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5 The present invention relates to a process for the upgrading of heavy

hydr ocar bon oi | 2 (ﬂ‘PPB‘E?PP’h °t49%%1é750| I@z)\ﬂﬂﬂrzsaseeatl&?f’yst at e(ey okes
tenperature and, Blof hydr ogen. H gh- bgl%

hydr ocar bon 0i | SeeSH %% r 4601 s obt ained in the distills
of crude oils atagt uc s well as c¢
10 crude oils, iM® (2 tm?gf o Spe °“%°‘§fi"g‘“‘98§ % 61?7% Sout h Aneri
con- siderable 3@%@&)%&& aa%% g 3figy have a high viscosit

the asphal tenes. corrtnarmvea&rﬂs s/céeemmm& 8 s ARYEPe CONTY

a suitable catal yst at el evaipRiAMsEGixr e and pressure and in tb} -
presence of hydrogen. 15 I'n such processes whi ch are often referred to

as processes for the: upgradrng -0 oils h
[err]-asphal tenes content aboul‘ségﬁrﬁgﬁgselgif Mgﬁ/@ e contacted
with a catal yst at a tenperature of at t , a hydrogen partial -
pressure of at |east 100gar @@di P ACFERICA BONALEORESHARGH MA A TRGHARPI?
[err]in order to redumwwgorﬁ rgﬁﬁsmﬁnﬂﬁlawatmN AferRhds| 6fo3BICadé)%an 20
and the Vk210 by at I@arbndtM% diagpe, Ib h‘athpéawdg do diee GGCE%IE@I‘B% opf for he
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ment.—
Suitable catalysts for thhé pasd’e:raqs né:E r ys prodeTfor Ithé Rifer of héwy e
netal s having hydro- Mdrocarb@e:daby contagting thege 1ls)mtlaa c#alyst et elevated temperature

2 An investigation by 2 repfsl @Rf?FF >e1 Gh d1y
the aid of catalysts Q,@rmfg 4 lglgt J;? o3 P‘gg“ﬁiay%ﬂ&? médls{’ii&p
activity on a carri er critiasSoils,civeirtéxa mise @ﬁgmmmfﬁm sb EtAenefrm dotain panr

shoul d meet a nunber g¢idera Lﬁm@}n%mfsas ql V1P°° JTroclleé“ Pre

and porosity. An opti ?i“é"?éf “ﬁrrd °ggm ﬁfm f‘% rogon.

hydr ocar bon oi | sysshoulg s, vau g oftén r s fopP ap a s
cat al yst whose acti vi tof . haevywam oidss hayingbi Iqswhdteeesotonépns wbdutc¥/emtang ahVgh

llevel for this pur posebodetsofzasm@%ena&wmh b RafatyfiOk attaﬁpemrmlamamm@eavy
hydr ocarbon oils the raehydrd fti‘al rer efs pietzhst 1100 par and: h espalieaveiicity

porosity which a¥ opti tfi? h" i a@tf @ redueeoht 6s-fapkaltenss sonjent oy p 30/£n

the first place the cért‘?@ @\?ﬁo byt degt 4P ‘faﬂ“ﬁ‘&F'&*‘r} Iﬁnﬂpg'ﬁ ?& 20

m /g, while the percemnpardavithfthithed th@nqlhd peattionVirbdisre olithindd). CSnitsble tatalgdts PO €S
with a diameter above t@@g“ﬁ?ﬁgg% [safalyels [sempviging ene 1of gpors metglip chayigg Ayget s
shoul d further hive sdei fn %fﬁkeae ) Mﬂr Rl of BedP oWl 25

speci fic average part iaad o cathlgsiedont; prl ifk g Hyt2b geﬁm n Bétivityreed S

the 40 r equi rementc I‘ﬂe P@:‘@’ mu rca\talb'-‘f or@heunp IB%S#]M@' have
a specific surfa@e t°g‘a AT UL ";E

catal ysts have slch atms ylé% ealrﬁaftabtl redofos 0. 0230

v, but is at nost 10. @uiﬁmmﬁly\hlg llwl la$lywpese ave to meet he fol I owr ng

addi ti onal requi reﬁenrequuﬁsmge;?ufo@;pﬁé ﬁgtlgér%% %@;‘ﬁmﬁ’i %‘rould

| arger than 0. 60391 / grcatall)rst should meet ar
be larger than 150 [ ensthimere whahe(adBdpveDd @hﬂlgl wlhxbehd ﬁur tag:t difahh totahpare volume
that consists of pores w1th a diameter above 100 nm(v) should be smalier than 50,
The catalysts should further have such a specific average pore diameter (p in nm)
and specific average particle diameter (d in mm) that the quotient p/d meets the
40 requirements: p/d>3.5-0.02 v. Fmally, the catalysts should have a specific surface 40
. area larger than 100 m?/g.
In cases where the catalysts have such a p and d that the quotient p/d is larger
than 3.5-0.02 v, but is at most 10.0-0.15 v, the catalysts.have to meet the following
- additional requxrements
45 (1) the nitrogen pore volume should be larger than 0.60 ng, 45
(2) the specific surface area should be larger than 150 m¥g, and _
(3) p should be larger than 5 nm.



2 1,523, 343 The above-nentioned val ues
of p and d have been defined as follows on the basis of their nethod of
determ nation. The way in which d-is—deternmined depends on the shape of the
catal yst particles. If the shape is such that the particle dianeter
distribution of the catalyst 5 can be determned with the aid of a

sie analysis, dis.determned as follows. After a conplete sieve anal ysi s
of R presentative catal yst sanpl é has been carried out, "' dis read
fro graph in which for each successive sieve fraction “the percent age by
weight, based on the total We 523343 of the catal yst sanple has been

cumul at I el | otte uncr omof . ligle . dianmeter
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of the ?e x ev oreofpbtr bnedn aﬁngeﬁzecbfst ribution of a
catal ys ete‘;‘g;et?;’u t ° otpl qu&ilad froma graph in
wgsi ch fdurermed mm ﬁ rnmf&thbpom &:?Bach gyccessi ve pore
vol ume '?"h(f‘? cosmle b@’pvolhnaﬂmmem mhlletmaxi @i 1ol 10 % ophee Vol une, the
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i N Anald dorcdiad fﬁpﬁgﬁth Z'lyﬂ? é.é‘ gsicts %‘Eﬁ :Ee nmercury

penetraﬂqluﬂh:gm?& ﬁiﬂ(k‘( tion 1sothe1§'n and L. C. Drake

i 'Ind }'gggal aj&ﬂﬁ? Ff(v et@rgia;tw@tb%ymﬁal’ oel(:iabffl;\? Edition 17, 787
45)) ?? gydistnibytionj s c4a@e, the pore

~ di anet eoig fd»hﬁ}lji)iﬂl but1on tég T glaﬁg ghg:] Adel er range bel ow and

including 7.5 nmis cal cul ated fromthe nitrogen desorption isotherm

(assumning cylindrj cal E)ores) .accordi nggoseo t he net hod described by J.-C. P.

Br oekhof f and Pgre digmeter (innm}+ e—Boer—n—Jotrnatl—oef Cat al ysis 10, 377 (1968)

and the pore dianeter di st r PEAREIegRercYsy PEssufe@n bas) o yst i'n the pore dianeter
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disamet edpplida é@ in jatep e nltrogen por e

vol une tgeﬂqboteheahirﬁdgt %Ete@ﬁﬁdﬂ Wiﬂ{ lﬂﬁgi‘allpg eng?fre @i}ﬁ;&aﬁca %Dt 45%

applic %E%Eg}?@e%nﬂhédﬂaéomdeumem sglﬂﬁf&s ?rge volune of a

cataly giercpelgivian tnhledlas 5of the above

Stent i ol tmn{eﬂ@eﬁ:: a'l; afgbg} tmif °"°'%“f§gf %ﬁ taI ore vol ume of

a cat alapaee 7.8 llthddggnmmﬁ Winle 1aldo g Ithep @ ce- &&ﬁ t inpores with a

di anet EnialoRymEhed). nEhe, epef 7su aqenp mnmnnn@dnvmrpatdne aid of the

above- ?ltmaﬂegin a% pﬂ,é"m eé,@?at f& nmet ho )‘ and the nercury

B?Jre v off airea hﬂireaatbonmxlpﬂm&hw: c nes ‘185{;2‘2 (det er m ned

wi-t h trYez.oa?fda"of’“ 8 % Kotwhatienesi m@dt abreve cﬁmwyarmeméﬁkr aztuomn rret od). The

speci f 30 cStirakacR/uedd a e [ [ |cat i on have been

det er mtmdg&n:mdr deinmé:it@u{&Oé"%%d&P e 5%0 Q%E%Ew galurdat ent. appl i cation

t her ef &f & Féﬁ‘d?%%afta@da SB#“GG’G@SItYforatm Wphirad Img:h atalyst  of a.heavy

hydrocarbon oil, in which process the [err]-asphaltenes content ‘and the 55

[err] of an oil with a [err]asphal tenes content above 5%w and a Vk above

30 cSt, are reduced by at |east 30% and at | east 50% respectively, by con-




tacting the oil, at a tenperature of at |east 400[err]C, a hydrogen parti al

pressure of at Ieast 100 bar and a space velocity of at nobst 2.0 [err]with
1 E2°2 2492 2 H

a catal y St TS OaS o COfptr+StTg—one or
nore netal s having hydrogenation activity on a carrier, which catalyst

nmeets the follow ng ,requirenents: (1) p/d>3.5--0.02 v, in which pis the
specific average pore dianeter in nm d is the specific average particle
dianeter in nmand v.is the percentage of the total pore vol une that '/3_
consists of pores with a diameter |arger than 100 nm 5 (2) the total p !
vol une is |arger ghan 0.40 m/ig, (3) vis slrg%gg,gr than 50, and (4) the- 3
speci fic surface '
and d that the quot | efi ol ﬁsﬂg poae ?ra‘f{“géfnefaﬁéﬁ"@ '!9"’0086‘2“19“ aqbiyity Qp 2 gasrer wibely. 15

{8 t
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requi renents: p% ayeragep aﬁidld‘tdi%ﬁd’lerﬂﬁ)hﬂla/tﬂ gmmilmrchga@% thehtasal O. 605
m/g, (b) the specifi onsisty ey %ﬁndli er langer| thap 1@man, (¢c) p
is larger than 5~hm % %’é‘h f"t]{&tothe i nvention are _
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their average p%e di anut@attaﬂdumtetrm( @slaﬂz& thay 3.5-6103 vl butrag imost. 104-0.15 w the
essenti al "t hat e avek ) els ?ﬁf%‘o%ﬁf EMEHEt i cl e di amet er 10
used for the char acte gﬁeaﬁ@ a@aqsq tharS10UN2E 1 deternmined
according to the net h ove for the speC|f|c avera_ge r-e

di amet er and Sp IfIC%ert iven alonb w=n i T eca'ra er vr
characteri zati o of tE@mQ@ ?.§ % §s %eﬁyﬁédé % (ﬂ er

or an 20 average par partitle diinaetet eyeddef elidﬂcl‘ik& teh;tat&m ca’ﬂd;l arsHohlanbet hose
one specified above Lgftemae ing te thevesthogdespgeified %@rfﬁltthtrsp grags fore

average particl g, di angEEEClL oné,%‘%tﬁﬁéaélﬁé%@y’%nﬁﬁs %éisﬁ!}?t ed
as four tines t e qUOLVeRdEE patkicle aniaafeetmhm alﬂﬂt efhs bsfé ohtlspeqified are
or an average 25 al]mptfpc the sheaﬁeta&crag;abwgrmrwra@dt dmecmq aeaage gracticiey

Gnti el y di ferent rodlapetr (vehuplcas Syt o damper salciiod ?f;v%;%@n;g:
d makes it possibl € afhcD s Gleule Gak Imasip diefabd)CLiRely QAL TR 2 o5
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ors t@g'loflr1 ,obe

wi thin the ranges fou ﬁf‘#igg

conposi tion of the hygesedr rdmg astch xaydt-dcemb@ cs@rt er Cs-

hydr ocarbon oil 360 beawhdanecbomast,acma heuth@shlgl&ﬁp/dfgg:dn ﬂxgltheenes_-- - 35
u C 1

content, a catalyst w eral‘;? n’fr outl t,:i)resc ca;g{a caEp cé ﬁlémmﬁgo 1—15 EE%%&

upgradi ng of heavy hjsir z&a@ Bonatbl Sicak er. THeNHGiald 8
preferably carried ouhydregehdiion cte&tglmeprﬁ‘érablyeaéwd &tmm feolsltn groRbdenils, pbw

metal s havi ng hy’ﬂroger:a'la 1B aa% ’?{m g%‘ﬁf ea*alystrﬂ)e PEprise Bvi ngio
el
hydrogenation activityy, rtéolﬁég ?ag st (r)lb gﬁfhat 1c x?aftlto?

nol ybdenum 40 Vv a&rarekdnU hicledn G n non He one Haud t ermqmbeérﬁhf ddlvai t he
catal yst shoul d conpr ﬁlsftéora'tungsm e t°t Ibe‘ﬂggﬁﬂﬂédn# r3g’m l@etﬂe J1d
cobalt and at |ddst o E’“ ,ﬁ% %%f"é'& (‘-,'\H‘a'fh%‘h‘f Y an 45
tungsten and further thathd fiéaldésars thelcatai ash@lw@ﬁﬂorﬂm@kﬁhea‘mﬁx@ﬁ pefealy. on

t he one hand and m)l buie'mmo UHEAHID lmmamgé’ rdmlftulm lpbw;phel(bgt%rrmcaflﬁd i's
b.et ween 0. 05 an 3 gml ?u > bg}l 1¥rler as?vella% 50
ni ckel - vanadi um cobaﬁ talys%/f! gh@ ‘Jﬁﬁfma&l £Hd%9 w molybdenum

ni ckel -tungsten. The patigd pHvoachemeliclmmdsanal stesenapmihe eadnem:cthe dhietal) 1c1fozrnt he
i nvention preferably - ‘h‘B form of thyirpxid t@f B‘RP‘H ﬁéﬁlﬁﬁlﬁpéﬁca@ ts(? gi'bw
e or hexrs i ati

per 100 pbw carmsser. babepeant iy res"’“ biay beddrricd mﬁ)allh S o Bt
i nvention are catal ysbaalyxnsrmrowsnm ht5@rt Sulphidadiort nﬁi,Zopbmameckebaraedjoamut

2
pbw vanadi um per 100 p) B fhecgatalyy F SH’Qh“@B tna| %t% ixtu °fabout
1 pbw ni ckel or cobal t* The

1‘0

rogen
nmetal s nmay be present map atsJﬂae @iﬂh&ﬁ ot Ibync %Eu alc thlsjst @itlirhfctrrogeﬂ aﬁ%@m a@r m ofeo
t heir oxides or sul hﬁldhdmr-CMaem@udmanbsn .\sagh asesuiahva-lc?rsmsms kerogirieciy gashe

o gy £ present onmtﬁéonféﬁmﬁhﬁr‘%ﬁ:fr&g\% RN TR

Sul phi dati on boron and halogens, such as fluorine and chlorine. Very suitable carriers for the
65 - catalysts are oxides of the.elements of Group II, III or IV of the Periodic Table of 65




55 of the present catalysts may be carried out by any techni que for
t he sul phidation of 55 catalysts known in the art. Sul phidation may, for
i nstance, be carriedout—by—contacttngthe—catalysts with a

sul phur-contai ning gas, such as a m xture of hydrogen and hydrogen _
sul phide, a mxture of hydrogen and carbon disul phide, or a mxture of

hyen and a nercaptan such as butyl nmercaptan. Sul phr dation 60 may
h

al §o'ybe carried out by contacting the catalysts with hydragen and with a
60 phur - contarnrng hydrocarbon oil,- such as a sul phur-containing.

, kerrpsr ‘ne or’ gas orI In addrtrlcgg:,’a‘ﬁ t he above- mentioned catal ytically:
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chl orr nrﬁ g}'ﬁg"ﬁﬁ t%?ﬁ‘ﬁe hafgie, |S%‘F95a11"6'rna’t plicagmagnesia aghabimjmt s ar e oxr des of

t he el errentAs;omér o ndtérial 1Hal Qt: Mtagf tLQﬁvJD e of 4
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k&b ﬂsq‘.ﬂﬁﬂgﬁ ieg iM% able carrier for

abs ence podcess taeedmng\rwltlie
pr e Eﬂtsc%YF E‘gﬂ satalmssarcrsethb dtmgtrhn ﬂe s’iﬂt anheaddi t i onal

ant a at1 rauﬂ ng oif5 hydrocar bon
0| l's 10mtended Q&Udoﬂ&tﬁe 1e@§i acv: % i's not achieved

when any cghlyst hesootastﬂ()cam mmaédﬂsﬂéﬁblmhmﬁga% RKaK gt fore is enployed.
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after aspeaﬁt avelmg"elcaﬁlyﬂ ){ el 33D P c ed.
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OXi des ese\¥aia kt sh‘mlé bbf'éﬁ?rﬁ' @f@gg rosntyh’%lc atal ysts may be
cari edd ontlylmderromrthd dagjretdrperoeata e flaRhddeh fl

pore dif ?ﬁ{‘ flpsnend by a@péeh@h—&mmmﬁeapmme hamater that after

~deposi ti onngrf,?gﬁf D gsi'ﬁéﬁ %ﬁn};mge%t??&ewa mw}é% - obt ai ned whi ch neets
ly

the re bmrmneparearcat Pt cati @R bf 188 mei-6 er the 25 specific
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f| ni shefd'r ffs“é}h‘ ?ﬁ Plamlmrét-al | oad appl-ied. In
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rel ati \wp addivianl of heii ni 61-“ atal ysts accordr ng

t theﬁ Wf‘g’sdﬁ&mﬁmﬂl@w yithei s mainly
B SE AR R AT Spa 18, he

pr epar %peonofdﬁnpdsMSefoe GoydssitySofABd final Edyrisr }',é ed havi ng_a
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fgsni sh q

e e fipal garrieg eids pn f %Illtso be influenced by
nmeans Ghapng ¢ %ﬁlﬁp%p%ﬁ;%&@% lig%’- cg;l: BIGALPnS P AUTPE s enc® or i At he
absence oDugnaash lnglthepqzrosuusfﬂxycarﬁera;aﬂﬁreiﬂsﬁﬂuénﬁed,‘rﬁirB:la)h determ ned by the way

|n vvhl derCuhigh tusueﬁbraddeds of the
R e

aqueoushw buexmusomér thlhauﬁgakﬁeq:o dTche TRk ﬁ,ep@ 40 one or nore
gel ati ?’eégh%llﬁg@ 1 or Héleﬁl Prsiure @fpll ﬂﬁ:weuhmaﬁmfahsspaﬁyaimn@cr pitated in the
oo g’ﬁ;{’ggﬁfﬂd g EPISier Wifiupncad By isRmkibetsmPsrasrmped and cal i ned.

f or.m ofyq
sual |y, B¢ ostalydemag bs‘rmﬁskdtsyeaﬂyaremmqhmroeﬁe Grepdfation 8f € aldsowed to age
for some time. During the preparation of the carrier there is anple’
opportunity to influence 45 = the porosity of the carrier. The parosity
of the final carrier depends, anmong other 45 :



factors, on the rate of addition of the gelating agents, and on the
tenperature and pH applied duri ng the formation of the gel The porosity of
t he final : a-r—ehem
to the gel, such as phosphor us corrpounds and/ or haI ogen conmpounds. |f

ageing is applled the porosity of the 50 final carrier also depends
on the ageing tinme and on the tenperature and pH 50 applied during XS
ageing. In the preparation of mxed netal oxide carriers a.further aspect [

of inportance for the porosity of the final carrier is the way in which t
met al hydr oxi de gel s are precipitated simultaneously or separately, e.g. '5
one gel on top ofthe other. The porosity o888 final carrier further. 3

depends on ‘the Way i Nsupported catadls Eddwh Ethe @# Tt & hothdEdsiay feﬂhhédlﬂytha@mcﬁ\haped
on the conditions apphlbmlﬂtdhﬁ‘d sxte&ﬁnsﬂﬁa hedcy, arr&nd"henmthdsq aJ&Eafnto

appl i ed during.cal ci nglcﬂfﬁ‘ef w%ﬁ,ﬁ%f?p taﬂlfﬁg% PN e [3 547

particles is i nfkuenc alys iﬂéﬁbf& uaﬁmuﬂtheq, Bﬁiftlkl n;
agents and bi ndéss . V\hﬁﬂkhedk:aalysuall ad e ur| ng this stage of carr|F
preparation, by the addlﬂﬁﬁa@%"ea’éﬂna? catalysts may, propare e

addi tion of 'smel | amfERYHES 352@%&“@@5@%:3; S L
60 shaped by extjpusi oamwl-tﬁr@ist idolmpB@hds,tf R;wpd)by)dwihyaxmfcal‘chmg Ittiaimnrmnamcmr | s 10

i nfluenced by the ext rswsnr@(houtrmsafbtaéitms calF‘F‘efh feﬁl
of the spray-drying tcg}r‘{Fﬁ Ve siap: a‘gd’ﬂ“:é aﬁ?‘ iﬁg%ﬁﬁeﬁgaged by

the spraying tenperat psfec sn&' ﬂ[tﬂﬁ&%ﬁr— s of mckel cobkite
catal ysts may bespr epsanadiuinym d;:?denmhud (whlchhml e enpdi ¢€hm|t ratlon of 65 15
1, 523, 343 : the present cataly:

sts are nitrates, chl:)nd%i;.l %aa gté& é‘r)
e a1t i no SRR ek mé,%?ﬁ,, Tt L
deposi ted on a fini sheg - ﬁﬂﬁbﬁlitgerof thesey compoundss ando eo - stabibieg) ahea tselatians,t eertahe ,
carrier material20duri ngn %gf’é 8 qmmenipn hydrexige, m?‘!ﬂethém!“‘ea“dﬁ?‘i gl ey 20
g

shapi ng. | ncorporati n e:bﬁue){t cgﬁawst\é gluﬂﬁ'faé-lsﬁlcdsriﬁ@sﬂlaeahﬁﬁﬁﬁa% at -
an early state of cat dPVeepsuitable Odtriereyreal Viizled ot siliva ipaeic Ebbl@pared

i nfl uence on the porogyswa)edrymmefa #mtm@r? aedtfaﬂé@[bysmp naly i Nye
thich he presert® cat ISR AR TESUAER) SN K Y rhi
coi npregnation of a %e Ho l'coitip 6Usn “Bl0mink | 08 RiliCH Kdrossl, rtgmbllﬂihg(lhe nor e
ni ckel and/or cobalt agnxolwitisa suitdblopsdating agent erdispersi @ﬁanﬂ?tvaﬂw

and/ or tungsten corrpoﬂﬂe whicly ma eéhr %ire
i mpregnation 10 s ¢4 E b\t‘;&&%@ﬁl‘g?ﬁgée%@ i Shava m:gb” ed”

and cal cined, if desi rcafi tuepﬂaseh éataﬁymaessogvleoealmpmm f hydropide gel @nisidica
Drying and cal ci ni ng zkrdsogﬂ ef er abI y carried out at terrper at ures bet yeen 50

and 150[err] C ang bet Bloa \eblettiag, m@ﬁf{ﬁg 3?{ 35
Ry SR DL T =11 ataz;: L g}ngﬁhm o HeL S e

mol ybdenum and tungst eslledfaggtém dmym Aadotdingt mspschmaueatatadmt phi‘txcles!)ﬁ t he
present catalysts arecatﬂlb'ﬁ-&@t@ I p aﬂlgsa iR %E‘ﬁ%ff?ﬁﬁnp'a@é ié’s B aﬁ? ckel -
and cobal t, vanagyl ofHfI%S of oa’fi AR ORI oo 40
vanadyl acetyl acet onatdrdimdo0hE W6 mlqauea& mrfmm 1488 hyifoflowsa Catalyitn

order to increase thecslmlleumtg:% avifg m@séerc,qf Bof %ﬂ m@ed@taggqtma iS¢ he

provided r a specific
solutions, certain 20 ’pla é%u '@grﬂfewn

the carrier
monoet hanol ami neisand %ﬁﬁjﬁ mh&aycontmuo edisd. On practics Obhth laRififina iA\S

carriers for the presesdd asteabiyst,s dathtelmuqats solytidni of aeetia acid ot dlmamaisumahas

are preferred. Very sgPapgasths aﬁ'fc‘"‘% are?"?dgfﬂﬁﬁf?e ﬁﬁf‘f}ﬁﬁ%&g’} E?H he
particles prepared by nsalzHs Hehiidie iy bedarfbd!bit/eAhd? batoh weed by
shapi ng of the spray- dre c@dtn%.ﬁus procesm osedf ipely ﬂnmlbdamaueml@ doam usl theé kes,

50
e.g. by extrusion, andts h agelpm ate? nﬁﬂ '{ ‘ﬁf ‘s :L‘g:l es
obt ai ned by the wel | - (?h lejv sle‘?trtlgf);‘x’ 2 fra esﬁ’ﬁf 1z drﬁ@&

formati on of an al um m@moit. Em'ticlesauth rsmaltmriﬂnamt ofthadh dss ragtioh a
sui tabl e gel ati r¥§ agemay&neecilesd W
whi ch may be kept at ? fﬁ\}(%f s °s‘ ﬁg,é%f d'ife@e WRfe
30 remain in the dat: Tﬂd%h ersﬁ ﬂn&ph&dﬁﬂe&g&ruhydnzogel

particles, whi cr%p 30 amte as?s%%gqmmer atg@l é?het!lln&igant;l;gilgnn O%%%ned 60
Very sui tabI e si%ica- 3{; all ﬁ{ els

of al um ni um hydr oxi d@ol n Of ¢ {d)dhas'?w ; ecu . %me&%)e%fmgsmm and
tabl etting, which havealsihateadf ﬂtre\mprelgmtd m#edaISS , here| nbef ore as
attractive shaping technfiduide W%Fssﬁ?f@’qﬁ‘fgég&‘?t“‘v&%‘t°§l“§ﬁs‘f wadg pfja calplyy preparedy
carriers, another attractive shapi-ng technique is the well-known noduli zing
(al so - g : '



z=zcat al ysby pamg mimemsirmﬂaomroﬂmgeth [ with ay 0g Qmonga EQ:B kau ons.

cal | ed aggl oneration) technique. According to this techni que catal yst
particles or catalyst-carrier particles having a dianeter of, for exanple,
at-—est—0—1—mare-agglomerated with the aid of a grapulation liquid.to
| arger particles having a 40 di aneter of, for exanple, at least 1.0
@I n actual practice catalyst preparation 40 according to the nodulizing
t

S

ni que usually takes place as follows. Catalyst- carriér material having
aneter of at most 0.1 mmis placed on a rotating disc provided with a
ed edge and a scraping deV|ce The disc i-s disposed at a specific angle

to the horizontal pI ane. A grp tion liquid is sprayed onto the carrier
45 FRE - F Bk H - S Lauous onfion on the disc.{In practice,
when™al ummngtstheélr@dulamd texhni lkteple&l"d’nbek ngéh tdlalchtBQstaﬁUﬁaeaéi SO| i on of
acetic ““Bﬁevter° ‘1’1&&86’1 SIOEFsuaI Io ed as.the granul ation |iquid.
During t qhgﬁﬁfgé’g&f° ‘i?gs{i%@ ﬁegf ciarBECr | ar ger particles
ar& fOl’@dTHerc@tﬂyEmﬂﬁ’ uea@ rcuimrh b&ﬂpre d%ﬂaﬁgll i zi g technique

(cgﬁ F twélaﬁﬁesr @ud. o contl nuousl| Wen 50y, the
cont| nuOHSaRIRE S Son d?lf ‘%@gﬁ:ﬁﬂ egg“& Lo a@P‘F‘d‘th‘Ffslatse tinuously supplied
to 50 theldsop oatdbxngr :ﬂzy mﬂ @fs{ ;a uousl-y l'eaves the
diteéc vi a tvnél which ibfs mlheti ag:ér&:ed;g ft@yt rhshzmg arersubjt-iaed owesto posi tion.
After t pregao sqlieping fempe FUSQ:O sp.eve fraction with
t he des?ﬁ&% ﬁ%}%ﬁﬁ%ﬁeﬁ%‘?%@ %ﬁ#*‘?mmm FOS2PPWiPEh a di anet er

smal | er (i)ﬂamhamenarzoibntohmedmiynm Sartfole f6rnaE hiv@Mbe@brotated foY be recycled to

tAe disc. Sppedime eﬁ mtatag disgnbuti beforp dirying hres wi t15 a 55

di aneter |08 oﬁﬁ i aag’f dg’é%‘{“Féb'eas‘f gapal tp Fl}i’d’t’ﬁ‘@ﬂce these particles,

: af ter r e@uuuhmemaﬁohef [l cataly te gmamcﬁ QGuid RSB Spplivd @Ed Ndi ng, may al so be
yc ed 2} ighy qme (Pr gore qumm\ﬂérrmtadnwmﬁ hydnegeagghcammathe@b material with the

Hveq o371 SRR g o ey LGt gl e M ace by

1

ryl Ny amcheCoptieiumpropetties f%ﬁ rading of Bl o more metals with
hydr og efﬁéﬂfbﬂf Muswat;g? vmhbleog hicked is teo elmtelanoraﬂopthus prepared.is

al | Wn\ﬁﬁt?l ecatrier bypdaptingn of conpounds of
{ g reggg*; fﬁ%%%aisabﬁneg rk W dﬁé‘ céggﬁﬁ" gté‘il%ﬁ'ﬁaﬁf 5n of %shgp -

| npr egna teﬂlmoeﬁlaedordmg‘tothemvhm mﬁ'&ﬁblﬁwﬁd’dﬂuﬂl@ ﬁa&mfglfl& i nvention use is

made o to drogexp; mu ward, downward or radial direction -
e oS dféf*%?ﬂ%g TGO L e

given to a
%I) The pore

vol une em a%é{ﬁ ctipn; thsf 1 %ﬁmt/diocaydsﬂneter | arger than

50 nm SESL e et el oo o

(¥) Thépresnain yba‘se m@étm‘slnﬁgﬂlfﬂ ftﬂmlaﬁcha;‘ihei' s beeg prepared

usi ng dibeig e drindfo QS alnurl aattracgvp bmlzpdlmhnt ()B)hel n-the preparation

of the &ﬁo&d‘gfgjt jsf‘u%ngs‘f fﬁ@ particles are
Dbéﬁl

01 is ygh|a
r med ia;tomsh:htl thé B, of NRSc: on fkﬁacéﬁ@égfha P lﬁﬂﬁnt of glass powder,
p4°ef er abst % Dthstegﬁsﬁmcmreech bunkbhﬂovanpnmtonpfAnsthaf vdrylgttﬁ&iverl al 490

wi th whiipdiment of a plurdlitefre blizing are
subj eCt@rgces &h’ﬂ@ tiR pr etggi.@@ &15?5;% in %n gm%figgﬁiggég%ﬁé L@e sof teni ng

t enper agatatyst an atshsr rdadtp rsT ereprlam g roCe4iny lnSﬁﬁed rus, preferably in

a® amouffe b ?%PUtrha(tsemeafllng 115) | n 45he
pr epar aéﬂe;gf o th?dﬁgd:g ﬂi eﬁ'ﬁatufza;fg’ép‘ﬁﬂnﬁéﬂ shigy @h ﬁéen rotated for 15

sone tine muerupgdaayg m@ylhgdrbcarsdﬂeﬂme Rlgbmeeally insde ofWthiyfief ore drying and
cal cpayelgs ﬂ"?ﬁi Qa‘!—eﬁ 0 b ysta)a isles bavingfa d of 085—akt0 hmast equal to the

rlsém den¥€ B Ef gﬂﬂ Eg t'fl:\/g’ {ﬁ%ﬁ‘"‘é’ﬁ'ﬁt%&p %I%@ In tSe preparation

of thewmattaésfﬁ ifidsifad atsl Bel 1501 42 een nto which one or

nore co ¢ehs malmg to the inyebti (matefemabl)aeirnvd toyt Bawe 20 been
i ncor D Oﬁr;%fﬁftluretd 400—500°C; a l1ydroger¥‘%i 03 pressure of 100—300 ba¥ and a . 20
ocity o

P £0.2—20 £> 5
e rel tlmmbpofﬁ@w @éam%udqvm%ﬁb faded By : S’lﬁ:ﬁﬂl to pPepare
cat al ystthsptmss |tcmm1 eoerdré andd 6ils ah eslumb inBdfréh heavy hydrocar bon

oils. 3“ ét’lg’ﬂg%\f t;‘tile ils ‘a%t ﬁ?é?"cc‘arfﬂ“é?d pressurefuttngsiteppet which d is too
lgyr ge in r %\ﬂllﬂowbgf e HQL(?W&QSEra%)@{tﬂe ?Jh%&%ﬁrom [ optimm
cat aI ys¢xamplecat aI yst carrier by a ap I N : can be

effected i'n a sinple way by reduci. ng the partlcle si ze. of the 25 cat al yst

or cat al ySvendalalyst wefeQk gaxfgﬁﬁf‘%p artch es. The process
accor digng & Ce bt oran o eyt ol 2 i ng e

hydr ocarbon oils together mnth hydrogeﬁmln upmard downwar d or radi al
direction .




t hrough one or nore vertically disposed reactors containing a fixed or
novi ng bed 30 of the catalyst particles concerned. The process nay
for instance, be carr

wi th hydrogen through a vertically disposed catal yst bed in the upward
direction, the liquid and gas velocity used being such that expansion of

t he catalyst bed occurs (processing in ebullated bed operation). If severa
reactors are used in series for the process, the catalysts 35 " presept
in these reactors may differ fromeach other, for |nstance with respect t
35 their p, d-and/or chentcal conposrtron A ver
the present procg : : ; L
vertical ly disposed cw&eabyﬁmed)memhemtmhtmaprrehagzsmmbabﬂ@audercﬂtsdmgmaﬂi@ yst
is periodically int ro mé@u@t{\mﬁnﬁat%h endrtge it tag @g vb@dlydwdeis npassed
catal yst is withdrawn erﬁﬂfﬂe hiboc ah;gxfl@l ﬁ%%gif Sgﬁ){@%ﬁgf péﬁ gnker

fl ow operati on)v Anot § 4vgr—yh-atatnaa@1 bMﬁgas
process is one ut whi wére ap Iertrmaheito ofthcleanp.h«ies; Thapﬂeparalrmcwf thie srge:acdtalyssd

catal yst bed. are used's Wﬁ@‘i‘ l{g ey asevredl apthscess:
while the process is FRPFHEST heca St(.s)r%" °°'r‘rﬁ? Q%s %@2 e reactors, the

catal yst in the other reactors |s repl eni shed (processihg in fixed- bed :
sw ng 45 %perat ’8%1 If desired, ECaalypmopersiorrny al so be. carried.out

by. suspendi ”9’t %thY deridh D& DUARRE B0 uida JoRaikRB vYS [ngzed 10
(processing in sl urrywmhaaeme‘;&%&nﬁmw mmf-this dliii nw&r@c% oguxgeﬁaﬁ%nﬂg _
hydr ocar bon oils use qoss srehallr¢s lﬂmﬁ;armterda'galt dtl&adumw wasd of

0. 4- 5 0 mm Cat lySt ﬂél% ags;%tl 1§§%?§Tlﬁl?ﬁ%ﬁgn
particul ar of s @Fovided with a raised edge 56
The cat al yst partlcl e:s“t@r:m rafmxtnarrh dlsemadaMOmyolnﬁoratpeﬂmmb 0. 50

m/g, while the specr"’t‘f1 ﬁ%‘ﬁ f Ea‘a%“‘ﬁ%fg%f we‘rffth%}ogglﬁﬂ ‘{ '@ﬂsc ﬂ?e, mﬂ?ﬂ

according to thg i nveﬁ) adidbla

400-500[err] C, a hyd wgﬁm hprfstcrlainatjin s 600? @ foll wemﬂ-cﬁl&ﬁatbzalforarhdurat °Cthe 2
space vel ocity of 0. pregnated with an aqueous solution contammg n

o "Healy hyooearvon HEE MR i R R B HeAR
process aCCOde t 0 dol ﬁmlecﬂl‘l@&izlnﬁﬁelm FovE bl Bde@irh gndil gbw glEds pe OBIpBQ 25 '
fromthe distil I at i orelghingr ude oils at at nospheric or reduced pressure,

such as topped crude 8I |.s gnd | ong and short residues. 60 The

invention w1 now be"¥ifht Baringhidehislatsd soth wiih & BSmalerna o1 A, Akl ovimg 60
exanpl e. Exanpl e Sevempotratmﬁ esdrfso SRenliz cbmhngloffpores twithad getacliarggr théin 50 nm,

resi dual hydr oc# bon T’Hel Saphyiefcbeat | Farl °d Shy “eﬁt‘“‘ 0’9‘13"'Gm and 30
aTerrior 163 cot, WiSEATE HE L ol R e % % rihd dHLd |
t he at nospheric d| st Irhdtaiall tmh arra:le:size nﬁo ed. (Irroxgtlreabomgduierswme tnhdArlierr ca
To this end the_ oil, Aar ? '\%Wihtwﬂeuha ’
oy cal, ot SR R R R S S b
410[err] C, a hydrogengq Béi’uﬁ kdlﬁtloﬂroﬁﬁﬁidrsﬁlp na ﬁﬂﬁl@ndﬂﬂ ﬁial Aﬁercl .
[err] and an exit asmma:teﬁé rtsfdeQ@OlN t/ﬂk orbﬂGSffmd W’Etweremated %%3%%‘; disc. ﬁsﬁewere :

applied in the fo ggﬁt'ﬁﬁ'te %ﬁ %gatl fﬁfo t i erﬁsqlt

catalysts is descrl b BYipRéghat 4 @ith an igedtB 56l @nidmhﬂhdte%dvanadyl
experiments as vel | awalelecFipallypthe impregnated materigkvaaidyied & 120\Cmnd eelinedfor Ect ed_
in the table. Catal ys},}"‘i@f‘ﬁﬁ% tﬁ%&g‘ s“:‘rml‘ %ﬁtﬁ hus\prapared comtaingd Ongb¥r i al
use was nade of an alUmna .o Y PS rying with .a d smaller: than
0.09 mMm this adSum naCardyy €ig a ore voI urre of 1.2 nl/ consrstlng of poresgs
with a diameter Iarger) R '&ﬁat asﬁf%g}%?é&%%%ﬁﬁ%f P ;san l%aieﬁ h2g
gl ass powder with a ol§ lmn
a rotating disc and lzalelnmﬁondfftmtcoamu i sof Ut on c%nt alfnl ni; a@gﬂgm%ri c
acid was gradu a dllﬁnto it. The rotating disc, which was provided
with a rai sed "é al?@vmuﬁir&ompﬁs@dﬁsgbﬁﬂﬁfcﬁﬁnﬁoMﬁﬂdltﬁerqwc
made 40 revol uti ons [pBW¥ silicntkrferawnd pydpared iis iathy thanrameghycasahtalyst @rthd t o
the horizontal planediffefaneg bejmp, hewpyeretrat indhy presseiccasq licn fnstead e Ancalumieg ned
were renoved from t h&2YPEE 28 A B °8r yi ng at 20 ~ 120[err] C a sieve
fraction with assd of c%m@;stmm vias isolated fromthe dried material. 55
This catalyst, which comprised 4.0 pbw cobalt and 11.0 })bw molybdenum per
100 pbw alumina carrier was prepared by impregnation of an alumina with an

-aqueous solution containing cobalt nitrate, ammonium molybdate and hydtogen
peroxide, fOIIOWed by drying and calcination of the composmon




After 1 hour's calcination at 600[err]C foll owed by calcination for 1 hour
at 800[err]C the particles were inpregnated with an aqueous sol ution
[ (O [] = a = e

ONt 3 1 K at e c 8 i D ~Tala = - v~
i npregnated nmaterial was dried at 120[err]C and cal cined for 1 hour at
500[err] C. The catal yst thus prepared 25 contai ned | ,pbw nickel, 4 pbw
mol ybdenum and | pbw phosphorus per 100 pbw 25 alumina. Catalyst B The
tanting material was a soot with a d snaller than 0.1 mm which soot had a
vol ume of 0.58 nl/g consisting of pores with a dianmeter |arger.than 50
nm:- 30 The 'soot " had been gbtained as_a by-product of the parti al

: Q_X.i&ja'[ ion of 30 _hydr nrﬂqugpra@ with ai—r_ ¥h2 soot .hej_n,gias(ai lable in
the for ey slurry in water, was isolated fromit by filtration, drying

of the fi] Tlis catalist vehinh cgmprisgd A5 PbW cobalt aaﬂﬁ-@abmbbﬂeapmi rthe particle size
ment i on % PhE AR cerrissoYas RESAPELD sybstantally %é?%wayfﬁ‘éatﬂ}‘s_?gar ation of the

nodul es da.pkn ¢ he soot  was carried out in substantially the same 35 was
as5t hat of Thik eatalgstiuwhich domprised |1 @rpbwaickel adé&@mb\bmlybdnnumaigal ystwak. the -

di f f er ed@&pbwaluming sagrier wag@reppred insubstantial f@? %ﬂ;c ' o gl ass powder was
et e e O R R R a0 0,555 e
granulation liquid. After 15 m nutes' residence tine the nodul es forned
were renoved fromthe disc. After drying at 120[err]C a sieve fraction with
adof 1.8 mmwas isolated fromBLUE dried 40 -  material. After 1 hour's
cal ci ngtion 1;5”' a ni troggn.stéeam- %t 700[ err] C these partjcles 40 were

i npreg YERE NG th an aqueous sol ution contai ni-ng ni tkel ftrate and vanadyl
oxal at gpecificih@itdce¥, the inpregnated material was dried at 120[err] C and

calci nedafndrg | hour at2600[ es50] C 236 a ro7er ogess st rmam 3Bfe catal yst thus
prepared contained 0.5 pbw nickel- and 2 pbw vanadi um per 100 pbw soot. 45
Cat al yg‘?tal@ore volume, mi/g - 1.39 1.50 0.86 0.94 0.74° - 0.45 0.78

45 Thi ﬁiﬁ‘;ﬂaljoyest , Which conprised 0.5 pbw nickel and.2.0 pbw vanadi um per
100 pbwsiand/mi/ga carriepsnas geoepanag byo.dompr egmat i@ of oz8 al um na with an
aqueous sol ution containing vanadyl oxal ate, and nickel nitrate, followed by
dryi ngls’fafﬁdde'a? eqnpistizgon of the .conposition. 50 Catal.yst D .

50 Thi iaﬁﬁgﬂgéﬁtm‘mi ch conprised 0.5 pbw nickel and 2.0 pbw vanadi um per
100 pbyy shhisgd carrieroy@s prgpared in substantially the sane way as

cat al yst C, the difference bei ng, ‘however, that in the present case a
silicavitstead of an aflni n8 was &&ed a5 theltarri®S 532 Catal yst E
55 Thig catal yst, which _comrjsed,4.0 cohal t 11..Q . pbw nol ybdenum
per 100 Bbw al umi na ca?‘?i egq\h#as' p?'épargpdyvby F regir;gti_or‘lugof an alumna with
an aqugedss sol ution cogg ai nizgg cohakt nj.4rates ammpgi umypol ybdate and’

hydr ogen peroxi de, followed by drying and cal cination of the conposition.

8 Experiment No. -1 -2 3 1,%23,343 Cat@lyst 7F This catal yst,
‘which gonpriSed 2.5 pbw cobalt and 6.0 pbw nol ybdenum per 100 pbw al uni na
carri easphymedogoémed in substantially the same way as catal yst E. Catal yst
G5 after procesbltg2 cat al yst, which conprised 1.0 pbw nickel and 8.0 pbw

mol ybdémefmeke 100 pbw al umi na carrier, was prepared in substantially the
sane waifei®s Tatal yst E the Miffeftnce Bei ng® howelPer, Bhat in the present
case aR.4iR8ENAtI on-liquid was used containing nickel nitrate instead of

cobal t t . PABLE Cat al yst No.. A B - C D

;1? nsp[f:%e%/s%:gG Specific surface area, [err]/g . 264 - . 450
236 caldgst, % 353 89 303 77 219 Tot&l pose volime, ms/g 1.39  1.50
0. 86 94— OO0 45— 078 NtrTogenmrpore-votrume,—nl / g '
0.74 0. 80 '0.72 0.89. ~ 0.59  0.45 = 0.55 Pore volunme consisting
of ygpor es wig Ehtélyst is optimum under the conditons applied -during these upgrading 10 "

" experiments when tge criterion is met that the catalyst is still capable of reducing

the C,-asphaltenes content and the V,m- of the oil by at least 30% and at least

50%, respectively, after two tons of the oil have been processed over the catalyst.
- Experiments- 1—S5 (in which- catalysts were applied which met the above- -
15 mentioned requirements concerning the reduction of asphaltenes content and 15
' 'viscosity) are upgrading experiments within the scope of the present invention.
In experiments 1, 2, 3 and 5, in which catalysts were applied with p/-
d>10.0-0.15 -v, these catalysts also satisfied the further requirements of the
_ invention concerning v(<50%), total pore volume (>0.40 ml/g) and specific surface )
20 area (>100 m¥g). In experiment 4, in which a catalyst was applied with 10.0-0.15 20
v>p/d>3.5-0.02 v, this catalyst also satisfied -the- further requirements of -the



di aneter | arger than 50 nm nvg 0. 80 0.36 v, %

47 8 20 5 25 <0.5 22 d, mm -
2.9 1.8 2.0 1.8 1.0 1.5 1.5 p.nm 90
38 14. 6 9.4 9.4 4.8 7.6 Experinment No. 1

2 3 4 5 6 7 Reduction.in C, - asphaltenes
cont'ent after proceSS| ng 2 tons feed/ kg catal yst, % 47 38, ,
34 1.5 6 Reduction in [err]' after processing 2 \q
tons feed/ kgfeat aI yst, % 89 1,523,943 78 82 87 9
37 A—cat-al S u tT o UTTdeT the condir tons - appt i ed—

during these upgradtl '°“_L€P“ a{jﬁ(ﬁ&ﬂ ) @) IHECLER POLE VPIYPRe (X0.-60:ml/e) t he
hnts % ﬁ)f‘n

catalyst is still ngf) o hd Lad5Rhald RRteRed Ot elbvand t he
[err] of the oil byre@ttr ﬁtst:o n3eHing 1kl &Hudtieasta nerse:smemtama mg%sltﬁfafder two
;ﬁ‘,’?

tons of the o' havexpdy %Mﬂcmﬂém&mﬁs In Exne talysts (ins
whi ch catal yst's werjg oﬁwﬁggﬂ éﬁﬁ?‘éﬁ e sHa
requirenments concer,ﬁqygwg t Feducti on o aspha { ehes content and 1
viscosity) are upgrading experinents Wlthl n the scope of the present

I nvention. In experi mw& ]g %}‘itﬁ i n which catal ysts were applied
with p/ d>10.4g-0.15 v, %g§ S8 édl@é o ﬁ%lﬁiﬂo@gb&h&l irw}ﬂla%rocess 10
requi r.enment s of thehé Ky-asphalBescoRRer dtdnle V, <5ﬂ oil tvith a|C,pepheitevied ¢ofeen( >0. 40

T et al o MR B YR 65 30 Ol b s R S

cat al yst al so sati stkspechvblyebyfqontahmg thequlat etmptmtum‘ofuhbast 4001(:,5213' éh
9- |nv%nt|on C ncerri? 3 at lpgst, ! a"dﬁlsﬁc ‘PF %r ena@ t ctvg‘t on /‘%)
and specific urfac&r f,? " eEtI/t te et P Wt ch the

catal y¥sts di d not rm)et',/dﬁhe— @yﬁmemwlfmamhﬁc mmgepasrbﬂgmbtlae:nrnaddtstthon of

asphal*t enes cont ent aMCIﬁFSYS@%% g’%ﬁ?ﬁ@ﬂ%@“ﬁ&? §6‘-ds'él of the
oresent | ery on. 7 gtéwluéﬂsgtlgﬁﬁwﬁe%ﬁs I e

p/ d<3.5-0.02 V. |n @XP& dniMétithan 50, @ad al yst, was applied wit
| 0. 0- 0. 15v>p/ d>3. 5- (9) Oﬁsvemﬂswmfanetaheaaxsm ov/8; vol une smal ler th
0.60 m/g. WHAT V\El% hassxrfhctztapanddthatt &tb

catal st has to c 1E‘£F§§§grég O%Qﬁ)éh' ng Of

a heavy hydr ogar bOﬂ(aPthlse,mttdge bre ol aspha tenes cont
and the [err] of an(bbtlie spedific sarfgarar}aaspgealth@nlée nélsntrtént above 5%v and a

1
above 30 cSt are r yefﬁriﬁ sl;accordié ocl%?f:é; gl?pro esse m:)ne%ooi.ft, pE;thle\éFl Y by

contacting the oil,, gkai L&s
partial pressgge ofpbatc ﬁmst 100 bar and a space veI 00|t§/ of at m)st 2.0 39

, h 15 - ar
L%;]oge\r,\mat ion act i Vi fa ca ?@ﬁﬁiﬁ,@ ?%gw cgﬁff:rﬁ E:ag %y_sf% etngtafqﬁ@

fol |l owi ng requi rerrent st A rtéoftlﬂnmﬁn-l—ehvlﬁ:hl;ﬁodehes Gpriediobt C
average pore 8 ametigthe; mesnlme 06% %alrsmef th¢ imetaly having ganption astidiyareet er 3I5n

mnand v is the per€é&ff édlzz&t%gf’ g@oﬁ‘q&m fﬁi““ B Hsists eﬂie pores
t one me

with a dianeter Iar(garcata b @ fodl MékePatidecoval uma S
| ar ger: 'than 0.40 niatgdgast one m selected from molybdenum. vajdiu3) d\tungsersrral I er than

50, agd (4) t# speg fﬁ‘ ‘ﬁ' dﬁ};‘g agn 5\? drm 5.“ he‘i’t‘ﬁ“g
cat al®bt has such anapda mdly Ahm] Vhadin Bisfin lof tHeAdtkES hakd 1 Betwedrr 0. 02
v, but”at nost 10 m%&nd 3.6 he cat aI st has to neet the foI | owi ng addltlonal

equirerents: 25, JAPRTE SRS eg R A v R s
m /g, about 1 pbw mckelzgcc én%%b ‘Ksbﬂégb fper PO0dw c%.;ﬁ rger
t han 150 n®/ g, and (C)8 ppraedsads@fmngtbaﬁy &emnelalﬂxs 1-AT7 prhixhessea dsoarribdiogt t

claim1, which pr oc‘ nrssequé N @‘ tcontﬁlntnaéhema%l&w@éhﬂroganwat aftiygy m |
conpri sing 0. 315 p et tbwdtg%ﬁatlh@Mqu.cwgta/cemsrcaﬂrttg out 50

in the resence of a catalyst containing a carrier selected from silica, alumina,
silica-alumina and soot.
10. A process according to claim 9, which process is carried out in_the
presence of a catalyst containing soot as the carrier, which soot has been obtained
35 as by-product of the partial oxidation of hydrocarbons with air, oxygen or mixtures 55
of air and oxygen, either in the presence or in the absence of steam.
11. A process according to any one of claims 1—10, which process is carried
out in the presence of a catalyst prepared according to the nodulizing technique.
12. A fprocess according to claim 11, which process is carried out in the
60 resence of a catalyst whose pore volume that consists of pores with a diameter - 60
arger than 50 nm should at least be 0.2 ml/g and preferably at least 0.3 ml/g.




30 pbw carrier.

30 3. A process according to claim2, which process is carried out in the
presenceQL_a_caLaLysi_comprsmg—G-é—QG—prFaﬁd—pﬁe%ekab{—H 0-7.5 pbw
nmet al s havi ng hydrogenation activity per 100 pbw carrier. 4. A process
according to any one,of cJainms 1-3, which process is carried out 35

the presence of a cat al yst of which the netals having “ mmmui“ “ _
activity are 35 selected fromnickel, cobalt, nol ybdle n d
tungsten. 5. A process according to cl ai m 4, whi ch proces§ is chrried out \
in the presence of a catal yst conprising east one netal :
ni ckel and cobal\/ and _at |east one netal
and tungsten. 40 inventiof coreMinR GOV, GO rdm)ngtrbgtn (pbﬁ:l volulne (¥60ahl/ghrmiess

is carried out in thesmp@sew&eesazg@(k)gom’/«s hﬁ,“)a/ﬁ c E{lhre"ﬁ%t 3} ratio

bet ween ni ckel and/ or ﬂm

and/ or tungsten. on theﬁgiﬁiﬂ‘eﬁts&ﬂﬂdﬁpﬂs § m&ﬁﬁn&n&xp&ﬁueﬁcﬂwia

according to cl aen 6, wahappliehwish @ix3i5s @bvrﬁne@tpmmentﬁatda

of a catalyst comprisi® °e1|5Y>rPé4>3éb89? Vi hu Wil B ‘Fﬁ"ﬁ%’élwﬁn‘ﬁ’

vanadi um or 45 abouf™% pbw ni.ckel or cobalt and about -4 pbw rml ybdenum

per 100 pbw carrier. 8. A process according to any one of claims 1-7, which
process is carried out |WHM’E“£Ef§bAMéSe-f a catal yst. contaipning the netals

ui th hydrogenat i acii iyt e RnpdRs he RN Lk ke s, A0
process according to any ohe of el il rocessis carried out

50 in the.presence of abovead¥%siapdn chgrabweﬁ()nyawrcémpﬁ byr at daabt 30 @nd atlessh 58%01 i ca,

al um na. silica-al um na,apg l,s%gfcoméc%ngéheranoaqa%énp@&mwumaawbaaﬁpa%ge,vml ch
process is carried Outparﬁlll haxr bfeus Rk Q008 dCanpadeyabcl@(watandatngllsmo'twms t he
carrier, which ¢8ot hascataés@mccomnammede 55more ma@ls lsbm!wnaﬁontah@vﬂpannm al 15

oxi dat i on of hydr ocar T, \jjhich catalyst %3)
oxygen, either in thel?g"z \)yst_ﬂﬁv mw l(ﬁ Eh l;%k f@?&%&%s
according 40 any one of pbi'eavdlﬁ-mél_t-hi on!ihso somﬂlsasdmmetenallargmedlammo nm t he
presence of a cafal yst(2)|dh'éb>é4* fea!@ dF H{ﬁeféi‘aﬂl‘?éor?ﬁ’éul i zing techni que. 12. 20
A process according t 4q g sur %rl%g,s&ad f00GRg: i ed out in the 60
presence of a catal ysﬁft sﬂa&axcue lamadt ﬁhemsntsildashfgemirESS-\mmh tat
diameter 60 |arger t igtmoss00-hS gHbe Fafalyst hasde @Fetb@glwwﬂd@tlamfeﬁPWHbly
at least 0.3 m/ g%t% ite pore volume is larger than 0 9 t

. ' : 25 e‘g%?surface area is lar er th n 150 m?, and I nvention
concerni ng v(<50%, éaﬁ,{g rger/thdnl DGEN poOr une %3 60 nfg) and speC|f|c
surface area (>150 [err oceiHap@ndinghoickingl, anhdhir09¢snlsmr1€d”pllthéhmcsail %
did not neet the above @ %e‘fé’ﬂi’ﬁﬂ't’%o&Uh%é‘?“hf“ﬁ@'sthﬁﬁnﬁwwqaﬂﬂn BHVIERH AR enes
content and vi sc¥si ty

ABEA FrOBRS ABING tKiMI20@hiEH BoREINANRY obLthe hREGI0E
I nvention. In exper i MeAt citalyst campdisingto. 5—510vpbw aapptqfaablmz 0-17.p pbiw Bretlsthadifig v .

In experiment 7 a cat é‘V‘}Fgge“M a&‘%gcr (PSEII 0 L5v> /d>3‘§€6§ Q% but
with a ni trogen ROT € Ol PRESE] Eacalygidh ﬁfﬁ? itk habh 5 '*ém 10 35
1. A process for the lsﬂgjtaﬂﬂrcngnﬁf(elacdhela\.ﬂyol ehuat, &k iumoanld turgstemhi ch process
10 the [err]-asphal tengs 50@)?!109‘??%&0&%61“8 lfl’ér“&’ Pf@ﬂ?S qar gﬁg#lwhe resence

[err]-asphal tenes con ﬁf;tgﬁﬁggtmsﬂsé}ggﬁ éﬁ“\fédm 1d co

sel ect. ed from 9

S@mre(!]uced by
at | east 30% andgat | eass. o es{@saﬂmt;w iS5, WhichRodessad daftipd b 'nthbb;eseﬁlt:ea 40

tenmperature of at |ea®f 24@@ysrin pliich the o yzrepnaickq_l, gg n the opeast
100 bar and a space V(% b}v STy ?W@@?F‘]ﬂgwnt%tg%° °rha“§? SOE™EFY st

conprising one or nore netg rscéaawc&gmbydidmmmwmoa&tm déiried o@tin fhe paeEence
carrier, which cgt al yfaeatdysscanipeisingéitherde bou éga 1500, 02 45
€

o T o< e S O P

ed out
speci fic average partijgine ng'thé &eiaﬂ%tlﬁ%&&e m ividy

total pore vol une thatthecionsloﬁtlmr(sﬁlplp)Mes wi'th a |arreter Iarger t han 100

ol dout = 50
g(r)n (22%)0 V is grzrzal I ere EO’:’%E; gﬁ‘gggﬁlﬁ fd@a gy%%gnﬁalﬁ aa%:ﬁréeﬁ r'g@l li!:ted gg"éegfﬁz:agifmzétr :

than 100 [err]/g; if theleaa @Irqcsis daaﬁdmglmh camp 9ami|cul ptdeeds i{ barrieflodti iertbe p/ d
is larger than SaqS 0. 0’255?/““ ysk hg cargigrewhi %ﬁ ‘gé‘ﬁb q¢a ebtaigedpet
: t lox1 ono y rocarbons with air, oxygen or mlxtures 55

the fol I ow-ng ad ' O@% ir a n the presence or in the absence of steam.
1. A process accordmg to any one of claims 1—10, which process is carried
. out in the presence of a catalyst prepared according to the nodulizing technique.
o ' 12. A fprocess according to claim 11, which process is carried out in the
60 Fresence of a catalyst whose pore volume 'that consists of pores with a diameter - 60
arger than 50 nm should at least be 0.2 ml/g and preferably at least 0.3 mi/g. .




25 (a) the nitrogen pore volume is |larger than 0.60 m/g,
25 (b) the specific surface area is larger than 150 [err]/g, and (c) pis
| ar ger—than—5—nm—2—A—process—according to claim1 which process |s
carried out in the presence of a catal yst conpri si ng 0.1-15 pbw et aI S
havi ng Wydrogenatlon actirvity per 100 30 pbw carrier.
to claim2, which process is carried out in the
ence ﬂ |Eummli‘m rising 0.5-10 pbw and preferahly 2.0-7.5 pbw
al s. hawW ng hydreogenats on activity per 100 pbw carrier. 4. A process
accor di ng to any one of cl ai rq;52’133§ V\/mch process is carried out 35 I n

t he prese a catary Wit \,.. the—retal-s—havi-rg-hydrogenat i on -
activity g% at’%gtqcﬂ th’tlzeWhlcltmb@Ism camdydndtanhlm vanadi um and
tU”QSt e'i\sm dll Rifri 9331 eaﬁ“fﬂ"ﬂ“%?‘??ﬁ“ preprsedss i s carried out

n.the preb‘eﬁwmmwﬁﬁ wﬁio-ﬁm hﬁungmatvmtﬁ Eessqp@arH&} al selected from
sencg9fja talyse emwmcﬂwhle ehe ing maerig| ybdsnum vanadi um

n| gkel
ane tung.séw,:uﬁzﬁsmpzmzm il giwms Sl ch process
onla

i s carramdxmufstaMn Grﬂlch t _ the atomc ratio

bgg weenfaimeddsth Mﬁwn%wbathue amsubjeeted)ma chafm:h g gnum vanadi um

ant/ or LI %Ebc"dﬁ‘ggﬂa{’ tﬂﬁﬁoﬁeﬁfll et en 0.05 and 3.0. 7.10A process

accordl utﬂae calmpa ]}yl{) 'f‘f?“i‘ e presence 45

of . a cat’ ipbﬂb 1i0Q|p cmnbhmate Dut W and about 2 pbw

- vegadi ugg, BrP ri&ggﬁﬁed‘ 35% ekg#ltmbkl—elébwlth mon;bssammed4 pbw nol ybdenum
per  100papifés GsrkedCire rorated f S gﬁgﬁr ;fg“‘f'bl %Q‘ghlﬁﬁ thef c| aisms 1- 7, which

processdlscs butabﬁfoxechrmug ahd) cilbifatidh SHfANSeY abl f%ﬁﬁt aining the netals

with hytlegse eeeilice imi 19t flvendterimhs tyhetrbmmg &itel phi des. 50 9. A

PBECES Sod GEME G gﬁﬁg & B ke rgﬁa”é‘?ﬁ# lﬁhéhl ds is carried out

50 in tmh 1e®erm¢dn oﬁxnﬁle'fca:hp( it ygfrzgﬁgﬁ Iecte”& fromsilica,

al um na avsl F‘i“c‘ and sqot . process accor g to claim9, which

pr ocessprgén&a,? %Q‘s@tﬁfa‘;‘ ‘gmnmg ePfe?essalSGatradwst mcthnt ai ning soot as the
Ca¥ ri erprepsnddcly % nf WL mr@ﬁ ‘}f‘;&:‘jﬁ% : u?ggﬂﬁgct ofysthe partial

oXi datlstﬂh'“)’ le‘h Q)e%ttl mstwhngbr mn'ﬁclesoxygen or 55 of "air and

oxygen, pflk JE%F germ ,iz E‘@ h htlﬁece eawied ofit gtham 11. A process
accor d'lpﬁglde@ pl';ﬁbgga@ & St oﬁr %?WE%SP%S"E’M ried out in the
p¥esence @ odess brd ap &llaﬁd % 6@sst i© chified RGAM! dngi NG tzgchni que. 12.
A proceiie Gggx Jefoiin S‘EE T‘sa‘fgrﬁ aazrlerwmpewd provcesgelid amaimivred out in the 60

presencé Q dRO b1 consists of pores with a
di amet tbscpa*smg cthratg:%g@dlmns %L;@ Sr@o wq.%é,ﬁ SCinOuphrall, / 0 and preferably

a{S | ea lal directio thr h onp/or n@re]_@:mcally dlsposed reactors

1,523, 3 gt Eg dor Iéi%ﬁ,n %‘jﬁi‘%‘@haé L PaTH ':Psﬁcﬂ“ 12, which process i s

carri edheohutdroclrbbinellpmeﬁ@rw&r& &sﬁ; Cg@%f Pj‘ al um na as the

c rri er°P%f Wé@g p@pdncdumxmd ddlthutoponhé dfdtzﬂysﬁlfeki s the granul ation
qui d.of, S ih &t %‘l'g ‘bébfhdll??&%‘g?%ﬁ‘gf (Broecssing il biinker flaw 13, wbi ch process

| s car r| P e, zprocess aBebkdingtolclafin DY, GHERNEScAR] is @arﬁéatd%l M%&Eu'n{? he preparation of
V‘\QI ch t° gtstpg:éqair z%m!mgaaked ﬁtalygt)%v\hhlﬁﬁ'lr af;f:@%’i-e ardf%t es are f]g)rrrf:d by
t48e nogi phe of mererof ghese anount of gl ass
powder swigg Gfaeﬁit @ E‘&%gbeﬁ eﬁoqgrtg rSHeT%‘&%ﬁ‘Bﬁ'ﬁ’t“g brfixed-hed i ng fhterial with
which it Amrﬁ@ds acamdingtu bﬁ&bftchﬁnqqaim whieeprbekdBehrRag t he nodul i zi ng

an amoun

techni &Elte'“ 'ﬁgé 1% étgﬂyét A lﬁmsam a tednper attl:” e 10 above the
$0f t en ﬁ;gen'&g s is carrie out m the 10
15. A Ipr oZﬁegs:raxcsscalc rd;,igg? tocanﬁan);égénlm referably&ﬁ,g sca Hqch pr??cess is

carri ea‘“d&x,f sf‘?‘fEO g a Otelatoad emcﬁmbassa)ﬂgm osphor us, preferably
in an aﬁth aﬁé& §%%c Praget ¢e\9g1ed 16. A process

&8 cor di ng28t6mm:yss@ﬂ®rdi aﬁyﬂﬂ:‘e el @&Z dcar r '.ﬁd 15 out
in the°“1t}({‘”‘é Sia yd qghqumiaepassateummoo-qi)o '

rotati Eugndlcﬁ:csu ﬁtnahfr! wBorid m‘pﬁgfscgr eferably for a
8r i odtache Examplats faewsit retagesab emntnbas neSJ t1me of the rggt eri-al on the

rotating disc.

15 par £1°cJoda e{.v"ﬂfﬁ ° W) % %‘“‘“ﬁ?ﬁ’s"ggﬁt'g fter they have left the



17. A process according to any one of clains 11-16, which process is
carried 20 oout in the presence of a catalyst in the preparatlon of

whi ch a € conpounds
of netals mnth hydrogenatlon act|V|ty have been |ncorporated 18. A process

according to claim®, which process is carried out Ln_the—p%esenee—ot—a

catal yst conprising as the carrier alumna particles or silica

prepared-by spray-drying of an alum na or silica geI a““u I“um ﬁm& Bpl ng

of the 25 spray-dried mcro partlcles into | arger r ocess:
according to cIaHntg whi ch process IS car{:ﬁq4?ut |n the presence of a 11 :
catal yst conprisi :
particles prepared with3 Heava|hgldro¢arltdn@|ls3wlhcldtla0@bm'uisgndled Sﬁordmg to a proce’. A
process accordi ng t o2ttamd & clgimi2h process is carried out in the 30
presence of a catalyst conprising a cagovet RUGHA,ed froma cogel of

al um ni um hydr oxi de gel- on silica hydcagedred Ea‘tentAga.ttpcess according'to any
one of clainms 1220, which process is carr$ G %by passi ng the hydrocarbon
oil in the presence of hydrogen in up T cafdownwar d or radi al
direction through one or nore vertica y d’spos@ﬁ Feact or s 35 containing
a fixed or nmoving bed»ﬂataiohﬁer@meawstau&&&métey&hmnﬁeemesdm&% of'Spal 368S S
according to clai m 2FuoiiglH &nths Fatericimc, ‘mngwg mﬁﬂ* megsﬂﬁyAﬂhekﬁmn

hydr ocarbon oil- through a vertically dlsp5seﬂ cata bed in which during
operation fresh catalyst is periodically: |ntroduced at the top of the

catal yst bed and 40 - spent catalyst is withdrawn at the bottom thereof
(processing in bunker -fl ow 40 operation). 23 A process according to
claim 21, which process is carried out in a plurality of reactors each
containing a fixed catal yst bed, which reactors are alternately used- for
the process; while the process is carried out in one or nore of these 45
reactors, the catalyst in the other reactors is replenished (processing in
fi xed-bed 45 swing operation). 24. A process according to any one of
clains 1-23, which process is carried out in the presence of a catal yst
having a d of 0.4-5.0 nm 25. A process according to claim 24, which
process is carried:.out in the 50 presence of a catalyst having a d of
0.5-4.0 mm and preferably of 0.6-3.0 nmm. 50 26. A process according to
any one of clainms 1-25, which process is carried out in the presence of a
catal yst having a total pore volume of at least 0.50 mi/g. 27. A process
according to any one of clainms 1-26, which process is carried out in the
presence of a catalyst having a specific surface area above 150[err]/g. 55
28. A process according to any one of clains 1-27, which process is carried
55 out at a tenperature of 400-500[err]C, a hydrogen partial pressure of
100- 300 bar and a space velocity of 0.2-2.0 [err] 29. A process for the
upgradi ng of a heavy hydrocarbon oil, which process is carried out
substantially as descri bed herei nbefore and with particular reference 60

to the Exanple as far as it relates to experinents 1-5.

60 * C L M S * 1,523,343 30. Heavy hydrocarbon oils mhlch have
been upgraded according to a process as clainmed in claim?29. ROY C ROGERS
Chartered Patent Agent, Shell Centre, London, S.E.|l. Agent for the
Applicants. * Printed for Her Majesty's Stationery Ofice by the Courier
Press, Leam ngton Spa, 1978. Published by the Patent O fice, 25 Sout hanpton
Bui | di ngs, London, WC2A | AY, from which copies may be obtai ned.




