catalyst directly follow ng the hydrocracking catal yst beds in

t he secon@agiyRuidntie segendmng thirdasactges Re® wrsler svard spyerietreagiicac enent

hi gher up . n r.gs.a result of the relative l,ower
nitrogen ggﬁ?%%?‘ S?)l? l%%hagcé%g@é{r ?&'gfé}’eﬁt%owgytﬁ?@%%egnfaréé%ql?w. Iqas?ray al so
be used asnetalp@ Md,29] et63tvikly dhe @t st |Grobip VIENDAS hbRild (Fd, I Ni, etc.)
hydr oconversi on stage. [0Q009]It has been found, in | aboratory experinents

si mul at i n@S RYRINEEIrHER arrcfastory seppord pestnay aumina onsilichedaming, althghgh

pressures \/ ar gauge_(barg" ressure 0 _.psi ,. that the bul k
mur 1 ot aPPoe Bsel eS8t SHeEat nah o B GRRNYR Cotelvuf g dso beBiea;

hydr odesulNiWw ioaailicRalaedin¥ id ¥ coneheén ERSTE FEOMH &{itﬁlr%t. oA gYs@aeht ArEpESure and
| ow organi c nitrogen content. The use of a layer of the multinetallic

catal yst &atalyst maypbq providgsl aichaend dfithe Reststage-hydsecragkingsand) dlsmat the

duct i f I i I k duct | |
P oept abi S obhd idtohBYa Ao HaER Ble i EORE PIEE TSt B Bk ARt "
hi gh act i ¢hfalyst i@airl) €6 eerioVe réve@sion mérchp@ns S5y #d aﬂ&w?r@ﬂu&md SfIPwPOI Nt
sul fur species, including sulfur species boiling above 650F (343C).

[ 0010] Thesefeupaphtha forosiommrdeeds but ibhas odembeen fnmal thatthedtydrgaracker
nor e 1 SRS M Ao R B9 e L O R 1, oo
Mo to Wi prexbatibr &pkctedl @Balitiohs 9 In BRtFhe RERERERENODf Phralldw ShEHERels

such as are required by current regulations is difficult even with advances in

techniques and catalysts; the difficulty of producing ultra low sulfur diesel fuel has

been noted: Hu et al, NPRA Paper No. AM-06-46, (March 2006), “The Era of

ULSD - New Challenges and Opportunities for HydrocrackingProcesses.”



[0011]Figure 1 is a sinplified process schematic of a two stage

hydr ocracki ng unit showi ng the |locations where the nultinetallic catal ysts
may be usw0.20070QiRpFi gure 2 is a graphical representati eaTafS2doie1Ious St
order rate constants for hydrodesul furization for the bulk multinmetallic
catal ysts on feeds depleted in organic nitrogen at varying pressures.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Hydr ocracker Unit Configuration

[ 0013] Figure 1 shows an enbodi ment using-a two-stage hydrocracker unit with
three separate reactors. The two-stage unit shown has heteroatom

di sengagenent neans, such as an interstage water wash (to renove ammoni a),
and an opt[P883] aklydrotreatimg catalysts thetiareqenticdaesiylseitebledort to renpve

hydr ogen sul fide..The pnunber reactors. my be reduced,to two by having
the Coi v VeGPl o FSGoYeRioEenating. SIREIbY Cortiime 1 1 ot

st age hydnRsRBASASIOSY: tu G Ofn Ll {365 LB i B y fresh
and recycle l[r%?drogen - gﬁ-gn’ent egl?rggé’{(‘?]@%eur,gﬁnla!dﬁnn%%r@ﬁ&%é&%w;@dﬁp gﬁéﬁe flow
st r eam entseeh af icobaltsniakel, ireagcona cadbimition ofithese metrlsi Gobalt provhetedof

superi npose tal yst beds 13 of hydrotreating catal yst, each _ of which
consti tut égg]i%g@% i Ghalyigea caiadysy %Fredppga‘t’&f%é??@a enéhe Badling ¢ hr ough

line 14 t%p&&?lcﬁﬁfﬁ?@grer @?E&ésuﬁﬁﬁabnmhﬁg n?ék%ﬁ FSbRY ogbﬂaﬂﬁ’ﬁr Pf
superi nposed catal yst beds contal ni ng hydrocrac Png catalyst or catal ysts.
One of thedeniedsatalysdase gratmedt adddip disdd forlNbrdroddritrogasation paaial

hydrocracki ng catal yst may be used, depending upqn the hydrocrackin
functio nalai"?’%apﬁaﬁﬁ%%o’?’ r?StWI§53$ B&@PQPSUIﬁ‘H'Fag‘@Ft dwosety ¥ Flaﬁi)ﬁﬁv’é?lk?g

contains a,caj - : ' By ietallic

cat al yst fgr nf)}{rdem}e'%?;i elicl%xic\?}%iﬁgsh%{\?eurl zaﬁ%ﬁﬁs\}ﬁfﬁd Pﬁ%&g%}l’g e{é%' ve of

conver t i nqiydnydesatforizatiom tctivityc o used as hpor@adker prd-trent (rdGstdgdr om R2,
the hydrocracked stream passes throggh hi gh pressure separator S and | ow

pressure SaRAYsis:dhe satalystymparkgted byAlbymaslerynger it NERURA Mnagpe bave t i s
separ at ed yeBf Qhb R j : . . [ ragt:| -\ | ght
napht ha drgw be?vr\{gl tﬁﬁ%iggfs regﬁrgﬁ%lh?\@@g‘fgg%ﬁ%ﬁlgg ﬁ%g&égﬂgﬁ%’tﬁgrﬁogw s ough
line 22. AbebpttilarekirniydratdokebeithANEBUIbA T CRallyor,r Shdmes dtyd DA

sul fide fromtﬂle ci.rcul %ti ng gas stream The heavi est conmponents of the
stream ar & 2RFE hNer &M-93P6ugh 'ine 23. A first portion is returned to the
process as recycle and is sent to the inlet of the second stage reactor 25
(R3) by waUMMARYE OQH THE SSVENTRONt i on is a | ow sul fur diesel fuel

wi t hdrawn through line 29 and conducted away fromthe process. [0015] The
third reagpyeder R3} I C é(;i version is
carried ogt c%]nt a?tn}gﬂawﬁhgggégg?ﬁgucgg%O?pc%gdgﬁ&%é%é}%%x %ﬁg?ﬁ?engli’@(at ed) of
hydr ocr aekulgmeaaliicystalptic asiiaials psovidese sttt gdodwul fugiziZon Ab@viBpt t om
bed 27 contains the bulk nmultinetallic catalyst for the sane purpose as in

R2, nanel YWhed ¥hed|asg postriesabdesBnization catlyst foBewing @ Aydrgconkersimt i onal

am ne scr ry P , i i t al e nl d

i gher i n°PRS Ao 3 R st e B LRl sy JR o e 286

st ream wi lfinabeathtysebed fiolldwimgeatke diydradrackiagiednand, iner wapbage Laitad iHen
Fromthe outlet of R3 the hydrocracked,

reduced cg_rr ndingly. - 7 - F

treated e ‘F‘F‘EEE‘?"})MW%?@B@ Kwithihe sgparatpre and maater wash befaesn the t oget her
with the is HRO8Y I [ Er i tion take l,ace in
fracti onat§ %%9% lrg{s des%%{aggg%gbgég%%m%% (1:)8 afﬁ‘g%%? 8ar}%)(§n %é%c\?{/ne gﬁﬁflhea

fracti ons finabbed Yol dwinpwhs blyfitocracidtg theds eindas ispedibié so irfobedbsiocks [ 0016] A

wi de range g,f, petrol eym and, chem cal feedstocks can be
additional bed of the multimetallic catalyst as the last bed in the first stage.

[0007]  In an embodiment, the invention relates to a hydrocracking process

using a distillate sulfur-containing feedstock in which:

(a) the feedstock is subjected in a first hydrotreating step (pre-treat) in

the presence of a hydrogen-containing treat gas in the presence of a



hydr opr ocessed in accordance with the present invention. Suitable

f eedst ocks i ncl ude whol e and reduced petrol eum crudes, atnospheric and
vacuum r espauoer/14pr40pane deasphal ted residua, e.g., briglrcstusesos/ocsoad e oil s,
FCC tower bottons, gas oils, including atnospheric and vacuum gas oils and
coker gas oils, light to heavy distillates including raw virgin
distillates, hydrocrackates, hydrotreateg oils, dewaxed oils, slack waxes,
Fi scher-Tropsch waxes, raffinates, naphthas, and m xtures of these
materials. Typical lighter feeds would include distillate fractions boiling
approximately from about 175C (about 350F) to about 375C (about 750F). Wth
feeds of this type a bpdingatingicatalatyuthis fifst hydrotreatiogetemegritaina one or
produced which can be used as. a | ow sul.fu aspline hlend stock. Typi cal
heavi er feeds woul d iﬁlﬂrﬁﬂee?C%‘PBrzoé‘f%th’@, O\V‘g’d{ffﬁ?\tagé@b?ﬁqgé’v%fs?‘? agHoR o
about 593C (about 110 I i f out
500C (about 660F to ag(g%et 3%@%&# ?tgea?ﬁ%s&%ggg?&f h%%%g?tgﬁé%&}) di esel
fuel produced is corrbgpdmtodyttystepasahaving [a0@duedsud furemdadiirogen conteat;
process is operated by conducting the feedstock, which contains high |evels
of sulfur and nit €the . kailid @Y Ylele to
convert a substanpiggl ﬂ]aen}%ygirﬁ%ﬁg?tbtarlliguzﬂiﬂ)f ur Cg%%@‘ﬁ?ﬁggsgﬁgi n tﬂg(ﬁgggﬂto

i norgani c formwith awithpot sepsratten)\te aihydrberackingstérecontaming due b avoref t he

feed nitrogen content. The hydrofreatnent ste ii)gar,ri d out in one or
Fhwt b

more reaction zones (TACUPYLPNERME Iprn Oof ca ¥ igrthisysten e stogam is
hydrotrcating catal ysiubiddied ¢0AgtdcBRSedfiFindhe pRRRhEP 3! i

hydr odesul furi zati on aun / or den?trggen%t ﬁﬁ;ﬂm epgﬁﬁéﬂ%@%}'ﬁﬁt gh?:er%c ng
characteristics. The eatalyagt streamis then passed directly (without
separation) or with separation and a water wash to the hydrocracki ng zone
- 8 - in which boidy nghIlANGE tRORYBIHEAkiAS sRP! Bt BREd effndelfisoul K
mul timetallic catgl)yst may %e prgvi ed é??grﬁiﬁ%tﬁﬁilr?éaal ?S/ réiggﬁ{/sgrsi on
step, typically at thpassed tlaecdy te hposereatchydeaireatmenRar which thetligridt age
unit, the streamof liquid hydLocarcgo s fromthe firsit hydrocqnversion
stage together with geif su e yidrgtrgatgng with a hydrodesulfurization

hydr ot r eat i ng/ hydr ocr i Cil r it i | de
and anmoni a passes to@‘fs%%lgge\gp gfr%slrsian v!ﬁi"@ﬂﬁﬁﬁ?l?)lggﬁ@* %}81??% @?I%g%}g?lzé afs{

i norgani ¢ nitrogen anchéGdowydfillsdn-hdele anetal ambuekastrtors GheuphyaBocr acked

| i quid product stream Trl]e, regyi{)&fegas i§ washed to renove ammoni a and may
be subjected to an anPREISHE nHILthedatio of GrappgeR mstalita &Srodp ofikrony

i nprove the purity of 6618&&?%‘@%%%99@& tgrggoaplrl%duce product sul fur

| evels. In the secondnstage ydroconversion the hydroéracki ng reactions are
conpl et ed ed of.the bulk nmultimetal|ic¢ catal yst y,.be provided
directly &9@@5 thﬁ1 LS ERPNiF At a8 CYivlgs Byrroreaskers v high) (o Ruceess ot t om of
the thirdpgebRv : | [ are
effective %nder é&ﬁ%ﬁtgﬁﬁ%@?ggﬁ?@oﬁy%% %%Wo#ﬁ%@%g%\% of "hard
sul fur" spewnesa from the gad ftrgans pad; gsidmallyngn atnins pirebito sbparhietgydrogai s i n
t he range of. about C to about 593C (200F to ahout 1100F), particularly in
the r anges@ﬁdﬁbg’ﬁtb"ggwlf‘gleé%‘ Gica 13 Bﬁfﬁ‘iﬁg%gﬁpf’%@da%% fgmd pgtalyst

Hydr ot r eafj I rpﬂ{ J

(hydr odesgygﬂgﬁéﬁ%ﬁ%%gg? gﬁg%%%a&n‘g@%hgﬁﬁsgggaﬁ t CZS%E%‘?%‘& g&lt]fl%l#gllzati on

st ages i nsethe aflvastage ezgt loe achiypedy its phacentidnd highdrygy indhe gedomdi rzattoen

catal ysts for u?e i tgﬁ,eresent i nvention includes thgse that are

conpri sed2bf refuly oibe relativelyday eymitrogri canteny ofithe matgrialenteringtheni | nore
pref erabl y.Gpda0848F. N BRSischl&f ]! ' oup VIE
nmet al , prg?‘cerabléél\/b orme\ﬁgfr%gre psregfagra %ﬁ%@%ﬁgjgﬁ?ggggfgﬁe{oﬁﬁgéﬁ% surface
ar ea suppitiallgtdrocenvergioefstagebl y al umi na. Qther suitable

hydr odesul furi zati on catal yst supports include zeolites, anorphous

silica-al , [ &gl G . e
enpl oyed, HI[Prdegﬁer :%Iqh?g kﬁ%ﬂ Tﬂrgi, m@ré}gﬁaﬁﬁ i.@?fé%@h@@%ﬂr}ﬁ@@og&@?ﬁﬁ Mor e
t han one p9ydrast opprationelovw N feeds iabhighgirabspsts dwovesziibamgauge{"barg!'f f er ent

beds in the sa acti vessel . The.Group VII| nmetal is typically present
in an annﬂrr?tssqrgﬁa?ﬁﬁﬂgr)ﬁﬁpgﬁgﬁﬁmg( w?%rgg[#ﬁggaﬂﬂlﬁ%p?ﬁsgse?%én}ely ;about 4
to about 12 wt.% The G oup VIB netal will typically be present in an
anount ranging fromabout 5 to about 50 wt.% preferably fromabout 10 to
about 40 wt.% and nore preferably fromabout 20 to about 30 wt.% All

netal s wei ght percents are on support (percents based on the weight of the
support). Hydrocracki ng Catal ysts [0019] Exanpl es of hydrocracki ng catal ysts
i ncl ude nickel, nickel-cobalt- nolybdenum cobalt-nolybdenum and

ni ckel -tungsten and/ or ni ckel - nol ybdenum the latter two which are

Y e - o o . T T o M



and optionally R2 is a bulk multinmetallic catalyst, i.e., it is not a
supported catal yst though it can contain binder. The catal yst conprises at

| east onewGroami4¥i4B netal and at | east one Goup VIII necalus2édreimaabl y,
the catalyst is conprised of at |east one Goup VIII non-noble netal and at
| east two G oup VIB netals and in which - 10 - the ratio of Goup VIB
nmetal to Goup VIII non-noble netal is frsom about 10:1 to about 1:10. It is

preferred that the catalyst be a bulk trirmetallic catalyst conprised of one
G oup VIl non-noble netal, preferably NN or Co and the two G oup V1B

netals Mo and W It is preferred that the ratio of Mo to Whbe about 9:1 to
about 1: 9.diadhyfimsdespHufizatiastiactivityi undealthése comtlitionstof kighetpreksure amdt al | i ¢

one. o - moigraenplciebfERSAEHHcThelist OF aldring rp Mt gttt GpabYEsa) i o
0.5/1 to s'aaop-m'elfe@weh@en@ﬂa{épés@-tﬂeaﬁéémcsrmr&v%@hgreggﬂé pg%ﬁyé@éw %@f& 25/ 1.

The molar ratio of c:d is preferably >0.01/1, no still
mor e pr ef gliegsl iydyorgacksr pesdyctaasiwedtasror axcppeable mighthd f& refordict;feédie nost

215 to o 0 Pabiue haRNE! B bieacilily ek SR BomplansiPs sy has
2/3 t¢ I © OB .
one havi ng L Eanae o e SHERs, ARRLRE seRe oSl REREBBaRe PR ' °

oper ati on(34W€)atal yst is generally in the equivalent sulfided form

[ 0023] The essentially anorphous material preferably has a uni que X-ray
diffracti qoore t eTheSHRAINPNIIIE nbALRIDIE R tASHE et jgoms and d =
1.70 Angs;[rolr:rl? [ 0024] The bul k nuti ne?gﬁ @i C c%ﬁ'ﬂlgg}gﬁg;?aﬁﬁﬁ bed in a
nunber of nopameHy selegtaghfroim Nefued Elocand therGubampl VIB medal )y firguini Mo 0fd Whem
their preparati.gn and use [pn.other processes; .thes atents include the
fol | ow ng%’fﬁgbq&%gg@@ K{thpe&lslg@,mgge,m@_sMogp é&aﬂﬂd ewate ofMeto 350;
U.S. 658250Q; abbi§t 9:6.t6280ailP9 U- S. 6, 758, 963; WO 00/ 42125, which include
exanpl es of the preparation of these catalysts by different synthetic

pr ocedur es . mo [ 0025] The bulk multinetallic
cat al yst rray S ety a simlar manner to
conventional hydrocracking and other catalysts. If a binder material is
used in til@0BtepaFigured isfa siplifcpysess seheosatic ofa ittvocasgde any mat eri al
useful as,a_ binder. in hydroprocessing, catalysts, including conventional
bi nder napgpf%qrgaﬁyﬁﬂﬁ}]ég’q‘ﬁm&fg‘gigf’%i‘((‘fb?,ngﬁ muligiallic eatalysts may
convent i opalysgfl i ca-al um na, silica-coated al um na and al um na- coat ed
silica, alum na such as (pseudo)boehnmite, or gibbsite, titania, zirconia,
cationic or.ani onic clays.such as saponite, hentonite, kaoline,
sepi ol i tef‘g@zaydrg’t%rﬁi §a %rr%ﬁi%rﬁ?@??rﬁéa%f)f ths gf@rqréﬁr Fite gengtagise
silica, sifbd spdradediIfaizaldH T ahe ulld R Atipfd ' ' of
These bi nderlg}&?drray be applied as guc orlﬂg%‘rt@ééﬁ%egﬁl%gqsid?n&%p%aﬁgfegﬁs%
possi bl e Prgapehyirpgatatreoymopraskaes. bi nders that, during the process of
the invention are converted into any of the above-described binders.

Sui t abl e DECAISRISDESGCREPIONAYHAHE TREGENABI nat es (to obtain an
alum na binder), waiter glass (to obtain a siffca binder), a mxture of

al kali netal alru in S nd.water glass (to obtain a silica alum na

bi nder), Mﬁ%@%—@ﬁa Elopll WALOR i -, tri-, and/or tetraval ent netal such
as a mxture of water-soluble salts of magnesium al um num and/or silicon
(to prepal®I8]catFiguire 1 shayvsaarndembodiment esing aytw o-stagerthykiyocratkerainioi num
sul fat e, J m, Xt ures t her eof O%GQH esired, ,the binder material my be
conposi te 0 PReSSBaBatS SoPef Nt AP ANEr pEG Bt shaWa has higrramdome net al |
prior to BRengagaiB@Sinbass, Wuth athea ih Ihd prior
to being adde% during its preparati O%rktg%ﬁ%ﬁit?ﬁvggﬁgﬁg%&%\ earlﬁ%ﬁg?)l’al W th
any of tha’dapepilonahaminesembrindbe bydragen repyelgnetdwintooferdnee kypdiogehi nder

ith th terial s, . Q. di t ti | i (o
techni queRIERF- (HIE BYmisr of céaslosimay beredyeedioctya By daning s inialy out the
bepti zat | RjdiotrdalifipRiafieMoat o (e Qe Mt AN Bt fPUACY U ARVARTLE. et al
]F s bi nder, thgsr¥

conponents. [0027]If alumna is applied a ace area

pr ef er abl fe¢d entermby veay ahljne d0 amdoistjoired hyofrablvand 466y ai@ hgdrages nor e
preferably about 150 to about 350 nR/g, neasured by the B.E. T. nethod. The
pore volune of the alumna is




WO 2007/ 143149PCT/ US2007/ 013040 - 12 - preferably in the range of about 0.5
to about 1.5 m /g neasured by nitrogen adsorption. [0028]1n an enbodi nent,
t he bi ndeworratensab has | ess catal ytic activity than thechaiskoocatzkyst
conposition or no catalytic activity at all. Consequently, by adding a

bi nder material, the activity of the bulk catal yst conposition may be
reduced. Therefore, the anmount of binder .material to be added in the
process of the invention generally depeﬁ8§ on the desired activity of the
final catalyst conposition. Binder anounts from about O w.%to about 95
wt.% of the total conposition can be suitable, depending on the envisaged
cat al yti c eapgring tirovgh lisewel.eThe toixed lphaae flow sigeamfenitérs fissstapt rgadtorsual
hi gh acti vi.t f the conposition of the present invention, binder anounts
to be add &%@’ &éﬂ@?&?? ‘?%aPH@‘Q%R&@“BP“HWWG?B&?\%‘.%@O‘3efbf6ut 75 W . %
of the toyglirsReRMY Eé@g'st,[&Qﬂ%fWﬁicﬁaé sﬁﬁlteggqgé’%ﬁ&d Pn&agpbe directly
shaped. Shapi ng conpri sés extrusion, pelletizing, beading, and/or spray
dryi ng. | thyduostredsed suenh theatpasies theowgh Hhy 34 toahpaestondredcsort b5 R2pppl i ed
in slurry t%gg tieact ors, flui %I zeg beds, noving beds, expanded beds, or
ebul | at i ng"HERL SN 3 PHERDGF O é%%ﬁrhﬁlppgefb§WéF>aﬂt%daﬁﬁma@angor fixed bed
applicati ral t Lt P tized
and/ or begl gac?cﬂ'lﬁﬁl?itn%eéaffgly %Q?r g%é ,S Sgr(l)grgr{)?gﬁ%%e (r 1?18% ?%ﬂgﬁ%ﬁ ﬁg‘“& ep, any
addi t i ves Mot thaneomeatyperifilprizbimackisededtalysamalyi beanseds kipendingapdaethadded.
These additi,ves nmpy conpr.ise al um nugxste.arate, surfactants, g](r?aphi te or

m xt ur es HQF%@PCI?%&@“&HHPWV&QB&H iB thigdeactar. dhg battga bedilds to the
shapi ng ShBRveveh! ddifthins WERaBANANI Rehe(NB Gth A bRhE BRlk nhllyiffifalbE
desirable to add acids prior-to the shaping step such as nitric acid to

i ncrease twhalysdbamaealeffdotivegidsutfirithgor xtithidrt elsjecli0O 30k bavérsingrafyer r ed
that a bi nder gﬁterial is added prior to_the shaping step. Further, it is
pr ef er r ed 'E4RAPOMREL EMIFFRIGNS t@ HnqrgarigsulBE. out in the presence of a liquid,
such as water. Preferably, the anount of liquid in the extrusion m xture,
expressed [@314]0 FsomrR2 hhertpniyecratked stitamdPastes alhough 8O pressid@ -

[0031] The resulting shaped catal yst conposition can, after an optional

dryi ng st &pPargeer ?Bﬁ%i‘?‘f@@ﬁ%? geppratarhvubn way ef Hae il8rtoi fsagtismagers2ht i al .
If a cal ci e B Led. i . 0 f _the invention., it. can be
done at o' ISRt S sEPARA Lttt} BebiREy BHRRET 3R rebikl (T My hieh?

pr ef er abl yaphihatdrasObzing rabdethroQ@1iner2 ldadd thee Nédvyi MepHthe drab QhfoughS t 0
about 48 hours. The drying of the shaged particles is generally carried out

at t enper ¥Pfirkds ABRRIONgHaming senibbRe S3dnay Pstused ip semovemydsogeresufidel v

subj ect ed Al ( ) LR lLin kn Si n or

conbi nat i (t)‘ltr?gn t% lﬁ%?%ggfaié'{\g%astsyeg aprﬁ%¥le$ﬁlgég&%%898?%tﬁa% ?8@8@? o eps can
be conducwdthdrawhehrdwflolige Q8. aA tfist gortionds retuinéd @ the pidcess sPtdcdeld qui d
separation, ,before or after calcination and subsequent to re-wetting. It is

bel i eved BRAMS BSNtARANG inlgt ahthesecond stagnreagies &S byewvayi ofline 2. pray
drying, (£ias g, 1) L i . L Qatd hereof, the
degree of géﬁn XI n%épt’t);eetn\r/\‘geanl%%gﬁ@gﬁ %iléggt aeggilthéﬁéﬁﬁlggm%h gﬂ%’??ﬁgdbi nder

mat eri al tcendupedwedy fFoirsthegbces. to both cases where the binder nmaterial
is added before or after the application of any of the above-described
met hods. er, Thi oS, r t he hinder materi al
prior to Epraij dr;P%éhlz%gg%ﬁ{)ﬁ{%y)aﬁ\gpﬁ%{t?l\(%este?(e)@ﬁgfaggeqﬂb the binder is
added subhgdromonvtrsispiayarticdi ng centing a ayntsdrt & supletivgpdRaiveidd s, ([o"née
resul ting, con%ggi ti,gn is preferably thoroughly m xed by any conventi onal

t echni queifsicged} of Bxdrackacking catliorfetalystsdn g similar aparpepitagk2.sThhat no

wast ewat e r ' LSt [ ' i ed 0033] The
bt mal ¢ Poap T 22 cpnpbe teBuIERIBLICENAL AL BeBMd FitmdsP IR Lce.
Sul fi dat i B8, hangéy s dehlywithrrec@msbinint byercaptancformatibhe I€ aiabptsdnalonposi tion
or precursors thereof wth sul fur containing conpound such as el enentary
sul fur, h?‘&?ﬂ%@éﬁ“‘é’gfﬂf ISgésesy ﬂﬁ‘ob%dnfllt&éﬁt.alh%af@mtiw beplacsd hisherial |y be
carried o e [ fi t I t al.yst

CoNnposi tig%%gt@t%g%?&g&ﬂth% 0eﬁlgtd0 i )ﬁgﬁég’% lsgﬂ-bq%nlget? gr‘%? eslg&ieg ,‘%gngd?wer
subsequenand thoexteat afldidanoinaht tieecdpitad ésrnati@r talucbdtcopfdspondidghrbj ecti ng
the catal yst conposition to spray drying and/or any alternative method,
and/ or subsequently to subjecting the conmposition to spray drying and/or
any alternative nethod but prior to shaping, and/or subsequently to - 14 -



shaping the catal yst conposition. It is preferred that the sulfidation is
not carried out prior to any process step that reverts the obtained netal
sul fi des wotootiagi4#p oxi des. Such process steps are, e.gPCTaBk@7oaios@Nn Or
spray drying or any other high tenperature treatnment in the presence of
oxygen. Consequently, if the catalyst conmposition is subjected to spray
drying and/or any alternative techni que, -t he sul fidation should be carried
out subsequent to the application of any'of these nethods. The deconposed
precursor can also be sulfided or pre-sulfided by a variety of known

met hods. For exanple, the deconposition product can be contacted wth a gas
conpri si ngrepathermentisi of dye the b%o,crmbmdmuaﬁ,efﬂuem passeethroughdingt28 es for
a period of ;tine fficient sul fide, the decoppositi.on product ual l'y
2 PEhe. portie soteistdsioRakot 20 frether Wik BS secuERERS FRMe PSR ing 155

of fect ed iHiatiratidh RRES phbeanPRARIAG: SOA! BrtedMBIW Bt fght
deconposi tion product. [0034]Additionally to, or iInstead of, a suffridation
st ep, t he abdlheavatraiphtia fraotosd aliong with 10w pifpaoed dieseimaprédats. one net al
sulfide. If, e.g., the catalyst is prepared by the solid route (see patents
referred (Reedbtoeksy is applied in step, the bul k catal yst conponent can be
prepared form nickel sulfide andVor nol ybdenum sul fi de and/or tungsten

sul fide. [[0088] | f A hade edrideyst p@edRaf] AAPBhérfidas Ebdsbocksf daast bed

processes, the sulfidation is preferably carried out subsequent to the
shapi ng sthegreprgcesseddppiccetansabyitly tlesprasent inwention. &aliviblafdedatosksp.

Preferably, t |,fidatiqn i i ed ity, Ji.e., th | £idat i
s car 11 edheluAE e a8 sedReed nERplsihpRifes, Bnisierls it HSIE: ol vt
conposi ti GRopaidédsphhned e@gieﬁﬁ,lsesg.wragmgm_ck,tcyicﬁe Bl rRCCadwer ¥otlohss

catal yst conposition is both sulfrded ex situand in situ. [0036] The bul k
mul ti net algas @ilsatwlydingpdmospheric and vacwter gas| gilssand eekercgasilmiighthus t he

i f ' f. t heybul k | . icles i i ntaj,ned i
e " The HSASY RS ilelfaifs roneTt B AGh: st dadRs” huaT e oo
gener al | y dils0gewaRed oilS; dlaéle wakes! FikcHér-Trshseh 8 Stabaffinate¥ ARPkthas: 1 to

about 1:3. In the case of a core-shell structured particle, these ratios of
cour se apping mixtures ofshasematerifls- Typicadilighter feedsevastid linclufdé dissilkate han one

G VI E sretal i.s.contai ned in.the bulk t f ] . th o of
Che 6 1 o ERRHICES STiNg BPRIRRIately [GuRabauE] 7 adt (RIS b kel by e
when nor e (bR BIRFE ®ih Yedds Ghid B f&itierhBlARRblLRof iﬁgdﬁo*a?a&éae where

nol ybdenum and tungsSten are present “as Group VIB netals, t
mol ybenumnaphtist isrprodud¢erd phédlecabby used as adowhsl fiargpsobihe dibend stock. t o about

1:9. Pref e[rabla/l 't he. Grtoug VI | L noqu- nobfl e nmetal conprises njckel. and/or
cobal t. | thyRCqleanisr T5pds wopddimqlude.Ine cEpmnle. vieU it 23S eihpPilingsun o
conbi nati qRogf 5 pARRM ghs i

ni ckel / nol &gdeng%(yt ungs?égoi%%ggﬁ}yﬁﬁﬁgéﬁ%%{ﬁgst e%@?ngﬁa%mt

ni ckel / coB&OEC rtebgltd@alTiY toabgsit 83 5% )eand; éul thisivese thy peeparftionr eftdipstlat es
appear tottﬁe Si Hter-resi stant, .resulting in the active surface area of the
preci pi t attBeH¥O g‘C?%fSa‘F%BSH?@F?@yL&FE?“e '0037] The nmetals are preferably

present as oxidic conpounds of the corresponding netals, or if the catal yst
conposi ti ¢90hgs béean suitfadiment, s pratiess somseated byasondheting theefepdstdcing
metals. [0Q38] The, catal yst part.icl.es ef er abl ave, a,surface area of at
eact 50, RENEh SAGaoY DEhIEy s abegteG ol niEast. Pobeiara! RsTeaanEy  he

B.E. T. net8adionl dtagStof dHrhRErdaRiR iRl Bhiotft bPde sulfirRAHHifbES FOMRITbSE
about 50 to about 100 w.% and even nore preferably about 70 to about 100
W . % of ato imarganisrferGrwilh avhajor nbjectivblie thiestp teing atreducdisn afithe Galip VI E
netal, based on the total wejght of the particles, .calculated as netal

oxi des. TREFGERFRNIERL s yajPieaRmens b S rrmied Bif Hme:0moPm SaelAM casi | y
be det er m,gaes Rtd Wﬂﬁ@%‘) iﬁ%@@?ﬂég@ﬁceo@ﬂ‘ }?ycﬁbéé’n %éhrﬂyﬁ%&&ﬁin foatdlgsipar ticl es

of the bulk nultinetalliT catalyst I1s approXimately the sa as the one of
convent i orddle dopditaonmsasseidrage epp@ipyststo hydrpdesul twizatipn ehd&w deaittageinatiohave
preferably, a re volu f. about, 0.05 to about 5 rift, nore ferably of
Pbout 0. 1 deBeBfibgonant Tred chatprietisgie PHEpEX! yrem ish rssed GresBon s
m1g and mRsthobf SéparaARin) REI séhakalion 8RO ULw e WasK & feMRRHciakkitialZAgen
adsorption. Preferably, 'pores sraller than 1 rimare not “present.
Furthernore, these particles preferably have a nedian di aneter of at |east
about 50 rim nore preferably at |east about 100 nm and preferably not
nore than - 16 - about 5000 m and nore preferably not nore than about 3000
gm Even nore preferably, the nedian particle dianeter lies in the range of
about 0.1 to about 50 m and nost preferably in the range of about 0.5 to

about 50 m



[ 0040] The surface area of the multinetallic catalyst preferably is at |east
about 40 nR2/g, nore preferably at | east about 80 nR/g and nost preferably
at | east wbaod7/1209n2/ g. The total pore volume of the catalussa7omuposition
is preferably at |east about 0.05 mJg and nore preferably at | east about 01
mlg as determ ned by water porosinetry. To obtain catal yst conpositions
with high nmechanical strength, it may begdesirable that the catal yst
conposition of the invention has a | ow nacroporosity. [0041]In- an

enbodi ment, the bulk nultinmetallic catalyst particles have a characteristic
X-ray diffraction pattern which differs fromcatal ysts obtai ned by

co- m xi ng ianchich beding tnge copdespoisefictayl. cAttaidyafithe bbtkaimdtdmbtallic

i tion.. The X diffract | f the bul k catalyst ticl
compr 1 ses Syt et bf B vided aBEt MR n R bR eraovbion Sep SR A T st ¢ to
the react embudhi of t1e0sHRBAG Resotor (R2)E 18 a twil-6t4BE uhﬁdﬂ@%e%ﬁfapﬂg&i‘a has been

contacted with a nmol ybdenum and tungsten conponent as descri béd above, the
resul ti ng hydrecarbord from therfirist hpdrogorversimnastage iogethenwitnhydnoggn thichif gact i on
pattern whi gh conprises peaks.at d values of (4.09), 2.83, .2.54, 2. 32,
e 1. TEnd o drE5a Rl aRrdokias ube soictbinelidia tidgogen

COr I €S pONGuRPARK AmPidhih PabRs 18 5EFHafR PRV RydtobeN! 1idhi ARk [ahaOr are not
di stingui shed at all. Tr:e%ttaerm "tﬁlzé}?(-ray d|h frg%t iogn ‘pattern ’ea>sﬁsenti ally
consi sts dnongapienitrogiks amddrysirogeat swfide aref reomvddesempbabhydrodrecte daiquid
essenti al 15% no tf rther. peaks Fr si.gni.f' cant features cqntained jn the

di ffracti GROBAFEHEAT: THRS Felsasd &'ashrd taramg%s ammmanaaad it Be sol uti on
route has sabfdaiPel A1 hdidCsXab 8 rdthbie AGdrogen SAHR AL e thd rom
catal yst obtained by co-m xi ng and conventional hydroprocessi'ng catal ysts
obt ai ned Ippritypf dyecyoled Rurogasamhseraduee ¥roduyctduffir koklsoringhe secondof a
Ni - Mo- Wprecipitate as prepared by the sol ution route has peaks at. d val ues
of 2. 52, $ias hygoqonipriion the hydigesaanareasHans RISTROPIGLES) vﬁ&eercﬁ‘élaﬁt
process f gt KRdtiRIESaty i 98426 , j iy part upon the
di scovery tuhat tﬁe rrullti ?retg{ ?llq(? cﬁ?gh@é{iaﬁg%@%ﬁeﬁ@??ggbrﬁ nary

hydr odesulhfydrocatviersion atagectypidtadlytatahe hotbmpofahs titied redcye (R8) hetseds about
25 barg, with the i.nprqvenent in actjvity c ared. to_conventional. .

cat al yst s B&M “%@&3{'? &Pt Y%afeaﬁff%cta‘te ‘H}‘%EE%% /oy Bodracan epnditieas ur e)
above 40 bgf Hcval BP" n WO i 15'1?1‘5‘[“ {0 VR .OW,

enabl es t he ﬁlfcf;gocoﬁlgz:ggdﬂéé@ﬁ?l@élﬁt%gg? éi'g'fgectllfﬁeelgi/ésgﬁdbj é%?@l'd& ?)lggg

desul f uri baeilimnpoints antheaange ofibard3 °Gro abptiedS3 °As(206PF taabeuthidi00SE), f ur
speci es whi ch have.pgssed through the earlier high conversion stages.
50431 The PSRRIk HioraBae B GBDS: SLIC, Raau RO (Alrut QPTECIRchaly st
conposi ti @asugsed in post-treat zones, can be used under hydrocracking
conditions typgically at tenperatures of from about 200C to about 450C,

hydr ogen essures of from about 5 barg to about 300 barg, liquid hourly
space vel %i&&s_%&&m Ipdsd out 0.05 hd to about 10 ill and hydrogen treat
gas rates of from about 40 nB/nB8 to about 1800 nB/nB (about 250 SCF/B to
about 11, 40018CF/ BonvEyponalHygdrotreatinmgsthydesdesul fulieatimn)diatdlpsts nwiyl be have

t t in. t f . ahout 300C t bout 450C, h
of 7 om aifotd ISBeaOde A Birates s 61 e Mot Bt RGO EIGRRa o5  of
from abou,yfr e@glﬁjﬂzgtl?%gz%tél fslfof e Wﬂ{e%%gﬁitriﬁ@érgﬂﬂﬁng%d? gg_sffglé’é“ about

200 nB8/ nB8 to about 93 about 1285 to about
Dependi ng aohcomprised of aclketst gret GraupdVil enethh ipcefecdbly ac Coar Migntbrei ons, t he

roducts of th roces show i npraved viscosjties, Viscosity. |ndices,
CL U at o5 PEGIRTREAY CH GHTPERbeR Host BieOrapb] Ca: SybRenitiane st /I8
depol ar i zgh @ prfdfat1fa%b %w%r@b?&e%nﬁw,%%él&i@ag haH §@J§4€‘% area

cat al yst - bed arrangenent node, for exanpl’e, fixed bed,

ebul at i ng shpporaimdtetglh pfdfeedlpemice- €theesititalhbehy drodesid furizationl oatalystl | zed.
[ 0044] Process conditjons applicable fqr. the use of . the catal ysts may vary
dependi ng Sﬂﬂp?%‘rﬁcg‘é‘ifs%%ﬂ%’) G“B)é’p%?‘é%ﬁlgﬂf."a o?%F‘?“I‘%’éE‘{W'@aéﬂomﬁe

pr esent I i i i 5 t i | S %n&q ed is
t hat the%ét%g&%@%ﬁ%gg’gatsl% y%ﬁ§1 a‘%s{éc;ﬁﬁbg%f?fh\?iqyt yhl%ﬂct?gggglse%rrgtraﬁé >1/ a%&]hi gher
pr essur es fram Pdcaid Pt. aviope dsmuonstypt odthydeadssubornatiGbedsalygt babisedoimessur es
reported in this specification are gauge pressures) wi th optinmum pressures
bei ng at | east about 40 barg. Tenperatures will be in the normal range for
post-treat HDT tenperatures, dictated mainly by the prior processing
conditions, especially the exothermduring the hydrocracking steps in which
significant hydrogenation is taking place. Tenperatures typically will be
from about 100C to about 450C (about 210F to about 850F) and, in npst
cases, from about 200C to about 400C (about 390F to about 750F). Space

o, o, o, - I N o



final conversion stage and the feed has been nore thoroughly

deni trogenated. For best results, the total nitrogen content of the feed to
t he mul t iwetad7isgi4eat al yst shoul d be not nore than aboutrctAG2@prwsoand, for

better results, about 50 ppnw with | ess than about 25 ppnw preferred. Basic
nitrogen should be held bel ow about 100 ppnw wi th, again about 50 ppnw and
about 25 ppnw, representing progressivel % better controls on this

contam nant. [0046]In an enbodi ment, the“effluent fromthe final stage is a
| ow-sul fur distillate, where about 90% of the distillate on a volune basis

boi |l s bel ow about 750F (about 400C). For exanple, the final stage effluent

has at nosplifferant bed$ imthepaims reabtiomyessel.s The Grionp AR mretaltiy typicallyASTM D86

o TR o o e e Mo T5S W S04SR 5 ek,
pref er abl y4 @bsbue 12 WR9Y Phe GEdip W@dnéﬂ%gl §.Vi§[t?f’féi§ﬁ9'b’é r;g@?d% i&?n%gr ¢ nal

| ess. [0047]1n an enbodinent, the md te fraction tr
st age w | Irangingdrom dbont Sdo abbius0 sdMbeptefahbhofronr abdutd0 talabout 30 wipsyw and

in favorabl e cases, .no e than out 15 10, pp (ASTM D5453), naki ng
this a Suiqr\ggpgreoprgﬁ%{aggpnég% oyt tp(ﬁ}goghgéwt.%oaﬁmfvmgglgwagm P%FE%WF ng the
nost stri I regl istilyate products can,

t her ef or ewgghﬁgggsggbeﬁggﬁn%%%gg tﬁ?&%@%‘iﬁﬁ%%@éﬁ@f mng to the foll ow ng
ASTM speci fication D975-05 No. 1-D 515 and D975-05 No. 2-D 515 and ot -her
simlar | &3&%&%@&% t$el oi| specifications. Accordingly, the

distillate products can be used to nmake |ight mddle distillate fuels

(Si nDi s ASOM 8P 88 Exadfplenbf hydecoackiegl cathly3B3Gchric.nickdlasickpbestiali03, 38C
mn.) or distillate fuel oils (SinD s ASTM D2887, 90, vol, % recqvered at
338C max. ,m?fygéiﬁnw febagmolgbéenym pnd picksldungsien and/og ngkelmelyRdentne.
distillat I i r Y} il
typi cal | yqﬂgil/%% t?@i’s“ﬁmﬁ?%w Snggh or mﬁ?ﬁﬂ?%gﬁgﬂagﬁcﬁﬁ?%%% Falyses
speci fi catihcluge shede set lva f8Gnwnhnd2@&3a1adanhf Poadussuppoenmateniats whivhe or
simlar, such as éfg{/l Deg. Good, cetane ratings will normally be obtained as
a result dnay Re ussq orsharh thegekle and nantpebledaetabratalysts sprapisa@ refmcie:

bl endi ng tQ.:fi 20,15 1] 3) and
cet ane | ndr et Rterll G as GRARR, siick punPhERALH, RlesBiuhERahofRc R =) |

al so | ow, eaith, maghesie} at tircordatwaith alunimmedilion, dlomidsgilicadgénapadefre@ds are
capabl e of pr}dc;duci ng distillate diesel products conformng to the ASTM D975
limts of 23SJNBMQRFAMMPe) Zeokitic suprAtisserecitbhthedarge parg fruiasitss sushi mes
such as CARR&OWarQimbl asefli esel (10%vol.) might at some cost be achieved
since the catalysts possess good hydrogenation functionality, it wll

normal | y 3505 ef erapl e for ecogpqln‘ic reasons to make a product such as CARB

al ternati arblaaes avmbeg o hydmcaggking gatakysty vem@ﬁalalﬁofmmzhffz@w . %

aromatics. : . T I . : uitability
as hydroc rcggégfgmﬁﬁssgj P P Elggﬁy@?g? r g%tgega%ﬁaﬁ {soefe%ﬁgbggt%gﬁffé?iuc\?\er e two
commrer ci alrkquiasrach@aptieitHihctiahalitystmay benedirmined tmpirtigalyi. Mbhoehasite of na
catal yst, .identified as Catalyst A .and a high a¢tivity Ni M on al um na

cat al yst, hy%@ﬁrp?lpgg calalystis poteritical  Anypeatalyst ‘é’“ﬁ?&hﬁ ‘PG/ERF% nul timetallic
cat al yst I 1SR TRR& dr 1 re
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one Group VIII non-noble metal and at least two Group VIB metals and in which
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the ratio of Group VIB metal to Group VIII non-noble metal is from about 10:1 to
about 1:10. Itis preferred that the catalyst be a bulk trimetallic catalyst comprised
of one Group VIII non-noble metal, preferably Ni or Co and the two Group VIB
metals Mo and W. It is preferred that the ratio of Mo to W be about 9:1 to about
1:9.

[0022]  The preferred multimetallic catalysts are bulk trimetallic catalyst

compositions represented by the formula:

(X (Mo)e (W)a O,

where X is one or more Group VIII non-noble metal, and the molar ratio of b:(c+d)
is 0.5/1 to 3/1, preferably 0.75/1 to 1.5/1, more preferably 0.75/1 to 1.25/1. The
molar ratio of c:d is preferably >0.01/1, more preferably >0.1/1, still more
preferably 1/10 to 10/1, and yet more preferably 1/3 to 3/1; the most preferred ratio
is for substantially equimolar amounts of Mo and W, e.g., 2/3 to 3/2; and z = [2b +
6 (c+d))/2. The catalyst composition which has been found to give good
performance and was used in the Examples below is one having the composition,
in the oxide form, Ni; sW(sMogsO45. In operation, the catalyst is generally in the

equivalent sulfided form.

[0023]  The essentially amorphous material preferably has a unique X-ray
diffraction pattern showing crystalline peaks at d = 2.53 Angstroms and d = 1.70
Angstroms.

[0024]  The bulk mutimetallic catalysts are described in a number of patents to
which reference is made for a description of them, their preparation and use in
other processes; these patents include the following: U.S. 6,635,599; U.S.
6,156,695; U.S. 6,299,760; U.S. 6,162,350; U.S. 6582590; U.S. 6,620,313; U.S.
6,758,963; WO 00/42125, which include examples of the preparation of these

catalysts by different synthetic procedures.
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[0025]  The bulk multimetallic catalyst may be composited with a binder in a
similar manner to conventional hydrocracking and other catalysts. If a binder
material is used in the preparation of the catalyst composition it can be any material
useful as a binder in hydroprocessing catalysts, including conventional binder
material. Examples include silica, silica-alumina, such as conventional silica-
alumina, silica-coated alumina and alumina-coated silica, alumina such as
(pseudo)boehmite, or gibbsite, titania, zirconia, cationic clays or anionic clays such
as saponite, bentonite, kaoline, sepiolite or hydrotalcite, or mixtures thereof.
Preferred binders are silica, silica-alumina, alumina, titanic, zirconia, or mixtures
thereof. These binders may be applied as such or after peptization. It is also
possible to apply precursors of these binders that, during the process of the
invention are converted into any of the above-described binders. Suitable
precursors are, e.g., alkali metal aluminates (to obtain an alumina binder), water
glass (to obtain a silica binder), a mixture of alkali metal aluminates and water
glass (to obtain a silica alumina binder), a mixture of sources of a di-, tri-, and/or
tetravalent metal such as a mixture of water-soluble salts of fnagnesium, aluminum
and/or silicon (to prepare a cationic clay and/or anionic clay), chlorohydrol,

aluminum sulfate, or mixtures thereof.

[0026]  If desired, the binder material may be composited with a Group VIB
metal and/or a Group VIII non-noble metal, prior to being composited with the
bulk catalyst composition and/or prior to being added during its preparation.
Compositing the binder material with any of these metals may be carried out by
impregnation of the solid binder with these materials, e.g., according to
conventional impregnation techniques. If the binder is peptized, it is also possible
to carry out the peptization in the presence of Group VIB and/or Group VIII non-

noble metal components.

[0027]  If alumina is applied as binder, the surface area preferably lies in the
range of about 100 to about 400 m?/g, and more preferably about 150 to about 350

m?/g, measured by the B.E.T. method. The pore volume of the alumina is
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preferably in the range of about 0.5 to about 1.5 ml/g measured by nitrogen

adsorption.

[0028] In an embodiment, the binder material has less catalytic activity than the
bulk catalyst composition or no catalytic activity at all. Consequently, by adding a
binder material, the activity of the bulk catalyst composition may be reduced.
Therefore, the amount of binder material to be added in the process of the
invention generally depends on the desired activity of the final catalyst
composition. Binder amounts from about 0 wt.% to about 95 wt.% of the total
composition can be suitable, depending on the envisaged catalytic application.
However, to take advantage of the resulting unusual high activity of the
composition of the present invention, binder amounts to be added are generally in

the range of about 0.5 wt.% to about 75 wt.% of the total composition.

[0029]  The catalyst composition can be directly shaped. Shaping comprises
extrusion, pelletizing, beading, and/or spray drying. It must be noted that if the
catalyst composition is to be applied in slurry type reactors, fluidized beds, moving
beds, expanded beds, or ebullating beds, spray drying or beading is generally
applied for fixed bed applications, generally, the catalyst composition is extruded,
pelletized and/or beaded. In the latter case, prior to or during the shaping step, any
additives that are conventionally used to facilitate shaping can be added. These
additives may comprise aluminum stearate, surfactants, graphite or mixtures
thereof. These additives can be added at any stage prior to the shaping step.
Further, when alumina is used as a binder, it may be desirable to add acids prior to
the shaping step such as nitric acid to increase the mechanical strength of the
extrudates.

[0030] It is preferred that a binder material is added prior to the shaping step.
Further, it is preferred that the shaping step is carried out in the presence of a
liquid, such as water. Preferably, the amount of liquid in the extrusion mixture,

expressed as L.OI is in the range of about 20% to about 80%.
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[0031]  The resulting shaped catalyst composition can, after an optional drying
step, be optionally calcined although calcination is not essential. If a calcination is
carried out in the process of the invention, it can be done at a temperature of, e.g.,
from about 100°C to about 600°C and preferably about 350°C to about 500°C for a
time varying from about 0.5 to about 48 hours. The drying of the shaped particles

is generally carried out at temperatures above 100°C.

[0032] The catalyst composition is preferably subjected to spray drying, (flash)
drying, milling, kneading, or combinations thereof prior to shaping. These
additional process steps can be conducted either before or after a binder is added,
after solid-liquid separation, before or after calcination and subsequent to re-
wetting. It is believed that by applying any of the above-described techniques of
spray drying, (flash) drying, milling, kneading, or combinations thereof, the degree
of mixing between the bulk catalyst composition and the binder material is
improved. This applies to both cases where the binder material is added before or
after the application of any of the above-described methods. However, it is
generally preferred to add the binder material prior to spray drying and/or any
alternative technique. If the binder is added subsequent to spray drying and/or any
alternative technique, the resulting composition is preferably thoroughly mixed by
any conventional technique prior to shaping. An advantage of, e.g., spray drying is

that no wastewater streams are obtained when this technique is applied.

[0033]  The bulk multimetallic catalysts may be subjected to sulfidation prior to
use. Sulfidation is generally carried out by contacting the catalyst composition or
precursors thereof with a sulfur containing compound such as elementary sulfur,
hydrogen sulfide or polysulfides. The sulfidation can generally be carried out
subsequently to the preparation of the bulk catalyst composition but prior to the
addition of a binder material, and/or subsequently to the addition of the binder
material but prior to subjecting the catalyst composition to spray drying and/or any
alternative method, and/or subsequently to subjecting the composition to spray

drying and/or any alternative method but prior to shaping, and/or subsequently to
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sulfidation should be carried out subsequent to the application of any of these
methods. The decomposed precursor can also be sulfided or pre-sulfided by a
variety of known methods. For example, the decomposition product can be
contacted with a gas comprising H,S and hydrogen, e.g., 10% H,S/H,, at elevated
temperatures for a period of time sufficient to sulfide the decomposition product,
usually at the point of H,S breakthrough in the exit gas. Sulfiding can also be
effected in situ by passing a feedstock containing sulfur over the decomposition

product.

[0034]  Additionally to, or instead of, a sulfidation step, the bulk catalyst

composition may be prepared from at least one metal sulfide. If, e.g., the catalyst
is prepared by the solid route (see patents referred to above) is applied in step, the
bulk catalyst component can be prepared form nickel sulfide and/or molybdenum

sulfide and/or tungsten sulfide.

[0035]  Ifthe catalyst composition is used in a fixed bed processes, the
sulfidation is preferably carried out subsequent to the shaping step and, if applied,
subsequent to the last calcination step. Preferably, the sulfidation is carried out ex
situ, i.e., the sulfidation is carried out in a separate reactor prior to loading the
sulfided catalyst composition into the hydroprocessing unit. It is preferred that the

catalyst composition is both sulfided ex sitx and in situ.

[0036] The bulk multimetallic catalyst particles are preferably sinter-resistant.
Thus the active surface area of the bulk catalyst particles is maintained during use.
The molar ratio of Group VIB to Group VIII non-noble metals ranges generally
from about 10:1 to about 1:10 and preferably from about 3:1 to about 1:3. In the

case of a core-shell structured particle, these ratios of course apply to the metals
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contained in the shell. If more than one Group VIB metal is contained in the bulk
catalyst particles, the ratio of the different Group VIB metals is generally not
critical. The same holds when more than one Group VIII non-noble metal is
applied. In the case where molybdenum and tungsten are present as Group VIB
metals, the molybenum:tungsten ratio preferably lies in the range of about 9:1 to
about 1:9. Preferably the Group VIII non-noble metal comprises nickel and/or
cobalt. It is further preferred that the Group VIB metal comprises a combination of
molybdenum and tungsten. Preferably, combinations of nickel/molybdenum/
tungsten and cobalt/molybdenum/tungsten and nickel/cobalt/molybdenum/tungsten
are uséd. These types of precipitates appear to be sinter-resistant, resulting in the

active surface area of the precipitate being retained during use.

[0037] The metals are preferably present as oxidic compounds of the
corresponding metals, or if the catalyst composition has been sulfided, sulfidic

compounds of the corresponding metals.

[0038]  The catalyst particles preferably have a surface area of at least 50 m?/g
and more preferably of at least 100 m?/g measured by the B.E.T. method. It is
furthermore preferred that the particles comprise about 50 to about 100 wt.%, and
even more preferably about 70 to about 100 wt.% of at least one Group VIII non-
noble metal and at least one Group VIB metal, based on the total weight of the
particles, calculated as metal oxides. The amount of Group VIB and Group VIII
non-noble metals can easily be determined by TEM-EDX.

[0039]  The pore size distribution of the particles of the bulk multimetallic
catalyst is approximately the same as the one of conventional hydrotreating
catalysts. In particular, these particles have preferably a pore volume of about 0.05
to about 5 ml/g, more preferably of about 0.1 to about 4 ml/g, still more preferably
of about 0.1 to about 3 ml/g and most preferably about 0.1 to about 2 ml/g
determined by nitrogen adsorption. Preferably, pores smaller than 1 nm are not
present. Furthermore, these particles preferably have a median diameter of at least

about 50 nm, more preferably at least about 100 nm, and preferably not more than
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2007/ 1431a9Ratipllpe00gists DE3peeks chapatteristic to the reacted metal components. If,
e.g., nickel hydroxy-carbonate has been contacted with a molybdenum and
tungsten component as described above, the resulting bulk catalyst particles are
characterized by an X-ray diffraction pattern which comprises peaks at d values of
(4.09), 2.83,2.54,2.32,2.23, 1.71, (1.54), 1 47. Values in brackets indicate that
the corresponding peaks are rather broad and/or have a low intensity or are not
distinguished at all. The term "the X-ray diffraction pattern essentially consists of"
these peaks means that apart from these peaks, there are essentially no further
peaks or significant features contained in the diffraction pattern. The precipitate
for catalyst obtained by the solution route has a characteristic X-ray diffraction
pattern which differs from catalyst obtained by co-mixing and conventional
hydroprocessing catélysts obtained by impregnation. For instance the X-ray
diffraction pattern of a Ni-Mo-W precipitate as prepared by the solution route has
peaks at d values 0f 2.52, 1,72 and 1.46.
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Reaction Conditions

[0042]  The present process for treating the hydrocracked effluents is based in
part upon the discovery that the multimetallic catalysts have an extraordinary
hydrodesulfurization rate constant at high pressures, typically above about 25 barg,
with the improvement in activity compared to conventional catalysts becoming
especially notable at pressures (total system pressure) above 40 barg. This
improvement, which is shown in the Example below, enables the hydrocracked
effluent to be effectively subjected to a desulfurization to remove recombinant
mercaptans as well as other sulfur species which have passed through the earlier

high conversion stages.

[0043]  The hydrocracking catalysts and the bulk multimetallic catalyst
composition used in post-treat zones, can be used under hydrocracking
conditions typically at temperatures of from about 200°C to about 450°C,
hydrogen pressures of from about 5 barg to about 300 barg, liquid hourly space
velocities of from about 0.05 h™! to about 10 h™! and hydrogen treat gas rates of
from about 40 m*/m® to about 1800 m*/m?® (about 250 SCF/B to about 11,400
SCF/B). Typically, in most cases, the conditions will have temperatures in the
range of about 300°C to about 450°C, hydrogen pressures of from about 30 barg
to about 150 barg, liquid hourly space velocities of from about 0.5 h™! to about 2
h™! and hydrogen treat gas rates of from about 200 m*/m® to about 930 m*/m>
(about 1285 SCF/B to about 6000 SCF/B). Depending on the other catalysts and
the choice of reaction conditions, the products of the process may show
improved viscosities, viscosity indices, saturates content, low temperature
properties, volatilities and depolarization. The reactors can also be operated in
any suitable catalyst-bed arrangement mode, for example, fixed bed, slurry bed,

or ebulating bed although fixed bed, co-current downflow is normally utilized.

[0044]  Process conditions applicable for the use of the catalysts may vary
depending on the feedstock to be treated. The notable feature of the present

multimetallic catalysts in this post-treat service is concerned is that the
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hydrodesulfurization activity increases markedly at higher pressures, typically at
pressures of at least about 25 barg (all pressures reported in this specification are
gauge pressures) with optimum pressures being at least about 40 barg.
Temperatures will be in the normal range for post-treat HDT temperatures, dictated
mainly by the prior processing conditions, especially the exotherm during the
hydrocracking steps in which significant hydrogenation is taking place.
Temperatures typically will be from about 100°C to about 450°C (about 210°F to
about 850°F) and, in most cases, from about 200°C to about 400°C (about 390°F to
about 750°F). Space velocity on the post-treat catalyst will normally be about 0.2
v/v/hr to about 10 v/v/hr and, usually will be in the range from about 0.5 v/v/hr to
about 5 v/v/hr and in most cases from about 0.8 v/v/hr to about 2.0 v/v/hr. It has
been found, however, that the present bulk multimetallic catalysts exhibit more
marked hydrodesulfurization and hydrodenitrogenation activity at space velocities
above about 1.0 and even at values above about 1.5; advantages may therefore be
attained by operating at space velocities on the multimetallic catalyst of about 1.0
v/v/hr to about 2.0 v/v/hr. Hydrogen circulation rate on the all stages of the
hydrocracker will depend on the feed and the desired product properties with the
ultra-low sulfur products requiring a higher circulation rate than those where a
higher sulfur level can be tolerated. Hydrogen circulation rate will normally be
from about 100 m*m? to about 1,000 m’m? in most cases from about 300 m*m? to

about 500 m>m?®.

[0045]  The location of the post-treat catalyst is significant since it has been
found that the enhanced hydrodesulfurization activity requires a denitrogenated
feed such as that from the second or third stage hydrocracking steps, i.e., the steps
in which significant boiling range conversion (more than about 25% v/v combined)
takes place with concomitant conversion of organic nitrogen to inorganic form.
While the advantages may be perceived when the post-treat catalyst is used only
after the initial hydroconversion step in a two-stage process, the degree of

desulfurization is more marked when the post-treat is carried out following the
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final conversion stage and the feed has been more thoroughly denitrogenated. For
best results, the total nitrogen content of the feed to the multimetallic catalyst
should be not more than about 100 ppmw and, for better results, about 50 ppmw
with less than about 25 ppmw preferred. Basic nitrogen should be held below
about 100 ppmw with, again about 50 ppmw and about 25 ppmw, representing

progressively better controls on this contaminant.

[0046] Inan embodiment, the effluent from the final stage is a low-sulfur
distillate, where about 90% of the distillate on a volume basis boils below about
750°F (about 400°C). For example, the final stage effluent has atmospheric boiling
point characteristics in conformity with ASTM D86 (90% recovered at 640°F
max.), and with specifications requiring a 95% volume boiling at 380°C or less.
Sulfur content is about 50 ppmw or less, preferably about 15 ppmw or less, and

more preferably about 10 ppmw or less.

[0047]  In an embodiment, the middle distillate fraction from the final stage will
normally have a sulfur content of no more than about 50 ppmw and in favorable
cases, no more than about 15 or 10 ppmw (ASTM D5453), making this a suitable
blend component for low sulfur road diesel fuel meeting the most stringent current
regulatory regimes. The distillate products can, therefore, be used for making road
diesel fuels conforming to the following ASTM specification D975-05 No. 1-D
S15 and D975-05 No. 2-D S15 and other similar low sulfur diesel fuel oil
specifications. Accordingly, the distillate products can be used to make light
middle distillate fuels (SimDis ASTM D2887, 90 vol.% recovered at 288°C max.,
flash point D93, 38°C min.) or distillate fuel oils (SimDis ASTM D2887, 90 vol.%
recovered at 338°C max., flash point D93, 52°C min.) In more general terms, the
middle distillate fractions which may be recovered from the present process will
typically have a flash point to conform to the applicable market specifications such
as the D93 and D2887 specifications mentioned above or similar, such as ASTM
D86. Good cetane ratings will normally be obtained as a result of the extensive

degree of hydfogenation that has taken place; blending to final product cetane
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numbers of at least 40 (D613) and cetane indices of at least 40 is readily feasible.
Aromatics content is also low; the multimetallic catalysts used on the
denitrogenated feeds are capable of producing distillate diesel products conforming
to the ASTM D975 limits of 35% by volume (D1319); compliance with lower
regulatory regimes such as CARB low aromatics diesel (10% vol.) might at some
cost be achieved since the catalysts possess good hydrogenation functionality, it
will normally be preferable for economic reasons to make a product such as CARB
alternative low aromatics diesel (ALAD), typically with about 25-26 vol.%

aromatics.

' Example 1

[0048]  Three catalysts were evaluated for suitability as hydrocracker post-treat
hydrotreat catalysts. The catalysts were two commercially available HDT
catalysts, a medium activity NiMo on alumina catalyst, identified as Catalyst A,
and a high activity NiMo on alumina catalyst, identified as Catalyst B, as well as a
bulk CoNiMo multimetallic catalyst having the composition Ni; sWgsMog 5Oy s.
The catalysts were evaluated at various pressures for their hydrotreating activity
when used with a de-nitrogenated feed representative of a third-stage hydrocracker
effluent. This feed used in this Example was a nitrogen-depleted distillate fraction
having an API Gravity of 28, a sulfur content of 15910 ppmw and a total nitrogen
content of 19.3 ppm produced by passing a distillate fraction set out in Table 1
(Raw CHD Feed) below over a bed of mixed acidic, macroreticular base
exchange catalyst (sulfonic acid functionality) (Amberlyst-15T™) with alumina.

The sulfur analysis of the treated, nitrogen-depleted feed is given in Table 2 below.
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Table 1
Feed Properties
Untreated Virgin
Raw CHD | CHD Distillate
‘ Feed Product Feed
Gravity, API 28.0 32.1 35.6
Total S, ppm 17220 439 9320
Total N, ppm 373 241 79
S Typing
Thiophenes, ppm 322 0 33
Benzohiophenes, ppm 7789 2 4458
Non-BetaDBTs, ppm 2365 69 864
DBT alone, ppm 388 0 185
Beta DBTs, ppm 1643 75 894
4-Me DBT alone, ppm 394 12 300
Di-beta DBTs, ppm 605 185 346
4,6-DiMe DBT alone, ppm [154 66 141
3 &4 ring unassigned, ppm (347 58 213
Total S by S Typing, ppm | 13078 389 6809
Table 2
N-Depleted CHD Feed
Gravity, API 32.6
Total S, ppm 15910
Total N, ppm 19
S Typing
Thiophenes, ppm 150
Benzothiophenes, ppm 7484
Non-BetaDBTs, ppm 2095
DBT alone, ppm 356
Beta DBTs, ppm 1545
4-Me DBT alone, ppm 372
Di-beta DBTs, ppm 574
4,6-DiMe DBT alone, ppm 148
3 &4 ring unassigned, ppm 320
Total S by S Typing, ppm 12188

[0049]
barg (150, 400, 650 psig) total system pressure to determine the

The three catalysts were tested at pressures of 10.35, 27.60 and 44.80
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hydrodesulfurization rate constants with the N-depleted feed at these pressures.
The testing was carried out in a continuous flow, single reactor unit fitted with
delivery pumps, flow meters to control the hydrogen treat gas which is mixed with
the liquid feed and then flowed through the catalyst bed in up-flow mode. The
liquid and gas products from the reéctors were separated in product accumulators
with a pressure controller to control back-end pressure. An online gas
chromatograph measured the exit gas compositions. Product liquid was stripped
with nitrogen for two hours to remove dissolved hydrogen sulfide and the sulfur

and nitrogen concentration is in the product analyzed by an Antek™ analyzer.

[0050] The reactors were run at temperatures of 343°C (650°F) and at a space
velocity, LHSV (v/v/hr), of 0.83 at 10.35 and 27.60 barg and 1.67 at 44.80 barg.
Treat gas ratio was held at 2 in all cases.

[0051]  The first order hydrodesulfurization rate constants were calculated

using the kinetic equation:

knps = LHSV * In(Seed/Sproduct)
The HDS rate constants are shown in Table 3 below and graphically in Figure 2.

Table 3
HDS Rate Constants, N-Depleted Feed
HDS Rate Constants
Pressure, barg, total 10.35 | 27.60 | 44.80
Catalyst A 1.47 6.37 9.05
Catalyst B 1.39 |5.95 9.67
Multimetallic 1.22 10.67 | 23.55

[0052]  The results show that the bulk multimetallic catalyst is strikingly more
active than the conventional HDT catalysts, especially at the higher pressures, for
which reason it is preferred to operate the present post-treat catalysts at system
pressures above a minimum of about 25 barg with higher pressures above 40 barg
being optimal. Pressures of this magnitude will frequently prevail in the final stage

or second stage of fuels hydrocrackers and so the present post-treat catalysts can be
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used without problems arising from unusual demands on the reactor and ancillary

equipment.

Example 2

[0053]  Three same three catalysts evaluated in Example 1 were also evaluated

with feeds of differing nitrogen content and nitrogen type.

[0054] A feed with basic nitrogen removed but with retained non-basic nitrogen
was made by treating the Raw CHD Feed of Table 1 above with 90% acetic acid.
Nitrogen typing results indicated that the treatment selectively removed basic
nitrogen compounds such as light N species, anilines and indoles, to give a product
containing 16320 ppm sulfur and 154 ppm nitrogen. A feed containing basic
nitrogen but with a reduced total nitrogen content was produced by extraction of
the Raw CHD Feed of Table 1 with 20% NaOH and 9% Bu,OH aqueous caustic
solution, to give a product containing 16950 ppm sulfur and 129 ppm nitrogen.

[0055].  The three catalysts were evaluated at various pressures for their
hydrotreating activity when used with these two extracted feeds, the N-depleted
feed of Example 1 and the raw CHD Feed of Table 1, using the same unit and
conditions. The results are given in Table 4 below. The results show that the
pressure affects €ach catalyst to a different degree with the feeds of different
nitrogen level and type. HDS activity promotion by N removal is more
pronoﬁnced when the N was depleted in the feed, especially at high pressure. At
the highest pressure (44.8 barg, 650 psig), the HDS activity of the multimetallic
catalyst with the N depleted feed is 8.5 times as great as with the basic N
containing feed. HDS on the non-basic N feed showed marginally better
performance than on basic N containing feed, with a 10 to 30% increase in
activity relative to the basic N feed. At the lowest pressure (10.35 barg, 150
psig), the advantage of using a non-basic N over basic N containing feed in HDS

activity diminished.



-25 - a hydrogen:oil ratio of 158 nBnB8(1000 SCF/Bbl). The Virgin Distillate
Feed was treated at 330C (625F), a hydrogen:oil ratio of 316 nBn8(2000

SCF/ Bbl) ,watoetmserodi f f erent pressures and two space velpariuse@s/ 0{3467,
0.97). The results are given belowin Tables 5 and 6 bel ow. Table 5

Cat al yst Performance on CHD Product (Total N 241 ppn) Catal yst Catal yst A

Miul timetal| ic Catalyst B LHSV 0.83 LHSV 1.67 LHSV 0.83 LHSV 1.6
0.83 LHSV -24. 07 LSV

Table 4
Comparison of HDS Performance on Treated and Raw Feeds
N-Depleted Feed Non-basic N Feed
S§=15910 ppm $=16320 ppm
N=19.3 ppm N=154 ppm
Catalyst Pressure, | Kups S removal | Kyps S removal
barg % %
44.80 9.05 99.5 3.04 95.4
27.60 6.37 99.7 2.61 98.8
Catalyst A 10.35 1.47 96.2 0.96 93.6
44.80 9.67 99.6 3.53 94.8
27.60 5.95 99.7 3.16 99.1
Catalyst B 10.35 1.39 95.9 0.91 93.1
44 .80 23.55 99.9 3.62 96.8
27.60 10.67 99.9 2.92 98.9
Multimetallic | 10.35 1.22 94.6 0.70 90.0
Basic N Feed Raw CHD Feed
S=16950 ppm S=17220 ppm
N=128.7ppm N=373ppm
Catalyst Pressure, | Kyps S removal | Kyps S
barg % removal
%
44.80 2.32 97.0 2.10 94.6
27.60 1.76 97.6
Catalyst A 10.35 0.86 91.2
44 .80 2.18 97.5 1.92 93.8
27.60 1.57 97.1
Catalyst B 10.35 0.75 90.0
44.80 2.77 97.6 2.04 94 .4
27.60 2.21 98.3
Multimetallic | 10.35 0.75 89.4

Example 3

[0056] The performance of the same three catalysts in terms of hydrogenation
capability was investigated with the same test rig, using as feeds, the Untreated
CHD Product and the Virgin Distillate Feed, both as shown in Table 1. The
Untreated CHD Product was hydroprocessed at 343°C (650°F), 41.4 barg (600
psig) and two runs were made, one at 0.83 v/v/hr LHSV using a hydrogen:oil
ratio of 316 m°m° (2000 SCF/Bb}) and a second run at LHSV of 1.67 v/v/hr and
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a hydrogen:oil ratio of 158 m’m’ (1000 SCF/Bbl). The Virgin Distillate Feed
was treated at 330°C (625°F), a hydrogen:oil ratio of 316 m’m? (2000 SCF/Bbl),
at three different pressures and two space velocities (1.67, 0.97). The results are

given below in Tables 5 and 6 below.

Table 5
Catalyst Performance on CHD Product (Total N 241 ppm)
Catalyst Catalyst A Multimetallic Catalyst B

LHSV [LHSV |LHSV |LHSV | LHSV |LHSV
0.83 1.67 0.83 1.67 0.83 1.67
kups(1st order) | 3.64 2.92 3.7 4.72 3.41 3.66
kupn(1st order) | 4.34 3.09 4.54 5.21 4.51 4.56
S removal, % | 98.5 82.8 99 94 97.8 88.5
Nremoval, % |99.4 83.8 99.6 95.4 99.5 92.5

Table 6
Catalyst Performance on Virgin Distillate Feed (Total N 79 ppm)
Catalyst Catalyst A Multimetallic Catalyst B
Pressure, barg (41.4 [27.6 103 |41.4 |27.6 10.3 1414 |27.6 10.3
LHSV, hr”' 1.67 1097 1097 [1.67 [0.97 (097 {1.67 1[0.97 {0.97

kpps(l.5 order) {5.62  14.46 (244 [17.45 |11.17 {2.77 [6.80 [5.50 [2.10
kppn(lst order) 536 |1.86  [0.45 ([7.30 (4.09 0.66 [6.72 (3.48 [0.54
Sremoval, % [98.3 199.0 (969 199.8 [99.8 [97.5 1{98.7 [99.3 96.1
N removal, % |96 87 34 99 99 51 98 98 39

[0057]  The results reported in Tables 5 and 6 show that the multimetallic
catalysts, when used in hydrocracker post-treat service with a feed of controlled
nitrogen content, are considered capable of producing distillate product fractions
which will meet not only low sulfur diesel specifications. The distillate product
fractions have also been found to have low levels of residual aromatics,
including the low levels of the polynuclear aromatics which are important for
achieving the cetane indices specified for the S15 diesel fuels. As shown by the
divergent results for the CHD Product at 241 ppm N and the Virgin Distillate at
79 ppm, the lower nitrogen content which will be encountered in the
hydrocracker following the third stage, is a material factor in achieving both low

sulfur and low residual aromaticity.
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Cat al yst Performance on Virgin Distillate Feed (Tot.al N 79 ppm

Catal yst Catalyst A Multinetallic Catalyst B Pressure, barg 41.4 27.6
10. 3
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CLAIMS

1. A hydrocracking process for converting a feed of petroleum origin to lower

boiling products of higher gravity and low sulfur content, which process comprises:

(1) hydrotreating a hydrocarbon feed having a sulfur content greater than
about 3,000 wppm in the presence of a hydrogen-containing treat gas in a
hydrotreating step containing one or more reaction zones, to produce a
hydrotreated effluent stream containing liquid products having a sulfur
and nitrogen content less than that of the feed;

(i)  passing the liquid product stream of the hydrotreatment step directly to a
hydrocracking step containing one or more reaction zones in which the
liquid product stream is hydrocracked in the presence of a hydrogen-
containing treat gas to reduce its boiling range and produce an effluent
comprising hydrocracked liquid products having a nitrogen content of not
more than about 100 wppm and gas comprising hydrogen, ammonia and
hydrogen sulfide;

(1)  passing the effluent of the hydrocracking step directly without separation
of the liquid products from the gas, to a post-treat hydrodesulfurization
zone located in the same reactor as at least one reaction zone of the
hydrocracking step, in which the hydrocracked liquid product is
hydrodesulfurized in the presence of a hydrogen-containing treat gas and a
hydrodesulfurization catalyst comprising a bulk multimetallic catalyst to
produce a hydrocracked, hydrodesulfurized liquid product stream having a
sulfur content of less than about 100 wppm sulfur,

wherein the post-treat hydrodesulfurization step is carried out at a total system

pressure of at least about 25 barg, and wherein the bulk multimetallic catalyst is
comprised of one Group VIII non-noble metal and two Group VIB metals and in which

the ratio of Group VIB metal to Group VIII non-noble metal is from about 10:1 to about
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1:10, and is represented by the formula: (X)p(Mo).(W)40; in which X is one or more of a
Group VIII non-noble metal, and the molar ratio of b:(¢c+d) is 0.5/1 to 3/1.

2. A process according to claim 1 in which the ammonia is removed from the
hydrotreated effluent stream and the hydrotreated liquid products are then passed to a
hydrocracking stage containing one or more reaction zones in which the liquid product
stream is hydrocracked in the presence of hydrogen-containing treat gas to reduce its
boiling range and produce a hydrocracked effluent stream comprising a hydrocracked
liquid product stream and a gas stream gas comprising hydrogen, ammonia and hydrogen
sulfide which is passed without separation of the liquid products from the gas to the post-
treat hydrodesulfurization zone in which the hydrocracked liquid product stream is
hydrodesulfurized in the presence of the second gas stream and the bulk multimetallic

catalyst.

3. The process of claim 1 in which the Group VIII non-noble metal is Ni and the

Group VIB metals are Mo and W.
4. The process of claim 1 in which the molar ratio of b:(c+d) is 0.75:1 to 1.5:1.
5. The process of claim | in which the molar ratio of ¢:d is less than 0.01:1.

6. The process of claim 1 in which the bulk mulitimetallic catalyst is comprised of
at least one Group VIII non-noble metal and at least two Group VIB metals and in which
the ratio of Group VIB metal to Group VIII non-noble metal is from about 10:1 to about
1:10, and is essentially an amorphous material having a unique X-ray diffraction pattern

showing crystalline peaks at d=2.53 Angstroms and d=1.70 Angstroms.

7. The process of claim 1 in which the post-treat hydrodesulfurization step is
carried out at a total system pressure of at least about 40 barg, and the feed is of

petroleum origin.

8. A two-stage hydrocracking process for converting a feed of petroleum origin
to lower boiling products of higher gravity and low sulfur content, which process

comprises:
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(i) hydrotreating a feed of petroleum origin having a sulfur content greater

(i)

(iii)
(iv)

V)

than about 3,000 wppm in the presence of hydrogen-containing treat gas in
a hydrotreating step containing one or more reaction zones, to produce a
hydrotreated effluent stream comprising a liquid product stream having a
sulfur and nitrogen content less than that of the feed together with a gas
stream comprising hydrogen, ammonia and hydrogen sulfide;

passing the hydrotreated stream effluent directly to a first hydrocracking
stage containing one or more reaction zones in which the liquid product
stream is hydrocracked in the presence of the gas stream to reduce its
boiling range and produce a first hydrocracked effluent stream comprising
hydrocracked liquid products and gas comprising hydrogen, ammonia and
hydrogen sulfide;

removing ammonia from the first hydrocracked effluent stream;

passing the liquid products of the first hydrocracking stage to a second
hydrocracking stage containing one or more reaction zones in which the
liquid product stream is hydrocracked in the presence of hydrogen-
containing treat gas to reduce its boiling range and produce a second
hydrocracked effluent stream comprising a second hydrocracked liquid
product stream having a nitrogen content of not more than about 100
wppm and a second gas stream gas comprising hydrogen, ammonia and
hydrogen sulfide;

passing the second hydrocracked effluent stream without separation of the
liquid products from the gas to a post-treat hydrodesulfurization zone
located in the same reactor as at least one reaction zone of the second
hydrocracking stage, in which the hydrocracked liquid product stream is
hydrodesuifurized in the presence of the second gas stream and a
hydrodesulfurization catalyst comprising a bulk multimetallic catalyst
comprised of one Group VIII non-noble metal and two Group VIB metals

and in which the ratio of Group VIB metal to Group VIII non-noble metal
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aromati city. wherein the hydrodesulfurization of the second hydrocracked effluent stream is

carried out at a total system pressure of at least about 25 barg.

9. The process of claim 8 in which:

(vi)  the first hydrocracked effluent stream is passed directly from the first
hydrocracking stage prior to removal of the ammonia to an intermediate
hydrodesulfurization step in which it is hydrodesulfurized in the presence
of a hydrogen-containing treat gas and a hydrodesulfurization catalyst
comprising a bulk multimetallic catalyst comprised of at least one Group
VIII non-noble metal and at least two Group VIB metals and in which the
ratio of Group VIB metal to Group VIII non-noble metal is from about

10:1 to about 1:10.

10. The process of claim 9 in which the effluent from the intermediate
hydrodesulfurization step is subjected to an ammonia removal step and a hydrogen

sulfide removal step before passing to the second hydrocracking zone.

[1. The process of claim 8 in which:

(vii) the first hydrocracked effluent stream is passed to a fractionation zone to
form at least one light fraction and a higher boiling heavy fraction and the
heavy fraction is passed as feed to the second hydrocracking stage, and

(viii) the second hydrocracked, hydrodesulfurized liquid product stream is passed
to the fractionation zone with the hydrocracked effluent stream from the

first hydrocracking stage.

12. The process of claim 8 in which the liquid product stream of the second
hydrocracking stage has a nitrogen content of not more than about 50 ppmw at the

beginning of the post-treat hydrodesulfurization stage.
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e
| ocated in the sa_m&*mi‘?1 &4e Qé?upg\él%@l_e‘la]é"e?él@ 1y Waich dhgratig Hfgﬁ)_r‘\‘é \GB gl to
second hydrocr acki '&oﬁé Wﬁ‘noﬁ-ﬂol!ﬂ'@hfélihltiJ‘onﬂ%Q&R‘ibﬁ%%ﬁodt'lgll@, g PEQgyct

streamis hydrodesul furized 1n the presence of the second gas stream

and a hydr odesul f utiordy swage gelbeitysaiiat bostmbbsti (hg o viol tk praducd aescand i ¢

catal yst conpri sed ,of, aone u | 1]. non-nobl e | and two up
VIB netals and in \}\]%’fhcoﬁratcﬁ%q’ gﬁ@?%sgfffuﬁe &1 U%I%O&Tr}%% gtfeafngi & §uapsaﬁf I
non-nobl e nmetal - c3ftent dfdedh HQMaBOGUID0 Wihpin sudfugbout 1:10, to produce
a second hydrocracked, hydrodesul furized |iquid product stream having

a sul fur cont eHtersin thedwdradgsplfuzigatinn of gy sREpMh Rydrgcggeked effluentgigana is,

the hydr odasdd dudhi ZRldl St plebQrsSeRMshmdiosyeked ef fluent stream
is carried out at a total system pressure of at Teast about 25 barg.

9. The process;qof Tl Gh8s8 of Qait F1 wilith bk MGuid grducPHARRAITREEE&ond
effluent streamis p%gsesdod‘lg?lect ly V¥rlom t hguf i}{rstucﬂygiaocr acki n%n st age
prior to ndmpvakingfzondbasamitrogea cooteatofinot morediamstwut 50 ppmw at the

' 1 s _hydrodesul furized in the

hydr odesul fini zati.on s i, ich. it

bt esence e iaat Bl pdmikE MeblagR g o s

hydr odesul furi zation catal yst. c rising a.bulk multinetallic

catal yst conpri’‘sed™ i8S P%%%lfn %“@‘%@e\‘?ﬁﬂe“ﬁ%‘f?ﬁ‘ 005{{1% 9% and at
| east t wohydkdtdt kigBon®1sqasseaddlerithe MbitiibtdlNE cdtadlitQt #fiqéd QUﬂl))«/échéYEt al
to Goup VIIL non-noble netal is fromabout 10:1 to about 1:10.

10. The prarcdtyof afleast abaut 9.0 viavlhi ch the ef fluent fromthe

i nternedi ate hydrodesul finization step is subjected to an ammoni a
removal step Bhawraeasgehclaigt bivehereie thevydrostaskedliquad progugids ng to
t he seco § Gl D ' i whi ch:
(vi 1) tha T ERARERR 5 B2peRa8e of {hyd UEeePioBRARe Mo Bl Sl

f ract i onanulomeradlivecatabydt ar miqiid heabt spactevdloagiytof toacdbioan] . nd/la thabdwer

boiling heavy fraction and the heavy fraction is passed as feed to
the secortid MydroRTeesiR dheroaisest Brdogosnl e inn SeB B ot 8t Qi e,
hydr odes Uykidil redurel fhthhh g 104084t 25 bargadhtiour RESSRd to the
fractionation zone with the hydrocracked effluent streamfromthe

first hydrocracki ng stage. 12. The process of claim8 in which
the liquid product stream of the second hydrocracki ng stage has a



14. The process of claim8 in which the liquid product stream of the
second hydrocracking stage is passed over the bulk multinetallic -
catal yst at a space velocity of at |east about 1.5 v/v/hr. 15.
A two-stage hydrocracking process for converting a feed of petrol eum
origin to |lower boiling products of higher gravity and | ow sul fur
content including a mddle distillate32raction containing no nore

t han about 50 ppnmw sul fur, which process conprises: (i) hydrotreating
a feed of petroleumorigin having a sulfur content greater than about
3,000 wppm i n fgherpn GSRACS BfimN¥AEAGRRA OB dhfibod:sARH GRS phdtud is
hydrotreating step ébntalnlng one or nore reaction zones at "a system
pressur e lgfdratesilbmged abtbe predéhcbaf ghydregantantaimhgtreatiges prdedudle a

avi ng o RO OB BATLPer oot enBi2G FbyBpega pou

t oget her W L[v/Ia, SRiSwisdréif AB FRIRE Biydrd dOMHTLE0N sRETERITdE afy@dtadgen
sulfide; (ii) passing the hydrotreated effluent streamdirectly to a
first hydsErauRisHE Eam adeashatont A hyednebayt 43BRE- r eacti on zones in
which the liquid product streamis hydrocracked in the presence of
the gas streamto reduce its boiling range and produce a first
hydr ocr acked effluent stream conprising hydrocracked |iquid products
and gas conprising hydrogen, ammni a and hydrogen sul fide; (iii)
renovi ng ammonia fromthe first hydrocracked effluent stream (iv)
passing the liquid products of the first hydrocracicing stage to a
second hydrocracl dng stage contai ning one or nore reaction zones in
which the liquid product streamis hydrocracked in the presence of
hydr ogen-containing treat gas at a total pressure of at |east about
40 barg to reduce its boiling range and produce a second hydrocracked
effluent stream -31 - conprising a second hydrocracked liquid
product stream having a nitrogen content of not nore than about 100
ppmw and a second gas stream gas conpri sing hydrogen, anmoni a and
hydrogen sul fide; (v)passing the second hydrocracked effluent stream
to a post-treat hydrodesul furization zone |located in the sane reactor
as at |east one reaction zone of the second hydrocracking stage, in
whi ch the hydrocracked liquid product streamis hydrodesul furized in
the presence of the second gas stream and a hydrodesul furization
catal yst conprising a bulk nultinetallic catal yst conprised of one
Goup VIl non-noble netal and two Group VIB netals and in which the
ratio of Goup VIB netal to Goup VIII non-noble netal is from about
10:1 to about 1:10, at a liquid hourly space velocity of at |east
about 0.67 v/v/hr, to produce a second hydrocracked,

hydr odesul furi zed |iquid product stream having a sul fur content of

| ess than about 100 wppm sul fur, wherein the hydrodesul fm zati on
of the second hydrocracked effluent streamis carried out at a total
system pressure of at |east about 25 barg. 16. The process of

claim15 in which the liquid product stream of the second
hydrocracl dng zone has a nitrogen content of not nore than about 50
ppnw at the beginning of the post-treat hydrodesul furization zone.
17. The process of claim15 in which the effluent stream of the
second hydrocracicing zone is passed over the nmultinmetallic catalyst
at a liquid hourly space velocity of at |east about 1.0 v/v/hr.

18. The process of claim1, wherein the hydrocracked |iquid product
is hydrodesul furized in the presence of a hydrogen-containing treat
gas and a bulk rmultimetallic catalyst at a liquid hourly space
velocity of fromabout 1.0 v/v/hr to about 2.0 v/v/hr, and wherein
the post-treat hydrodesul furization step is carried out at-a total
system pressure fromat |east about 25 barg to about 45 barg. -32 -





