- 1 - METHOD FOR MAKI NG SI LI CA SHAPED BODI ES FI ELD OF THE | NVENTI ON

[ 0001] Thics200mvbis on rel ates to a nethod for maki ng shapaskbedeesy to shaped
bodi es nade by such nethod, to catal yst conpositions conprising shaped "
bodi es nade by such nethods and to catal ytic conversion processes using

catal yst conpositions conprising shaped bodi es nade by such nethods. t“
BACKGROUND OF THE | NVENTI ON [ 0002] Many i ndustrial processes use active '
materials that need to be supported onishaped bodies or that need to be

bound i n shaped bodies, so they can be handl ed and | oaded in reactors.
Exanpl es of such catal ysts include supported netals, supported netal

conpl exes, suppm%@aﬁeﬁg Mm - OuRsla WEEp ﬁfgmd zeolite-type
mat eri al s. Shap W%%M na,

al um no-silicates and other types of inorganic refractory oxides. |norganic
oxi de catal yst shaped bodies are typically prepared by form ng a m xture of
one or s®IELD OB HREINYEMNEIONor ganic oxide in a suitable vehicle, said
vehicle typically being water, an organic solvent or m xtures thereof. The

m xture is formed into particles of various shapes, dried and cal ci ned.

[0003] I g6’ !t OThE: H3RANBA (ERLE! b mERdd Ririnakghapediedidpl have
appropriate surface properties, sizes, shapes and poroSities to carry the
desired ahaped bodiés anidevsy soxdhemieecl, a0 dataty st cahipositidal gatplisingl | ng,
especiaIIK during reactaor |oading and unl oadi ng. The shaped bodi es nust al so
be stron§ mﬁ@ﬂ%e@mﬁﬁw suchamginpds andgadiatalgHe CORMErSINBEDIaRESEcSal so have

eactor Sieia o ERnBlfo Ry SRRPr YR s ERR i iR RuRE S 1N

[ 0004] The choice of catalyst carriers will depend on various factors, such ..
as, for exanple, the type of catalytic material used, the required catal ystLW‘i
st r engt h BAGKGROEND QN THEISVENTIQYN oss catal yst particles. [0005] Wile
silica shaped bodi es have been known for a long tinme and are commercially
avai lable in various fornms, silica shaped bodi es having | arge pores are not
easy to yjjn on (o] L noni ¢

reasons. ?@@]of tﬁgﬁ%&d&?g@ pglrjo Sflsgér:rgée:a?]ﬂkg%ragégmg%?ﬁtgﬁlggttg%gnor gani c

mat er i al suppeiedisn shapabbodies od ésatineet he bditfdunduint shapad bodidsngo shieyt abl e

pl asticized m xtures that can be processed in conventional particle formng

equi prentan gdundledand (naded in repctessadiamples obspels cptdxsis ingdede 6, 576, 120

and 6,709, 570, dj e r ri C t Qnpk.i.sing ZSM5 and
silica mgp%oré%in%ﬂaggss:u?)e ;.g?‘t egﬁg %?F%lglp gn é‘x%&dﬁ%ﬁﬁé‘%&gg&ﬁgﬂ P‘F?’_st_ m xi ng

ZSM 5, aboafBZEHRUS aRdastuRid Alotike-8ypd Aatails aBhapédlbe8lds dré@pigally ca into a
first honogeneous m xture having a pH below 7 and subsequently addi ng

amoni a madenef silica; taliming abepino-ailicatesanduather typestdfanpigaoic t he resul ting
second m xture has, .a val ue of ahqve 8, (b) extrudi ng the .extrudabl e nass
resulti néeﬁ’??fﬂ{yjs?’é'ﬁief‘a?‘?or@@?‘%‘?’ygﬁﬁawﬁé&?f’ﬁégpalersggﬁIt)ff?‘ﬁéﬁ}'r om-step (b);
and, (d) ?@da@éd‘b&'ﬁfohﬁﬁa%d_ﬁ nSitna%iofURRIG seQerl fsbﬂ&efsro?%éliméﬁﬁi)c;oxide

[ 0007] I nternational Publication Nunmber WO 2006/ 026067- Al de€scribes a method
for the mmasbistlenshidleasadvebiale ecpibaldly beinlg whtepy arc osgandospiviestsr ((a) L )

preparing .a batch co iti,on free of organic,solvent conprising,i) at
| east on&MFHIES ﬁlﬁr%?tgpfﬁ%f‘ﬁémrﬁ ‘?rg‘?ré'_?‘?‘_ﬁﬂn,c‘]o P?Tt_)"s‘ﬁ? o ¥3§P“ggléaﬁﬁ‘§r 8?‘&@” ate
sili conea(;}g?gg&‘?gd_average particle size 700 mcrons or less, and (iii)
wat er, an 0

rmng the batch conposition into a structured body. Wile
this method provides shaped WD 2007/145676PCT/ US2007/ 000999 - 3 - bodies
w th excellent properties, it requires the use of silicone resins that can
be expenddWB]i i usdn asdertols ysqdaasyeatalyst earricnpdbssebedics mishhayend a new

met hod f i el 1€ d [ t ;uses..plasticiz L xtures that
can casi AOPRRYsREnTrate BrobenPet st Hhnkr Bhg REGHREF B ki g iy T D ¢
form ng aebupeEst actid inRRIrINS Bnd k@ enaBitRathlpde Hd?@llin@,’@%dc@éﬂgahbﬁwg to make
silica shaped bodies of varying pore sizes, to neet the needs of a w de
range of resster lpadingrandshsloading dTes shaptd hodies oiusp atsoelss strSWMMREIOF THE

| NVENTI ON (00091Th resent.invention relates to a nethod of ngking a shaped
body havf%éUS&a*giqar{ixﬁe&ﬁﬂgmow apgd UpesLBYISRElsRiLy e apPraRIMHEPEBHPEF si ng t he
st eps of 1 ' r 1 I r at | east one
amrphougﬁéfﬁﬁgtg%\k@é‘?méfg Téég'grt)é c%rﬁ@@sa?ﬁci%gﬁ%é,acﬁ%{/ﬁ%ggo%ﬁﬂg]el ow 7, and at
| east ondegiedd/sralyticaeaations ®xfakepiaye. ai d, and optional 'y suppl enental
liquid nedium preferably water; b) drying the shaped body obtained in step
a); and c) heating the shaped body to a tenperature ranging fromabout 500 C
to about 800 C. Conveniently, the silica sol contributes to an anmount of

fromabout 4 wt % to about 40 w % of the overall amount of silica in the
m xture used in step a). Optionally, the mxture that is shaped in step a)



foll ow n%qgora%gg?‘ﬂosphl n the presence ofmsteaml |n t}é}_grfﬂgﬁﬁ*%b%%spf steam

and air ere containing at least 5 vol.

“‘atnosphere containing at least 10 vol. A) steam -4- 100111 Preferably, the
polyneric extrusion aid is selected from pol yvinyl al cohols, cellulose,

cel lul ose ethers, such as nethyl cellul ose and hydroxypropyl methyl cellul ose
pol ymers, colloidal silica, floridin, «&fbon powder, graphite,

pol yoxyet hyl ene, m xed wal nut shell and m xtures of two or nore thereof.

Al so preferably, the polymeric extrusion aid is used in an amount of from
about 0.5 to about 10 parts by weight per 100 parts by weight. of the
overall silica present in the mxture used in step a). 100121The present

i nventi of0MiHo reThteholor af cmalg'byeameww@ﬂlde?agd ansiajred fhotdys,uepar ed by
the nethod of the invention and to processes or converting hydrocarbon

f eedst ocRY T0E EXYMBlfs e bR E ajalypemapiecp! PWWQE#CQ"BIE’SII NVENTI ON

(0013JTh i i.I i ca shaped bodi es

havi ng aﬁé‘f"ﬁiﬁ%c‘:’gﬁ?ég‘{"ﬁ“f‘eéd{f?‘f’ﬂ‘éﬁtagg‘%%@alm lzes at | east one anorphous
silica powder, at |east one silica sof having a pl-1 bellow 7, and at |east
one extrusion aid, and optionally supplenental |iquid medium The nethod of

t he i nveltG0&} use%ifamillcaghmtbgoéieg l'lalwatbeanémne-adfdrya longj tirblamdon. a | ar ge
scale. It provides conyeni ent meth to f ha icles, froma

o ast ol eparpnetally SR eRe Sy aTrve 16 HEPF.UH 64 SR R hafing EEgece a
step of kiafdnbh€a r%qlo'@ﬁa Hr%@%oﬂ"& Bighy &ﬁi@géxg#euhﬁ:ca%ﬁéerab' y in the

presence of steam t prefe in th presené a mxture of steam and

air. Thi&omldnﬁ“&eﬁd’tﬁ)spr@mbﬁth@mchhlc&] bmﬂemapemnhn@ partivavdteg | arge pores
and good, crush strength. [0014] For the purposes of the present invention,

Silica siolosgaie natatpk seeh posHia. drsipes tbﬁ@ﬂiﬂﬁ%ﬂp%tmng.smt@blcpar ticles

exanpl o r- ERABRKFP} G A 5 Pt B PRl e B8R0 T under e

tradenar@;gnj}u@golsu(;n\aglejxwde;s ffopaxAmpie| Nano Technol ogi es, Inc. or PQ
Corp.), Nalco (available from Nal co em cal Conmpany), U tra-Sol (avail able

fromRESI Inc), Ludox (available fromWR G ace Davison), NexSil (available

{nevt t aciOyo8bn i IS SsifiNof &5 26 FaREdidre DERT0SHRYIS: RmeE i b esence of
al kal i IREahSn} Rataliess aRGRISOZEMOS ahdgiliAUERThQamiifge (bhe presence of

sodi umi'ons cah cause sintering of the catalyst at high terrperature afd/ or
af f ect q.atpdnyng enma:rtrmdabrtcrmess b dirsf prigingi ZSM 5i maaemrphoomt ai ni ng sodi um

are used, a s i on ,exchange, W ere r fter formati,on of the
nweiiambéqﬂ% adiy
particl é%reF‘ﬁ?”@F ’PB apd ) %;{'l“"r@1 QQSU?OH’%W"é%ﬁange
Steps IHavig Etp‘ﬁ ERW aIn‘aéiﬂﬁe aé&’x‘ %d& RMonfP Y T’s@ry little or,
ect abl e

ideally, no traces o uma ave a p Ue of less than 7.
Most pr dfoemo@dr;e,oushmmmﬂelmhsthhtﬂmqﬂ—hof thdﬂeesmimgsscomi slixoize hgsaci di c. Non
limting Iesqoé géeferr Ilca sobathat contain no det(%i Ie traces
of sodi HNAHET AR Balh) cximadipe Rlaq\éo ehlsaRasyyaspiIng, fropystap 20A.

00151A ture used in
gtep a) %?’g‘lﬁ%e Jﬂﬁd% éo#ér;'rgvgmvvl t ﬁe@t@i’r gdﬁeg‘iﬂe gkhdgg IH|€>réll step a), a
m xt ur e ekhaidacaresbhimxfrondedp (Y8 have found Utrasil VN3SP (commercially

avai |l abl e from Degussa) convenient, as it is very cheap and easily avail abl e
in large commercial scale quantities. Another non-limting exarrpl e of

nustr 180971 Joo bl F R ae R A O BB AR B b,
conpr i senéthydtfat thd manofac@@rel SRS btrod@réevbily, Qvﬁfchzfﬁ@bbﬁﬁcd)mbﬁsﬁﬁ('ﬁr ial.

Non-1imting exanples of zeolites or zeolite-like materials that can be used
i ncl ude PRERATHIROR b@@ha@mnnesoporfmot‘:ﬁmtv Bﬁ:lwenswmpa:eeg (idlatitgasbsi | i cat es,

netallosilicate al unm naq hos aI um ho, tes

Tot al 1 oaneRerapRB AT E TERRRRL T Bhhe-B Bn PrRERISR kSR el ¢ hereor,
such as WO
2007/ 1428 RBCTI BSOS 0ROl &gl M B ey S P oI M % o e,
chabazi betchf cumpssitien ia&oa stractired oldyt eéVhéleahisfraeshiod prioeidSARAed SAPO- 11,
SAPO 18, SAPO 34, SAPO-56, ITQ 1, ITQ2, ITQ3, 1TQ 13, 1TQ 21, ITQ 22,

| TQ 24, netal -containing forns thereof, intergrown crystalline forns thereof
and m xtures thereof. Since the process of the invention uses a step of heat
treatnment in the presence of steam the zeolite or zeolite-like materi al
shoul d be capabl e of maintaining, or enhancing, its catalytic properties
during the steamtreatnent step. The process of the invention is for exanple

wel |l suited for zeolite materials containing no or low | evels of alum na
that could leach out of the crystal structure upon treatnent with steam



organi c or aqueous nedium Preferably, the liquid nediumis water. [00191The .
amount syef b MAkedi ents can vary within wide limts, prguriuseeh7/onisae the
m xture used in step a) has the appropriate fluidity and cohesion to be
converted into shaped particles. The person skilled in the art wll .
appreciate that the ratios of the m xture conponents will be different, '
dependi ng on the physical and chem cal properties of the ingredients used,
as well as the shaping technique used:3Preferably, and not taking into
consideration the weight of WD 2007/145676PCT/ US2007/ 000999 - 7 - zeolite
or zeolite-like material that may optionally be present in the mxture, the
silica dnjdieswithaskcelemtpraperiids, Ruehuirbathd i &ff dilieensRlsinomat thwbes from
about 5 wt. %to about 40 w.% preferably fromabout 10 wt. %to about 35
W, % daxpensive ibnsgdepmplvery largh sedlsut 12 wt. % to about 30 wt. % of the
total anmount of silica used in the mxture that is shaped in step a). The
optional zeolite or zeolite-type material is typically present in an anpunt
t hat do ex Ot aS) kd j - : shaped
st op o Phs °t oFEM SRR 8 ot hleRibd R mfiok MIidH S4B BANES et
as | ow abapessifihsidizdd sivomkes that sari asilyebe pteparad bhd padcesexd inikirpa. For
exanple, the polyneric extrusign aid, can be used in anmounts of from about
0.5 to mmema%wi%pw%f@mmgﬁﬂéfmm- yWwthermoreatheunethodoofabsut 7 parts

b i f bl . f . 2 b 5 b i ght,

200" e RvelTRUERBRFE 30 AEine Rlicd NS ek OpRARE bor, 268 fa Rietlihe) " oF “her
100 par tifee@h of aSvidRTahpe rWeeOfdr thE shapddBodies neddesd abldy ﬁﬁac@&g.zeol ites or
zeolite-type material, "if such crystallites are present I1'nh the m xture.

[ 00201The m xture which is used in step a) is typically prepared by F

conbi ni i I [[h a mxer, such as, for exanple, an L
Fi nch m%%Agwmﬁ&gﬁﬁﬁ}MﬁqﬁSWXt ure conponents may be added in
different orders to the mxer. As a non limting exanple of how the m xture
m ght be prepared, the solid conponents can be placed first in the m xer,

f ol | owed 0099} he |Tf€ﬁJ1'J¢Sem1ﬂn®Bﬂﬂlbﬁ reldts tomettayd of maRidg/ Psapdd/bodyxed at
roomtenperature while the silica sources, polyneric material, water and

opt i onal havinge sHigaseenient ekatdeast &1 Wi, the rethpd eompsisingths staps 8f e conbi ned

sol 14 pebipePil ¥ sfapdbodt frohER i aie BB n s R RS Mg ana
vi scosi tyjlicd pewden Witiedst ohk @Hich s taving pEf BElabl 7, #&d & leasiddhedl SO be

adj usted at any stage.of the mxture preparation, to obtai.n a mxture with
vi scosi tgelgméricairgsnisrexsuisierbhid, hod optionaHp sepplsmarital kquidapedignpr ocess

ti I t L, qui di . . -8-.100211 Parti cl hapi b
SRR N AT AN LR M T g et R AT R e
mol di ng, (L,3RAGHEH Eb&'%tcgé t@??@far&%ﬁqngxn}%?frﬂﬁ AEGIY (U8S 10 BEBLEEGRPY, Particle

shaping 1s perforned by rusion. usi on apparatuses suitable for making

rod-, cyComdkniently,dhe pilicnsd captribytas to sh emaupiof &fdmg abons#s¥t%fo a hopper

for intrqduction of the mxture being shaped, a.de-airi chanfer, and
ei t her aaci%'tté\ﬂf‘f%é)f eﬁl"GWé)'g?mpyﬁbogf?‘gﬁg%?'fe LR “F?‘Fil&hﬁt@ﬁ ressure is { )
gener at : [ Of .t Ay : j : 1§ ometry.
The m xt P ohaR? (EaR Blee i BKapef it Mo uREl Colbr B eI 70T

rel ax thezeslitaion zeelia-tipeomaferial, pxtferdblyoin anflieodnt Bias doesmyeexosdd of the
water fromthe extruded product, but typically do not renmpve any organic

mat er i al theraroyrd piisdlien wslstmidiutehe extrudates; drying is usual iy perforned
at a tenperature of less than 200 C, such as between 100 C and 150 C,
typically of from120C to 140C for a period of at least 10 mnutes, such as
from 10 fgong)es tSepayes prefbalbly carthdl skt @ity opRIc Reeraldfehe drying are
broken up in smaller pieces to formcylinders or prisnms. The cylinders or
prisnms akadlovtiag conditaehsand broken up further to the required size range. |f

shaped by extrusjion, the mxture used in step a) preferably has a solid
contents of 35MthegHesgnse 9fisisaMany of 40 to 50 wt. % nost desirably of 40

to 45 wt. % angin%@éﬁg%&&teléfs?éagﬁ%ﬁﬂtaié?’ wt. % [0022] Spherical shapes can be

obtained using a's udi zer, as 'a McNally-Wel Il man pel letizing disc or
ot her sim | ar. poat piRSSphefbeos@lngdit 2&ist Gond] ¢ sirof a rotating di sk
operated on an angl e. it rotates, sMaller spheres used as seed materi al

are place in tieabatosphsae contining adiledst AAd/ad. ¥pstegmof cohesive slurry is
sprayed onto them As the noisture in the slurry evaporates, the solids form
a layer on the exterior of the spheres, increasing their dianmeter. As the
spheres increase in size, they segregate into sections where the nmaterial of
the desired size can be renoved. Sphere or pellets can also be fornmed with
pilling machines. - 9 - [0023]After shaping and drying at a tenperature of



(00271The silica shaped bodi es nade by the nethod of the invention are

non- cr yst™&P pY0FE45630or phous sol ids, that is, excluding tRETUSFEI/R409% ¢y

provi ded by zeolites or zeolite-like materials, if present. Their solid
structure possesses substantially no short distance or |ong di stance order,
such as that found in zeolite or zeolite-type materials, or even nesoporous
material s such as M41Stype materials. |f _crystallites of zeolites or
zeolite-like materials are present in the mxture that is shaped, the silica
wr aps around and binds the zeolite or zeolite-like material crystals
together, as well as acting as a shaped body. In such case, the silica that
bi nds the crystalline material together is still anorphous. [0028] The silica

e o fOERTEY B Ry, (PR AARRER R Bty ORPEBRNAGYOD 11O

i nt ended use. "For use as support, non ' Ng” exa sui tabl e
shapes i nalcetielss pbiulese, Eslhrlase efcrd)dack as pidthyReMuldie\ddd Ous prism base
shapes, such as, for exanple, trilobe or quadrul obe prism base shapes, tubes
or honeycéhéoxyprery! methydcehulnsefpniymets, s6lloidad silica, flopising garbbe shaped

bod iently h i i tng .f b to_about 20 In th
case of S BPEY Sregiite halkosy @y ki e R el AL RESS O BR O Cy | 1 nclor

base or pgi S i I ‘ W d-X P bout 1 nmto
about 3 oS B NN pRCTRN Y e b1 AErie BN SAsAREA e Shaped
bodi es naamohyt thHfrometboat 05 toheboun\l Ofarsrbyhaeisia peeri@Ovairtstey beigmen 0.5
and 2.0 an/g, nDr? preferably between 0.8 and 1.2 cnB/g, and even nore
pr ef er abl 9T &t Qyeanl] gliraprgs entoindhg mpixtere used dp §i3Red)- by nercury intrusion
porosi metry, according to the ASTM D4284- 03 net hod. [0030] I n anot her
E;eferred enbodi ment, and in particular, if no zeolite or zeolite-like
terial sj(ang] pr es€hé prédenit imtdiatbrodlssd Pelated 6l ¢ 24! Bf,%\#‘gﬂﬁsiﬁ aped bodies
havi ng a surface area, determ ned by BET, ranging from50 to 150 nR/g,
pr ef er abl shapgd diody preparegloby theimgting] of the-inyentiow aod taprecessesf@r pot assi um
Al kal i ne ions are,of.ten grezqgi iqisnall %gFunt? in silica shaped bodi es,
due to t heHVeping BYdEoGasoon deedsioeks Hsing such 63talild t o make the shaped
bodi es. During calcination or catalytic use, traces of sodium or potassium
can cause sintering and/or affect catalytic performance. To avoid these
pr obl ens, DEAA He EEeDEES OCRIPAIQN QFIrHE INVIENINON he silica shaped bodi es
must be kept as |ow as possible. The nethod of the invention uses at | east
one silica sol that has a pl-1 below 7, that preferably contains no
det ect abl els ' [ e nab : tQn of
silica sh Sggybodigée?’%“g{aqrﬁo’&"ﬁgéﬁé "2%35?%'2 Ion g@%‘{"?’gw‘f‘@@#han 1%
pr ef er abl yavieg a silicencénténtof ableaspl £ iatqhhat wkes avdedst basmapthoayen nore
preferably 0.5 %or |ess of the weight of the shaped body. One advantage of
usi ng sucilied ppwdesideastionetsiliea pef hayring g ol hglow /e gnilait leaslioRed to renove

al kal i ne j : t 1 ysi n J_ci.nati on... [.Q0 t eat
treat nent‘?’&ﬁ%é(ﬁ{s%%ggét?@gfo %ﬁ%}&gp%mgﬁtgmﬁg@e&% d64rgt ﬁ@%&g{rﬁﬂ; gﬁ“} ypically
have a crigsbntiér a5l ftafin@indt@asls (RA%ar@ rEAUTI vaildtle B8N larpe séflealt y bet ween
§25 g/mm (35 I b/in) and 2144 g/ mm (120 I b/inch), when determ ned by the

trai n beAViHesHorPnvenient rgethpsl (Y hapad Pprid¢les frasamfplgsticiesdn,  as
descri bed. in e experimental sectio [.0033] The, shaped bodi de by the
met hod o?fomgtiWeW)f%'ﬁe'aa%’edggﬁmd %‘gtﬁﬁdﬂ‘éﬂ}ﬂmb?ls&ﬂsgﬁ )?é?%p Pﬁﬁﬁ%ab‘é% for use
i n cat al ytht foRhAS BaRRNes SERRM Rhlperhfi?s HrERFhblSMUhereadticd ofi féain] on of
reagents and products throughout 'the catalyst. "Non-limting exanples of such
cat al yt i onpstquefgakly mcthedwesaaet ¢ fommixisire gf bicdno grd ais (dhs adowgdhogenat i on,

desul furization, hydrofining,, hydrofinjshing or hydr.ocragcking,

pol yrer i ﬂ?ﬁ’%ﬁ“?@éﬁfsi‘lb%g’@{gféhb%‘g%I]Bb'é‘lgnéfﬁgezi’@@lsé‘r“ﬁl\%?q C‘B’Fﬂﬁé"leagﬂbcene
pol yméri zation reactions, catalytic cracking, catalytic dewaxing, olefin
ol i gonerization, olefin isonerization, alkylation, for exanple aromatic

al kyl ati qfi014Jef or fRdrehalpuypasdsart thp (peasent ddkatam, eilicd uds asnmabki on of | ght
- 13 - olefins to gasoline, distillate and |ube range hydrocarbons, the
conver si ¢8!leidad Herensivas of drrgrpheva st inssparfiolEs 4N ARCHTUEONG|OF OTEARICI nvent i on
also relgtes,to cat al yst. conpri si .he .shaped hodi gs _made by, the net hod
of “Che. 1 MG P PRs ¥R 5 SRR ek bithslintiRA SREmalEt bf ReMRneiealt ot al yot
conpri seuvgilZselsifia 861s380hideCriosR S olRhRldhe RRANS aMdsNY A& 1RV b iabighaped
body of the invention. In another enbodi nent, the catal ySt conprises a
shaped body of the invention and.one or several netal-containing active
materials. In a preferred specific enbodinent, the netal is selected from
Goup IVb, Vla and G oup VIIl of the Periodic Table of Elenents. In a

specific enbodi nent, the catalyst conprises a silica shaped body of the
invention on which cobalt oxide and nol ybdenum oxi de have been deposited. In



streans conprises a silica shaped body nmade by the process of the invention
and fromabout 2 wt%to about 8 wt % preferably fromabout 3 wt%to about 6
Wt % cobwiat200#i48676 based on catal yst, and from about 8 patrfeszamzabemay 30 wt %
preferably from about 10 wt % to about 25 wt % nol ybdenum oxi de, based on
catal yst. The nost preferred catal yst al so contains an organic |igand used
during the netal inpregnation step, before the catalyst is used in the

hydr odesul furi zati on process. Exanples of such organic |igands include at

| east one of carboxylic acids, polyols}-anmno acids, am nes, am no al cohols,
ket ones, esters and the |Iike, for exanple, phenanthroline, quinolinol,
salicylic acid, acetic acid, ethylenediam netetraacetic acid (EDTA),

cycl ohexpaadygadol Naio Bectaiolegies! Tc( br FOIGhrp RINMCBavAIMBIRIAEn
triethanol am ne (TEA), glycerol, histidine, acetyl acetonate, guanidine, and
ni tri | otNalae&hemigal dompray), Jltra-Sel éuiailabledfromeRESIAABK IWix t he shaped

bodi f the i j d i talysts f ht h
nyar odedarints BB M £Bafr betsemoh e Al dryalatle TrBARAR Meskd i n a

dried hu ! _ _ P vas .
1 cat b0 b ARORERL FBATboRBhlResRial B RALEL TR SRfldiabout o 1
vol . % t ds hbouttved Prefodable ttasesidahe poésehey of WilRiliohetds & iy Gapel, for a period

of time and - 15 - at a tenperature sufficient to convert metal oxide,

net al sdiadies ohednvensign. sinacatheresance ofsodiim dorsit4n dausersinteding to form .

t he HDS al ... Lhe. hydr ogen. sul fi,de be generated by a sulfiding agent
i ncor por4t ﬁcﬁ?ﬁ%ﬁt agﬁ'é}%'@%&:%"gg@“B&é@ﬁ%&@taﬂﬂ‘%ﬂegﬂﬂﬁ@%{%nt, t he

sul fi di mohGRgRiE, ifSilf@RNednitidilg 3odidi M usdiD'a SXF P} Q'Hﬂgfg@ jJfi sul fi de
can be conbi ned lwi th a napht ha ldlgl uent . Le'éli:er’ aa nt s&’of %y oéglr!psul fide
may be Umedquired after Sommatimxoftict pdrticlesin ordeuiorrethd v s@tivmvaloon. An inert. ..
carrier may be present, and activation pay %ake place in either the liquid or

gas phas¥OlERATHINGOWrioN rarhangeens.dbth STerablei@ssi tibepenlsdhat | i ght

hydr ocar by t: t iaert i ncl uded as
part of CRLpEY iB%e B s1ENR, aNGR bR hees gl ¥ BRR FBRL ange 11 om
about 15adud¢ of Hedian/D0Glostprefpalelive tabdilicaboLitscliGAGht prabengtis 343C. The
tenperature nmay be hel d, constant or @ be ramped Up by starting at a | ower
t enper atshightlyragidigcNeadimyingexanpies ofthieeredrsilign seksithat ¢@nainmA al pressure

is preferably, 40 t an u ut [ 34 R e

prefer ab‘f@“&%‘%‘&ﬁ’%gg&fg"?ﬁ‘“&E%{Iﬁdgg@’é’cﬁﬁgggg‘l‘?glﬁ?‘%"a%%{l @E&e}',gg[mst

pref er abjy opMussSipPoASi g to about 2500 psig (446 to 17338 IcPa). If a liquid
carrier is present, the liquid hourly space velocity (LHSV) is preferably
fromabout 0.1 he' to about 12 W, nore preferably about 0.1 hr4 to about 5
hi'. The bH V pertains tohcont.i nuous node. However, . activation may al so be
done in @3eh nodeny FRAPLGUS SHiE POWREY BB Begised IR fBr® th SHKIWEHSCHo n/ s

t o about; / ; R )/ ; %%Irgﬁ | fi g y occur
ei t her |lﬁ%§%§ﬁ r elgégiqttﬁ. S&P?Pg;ﬁ%(ﬁmﬁ;ﬁ%ccur ;’gé%ﬁg%ﬁ%g?ﬁgtﬁt al yst
with a sthifcati bgeageded. Waheen fawmidUraie VINISP Gdrherraallyqvadable gas phase

sul fiding agent. Atternat,ivel ,. the ca}t]al yst . may, be p ulfurized such that
'S may BRMGBRBISSALAORENISRF. 8% itis dieRs Sheap and FaribueHizbe 4R TR ng agent ()
t he cat j i S (o PRV ' dquld.gentaining =
sul fi di ﬁ%@@%’sﬁ‘ﬁ?*’%?ié’éﬁﬁ*??ﬁﬁ%gﬁg@tﬁ? ﬁhﬁ?”ﬁ@%%é%ﬂ%é ?ﬁ%‘hé%?% ?%‘?& i quid or

t he carrdikica bbwrge ds HiSRI2ZBINEY (beaildbde Siont PG Ihdigeiés). The carrier liquid is

preferably a virgin hydrocarbon streamand nay be the - 16 - feedstock to
be contacted with the hydroprocessing catal yst but nay be any hydrocarbon

stream s s a 4l sti: { Ve r ] Nek I or synthetic
source_s.llblﬁﬁﬁg sul |%ﬁﬁg"%g"r‘mgﬁdﬁ‘fgﬁéémﬂﬁ@‘@%‘ﬁ%&gﬁoﬁﬁg&e the sul fiding
agent i t&obfalliey cbat Ragesn®LedlitdWrdeoHRANLE nddtcAgNENALLIMGityglr ogen sul fi de
under activation conditions. Exanples include hydrogen sulfide, carbonyl

sul fi de, exsamplen ofl zealites de zesliter like snaterdsls dbatdiamsbysedsinclidre, di sul fi des

such as dinethyl disulfide, and l.y.sul fides such, as.di -t-nonyl pol ysul fi de.
The sul RUAIOPAIANS ARE MRSERATPLS FrorLulige stigpics, Blimiasiicaietds. may act as

sul fidi ; L 1 i : i-i L contai ni ng species
capableqgféggﬁgF%F%hgnﬁbggﬁggﬂ&%ﬂﬁf#gééapﬁgﬁé%ﬁﬁgﬁgk%bhatic, aromatic and
het er ocymbtmlmmmmw&splﬁﬁeéﬁﬂa&@hdeﬁ%»bm@ fohis tlen@f dnldembaupdsyberady be
contacted wi th napht ha under hydrocl esul finizing conditions.

Hy dr odesiMchiasi forrryamenia ZSM@,éwae £ B¥ip 2 oL BiVES 20 Z.SM a3, AV 48,50C t o
about 400C, and/or pressures of from about 445 kPa to about 13890 kPa (50 to
2000 psig), and/or liquid hourly space velocities of .fromabout 0.1to about
12 hr | and/or treat gas rates of from about 89 nB/nB to about 890 nB/nB
(500 to 5000 scf/B). After hydrodesul furization, the desulfurized naphtha



Mul ler is to mx and push ingredients together. Additi | lggNt s can
be added™OA8UERE smal | door on top of the apparat us,q{otraII %ﬂﬁ@g%?ng t he
rotation, raising the top half of unit and adding directly to the pan. The
Eirich Mxer is a mxing apparatus that consists of a variable speed
rotating pan of approximately 28 liters (7 gallons) in size and is topped
with a variable speed stainless steel fqur prong m xer, and scraping bl ade.
The purpose of the Eirich Miuller is to mx and whip ingredients together.
Addi ti onal ingredients can be added through a small door on top of the

appar at us y IN Lo} atd.@n I Slbng, t.he.top half of unit and
addi ng di?@g{"lsg’ ["Z‘E@E%Zpg’ﬁéﬂ’ﬁ‘i‘ﬁe@&dgr Mﬁ%ghng'?a%@ﬁcu Jaf”ge’gﬁogﬁrusi on
appar at usyt Bad;id3Rsa afap%ﬁﬁz sm&b-ﬁ@,@cptﬂ %LAPG-PS}S&QPU‘-SB dnprlsy) auger
rotation. At one end of the auger i's a feed hopper ‘for supplying theé

cat-al yst FiQ-1,ATQ-BeIDQt3,dT @13t FEQaibdT Q-22¢ ITQ24 phatadscontdinitipi ng t he
catal yst would be attached by neans of bolting the plate to the face of the
auger out fasmsithereotpindergrawa oy dalinectormys thereed and spiaduigsdheresi cBingee

t ransduc I t. f he
s el AGELSh TR lestl S CRALHBon U RLBREB,OL e,
steel or qeah! e Zidie df LebRRAikEXATRiS shouftPB8lchpablei T m¥MIBINGg, [dre
properties of various commercially avail able supports were determn ned. Table
1 lists temhapeiygpitsicadalitic peapértichdpenigibdgteanvwdeatment step. The process
2007/ 145676PCT/ US2007[ 000999 - 19 - Table.1  Vendor , .Description SA mz/g
PV cc/g tﬁtgewwmzs Sixpmile glhetied forzep UEmafariAlt FRaHing no

or low levels of alumina that could leach out of the crystal structure upon
( treatment with steam. Non-limiting examples of such materials include

aluminosilicates or germanoaluminosilicates having a silica to alumina molar

ratio of at Jeast 10.

[0017] The mixture shaped in step a) also contains at least one polymeric
organic extrusion aid. Non limiting examples of suitable polymeric organic
extrusion aids include polyreric materials selected from polyvinyl alcohols,
cellulose, cellulose ethers, such as methylcellulose and hydroxypropyl methyl
cellulose polymers, colloidal sifica, floridin, carbon powder, graphite,
polyoxyethylene, mixed walnut shell or mixtures thereof. Conveniently, the

organic material is a polyvinyl alcohol.

|0018] The mixture shaped in step a) containis a liquid medium, such.as an

organic or aqueous medium. Preferably, the liquid medium is water.

[0019] The amounts of ingredients can vary within wide limits, provided
that the mixture used in step a) has the appropriate fluidity and cohesion to be
converted into shaped particles. The person skilled in the art will appreciate
that the ratios of the mixture components will be different, depending on the
physical and chemical properties of the ingredients used, as well as the shaping

technique used. Preferably, and not taking into consideration the weight of



Criterion Silica 1.6nm (1/16") cyllnder 234112 162 cogOOgna Il ma. |
)

6
11 G acgoSé#G9%7¢- 6 mm (1/16") trilobe, Davicat S 16ﬁ@TﬁJ@§@7mg(@§9 2003 n. a. I
0.043 n.a. 1 857.8 . (48) IlIl Norton (Norpro) Silica 1.6 mm (1/16")
cylinder, 8561138 252 0.93 Ill <0.15 0.10 n.a. |
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zeolite or zeolite-like material that may optionally be present in the mixture,

the silica sol is used in an amount such that the silica sol contributes from about
5 wt. % to about 40 wt.%, preferably from about 10 wi, % to about 35 wt. %,
and more preferably from about 12 wt.% to about 30 wt. % of the total amount
of silica used in the mixture that is shaped in step a). The optional zeolite or
zeolite-type material is typically present in an amount that does not exceed the
amount of silica used in the mixture to be shaped in step a). As to the amount
of polymeric extrusion aid, it should be kept as low as possible but should be
sufficient to facilitate extrusion. For example, the polymeric extrusion aid can
be used in amounts of from about 0.5 to about 10 parts by weight, preferably of -
from about 1 to about 7.parts by weight, more preferably of from about 2 to
about 5 parts by weight, pér 100 parts by ;)veight of silica in the mixture that is
used in step a), or per 100 parts of the combined weight of silica and
crystallites of zeolites or zeolite-type material, if such crystallites are present in

the mixture.

[0020] The mixture which is used in step a) is typically prepared by
combining the ingredients together in a mixer, such as, for example, an Eirich
mixer or a wheel mixer. The mixture components may be added in different
orders to the mixer. As a non limiting example of how the mixture might be -
prepared, the solid components can be placed first in the mixer, followed by the
liquid components. The components are typically mixed at room temperature
while the silica sources, polymeric material, water and optionally the
crystallites of zeolite or zeolite-type material are combined to form thie mixture.
Mulling can also be applied if necessary, to break down solid particles to a
suitable size for mixture homogeneity, cohesion and viscosity. The amount of
liquid medium, preferably water, can also be adjusted at any stage of the
mixture preparation, to obtain a mixture with viscosity and cohesion suitabie

for the chosen particle shaping process {optional supplemental liquid medium).



n.a. | IV P beads, screenedto 1.7-2,0 nm size 0. 06
0.05 %Difé%gﬁgé (59) V Fuji Silysia Cariact QISS s?’?‘?yéségé%ﬂjo%l 7-2 mm

en 77 I.05 384 <0.05 0.03 A <0.v ' 1286.6 (72) VI Fuji Silysia Cariact Q50
silica beads 1.4-1.7 nm 76
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[0021] Particle shaping can be performed by any method known in the art,
such as extrusion, compression molding, spherudizing or other bead shaping
techniques. Preferably, particle shaping is performed by extrusion. Extrusion
apparatuses suitable for making rod-, cylindrical or prism-shaped particles
typically consist of a hopper for introduction of the mixture being shaped, a de-
airing chamber, and either a screw-type or plunger-type transport barrel in
which pressure is generated for passage of the mixture through a die of the
desired geometry. The mixture is extruded onto a carrier belt and passed
, through driers to relax the strain remaining after extrusion, The driers remove

(‘. ) most of the water from the extruded product, but typically do not remove any
organic material that may be present in the extrudates;-drying is usually
performed at a temperature of less than 200 °C, such as between 100 °C and
150 °C, typically of from 120 °C to 140 °C for a period of at least 10 minutes,
such as from 10 minutes to several hours. The strands obtained after drying are
broken up in smaller pieces to form cylinders or prisms. The cylinders or
prisms are then sieved and broken up further to the required size raﬁge. If
shaped by extrusion, the mixture used in step a) preferably has a solid contents
of 35 to 55 wt%, preferably of 49 to 50 wt. %, most desirably of 40 to 45 wt.%%
-and conveniently of about 43 wt.%. 7 _

L. [0022] Spherical shapes can be obtained using a spherudizer, such as a
McNally-Wellman pelletizing disc or other similar equipment. The
spherudizer consists of a rotating disk operated on an angle. As it rotates,
smaller spheres used as seed material are place in the bottom part of the disk
and a spray of cohesive slurry is sprayed onto them. As the moisture in the
slurry evaporates, the solids form a layer on the exterior of the spheres,
increasing their diameter. As the spheres increase in size, they segregate into
sections where the material of the desired size can be removed. Sphere or

pellets can also be formed with pilling machines.



1.03 378 <0,05 0.03 <0.01 1286.6 (72) VIl Norton Silica beads, XS 16080 120

0,74 1306 H0PAs69. 2 <0,2 nia. 1 1107.9 (62) n.a. nmeangCcoaisz@yandsedl e 2 bel ow
detection limt 3 based on vendor specification 4 binodal Exanple 2 [00441lIn" -
this exanpl e, shaped body IV of exanple | was contacted with steam at
various tenperatures. [0045)Cal ci nati on and steam ng experinents were
carried out in a horizontal quartz tube preheated in a horizontal oven to
the specified tenperatures and at one-#tnospheric pressure. The atnosphere
i nside the quartz tube was conposed of 100% steam In a typical experinent,
11 grams of "green" extrudate were |oaded into a quartz boat, and the boat

1 OO L ANCaBg B g e o s g 0, Iggpe e

t ube anchaped pdrtibdemareaisuabipnreferest ot asr ‘Ggreen’™ paiticles or green catalyst.
The green particles still contain any polymenc extrusion aid that may have
been used and typically have crush strengths that are too low for use in
catalytic processes. Heat treatments are thus necessary to harden the particies,
and remove any organic material that may be present in the catalyst and that
could interfere during use of the shaped bodies. In the process of the invention,
such heat treatment is performed by steam calcination, i.e. by heating at
temperatures ranging from about 300°C to about 800°C, preferably, from about
550°C to about 750°C, in the presence of steam. Preferably, calcination is
performed in the presence of a mixture of steam and air, In order to obtain
shaped bodies within the desired pore size range, it is preferred that the
calcination atmosphere contains at least 10 vol. % steam, preferably at least 15
vol. % steam, and more preferably, at least 20 vol. % steam. Also, if organic
materials are present in the green shaped body, it is preferred that calcination
take place in the presence of at least 2 vol. % air, preferably at least 5 vol. %
air. In one particular embodiment, the calcination atmosphere contains 10-20
vol. % steam and 90-80 vol. % air; in another particular embodiment, the
calcination atmosphere contains 2-10 vol. % air and 98-90 vol. % steam. By
varying the calcination temperature and composition of the calcination
atmosphere, shaped bodies with different pore sizes can be obtained. We have
found that the higher the temperature used during steaming, the larger the pore
size. The pore size of the shaped body can thus be varied very simply by
changing the calcination temperature. This optimizes the diffusion properties

of the shaped body according to its intended use.

[0024] Calcination conditions can be applied for variable amounts of time,
depending on the calcination temperature and the composition of the
calcination atmosphere, The duration should be sufficient to allow removal of

any organic material present in the particles, and should also be sufficient to



[ 0046] The properties of the shaped bodi es obtained after the steam
treat ment‘@gé?‘g“@?ﬁ%n in Table 2. Table 2  Tenperature gcgp,saqowﬁ&p%? st eam
SA, nmk/g PIf cc/g MA) A Crush g/rnm (I b/in) a 650 1 hr 100 139 1.188 107 110

1158.0 (64.8) 1158.0
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harden the particles to the desired level. However, calcination should not be
carried out too long to avoid shaped body degradation. Typically, the desired
results are achieved by applying the calcination conditions for a duration of
from about 10 to about 120 minutes, preferably from about 15 tol about 60

minutes.

[0025) The method of the-invention forms silica shaped bodies that are
particularly suitable as catalyst components, in i)articular, as carriers for
supported catalysts. The shaped bodies made b:;r the method of the invention

( consist esséntially of silica, that is, the silica content of the shaped body is of at
least 85 wi%, preferably at least 90 wt%, more preferably at least 95 wt%, with
respect to the total weight of the shaped body, excluding the weight of zeolite
or zeolite-like crystallites, if present. The method of the invention is
particularly suitable-to manufacture large pore shaped bodies, that is, shaped
bodies having a median pore size of 180 Angstroms or more, conveniently in
the range of from about 200 Angstroms to about 500 Angstréms, and .
preferably of 220 Angstroms or more, conveniently in the range of from about
220 to about 450 Angstroms. Preferably, the shaped bodies have a median
pore size of 600 Angstroms or less, preferably of 500 Angstroms or less,

conveniently of 450 Angstroms or less.

p /-.\II

[0026]) For the purposes of the present invention, median pore sizes are
determined by mercury intrusion porosimetry, according to the ASTM D4284-
03 method. The pore size distribution may be monomodal, bimeodal or

plurimodal. However, monomodal pore size distributions are preferred.

(0027] The silica shaped bodies made by the method of the invention are
non-crystalline, amorphous solids, that is, excluding the crystallinil"y provided
by zeolites or zeolite-like materials, if present. Their solid structure possesses

substantially no short distance or long distance order, such as that found in



(64.01 1229.4 (68.8) b 705 1 hr 100 138 1.163 e 760 1 hr 100 145 1.145 115 .
d 815 Iwior20005d#46 1.061 121 1329.5 (74.4) 100471Thi pcanmapi@o®aows t hat
st eam ng shaped body |V at tenperatures
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zeolite or zeolite-type materials, or even mesoporous materials such as M-418-
type materials. If crystallites of zeolites or zeolite-like materials are present in
the mixture that is shaped, the silica wraps around and binds the zeolite or
zeolite-like material crystals together, as well as acting as a shaped body. In
such case, the silica that binds the crystalline material together is still

amorphous.

[0028] The silica shaped bodies may be made into various shapes and
sizes, depending on their intende§ use. For use as catalyst support, non- ()
limiting examples of suitable shapes include spheres, beads, cylinders, prisms
with various prism base shapes, such as, for example, trilobe or quadrulobe
prism base shapes, tubes or honeycombs. Also, if intended for use as catalyst -
support, the shaped body conyenienily has a size ranging from about 1 mm to
about 20 mm. In the case of spheres, cylinders or prisms of various shapes, the
sphere, cylinder base or prism base shape conveniently has a size ranging from

about 1 mm to about 3 mm, preferably from 1.1 mm to 2.5 mm.

[0029] Preferably, the shaped bodies made by the method of the invention
have a pore volume between 0.5 and 2,0 cm’/g, more preferably between 0.8
and 1.2 cm3/g, and even more preferably between 0.8 and 1.0 cm3/g, as ( o
determined by mercury intrusion porosimetry, according to the ASTM D4284-
03 method.

[0030] In another preferred embodiment, and in particular, if no zeolite or
zeolite-like materials are present, the method of the invention produces shaped
bodies having a surface area, determined by BET, ranging from 50 to 150

m?’/g, preferably ranging from 60 to 140 m*/g.

[0031] In another aspect of the invention, the silica shaped body made by

the method of the invention contains a very low level of alkaline metal ions,



of from650C to 815C results in shaped bodies having a e area, a
| ower poP ¥OV14vE7nd | arger pore sizes. Exanple 3 a. ﬂ§%§§§¥%?&%§®
--procedure [004811022 g of Utrasil VN3SP silica were added to the Lancaster
Mul Il er pan and were nulled for 3 minutes, using 1734 IcPa (250 psi) on the

_ Lancaster Muller wheel, to obtain a fine powder. Then, 706 g of Nyacol
2034D1 were added to the Lancaster Miulley, and nulling was applied for
another 3 minutes. A solution of 48 g PVA dissolved in 500 g of deionized
wat er was added to the Lancaster Miller, fol | oned by 562 g additional

dei oni zed t er £ 004 l)L%ge corrpdgggllon .of the mixture is sun‘ﬂar Il zed in Table
3. WO 200 ARV NEZNS AL P'EN BICSERGILANEHIA R Es ( %
Conposi t ijgnj (194 $a yﬁelwhlwlcwm(tﬁ)mgﬁ\ésén%e iNeheBlarlifly nrhikfiaRi dse¥NgSP 93.9 80
960 1022 hNaCOI 4D1 34 20 240 70

make the shaped bodies. During calcination or catalytic use, traces of sodium

or potassium can cause sintering and/or affect catalytic performance. To avoid

these problems, the presence of sodium and potassium in the silica shaped

bodies must be kept as low as possible. The method of the invention uses at

least one silica sol that has a pH below 7, that preferably contains no detectable

levels of sodium or potassium. This enables the formation of silica shaped

bodies typically having alkaline ion levels of less than 1 %, preferably less than
( 0.7 %, more preferably 0.6 % or less, and even more preferably 0.5 % or less of

the weight of the shaped body. One advantage of using such silica source is

that no ion exchange step is required to remove alkaline ions after extrusion

and/or calcination.

[0032] After the heat treatment, the shaped bodies made by the process of
the invention typically have a crush strength of at least 625 g/mm (35 1b/inch),
preferably between 625 g/mm (35 Ib/in) and 2144 g/mm (120 Ib/inch}, when
determined by the strain beam method with a 3.175 mm (1/8 inch) Anvil

configuration, as described in the experimental section.

(. [0033] - The shaped bodies made by the method of the invention are useful
components of catalysts intended for use in catalytic processes, especially those
that require rapid diffusion of reagents and products throughout the catalyst.
Non-limiting exemples of such catalytic processes include reactions using
hydrogen, such as hydrogenation, desulfurization, hydrofining, hydrofinishing
or hydrocracking, polymerization reactions, such as supported Ziegler-Natta or
metallocene polymerization reactions, catalytic cracking, catalytic dewaxing,
olefin oligomerization, olefin isomerization, alkylation, for example aromatic

a]kylatioﬁ, reformate alkylation, phenol alkylation, the conversion of light



1062 Total (without ['VA) 43 100 1200 2839 PV A 4 48 [0050]Milling was

appl i edwioaebhasée far dry mxture, and after 25 m nut egrisbe7mboobare started '
to clunp and appear wet. After 30 mnutes of nulling, the m xture appeared -

to be of a suitable consistency to shape particles: when squeezed between .
hands, is stayed clunped together as a solid. The m xture was then placed in_
the 5 cm (two inch) Bonnet Extruder, using a 1.3 mm (1/20 inch) quadrul obe
steel die plate. The extrudates were.qdgied at a tenperature of 120C (250F)
and for a period of about 1 hour. b. Eirich Mxer Miller [0051]937 g of

Utrasil VN3SP silica were added to the Eirich M xer pan and were m xed for

3 m nut Bl 29 ' | p 047 g of
Nyacol SDHID et eI i bR AT R el e B Byl IB 00 Por
anot her oRypermates o hpdloewrbeeist i ng. A sol ution of 44 g PVA dissolved in 400 g
of deionized water was added to the Eirich Mxer, followed by 574 g

addi tional deionized water. W) 2007/ 145676PCT/ US2007/000999 - 22 - Table 4
I ngredi ?6'634?0| | d%c(c%q'dingly, the invention also relates to a clatalyst comprising the

shaped bodies made by the method of the invention and an active material. In

one embodiment, the catalyst comprises a zeolite or zeolite-type material

bound with the silica shaped body of the invention. In another embodiment,

the catalyst comprises a shaped body of the invention and one or several metal-

containing active materials. In a preferred specific embodiment, the metal is ("

selected from Group IVb, V1a and Group VIII of the Periodic Table of

Elements. In a specific embodiment, the catalyst comprises a silica shaped

body of the invention on which cobalt oxide and molybdenum oxide have been

deposited. In yet another embodiment of the invention, the catalyst comprises a

zeolite or zeolite-type material bound with the silica shaped body of the

invention, and one or several metal-containing active metals,

[0035] - To deposit active materials on the shaped bodies made by the

process of the invention, the shaped bodies can be impregnated by a solution of

the active material or a solution of a precursor of the active material, by

methods well known in the art, such as, for example, incipient wetness. In the {
incipient wetness method, a solution containing the active material or a
precursor thereof is mixed with the shaped body up to the point of incipient

wetness, The impregnated shaped body is then heated and dried at

temperatures typically in the range of from about 50°C to about 200°C. Drying

can take place under vacuum, or in air, or inert gas such as nitrogen.

[0036] In a preferred embodiment, catalysts comprising a shaped body
made by the process of the invention are used to selectively hydrodesulfurize
naphtha streams, that is, middle boiling range hydrocarbon fractions that are

major components of gasoline, and having boiling ranges from about 10°C



Conposition (% Solid weight (g) "As-is" weight (g) Utrasi 93.9 80
880 937 %@gi’/ﬁ%@%m 34 20 220 647 \ater 974 Tot al ‘E‘Wb%ﬁ%ﬁ%&) 43 100
1100 2602 PVA
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(i.e., starting from Cs hydrocarbons) to about 232°C at atmospheric pressure,
and preferably boiling ranges of from about 21°C to about 221°C at
atmospheric pressure. The preferred naphtha streams have olefin contents of at
least aBout 5 wit% to about 60 wt%, preferably of at least 5§ wi% to about 40
wi%, based on the weight of the naphtha stream. Preferably such stream have
sulfur contents from about 300 ppm to about 7000 ppm, based on the weight of
the naphtha stream, and/or preferably nitrogen contents of from 5 ppm to about
500 ppm, based on the weight of the naphtha stream. Olefins include open

chain olefins, cyclic olefins, dienes and cyclic unsaturated hydrocarbons,

[0037] The preferred catalyst for use to hydrodesulfurize such naphtha
streams comprises a silica shaped body made by the process of the inve.ntion
and from about 2 w1% to about 8§ wt %, preferably from about 3 wi% to about 6
wt% cobalt oxide, based on catalyst, and from about 8§ wt%lto about 30 wt%,
preferably from about 10 wt% to about 25 wt% molybdenum oxide, based on
catalyst. The most preferred catalyst also contains an organic ligand used
during the metal impregnation step, before the catalyst is used in the
hydrodesulfurization process. Examples of such organic ligands include at
least one of carboxylic acids, polyols, amino acids, amines, amiﬁo alédhols,
ketones, esters and the like, for example, phenanthroline, quinolinol, salicylic
acid, acetic acid, ethylenediaminetetraacetic acid (EDTA),
cyclohexanediaminetetraacetic acid (CYDTA), alanine, arginine,
triethanolamine (TEA), glycero), histidine, acetylacetonate, guanidine, and

nitrilotriacetic acid (NTA), citric acid and urea.

[0038] When the shaped bodies of the invention are used in catalysts for
naphtha hydrodesulfurization, the impregnated catalyst is preferably used in a
dried, but not calcined, form. Before use, the dried catalyst precursor is treated
with hydrogen sulfide at preferred concentrations of from about 0.1 vol.% to

about 10 vol.% based on total volume of gases present, for a period of time and



4 44 [0053]M xing was applied on high setting, to the so far dry m xture,
and aft eyo Zea7mseut es, the mxture started to clunp angcapmpeasohpdos After 30
m.nutes of m xing on high setting, the m xture appeared to be of a suitable
consi stency to shape particles: when squeezed between hands, is stayed
clunped together as a solid, The m xture was then placed in the 5 cm (two

I nch) Bonnet Extruder, using a 1.3 mm (1/20 inch) quadrul obe steel die

pl ate. The extrudate was dried at a téfperature of 120C (250F) and for a
period of about 1 hour. [0054] The extrudates obtained by either of the
above- nenti oned nmet hod were then submtted to calcination in the presence of

air, st [ Ladn r
[0055] T(;lﬁgmp?{i)1 g}ra{éllleégﬁgfeieﬁgtgﬁgﬁgefbody ‘%ﬁ%’%pﬁgﬁ“?? rﬁ%ese&@q@{ ments are

i sted ita tﬁ'cabdnee@ond\r@ mmemaﬁaenmﬂousmemma yst. ZBhe hydbdgend
Temper at uhe de may reaéen%rllat()é)dsbyl\g Eulﬁdmg agen% 15301%%2%&3@1 o?ogtltsz r<]:atalyst
precursor. In an embodiment, the sulfiding agent is combined with a diluent.
For example, dimethyl disulfide can be combined with a naphtha diluent.
Lesser amounts of hydrogen sulfide may be used, but this may extend the time
required for activation. An inert carrier may be present and activation may take
place in either the liquid or gas phase. Examples of inert shaped bodies include
nitrogen and light hydrocarbons such as mcthane. When present, the inert
gases are included as part of the total gas volume. Temperatures are preferably -
in the range from about 150°C to about 700°C, more preferably about 160°C to

about 343°C. The temperature may be held constant or may be ramped up by

starting at a lower temperature and increasing the temperature during |

activation. Total pressure is preferably in the range up to about 5000 psig

(34576 kPa), more preferably about 0 psig to about 5000 psig (101 to 34576

kPa), most preferably about 50 psig to about 2500 psig (446 to 17338 kPa), If

a liquid carrier is present, the liquid hourly space velocity (LHSV) is preferably

from about 0.1 hr! to about 12 hr', more preferably about 0.1 hr”' to about 5

hr'. The LHSV pentains to continuous mode. However, activation may also

be done in batch mode. Total gas rates may be for example from about 89 (*'
m>/m” to about 890 m*/m> (500 to 5000 scf/B).

{0039] Catalyst sulfiding may occur either in situ or ex situ. Sulfiding
may occur by contacting the catalyst with a sulfiding agent, and can take place
with either a liquid or gas phase sulfiding agent. Alternatively, the catalyst
may be presulfurized such that H,S may be generated during sulfiding. Ina
liquid phase sulfiding agent, the catalyst to be sulfided is contacted with a
carrier liquid containing sulfiding agent. The sulfiding agent may be added to
the carrier liquid or the carrier liquid itself may be the sulfiding agent. The

carrier liquid is preferably a virgin hydrocarbon stream and may be the



g/mm (Ib/in) A 760 30 min 0 126 0.90 276 696.9 (39) B 760 1 hr 0 124 0.90
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feedstock to be contacted with the hydroprocessing catalyst but may be any
hydrocarbon stream such as a distillate derived from mineral (petroleum) or
synthetic sources. If a sulfiding agent is added to the carrier liquid, the
sulfiding agent itself may be a gas or liquid capable of generating hydrogen
sulfide under activation conditions. Examples include hydrogen suifide,
carbonyl sulfide, carbon disulfide, sulfides such as dimethyl sulfide, disulfides
~ such as dimethyl disulfide, and polysulfides such as di-t-nonylpolysulfide. The
sulfides present in certain feeds, €.g., petroleum feeds, may act as sulfiding
agent and include a wide variety of sulfur-containing species capable of
generating hydrogen sulifide, including aliphatic, aromatic and heterocyclic

compounds.

[0040] Following sulfiding, the catalyst may be contacted with naphtha
under hydrodesulfurizing conditions. Hydrodesulfurizing conditions include
temperatures of from about 150°C to about 400°C, and/or pressures of from
about 445 kPa to about 13890 kPa (50 to 2000 psig), and/or liquid hourly space
velocities of from about 0.1 hr 10 about 12 hr’ and/or treat gas rates of from
about 89 m*/m? to about 890 m*/m’ (500 to 5000 scf/B). After
hydrodesulfurization, the desulfurized naphtha can be conducted away for

storage or further processing, such as stripping to remove hydrogen sulfide.

—

The desulfurized naphtha is useful for blending with.other naphtha boiling-

range hydrocarbons to make motor gasoiine.

[0041) Selected embodiments of the invention, including preferred

embodiments, are illustrated in the following examples.
Materials and Methods

[0042) Unless indicated otherwise, the following materials and methods

were used,
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- Surface area (SA): was determined by nitrogen adsorption, using a
Micromeritics Tristar V6.05 instrument and using the BET equation;

- Pore volume (PV) and median pore diameter (MPD): were
determined by mercury intrusion porosimetry, according to the
ASTM D 4284-03 method, assuming a contact angle of 130° for
mercury on silica, using a Micrometitics AutoPore IV 9500
instrument. The reported median pore diameters were calculated
from the mercury intrusion volume measurements.

- The alumina content, sodium content and potassium content were
determined by inductively coupled plasma (ICP) emission -
spectroscopy, using an IRIS instrument manufactured by Thermo
Electron Corporation.

- Crush strength (Crush) was determined by averaging the crush
strength of 100 or more particles, determined with a Vankel VK200
Tablet Hardness Tester, using a strain beam method with a 3.175 mm
(1/8 inch) Anvil configuration. The principle of the method is that a
force is applied by the beam to the particle; the crush strength is the
amount of force applied by the beam that will cause particle fracture.
The instrument reports crush strength as Ib/inches. A crush strength
of 1 Ib/inch can also be expressed as a crush strength of 17.87 g/mm.

- Ultrasil VN3SP is a precipitated silica available from Degussa
having a silica content of 98 wt%, a sodium content of about 0.4
wt%, an alumina content of about 0.1 wt% and a BET surface area of
155-195 m%/g,

- Nyacol 2034DI (available from Nyacol Nano Technologies) is an
aqueous colloidal silica sol having a silica content of 34 wt%, a pH
of 3.0 and a viscosity of 7 cPs,

- The polyviny! alcohol (PVA) used in the experiments is a polyvinyl

| alcohol sold by Celanese under the tradename PV A, having an OH

number of 78-82 mole%a.



9114(53?%5 05 1 hr 15mn30mn2020201231401060 8 0.88 0.87 290
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- The Lancaster Muller is a mixing / muliling apparaius that consists of
a rotating pan of approximately 40 liters (10 gallons) in size and is
topped with a hydraulically operated stainless steel four inch wheel,
scraping blade, and mixer. Pressure can be applied to the mulling
wheel by use of regulated air pressure. The purpose of the Lancaster
Muller is to mix and push ingredients together, Additional
ingredients can be added through a small door on top of the
apparatus, or by stopping the rotation, raising the top half of unit and
adding directly to the pan.

( - The Eirich Mixer is a mixing apparatus that consists of a variable
speed rotating pan of approximately 28 liters (7 gallons) in size and

. is topped with a variable speed stainless steel four prong mixer, and
scraping blade. The purpose of the Eirich Muller is to mix and whip
ingredients together. Additional ingredients can be added through a
small door on top of the apparatus, or by stopping the rotation,
raising the top half of unit and adding directly to the pan‘..

- The Two Inch Bonnet Extruder is an extrusion apparatus that uses an
electrical motor to drive a two inch diameter auger rotation, At one
end of the auger is a f‘eed hopper for supplying the catalyst mix. At
the outlet of the auger tube, die plates for shaping the catalyst would
be attached by means of bolting the plate to the face of the auger
outlet tube, Die plate pressure can be monitored via a pressure
transducer located at the outlet of the extruder. The shapes of the
extrudate can be dictated by the individual die plate. Typically, either

steel or plastic dies are used.

Example 1

[0043] In this example, the properties of various commercially available

supports were determined. Table 1 lists the properties for each shaped body.



1 815 15 mn 20 76 0.84 372 1894.2 (106) K 650 45 mn 95 122 0 90 294 982 8
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Table 1
. Crush
- SA PV MPD AlO,, Ma, K,
Vendor | Description mie | colg i Yy wi% | wivy | B/MM
{Ib/in)
. Silica 1.6mm {1/16™) 1
] Criterion cylinder 234 1.12 1462 0.08 0.09 | na. na'
Silica 1.6 mm (1/16")
i Grace | trilobe, Davicat SI 265 | 13* | 2000 | nal! | 004 | na' | B578
1600 (48)
Norton Silica 1.6 mm {1/16") 1 '
j#1 (Norpro) cylinder, S561138 251 0.93 It <0.15 0.10 n.a, n.a,
Silica beads, screened 1054.3
v PQ 10 1.7-2.0 mm size 274 1.207 105 0.06 0.05 0.01 (59)
oo | Cariact Q-50 silica 12866 | ¢
V| FujiSilysia | 0 o 77 | 105 | 384 <005 | 003 | <0.01 | 'GP | {

v mrn s Cariact Q-50 silica 1286.6

Vi Fuji Silysia beads 1.4-1.7 mm 76 1.03 378 <0.05 0.03 | =0.01 (72)
Silica beads, XS 130° p | 11079

Vil Norton 16080 120 0.74 600° <0.2 <0.2 n.a. (62)

" n.a. means not available

* below detection lmit

} based on vendor specification
“bimodal

Example 2

[0044] In this example, shaped body IV of example 1 was contacted with

steamn at various temperatures.

[0045] Calcination and steaming experiments were carried out in a
horizontal quartz tube preheated in a horizontal oven to the specified
temperatures and at one atmospheric pressure. The atmosphere inside the
quartz tube was composed of 100% steam. In a typical experiment, 11 grams
of "green"” extrudate were loaded into a quartz boat, and the boat was inserted
to the center of the quartz tube at the specified temperature, After the specified
duration, the quartz boat was removed from the quartz tube and cooled down to

room temperature.



317 1376.0 (77) M 677 1 hr 95 89 0.88 339 1286.6 (72) N 705 45 nin 95 75
0.88 404MG297445680) o . . 650 45 nmin 100 116 0.91 308 1PEEHUS200%840999
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[0046] The properties of the shaped bodies obtained after the steam

treatments are given in Table 2.

Table 2
Temggamre Duration sl::m i‘:;'g :'.: ‘,ffg MED gf;ﬁ:
{Ib/in)
s 650 ) hr 100 | 139 | 1188 107 '(égi-;’
b 705 1 hr 100 | 138 | 1163 110 '(éif‘ég
¢ 760 bhe | 100 | 145 | 1045 | 115 ’égg
g 815 Phe | 100 | 146 | 1061 | 121 '(242194)5

[0047) This example shows that steaming shaped body IV at temperatures
of from 650°C to 815°C results in shaped bodies having a lower surface area, a

lower pore volume and larger pore sizes.

Example 3

a. Lancaster Muller procedure

[0048] 1022 g of Ultrasil VN3S8P silica were added to the Lancaster
Muller pan and were mulled for 3 minutes, using 1734 kPa (250 psi) on the
Lancaster Muller wheel, to obtain a fine powder. Then, 706 g of Nyacol

o

2034DI were added to the Lancaster Muller, and mulling was applied for
another 3 minutes. A solution of 48 g PVA dissolved in 500 g of deionized
water was added to the Lancaster Muller, followed by 562 g additional

delonized water.

{0049) The composition of the mixture is summarized in Table 3.



P 705 45 nin 100 68 0.88 422 1590.4 (89) Q 760 1 hr 45 nin 100 100 26 13
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Table3
Ingredient Solids (%) Compaosition Solid weight | “As is” weight

(%) (8) (2)

Ultrasil 93.9 80 960 1022
VN3SP
Nyacol 2034D] 34 20 240 706
Water 1062
Total 43 100 1200 2839
{without PVA)
PVA 4 48
[0050] Mulling was applied to the so far dry mixture, and after 25 minutes,

the mixture started to clump and appear wet. After 30 minutes of mulling, the
mixture appeared to be of a suitable consistency to shape particles: when
squeezed between hands, is stayed clumped together as a solid. The mixture
was then placed in the 5 cm (two inch) Bonnet Extruder, using a 1.3 mm (1/20
inch) quadrulobe steel die plate. The extrudates were dried at 2 temperature of
120°C (250°F) and for a period of about 1 hour.

b. Eirich Mixer Muller |

[0051] 937 g of Ultrasil VN3SP silica were added to the Eirich Mixer pan
and were mixed for 3 minutes on low mixing setting, to obtain a fine powder,
Then, 647 g of Nyacol 2034DI were added to the Eirich Mixer, and mixing was
applied for another 3 minutes on low setting. A solution of 44 g PVA
dissolved in 400 g of deionized water was added to the Eirich Mixer, followed
by 574 g additional deionized water,

[0052] The composition of the mixture is summarized in Table 4.



~The bal ance of the cal cination atnosphere conposition i ' The
resul ts MP 3BAL6 show t hat shaped bodies with di ffereﬁ?%%zr{)g%@ﬁg%é and
"-crush strengths can be obtained by varying the tenperature and at nosphere
_conposition during thermal treatnment ofthe green catalyst. Exanple 4

~ -Formul ati ons wi thout PVA [0057] The procedure of exanple 3 was repeated,
“except no polyvinyl alcohol was added t@sthe mixture to be extruded, keeping
all other ratios of - 24 - ingredients in the mxture identical. Wthout
PVA, the m xtures were nore difficult to extrude than those of exanple 3.

[ 00581After drying, the green extrudates were submtted to high tenperature
In the presence of air or 100% steam The properties of the shaped bodies
obtained after these treatnments are diabledin Table 6, Table 6 Tenper at ure
C Dur at L_g_n_ﬂéé_pe_arn, Q'A“ nQ‘/n -N-ecc/l o NPD-A riuch E/mm (1l h/in)y S £E29

Ingredient Solids Composition | Solid weight | “Astis” weight
(") (*0) (& (e)
Ultrasil 93.9 80 880 937
VN3SP
Nyacol 2034D] 34 20 220 647
Water 974
Total 43 100 1100 2602
(without PVA)
( PVA 4 44

[0053] Mixing was épplied on high setting, to the so far dry mixture, and
after 25 minutes, the mixture started to clump and appear wet. After 30
minutes of mixing on high setting, the mixture appeared to be of a suitable
consistency to shape particles: when squeezed between hands, is stayed
clumped together as a solid, The mixture was then placed in the 5 cm (two
inch) Bonnet Extruder, using a 1.3 mm (1/20 inch) quadrulobe steel die plate.
The extrudate was dried at a temperature of 120°C (250°F) and for a period of

about 1 hour.

[0054]  The extrudates obtained by either of the above~mentioned method
were then submitted to calcination in the presence of air, steam or mixtures of

air and steam by the procedure of example 2.

[0055] The properties of the shaped body obtained after these treatments

are listed in Table 5.
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Table 5

Temperature | .| % | SA PV MPD gf’:ﬂ:

. °C steam m*/g co/g A (b/in)

A 760 somin | 0 | 126 | o0s0 | 216 | S35
B 760 | hr 0 | 124 | 0s0 | 274 8(?:73)8
c 815 15min | 0 129 | 088 | 276 9(’592)2
D 815 omin | 0 | 130 | 089 | 277 | G
E 705 tsmin | 20 | 128 | o090 | 279 | Y39
F 705 30min | 20 | 122 | 089 | 284 9Ll51!')4
G 705 1hr 20 | 123 | 088 | 290 8(?“;-)’
H 760 15min | 20 | 140 | 088 | 301 '(‘6977)-3
1 760 30min | 20 | 106 | 087 | 316 '?;‘50)-2
) 815 1smin | 20 | 76 | o0sa | 372 | [0
K 650 A5min | 95 122 | 090 | 294 "‘(*;25)3
L 677 4Smin | 95 | 109 | 089 | 317 "i‘,j,f)-o
M 677 hr os | 89 | oss | 339 | A6
N 705 asmin | 95 | 75 | oss | aoa | ‘204
0 650 asmin | 100 | 16 | oot | 308 | 35S
F - 705 asmin | 100 | 68 | oss | a2 | ‘5ot
Q 760 Thr oo | 26 | o0ss | nay | 20
R 815 asmin | 100 | 13 | 076 | 1769 | 0%

" The balance of the calcination atmosphere composition is air.

[0056] The results in Table 5 show that shaped bodies with different pore
sizes and crush strengths can be obtained by varying the temperature and

atmosphere composition during thermal treatment of the green catalyst.

Example 4 ~ Formulations without PVA

{0057] The procedure of example 3 was repeated, except no polyvinyl

alcohol was added to the mixture to be extruded, keeping all other ratios of



S ——
0.76 202 ) X760 1 hr 100 108 0.73 224 1804.9 (100 Y 815 1 hr 100
68 0.69 éééggofgqgﬁ%( 156) The bal ance of the cal ci natioﬁ'&gll%%f%@g”
‘conmposition is air. Exanple 5 [0059) The properties of the silica shaped

bodi es were evaluated, by testing the catalytic performnce of catal ysts
containing the silica shaped body and from4.5 to 5.5 wt. % cobalt oxide and
from1l9 to 21 wt./0. nol ybdenum oxi de, b 4ed on the weight of catalyst, in a
napht ha f eedstream hydrogenati on process: J0060]In a representative
procedure, an inpregnation solution was prepared by dissol ving anmoni um
hept anol ybdate tetrahydrate and cobalt carbonate hydrate with citric acid
(CA) as | iingredienthin thepmixture idanticahe Mithautdhy &, the Mmixwies B/ea@morke ColMb- CA

sol ution | mpregnated.to silica su r{ S, using the incipient wetness
i npr egnat :ﬁgﬁ“ctuiﬁﬁ § than ‘E‘Pﬁ"g?g%ﬁ'ﬁﬁ% an anount so that the dried solid
woul d contain 5.2 w.% Co and 20.9

[0058] After drying, the green extrudates were submitted to high
temperature in the presence of air or 100% steam. The properties of the shaped

bodies obtained after these treatments are given in Table 6.

Table 6

Temperature Duration % SA, PV MPD g,r:wi’

) °C steam’ | mi/g celg A (Ib/in)
( 589.7
- Ls 538 I br 0 176 0.91 212 03y
786.3

T 593 I hr 100 161 0.80 194 (44)

893.5

u 650 1 hr 100 15! 0.78 196 (50)

1268.8

w 705 I hr 100 132 0.76 202 1)

1804.9

X 760 ] hr 100 108 0.73 224 aon)

, ) 27877

Y 813 | 1 hr 100 68 0.69 298 (156)

' The balance of the calcination atmosphere cornposition is air.
Example §

[0059] The properties of the silica shaped bodies were evaluated, by
(" testing the catalytic performance of catalysts containing the silica shapecf body
and from 4.5 to 5.5 wt. % cobalt oxide and from 19 to 21 wt.% molybdenum
oxide, based on the weight of catalyst, in a naphtha feedstream hydrogenation

process.

[0060] In a representative procedure, an impregnation solution was
prepared by dissolving ammonium heptamolybdate tetrahydrate and cobalt
carbonate hydrate with citric acid (CA) as ligand. The cobalt to molybdenum
atomic ratio was 0.48, The CoMo-CA solution was impregnated to silica
support S, using the incipient wetness impregnation technique in a single step

in an amount so that the dried solid would contain 5.2 wt.% CoQO a_nd 209



WO 2007/ 145676PCT1US2007/ 000999 - 25 - wt.% M03, based on the weight of the
cat al ysWO 208¥14567 egnat ed solid was dried under vacuumCIURN@/00)@O61] The
silica supported CoMb catal yst was sulfided using 3% H2S in H2 and virgin
napht ha under sulfiding conditions. Feed for the catal yst eval uation was an
FCC naphtha feed with an initial boiling point of 10C and a fi nal

point of 177C containing 1408 ppm sul fur and 46.3 wt. % ol efi ns,

based on the

boi l'i ng

wei ght of the feed. The catal ysts was ®valuated in an MCFB-48 unit (Ml ti
Channel Fi xed Bed-48 Reactor) at 274C (525F) at 220 psig using H2. Feed flow
rate was adjusted to obtain a range of 2-nethylthiophene desul furization
from 65 wt.24MeO9Dastd ¥n thasesighnof the catalgbt. Dhe imprdgmated sylidlwas streans

were anal yzed using on-line GCs and SCDs. C5 O efin content

in the product

was conpéried uadenvasiven et 68 ontent in the feed on a-wei ght basis to
cal cul ate the percentage of olefin saturation (% OSAT). Results of the
percent age of hydrodesul furization (% HDS) and % OSAT were stable after

about 30 s of e ' tihe ol efin
!)({]w(—lg/o Tfné‘%ﬂidé%up@@rt%& SN0 @@&lg\gﬁgs ?&)ﬁﬁé&ﬁ%@b%&?%@

saturati OSAT) at various HDS conver

conver si Bip antihérginwaphdiaonrides sl fidin@ocohditionss df eadafor ahe tanaltste CoMd/ Si 02
catal ysts prepared using support S. [0062]Sim|ar, ,procedures were used to

prepar e @yaluader was/ant €&t panhdha fasdwih aﬂr'&ﬁﬁﬁi.@iliggPP@t\/ﬁfl

0iCcandrt oxi de

and from.1 21 w.. % i dennob b Qhto, 0 al yst,
and sha%ﬂ?bé@i@é Ro,mﬁ W%@Qg&@ﬁgg%@ @ﬁgH%%ﬁﬁhdf%%gér lf'@gg’of t he
shaped bpgie@sorttfROweiptht bifehe fdedl YIRS cABKEY Was efalatc inesh MCPBt4g Co/ Mo
catal ysts obtained fromthe silica shaped bodies are sumari zed in Table 7.

" 26 . TabitéMultiShhgrmet Fixetl Bed<i8r ReaaetpOrat SRANE) (§259F £ of 22NDFIR YSie® ush g/ mm-

(10700 2 OB 8 84 % & aGOUHTS obeh' g2 Y. by gy T 294

desulfurization from 65 wt.% to 95 wt.%, based on the weight of the feed.
Product streams were analyzed using on-line GCs and SCDs. C; Olefin
content in the product was compared with C; olefin content in the feed on a
weight basis to calculate the percentage of olefin saturation (% OSAT).

Results of the percentage of hydrodesulfurization (% HDS) and % OSAT were
stable after about 30 hours of catalyst on stream, and were used to evaluate the
olefin saturation (% OSAT) at various HDS conversions (% HDS). At 90%
HDS conversion, there was about 8.7 wt.% olefin saturation for the CoMo/SiO;
catélysts prepared using support S.

(0062} Similar procedures were used to prepare and test Co/Mo catalysts
having from 4.5 to 5.5 wt. % cobalt oxide and from 19 to 21 wt.%
molybdenum oxide, based on the weight of catalyst, and shaped bodies I, IV,
K,N,Q,R, S, U, X and Y. The properties of the shaped bodies used and the
catalytic performance obtained with the Co/Mo catalysts obtained from the

silica shaped bodies are summarized in Table 7.

¥
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"*0.90 294 982.8 (55) 6.7 N 80/20 VN3P/ Nyacol

9.5

11/ PQ -

silica beads,
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Table 7
Shape Description SzA PV MPD (g:/r:ﬁ: % C5" saturation
L)
d body m’/g celg A b/in) at 90% HDS
|| Criterion - Silica 1/16” 14 | 112 162 .l 9.5
cylinder
PQ - silica beads, 1054.3
v screened to 1.7-2.0 mm 274 1.21 105 (59)' 9.7
size
- 80/20 VN3P/Nyacol 982.8
K 2034D1/4% PVA - 95% 122 0.96 294 (55') 6.7
steam 630°C
80/20 VN3IP/Nyacol 1590.4
N 2034D1/4% PVA - 95% 75 0.88 404 (89j 1.1
steam 705°C )
80/20 VN3P/Nyacol 2198.0
Q 2034D1/4% PVA = 100% 26 0.88 1147 “23') 6.3
steam 760°C
80/20 VN3IP/Nyacol 2108.7
R 2034D1/4% PVA — 100% 13 076 1769 "(] |3') €.3
steam 815°C
80/20 VN3P/Nyacol ; 589.7
S | 2034D1 - 0% steam 176 | 091 212 (33) 8.7
80/20 VN3P/Nyacol §93.5
U 2034D1 - 100% steam 151 0.8¢6 196 (50') 83
650°C
80/20 VN3 P/Nyacol 18049
X 2034DI —~ 100% stearn 108 0.84 224 (IOIl) 8
760°C .
80/20 VN3IP/Nyacol 27877
Y | 2034DI-100% steam 815 | %% | 078 298 ase | - T2
"not available
[0063] The results in Table 7 show that the catalysts prepared with the

shaped bodies with the largest pore sizes gave the least undesired Cs~ saturation

at 90% HDS.



26 0.88 1147 2198.0 (123) 6.3 R 80/20 VN3P/ Nyacol 203401/ 4% PVA - 100% st eam
815C 13 '0.76 1769 2108.7 (I /8) 6.3 S 80/20 VN3P/ Nyacol 2034Dl -0% st eam
176 0.91 212 589.7 (33) 8.7 U 80/20 VN3P/ Nyacol 2034W 100% st eam 650C | S!
0.86 196 893,5 (50) 8.3
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CLAIMS:

1. A method of making a shaped body having a silica content of at least 85

wt%, the method comprising the steps of

a) Forming a shaped body from a mixture obtained from at least one
amorphous silica powder, at least one silica sol having a pH below 7,
and at least one polymeric organic extrusion aid, and optionally
supplemental liquid medium,;

b) drying the shaped body obtained in step a); and

c) heating the shaped body, in the presence of steamn, to a temperature

ranging from about 500 °C to about 800 °C.
2. The method of claim 1, wherein the supplemental liquid medium is water.

3. The method of any of claims 1 or 2, wherein the silica sol contributes to an
amount of from about 4 wt% to about 40 wt% of the overall amount of

silica in the mixture used in step a).

4. The method of any of the preceding claims, wherein the mixture shaped in

step a) further comprises crystallites of a zeolite or zeolite-type material.

5. The method of claim 4, wherein the zeolite or zeolite-type material is
present in an amount that is equal to or lower than the amount of silica in

the mixture.



X 80/ 20 VN3P/ Nyaco/ 2034D1 - 100% steam 760C 108 0.84 224 1804.9 (101) 8 Y
80/ 20 VN3P/ Nyacol 2034DI - 100% steam 815 68 0.78 298 2787.7 (156) 7.2 not
avai |l abl e 100631The results in Table 7 show that the catal ysts prepared with
t he shaped bodies with the | argest pore sizes gave the | east undesired C5=
saturation at 90%-1DS. CLAIMS: 1. A nmgghod of meking a shaped body having a
silica content of at least 85 w% the nethod conprising the steps of a)
Form ng a shaped body froma m xture obtained fromat | east one anorphous

silica powder,. at lgast _.on iLlicas,sol having,.a pl-1 below 7,. and. | east
one pol yreri ¢ r gar;l?‘ né%tﬁpﬁg?gﬂyg?g}c RIRE® B%?J(?HEF’IV&%YSWQM]FW? ui d

medi um b) drying LieisihaRrekeledyr oRLAI ARG N step a); and c) heating the
shaped body, in the presence of steam to a tenperature rangi ng fromabout
500 C to about 800 C. 2. The nmethod of claim1, wherein the suppl enental

liquid nmediumis water. 3. The nmethod of any of clains 1 or 2, wherein the
silica sol contri bdthegnethod of any ghtheopreeoding slsius, wherein step abiskes Wlecet % of

the overall amount iI?];n% rll(l)scp e'renccgn aemﬂ]lgxztﬂ%aest gsv%? %nairs.t ep a).

8. The method of any of the preceding claims, wherein the polymeric
extrusion aid is selected from polyvinyl alcohols, cellulose, cellulose
ethers, such as methylcellulose and hydroxypropyl methyl cellulose
polymers, colloidal silica, floridin, carbon powder, graphite,
polyoxyethylene, mixed walnut shell and mixtures of two or more

thereof.

9. The method of any of the preceding claims, wherein the polymeric
extrusion aid is used in an amount of from about 0.5 to about 10 parts
by weight per 100 parts by weight of the overall silica present in the

mixture used in step a).

10.  The method of any of the preceding clairns, wherein shaping is

performed by extrusion.

11, The method of any of the preceding claims, wherein step b) is carried

out at a temperature of 200°C or less.

12.  The method of any of the preceding claims, wherein heating in step c) is

carried out for a period of from 10 minutes to 120 minutes.



4. The nmethod of any of the precedlng clainms, wherein the m xture shaped in
step a) further conprises crystallites of a zeolite or zeolite-type
material. 5. The nmethod of claim4, wherein the zeolite or zeolite-type
material is present in an anmount that is equal to or |ower than the anount
of silicain the mxture. - 28 - 6. JThe.nmethod of any of the preceding
clains, wherein step c) is carried out in the presence of steamand air. 7.
The net hod of any of the preceding clains, wherein step c) takes place in an
at nosphere containing at least 5 vol. %air. 8 The nethod of any of the
preceding clainms, wherein the polymeric extrusion aid is selected from

pol yvi nyl" al cofjl b THEGhHbASE an OF W A2E B0 lofins WGP TSI SElL 03¢ and

hydr oxypr opyl et hyl ose 0 & sTrica car bon
powder, graphite, pehMexnes fotbeaBle thcssdr¥adigt shel | and mxtur es of two or
nore thereof. 9. The nethod of any of the preceding clains, wherein the
polyneric extrusion aid is used in an anmount of from about 0.5 to about 10
parts by wei ght per, 100 parts by. wei ght { t he overal l lica present in the
m xture used ilft steArP%Hlo us PREICHeRISHAragc Binihegnet H@%%&E@ﬁf“«l{@@'ﬂ&l aP s,
wher ei n shaping is eﬁé\ﬁﬁ %11?&613?0)%&1"{%'{%{11821 boupg Wf:t&/h% o?f g? Of the

precedi ng cl ai s, erein carried out  of 200C or
less. 12. The net h@@te@ﬁnn@é@’b@ﬁwﬁlﬁ‘y@ﬁ@@ﬁ@ﬂ gro%hﬁé@ofﬂfeﬁf@mn@%w ng in step
c) is carried out for, a periiod of from10 mnutes to 120 m nutes. - 29 -

13. The nethod of any/mind heedizcpstesizedhdhersngaiod fem abie 220l Angstoats used
contains no detectable traces of sodiu 14. An anor phous carrier

preparabl e by the %@WW%WW%@&H]@EV@&%“M@ strenath §f at lepstie2d cont ent
of at |east about e volunme determ ned by nercury intrusion

por osi netry of fro?%@énlghg 0 1.0 cnB/g and a nedi an pore size in the
range of from about 220 Angstroms to about 450 Angstrons, and having a crush
strength of at |least 625 g/mm (35 | b/inch). 15. The carrier of any of claim
14, wherein tHé. callheeartaoianyatelain idyevicetiartie oadtidohasre pory yolumer usi on
porosimetry of from0.8 cnB/g to 0.95 cnB/g. 16. The garrler of ana/

clains 14 or 15, MHEWWWE@FWTMHWO%P%IT&Wbe 9.8 G /8 e Pénge of
from about 200 An\g,;v% Qs to about 500 Angstrons. 17. The carrier of any of
clainms 14 to 16, én the carrier has a surface area determ ned by

ni trogen adsorption using the BET equation in the range of from50 to 150
n2/g. 18. The carrier of any of clains 14 to 17, wherein the carrier
conprises up tl6. 5 Faetcartsr ofengtuf,claimsa 4pad mmhumein&hecalaﬂerbesan&ﬁiqmarts by
wei ght of carrier. 19. The carrier Pf cl imlg wherein the meric
material is sel ect 88T FEFITHBCYONER/P ﬁpﬁbﬁtﬂ%, @ émesirems to abp tLﬁ e ethers,
such as nethyl cel | %n%réﬁﬁ s 30 - and hydroxypropyl nethyl cellul ose polyners,
col loidal silica, rdi n,

17.  The carrier of any of claims 14 to 16, wherein the carrier has a surface
area determined by nitrogen adsorption using the BET equation in the

range of from 50 to 150 m/g.

18.  The carrier of any of claims 14 to 17, wherein the carrier comprises up
to 5 parts by weight, of a polymeric material per 100 parts by weight of

carrier.

19.  The carrier of claim 18, wherein the polymeric material is selected from

polyvinyl alcohols, cellulose, cellulose ethers, such as methylcellulose



carbon powder, graphite, polyoxyethylene, m xed wal nut shell and m xtures of
any two or nore thereof 20. The carrier of claim 19, wherein the polyneric
material is a polyvinyl alcohol. 21. A supported catal yst, conprising a
carrier according to any of clains 14 to 20, or prepared by the method of
any of clainms 1 to 13. 22. The supporimd catal yst of claim 21, further
conprising at |east one netal. 23. The supported catal yst of any one of
claims 21 and 22, wherein the netal is selected fromcobalt, nol ybdenum and

wher i n a ﬂ%?ﬁiﬁ%‘aﬁ%@&%&ﬁ%&ﬁn R ol SRR
condi 11 ons, to pr odtes P DEERERE bR R, ma kO Bty chepaRE” | o7

mixtures of any two or more thereof.

20.  The carrier of claim 19, wherein the polymeric material is a polyvinyl

alcohol.

21. A supported catalyst, comprising a carrier according to any of claims 14

to 20, or prepared by the method of any of claims 1 to 13.

22.  The supported catalyst of claim 21, further comprising at least one

metal.

23.  The supported catalyst of any one of claims 21 and 22, wherein the

metal is selected from cobalt, molybdenum, and mixtures thereof.

24. A process for converting a hydrocarbon feedstock, wherein a
hydrocarbon feedstream is contacted with a supported catalyst
according to claim 23 in the presence of hydrogen, under hydrogenation

conditions, to produce a hydrogenated hydrocarbon product.



