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!Q 468, 16/ I“"Tﬁ‘"ﬁg%&ﬁ E wgo}?%&?dmo sanpase are used for
th| S purpose show ng and average activity which exceed established
m ni mum values if they are used for residue desul phurization in a standard

catal yst test. They hayg a EI.%EF e 1] REYPic re than 0.30 mM/g, less
than 10% of the tHﬁ{ﬁR?ﬁgfs@L %w%fmsﬁm -~ pores having a
di ameter of nor thhanc@&@mcamktbbﬂzﬂmmoﬁsc average pore. 15

di aneter - (p) and a specific aferage particle di arreter,(/él) such that the
quotient [err] satisfies the requirenent: [err] where [err] represents the
hydr ogen part “3 SSHEIY, PRPERNATIONALE RESEARCH MASFSCHAPPIIZ0 bar) .
i s denonstB.wg Panfp{pegahibed Cililér Oie lawd @B , The Wethestinas, b5 86 daevmg a quoti ent
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bet wgen t% ﬁtﬁ?‘ @ p"h':vzz FRETE(E resggrch by the
Appl i cant didniefe ( |a§ds eavgg@s Sioh G \otieat) better results
can be obt;d(d)étkausﬁestﬂhteeqummal hydr ocar bon 0|I |s SUCCESSI vely contacted

with two or nore diff @ a W th a process in which

only oné catal yst '£ EseﬁEP’]’ﬂ’gd@ § gp"‘h@f‘ ’dlfferent catal ysts (such

two or nore different catal ystsmgieai/ng ref;‘r)r@ed toggleirelri’as a

" conbi natltljwt\?P h@ﬂm@?hm presgure u imynm, mm, Pzhévwever) produces
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each “of thf;lgga G-+, 1B, We QGE! 5€.24 U gditions a nore
t hor ough desul phuri zati on i's effected or by nal ne a| n| ng a certain

rjesm phur i F\gtst‘pghrq c@vygt :Ssaghtplgxs too short and/or an average activity which is too

ow to satis um requlrements in respect of hfe and average activity stated _
. in the patent apphcanon " '
1 & 25 Since the life of a catalyst for the _hydrodesulphunzauon of vanadium- and nickel- 25
& containing residual hydrocarbon ifi the presence of water without catalyst replenish-

ment, is shofter accordmg as’ italyst displays a higher average desulphurization
_ activity, the invention disclosed in: Speaﬁcanon 1,468,160 is in fact based on a
compromise between these two catalyst properties.
30 Continued research by the Applicants into this subject has shown that oonsu‘lerably 30
better results can be obtained if the residual hydrocarbon oil is succaswely contacted
with two or more different catalysts as compared with'a s in which only one
catalyst is used. The use of two or more different catalysts such two or more different
catalysts being referred to herein as a “combination”, the latter not implying a mixture
35 however) produces an improveément in activity and/or life of the combination in respect 35
- of each of the catalysts mdmdually, ie. under the same conditions a more thorough :
desulphurization is effected or by" mamtatmng a certain desulphurization level (as is
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2 customary in practice) the catalyst life is prol onged However, these
bet t nunber of
requirenents in respect of their porosity, particle size and voI unetric
rati 0. A conbination of two or nore catalysts is defined herein as

consi;sting of a catalyst 5 | and a catalyst Il, the designation "catalyst -

I referr1 ng to the second catal yst when the conbi nation conprises only

two cat a @ to the |ast catal yst whensdsjaas com bination conprises ) _‘--
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conbi nati on) .- Wen a‘in [ 2briyssds QidireOd A0 |§6§q[t§e VoS orkh " . eg errents
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aésea'f i9,¥hg direction ofshe digwid 8ow 100 Him
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cat al yst's accor di ngperesity,perticle Kize i Uhtne&petﬂOfolfd&tchﬁlystS’Tﬁ'EIas foumed above,

i.e. they have a topal. pore vol ul e Of e tl‘]an 0. 30 rrt/g, [ ess than 10% of
] Eﬁ% ’Fn‘l’ﬂ ess of

the total porgsvolu gdﬁg, 3h' e %ﬁa‘ﬁ:‘a -
100 nm 20 (b) caagmﬁnu& ,:%%uyas ﬁ; mm [er’rfl-
vo ohﬂdra

satisfies the 20 rtiogedi abewexit they h:

2y 0.30 mi7g Jesechin and
such that' the quotreg@’;/aoéfrq“jm?a rg

yoltme & lnemesequﬁ peseschating § éamqter ([ldzcdshe

per cent age of 20he t g ahAtH! 5] Y A F Bk & Bl GBI AAVEL | Qﬁﬁ%gmé’o' oo

catalyst 1'l) lies - betrepiénent]O ahd 90% and sati s
requi rement; [err] where esents the sulphur -cont.ent” of -the feed -

and [err] the desired o0 Bﬁ&) %

E/P") ]mn<4+1éejr1?ém(l’xﬁ’ the desul phurr zed

product, expr essed (&) Cmﬁﬁanﬁﬁ%pb%d\’@'&g:ntthat “the.. quotlent [p/ijd%
conbi natlon of nore t hrequirdmegt: catpl ysts is'used,.the req

of porosity, particle z 41 Jc ratio of the catal ysts are :
essentially in agreerrel?lz'lt '\%/fdﬁ S*i‘r’]}artﬁft ool V5d9e «(Baet (a)- (d) for a 2
conbi nhat.i.on: of two it ydiJeﬁtagve it thidEcallyR\WoRhe edhal « np ﬁyscatalyst II ((Pﬁglt e

cat. l

the
rrents mn respect.

requi tenerit s’ menti oneetalpn dEr ligs prwen 106mPS0Y, @i shldBes e followdsy! and
35 the percent age thereofsln pores having a diameter jn excess of 100 nm-
now apply to each of _|g£ al-aly, s{,| and
catalyst 1I, (f) the tlﬁgglgl s;arr%r%tr rre%ltglsiongﬁhscgg Er%&))’<%| rs,resp ct ko’i'f [err]
now appl i es to the averhm‘(;_;es err at aly determ ned as the wei ght
average of thgp40 content of fe’éélﬁﬁ’e |d%5lf€ﬁ1%tlphur
catal ysts of which ca St e hguo catalyts @ﬁ&

I ndi virdual <cat al yStISSPGE Oﬁ/‘dﬂlﬂ@b’a _éd 8 tand vdhmeﬁ‘iamma%edte hﬁﬂys& afe %ﬁUCh

that the quotient [ }Fés%%a@éﬂf%sl-s(déﬂ%ectgnt[mmr] of Ttwo

present invengson i [ DI r the catal yti
45 ~ hydrodesul p urtm:zﬁ? Qf;rébﬂr'bﬂgb e)"'kgf]n gesh&getﬁe&ig%m (pqgmrg‘gl dual”
hydrocarbon oils apphé toydachhaf .ioaml eatalyrste neppibed [ eatdlyst I\iridCdatalpst AL, €SS |s
carried out in the @%ﬁg‘@“ ‘;zﬁ(é[} “\/\Eﬁl’efﬁ "édpﬂé%é’ dnwgamil@h a

wat er vapour partial pugs +§ g,;dp °ﬁﬁ§dx i ﬂ‘% t°f'1é"°hydr :
arbon oil being conseendtl\é fecont act ed With a a f‘:ﬂk u? al ystg?l

whi ch ‘satisfy the. r@} eﬁﬂmlsdnrl Oiabbcbeca lystelrns(caapoeg)has 56 a.ndd

pir |
Wien the requirenents m‘iﬁyn ls@er el cofcitge llgsﬁi)rgfcfs‘f?[ ﬁg)g):]ugat al yst

50 : 45 hydrodesulphunzauon £ vanadmm— and mckel-contammg residual hydrocarbon mls 45
without catalyst replem jent, whlch process is carried out in the | presence of a quantity
of water corresponding| with ‘a’ water vapour’ partial pressure during the process of
0.5—30 bar, the hydrocarbon oil being consecutively contacted. with a ‘catalyst 1 and :
s a catalyst IT which satisly the réquirements indicated above under (a)—(g). '
: When the requirenents. which are ‘now made of the quonent p/(d)** of catalyst ' 50
I and-catalyst II are Cof '_pared with those which were made in the past of this quotient '
of the catalysts employetl'in the | process described in Spec1ﬁcanon 1,468,160 mentioned .
above, it is-found ‘that ‘a lnumber of the. catalysts which were regected in the past are now
eligible for’ apphcanon 1 the catalyst combination: according to 'the present invention.

35 Catalysts outsmle the e of Specrﬁcatwn 1468 160: Wthh dfe- now ehglble for- 55
application ‘are: .
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| and catalyst |l are conpared with those which were made in the past of
this quotient of the catalysts enployed in the process described in

Speci fication 1,468,160 nentioned.-above it—-s—Founrd—that a nunber of the
catal ysts which were rejected in the past are now eligible for application
in the catal yst conbination according to the present invention. 55

Catal ysts outS| de the scope of SpeC|f|cat|on 1, 468, 160 V\/ni ch are
eligible for - 55 application are: 3 . _

1, 505, 886 -~ 3 (a) As catalyst Il, a catefyst
having-a g and d such t hat the quotleg@s @.tISers ‘the reqw rement 3[err]
( When—tts gone arsy S & S 1 4 —end d
such that the E])ufé X Iﬁxﬁl %1'?"1"@”@'@“‘? Hé“"Pé'EfﬁF“Fé‘H‘E‘ﬁ‘t‘ [P/(d) ]m" -
5 [err]_(c) Wen using ohe'ca “al yst .as catalyst -1, a catalyst | having a p
and d such t hat IOTexCRkOI’&QM(dIe]u.]K‘tsarfsthe)s the requirenent: [err] 10

In addi¥ion to an extehsion.in respect of ‘the catalysts referred to in

Pttt ons. & S 458 ohb Syl &‘*&ﬁeﬁt’ ST R TR, 1

limtatidns t ek Yfsotient BRAPP K., Alshds écl i'on
are not eligible for appl lcation in th rocess of the present I nvention
are inter alia: Uayl8sx&HKJRA(d) ']mé a1y @e Yhaving a p and d such that
tke quotient [err] 5 - satlsfles t he requirenent:

15 [err] (b) \ewhaSisig oﬁﬂ&tﬂﬁiﬂdﬂﬁfystﬂ?‘a@ﬁﬁl?s’tY%wﬂg:aﬁaﬁtﬁti%hdhsthat having a p
and d such that thheuoqwo{n/é@f’ ]E«.ersati,hﬁesatresdxme:t't he requirenent: [err] 20 .
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t he way in which p and d are .determined, reference is made to U.K. Patent
Speci fi ¢t i ong 61!14@81“%9 %ﬁ&ﬂ&lom@@e@mofﬂmwmm reféresd ceincSipedificetion on  ofp t hese

8,16 Iso_entails, li Ca !

parameters 25.7 P H? talysts, pahle, gocprding he present
i nvention thep‘}agﬁfﬁg % o "?IST a?‘rg it ’Pﬁht‘ﬁ%ciﬁl” ®&nce of a
quantity -of water correspondl ng W|th a water vapour parti-al pressure dur| ng

the procgss ofa)(es3a@pst Bhr, cadilys hapingra p and dfuchehteghe m@trﬁpléﬂ)eﬂahky
correspotds wi t et hedPauifemsBtr partial . pressure during the processiSof 1-15

bar and in partigupgriedl, p ’28;/(3]) - h‘a;r“fgr;qohe‘qw‘ hed quantity of water
may be added to the gas an Tiduia stream whi ch i s passed over
t ke ‘cat al ysts(b)TWbmwmn m‘ Sa@d@eﬂ! Iascgdﬁhlmvmsm plaed 4 swcntest st eam
Water as such nede PRt e sgEHESHBREPIFBEE e resi dual hydro- carbon oi |

t o be desul phur|4z,eﬂ;—¢p(pngkeeﬂp(m”“gglgdq%h)tqmt“he hydr ogen stream which is
swpplied to the process.?|f desired, instead of water a c%rrtgound may be

added frim 35  Thi sscaralyptoll 8 qapalyetyis nsed hiying i Pidndysackact i 2m
condi tions, suc ylzﬂu? Psfﬁhbfauﬁ © PR REal ysts which are used in

t he process accqrpgl(dljg»];tqﬁ;t}&mﬁ\&qm,i)qn as cat al yst 11 preferably have a
total pore vol urre |n excess' of - 45’ rr1/ ~and a surface in_excess of 100

MR *jéﬁﬁ%;ﬁﬁﬁ o PR o, TR oL PR pa,g%%%quals;:gn e

requi rement: [ ermimﬁlﬂg it the fwddhedﬁ&ﬂbﬂ)hﬁ myarademynummnd icdtedt éut the 1 n ention
t her e i S - par tthg Pleggnce pf & fqeantity. of water: oorrespondmg with a water vapour partial pressure
during the process of 0.5-~30.bar: Thé quantity of water used pteferably corresponds
with a water vapour partial pressure dunng the process of 1~—15 bar and in particular
30 of 1—S bar. The required quantity of water may be added to ‘the gas and/or liquid - 30
stream which is passed - over .the catalysts.- The water may be added as such or in
the form of steam. Water as such. may, for example, be added to the residual hydro- -
carbon oil to be desulptiurized, or -steam may be added:to the hydrogen stream which
. is supplied to the process. If desired, instead of water a compound may be added from
35 which water is formed under the prevatlmg reaction conditions, such as a lower alcohol. .35
The catalysts which are used in the process according to the invention as catalyst

ey

-

IT preferably have a total pote volume in excess of 0.45 ml/g and a surface in excess
of 100 m*/g and in particular a surface in excess of 150 m*/g. In addition, they pre-
ferably have a p and d such that the quouent [PO(d)**Yens.1 sausﬁes the reqmrement

o S [p/(d)“]m.,>12x10—*x(1:n)2 40

In the hydrodesulphunzanon accordmg to the invention there is parucular prefer-
ence for using a catalyst II whxch has ap and d such that the quouent [p/(d)**Tensnx
satisfies the requ1rmnent T _ .

12 10 (P,’)=<-{_p/(d)gf'_1_m&,,-;§4'+= 13 x 10 x (Px )%



ence for using a catalyst Il which has a p and d such that the quotient
[err] satisfies the requirenent: [err] 4

1, 505886 4 which catalyst al so has
a total pore volunme in excess of 0.45 m/g of which at least 0.4 mM/g is
present in pores having a dianeter of at least 0.7 x p and at nost 1.7 x p
and a shagp pore di aneter distribution characterized in that (a) |less than
20%  of ‘:..total pore volune is present in pores having a diareter 5
smal l er {H#an 0.7 x p and

5 (b) Iess ghan 20% of the total porleioysdsurre is present in pores hgvi ng a
i 1 OV 9

di aneter grearer Iman L. 7 X P A3 3 gy o '
catalyst or two gee Iﬁ;‘gﬁ §’J; 'a 1Y Aelds Ehr St ’{ﬁ.}'f‘pe process .
according to thegyg bérOfamelen ¢ £ &hBrattized i b carri ed-out

usi ng one cat aI yst as. cat aly If use is made of two or more cat ah s

10 as catal I(a) kﬁ%%i"gf 9fsths' 1 parei volyme dt enesyrytmwoqe%hamap&wﬁemay 0
in the desul - i ? d/ or 3
1‘6 ar- e aerﬁp{‘gglruﬁmsge( ar nte B‘gﬁ Ia%;/neefég) When

separated fr om

two or nore catal ysts are. used cat al yst | preference .S g| ven to a’
process in which ﬁehe [pe. %’t“’? §’°‘1E5mlym osed
occur in te reé_fﬁé ﬁ&r%g é ngfg“g’ﬁ
sequence 15 thaéa tafy8th ‘of @ficH] ca ysten

catalyst | is cohqmm mastoxsmkerl mikedt mmeashaﬂ:ercﬁndtoheeppmec@dmrwgchcm i.e.
that the quoti effer ‘Héﬁ?f‘gﬁ e ?’H’*ﬁe Wef'cﬁwl%ﬁf fca'l“%ﬁs prE o f I ow over
: nee, is cata of

the catal ys8 co st & o eps gaio;ﬁsichloa, Hor-) ¥ -and;ql so

past lobdbir i
when two or nor ﬁhaﬁ&ie&lhgtﬁitlgpled)e' Seacl asnmﬁ@hy&tw c,hcam I ysSdomp ilsl’lg a tot al

pore vol une  exedigsthefthy. Oﬂ(be pEgedingqataly lefféfttrth,ﬁdluotf t pi(d)” aflesiayFt m‘%”ed - 20

that a catal yst Sefa yﬁf%: :go‘% sé‘g eaﬁ‘%a err]

satisfies 2he r agkhgl LB bore didnte in \&k &B& It @I NMOjiE
catal ysts are umda amlysclligbsyswithl 4 p :tnhldSucplhafme @rotmt B3 (d)**] wd; satisfiesthect  of

[err] applies tEFq'E'f’?@ﬂaverage [err] of catalyst. which is =~ - 25
det ermi ned as the wei ght aver TR P 0.9 err] of each of the
i ndi vi dual catal ysts of whi chqgﬁfgllﬂ's‘%q @ﬂg}"@ﬁ (ﬁ)"ééij -Cat-al ysts which are
use accor?g ng mhtﬂft@rqvme!mwlﬁn Wo roeh!eteabhlysrmsalascaalﬁt B @hi: mfblsncby vvelsght

and in parflcul “’EP"S"IG P +h EPRES| i %ﬁﬁ m OFight i 30
and 2.5-60" partga hasal | cu pé ar'fs Werght of

nol ybdenum s&rwlﬁdhrugsﬁ D aga6it mé.Qch@ mv&mbxypwaglbtcom oa-mo er. The =
atom c ratj be schy whighk apd Nl lalc%be:lq pasm bb'f?@semf Mdohnd/&ndobhbl ybd pum ¢

and/ or tungsten -r“’-_ m° prefefably..
o e e S T I G EaR e
resent cat al ystsmw&hmwﬁkglqod,gggpmblﬁ / m?; smtable '
cobal t/ nol ybden ¥ B0 B mo present
P amsfef I RRRE L
sul phides. It i gseR& o WsiSinvemtiod liny hish BE M ,ggregeet taleeNt i on in
whi ch the netal mwémproésunsulmg lﬁeadslm toghe ¢anlytitally dctvemiesfls mémgoned sul phi des.-

[ =

In addi tiogy tof‘ b"f)’é"“"fhe

o et 68 R it TR AT ol T AT YET TGO 8 o1

40 - such as tlpesalaystsn, siob ekilicsbkmira) mﬁmﬁuﬁbhmas:%ixu&s bfWe and
chlorine. Very said tositidsesuchl(is csilicaib ,fsmca-mmes relsem-memw sthafe oxi des -

d silica+al o
of el ementgs of mwmf g&?@mﬂe catal Ej?;ﬁ%&% S”Ch4sas %
silica, alum nameghidifashes bt QP edg,ral dlll’s,(ﬁ&_ I des, :
such as silica- &hﬂmma-goomméudaafo B NS trant alhmmeﬁagmegdrageamda&ml ca-

zirconia. Al um nraemameppsfxfglweyrklél E 5w ?flcefiﬂ for the ¢
present Cag(lal yslgiibn t0 erelatlons 5 %a catgl ysts
whi ch contain t pressures used on the d, and the smtabllxty of these camlysts _—
for hydrosulphurization of vanadium- and mckel-contammg residual hydrocarbon oils
in the presence of water without catalyst replenishment on the other, it was assumed
' that the above metal load produces the most attractive results. As can be seen from
55 the examples of Spec1ﬁcaupn 1,468,160, the metal load of the cobalt-molybdenum 55
catalysts is only varied b 13 3 and 16 1 parts by weight per 100 parts by weight -

of carrier. It has now become. Aapparent that the metal load of these catalysts.can be

greatly reduced without impairing. their sultablhty for the desulphurization of. residual

hydrocarbon oils. Thus, for' example, it was found that a catalyst which contained
60 2.0 parts by weight of cobalt and 5.5 parts by weight of molybdeniim per 100 parts: 60

by we:ght of alumina possesbed the same excellent suitability for the desulphunzanon '

Y
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nol ybdenum netal conbi nation supported on alumina or silica-alunmina as
carrier and which are recommended for the treat ment of hydrocar bons with

100 parts by vvel ght of carrl er. In the experr rrent al vvork upon whr ch
Specification 1,468,160 is based, which appli- 50 - cation refers to the
rel ati onshi p- between porosity and particle size of catalysts and thgs\ 50
hydrogen partial pressures used on thé one hand, and the suitabi Ii Of
these catalysts for hydrosul phurization of vanadi um -and nickel - ol ni ng
resi duals hydrocar bon oils in the’ pf,sas,eg‘gce of water w thout catal )gst

I’ebLerll SHiTen Ot T eSS aSSTTEY s, e DoV e 1TELa oad
produces th #@2 i}%, mz% o b Vi 1P G t he
exanpl es~of bppeight!df Glnina)\p,1d " 4P | GelnaididgethéTRima) TheCigsveny ¢ ot
cobal t - WI ybdenum , 55 cat al YSts is onI y..varied- bet ween 13.3 and 16.1

..~q

p,%4

parts Y m ?‘ @‘F‘F‘? é’rbe RepESHTY sis by become
Bpparent th sih lodd & u.ri 1573,’%35;?{;“ Slae sk 1o duced
wi.t hout i rrp@ieparmntlhesbts ade inat oL dasBitivith of 1 esi dual
hydr ocar boncaytains cobThtaeﬁ m@ d oeed Nﬂm ‘fl'Gl!l unkingt as qerxiem| yst whi ch

cont ai fped 66‘31’ %m ﬁ 15’ mﬂfﬁ}[ by |ght of
mol'ybdenum Qﬁfc:lmﬁ)ﬁls@ plich if in thedim 1;4& mssc@ca@séd th |
excel | ent stsuﬁsﬂbrhtchtcgmaﬁ:ﬁrcobhlnmdd@mb datatd suppérted om alumindor silica-alumina.
1, 505, 886 of r &y eptatysts (whigh arccapplis: l‘bmdltlmt(’tth ebeonrenmler as a
cat al Vi mw% A R g2 uﬁﬁy ts by
wei ght of Aedlenty D Bled &ﬁfuathmpaﬁcapm and err]
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100 and [erqa]'rler phﬂymlefatht tdiystiand foufunther pastiquiarsf préfefredomethodiebpreonposi ti ons;
dyring cal C?XS?_%% f ereml;iese m‘g‘g‘éﬂj?o%ﬁ“@‘é ‘%‘&h%ﬁ"’ﬁ@ﬂaméﬁ’gﬁ dial 1y takes

pl ace by hea ﬁond?rél RidrochBEHPGI: HithuE catalyst bet ween
450 arsg [ erseplenshidentitd ﬂieﬁd'aﬂlyrbg'ribc QutCtyjsing { the ARirdctbonSeiN® dlevited at tdoi s fi nal
25 terrperatm!,mtldee@rweﬁsm andnin (she mrhﬁencrmit @Idrosel ingn ) glo f or mati on of
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'the corres¥ mﬂd’ ° e} u‘g Wﬁh
the prepar alyebin Ghd /i§dmies sonsn: 'agaalaé T e ot B €5, AS
nol y bd&num addidior tol the Sy dedtard ' plum nol. ybdat e ‘and. ammoni urB5t ungst at e

are often usedrhe mdesulphunzaumta‘:qﬁ 85'eéﬁ i §}“d§ le thermal
effects may] ’h‘[Esl’]’(g ™ 3 east ?9’2(&1 Q’Q‘r“'ﬁfé“é: sitions, which
effects mayg t@mot. p%&ﬁ,tyV&n 361' he ultimate
cat aI Pat s, IEmedxatéle sqbseqmr tsetls ‘cdntainfa. daﬁlya oysdmbmdhhf edy 60

hereinbéfore as catalyst I and’ the final catalyst bed (viewed.in the. du'ectlon of the

liquid flow) and possibly ‘one. or.more .immediately. preceding beds contain a. catalyst-

designated hereinbefore as catalyst II. If ‘the process according to the invention is .

carried out in two or more reactors, the ﬁrst teactor and possibly one or more: immedi-




it is therefore inportant to keep these thermal effects in the' calcination
as small as possible. One of the causes of strong thermal effects in the
cal cination is the simil- 35 taneaus deconposition of nitrates.and

ammoni um conpounds. The thernal effects 35 associated with this™ 75"
deconposi tion can be avoided by using nickel or cobalt formates instead of
nitrates.in the preparation of the catalysts. Another possibility to keep
the thefph) effects occurring in the calcination as snmall as possible is to

carry oye/t he cal ci nation very cautiously, for exanpl e by using a l.ow rate
of heating-up step 40 by step hei?‘,Bs*%Qs etc Local overheat| ng of -
t he conposi++en— e OR=-4-h—3 ‘- -t-s—detriment-alt ot W '

the activity .of tﬂ'?é‘l b
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beds contain a cq&ea_ g@&al GreHaD Is) e rfofsfgfé d.e$459rca E __
her ei nbefore as  adttiall presturd of 40164 bar;‘alqal:eehthlo{ Qe‘fﬁ wmgnlof freshhe oo
di recti.on of? the f ﬁb‘m tipfratlys pertioyr soth e hystrogeryf Tammfcﬂ5&t-éq09 30 :
pr ecedi ng beds- c e t‘ k@ntwmm % eﬂ%ﬁ&ﬂg Byl vt .,
If the process ackRd reh:‘fto@ﬁné&ér& nth@ maﬁsﬁ nor e o
reactors, thefi roftherdealpmtrxzata’nctamsuntb onriesuppresmdraed imliredheonsequexﬁly o

6 ately sub%%querﬂ"l‘?“?& Thd tipn eforet tegoy ofs ip P&f?a’bb'h%m‘} r ed%t or
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he _pres _'c' drog
B! Hglirblash
catalyst ' 11. The :nea;tra&ﬂﬁsbfs,hyuhgeﬁ' {-Gpwa D HowaiGhart Idr £ ol ofieddr al yst
beds and/ or i ndi \mogherticallysantanged rgae sahrﬂf emtainraoﬁneéalcmo‘mgmlms’ett égards their

; ttr ¢ embodiment
cheni cal - ?Pp03| tz’lf‘@i a%v“e‘;n :ﬁ;‘; ‘éa be mm Q;es% . st 4am
in the process aGe ke lgg,ﬂfg,- odlBed 40 YHe 23 eg“né en two or
nmore of the cat alﬂ,ﬁshwhqﬂﬁ tﬁe‘reoﬂg'_mmnod nccdi thilEHbﬁiket't )cm of water

assi sts in [educispher Nery pappae ambodis evfnftthﬁed ory) hwqrai oduct
i on has. #en SELET e &légan ?t%%ty g et
The specific avelfigse dakibds, 8P fePlbnidiéd i donused i n

the 10 pr. ocaeendmacm:ohed smi@pmmtpemﬂ d:sired,sdemstamzanuﬂ em(hlsB-bE 5 mm
and preferaly caried out by suspending the Et@ﬂnmthel Ovailﬁebecﬁww |(®-requgred '
according to the"feﬁgm"j 3 , *%:e ?h&{ ,at a |
given p and [err }reitfens el Bla vt_"atimblp eﬁ:ﬁt&dd Bi @8 would
arise in the applprdedtiafex di latee Hoe lldftl ﬂnkebmaﬂhaumh;eaddna;ndwphunmat ion 15

b d oute firg; desplgh Y f t he-
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as described in Sj&ﬁ'é‘ch&:btﬁcﬁts laf2[tatalysts whlch contain one or more metals’ havmg hydrogenatmg

activity supported-on a ¢ _
If the desulphunzauo_ accordmg to the invention is preceded by a demetalhza- .
60 tion treatment, the deme ation is preferably carried out accordmg to-the bunker 60

flow: principle of accordmg to the fixed bed swing .pr_mclple and'the desulphunzauon-
is effected over two or more iconventional fixed- catalystbeds, |
.-As has beén noted aboJe, the ‘demetallization: of ‘vafiadium- anﬂ mckel-contammg
tesxdual hydrocarbon oil restilts in a prolonged life of the catalyst combination which is
65 -used for the hydrodesulph rization of the demetallized oil. For the catalync hydro- =~ 65




1,408, 759 and 1, 406, 804, the aggl onerates having nore than 10% of their
pore vol une as pores having a dianmeter in excess of 100 nm Accordingly,
the references to catal ysts in this—speerf+—omrshoutt—be—reat—as—+nettdi ng
catal ysts in the formeither 20 of particles neeting the stated
requirements or of agglonerates forned from sai d: 20 particle sai d
aggl onerates having nore than 10% of their pore volune as pores hafrg a
~dianmeter in excess f 100 nm The reaction condi ti:ons used in the
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can al so be specific quantty by yp g P“hg” Bl yst in the
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react or . | motstants whaenprey oft the: daadl#hlmzamn (vftalyug toombizadieri ist repliced b!educ- 55

ing the te@ﬁ‘&ﬁ:}ﬂ? %?;Y;;%ﬂ‘}% fgz’ecg; oimeliity fﬁ‘g@% Lrisen as.a
resul #5of theggs ‘:ﬁ;,sgﬁ T SPRER PO EHREEPRN at akysts for
denet al | i lemghd‘xeﬁduﬁll.l@dir daybdzramxtbomeusklﬁfaums@adeﬂlvmaﬁnmmlcont ain one or
nmore metal s _leens epfaiat i ng activit upported nacarrler If the
desul phuri f‘ét‘ ﬁ%&%ﬁ?ﬂ"n&m{l’@"t%@cﬁtﬂvéﬁ%ﬁl 5 etedfMFmE denetal |iza-
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convent i onal g\ 1s H"_',_ Sthan 010 n noted above, 'the
derret &% | i zat ig laBCkhdal E/gpmgnadaggmer@esdadyal hyég ocar bon

oil results in has qnchod pu@ebkhdtltﬁee:uoxfenﬂmexsdamﬂyss 500y, vatatawstwhi ch i s 65
used for the ?ﬁﬁd& Lt ek W&fhe&ﬂgweemumlmem‘r For the
. pore volume is lar

catal X& I C hy surface aréais larger than "150 m’/g, and - _
g) pislarger than S nm; ». = T . 60
4) catalyst O has a larger total ‘pore. volume than catalyst I;
- . 5) catalyst O and catalyst I have snch ap, dandv that the followmg relatlon
is met:



7 1, 505, 886

7 denetallization of a vanadi um and ni ckel cont ai ni ng resi dual hydrocarbon
oi | f oowee—by—adesttphtrt+zatton—of—the—deretal | i zed oil according. to the
present invention, applicant has derived the follow ng equation: [err] 5
wherein [err] and ‘[err] represent the netal contents of the

non- denet.gtN zed; ‘and t he S denetal lized oil respectively and [err]

and [err] reaent the lives of the desul phurization catal yst combi nati on
when used \&dr the non-denetallized and the denetal lized oil respectively.
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processed over a ccertﬁeape&emgarotut joirlt \catulpik wiéTEmeOdt cathlishs Laddl wiai is @ceagiednat i on,
the life of the cat diyysmnlyedhifnes |Ibhh°mb¢¢eebé0#ndﬁg%randm¢m:ﬂmlmm B
non-denetal | i zed feed i !'_-psr:ocess d.over the sane quantgty by vol une 30
of the catalyst conypralia @i»noge<mggtmgmxc(g m@j « P%Z-taaj ytic

denetal lization 30 as rrst-erre Lo iter ei nbefore, the Seed wil cont act ed

with a |larges quant |1£ ol H‘ lfml_ccoat a stthetfggn X\/Ig rJs &?dgs: lhl j zation.
Is applied, since.i r;;o,t ﬁg Py mq;d '%%s,py v#Pune
of the desul phur i zatron cat aI ys | conbl natron V\:hl c |s -t he sarre in both

cases, a certain vol jume of -d netalll al i's used 35
gherem the desulghunzatJon 18 preoedec? by a catalynzcahydm&met%:zau n using a -

in addition.
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hydr odenet al | i zat i omAsciémerdlizantbin 'lmdarahrmkeek gnmmt tie mtx\;gtsucs&ibeklmlabdv;ﬂdrocar bon '
u‘i’%ﬁ Applisetion nNest 73A%38e ABLI%:zed oi |

oils foll owed by dNegt
using a conbi nat ;ﬁgﬁﬁggﬁ lfntn@t{ yﬁtbg w@gﬁ%@gﬁe with
a‘tcnldb& dtla :

t he present %nverunaemudsbbﬂﬁﬁﬁy ; nlan 35
desul phuri zat i on Residues ybtain ' dintillavipn yefi mdmmon &Mathwmal or
desul phuri zati on xe@b’%‘f g‘;%geaheaWehYém%é’P’%tﬂwdiﬁ‘rWl‘Efﬁ‘ﬁ‘éd‘ acgimdapce ‘R@epl ng the

total quantity by Vopigefibn Gl @b bR tvidieledRE R Befoliovitlg Hxdples.
desul phuri zation cat aI yst combi nation is replaced by a derret al | | zat | on

cat al yst and®®when, |n add|t|on ‘he foEKéMPh Iy equr rements are met. 1) Tge
desul phurization g Eg—ij: &%ﬁ‘@? m"ﬁﬁo f %‘;‘# m&zﬁﬁ?m' zation
catal ysts, nanel yang tﬂm - .

udb ¢oils A—E) thhout catal st replenish-
45 2) the resi duahmhylimﬂpmatdsﬁm

ItHe oilh ads eﬁectedsbe asgisg thise eaged tan-t Ot al

vanadi um and®ni ¢ ssvab : J]‘%E) : of Jydrpgse “E‘bﬁﬁ!'ainl $ sopmwand 45
catal yst, indicat %‘x' chTred TN Sk Uf 2] b2 Wl (16 Wk SRR S°
a) the catal yst Cfd'Jamt 5i€as. d@ﬁ@h&rzedrma@ :ﬂm SEndhaHs g witl the Q@R VMmO act | VI t y
on a 50 carri er ;catalyst to the same sulphur content in the product (Sz). In one of the three experiments .
S0 "the first. catalyst bed contained the:catalyst referred to below as ‘catalyst T and the - 50
second bed the catalyst referred to below as catalyst IT. In the two remaining experi- -
ments both catalyst beds contamed either exclusively catalyst I or exclusively catalyst II.
The desulphurization experiments were carried out at an initial temperature of
360+=5° C, a space velocity of 0.7 kg.. 17 . h!, a gas velocity of 600 N1 of Hy/kg™*, - o
55 a hydrogen -partial pressire varying from 75 to 150 bar and a water vapour partial 55 -
| e




b) p/d> 3.5-0.02 v, in which v is the percentage of the total pore vol une
that consists of pores with a dianeter |larger than 100 nm c¢) the total
pore valune is.lacgeb-tlan.0 A0 od/g.d)-the specific surface area is

Iarger than 100 [err], but in cases where the catalyst 55 has such a p and
d that the quotient p/d i's larger than 3.5-0.02 v, but at nost 10-0.15 v,
the catalyst has to neet the follow ng additional requi rerrents e) Thy
nitrogen pore volunme is l'arger than 0.60 m/g; 60 f) the spé
surface area is larger tha 150 [err], and g) p is larger than 5 nny.
60 4) gat aI yst O has a lar ger t ot @komge vol une than catal yst I. ; 9-5)
?2}\2{ I on Isrfgqe t\lr]arytlgn ] frox::u 2 ;:) 10 bar' Todprepare a proguct havu:gea connst:i:n s;xlphur 1 50% 886
BTLor 1) PR i b e el e g e rpmmen o 1 27 O,
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7, 309 387 cZn ﬁ402989, (ﬁ&par&t;oﬁ]oﬂ tﬂe&'scaalysts TasAtiegn B&Mmil' lee pr esent

i nventq on @ﬂeﬁtsrpeepwms BC hydfo-
sesuionuri SFOLE R ¢ "g@ ) R S e and
nf ckel - contiaye described i yddvmathamsen & des uﬁ ti OCess i s

carried outexpelimbdlearqastmdm'r@lecﬂ a quantity 10 of wat er ‘corresponding wth

a vvatgbr vap partial pressure during the process ‘of 0.5-30 bar (further
call'e <§{ 6 Pt e LRSI 10 Pk ', i b BonhOCes 3>t he

hydr ocar borbfo, bswggﬁ,cmeu &mmr} afe ré ofVhi Ch consi st's
-of one. cata:lz\}xduleﬁadcradecoa,t al yst *which al so:‘consi sts: of one cat al yst,

whi.ch cat a!’f?( neet the foll owing requirements:. (a) Both catal ysts
have ggtot ;ﬁr | MR vaBRh &;B%k& cafdentlof %%m%ﬁ%per pCentage
(v) that Qemmu ywé&:aueabsﬁaﬁmrmamm@g&rmm is less than

10; (b) catoahykddlelﬂasthadeeljch a.'specific average pore dianmeter.(p) and a
specific a\éﬁ?‘ e particle dianeter (d) hat the quotient [err] neets the
requirement ?rk]avn(i mtahenmfnpeatnewcetmtdw bmmtndqqm Seetf0! UMe of

cat al g$ts lof 20 U obtafne® G iéiidue Gn B¢ dsEllationy Stlathdsphiefitvprestiire ofl | ). I2ses .

bet ween 10 aanddl@t)wepmdl by diesthéring araskiog loiauemnosppmcrqisnmen residue i n which
[err] is téaMiddsfiast crdedilent . of- the feed and [err]-is the desired sul phur
25 content &f phe desul phurized product (p in nm dinmm [err] in bar,
[&rr] and [ermi lkaﬁné’/ﬁv):qtal\tmﬁdhﬁhIﬁn&:hﬁ:eldﬁﬁtﬂtlamﬂslpiﬁivlaﬁkﬂahﬁphﬁd’@ﬁ-EdEd by. a
catal yPic rob 38 teliyaweight abtiinnd as oidws in thealisaliatipd statmdspiericpressiry/ st G0, t he

r equi r ement% 2 GaRbbFA KRS nbef ore under 2) .to 6) being 30 met. As
dermetal | i zggz o catalysts .preference is given to the catal ysts described in
above-, nenti orgerhayingd toaaasihel die hicRNaf=ftat B0 Hbpmw\a J salpiur ecateds . 7, 309, 387,
7,316,,396, df 141/<Ob htZ omedllﬁ@e!aﬂdlﬂtmmmggﬂh@m stionaf ofl Beds to whj ch
‘the p|; sent ?? %&ﬁ?@ %ﬂ SSYFE %gggeﬁm%nd r3dsi dues
obt ai ned byd J,,@galt% the @ st@ ced pressure.
35 Resi duesofoiﬁdkeuanedajpmsrhg wetgleoﬁvmdndni pérl 190 paﬁs p;wdgmtos slhdfal ginating from
t her mal or carsier. .



catal ytic cracking of heavy hydrocarbon oils nmay also be treated in

accordance with the invention. The invention will now be elucidated with
reference to the fol |l ow ng_Exanpl es. 40 i
EXAMPLE |. Seven conbi nations each of two different catalysts as well as™

each of these catal ysts separately (catalysts A-M were used for the

hydr odege) phuri zation of .five vanadium and nickel -containing resi dual
hydrocn oil's (oils A-E) without catalyst replenish- nent.

Desul phyy/ zatr on-of the oils was effect ed by passing these oils at el evat ed
tem 45.°. perature and pressure and, j gte presence of hydrogen. an&
steam in a—tlow . s - ough UL Jdindrical  fixed catalyst (—\ds\J
The 'expe-r_i rrents wer e -gar rlcu UUl. -i —§erTes—of—three: r'er achES Of t hree

experi nents the same pil- was desul hirigeds urdern t ke @amg oendi ti ons and. .
with the sane vol une bf cat aI yst ) the'"sa'he"Sur'phﬁr €onTent § n the p{rg@duct
[err]. In one of -the HhAree—expertrents—560——the—f+rst cato) yst -bed*

contai ned the cataly$t referred to Rel ow as catal yst | and the second bed
the catalyst referred|to bel ow:as Eat algst2IE h GheStwg r&npi ning experi-
ments both catal yst _b_=ds cont aiineds eift hdr 'excl' usi ver caTalYsf | or - -
excl usi-vel y catal yst The desul: ph ri zati on experinents werg carried out

at an initial tenperal u of 36‘0 II. a space velocity of "0.F kg. [err], a L
'6

e

gas velocity of 600 N} of . [”egr_] _ | = ashwdreger partial<pl essur-e

varying from75 to 150 b@g 2ad B 3er Vapour- pattisal 9.

1, 505, 886 : ) Gk .9 pressure varying| from 2. to 10
cqnst ant - sul phur content, fhe - :

ased durd ngs t he eaxperrﬁfetts. The;

ni fAat®d-at 1 h& ndnelt Wn=n a

0 be used i'n order to pr,pare-a

ent.

o0

&

t

nt . . _
Alhe caial&s@ ﬁr\ht?phmweﬁe used.in- the
7

d

q

¥

.
bar. To prepare a pro¢iuct havi g
tenperature had to be ar aduag
desul phurizati on expefi r%_gta-g'w_eg
tenperature in excess er
product with the desifed su1 phu I €
%.r

5 The conposition and{prg operﬁr

form-of their sul phi des,°grte"s,; 28

preparation of the nife cat arxs S .us

is made to the exanpl és of Spec[_{fg - -

preparation of these ¢atalysts. ;hrig?_' engdegcrgbead i 8 8 & fletail. The

preparation of the caflal ysts B*aEhd&p V\’/as effedt ed i t e Safe manner. as- - *
D

10 described for the,cat a.l ,'stfr'. ar‘. = w-t-—h—-t-h-e-—-p-r—e-v—r-—s-e—-t—hat a | owner

n TabTe A TFor informalipn on the _
d.in the present experingnts: reference -
jation 1,408,759, wherein]the :

netal | oad was usedadn Lign. of the catalrysts B* ani D*.. The five
residual oils i nvo_Ig.v:‘ec t,,; gaki of e Wescrishe® i B greater detail. 5
bel ow. The results %.Eﬁ‘ v.Eatr on expercr’ nent.§ are st{at ed in Table
B. 15 O L A = S o

15 G| having a total vanadl um andunl
content of 4.0% by weijght, obtai neﬁ:a sndue e ;N atron at .
at nospheric pressure d4f a M ddl eD?E sﬁt . O
havi ng a total. vanadi Urtrard=ticKe—cortent—of——64pm - \,ul phur '2'0' o
conent  of 4. 0% by’ Weldht obt ai neduas re,sl due |n the distillagion at ..~ -~
at nospheri ¢ pressure df -a M ddle tEgst cPud8. o?«l QO% & -8 Saving a total -
vanadi umand ni ckel cdntent of. 77 Ppnv: #nd<a suI‘E)hu‘F Gontent€ §5 - of
2. 0% by wei ght, obtai negd—as—Tesidue T e dirstttation—at: 7Jmspher| C

ind a sul phur__ |

pressuré of 25 a product prepared by| t he Lhe,;,rm,jr ¢k agki ng gf lan
at nospheric disillatign residue. o%fza M ¢4l & Bast=crdidesoid : <OjL D. O |
having a total - vanadi um and rytlgeE _coptent "of . 22_5 ppmw and a tul phur con-
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30 tent of 2.0% by weight, obtained as residue in the distillation at
at nospheric pressure 30 of a Caribbean crude. OL E. G| having a tota
vanadi um and ni ckel content of 130 pp -

wei ght, obtained by denetallization of oil D. The denetallization of oil D
35 was carried out by passing it at el evated tenperature and pressure
and in the presence 35 of hydrogen in a downward direction through a;
vertically arranged frxed ‘bed of a denetallization catalyst. The-
denetal | i zati on cat,al yst contained 0.5 part$s by weight of nickel and 0
parts by ﬂerght of vanadrunrper 1004 piaiges bYy. merght of silica carﬁrer

<

[erry 506886 : ~—FABEE—B-t+e of cat.
or cat. Exp. Gl [err] TWGbE B [err] -~ lerr], Cat. 1, Cat. II,
%, copbrTratro; 0 '.._:_-_'1_'-' N - mar— Joar - |No.
No. Chtws 11} hou A 0.5 . 150 |Lifgot - | B*
D* 30 300 LN 1. 0BT | 150 |cat.or mat. B*
o | Exp. 0il - Spoat ] 1] ' _Cabll Cat. U, {15V, combsxatmn,_ .
D 1 O_No. - No.sh ¥ || %w: .| Bar | b NS h Ho- ’a._II.. lz}grs - 1lo |
D B0 | A SPODgI ¥ g5 go 1 49 B FL Q)* 139 | 3000 10° M
- 0 A 4RO II" o5 ] Bso | 4.9 B« -1 ok2p 1400 10 -
D - 60 | A 330@0"“05{ﬁ 0 --54,(-._. Oniﬂ"_lﬁﬂzf 2000 3 - M
D"~ | B0 | B 3p0folfi*zo | Bs | 1049 M P-D| 3d2p seop -3 M
- 10 | B BOQgIIfl 1o [ Bs | 104-Q M P.5 | d2b s00 3 -
D 160 B 2D0RolY ‘1.0 | £95 | 104.Q ~ P B | 10400 3800 7 B
D B | B 4p0Rol Y o5 | s | 34.Q M P.B 'sd0p 3600 7 B
- m |- B 2P0l VY 05 fA12s | 40| M O'5= ] 1900| 300 '
D . | IO B 2B0&0V{ 05 .| #£5 34.¢0 - [L.® .] 10079 2000 2} C
D 50 A 4po@oV] os . | fo0 4.¢0: B .® - -357§ 4500. 2 o C
- vo | A poeov] os J#0 | 74.¢ B jL.& | ©7p 2200 2 -
D 1190 | A 24040V 0.5 o 2.0 - Pp.D __1-0(15_5' 2800 10 | - M
D - BOV A 1BOQoVI 1.0} D5 22.9- ¢ 0. .| 30| 4200 10 M
- v - A 7p#4WI'l 10 |D75 2.0 C 05" : 150 200.0 -
D 100 ‘A BOOOVIH 10 1 Bs5 | 21.9 - 0D 1060{ 24000 . M
D . A0 | Daz2poewiifr 05 |E150 | 1. 9] M O 5D -| 360{ 13000 M
- v’ D15D02.W If* 0.5 E 150 { 109 | MO.b ~ | 150 | 7000 -
D 1poVi” | D27po2n il 0.5 pA-150°{. 1 O - 2 0D | 100405{ ‘8000 C
H 78T 1 E 3BOBYVI 0S| N0 ) 1049 M} 10D |- 4075 420010 e
S VI | B hobovi 10 )ope0 ] 1049 M hie- | e7h 1500 10 -
H: 108 1 E 3pob%1 X 05 |“m0 f 104 .9 - -[1.® | 100.0D 2700 5 A
D Wl 1 A 550801 100} A5 | 1044 C [1.@. | 700D 380 5 A
- B A3_3304.q)>(' --1'.0._--. A75-" ‘B.0} C j1.o | 10| 800 - R
D 08”7 A 4B0B0X| 10 | ms | 104 ¢ - ‘fo.s- | 1000p 3000 10 A
D %0 A 3poBO x| 10 f J00 [ . 549 A l0.® | 350D 5500 10 A
0 7I§9 A 4.0 1.0° {100 | S Al =~ 1 o 3300 -
- X7 | A 40 f 10 {100 { 5 | -1 D {100 | 4300
X+ A 40 § 05 {..100 {-10 | A | " D | 60 3900
X - A 40 |- 05 [0 f 10 A ] - | 0o 700 |
X A 40-f 05 | 100 f 10 { - { D 100 | 2800
4 Xxt 1D p 20 foos 100 ) 5 oA D .l 35 | 2000
o D.|20 | o5 | 100 | s Al =1 0o [ 130
¢ X" | D 20 {05 |0 ] s =] b 1o | isso
| X C 2.0 05 1100 {5 | A | D :-1.50 ] 2000
.o X Cc ) 2.0 | 05 1100051 A | o~ [0 | 400
¥ Xfr.p € 1 2.0 0.5 |} :100--f -:5- ~ 4 D {100 | 1200
A A |40 Jos Jaso s oa |l w o fra | o1se0
A’ A 4.0 05 {150~ -5 .} A ~ 1701 1000
A7 | A |40 o._s* 150 | .5. S _Hj .‘j1ob" 2200 -

Of the’ expenments stated in Table ‘B, only expenments T-=XIi are desulphunza
tion experiments according to.the invention. The remaining expenments have been
rporated in the Table for the piirpose of comparison.
- E In the experiments I-=XIL, camlyst combinations were used of wluch each catalyst 5
. sat:sﬁed the requirements made in respect of porosity and particle size; in these )
ments the requirements made in respect of “%voL of catalyst II” were also sausﬁed



X" A 4.0 0.5 100 10 - D 100
0

2800 Xl D 2. 0.5 100 5 A D 35
20 : 5-—- --100 5 A - 0
1300 X1 D 2.0 0.5 100 5 - - D 100
1550 X | C 2.0 0.5 100 5 A D 50
2000 Xl _ C 2.0 - 0.5 - 100 5 ' A s - 0
400 X;-_ . C 2.0 0.5 100 5 - . D 100
1200 2 A 4.0 0.5 150 5 A . H 40
1500 A" _12. A 4.0 0.5 1597886 5 A - 12 i‘o%
1000 A" " AVhen the life OF each ofOshb ca lysﬂ-aﬁxbmanons usec5m the experiments I—XIH ~ =

2200 O the expemtﬂbmttbe rah tabehn| of IBels dlif¢ ofethe dividodl | - ar e

desul phuriza- 485t et qé 1t fhe) VR
exper i meng s ha%ﬁﬁpd aﬁg’%m BF SipE ECH ﬁh%“? fﬁ’f’é’mfﬂf%%s
conparison. . | n thEheupainede A A’ nddt havearsatey:stnc&mdnamams Ehe useg of

whi ch each cat atrwc of ﬁm%tanmfblg-?f;_jgrecmqueﬂ% r*?atﬁmgs&hwde@%t of
porosity and p as%%{iﬁliﬁﬁ S et A i it s nade in
respect” of "W cq ] B :ﬁjnén SAlstatdl 6 ts final Eﬁm
1,505,886 ' Table B is compared with. the fe of the mdmdual catdlyts. ﬂﬂiﬁiﬂ ﬂnh&:lelvdnf e Of each
of the catal yssxpemfis tqnd)n%' l}sle;. thoygh capplisation of ﬂusx:ratalyascogt ated in the

final colum oox‘!‘;ﬁ;}fi’ .‘i

cat al yst $5 used of dpd e & E& éﬂﬁt{k@%ﬁ,ﬁ PE‘”‘@I:%TSPEP Cﬁ'gy) d? ﬁl Qs

| nprovenent in cat aI yst I |fe ‘whi ¢ EIXSA, achl eved by usi ng each of the"
cat al yst conbi natjons of the 5 ' m;g n is’clear]y deponstrated. The
experinents’ A, Jr%‘f §§pl-°_ gnstrgtes the, o 8‘% et F then%enygne 98- £ or .t he -

pur pose of Corrpar'c&ﬂﬁt_caﬁﬁmmc; Phofediidl 0P @ lkoRaltBftich WRatRALakIYRS § 1S used in
t he expek? nment aﬂ.40)1 a ﬁtsddmphuﬁaﬁm:éagalystﬂeawlﬁqﬂb e sethd Sleshiphurisatile 20

experiment A ac th qaplosed fefdtyélp Mizagpn h! perodesel: i ent [err]
was too small. 3 Jﬂaxl;fc(él Eéfﬂs_fi F§“tM‘L bmg‘ anpe" used in
t he eXperl ment oﬂma:%w&aaﬁlﬁﬁntaﬂod flykts Adn d(nplahmlsd; h b thdsa e carhlysrs  CONpared -
with the Pl f e efparntsly verecamploghdér thechiydsp IS!U%MWﬂhowmﬂmmmexpemnents '

A and A", it pkthe wo ¢ ls’gﬁﬁ’i!"“’%\jf de41p! d"f}‘I‘P}E‘Pﬁa‘é‘”‘ ﬂ?fl §t com

bi nati on pr odu&é’&camed s g;,,qn‘,‘,n-1 i 3ﬁ§‘£j ok w ot Cls PR Leerkieral, N Vi dual

appl i cat |é§n ofnﬁnadpéssﬁ e two ca igﬁysts ‘of the conbination, it produces a

“"‘eFerra i i, ng

| oss in Catal yst- ﬂ!ﬂfgpmte carrigdout four by fopr: die pagh ser of @pp&pmtan of30t he
ot her. catal yst “p‘%’zﬂ wge under the same conditions and with E:11. This .
sul hur < nt product. (In all

exanpl e dermnsts 305‘5 3 Inlogp{, tl%ﬁe 333[ c&nﬁl & he di s-. cussed

her ei nbef ore. dakesdllization coalyi mﬁtatﬁnﬂmhﬁ&hmwﬂ,m dmtalsiermtmél I zation

cat al yst 3P cat ald P ﬂ a“"‘l&at“b@t mdlc‘ited h&ﬁ'ﬂ caalwtllr ﬁh?t|§£<ht i Orps

catal yst-(cata mm@a J11030) ‘?@ ﬂgﬂ (cat al yst

D) were enpl oye; son 66k rneﬂdsmy e.uEMsl su - _.

phuri zation wt home mnphh tmnr .‘ i tshmmrnecb:iuttam inmahtémpmnnaroﬂ R _

ni ckel -c8Mtain 5re‘§|9d ' 29r7 OF B'S, 2 gagjrpe of 6°c9 kg"N/b‘F eovep,

catal yst conbi %{g @%é aI ysts A

and D, and aﬂﬁmﬂﬁfar@ dt "3 eexpenmen&l!'ﬂd‘ y, were

enpl oyed or t blewikay 'u zeadedowhewat mratmatqil 42081 G &@l @nbtshrrent 25

of the t - edhﬁi’F or o&l‘;‘(° phuri®ation .
he deém l s! cam out 'a 420

of the oils wa L pakt ',‘byn §gten(g dﬂg d il E&ydrogen and

st eam downwar dphukikutiont) gin rfblma byareiulpaaizhﬁbn dheSspﬁS eebcity -x ed

cat al yst 5(lé)eds &tousﬂowmce@menmramMMF@%B rb‘s‘su

The
: S aj d .
experi ments werg Egrﬁam iy b@" es% m )4 ?5‘1‘”{"5{?%" xpeﬁﬁ)ments ’
30 the sanme mf,m s QL[ &mgﬂ, ,ﬁ%@@ -Wth the ¥ -
sane. vol une of infoahatioly Sbnceraifig/\rhe n&ﬂrc%:P fantrl}neaﬁrﬁN t’:ht71§ldihdé e Pr oduct =
opking tegamples of pu lished  Netherlands Patent Application No. 7,309,387 in
(In all g‘ € exg\ém the prteparanon of the: catalysts is-described in deta!:l. Catalyst 40 is a demetal— : 55.-
lization catalyst within the scope of Netherlands ‘Patent Application: No.. 7,309, 387,. .
which catalyst was prepared by co-lmpregnauon of an alumina carrier with an aqueous
solution containing vanadyl pxalate and- mckel nitrate, followed by drying and calcina- -
tion of the composition:. _
60 Of the two residual 011§ used i in the expenments o1l D has alteady been descn'bed i 60
in Bxample I. Oil F is further described hereinafter. The results of the expemnents B
are gwen in Table D. , .




[err] was 0.5%\). In one of the four experinents the first catal yst bed
contai ned the denetal lization catalyst indicated hereinafter as catalyst O
t he second catal yst bed the 35 .- T
hereinafter as catalyst | and the third catal yst bed 35 the

desul phuri zation catal yst indicat ed hereinafter as catal yst 1l. In the

t hree remai ni ng experinents the three catalyst beds contained eithg

conmbi nation of catalyst | and catalyst Il successively or catal ys
exclusively or catalyst Il exclusively. The desul phurization expe nts
were cdried out at an initial tehi8s®Mbure of 40 '360[eri].13a space'
ve‘1~dC|ty ®10r.7 Kg. [err], a gas rate of 600 NL [err] a 40 hydrogen
parti al pressmnembliav:ig)@mﬂ viﬁ&uhandahktleonmtcﬁmol_. andpasulphed  pressure
vary- i... Y fﬂg%ﬁwbtahoﬂ By beehebrained put apsifhsyinde gmesphstieidis- havi ng
consta g ot errper ature had to -be gradually increased
during the experinments. The dequABLgrwrl zation-experiments were ended when
a tenperature of 420 C had to be 45 ] applled to prepare a product
havi ng- §he desired sul piur. co . 45 The
denet al }i zat i ndeslogt-trrl ed oWt at b con tant t 'rrperature of [e

hydr ogep partj ed®ue and fgas r [ ndi'n
the desyl - phufT" vgﬁl”b’ﬁ’ In cas " Bl fof:o?g"t

[r] and a
applred in

_ P&k dle,pgst d on flollo
desul ph he sparce vel joedls, y| toimejiginmdst | he sysf em anount ed
to 0.7 50 V| Camicr | mi{e pulal ysbe wefe %apgpPited fi ¢ mehe for m of
their- s Hre—desjutphurrzatpr—catfatystsA=ar —at1 eady been
descri bgc € 4o (TG oCATPRSi I igyy fNngspr ogrd iles
derret al al ysts 1% * 11 and| 40 afe gi veh T n |Ta : _
i nformagi Ni rgp héiq;r pza3at ] axgloff 6t allydts {1 and {L2Ieference is
made to ) exa - _pubji.shedl Net hey | ands Patent. Application

No. 7,3pd0 ! df> thé4cat dysts is
described Th detar 1. Catalyst 2015 a denetal- .55 Trzatran caralyst within
the scope of Netherlands Patent Applicati-on No. 7;309,387, which catal yst
was prepared by co- i rpregnat.i on of an alumina carrier wrth an aqueous

sol ution containi ng vanadyl oxal ate and nickel nitrate, followed by drying

and cal cina- tion of the conposition. 60 .. O the two residual oils
used i n the experinments oil D has already been described . 60 in Exanple
. Gl Fis further described herei nafter The results of the experinets
are given i.n Table D 13 : K 1, 505, 886

13 AL F. An oil having a total vanadr um and ni ckel content of 410 ppnmv and
a sul phur content of 2.0%w which oil had been obtained as a residue in the
at nospheric dis- tillation of a Carl bbean crude oil. TABLE C Metal | oad,

pbw per 100 pbw of carrier © - - o Total Ni'trogen Pore pore

pore Cat. ..+ .. wvol., volunme vol unme, No. Ni

Vv Carrier ni. /g m/g ""n't-'/g v, % - P. nm d mml1l -
2.0 [err] 225 - 0.57  0.56. <0.5 - 10.2 0.7 11 0.5
2.0 [err] 243 -~ 0.81 - -0.74 -9 - 9.0 - 2.2 40 0.5

2.0 [err] 220 - 0.60, :0.57 - 1.5 14.9 - 1.5 14.
1505 886 . S 7 S



TABLE D Cat. life of % Cat. | %v Cat. Il cat. or cat. Exp. al
[err] [err] Cat. O Q. (Cat. (Cat. conbi nati on, No.
No. tar bar No—Cat 0 No. A No. D) h Xl
D 150 10 1 40 45 15 1900
X1l D 150 10 - - 75 25
1300 XI1}* D 150 ' - - 100 - -
600 Xl I I D 150 - - - _ 100
800 XV D 100 1 40 42 - . 18
4000 XIv - _Mp 100 1505886 - 70 L3048
2800, XIV' D 100 " TABLED - '100-____"' Cooe
1300 XI. V"' D _ S 100
1550 XV - F 11 50. 37.5 Ctlf -_f_'"_"_"=5

n : - at. life of J=..
é(Z)gOX\);\'/' - FF c t_'o : V _ r%(‘éct-toﬂ %(vcztat I cat.sqy cta:L

L at. O} %v. - at, a combination,
300 Xv'' .. F %? “No. |Cat. O No.A | No.Dy | w10
350 XvI. - Dk 45 O 45— 1j
1200 xvI' O P ol - ' oon 45
1300 xvi* O X@ R A '_"{5(_5_)0 B
600 XvVI"' D X’ — 1 - 75 25« } 1300 1Q0 . &
800 O the exppri nef q Donfly experl merjts Xl XV'ar_e
denetal - 1izat}] & de xperijnent s} @8®ordi ngto %; hproved
enbodi ment of - Hj@ﬂ,l"r r_eqperi npnts hgve pgenti ngdoudecl in
t he Tabl e for ‘fonpari n-exgerimepts Xl I} - XV cajal yst _
conbi nati ons WerXav af , chiof| t4ke | 542at gl ysi& sht 4840 ed |t he
requi rements cpnger i ng partifcl e.sj ze; the ot her I refents
according to thém?i P ent] of tlheTi nyeﬁ?i_on" '_wé(pe 2 sati|sfi ed
in these exper| ng@t 9. iaf tlhe_lijves of gach jof the ,atlgdoyst com
bi nations. Q.1/}1 giJen in | um jof Taple D gnd-applied in ]
experiments 10} XIv*” (tshe |l iwveq of the cat gl yd80 co Lr‘ollﬁﬁﬁlt iofs -
[/11 applied ih the experfi th LI XV, | ghows .
the gain in caf A{xhyst i 55 ag hﬁqudhﬁgoh gl[’)pl ilcat 15 bf qgtgt al \fst
conbi nations afpomrdi | rrp;r oved_ enpodi nentrsof |t heas nv¢=nt gawn". {It is
true:that a sujtable ‘¢ohbi na lied in g)erln‘ént-
XvI 15 7 (apdYhs ri rPent thin {he’®opd of
the present paf git. ' : iptient [enpd of tlglﬁ) catfal yst
O applied was. oo |d he reql re the "§ nprovedl enbodi fent .
of the inventiprvi B riment$ ueeshinjthe .
scope of the pfesent I [ ca‘ti s peinted oyt
that experi menf €K | 5%1 1 D?r e I"denti cal
W th experi menf sggwl | "' | sa.in|thgg Tahl e
and t hat exper|nents " hre i deptical- W.th .
experinments Xl | XAt ' 100 800
1, 505 886 ~15 \_/\HAT

repl enlshmeng \Ah.f“(‘f‘?‘-?l“'lﬁlg'o S .3 c:m%ﬂ:co
of water correspo%ywﬁgﬁ%“a-m@ M o

process of ~ 0. 5- 30 reyéifemént adcrding

E 10
15 .

20 -

satisfied .in these

) i ke pﬁmm eﬁﬁtﬂmmfddifoma rdsvamon”

experfments. Comparison of the lives of each of the catalyst com— -'

uant

mnonswere %h mw heach

binations O/1/II given in the last column of Table D and apphed in expemnmts
© XINI—XV with the lives of the catalyst combinations I/II applied in the associated

experiments XTI’

V' clearly shows the gain in . catalyst life which is achieved

- .upon application of cat’alyst combinationis according to the “improved embodlment of

the invention”.

It is true that a st table catalyst combination I/II was applied in expenment XVI

ent therefore falls within the scope of the present patent
application), but the quotient p/(d)"* of the catalyst O applied was too low to

' meet the requirements of the “improved embodiment of the invention '

(and that this experi

xperimeats XII
patent ﬁppheauon :
. It is pointed out that expenments XII¥, XII1” and X" given in Table D are
idenitical with expemnents XV, XVI’ and XV

if —XVFI

. respectively, also in this Table

are also experiments within the scope of the present

and that experiments XVI” and XVI’” in Table D are identical with experiments XI’

' and XI” in Table B.
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‘20



oil is consecutively contacted with a catalyst conbination conprising a
catalyst | and a catal yst I (as defi ned herei nbefore) which satisfy the
foll owi ng requirenents: (a; gacir-ut~=th

T rTTvTtTarTCar ar ystsoor Wit i e
conbi nati o f_catal yst and catalyst Il is conposed has a total pore
vol ume in excess of ‘nt/g ‘of which |l ess than 10 10%is present

as pores havr excess of 100 nm 107
- catalyst II m,m"ﬂumm ” rage pore dianeter (p) and a specifiq
particle diangtef (H) su at. the quotrent [err]. of catalyst II '

satrsftrgs the requirenent: [err] 15505335 wherer n ferr] is thelshydrogen

parti ar- pressu%ﬁﬂ?p @g\i — T5 (¢) when t he
conbination of 14 ;ﬁbc)!é o ﬂx@&ﬁ{iﬁtlﬁu&kﬂﬂhhniaﬁmq&__ - Qs by catal ysts,

cat al ygt I Gecathlyatl resléhishrhedt, v iprocedd Bl yst. _

sati sf- s thempte |nr Mmsence[@ﬁmymﬂﬁ of Wafer corresmnﬂmkmth\/amtet t'apmuonbr nat i on of
catal yst | xsmw dysts 't he
above re_qui fa€ 1l @asry "ﬁﬁiﬂ% cé'ﬁ %é%on ‘% ag”é’ [err] of

catal yst | which is deterni'ned as t wei'ght averagé of the values of [err]
of each of t(laEeacndnheﬁdﬂﬂuatmwsuystmfthmmmhambmtﬂmIlandatalyarrposed 25
(d). the percentI eorewoseérhesmtahporewme XTI : a‘k"én up by

cat al yst ° o PP b : Qve o and¥sat i sfies
t'he requrre _' 8 ; lose geont ent of the
feed and [err] riqhemmqur red ‘sul phur-. cont'ent - of t e, desul phurized product,

and 30 nat.i o _p | and catalyst Il is

conposed - of rml)l% f‘ﬁg‘h ﬁiB;(%%mj"(':a§§F3§f£° of the individual catalysts
~of whi ¢h cat alwpﬁssﬁ@mmddﬁawﬁamd such that the quotrtént [err]
of each of these catél sts 1S: greater 't han in mm [err]

oo ferote ki s e e 8 R rcess

‘Wi th a water vapour. partral prressure during the process of 1-15 bar. 3. A
process -as cl a|1r2£xo[p/(ltl)"c3]aatxmlpﬂd)ﬂt']n2x,<5i+r130xvlﬁT offPeat al yst - has a total por e

vol f 0. 45 3| f cl
RN R I.%%gm‘t yspfaﬁesarg%ﬂcii% udofmatpﬁlgge oy A

40 5. A pr OCESSve@Qe(fa @) TTed chcilysil mwhﬁm& geluf e cat al yst I
has a p and d- valudy qfrpil(d)fhef wthfehttm@mrl\m} cgd!ﬁtssﬁr@scht%@Yﬂehm rement: [err]

o G057 R il MGl ok e, 4, £

i'n pores having a |arret er.. .45 of at | east: . p.and at npst 1.7 x p and
a sharp pore di ane8etSedi st.ri bution  in whic (ai-SzeSS than 20% of the pore
vol une is preséfr T'g‘péirl@@”hgﬂi hﬁd“ﬂr‘ﬁrﬁ-ﬁg}o 10R24Pg)7> x p; (b) less
t han 20% of the por&® vol ung .i,s present ‘in por es avr ng a dianeter greater
50 t haxherdin By [pepresents the sulphur content of the feed and Sp the reqmred sulphur- - 50 16
1, 505, M(’fthedemlphumed roduct; and N . A _process _as
cl ai ne | n &Y th’bﬁﬂ?l‘“ﬁ gf:m gﬁ‘} f o B % ne: 84t al yst
as catalyst |I. Q&pﬁ&&ﬁe p,r ', pdhe cat al yst
used as cat al ys{t’/(ﬂ)"Hhﬁu (p it nm, d in mm, Px in bar, Sy in. per.centage by

- . weight). ' :

3. 2 Aprocessasclatmedmclanml mwhtchthequanutyofwanerusedcorresponds .35

with a water vapour partial pressure during the process of 1—15 bar. : .

_ 3. A process as. claimed--in. clalm 1or 2, in. whxch catalyst 1 has a total pore

volume in excess of 0.45 ml/g.-.

4Aprooessasclmmedmanyoneofclauns1—3 mwhlchcamlystllhasa

- 40 °  surface in excess of 100 m?/g. 40

¢ : 5. A process as claimed .in any one of claims 1-—4 in wluch ‘catalyst II has a _
_ : p and d such that the quotient. [p/(d)“ ‘]..m satisfies. the reqmrement

[p/(d)“ ']“f,_n>1 2 x 10’4 X (Pn )2

- 6 A process as claxmed in claxm 5 in whlch catalyst II has a total pore volume
45 in excess of 0.45 ml/g of which at least: 04 ml/g is present in pores having a diameter 45
of at least 0.7 x p and at most 1.7 x p and a sharp pore diameter distribution, in which '
(a) less than 20% of the pore volume is. present in pores having 8 diameter smaller
than 0.7 x p
(b) less than 20% of the pore volume is present m pores havmg a dlameter greater'
50 than17xp S .50



a total pore volune in excess of 0.40 mM/g. 5 9. A process as
clained in claim7 or 8 in which the catal yst used as catalyst | has a p
and d such that the quotient [err] satisfies the requirenent: [err] 10. A

process as clat_cred——a-ny—aae—ef——t-ralrrs 1-6, which is carried out using two
or nore catalysts as catal ﬁg ‘ﬂﬂ whi ch catal ysts occur in the reactor

separ at geh kf'om 1H ‘l“ “ m ‘and in such a sequence that the quotlxent
[err] dach o 10 of which catalyst | is conposed is
@sthat " of the precedl ng catadgg{m 11. A process as clai nmed k
any one of ~trarms—i=6

whrch—TSs 1 ott—ustn Wﬁ‘ﬁ*ﬁ-ﬁﬂ{—&‘l-yﬁ-t-ﬁ-a
catalyst |, which 3% ‘% é’ JPBP‘%EI“ ﬁﬂ%lvamlﬁcnme&%g-gﬂwe 0. 40 b-

m/g. 15 Q(Eﬁﬁn%d&lﬁdﬁha? T Gk ehe Qial GeP hs &lasszrm; 6, which
is carried out usrang;porevolﬁxeﬁnmoearof nﬂ/g:at al ysts as catal yst whi chy ’

cat al ysts- have a tin] ¢lim Eg@“ﬂgm?uwueﬁtaamﬂl ch
i s deternined as % ﬂ‘a_bEP/ e Joa oy TUERPof t he _—

i ndi vi dual catal ysts of. whi ch[mab]¥§,§1l4,4[§/@we9§ed is-at least 1.4 x
[err]. 20 13. A process as c aim 1n.any one of clains 1-12, in

whi ch cat al ysts ar elGdepfoces #f opings. 66, which és damriedeitaping of ni ckel .
and/ or cobagpt an t,%r ppor mbslyo .-i_ b @e‘% ste Oper

100 parts by wei hidh aﬁgﬁrm@eom- lsAmmcp boBig catalystCl al m 1 in s =
whi ch catal ysts ar ellu$egtomdses climed heanatomfmlamtn-eﬁ,betchvisemmndmkmhngand/ or
cobal t. on the on%?fg FROrecH HBHHE &nvbaﬁhdfwwawmlmwﬂnm he ot her,

S betvveenlg 1l a , £ s 1 h ied 15 A
process as cl ai Mwol ¢ asfgm _, myoﬂfoﬁmﬁ—i&a ,c°a£‘m°3“‘m?‘&l’ S are
used in sul phidi eveiamyﬁ(d)mofwlpat wich indeteghipgdins the weighvavenage ofthe values s 1- 15,

in which the cat )e thealpdividnal Arabats of woich el dnfomaosad it st fser 30

17 A procegg as C a LR ﬂ%ﬁ&@bﬁ%@r—ﬁa 'ﬂuéﬂ'*& G akystsagre
used 30 which cemaatoatahhﬁs-m ftd by Wei balO 0QartsbPPOr t ed on
alumina or sili cm#aﬁmﬁwdmd tnofSarme parts by wei ght -

any one. of 2t 10%@%? é%‘ﬁ s al:r:% hﬁge d%ﬁmﬁﬁl chnﬁg\zlgn .

any one of 28l ai the detier, ¥k
been prepared by caisi Apreemat ilsigedi Gay tre@f cliims daad4,Gn whidll the sftipa avd th an 35

aqueous sol uti on® hﬁ*! Mone or- mor e |ck nd/ or tungsten conpounds, s
fol l owed by dryi ﬁﬁ{‘ F A i ‘“"fﬂ’é é— ?‘Bﬁ’g"“lg‘e %?yﬁ? as cla - -
ed in any @oe of clg ;claink whﬁ&wmhﬂmb&ﬂmm:m&&a&aﬂc 30 '

average particl ewlddracmtmrthei:ob@k'@b@nmmeﬁncombmanon s oA gungimees as - ¥
clainmed in any ofi® F&?FPEMI

b whiglh popmin; Ss—10-pars Bt wesehe °b9‘e““ per 1§ paSS| ng
the hydrocar bon B oIS m&%lﬁéﬁ%ﬂe&%ﬂs%ﬁiﬁ%&rﬁ ALy

pressure argd in &M@ HabeEBeen) frepattd b \e6Lint@é@hating) a Qdirids [3y\ode Cor ra@sal :
direction throu #uu@msotmonrmmunmémemaiowmchdranmgmxwows,atbllymd beds, the .
hydr ocar bon oi . ALpO recatal yst beds
whi ch contain ca,; 2 ﬁ el é&fﬁé’fﬁ_f%’h— W“fhﬁhg‘% P% P87 catal yst
beds whi ch 4ont ai n mah .aé'“b o

fned in any ‘one of claims 119, which is- eamedl‘iutaﬁv A 40
process as ‘clai rhon
t enper ature bet d%g ﬁ,y_ :

t‘t:'l’eadwhtl at W‘@H@ at a

nio }%z %}5 m gaaure of
30-200 bar, a SpPggete thoie- hedsmé, &gy feed per
part by vol4ine ohdmnéa-ln;oﬁatcatpl@stqédewmm:mcahjydnngen/feed ratlo of ~150- 3900
N1 of [err] of feedl 50”00353 as. cla!medzz méele@s la':?ro’(ﬂb@ma@“ieﬁ"@rmone of

clainms 1-21, in yst -
derretalllzatlon g@ﬁ,qﬁ\ hydfoRe e FR 227 n which
alimeld h)&n;&one attcaln;stlpczlhy : m&dﬁe’mﬁﬂﬂhhmﬁhl on sp
Zation |

t he desul pi¥ri zati @3 Apropnemse
ich, .in order to -7
rﬂ“srfh"céff‘gﬂ ?TB‘F‘?‘T‘A% on, the.

treatment. 24. /8 S %awe gAtion

prolong the.lif g Qfaso i irodeiitai el

desul phU”Zs%t'C)n I 240 qs%‘ae @s éRiméll in clai "mwhlch,mordettoprolongthehfeof
the desulphurization catalyst combmanon, the “desulphurization is preceded by a 55
catalytic hydrodemetallization in which the metal content of the oil is' reduced from -
M,; to M,, the degree df demetallization being selected in dependence on the desired = -
extension of the life of the desulphunzauon catalyst combmauon m accordance thh o
the equanon o

60 o M.-(losion)xM,x(LJL,)u T e
wherein .L, and Lz rebresent the lives of the desulphunzanon catalyst combmauon :




catal ytic hydrodenetal lization in which the netal content of the oil is
reduced fromJ[err] to [err], the degree of denetallization being selected
i n dependence on the desit+ed—extenstor—ef—the—ti-fe—of—the—desutphurization
catal yst conbination in accordance with the equation: [err] wherein [err]
and [err] represent the lives of the desul phurization catalyst conbination
17 1,505,886 when it is used for tl -
non- denet al | i zm“m ‘Imnt “I‘ content [err] and for the demet#lRilzed
oil with a met respectively, the follow ng requir ts
bei ng ¥l so sati &fié (1 [err] 5 1,505,83% [err] (3) [err] and (4) 170efr]

([‘e’rr] and T A 75, A.pr0CEs3. as
clained i nﬁ&iﬁlgé&ﬁg%uﬂgﬁﬁim cmdot Fh o E E:?f‘?

rried 10
out by pas#lngal!ohmaﬁpﬁdr ocarbon -oi |l at eI evat ed..t enper ature and pressure and
I n the W§§£M0£ % hydrogen in an upward downvvard or radial direction
-throug';h on gbbtlcal |y -arranged reactors:containing a fixed or

novi ng cat a(ls 91104;1 /M12£075Aadarocess as clai‘med .i'n any one of clains 23-25,

in which t éerl@’;@di*beﬁhtlobn cat al yst contdins’one or. more metals with
hydr ogenat i€ Hﬁrq“’&d‘t’ mAhopss, Maapd Mo joipe@¥hn a 15 - - carrier. -

15 27. A procegs | I ch the
;demetl@l | i Zaut 33?9?;3.‘3&4%@“%%%“ &é ﬂﬂeé%m%o%ﬁrcfnﬁqom ccording

'to the bunkessenfs dkiydrogen i qolupward, mmoru idl Girdction’ @nel® ghofeM ng prr nci pl e
and t hat tH’é“J Sgﬂ' r“?"%@ mtaltfm fwo .or. npre convent i onal
fixed cat alygsCabgd one or mlgr:nny, %& géa %%W the catalytic
hydrotfesul Rbveier zat | on wi t hout - cat repl eni nt of vanag um and
ni ckel - cont ai ﬁ? r@ptoeqsa aiuuimedynjmmﬁahmm-s-zadmemdl one of cl ai ns
23-27, in \M‘H’ 3%3@13 ontacted with
a cat al yst |t‘g or °‘\/\h| ch com
prise® one catzalmshp eyéilalsmaﬁﬁlodishl uanJuhﬁ)wtt{bﬁt iremgnts: 25
(a) bot h cge tﬁawdmt @omnm!umua lud"erbonhﬂs m /g of which

the per- %" sthe, hy: W‘fﬁesﬁ‘feblrreter | ar ger
han 200 ngee v i E ﬁmstsm ot

Wk 6% fi ¢ aver age
pore arret(ey bt(tlﬂ):atﬂ RaveSDRAl Hor€ volidR I 1agE tlﬂlﬁro30 dlvﬂﬁfﬂtﬂﬁr pef-d) - tpat the
quot | ent- [ err PeniRes

thﬂeconscsqurpenentth[edman]ew( dﬁ)rget Irtenp@rmnrit kge of the joint

‘catal yst v t ccupi ed. b atal yst Il (%

cat. 11) | R{e}sj k841 %L&lixga&cﬁb epore 1 et JJ err] in which

([err]ad S the sul phur content of the Feed and [err]-1s the desired sul phur
35 cont ent0b% (ltnh)é<(ﬂbfét!|l°fihw€tebﬁ>pmotm@x )(,P innm d ingm [err]
I n bar, [err] and [err] : 35 2 in %). The |rrproverrent consists in

“the fact that ik percaiBgd b foin? B voich RE SAAART Y 1Pmadl HoifiddC
~ hydr odenet gs)ltcmlm Ibﬁ%utnggoaemgéiola:aaoxmdm ys&ﬁammtn whi ch the

followi ng requir é_d_gts are-net: 40 1) the resi dual hydrocarbon oil that
is used as thgb,jgm ﬁﬁfooi’*ﬂ%%‘—*é’é‘%ﬂ'lﬂé‘io&”?s *’4qodjl,ghel )_Qontent above 120

ppMw,

- in- which 'Sy is the sulphur content of the feed and Sp is the des:red sulphur
35 content of the desulphurized product (P in nm, d in mm, Px in bar, Sp and Sy 35

in %w).
The improvemernt consists in the.fact that the desulphunzatxon is preceded b
a catalytic hydrodemetallization using a demetallization catalyst O, in which the
?‘ _ following requirements are met:
40 1) ‘the residual hydrocarbon oil that is used as the feed has a total vanadium and 40
. - nickel content above 120 ppmw; -
- 2) catalyst O meets the following reqmremenw '
' a) the catalyst comprises one - or more metals havmg hydrogenanon activity on
: a carrier;
45 b) p/d>3.5—0.02 v; : e 45
: ¢) the total pore volume is larger than 0.40 ml/g, . '
d) the specific surface area is-larger than 100 m®/g; but in cases s where the
catalyst has such a p and d that the quotient p/d is larger than 3.5—0.02 v,
50 . but_at most 10—0.15 v, the catalyst has to meet the followmg addmonal :
: requirements: . 50 -
o e) the nitrogen pore volume is larger than 0.60 ml/g; ' :
f) the specific surface area is larger than 150 m*/g; and
g) pis larger than 5 nm;
catalyst O has a larger total pore volume than catalyst I;

, 3) .
55 _ 4) catalyst O and catalyst I have such a p, d and v that the followmg relation is met: 55



2) catalyst O neets the followi ng requirenents: a) the catal yst conprises
one or nore netals having hydrogenation activity on a carrier; b)
p/ d>3.5=6-062 v

45 ¢) the total pore volume is larger than 0.40 m/g: d) the specific ...
surface agea i s IWOW‘]; but in cases where the catal yst has .

D MR 15 75 0 i

such a p
10-0. 15
require
50 e) the nltts)gen pore volune is- Iargerlsbg}m 0. 60 n1/g, f) t he SpECIfIﬁ

surface area . LETT 9}.1 rs—targer—tiran—Smm—3y
catal yst 0 has a | ar ger tot a{P/@?)rb“?/%Mma"/ﬂﬁL H“'catoéﬁ‘%’f")i 55 .4).. catal yst
0 and catal yst |. hgvensSfbnde B hd ,oﬁnam&s:tdaﬁhesm Rl mmura@isa&uﬂa i's met
55 18 by catalyst O amounts to at least 10%,v. S0 886 /

18 [err] 5) the percéﬁ{& § for [yie @!Ymhﬁa)ﬂﬁvl mumyu'o@ renlwb 0 ﬁ
and |l that is oc %
process for the caj mim ar
5 ment of vanadlao.nzl pamls for
claim1 and gybst fot ef| ve
of experinents |- o4 hbrd:
Example 11.-30. A pr c;@eg-'
cat al yst repl eni shnmmofdﬁmv 2

uﬁaﬁmdﬁaiouzcnaiabsta@lenislal med in
i :_lelﬁd_?é@ 4 in Cla@ﬂe% ht o anb/

ém %uﬁv%} E@;&% |

inddt hout

.;u um and ni ckel =

mf?& mq& LAt a@m{_r epl eni sh

&
contalnlng residual oils as . .

claimed.-inclaim23, in which 10} £ g'%? hurlzatlonls preceded by a . -

catal yti c hydrodenet all'i zation sbbs
with reference to any of experi rrents "XIShélt Qe T - Exarrpl e ll.. 31.

Hydr odesul phuri zed resi dual hydr| bcar bokondn, 8. Edbt ai ned by a pr ocess as
claimed in any one of clains 1-30: %@(ﬁ”MS‘““Chartered Pat ent Agent
Shell Centre, London,. S. E. 1.—Age —the-Agpiicant P
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