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‘An i nportant aspect of the layered catalyst systemof the present invention
is that the second |ayer contains a zeolite conponent. The second |ayer of
the catal yst may be ni ckel - tungstFé’noﬁq 08 Rel - nol ybdenumand it is
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Having described the catalyst system and process of the present invention in general terms, the
invention can be illustrated by the following examples, which are merely specific exemplary embodiments
of the present invention. The following examples and specific embodiments are not to be used to construe
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‘The catal yst systemof this invention is sul fided using conventi onal

sul fiding nethods after charging to the reactor. 30 The feedstock which
can be treated with the catalyst ERRMZAMBRI process of the present
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about [ eghdi o’i\fvémai}?el-ldaét | Whidhadna IMeiing gonerdl sheaifiedtionst [err]. The
pressure for the ficient operation of the process of the present

i nvention should be in them. X [err] |Pa (1000) to about

2x[ errpPa (3000 psig), preg i range of ut 8.3x106 (1200) to
about 1.7x107 - 40 (2500)| aréw®re prlefigelably in thg range of about
1.0x[err]Pa (1500 psig) td at8ut%1. 5x[lemelyt@anym 200 pslig). The inlet rate of
hydrogen rel ative to that |of 28iWt%shoul|dPhegehprs t he rarjge of about 616- 1409
[err] (3500 - 8000 SCFB), |pempiadenp| y eb@‘ﬂ‘ﬂ'"a?92 1145 [lerr] (4500 - 6500
SCFB) .15 ( SCFB = st andard cubi‘i?“?zéﬂet of %rogen per barrel of oil
feed.) It has been found tlha04d §?91€M$ e%°é°‘(? i ons land the above

f eedst ocks, the catal yst v sHOA MY HeBVRIEGRH PO 906t 1 s i nvention will
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characteris- tic is the ra a y iul s or, conversely,
the rate at which the cata ysﬁ-7ﬂt‘§‘tivi y"‘i‘]@creases W[t h decreasing activity
of theggcatalyst, the proceps1¥ptti ng PWPEXMRt ure m|st be increased in
order to maintain the convprstt i ths? YWred in|the process. The

t enperature can be increas aqe i ¢ ational liimts are reached,

whi ch nmay be the operationgl Y 8”83 the cqtal yst systemitself,
the particular feedstock apd § ARV € Fe%%%& desired therefrom or
the teaperature limtati ons—oF - BC8SS—¢ bei ng used. Thus, one
i nportant criterion for judging the performance of a catalyst systemis the
rate of &eteiystiBiypreppsed as@iosously, the lower the rate of activity loss in a
cat al yst havPhg ok HaiserNetsal 250 alumina®, andyBO0 ¢ pkcatapsl aluping A9 ehasend 19 & GG o ys! will
be to oper#t2g Qié%td'g@ 4%P"@ﬁt‘%ﬂ‘?§'t"‘"8?1‘ﬁ'ﬁb~°é’§'°'aﬁd"ﬂﬁf to-gajse 1o, uqiatiles vl i9f W9 ¢ es

are refuir@ed gulting;pastalg 58%s cr i bed t he cat ocess of the
present |n§é"H?P"E§F?'f ix ﬁ%? '"‘ft%f'rtr‘%"f"fr gj&ﬁc'ﬁzibd[gé;ﬁ%éﬂ%#é ted by the
follow n nts of the
pr esent ?n ﬁt'"g E*’d?t?) 3?'/!9 gﬁ% "¢ enbodi nents are not
ta_be used e °" i F}%B‘I" ) ol P, Qrezse gl

i nvent® on, rf?aredd" By 2 Eé c?s% 113 agpendegcq(")leret 0. ﬁﬁ e

In the foll ovv|151 %m,@;g; RSddddiEmRlsolller: first layer catal yst s Cat al yst A,
whi ch was useg dY@§018306)° oft bérbrlidé ,@mg& arl e ni ckel - nol ybdenum phosphor us
supported on kidhadaed b'b kmaﬂad‘fnﬁl’dfbsoa,val | able from Shell G 1 Conpany,

Houst ag, Te eafdion o Sidp 618 Spriyae oito hd0g\of Bgudaes &bristepeci fi cations: Catal yst A
2.6 Wt % 8. The Wht@xRldatdslard dirdd%t 93+ C (200 Fidbrydddensum 2. 9 wt % phosphor us
remai nder 9. The driedakitlidatasiard Balcined at 510° C (950 *F) for 5 hours in 10 CFH &g %ir[ err] /g

surface ar efnotberdGtalyst/ gped for thepliystdayeo westCalalystiChm dommPrtially availabler catalystpletion

di amet er KE#3® catalpstdoinaAKZOLharhigals, Ings Besafane, Tekas), whick had the/tollowing gergsal spepifiea- B
havi ngot Hiensf ol | owi ng general specifications:



-Catalyst B 3.7 wt%

2.2 W% phosphor us
area 0.43 ccl/g
Versal 250 alum naferr] &
mxer. 2. 20 g of 70%nit

ni ckel

pore vol ume 36P 0482008 B1

average pore dianeter Catalyst B is prepared as follows:
nd_600 g of catapal—al-Aa are charged to a
ric acid i Satalgel€d to the a

13.2 wt %
remai nder

nmol ybdenum 25
aI um na 173 n2/g

surface
9.9 nm (99A)
1. 400 g of Kai ser

umna with sufficient

water to raise the vol ati
The paste is m xed for 3(
die. ;4. The resulting noc
[exp] for 2 hours. 5. TH
for 4 hours. 6. A solutid
as follows: 40 a S

acid 6.4 g of 85% [err] E

exalwwse! LRE 35 resu
oS, ¢ iRBlyshiced th
dl @5 w€ t hepnodphord at [er

Erem@iRdék t | N ahindidat es are
n1g2fm2igi ckel | burfagdupsaphonol y
ol wiaredlgi S ppapesied from

noggmmnatier| tverdge porediarost@0

ting paste to 55% 3.
Fough a 0.18 cm (0.07")
'] for 2 hours and
then calcined at [err]
bdi ¢ aci d was prepared
38.5 g phosphonol ybdi c
CC; 10.6 g of [err]

S

addee to this sol uti on;

wat er addcﬁge E?

IS spr )
dried z(rfél

fsroth; Ld ¥ Jr. 3 gEie:ps s

5—dr ops o 30% nydogen pe

r|e extrudat es

roxide i s added; and -

olod ckeﬁmdétrehlgﬁba-fafuﬂmh Step 6
Thd §6neViF speRifitiibiidads @% ar e

are calcined at [err]

for 5 hours I'n 10 CFH dry alr Anot her catal yst used for the first |ayer
was "Catal yst C', a co etaty—aveartabte—catatysty (Ketj en KF843[ err]
catal yst from AKZO Chemidals. Inc. . S#8¥st®na  Texas), which had the

foll ow ng general specifi|ca7.1%t i onpnickeb 5 EP 0| 482 008 Bl Catal yst C
3.3 % ni ckel 16.7 (W4 wi% nD| ogktanum - . 5

3.1 Wt % phosphor us |r es@iwider titaniura| umi na 16p [err]/g surface
aLga”O. 37 cclg pore vqdl LB%9v8%1 nnj ficBA) average|pore dianeter 10 The
catal yst used for the sedorR89wer, | @upeyst D', whas a cogel ed

ni ckel -tungst en/ sil i ca- al|lum4®a%t | t apNarVB¥egolitte cat hl yst prepared by

net hods of U.S. Patent 3,[58%m@5. The ‘ﬁ@??e"}’%ﬂ specifications of the second
| ayes; Catal yst D are: 15 |Cal3P$6l D [7pde ygluge ni tkel 19.4 wt %

tungsten 4.6 w % t i tlaniSfm 68A) [ average pore diameter

The feedstock used in the tests was a blend of 70% North Slope vacuum gas oil and 30% San Joaquin
Valley vacuum gas oil, having 20.7 API, 0.78 wt.% percent sulfur, 2400 ppm nitrogen and the following

s0 D1160 distillation:

LV% (*‘F) | °C

Start 490 255
5 590 310
10 643 340
30 721 383
50 764 407
70 798 426
20 848 454
95 877 470
End 913 490
Recovery 98 37

For each test a total of 130cc of catalyst was charged to a reactor having a 254 cm L.D. and thus

providing a total catalyst bed 30.48 cm in length. In the following examples, the designated catalysts
contained the following amounts of each catalyst:

50

non-layered | 130 cc of a single catalyst
45% / 55% 58.5 cc first layer

71.5 cc second layer
75% / 25% 97.5 cc first layer

32.5 cc second layer

After the catalysts were charged to the reactor, the catalysts were sulfided as follows, using dimethyl
disulfide (DMDS): 1.0 LHSV of a solution containing 2.0 wt% DMDS in normal heptane with 8.0 SCFH

6



20 - 25.9 Wt % silica 28.9 wmt % al um na
4.0 Wm% Na- USY zeolite 270 nR/g . surface area 25

0.39 Cc/g pore volune 5.8 nmﬁns%g@zooa_a@brage pore di aneter The
feedstock used in the tests was a blend of 70% North Sl ope vacuum gas oil

and 30% ﬁﬁ’?ﬂ%ﬁ’w@%ﬂéy%%%%“&ﬁwm@ﬁ' , having 20.7 APlI, 0.78 wt.%

percent s m nitrogen an e following 30 D1160 distillation:
LV% exalple)1: C Start 490 255 35
5 — 590 310 10 643 340 30 721 383 50

7164. £#07 ‘Afe operating condiléhs in thié@xathble included 1.56x107 Pa (2275 psig), 969 1/t (5500 SCFBfonce
8483/ 454hrddh hydrogen, 1.59 A8V and"éRpérittle level to achB¥e35.0 pph¥ RitrbERA MRS Froduct. Thb results /- 45
For eachwbest folowspt al of 130cc of catal yst was charged to a reactor having

a 2.54 cm|.D. and thus providing a total catalyst bed 30.48 cmin |ength.

In the fprTow ng exanpres, t(ne des|ouare At gL ysT | The, 1051 ng
anountig pf each catal yst: 50 qvont[allagsgtrzg ﬁoMEye?ed%QQFer?g q‘[ﬂ °r°d5°§ﬁ"§t 130
cc of a s-i—n-g-l—e—s-a-t—a-l—yus-t—4-59/e4559/e—£§., cetHitrst—tayer—7l-b-co-second

| ayer 75pd¢mppaiyre requgd 1 reach 5.0 peie | py E16) 397 (753) 401 (739) 383

32.5 cc predistnitrogonattengsp beurs (1E) tat bl ysts wene charged to the reactor, tjhe
catal ysts were sulfided as follows, using dinethyl disulfide (DVDS): 1.0
LHSV df a smb Uiyeed ca@iyEtabyliemdof2cAalyd udaldiyst DNprovksttne h@BiteaNAtroel evel & SCFH
6 EP Gigriitanty) weBdmperslire laneithet capst ajops.r | for 9 hours. EXAMPLE 1: 5
The operating conditions in this exanple included 1.56x [err]Pa (2275
psi g), 96RAMRLEZ (5500 SCFB) once through hydrogen, 1.5 LHSV and
tenperature level to achieve 5.0 ppmnitrogen in the product. The results.
were as folln thiesexapie.- theypparatidg coriditions| weyee f.4x] 0'CRa £160& psif). 969 WY €55601 SCEB)adngst 10
Cat al yst thmugh hydrogen, 1.5 LHSV and temperature lp8elqtordchigus 50 mrempitsogen inrthe predygl. Teecresulis
reach 5. werpgsfollqwsue) 397 (753) 401 (739) 393 product
nitrogen after 250 hours [err] 15 The | ayered catalyst system of
Cat al yst | A/ catal yst D produced the desired nitropepnlieyrdd PiLagered Catalyst
significgantly lower tenperature than either cata|y%atagbtanel &kzebld¥stk 2: | 20
In this PXATTD] S erdthir CONAI tTONS Wel €1 IX- eI LT PH ( 1900 JsT o) .
969 [err E%&" o S e tsfq)?%’['l‘ PdH H{f' 24H 1% Lﬁ@%d e :d re |evel
to a£h| e] nFCEN g%gisgéﬂivl n%sgn n fgﬁ p?nd%?f The ‘ncul?oc VY= "‘3&0 5 :

30

The layered catalyst system of Catalyst C/Catalyst D produced the desired nitrogen level at a
significantly lower temperature than Catalyst D alone, and had a lower relative rate of activity loss. .

EXAMPLE 3:
35
In this example, the conditions were 1.1x107 Pa (1600 psig), 969 £/t (5500 SCFB) once through
hydrogen, 1.5 LHSV and temperature level to achieve 5.0 ppm nitrogen in the product. The results were are

as follows:
—
Non-Layered | Layered Catalyst
Catalyst D 45% B/55% D
Temperature required to reach 5.0 ppm product nitrogen (*F) *C (768) 409 (758) 404
.| Relative Rate of Activity loss 1.0 22
45

Use of Catalyst B layered over Catalyst D did not improve performance over that of Catalyst D alone.
This example demonstrates the importance of having a molybdenum content in the first layer catalyst
greater than about 14%.

5  EXAMPLE 4

In this example, the conditions were 1.1x107 Pa (1600 psig), 969 1/¢ (5500 SCFB) once through
hydrogen, 1.5 LHSV and temperature maintained at a level to achieve 5.0 ppm nitrogen in the product.

56 Results were as follows:



25 - Non- Layer ed
Layered Catalyst Catalyst D 45% C/ 55% D Tenperature required to reach 5.0
ppm product nitrogen [err] (766F 04950%?60) 405 Rel ative Rate of Activity

| oss 0.86 30 The | ayered
catalys‘umem_nL_Cal.ai_ysi_CLCai_aJ_ys.t_D_pmdug —H-ed—r-t+egen
level af a significantly |ower tenperature than ®enieysed D-aaerenéatalﬁh had a
| ower relative rate of activity |oss. EXAVPLE 3 G#alyshDt fhi J5%:GiR% B [t he

conditi Oqaaﬁﬁf;%{tlﬁe |jeq|}i|>éd Eoergsfc}l 59 pﬁr&@%@ud@ﬁiﬁ&&n( Oc [ ler ¢rbe) 4deb O S 4@nce

thr.oggh| Ry and tenperature [evel tomachl ¢ve ppm
nif roge T d.l e—as fottows. —NoTmT- Ldytu cu
Layered Catal yst Cat 45‘V / 55% eratur u h 5.0
ppm pro uE'E'sﬁ{ st %“P i th 9g5ea VfB Fﬁ% 3 'Ifga é'h IVI ty
| 0SS charge to the re or, th n a si mflc mcr brelatl © ra IVI bcéh

t

aI stD

I ayeraea;%yﬂ ﬂlaqagllyﬁts? weyidihaye A yanye Ble §1 At I?“’(s)r5 nga1ncie ov
e

al one
cont ent,] ﬁ%s% b3 %ﬁ@@&&ﬁb@é ams faEd g‘aeamaé @m&m% Vi3 acmg eﬁ,bsa%smﬁg wm
this exanp e con Itrons were 1.1x [err] Pa (1600 p5|g) 969 1/1 (5500

SCFB) oagﬁ,st hrough hydrogen, 1.5 LHSV and tenperature nmaintained at a | evel
to athieve 5.0 ppmnitrogen in the product. Results were as follows: 55 7
EP 0 48 A0&eRd Mamstlsisten &l hydrdprocedsing ofmidadcytBdns,(Gdmplisingta ficst layéboha(Zatiydt D
Tenper at ukhick @6rprisés a triickélewdi/bddnurd-phgaphopusalinidb catalystog e cgbak-mblybdeni@dphod-09.
(754) 401 phorus/aluiinaattalys hirdrige rodlyblartumvdohtgntigesmier than 14 % of the first layer catalyst and
1 0 having an 2vetagbipos sizi aflleasti dbbun Stnma(6®A) ank omprising h eeconstlayer of agatalyst

t af%yst  amioh néemprisesad oickel-REghtensilidaiymingeaiilecor @antickplymolybdgnumigiicatalumingezegliteact or |
t hen a si gatalyst. orbatein thec zeslits cormpenent lcororriges at dpagt abput 2(% jby weight| ¢f dhe seeond layar ved.
A non- | ay eatelyst, Bod wheseinsthe typt layer caalystaopstitutegupis 0 Fe BaYelume of p iata! gRlalysht e of
activity loss 5 to 10 times higher than the non-layered Catal yst D. The
presgnti MratlystSystans acearding foslaim 4 wherein 19 st fayqn stalypt é‘tﬂ"we@n njokel melypdegum-
speci fic @HSBRAMAYEAINEIng FRtaivile form of exarrpl es. How the scope and spl rit of

this inve s set forth in 1. Iayered
cat al yst %ﬁi TP ASFATAN8 F?)?:'@@Sl %m&‘ tL?‘l?/eﬁ? 'gjc'%?’tg [)%allf’sy st f(?%hr?{) ‘r:?msp "ses 2 mq’mu
| ayer of “at al yst whi ch conprises a nickel - ol ybdenum phosphor us/ al um na
cat aboy s} Wcag b agwra{@dtg LR ﬂﬂ?mmﬂﬂp{fﬁ y%l et @c&ﬁ’u@ésyasé iV diddine2

ol ybdenur,gi agE;@r?Eﬁéofah%&t u? I rst ayer catal'yst and having
an aver age p re sl Ze | east about nm (60 A) and conprising a second
layer of @ Gadyd! sStbmZdacordind MoCirRPFTRF 4 SHhSreM the second layer catalyst zeolite component

ni ckel -t uRgRdresY ffol db6@ 334 sBBLILE0-9Z BPWSIGHE oftfie Scdid Gdy6r caipbty bd

num & | i ca-al um na-zeolite catal yst, wherein the zeolite conponent

conpr i ses Aadataly@tasyétent Bediding td/oldnyis Wed, glot 4 @herdiin the Jiest layesl chtalyst hasCant asbraget poreand
wher ei n t Isige front stioul 78/@5) te atioatl 123im (¢20nk)t i t utes up to 70 % by vol ume of the
total catalyst. 2. A catalyst systemaccording to claim1l wherein the first
| ayer, cht Alcaslystepsigm acedingitordaink & Wwhereih th dasaiyshis presulfided.

8. A process for dentrification of hydrocarbons comprising contacting the hydrocarbons with hydrogen in
the presence of a layered catalyst comprising a first layer of a catalyst which comprises a nickel-
molybdenum-phosphorus/alumina catalyst or a cobalt-molybdenum-phosphorus/alumina catalyst having
a molybdenum content greater than about 14 % by weight of the first layer catalyst and having an
average pore size of at least about 6 nm (80 A) and comprising a second layer of a catalyst which
comprises a n|ckel-tungstenlsuIlca-alumma-zeohte or a nickel-molybdenum/silica-alumina-zeolite cata-
lyst, wherein the second layer is placed downstream from the first layer, and the zeolite component
comprises at least about 2 % by weight of the second layer catalyst, and wherein the first layer catalyst

50 constitutes up to 70 % by volume of the total catalyst.

9. A process to claim 8 wherein the first layer catalyst comprises a nickel-molybdenum-phospho-
rous/alumina catalyst.

55 10. A process according to claim 8 wherein the second layer catalyst further comprises titanium oxide.

11. A process according to claim 10 wherein the first layer catalyst comprises a gamma alumina having an
average pore size of at least about 7 nm (70 A).



25 phosphorous/al um na catalyst 3. A catalyst systemaccording to
claim1l wherein the second | ayer catalyst further conprises a titanium
oxide. 30 4. A catalyst systchP 8483088 B3 to claim3 wherein the first

| ayer catal yst conprises a gamra al um na having an average pore size of at
| east about 7 nm (70 A) 5 A catalyst systemaccording to clains 3 or 4
whereiln the second | ayer catal yst zeolite corrpbmbn-uay%d Layed|@atalyats| f r om
about |3 to about 20 % by wei ght of the second | agdalyst&t gl ym% CR5%M cpt al yst

t qt t
L L o e L R T S e L

cat al Yer-eH—the \,ma.‘,_r +s—prestrH ded.

8. A process for dentrifi cat i on of hlydrocar bons, conprising cont act t he
“hydr ocarTB'B thPrfef‘?? d layp gaglyégarmuntalsp £ OF 2B, Pl the c‘l‘fﬂ%ri si ng

rogrrm% gffg;%pffi et e Lyl S i
cobDa hl' O . v odlm enum
o B o e

havi ng an average por e | ze T east out nm () d corrprr sing a
secongialnyyer of a catal yst which conprises a
ni ¢kel -tungsten/silica-alunna-zeolite or a
ni ckek.- MlaydrstetaulistsysieMAortlydibbiddessiRg bil Ry@ro6abons, dodBiisingVdtstQydr biNE catayednd
| ayer i whigh aoegrisd®wnaitkeRmslytdesum-pHosphbius/aiiming \catalystadith tdhalt-moRpbdeneém-pRgsponent
conpr i seborad/alingigestatalysichaling a tolylidenar Ghriterd Greatacthare BIO% (bf tha Yiest laget tcathlysttand and
wher ei n heting dni average poyeesizecal ablegss tbdu6 nm (60ckyrapd comprisisg &l pecond [Eer %6 Hyatalyst une of
t he t ot adhich zpmprises a nigkel-ungstendsilica-aluraing kemlitenoB a wivkelwiolybddnamisilicasiuntigayaeplite
cat al ystcatglgstpwherainsthe zeglitokasmpenshl darrprisemap least gbayt 2% by walghtndf the ssaordligyet . 10.
A pr oce$8talugtcand whergn the fist lﬂvmalvﬁ G‘P@ﬁthte! breto I8 Gobuivolumpent the datal legtalystf ur t her
conprises titanium oxr de. 55 process according to claim 10 wherein
~ t hgs f fr dycaja starg @acq 1 Hﬁ'ﬁ'ﬂ g*ese"athg frstavenraialysheempezas Agickel-molvedey®- por e
si ze of PAesPRus@luming GRtalyst (70 A). 8 EP 0 482 008 Bl Non-| ayered

oo Fod A B ety B [R5 R Bl e A,
Activity TOss 2.1 This
exanpj e s&a'la'l{é{ £y§&ﬁ%:£$‘r6rh créuhes wher ﬁrﬁ‘qﬁe fifof ?%epga‘aﬁ)syéo%pﬁégg%néaﬂr?a @RRHJ 25%

or lessy ingldA Svér %26 6 bt & signiTicant I ncrease
in relative rate of actrvrty 0SS IS O served A non-| ayered 10 system of

al | Gat al sutdiysCopsRi sbcbraMS tdcltifb B brVL whétbif tHafl seBsildl 1l YathiPst Sectite! ©mpBndnt MES

hi gher tcbraghsbd orabaat 3ty abdtl20CR b3 Wéht dPthe EBRNPlafsi RAtkIydtnvent i on i s descri bed
ab®Ve and illustrated with the above specific enbodinents in the form of
exanpé.ed catdiyst dybtem aiccoptingao diaim@i1f 2,t3 @f4 wHatetn thé\fireThyed Batdlyst Radtanférbde pore t he
fol | ow I1sige toraiaipast 7.5178) toebalb12Inm A20 Ayer ed cat al yst system for

hydr opr ocessi ng of hydrocarbons, conprising a first |ayer of a catal yst
whi,£ h7-c drpptaiystesystem pdcoiding onalding i chebmveimtshaatalyisids oregulfidedi na cat al yst or a
cobal t - nol ybdenum phos- phorus/ al um na catal yst havi ng a nol ybdenum cont ent
gr eat &r ARigeassifar d 'caE“Pfe°ff"V‘r"’S‘ia"?°a§/€qu(§'§!t'QaF%?§F""aﬁ'ﬁ? hystprareens vith Pedregse imor e

si ze of e Prpsenes °fa?ol§¥R'°d6°§ﬁ'r¥ Gomasising, @firet daver pls? ﬁ lgst wBieh gemprisge p "é?f‘e'a

cat al ysf“°*!5d°"“m' ‘é'§5ta" A icelaltimoly ‘?P% Bharysialymina cafalyst having j f e or
a @ ckef Wb?ﬂlﬁ‘ t" 4 °{%cﬂyr"{°é9hb t e y@l 'ay é'ra ?trf‘" Iﬁ‘é""ige?ﬂ ite
Corrponeﬁ‘g::gg mc 0: # a-al in ] ggn =2 te ta

\Sglt 3lngsf re nd l %r fs pla%c dj‘%\g ’gﬁ fir. ?ng;%gﬁ?lzézgf& Ie ZSOQ‘ fr%n}n 1
wher ei n éﬁpStB % a/yarvo gqﬁréﬁoﬁgmras R AN e S

9. A process to claim 8 wherein the first layer catalyst comprises a nickel-molybdenum-phospho-
rous/alumina catalyst.

55 10. A process according to claim 8 whersin the second layer catalyst further comprises titanium oxide.

11. A process according to claim 10 wherein the first layer catalyst comprises a gamma alumina having an

average pore size of at least about 7 nm (70 A).
(T

w



25 - phosphorous/alunina catalyst. 3. A catalyst systemaccording to
claim1l wherein the second | ayer cat al yst furt her conprises a titanium
oxide. 30 4. A catal yst systema &P 'ﬁ};%oet% claim3 wherein the first |ayer
cat al yst corrprl ses a gamma al um na having an average pore size of at |east

about 7 g chfQ acc§ Ce'ratrﬁé ﬁtﬁ&%@géeeééwwcmﬂeaha&nﬁo% Somphedt o1
the second ¢ tsgoogg big ,ﬁogpg@ talyst. CONPrises froma
t o about 20 Yo y vvelg of e second ayer catalyst. 6. A catal yst system
accor di ngst Qpobeds H&on%lmg?o clﬁmQE, g} 1001 1OWHardin Yo firet 18or LaMNRE hae Ah Alarfb pbreé sizé N
aver age PorgynsSbéd 7is (M) rdbeutt12 Aim3120 A) to about 12 nm (120 A). 40 7. A
catal yst systemaccording to claim1l wherein the catalyst is presulfided.
8. A proaasspbcss sheorting fol caint 8 @herah thh Yagléraaatdystis presuifided. si ng cont acti ng t he
hydrocarbons with hydrogen in the presence of a |ayered catal yst conprising
a first haykeprogks accadingito\ckims/hil@or 14 ehpein the hydroaaiboik i8la-vacuum gas oil.
nol ybdenum phosphorus/ al um na catal yst or a
cobal t - mehtehidesplichshosphor us/ al um na cat al yst havi ng a nol ybdenum cont ent
greater than about 14 % by weight of the first |layer catalyst and having an
aver age ﬂor@ﬁsg’t'ci‘@teéfmﬁtyswwmaf%% th'Hf?F‘{%BehA?d'%ﬂd% SaRlgnwassprgtotions weleh 9
| ayer of a e st whi ch co rlses
ni ckel™t ungst ePﬂ' Prptp ml af %hﬁ lglpn(”lckg{ Molybd.’«in-PhosphorlAIummlumoxld Katalysator
=E2N0:
rﬁ’? ‘° I}

ni ckel - nol ybdege‘t?ﬁf'g '{'ﬁ% émgﬂé%c = cm‘)lyﬁg% $§§

| ayer is place HE 7E0 onent
conpr i ses_at eﬁi)ﬁﬁ Vwa.étﬁtemﬁt tcttmﬁ @\e i 5 ﬂlu}ﬁﬁ%zﬂzéd"d
Wher el t he f I ﬁtﬁ Iﬁg lith %Iyy WiFasf

total Zata B%Loﬂhbeéwéeﬂ%ﬁo% i wﬁeerr ezwate sk gt | 5°
conpri ses a m & ip4bEBrdeRIEH BiB 2 70 Wi diorCitaR/satsrS bildad

process according to claim8 wherein the secon | ayer catal yst further
conpri se, tkakaiShtbrsysini dath Ankprudh Pl WEEH il BRI Ritalgsalorclidhilieifled (NiokBIVIchibEEN: he
first 25ayerpresdhadAmiinidiRiaKaapsator u@aBa al um na havi ng an average pore size
of at |east about 7 nm (70 A). 8 EP O 482 008 Bl 12. A process according
to clai ma. IKhtalysatdrdysteimarach Ansproeh & eatmhdie bwsite Katelpsaiatsghicht weitet oin Btaoadvponiadnt
conprises fromabout 3 to about 20 % by wei ght of the second | ayer

cat al yst 4. liGalysatersystogsnachs Ausprudh Bigvobej disl easterKat@ysarschicht ejn gammanpumisiumoxihait
first 3 ayereinoadughpehnittichen Bﬂ'ﬁ@tﬁ&?ﬂ{g@'@ﬂ@ﬂ@@%@ml\) umfebm about 7,5 (75) to
about 12 nm (120 A). 14. A process according to claim8 wherein the Ia¥ered
catal yst 5 sKalnlysalorpystepenach Ansprugh 3,pder & obej der Feglithhestangteil defzpaiten Katalysafprschioft

wher ei n theﬁ"f’ﬂfﬂ'i"?)et&?ﬁ?)ﬁe“'(&?’6&%‘8'&1%@%?’]"‘“Rf at ent anspr Cche 1.
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Kat al ysat or ﬂ ich YR is etwa 12nm (12

Ni ckel - Myl .gag,g;at m%a;,ﬂ LY, WBER b ;eovm%.emgtor ei nen

Kobal t - Mo n| unoxi d- ysator mt ei nem Ml ybdl ngehal t

gR6/ Bpr &al \?erf;hl} ()/ng 95mtﬁﬁk§tfoﬁ Rorl Ronidhwat sk i s, b S ds Komskibrbh aé IKBRénwasserstoffe mit

dur chschni tyhdsg6 i BbrCAWeSRRoit SiRbs r@d@&fbﬁ{eﬂﬁ Kafdlyd@or® umwasi, Gobdh) dek Gbsthibhtetsind -
ei ne zweit %,Wpr schicht, wel che einen N ckel-Wlfram

Si i ci undi oxi.deifd bréte rkhﬁlvﬁt&sdm&m,metcﬂé)emen Nickel-MolybdZnkPhosplerTAluinieidxid-Katalysator
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wobei .4s der ZeobBértalslpamt 1@rGkwets| denbrstehe Kdtalysstothicht thd Gdtaine?/dulehschpittiichérePorengrs-

Kat al ysat or schBevwh mintbsterts etwarchm 03] undfads uad St e Kat al ysat or schi cht bis zu 70
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9. Verfahren nach Anspruch 8, wobei die erste Katalysatorschicht einen Nickel-Molybddn-
Phosphor/Aluminiumoxid-Katalysator umfast.
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10. Verfahren nach Anspruch 8, wobei die zweite Katalysatorschicht weiter Titanoxid umfast.
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“3. Kat al ysat orsystem nach Anspruch 1, wobei die zweite Katal ysatorschicht
weiter ein Titanoxid unfa~t. 4. Kat arﬁésatorsystem nach Anspruch 3, wobei
di e erste Katal ysatorschicht ei nE BY ni unoxid nmit' 30 ei ner

durchschnittlichen PorengroBe von m ndestens etwa 7 nm (70 A) unfalt. 6.

Kat al ysaﬁow ﬁ; i 'hadhd g o1, H,Sﬁ%. e%g?er Kaq'alys 6’& hpﬁlq AAlhrn-P’ﬁﬁI»&’d"Q& %‘nLr der
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Por engr 6Be 3RMbni20@ew % dor/viRon!KaflySoARndRUMbL20 A) hat .
Katal ysat or system nach Anspruch 1, wobei der Katal ysator vorsul fidiertist.
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Ni ckel - Mol ybdan- Phosphor/ Al um ni unoxi d- Kat al ysat or oder ei nen
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Anspruch 8 et dROPR4uefH I@cﬁﬁlﬁfeﬁ‘r déé’lé proMidRlcBICRE Fle% nteFjLSER 7&"%33@\}otu el 'aslélfbaur
Phosphor / Akgaiti ni unoxi d- Kat al ysator unfaft. 55 10. Verfahren nach Anspruch

8, wolei die zweite Katal ysatorschicht weiter Titanoxid unfait. EP O 482
008 Bl 14. Fafeiikiivinrde catalpsabr st latr@dendidtiont) bians laduele & catalysdbntidila \proniidng SaubtieC Nt
ei n gamra- Abméndiub kEtaysdurmickel-@iolybdenelpiostembaluminbl i chen Por engr o8e von

m ndestens etwa 7 nm (70 A) unfaSt. 12. Verfahren nach Anspruch 10 oder 11,
wobei de¥ Ferowiation sle catalysgtresulvand ér rovendicatiomt, Kansdaqueliatiocataivseur [de lacequndécouche 3
bi s etowa 2Condseod-enpuiterunowysieide fitanéat al ysat or schi cht unfaBt. 13. Verfahren
nach den AnsprUchen 8, 9, 10 oder 11, wobel die erste Katal P/satorschl cht’

ei ne dur® h§%’ﬁ‘H‘P‘!°!‘IdPQatE'Yf@“’F’W%@r"S‘BEd'W % tig0g lapuele (9703“’!& oupfesfa pf '9120“% (120
A) hat. tO°ompend\pe $W“W29@Ma"AH%?J?TﬁS'H mpyengop Bpreg sy RS GRYioR é‘t"e" 0A

Kata sato vorsul fidiert Verfa ren n ch uePeRQ ':Erache de

od  FRrmolion de caialyaeyr § iy tf'a vRndigaan ant 'H@uel
FormJI ati oﬁg Heeotr fo s GRMP SpPa TR B r?%’?% 2 LR I yseur de la

d' hydr ocar bU Bec?'edemcorrprenant une prem ere couche d un catal yseur qui

conpr eng, ug, ag%hy buf EHGP oY BELGBEHBN SR P b 42band ) 13 ﬁ&a&%ﬁb&’ la, SEUT
cabal j,- nol ¥?8 &{ foyeN okt H3 GrehVHBIE HE 72 erieure
& 14 % du cata seur a prem bre couche et ayant un di anbt re m)yen des
pores d'gu Fémhlat%n Qg‘éétilfbgur@mm la @derdfitation 1, dbhs la§lelié® I&mlﬁs@@rra*st pi&aiseconde
couche d' un catal yseur qui conprend un catalyseur ni ckel -t ungst b-

ne/ sil i ce- Rlotsti I8 démifification dhydrodarbtidk,cdoiprehtint la mise en contact des hydrocarbures avec de

ni ckels- nol YHydiogmb 2h lptésenrca ti'unrtatalysaul Glratifid congbednant usedprarhibre cbuehe ofrs tdtdlyseun lqui

zeol i ti que conggpend sun tatalyzeur nickeisnaiybdéne phosghoté/alumineooud sin chatalyseue lcytmit-olybldéné-a
seconde coplwisphore@iumitaragant areputerielcen reolybdérm| sypdrieure 8 @nviran b %rantpoids du catdiyseur

repr dsent ed¢ isspremidre ZQuchs oh ayent umdlamRireonayah yiessparest dauinoins@wiron Gopm 160 A ¢ton- de
cat al yseur cemarananttune secoedpesquhe situn satalyseuriguh sompiend am| cetalygouc piekel-tyngsigpo/siiice-| o
preni #re caupiRezdolipey 4n Gateivﬁeefa't'%P'yE%F'é"ﬁ’F'&%e#WﬁstzﬁQ#&b Arns fleoyel i srcanda|cavri na.

che est placée en aval de la premiére ¢ouche, et le constituant zéolitique représente au moins environ
2 % en poids du catalyseur de la seconde couche, et dans lequel le catalyseur de la premiére couche
représente jusqu'a 70 % en volume du catalyseur total.

55 9. Procédé suivant la revendication 8, dans lequel le catalyseur de la premiére couche comprend un
catalyseur nickel-molybd&ne-phosphore/alumine.
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‘3. Formul ation de catal yseur suivant |a revendication 1, dans laquelle le
cat al yseur de | a seconde couche 30 . conprend en outre un oxyde de
titans. 4. Fornulation de catal ys%th%P%nﬁl | a revendication 3, dans

| aquel l e | e catal yseur de | a prem ere couche conprend une gamma-al um ne-
ayant un di . e ' I i )
ey U S R 5 R s A BBl 5, |
constituant zeolitique du catal yseur de | a seconde couche repré6sente

envi ron 34 2p@Hkk 'sQlhntfl rSfeRdicaliSh 185 dshd 163813 YRdiibur 48 14 FremBleCdibho COMErBIRS unb-
Fornul gt i ongginaahinfieVay it in ibthatdMoybrdes PYBE@armsinsAviron 78m (o A 4, dans

| aguel l e | e catal yseur de la 40 prem ere couche possbde un dianbtre
moyen desi2ppro&saé GuidV ial revndication ¥bdu &1, @BNSI 168l 18 2ondttudnt 26blitjue dl .cathigseliticakai on
de cat al ysesscoriid icouhd représente\eavirdi 8 & fehviron 40 % @a peidd dupatalybenr Hecla sacbadeycomhe. est
prdsul fur6. 8 Proc~d6 de denitrification d hydrocarbures, conprenant |a
m se en d8nPmacidé deisanhadrevandicdion 8s9,aMem He d4fs lequel lp' databiseuyberda pramigredeouchee

d' un cat al ypeseide st diamnétiei des paesyewicont7.5U7E 2 pnviran 12 am 98U8he d' un cat al yseur
qui conprend un catal yseur nickel - nol ybdbne- phosphor e/ al um ne ou un

cat al yseuf- BropAdp suivapt 1§ ravendicatiop Bsispsequel I Fataivsais skalifihest prd@ifvéneur en

mol ybdbne sup~rieure | environ 14 %en poids du catalyseur de |a prem bre
coucheet18a§apRde svivagh ia ravendicatiop §.'q oy d4 davesleauel Yhydrpcprlurp ast U g3syqll sous _"E’Fh (60 A
et conprenant une seconde couche d' un catal yseur qui conprend un catal yseur
ni ckel -tungstene/silice- 50 alum ne-z~olite ou un catal yseur

ni ckel - nol ybdbne/ si |l i ce-al um ne-z6olite, dans |equel |a seconde cou- che
est pI§c~e en aval de la prem bre couche, et |e constituant z6olitique
represente au noins environ 2 %en poids du catal yseur de | a seconde
couche, et dans lequel |e catal yseur de | a prem bre couche reprdsente
jusqu'a 70 % en volune du catal yseur total. 55 9. Procede suivant |a
revendi cation 8, dans |oquel |e catal yseur de |la prem bre couche conprend
un catgl yseur nickel - nmol ybdbne- phosphore/ al um ne. 10 Li LI
FINEE ! EP O 482 008 Bi 10. Proc~d6 suivant |a revendication 8, dans
| oquel | e catal yseur de | a seconde couche conprend en outre de |' oxyde de
titane. 11. Proced6 suivant |a revendication 10, dans |oquel |e catal yseur
de | a prem bre couche conprend une 6 gama- al um ne ayant un di anbtre
noyen ®@es pores d au noins environ 7 nm (70 A). 12. Procedd suivant |a
revendi cation 10 ou 11, dans |lequel le constituant zdolitique du catal yseur
de | a seconde couche repr~sente environ 3 a environ 20 % en poids du

catal yseur de |a seconds couche. 10 13& Proc6dd suivant |a revendication
8, 9, 10 ou 11, dans llquel le catalyseur de |a prem bre couche possbde un
di amet¥e des pores d'environ 7,5 (75) a environ 12 nm (120 A). 14. Procedd
suivant |la revendication 8, dans |loquel |e catalyseur stratifi4 est

prdsul furd. 16 15. Proc~d4 suivant |a revendication 8 10 ou 14, dans

| equel |'hydrocarbure est un gas-oil sous vide. 20 25 30 36 40 45 50 55
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