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PROCESS FOR ACTI VATI NG A HYDROTREATI NG CATALYST The
i nvention pertains to a process for activating a

woyorsgs@at i ng catal yst. The hydrotreati ng cat aCysP2:10a/010982

be activated may be either a fresh hydrotreating
catal yst or a hydrotreating catal yst which has been
used and regenerated. The present invention also
pertains to the hydrotreating catal yst obtai nable by
said process and to its use in hydrotreating. n
general, the object of catalytically hydrotreating

h f
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et Trigreil gRpctrtts B hrhiOlp=Eid Falalid ugigable by saia

igreterteard /eI D& Grhrugéatindlydr ocr acki ng catal ysts,
and reformng catalysts. t is therefore customary for

feeds to be subjected to a catalytic hydrotreatnent

oA !ggnea,t tb?eciﬂjea ggg&tﬁ:%m%’oh%a ey ueliels nfcarrt?cfr*< tolftaining feeds
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carrier with deﬁ)osmedtherenaGroug net al

CoRoTBAE aRd SRRl COMPRURGA 4TS biarin (o fg. catalysts
AT iR QGG G) For\borlTRh G fSc THRb WRHBAR. A4 products.

tungsten, while cobalt and are the conventi onal
@(eappleﬂ bf sueh aaalysmmhmr cracking catalystse hpdrseankingcatalysts,

A ER v bl s B i Birbee bREGRY 3olt EEPRifiected o a

&afathcahydrétréémml prﬁﬁ twithir et privRisked imeéay, a cracklng unit.
conponents, for exanple by inpregnation, after

ch
Qeéalumddrqt@at@eabumpk@dcer@taetm@r feetdné"thelﬂmrogen ‘at elevated
e?ﬁ‘;?é’ e ah&“p??%élﬁéf pqrﬁégﬁésel%é‘ gf %bﬁ tr‘éﬁﬁrg% c? alyst. I this

tTng, e ca sTare gener
poees\tke lsulfur compounds and nitrogen compounds present in the feed are

converted into readily removable hydrogen sulfide and ammonia.

In general, hydrotreating catalysts are composed of a carrier with deposited
thereon a Group VI metal component and a Group VI metal component. The
most commonly employed Group VI metals are molybdenum and tungsten,
while cobalt and nickel are the conventional Group VIII metals. Phosphorus may
also be present in the catalyst. The prior art processes for‘preparing these
catalysts are characterised in that a carrier material is composited with
hydrogenation metal components, for example by impregnation, after which the
composite is calcined to convert the metal components into their oxides. Before

CONFIRMATION COPY



10

15

20

25

30

t he hydrogenation netals into their sulfides. Because
the requirenents as to the legally permtted sul fur

wandsuzsaogen contents in fuels are becom ng ever/EP2004/010982

stricter, there is a continuous need for hydrotreating

catal ysts wth inproved activity. Further, at a given

final sulfur content a nore aetive catalyst will nake

it possible to operate under m | der process conditions
or to incre the Iif n of

(energy saving) | ase espa

duing yised wétmo%éqtr@aé@sn éheapatﬁ’c%@t% @wg@nﬁ@ﬁwt FH)?.SU\%@EO' to convert
' r smherein a hydrotreating

35\% ﬁg"?@eﬂgﬁﬁ P#Séﬁ%lga}gﬁéﬁ%iﬁ%ﬁ@}ylgs hydr ogenati on net al

Bdgesanthea r&yuirgmafits hgslriog theatiegallynperhitiexi delfumaad nitrogen

carrier is activated by contac [ i itive

{j%q tvvlthanrﬁdd df

waentants dn duelscals bERMIGNBYRInGIr St e i&IE 1 BrFQAiBUgHE Uped for
o . |

T SPEREHE o BABR LRl e TRVANTIGIOR @ GPBnal sufur

oonteot red snoref astivenbatalyst véll caake jispossiblar foeapeniatie under milder

such condit.j.ons ,that the.additive_ subst iall
FERRRSCoTAGE dopaioy tavidglcobtiTodtoase dBkcraan of a catalvst
hRhFedPfRjepResidracicyele IsaaRy.s and various ethers and

pol yet hers. The catal yst may be either a fresh (not

used) catal yst or a used catal yst which has been

VBT 10 e RldeeRg T G RoBiaRE Seaiyst comprising
%aG%L%fSVI Ib%y_@ﬁtﬁﬁe?{aftibn Qnéial \dxtdef alg\% ?(Gyel?p l(mﬂ’migngesrgation metal
as at a maxi numtenperature o C fo Y. .

AR/ ArATIRT 5y ACGAIEDY RNARHNG divdh gaAddHEIvICpes at least
heTEEPREY L St a 0%y oS SRR bt st o
thipdroxgt ajrgsps dine Pri6f earleah catdins| varsd dibsc(pdigetiers of these
SETPOURES SRRpIUTh S Carait: o FPbipeh Lt R fps that the
%u@bées%b%%t%ﬂ}%ﬁ%n@% PO iR, e s desbitdd in this

romthese conpounds. G ted exanpl es include acids,
aéferneei iocliidal sugass andetaiious atheiseand polygihiers. dhd catalyst may

Rl 3ol B bt et W (edcinedt Qpidluatt MM pe been

régRrRYSedi f the catalyst is activated with the
combi nation of an acid and a specified additive.
Accordingly, the present invention pertains to a

W@CS?IEZBQQ describes a process for regenerating and activating a used
additive-based catalyst by contacting it with an oxygen-containing gas at a
maximum temperature of 500°C, followed by activating it by contacting with an
organic additive, if necessary followed by drying at such a temperature that at
least 50 % of the additive is maintained in the catalyst. The preferred additives
described in this reference are those selected from the group of compounds
comprising at least two oxygen-containing moieties and 2-10 carbon atoms and
the compounds built up from these compounds. Cited examples include acids,

aliphatic-dialcohols, ethers thereof, sugars, and N-containing compounds.
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activating an hydrotreating catal yst conprising a

G oup VIB netal oxide and a G oup VIII netal oxide
wohiash3pocess conprises contacting the catal yBCTHEPRGV4/010982

an acid and an organi c additive which has a boiling

point in the range of 80-500 C and a solubility in

water of at least 5 grans perqiter (20 C, atnospheric

pressure), optionally follomeg by dryi ng under such

conditions that at |east 50 wt% of the add

(it Branowebeen Towadt Beweveyy at g pm@éﬁtdeépﬂ%%%m heee references

@i, 'uﬂﬁﬂnvbﬁ it i %ﬁﬁ%ﬁ/ﬁtact Qféd%f?ﬁﬁfersggﬁnbmﬁloﬂrcﬁsﬁpémd and

i nven I'S "sui or actrvatin
hey dpetifiehbddive.adedordingly, the padssat frwenﬁaxm pegtinsgo a process for

cat al ysts ch have bee sed i.n the d t
wa 5 B0 ERERR It S NSb AV BPLCRE TS 3 BE Y Sl and a
pO\/IIIOrHEt%iI Blide hn@h?go‘ﬁéstéﬁlﬁﬁnsﬂst@dnté@tﬁ@ﬂh\éaéeﬁ Iys’cg with an

I'S pre err I'n the process accor
tan:xcﬂ laaduammganmradmm/eawhlohdnasda ihr;odmgtncwa& inrfhe cange w§B0-500°C

L SRLBG Y uder floal iRt @R LBl EBi gatmosnhero

(Br@é%ré(} 'dptl@iﬁbw %lfoWe%F by &irjifg tuhelet @ush cupidaidhsthat Bﬁ least 50
catal yst) below 5 wt% , nore preferably below 2,5 w %

ovi8n ofotle rﬂCé:ﬁl‘@@tfquafw@ dov thewttols aeripingls Bt epfatmdgitive) is

Mo B4 b ing B3 othe bRReES 4y b et o B Ruitable for

fafoﬂ@éﬁ@freé’ﬂil my@fo‘tﬁé@inlgl tetalys s Quit disc by @ﬁw@tlag ngitalysts which

crystalline conp a mxture of dlff grent

haystheen; ysed daﬁ%bm@treaaag skByghoearbon fegee of a

cobalt nol ybdenum catalyst it was found that the

active hydrotreating netals can crystallise in alfa

Tdmbauh\lenm’syhdm efoliad Ctidi Ct) vidbe pefndbiajniog &haigh activity after
drot tin t al t|o of t he cat al yst . .
it C%t@% li$ Pﬁ%‘egjéﬁéhawa hE AROBRSS aFGRdNEdp the invention

%\% i¥at8d @J%a)k(otrgatmegﬁé gs@eaﬁbﬁsééiagﬁyﬁamnérfpadﬁbﬁ K@kfined as

tungst at e, tures or m xed netal crystals
mwnghtefraamndof ditystatlings cainpueds vhciroup ‘él@nab@ GisapuyBldmetals

Riotis BT braidiiofl ot BRI pelay B3R e Niorsdfbrecably below

oo wh% el rﬁ%ﬂe "p@éfe%HIY belowiSledit 196 Gaite st prerirably Yelow 0.5
but also in fresh yroreatlng catal ysts. n

pave i ldaply, the aecteredidsetr tnugnga | GptRrisSsaubfigatially no

8RR HALT0n0 R TBARG A MREMRIEh, Bb.E o crystatine
BOARPRBAd asICar fixhgret of Uﬁ%remt\/enybtatume powpbanded Foreskample, in
gggé %tf gec%tblaﬂgmolybdenum catalyst it was found that the active hydrotreatmg
metals can crystallise in alfa -cobalt molybdate (a CoMoO4). Depending on the
hydrotreating metal composition of the catalysts different crystalline compounds
can be formed for example nickel molybdate, cobalt tungstate and nickel
tungstate, mixtures thereof or mixed metal crystals can be found. The crystalline

fraction can be measured by x-ray diffraction techniques.

It was found that the advantages of the process according to the invention can
be obtained not only in used regenerated catalyst but also in fresh hydrotreating
catalysts. In particular in fresh hydrotreating catalysts that have been calcined,
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catal ysts a considerable crystalline fraction was
found, in particular when calcined at a tenperature

wahkas3s®D C, or even nobre so when cal ci ned abeve/ERO®4/C10982

450 C or above 500 C. Very good activity inprovenents
can be obtained when in the process according to the
invention the fresh hydrotreaying catalyst conprises a
crystalline fraction of at least 0.5 m % preferably

at least 1 wt, % nore preferably at | east
@@ngld@f@l%umpra‘fem@xspf gh@t aofvitynean H%rﬂht@ﬁe% @b usmg the

Rhigksh gp%&scréjr{g;%? i @ttbntﬂeci%éht}( dulﬂgéﬁblﬁgalaﬁeﬁy HyBFfotreating

processe ove
h‘.yathlystts eat corgidsagiley sty stallings |fsaomgnaw@sofqmmm lih patt@ular when

G Vi t whi ch t
Al e AL Fo B aboVE 500 s O R eRTGrS &t hehigaleingd above
\M@'o@ LR BIAIAR BORS. Verhos@nAuRy MrSAnEnaNdan be

a so ty I1n water of at leaSt 5 gra
(obtauobd athensp tiee |pooqasesamoajmg Ththecivahtjen thesfresh hydrotreatmg

gagﬁsrt %gpﬁqragg %\?ﬁegggtgﬁl %ﬁg% toglag %a%gbé?\g; 2000 . fgrarﬂﬁy at least 1

wwrmépé ﬁaf@r%w B 16adt 2. 5%@% 2P rh@étqawe@ram%at FBSE 5 wt %.
preferably below 2.5 mt % nost preferably below 1 w %

(expressed as weight fraction of crystalline conpounds
of Group VIB and Group VIIl netals relative to the
total weight of the catal yst). EP-A-0601722 descri bes

FTheeiteatibar agbepsiaiosgd (@ &ahpdpirealiyg | catapenadbtainabfe by the
an alum na carrier substance with a sol ution

BEIRCAPRS AgSHRAcRh A Ihgariauiar, B amyREQiTeaiREly$iccomprising
%n%u@f\ﬂll%sggpgidé%g écé‘?éué A \t/rgér;‘g?ﬁo de %Mblﬁ‘%a?atlysi‘ additionally

enpe ure to 'pre econposi tion
ev@pases anmacal andaen adganic additivé whichmaas adoailmpcmnt in the range

ﬁ%ﬁfﬁ%&% Ry e as iy WatPs Gred ipef e diiiovger Tter (20°C,
%He?@t r@QdeE% e %f Qﬁ@?ﬁéﬁe?&bly B rbasn@fa@é@ug@d ehtalyst or

horic acid and an or ganl Cc
acbaIlcttmacéfreah tchtalya’rpvlmyemt hhercaéaiysn preferablyi @rnmsma gicryptalline

R BE PR YA TR0 8 A8laBl (GRS HEE B ARty elow
@t%e(@sduréégéesast@auﬁh@ ﬂ@cﬁ@n @cbms@élm% bbﬁ"lboaﬁdél@f &reng VIB and

organi ¢ additive having the speC|f ed bo Ilng poi nt
gretsYilLimetals yelativa m@g twfeém@@httq rﬁ@e aatedstlal for the
process according to the invention is a hydrotreating.
catal yst conprising a Goup VIII hydrogenation netal

BRIAI®6ANT22 describes a method for preparing a catalyst by impregnation of
an alumina carrier substance with a solution containing hydrotreating metal
elements, phosphoric acid and organic additives followed by drying at a
temperature below 200°C to prevent decomposition or evaporation of the
additives. This method does not concern activation of a fresh or used and
regenerated hydrotreating catalyst. In this method the active hydrotreating
metals are deposited in the presence of, and complexed with, phosphoric acid
and an organic additive in the impregnation solution. it is surprising that used
and regenerated or fresh hydrotreating catalyst, in which the hydrotreating
metals are already deposited, can be activated with an acid and organic
additive having the specified boiling point and solubility features.
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Group VI hydrogenation netal oxide, further indicated
as an oxidic catalyst. Generally at |east 80% of all

wohodsiesé@ oup VII1 and Group VI hydrogenati on meralP2004/010982

present in the catalyst is in the oxidic form
preferably at |east 90% nore preferably at |east 95%
still nore preferably at |east: 98% The percent age of
netals present in the catalyst in oxidic formcan be
determ ned by X-ray fluorescence spectroscopy (XRF) or
i nductively coupl ed plasma spectroscopy (1 CP). The

& ORI B Rerh B e LTBRRECardeuRR U I ifegtion is 2
fx‘éétmgsﬁaia%t sdaptising an@hmp VIII hydrbbénﬂi‘mmesal ox1de and a
accor di ng‘yto the invention may thus be an oxidic

Hyhet Vé dﬁ@gm@n yaetah axisa: efartb9r Peafedsas ian %lidt‘h catalyst.
L%%é’%ﬁ? Qst”gmg Pf%ﬂ%‘? r’cﬁgtércﬁ‘{ngﬂng{lerﬂsg%&fb W1 iy Rogenation
Sﬂéiafﬁpt'ésbrﬁ i thecedtalyselsiinithe baid formopvefetaiynat least 80%, mors

Rsaisrably 3tioRss Saibs st BIS etpraDlras pash 4. dhecpsicentage o
Vmﬁ;ahs rb‘?‘ésé’rﬁeﬁertﬁé?%?él tegh Bde'ic?'?Br‘ﬁH N&hrf Y6 deRGRPISLBY X-ray

case t cat al may may not have contai ne
Fluoaskbienice esgestroseopyt (sXFRF) st tm;hmtlvéltyeccs.trd\ed iplagma spectroscopy

G e ReEN SRR A eIt fergelRod edpive s Hie Ttpb ypiont of
Ylheﬁ?étéiss may be nentioned nol ybdenum tungsten, and

romum w th nolybdenum or tungsten being preferred.
Mol ybdenumis especially preferred. Goup VIII netals

e P ERRAEpTeATE AR, e s SRl BRIy i process

%&oﬁﬂrﬁ?tcﬁfhe&ﬂﬂérﬂ[ﬁn may thes baagaoxidic ﬁydrdh@aﬁﬂg Whta%st prepared
cal cul ated as oxides on the overall weight of th

e
bytapyesessTinaviieh lydsagenatian n&%ﬁb@@f@ﬁpneﬁtsgaéﬁ&%@qﬁ'ted with a

BR8Py R B A8 5B PS g o
\m?nﬁ)/ert;ﬁhlenhidgd@ehélﬂdn n?talcampmmmtmhostl'@ﬁglérceddqs However, it
iAo beuRnveth Tciieatnd roatevabuidh Pedaded repgagrated by

@OCS%‘H‘% el qgﬁpeé‘@é‘ttﬁe M sBRay or may not have

rus ogens boron. Particularly, the
moammmrbanfadpiitwerh‘aﬁmnests first use.

The starting catalyst comprises a Group VIII metal oxide and a Group VI metal
oxide, generally on a carrier. As Group VI metals may be mentioned
molybdenum, tungsten, and chromium, with molybdenum or tungsten being
preferred. Molybdenum is especially preferred. Group VIl metals include nickel,
cobalt, and iron. Nickel, cobalt, or their combination is preferred. The catalyst
usually has a metal content in the range of 0,1 to 50 wt.%, calculated as oxides
on the overall. weight of the catalyst. The Group VI metal component is
generally present in an amount of 5-40 wt.%, calculated as trioxide, preferably
10-35 wt.%; more preferably 15-30 wt.%. The Group VII metal component is
generally present in an amount of 1-10 wt.%, preferably 2-8 wt.%, calculated as'

oxide. If so desired, the catalyst may also contain other components, such as
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an anount of 1-10 wt.% calculated as P2 5, to inprove
t he hydrodenitrogenation activity of the catal yst nay

woeoprefmired. The catal yst carrier may conpri BETER2004/010982

conventional oxides, e.g., alumna, silica,

silica-alumna, alumna with silica-alum na dispersed
therein, silica-coated alum ng magnesia, zirconia,

boria, and titania, as well as m xtures of these

oxides. As a rule, preference is given to the carrier ]
behiasghetusaln@lageas, andikeianuRanigulaglyuthenaregienege of phosphorus in
silica- m i.5per, t j or_sSild ca-caqate
aqmm%&@pegﬁaﬂ'ﬁ?ef@?@hcg%?ﬁj‘%ﬁgena?o l-{’eﬁ(ﬁsf’l’n g[g aﬁn rove  the
Hydiiddenieogdrationrettivity bbthkcatély8bragy delpreferredl.carri er

cont ai ni ntg a transition alumna, for exanple an e}a,, .

t i gatalyist gaiiier MayIGeARISS 5 eqraiendanal QALes. he s alumina, silica,

LOUD 1er ej . gda - al ] : ri: i . .
M B R ABLI Y AeBa T, soacosed
(aimama, edagnesiaericconia,peord,r and ditgnia,oas avell asgmixturds, of these

e o e S B S foPGar B i
rgrhat %ﬁmﬁiﬁa%gpfsm@a-%yrﬁna ddddsePiRieinabl )éili@a-‘?cP%tetdh%lumina.

The specific surface area is not critical
B pecisd prefecenad isgiven thalumina and @iursinehegntaimehgap to 10 wt.% of

nerally be in the range of 50 to 400 m neasure
30Ao A reE cohinbe) & rehionagihTnd B e R theta, or
Revenma alRfinans PRserrddaiietie this Brdupe whangi e§arinibalimina carrier
as determ ned by nercury porosinetry, and at | east 60%

dg mostesprcialyppieéened.ume will be in the range of 2 nm

BB, Porg vBRliGe A RERLfEe, v Bt méherrafian gontact angle
sberesfee @xbiondsht 480 dipvem)lienobtritiesd ttalthe pryess adcording to
extrudat es have been disclosed in th

it t ,
e Imiantion BAAbSENSEY b4 FghPyABas PLBI%1 oMl reipEbly 0.4-1
Pitd. "e Qeéciﬁ?rsh'rf%'cssaféﬁh‘s Gt ERicBeId e ér&c%rsg%cbr&ﬁg to the
we as symmetrical and asymmetrical pol yl obe
frarentioh esthe2 and vill génkeodlige imtherange o &dstoad @ ndinmeasured

to, the i tiop the oxjidic hydrotreatin at al yst i
B Bl methodiciFaelsiabiun U Gatishadl (T8 Hadiadan pore
%Ii%?ﬁ%ﬂer 9t rdHgd Bf Thie ARNes dRiteBnddBymarslir porosimetry, and
solubility in water of at least 5 grams per liter.

at least 60% of the total pore volume will be in the range of £ 2 nm from the
median pore diameter.

The catalyst is employed in the conventional manner in the form of spheres or
extrudates. Examples of suitable types of extrudates have been disclosed in the
literature (see, int. al., US 4 028 227). Highly suitable for use are cylindrical

barticles (which may be hollow or not) as well as symmetrical and asymmetrical

- polylobed particles (2, 3 or 4 lobes).

In the process according to the invention the oxidic hydrotreating catalyst is
contacted with an acid and an organic additive having a boiling point in the
range of 80-500°C and a solubility in water of at'least 5 grams per liter.

The acid and the additive are incorporated into the catalyst in the liquid form by
impregnation. For the acid this will generally mean it being in the dissolved
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The acid and the additive are incorporated into the
catalyst in the liquid formby inpregnation. For the

weaedah/mhiss wi || generally mean it being in thePCI/EP2004/010982

di ssol vedstate. For the additive, whether or not a

solvent is necessary wll depend on its properties. f

the additive is sufficiently Fluid to enter the

catal yst's pores without a solvent being present, a

sol vent can be dispensed with. Cenerally, however

ssinigeifror e pd@idveswhetiener sel @ selvelé i Narespans V\(Nbd@pend on its

TraPate, Ye sAGRTE R S i piehty RuBo P 1Y eatBh3f Bores without
té‘@ol()@:ﬁﬂﬂ@n@?réé@it@é@ft/em&:aatri@b tispensediwith. Gepeedligr hewever, a
nmbodi nent of the process of the. lnventi

cofvanj 9¢ill pg usgg] EB@@@'VﬁBt aeneiginig walss, gl?h%gti} gtper compounds,
RRAARRBURRLAnbRA, 864 Binel 28etil el &80 b8 SlHBE, pending

catal bef or e

s themiatine dfethevaeldltﬂ\/emndttheacat al yst. t has been found
that the aging step is particularly advantageous when
a cat al yst whi ch has been used in the hydrotreating of

%%‘%f Y fe?r%dnﬁehp oP&hé e@f%éé’@to@dthemﬁ/eﬁﬁbﬁlgtﬁé Btalyst is

in the aging step-is a function of

tsemm:tad to an a@mgesmpl aftertthe lrmgxrmfatlon@f ez peids dbevaging step is

teﬁf%gﬁedz\yﬂﬁeeﬁg{ n%ﬁﬁ(g{@e rtﬂ%%tgﬁha IS, Lple?o(;eﬁh? sﬁ&eﬁn}’%’ &Rhidved from

Rty ft Has"Bdh fima gt helading %@e@@pém@owrly advantageous
activity inprovenent is observed. f the aging

aehan adatalystavhigh thaspesan uses tﬂemé@mretrgﬂfm%wydfﬁ@arbon feed

A Be R Eet R bty B FfPle (L gPRGuPb ™o fston o

agmperaiuep Genefdlly etheogint tmné edpercates ewdhoireréddihg aging
the aging tine is generall¥ | eas

pseraperaiwiey The agingstap mpinally dges t %ﬁé? géuvmé*?% &ifigr apcertain

e
dsmﬁsenvedslffthe a?g:pgrsteml mﬁarmmelromEatna rhemeeraturreeba’g\reagx 0° and
WP, THe POl ieoe RN b oRalal A PREPERIOR) oasie2 hours,

o[% C@ééferé’&g%g%és't @rhdu?? "1%@ ddi %été;i l%aWéd bGi @tﬂi te®perature

t he stalline racti on el ow 5 percen
Iaboee @Oé@etmbagmgélmm@g@mm% at lomat OfﬁJh@Wér prefareply at least 1

hat the ti n on

AR 5O Bl AR £ B0 ST SORBb TRl ATt oo st
iah al BRI AERS Bf aB60E 400¢C Laden nxmmrtnap rRohbRioasifer a period of
concentration is at least 5 w

over 15 minutes. The aging step can also be performed by heating the catalyst
with microwaves or induction heating. Preferably, the catalyst composition is
aged for a time sufficient to reduce the crystalline fraction below 5 wt percent,
more preferably below 2.5 wt%. It was further found, that the time of aging can
be considerably reduced and/or significantly better results can be achieved if in
the process according to the invention the acid concentration is at least 5 wt %,
preferably at least 7 wt%, most preferably at least 10 wt % (relative to the total

weight of the catalyst).
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preferably at least 7 wt% nost preferably at |east 10
w % (relative to the total weight of the catalyst).8
woO 28@5/038a91 has been used to incorporate the ad@8CriEPe004/010982

and/or the acid into the catalyst, the catal yst may be
dried after the inpregnation step has been conpl eted

to renove at |east part of th% sol vent, generally at

| east 50% preferably at |east” 70% nore preferably at

| east 80% (i n weight percent relative to the original
V\lélsplhtenbfhalshlee@’i)mpedrtd)lnCOrpDSatesfheradchﬂlVEt andfes theoredsnto the

SRl en Calaet o ke ST PeoliPRPRicE dfig has been

%Hihblbv&i &@%hr&/el Bt t8sstcpardl ofsthe Ebﬁ/eﬁat gensally Sat least 50%,
hence not cal cined. n consequence, dr In

mierabkvraé leaﬁtH@‘Vaprppreenrecﬁmpbkyoatri@@ﬁmﬂ)% o w%ght percent relative

SRR A ol B L 6 B et acoran

ttbethérmvmmt Bt sRpWrgingsteniy eﬁéctedtm wodRra maginer that at least
conditions that at |east 50% preferably 70 % nore

drast ef thel agdioms, lemaing indigi aaita st Eeﬁpatﬁlm’féﬁheﬂ%n%%alcmed In
|

s R T L

ne&fp@raiteda b whittpthesspecific additive \bellswr plessimplosesnint the context

cat al yst durln the d step thth

31 ) Peesehytanione o dndosBa o it carfrchg-Eagler such
GMaRiond! ¥RaY SitbEady 80%s dor g@ﬁb ryH g, ShéR BRferabiy? 90% of the
be carried out In air, er vacuum or in Inert ‘gas.

@e&dﬁn@l nhyorporated latwvtaatcaag@misnttbe ln"apeemaﬂﬁmsm@o is still present in
w,220 her

b
By Srorm e e st G SsEn B i Hark ShRbgp s much
Qidd'ith/% asldioskipte inl e %@téﬁyﬁ%rﬁq@e’th@démng\/ Qtéiﬂiyou.hﬁmth the more

incorporated into the catal yst sinultaneously or
y@tajée]tcmnpqundzs eyaparatiosudafingriher drying rdep nbangteatways be

5izqtda n?wﬂﬁdﬁrey%gm 8@936%%55‘[%%{1'%'§ obH(%%rovrbc‘?fum or in

@ﬂiéﬂi 28, WhhdraMe it s iadvantgeetsdoimve &hdryinat ’eém;sérature below
gfg@l onal ly foll owed by a drying step under such

B0t REPRUG athighen eblaWesHBIEeIaES MIRY b \IEGe8RRRN epending
S HRRAAGAIGL st 900 Per et [ e to (e
enbodi nent an aging step is carried
The acid and the additive may be incorporated into the catalyst simultaneously
or sequentially in no particular order.
In one embodiment, the starting material is contacted with a solution of an acid,
optionally followed by drying. Then, the organic additive is incorporated into the
catalyst, optionally followed by a drying step under such conditions that at least
50% of the additive remains in the catalyst (in weight percent relative to the
original weight of the compound).. If in this embodiment an aging step is carried
out, it may be performed before or after the organic additive has been
incorporated into the catalyst composition.
In another embodiment, in a first step the organic additive is incorporated into
the starting material, optionally followed by a drying step under such conditions

that at least 50% of the additive remains in the catalyst. Then, the resulting
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out, it may be perforned before or after the organic
addi tive has been incorporated into the catal yst

woaeoppass®ilon. n anot her enbodi nent, in a firstPerap210h®10982

organic additive is incorporated into the starting

material, optionally followed by a drying step under

such conditions that at |east,50% of the additive

remains in the catal yst. Then; the resultingnaterial

is contacted with a solution of an acid, optionall

fmaﬂeuabus dontaciedgiithga sokitioarnd/asr adig, dptmrraélylfﬁwectéwan aging

ndi t t at | t50%fth dd ' .
o2} B8 ERbor B RTph SpACHL Rkt sBTBhd e
38&halh® edatdly®. i nto the catalyst in separate steps
IS that the properties of the inpregnation solutio

e a@vargagemédnwpﬁ@émgtwé ﬁ@duﬁmds ggdiivetinto H@ @a’talyst in

%ege(ﬁténs?gsét ﬁat yﬁs . r 14 gﬁﬁ%ﬁ]ﬁgﬁ%@;sotluhons may be

eilcady 36 n’védthhéirawr@h%ntsr@f ﬂmﬁamdwhdsmetadchHVe Nevertheless for
both the acid and the additive,

?rgaa%{ﬁzéf %{;cnaﬁ%gh ingpretesipdainarBtad thewiagngce Eﬁlmﬂd@ H a single
prgeq;n%ﬂght ﬁgﬁ%ﬁapgfnﬁﬁlﬂgﬁ_%?hagf?%@ %‘E{dt%@’ gﬂgl éndodrfﬁ/e optionally
tﬁcblloa\redObgeem egiagi step lamiVgraai dryiagi stepanreiadea‘uche«zbrah:tlons that at

Ci ﬁoco on tS whi ch do not ? nt al n a carbon atom
%?a"gé &0 bYErfF@aém@s P H SO, HNO,
H PO , (NH)HPO (NH ) HPO , HPHO HPHOs and
H(n+2) PnO(3n+ ). Wthl n the group of | norgani ¢ aci ds,

iThe guitbgaydraish dwrganinion gnawgabicaacid pnefganieacids ar defmed as

SRR ReT BSpbtlo b SR AL Bt Y HERSErHgs of inorgani
peidti ifdluae! MCPIefsy, &moghelapm aq\rlam—age)4t @NHID)@HPSH (BngHO:g,
inorganic acids 1s that the counterion,

iQke, andl HatoPn@emni t Ve fhe |9f@@®opfat'é@rgaﬁlﬂ(‘o agids,

thP
RREnGLe FORRITRY' Adds ol Podelioll Al HRRARELS i Yoot o

pesitiveipdniieree thedesivitpbf a HydroiteatingotathlysteHsPO, is particularly
counterions in the catal yst conposition. However,

pegferadng on the nature of the counterion and on the

PHECea0la a0 e A 00 S RBENN 30881 431 hoBhunion o,
thieyiddosulfete hav aitsé, disdhsapbratedaireo the catalyst composition. If the
activation process of the present invention is repeated a number of times this
may lead to an undesirable build-up of these counterions in the catalyst
composition. However, depending on the nature of the counterion and on the
number of regeneration steps envisaged, this may not be a problem. Organic

acids are preferred because they do not have said disadvantage.

In the context of the present specification, an organic acid is defined as a
compound comprising at least one carboxylic group (COOH). The organic acid
is generally a carboxylic acid comprising at least one carboxylgroup and 1-20
carbon atoms (carbon atoms in the carboxylgroup included). Suitable acids
include acetic acid, citric acid, malic acid, maleic acid, formic acid, glycolic acid,

hydroxypropionic acid, hydroxybutyric acid, hydroxyhexanoic acid, tartaric acid,
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n the context of the present specification, an organic
acid is defined as a conpound conprising at |east one

woandsmsydiic group (COOH). The organic acid i s gemaEradoly10982

a carboxylic acid conprising at | east one

car boxyl group and 1-20 carbon atons (carbon atons in

t he carboxyl group included). i tabl e acids include

acetic acid, citric acid, malic acid, naleic acid,

formc acid, glycolic aC|d hydroxyproplonlc aci d,
rgmnemwyamd yglucorac iagid, wahmyldemlc agisl, polyagryligragid, ascorbic

aCl ch |c aC|d u oni & _aci xal ac

ni cangjm d" lgtlélpyl i Ci dﬁk asc%PB%b %ﬁ%l 'CS{QTA (1.2-
'&y@l@ﬁbﬁérﬁéd]ﬁrrﬁ@té‘@a%bé& E5Yi4) ast. Cyithin ( thig, group, compounds
cycl ohexanedi am netetra-acetic acid) etc. Wthin this

FOOIISIND b dRARI SWeoPRIPPXY lisgIrRUPE c2iet PSTRY e B@rxym@med costs
u r C C

%n@ $% Vg{é gmcnéﬁ I[icﬁ’gaéllc Oa%rld ‘iﬂHFé'né“é&d %élépi@%l@ érﬁd’ 'térl’arlc acid

g prefetradi Citae adidas papticefaglyr@dfer@d.ric acid is

partl cularly preferred. The organic additive used in

conbination with the acid in the process according to

t ' t4.0p r ;

T4 BAFRARCS 2 B GMBRBATRAN e i e 0BRA Mecoraing

h@rcﬂm@gwenabnms ani origaalobmmpmmdqmmtammnwndacrgnprdﬁing at least

-500 d [t t f at t .
@@fa FaTben Som: atmat dest el PudiBsen Floph st Brgitad FETR i the
ﬁ?eg Bf §0-500°€ 51 'skSlLﬁ)hi%/ ﬁ‘fj\%fér\fﬁ' dﬁeé’éi PYreae pelorter at room

gen-cont ai ni ng conpound. The ling point of
aei’dperailera 201G éafamsphencm@ssamje Feﬂefa__raby o cad%\f% is an

ferably 150-350 C. Th f th
B8 eGSR EaBRUB The one hand the

‘Tfhé' B&lind pbint ke thel didkitive i§ Pdferalsip i hise ¢atgd wit 00WIO0AG, more
the preparation process, including the dry |n ste

arefetably Héotﬁﬁ%@ Rhadadling pristok e acﬂf@t%& b3 %C%(gbﬁtrween on
éﬁ?’“% P%ﬁ%é grgt ﬁY‘ttﬁe Uy F déjﬁ?ﬂnyéﬁ tHéeceﬂélyst during the

e organtc a
b@edaraﬂomprdﬁesbumclud&igﬁm dytnsepeand rortﬂne csthechamcdadihe need

e Sy A0S a1 bR (9TEONSI Rt {h@n%@gqibg alSRTPRLER use or

-ﬁﬂtﬂHQh b8 Yn Hadeh e dst éhh’;eadél‘u?éé A Sto %&lfr@r‘bdﬂﬂr but instead

er at roomtenper a ure, pre y at | east
deeompotes i that skdifleat tetiperatoraibande, the deyo betlmgtpOirdrls meant

Eccqu ge synonymous with the composition temperature.

The solubility of the additive is at least 5 grams per liter at room temperature,
preferably at least 10 grams. It is noted that the solubility requirement for the
additive has a two-fold basis. In the first place, compounds meeting this
solubility requirement are convenient to apply in impregnation solutions.
Additionally it has appeared that compounds which meet these solubility
requirements somehow interact with the metal components present in the

catalyst leading to an increase in activity of the final product.

Within this definition, various groups of additives may be distinguished.
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additive has a two-fold basis. n the first place,
conpounds neeting this solubility requirenent are

woamsass@mt to apply in inpregnation sol uti onsSPCT/EP2004/010982

Additionally it has appeared that conmpounds which neet
these solubility requirenents sonmehow i nteract with

the netal conponents present |1q the catal yst |eading

to an increase in activity of the final product.

Wthin this definition, various groups of additives
nyirdieaditds poidiirs He. wefened, gsoup af atltitivepds thte gioupi afeorganic

L cOhgHRad o B Bt SR AL soms

%r@%r&@ me @t éﬁfﬁon PERIY adld tRel@ompoRAls abais undrom these
conpounds [t up fromthese conmpounds. Organic

s@rm@opwmﬁndsesgmtqﬁ drorgotfigougiayp of compounds

SO e o SGERBRREL PR, U s, oo
Z:al@omlbb@lydﬂi@ﬁmoﬁ’eﬂést hed cotpeoards dtonlst anpite @dsmpounds built

t hese conpounds are preferred. Exanples of suitable
m{f@nhdaewcqom@%@ﬁaﬁn@dpfﬁferrﬁg}f llixampéwéﬁywable compounds

%éf&&’é Ib%lt%é:!ﬁ&y g%uv‘?@ ?@%ﬁ%\n@t ﬂl?&ol cﬁéld‘sﬂ?&e th(ﬁ‘tacbféldol At this
wmtim vieng, rmefarm@eus@\teeﬂwﬁmmrtms@ogp 4o anoasddmmmun isselected

"%%é’ér? St B faserisd hEaebBig PUdiertigrps and 210
gﬁwgﬁﬁﬁwnég{l% ﬁdethqueﬁ/s@tﬁérsf mma,&elcanqmms Suitable

| nc ude al 1 phat1 as ethylene glycol
pomqppluede fgjryd:bis grgupdeclude aliphatie bigobplsesutinas ethylene glycol,

o gbeehRgar: irisinyiot PEERso TitelRye) BRPERE €. Ethers of

tidgE EBMRNAJS! M@l@lHe alétl'@'léhé gheob! & ﬁﬂipylérfd @Wc)él eﬂﬁi@nethylene
gl ycol, tetraethylene ycol, tetrapentyl ene

ghics!, rteeityylenenglyeole sl @ngtgéw:od ote’crﬁ@thy qaslyyéﬁ/ﬁ@ﬁr%pentylene

glﬁ?gpﬁﬁ%’ %Fé’%%’éﬁ lgé %%EE%?@S%‘; 0 ﬂﬁ:@& e P&‘&bl nd’;‘rhge polyethylene

glyiayl. aDidef eyttt winiol kg )‘shlt@blbe‘br udeerﬁ ity pr&@i’c yov@ntion include
nononet&g@olet her, diethyl en nonoet h

A gme@butmibﬁf,@wrwlgﬂ JCoRRTP ATty SRS diethylene

t t
g!y)é?ﬁyl ene ¢ ycc})]e? taﬁt%){ %‘? eﬂg&ﬁlm%hPMlloﬁgfregilé%/rﬁo%ngnglethylene
glygobimonpbafyl ttesre Gjlthesd, ,ethlylpne;gyycehedigﬂlwlmie glacml triethylene

58' g;gg%g%ﬁg%@ypr@yémqli Ear%pmér?é: ulg%lrco}l,\e'oqgrtop?/f%tn\éeegr]ycol, and
polyethylene glycol with a molecular weight between 200 and 600 are preferred.
Another group of compounds comprising at least two hydroxyl groups and 2-10
carbon atoms per molecule are the saccharides. Preferred saccharides include
monosaccharides such as glucose and fructose. Ethers thereof include
disaccharides such as lactose, maltose, and saccharose. Polyethers of these
compounds include the polysaccharides. The organic compounds of this group
are preferably substantially saturated, as is evidenced by a iodine number of

less than 60, preferably less than 20.

A second group of organic additives suitable for use in the present invention are

those compounds comprising at least one covalently bonded nitrogen atom and
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Anot her group of conpounds conprising at |east two
hydr oxyl groups and 2-10 carbon atons per nolecule are

woOheosgasohar i des. Preferred sacchari des i ncl udeCT/EP2004/010982

nonosacchari des such as glucose and fructose. Ethers

t hereof include disaccharides such as | actose,

mal t ose, and saccharose. Polyethers of these conpounds

i ncl ude the pol ysacchari des. TRe or gani ¢ conpounds of

this group are preferably substantially saturated, as

| & Qdstlesrke kol %éty M aypef of %‘ig‘faﬁlba@olﬁﬁound preferably
preferably | ess t'han 20. A second group of organic
aetunprisgss ak leasibine farbanyé meieties r@s@fﬂfelrrﬁdeﬁhﬁt @i least one

IS TR RIS R REL S0P oy RAS e B BHEY that

ﬂéaﬁtdhe ﬁhnogehyaiierrofs @@mtw b@rmwm apt@fsertwblc;arbon atoms. A
n%él ses at | east two car onyI noi etl es. is
e

el ga RigtCOMPQWktatisties EHrBER Oﬁﬂl)ety i s present
|n a carboxyl group. t is furthernore preferred that
at |l east one nitrogen atomis covalently bonded to at
| east (RABR2YMF-IRD- B{RMR2VA(Ipr ef erred or gani ¢ conpound
satisfies formula (1) or (I1) (RIRR)N- R3 - N(RL'R2 )
(1) N(RIR2R1') (I1) wherein R1, R2, R1' and R2 are

i ndepempkqp{tzl%] )sgll)ect ed from al kyI al kenyl, and allyl,

with upt bon at ons optlonally substituted with
one or nore groups sel ected from carbonyl, carboxyl,

S R R R R 3B ) PR e, an

*a@yl Qith-upgNd410 c%drﬁaféﬁiﬁ@ﬁtﬁ!ﬁaﬁ! ﬁbéﬁt@te‘iﬁﬁﬁh @heuwr rAsre groups
i ndi cat ed above for The éwene group may. be

selested drosd qubﬁnxdn@a@boxybr@sfgr,oa rs @B @ fABIdo. R3 is an

AR rouBRUEEY 9, 092ehon BIOHR et Py K @fitea 89 -0-or -

NRBNRY ieasghsdted fafm fthe mah®e Gidupods (ﬁduc)ate@rawowsefsr Rtl. The R3
| east one carbonyl noiety. Preferably, at |east t of
RikYlaRe greup Sy svb%ﬁt%@riawnh)qn%m ROre HRYPS i§legted from

B S 1 B Bl AU M, s,
(saessentiat tred,tharmigahicscdmpywgkeof ﬁurrma:teo(lh@r (Hht:omprlses at least
one carbonyl moiety.

Preferably, at least two of R1, R2, R1' and R2' (formula (l)) and at least two of
R1, R2 and R1' (formula (1)) have the formula - R5 - COOX, wherein RS is an
alkylene group having 1-4 carbon atoms, and X is hydrogen or another cation,
such as an ammonium, sodium, potassium and/or lithium cation. If X is a

multivalent cation, one X can adhere to two or more - R5 - COO groups. Typical

- examples of a compound of formula (l) are ethylene diamine(tetra)acetic acid

(EDTA), hydroxyethylene diamine triacetic acid, and diethylene triamine
pentaacetic acid. A typical example of a compound of formula (Il) is
nitrilotriacetic acid (NTA). For reasons of solubility, the salts of these

compounds may be preferred.

It is noted that the above-mentioned description of the organic additive

encompasses various acidic components. Where in the context of the present
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such as an ammoni um sodi um potassium and/or |ithium

cation. f Xis a nmultivalent cation, one X can adhere
WwWOQoswas@t nmore - R5 - COO groups. Typi cal exaRpraE®2it/010982

a conmpound of forrmula (1) are ethyl ene

di am ne(tetra)acetic acid (EDTA) hydr oxyet hyl ene

diam ne triacetic acid, and d| t hyl ene triam ne

pent aacetic acid. A typical rrpl e of a conmpound of

formula (I1) is nitrilotri acet| c acid (NTA). For

lﬂ@éﬁ’t\'& e Sathbibiatibh Ybf ahhecis ahtisarobrddmés additinp dsidisussed, this
preferred. t is noted that the above-nentioned

d@éeﬁ‘& phatdat lﬂan)H@/ood@‘gqﬂn@ cgmﬁppynq@ agn dsag ydesin one is an acid
%Asg/ﬁfé@ﬁ lygld %t nﬁ'ué re en’ai'r%] é%‘f‘o Q&Ubﬁﬁg; aﬁcﬁ bto'ﬂﬁ'lg point

|nve e Cco an acil

opleaed enatfidi dsrgaalol addihm:umwttet foiognpoaamas mialyadr I(rmy not also be
| east) two different conpounds are used wherein one is

afCidiei d and wherein the other meets the requirenents

as to solubility and boiling point placed on the

organic additive. The |atter conpound may or may not

aFrem ba anmrdnmenfalqmlamofewewr dnsrmneiaalrrepoﬂonempfoyvawlves which
ves

d
rerrebafiely fee ) PfeshinEtortiny, bfiues asnmgply are
Hii kI8 3n eS8k bx?déh NerSbrd liesifurld@ntdinipg ddditives were to

oxygen. Thereftore, sul fur- contalnlng addi tives were
thE bmpm‘vl@ldogﬂz@ubadequ@uw@@gs@rﬁtem vl have i bemarided out under

have t carrije u r el

T8 e el ARl BTl 1L bR e e
adiidiithie$ ¥ his JYes mmio:bmteracfcpand he the iotgatid atiditivehe
organi c additive. A single conmpound as well as a

conbi nati on of conpounds may be used as additive. The

o tsfH H{btouﬂﬁ é"scl/\%llﬁ%‘&fj8%5@%{?%#%?%0%6%%3%9990%3used as

4¢E0M e 1 nve t ot amount of
a;ﬁckmvend additive present in the catalyst according to
the invention is at least 0.01 , preferably at |east
0.05, nore preferably at least 0.1 nole of total of

S 380 o A arOhaable eo 8 plocog ol o n
bevermonpmdStheptcﬂaleaatﬂLmtacrf am@tarm additive present in the catalyst
according to the invention is at least 0.01, preferably at least 0.05, more

preferably at least 0.1 mole of total of acid and additive per mole of the total of
Group VIB and Group VIII metals. Generally, the molar ratio will be at most 3,

preferably at most 2.

If an inorganic acid is used, the amount of acid is generally between 0.01 and 1

mole per mole of total of Group VIB and Group VIII metals, preferably between

0.05 and 0.5 mole mole per mole of total of Group VIB and Group Vil metals.

If an organic acid is used, the amount of acid is generally between 0.01 and 1

mole per mole of total of Group VIB and Group Vil metals, preferably between

0.05 and 0.5 mole per mole of total of Group VIB and Group VIl metals.

The amount of organic additive is generally between 0.1 and 2,5 mole per mole

of total of Group VIB and Group VIl metals, preferably between 0.15 and 1

mole per mole of total of Group VIB and Group VIII metals, more preferably

between 0.2 and 1 mole per mole of total of Group VIB and Group Viil metals.
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f an inorganic acid is used, the amount of acid is
generally between 0.01 and 1 nole per nole of total of

wonosm3sdoB and Group VIII netals, preferably becweEemo4/010982

0.05 and 0.5 nole nole per nole of total of Goup VIB
and G oup VIl netals. f an organic acid is used, the
anount of acid is generally b{vveen 0.01 and 1 rmle
per nole of total of G oup vi Bnd Goup VII'l nmetals,
preferably between 0.05 and 0.5 nole per nole of tot al

ofTh&neslar MitiB debh el afid hdditivelssgeriBnallya@mdAt0: of preferably 0.1-
organic additive enerally between 0.1 and 2,5 nole

)
pérl, e PegferahlyP. 4tﬁ"gér oup VIB and Group VIII netals,
preferably between 0.15 and 1 nole per nole of total
of Goup VIB and Goup VIIl netals, nore preferably
bt weaerd),. ¥ thed tdtahaieounérofietid aifid tartoﬁtiveofaddbduip taBlow, the
an 14 The nol bet ween .a
AvanRaRoureetedl G fas AP TyEnigh 4 ngf BEGIENgIo0T the other
Shand, TRE %d@fti%@%f%w dkcdephional ylla%q'é e %hﬂiunt 'off abi&leaﬁcpé@di itive will
anount acid and additive ad iIs too
au@raxmmgwmlse effect of tfe prasept éwention. n/&%rwﬂldxe mliaar i;dipe person

Sl ol PeuaerbrahnlAbese 98 Aie fiog yalfipa specific

V\élfdatlﬁﬁtwﬂlrﬂérp@)ﬁﬁ Ltdafh ehvhesty &f pdré@et&r@ﬁ%hdmgvtﬁétméﬂals content
be clear to the person skilled in the art

eszfattne @ﬁtﬁlYﬁ’t the Rese droliae Andi Pergesize digtriutien of the catalyst the
pﬁftﬁit% ﬁ @ét%@{i ugﬂlné’lj{iﬂrt]wéje ch)MBth @b\é%%&% %nGhe impregnation

COI’] ent

cgdlatiors tthet lh@pregnatlmoldarr&ltlanel pto. dt 38 zmelblmsmm tbhued i |sra:npe of the
of the cataly the nature of the acid and additiv

tPRISQR skilad 'ﬂdh%@m@e%etﬁﬁnmﬁeth?rﬁﬂi@wﬁat%w@o? Lﬁq'%ﬁnd additive
138,d U?r%c??ﬂéééf?@ éﬂﬂgbtﬁ}fbﬁ tz%ﬁ the é@oV@Heﬁﬂ‘oﬁBH NakiBBles into

scope 0 e per on skilTed’in t e art to determ ne
tdozoapt.i nrum anount of acid and additive to be used in
each specific situation, taking the above-nentioned
vari ables into account. The present invention al so

pﬂﬁé %r%%eﬁto uh\f/@wtfb\rﬁd rdd e@ér'téiﬂs Cﬁ:t athés Vy&@t@étlﬁ@”@é!aw which

G oup V oxi de and net al oxi de ‘on
acocrmrrsesra G\nmuupthélalfr@rt@JﬁXl%andlaﬁdow \donpial sxideapn a carrier,

%f'ngh a8 C{af’i‘/rs]t % Po'n%ll?dgémbysees d%%%r 'akﬁ%ld %b%}‘fanlc additive as

described above.

The dried additive-containing hydrotreating catalyst of the present invention
may be subjected to a sulfiding step before it is used in the hydrotreating of
hydrocarbon feeds, but, as has been explained before, this is not necessary. If it
is decided to sulfide the catalyst before use, this can be done in one of the ways
known in the art. For example, it is possible to contact the catalyst with -

inorganic or organic sulfur compounds, such as hydrogen sulfide, elemental

- sulfur, or organic polysulfides, or to sulfide the catalyst by contacting it with a

hydrocarbon feed to which a sulfur compound has been added. All of this will be
known to the skilled person as catalyst sulfiding or presulfiding.
The present catalysts can be used in the hydrotreating of a wide range of feeds.

" To effect one or more of hydrodesulfurisation, hydrodenitrogenation, and -
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The dried additive-containing hydrotreating catal yst
of the present invention nay be subjected to a

weubdsiidsaag step before it is used in the hydroPCeaPRvg/ 010982

of hydrocarbon feeds, but, as has been expl ai ned
before, this is not necessary. f it is decided to
sul fide the catal yst before us this can be done in
one of the ways known in the art. For exanple, it is
possible to contact the catalyst with inorganic or

Ohg@oteapmdtisationMExanttes SnnﬁcslwtableIW@trdsgmcle fnmdéLe distillates,
el emental sulfur, or or ani ¢ pov%sulf

i.de
skemi aarktha, vasuiny gasw Re 30 48 §3 Ol T hea{:afalvst is particularly

gggéag&@ A(j?%e iR ‘?ﬂtré Qe @]B rﬁige@q( ; sl MEatPIRRM 'H?F fbg%sﬁﬁﬁr“satlon to a

own to the sk person
apro@at’alsyphursud)rﬂhedt hglaw 200epnt inibnegin Wlasthuia{sbnproduct sulfur
at sts can used n the hﬁﬁrotreatl n

@ qul%ygdg -p(prréff&e[ e rllﬁ;rgrcgﬁes con mong such as
bégr;;%?sﬁ#éé W theatdre omwcht Pm@aés Wtheafé%é of 5-250 bar,

odear omat | sat 1 on. | es of suitable
| spaqed\ee!mms 5 thlesnangeaxf@s -1Rér-d, am@b&ﬂwhratm&domm garge of 50-

0 av oils. The catalyst is particularly
%é)cfuayp CFB% L%D&%Fﬁ hﬁr?ra deep hydrodesul furisation,

Vi z. hydrodesul furisation to a product suphur content
bel ow 200 m nore in particular to product sul fur

o’émr@mat@@l sothepatalysletodemastivateh 41 the Bracess according to the
SRIEHLRSE B s e TRERATY (b 5788 g, repenerates

vieJdeetréatiry datalybe range of 0,1-10 h-1 and H2/0|I
ratios in the ran 50- 2000 N/ can_ be
el iTosls Oxidis wre%eam@ata bRbS AR Jir SR PE StaTa atert in the

ifé}o[:%%h%&ﬁ 84RQ I \dhbioh %k '?(ﬁobvﬂ"lﬁ Rhé %‘Ft e 'rﬁé‘)ﬁbe dbtained,

at| ng cat aI yst or use r egener at ed
he.dr, msrfeﬁowmgb\ catrrigrysrecurtoe is p@latr@dqlejgc imyfe oaseaf ahgnina, in

o d0is o130 1PiG piete oRRaRIEL AT RAS Rt el ot e..
iyt mehR8Yof ERYaREryig, alt &%ap%dgmto Eértifcfés| Wexa‘?(nﬁlértfy ektrusion.

precursor 1S prepare in the case of alum na,
i The sbapent pasticles aue mﬁlmaecﬁwraag@mpemi@tﬂﬁn dye rapgeof 400° to

A5 98TAS FE e oaBSlor A D, RSP opmpanng, g nivon
byluitd, Us.gQna Q'é‘rﬁn‘ﬁd"am@tb par tet@iaaﬁmaee e i suithbld eaznounts of
tenperature in the range of 400 to

precursors for the hydrogenation metals and the optional other components,
such as phosphorus, are deposited on the catalyst, for example in the form of
an aqueous solution. In the case of Group VI metals and Group VIl metals, the
precursors may be ammonium molybdate, ammonium fungstenate, cobalt
nitrate and/or nickel nitrate. Suitable phosphorus component precursors include
phosphoric acid and the various ammonium hydrogen phosphates. After an
optional drying step at a temperature in the range of 25°-200°C, the resulting
material is calcined at a temperature in the range of 350°-750°C, more in
particular 425 to 600°C, to convert all metal component precursors, and the
optional other component precursors to form oxide components.

It will be clear to the skilled man that there can be a wide number of variations

on this method. Thus, it is possible to apply a plurality of impregnating steps,
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850 C, resulting, in the case of alumna, in a carrier
containing a transition alumna, e.g., a ganm, theta,

wonoestiasali um na. Then, suitable amounts of preedTAPR®4/010982

for the hydrogenation netals and the optional other
conmponents, such as phosphorus, are deposited on the
catal yst, for exanple in the f&rm of an aqueous
solution. n the case of G oup netals and Goup VIII
netals, the precursors may be anmoni um nol ybdat e,

affiRipsy Hatngsschnidre, todwbaddd cortaimirgy endbomaoredfehe component
nitrate. Suitable phosphor us . cqonponent pr.ecursors

| RECUEROTHNBIEHN B cladict GARPSIIRE. \Rlr i URCTHRRDiGIRPT  Instead of

h ti I t :

DY RagRR DRk hps fiorel oA BB LSR8’ ofRG ImBHRRIS spraying
nrmeemdat et With ahuléipleaim@eyeatjrer, alippiag) atct Ideymgxraml/mf calcining
350-750C, npre in E)artlcul ar to con

amay acaplsth An{n p@%\ﬁ’ﬁ?goréger%t&’e?%e Bkt |°6nH]°r%t ﬁgp’nponent
PrERaReN cBh %Uﬁ%@osv\hellﬁ 8F M Eéhqﬁlt}?‘ﬁﬁ@%ﬁﬁ‘@rspndr tWthé shaping

be cPear to the skilled man t here can be a wid
nstehebeiof oariedt dohsinosucthi an rambedimentude compgnent precursor

FRa b lg Aoy Lot 6o ) BhonlEel S abitA viS $Rpdd carer

OhafRiaE Sy, t BepGRABO SN ImEAIRS WS eI, trh@tegafa@oho #er which the
deposi ted,” or a portion thereof. I'nst ead

i sheréghalepng asdehoytietarnalivelys dhisbeossial tanp’wnﬁtgaly mix one or
“}ﬁ%t‘é gﬁgpﬁﬁ%ﬂydgeggﬁﬁw \?lﬂélcy &t ?’fa\r%\t"@p] EH% trcb@!,ﬁ‘? matenal during the

nghaphie) stepirat@r tivdin pﬂobt@tma@athm’éiu’eerthatt ameéwtabmr d)hus process
nent precursors can whol |y

nore conpo
RIBt campeletisation A &p- qaqtrUétone dt ﬂ%ée%q{ﬁﬁieﬁﬂegtt@ﬁt e goup VIB
GAEL) 88'm?5h{eart1ﬂ‘v}m§g@réoor | iHBRA ;{qB@eé‘s%@ déanum trioxide.

précurso ortion thereof, can
dexidiei hyelotoeattrigecatatysieetind Hepprboeases &r preparingthersaye part of

B o Gbariep Knavissioidine sRTled Reaartand Brsdinal thed.c., Us

P9S8 b’ks? us A%Qrfeb@' Y 50022 GEYN 504988008 212 729, US 4
precur sors who or'in part with "the carrier

rﬁﬂGeQQ@UE‘dérOﬁ'igORhéJ%Hd}ﬁ&@“st@iﬁr%ﬂﬁ%ﬁ%han prior to
it. Techniques that are suitable for this process are
co-pel l etisation and co-extrusion. t is recommended

it adthation preceésBfithé Presitmovediibn s ey asplicablkl toythd catalyst
in this process be nolybdenum trioxide

which has been used in the hydrotreating of hydrocarbon feeds and
subsequently regenerated.

The present invention also pertains to a combined process for regenerating and
activating a used hydrotreating catalyst wherein a used hydrotreating catalyst
comprising a Group VIB metal oxide and a Group VIII metal oxide is first
subjected to a regeneration step to remove carbonaceous and sulfurous
deposits, followed by activating the thus obtained material by contacting it with
an acid and an organic additive which has. a boiling point in the range of 80-
500°C and a solubility in water of at least 5 grams per liter (20°C, atmospheric

pressure).
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i dic hydrotreating catal ysts and the processes for
preparing themare part of the common gener al
wanesloastye of the skilled person and descri bedPCIEP2004/010982
e.g., US 4 738 767, US 4 062, 809, US 4 500 424, GB 1
504 586, US 4 212 729, US 4 326 995, US 4 051 021 , US
4 066 574, EP-A 0 469 675. Theﬂactlvatl on process of
the present invention is also applicable to the
cat al yst which has been used in the hydrotreating of
hYhe cegarsvatidrestp cfritie prineeg @enoiding tegitedneerdibn Flearried out by

PRl S erg ananelbat bt el R sRhE g gas

C@ﬁ@ér&é‘ﬂch%ﬁfdﬁldhs&hHﬁéﬁer%éé@ér@ﬁ@ﬁ | thE EAbGHh y,éhtent of the catalyst
conprising a Goup VIB netal oxi de and a G oup V

ngenaraixisdbeloy i wh%,samieéahlwedqua? Wb §endose |p<§©feéal@lb below 1

B oGO RGE H S B RY e BRR: Bepgralys below 2

oRNYeaprefacably beicin1 aut. %CB@foaewmea@gengmm mbilthe\oerbon content
whi ch has. a boiling point_in the range of 80-

ofdha catalvei gartqyahlwsmoafe oWt %, twaa@liy BetyfesingS BQP' 25 Wt%. The
I | |
%JH%F cpa@ﬁ]?of?%%'gés gcbo%rcgb&}ﬁé L%é&ﬂ%r?at@@%ﬁ%&%@ﬁéfa% i€'%bove 5
am%L Bobicality U@yweemﬁaamd 2@ wi. I%a used additive-based
catal yst with an oxygen-contai ni ng gas under such
conditions that after regeneration, the carbon content

y e '
b f]é hﬁafiﬁ{@ﬁo éé’ltngg%@ p{@d&fgﬂg?e bcg.érﬁﬁ(’)ﬁv\ﬁg@'t W{e@ n‘ér’l&ﬁca ahby will be
r@g'erraohbydhe priopedigsf ofr theosatalyst tf beh@geaemtg@tand by process

dne |
AERST AN o dne sirdiutt SBrinatatls) SRl dhceliechin principle
tHeeagsd ahhésmagegqmbbylblestoam&th@ Fé@enbyﬂid?ﬁhh'bé However, a

bet ween 5 and he sul fur content of th
c“wmr;egen@@rtl@ne t@ﬂ‘iéefaé@"@n@ﬁﬁtﬁsorﬁh%tréik g@‘ndamagwg ghe catalyst.

0 0
rram&u% g'ﬂn%é%{ apﬁ{re\eﬁ? @eﬂgﬁah& regggﬁ/erl Th maximum
@YSM tbhd@a@m@&hm@a@yﬁ@wwan@wér awetaf cortent. Generally, the
catal yst to be regenerated and rocess constraints,

AFHIGHET GRAY PR RTIBRIAYSL QP@%éhﬁg EBEEAtioB ProFess is at most
5006 PF% E)éﬁﬁ?ilé?neemﬁa %gagir‘,eﬁlgké p?%?‘ékﬁ{/ &t QosEBeBec t BRI more

regenefa
preferably at most 525°C.

The maximum catalyst temperature during the regeneration process generally is
at least 300°C, preferably at least 350°C, more preferably at least 400°C, still
more preferably at least 450°C.

It is noted that in this specification any temperature given relates to the
temperature of the catalyst, except when explicitly indicated otherwise. The
catalyst temperature can be determined in any way known to the skilled person,

e.g., by way of appropriately placed thermocouples.

It is preferred for the regeneration step in the presence of oxygen fo be carried
out in two steps, namely a first lower-temperature step and a second higher-

temperature step. In the first, lower-temperature step, the catalyst is contacted
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hi gh regeneration tenperature carries the risk of
damagi ng the catal yst. Catal ysts with a hi gher netal

woanisasseon | | generally require a | ower maxi MURCT/EP2004/010982

catal yst tenperature than catalysts with a | ower netal
content. Generally, the maximum catal yst tenperature
during the regeneration proces is at npbst 650 C,
preferably at nost 575 C, nore %referably at nost 550
C, still nmore preferably at nost 525 C. The maxi mum

C@ﬁtﬁlan%xy@enﬁwnaémm giasreiatmgtmm;mera&gemﬁﬂ@bito@?@P@pmﬁerably 175

general ly i gsi‘l %@ r ef er abl | east %50 .
Clo A& phd @r%ﬁﬂoy‘ 9 5‘&%”‘@%@ e ege ?fﬂ%&“es’fep’ e catalyst is
pE&ﬁtﬁ{:l%B' ltﬁ‘tar{ %ﬁ?éerﬂé&tglmﬁg Bt EC{ef\E%té%ﬂutﬂ%to:FH@ the second,

speci erature~given re
t higher-&impaatxfretrbgem’ahmystep dive eptalysth és) cextalctedi witly an oxygen-
i ndicated oth

deeriaimnggas ﬁ?g%%gq@ﬁ%\%ﬁ%@b%}@ﬁgp er%,taua:pz\( §2ﬁ tg %50°C, still
Cridre gfé’fr eVibly %ﬁsowepﬁéttéhbbelﬁétﬁﬁéauhﬁﬁrtﬁ@%%léﬁh&%teﬁ is higher

is pr redfor the regeneration step I'n the presence
othaoxihgelemperbizire af rth@dlrsdustep rdisqussed eajanven kly by at least

6, LRI LRBDDUTS BB 208, T st o, gpaopri

Sc@tberhfife GBRGEY & well \Q@mha@lbe%o‘i)e/\fof theéxgkilled person, taking the
oxygen-cont ai ning gas at a tenperature of 100 to 370

cabqamﬂdkcabolys INt®agePdo C. n the second,

I(g ﬁ? girﬁegf%e m,t g{]e gﬁ&gfs? %ag) éﬁ&%ted W? e? %&}IHQS theld process,

en- con
t[ﬂ‘@méblwIifeamfohcabteheat&ebeddhlokngmbf ﬂehf'pe:nat llmr’éme context of the

e et s enen ot had: o FAL AL E0 Lt el processes
@(/ﬁérr%fr?@eyca%glg?f S |r$g%v@n?édtlds JHhSarBl €6 & bhix |ﬁ§lgd’rﬁ%5ébullated

enperature ring the second step Is
t exth ptdvessesypfidisad rofesses, pracessss ép whict U’E ealtalyst is rotated

O S TSk Lol i B SRS P Bher
'Eﬁ@@ﬁ%ttl%heofrtﬁégéﬁehéraﬂ@ﬁ |pr<%és|§' lﬁclhbﬁlgsﬁﬂpﬁln@fwﬂlhn%pend on the

person, taking the above indications’into
Zuopeties of the cptalystranddhe @xachway ar athjeh theopissess is carried out,

AR aBErl b oRIe< P 2Bt 28t tEry B EidFeR: Hopwiebn 2 ana 16

airext of the

The regenerated catalyst will be contacted with the acid and additive in the
process according to the invention as has been described above.
The invention will be illustrated by the following examples, but is not intended to

be limited thereto or thereby.

Example 1: Activating used catalyst with citric acid and polyethylene glycol

A hydroprocessing catalyst that had been used for 12 months on the
hydrotreating of a LGO feedstock was regenerated as follows. The catalyst
contained 23.2 wt.% of carbon, 9 wt.% of sulfur, and 22.4 wt.% of hydrocarbon.
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present specification, the term"noving bed" is
intended to refer to all processes wherein the

woav@lopsavli s i n novenent as conpared to the unPCI/EP2004/010982

i ncludi ng ebul | ated bed processes, fluidised

processes, processes in which the catalyst is rotated

through a unit, and all other ,processes wherein the

catalyst is in novenent. The J ration of the

regeneration process including stripping will depend

on & fespsiepethée dydadcarben eatsalgradveddrdnh dhemalysizaby istripping.

whi ch t he Process IS carrl%gg out , % ¥\n tbeqqener% é i f

bEh%ttkm@ﬁ ajysze/vaaﬁm@me y o YWHAEER IYIRREALUrS 0
e {

TENT 0 BEARIG 539%qt”éé*%%‘%i%sﬁ%f?zﬁr?f%“a' thus
tdsiﬁaunademntmnecammmdmeen cobaltrangbpghedphasus Then alumma carrier.
invention will be illustrated by the follow ng
exanples, but is not intended to be limted thereto or
s ?é@éne‘?ét%ﬂpéﬁalysﬁ%é Y@bfé&dﬂé@@lé ﬁbﬁé y6lum¥ friipregnation with

citric acid and pol yet hyl ene dr opr ocessi ng
cat ithpreagnatian srddtiare eontaiiey deiFIC 1a_Dldrrﬁﬂd1§OWﬁthyﬂ%16 glycol in an

RO EPLEl STL EOBE PR s 05 o

Vﬁol%tﬁ?leﬁé' @chol agﬁﬁ Anld vt Hdedgdnedionc andials, 1Ebspeatlvely, and

irst ste ydrocar bon was renoved fromthe
mbaeggent&/d@d pwnm@t alrp émPeriuERTl 35E: was
regenerated by contacting it with air at a tenperature
of 490-500 C for a period of 24 hours. The regenerated
STHY éata@sﬂ?tae Eeﬁbca ous LG f@lede’fd:okdtravmgrkm fnﬂﬂ)wlbganumrtles
Obalt ahgd- pPhos orus—oh--ah—at+dmhRa—carrer T e
r&]@ﬁe@)ﬁt ed (‘at al V'Ef483\21q i npregnated via pore vol une

i bfvégpam) on wi t h HIP | rmreqnatl on _solution containing
cidensity é&5°G, gidl) pdd.§8dhyl ene gl ycol in an ambunt of
DyvikcoBite(50eCdc8er| 4mh e of hydrogenation netals and 0.5

PRl Vet hyl'ene ¢ ygol per nole of hydrogepation
retars, respecrively and suosequently dri ed| over ni ght

1.0

RPN, T e o2 0
Jitighbojlingsaein (mléi ppm)—_ 170

10 vol.% 288
50 vol.% 325
90 vol.% 364

Final boiling point 375

The catalyst was tested at a liquid hourly space velocity (LHSV) of 1.5 h-1 and a -
hydrogen to oil ratio of 200 NI/ at various conditions with varying temperature
and pressure. Each condition was maintained for two days. The catalyst was
tested side by side with a fresh catalyst. The test conditions and activities of the

two catalysts are given below.

T (°C) PpH2 (MPa) fresh catalyst reactivated catalyst
RVA-HDS (ppm S) | RVA-HDS (ppm S)
1 345 5.1 100 (42) 93 (50)
2 350 5.1 100 (28) 93 (33)
3 350 3.0 100 (159) 98 (165)
4 350 5.1 100 (585) : 103 (52)
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density (15 C, g/m) 0.8609 viscosity (50C, cSt) 4.1
1 H(wm.% 12.90 Distillation Data (ASTM D 86, C)

wondsiaseopoi | i ng point 182 10 vol . % 288 50 vol pea@22009010982

vol . % 364 Final boiling point 375 The catal yst was
tested at a liquid hourly space velocity (LHSV) of 1.5
h-1 and a hydrogen to oil rathg of 200 NI/I at various
conditions with varying tenperature and pressure. Each
condition was mai ntained for two days. The catal yst
was tested side by side with a fresh catalyst. The

g B B4 e Moot
rc@?é}%ét\dﬁcﬁﬂeéﬁlb%%zﬁ bab%*tb*léﬁ é@tﬁ/fl\fy@hlEW/?s bﬁﬁsté\nmﬂ@s high as

345 5.1 100 (42 350 5.1 100 28&? é 3
ﬁvﬁ)astl\otylwfdhgf@gjﬂ @@al){%b) campgse), the @etiyinsef thg$oent catalyst

a8 fradpti R8s 787 =4 BETPBRe AHAYS B vk,
been brought back to an activity which is
substantzlall as hi h as thet activi of t

f h
el r e polyethvlene

LY

h

yst after regenerat| on was 70% as conpared Wi th
nitial activity. Exanple 2: Activating used
catal yst wth phosphoric acid and pol yet hyl ene gl ycol

A TR CER e SHC N g R REE N ooty oo on e
hegemeaahgbra fobl Féé%stowewégtr@béﬁérated as follows. The catalyst
contained 25.4 wt% of carbon, 8.8 wt% of sulfur, and 18.3 wt% of
hydrocarbon. In a first step, the hydrocarbon was removed from the catalyst by
stripping. Then, the catalyst was regenerated by contacting it with air at a
temperature of 450°C for a period of 24 hours. The regenerated starting
material thus obtained contained molybdenum, cobalt, and phosphorus on an

alumina carrier.

The regenerated catalyst was impregnated via pore volume impregnation with
an impregnation solution containing phosphoric acid and polyethylene glycol in
an amount of 0.2 mole polyethylene glycol per mole of hydrogenation metals,
and subsequently dried overnight at a temperature of 120°C. The final catalyst
contained 4.8 wt.% of phosphorus, calculated as P05 while the original catalyst
contained 1.6 wt.%.
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contained 25.4 w. % of carbon, 8.8 w.% of sulfur, and
18.3 wm. % of hydrocarbon. n a first step, the

woydispesvbon was renoved fromthe catal yst by PCT/EP2004/010982

stripping. Then, the catalyst was regenerated by
contacting it with air at a tenperature of 450 C for a
period of 24 hours. The regenerated starting nateri al
t hus obtai ned cont ai ned nol ybdisnum cobalt, and
phosphorus on an alumna carrier. The regenerated

CHhE By staas tapledditas €GO feedstock valingrthe foflowyasroperties:

ith an 1 npr pnnat' on_sol ution -cont Ppho“ C
® @Wh¥d pol yvet hy| 883gl ycol in an amunt of |0.2 nol e
dil ywet. Ippiene gl yepl1@er nol e of hydrogenati on netal s,

s

dribrsitp$EBAGR M) doissd@4over ni ght at a tenperature of
120C. The final catalyst contained 4.8 wt. % of
s
g

t

SHRAA D atcahSH AP, @8) P2 5 whiTe The ori gi nal
ﬁa”Bblhr‘réfB:&L”e g3 0 W Y2 1TThe Taralyst) was

1% g tock ||aV|||g the TUIIUV\IIIg
£ let ég—l—SZ%—N—(—M—pan:}—i—ke—é@nsity (15
N *@Yﬁl\/oa 8574 Di 5298 | ation Data (ASTM D 86._|C)
180 vall%boi | i ng_poB®@ 183 1 vol . % 253 50 vol | % 298 90

HindbRBlhghpoial  biod80 ng poi nt 380 The catal yst was
tested at a hydrogen partial pressure of 3 92 MPa, a

liquid hourly space velocity (LHSV) of .5 g, ngnﬂmg .
hwﬁ ng?ﬂy&th@E? tested iah 2ohygreger partigk PessHis o7 3. a, a liquid
Iﬁ&%.%x%;’;?ﬂﬁ@%&ﬁ*ﬂ %Hfaeﬁyqrﬁgéﬁ t& ew%ﬁd 00 NI/l at

ntai ne cat f was teste
S\iamubycaridﬂlmm wihh avafrying Henwaieahtysds. El“m mscﬂltlon was maintained

condltlons ctivities of the two ca
G0 BHe eV herogibst was Sested it by SRl o ksl Htdyst. The test
it and activities of the two catalysts are given below.

5 (b—Y

-

<

T (°C) fresh catalyst reactivated catalyst
RVA-HDS (ppm S) | RVA-HDS (ppm S)
1 340 100 (114) 98 (120)
2 350 100 (39) 99 (41)
3 330 100 (406) 101 (398)

As can be seen from the above table, the activity of the spent and reactivated
catalyst had been brought back to an activity which is substantially as high as
the activity of the fresh catalyst. In comparison, the relative volume activity for
HDS of the spent catalyst after having been used for 24 months in the
hydrotreating of a hydrocarbon oil had decreased to 53% as compared with its

initial relative volume activity.

Example 3: Activating used catalyst with citric acid and polyethylene glycol

A hydroprocessing catalyst that had been used in the hydrotreating of a
hydrocarbon feedstock was regenerated as follows. The catalyst contained 17.9
wt.% of carbon and 10.7 wt.% of sulfur. The catalyst was regenerated by
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RVA- HDS (ppm S) RVA-HDS (ppm S) 1 340 100 (114) 98
(120) 2 350 100 (39) 99 (41) 3 330 100 (406) 101 (398)

wasaasdoe seen fromthe above table, the acti PCTEPZG04/010982

the spent and reactivated catal yst had been brought

back to an activity which is substantially as high as

the activity of the fresh cat st. n conparison, the
relative volune activity for of the spent catal yst

after having been used for 24 nonths in the

hgahtattingaitiwith aif ad ehiemperatirerofob00-630°@ethe ssgeharated starting

doeierl SRR Sonainad, dehyrGienty icke) o8y Hibspnorus on an
chllilisa 8giridr.and pol yet hyl ene gl ycol A hydroprocessing

catal yst that had been used in the hydrotreating of a
hydr ocar bon feedstock was regenerated as foll ows. The

talyst contained 17.9. % 0f _carbgn a . %.,: .
ofhE T aB g s et fikiedritied YeaBRie Boli® imdtegtibtion with
N ipidgmatibh selttloratontainivy B eddd Wikl Ebly_éﬂ@ié@g@col in an
The regenerated starting material thus obtained
cmeuntneld 09 st @eid Par drele, ofahudreresativt tretals apd 0.22 mole

r . e ener y S :
HRAPARERL R S SrlB0ChE BASFETAE ol mapoctiel. and
| suseguettlyoagexbfontadomore Witlenwstand dried cvernightnat a temperature
pol%%t hyl ene glycol in an amount of 0.09 nole acid per
RS9 6 hydr ogenati on netals and 0.22 nole
pol yet hyl ene gl ycol per nole of hydrogenation netals,
respectively, and subsequently aged for 24 hours while
Ve eatdlydt wasl tasied nhghCCA feedstogkdrating thedbll@wing. properties:
¢atabyst—was—t-estegd 2“ a—CC0-feedstoeck—having the
f . %43 S (w04 2 44 N (wt_ pbn) 3546
ddhevt ppmis C, g/l@5360. 9173 H (w9 11 7
density (15°C, g/ml) | 0.9173

H (wt.%) 11.7

Distillation Data (ASTM D 1160, °C)
Initial boiling point 176°C

10 vol.% 250°C
50 vol.% 332°C
90 vol.% 412°C

Final boiling point 503°C

The catalyst was tested at a temperature of 387°C, a pressure of 100 bar, a
liquid hourly space velocity (LHSV) of 2.1 h-1, and a hydrogen to oil ratio of
1000 NI/l. The hydrodenitrogenation activity of the regenerated and reactivated
catalyst was 90% of the hydrodenitrogenation activity of the fresh catalyst. In
comparison, the activity of the spent catalyst after regeneration but before

reactivation was about 60% of the activity of the fresh catalyst.

Comparative experiments 1 to 3 and Examples 4 to 8 :

In Comparative experiments 1 to 3 and Examples 4 to 8, different catalysts
were prepared as described below. The catalysts were tested on liquid gas oll
(LGO) at a temperature of 340°C, a pressure of 45 bar, a liquid hourly space
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Distillation Data (ASTM D 1160, C) Initial boiling
point 176 C 10 vol . % 250 C 50 vol . % 332 C 90 vol . % 412

W@ 2605ma569boi | i ng point 503 C The catal yst was PeSES200a010982

a tenperature of 387 C, a pressure of 100 bar, a
l'iquid hourly space velocity (LHSV) of 2.1 h-1, and a
hydrogen to oil ratio of 10002gﬂ. The
hydr odeni t rogenati on activity“f the regenerated and

reacti vated catal yst was 90% of the

hyalocitye (i B eofalirh-bcwindi By hpdroghe for e@dhratier af y200 NI/l The

BB SHP AR cRAtHI Y TR SN RUTEd GotAe volume

tﬁawﬁy%wefsxRQngté?s ifdief8d WH@ tedle béfewpar at i ve
experinments 1t and Exanples 4 to 8 : n Conparative

experlmsnts 1to 3 and Exarrpl es 4 to 8 different

6@%@1% rgcﬁ) f@%@gha caﬁg@ ngzggtgc&ﬁ? v?%ﬁ&%yred using x-ray

tcﬁﬂ%ﬂ@h UTBe @y éiél@w@fra@tl@ﬁ Qéﬁp’:’é@séﬁ adwdight p@rcbntagsllrelatwe to
hourly space23 vel oci t of 2.5 h-1, and

Hyaroa@@y\sttvmelgm) i gvalgaépl fgqr_m ﬂpep K-ray gifractogram by evaluatmg peak

% %]ul @h“r 3 &ﬁg%ﬁet }gﬁégtgﬁ?%: é%ggA%hgahbratlon curve

'(d(%&\a(@hgg fidm fa%ﬁd?é& Ee{%%h%fysﬂémme% ysbal hdigoddtact i on

( f cobalt nolybdate was neasured using X-ray
diffraction. The crystalline fraction (expressed as

i ght .percentage rel to th
UL e REE B b ) Pl o Pleipeal BB & sotuton
RepaiARGahelorgAec @d@@lb@'éﬂd@'tb!@@@lde fsllowsldaby ageing for 2 hours
refl ections agjal nst a calibration curve determ ned

fat&re. falloweddypdygrat 1@0ySt.al | i ne a- cobal t nol ybdat e.
Al reactivations were carried out by pore vol une
i mpregnation with a solution containing the organic

Cisthpaigivendkserirnéist ac(CE1) o | theerbdeneamed ngathilyst escribed in
hours at 60 foll owed by dry |n

cxaparat v dnespepraiiye fXP@EI‘?n ahﬁﬁe&@ﬁe%@()ﬁt of CE1 is
GaLatvaesd HERE d P lithidacid (CA) in amount of 5 w% (relative to the catalyst
weight). In comparative experiment 3 (CE3), the catalyst of CE 1 is activated
using only polyethylene glycol (PEG) in amount of 10 w% (relative to the
catalyst weight). In example 4 according to the invention (Ex4) the catalyst of
CE 1 is activated with 4 w% CA and 10 wt% PEG. In example 5 (Ex5), the
catalyst of CE 1 is activated with 10 w% CA and 10 wt% PEG. In example 6
(Ex6), the catalyst of CE 1 is activated with 3.75 w% acetic acid (HAC) and 10
wt% PEG. In example 7 (Ex7), the catalyst of CE 1 is activated with 4 w% CA

and 5 wt% glycerol (GLY).

It can be concluded that the process according to the invention results in an
almost complete recovery of the catalytic activity of the used and regenerated
catalyst, in particular at higher citric acid contents. The examples show a

synergistic effect of the acid and the organic additive.
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exanpl e 1.

n conparative experinment 2 (CE2),

t he

catal yst of CEl is reactivated using only citric acid

wei ght) .
cat al yst of
gl ycol (PEQ

catal yst wei ght).

i n anount of

n exanple 4

10

¢

wOCH)s/mmmanmount of 5 weo (relative to the catal Pet/EP2004/010982
n conparative experinent 3 (CE3),
CE 1 is activated using only polyethyl ene
(relative to the
cording to the

t he

invention (Ex4) the catalyst of CE 1 is activated with

4 meﬁaka‘ami ekﬁemm%wPE(iCEﬂ)ewm@Irﬁs a fré&tbrataiyae compnsmg cobalt

ceed Hohbdenre 8n(Ba

g%gﬁﬂé‘rtaﬁﬁe""b

n exanp

acaiawzstt ofl Om4 teattivate CAvitnd vESMCH ghg dEmdh RER.Y)Examarg shows
roce S ac

G PerttdiBed Ji; aghvating fresh

oncl

s L asiily

508°

e 7/

f he

ctivated with

mprgemeRp Se

e cat al

WO d 10 wt
calqlﬁlgl%tcgrrjpgt m‘&yc@fb%gf pgen calcmed at a

‘%ﬁmﬁtgcamang ROE ot ¥exe) s the

tB@ta talytic activity of the used and regenerated

cat al'yst,
contents.

in particular at higher citric acid
The exanpl es show a-synergistic effect of

the acid and the organic additive.24 Conparative
experiment 4 (CE4) concerns a fresh catalyst.

Baprising copgjtt and nol wedgrem on a RYAT cal gReyg N3
arrier which has been ¢alcined at a tenperature of
5CEJ C. Exanpt e 8 according to the i né@nt i on| 88x8) i|s

cat-atyst CE4——reactivated—wth 4wt 4 Y5-CA—ana—10wWoo

Exanpl e gAshovvs t hat “si gni fi cant gct ivity

lopgovenent can also be opkag ned by fegctivafing Tresh
catalyst Fxp Acid Additjive RVA CRYS|CEl - -142 8.4
de2 CA - 46 [BS - PEG 50| BEMS CA PEG 6612. 4 EXBACA 10%
TS 0T O RS O PREGT S er T (<05
Ex6 HAC PEG 55
EX7 CA GLY 54
CE4 - - 70 2.1
Ex8 CA PEG 76
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CE4 - - 70 2.1 Ex8 CA PEG 7625 CLAIMS 1 A process for
activating an hydrotreating catal yst conprising a

wanosm3szdB nmetal oxide and a Group VIII netal 8gTa®2004/010982

whi ch process conprises contacting the catalyst with
an acid and an organi c additive which has a boiling
point in the range of 80-500 nd a solubility in
wat er of at least 5 grans per Titer (2CC, atnospheric
pressure), optionally followed by drying under such
conditions that at |east 50 wt% of the additive is
nginh@#ned in the catalyst. 2. The process accordi ng
t 5L m 1, wherein the activated hydrotreating

catal yst conprises a crystalline fraction (expressed
as wei ght fraction of crystalline conpounds of G oup
VIB and? @recgssVior lachiatiig andivairetieating eatalvisbcampiisinghe Group

Lo ol s el SRl BhE vilmelaf ofeRARE PGSR Sinpries

cat al ysjort4utipgi the Tatapsttvitt ambld vl ansganit iadditive which has a
fraction. 4. The process accordig(g toclaiml to 3

wher ei rPailing peiat btthe angr;ot89-800% and axselybity in water of at least

hydr ot r ' tial Y strophi e n

The. pr o5 SLng 58 e Bl filosipr P Fip s RIS RAHY Rllowed by
hydr ot rdrgihg ngndeat @liohs conditiand tlesthahjebstt5Catt¥ngf the additive is
catal yst., 6., T(g_e %r ocess . according to claim5, wherein

the frdBRNRIRBDHY ﬁtqeﬁ%yitat al yst has been cal ci ned. 7.

The process according to claim5 or 6, wherein the

fresh hydrotreating catal yst conprises a crystalline

f2.act i drneopromess emsording tavcladin2t 8herkire the actieaiedthydrotreating

clainms 1, to.7, wherein the catal yst composition . .
cont ai FRIRVRHEOMRIES S oyay bE Tretieh GRPIRSRRY 8 ygiont fraction of
whi | e \Wejstalfine TRfPILPEIESST GRARY VIBN@GnHOGEI A WIIBmetals relative to
wherein the catal yst conposition is aged for a tine

suf f i citkatotabreighliekthetnatalysts balow davite.acti on bel ow 5

wt %

3. The process according to claim 1 or 2, wherein the activated

hydrotreating catalyst comprises substantially no crystalline fraction.

4. The process according to claim 1 to 3, wherein the hydrotreating
catalyst is a used hydrotreating catalyst which has been regenerated.

5. The process according to claim 1 to 3, wherein the hydrotreating

catalyst is a fresh hydrotreating catalyst.

6. The process according to claim 5, wherein the fresh hydrotreating

catalyst has been calcined.

7. The process according to claim 5 or 6, wherein the fresh hydrotreating

catalyst comprises a crystalline fraction of at least 0.5 wt %.
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10. The process according to claiml to 9, wherein the
acid concentration is at least 5w % preferably at

woeassi0356omt % nost preferably at | east wt % (r eCaEPY®4/010982

to the total weight of the catalyst). 11. The process
according to any one of the preceding clains wherein

the acid is an inorganic acid, @referably a

phosphor us- cont ai ni ng inorgani% acid. 12. The process
according to any one of the preceding clains wherein

t Be aci ﬁhéSpmceas bokydla'umsadi do cb’,rmwheséimg the tatabst oo@mposition

car boxyl grou t ons. The .process
accor di $gnt ?@PQQ %1 5\/\?\‘&1 ﬁd? ¢ 8N Zging §t§pé’\ﬁ?' Webci d.
14. The process accordlng to any of the preceding

clainms wherein the additive is an organic oxygen- or
nbt r ogefihe poodesisnacaprdiogpowsiaim G wheeeibdheioagalpst mmpnsition is

| oast - Sgadins Sind RitRfo FestierBrsirala ife MREE R oI 5 wix.

(at nospheric pressure). 15. The process ac.cording to
claim 14 wherein the additive is selected fromthe

gf@up ofhe pma@@cctﬂm tos¢laign 4ttol% adereindhea pgicosgncentration is

?Lgr‘y)fe%ﬂﬁé X W?t/?CT gpeggﬁg%ﬁ%%?%w%%%tepre@gbw least 10 wt

hydr ot rgakélatve & dleytdtal W@ﬁ@dt@ﬁ%@cmg@be process
according to claims 1 to 15 17. A hydrotreating

catal yst conprising a Group VIII netal oxide and a

coﬁ”prl i@é‘rghﬁaegg c‘{i,de H\@kgrga nic a@h?tﬁ# ggé%g%é%;swgerem tne
boi | i ngagidignaniinorghaic acidepefer@blysd @hGspimutua-containing inorganic
solubility in water of at least 5 grams per liter

(20CC, aﬁ(‘t’%spheri C pressure). 18. The hydrotreating

catal yst according to claim 16, wherein the catal yst

is a regenerated used catalyst or a calcined fresh

ct.al ystheaprboaseraecarding to any one of the preceding claims wherein the

acid is a carboxylic acid comprising at least one carboxylgroup and 1-20

carbon atoms.
13. The process according to claim 12 wherein the acid is citric acid.

14. The process according to any of the preceding claims wherein the
additive is an organic oxygen- or nitrogen- containing compound, with a
boiling point in the range of 100-400°C and a solubility in water of at
least 5 grams per liter at foom temperature (20°C) (atmospheric

pressure).

15. The process according to claim 14 wherein the additive is selected from
the group of compounds comprising at least two hydroxyl groups and 2-
10 carbon atoms per molecule, and the (poly)ethers of these

compounds.
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catal yst conprises a crystalline fraction below 5 wt %

(expressed as weight fraction of crystalline conpounds
woRo&esge1VI B and Group VIII netals relative tecrme2004/010982

total weight of the catalyst). 19. A process for

hydrotreating a hydrocarbon feed in which a

hydr ocarbon feed i s contact ed(%bnder hydrotreating

conditions with a catalyst according to claim 10,

whi ch optionally has been (pre)sul fided before it is

coBit act Bk viiyidnotréatingy datalystbobtafredde by the process according to

claims 1to 15

17. A hydrotreating catalyst comprising a Group VIII metal oxide and a
Group VI metal oxide, which catalyst additionally comprises an acid and
an organic additive which has a boiling point in the range of 80-500°C
and a solubility in water of at least 5 grams per liter (20°C, atmospheric

pressure).

18. The hydrotreating catalyst according to claim 16, wherein the catalyst is
a regenerated used catalyst or a calcined fresh catalyst and wherein the
catalyst comprises a crystal‘line fraction below 5 wi% (expressed as
weight fraction of crystalline compounds of Group VIB and Group VI

metals relative to the total weight of the catalyst).

19. A process for hydrotreating a hydrocarbon feed in which a hydrocarbon
feed is contacted under hydrotreating conditions with a catalyst
according to claim 10, which optionally has been (pre)sulfided before it

is contacted with the hydrocarbon feed.



