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HYDROTREATI NG CATALYST: COWPCSI TI ON, PREPARATI ON, AND USE THEREOF

The invention relates to a catal yst conposition suitable for
hydrotreating, nore particularly for hydrodesul phurisation and
hydr odeni t r ogeviadsisggas of hydr ocar bon-cont ai ni ng f.eeds. The i pRRbdgd8ss>
further relates to processes for the preparation and use of the

catal yst conposition. In general, the object of catalytically

hydr ot reati ng hydrocar bon- cont@ining feeds is the conplete or

partial renoval of inpurities. 10 Common i npurities are sul phur

conpounds and nitrogen conpounds. The at |least partial renoval of

such inpurities, §r e i wh e_fi pr oduct

i s burnt, fevverH@B%&{@xgﬂ&Jsgh%@wS?UON’ Pﬁfé%twoﬁad& FTERE&JUI to the

enV|ronnent will be released. In : addi tion, sul phur conpounds and

Ni1rogen COMPOURKS fFyentidy! Cre‘i&gErﬁ% P cata?}stt Vkﬁamﬁ?s‘a% Xr?t§u1‘% lOVRft 1N the
f or-use ucts.

oil industry foy converting
Exanpl o5 of  suclYEaUERG s i0eF ydarticular ¥, Jok: dybredesulppurisation  and
hydr ocr acki ng hxmtbddny‘srtuggnatmndaf hydrbearbdbmgontainingc fiteadsy sThe. ihvdent fon

therefore cust opghile,f qfelﬁlﬁegldrﬁot&ola@ssigb}f@r‘:ttﬂg fn%p%ratmn a,%t@gygfc e.

hydr ot r eat rfent prior to being processe cracki ng
unit . Cat 835 Yt FRPRPHIL @kt nent i nplies contacting a feed with
hydr ogen at el evated tenperature and pressure |n the presence of a

hydrotreating o, g fal yat obje'attcpi’ %RPJ]?‘EF%?Q nﬁdts n%CWEPS’&éF‘Eén and

ni trogen corfpounds$_ present oreadily
removabl e 25  cHfaiigenfesds pisi Elré,e éﬁ@P‘&Fﬁrﬁ’ﬁl aarhal remoqaﬁ gbri@pgnities.

hydr otreat@g Cadmbrysﬁnﬁurﬁlteescem)&sﬁihuﬁfcoﬂpmﬂfIaﬁhH mitrBgen compoGiRBOSTHeed
thereon a OUD 1e£’ﬁt gértSQ[g}@Hm oaﬁ’%&l %‘?#Pu\ék'%mg‘fé alJeedévdH egglfr}]%onent

The most commonf
tungsten, whi |l et*@éba‘fl'fte"aﬁlf ﬁ”@iepmdaﬁ’fe 1Fh@lrébn\féﬁ%r SHiphugy piges and/ory | |
met al s. PhOSphOhuﬁ«ogmy odids hermfubstntthen ehvidomhdl WEtl. be releafétk [mi or art

processes for PLERBIANCLHRR SRbHASET AftfofHdibounds are Lt H5udr that 2

carrier materla I's céd ogena
15 of the catalysts empioyed m the oﬂ industry for converting feeds

into ready-for-use products. Examples of such catalysts include
cracking catalysts, hydrocracking catalysts, and reforming
catalysts. It is therefore customary for feeds to be subjected to a
catalytic hydrotreatment prior to their being processed in, say, a
20 cracking unit.
Catalytic hydrotreatment implies contacting a feed with hydrogen at
elevated temperature and pressure in the presence of a hydrotreating
catalyst. In this process the sulphur compounds and nitrogen
compounds present in the feed are converted into readily removable
25 hydrogen sulphide and_ammonia.

In general, hydrotreating catalysts are composed of a carrier with
deposited thereon a Group VI metal component and a Group VIII 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 charac-
terised in that a carrier material is composited with hydrogenation
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2 metal conponents, for exanple by inpregnation, after which
t he conposite is calcined to convert the nmetal conponents into their
oxi des. Before being used in hydrotreating, the catalysts are 5
generally preswomhssed to convert the hydrogenation netetBiBé LSS

t heir sul phi des. Because the requirenents as to the legally
permtted sul phur and nitrogen contents in fuels are beconi ng ever
stricter, there is a 10 continuous need for hydrotreating catalysts with
i nproved activity. Further, at a given final sul phur content a nore
active catal yst wll make it possible to operate under m | der process
condi tions (energy saving) or to increase the |lifespan of a catal yst
bet ween regenerations (cycle length). 15 Various efforts have
been nade in the art to provide hydrotreating catal ysts with inproved

activity. Arelat il__n\déﬁhe/xg%?ﬂee,rn%gg £F Ldample bty 1&%}@9%&(1’%} hgz&igé@gih the

addi tives. I apanese paten E\qp I T"cat'i on ( '
discloses a 20  PBRSAE] FoorcahFlBdr FhgronveRfa kbt mekdl pmeeneaty sintpnthgirch a
support is i oypdegnat iedord theiag sy dgnaydrobraoing,i wheCceapysiNnGra

G oup VI nmet 0 I ; .
optionally a 5 &Isﬁ%ggﬁoﬁﬁésgmc%rﬁ%%%. %kértﬁhgopf&?g%ﬁ@d 'getqglas into

tenperature of |esdeir sulphifgsn 200C, contacted with a polyol, and then
dried again at a 25 tenperature bel ow 200[err] C Japanese patent

application 04-16 i N anti al |yt p SS t he
above-nmenti oned pgﬁ% gg‘fsqagg% f’%g? }%ﬁgﬁéxgép?& t hiat l_?gga”y eeﬁgf{e{g% %ﬁ%gurp_oﬁ%éol
an al koxycar boxyl iHtaeded ¢apteptsqin fuels angyherodingy syentstapper cathesn is a

06- 339635 di 3@' OS enti bW @8&d ITor Wydedtraatilg catSURPOri th SimpAgied gads ertyw t h
an 1 npregnati'on Sof-'u'ﬂyke‘%” $OTPr 1%&“%?‘5‘1' sulphurOLSRBHE a %'rg’ac&igoc#éreaysf
and Goup VIl ‘hydrogenation | neta conmponent's, and preferably a
phosphorus conponefit! "’Hgfé ihpRasgiticedo operate; yadest ivijldergmreepsat cenditions”
‘tenper at ure bel ow @286fgyr s3\Gng)Ther doi Bdtreager egndt ésbpan of asuppOyst iRtween
contacted with an ﬁb%’?ﬁﬁoﬂ?i&yﬁre PQJ;%@'-’ after which the
15
Various efforts have been made in the art to provide hydrotreating
catalysts with improved activity. A relatively new trend 1in this
field is the use of additives.
For example, Japanese patent application 04-166231 discloses a
20 process for preparing a hydrotreating catalyst in which a support is
impregnated with an impregnation solution comprising a Group VI
metal component, a Group VIII metal component, and aoptionally a
phosphorus component. The support is dried at a temperature of 1less
than 200°C, contacted with a polyol, and then dried again at a
temperature below 200°C.

# Japanese patent application 04-166233 discloses substantially the
same process as the above-mentioned patent application, except that
instead of a polyol an alkoxycarboxylic acid is used.

Japanese patent application 06-339635 discloses a process in which a

30 .support is impregnated with an impregnation solution comprising an

organic acid, Group VI and Group VIII  hydrogenation metai
components, and preferably a phosphorus component. The jmpregnated
support is dried at a temperature below 200°C. The dried impregnated
support is contacted with an organic acid or polyol, after which the
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3 thus treated support is dried at a tenperature bel ow 200[err]C.
Japanese patent application 06-210182 di scl oses a process for

prepari ng a catalyst in which a boria-alum na support conprising 3-15

. % of bori awgegditgsegnated with an i npregnati on sol ution PérﬂBgﬁ/mrl si ng
a Group VI nmetal conponent, a Goup VI met al conponent,

pol yol. The inpregnated support is dried at a tenperature of

110[err]C to forma catal yst. Eur opean patent application 0 601
722 describes a process for preparing a catalyst in which a
gama- al um na support is inpregnated 10 5 with an inpregnation solution
conprising a Goup VI netal conponent, a Goup VIIl nmetal conponent,
phosphoric acid, water, and diethyl ene gl ycol. The i npregnated
support is driechat tredt=dpsuppbntr & dfietO8f ar tgmPerature berbhezooamal yst s are

presul phi ded wt r ig Wt .
of sul phur and ﬁp%w#@v"?artﬁr&t ﬁ}p?ﬂéﬂ&hﬂ ﬁ?%l&lh d1ﬁc105850 Iy 2 %§

i ndeed show i rj¥eBaEA9 ﬁy@ﬁftéhfséaﬂi‘ nghich a b&\”d@raﬂuumynaa§uwﬁba¢@wwma
cggye_ntl Onalh' hydB-gtneasi 60 batial yst daprbdrelied with d Nfjredani @i hr!so&lﬂltwnl
additive, this i c t p the catal yst
is used forbt he H\é?"?q 2 ééo& ¥ ﬁ@tgt c%ﬁgv%nfeﬁf gaémw VI%I p‘gﬁq onlﬁ’y P ni ng
of f coke resul tsanldnar@ﬂ'b‘?ﬂal Tog mwr@gmﬂtwemftr ommed att petepperatyrst of so
that the inprovarenrt tol formcd Ichaﬂystl s lost in the further cat aI yst

life cycles. en i 0 elates, 10 a process for
preparing a Eurg &Botp?ig% ap! ﬂé?ﬁ? Qsiangh d%F%mb%ﬁ s§ PLRFESALITET for
activating 25 prewdnmtar eéﬂtaﬂh@ ¢ratwh1q}sasgammmﬂnumaesuemrhers popeanatddi n a
conventi onal mthrm«nwreywattmﬂsomﬁwa@np@isﬁsa @@%Jpl YEmett EdnpBReMpi Ch the

additive r egener at r ocess , a ding to
the invention i & @ﬁ%{‘rpnﬁ/rgr'f'eg%b qoﬁpapﬁ% Bﬁ)osphomchas;a;mwpggm g‘aﬁ%gﬁf
conprising a G alycall.| Thenyupregeaiad isoppardt &3 drigl at ao%emratand of m&sop Vi

hydrogenati on netsal camyﬁ% @Re Drean philed with 2 Kuwaii’@rﬁta&igﬁﬂ-ﬁﬁhtb‘hsa%ﬂ

additive which is Lea t oC sel fromthe group of
conmpounds corrprlcémﬁ%1 ﬁ‘é%lésjpg’t pﬁ%rhg gro §"e thiol.

15 Although these catalysts do mdeed sFI)uow improved hydrotreating
activity as compared with conventional hydrotreating catalysts which
do not contain an additive, this improved activity will only appear
when the catalyst is used for the first time. Regeneration of the
catalyst by burning off coke results in remeoval of the additive from

20 the catalyst, so that the improvement in activity is lost in the
further catalyst life cycles.

The present invention now relates to a process for preparing a

.hydrotreating catalyst which is also suitable for activating
25 hydrotreating catalysts which were either prepared in a conventional
manner without the use of an additive, or from which the additive
was removed by regeneration.
The process according to the invention is characterised in that a
hydrotreating catalyst comprising a Group VIII hydrogenation metal
oxide and a Group VI hydrogenation metal oxide on a carrier is
contacted with an additive which is at least one compound selected
from the group of compounds comprising at least two hydroxyl groups
and 2-10 carbon atoms, and the {poly)ethers of these compounds,



and 2-10 carbon atons, and the (poly)ethers of these conmpounds,
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4 after which the catalyst is dried under such conditions that the
additive substantially remains in the catalyst. The hydrotreating
catal yst used ing material in the process accog g.st he

I nventi on may ?ﬁﬁ% ﬁgga conventional hydrotreating 5 catéﬁbs?ﬂhprepared
by a process in which hydrogenation netal conponents are
conposited with a carrier, after which the conposite material is
subjected to a calcination step to convert the hydr ogenati on netal
conponents into their oxides. However, the 4 hydrotreating catal yst
used as starting material may al so be a used® 10 hydrotreati ng catal yst
fromwhich the additive, if there was one, was renoved by

regeneration afteryg | st feU . ¢ hat
US 4, 530, 917 descr] Eé‘@ mrzi()’%’%gg@taﬁ&ﬁswhﬁﬁed under g#}cf/heﬁef’dg#j?n@ tA Gfle

hydr ot reating cat & 915{“’?55 B‘Fﬁnélﬁléﬂ TRI3IRS 2K %F%ﬁa&éﬁ -15 but in this
patent the additithe hydsotreatingntataiyst @sedr&sustpitioy mgterial instheupreseswhi ch

contains a pol ysU|aQPérQﬁn@stoSH{eo?h@n?ﬂ:naﬁﬁgtthusBﬁe a conve?l‘emnﬁf"%{jrdt%%ﬁ

process according to the”inven
contain a sul ghi d.%@a*dgéntpreme? hé¥, 3 t PUREEST odifd Which thTQSE"lah@”ch%Iailst
prepared by the proagseniscaos cdiomgpst tedt hEthi auvamﬁam afZer wh1bta&hsmhtpdmmh

activity that pre [ C e di

shoul d further §IHltéf;)'qagt ﬁgt %@Jgtggz t§6§ dgéggpﬁages astep Wh; c?nvert thé
reduci ng cat al yst sf')'éfﬂﬁﬁ?#fépﬁgm&taér FOPPOPENYS nidtal tb?””co‘m’é%% H@W?‘fﬁé‘m the
with a reducing aggototnkitdhg mayalyst asedlasobiirting padeyedicabplalsd bei & udbd

expressly stated ttﬂﬁiﬂ%{]&tﬁ P ois t! ?roﬁ\pw\xcﬁa{‘rle aliiﬁ)'l'cQ%alMSttﬁer\thg] one,

normal | y ar e Aot ecause sulp
of catalyst. By cofdf rr;s@evedt%rewawé% aB‘f"—"tH@ @r@éﬁ#ts fﬁv%t‘ﬁbn are
of the type which is not poisoned by sul phur conpounds and is often

sul phided before an guihf%heUssted tHat US 4,530,917 describes a process in which a
conventional hydrotreating catalyst is contacted with an additive,
but in this patent the additive is present in a presulphiding
solution which contains a polysulphide as sulphiding agent. By
contrast, in the process according to the invention the impregnation
solution does not contain a sulphiding agent. Further, it was found
that the catalyst prepared by the process according to the invention
has such high -activity that presulphiding can "often be dispensed
with.

It should further be noted that US 5,032,565 describes a process for
reducing catalysts comprising a Group VIII metal by contacting them
with a reducing agent which may be an alcohol or polyalcohol. It is
expressly stated that this process is applicable to catalysts which
normally are not sulphided because sulphur is a poison to this type
of catalyst. By contrast, the catalysts of the present invention are
of the type which is not poisoned by sulphur compounds and is often
sulphided before or during use.
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The present invention also relates to catalysts which can be

cbtained by the process described above. Thus, the present invention
also relates to a hydrotreating catalyst comprising a Group VIII



The present invention also relates to catal ysts which can be obt ai ned
by the process descri bed above. Thus, the present invention al so
relates to a hydrotreating catal yst conprising a Goup VIII WO
96/ 41848 PCT/ | B96/ 00565

5 met al i nd a Goup VI netal oxide on a carrie i
cat al yst wgé%ﬁq??sgnal |y conprises an additive which is gfwﬁgg{g‘{;ﬁone
conmpound sel ected fromthe group of conpounds conprising at |east two

hydr oxyl groups and 2-10 carbon atons, and the (poly)ethers of these 5
conpounds, wherein the Goup VIII netal conmpound and the G oup VI

nmetal conpound are in the form of oxides. As has been expl ai ned
earlier, before conventional hydrotreati n95 catal ysts are used in the
hydrotreati ng of hydrocarbon feeds, they 10 are generally subjected to a

sul phidation tr s daOa 0BV, t ; I ' Ik
suI“Bhi des. Thi sﬁggjﬁﬂ%ﬁt?@ngt%gﬁ #Eﬁmeta] oxi B oA %%Fﬁ%?l' e@t‘g‘u?g%@&s'c

t can .. be ca
contacting the G4EHIT9RA!1¥i PMPRREF e RIS ¥ hdchy s at {eaéFeQﬂft &empound
t enper at ur e and splextedir €romwitthe ereuwpentfl campbyfdsr comprivdingh at leasfntwg gani c
sul phur conpoun PV 8 Ulphy i s, gl , i bl
gxg?gbﬁglsfb?o@)? Y 5UbPEY rHlen a.lt{ams, Vant@ t%%a%éol y)etﬂﬁrf/%o? the

o]
sul phide the contactin h Pbcarbon feed

|
to which adgiti &ﬁmwg@ﬁ»pwwe%rﬁd@uﬁwpﬁ\é‘\}é Beigh compoundy @pd dthes frauadvl

hydr ocar bon f eedietaiNeambesisateoisayie fotm wiudxdddse a maj or advant age i f
a catal yst were avail abl e which woul d have high activity w thout
requiring a presul phidation step with a separate 20 pr esul phi di ng agent

or a spiked feeds hasnieenngwplpdnad RBUHETt hegToreeconventionadt ygratreatdeg di ng
to the inventiorasiigess avelusbd gin abd ihytitotredtong of hydrobarbestieyst tagcor di ng
to the invention,t.d ffd cl t €cilnhi n ! feed to be
hydrotreat éd if Qggi g(#n?gaj'l‘ pgggé%?%\ds tgtg ?u]pmc&a‘é]g@t E%%%ﬁgﬁtm% r(;kfowgeﬁ‘ltpﬁﬁer . This
makes it possi biM8talo oxidest Htoometal sulphidest Wit owdphigatont Reeatmrpénedbn

Wi t hout a separ akecattigahbuli bg contactisd ape usitaiysaddih i hydedges Wudphitde c8Tpounds
bei ng necessary, i d j | ow as
0.2 Wk . % e EVAERY, Cembeteyne ang LSO, GAOH SAbmeleal WaLpHRR, It P
process for an  oRgAdi 6t U ARYH FOEPGWE r S¥EY 5N af @etYSUAPHiAE chita sy @&k ar bon
feed whi Chlg’o possibl @i ns adulpleidst the?2 omtaVpsof byul gontacting cant agitted ainder

condi tions hg@lfocgll'b%ﬁatf@eq %@Wﬁ{?ﬂt Hﬂcﬁtﬁ‘&ﬁlpm?ﬁw eﬁ%& d& Rydr gLépating
cajtalyst cnglsu](%acgouaeﬂ II# ta g)]m e and a Goup_VI netal
oxi de on a add (spiked hydrocdrbon feed). Needless to say, it would be a
major advantage if a catalyst were available which would have high
activity without requiring a presulphidation step with a separate
20 presulphiding agent or a spiked feed. It has now been found that the
catalyst according to the invention shows such high activity. For
the catalyst according to the invention it is sufficient to be
contacted with the feed to be hydrotreated if said feed contains at
least 0.2 wt.% of sulphur. This makes it possible to use the
25 catalyst according to the invention without a separate sulphiding
step using additional sulphur compounds being necessary, even if the
sulphur content of the feed is as low as 0.2 wt.%.
Accordingly, the present invention also relates to a process for
hydrotreating a hydrocarbon feed in which a hydrocarbon feed which
contains at least 0.2 wt.% of sulphur is contacted under conditions
of elevated temperature and pressure with a hydrotreating catalyst
comprising a Group VIII metal oxide and a Group VI metal oxide on a
carrier, which catalyst additionally comprises an additive which is



carrier, which catalyst additionally conprises an additive which is
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6 at least one conpound selected from the group of
conpounds conprising at |east two hydroxyl groups and 2-10 carbon
atons, and wo ok/ifsad PO! y) et hers of these conpounds, wher eigeplihsobEsUP
VIIT netal conpound and the Group VI netal conpound are 1n the form
of oxi des. 5 The catal yst according to the invention is prepared as
fol | ows: The starting material is a conventional hydrotreating

cat al yst conprising a Goup VIIl netal oxide conponent and a G oup VI
netal 10 oxi de conponent on a carrier. As G oup VI netals may be
ment i oned nol ybdenum tungsten, and * chridm um Goup VIII netals

include nickel, cobalt, and iron. Especially preferred in this

connection is a conbi Wely! | d o] n
nol, ybdenum and/og? q%.ﬁntgs?ﬁea;]. %'@F‘?}ld %%]gdi%n %&ﬁygpgd%%pphﬁfi gg?'l?ogrqu
activity of theComaigingsat lepst twedwdrgyyd groups “angZniPasarbon atembi 8¢ i on
of cobalt ?ndhrml y RHen(pol y)ethare aof agreee Scompounds, | dhekdia hwrm_d@mivymg:@:gation
activity of the ca [ e | . i on .o

ni ckel and nol ybdetﬁﬁkrﬁég}r‘d taﬁ%;tg ngsvx metal 5%%@028%@0&g.tﬁgﬁk‘@gﬁfa‘f@g?s'
usual |y has a gretal content in the range 20 of 0,1 to 50 w.%

cal cul ated on the guercatdlyseiagtirdiXg toaheainabntson is preparthasGFampwsvl and
Goup VIIl metals will frequently be present in anounts of 5-30 w. %
and 1-10 wt.% respectively, calculated as trioxide and

nmonoxi de, respecilh® eflartinghanateqig! dmouht eonvedpra hydrotreztiionl satdyeh

the overal |l weight cofprfmgCatrhoyB Vi1l imess @REde Qompohdtt and a Grépt @l ¥ktal My

al so. contain other, c ts, n._. as phosphorus, hal ogens,
and borium Pwtic?}f‘gjrel §W?%Z‘gp°r§‘e"se°§§'§‘g6f phosphorus in an anount  of

1-10 wt. % cal cul &se@roupa¥l wetaly | wpser bg, mentipgned jmopyhsieaum, ttyegsten, and
hydr odeni trogenat i @rcagtm.vi ¢aoupivit hemeaial Viskldde becnef @ob&d, and iron.

Especially preferred in this connection is a combination of nickel
and/or cobalt and molybdenum and/or  tungsten. If  the
hydrodesulphurisation activity of the catalyst 1Js the more
important, a combination of cobalt and molybdenum is advantageous.
If the hydrodenitrogenation activity of the catalyst is the more
important, a combination of nickel and molybdenum or tungsten is
advantageous. The catalyst usually has a metal content in the range
20 of 0,1 to 50 wt.%, calculated on the overall weight of the catalyst.
The Group VI and Group VIII metals will frequently be present in
amounts of 5-30 wt.% and 1-10 wt.%, respectively, calculated as
trioxide and monoxide, respectively, the fwo amounts being
calculated on the overall weight of the catalyst. If 50 desired, the
25 catalyst may alse contain other components, such as phosphorus,
halogens, and borium. Particularly, the presence of phosphorus in an
amount of 1-10 wt.%, calculated as P05, to improve the
hydrodenitrogenation activity of the catalyst is be preferred.

15

The catalyst carrier may be compased of the conventional oxides,
e.g., alumina, silica, silica-alumina, alumina with silica-alumina
dispersed therein, silica-coated alumina, magnesia, zirconia, boria,
and titania, as well as mixtures of these oxides. As a rule,

30



30 The catal yst carrier may be conposed of the conventional oxides,
e.g., alumna, silica, silica-alumna, alumna with silica-alum na
di spersed therein, silica-coated al um na, magnesia, zirconia, boria,

and titania, as well as m xtures of these oxides. As a rule, WO
06/ 41848 WO 96/41848 PCT/ | ifibsbbdsss

7 preference is given to the carrier being of alum na,

silica-al um na, alumna wth silica-alumna dispersed therein,

or silica-coated alum na. Special preference is given to
alumna and alumna containing up to 10 w.% of silica. A
carrier containing a b5 transition aluwmna, for exanple an eta, theta,
or. gamma alumina is preferred within this group, wherein a .

ganmma-al um na carrier i s nost especially preferred. The

catal-yst's pore ypotferenqenbngivandtoithe mercier yepenef r altumine), $idicohluntita,
critical to th nQC cJa¥gal t Qs [ i 0 Ak Wi
generally be in ?A%‘apgngzﬁof,ﬁésg tq!)ﬁ:‘in?ﬂ bspte_l?_ﬁeg s%égl??’i’cr}gu%?g‘ccg%dal?d a

is ndt critical @UNIRE. pSBREaL AFefErency to F1¥EN ventiwding and alumied and
will generally beohtaihtrg rigngeo of0 56t %o ¥00sitied.r |Agcarrier (omASHIMAd 4isi ng
t he BET net hod). f; b -1 he t 11k h 5 [.an_pore

di aneter in bhe rtg%l&é?f)@ %Yufghgr}mfggs&%@ Erxn»% r?g?j’ gc;}f@tal, o.r q@pﬁ%@na s
porosi netry, and PEETarEek#ida0,tHis oneum, ovhere o caBr@d@mifg| qarrier is gest n t he

range of 2 nm f eepadibE ynpciferrepor e di aneter. The catalyst is
enpl oyed in the conventional manner in the formof 20 spheres or
extrudat es. Exanpl es of suitable types of extrudates have been

di scl osed in the Th¢tcatalvat's pysevolupg (measured jgiay merqyry pppetration) ig goft y
suitabl e forlPuse cateicay| toadtheabrgzass | at@sd{nghiwwh ty teention ah®! WeW or
not) as wel a M. C n yoeet Ei cal yl-abe, e | cles
(2, 3 or 4 Iobes??ﬁé@gﬁ} be %ﬁ?g g% \§/enti d?lafﬁhlyg'fﬁ)84'r_g§1?i %’Sc}:fe{f_afl&??éé
suitabl e for usedredtife not critiedledys the cBrAsRRY 360FHE9| hoekie IRVERE)ODe

obt ai ned, e.g., a&sther andfeillovgenerdlbarkbd ein pthecuangy ofS 50 eparsdd, me/@., in

;}[‘fe‘r’aff ﬁ;s (mBd M Bsidg"thd BT FefRodl . FefiridiH i ALAGFL (PPERTE ©) -
15 a median pore diameter in the range of 7-15 nm, as determined by
mercury porosimetry, and 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

20 spheres or extrudates. Examples of suitable types of extrudates have
been disclosed in the Titerature (see, int. al., US 4 028 227).
Highly suitable for use are cylindrical particles ({which may be
hollow or not) as well as symmetrical and asymmetrical polylobed
particles (2, 3 or 4 lobes).

2 The conventional hydrotreating catalysts suitable for use in the
process according to the invention may be obtained, e.g., as
follows. A carrier precursor is prepared, e.g., in the case of
alumina, in the form of an alumina hydrogel (boehmite). After it has

. 30 - been dried or not, e.g., by means of spray-drying, it is shaped into

particles, for example by extrusion. The shaped particles are
calcined at a temperature in the range of 400° to 850°C, resulting,
in the case of alumina, in a carrier containing a transition
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calcined at a tenperature in the range of 400[err] to 850[err]C, resulting,
in the case of alumina, in a carrier containing a transition WO
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8 alumna, e.g., a ganma, theta, or eta-alumna. Then, suitable
anounts of precursors for the hydrogenation netals and the optional

ot her conponents, such as phosphorus, are deposited on the catalyst,

for exanple in the formof an aqueous solution. In the case of 5 G oup
VI nmetals and Goup VIII netals, the grecursors may be

anmoni um nol ybdate, ammonium tungstenate, cobalt nitrate and/or

ni‘ckel nitrate. Suitable phosphorus conponent precursors include
phosphoric aci d aldninbe eag.i,ous gamwni thethydoogetaphosiphat Esen, suitabMter
an optional dryi p, e

25 err] - 200[ er 1] CHOFtE by ftur IR TEG YhE rhrob i 16 88 dls ank the aptioppt,

the range of 350[04hgY COMPOPITLS} G”% aéolihﬂéi?hﬁ"@%earrﬁeﬂénﬂsé’@ﬁﬁp@méhe q@t@cyatsor s

and thet optlonaﬂor é»ta Te ﬁprﬂi@nﬁdﬁnt opr@.cquawus sbmtréfr mtn ;aréé d@se ofb
conponent s. ar n tha ere can be a
wi de nunber 5 Gr‘glfp gnr f"gfaqgn ng Gml?p R'E@t h'lr('éeélnsThutrsF'H i RPEFESBs s eg‘i

apply a pl wradrivy B91ybApiee gAY gN stwpEstenatr |¢vpﬂb'gnatnrnge swidder ons
to be used rﬁ@l&tlalrﬁtfﬁeon&ﬁﬁbf@ﬁﬁho@ﬁhohﬁ?h&ﬁﬁﬂ?@ﬁ?”fnr&h%‘l‘gS‘i’ﬁcﬁ uddat
e

are to sited artiaqn

i npregnati ng 20 pﬁ"%&ﬁ’ﬁ ‘Ugsg)'{d E AR H &ML h%ﬁ?%pﬁ@toﬁ%ﬁ sprayi ng
met hods, etc. Aftenwanh ontnqnabl @"ynnqorse‘gna@t oh, teapeyatuce, st dhe drappegotand/ or
cal ci ni ng rmy-zl@s%ca&ﬁe efbs@Li ng Mmadef e ens cAi éﬁéﬂlaéﬂ \ée|t¥mpe9£‘l§)r@rnfmr e

10
conponent rec ed _who the carrier
prior to ﬁ&% 3@?& pp?e)oe é cgp\feirg uweta 9%8%e"§np?ﬁﬁ‘bsaﬁ'ent
the 25 corrpone‘rllﬁtl pihecupridpnatat ethieal , cagpongnpoPrpetrseter dof , formn txéde

deposi ted Qampdnent3ot yet shaped carrier material, say, a powder, by
nmeans of, e.g. |npregnat|on after which the shaplng step is carried
out . Al ternati vel , is possible to intimately m x one or nore

conponent precur Sér & Wi r:}/ea(;‘rtq rth ki 1 et mant Hat clhere eaannhet ervise Bgber
during the 5 api ng sheRtidshenh thaN mithed. tTaud,t 1tT6§th§§JBb‘e ttﬁatapETy? a

e MBS S SRATH Seiglfl APRFREER. SRS 1 e
used conta1n1ng one or more of the component precursors that are to
be deposited, or a portion thereof. Instead of impregnating

20 techniques there can be used dipping methods, spraying methods, etc.

With multiple impregnation, dipping, etc. drying and/or calcining

may be carried out in between. Alternatively, one or more component

precursors can be mixed wholly or in part with the carrier prior to

the shaping step being' carried out. In such an embodiment the

25 component precursor material, or a portion thereof, can be deposited

on the not yet shaped carrier material, say, a powder, by means of,
e.g., impregnation, after which the shaping step is carried out.
Alternatively, it is possible to intimately wmix one or more
component precursors wholly or in part with the carrier material
during the shaping step rather than prior to it. Technigues that are
suitable for this process are co-pelletisation and co-extrusion. It
is recommended that the group VIB metal component precursor employed
in this process be molybdenum trioxide.

30
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Conventional hydrotreating catal ysts and the processes for preparing

them are described in, e.g., US 4 738 767, US 4 062, 809, US 4 500
424, CB 1 RB4%¢/21%%s Us 4 212 729, US 4 326 995, peramsgnbigs4 051
021, US 4 066 574, EP-A 0 469 675. b5 As stated before, n%e process
according to the invention includes both the activation of fresh
hydrotreati ng catal yst prepared for the process, and the activation
of hydrotreating catal yst which has been used and regenerated. 10
The conventional hydrotreating catal yst use% as starting material is
inpregnated with an inpregnation solution conprising the sel ected

additive in an appropriate solvent. The solvent used in preparing t he
addi tive i rrpregnatmenn%ﬁéw drtre Bty aéwysﬂssa%aw pmcakéézowh Raéiér‘mg

ot her conpounds, as  net g et hangql %8%9 @g %%‘oléu

al so be suitable, t(‘)"@p%'ﬁ'df’?ﬁr t¥We $rdrul® B FHE 4 The

addittve to be usHSE 4 B0GA2Rari n§Bthé04&86) yst WcEarldireg,to t U 4 326 995,
invention is seleg¢ @,do%l gg@ tieq 6@L§3,4opr:Qr@)qgg1(3?5 conprising at 20 | east

two hydroxyl groups an £0 “carbon af ons per ecul e, and t he
(pol y) et hers gof these compounds. It is possible to use a single

conpound or a conbs netaterh beforepnheupricess accordugt @blthe cinvpotinasifcdudagse in
the process accorgbghgrﬁe a{:ﬂ@ah'ﬂﬂ%’?th%@h rgdrotﬂe?ﬁhg%ta@'si gﬂéﬁd% Acgnol s

such as ethylene 1.p ene g r| met hyl ol
et hane, trinethyl B’I'°C6F§)pémet %138 Tvation of-hydno "‘@F”E%é%"é ¥Snerehdaasi Bedrude
di et hyl ene gl ycol usedi gndopydeserated. gl ycol, trinmethylene glycol,
triethylene glycol, tributylene glycol, tetraet hyl ene gl ycoI

tetrapentyl elHe gl icol . Thi s range extrapolated to i ncI ude
pol yethers like p 'I‘%/é?WFE‘r?@a‘gP%BFreaﬁbﬁg g@talystt Hped asp Séertdpesterdal is
pol yet hyl ene gl ytmiregwatbd withodrecdmpeagnacioghtolution comfrieary 200 saldctR0 i s

preferred. additive in-an appropriate solvent. The solvent used in preparing
the additive impregnation solution generally is water, although
other compounds, such as methanol, ethanol, and other alcohols may
also be suitable, depending on the nature of the additive.

15

The additive to be used in preparing the catalyst according to the

invention is selected from the group of compounds comprising at
20 least two hydroxyl! groups and 2-10 carbon atoms per molecule, and

the (poly)ethers of these compounds. It is possible to use a single

compound or a combination of compounds.

Suitable compounds for use in the process according to the invention

include aliphatic alcohols such as ethylene glycol, propylene
26 glycol, glycerin, trimethylol ethane, trimethylol propane, etc.
Ethers of these compounds include diethylene glycol, dipropylene
glycol, trimethylene glycol, triethylene glycol, tributylene glycol,
tetraethylene glycol, tetrapentylene glycol. This range can be
extrapolated to include poiyethers like polyethylene glycol. For
this last compound, polyethylene glycol with a molecular weight
between 200 and 600 is preferred.
Other ethers which are suitable for use in the present invention
include ethylene glycol monobutyl ether, diethylene glycol



O her ethers which are suitable for use in the present invention

I ncl ude ethyl ene gl ycol nonobutyl ether, diethyl ene gl ycol
WD 96/ 41848 PCT/ | B96/ 00565
10 nononet hyl ether, diethylene glycol nonoethyl ether, diethylene

gl ycol nonoprogyd oeiidlgr . and diethyl ene glycol nonobutyl et hﬁérmsamosas
Anot her group of conpounds conprising at |east two hydroxyl ‘groups

and 2-10 carbon atons per nolecule are the saccharides. Preferred 5
sacchari des include nonosacchari des such as glucose and fructose.
Et hers thereof include disaccharides such as |actose, naltose, and

sacchar ose. Pol yet hers of t hese gpounds I ncl ude t he
pol ysacchari des. 10 The anmount of additive to be used depends on the
specific situation. An_inportant factor in deciding both the

suitability of t%némh 1 VEther, m@eﬁyfeu@h {?&ﬂ%n@é’fﬁyﬂt eﬂferadﬂiéthg?enho be

used is the VISCO 1 on_containin
addi ti ve. g#id@pno%qpyﬂ h’ghﬁ?’og&ggﬁéf a.sﬁgce omepabutylveiheron to be a
success, 15 tAnetlmd'd groupeommhlpduedsjlcsmpmbingedt hieast etwoohsairyx AV 8Foupl e

catalyst. Thhs21% %h‘#‘ﬁoﬁbhﬁ’om‘?f éé?chﬁphcla e rﬁ%”@al:ﬂﬂr{@? Cﬁle?%xyr%h W th
an |npregnat|on sol u tive

t he tosal VBFERHAE g‘?s t‘ﬁ& ‘idﬁpi“ ﬁ%&cf‘%"ﬁ‘d%l -‘u&cr oﬁs b@l“ﬁ@sel ﬁ“q hENF'&%Qe of

t he total [Hthersvdhemsefofncibce didaatlotidéso sheh iaspl@gosd.edaltde, antin

this technique, WhlGhseis P&]’}Qﬂ?& tl N ot he e@éttacaﬁpougeg € 1%@'&1?%“3 the

| npregnation, the |npre€nat|on I on MA| be en up vir
conpl etely by tR9dysasgParddessf the catalyst, which nakes for -
efficient use of chemcals. If the inpregnation solution is too

vi scous, the i Wrﬁgnﬁ@gﬂp o?ta‘%ﬂﬂ”f‘vleltﬁnﬁ’é uE@tfldLéenH? oft ﬂi%”?&%ﬁ'ﬁ%‘l&t%gmﬂat t he

dlstrlbutlodoof t he Itive over
appropri ate anourft" HPORERILt f%°‘§éﬂe"r‘*ﬁlq‘§/‘glt¥°§§ the suitahilityeof thgadditive
0. 01- 2.5 nol es ofasaddiH iau¢ yher anonhie off advjdivegendia ased is themeisbsityr eSent

in the catal yst. it it"{’ag ﬁg{)%t quﬁjtpoqdéotnltgﬁnﬁﬁi({ﬁ?laidaiottw%b too low, the

advant ageous effect € ent | nvent . : be obt ai ned.
On the other handP PfE" heoRrasessaACCOXEHg: FH B8 |1pvention to be a success,

15 the additive must be distributed homogeneously over the catalyst.
This is suitably effected by impregnating the catalyst with an
impregnation solution comprising the additive in a solvent, with the
total volume of the impregnation solution being in the range of the
total pore volume of the catalyst to be impregnated.

20 In this technique, which is known in the art as pore volume
impregnation, the impregnation solution will be taken up virtually
completely by the pores of the catalyst, which makes for an
efficient use of chemicals. If the impregnation solution is too
viscous, the impregnation step will not result in a homogeneous

25 distribution of the additive over the catalyst.

It was found that the appropriate amount of additive generally lies

in the range of 0.01-2.5 moles of additive per mole of hydrogenation

metals present in the catalyst. If the amount of additive added is
too low, the advantageous effect of the present invention will not
be obtained. On the other hand, the addition of an exceptionally
large amount of additive will not improve the effect of the present
invention. On the contrary, besides being a waste of material, the
addition of more additive than necessary results in a large quantity

30
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| arge anpbunt of additive will not inprove the effect of the present
invention. On the contrary, besides being a waste of material, the
addition of nore additive than necessary results in a large quantity

WD 96/ 41848 PCT/ | B96/ 00565
11 of ki Materials being present in the cataly f may
| ead tovgégggﬁgntal coke formation when the catal yst ?éng?@gﬁHs
Further, as has been expl ai ned before, the use of a large quantity of
additive . may increase the viscosity of the inpregnation
solution to an 5 unacceptable value. As will be clear to the person
skilled in the art, the exact amoung of additive to be used in a
specific situation, and the upper ané lower Iimts for these ranges,
will depend upon a variety of paranmeters including the netals content
2{) : t't Ihe ;:abtalhmghmtct h@tepg"l? ualngéyte;aa& Q?Lﬁesbiitmﬁit%t GhRUT hBN Oileéd tthﬁ

. cat al yst, nature o e itive, e, solven sed in e
i npregnation sof“&t‘i%ésw,"‘emi 'forlfﬁr@&ﬂ%ﬂ %Nhg%ﬁaftan%g,sgeltscl.‘seI%t b'f%g%é‘l’las

wi thi*n the scopéaofbeemexpbyineh bekdrel eidhei usa 10é¢ arlargeo quantdtyriafeaddieive
optimum amount gfy, agithrbisee the WEsdSRY 1dF edeh inpRehdtitn SEEMRIdO %o an
taking the above-nentlgred ari apl es..into aCCOUR%ﬁ 15 ) %Fe Vi scosity
of the addigive“RCFRS %dﬁ%‘&attﬁr@”&&%ﬂ?@% e person; skjildeq ignthsr ¢ he
anount of addit ave wtfiectexaely smpuotabbly bédidded ta be usedt him pr ospsdfic

according to theii AYFGM,i @Rl thetdbpkPCardeNBliéd 157230 tHCItEse ranges!, NG 10T €
vi scous the additive, the |le nto the

ss,of (it can be jncorporated, 2 i
catal yst. The f8FRe80i P91 ThiPE LY \Pgspalrﬁ@&ﬁr§c‘6§f‘ic{)ﬁ%tt%fzdWPS content of
tenperature, théhgesadabisty fheepere edlumengod pore tshee distriputiver n€dthe
range for vari oygAge t b fatibPe Y BRY af® t¥9€0 the) sbNRNPQRCES Used in the
according & the invention.. . . . - .

impregnation solution, the impregnation conditions, etc. It is well
within the scope of the person skilled in the art to determine the
optimum amount.of additive to be used in each specific situation,
taking the above-mentioned variabies into account.
15 .
The viscosity of the additive at room temperature may give some
indication of the amount of additive which may suitably be used in
the process according to the invention, with the general trend being
the more viscous the additive, the less of it can be incorporated
20 into the catalyst. The following Table gives the viscosity at room
temperature, the generally preferred range, and the more preferred
range for various additives which may be used in the process

according to the invention.

25
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Addi tive Vi scosity Amount (nol e/ nol e)
(20[err]C) cps GCeneral Preferred et hyl ene gl ycol nonobutyl
et her 0.01-2.5 0.05-1.5 di et hyl
mononet hyl et here o413 0.01-2.5 0.05-1.5 5 5‘?‘2{“%%‘“3%%
gl ycol nonoet hyl et her 4 0.01-2.5 0.05-1.5
di et hyl ene gl ycol nonopropyl ether 5 0.01-2.5 0.05-1.5
di et hyl ene gl ycol nonobutyl ether 6 0.01-2.5 0.05-1.5
et hyl ene gl ycol 21 0.01-2.5 0.05-1.5
propyl ene gl ycol 56 12 0.01-2.0 0.05-1.0 10
di et hyl ene gl ycol 38 0.01-2.0 0.05-1.0.
trinmethyl ene glycol,, ;... 56 ...0.01-2.0 . P5:1. 0
triethylene glycol Additive 48 WSC%?%%— 2.A8°u"t (mogg&g}%)' 0
tetraet hyl ene gl ycol 58 (20°0) xps2.General 0. Befarred

pol yet hyl ene gl ycol
pol yet hyl ene egcoI
pol yet hyl ene egcoI
gl ycerin
trinmethylo
trinmethylo
gl ucose
fructose
mal t ose
| act ose
sacchar ose

etaane
pr opane

10

etﬁ 1ycol monobutyl &ther
%0
5 glycol monometh5146ther
d1ethy1ene glycol moncethyl e
diethylene glycol monopropiﬂobtﬁ}r
diethylene glycol monobutyIS%"nqrd

30. 01- 20001250 09.459.515

0 01-1. O% &&g 5

40. 01- 10501250 0
40. 01- 10501-2.5 0. @50%.185

9. 01 1.9.01-2.5 0-%5%!9-15%0

0.05°0. 5
o 01 1%501 2.5 o §s0%1s5

ethylene glycol solid  @101-1.8.01-2.50. 0%-.058.5
propylene glycol solid §-01-195%1.2.0 0. @545
diethylene glycol sold 3801130120005 gs-ﬁo
lethylene gly sol i d 301-1 0. 08- 25

The inpregnation sttepnretiilank dlyceleneral |y carri ef6out aéci~8ithg t 6.05-1.0

the pore

15

20

25

30

vol une {rPieUstRt §BJRo1 t echni que
conpri ses add'ngt*}t#ﬁRﬂfﬂﬂ

descypbed befiop MRy .0

ation.solution to thgscat al %%I_g.aort i Clo(.ags-l.

e glycol 0
polyethylene glycol (MW200) 61 0.01-2.0  0.05-1.0
polyethylene glycol (MW400) 100 0.01-1.5 0.05-0.8
polyethylene glycol (MW600) 140 0.01-1.5 0.05-0.8
glycerin 1500 0.01-1.5 0.05-0.8
trimethylol ethane solid 0.01-1.5 0.05-0.5
trimethylol propane solid 0.01-1.5 0.05-0.5
glucose solid 0.01-1.5 0.05-0.5
fructose solid 0.01-1.5 0.05-0.5
maltose solid 0.01-1.5 0.05-0.5
lactose solid 0.01-1.5 0.05-0.5
saccharose solid 0.01-1.5 0.05-0.5

The impregnation step, which is generally carried out according to
the pore volume impregnation technique described before, merely
comprises adding the impregnation solution to the catalyst particles
and homogenising the mixture until virtually all of the impregnation
is taken up 1into the «catalyst. The technique of
impregnation is well-known to the person skilled in the art of
hydrotreating catalysts.

solution



and honogeni sing the m xture until virtually all of the inpregnation 30
solution is taken wup into the catalyst. The technique of

i npregnation is well-known to the person skilled in the art of
hydrotreati ng catal ysts. WO 96/ 41848

PCT/ 1 B96/ 00565 WO 96/41848 1 Af ter
the i npregnation step has been conpleted, the catalyst is §CFHB9%qpf6éd to

renove the solvent. It 1is essential to 'the process accordi ng
to the invention that the drying step is effected in such a manner
that the additive remains in the catalyst and is not 5 removed by
evaporation or deconposition. In consequence, the drying condi tions
to be applied depend heavily on the t enper atdire at which t he
specific additive boils or deconposes. In the context of the present

i nvent-i on, the dryj : Lo be rrnjed t under such )
condi tions that a?fﬁgga?ﬁee%d@?%ﬁi g’fogrg Tapy H78 b}é)e%nﬁtd@%ftﬁf’erwﬁl gaghustids  of
the additive whi cArigds toj feBP¥sortdeedolvatto dheisarasantial ito tthe process

i nprednati on st epatcdréing! to pheSienéntiioh thst epd Qi'rTV]ﬁfg 3tdpet s teFPe ey 11A%such

step. O course, ([t ] r rr, ke as_.nmuch additive. as .
possible in the cgt '5#"3’%‘? g%aﬁi ntggt %@d‘g‘[jr{am%‘{‘ép}"bgge WiatR1¥she 3pdr ks not
vol atil e addigivesemaert by vevageasinmaer glecewpos igon hdndegnisaguestep thsb dryingannot

al ways be avoi dedconliiof$ YonBe ST edBdepett Heavil POnCokd ié@rﬂ)e?&%ure at which"
i s .advant a

air, under vacuu or. 1n.Lnert,. ) ner al It eous
have a drying mf%errﬁgécgfc h?e{aldbgilqgwbgjiof%rclﬁi’(?ffpc’s%ﬁ‘t HBuGe Cﬁgtel"@)vxﬁeﬁ the
tenperature may bereseifedrvanyiondefhendinigg citen tsbouidt be ecaofiethaut under such
ﬁ'ddll‘ltl ve. 20h . conditiiohs that &l uémlglswﬁ ﬁt@gfabwaio GaURS ﬁr{é?er%ﬁhprg'oish.”g'y
ig ydro i . the rptreating catalyst dccording
to t e i nvéaﬂ&?%n&%@%éay\%%%] '?"ﬁgt 1@%53’{” erd:)\)é'%r@nﬂ'ﬁ r‘faﬁ‘ﬂgfﬁ/i ty the
caused by tmegegnationt hkRP ihetilddpreseet Jontieonatal pstenfierager égangon of
the 25  netal cempoupd €urseg itheiss\prohirdes foy Medepons W@érf?hacg!d?ﬁ% PE’”‘ to
an easy sul ogl ﬂﬁtl{)n ﬁ‘etch%ult %h nec%{s}s%&. of @ddl B&nad itlona .
sul phur con% RERE s htde (8 3yﬁ_g‘_ﬁ‘ré?ﬁi FtyYing step, Ut ydth,dae moseind
that it is prefervdatiler aditives apdditivaccwrptirationo during thee drpirgntstep to
Ishow a peak 1I5rlhl t @not’ Q?Magilsfﬁcer @ﬁ)ﬁdéﬂ&_ Tt Bi8FRg %ﬁ:eﬁglay, e.¢l.erid carrfe [oﬁ%r] A
t appears ““t hat, cordi.n t.o the. invention, i ch show
this peak are nore g‘i’%’?‘\‘/@m’éﬁﬁ@m‘g} ;'/gggegc%sr'dp?{&rf'@yt’ hi s advantageous
to have a drying temperature below 220°C, although a lower
temperature may be necessary, depending on the nature of the
additive.
20
It is not altogether clear what causes the surprisingly high
hydrotreating activity of the hydrotreating catalyst according to
the invention. It may be that the improvement in activity is caused
by the fact that the additive somehow prevents aggregation of the
25 metal compound during the sulphide formation, which leads both to an
easy sulphidation without the necessity of adding additional sulphur
components and to a high activity.
It has been found that it is preferred for the catalyst according to
the invention to show a peak in its X-ray diffraction pattern at
. 30 20 = 6-8°. It appears that catalysts according to the invention
which show this peak are more active than catalysts according to the
invention which do not show this peak.



I nvention which do not show this peak. WO 96/ 41848

PCT/ 1 B96/ 00565 14 The
dried additive-containing hydrotreating catalyst may be

subjected to a sulphiding step before it is wused in the

hydrotreating %op%;g%car bon feeds, but, as has been expl ai ”?g'n?w%sss
0 I'de the

before, this is n necessary. 5 If it is decided to sulp

catal yst before use, this can be done in one of the ways known in the
art. For exanple, it is possi ble to contact the catalyst with

I norgani ¢ or organi c sul phur conpounds, such as hydrogen sul phi de,

el enental sul phur, or organic pol ysul phi des, or to sul phide the

catal yst by contacting it with a 10 hydrt’car bon feed to which a sul phur
conpound has been added. All of this will be known to the skilled

person as catal ysty,sul phi di n — .esul.phi di : e present
catal ysts can be uTshgq pﬁeﬂheg%djé}vgt?oélgfﬁ}ggof@g%&my%gm%S c.:ata}ygﬁgeﬁayof 5

feéds.  Exanpl es subfectsdi ttabl & subrhiding i akspudeefors ddte is useddi dni Ithat es,
kero, naphtha, vaciydmtgestiay! of apobaddy @e&sOi b, as has BBEn CEPIBIHebONAl

process condition ch_as fenper res in the range of
250[err]-450[err]éef Eeésgmgegs n P%‘Eaeg?% ge of 5-250 bar, space 20

vel ocities ingthe Hangeioofdegided 1ty Buirbidq thaneatelyst rijgfore usaiitds can bhe

e o 50 2800 i, oSt ot e SO, S
; i . . i .

et hyl elrcl)e gl ycol poss’b]&gﬂ%ﬂﬁﬁ%{sgﬁ@a’fﬁ%gﬁ )&?f’vﬁ?%ﬁaﬁ'? £b 'T)rgaﬁgce&“h@'”r

starting naterial ,comgounds, sugh @pahydiioges swWiphiies.elemntikl | sugpkun, ofr organic

gamma- al um na ext rgedadiAphides, or to sulphide the catalyst by contacting it with a.

hydrocarbon feed to which a sulphur compound has been added. All of

10
this will be known to the skilled person as catalyst sulphiding or
presulphiding.
The present catalysts can be used in the hydrotreating of a wide
15 range of feeds. Examples of suitable feeds include middle

distillates, kero, naphtha, vacuum gas oils, and heavy gas oils.

The conventional process conditions, such as temperatures in the
range of 250°-450°C, pressures in the range of 5-250 bar, space

20 velocities in the range of 0,1-10 hr-l, and Hy/oil ratios in the
range of 50-2000 N1/1, can be applied here.

Examples

25 Example 1: Preparation of a hydrodesulphurisation catalyst using
ethylene glycol

Comparative catalyst A, which is to be used as starting material, is
prepared as follows. One kilogram of gamma-alumina extrudates is
30 .impregnated with an aqueocus impregnation solution containing
suitable amounts of molybdenum trioxide, cobalt carbonate, and
phosphoric acid. The impregnated extrudates are dried for 16 hours
at 100°C, after which the dried extrudates are calcined for three



30 i npregnated with an aqueous i npregnation solution containing
sui tabl e anounts of nolybdenumtri oxi de, cobalt carbonate, and

phosphoric acid. The inpregnated extrudates are dried for 16 hours at
100[err]C, after which the dried extrudates are calcined for three

WD 96/ 41848 P 565

15 hourvgog?m 80[ err]Cin air. The thus obtained cat a%@gfgn %i ned
22 Wt . % of nol ybdenum calculated as trioxide, 3 w.%of cobalt,

cal cul at ed as oxide, and 4 wt.% of phosphorus, cal cul ated as
Plerr]Jerr]. 5 Various catalysts according to the invention
were prepared by i npregnati ng Conparative catalyst Ato pore vol une
saturation with an inpregnation solution conprising an
appropriate anount of et hyl ene glycol mxed in water, to obtain

t he amount of ethylen omr :0lycol.in the catalys onposition given in
Table 2. The cat g‘%‘?étgt e 1'g\ﬂi?elr%g:ﬁuﬂrqbgﬁ’“ﬁﬁo‘@&afyﬁé ?95% jingd c?%smgi"ven in
Tabl e 2. oHh mohedExmptadsulated e briesede, 3 pdck fafcedhiadh, chirulatddous
catal ysts i t hee o4 i ) ik ndi ed by codes

consi sting of 930%9{6\%6%&?&5 gp:ﬂ“ﬁ%ﬁﬁ&’\gﬁﬂc%ﬁge? irb(rés%%étter stands for

the catal yst 15 used as starting material. The second letter is

i ntended to 5 denvarfigus catalyste aactotlirigveto uthed.invEits on nwery apreparedi At es
the nunber ~ of . . QLds i i J el . .
Conparative cat 5"?“35?"5“%?5@9 %jﬂc}v?nrgggc m%gng_a?on%g%\? Oﬁ]'é"%q:;%ﬁ'\?aetwgrvéngo

i ndi cated with t#t [ERReBRatipRyi SAtUtHR « ARRET Hingi A7 nBRREPRTARte f ANqustePf
by the nunber of ethyerter giyavdniixeddira watemn, [tar ebfaHeseli® tamountdif adttylene
that it is a conparg 'i‘ﬁ?t%%ﬁ%]?shé@ﬂmri@%dnvﬁiﬁﬁt A Yabte \cé),{'“tﬁ{aé 0% atysts

contain additive” but V\:hl%h (ﬂre Ot herw se not "according_t
i nvention age i nti"€athed diied, uaderethecFonditiops Mgy dRFaBI%lti ng 25

catalyst, a letter indicating the additive, and a nuneral indicating

t he nunber of th i , APy

starting compar aﬁ \%pgg’atagﬁ%%t ofA%é%%?@gtng&q%&KE% .%Hé %§%S ;—J%"ﬁlysts
according to the invention will be indicated by codes consisting of

two letters and a numeral. The first letter stands for the catalyst

used as starting material. The second letter is intended to identify

the additive used. The numeral indicates the number of the

Experiment within a certain series.

15

Comparative catalysts which do not contain any additive are

20 indicated with the letter indicating the starting material, followed
by the number of the treatment and a C in parentheses to indicate
that it is a comparative example. Comparative catalysts which do
contain additive but which are otherwise not according to the
invention are indicated with a Tletter indicating the starting

25 catalyst, a letter indicating the additive, and a numeral indicating
the number of the experiment, followed by a C in parentheses.. The
starting comparative catalyst A is indicated as A(C).

Comparative catalyst A1(C) was prepared by impregnating Comparative
catalyst A to pore volume saturation with water, and then drying the
resulting product for 16 hours at 100°C.

Comparative Catalyst A2(C) was prepared by sulphiding Comparative
catalyst A with TNPS, as is described in Japanese patent publication



Corrpar ative catalyst Al (C) was prepared by inpregnating Conparative 30
catalyst A to pore volune saturation with water, and then drying the
resulting product for 16 hours at 100[err]C. Conpar ati ve Catal yst
A2(C) was prepared by sul phiding Conparative ' catalyst A wth TNPS, as
i s described iwolaRpagse patent publication VO 96/4%396,00565
PCT/ | B96/ 00565
H 4 79701. Conpar ative catalyst AAL(C) was prepared by subj ect i ng a
cat al yst with the sane conposition as Catal yst AA2 to a calcination
st ep. Conpar ative catal yst AA2(C) was prepared by a process in which
atoo 5 | arge anmobunt of additive was used as conpared with the anount
of netal present. The presence of a t 0§ | arge anount of additive will
cause plugging of the catalyst pores with additive, detrinentally
affecting activity H 7978?rrparat|ve catal yst AA3(C) was prepared by a
process in which t fO tatalyst is dried at a tenperature which is so
hi gh that at |eastCoaparat1ve satadysintRa(Clpams wieparted Byiciubjeacs it comadskystor
evapor at es. m:m%heXSaFn@%:om[SUsfHoﬁCéé Qﬁ‘taﬂ?ﬁ R @o aOEachwarY %E\%Qg&

°8

catal ysts was
El ectric Co. 15 C°|‘_'P?:ra§“‘(fsf:%§ %# %g‘éﬁ wes rp£§pad"f?? ft\ya?:tplreﬁ?s%'é'sgm
vessel voltage — largofamsomtyvofaeddibiyenmas wiseth &5 dompargéncidhstie amburt afid a

l'i ght em SS'nﬁé@aﬁ'ﬂrEsé?sft Orps ;W‘Ekence of d @ooTalakgef ambunt | S 120811598 & 1yhi ch

of the catal ysts show a racii.on pattern
2e=6-8[err]. 20 Ccause pﬂﬁggé\gt tgfi catalygt (9?‘”%&%“1:&3 ST ‘"WBE%;W
into a continuous affecting eaattvoty and tested using two Ki nds of feeds:

Ffeed lAr hKuwai; o rinSEHar N chiaOt m(c?' Jlas( lp%a\ar@oorbyaa "irBesd: Jr# um%cr/ome
gi OiSU paut an e{}?éﬁy& 1ns| tcht'loe a3 tempera%ure wh1ch 1s S0 h1ghV\Q|Ia% eas tane

had beengadd
substantial part of the additive decomposes or evaporates.

The X-ray diffraction pattern of the various catalysts was
determined using a Rotaflex RAD-rVB made by Rigaku Electric Co.
Ltd., using a copper X-ray diffraction vessel with a vessel voltage

= of 40kv, at 150 mA, with a divergence slit of 1° and a ‘Tight
emission slit of 0.3 mm.
In Table 2 it is indicated which of the catalysts show a peak in the
X-ray diffraction pattern at 2e=6-8°.

20
To be tested, 15 ml of each catalyst was brought into a continuous
reactor and tested using two kinds of feeds: '
Feed A: Kuwait straight-run light gas oil (LGO) containing 1.15 wt.%
of sulphur and 68 ppm of nitrogen

25 Feed B: Feed A to which 3% butane diol had been added.

First, each catalyst was presulphided under the conditions given
below, with the presulphiding being directly followed by catalyst
testing.

30



First, each catal yst was presul phi ded under the conditions given
below, with the presul phiding being directly foll owed by catal yst

testing. 30 WO 96/ 41848
PCT/ | B96/ 00565 17
Table 1. Presy@bidi@ad and test conditions
Pr esul phi di ng Testi ng 5 Tenper at ure ([léﬂ 00565
316 330 H2 pressure (kg/cnierr]) 20
30 LHSV (hr-1) 1 2
H2/feed ratio (N /1) 200 300 10 Ti me
(hours) 18 168 The rel ative
vol une activities for the various catalyst§7were determ ned as
foll ows. For each catal yst the reaction constant kn was cal cul at ed
fromthe foll ow . a1 ohtd n Tt [err] = LHSV x 1/(n-1) x
(1/S[err] x 1/ S[m] . MR P 1?]r?gvﬁ1nldc¥1est hce(m%1 g?rzlig(nds for the percentage of
sul phur in the product, S[err] stands for the percentage of sul phur
inthe feed, and n stands 20 for the reaction order of the
hydr odesul phuri sation reaction. In 4. present e jrents, n has
the value 1.75. The reactioﬁﬁggﬂgpgﬂpgof Cbnparapggéﬁcatalyst A was
set at 100, gand , the reaction constants of the other catalysts were
recal cul ated to fTemperatubf{@C)n the rel ajligve vol une activit3ges. The results
for both feed A H2 pressure (kg/cm2) 20 30

LHSV (hr-1) 1 2

H2/feed ratio (N1/1) 200 300

10 Time (hours) 18 168

The relative volume activities for the various catalysts were

determined as follows. For each catalyst the reaction constant kn

was calculated from the following formula:

15

kn = LHSY x 1/{n-1) x {(1/SP-1 x 1/Sqn-1)

in which the S stands for the percentage of sulphur in the product,

So stands for the percentage of sulphur in the feed, and n stands
20 for the reaction order of the hydrodesuiphurisation reaction. In the

present experiments, n has the value 1.75.

The reaction constant of Comparative catalyst A was set at 100, and

the reaction constants of the other catalysts were recalculated to

obtain the relative volume activities. The results for both feed A
o5 and feed B are given in Table 2.

The percentage of sulphur present in the feed and in the product was

determined using an SLFA-920 of Horiba Manufacturing Co., Ltd.



25 and feed B are given in Table 2. The percentage of sul phur

present in the feed and in the product was det erm ned usi ng an
SLFA- 920 of Hori ba Manufacturing Co., Ltd. 30 WO 96/ 41848
PCT/ 1 B96/ 00565 18
Tabl e 2: st Addi tive Dryin Cal cinj -
Activity c wo osis ¥ Ty 9 . 2 'Fc?{?msﬁ&;s%?y
A B (ol e/ nol e) ([err]C) (hr) ([err]C (hr)
AAL 0. 05 100 16 - - - + 167 168 10
AA2 0. 25 100 16 - - + 168 171
AA3 1.00 100 16 - - + 172 175
A(C) - - - - 18 100 126
Al (O 0 100 16 - - + 98 122 15
A2(C) - Table 2: .- - - - - 123 127
AAL( C) 0.25 18218¢e* 100 16 500 4 - 101 128
AA2( C) 3.00 100 16 - - + 98 125
AA3(C) 0.25 catalyst ¥itivé® -~ brying - Calcining X-raylO8activief

5 T t T t A B

(mole/mole)  (°C) (hr) (°C) (hr)

AAL 0.05 100 16 - - + 167 168
10 AA2 0.25 100 16 - - + 168 171
AA3 1.00 100 16 - - + 172 175
A(C) - - - - - - 100 126
A1(C) 0 100 16 - - + 98 122
15 A2(C) - - - - - - 123 127
AAL(C) 0.25 100 16 500 4 - 101 128
AA2(C) 3.00 100 16 - - + 98 125
AA3(C) 0.25 © 300 16 - - + 108 128

20 From "Table 2 it is clear that the catalysts according to the
invention show a higher activity than the ones which are not
according to the invention. The catalyst according to the invention
which is not subjected to a separate sulphiding step appears to show
a higher activity even than the sulphided conventional catalyst

25 A2(C).
Example 2: Preparation of a hydrodesulphurisation catalyst using
diethylene glycol monoethyl ether
30 Further catalysts according to the invention and comparative

catalysts were prepared using diethylene glycol monoethyl ether as
additive. Again, the additive was mixed with appropriate amounts of
water to impregnate the catalyst by way of pore volume impregnation.



20 From Table 2 it is <clear that the catalysts according to the
i nvention show a higher activity than the ones which are not
according to the inventi-on. The catal yst according to the invention
which is not subjected to a separate sul phiding step appears to show
a hi gher acti v‘(g2 g1 than the sul phided conventional catal,
anp

A2(C). e 2: Preparation of a hydrodesul phurisati on cat aﬁ yst
usi ng di et hyl ene gl ycol nonoet hyl et her 30 Furt her
catalysts according to the invention and conparative cat al ysts
wer e prepared using diethylene glycol nonoethyl ether as addi tive.
Again, the additive was m xed with appropriate anmounts of water to
i npregnate the catal yst by way of pore vol ifre i npregnati on. WO
967/ 41848 PCT/ 1 B96/ 00565
19 . The cat al d nner
descri bed ﬁ? Eg ? &Sregé?e;‘ﬁ‘d d%{?%{;gnﬂ %ﬁﬂﬁ H%et gé?"elre ?ﬁclr%begre
sufmar i sed in xappieel .3Catalyst comppém@ngand tESt resudAs adnes summapieddt i ve
Dryi ng Cal ci §y ngb1e’3r ay Activity T
t T t A B (rol e/ nol e) ([err] O
(hr) ([err]C (hr) 10 AB1 0. 05 100 16 - -
+ 161 ¢ 16dble 3: AB2 0. 25 100 16 - -
+ 156 161 AB3 1.00 100 16 - -
* 161 1ga5ta1yst Additive Drying Calcining X-ray Activity
T t T t A B
(mole/mole) (°C) (hr) (°C) (hr)
10 . :
AB1 0.05 100 16 - - + 161 165
AB2 0.25 100 16 - - + 156 161
AB3 1.00 100 16 - - + 161 165
15 A(C) - - - - - - 100 126
A1(C) 0 100 16 - - + 98 122
A3(C) - - - - - - 123 127
AB1(C) 0.25 100 16 500 4 - 97 124
AB2Z(C) 3.00 100 16 - - + 96 124
20 AB3(C) 0.25 300 16 - - + 110 127
Again, the catalysts according to the invention show a much higher
activity than the comparative catalysts in the hydrodesulphurisation
of both Feed A and Feed B.
25
Example 3: Preparation of a hydrodesulphurisation catalyst using
polyethylene glycol (MW200)
Example 1 was repeated, except that a polyethylene glycol with an
R 0 average molecular weight of 200 was used as additive. The additive

was mixed with appropriate amounts of water to impregnate the
catalysts by way of pore volume impregnation. The catalysts were



15 AQ i

i . i 100 126
Al (O 0 100 16 - i ; 98 122
A3( O : : I i 123 127
ABL(O) 0.25 100 16 500 4 i 97 124
AB2( ©) 3 100 16 - i ; 20
AB3( C) 0. 80488 Tony Ti6 - i " Fpmeohigs

Agai n, the catal ysts according to the invention show a nuch hi gher
activity than the conparative catal ysts in the hydrodesul phurisation

of both Feed A and Feed B. 25 Exanpl e 3: Preparation of a

hydr odesul phuri sati on catal yst using pol yet hyl ene gl ycol.
(MA200) Exanple 1 was repeated, exg%pt that a pol yet hyl ene gl yco
with an 30 average nol ecul ar wei ght of 200 was used as additive. The
additive e?@:ﬂ%é’& t%ﬁda%g&%r'ﬁt S hE "R %scv.\%@r fr° %ﬁ]ﬂ@ﬁg”ﬁte

t he catal ysts way of pore volunme 1 npregnation. The catalysts 'were
WO 96/ 41848 Catalyst composition and test results are summarised in pay)e B96/ 00565
20 presul phided and tested in the nanner described in
Exanpl e 1. T g&lyst conposition and test results,are sumarised in
Tabl e 4. 4. 5 Cat al yst Additive Dryi ng

Cal cining Xgray Activity T t T
t A catalys®  Additive Dr‘ying(nﬁ'(ﬂl&”ﬁiiﬁ?L X-kayer I hedivitpr)
([err]C (hr) 10 ACl .05 . 00 16 | - -

+ 166 = 168 tT ot A B

(mole/moie)  (°C} (hr) (°C) (hr)

10
ACl 0.05 100 16 - - + 166 168
AC2 0.25 100 16 - - + 164 165
AC3 1.00 ‘ 100 1.6 - - + 161 168
15 A{C) - - - - - - 100 126
A1(C) 0 100 16 - - + o8 122
A3(C) - - - - - - 123 127
AC1(C) 0.25 100 16 500 4 - 102 130
AC2(C) 3.00 100 16 - - + 93 123
20 AC3((C) 0.25 300 16 - - + 105 127
Again, the catalysts according to the invention show a much higher
activity than the comparative catalysts in the hydrodesulphurisation
of both Feed A and Feed B.
25 '
Example 4: Preparation of a hydrodesulphurisation catalyst using
diethylene glycol
Example 1 was repeated, except that diethylene glycol was used as
30 additive. The additive was mixed with appropriate amounts of water

to impregnate the catalysts by way of pore valume impregnation. The
catalysts were presulphided and tested in the manner described in



AC2 0.25 100 16 - -

" 164 165
AC3 1. 00 100 16 - i N 161 168 15
A(Q) i } } 100 126
AL(C) 0 100 16 - i ; 98 122
A3(O) : : : ' 7
ACL(C) 0. DS 641848 100 16 500 4 i rEgussnoss |
AC2( O) 3. 00 100 16 - A 93 123 20
AC3( O) 0.25 300 16 - i ; 105 127

Again, the catalysts according to the invention show a nuch higher
activity than the conparative catalysts in the hydrodesul phurisation

of both Feed A and Feed B. 25 Exafkbl e 4: Preparation of a

hydr odesul phuri sati on catal yst using di et hyl ene gl ycol

addi Live, The abtiblsa- bR Pitatos RNBR eC PR ¥ Ehe P8 BpRepRRy

to i npregnate thebleak-al ysts by way of pore volune inpregnation. The
catalysts were presul phided and tested in the manner described in

WD 96/ 41848 le & PCT/ | B96/ 00565
21 Exa&ﬂl@i&. Cat al yst conposition and test results are summari sed
in Tabl e 5. Tabl e 5: 5 - Catal yst Additive

Dryi ng Cal cicpiangst X-Ad@¥tive ACLi birjdh Calcining X-ra Activit T
t T t ft e g DYyt Q(Maﬁwgqauq

(hr) ([err]C) (hr) Tt Tt
(mole/mole)  {°C) (hr) (°C) (hr)

10
A1 0.05 100 16 - - + 174 178
AD2 0.25 100 16 - - + 174 184
AD3 1.00 100 16 - - + 173 175
15 A(C) - - - - - - 100 126
A1{C) 0 100 16 - - + 98 122
A3(C) - - - - - - 123 127
ADL(C) 0.25 100 16 500 4 - 103 130
AD2(C) 3.00 100 16 - - ¥ 100 129
20 AD3(C) 0.25 300 16 - - + 108 128
Again, the catalysts according to the invention show a much higher
activity than the comparative catalysts in the hydrodesulphurisation
of both Feed A and Feed B.
25
Example 5: Preparation of a hydrodesulphurisation catalyst using
polyethylene glycol (MW400)
Example 1 was repeated, except that a polyethylene glycol with an
30 average molecular weight of 400 was used as additive. The additive

was mixed with appropriate amounts of water to impregnate the
catalysts by way of pore volume impregnation. The catalysts were



10

178
184
175
126
122
127
130
129
128
hi gher

15

20

0. 05

AD1 100 16 - + 174
AD2 0. 25 100 16 - - + 174
AD3 1.00 100 16 - - + 173

A(C) - - - 100
AL( Qo 96/418480 100 16 - - PCTABYG/0S65 98
A3(C) - - - - - 123
AD1( O 0. 25 100 16 500 4 - 103
AD2( O 3.00 100 16 - - + 100
AD3( C) 0. 25 300 16 - - + 108

Again, the catalysts according t@ the i nvention show a nuch

activity than the conparative Tatalysts in the

hydr odesul phuri sation of both Feed A and Feed B. 25 Exanpl e
5. Preparation of ﬁe%@@@s%ﬂ’h%éﬁﬁtHﬁntﬁ@tﬁdn)fért deslehfhed in Example 1.

pol yet hyl ene gl ycal 0%1 L Exanpl e.l was repeated, except that a
pol yet hyl ene gl ycdiataivsh cafiposdtion apdokesierenyltscaneasumpar tisd ©f 7206 Swas used
as additive. The additive was m xed with appropriate anmobunts of
water to inpregnatgpidg. catal ysts by way of pore vol une

i npregnati on. The Tatatysts were WO 96/ 41848

PCT/ | B96/ 00568 22

presul phided and Catelysed Additivee nmannBryidescriChbadningn X-fspanpl Actidity

Catal yst conposition and test results qre qynnqriseg in Table Q. B
Tabl e 6: .
(mote/mole) (°C) (hr) (°C) (hr)
10
AEl 0.05 100 16 - - 154 158
AE2 0.25 100 16 - - + 149 156
AE3 1.00 100 16 - - 151 155
15 A(C) - - - - - - 100 126
AL(C) 0 100 16 - - + 98 122
A3(C) - - - - - - 123 127
AE1(C) 0.25 100 16 500 4 - 100 125
AE2(C) 3.00 100 16 - - 89 119 .
20 AE3(C) 0.25 300 16 - - 103 123
Again, the catalysts according to the invention show a much higher
activity than the comparative catalysts in the hydrodesulphurisation
of both Feed A and Feed B.
25
Example 6: Preparation of a hydrodesulphurisation catalyst using
trimethylol ethane
Example 1 was repeated, except that trimethylol ethane was used as
30 additive. The additive was mixed with appropriate amounts of water

to impregnate the catalysts by way of pore volume impregnation. The
catalysts were presuiphided and tested in the manner described in



5 Cat al yst Additive Dryi ng Calcining X-ray Activity
T t T t A B (nol e/ nol e)
([err]C (hr) ([err]C (hr) 10 AE1 ‘0. 05 ’ 100

16 - - + 154 158 AE2 0. 25 100
16 - - £ 149 156 AE3 1.0 100
16 - . WOOS6 s 151 155 15  A(Q)  Ybcrmmosnoses

- - - - 100 126 AL(O) - 0 100
6 - - + 98 122 A3( 0O - -

- - - - 123 127 AE1(C) 0.25 100
16 500 4 - 100 125 AE2( O 3.00 100
16 - - + 89 119 20 23AE3(C) 0. 25 300
16- + 103 123 Agai n, the catal ysts

according to the dnventjo ow a much. hi ghe ctivity than the
conpar ati ve cat al 8RS 1’1 {&ﬁgaql)f%rcméﬁF%quiafFF%ﬁesu‘% areofsk'"ﬁ@fﬁeﬁeé'ﬂ A
and Feed B. 25 Table 7. Exanple 6: Preparation of a hydrodesul phurisation

catal yst using trimethyl ol ethane Exanple 1 was
repeat ed, except tE&t trimethyl ol ethane was used as 30 additive. The
additive was m x h appropriate amounts of water to i npregnate

the catal ysts by way of pore volunme inpregnation. The catal ysts were

presul phi ded” and chested i fydipRemanner ri beghdiRy - .06/ 41848
e L BoeT 065 6e ly i e ryERe $icdiRing X-ray Acm2139

Exanple 1. Catal yst conposition and tlest rffesullts afe summariskd inB
Table 7. (mole/mole)  (°C) (hr} (°C) (hr)
10
AF1 0.05 100 16 - - + 146 149
AF2 0.25 100 116 - - + 148 149
AF3 1.00 100 1l;6 - - + 143 145
15 A(C) - - - - - - 100 126
A1(C) 0 106 16 - - + 98 122
A3(C) - - - - - - 123 127
AF1(C) 0.25 © 100 16 500 4 - 97 126
AF2(C) 3.00 100 16 - - + 88 120
20 AF3(C) 0.25 300 16 - - + 103 126

Again, the catalysts according to the invention show a much higher
activity than the comparative catalysts in the hydrodesulphurisation
of both Feed A and Feed B.

25

30



Tabl e 7: 5 Cat al yst Additive Dryi ng Cal ci ni ng

X-ray Activity T t T t

A B (ol e/ nol e) ([err]C (hr) ({err]C (hr)
10 AF1 0.05 100 16 - - + 146
149 AF 0. 25 100 16 - -

148 140 | WOSEIs 1. 00 100 16 . FCTABsGbosss

143 145 15 A(C) - - - -

100 126 AL(C 0 ' 100 16 - - +
98 122 A3(C - - -

123 127 AF1( O 0.25 100 16 500 4 -
97 126 AF2( O 3.00 24100 16 - - +

88 120 20 AF3(C) 0. 25 300 16 - +
103 126 ai t he catal ord tQ_the |nve t|on ow a
nuch hi gher ——@éﬁr—& f eptaﬁ%tﬂ‘)?h ng’aﬁ‘?ﬁdf’ E'%Wa?vgf’sc ¥ usmg
hydr odesul phuri sati on giuabé bot h Feed A and Feed B. 25 30

WO 96/ 41848 PCT/ | B96/ 00565
24

Example 1 was repeated, except that glucose was used as additive.
5 The additive was wmixed with appropriate amounts of water to
impregnate the catalysts by way of pore volume impregnation. The
catalysts were presulphided and tested in the manner described in
Example 1. Catalyst composition and test results are summarised in

Table 8.
10
Table 8:
Catalyst Additive Drying Calcining X-ray Activity
T -t T t A B
15 (mole/mole) (°C) (hr) (°C) (hr)
AGl 0.05 100 16 - - + 142 148
AG2 0.25 100 16 - - + 148 146
20 AG3 1.00 100 16 - - + 141 145
A(C) - - - - - - 100 126
A1(C) 0 100 16 - - + 98 122
A3(C) - - - - - - 123 127
25 - ABL(C) 0.25 100 16 500 4 - 100 125
AG2(C) 3.00 100 16 - - + 79 111
AG3(C) 0.25 300 16 - - + 105 124
Again, the catalysts according to the invention show a much higher
30 activity than the comparative catalysts in the hydrodesulphurisation

of both Feed A and Feed B.



Exanpl e 7: Preparation of a hydrodesul phurisation catal yst using

gl ucose Exanpl e 1 was repeated, except that glucose was used as
addi ti ve. The additive was mxed wth appropriate anounts of
water to i npregnate the catal ysts by 'way of pore vol une

| npregnati on. catal ysts were presul phided and test

manner descri be iﬁ/r‘{m‘ﬂg Exanpl e 1. Catal yst conposition an lﬁ‘q‘{le&f" results
are summarised in Table 8. 10 Tabl e 8: Cat al yst

Addi tive Dryi ng Calcining X-ray Activity

T t T t A B 15 (ol e/ nol e)
([err]C) (hr) ([err]C (hr) AGL 0. 05 100 16

- - + 142 148 AR 25 0. 25 100 16
- - - + 148 146 20 AG3 1.00 100 16

) T Examglg&lwep_a@%wn of Al?f&%?‘odemtregenatmn cata]ystloﬁfﬂg 16

- - 98 ethyl@® giycol A3(C)

. = . 123 127 25 AGL( Q) 0 25 100 16
500 4 - 100 5 . AR(C 100 16

. . + Comparatige catﬁyft B, wmcﬁ@s(é be use a25start1ng materjofor 16

- ) 5+h hydroddriSrogendidén catalysts Adaiprepdreé asaf@lllwst soﬁcep‘m@rm to
catal 3!?? oy e Rydr GRS Tt cxtudatefClsY Inbrbidfed (5 EF TR 2hdkBys

VO 96/ 41848 pregnatmn so ution containing suitable amount5p@ﬁ/|n|ggg;d@mgg5
trioxide, nickel carbonate, and phosphoric acid. The impregnated
extrudates are dried for 16 hours at 100°C, after which the dried
extrudates are calcined for four hours at 500°C in air. The thus
obtained catalyst contained 18 wt.% of molybdenum, calculated as
trioxide, 4 wt.% of nickel, calculated as oxide, and 6 wt.% of _

phosphorus, calculated as P»0s.

10

Various catalysts according to the invention were prepared by
impregnating Comparative catalyst B to pore volume saturation with
an impregnation solution comprising an appropriate amount of
ethylene glycol mixed in water, to obtain the amount of ethylene
glycol in the catalyst composition given in Table 9. The catalysts
20 were then dried under the conditions given in Table 9,

15

The starting Comparative catalyst B d{s indicated as B(C).
Comparative catalyst B1(C) was prepared by impregnating Comparative
catalyst B to pore volume saturation with water, and then drying the
25 resulting product for 16 hours at 100°C,
Comparative catalyst B2(C) was prepared by sulphiding Comparative
catalyst B with TNPS, as is described in Japanese patent pubhcatwn
No. H-4 79701
Comparative catalyst BA1(C) was prepared by subjecting a catalyst
with the same composition as Catalyst BA2 to a calcination step.
Comparative catalyst BA2(C) was prepared by a process in which a too
large amount of additive was used as compared with the amount of
metal present. The presence of a too large amount of additive will



25 Exanpl e 8: Preparation of a hydrodenitrogenation catal yst using

et hyl ene gl ycol Conparative catalyst B, which is to be used as
starting material for 5 hydr odeni t rogenati on catal ysts, is prepared as
foll ows. One kil ogram of gamma-alum na extrudates 1is inpregnated
Wth an aquepgsesisss | NPregnation sol ution containi ng SuipkpidedpdePunt s
of nol ybdenum trioxide, nickel carbonate, and phosphoric acid. The

i mpr egnat ed extrudates are dried for 16 hours at 100[err]C, after
whi ch the dried 10 extrudates are calcined for four hours at 500[err]C
in air. The thus obt ai ned catal yst contained 18 w. % of nol ybdenum
cal cul ated as trioxide, 4 w.% of npgkel, calculated as oxide,
and 6 wt.% of phosphorus, calculated as Plerr](err]. 15

Various catalysts according to the invention were prepared by
i mpregnati ng Conpausat puggtat alf ysite Batadypormren|witk adiitivet i detrimentally

an inpregnati onafﬁg{ﬁ@ é’&wﬁ rrprl sing an appropriate anount of
et’hyl ene glycol mxed r'n wate gqtal n the anount of ethylene

glycol in the caF@PPERti¥e R3balyEt 0%3 v #AS RTeRIBH b0 2 RFASeswtial Which the
were then dri ed videystt he @rdadlidti antengenetore whietblie § high that Tdte le&starti ng

Conparative S Conparative
catal yst B1(50) Wgés%p{)fegg? ag&tﬂ@gé Bﬁ%ts (r?lr;e Q’Qé‘reéu ve catalyst B to

pore vol une saturation with water, and then dryl ng the 25 resul ting
product for 16 hoerhe eéstd®O[16rm] 6F each catElyspawat brvaughatiaty st cB{imovsas

prepared by sul pg%aglsté\g g?dmfers@édbv@sm? theC%éaci yﬁ@e? \MAS[ 793-.%5)8% 3% | he

described in Jap
Conpar ative cat ahW@d%AlRf@)“%@"preéB%ﬂ”ﬂ@@F%y depgrjiged  hegoee.c el gakalgsts |
with the sae cog@esiprésampiAgedaingl ysd BAfdrt ehed s@ﬂé CdoR§idi ©Tonst &P.applied

Conpar at i v °ca; akyst F2( mgdee@ésu RAERALSTarPY BoBKAERSS s Ibel ek,

| arge anount o
nmetal present. -TRefepencseifc Bagsf te Talys ]rdf‘g%‘aﬁi*&ﬁuht of additive will
WO 96/ 41848 PCT/ 1 B96/ 00565

The reaction velocity was calculated from the guantity of nitrogen
in the product in relation to the quantity of nitrogen in the feed.

5 The quantity of nitrogen was determined using a TN-5 nitrogen
analyser of Misubisi Kasei. The velocity constant was calculated
using the pseudolinear formula 2, in which Ng stands for the amount
of nitrogen present in the feed, while N stands for the amount of

20 nitrogen present in the product.

kn = LHSV x Tn{Ng/N)

The activity of comparative catalyst B is set at 100, and the values
25 found for the other catalysts are recalculated in relation to this
value. The results obtained for the various catalysts in the
hydrodenitrogenation of both Feed A and Feed B are given in Table 9.

30



26 cause plugging of the catalyst pores with additive, detrinentally

affecting activity. Conparative catal yst BA3(C) was prepared by a
process in which the catalyst is dried at a tenperature which is so
high that at least 5 part of the additive deconposes or evaporates.

To be tested, ¥bosd1se¥ each catal yst was brought into a conbetimReeesss
reactor and tested using the feed types also applied in the
hydr odesul phuri sati on experinents descri bed before. The catal ysts

wer e presul phided and used under the sanme considitions as applied for
t he hydr odesul phuri sation experinments descri bed bef ore.
Reference is made to Table 1 in Exanple 1.27 The reaction velocity was
calculated fromthe quantity of nitrogen 15 in the product in relation
to the quantity of nitrogen in the feed. The quantity of nitrogen was
det er mi ned usi ndakleTB: 5 nitrogen anal yser of M subisi Kasei. The
vel ocity constant mas calculated using the pseudolinear fornula 2, in
whi ch N[err] st for %@ﬁ D |fro enéﬁresent in the feed
whi | e’ N st ands MV f 20 rying trog%ﬁ‘b‘r sehitaY n tAfETYtsduct .
k[err] = LHSV x In(N[err]/N) TThe dactivity of conparatAve cgtal yst B
is set at 100, and the valji€pnede de®U eyt h ther catalysts are
recal cul ate® in relatlonﬁh ﬁ% ) qqr g )thg'l esults obtained for the
various catalysts in the hydrodenltrogenatlon of both Feed A and Feed
B are given in Bable 9. 0.0530 100 16 WO 96/41848 + 174 179
PCT/1B96/ 00565 gpp 0.25 100 16 - - o+ 178 182

BA3 1.00 1000 16 - . - + 181 180

10

B(C) - - - - - - 100 148

B1(C) 0 100 16 - - + 97 154

B2(C) - - - - - - 150 149

BA1(C) 0.25 100 16 500 4 - 149 150

15 BA2(C) 3.00 100 16 - - + 114 148
BA3(C) 0.25 300 16 - - + 98 146

from the values given in Table 9 it is clear that the catalysts
according to the invention show a much higher activity for the

20 hydrodenitrogenation of both Feed A and Feed B than the comparative
catalysts. This goes for the comparative catalysts which were
prepared without the use of an additive as well as for the catalysts
which were prepared using an additive but in which the additive was
either removed by calcination (BA1(C)), or in which too much

25 additive was used (BA2(C)), or in which the additive was removed by
drying at a too high temperature (BA3(C)).

Example 9: Preparation of a hydrodenitrogenation catalyst using
diethylene glycol monoethyl ether

Example 8 was repeated, except that diethylene glycol monoethyl
ether was used as additive. The additive was mixed with appropriate
amounts of water to impregnate the catalysts by way of pore volume



27 Tabl e 9: Cat al yst Additive Dryi ng Cal ci ni ng

X-ray Activity T t T t

A B 5 (ol e/ nol e) ([err]C (hr) ([err]C (hr)
BAl 0.05 100 16 - - + 174 179
BA2 0. 290 96u1ses 100 16 - - * 1 Tetnnochiisns
BA3 1.00 100 16 - - + 181 180 10
B( O - - - - - 100 148
81(C) 0 100 16 - - + 97 154
B2( O - - - - - - 150 149
BA1(C) 0.25 100 16 500 4pg - 149 150
BA2( C) 3.00 100 16 - - + 114 148
BA3(C) 0.25 300 16 - - + 98 146

From é he val Ueshgiw;ﬁ*égxialﬁa'rﬂb|ﬁleg chtalystsClweas presdl phindedc aindl sttt&d in ”‘g
according to the__inventian  show a mjc er_activity r.the
hydr odeni t r ogenat s oY eﬁﬁﬁ]ﬁe%égd&ﬂmﬁwgg FZ:‘SEA]%PQ ﬁgrﬂ)ots P{%’ Ogo%afea?? i &éu?ts

catal ysts. This gees simmerised podpHealld.ve catal ysts which were
prepared without the use of an additive as well as for the catal ysts
whi ch were prepar?é]ushﬁg'an additive but in which the additive was
ei ther renovesl by Eettiati on (BAL(C)), or in which too much 25
additive was used (BA2(C)), or in which the additive was renoved by

drying at a too highiyaperitie (BASQDRyIng  Calcifih@TX-Pay® ReeRaption of

a hydrodenitrogenation catal yst usingT + di‘et hyl ene gl yco
nonoet hyl ether 30 ExaTaLe 8 was répealed, except tHat di t hyl ene
gl ycol nonoet hyl et (voi edmade)usefChs (Aeldi(tG)ve(hrThe additive was m xed
W th appropriate anounts of water to inpregnate the catal ysts by way
of pore volu
BB1 0.05 100 16 - - + 192 194
BB2 0.25 100 16 - - + 190 189
BB3 1.00 100 16 - - + 193 192
15
B(C) - - - - - - 100 148
B1(C) 0 100 16 - - + 112 154
B3(C) - - - - - - 148 150
BB1(C) 0.25 100 16 500 4 - 101 150
20 8B2(C) 3.00 100 16 - - + 114 143
BB3(C) 0.25 300 16 - @ - + - 104 147
It is clear that the catalysts according to the invention show much
higher activity in the hydrogenation of the two feeds than the
25 comparative catalysts.
Example 10: Preparation of a hydrodenitrogenation catalyst using
polyethylene glycol (MW 200)
30 Example 8 was repeated, except that a polyethylene glycol with a

molecular weight of 200 was used as additive. The additive was mixed
with appropriate amounts of water to impregnate the catalysts by way
of pore volume impregnation. The catalysts were presulphided and
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28 i npregnation. The catal ysts were presul phided and tested in the
manner described in Exanple 8. Catal yst conposition and test results

are sunmari sed in Table 10. Tabl e 10: Cat al yst Additive
Dryi ng Cal Glovsathes X- r ay Activity PCT/IB96/0056 T
t T t A B (m)le/rmlfau)s (ferr]C)
(hr) ([err]C (hr) 10 BB1 0. 05 ' 100 16 -

- + 192 194 BB2 0. 25 100 16 -

- + 190 189 BB3 1.00 100 16 -

- + 193 192 15 . B(O) - - -

- - 100 148 (%5 0 100 16
- - - + 112 154 BB(CD - -
c00 4 - tested 3A8the mdM@r describeBBif @xample 8. 2(5ta1yst composﬂt@@n 1(156
R i N and tes%%su]ts ]aig s:ﬁwgamse%ggzl(e& e 11, 0 25 300 16
- ‘- + 104 147 is clear that the catal ysts
according to the fapwenti on show nuch hlgher activity in the

hydr ogenation of ~ the two feeds than the 25 conparative catal ysts.

Exanpl e 10: ¥®reparation of hydr odeni trogenation catal yst using

pol yet hyl ene gl ydsetalysty 26@)1’61\'830 Drigkagpl e C8loaingr eppeay ed, Actéwidept t hat
a polyethylene glycol with a mpl ecyl ar ywei ght of 200 was used as
additive. The additive wa T r| ate anounts of water
to i npregnate the catal ys?'gomﬁéma/ﬁ{/ (°C) V\fh(gy (nge 3I ume i npregnation. The
catal ysts were presul phi ded and

10
BC1 0.05 100 16 - - + 177 181
BC2 0.25 100 16 - - + 185 186
BC3 1.00 100 16 - - + 186 188
15 B(C) - - - - - - 100 148
B1(C) 0 100 16 - - + 112 154
B3(C) - - - - - - 148 150
BC1(C) 0.25 - 100 16 500 4 - 98 145
BC2(C) 3.00 100 16 - - + 110 138
20 BC3(C) 0.25 300 16 - - + 98 143
It is clear that the catalysts according to the invention show much
higher activity in the hydrogenation of the two feeds than the
comparative catalysts.
25
Example 11: Preparation of a hydrodenitrogenation catalyst using
diethylene glycol
Example 8 was repeated, except that diethyleme glycol was used as
. 30 additive. The additive was mixed with appropriate amounts of water

to impregnate the catalysts by way of pore volume impregnation. The
catalysts were presulphided and tested in the manner described in
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29 tested in the nmanner described in Exanple 8. Catalyst
conposition and test results are sunmarised in Table 11.

Tabl e 11: 5 Cat al yst Additive Dryi ng Calcining X-ray
Activity T t T

A B WO 96/41848 (molelmle)  ([err]O) (hr) ([ ESYe00ss

10 BC1 0. 05 100 16 - - + 177
181 BC2 0. 25 100 16 - - + 185
186 BC3 1.00 100 16 - - + 186
188 15 B(O) - - 30 - - - 100
148 B1( O 0 100 16 - - + 112
154 B3( C) - - 148
150 BC1( C) Examp1€).825Catalyst compoiﬁ;ﬁon a]aG tesEOBesuT'éb are summarised in 98
145 BC2(C)Tame . 00 100 16 - + 110
138 20 BC3(C) 25 300 16 - - + 98
143 It is clear that the catal ysts according to the invention show
much - hi gherametizvity in the hydrogenation of the two feeds
than the conmparative catalysts. 25 Exanpl e 11: Preparation
of a hydroderi trogenation catal yst using di et hyl ene

gl ycol Exeatal st Mdditisdeat edDryiogceptCal aHYINGi éttayl endciiviBol was
used as 30 additive. The additivetwas # xefd W tth appropri ate anpunts of
wat er

(mole/mole)  (°C)- (hr) (°C) (hr)

10
BD1 0.05 100 16 - - + 201 205
BD2 0.25 . 100 16 - - + 205 208
BO3 1.00 100 16 - - + 201 203
15 B(C) - - - - - - 100 148
B1(C) 0 100 16 - - + 112 154
B3(C) - - - - - - 148 150
BD1(C) 0.25 100 16 500 4 - 102 151
BD2(C) 3.00 100 16 - - + 128 153
20 8D3(C) 0.25 300 16 - - + 107 149
It is clear that the catalysts according to the invention show much
higher activity in the hydrogenation of the two feeds than the
comparative catalysts.
25 )
Example 12: Preparation of a hydrodenitrogenation catalyst using
polyethylene glycol (MW 400)
Example 8 was repeated, except that a polyethylene glycol with an
30 average molecular weight of 400 was used as additive. The additive

was mixed with appropriate amounts of water to impregnate the
catalysts by way of pore volume impregnation. The catalysts were



to inpregnate the catalysts by way of pore volune inpregnation. The
catal ysts were presul phided and tested in the manner described in

WD 96/ 41848 PCT/ | B96/ 00565
30 Exanpl e 8. Catalyst conposition and test results are summari sed
in Tabl Tabl e 12: 5 Cat al yst L
Dryi ng CaIa,(?l]‘)ﬁ/f"r{gs8 X-ray Activity Mh&m\f&s T
t T t A B (ol e/ nol e) ([err] O
(hr) ([err]C (hr) 10 BD1 0. 05 100 16 - -
+ 201 205 BD2 0. 25 100 16 - -
+ 205 208 BD3 1.00 100 16 - -
+ 201 203 15  B(Q - - - - -
- 100 148 B1( O 0 100 16 - -
+ ‘ 112 ésu]pmded B3h&) tested in the manner descr1bed 1% Exal 8.
- 148 50 BD1( C 0. 100 4
} 102 aalyst compgsi and tq)stord:sults are sumpagpised {ig Table 13 -
+ » 128 153 20 BD3( C) 0. 25 300 16 - -
+ 107 . It is clear that the catal ysts according to the
i nvention shom/nﬁéﬁngz' hi gher activity in the hydrogenation of the
two feeds #ghan the conparative catalysts. 25 Exanpl e 12:
Preparation of Catallpytlr odddiitiveogenatlirging cat 8kshingusi-dgy  Activity

T t T t A B

(mole/moie)  (°C) (hr) (°C) (hr)

10
BE1 0.05 100 16 - - + 184 188
BE2 0.25 100 16 - - + 190 192
BE3 1.00 ) 100 16 - - + 186 190
15 B(C) - - - - - - 100 148
B1{C) 0 100 16 - - + 112 154
B3(C) - - - - - - 148 150
BE1(C) 0.25 100 16 500 4 - 100 145
BE2(C) 3.00 100 16 - - + 121 152
20 BE3(C) 0.25 300 16 - - + 104 147
It is clear that the catalysts according to the invention show much
higher activity in the hydrogenation of the two feeds than the
comparative catalysts.
25
Example 13: Preparation of a hydrodenitrogenation catalyst using
trimethylol ethane
Example 8 was repeated, except that trimethylol ethane was used as
. 30 .additive. The additive was mixed with appropriate amounts of water

to impregnate the catalysts by way of pore volume impregnation. The
catalysts were presulphided and tested in the manner described in



pol yet hyl ene gl ycol (MN 400) Exanpl e 8 was repeated, except that a
pol yet hyl ene glycol with an 30 aver age nol ecul ar wei ght of 400 was used
as additive. The additive . was mxed with appropriate amounts of water
to i npregnate the catal ysts by way of pore volune inpregnation. The
catal ysts wer eyg 9641848 WD 96/ 41848 _ PCT/IB96/00565
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presul phided and tested in the nmanner described in Exanple 8.

Cat al yst conposition and test results are summarised in Table 13.

Tabl e 13: 5 Cat al yst Additive Dryi ng Calcining X-ray
Activity B2 t T t

B (ol e/ nol e) ([err]C (hr) ([err]CD (hr) 10

BE1 0. 05 100 16 - 184 188

BE2 0.25 Example 8. Cifﬁlyst]ﬁﬁmposat1on and test results are kffinarisebo2n
BE3 1.00 tapre 14. 100 16 _ 186 190 15
B(O) - 100 148
B1(C) 0 100 16 - - + 112 154
B3(C) Table 14: - . - - - - . 148 150
BE1( C 0.25 100 16 500 4 - 100 145
BE2( C) 3500 16 - - N 121 152 20
BE3( O 0. 25 Catalyst A(@b@we 16 Orying _ Calcining X-ray fpfivityi47

It is clear that the catal ysts according tio thte i nyenti on shog nuctls

hi gher activity in the h*ﬂﬁgﬂﬁﬁg}iO@qnof“#pthqumﬁfeeds than the

conpar ative catal ysts.-

10
BF1 0.05 100 1] - - + 170 172
BF2 0.25 100 16 - - + 175 176
BF3 1.00 100 16 - - + 177 181
15 B(C) - - - - - - 100 148
81(C) 0 1060 16 - - + 112 154
B3(C) - - - - - - 148 150
BF1{C) 0.25 100 16 500 4 - 100 150
BF2(C) 3.00 100 16 - - + 94 143
20 BF3(C) 0.25 300 16 - - + 99 149
Again, the catalysts according to the invention show much higher
activity in the hydrogenation of the two feeds than the comparative
catalysts.
25
Example 14: Preparation of a hydrodenitrogenation catalyst using
glucose
Example 8 was repeated, except that glucose was used as additive.
30 The additive was mixed with appropriate amounts of water to

impregnate the catalysts by way of pore volume impregnation. The
catalysts were presulphided and tested in the manner described in



25 Exanpl e 13: Preparation of a hydrodenitrogenation catal yst using

trimethylol ethane Exanpl e 8 was repeated, except that trinethyl ol
et hane was used as 30 additive. The additive was nmixed with appropriate
anounts of water to inpregnate the catal ysts by way of pore vol une

i npregnation. Tw®oémigss catal ysts were presul phided and test

manner described in WO 96/ 41848 %IJ”HD&OG?GS
PCT/ | B96/ 00565 ' 32

Exanpl e 8. Catal yst conposition and test results are sunmarised in

Tabl e 14. Tabl e 14: 5 Cat al yst Additive Dryi ng
Calcining X-ray Activity 3 T t T
t A B (rnﬁ e/ nol e) ([err]CD (hr)
([err]C (hr) 10 BF1 0. 05 100 16

+ - 170 1Example 8. (BElyst composi®i@b and test ret®lks ai@ summamsed Tin

+ 175 1Mple 15. BF3 1.00 100

177 4181 15 B( O - - - - -

100 148 B1( O 0 100 " 16 - - +

112 154 TBB{«C)5: - - - - -

148 150 BF1( O 0. 25 100 16 500 4 -

100 150 3 BF2] C ..3.00 . 100 16 - - +

94 143 20 Cg#g%ye% Additiyeo5  Drying 30@alcingng X-ray -Activity+

99 149 T t T t A B

(mole/mote)  (°C) (hr) (°C) (hr)

10
BG1 0.05 100 16 - - + 169 171
BG2 0.25 100 1.6 - - + 165 169
BG3 1'.00 100 16 - - + 165 ‘167

15 B(C) - - - - - - 100 148
B1(C) 0 100 16 - - + 112 154
B3(C) - - - - - - 148 150
BG1(C) 0.25 100 16 500 4 - 97 149
BG2(C) 3.00 100 16 - - + 98 141

20 BG3(C) 0.25 300 16 - - + 96 145
It is clear that the catalysts according to the invention show much
higher activity in the hydrogenation of the two feeds than the
comparative catalysts.

25



Agé-i“—n, the catal ysts according to the invention show nmuch hi gher
activity in the hydrogenation of the two feeds than the conparative

catal ysts. 25 Exanpl e 14: Preparation of a hydrodenitrogenation
catal yst using gl ucose ' Exanpl e 8 was repeated,
except that glysesasiwas used as additive. 30 The additi g8y mé@sosedm xed
wth appropriate anmounts of water to | npregnate the catal ysts by
way of pore vol ume-#pregnation. The catal ysts were presul phi ded and
tested in the manner described in WO 96/ 41848

PCT/ | B96/ 00565 This SheetHasBeenR

Exanpl e 8. Catal yst %il t est 4sul ts ar

Tabl e 15. w&g,n, Caf al yst

Calcining X-ray t

T t CLAIMS (nol e/ nol e) ([err] O
(hr) ([err]C (hr) 10 Gl 0. 05 100

- + 169 171 0. 25 100 16 -
- + 165A protess for actwalgmg a hydrotrealimO catalyst com@6ing 26 -
- + 165Group]%fﬁ1 %?dro enalt én meltalC oxide aond a Group VI °

16 ) 5 hyprogena%onllgetal 9x%ife )a B:gc(a@"ier in which the

- - - hydrotreating catalyst4Bs contat®@ with an aBGLE@ which is Gt25
100 16 500 4 Jeast one compound Qtected 14%om  the group of compounds
comprising at least two hydroxyl groups and 2-10 carbon atoms,
and the (poly)ethers of these compounds, after which the
catalyst is dried under such conditions that at least 50% of the

10
additive remains in the catalyst.
2. A process according to claim 1 wherein the additive is at least
one compound selected from ethylene glycol, diethylene glycol,
15 and polyethylene glycol.
3. A process according to claim 1 wherein the additive is a
saccharide or a polysaccharide.
20 4. A process according to any one of the preceding claims wherein

the mole ratio between the amount of additive and the amount of
hydrogenation metals is 0.01:1 to 2.5:1.

5. A process according to any one of the preceding claims wherein
25 the hydrotreating catalyst to be activated is a fresh
hydrotreating catalyst.

6. A process according to any one of claims 1 to 4 wherein the
hydrotreating catalyst to be activated is a used hydrotreating

30 catalyst which has been regenerated.
7. A process according to any one of the preceding claims wherein
the hydrotreating catalyst to be activated comprises a

L]



BG2( O) 3. 00 100 16 - ; + 98 141

20 B&( O 0. 25 300 16 - - + 96
145 It is clear that the catal ysts according to the invention show
much hi gher activity in the hydrogenation of the two feeds
than the arative catalysts. 25 30 P 0

34 wo serdéi CLAI V5 1. A process g?él%gﬁtsi vating

a conventional hydrotreating catalyst conprising a Goup VIII
hydr ogenati on netal oxide and a Group VI hydrogenation netal oxide on a

carrier in whi ch the conventional hydrotreating catalyst is contacted
with an additive which is at | east onﬁ conpound sel ected fromthe group
of conpounds conprising at |east two 9droxy| groups and 2-10 carbon

atons, and the (poly)ethers of these conpounds, after which the
catalyst is dried yprifgedit o380 desipBhR,t AL Ridd Codhpod O filkRe1 or

additive remains in the catal yst. 2.., A process according to claim1l
wherein the additi \ngqqg’aﬁ"dl %a@‘l"s"h"m%ﬁéw@oﬁ%}ﬂw 8% | % CEET oF rOMPEShRA ene
gl yca?, diethyl eneggimaeslymina. and pol yet hyl ene gl ycol . 3. A process
according to claim1 wherein the additive is a saccharide or a

ol ysacchari de.
poty 5 8. A hydrotreating catalyst obtainable by the process of any one of

claims 1-7 which comprises a Group VIII metal oxide and a’
Group VI metal oxide on a carrier, which catalyst additionally
comprises an additive which is at Teast one compound selected
from the group of compounds comprising at least two hydroxyl
groups and 2-10 carbon atoms, and the (poly)ethers of these
compounds, wherein the Group VIII metal compound and the
Group VI metal compound are in the form of oxides.

10

9. A hydrotréating catalyst according to claim 11, which shows a
15 peak in its X-ray diffraction pattern at 2o = 6-8°.

10. A process for hydrotreating a hydrocarbon feed in which a
hydrocarbon feed is contacted under hydrotreating conditions
with a catalyst according to ciaim B or 9, which optionally has

20 been (pre)sulphided before it is contacted with the hydrocarbon
feed.

11. A process Tor hydrotreating a hydrocarbon feed according to

claim 10, in which a catalyst according to claim 8 or 9 is

25 contacted with a hydrocarbon feed containing at least 0.2 wt.%
of S under hydrotreating conditions.

e e
et
e et e
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4. A process according to any one of the preceding clains e“pb - the
mole rati o between the anount of additive and the anpunt of S
hydr ogenation netals is 0.01:1 to 2.5:1. 5. A process a i ATy

he of ; REPEACEMENT SHEET

ohe of the preceding clains wherein the hydrotreatin

be activated is a fresh hydrotreati ng catal yst. 6§ A process
actcording to any one of claims 1 to 4 wherein the hydi of ré’aSiQ\'H 1998
catalyst to be activated is a used hydyptreating catallyst which has
been regener at ed. 7. A process according to any one of {he preceding
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The invention pertaing {0 a process for activating a hydrotreating catalyst comprising a Group VI hydrogenation metal oxide
amd a Group VI hydrogenation metal oxide on a camier in which the hydrofreating catalyst is contacted with an additive which is at
least one compound selected from the group of compounds comprising at least two hydroxy! groups and 2-10 carbon atoms, and the
(poly)ethers of these compounds, after which the catalyst is dried under such conditions that at least 50 % of the additive remains in the
catalyst. The additive, is preferably at Jeast ene compound selected from ethylene glycol, diethylene glycol, and polyethylene glycol, or a
saccharide or polysaccharide. The invention additionally pertains to the catalyst obtainable by this process, which shows high activity in
hydrodesulphurisation and hydrodenitrogenation reactions, and to the use of the catalyst in hydrotreating.




