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< CATALYSTS" 0 2>-1280 BACKGROUND OF Pitlasiinse o
5 Field of the Invention ' The present invention relates
generally to high activity catal ysts based upon gama al um na

cont ai ni ng substrates i npregnaHiGEH AGMVBYeCATARYSEScat al ytically active
netal s, processes for preparing the same and uses thereof. Mre
specifically, the present invention relates to process for
inproving the activity of sBACKGROUND OF THE INVENTIONproved activity

cat al ysts produced thereby, and various specific catalysts and uses

t her eof . Descri Dtion of Related Art The art

rel at bng t Bielshofithe inventiorpor ous ganma al umi na cont ai ni ng supports, 15

| npregnating su ] [ @l | nmet al
conpounds %ne ?ﬁ%%gf ﬁ‘g?%aﬁh F’ 8'%?{3 ggelrt#gra\il 2&?!)‘ @é a&?‘é@%@ﬁ% ﬁalg%}&pgﬂé@n at ed
support s agarmazdiymina,containing substrates timpregnated vithr arieaor meteycatalyticatle activeped.
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ar e i ncor ppresemtdnvention nelates tee processcior improving tie activitg ©f suchi datdlygtsytheet forth
- 20 2935463, 303251 124418 152865, 3232887 287280, 3297588,
2403183, ° proved SEHBE galalvals Fipdiiged ey, and yaidlispect chaimts aRd lses

4090874, 40themdb?., 4154812, - 4179408, 4255282,4328130, 4357263,
4402865, 4444905, 4447556, 4460707, 4530911, 4588706, 4591429,
4595672, 4652545, 4673664, 4677085, 4732886, 4797196, 4861746,

5002919, S5p8sdiblion bPASKIY AP246569 and 5248412, 25 Whil e the prior
art shows a cont| nuous, nodification and refinenent, of such
catalysts to i rré‘h%\?g relating to-particulate porqus; gaMMa allming /AeMtAINING sUPREMSases

hi ghltg desinigbgriating such suptiorts Withi vaviolks ¥ftaRfiéang dclive R tals FhatgV@pouRgs e 1S a
continuing need in the industry for even higher activity catalysts,

whi ch ar e AYQY RIEECKAFS. AN yarigus Hees ¢hatich ippregnated supports as catalystgniSexanpl e
of this neggemiVe &Sy FaRtiveR VR de%loB@&dAngeﬂdy%?'tﬁé‘ fang Exemplaly Eihélé&lﬁlégher

stage hydrocracking catalyst. In a typic rocracki ng process,

nol ecul ar felating to tigsedieldsipay be meptioredthe fellowing Uaited Stefes ratents) alkef| ar
i ght f ] ' - ' | yst which
119 ol RS o ARSS Agr1

i's normal l ednhat e zeolite.

St at @0of - t , B3R5I, JUAMANR, 3152865, 323208% 5887280, 3297588, GHI3MA3, vi ty and
are capabl r 36763 ' al however,
are hi ghl y§5 o4, sens??’l @gﬁigﬁgﬁ'%ﬁﬁﬁﬁog@g@?%4@§& andv

ni t rogen c&hf240804255282,04828130, 4357263, 4402865, 4444905, 4447556, 4460707,
1 4530911, 4588706, 4591429, 4595672, 4652545, 4673664, 4677085, 4732886,
4797196, 4861746, 5002919, 5186818, 5232888, 5246569 and 5248412,
25 While the prior art shows a continuous modification and refinement of such
‘ catalysts to improve their catalytic activity, and while in some cases highly desirable
activities have actually been achieved, there ié a continuing need in the industry for
even higher activity catalysts, which are provided by the present invention.
- As an example of this need may be mentioned the need for a higher activity first
30 stage hydrocracking catalyst. In a typical hydrocracking proceés, higher molecular
weight hydrocarbons are converted to lower molecular weight fractions in the presence
of a hydrocracking catalyst which is normally a noble metal impregnated silica-
alumina/zeolite. State-of-the-art hydrocracking catalysts possess a very high activity and
-are capable of cracking high volume throughputs. Such catalysts, however, are highly
35 sensitive to contaminants such as sulfur, metals and nitrogen compounds, which

.



2 consequently nust be renoved fromthe hydrocarbon streamprior to the
cracking. This  is acconplished in first stage hydrocracking processes such
as hydr odeMQ #5542t i on, fydrodesul furization and hydr oden®CA{USasHBA2
Hydrotreating catalysts utilized in these processes are typically a

conbi nation Goup VIB and G oup VIIl netal inpregnated alum na substrate.
St at e- of - t heersequéntlyrmustdatremgved trainythe &ydhomme stream fpnbt)to mafci-ackir@nt'rrus
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surface ar eged diﬁcréc%@&:aié)ﬁs@ qn%acrmh@mt m wam:.@aﬁmg W@fohﬁ a

i trogen adsor ptlon) and ore vol unme of east 25 cubic centl meters
| per gram (aBotHenggkin Wﬂﬁ@ %W’H%W'cﬁﬁwgt%rc@ﬂ}%f‘%ﬂe ¥ one or
| nmore  catal yxdnisb,| i 1R Sie of ﬂﬁtrﬁd&tre%ﬁd BRI reldtive 46 titd MytrodrREKiRY dnif

nanocrxstal l'ine phase of alum'na of a crystallite size at the surface from
8[err] to 25[err] 'in conbinaticon with the ganm alumna which has a

; crystallite size at the surfacgupiMAR? CERTAEMRVERTIGNECater than 30[err];
S an at 1 easl

. and that the catal yst possesse [ -prnodal nesopore structure.
. I'n another aspect, the present invention provides a high activity catalyst

conprising a par aving a
surface area of H E#,Jo?éafncg%tﬂ g‘;bggﬁrrgb\é{@% gtggllr?gggur eg b@hﬁl tdr&gvgg;] '
adsor pt i on) cataistzcopwposition lcqmgns;mg.am ohe aspect, 2 particwate poLeus mensop@mm am
(as sure W r
Catal 38 ool parite dRirie,haHoE beflcbleren 87 o POTRLER bl GlMEu By |
~activity ( meyge;t adﬁomtiga)sanclaworq;vdmea:b layleast 0.25 cubic pontimetersnasgrami(as at
i least 125, féﬁ%ﬁ,ﬂ?@-‘
| procedure scr Ir%d Qﬁ é%"ﬂﬂ%#l c ’by C@?’rﬁnﬁer s an ﬁ@%fﬁ%iﬁw(ﬁhﬁot
~ Pl ant Test i acliveimetgiswhereby thegatalysi furthtes contaipglin pait @nanborystalling phase®ei3)
253- 276, ut n S rcially availabl e under
the trade a%’yngﬁ éi %ﬁy%j@ﬁﬁ *@1&3?9@@(}5‘%9‘%5 #’% Unocal Corporation; Brea,
CA. 20 | n adbh anoﬁlertaspectt,ethatpmsent imvenhtiont protiﬂes @ higheativityhcatalyston al so
provi des a OVI tion
conpri sing %fﬁgﬁﬁ'\%& Qigu ﬂ'%ﬁ%ﬁ%% @W@ é@'ﬁtﬁﬁx jﬁﬂcﬂ%g&é
anor phous aareaiohat leha\nomcsquammém(asrmeasufecﬁby hwragen aﬂébrmtomaaad wepores (as
gg?gl{rzgg by, rl]dnt'ner 8Patqeasq%oéso b?c %en%?neters pe{' Sra\:/t? (ausn:‘re\easureé by mercury o
PCT/ US95/ 05k8simetry), and impregnated with one or more catalytically active metals, and which
25 catalyst displays a relative volume activity (RVA) of at least 115, preferably at least 120,
and especially at.least 125, in a first stage hydrocracking process as measured by the
procedure described in _the.-"article by Carruthers-and DiCamillo; "Pilot Plant Testing of
Hydrotreating Catalysts," Applied Catgy_ sis, 43.('1 988) 253-276, utilizing as the standard
a catalyst commerciall__y available under the trade designation HC-H (as of May 1994)
30 from Unocal Corporation, Brea, CA. -
In addition to the a_bove catalyst, the present invention also provides a process
for improving the activity of a céialyst composition comprising a particulate. porous
support comprising gamma alumina and amorphous alumina, having a surface area of at
least 100 square meters (as measured by nitrogen adsorption) and a pore volume of at
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*least 0.25 cubic centineters per gram (as nmeasured by mercury porosinetry),

and WO 53h88gnated with one or nore catal ytically act PCEUSBIRN2L2 Dy
Jt he steps of: (1) wetting the catal yst conposition by
-contact with a chelating agent in a carrier liquid;
5 least 02 cubic8éritiendtérs p‘éﬁgbﬂ?ﬁ (aﬁh@&&lﬁféd BY ﬁff‘éﬂéﬁr& @om%tmetry). and
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cal cining the s@jdri getting e éralst composition bicBNRCOWRIS & chalating agémtyin e
applied to existing cata ysts conprising a particul ate porous 10 support
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to inprove the activity o ent cata ysts uri'ng regeneration, 15 whi ch
spent cat al ysts(4dorrp¢a|@@naﬂpﬂsw-ﬂﬂ@ﬂ gubstigt®: ous support contai ni ng gamm
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transm ssi tHpsea uen??ontt@ remova)pf E’Pﬂm del;(zggltvgr}here om, gselgﬁv%lﬁvdé%)'w th

the appear@yand ). t hi s nanocrystalline phase an i ncrease in the
surface area of the cat al

is als ac ] ev I n,addition, i.n preferred
enbodi ments, anBy@erformipg Y’\?&gts‘%’ﬁrﬂ) H\@@ (ﬂ’%e's‘c‘r'%mll??’%d %"'&@E N8dowi t h
a poposi thé)Bédﬂcﬂsy arry particuigrithé®y) hat an interactio takes Qlaﬁe bétv/&éh%tldasﬂthe' €SS,
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regi on of %P@hgﬁ'sz mmalyming, chelating agentand catalytical PGW?O‘F"}"PWQPWQB range of
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resultin ctivity catalysts
find use ithesufirerokthecatalyshof up ta 26A, anddret &Fﬂbéﬁg@yee“ 8ARANA-25Avdhy
previ ousl| YedriRitioR vinfle ‘gahie Bitfiina WhieR his @ risthilte iR artﬁéguﬂéfe of3hés 2 VO

first
05/ 32580 catalyst of greater than 30A, and typically in the range of 30A to 70A. Crystalhte size of

PCT/ US95/ Ofpd kdtalyst surfex c?n esuﬁl{] %%Iﬂ@\oﬁﬁit@hﬂrﬁéuésﬂg\a?hgr&% transrPission

hydr odeni trogenat | on, rization and met al I ati on.
electron mlcroscopy

Concurrent with the appearance of this nanocrystalline phase, an increase in the
surface area of the catalyst is also achieved. In addition, in preferred embodiments, an
30 at least bimodal mesopore structure is generated with a porosity peaking in a first region
' of pore size 40A or iess, and more preferably in the range of 20A to 40A, andin a
second region of pore size 50A or greater, and more preferably in the range of 50A to
150A, as measured by nitrogen porosimetry using the desorption isotherm.
The resmting high activity catalysts find use in a wide variety of fields as detailed
35 - -in the many previously incorporated references. A particularly preferred use is as a first
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These and other features and advant ages of the present invention will be

mor e wobssided Y understood by those of ordinary skill ipgrinssgsdizfrom
a reading of the following 5 det ai | ed descri ption.

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Substrates 10

the " g Yoot Bl SN et Bepalth, RidiBBe fusaiBa 7, 151 °

conPreirzgl at 2¥6Fgememllamt - gamma al um na and am);phglrjlst ﬁl umi naht a(r;](cj

Phe substrate.  adnepeand CieRiRy ng agvantagedh d e BresaRcivatiton WL BS ritpe 7

al um na subsdadiy osdersmodmylthose of @mtinaiy tskill Sni ket arkfrom a readinigodf thén foliawingi na 15
acts at5 'eﬁﬁﬁtgg&a s a carrer for other substrates such as

silica-alu r1tes ' Such substrates and their nethods of _
manuf acture are in general wel - known to these of - - .ordinary skill in
the art, as exenplif] A ) qusl. i 1 grences

and reference may BEUEERE oo : Sa2al ytically
Active Metals The pr esent I nvent [ on [ s appl icable to

catal ysts ippregnated with one or nore of ~a wide variety of

catal yti cal&%e nmetal s well -known to those of ordinary skill in the
art 10 as emrmdneéte@dbo\i@ SulsstrRIeY stmabné foigse HEPAMi¢Htht RaRRY SAE
references. in the context o esent .invention, "catal tlcaIIy
active net aP©sentjayanies a%?ﬂ“?@rﬁ?f%%“?’ﬁ&?ﬁ% which opmprise &t lest in pﬂe{rret al

conpounds. bé}nﬁﬁcﬂlﬁm{ﬁa dnd dnmpﬁtﬂisadldﬁ\i'nﬁaéﬂd’ ?r%férbbw a8t § wtdolindiphallsy St S

may al so be i npregnat ed one or nore we known pronoters such as
phosphor ousalumina basedtanthe gveugre of thesubsirala; A\ Spesific examples Sraydemanentioned

t hereof). substgntially alumina dé@%frﬁtb& Yas WéiPas aolﬁbé’éltb%%b&t)‘at% in Wﬁclg?ﬁeaolﬁmﬁf

transition net ecte oup consi sting Goup VIB
met al 45 G oagis & Ieasmtmr@Samaroohbr atoer sunsmatasr-‘wh .asTilisaiuminas pad zeglites.

choi ce of e
des: red engg ﬁ@"e&ﬁ%str?ﬁ% cata flg%.-trﬁﬂgg# g‘s'%a@ger ?;ebﬁ?éhéan r e&ﬁ&?ﬁ tdé{ﬁ‘&Qe bh
adj ust ed byordinasesidh in the art, as exemplilied byithe many previousiv lnmoretanipofemms;and
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pey Y285/ 0 diavtically Active Metals
The present mventlon is applicable to catalysts impregnated with one or more of
a wide variety of catalytically active metals well-known to those of -ordinary skill in the art
as exemplified, for example, by the numerous incorporated references. In the context of
the present invention, "catalytically active metals* inciudes both the metals themseives
25 as well as metal compounds. ‘ In addition to the catalytically active metals, the catalysts
' may aiso be impregnated with one or more well-known promoters such as phosphorous,
tin, silica and titanium (including oompounds thereof). ' '
Typically, the catalytically active metals are transition metals selected from the
group consisting of Group VIB metals, Group VIii metals and combinations thereof. The
30 specific choice of motal(-s), promoter(s) and loadings, of course, depends upon the
desired end use of the catalyst, and these variables can readily be adjusted by those of
ordinary skill in the art based upon the end use. ‘As specific examples thereof may be
mentioned the following (wt% is based on the total catalyst weight):

-



* Hydrotreating Operations _-H‘;i'd"r'dd'eni"'t'rogenation Ni and/or Co, and

pref er ablywolkmsidgh @an anmount up to 7 w%
cal cul at ed ag 'O and/ or CoO PCT,US”%I

‘W preferably Mb, in an anmount up to 35 wt% 5
cal cul ated as MO8 and/or W3
opt i onal | yivdroteeating Opeeations$ y i ncl uding P, in an anpunt up to
10 wt % calppyarcticAfirodendtion’ 1Ol i'dnd/or Co, and'BYteRBASN, friéd &RbLAMUp 1Y wRRd/ O
Co, and prl-ewfderanyagOo, I n an anount rup't(_) gh(wt%‘i'S " P .
cal cul ated as Ni O and/or CoO Ia@iculated as NiO and/or CoO Mo and/ or
W preferably M, in an anount ;
cal cul ated as Mo err] and/or 'Y}%?Srr %%%abw Mo. In an amount up to 35 wt%
optidnally P, and preferably icaquiaiethgs MoQ randfordM@unt up to
10 wt % cal cul ated as Plerr] . mfz Is Lonal |y
Ni and/or Co, and preferably i%c'bﬂacqllyn% ﬂd ‘gjﬁ% or @gﬁﬂans' IR &n amodﬁpbb‘i’cp
Co, in an anmount up to 5 w % cHl wii galculated as RyQynd/ or
CoO . ‘ot . pref i an
anount up STostssyfization Ni and/or Co, altB p?éidfaBly &6, iR aﬂcagrlﬁ@&k éPg%’ 9 asvh‘k
Mo err] and/or WJ err] calculated as NiO and/or CoO optionally P.

and eferably including P, i t .

10 Yo cal cul ated as Plerr] w&%naﬁpwz pré%?y()@gh@e%%ﬂum up to 35I\W°/%1nd/ or
Co, and preferably N, in an asiouldtedias MoCy andfér WO,

cal cul ated as Ni O and/or CoO . . . . and/ or.
W preferably Mb, in an amuntoq_qgngy %m%eferably including P, in an amoulxpup to

cal cul ated as MoJ err] and/ or 40GvEs chicdlated as P,0O;

optionally, P, and ferably includj P,.. i n.an_amoynt to . .

6 w % cal ﬁfﬂ%‘f‘g@eﬁ{a&’ér r1g erqp?xong‘yr}% a"df-%;g?%@lnacﬂ(%ﬁ'@b%"d“dmg N@nd/of/ or
Co, #d preferably Ni, in an apgumandndudt bp 6 owt% caiculated as NiO and/or

cal cul ated as Ni O and/ or CoO Mb and/ or
W preferably M, in an armuntc‘lﬁ to 20 wt % 30 '

cal cul ated as Mo(Jerr] and/ or NM§lafdtot W, preferably Mo, in an amount up to 20 wt%
optionally P, and preferably incl udldngslvl in an ampunt up to

10 wt % cal cul ated as P[err] ( &ajqulate oQuadias Qs i on/ a nobl e

metal, and preferably Pt or Ptodtianéll?"ﬁ’,'idiﬂtdr@!éréﬁlﬁihcludinPP in BRAMBUADER® | ON
Rh, in an anmount -up to 2 wt %cal cul ated on an_el emental 35 _
5

2and/ or

basi 40 10 wt% calculated as P,0O; VO
95/ 31280  Hydroconversion : Ni and/or Co, and preferably Ni, in an amount up to 5 wi9
PCT/ US95/ 05212 Ref or m ng ' P by Ni a no%l e rrel{paﬁ ;an

preferably Pt or Pt in combi nZ@yiated asNiO and/or CoO
another nobl e metal such Re ang} gha/ot w,3iéleRiblyHo, i"arPdinount up to 20 wi%

calculated as MoO, and/or WO,
25 optionally P, and preferably including P, in an amount up to
6 wt% calculated as P,0;
Hydrocracking Ni and/or Co, and preferably Ni, in an amount up to 5 wt%
calculated as NiO and/or CoO ‘
Mo and/or W, preferably Mo, in an amount up to 20 wt%
30 calculated as MoO, and/or WO,
optionally P, and preferably including P, in an amount up to
10 wt% calculated as P,0O,
Hydrogenatidn/ a noble metal, and preferably Pt or Pt in combination with
Dehydrogenation Rh, in an amount up to 2 wt% calculated on an elemental
35 basis



anount up to 2 wt % cal cul ated on an el enental basis 5

Non- Hydr ot r eat i nz(% Oper ati ons | soneri zation a noble netal, and
pref er abl yYWP3312®: i n conbi nation with anot her PCT/US95/05212
noble metal, in an anount up to-2 w % cal cul ated on an el enent al

basi s Kl aus Process Ni and/or Co, and preferably N, in an
anount up tRefémingo 10 a noble metal, and preferabiy &t lonPetih combihalioarwithor

CoO / r J &) ~anount
Up 10 20 W% o anonlff nBBR'RéralfuchoRg EPGL I, Aion Sh A R0
optionally P, and preferably i reshauht og té°2 wife ealculated on anpelemebtal\basis
calculated as Pler]Jerr]. 15 _ Such catal ysts are prepared by

i npregnating the substrates with the appropriate conmponent s,

f ol | ovied byNonaydrotsealingiOpgrationsf i di ng..and/ or cal ci ning steps as required

el | - knoun 'TATRBLE of | & netle g i SR AN P 3t PERERlaBn b R Y

exenplified by the nuner oumb meialus by amvunt e ta2 ed% caiculated bafapralemettal and
further details may be 'ha\ck?g?é_ref erence thereto or nunerous other 20
general reference works a abl'e on the subject. - The Inventive

Process Klaus Process dAs Nirwihmmdaﬁ@pvaerablyeNipm_tén/amyumfupqlatsi\yvmi caljl y
active netal inpregnated carrjer ) cQnpri si ng ganma al uni na an
anor pm)us alumna is i rrpf&@k&‘ai‘#%?:@l? Gaweégaﬁt'h the 25 present

i nvention by the steps of \Mo and/or W, preferably(Nid, in anciridutd uphe 20a4ted yst

conposition by contact with a chelating agent [n a

carrier |iquid; .calcu!gtqdzys MoQy ARE/Of WO50- wet t ed substrate while

vet ; o (3)  odfivndhy B, RAdprefd@dl iRtladihg , ¢ ah amoLRNTSTo6 Wie and {
under conditions to 30 _ : ' substantrally volatilize the
carrier liquid; and - - calculated as PAs.  cal cining the so-dried substrate.

Chel agg ng agent 7 ' i B ' wn
Lo farm B R R S S ST
and, conse§a@pengnts, jellowedpy various drying; sulfiding iandioy calgining sters 3 required fasct

t hereto. Pgkd i r ahak i i i i is
et hyl enedi g‘rﬁt %@gﬁd%ggé ?%éaglﬁq' %ﬁ%ﬂ;' a%ﬂaggﬁs%e?l?%g “ﬁi]ekp S‘A’?Wﬂﬁsﬁg’?ng,

for ordinary skill in the relevant art, as exemplified by the numerous meviously incorporatey

PCT! Usos/ 0&gRgnees. and further detells may e har by rferencq thereto or mumerqus other, ¢ .
and @%ammogeoneral reference worky lavdilable-on thetsubjegbiceti c acid. Al so suitable are
tris(2-amnoethyl)anne and y :
The Inventive Process - S .
| As indicated above, the activity of catalytically active metal impregnated carriers
comprising gamma alumina and amorphous alumina is imprbved in accordance with the
25 present invention by the steps of:® . - '
(1) wetting' the catalyst composition by contact with a chelating agent in a
. carrier liquid; L -
(2) aging the so-wetted substrate while wet;
(3)  drying the so-aged substrate at a temperature and under conditions to
30 substantially volatilize the carier liquid; and
| (4) calcining the so-dried substrate. |
Chelating agents for suitable for use in this process include those known to form
more stable complexes with transition metals and aluminum and, consequently, 'possess
high stability constants with respect thereto. Particularly preferred for use in the present
35 invention is ethylenediaminetetraacetic acid (EDTA) and derivatives thereof including, for

6



‘triethyl enetetraam ne. O her candi dat es i ncl ude

di.et hyl en La.nepent aaceti ¢ aci d, ~ cycl ohexanedi anj etic
zacid, et h;ﬁétﬁgsg?lz col - bi s-(bet a-am noet hyl ether)-N,N - 5 rg‘ﬁgﬁééég}ggl C
acid, tetraethylenepentaanine and the |ike. The suitability of other

chel ati ng agents can be readily deternined by those of ordinary
skil'l in tlexample, Byhydraxytetindenediaminetetraacetie agidtand-digrnmoniumiccor dance with
the presen '!rgf.pe h‘ﬁl\% t?{& _AEL ar M AR NG i s Y : ansm ssi on
el ectron mFeéH (l)scg%y té ereﬁ&(;-rhaﬁbtﬁ%o[%ltﬁg%%c@%(%Pﬁ'%mgp%mneaai ructure of
appr opr i at driethyleneletraamine.i Dtheraandidates include diethylenetriaminepertaacatigracidy f

chel ati ng it bt 2l 0 o fput
does have gﬂ&?%@hg@%@ﬁ%ﬁé@ﬁg& Efe%({'%eét%neep&é@%g 'QWégﬁ'y‘ﬁ '&%Fﬁ%g%%@nt s of
chel até ng tetraacetic acjé tetraethylérepentdamiraiantttherkend’ hgrsuita_luilitmméoﬂmf chelating s .
and ot ai < SORDP a3t sedabd B by tgre pLORAY sgh KPR SR EAGa T PY
catal yst caatabyst sampledhavcatddreewwitht he prgsent irmenﬁourthé_m getedmining witmthedaid be 15
chel at i g oQeShission SRAEh SubRRR iR, oF bk ink farERTaiRe RS s duRts™
conmposi t i orapproprigie onpstalind sive asyomedial net hod such as di pping . or
e oG rea " Hhearmagioh ety ageabuliERg X egt Gticel in 2bisthE MR tech phl o ©
is préeferre _ iod. ! - : er
liquid is wekshatd an inflabrdd et deyredof effeed! Widehvarying amounts of chelafiggng of
the substrate s fupction of the te rature during agi . At room

t enper at ur &9ent cﬁ’&’ﬁ)\‘@?@ﬁ’ Fﬁﬂewga%at"ﬁg’ P{J%Hmﬁj%‘é‘ihr%ﬁ gpltﬂ‘glllty in thegagier o
days, nor e jiquid, type oP tatbpEESUppoR tant Pisthls IfipRatated AF 16 BEMAPRYGHAIR isTEaRSES,

the required aging tine decreases. At 60[ e 11 referred to

C .
h0e 1 ha- weraeRsTaoE RSt 6mBpsGR 10U 25 Waed DY & oalRs Igulg ONAIG fheat
| east18 hr egngriifg addtt imamBEnts 3andiy frorh!0eT-1.8CaMS R cRélafity aent pbf GranPst

one hour by heating the wetted sanpling in a mcrowave oven. Preferably
aging is catalyst corapesiian shed at a tenperature in the range of 20[err]C to

90[err]C. ' diEsh ' ' Fo
substantially reTrR?vceat?l set ca “Eig?i? 1 éﬁ)led\kélﬁa ’p'?ét'ﬁ’!agﬁﬁwe"? eﬁg?gt‘ﬁﬁaqmgc he
dryi ng t ak®r SPERYIRgr J$ ensyreadeguatesinfitratiameidhe chelating agam.cdipping is prefesed
100[err]C ' r : ora , i b L .
speEad d]r yi Egno?vgﬁgﬁ pér %@(ﬁr@’ o qlh\é pr?fle];'{g& o?‘qlletfgqsl u@ﬁ?gﬁ%ﬁéﬁ%%&%ﬂ&ﬁﬂoﬁlg

The 20 dri saluiem.al yst is then cal ci ned under conditions well-known to those

Ches i ace’ n T pthe subSud® Rt 5 i TohoralY Sy ol AThap! "
whi ch the tempeetwre itisiprefened taagantheywettegtsubstrate iforcatdédst 40 dags, morgeconpose
any remai NigdGefi A4 1AUPL. ABmistafile inrddBbs, e Mdiliel iBing"dife Nl 211 NG
PCT/ US95/ Osiet®ases. At 60°Caids\preferretitosage the wisttedsobstiate for @b leastiepoday, s.  Thi s
Lo 20T PRGN ek ke b, o ol BB B R kb o3 i i
250[ err] C tone3i50f by healing thée wetted sainplingeinta midnowavengvene rRreferably aging & i ng
0N 15, PR R A E B g 5 ARG Bphe ™Y L hen be eal o ned
Subsequently, the aged catalyst is dried to substantially remove the carrier liquid.
It is preferred that the drying take place rapidly at elevated temperatures in the range of
30 100°C to 250°C. Preferably, a forced air heater is utilized to speed drying to a preferred
time of less than one hour. ' _ | _
The so-dried catalyst is then calcined under conditions well-known to those of
ordinary skill in the art. Preferably, however, the calcination takes place in two stages -
a first lower temperature stagé in which the temperature is sufficiently high to drive off or
35 decompose any remaining chelating agent, but which is not so high that the chelating
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As indicated above, the process in accordance with the present invention is *

not WQ3128pl i cabl € to pre-formed catal ysts, but al PCTAWASHS212
applied to regenerated catal ysts in a like manner. Specifically,
subsequent to the renoval of carbonaceous nmaterial from a spent

catal yst Vi agams comboss to fommeshitichracesuscdeposisl| TS firsk bR gbherﬂp&aniré ol @ity by
manner .-as. descri bed above.

h |
Thi & pr oceadPRanind & B Asctcylaiy el pori e YGHN A EEWOGURHINGLIG vt

Speci fi cal | yangeht# 250410 %@CC\WP bb @uffieleht donkd an)i hé?nélﬁiﬁg hblBfngPagEHt iscar ri er
l'iquid either concurrent| / or subsequent to the

i mpr egnat i oﬁ”téﬁﬁ"tt‘ﬁ@/ EW%{YGP; thwogtalxsﬁgiay then bé cgj cﬁ'ﬁlﬂ?@[ﬁ'ﬂpﬁﬁ tbe ngrmahhighes) | y

activegnet ate?npé‘r&hié)&ﬁléitiéﬁs%btﬁﬁfon(y%liieﬂ ough (4) -as described 15 above.
It is only inportant -to ensure that the aging step takes pl.ace while the

i npregnat ed suppé#tindieatag abeve, e pracesk P iacporbargn with Hie Rrasent inveatiomi§ neent

and/ or t as
descri bed agr(t)ly/ eab \?\ﬂépwt}g %rﬁfl;{rﬂ%ﬁﬁ:‘gialey%sl |bi!j ! algo g@n oe apH'@j Wr@ﬁ?ﬁh‘r?lba‘éﬁﬁlys%

speci fic ex@nplismannerh Sﬂeélflﬁa'lyvﬁ%lﬁeﬂl}eﬂld? ther remqva'sofrmqmcm mg@nal from
limtation 2Qpent ?h?)ﬁ? Y well-known procedures, ‘Thén Eﬂ%@iﬁ afi"e H¥AShe fedtBE DY steps

exanpl es have the @C?
et hyl dRedi ati) thyough Hadean é cal manner as degosibed above.  nonoet hanol ani ne

SA(N2) Surf 3GR b S‘e@uF@é’aﬂ‘éi@&' bQ%ngt%B %ﬁﬁ%ﬁﬁs%ﬁﬁén%ﬂ of ﬁ% catalyst.

SAgAl[err]Jerr] ace ar.ea per -
rel ative voSpenifically, |tliie subatnateacatsbe weugtwmyme)dlehﬂngra_genﬂeamemmmer as

e e B, S i S R s B w0

reI ati ve voapprepriate catalytically attﬂaemetalsa(folbmtllbylsigpsa(e) thiveught (4hdsddscribedt al yst

t rade desi g?l%ﬁ brit IS onlyo'ﬂ‘m t8|e|n¥ur3\tﬁ1at tﬁ€ nbasi?ﬁ %h%%é'ﬁg@ﬁ&% d?(r)nf hgr ea,

CA. iniprégnated suppon is aleatromehevearglait liqutd for ithey chelatingragentand/or

d t t d . ticl 35
E;z&rz)l_gnie ?Mpregna?on ﬁ‘e?merrein i one S carti 08e
WO 95/ 31280 The present invention as described above will be further exemplified by the
PCT/ US95/ 05 a ort,
commer of al | PHawng saesite eramples WER At brovie by i, S RuRBed A nd imiBeR o1,
TX), poOeparwdrdof.om al uni na Powder contai ni ng somne anor phous al um na

hydrate, and wt ore yol une of 0.62 cC asured b
Mercury por osi meﬁ’?/? %’ﬁlﬂ'amséﬁgh qula"agF(‘ ?ﬂg‘gr@%%'l%d by nitrogen
5 por osiBBTAY UuSi ngmyibﬁediaam@wtmaeeﬂc%ﬁdiern) wer e pI aced in a stainless

basket and 1800 m's. of an aqueous i npregnating
sol ution. THEA npregn&'? %ﬂ“f‘ﬁn o
SA(_Nz) _ surfaoe area measured by nitrogen adsorptlon
25 SNgAl.‘,OQ ' surface area per gram alumlna '
RVA ) relative volume actwnty ina 1st stage hydrocracking test, measured as

descnbed in the arhcle by Carruthers and D|Camnllo, "Pilot Plant Testing
of Hydrotreatlng Catalysts " Agglied Catalysts. 43 ( 1988) 253-276 The
| relative volume actuvnty is determlned utilizing as the standard a catalyst
30 : | commerclally available (as of May 1994) under the trade designation
' " HC-H from Unocal Corporation Brea, CA. '
RWA. relative weight activity, determined in accordance with the aforementioned
article. ' N

35  EXAMPLE 1



“identified as solution "A, was prepared by dissolving 900 grans of

nol ybdenug‘\fé | 0xl de ., and 221 grans of nickel oxide in_a dilute

. solution %ﬁ‘ﬂﬁﬂ’nori c acid (263 granms of 85% sol utl’l(?ﬁu§9ﬁ’°§23699 of
D water). To the solution was added 226 grans of solid EDTA. 10 The
solution was then recircul ated over the alum na support for one hour. The
wet . i npr2égrgranas of ap aluminawastatykesuppertpewamercially tavaildinies frem Criterion
centrifuge i eed SDhlg T i . s and
i 1 oved { o CavSt Compapy (HgisigrTX)-hroPaA Hom Wi bidaer Lol fitd sofis” 2
hours, 3 daywrphiotisddymsinagd2ie, dag withFopbrewiolune bf 8.62 eafghiab ateasured by was

1 hour) —or tpl Pordbirnb a5k bR Hied BafliRl BEA (s iden d by et 5" mhs.

wi t h 1§ gh porosirhety) usifgithie desoption isatherm), were pldved in aateifless bakskeband nmuf f | e

rosurt i ng. APan AP BaPne il ah addaue, Eidatranh splkuSR e 1 Eeoning sphony

bel ow. . idbentified ad\satemnw,&wsi ?ﬁp?réq bytﬂ%spM@fsﬁngBb%Mybdeggmdﬁidﬁdei cal
manner as a exce . ., that i e adde
Orans. of - VERT B2 GREE of pckel ghide At A of pnbgihone Hoid B SRS o e one

and aged alsolu@iérir rA DI Weatdrp ! T3 thewsdlgtichwasl addirl226 drams of solid EDTAL al yst s
e Fast Dr and cal ci ned.'as d ed above.

wer e ied_using.th rocedure. X SCri

e LT T SOl e dhen Beiralilen oVEHAg AMEING SUPRI 6. OPE BOG ol e WAL Tabi o
1. immenate&shgﬂ)dr@'wﬁﬂﬁeﬂsreﬁbvétﬁr@dnnﬁé babkR RAtBnirfugea. | dentical -
manner as set forth above | ace of the EDTA was

, . except that in p C V
added 183 grans e WelcupRor wag slit lq‘qqefoq@ptsg\d allowied iR 988118 Sealsd srntaines
then split gt fddin teifpdttubd P2 UM, 34RYs 24 H%ﬁdﬁﬁ@@éﬁ U holvitl this, each lot

hours and 18 days. The catal ysts weré drie JLhe Fast Dry procedure
and cal ci ns dried usinggithgea standad dnyipg Procequre @501°Fi(hg! 2e) far § hoyngraa fast

i dentig i ed _d?ﬁn%gg.mead;rﬁ%adi@@mbi%? ok 207 mins. with h:gﬁaé?} ﬁ’ovf)-. Each sample was , A

fourth series catal ysts was prepared in an identical” manner as set forth

30 abov dhenckansferradigta myfflg fumace and palcined At 868 *RMA4 G fer Hihaws Diecitric
acid. The ; | D RN S Pt diba hr ee
portions a‘rﬁ%uéhggdpaéatlysrt%gﬁ@gﬁ@%@%ﬁﬁrﬁé@brkﬂ‘ﬁﬁ aha%ﬁﬁ?&‘res? f ays and 9
days. The catAa$6eond sgressofatalysts wian gprepased-insan ioeptiqal owaanen as abayve except

cal ci ned 2} skl O RN P whd SkiEd 8 GHAmHr MA! Tné Wet infisrBbhdibd ufdor™"

C2 and C3 in
9 20 was\§plibipicsiwogmrtions and aged at room temperature for 2 hours and 15 days. The

br epareq. | Salfysts were, dried using tho Fas{1Bly phoodtur® Bhd SaichBl o8 eBbrfel VS ° "0
EErTf\i \gﬁz :g’gegesum @ﬁ;ealys'tsrpreaigauifited ?Mp?nd M&aesgpd:tively in ngle 1.i % o two
Dot al vars 29K il Rl bl SHRGHE PRl Pln fn BB BRnres’ SionlAfove. s o
descri bed @cept thakive plabe of thecBIDTA wag added 183 igrams of subzginic &didd Tha wetbl e 1
bel o §s A tr‘k%u h, sone, surf

onoibSy 1 ipPrignaté suppart was en.seitt intd i iors Al 3ded: @ o 1Speiiirg 12 2

chel ati ng #garstamf 18 days. SFHe, cdidifsts wereddeéd usihg the Past Dry procediginid cafcried

| nor ease T GALAN ShoaS! rhi sty Bliretd Areiaantidd as B bhd Eb fesnabubdly i | ©
Table 1.

A fourth series of catalysts was prepared in an identical manner as set forth
30  above, except that in place of the EDTA was added 216 grams of citric acid. The wet

impregnated support was then split into three portions and aged at room temperature for
2 hours, 2 days and 9 days. The catalysts were dried using the Fast Dry procedure and
calcined as described above. The resulting catalysts are identified as C1, C2 and C3 in
Tabie 1. '



the catalyst activity results, Analytical El ectron M croscopy (AEM showed
clear evi dgifdsishy for the presence of the "nanocrystal | ngerrRiResissf

alum na in the EDTA treated and aged sanpl es but not in the alumna
of the other sanples treated vvith ot her agents, nor in the al um na
of the untreated_sanpl es Al A?

10 ViringHy, glogggol senes catalysts was prepared in an identical manner as set

PCT/ US95/ 05?3&3 above, except that no EDTA was added The wet impregnated support was split
mto two portlons and aged at room temperature for2 hours and 12 days. The catalysts
were dried using the Fast Dry procedure and calclned as descnbed above The

5 _resultrng catalysts are identified in Table 1 below as Al and A2.
Although some surface area mcrease was measured for each of the samples

aged beyond 10 days. only one chelatlng agent of th|s set, EDTA brought about a
significant increase in catalytlc actlvrty (samples E4 and ES) _Similarly, in parallel with
the catalyst activity results, Analytrcal Electron Mrcroscopy (AEM) showed clear evidence

10 for the presence of the "nanocrystallrne" phase of alumma in the EDTA treated and aged
samples but not in the alumina of the other samples treated wrth other agents, nor in the
alumina of the untreated samples A1 and A2,

10



TABLE 1 Sanpl e Age Dryi ng SA(N2)

RVA- TN WO 95731280 D . Agent Ti me Met hod err]/g
% 5 i EDTA 2 hrs Fast dry PCTE@§5%5212

94 E2 EDTA | 3 days Fast dry 198

87 _ E3 EDTA 14 days Sl ow dry 192

107 E4 EDTA ' Fast dry 195

120 - E5 EDTA 22 days Fast dry 203

125 10 s ML MEA 2 hrs Fast dry 179
100 amplgy MEA Age 15 JBpMng  FaSA(N.Y RV&7TN

109 " ID S1  Agent Suc. g st dry o 180
103 15 2 et e, ac?‘ghd 18 g’gefsh%d Fasf?df%ry 2loal

110 El 1 EDTAGtri@Mheid OFastdry  F468 dry 981

92 K2 rAricaci 2day, - Fa ry - 6

110 3 ESTAL S2chlays 2] foast dy Fast%gry 2087

100 20 E3 A1 EDTA Noneld4days 2 Sipw dry m88t dry 10260

98 e 12 d Fas ry 17

101 EI?ZXAI\/PLE ZEQAER - 14days 188615’9&}5#9' of t 8gal um na gngort
descri bed in B&anpl e IERBA prod2%days wit Fastdry 13@03m . of sagpgtion 'A
in anqg dentical manner to in Exanple 1, except that in place of t he
EDTA was added 100 grans of solid di anmoni um EDTA. The wet

i mpregnat ed dbport waMEApl it iBthestwo | diast dgnd one7@ortion alpowed to
age at room tpyrper at ur 68F, or Zd;uo .S whi l second portion was
pl aced in 30 a sealhg cont aizi%g%aygnd a &?Pgrty '140F?§-gOC) for 19%hours. The
two portions were dried at 450F (232[err]C) for 20 mins. prior to
finishing in cal ci 800F,(427C) . e |l es are identified
in Table 2 asSqDEl an%éidr espetffel y. Pastdry ?&gr‘?'he sanpl@aged for
17 hrd at 1488 (60[ Suclacld and 18addys dr i e[Rast dryexhi bpged hi gh

catalytic activity, simlar to that obtained using the EDTA acid in Exanple
1 above. 35 WO 95/ 31280 ' _

PCT/ US95/ 052CA Citric acid 2 hrs Fast dry 181 92
C2 Citric acid 2 days Fast dry 186 110
C3 Citric acid 9 days Fast dry 206 100
20
' A1 None ~ 2hrs ~ Fastdiy 160 98
A2 None 12days  Fastdry 170 101
EXAMPLE 2 .
25 188 grams of the alumina support described in Example 1 was processed with

1300 ml. of solution 'A’ in an identical manner to in Example 1, except that in place of
the EDTA was added 100 grams of solid diammonium-EDTA.
The wet impregnated support was split into two lots, and one portion allowed to
age at room temperature (68°F, 20°C) for 2 hours while a second portion was placed in
30 a sealed container and aged at 140°F (60°C) for 17 hours. 'The two portions were dried‘
~ at 450°F (232°C) for 20 mins. prior to finishing in a calciner at 800°F (42750). The
samples are identified in Table 2 as DE1 and DE2 respectively.
The sample aged for 17 hrs. at 140°F (60°C) and fast-drie- axhibited high

catalytic activity, similar to that obtained using the EDTA acid in Example 1 above.
35
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TABLE 2 Sanpl e Age Time Age Tenp  SA(N2)

SA/ gAl [err RVA- TN | D hour s err] F err] O
nerr]/g lvgp%lsr}%sgr r1/g % - DE1 | ZE'CT’JS%"SSQ12 68

(20) = 164 253 100 5 DE2 17 140 (60)
170 262 120 EXAMPLE 3 100 grans of '

the al um na support described in ExanMs i npr egnat ed by

saturating ore e o pp th s pared by
addi ng 46. #ﬁiﬁp@ méggl}“é soﬁggl on s gNn‘Enrl si n%%lyw !’%v ybdenum
trioxide, 6. Hn/vt % n| cheursoxi de °F (°C) arml’lgo 0 wt. %l’pgnosphoru% pent oxi de
to 30 grans a 44.7 W, % sol utéé) 164 di ammaééum EDTA &nd 23 ms.

of concentrate (29 wt . ‘amoni a. e mat eri al was then aged for 2
hours @nd driDE2 in a twb7step pridod6R), fir$70at 250[ e2B2F (12112@rr]C) for

2 hours and then at 500[err]F (260[err]C) for a further .2 hours. 15
The dried catal yst was then subjected to a second pore saturatlon usi ng

sol ution EXAMPLEB vvhl ch conprised 46.7 granms of solution 'C diluted

ith 23 . of he di
Yff tseal edvassgl Q'?Q]Se‘? Eiﬁ'%a%‘m%?lﬂpeft cgg?rﬁ%@a}h %@pﬁ?%%ﬁégﬁﬁ{é&ﬁe "
The cat al ysetatuvaﬁnd:metpd'rh struktanechf ¢ suppert with sdnlmoagB'e prapared byaadding 46.7bed

e

. bef The catal ted ' F .
TRecETy " oriRs 3 houtiin 6 RGO RBI SRice. 65w siakplords
SA/ gAl E err ]éi[der 0 wt.%pHosphorus pentoxide tb B0 grams of nMM 72!1% Z@ soldtion of

20519 ciarmnftin EDTA g2 piscot condentrated (26 Wil%) agigiapies; The malatiak gt na

cat al yst sqnmage@mda@hhddmlaa%estéﬁ PRoceks, tfipstiad 250°F (121°C)bRL hdlirs (
Company (houst on, §&9E(8 ared from al um na powder cont ai ni ng sone
t

anor phous Angrihen ah V) fora tygher 2 BPYSe of 0.78 cc/g and a pore size
of 82180 angst H@Hﬁed"&‘ial?éﬁ?é%qhéﬁ‘ s€b|§été‘d! 9 S%éc&ﬂﬁﬂf&é safifationfUdfiy éd\it[én5300

m . of asolutlon' I‘ISII’I? % ol ybdenum tri oxi de
wt . % ni ckel’ Powhich eamprised ‘ﬁG\Ztgf%ns of solu %&HH&W (‘N'taca3d“'sTﬁf9W§'GF lﬁ*tedvﬁtwas

then recir GpAighdied\seppbrt Wa@'tﬁﬁﬁ @dﬁH Waiecf Wissél'Ht 158°F (70°0Pf<'.i' 18Hofifs ihi ch

t he wet support was renoved from basket and centrifuged
12 an ovepOThe; catalystwas Fast Dried and calcined in the same manner as described
PCT/ US95/ O3xglete. The catalyst is designated 'F1’ in Table 3.
20
- TABLE 3 :
Sample NiO MoO, P,0, SA(N,) SA/gALO, RVA-TN
ID W% Wwi% wi% = mig m¥/g %
F1 386 242 5.75 200 303 121
25 -
' EXAMPLE 4

750 grams of an alumina catalyst support commercially available from Criterion
Catalyst Company (houston, TX) prepared from alumina powder containing some
amorphous aluminahydrate with a pore volume ot O.‘?B-oclg and a 'pore size of 82
30 angstroms was placed in a stainless basket and dipped into 5300 ml. of a solution 'E'
comprising 32 wt.% molybdenum trioxide, 7.2 wt.% nickel oxide and 10.7 wt.%
phosphoric acid. The solution was then recirculated over the alumina support for one
hour after wh_ich the wet support was removed from the basket and centrifuged.

12



The wet irrpregnat ed support was allowed to age for 2 hours at room

t enper at urg ggen dried.at 250[err]F (121 [err]C) in an

cal ci ned at 8ooferr] F (427[err] O for 1 hour. Qﬁﬂlsﬁﬁ&zns
100 gram sanpl es of the finished catal yst were then subjected to pore 5

- vol une saturatiop usi n%‘ ei ght different agueous sol utions of chelating
agent s: ﬂ'ﬁ 9559% HIPROT asAllower do RORIQTi U &I MOMY in 47 m .

of sol uti oremperature anf en d.&rQ&gzsoe# (141PC) inCdr ovisredridCealdingt & BGDFF r(i27°c?

sol uti.on. (3) 12.79. of tris-(2-am noethyl)amnne in 37 n.

solution. forthour sy g-0g” . of Ethylenediamine in 38 m. of solution. 10

(5)  8.0g. of ESéuenerod @amcsﬁmrjlés &7th€1fm|sﬁéd eaxalykt Were then subjecté@)o porla1 59
of Tr\lAftheretetramneln sol uti on. (7) 59.

44.7 W% di% ?QfH@PM‘F'@E@&Q“&HWﬁEe“E anvepussolutions pfichelating, QQ‘F“I%

40 . of S(@j Ut"PBg of Ethylenediamine-N, ﬁ%ﬁ‘d&eﬁ@ﬁ&b% W?nltbﬁébllﬁﬁﬁd at 167[err]F
(75[err] C a seal ed cont ai ner all owed to cool and then

Fast Dried (gl 45%R%g.of Nitrilotriacetic ?@9 “T 3? "'Q(Pfrﬁohg'on-prl or to final
cal ci nati ongpt @fgfrd'f]tfs-@aﬁﬁhééthhpmmgﬁﬁﬁﬂt&}'ébﬁklowas then anal yzed and

activity tested in drocracking catal yst test for
ni trogen réﬁbvaj 8. @gagﬁﬂhylgnedlamme in38 ml. o SOlUthﬂ

TABLEi@ 20 (s) ? of EthyITn G,yc lin 32, ml. of solution.

S.A(Nerr])
nMerr]/g (6) n{‘e1r Tneth ene tQtl.'leEQ fny8Z2 mboofselutien.N, N- di acetic acid

i‘;g (7% 55 31-59. of %8%5 wt% dl?g\?rﬁ#lllm‘t %%Le%ﬁﬁn’ggﬁﬁet 1e§}aﬁ&'tﬂ acid solution in

166 281 40 ml. of sglgtion. (4) Ethylene Diamne

137 "5 dgpch samig yes then agad 675 VAT 3 880eg pojpiner for 3 cays

160 15 allgwed to cool anddhen Fast Driedl 8t 480 (A38?C)nfoEL0 Ains. prior to final

igg ca@\%}fon at 856"%&39’0) E(agt)l c%%gﬁgg@enganaa%eie& and actuvu%sstsg M

an al um na 1shtStagesHydropracking catalyst testdor nitgen Irerhoval {Table 4).i t eri on
Cat al yst Conpany (Houston, TX) prepared from alum na powder containing sone.

35 anor phous al um na hydrate with a pore volunme of 0.71 cc/g and a pore
size of 78 TABLE 4 13
. WO 9 1280

PCT/ U895/ 05212
SA(N)  SA/lGALO, RVA

m¥g - mg %

(1) Ethylenediamine-N,N-diacetic acid 143 242 108

(2) Nitrilotriacetic acid | 173 293 102

25  (3) Tris(2-aminoethyl) amine 166 281 133
' (4) Ethylene Diamine , 167 283 106
(5) Ethylene Glycol | 137 232 106

(6) Triethylene tetramine 160 271 126

(7) Diammonium EDTA 205 347 137

30 (8) No chelating agent _ 132 224 101

EXAMPLE 5
- 150 grams of an alumina catalyst support commercially available from Criterion
Catalyst Company' (Houston, TX) prepared from alumina powder containing some
35 amorphous alumina hydrate with a pore vqlume of 0.71 cc/g and a pore size of 78
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angstroms was pore saturated with a solution 'F containing 240 grans of

di ammoni um EDTA in 1 liter of aqueous solution. A second 150 gram
sanpl e of WOIBRL®® was t hen pore saturated with a 66t S5UE%¢2on ' F :
water m xture. A third 150 gram sanpl e was t hen prepared by pore
saturation with a 50:50, solution 'F : water mxture. 5 : Each
of the wetangstmmesywas pdressatyratedawvithos solbtion ‘& covaiting240tgranis fob diammenivme-

at or ol A e et 8 ffoBled s, A SRRSO oy o alpegt B BEATC 150

m . of solpote saturaied Withea 66:33golutiont JF': water mixture. A thidutSO0gramesampie: was

i armoni QN AeEp B ok SE AT WA LURRS) coiGh 2. ReRPmiofle. | (g and
all oged to 10 Eachotthewet impeagndtedosupporie was thencaflowedte standfao boursF

(2301 er 11 491on3R oY el B V8 of MR @50y, Egen g o) s i dicec

for one h@ya stainless basket and dippéteinfd 1200t of sdlations'ES (stefExample 4 The f ace

both a " 1 of - | yst" . . i "
oo of el vRE PRk lted b33 e pymina BFFRR Rl o> o @ P
hydr odeni igigpsRomtmEDTA for ofle hounaiteravhich\iheailispeere| deatrifugedtdang allewedasi ng

catal yst surface 15 areas gnd the c ndi gg decr i

conckht r @98 a Sealsd container fﬁn é’?&ﬂ’u.’s at TAcF %@ﬁo ﬁ’ﬂﬁ Meéﬁsﬁfyf{llgﬂ? theg)fast

;QBLZ S dried at 450°F F&g/:irc for zé%minutes in air, and c&iciAédNBEBOUCF (427°C) for one hour. /
err err - X " nf.err

ni e?r] } g 9q Thl%finishgy 'catalysts differed in surface areg gt 2 pqg.gramé:jﬁatalyg{ ]358 |

124 137 pasis as well as on a "per (gram‘iﬁ%uﬁﬁha"' Basis. PHe/catalyst activifidstin the 116 124

50%sol ' F 198 301 . 118 124 25 EXANPLE'ﬁg

150 gr ans hydrodaritregenation test derliped stepwise, paraliefing,ine dpereasing caiglyst.swiack, ot o

Wi t S0 latdadsOdhd RBSdhBING Yeteasing Eon&Sntdtions & pre-impleghated gr ams of 29

wt-."l;/l!)sa. a?’gds;‘ér?a%ﬁflegrsn ﬁépgpox?de and ?2. 7 grans of rpni ckgliaani trate '

hexahydr adiammonium-ERTA GFable 5). aqueous  sol ution. The wet material was

allowed to stand for 2 hours before being dried 30 at 250[err]F.

(121[err]C for 1 hour in an air oven followed by drying at 375[err]F

(191[err] Q) for 1 hour. The ATABLESmterial was then placed in a

stai nl ess basket and di pped i . ADOUt | GVA HRWANt ai ning 35. 6

wt . % nol ybdenum tri oxi de, 9. 1r§v'vtﬂ(.@ phospﬁ]Aol?i & 3cid and 7.3 wt . %

ni ckd oxi de. The sol uti on was n¥en reci ro¥8ated oWer t1%e dried al umina

support - contahg Bhe gianmoni um4ggRTA forgogne qaeur after which the
pills were centri fug@g.% g@ F _ T%%@r esul ti r?ti:;gamatteri1:§1"lQ We;lg?spl it into two
parts, with one part66% SoMEY t 02@fe at rodtd 116 124

1 , 0% &8P 188 301 118 124

PCT/ US95/.05212

25  EXAMPLE 6 - = .

150 grams of the alumina support described in Example 4 was‘_poré saturated
with a solution 'G’ containing 48 grams of diammonium-EDTA, 9 grams of 29 wt.%
ammonium hydroxide and 12.7 grams of nickel nitrate hexahydrate in 114 ml. of
aqueous solution. The Wet material was allowed to stand for 2 hours before being dried

30 at 250°F (121°C) for 1 hour in an air oven followed by drying at 375°F (191°C) for 1
“hour. The dried material was then placed in a stainless basket and dipped into a
solution 'H’ containing 35.6 wt.% molybdenum trioxide, 9.1 wt.% phosphoric acid and 7.3
wt.% nickel oxide. The solution was then recirculated over the dried alumina support
containing the diammonium-EDTA for one hour after which the pills were centrifuged.
35 The resulting material was split into two parts, with one part allowed to age at room

14 -
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tenperature for three weeks (sanple 6A) while the other part was placed in

a seal ed woos3iesnt ai ner and allowed to age for 72 hours a i’JﬁJ

{750) (sample 6B). Both parts were subsequently fasttP rie Jagéﬂlf

450[ err] F (232[err]C) for 20 mns. and calcined in tw stages:

575[err] F (302 err%ﬁérfh 30 m nutes followed béu 850 err]F (454[err]C) for

one hour. threg weeks{sample.6A) whileihe athe; pay, wasplaged g sedled ar eas

and hi gh awammmereamdlauowaat f 72"66@1@5(3167?’!’ e |
EXAMPLE eage o he al u?ﬁ n?gté?}%§?§t) e?grﬁ?%éhdsﬁ

Exanpl e 4 weRrebgequently Q(sggnq_cgat 45Q7\ft($32aci iar 20 mins: and ealoined i twe MQ}I’ ans
of di ammoni atrB76EE. esozié) for b MRutBs féil%Wé’H b¢>850°|= (454°ém? Bhe Holl¥, dfﬁ&hﬁl@h d 62

grans of solution 'K conprising 32. mol ybd ri oxi 5.9

. % n? ckel Catalysie eé'ﬁat@ ey simiap ﬁ%ﬁﬂ?&"ﬁ%s arad a-ghmtswm injther egnat ed

support waq-“mﬁ} eM&fbnitestsrabd ehor 2 hours and dried, first at 250[err]F
(121 [err] O fo ob . "te?]Z‘E anégl then at 450[err]F (232[err]C) for 1

hour. The drled material was then placed in a 15 - stainless basket and .
di pped i nt O%WQLEW of solution 'H . The solution was then

recircul ated over the dried alum na support containing the di anmoni um EDTA
for one - Hfugrants: ofthevaluptina spnort descrikaddn Gxample 4 gvas. potéieatueated t i ng -

To7F {9s{ orviiey Sulch Eodtifinn 45 qrams of HeRfuifn FF1G, 183 ofehls ot AEcS)

450[err] F (a_rwnpemm] lwpmxzde aul 62 gramssofssolution|'I€'i coptprisingt 328 wt.%gmolybdernmn

activity i noRee SR Rl BB E o o PhchpBAc SOBT R0l bRotRegn. e

resul ts ar esuppon wasdhen allowadlibestahd for 2 hours and dried, first at 250°F (121°C) for 1

-SFQ/BSEI,Fer r] & r?w %on CB 16F + w?eﬂgﬁpeq]gfﬁénﬁﬁ was]tI%Eéwlﬁ_ect 'Pégr r]C

mMerr}dg s_tamlessrpaskel and dipped into 1400 ml of soltich’5H'. The 6élution was then 72
égﬂ ( (23)5 ) rgéi?ﬂlated over m%éggd alumina iuio%%rt coritaining mngammonium-Einofgr one 157
(75) 25%our after whicki-thie pills were dedfrifuged. The resﬁlfﬁéﬂdfer&l s allowed to agdip

u iha sol Ui POHCTLRRReTRE 3565 desﬁﬂé*%‘*?%@ﬁ%ﬁﬁm%w%’aﬁzggéf iy fasto

Wt . % dneammemmzaaet:)%r zm ﬁﬂi’mt@é and balbined in ¥vo stages £s<§éfnbm1 - The vet
i mpre ate%{saéw hen all owed to stand for hours and dri ed
first - (The sudpcs E'Faf%s\"aﬁw and catalyst activity in th&50[ err]F
(232[ er r ] Ohydrudenirobérition 968t wehs 8o veRy! high! er'hbafhsma%ré AR éNoWﬁeiH T'aBleas
stainless steel 35 basket and di pped into . of solution "H . The
‘solution was then recircul ated over LE 6
15 Sample 95/ fime Age Temp - SA(N -
PCT/ US95/ 0521|2M9 Age g P (N)  SA/gALO,  RVA-TN
hours °F (°C) mig m¥/g %
25 6A 72 167 (75) 244 402 132
68 504 - 68(20) 208 343 134
7A 161 167 (75) 259 401 136
~ EXAMPLE 8
30 300 grams of the alumina support described in Example 4 was pore saturated

with a solution containing 80 grams of diammonum EDTA, 25.2 grams of 29 wt.%
ammonium and 92 grams of solution 'K’ (See Example 7). The wet impregnated support
was then allowed to stand for 2 hours and dried first at 250°F (121°C) for 1 hour then at
450°F (232°C) for another hour. The dried material was then placed in a stainless steel
35 basket and dipped into 1900 ml. of solution 'H’. The solution was then recirculated over
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the dried al um na support containing the di ammoni um EDTA for one hour after

whi ch the gl;lls were centrifuged. The resulting material was sglit
into two ) with one part allowed to age for MEHUYPSOHL
167[err]F (75[err]C) (sanple 9A) while the second part was aged for 1

hour in a sealed container in a Mcrowave oven set to control the
t enper at ur theafried@alumina isepmt edntaihing tthel didstineoniyr-EDTH for bh@hoasmlvm:é!fﬁ'ne The

- sanpl es were subse n ast |CI ned. as b ore. The
SurTace arbils WHRS SRR, AE tesiling frateral wes 6 o s, wih She pgr
'rltifsﬁ FEI <’;1| s mdllafabegm krsaki 67PF (75°C) (sample 9A) whlle the second part was aged

SA/ gAl [ er rm1 g}qu]' %gg@e@cg@amer ing MA c?owavenquq(ﬁﬂ(l contH F@r t,emge@gprqf Q)

nferrk/g the catalyeﬁht?161°Fq75°C) (sample®9f8). The samples Were subsequenfipFasttied 173

ggg ﬁ@?ca'c'"ed as befemﬁeswﬁ arga enhancemegiemb?%tﬂ@"%ﬁcty't@aME. ally

regener at egyg4harial Wers befh éra id' (ablery)C 424 catalyst (Criterion
Cat-al yst Conpany, Houston, TX) was pqQre saturated with-a . sol ution

containing 54.7 grams of di anmoni um ABLE e sanpl e was then  aged

at 140[err [err S ry f or oI y Fast
Dryi ng éEﬂ"pj%d ca%gen.ia-i?ngn a?agﬁqﬁﬁg ? e 1O§f9§§&tq‘l cg‘nb?rerm ally
regengrated Ay sanpoursf C APF4(°(z)arrpI emﬁIgB) and’ tméIgEDTA-treﬁt ed sanpl e
were activity tested  in'a &5 de5|?ned to conpgre the Egrformance
of catal yst: An Catalytlc 7i—f7 otredfdent of fe stockﬂ or to Fluid
Cat. Cracki (a CFH t t he tesjpgand th est

condi tions are shown |§%Tabl e ?dfflsgan be seen t hat %Pﬁe S2

EDTA-t reated regenerated catal yst had a si gnificantly inproved performance
corrp&s(iimgo t he regenerated catal yst in both HDS and HDN.

TABLE 8 LE9 ~ Sanple ID Description RVA-HDN RVA-HDS. 30
%4245 Fresh 1§5’0 grams of a'E8mmercially regenerated uséegdeﬁaerrngleeépéméﬂ%eoﬂfﬂt ed

EDTA treat eatalysECCnteﬂon Catalyst Company, Houston, TX) was pore saturated with a

%,gT/ us9s,/ oielytion corlitamlng 54.7 grams of diammonium EDTA. The sample was then
aged at 140°F (60°C) in a sealed container for 4 days followed by Fast Drying
and calcination as before (sémple 10A). Both the,odmmercially regenerated

20 sample of C-424 (sample 10B) and the EDTA-treated sample were activity tested

in a test designed to compare the performance of catalysts in Catalytic |
Hydrotreatmeht of feedstock prior to Fluid Cat. Crécking (a CFH test). Results of
the test and the test eonditions are shown in Table 8. It can be seen that the
EDTA-treated regeherated catalys_t had a Signifiéantly improved performance

25  compared to the regenerated catalyst in both HDS and HDN.

TABLE 8 |
Sample ID  Description RVA-HDN  RVA-HDS
| - — % %
3 - ~ C-424Fresh 100 100
| 10B Regenerated - 75 69
10A  Regenerated/ o
EDTA treated 90 86
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" CFH Test : Feed: Cat. Cracked Heavy Gas Q| H2

200 SRR ety hy . Ly | CrPatbbsean,
hr[err] 5 - Tenperature: 630[err]F (332[err] Q)
CFH Test:  Feed: Cat. Cracked Heavy Gas Oil '
H, Pressure: 1100 psig (76 atm)
H,/0Oil: 4210 SCF/bbl (0.75 m*/l)
LHSV: 2 hrt
5 Temperature: 630°F (332°C)

17



17 _ ' 18 d ai ns: ) A

S:%yzf UC%S%%HORQCSWEL??A& ﬂ'ﬂmﬂmﬂmw 183 zggg(r)ret?ré?‘g’go%égg
sby

gram as neasured by nitrogen ad ore volune of at |east
0.25 cubic centinmeters per gram as freasurse *Ter cury porosinetry, and

i npr egnat edCl@iMsi one or nore catal yticall y active metals, characteri zed in
that the catal yst contains a nanocrystalline phase of al ur_n' na of a
crystallite size at the surface of from8[err] to 25[err] in conbination
with the gahma aAurdtalyst\somphsitienscomprising a particulatsi parous supporteentainieg of t he

tal yst of t
oL oAb a YR £ e0ac e o 1" BUbISOBRE SRR B,
1, chabact enitregeh adsorm@n ancba patenvolgme 9b et leaslc325 cubiecentimetesmasigram, as

ecs and o neafa® Pfiirkiry PORSely, Jod imbisgharbd ibnd o RIS calchledly iy

ni trogen pometalsyehamciesizedjintthat the catafyst tunthes carftainsrin parBa nanodrystalioe phgset

b1 moaal - mecBnd e acryRg Y el R HIRAT LT ST oo G

pore size of 20A to 40A and a second region of pore size of 50[err] to 1

LR TS s B R TSP e P

support is mermaﬂadf@étaﬂna\/phﬁseane:ombmm°m Mtattlaé gamawl dlyminatwhich hasia Trystatiite
netal s selegted from.the ou 0 stl up VIB and Group VIII
metals. sSzeat ‘%ﬁé“éﬁ?%? ch@f)ﬁggé 9'95 cha:ﬁo characterized in that

the support is further inpregnated with a prormter.

3. The catalyst composition of claim 1, characterized in that the nanocrystalline
15 phase of alumina has a crystallite size at the surface of from 8A to 25A.
4. The catalyst composition Of. claim t, characterized in that the catalyst possess an

at least bimodal mesopore structure.

20 5. The catalyst composition of claim 4, characterized i in that the catalyst possesses
a bimodal mesopore structure with a porosity peaking in a first region of pore size of
40A or less and a second region of pore size of 50A or greater, as measured by
nitrogen porosimetry using the desorption isotherm.

25 6.  The catalyst composition of claim 5, characterized in that the catalyst possesses
a bimodal mesopore structure with a porosity peaking in a first region of pore size of
20A to 40A and a second region of pore size of 50A to 150A, as measured by nitrogen
porosimetry using the desorption isothem.

30 7. The catalyst composition of cl_ai_m 1, characterized in that the support is
impreghated with one or more catalytically active transition metails selected from the
group consisting of Group VIB and Group Vil metals. '

8. The catalyst composition of claim 7, characterized in that the support is further
35 impregnated-with a promoter. R
'. | 18 ' Sheet Has Been Replaced .
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6. The catal yst conposition characterized in that the
pronoter is 'gshosghorous. ;7. ” ’m ﬂmu ﬂﬂ@rrposition of claimA4,
characteri R8% hat t he suppoft d 54 d with one JCHPEO2

hi ckel , cobalt, molybdenum and tungsten. . | _

19 8. The catal yst conposition of claim7, chardacterized in that the
support i s9f urt fbe catajystcprapasitioni df lelairh @ phanactesized in%that the Pinematet sl y st
conposi ti 0@1& hgﬂoﬁém 7, characterized in that the support is inpregnated
wi th nol ybdendm 1 nh ‘an anmount up to 35 wt % cal cul ated as Mo(Jerr], and
cobalt in an anobunt up to 9 wt% cal cul ated as.CoO, wherein wt % is based on

char act ori 3a"1 {7t FABNEF borarnshion.or o8 7 Bhanlieed MR be Saton ki 7 an
anmouné up impregiated Witlc she ot mioee oforsickél Gdbalt,ahalybdenunaanditungstenup to. 9 w %

cal cul ated as CoO, and phosphorous in an amount up to 10 wt % cal cul ated as
Plerr]dJerr], wherein wt%is based on the total catalyst weight.  11.

The catal y$t. colrnegatalysticompdsitionrof Glairh N8y oitdrasterzell inhatlthé sapPUIDE turtiver
i mpregnated with e@E%M?denum in an anount up to 35 w % cal cul ated as MO8,

and ni ckel MAEgHAt PNRSPNQIPUSL 7 wt 9% cal cul ated as Ni O, wherein w%is.
based on the total catalyst weight. 12. The catal yst conposition of

cl ai H] 8, chgr acterized in that, sgoggpor_t i s "ilar}greﬁ]nat_ed wi th nol ybdenumin an
amounP up 1% 35 The satalyst.compasitionof giaim 10, charastefized in thatdhe SURAORS 1o 7 wt %

cal cul at edinfifreditéd Wit melyBABAGH ¥'8n afhodfit GiTRIEE Wi caftulbted b9MED, Candt ed as
P[err]Qeré&b, gg\)‘Il\)nerei n w% i s basednon the total catal ust wei gh ’

A , . t. 13.
The cat al yeePatdnaaamauphupto 8 mierRajculated as ol wherein witeris basethom the total
i mpr egnat egatdfyétwdigity bdenum in an anount up to 20 wt % cal cul ated as
Mo err], wherein wt%is based

15 13. The catalyst composition of claim 11, characterized in t_hat the support is
impregnated with molybdenum in an amount up to 35 wt% calculated as MoO,, cobalt in
an amount up to 9 wt% calculated as CoO, and phosphorous in an amount up to 10
wt% calculated as P,O;, wherein wt% is based on the total catalyst weight.

20 14.  The catalyst composition of claim 10, characterized in that support is
impregnated with molybdenum in an amount up to 35 wit% calculated as MoO,, and
nickel in an amount of up to 7 wi% calculated as NiO, wherein wt% is based on the total
catalyst weight. ' |

25 15.  The catalyst composition of claim 11, characterized in that support is
impregnated with molybdenum in an amount up to 35 wt% calculated as MoO,, nickel in
an amount of up to 7 wit% calculated as NiO, and phosphorous in an amount up to 10
- wt% calculated as P,O,, wherein wt% is based on the total catalyst weight.

30 16.  The catalyst composition of claim 10, characterized in that support is
impregnated with molybdenum in an amount up to 20 wi% calculated as MoO,, wherein
wt% is based on the total catalyst weight. |

This Sheet Has Been R. |
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on the total catal yst weight st conposition of claim 13,
characterized in that the suppyﬂmg ﬂmﬂﬁr“ﬂmr egnated with cobalt and/or
nickel in WR%ARKIAt up to 5 w ated |s *CoO and/ or N PETHR2E2 wt %
is based on the total catalyst weight. ..15.. The catal yst conposition of

claim 14, characterized in that the Support i's further I npregnated with
phosphoroug7in ameacrmvét mmpbgindrﬂom&mw& @hbricestized irihat theduppbd is fRtREE N

wt% is based on tal cat
50 16 > Frertbnnds yih oal bl Bhelih B amoust ue fos attecsalcuied AS OO ¢ ne
support 'Sahﬂlbfmahﬁ?éi'ewm%m@bﬁnftﬁéﬁitalldatayktwwm of up to 2 w % based
on the total weight of the catal yst he catal yst conposition of

claim 16, characterized in that the nobel netal is platinum 18. A
cat al ysst CQGPOS'ﬁHeQ!htélﬂﬂébh?bélﬂorﬁoﬂO@élhi w|cﬁh&ct§?i26&'§1 mu@%réupﬁ&'ﬂsafuﬂhé‘rg
gamma al um na, havin ace area of | east 100 square neters (as

nmeasur ed bWWPﬂP@Q@W‘@@@FWQW '“zﬁﬁ‘oarﬂo%luB t9 JP it ealcylated @gR.0p, wherginhi ¢

centi met er g9 pasEd™dA Gk ORASHARE: WEighEr cury porosimetry), and inpregnated
with one or nore catalytically actlve metal s, characterized in that the

catal yst conposition displays a relati ve volunme activity of at-least 115 in

a first stage hygeqe 'cBﬁhPﬁﬁf?&?ﬁlchalm 7 Tharactdided iH faY fHe SPPBARN t1 0N of

claim 18, characterize support 1s |rrpre nated wth one or nore
catali@i ca!mgreaeatedwthraamlq metal ir-en pR0YBY of dipcte 2 Witk gn tieptotad weight i ng
of G oup V fup VIl netals. = 20. The catal yst conposition of
claim 19, aract |zed in that the support is further |rrpregnated wth a
pr onot er . The catal yst conposition of claim20, characterized in

that the pbam)t %he' catalyst composition of claim 19, characterized in that the nobel metal is
platinum.
15 _ _
21. A catalyst composition comprising a particulate pqrous-support_ coritaining
gamma alumina, having a surface area. of at least 100 square meters (as measured by
nitrogen adsorption) and a pore volume-.df.at Ieast 0.25 cubic centimeters per gram (as
- measured by mercury poroéitnetry), and impregnated with one or more catalytically
20 active metals, characterized in-that the catalyst composition displays a relative volume
activity of at least 115 in a first stage hydrocracking process. -

22. The catalyst composition of daim 21, charécterized in that the support is
impregnated with one or more catalytically active transition metals selected from the
25 group consisting of Group VIB and Group Viil metals.

23. . The catalyst composition of claim 22, characterized in that the support is further
|mpregnated with a promoter.

30 24, The catalyst compositlon of claum 23, charactenzed in that the promoter is
phosphorous. ' '

' 25. The catalyst composition of claim 22, characterized in that the support is
impregnated with one or more of nickel, cobalt, molybdenum and tungsten.
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“ phosphor ous. The cﬁM,ﬂﬂn ’ on of claim19, characterized in
that the W;gpjﬁsd s inpreg m,m more of nickel Pﬁo@ Jos2
_nol ybdenum and tungsten. ‘Thd catatyst conposition of c algm ﬁ '
charact erized in that the support is further inpregnated with phosphorous

The Egtal st co osition of claim?22, characterized in that th

s u pport is st\PemPosHiopRi Sl 35 charagiefzed inthatipe §HPQW%SJHFW | at ed

as MoJ errim réﬁhiné‘d)hﬂhbhb hefugiount up to 9 wt %.cal cul ated as CoO, wherein
W% is based on the total cat al yst wei ght.

21 25. The catal yst conposition of claim23, characterized in that the

Suppor t i sp7 nPr ¢aEdhef)sVbérpdSonbs! QR Js) cAdrasidREeY intRat e §5pi§$r%sc al cul at ed
as l\/bCB cobalt in an anpunt up to 9 W % cal cul ated as CoO, and. phosphorous

i n anSanouimpregnates with mal)mslsnwm"aa@a"wnppm poMeTerqalcufated as M%s@/@‘i‘% based
on the tot éébaﬁt%%hhﬁodf@hﬁ%9M%2@alculat3@%s%@ whgreif SAROS Idaéd of iné totdim 22,
characterized in that support Is inpregnated with nolybdenumin an anount
up to 35 weakalyst weight: ed as Mo err], and nickel in an anount of up to 7 W%
calculated as NO wherein w%is based on the total . catal yst wei ght. 27.

The catal yst conposition of claim23, characterized in that support is
i mpr egnat e@8wi t i ﬂsagab@émmsmoarpfmra& gharagtegzed nothatthe supRAtisas MbCB,

Aot b PGS waf ritheifindm i 45 B0 608 el e BRSRRICEGUR 1, 71

total cat aauygmowet 'ghto 9 wt%g:alculatetbassﬁnﬁl. and pbosqmmsi in @n@EmaeuUnumte 20

ip- 1o 20 bk caReiE aSPRE hheish bR IEERRCH e el Bopla RGP 0, 2 CoVal e

wei ght . 29. The catal yst conposition of claim28, characterized in that
the suppor bQ.i S tI'Htgz tcgﬁliyst composition of claim 25, characterized in that support is
15 impregnated with molybdenum in an amount up to 35 wi% calculated as MoO,, and
nickel in an amount of up to 7 wi% calculated as NiO, wherein wt% is based on the total
catalyst weight. '

‘30. The catalyst composition of claim 26, characterized in that support is _
20 impregnated with molybdenum in an amount up to 35 wi% calculated as MoO,, nickel in
' an amount of up to 7 wt% calculated as NiO, and phosphorous in an amount up to 10
wit% calculated as P,0;, wherein wt% is based on the total catalyst weight.

31. The catalyst composition of claim 25, characterized in that support is
25 impregnated with molybdenum in an amount up to 20 wt% calculated as MoO,, wherein
wt% is based on the total catalyst weight.

32.  The catalyst composition of claim 31, characterized in that the suppbrt is further
umpregnated with cobalt and/or nickel |n an amount up to 5 wt% calculated as CoO
30 -and/or NiO, wherein wi% is based on the total catalyst weight.

33. The catalyst composition of claim 32, characterized in that the support is further _
|mpregnated with phosphorous in an amount up to 10 wt% calculated as P,0,, wherein
wi% is based on the total catalyst weight.
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| mpregnated with cobalt and/ or—fatecket—mm—amarmount up to 5 wt % cal cul at ed
as CoO and/or Ni O wherein wt%i m m uﬂm || tal catal yst weight. 30.
The catal y¥P%@MIsition of cl al ﬁ F“II ed in thatPEHESHASIEt s
further inpregnated with phosphortustin af afouht up to 10 wt % cal cul at ed
as Plerr]dJerr], wherein ww%is based on the total catal yst wei ght. 31.
ﬁ\ Sr ocesz fadr t hﬁapmbsé %drltrge d:atalyttqil&sgiud:desﬁlfmnnobé hydrocarbpn-dontra]inir}g feed

ydr ocar bon- cont.ai ni n e onpr.i.si t he s ont acting.the fee
under - nyar SaEGTp R e Sep 5 SatiRdie e Bte el hiedtsufijlisiin aabors it he any
one of cl aicatalykt 4§ setfdrtd th 3ty one 82claimsA-p8 ang 23-330r the catal ytic

hydr odeni trogenation of a hydrocarbon-containing feed conprising the step
of contacting the feed under hydrodenitrogenation conditions with the

cat al 3ast agsset £ prdcbss for Wcmmﬁydad:demtmgbnéﬂbnaﬁfct liﬁlré?éhrbon-contammg feed
for t

22 chs at al droc ersi.on

v ocar bofORBEER the dep aberiarpp s fasdindet FesoiantERasPanch eenditions mitg
under hydr‘ﬂ@@&t@l&ﬁ'ﬁbﬁ‘t%ﬂihe(h?fon\e‘ldﬂ&ldirhﬁq@aiwg‘t-sas set forth in any one
of clainms 1-15 and 18- 30. 34. A process for the catalytic

hydrodenetal | ati on of a hydrocarbon-containing feed conprising the step of

contactinggghe feprcssdiRf tﬂyéﬁﬂﬁﬁ%doﬁ%@i&n%f ra%amw&dmémﬁg faigal yst

as set forth in any one of clains I-15 and 18-3 process for the

catal\tic Ky@pavirg e step of cwmﬁgmw@sweﬁwwweqsm%%w with gha he

step of cogh@f/st 89 sétBrh REshyGHECST dMMEOCTMaka pgaaonditions with the
catal yst as set forth in any one of clains _1-15 and 18-30. 36. A

process for the catalytic reformng of a hydrocar bon- cont ai ni ng f eed

conpri si nggyhe sﬂsﬂacgéo rt ﬂfeﬁ(?attéh'{;lﬁ: ﬁryaﬁoc;ea%uén&%faﬁg&gemenfeeﬁﬁlnmsgg@aaw th (

the catal yst as set

process focompdsingithel step of eantactige tha feed w@aymmtamoo m@dlh?nﬁ' withtheon-
15 catalyst as set forth in any one of claims 1-18 and 21-33 '

38. A procesé for the catalytic hydrocracking of a hydrocarbon-containing feed
comprising the step of contacting thé feed under hydrocracking conditions with the
catalyst as set forth in any one of claims 1-18 and 21-33.
20 .. o . | |
39. A process for the catalytic reforming of a hydrocarbon-containing feed comprising
-the step of contacting the feed under reforming conditions with the catalyst as set forth
in any one of claims 1-7, 19 and 20.

25 . 40. A process for the catalytic hydrogenation-dehydrogenation of a hydrocarbon-
containing feed comprising the step of contacting the feed under hydrogenation-
| dehydrogenation conditions with the catalyst as set forth in any one of claims 1-7, 19
~ and 20. o ' '

30  41. A process for the catalytic isomerization of a hydr‘oca_rbon-containing feed
comprising the step of contacting the feed under isomerization conditions with the
- catalyst as set forth in any one of claims 1-7, 19 and 20.
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“ containing feed conprising the " ' .ng the feed under
hydr ogen hydr ogenati on wﬁﬂ E m EEMEhe catal ys rth in
any one g\?'b‘}?migﬁ 1-4, 16 and ess for th%C?aFéﬁﬁsgif

i somerization of a hydrocarbon-contai ni ng feed conprising the step of
contacting the feed under isonerization conditions with the catal yst as set
forth I n #% ond Pscess farimpmoving the agtinity 10f a catalyst composition comprising a

23 39. RIS DAoL d;rﬁﬁ.'rﬁ riGHhROUSSAILRRAP RAViAG ON
corpr i si nd RS Pl BublHt SRR Garfi sl Enaanitbious QI AREP RIS

anor phous @$ Oﬁaaremai/atdgaai 19069!;%@ maeters @S raeasu%lw nigogen adsaspinm @pd (as
Teas T e B pble!VoR o i8S 0. BV b€ okP biaP (& mksurédBy, nfbrdity CUDl ©
centi rreters per gram (as neasure rosinetry), nat ed
wi th ®&ne cpormmetrr)aa@m jrpregnated with mg omsmoLe satawcalWeamI% petajs, by the stepS( 1)
wetting thg catalyst conposition by contact with a chelating agent in a

carrier I|qU|d (2) agi ng the so-wetted substrate while wet;

(3) dryi ng t hd) so- weiting thebsatalpstecoatpositior by eoataot witthachelating agentdn @i ons to
substantially vol atlllz%'the carrier liquid; and (4) cal cining the
so-dried substrate process for preparing a catal'yst conposition

conprising the @epsagm'\g the so-wettddlsubstratepﬂla@nmt; ng a particul ate porous

one 89 more” cat &yt | BBy e 85208 Rllsiate ot a temperstyre ARPLRE oo B 11
concurrently with Orswsmawmamlmﬁmrﬂér)uqumandng t he support by

contact with a ghel ating agent i.n rr liquid;, . (3) agi ng the
so-wet t ed inpreéﬂat e@'@@ﬂ ﬁ?ﬁ s%pgcgs%v;(ra* (4) drying the so-aged
support at a terrperature and under conditions to :
substanti a at|I| ethe carrier | cining the

so-dried. s por proce&i rp@p&gng&g@dyﬁp%pp@gﬂgp SPMRfsiag yé?e%f?p%ﬁgal yst

conpesi tion conpyi si wiprégriading apdriutatd poRUS s&mt)édmpﬁh”ﬂy garnma daming
al um na and anor phous al umi na, inpregnated with one re catalytically

active netals, conprf®d ?FB"MS“%F@H!“%?”““ one or marg,cal ché actyermrtalspent
catal yst to rengye CgidiasadoneuserligRath drssubsequent to step (1), wetting the support

by contact with a chelating agent in a carmier liquid;
(3) aging the so-wetted impregnated support while wet;
20 (4) drying the so-aged support at a temperature and under conditions to-
substantially volatilize the carrier liquid; and '
(5) calcining the so-dried support.

44. A process for regenerating a spent catalyst composition comprising a particulate
25 porous support comprising gamma alumina and amorphous alumina, impregnated with
one or more catalytically active metals, comprising the steps of:
(1) treating the spent catalyst to remove carbonaceous deposits;
(2) wetting the so-treated support by contact with a chelating agentin a
carier liquid; , '
30 (3) aging the so-wetted support while wet;
| (4) drying the so-aged support at a temperature and under conditions to
substantially volatilize the carrier liquid; and
(5) calcining the so-dried support.
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(2) wetting the so-treated sup Enth a chelating agent in a
carrier l'i qui d; \ \ the so-wetted su ort
t wo 95/31280( 4)

while wet; drying t suppbrt at a t enPETRSVE2
under conditions to substantlally vol atilize the carrler
liquid;, and (5) calcining the so-dried support.

24 42, T4e pr Ooeprocess of claims 429 43 40 44) chitactedizadan thatithres chelatingheagent he

chelatin S8

caralyt | caHpoasRR RAGR Baplo/iohbedt i Laeplef@ G Salantbal 4FRE TRl B 1B5,
39, 40 or: zkhtaIyStar acterized i'n that the chelating agent is

et hyl enedi am netetraacetic acid or a derivative thereof. 44, The
process of .claims 39, 40 ot 41, characterized in that the chel ati ng agent

I s sel&ct edté.r onThenprogessigf claimsi42; KB gr ¢4, atdnydtenzediia thal dethelatingtagentisi d,
di ammoni um edi net ceti tris(2-am noethyl)am ne and
triethyl ene&é{]&éﬁﬁﬁwggﬂ % a8 ap&%@ég\ge I'etﬂ?al nms 39, 40 or 41,

characterized in that the aged substrate is dried at a terrperature in the
range of 10Q[err]lC to 250[err, of .c

h 39, 40,
41, char act¥ri zelhg Process ofgiai 343d4§l95#'r‘§la§a arizg 'ig'%ﬂt%gﬁr@mﬁ'a@em'sgr

forced air gufattedf from tHe' group%ﬁsnﬂiﬂgccﬁ%ihwénediammaeﬁ&ceﬁﬂ abid, diammonium
charaﬁzéerlzed in that the dried ??t?ate is cal c netﬂ%lgﬂa first stage at a

t enpel &t ur Ethyienadianinatgiraacetic Acidy rigi2-amgingethylamging agd RpRekagrpipe.
- chel ating agent but which is not.so high that the chelating agents conbusts

to form carpbonaceous deposits, f ol | owed béf, a sepogd stage at nornmal
cal ci ni ng t48mer Hi&Progess of claims 42, 43 or 44, characterized in that the aged substrate is

dried at a temperature in the range of 100°C to 250°C.

15 49.  The process of claims 42, 43 or 44, characterized in that the agéd substrate is
- dried with the aid of a forced air heater. -

50.  The process of claims 42, 43 or 44, characterized in that the dried substrate is
calcined in a first stage at a temperature which is sufficient high to drive off or
20 decompose the chelating agent but which is not so high that the chelating agents
' combusts to form carbonaceous deposits, followed by a seoond stage at nomal
- calcining temperatures. '
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