OF MAKI NG AND CATALYSTS MADE THEREFROM Technical Field 1 o This invention( )
rel ates tquadMiaga having a novel pore structure. This i nygRlp@nsdde furth
relates to catal ysts made fromthis alum na fromwhich catal ysts may be
specifically fornmulated to provide inproved performance characteristics for
a great snunber of hydrocarbon processing operations. This invention also
relates to nethods of ALUMINAHAVINGNOVEISPOREEPROCTURE] The art r
elating to al um METHEUROF MARINGAND, CATRIAGEES MODE UHERFPRONVS W th
various catalytically active nmetals, netal conpounds and/or pronoters, and
_various usegeOfnicdGRelgnPr egnated supports as catalysts, is extensive and
relatively wet ed. As a 20 few of the nany exenplary discl osures
rel ati np t o t hes&hfs iebvelsionaylatee torelvininnkavihd e nbedl povd sigichime.t HisShedneion
_patents, al f which are incorpoyated herein by reference for all purposes
as if ful |y GBEerralafey 10, italpsls .m'ﬂ{es.ﬁom 8 amind ofrgmewhg. casalysy b e
3,032, 514, 7 A8 3 L ; - : ;

3207 588, T 9GS B o el Bt s e et
3,897, 365; 3pdber ofi3rrddad8s piRéssing Qiatdnd., THis dd@n08Rals@telatesltb4n@h@is of
4,179, 408; 4, 3113131 282. 4,328,130; 4,357,263; 4,4.02,865; 4,444, 905;

4,447, 556; BIOFSBINEAHS By 911. 4 588, 706; 4,591 429: 4, 595 672;

4,652, 545; 4,673,664, 4,677,085, 4,732,886; 4,79 "mmamm"mmm 746;

5,002, 919; 5, 186, 818; 5, 232,888; 5, 246, 569; 5, 248! 15, 485. Wiile
the prior aBacktxewandaArtonti nuous nodification and refcoement of such 3o
catal ysts to i mprQve thei.r catalytic activit and while in.sone case

P anl 3 desi rabl o 136 Ex oree S AU pr@ie i Shpdebaiteay SPpeRER
conti nui ng REE6lsicAtal AR allPALESE ket me 8BmPI IS indAGprothtiirs Gl FhiSitstsesfi Ch
are provided by the present invention. Mich of the effort to devel op higher

activity casadhismpsegnatedisuppprisias satabists svrxiansive wad opitivglyswplb deetonedatss a

enhance,t he ;.cat alytic _acti vi f nmetal s,that have n._deposit ed

Cher eor?™ 1'm A Bt tnff St enpiet; Spo Oy iRl 2R SRR A B BiehiPne b e
for a supporslidviingUnited 8tate¥@atentif 418 6f whithhd Mderpbtsteddictdif 8y adftr@hedfor all
conposites, zeolites and varions other i norgani c_ oxi des and cogPosi tes

t her eof hav®umess asibiudly seidaph b8 P dsNet BgP e &1 4135 2,974, 38He0 B ab &l
al um na vari;qyig do?sﬁ?izﬁlﬂﬁgf@,@i‘gg;dﬂ ,g@n;g9,2%?,2@6’%9‘7%8;W,%ﬁg{jrng,@é{l?ﬂ’rtS

havi ng vari ous surfdce’aréas, pore’vo s"and por'e §ize ut1’ons
that, when 3,629]80702DEBAR}; BOTSB68/1Y,897:265); 3 50DA63; 083408, 416905874; 4,020,08M i ed,

Feadot oth, etz bl EacsSoR oI D d38) Bl BB bR R 556 O

hydr odernet alylai70m; 4 S5 DG u a8k 1708, 4,58 HI9TURYS 675 ABNIsA8L4, O3 G9ad4 bireds; ke.
Many net hods” have thus far been prdposed’fox the preparation of al um Ra.

One such newisd.880c4.idk 9% 4idad,746; ¢ieDLhs SIBOBEY; 5232 &E8NS.A¢6,868 4, 24842 num
hydr oxi de at i 30851%1 of 6-11 for the growth of the seed crystals by
coal escence®® ﬁi ?'hod requires a long period of tinme to obtain hydrogel

pani cles of a | anggiletleeprior art shows a continuous modification and refinement of such

: e3edd”z6Tdl {jay w0 U2/3862 5 ALUM NA HAVI NG NOVEL PORE STRUCTURE, NETH0§>,

30  catalysts to improve their catalytic activity, and while in some cases highly desirable
activities have actually been achieved, there is a continuing need in the industry for even
higher activity catalysts, which are provided by the present invention.

Much of the effort to develop higher activity catalysts has been directed toward
developing supports that enhance the catalytic activity of metals that have been deposited

35 thereon. In an overwhelming majority of applications the material chosen for a support is
alumina, most often y-alumina, but silica-alumina composites, zeolites and various other
inorganic oxides and composites thereof have been and are employed as support materials.

In the case of alumina, various researchers have developed methods for preparing supports

having various surface areas, pore volumes and pore size distributions that, when
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U S. Pat. Nos. 4,248,852 and 4,422,960 disclose a nethod for the
preparation of alum na suitably used as catalyst carrier, wherein first and
second p plsgd! i ng agents are a alternately and repeat eglpysgixash Wi th an
aqueous slurs y containing seed al um num 15 hydroxide to swing the pH of
the slurry between hydrogel dissolution and precipitation regions. At |east
one of tshe hppwprianchetdcandppiddcoapaakllarig sdgeibicatavdingtadk sisat radatioh oM
conpound capab) e, of forni ng al um na. hydrqgel . Since alunin hydr. oxi de
i's continuaPRcHEH |f%¢ﬁﬁ@ﬁ]édwmaﬂqrﬁ§a& Wéctwhg%ggﬁctgc} Bas hgflwglwﬁﬁrwa%%at
which the s . 1 h ' r i I :l.S: jigher than that in
t he met hod ?12&’1\/0\?}%@ ?%2&12%9(&8&33\&&%1%# tﬁeiﬂgéggﬁg%%aﬁog}é ggﬂlmsﬁ%ffect ed by nmere
" coal escence of t Manypeehpdyhave ttes. faHose\peopostdics thepiepatatias ofbedemifaoOnd t 0
involve a prohlemin.that the resulting alum na, carriger .does not. have
2 ST Bydioxids

Centirely safteYRERad {pclienpens 2 AUHY SrEy coRPg Sepd aligyi gia
4,562, 0pP a?f‘l $t62 P03 ofli o PR sfed &Y\Rals bRESIEEBERO ATHi el rRfuBRRE Rkon of
al um na suitably used as catalyst carrier,” wherein an alum na hydrogel is
25 forned fpenodohtine ysetahinihydrogelguradlemdfrilargeysticoxi de in a first stage and

th | tant al unj d i f ion into alunmina i
 second stage. e BN I28R S0 B IRD distles RO RE P B dpia oo |
having the gn@&heEuiRBliused ab EfalpQrcarried! Whseinqhbtana 8stoitptl dhndrolRipR¥hkange

of pore dianeters; i.e., the alumna manifests a sharp, uninodal "pore
vol une di st aicltarentely 30d Bipsatedlyunixed withhan aqueerst shary contaivigrsdehalamiiurh t he

: . 4 . Cdod. i . Lo baui
hovel bt o SoioRf b S5l b8 pBlAthe Sy LPpef (P IREE wrdiuBo M pRe AL,  ng
no nore tharedidhsohtldas dnelbofthe@REiind QbdbME pHcPoRMgGbeRt aichidiahn Sathimin 35

“macropores”), a high pore volunme (greater than 0.8 ce/g neasured by
mercury i nt coapew)d gaable b forsdeg aporeming hivdsoghl s Bincp (yraueh hydrexide; isi . e. |

a pore volu i i i: i i.eh, i 3 e . i

o1 bt t od as. AoPUNEy seblisha, Qi B0y WORP) LARGHATRED e B3 5y S B e

| /-1e29 5 r ehumhihinathyHtoxtdd growekhsibé issmiiskohighetithan thal inahd sictiod éa whichaihe
"peal a" or " nodes” herein)., K These two nodes are characterized in that one
mode, hek ei BrEH; potheiged marticlss irefiecirddly mesg kpyescense Al firesccdebarticles: t han
the other mygg, inehJ oL ' T _
primary and seceov%gg@gﬂﬁglggg{agk%ngggggﬁ Sgaﬁgygglt"bfeg‘ggmg{%ﬁ?% gm_g agﬁglllﬁy as
much as abowarr200oes.noThavepmiingy yatistaceorpobenioglcand phadicad smbiley.di amet er --,
greater 1 o than e j an i anet "MPD'), cal cul ated eifher_ by
vol ume or by su rd'gagg? éa‘.l’lg%ﬁfgﬁn‘ﬁ&riereﬁ(géLn‘ché‘!)’sec%I“(’Y%‘IS%%&“W‘{/g?ru 8
("MPDv") herglariRane ahifnP Qli@bH RERhEEatAR AR M GherBRl b Almih 8yERLal ispor e
vol ume exi sts; medi an pore volune calculated by surface area (" K/PDS,~")
means t¥at poreeddiiemapercrystabine sghd ehntinih hyflroxids in etfist pageeandihe wseltantea
exists. In the .alumn f th resent invention.. the MPDy, | s |-arger than
The 15" pDs 2t BPE)  pebl s PP el G R Pund MRS sl e bl
al um na. ThipsodiRed by tHi® MRtNOASs Phasa&szcat BtBvingahe aredtes phfit lodlits hord VilGRe

taught in an earlier patent (US 4,555,6,394). In _the present invention,
however, th&oBaEEE Withinia@adoy gangseoifnore diamstesy é-cn dhicgalpminagaanifests a sharp,

crystalli ”emﬂﬁoda;g%&%%%ﬁgtﬁigg?%&.i on rates of al um num conponents to the

second stage are I 'npose e alum na produced exhibits novel pore
size distribution patterns. |ndeed, by appropriate adjustnent of the
processing conditions used in the production of the alum na of the present
i nvention, ¢ L di stribution of the alum na support can be

\4
present i nvent; onpreuiaRE LG 2R FRhOR, el A BRI ARG ko
based upon taheniahhaving aofovehpomprsesetuie. i Asniovehpan dtriictpreeyrhbadtenizédbpne or

having no more than 5% of the total pore volume in pores greater than 350 A

35  “macropores™), a high pore volume (greater than 0.8 cc/g measured by mercury intrusion)

and a bi-modal pore volume distribution character; i.e., a pore volume distribution in

which, when incremental pore volume is plotted as a function of pore diameter, the
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nore netals. These and ot her features and advantages of the present
invention wll be nore readily understood by those of ordinary skill in the
art fromag®adisg of the follow ng detailed description. p3@ Rol/gfs0
Descrintiorl of the Drawings Fig. 1 shows the pore size distribution
("PSD') for a typical alum na not of this invention obtained with a single
step i sat heresaitingpfuetioni dxaibite nwp nestias (Ao #8Eredfbgs “ﬁea&h%ﬁ‘nﬁd&s’ﬂ&ﬁﬁhpr a
typi cal al LUni na not of thi |nvent|on obtained with a 35 single ste

i sot hermal P& g a&oﬁ%arﬁr@eeggeﬂé@ agthat ppg mogles hejgim dghimepap) %rplgﬂft‘r)}’pl cal

al um na not & A

_precipitati 8?1&8 r (I;Egglsﬂétg\éterﬁ %13 C. %ﬂh%ﬁ%&w ~J§‘é%~36%cki‘)ﬂ ﬁgtﬁﬁiﬂg@%ﬁgég?ggt.h%
shows the PS&cbndarpntodpT.cHie mimar'y amd mbnd}afrynimﬂss dresepafaied by alitast aledt Y0 Ah a
single step i therrra1 rec rocess at  80C. Fig. 5 shows the PSD
~for an al umaH S R i?? v Fﬁl?l aléleP‘aqrﬁ%‘éF%C‘t“ﬁaéaP‘?rPQ’tanﬁf’échfﬁ’ﬁrat| on

at 41 G ol k}%ﬁﬁe médfaﬁ?)ofeedmheﬂeﬁgmm 9&1&&5& BitRdr ngleunfécﬂb @m&%eé he
PSD for an alum na of the presen |nvent|onota|ne rx~It g%lrs

preci pit at i dbedan ﬁﬁ@dfemhdtmmttubayed e volemei (WMPd\5) barkinirhenk dre @tre ﬂfhn@tel Fi g.

7 shows the PSD f f the resent i nvention o taln

first preci fPP4tYY g‘r‘fhj’talfaﬂ%rpfic}mag ﬁéx}séﬁ’ré??‘?ﬁlﬂ’i’gp%? é’BF ?‘Bﬁe‘itbym C.
Fig, 8 showsuithe RSPMPDE o &alhe«am %tnet ﬁﬁem@fe@%me wmeﬁrﬁaum ALLGLN W' th
a first precipitation at by the remaining precipitatio

70C. 15 Fi gsudacstosescxitie dotigahingioa obthe peestuirimeentions the MRidy mllargénthan tht- t he
pr esent gnvmbon conpared to a commercial catalyst having a traditional
pore st Fuct ¥ or hydrodenitrogenation of a tar sand derived heavy gas
oi | . Detailed Degdsd gbiided &f thishevenfive ila B&thd@oft h%ggmc%lmﬂﬁ@ Bifis method
hydrotreating catalysts is often affected by pore ffusion ~~ limtations.
This is espdejodyaspracesfestemstirat gessimilardn drase tang tl@fane‘@lﬂlat%@ﬁ (USWHSER9Y.fer a
much hi gher r ner n Wth ¢ nt i onal

Al i nasappodeieRbfipBeot hobitlne iRt pRRR OBl fi B RAS

| 0ss of sur kaellideeAo Bmits bn fRAIEki0A Rat&f oﬂahﬁmhmdjon@od@mb&he skdvhd@Be are
i ntroduction of macrqgpores, or both. This invention allows the 25

achi evedfent 1BPOsH ghetheakimaing grodusedephibismexel poye siradisiibutin Raﬁérnﬁ1 Indged, on -
o aaent ! O, S iBptonl A RhERCE iy ebiil SHIGARC,RASE me BRI 0@ | e

present inventron ts a ore”si ze tTTbutio et ers
for both t hehpmmaraftye pedent ancntidre tlsad‘nmhﬁaewzﬂddmlnmnn bfthé aluinn'rasdp;&mcbahhe ,
pore size distr. [{I on_ar, und these two nodes is sharp, excluding po_res in

di ameters O&Féﬁ‘l tﬁé‘%’@%‘ If SR8 GBPLCRHAN her f or mance 30 i mprovenent:

catal ysts producegglafdi@iPaliics tl‘?él ﬁi'égeﬁtain\zélﬁﬂoﬂ‘it?@vﬁ@s%achﬁblda?a!lys?sfcfo hhﬁﬁ Ness
as well as higher Stabl|ltﬁ Achi eving such alum na extrudate pro ert es is

not pos2i bl eupiorts basadveneni tbealumina of the present invention and impregnated with one or

more metals.

These and other features and advantages of the present invention will be more
readily understood by those of ordinary skill in the art from a reading of the following
detailed description.

30

Brief Description of the Drawingss

Fig. 1 shows the pore size distribution (“PSD”) for a typical alumina not of this
invention obtained with a single step isothermal precipitation process at 43°C.
Fig. 2 shows the PSD for a typical alumina not of this invention obtained with a
35  single step isothermal precipitation process at 48°C.
Fig. 3 shows the PSD for a typical alumina not of this invention obtained with a

single step isothermal precipitation process at 62°C.
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al mina precipitation processes. Wien a single step precipitation is
performed under isothermal conditions, |ow pore volune, uninodal, |ow

medi an powe) @iagpter alumina is 35 produced if | ow preci pipgiisefsss2o
tenperatures are enployed. Hi gher precipitation tenperatures yield w der
pore size distributions, with a "tail" of larger pores, which eventually
(for hi gh enough Rigripdoat uheBID [femaltypioal dumimgnidtiof drig inpententbaagsedodith a
macropores 4. V' O 02/.13812 PCT/ U S111 /-rﬂg.o4. 129 5 v~Thich carrot be

el i mi nated WMEF SERISAGEINH GrosiniEen Prasest #9°Grul 1i ng conditions are severe.
Exanpl es of the BoLs bHE D Rk R bHliRPoAROANEER iRYn o PdEh e DR EFirsy
precipitation procéss at various tenperatures are shovmin Figure 1. The
“effect of tlpecadsieciopiat 41°CoMbllbeBdBY fcut@aRmeaprocihpia@iost 6ouat e properties is
easily seen. At | oQw precipitation tenperatzue, the alumna exhibits a

“uni nodal pore si Zég-&iskows HigthSdhfon av plvgninaof thewresand invgblien ehstipedswiting first
precipitati : 24§ 1N se the resultin 1 na extrudate
exhi bi tEsdaa \%’? K g‘ﬁﬁﬁgﬁﬁ{a%g fgﬁ 0{6’8(?é§g}ezrg@?ln%gt%g?lﬁletatb)g%égﬁ@ge of nmacropores
increasing wth imgr7 shaws (¢ AYERr Bh bRbiif ot (BOPRES: UventidVéilaihdd Wil a first
tenperature were incr eased gradually during precipitation, the resulting
ahuni na wi | Ipresiiiabion ak34°€) fatlpwed hy thewepomingwkeipkatioalat hdgh t he wi deni ng of

its pore size distributio be sone 15 retarded. ,Met hod. of _Maki ng,
Al um:pna The al um%tlln% 8 owﬁ&eﬁ%ﬂ%ﬁ@n ?%’é‘?ﬂ%ﬁe prgsquageﬁ@onaoh}t%ch afist
preci pi tati oRedMiReBR ot 455@6@1;10%%% faf'ﬂ{éﬁ‘r@mHi'ﬁﬁfgr rg\?bfttﬁgﬁfa't e tenperature, pH

and flow rate conditions. e enper at ur e seed slurry is then
increase&d to a hilghet shovethe ddngaripit af pafornmnee for. twoedumirat of hhesplsgher
tenperature,, agl?i n under wel | defi necf te ehat,ure, Eﬁ%gg flowrate

condi ti ons. FHEIPHRCTBATE QA PUNRSER BT HEVIRE dptridiionat POk EHisFppyfor
defined por @ygio@enitrofeériatibh BRI @ andiblivdiRevEaibit en Zperature
precipitation step generates high pore volune and controls the dianmeter of
the primary node.. 25 In the first step, seed ~alum na is produced by
precipitati Pl i phan . ague o] ut'.(c))n of reagents conducted at between
about 25 C ang—abott—ooc Pt +abTy et ween about 35C and about 50C. Wile
a conbimation of TaelWerAasdl dfHydrafetiso Bhthlvsalisl 6HeR hfedtc EBY POSIiMUSion &
prefen~ed, any conbinatjon of .reagents that results in the precipitation of
al um na hydABgtations. Hiisisesiesially dvavethrgyergengeeians gatalybs.avisch oftarbimighi ons
of reagents i : . . anot bimted.to, @umnumnitrate, alum num
chl ori de, orlrlll \%#ﬂgtﬁmggﬁ%ﬁfyﬁ’ch%g%!eﬁ efl%%m\g/lv}%t hwétgcﬁoblﬁ'”?netl’loﬁ% %3‘%181,3 BPPEEdi um
hydr oxi de i rffoetsty vedtideaiiffididrhe fisatsatsuiti sithen iatdsd o &lrface A1 of MFERRICHINOLhOT t he

first preci ﬁitati n step depends on the characteristics desired in the
final al uni _%F‘db‘?‘go 1Y Ty I0tradi iR Of FEETOpPB AL b r B8 HaYeREon fiaws B es
and resgq t igBnibRendh bmgﬂer%gﬁly%?ﬁ?é&ﬂ%ﬁés ﬁ;lil’ﬁrziﬁ fie birfi@lon At SHUERR:,
product being cl oser together "and, consequently, narrower pore size

di st ri but i orwhilequesehvisg hihight syfaee iapiat akliecaluminamf thdrpresait inventiopkkishinsihd be

hel d bet ween.about 3 and 10,.. pteferably between either 3.0 to 4.5 qr. 7.5 to
10,0, “and noRog s 356 BHbRin " EPr temsies Bt Sogh ¢ pRmanspse andthd

PCTI USUI | . 1xedohiddryindd® dn e MUiloPeParddh@p&le sikh@istimiidh aRfund @84S+ ielRY ik at ed
at this low tenperature first precipitation step, expressed as a percentage

of the fi nalshabuekeladipgopieres ini dikingisrsc estsideethendesined dengm dTlpo perfoinzamet er of

th dar. codee ] i t hi. . t d th
vo ums. Tt b B Efeelin SpabB PEFREHT B bk LB R s R 28ehS T
separati on hetwtes hidher gabiligry and secondary nodes. |0 The seeds produced

inthe first precipitation step are then transferred to a second vessel
“where a second prEdigyingatuchplymias exrudaserBropaiiss ienelrnossibleovids cenvestionake' ' )

i ff d....S: . i.pi.tat.i |
bot ween. apoiiiitih PlestAERh Bhifisfoes Tk SRAC MeotEBLPUL 5 WD dEE
. preci pi t ati asotitepehaaditioas lowgottesiline vakhddalldse mvada povddishetenglo@asdas W th

incr easing sty ike tenperatur e. In the second 15 prec'ﬂ%i tation step the
pH of the sPERMFEShbulY bRresitaion AaPHaiKRs eArcalsBIPIoYPda

gh@ioprecipifationi t h a

pr eferred r e 1on N tLhgnr at I fads of
Feagent st o THergyie del fledplte P bl hafin 108, o8 188 pGRC L,
very high r esgendllygfsilighommongh empeeinaes) leads aid dgrificabperter?ihedh@ici@bores

cont ai ned al um num per hour per nol of alumnumin the seeds, the total
pore volune of the final alumna will deérease to an unsatisfactory |evel.



20 ~ Both of these steps can be perfornied iri a batch manner, or in a
continuous manner . . . or using a conbination of batch and conti nuous
systens. Wwo@inahi vely, rather than . transferring the seggg, l@;a48£c0N0d
vessel, the seeds may be left in the first vessel while its tenperature is
raised to the desired second step precipitation tenperature prior to adding
reagent ss. | which cmimnonbe eEsarayed wah the nhdlingoprotdsss evest i€ psullieg penditsmsese under
i sothermal . 25 conditigns, .even though isothermal conditjons are preferred.
In all caseée‘feé?rpgr'g’a%ﬂaﬁés obihs &Olecéﬂg‘ﬁf%leacqfu%ly’é’&let RFQSUGS! pe? pauglostage
cooling or Reatdifdoh pREK&! at VRFBRElenfRRtreOireQh FRARE T or
addi tion of Bcol.% vygt gr to E'Ehe 1aI ur?‘ilrﬁjg slrﬁr rrf; tﬂérvgglé 0 tg?heﬁllgrgg%l&ﬁ%?i on

" process. Thersimiaken skmpetupe edueliniise thewdawa pheetrttes isecmile seant afi hant s i n
two stages. 30.Residual suylfate is removed at a pH over. about 9, preferably
about 10; @B SR RsRATE, TE A ES SRR A okALDYa Ak Aot bation PR iog 5.
with a gy el@fiotfithdi@Rgankl A Helifitdion tedBerdfind & ihdBRelURE rééﬁﬂ%&%un‘ﬁha? he
al um na extrudate pore size distribution. Either sulfate or sodiumresidue
may be renpesdudate sxhibithe vadetiing omgefof porti sizashyithake gercentagodf marmpones nat e
is preferred trosrnai setht.he_esl.urr?( 10 Miile nitric aci dé];da preferred to
reduce sl ur P3P PR Eolt " ARy B8 TG UL, FEPRCTHEL H EVER &g Thej WRPEERHWE VB8t not
linted to, ixﬁ@@tse&%xa@mﬂlymﬁn%ipﬁmiw@fétr@sm I WR11 SRGhieARESIvaRthwpOr e
si.ze distribution beconmes narrower as slurry pHis decreased. The al um na
can then bePp&r Yolampyalthougly thenwideringuefeits poe stasndistribaidon woaldoometenevdhat ~~~
O |12/ ~381i &alla /LIS(11 /.~-429 5 which is subsequently mulled and
extruded. The“Wet extrudate is dried and calcined in a ways wel |l known to
those skilled in the art. Characterization of the Alum na of the Present

I nvention The al umina of the present invention has a novel pore structure.
Thi s novel ds characterized by having no nore than 5% of
the total pore v i . ~ (" mRcropor.es:” hi gh
por e vol ume.( or eatepld 80RE B TR bl Al Sy 3 e RS RRT Bohp &b 2

bi - nodal poSeedsodra fermbds tideb widlodefiRartaap@nturd, .21 and flO £atd/ Odntions. The

di stribution in which, Wnecp incremental pore volune is _plotted as a

functi off of \PEpeRatienithcsred slway psdhen nersased thehigher levahi Biceipitatin inssimed -
These two mpdegs af e Nahachitte 288n Lden welladerfnbE '&thi.)‘ Woids @

hi gher maxi rrum.?_hager?\let he }Zegcon'aagynrméle. TEe eplrllgrn%%}g}ban eéﬁg%ﬂ(g?&wn% %S’ are
separ at ed byomditibrsasthedbwutmpraturasstd fyrnzing step inswsesabshatpl P d&fined parefies abl y

between 20 A and 80 ~... The prjmary pore nonde occurs at a .pore dianeter
greater tha 153%%&% bl tB,BP‘@L Eﬁnéff%?tg’ie Precpsipn Sieh gengy %F@Hg]ép‘frﬁ SPIupg 2y e
or by surfacentedi®ahe didmeRRe ofihe PrindrPholiBle present invention, the MPDv is

| arger than the 20 MPDsA. Exanpl es of thgqﬁlore.si ze distribution are shown

in Figu¥es 5 thrdugie Bst gap.absestadurnisiaris prituasch y~precifitatipn doenan hqueens i on
The present _ji,nvention is applic e to an -al um na orted catal yst and
The B eoent AP kR R bk AR PR BIRE S S Bl
apparent rabgnfiseeamii MHBui S0t WAARLa R Bin@ﬁ&% og'afuBHﬁl'%rgrb(L)l}t‘a@ 4 %odium

Catal ysts inpregnated wwth one or nore of a wde varie catalytically
active net ahbmvieitt -tkagents tie predseedofangr cimtanationkof redgants hthatardsulds in the

exenplified, for, exa b he nuneroys jnco rated references benefit
from)t he usgre(‘}fp“taﬁ%n arq%luﬁlhﬁ’é‘yaoﬁ‘y&‘?ge °E ‘fﬂ““flﬁ\/i‘%’iaf?nmqyng? h‘i—f’e‘é‘ongé%ﬁﬂ%f t he

pr esent 3g NV @ghbREtionsCett RhgentsCrbhide, 3t a6 hoSiREPloS aldnifbMAESatR Ol Bmtd
metal s themsel ves as wel | as netal conpounds. In addition to the

cat al yti cal cilosde.jop evensanedcsd intdembinatiah pdthsodiay alhminates o squliwy hpdresideint h one

or nore well-kno r ters such as ph orous, ti ilica and titanium
. (i ncl udi ng 8%1H§%1\§ﬁ%§wﬁﬁoé‘Pé‘i‘+‘W“W&‘i%?ﬁ 3?18? ebag‘tlrﬁlog’fl%?ecéﬁ_si 9‘68’(1?%?%‘?51 HeR al s
are transit degendebatie chetaeetiSibsidesirod il eh3any bRUANE HREL&! 1B ePlenffefitRed/! B
nmetals, Goup VIl netals and conbi nati ons thereof. The
produce more smaller particles and result in the primary and secondary modes of the final
35  aluminaproduct being closer together and, consequently, a narrower pore size distribution.
For this first precipitation step, the solution pH should be held between about 3 and 10,

preferably between either 3.0 to 4.5 or 7.5 to 10.0, and most preferably between either 3.5
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specific choice of netal (s), pronoters) and | oadings, of course, depends
upon the desired end use of the catalyst, and these variables can readily
be adj ust @ yyskhose of ordinary 7 VI1'O (12/-438C2 PCT/ Lﬂc%ﬁs%hﬁlﬁgg 5
skill in the art based upon the end use. As specific exanples thereof
be mentioned the followng (w %is based on the total catalyst wei ght)
Hydr ot r eat i g 4@per 8t5 tn8.0Hy thoatenintrdgendt penipiatedrad/this 16w, temperapreffestabl y
Ni, in an anpunt. | cul ated as N0 /or .CoO .o Mb_and/or W
pref erabl y I%GCII?IW?EH S%%Wesa%l S PELCCRfags 0 th éa 133?18811%%prl96’6cé ifHenses WB
optional Iy BagdRdddre] 86R0iNméBChEteNGcdn 1dafynm%Hé {HTO ikreddbhol @isLObiin al
cal cul ated as P20; Hydrodesulfitrization N /’or "Co, and preferab Co,
“in an anountdeclpa&eét@ pare wﬁumairriht diamgdteasanige aloandﬂlsrse@uéarwmcmlndedeciMses
preferably %ﬁbé R % ca cul atded as Mb03 and/or W3
_optionally P°3 Rﬁl §P% gg,wgglh}w pﬁlé]f‘qfhiaﬂ%\geﬁon A W% Frount up to 10 wt %
cal cul ajed as P2 (The%@eddmilécﬁﬁsmlt 1k Ifigdt ipRidipRiatibP Sap ke thén BAERFede a sBifld
preferably including Ni and/or Co, inaii amount  up to 5 wt % cal cul ated as
Ni 0 and/or @gsehsh %fﬁGﬁ@?ond\Pr%?P@ﬁB@aﬁlegplmqum%Iﬂe@mwasa jstrike”2 6 effected.

I cul ated ag M3 and L.
' an amount Uy LanBBeGeY Gy s Ramy B ntoy B3 kSt i0u d Bniebaal or

Co, and prefggs@b any Co0
Mo and/ or W%p?'e:‘nei? glbefgﬂrél\}/lb@&lpn an@goéggen%&agd ecﬁ%ﬂaﬁﬁ&ﬂ @éa{% fﬁmpdgydtﬂas%&

and/ or W3 3Rtrogt¢ amadel whith awrcbapesetvith dhdrgasinge btuidte rigmPeratune. arin &b wadondp to
6 Wt % cal cul ated .as P2 ocr.ackin and/ or and, prefer

an ampuft uPrECPIELGR Sféa%m%{é%e ﬂEITKIF}B)%&Ha?rﬁ?m@b‘?d%ﬁ’&ﬁaﬁbﬁm\xﬁn‘ég@“é}labl y
Mo, in an arpuy 1la‘i%r1te91 eWr8.3% 53! QuliligdoRen Méqgte@f‘&jdc@ﬁ nvg}‘:fe&gg‘fs%]ﬁﬁlﬁl y P
and preferably includin in an anount up to 10 w A)c cul ate

~' ~'0 02/ 38@@ ham/bw(fqund dlthaagh 5 lﬂ-lymegtgémlmt|abm¢rydugbtﬂagemmidﬂtlpnaatds
preferably enation i n._an.apount
o tor 5wt avediasaliapEa ghAmRlc; fonlfibet REHSRPAFDM Rl haiToiRafe " and
preferably Beeds! thBhothiNpdie ibiufa b et fal Auamnel WET dethbeomhiibatidiorReevand/ or
Ir, and/or Sn, in an anount up to 2 wt % cal cul ated on an el enental baS| S

| a Non- Mydr ot r eatBoth of t@ﬂ&g@@pa@and?@erfgmmlhzéwiCbrmae)nmblrlaamentamouamarmer
preferably t] anot her. nobl e rmunt
up to 2 ~nrf>E o}%{n§| cqutb?n on gr? aeh er%dt mﬂ%%s Y 581%511§A‘1m%g§§’ I{ft% ﬁ Co
and pr ef er ahtayisfdiringithe ggedatoniatondovesse], 5hé¢ seells @Ay 68 left i0dhabrsiNvddsa Rdfilefits COO
Mo and/or W preferabl Mo, in an anowit up to 20 wt cal cul ated as MO03
and/ or V03 6?5’(1P“6'f‘farql§msedéﬁﬂheﬁieéﬂé4 sespRd stmmqelpﬁgthm temperfiTe U addingo 6
wt % cal cul S Y, r e
suppor £ 5. wi (e TG (el MERSES 1ot B el RERY G prtort B SO0ALL ARl
dryi ng, 2sul fconditignsy esi¢o thosigh cnsothemlga]sd:cmﬁmoas areegnefmed flarall tesesaeptpemturat e

end use. Such c taI e at'ﬁqm gne II-Kn{g}%e to those of
ordi nary Sklcppr %8 aF]S‘ the use }q qrdigatng JeretRIpRE SaRtrol of
previously kRCRLBSH éBferhRfEECAERTN ANDId Wath ey ndelighin ey ﬁﬁoﬁqﬁ Bﬁbaéa o

reference theret® or numerous ot her general reference works avai
t he subj ect precipitation process.

The strike slurry product is then washed to remove contaminants in two stages.

30 Residual sulfate is removed at a pH over about 9, preferably about 10; residual sodium is
removed at a pH in the range of 7.0 to 9.5, with a preferred range of 8.0 to 8.5, so as to fine

tune control of the alumina extrudate pore size distribution. Either sulfate or sodium
residue may be removed first. The addition of sodium hydroxide or sodium aluminate is
preferred to raise the slurry pH while nitric acid is preferred to reduce slurry pH, but any

35  acidic reagent may be used, including, but not limited to, acetic acid and CO,. Extrudate
pore volume decreases and pore size distribution becomes narrower as slurry pH is

decreased. The alumina can then be partially dried and extruded, or converted to a powder
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25 30 Catalysts Tailored to a Specific Operation By appropriate adjustnent
of the processing conditions used in the production of the alumna of the
present iwWanRikan, the final por a size distr ibution of g ahpiisha
support can be tailored to a specific catalytic application. For exanple, a
resid HDM catal yst would require a high pore volune, a high node (around
200 ~) and avhichiis bybsstaanplypoulkedsing extdidetr ﬂbqwebmtmalateriis dhedaml dateirmdhineved
with the alum na ﬁi(lncrlt% ﬂlin kEEéa Ig 2, the PSD for 35 which is shown on
Figure 6. WHEH® &8 &"REH 'aiRa87 i Cﬁ%t B8F) for 2 hours, such extrudate had a
pore node of 204 A. For an application where the catalyst is expected to

~perform9 WO 112/.138(i2 PCT/LIS111/~~~29 5 well for both HDM and HDS
activities, Qé;_mtemzatmnmﬁthc Alusiimh o thetRyesehelnypetigm Exanpl e 4, the PSD for

B N R e e 8 L
(seconday y RBE@IreVi® uhﬂaamydddﬁy E gsw Ifn@feethaﬁ 8% HE®E s&al port QoREleURWBred hi gh
enough sul fur renoval rate. exanpl e woul d i nclude any

ty
appl i cat i on gveer @amﬁéoeﬁe@‘nwé@pp@adt 3 bgp pgretvohunef &5 ithenj (b ¢cégimeasuysd b
stricture s 0
woul d provi IgEQ %“ﬁg 1%@3@2% gglul}l cgogge%}gn\% Cziilg\#tl] bgnglé%oa?]%?%l en%cf!:() ! \Aﬁ‘ﬂ mé
m ni m zi ng distribisioarinlwitich a\t/h@ﬂmexfehﬁﬁfal yore tdlempris miutied e defundiish Js&elawe
the feed the larger the npdes would need to be. In the case of a lighter
feed such adiagmeidethe pgsalting fﬂlh@élonéxhlbéwoap%mabEbw@éwwweﬁ%Ch%epé@nmém d
be soug 0 01.
The porggtst?lgg a&lrﬁge @?hﬁﬁ{%ﬁo?@rzggl}% %n |é]%1 P& ﬁg{élﬁetg?‘%?gel §e?§1ﬁ§r?ﬁg1r?gig Z:T%iltéal yst
stability i IpﬂmsamhmoadfilblenqﬁfeedMepalatedd@Uﬂdefﬁ;f ablaadii Aabd bf as smicheseased

pore dlfoSIOI’l | i nut ati_on, Hydrotre heavy gas oils, including tar
sand deri vedbgE<0 Bﬁ gref?rgblaﬁe%ﬁﬁp %é)ugehﬂé? RHEYY POtP IER‘if‘rﬁﬂcB@ atrpore

present inv Hh the
fol | owi ng sggg‘c’? e?%}cﬁiaigﬁr% ﬂl@\ﬁﬁdgﬁ%éfee&%é%t\??ﬁﬂdmg)) &ﬂaﬁé%ﬁrp{ﬂ rqgl:al}hoe nd?and
not |i m tat ibyrsu@Bed érea.edh theexdamplasofthd praser&xavmitlendmsMPbess idngerphaap‘éxeatl on
of an aI um E}gmﬁf the present invention to produce a hydrotreating catalyst
W th | Hirtial activity and stability for processing 30 a gas oil -
derived f r om tar Ei(@ﬂx?les%@@h d4sbrOfiz¥@isRIbuAbA afe sh8wRfin RIFuBGUEAHYASQ! Uti on of
alum ntun sulfate (8% contained A1203) were added to a sti rre§ tank. The
tenperature was brought to. 41 C. .The same al um num sul fate sol ution was
t hen added nt1 uslylfor 8 tes tV ate of 1.4 kg/nmn, while pH was
brought to &5 art-traratared it ie rahge of 8.3-9.0 by addlng an -

The present invention is apphcable to any y-alumina supported catalyst and is

25 particularly applicable to those used in applications where the apparent rate of reaction is
at least partially diffusion limited. 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 benefit from the use of
the alumina of the present invention. In the context of the present invention, "catalytically

30  active metals" includes both the metals themselves as well as metal compounds. In
addition to the catalytically active metals, the catalysts may also be impregnated with one
or more well-known promoters such as phosphorous, tin, silica and titanium (including
compounds thereof).

Typically, the catalytically active metals are transition metals selected from the

35 group consisting of Group VIB metals, Group VIII metals and combinations thereof. The
specific choice of metal(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
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35 aqueous sol ution of sodium alum nate (23.5% contai ned A1203), while

mai ntai ning the solution tenperature at 41 C by circulating cold water
through tQ{e ARk acket. The tenperature of the resultingpghiishy48s then
increased to 60C, with stirring, but no to w0 (12/38& PCT/USU /-t~-429 5
addition of reagents. Reagent addition was resuned for about 50 m nutes,
whi | e nmai nt skilliimghetabtdate@igpenalid ead @satA s6 pecifiy exaimpdes thdreoigmagydiednamsitoeed thiar ough
the tank jacket .an i.ntaining pHin the r a nge of 8.1 to 8.6. The

resul ting s?‘ﬁﬁ"“{}n%g‘ﬁrtn[g’i‘ﬁ asegt%glﬂg"é’.taécﬂi egVeigBdut 14% of the total alunina
had been forned gdiMrdiRGrihbOpbf@shs Pr ecipitation step. The alumna slurry
was then filtered and washed, then spray dr ied. The powder was to mull ed
“with water, pridgdrodengtrogamiation ontiand/onCe.391 medferablyd¥it mpdethouniruped 7awt “450C,

and cal cined at 593C (1100F). Properti.es t udate are shown in
_Table 1 and the pore size di stricglﬁﬁiaﬁ?ﬂaﬁgﬁéﬁﬂaﬁr?‘ﬁq:i gure 5. The extrudate
was inmpregnated with a typical ageRis WepRlfersblly Wb R an bodhi@lpdo 35 akal yst

cont ai ni ng 15. 5% nol ybdenum 3. 6% ni ckel , 3. 8% phosphorus. The i npregnat ed
catal yst was dried and cal ci ned calculazd@s Mgdynd/orE015 properties of the

ahuni na extrudate corresponding to this Ex e jven_.in Tabl.e 1.
The catal yst of Exanple 1 has aOBﬁ?rf?QP?’%(gpgr‘g%fabb%&lgﬁlg%’gleaélgﬂlgg?g}%ﬁ%de of
103 ~, a total mercury pore vol yoBwvtGh cQlcdidedasPgo; Wi th only 0. 75%f the
pore vol une in _nmacropores (>350_~.), and a nitrogen surface area of 152

n2/ g. Conpar at Hydpdesulfusiastme ofNigndier o and nrefers ingAn aEnauat ysto SWEs o f ound
to have,a primar y node of 121 A e of 100 ~, a tofal
marcurybpore vol une of 0. 445 ccfalc@ﬁa%aagﬁﬁéﬁa%o the pore volune in
macropores (>350 ~) and a ni tr oQdmasdisil We eredigralely Oflo, i 4n adflognt uptte 36®itdb
content of this conunercial catalyst was_13. 0% nol ybdenum 3.0% ni ckel and
3. 2% phosphorus. 25 Exanple 2 THK# u@%ér%aﬂ\éo%@@{qrb @3the preparation of an
alum na of the present inventionwherel i LKQidPTRER used
to pr oduce an extruded support%ﬁaw %lgﬁgalﬂq%hﬁgdﬁ{n% le&g ﬁart?‘}cﬂtﬁhgtr yé
useful for producing catal ysts florwti¥ydalodietedtaalPh@ii on 200 kg of water and 5

kg of an aqueoys,sql utign.of alum.nu | fate (8%.30 containe 203) were
nded 1 a st Erendeteliite e npurTIND AWt obneregny RN o

al umi num sul fate sol ution vas t eiAAdRBuEARIHIURYSNlRid ARiTLAYLAS@L  a
rate of 1.4 lcg/mn, while pH was brought to 8.5 and nmaintained in the
range of 8.3-8.6 by sinultaneous\yatoli Wg preferabjyddeisn e bomoimeirapad 26 odi%am

al um nate (23.5% cont ai ned A120§%Y Wgeldl e i nt i/ni\ggﬂthe tenperature at 33C
by circulating col d water throudAPREIEIMOIEUAEP: The tenperature of
the resultilig slurry was then iopg6@aSPIaidpferdbly ielulditilH, if dndghoudiiip tHO
addition of reagents. Reagent addition was resuned for about 40 m nutes,

whi | e n&f ntaining the tenperat url® vdt%galcdapd asiPe@ul ati ng col d wat er through

t he tank jack . 02/ = '%%h'l ' ion the
range of 8.2 tegy@l.ag?&‘%ﬁsémé/\gsul tﬁﬁ;% %@ﬁ?%@%ﬁﬁaﬁgﬁ aﬁ‘?& .&%f%o%.}gmout
29% of the total alum na had beealchlataded NlOrand@riCo® first precipitation
step. The alumna slurry was then filter ed and washed, then spray dr ied.
The powder was nul | ed with wat efo gadier W REpfera N%’dﬁtaal"‘ﬁ’ioﬁ’@t‘%@/@éd?e@

extended, dried at 150C, and Ca'cﬁfcﬂ%ﬂ:d%%?%%rﬁ%%@y 10 Details of the
ate dis

pore structure of the alum na extru closed in"Exanple 2 were
30 optionally P, and preferably including P, in an amount up to

6 wt % calculated as P»Os
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 %
35 calculated as MoOs and/or WO;
optionally P, and preferably including P, in an amount up to

10 wt % calculated as P,Os
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given in Table 1 and the pore size distribution is show in Figure 6. For
an HDM application a cal cination tenperat<ue higher than that used for the
conpar at i W@ @xagml es in Table 1 would be preferred. Wien ¢ghficifduss a
still noderate tenperature of 871 C (1600F), the alum na extrudate of
Exanple 2 has a primary pore node of 204 A, a total 15 nercury pore vol une
of 0.95xc/g with only 3.4 % of the volune in nmacropores |larger than 3~0
I~. Exanple 3 This exanp)e describ t he preparation of an alum na of the
present inventﬁ?ﬁ 'Oged‘a?gg)pr oduceaéloﬁgd?‘ﬁ@lr at PrRETADAY Bt it 1neembinationvih
niitial activibyanshRb@l |1ty R iPA0AASH 0910 WRbs SARadEbh UadIdAR LT | -
In this exanple a | ower seed tenperature Is used and the anount of seeds is
“increased conpared to Exanple 1pasin order to obtain a sharper pore size

di stribution wth a smaller separatjon bhetween_t ri nary and. secondary
_modes.  Such c\gfi{g}fg%’ngore st ructaﬂi‘toyeir%etana El'ﬁfeﬁagﬁi’ g@%ﬁdﬁ&%‘“&’&?a‘t“ﬂb‘mae
presentgd in Exanple 1. 25 200 kgo@f: WHIEMmeaNSush RY /R, ARHRRUS, $OLHTI ON
of alum num sul fate (8% contai ned A1203) were added to a stirred tank. The
tenperature was brought to 34C. afeuntsupte 2aviitvicaleniased dradreclsmentel mmiswas t hen
added continuously for 12 mnutes at a rate of 1.4 kg/mn, while pH was
brought to 3.8 and maintained in the range of 3.7-4.1 by sinmultaneously
addi ng an aQNRONGdrs@kdiink Wheddticr9di um ahuni nate (23. 5% contai ned A1203), 30
whil e maintaining the tenperature at 34C by injecting cold water in the
slurry. The telspagazaiios of the easbletneigl, sndpreierabdg Pt ordh in pombiastéeh wish61 C,
wth stjrring, but no addition Qf rea ts.. Reagent additign s .resuned
for aboLgt’ 50 mi nutes, while mai ﬁ?%tﬁ?ﬁr%gpetrﬁgtaﬁgh%b?rﬁ? élpé%?b%%i%“ﬁ?ed
injecting cold water in the sl uph¥nansheiiil Bisd Ning pH in the range of 8.2
to 8.5 . The resulting slurry contai ned about 6.3 35 A1203. About 34% of
the total al un¥idss Redcseen for mbd 28d(pT Ge 2nf ereferably Niriaanpmonniupio§vg3s The
alumna slurry was then filtere , ray dried. The powder
was nulled with water, produci ngalga%‘e%ggﬁﬁé‘f’%ﬁg@g% wat er, extruded,
dried at 150C, and 12 WO U2/ M3&{d/& WCiretishbly Mdl-idaR athobntapl te R0 ed %t
593C (1100F) and at 482C (900F). Th]g ﬁSZg (900F) extni date was i npregnat ed
with a f&pical aqueous nmetal soF#fwaied ag H190:And/ss WQt al yst cont ai ni ng 15. 1

ol ybdenum 3.5% i uckel, 3.7% phgsphaiidieSand LR SORahe® 3k

dried and cal ci ned at 800F. The %r ope?t'f%r}s-gc%?feta@ 1extrugafe c}?lréé{it%?% 3
are given in Table 1 and its pobevidhzalchldtediasPsO®bution is shown in Figure
7. For the chosep catalyst application, the alumina extrudate was cal ci ned
at a tenperatur e%B'fg’h 8%?15'5@(5‘6& E{epﬁrgﬁ)}}yelp@lggnﬂ??g&@s%@@ Wftﬁig@ﬂ?mﬁp“ate
secondary nmegfpedentsl HilowrAbyd afibhd @GR a6 RAdIAYL and@ér Edifing TREs &dleghiY&t foPf
Exanple 3 has a primary node of 160 A~ a secondary node of "1 30 ~, a total
mer cur y2por éhe/apiensiags eml useoSuely eptalytipieraration0s govaslly wellfopen volthase of n
macr opores (> s itr [f,ac rea of 154 Lg. EX le 4
Thi s exanpl STty ks B Aeld BNRL SRR A8 BiiRetptytulg ) Rompat®

i nventi on whefeentessaridarthardetapls oty oe tadiby tefdveidd.thekbie o hgfefout eMBLsAkHI €S
for both precj pitati?(g ZQH%teps result in a higher. separation of .the two
modes. 200 Kgferense waiks availigleondge sebiedn aqueous sol ution of al uni num
sulfate (8~0 contai ned A1203) were added to a stirred tank. The tenperatur
a was br ought to 45 C. The sane al um num sul fate solution was then added
cont i nutus| Wataystsl BailvretlitbesSmtife Optraionf 1.4 kg/ min, while pH was brought

to 3.8 and maintained in the range of 3.8 - 4.2 by 25 sinultaneousl|y addi ng
an aqueous sol ut PIFPBTOPEALFAHstmITY ﬂ? ths ProcessingsopndBipns Perdan eaueguctighiof e

mai nt ai ni ng tﬁé’@u&ﬁ%@ﬂﬁ?%s@nﬁﬁ\%eﬂ?ﬂlg tRYfil [J&léls?zts NGt of\ftﬂﬁﬁfurﬁiﬂe{ éﬁgg&‘tt he

‘tank jacket. The tenperature o resulting slurry was en I ncreased to
70C, with stcan b¢ tagoreduo anpecificicatalptic afplicatanpent Sor Geapdsta rasid IDMrcatahgt

i oot g catamaare 4 HEE R uplirie, 1 R e S AR e Pempe of

8.2 to & 1 (sifiskioll whigh Bsh RHchiBvéd@kh 12 AARina JQErb&SH Bk hAP1eSN@ELPED for
cont ai ned about 5.6% A1203. About 26% of the total alum na had been forned

during the fwhichsis shpvecirpfigaeitoWhsh egcindhat 83 YO 16Q0 W) dordhones suchentrhddid er ed

and washed, then spray dried he powder. was nulled with water, producing a
m x cont ai nil??gaé@‘f)éo W&ﬁ%?fi%c‘%‘f Eﬁi“e@i1 apg lFaé@néYshei%@@Fat@gS@is gEpecipd tggartorm
(1100F). Properties of the extrudate are shown in Table 35 1 and the pore
size distribution is shown in Figure 8. 23




V1-' O 02/43R(2 5 Table 1 Alum na Extnidate Pore Structures to PCT/C,
501144429 Exanpl el234Hg Pore Vol unme (PV), cc/g0.910. 950. 840. 940f PV in
pores of igamRL&pr > 35011.82.51.52. 2Primary Mde, ~. 14716839468 4488condary
Mbde, h10012011593MPDsA, ~11615313l1 113MPD~, A129I 571 36139Sur f ace Area by
N2, m /9242227222258 Exanple 5 (Conparative) This exanple conpares the

per f or mahce vl fonbotbddRMysxIdII0S attratips, @ perd stivotensimdlar ghé nsd intHraimpdd 41 he

i al t . dt t al t hydr odenj t rogenati on_ of a
heavy gas ofhe PEBIBEBITIE sSSP R Red HA AR gEE W I LR ey QPR ¢ ar
wand. 15 ~ Th&le)rRRET hlo®RleQhe hgﬂe§saf§§9?ﬁ)lﬁrz@tigi't%evﬂlilenthg @fli&hﬁH%ﬁqucaﬁ%@éHﬁhgryOf

the catal ysts from Exanples 1 and and of a commercia al yst "were
“used to tredrodgwuldgudvidghstsuiasedired wavsssarsrte aghibvepiliigh hoaurghl sylfepaceval
velocity of 1 hr-1. wth reactqgr tepperature for. the firs 50 hours of 375C
ol Toved by 06 st bl PRtk b B RC At fapbliopsfavishS be st fitions

t enper ajur e diffigdiod BRitt@ AQpHUactaR¥iMIN ©IRPK Dhhe RID FhewRRA & $3vnQh
Exanple 1 was fowid to have an initial performnce advantage of 5C over the

comer ci al dagwE s twoulthgravideadhe neaegsatie shifpee aga evinthe s@udafy mhde vdfilet he

conmmer ci al t al yst . ..1he al_y Ex | e. 3 was found .to have an i.nitial
per f or nance%glh\f;rg%ﬁlggdelpﬁc}) 10%@%{%515 Fﬁjgacvé%ﬂ%rp@f%?ly&%q t ;1@1 Degier ﬁ‘eatg‘fq ihet y
decline rat aged the 22eofvoulibhiecafto bhbe 16 GI®RES bk ligRbAT8 kuct?® difsel HIYS, a
U2/ -138G2 PCT/USOL /.1-4.129 Table 2 10 Properties of Heavy Gas Q| Derived

from Tar Sarf@abeinsspaptionhetweergbo swumpdes woirld begoughty grdithe Rritrasyy@adewoukip

328, . Basi ¢ Nt 38N gkel , WopnD. 6Vanadi um W ppn2. 4AMCR, wt.
9. 1CS i?sphggletséﬁg?% %ﬂg@%i_%f%@lm&he Nunber 21. 6Ar onat i cs,

Wt . Mbno6. 51Di 5. 6 MTeipbressticturast R Tavatidi i 8a8d dnefitial fo@Rharick Bhtkiyad B8ty
%7710 %30220 933730 %86540 938950 %1360 %3570 %5780 %8390 951795
UB46Fi nal 631ngBIEHIEe te presiepunant Fansy offgagtivakign: 1acrersed por dETusion listiagianat i on

of an al um nﬁy&%&reﬁfﬂg&{?ﬁ%@ SEIL iﬁc'i'%ﬁﬁ% fa%hnti%ri@edig\ép%)ﬁé”}&s %e%g?np%iogp&ﬁi ned

with a single step Is precipitation process. na
al um na, theemseare equi pnent, same geonetry and m xing 15 WO 02/ -13862
PCT/ USO% ~~~29

‘Examples

The present invention as described above will be further exemplified by the
following specific examples which are provided by way of illustration and not limitation

25 thereof.

Example 1

This example describes the preparation of an alumina of the present invention to
produce a hydrotreating catalyst with improved initial activity and stability for processing

30  agasoil derived from tar sand.
200 kg of water and 5 kg of an aqueous solution of aluminum sulfate (8%
contained Al,O3) were added to a stirred tank. The temperature was broughtto 41°C. The
same aluminum sulfate solution was then added continuously for 8 minutes at a rate of 1.4
kg/min, while pH was brought to 8.5 and maintained in the range of 8.3-9.0 by adding an
35 aqueous solution of sodium aluminate (23.5% contained Al,Os), while maintaining the
solution temperature at 41°C by circulating cold water through the tank jacket. The

temperature of the resulting slurry was then increased to 60°C, with stirring, but no

10



5 characteristics, same flow rates, sanme alum na slurry concentration was
used as in the process of the present invention. The powder was nulled with
wat er onl wd @spepti zi ng agent), extruded, dried and cal cigegd;@t 098 C (
1100F) according to the sane protocol fol I owed for eval uating the ahunina
powders of the present invention. In this particular case, the

preci pi tat i additienper reagends. i straeblat adﬂeﬂlqn wbdemﬂnw) forbeut élentnmx@ evttifeudat e
10 exhibits a.shar |m)dal |zed5tr ItI as S 111 Figure
10 Chut t he A pihe Rt B G ASeBl He FAGR Pt Of ek dadEiannt §
0.73 cc/g). n@iﬁtﬁ}?ﬁﬁ‘% PHGRIRPRIBE 'o‘f’%)l 8. gh'ﬁe‘?éﬁmr%ESIQ@? %Bﬁt fned E?B&lt §:3%
preparation of an alum na not "of the present Inverntion’ obtalne

" single step AlsO1 h%hqma[l4%roéﬂlepbvtabeﬂmnmarhladbmsfonmwaMmg Ititerfu*mmmgntahah btep.

t enperat ure. pre as.in 6 exce t recipitation
_tenperature %ﬁésaﬁ@@a ngyrv&s ?l} ﬂﬁergg(lapge@?]?deﬁmnbﬁpfag dhhﬁli‘?gi’o"[’ d3Spor e
vohune han il vt FAeBlRuInEQ RIRRSHH R WAl s UL 1688 2uriC/ O)

with a binodal character’simlar to t t he a um na 09 I's i nvention

as shown i n cklcgiedat R3°EXAMICE). @ré}@rmwfaﬁd exendatd arbishowe kehgblel siebie E@@S t he
preparation of an alum na not of the present invention obtained wt

single step s{z8 stiste PN 1Srﬁﬂlé‘é’PﬁPtFa$Lll?)ﬁ prhscedmdate was impaegaiegriith a typical
precipitat i gp HEERRIAIEof: 19l b A KRB BSRAL 39 52 s@b‘mo RomS R, £eb SaEPt

t he precipi t7on erature tr dat’e eX

hi gher total3. w@paosphbmﬁmehamrégmaﬁed@éta&&ﬁmldelea aﬁ@cd!aﬁédmmzlmy(somume
intrusion (0.95 CC(ngh with a binodal character simlar to that of the
Si

al um naldf (PRPRETHES ahning extresiate qmem@dm@t@thls E@mfe}welmwopr@%el
v T ound | niseRilb B ERAAANE oinE RO B THY A KaRiard iRt B2 Mg

char act er i notaheneparre pﬂharveltane o8 rge9cote/pnivithesdly (0.7840f HRSporehedlumdlinA)
but the prinmary node peak) was the one _corresponding to 35 the

| owest por e RACKOROTEH( gi‘% %a@%mgfesw:fa@ 3P e 15 /2o el az@nple
Conpar ati vey 5T X r r of

'Ehem;r esent %l)fnvvg%?lkgn ob%lgln{r%g%&l g Pf%tt‘%lgnig @@t%e%ﬁﬁmﬁ%ﬁﬁ pr eC| pi atl on

process2@t acccadgrymode cpfrlé)ﬁu&lattatail nmdueyrpmeazbhm ofl 444 aerg with walky. PO%pHT ed

as in Exanmple 6 except the reC| n tenperature_was 80 of
The resul t 1 BB ORI b SAGRRCED D A BeSuuERes Rsearip due The
exhibited a mamen&ﬁiﬁitm@e&ﬁm\éf&aluﬂmy%m 15134 iy AR, £0% o IS&Hd%dv%
mercury intnsion (0.82 cc/g), wth an even hi gher per cent age % of the

pore vol une phosrthaiused i n macropores (i.e., greater than 350 ~) and a very
wi de distribution of pore volune. 15 17 V1'O (12/-438(2 PCT/LIS(II/.1~~29

25 Example 2
This example describes the preparation of an alumina of the present invention
wherein a high strike temperature was used to produce an extruded support having a high
pore mode, particularly useful for producing catalysts for hydrodemetallation
200 kg of water and 5 kg of an aqueous solution of aluminum sulfate (8%
30 contained Al,O3) were added to a stirred tank. The temperature was brought to 33°C. The
same aluminum sulfate solution was then added continuously for 20 minutes at a rate of
1.4 kg/min, while pH was brought to 8.5 and maintained in the range of 8.3-8.6 by
simultaneously adding an aqueous solution of sodium aluminate (23.5% contained Al,O3),
while maintaining the temperature at 33°C by circulating cold water through the tank
35  jacket. The temperature of the resulting slurry was then increased to 81°C, with stiiring,
but no addition of reagents. Reagent addition was resumed for about 40 minutes, while

maintaining the temperature at 81°C by circulating cold water through the tank jacket and
11



5 CLAIMS 1. A catalyst support conprising an alurnina extrudate
characterized by having: no nore than 5% of its total pore volune in pores
having a gigyrs&,» greater than 350 ~; 10 a total pore vol l,;@e,l%g@h% t han
0.8 cc/g neasured by nmercury intr~.rsion; and a bi-nodal pore volune
distribution having a primary and a secondary node, when ein the primry
nmode exHi bi mxintaihinghed imthe rmge 0HAA toHH2. s&homcﬁahmgmhdaz coriaingd aboat ¥.546d

secondary e out 10A a as.much as
about 20013%???% %@Hﬁﬁqf Bg‘ﬁ%gﬁ&g‘n&@égf“ibﬁ&? g duipg gﬁél%tlpl ’rpetﬁ't“é?sum'lan
the nedian prieeigthamed@iy wayidn filesad 64 dbstacineha ra9>ﬂlféel ggva}{%’vaaé or
by surface area ("MPDsA"); and the MPDv is |arger han the MP 2U 2.

" The cat al ystmulggpathtwasér, Dtoadiieing a whig centainitged3pewetenteagadedf dm@ifaﬂS@‘tﬂ,en&ol unme
[ [ ' reater than 350 ~~ is no nore than 2.5% 3. The

in pores havin di anet er

cat al yst SLPﬁlﬁ%es Q%ga(&m(%:?/\her ein the primary node occurs bet ween about
" 25 100 7 and abo t he
pri maryloand secogjggar%gg{rglge’érees}-@&ggﬁlﬁg%ﬁgméﬁ%%ﬂ l%gélsggoggh %béﬁﬂ Gbout

801. 30 5. AiveatinlTeble tamirthsipog dre distrivwios ic shidwy i EiﬁukemaCHdr\a@ HBtMll
selected frommetals, netallic oxides, nmetallic sulfides, and m xtures
t her eof and®Plcaton i‘/%ﬁl‘nﬁﬂfﬁwmpﬁré‘h"bﬁ?}iﬂgheﬁSlaaﬂlaé}‘ﬁljnf‘ﬂé eSepgERsyeexamples in

characteri zqdyRy, Ravidngs Pﬂ:?% g%l%eqa&lér( éloé%z{ Etﬁbhﬂ)tdgll telof%{ngbela%g%?nzrf @Ores

having a dianeter greate olu

di stributi omGmW)Dmealmﬁina&kwu@wo@mmﬁﬂay By p@t’@lﬁ@ﬂé\omﬂ LTd 13RI Y
node exhi bits a higher maxi nrumthan the secondary node; 1s w0 02/.13812
PCT/ USF 13 / ~mepeury pore weluped oflS cafaivideonltiddr’p ofthd asluaean mepraperesidrdoythan

| east about 339 and by as nuch as about 200 ~; the primary pore node occurs
at a pore dianeter greater than the nedi an pore dianeter ("IVPD'),

cal cul ated either by volune {"MPDv") or by surface area ("MPDsA"); and |0
the MPD~~ is larger than the MPDsA. 6. The catalyst of Claimb5 wherein the
percentage of total pore volwne in ¥nplgdi ng a di ameter greater than 350

o ot S A it D SRS DI
5 wher etn t peodoca miydyotaasmimgemalydml?h mﬂeel;edaﬁmamﬂahlﬁmﬁtbtﬂyh@%m@@sﬁb@Ut 20
~ and about 80 ~ cess .for ing a catal yst support corrprl si ng:
a) precipi tﬁtt?rnﬁngééﬂv%g?f{) €’E Z Fl?‘lbﬁi‘%lﬂnaﬁc?u@éi"ﬁé 3¢9 TehpeRtuEs 1y wssdend dhe ot

| east one syg re. of
bet ween about B%Ig%?g%gg esggﬂ?ééfe}%%&g?%g? ?b%/%}) odugl?ﬁﬂgggegbha?{r@ﬁa%%%'g %géfjm ng

t he tenper adisirdugibn with s$maltey S@}mrev;lomdmtmeatthn primayread sbchmdanysm@tlesn Sge) , but

bet ween about, S ents to the I eby

produci ng a® tfﬂﬁ’% %nﬁg?rlel% g’ﬁéﬁ?ﬂg tﬁﬁgnesf’lﬁf‘w c%‘ﬂ’é‘BE’ fn {c) to

remove substanti abd k adﬂwaemmnsngg r&aﬁe@ﬁouﬁ%lﬁoﬁwhmﬁnﬁm swEsRe@Y,

slurry, thereby form ng dried dpartl cles ) fornzing the dried particles
1

i nt o suppor eongained Alz@s) weliedddad to aistired tagk.t He temperoture wasrtrpughe®.34°C. The

same aluminum sulfate solution was then added continuously for 12 minutes at a rate of

1.4 kg/min, while pH was brought to 3.8 and maintained in the range of 3.7-4.1 by
simultaneously adding an aqueous solution of sodium aluminate (23.5% contained ALQO3),
30  while maintaining the temperature at 34°C by injecting cold water in the slurry. The
temperature of the resulting slurry was then increased to 61°C, with stirring, but no
addition of reagents. Reagent addition was resumed for about 50 minutes, while
maintaining the temperature below 61°C by injecting cold water in the shurry and
maintaining pH in the range of 8.2 to 8.5. The resulting slurry contained about 6.3%
35  AlOs. About 34% of the total alumina had been formed during the first precipitation step.
The alumina slurry was then filtered and washed, then spray dried. The powder was

mulled with water, producing a mix containing 65% water, extruded, dried at 150°C, and
12



10. The process of Caim9 wherein the seed particles are predom nately
al um na 35 hydrate. 19 WO 02/38& 5 PCT/USOL/ ~~~29 11. The process of

G aim9 wWigy pisdhe seed particles are converted to ahuni pariygiads prior
to (c). 12. The process of Claim9 wherein the reagents are added in (c) at

arate so that the 1 o ratio of the rate of alum num conponents in nols/hr
of el enent ahalainadianﬁ%%ﬂ)ﬁltlé)b?féchnﬂmmmc 1(9)0(1°E)3 Thert & °of (et eirertradata agi num

contained in the se gartl cl es IS gre than a ut 5.5. 13.. The process
of aim9 \%E‘ieéi’fﬁe‘f‘&’)t astyE}é? fAEHFRY nileﬁa 6?0 gigudp 5é atqq@h@t ptgipingd 5.1%

circul ation  gfiaslir Y50 LRkdesob, %ﬁb%h&‘%é S¢he Hﬁlﬁﬁeoﬁﬁw r#Pw%?'dﬂee( efge! -

- 14. The process of I'm 9 wherei reagents are so al um nat e and

al um num sukélained aQSDOIB The process of Claim9 wherei n (a) is conducted at
a tenperature between about 25C and about 50C 16, The process of Caim?9
“wherein (a) is cohapipericsel s cxsudain eidrrywlebusearn m&lﬁ@ﬂa%%pore sizg 17.

Th t 3
and abolt - 16T BAT AR AR Mgy Pol GRHEREH cRbiS: BOhRuBE HESRRREY
sel ect ed fr erwra@jatd@hyebiingdint albonperdutz oﬁfbdlyeﬁn)OliF . §Eelda(fbrlbiar§bmbd\6@ﬂﬂ2@bgu'[

7.5 and about 10.0. 19. The process of C aim9 wher i s conducted at
a pH sel ect édeqongsry aodeex Wb aaéaaﬂrf@e@r% °§%aufg Ih@caé#ast@)f Exanpedhaabout

goﬁ dﬁ(r:]'?egb I():%itpél%%a?% n?b% 2% 168- tBT aRb go%ﬁg% Iﬁgde%taij@g %glg%lér}ncé@ m?engol 1%}3 o? and

Fent vedsé pr ocess o erei

(c) are con@uned/g, withtvalypaoes RS @bre \2)<Illme WOnbbrdp@8£2-3B 00T abiSh/hitrogen 429
22. The process of Caim$9 wherein (a) and (c) are perfornmed as batch
oper at i bns. svriacepres olgddRdg.of C aim 9 wherein (a) and (c) are performed as
conti nuous operations. 1o 24. The process of Caim9 wherein (a) is
perfornmed as a batch open ation and (c) is perforned as a continuous
operation. 25. The process of C ai m Exhmpleidn (a) is perfornmed as a

cont i nuous opera on and ( g perfoi.-~n d as a, batc er at,i on,
The process of d élfsrﬁ eeﬁéﬁcﬁ ¢ t; ¢ PLEPREHIH ymina;Qf %P%Wén‘ﬁ@ﬁl%en
about 50C a%eﬁ’éﬁ?kﬁed@%e ]%th?c%d aﬁ%@vﬁqo?ﬁéﬁwﬁér tgnﬁélﬁlu?es fﬁp%tﬁ'p[bc Oplfaﬁ))n' S

conducted at an essentially constant enper atur e. . The process of
C ai'm 920whestepsiresely lna;hxgbclchﬂpme‘domofthepwmdmt ween about 7 and about 11.

25 29. Th d t
about - 8. Seag:jogggg?q@ 8 Wég] a’i‘ﬁge[ﬁg @2@&13306#8@(:3 }ﬁlil‘%l 8 é ”é’i“ﬁu'ghsé‘?é?ngef’at ure
i's control | @gndhffed ﬁlz_l()gf FhreQdfpbh sﬁﬁ%dt%ﬁkmté&beﬁwly%ﬁﬁoﬁglﬁﬁp“"@g TRE

heati ng j acket. process of Claim9 wherein the tenpérature is
controll ed isam¢ al)umn(uam snlrfatb@wlhtmérawaaihdn @dx)edtvpnam}muslmfngli menutesmpenait wfe of
t he reagentﬁ roces

cont rorted it R cepRagE TR s B Gy SrtaRers g b
25  simultaneously adding an aqueous solut1on of sodium aluminate (23.5% contained Al,O3),

while maintaining the temperature at 45°C by circulating cold water through the tank

jacket. The temperature of the resulting slurry was then increased to 70°C, with stirring,

but no addition of reagents. Reagent addition was resumed for about 40 minutes, while

maintaining the temperature at 60°C by injecting cold water in the slurry and maintaining

30 pH in the range of 8.2 to 9.1 (first bringing pH in that range). The resulting slurry

contained about 5.6% Al,O3. About 26% of the total alumina had been formed during the

first precipitation step. The alumina slurry was then filtered and washed, then spray dried.

The powder was mulled with water, producing a mix containing 65% water, extruded,

dried at 150°C, calcined at 593°C (1100°F). Properties of the extrudate are shown in Table

35 1 and the pore size distribution is shown in Figure 8.
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w0 112/38G 2 PCT/USULl/ ~~-421 5 33. The process of Caim9 wherein 1) the
reagents are sodi um alum nate and al umi num sul fate and sodi um al uni i nat e;
2) washi nggigsghurry is done by first raising the sl urry'p?TRI-slm/]j 29
necessary, to above about 9 by adding a conpound sel ected from sodi um
hydroxi de and to sodiumalum nate and then rinsing it with water, thereby
removi ng residual sulfate, and then |lowering the sl urry's pHto between
about 7 and about 9.5 by addi ng nltrICE%(ilq_ﬁ and then rinsing it with water,

thereby renoving residual sodjum. i e process of C aim 33 wherein
the slurry' NENDG ExiTudate POTE SHrUGhmess o by adding nitric

acid. 35. A catal yst support conpri si ng @Mlﬁ@ made by the procgass of

’ C:I ai m 9 20-36—A—-cat Ql\lcf nr'nd_a h\l a—process r\n'rhrl cinhaimra nofl a¥al
. ] PIT UUUUU IVJT-lTa T IIrJI A>3 g <

cat al yst supgg%lmgmn{éy(pwt)q;cyg:ocess of Claim9 V\notgq al catal ytl@gJ,I y @.gtLiJe

ool Ll ont ol ol ot o nnt

armunt Of O TC— Ul LI urcriadtrar J trvar ity acti VC IIC al Crcoitl T I I UII nmeTar o,

“metallic ox MPVM@&S of diathtbtes50 And mi xt ur es therepf.2.25 P21.5 2.2
.AYl . As. AA'T A NS
S. AAs. As. AUsPAnmyAMerAh&s A . Al's. AUs. AAs. A3As. Ahs. ABRs. AYN®SA3s. M9 di @68 I
}zupke [ V] cg ca] caU] caJc.aJcajcaJcaJcajcaJcaJca cal] caj faj ca] Cal cag calcarca]
ca]c: a]chal @d]l\é JcalcalcaVlc,al T 00 120 93

@ 65' nB| wgl g cal cal cal ca]cal| ca] cal cal] ca] cajcalca] ga].cla] ca]ca] ,a]lca] ca
] ca] ca] ca] cp ca] ca] ca] ca] ca] ca] ca] cal HRZg H MIP3j 31 13

Frit. "{upkfpa cgl| ca] ca] ca] ca] cal] cal] ca] ca] ca]c a] Ca| a] ] calgal ca
]ca]l calca]c Wg‘b% calcalcalcalcalcalcalcal . """#c éé?/ g%%( (]Il§§l) J*
OS*[*] *h*r ca] cal] ca] ca] cal]ca]c aU cahgal ca}ca] calea] ¢ca
] ca] ca] ca] c ul-? C,eﬁl{e B&fl\??‘a] ka] r‘/\a] r‘a] r‘a] r‘a] r‘a] a] r‘%l -‘/'!2-9- G 1%()] bgg

233: 44444586681 899:
; U<<<=0=>87?| wr nhc’\Y] ]]1ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] caJ ca] ca

C t
HHHAI I | zupkf a\ cal ca] ca] cal ca ca](ca)]ncg]aclalf)ca] ca] cal] ca] c™a] ca].ca]ca] ca] ca
] ca] ca] ca] ca] ca] dajsexapple|corpaiss theujcsiormanceHf Fwe/9¥alptpof the present invention

P/ P1PQQQSSS

a] ca] ca] ca] gg? c"gﬁja gﬁ%ﬁﬁwgﬁﬁ&%a Fa?}&?ﬂé‘ﬁ‘?]cﬁ ggf}l@%&ﬁﬂ@g} gg]l ;
XZZ[ ~[ [ 1\ \\ e\nes3ySias]of ) éd\np‘dkebd of s!tfa‘xgﬁt Tun dimbctidet pasndil; ’déri]ix]e]dcfa]ma]lca]cb al]ca]ca]c
cal cal bt gt 111 385 GURRHIRSCT 85 [0 ATLRNFT FFhe 2 A Salple Of de catabsts o
00@pp} XSNi @;Qn}caiel; G3ha @]aaa]o@ akoahiaiaAoRIGEl AR LeAl 62l eheakea] cal opdeal cal

ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] cal ca] ca'p?qq?rrst
u] uuvvv>xHx mnqatsw%w zﬂ]qp}d*hml?ﬂa%vﬂc}qmymfd/\hr] ]Wlda]e@ctpcwni]pcm]ma]f@a]xc a] ca]

e S R SOheTh O LA TR SR O] A C R S8y Gl GE)ecE] Sape ot oo ca
| ca] ca] cal Cﬁl&t@ﬂn@é]aﬁﬁ‘l f8] RAkARVL sslopbraidioalial R ) ¥gs30UT) xSnid_2] ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] ca] 29a] ca] ca] dag cathlyat of\ijx@rileshVwasifonsd wr ldve anfimjislgievaimaice aflvajagajpf a] ca

S 0 k| w M B AP Conty 10&&%“ R R A g B B o ¢

a] caj ca] ca] %éﬂrﬁé}&ﬁ]cﬁé}ﬁﬁlﬂélcgﬁ}%ﬁm 3 s T o llok h ) ff])ﬁx%%éll cajc

a] ca] ca] ca] ca] ca] ca] cal’ca] ca] cal ca]ca]cajca]calca]ca]c
a] cal] ca] cahdeataElof 6 XD&AE tHe)commiddiiialal ysB, and @ %Ry i(y) deClirdkQatsBhiy)SOSd TV () -

*Y109%FF& f &109 1098VE. () - 10%AVE,

' 1 1094V (§) Si%?&n\ﬂ)‘er?@%@gﬁ]@() axf ((:I)E % 10%\/8 ()-" $f #109& () -,

109K ()s Ff #1098 () -, ! 1008 ()-,! 109 ()-fs dE,/10%& ()-, .

10%\/&'(% f,f#10%v&' ()-*10%v&' ()-,,)10%& ()-,' 10%w& ()- h }~dYNC 10M 10M
10My| =109V () - @6 109K () - ASHI0WE ()- @ 10%VE ()- F1&10%E ()-T  dEYNC
L &109VE ()- L10%VE' ()-! 1098V& () - #109V& ()-"SL109%VE ()-s10%E& ()- @ dEYNC
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, 1 1098 ()-,! 10%v&' ()-f: 10%v&' ()-S10%& ()-,f#10%W& ()-,! 109 ()- 65dEYNC
SH109%VB&' () -, ! " 10%VE ()-,

I 10948, ()Wi’?‘%& & ()-,!10%vE ()- Yf#10%& ()-' dEYNC 110%&rfosni/kQ20
1098 () -. 109 "@ﬂ— (11098 () - &y#109%v& ()-,$ 109%VE ()- ndYNC 10M 10M
10M5™ <s10%v&' () - @ 10%4VK! ()- @8 10%E () - 6SH#100AVE! ()-@3 10%v& () - BdBYNC! \
SH10%P<P<& ()-F, L! 10%<& () -, ! 10%&' () - TEMRQ%& () -

"$10%<& ()-" 10%& ()-H dEY Cl, 1 10%<&
910%& () - Yglo%& () - of OfhDezlsied Bor A ) -
$10%<&' ()-!) @10%& ()-Dédsgfyo/gge T T 10%& () 55#1@%@&; ()- erdEYNC, 90
C109& () -. 10%& () -, , UG — Y+ 100U HIOUE(J——(10%<&{) - 6 H
dEYNC, 3: 10%&’ () - 81Q(’/§qﬁzﬁﬁ)w169@(%ﬂ&' () - 510%&' (), 3@OY%& () - 110%& ()-H J
KLMI[ j bC@ 109&
1 10< <MLO%& () - F!'!!.|"TotelEhiEa) YR 1) - 0328 i
&10%& () -f 109& () - &1( O HTHRS @ SUChC S
Y000& () - @O () - @BAEIMHOE@TIVE () - @ 10% ()- 1088Y& () - f $$984 &&' dEDLC
@ 10%& () - &SH109& ()BTE%% TOV& () - @ 10%& ()-y@& I09& ()- S
%W0%& ()-'2((((H))aH lﬁ@tWBP/@L()-'IS' 10% (& () - @ P& () -
S2109%&' () - @109%&' ()-/% 0V& () %LJ*L*M‘N*O* [*r*bC 1 rgfy &()-sT0% & ()- 10
10 10s < 10%&' ()-@: aped 0%& () -r*n++s, Cl10% & () -f
10% & ()- ,» 10% & ()- QV{( &'()-'
C10% (& ()-! & 10% ( & |(YSEe WEP U & ()-1t WdA(T(& (-, 10%& ()-
810% & ()- 10% & ()-IFAOM & (1110010 33: 4dENCS8 10%{§A1 )-6-#1094 & ()- "0
10% & ()-. @10% & () -] 2 IRV V..V.». (AA5hCEH1D% & () -
3"10% & ()-s10% & () -| BRmiddNumber 21.6
Aromatics, wt. %
Mono 6.51
Di 5.61
Tri 7.67
Tatra 8.03
Total . 27.82
Distillation, °C
* Initial - , 218
5% 277
10 % 302
20 % 337
30 % 365
40 % 389
50 % 413
60 % 435
70 % 457
80 % 483
90 % 517
95 % 546
Final 631
10 Example 6
(Comparative)

This example describes the preparation of an alumina not of the present invention
for a typical alumina obtained with a single step isothermal precipitation process.

In making this alumina, the same equipment, same geometry and mixing
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110% o0& () - @! 10%lokin@)was prepared as in Example 6 except the precipitation temperature was
48°C. The resulting extrudate exhibited a higher total pore volume than that of Example 6
20  measured by mercury intrusion (0.82 cc/g), with a bimodal character.similar to that of the:

alumina of this invention as shown in Figure 2.

Example 8
(Comparative)

25 This example describes the preparation of an alumina not of the present invention
obtained with a single step isothermal precipitation process at an even higher precipitation
temperature.

Alumina was prepared as in Example 6 except the precipitation temperature was
62°C. The resulting extrudate exhibited a higher total pore volume than that of Example 7

30  measured by mercury intrusion (0.95 cc/g), with a bimodal character similar to that of the
alumina of this invention as shown in Figure 3. However, macropores comprised 21% of
the total pore volume and only 0.75 cc/g of pore volume was found in pores less than 350
A. Note that the PSD showed a bi-modal character in the pore diameter range of interest
(i.e., less than 350 A), but the primary mode (highest peak) was the one corresponding to

35  the lowest pore diameter.
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the primary pore mode occurs at a pore diameter greater than the median

pore diameter (“MPD”), calculated either by volume (“MPDy™) or by
surface area (“MPDsg,”); and
the MPDy is larger than the MPDga.

2, The catalyst support of Claim 1 wherein the percentage of total pore volume in

pores having a diameter greater than 356 A is no more than 2.5%.

3. The catalyst support of Claim 1 wherein the primary mode occurs between about
25 100 A and about 200 A.
4, The catalyst support of Claim 1 wherein the primary and secondary modes are

separated by between about 20 A and about 80 A.

30 5. A catalyst comprising one or more catalytically active metal selected from metals,
metallic oxides, metallic sulfides, and mixtures thereof and a catalyst support
comprising an alumina extrudate characterized by having:

* nomore than 5% of its total pore volume in pores having a diameter greater than
350 A; and

35 a bi-modal pore volume distribution having a primary and a secondary mode,

wherein

the primary mode exhibits a higher maximum than the secondary mode;
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5 the primary and secondary modes are separated by at least about 10A and
by as much as about 200 A;
the primary pore mode occurs at a pore diameter greater than the median
pore diameter (“MPD”), calculated either by volume (“MPDy”) or by
surface area (“MPDga™); and

10 the MPDy is larger than the MPDga,.

6. The catalyst of Claim 5 wherein the percentage of total pore volume in pores

having a diameter greater than 350 A is no more than 2.5%.

15 7 The catalyst of Claim 5 wherein the primary mode occurs between about 100 A
and about 200 A.
8. The catalyst of Claim 5 wherein the primary and secondary modes are separated by

between about 20 A and about 80 A.

20

9. A process for making a catalyst support comprising:

a) precipitating seed particles from an aqueous solution of reagents, at least
one such reagent comprising an aluminum compound, at a temperature of between
about 25°C and aboutl60°C, thereby producing a slurry;

25 b) raising the temperature of the slurry to a temperature higher than used in
(2), but between about 50°C and 90°C,;
c) adding reagents to the slurry, thereby producing a slurry of particles;
d) washing the slurry produced in (c) to remove substantially all remaining
reagents;

30 e) drying the washed slurry, thereby forming dried particles;
1) forming the dried particles into support particles; and

g) calcining the support particles.

10.  The process of Claim 9 wherein the seed particles are predominately alumina
35 hydrate.
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11.  Theprocess of Claim 9 wherein the seed particles are converted to alumina hydrate

prior to (¢).

12. The process of Claim 9 wherein the reagents are added in (c) at a rate so that the
10 ratio of the rate of aluminum components in mols/hr of elemental aluminum
contained therein to the mols of elemental aluminum contained in the seed particles

1s greater than about 5.5.

13. The process of Claim 9 wherein (c) is performed in a vessel and there is no
15 circulation of slurry outside of said vessel that returns to said vessel.
14.  The process of Claim 9 wherein the reagents are sodium aluminate and aluminum
sulfate.

20 15.  The process of Claim 9 wherein (a) is conducted at a temperature between about
25°C and about 50°C.

16.  The process of Claim 9 wherein (a) is conducted at an essentially constant

temperature.
25
17.  The process of Claim 9 wherein (a) is conducted at a pH of between about 3 and
about 10.
18.  The process of Claim 9 wherein (a) is conducted at a pH selected from a) between
30 about 3.0 and about 4.5 and b) between about 7.5 and about 10.0.

19.  The process of Claim 9 wherein (a) is conducted at a pH selected from a) between

about 3.5 and about 4.0 and b) between about 8.5 and about 9.0.
35 20.  The process of Claim 9 wherein (a) and (c¢) are conducted in different vessels.

21.  The process of Claim 9 wherein (a) and (c) are conducted in the same vessel.
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4. The process of Claim 9 wherein (a) is performed as a batch operation and (c¢) is

performed as a continuous operation.

25.  The process of Claim 9 wherein (a) is performed as a continuous operation and (c)

15 is performed as a batch operation.

26.  The process of Claim 9 wherein (c) is conducted at a temperature between about

50°C and about 90°C.

20 27. The process of Claim 9. wherein (c) is conducted at an essentially constant .

temperature.

28.  The process of Claim 9 wherein (c) is conducted at a pH of between about 7 and

about 11.
25
29.  The process of Claim 9 wherein (c) is conducted at a pH of between about 8.5 and
about 9.5.
30.  The process of Claim 9 wherein the temperature is controlled in (a), (c) or both (a)
30 and (c) by using a cooling or heating jacket.

31.  The process of Claim 9 wherein the temperature is controlled in (a), (c) or both (a)

and (c) by adjusting the temperature of the reagents.

35  32.  Theprocess of Claim 9 wherein the temperature is controlled in (a), (c) or both (a)
and (c) by adding cold water.
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35. A catalyst support comprising alumina made by the process of Claim 9.

20 36. A catalyst made by a process comprising impregnating the catalyst support made
by the process of Claim 9 with a catalytically active amount of one or more
catalytically active metal selected from metals, metaliic oxides, metallic sulfides,

and mixtures thereof.
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