;e3eb” A <<=>R>@AT ACP N *166166* 1 PROTECTI ON OF CATALYSTS BY DEPGCSI TI ON
OF A PROTECTI VE LA eous catal ysts often consi ﬁé BLY§B $Cti ve
phase that is unstmmumwm(m%m@rml s is true of, for exanp J y 8% eat ment
catal ysts (or refining r ns or hydrocarbon hydroconversi on reactions)
that contain the netal '@¥fbi nati ons CoMd, Ni Mo, Ni Won an al um na and/ or

al um na-silica substrate, whereby said conbinations contain an active phase
such as met akofktfIdiE or BREAINSTEX BT hERERRSbS tor Af PRYAECHRAALARER Cat al ySt s
or steamreformng catalysts wth a nickel base that contain 10 to 700 by
wei ght of Ni. These sanme solids are also used as sulfur traps. After the
oxide N O In_thegbatntsud GUGeYscd oSl bnkssdidy sENSLELYS Adeven

pyrophoric. This is also true of "systens with a copper base, such as

copper - chr ematunms enshydl ©ganatiron 2tk depRete zéNC Foar ekhgpToONvVer si on
reaction of carbon nonoxide (water gas shift) in the hydrogen units. There
are al so chydfssteatierh edtdlvstsbase jefirhagerezata ansi o5 Lydesragtoon un) or
for the synthesis of ammoni as that are used after reducing activation. In

anot her cat¥YoISPVERER D f LITACRFY sTRAYT GPREabIeT S iMeg2n- BOTAHA BPDF| ght
napht ha w At nm.a tr chlorin . al wrhna_ b ich the
active phaé%f&\/ﬁ&ll?lﬁ?’i {s&mrqe{}gt%d a? gg!é ?Jnél{}l r?g%kcﬁi‘g%rgae%%ggﬁi g Sytcy(saet\r%@i tive to
the anbi enynhatdmis RRGHEOHMMIRN 0ABdcHRL BN an THE PFraPHageS sdey el HPRRAaDY the
industry take this constraint into account. Thus, for hydrotreatnent

cat al yst s efilfiie .CoRbpthkMexaapdeNcdidigres of hhérqueshenabl yateainrgiisons
substrate, the active phase is produced only after the catalyst is |oaded
into the r8%@AGTrSIOEBLRY TRy SHEeesth @ PLEKPhYRATYRENECRES N 1 &Ped

conmpound. . Q3 LY, 20 . At - the end of the_cycle,. the_catalyst s
renmoved frZ)(rJn" %e%%éggf%o?gal@nld brTEélﬁﬁﬁtsa}I?\ 5’01;‘:L6§ aéc/ evmltsﬁ Pﬁéga% Svsklnltfﬁgut
viol ent reggipHNS AFEEUr EhOh:SIdRCRIO NEL aGld WecRhasE deueeal echavddl sgorpounds
that contain carbon and limt contact with oxygen. Neverthel ess, these
cat al yst s aby-dweti tupgesandvédan guroplgpxer.at Thils walgot oroxi daitsyeteat t he
sul fide phases, and certain specialists have tried to solve these problens.
For exanpl B1tR He cop@rti basodf Syshyas orrbsE -cbrpoiLorPaYeneIeist ipg1 20871 by
KASHI MA and CHI YODA, %agat will be cited the additi g?r% of .compounds, such as
ani nes, paf @M By "N ppon K MiHY “EINFAAYHT8Y Th FIrr e Rer st veeFv R
Japan. Forﬁggtﬁ{%‘zt)s iW Ehe anfdr@Bsht LN JTBt @hebaSEre SUGR et k&l wicApper,
or iron, the stage for reduction under hydrogen is also generally carried
out in theanniton bassoie clases samheundudtiron-tlsrgendor pedféoffhesite” in a
reactor that is separate fromthe reaction system and the catalyst should
then be paS¥RYRREF C6 aVBPRLamFhAEsREDIUSREaE AGT difduTdrer aRshEtionst or age
of the cataly nd | padin the_reactar. Thi assivatLon. can
carried ou?llli%ﬁqtﬁl%gecagg?%$sg’nt%%ﬁ/§§sér hcgtﬁégft%oﬁ%lgnlﬁoén\égﬁ% %%en-&l‘?gg?i on
with air thatiighdinagheta Writh anphRelduasa $BksndS, CRibkeHaed Amiahsi Ng,
very slowy, the partial pressure of oxygen to limt the rise in
t enper at ur basd hifs whricbethe eadtakes phés@osgiibheis oretaaadde ta siuwrhiaoen | ayer of
metal oxide that protects the reduced metal and thus makes it possible to
handl e t heCBbPFiflq/nigi highthe sangibark t% thsapmpients a&?@‘é’isﬁhﬁé%egé’ﬁﬁ?nt 0
elimnate thciis aq:xérqe | ayer in the catalytic reactor, in general when hot.

it a

ar
For exanpl €,

The practices developed by the industry take this constraint
into account.

Thus, for hydrotreatment catalysts of the CoMo, NiMo, and
NiW type on the preferably amorphous substrate, the active phase

is produced only after the catalyst is loaded into the reactor

itself, under pressure from hydrogen and a sulfurated compound.

LT
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03 JULY 2002 3 catalyst with a nickel base when fresh is to be reduced at
- around 400C in the unit, a catalyst that is reduced off-si%e ﬁgd(ﬁﬁssivated
by surface reoxidation should again be reduced in the uni € 4 erature
of 200-250C. This requires that there be suitable furnaces upstream from
the reactor. Another drawback is the generation of H20 corresponding to the
elimnation of the oxygen that is provided during the reoxidation stage.
Anot her technique that is related to the latter is reoxidation/ passivation
by carbon dioxide. Finally, it is also Bossible to wet the catalyst with a
liquid that prevents the oxygen fromdiffusing into the catalyst grain. The
difficulty is then to |load the reactor wiith a solid/liquid mxture or at

best a wet 250 S OdnEReuTosd egr ERRsCRLG IRt dFeteTved hrPRetrageastor

i sonerizin s.w.th a chloripated al.um na base,. there is no

aval | ab e LaS R0 AL R ERPIA PR e BB AR R ot PRt i B o

i rreversi bbycattiely shacacthy acileSphdde i@%BatQ&lQﬁﬂm%Tomébﬁn@mHMed are
then to use very tight packaging for transport, such as, for exanple, netal
drums wi t hconggiin cewrbos amdl lSiystenmsnfacrt wdadi ngygerder Newerthghbssds hat nake
it possible to limt contact between the solid and traces of air or

noi sture. FReSdHERLYSEStFRY HARENEPoFPNY NS JERIRY S gFasdPRat PHHDEY he
particles of,.the solid coat.ing the external surface with at .| east one
Dot ot | ve STAATLEY o A ef 1L BLBPAFRS P ERFITY SHRSLPIAREE IRV e

el i m nat edeifed e 18AGEOEnANWIGY bEEONdidyi QRSP e [ he\d GARLEDY, Jihe core of
the solid, I1ts internal pores, is thus protected fromthe outside

at nospher epbyydurg thar ebmpowttisc h Pat 83t JideY 42002071 e\westisMRratd m ts t he

di ffusion of oxygen. The original feature of the invention resides

parti cul ar FHI¥OPA hdapast wihhtos cifsda cot iadgibion off awvmpaveds syidhdagnd not

an inpregnation of all the pores of.the solid. i i fined as either
a uniform F‘ﬁ%/ré?s’ofpf\%ﬁpl:?gk@f ﬁﬁé’é’oinh RIS aﬁy%@‘?‘&aﬁozgq oncentration
decr eases Eﬁ@ﬂéi%l@e&hpﬁgéé/n.t oward the inside of the catalyst nenbrane,
i.e., a layer whose thickness varies according to a gradient. Thus, the
concentrati on afox hatadaityigviidhen desfiensien heeal thesderuphesy dixdhe
center of the grain. The coating is preferably carried out on the outside
surface of copreparay dren. athe tdt@geohermedndtéanoinddre hydaooay hatadisical
decr eases fromthle per%g%{gr tq the center without it being necessary for
e

mat eri al tge%%r/aaet Y [&8* Ut e CHFAURENL , 1PhEPET 1 S de EPEaE R HNE™ hen
gradual |y disgppearsaasckt RR03ghes g fenhat . i Patent fapkigatipn EP 311
508 describes the deposition of a protective filmby spraying paraffin,

fol | owed bye&otldmGyskPaihenind\he eatsdDys WIHM A54eh des prksbesatedrtat ecti ve
material that conprises an oxidized hydrocarbon that is brought into
contact w eWcihenyarabisef dieatingnpermarteansgerts Yresagsr ofhiret he el ti ng
poi nt of the_catalyst. The_jnpregnation technique is nentioned in, for
el o, PRTERLY o dal PR B B8GHRF G -3/ BFGH H3h GEERl FE

LI CENSI NG, -uhichy neit §ansnwel tdingwehb paraf fin (wax) followed by cooling.
Pat ent USP' 3453 217 from CHEVRON clains I'npregnation with a high-boiling
hydr ocar bon. | niiegnati 66madn akl spoE&se tiltad ieampdticifthadha€ons ai ns
hydrocarbon is a process that nmakes it possible actually to isolate the
active phaSélgyesnwitd art bperl gasg3 Juisy POGRrEigd spher #aipildi tveFds t he
drawback of _requiring a |large quantity_of protectjyve, erial. Wth the
por e vol unLoBHV 1 (e BaSF LR D RHEPERES LA g REPalPVE 5 ik, T052t 80 i per
100 g and 481 30 L] f Wi erefore
generally ?g%%?% nmor e tT gﬁﬁ%o%%’“g;‘/‘%e%“%ﬁ% glft %gr%%gﬁinﬁsﬁohgtrleg%%téai ns

hydr ocar boBuf£d@d i1e&etrOot e vl @i def thée Hltedts TEhe fERRSIVAEtHLSNG

probl ens: high cost, high grain density which nmay give rise to problens

duri ng t hetheaidiakpsofitt hesedtld ot handtdiechesolod, immipos §hbl drarksisikens i n
evacuating.this conpqund during the start-up .of the unit. ting or

g . Co
encapsul at FOnt2RT drditfg2BBE MESSTFERY | BN TomErers Fits i9%idhg L 8KeT pidt e
vol unme not g%% gr.al ut, Si r r y rn ing or
of a gradi gﬁ% 0 ]’h)(;&qé:r %?%?é%b’t A ﬁgﬂéﬁ?gc@egle?ﬁ%'tgéo egeg{s??‘?&g’ qtf;%ané{i ty of
protective agent that is equivalent, preferably, to | ess than approxi mately
hal f corresponding to the filling of the pore volunme or, for exanple, |ess
than 30% and if possible | ess than 25% by weight relative to the solid
(catalyst). Effectiveness will obviously also depend on the oxygen
pernmeability (and in sonme cases the water perneability) of the material,
with the products being nore or | ess high-perfornmng as a barrier nmaterial.
The | east perneabl e products can nmake it possible to produce finer
protective | ayers.



The conpounds that are suitable for the production of a protective |ayer
+are of various types, and al so depend on the encapsulatioB bgﬁpgbgge. It is
possible first to coat the particles of the catalyst 03 3 L 02 6
(grain, ball, extrudate or any other powder formof solid) with, for
exanple, a liquid by keeping the catalyst at a tenperature that is bel ow
the crystallization (or nelting) or solidification point of the protective
conpound. Thus, a paraffin with a nelting point of 60C can be atom zed on a
solid (catalyst) at 30C and forma protective ring (or any equival ent

shape) by crystallization upon contact with the cold solid (for exanple,
anbi ent tenperature). Polyethylene wax with a nelting point of 110C can be

deposi t ed B§tateih #dthod BickHe Pespi vher dirgisPsiy &P ke rerperdt it exeM80 to
80C. The pr cts that can be used within this fra k are campounds t hat
cont ai n hyéﬁ_@%a?ﬁo%ge ot et FoF%Eﬂysstyﬁ?‘ﬁétf% %‘i}%‘,ﬂggg\f,’\géﬁif DP%8ven nat ur al

products. EBLs; FRANS hALALELLS SUoxIBXERPIsRGRUY 2 PRI UL WuXDS oGNS,

| i ght polyrers such as pol yet hyl ene waxes, pol ypropyl ene waxes, an

pol yst yr enanwax£s.a QehgerRObyd®Its 2bbagsdfave ehileeul aes Wenphtthehatbés | ow
enough to have a viscosity under high-tenperature conditions of bel ow 5000
centi poi sestsbdbImSoanases omeisrepw £homttleddiengteol venmtotheandbawhesd 1sAll

t he existing?pgl nmers can_be suitable if their de%ree,of crosslipking is

limited. |EPPsIHITEHE8sPhIBOt 6OXRTRLT ATy Ry dFoCarBOR 1t x&Rbl e, a
distillat e°gg§§‘% t‘&f’a“t“‘ig‘. ?fo@ﬂleca 'duﬁ?gfté - el R oRE QUEL csagégggvgg{lg‘g@equ_sl y be

atom zed un ot conditions to re e its viscosity, d solid. The
t enper at ur eehnidife $OLitdiwi +d11Q be snshascwhes toeci=eddgy crystallizes,
as occurs in the preceding cases, but such that the viscosity of the liquid
in the poressbocunies dir oaghandisikdvs. t einaldgspdrtis alistrepoopibd ttche 03
JULY 2002 grain to achieve a coating effect effectively. Another

possi bi | i t YeEWHIRIFataAYBE Yhehtted iEBIAnYPataPEVErtEi ) 3HEF8, Tt o use a

coating aggntethat, i;g.dilyLed on L0 8“%9:?.”%%%. e & SOI et @Hgnttoo apply by
atom zati on; spraﬁ ng, or di Spersion tfie sol Ut on suspension af a

tenperat ur echfathd SeBic@alefitan sbheapoi dd iRy Bk Bte Ar tdte veakvENfer Thus,

the solvent is quickly elimnated by vaporization upon contact with the
catal yst, antidlend et ehobatgresinsokkdek ieyethea.ring (or any ot her

equi val ent shape) around or in the grain, thus creating the protective

| ayer. Anot her Poddisicreeyof stiraydding (rafttdetiievaert IHEE1BdN sts of a

group of e i th, hi | ec i [ i ns in a
Sol vent. TRASEESater (oLl [ ECUAE IR e v SELH AR SRE LA
di ffusi on BhOpd heeedi@ bt theed @ esr ¢iotheseikkibly dRlayedeoscpiryent ed
(ring or gradient, for exanple). thus,.'in a catal yst wth a nean m cropore
di anet er ofigesundtE) teghohwtesy Shassarg efilayethereaskeemitich uspdvery eat nent
catal ysts for conventional petroleumfractions, a nolecule dianeter of nore

than 10 or *280RRATGOL8RAAPY e~ FOTPRAT - WHETh 3% £RE TXRWIS MRS pdTYitfers i n
sol uti on/ S%?E@?@% E:Iéggrsggnévﬁ?gt%pmlsefgn fcﬂ%&gggﬁﬁée Cﬂ'lbrk%eg%‘é' geted. Al

the resins maki ng palnts an rni shes can-be suitable

ei ther in gakdti®YsESPeaSEON ik NAbBEaOE KHIRRNC tEO| ¥ENHS anBOk reXSHIE,
styrenic glycerophthallic resins, acrylic esters, polyvinyl acetate, etc.

or copol yneis camdiestuged. In this case, the protective |ayer consists of a
continuous filmwith a thickness of, for exa several mcrons.

) : i exanpl e, . 03

JULY 2002 s AnoRef (HR9561 §Refie ICifpouAR st ics @SPABER AR 1VREY OR o°bxififen i s
hi gh, ther r . f ol L Nng Vi . den | yehl ori de,

et hyl ene- vﬁﬁ??g%%%sgﬁﬁ)égigg%?%%% ﬁgﬁkg}% 3%?6 ﬁéﬁ%\%%& S?i cocbr%olt}',hgf1 &

pol yacryl onkhkt | ShdpRRe¥st Y& eNrACLY! anhitddi@1CeRat yI®sartiaphbhalat e or
tereplital ate pol yethyl ene, epoxy resins, acrylic resins, and cell ophane.
Sone pol yngnsrarandilcm benal katrarddoint biee rrasaiter- tthgat ngss coadthiass

vinyl i dene pol ychloride and polychlorotrifluoroethylene. Qther materials
can repr es€At the girRF tdoBnonTeal casnpfofhgesokifoh 148 poF Sty PORES. 18
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the suitable type of conpound can vary a great deal, with the only

« constraint being that the protective |ayer can be basi cal bg p V%pg under
conditions of use of the catalyst. This conmpound is prefe 8 g g ni ¢ and

contai ns carbon atons and hydrogen atons with optionally oxygen

het er oat ons, nitrogen heteroatons, sulfur heteroatons, i.e., for exanple,
of the al cohol groups, al dehydes, ketones, acids, esters, am nes, am des,
mercaptan (thiols), sulfides, and sul fones. The protective |layer will be

el i m nat ed under the conditions of catakyst use according to various
mechani snms. This is done either by, for exanple, dissolution with reaction
mediumor with a specific¢c solvent that is used for this purpose. Thus, by

hydr ot r eat RERYSHS QEnoDIPhes i thegdd EovrFign afy or¥eser i ANfy oFigheahdRatnas

t hese two Y i || A Lssol we, -fot_e e, L ayer «qf _paraffin
and t hus p%’g\a}&dée lglg'%g\sé‘%!)?o%a%éﬂaéc ?]\?/él%u:ﬁt%é:s}yoﬁnt e cacatl ;%g?@ J1rhel%I)raoduct
can al so bgosesid eyed B¥ah€hild0B01i83nk HokYar 0042 dMadebnt 8 £LiAN@LEI ons
of catalyst use w thout pressure of hydrogen, and when hot, CGS, C0, CN
and C C bondsecaf lthepanlidl | Yodeshy oledidfjinkddasgeitdlegsasuniform layer
hydr ocr acki ng, thus making the destruction of the protective |ayer

possi bl e. qﬁi%e%ﬂqfﬁgeﬂefg}wlwésmne% JayesoyBp e Qs anERrbve sever al

properties_of the catalysts in.gtanulges, I ls,.or, pellets: Elimnation or
reducti on S?C’f?@e&%@ﬁe‘éﬁ n%er_é‘g’?‘gﬂ W“faﬁ%itk‘? WhT ¢ ior?pﬁ%ﬁega?#é'st%r ansport
condi ti onsnbftedie R1.8UUCL. 1S (REERSLIN xS E VA HALL AR cblg D -
self-heating tests. Inprovenent of the nechanical resistance of the grains:
formati on gtadigias r eHusedciirdongeh Oadh it offf €86 UddazfiilnigORheANdle Malsagt i NQ

with oil. These properties are evaluated by measuring the "attrition in a
barrel " anfirorrtiishipegirhesny bedther centgk ofr GERI ogp st + ef§ehcoating dwenent  of
the tribol ogigcal .properties of the _grains: the ai ns which_have smal |
friction ng?g?rfﬁg‘é’s%Fﬁﬁfe 1Y r?Bsf‘ﬁ%a%‘f Sg}d(?vg}lgfﬁ e_acﬁfotthgr?a _%“r‘?’al | ows
casier |0adhatnd GAUEEL PP 0ol YelPhb AoflBath 78BS tdhd-Rucboadid cdensity,
and therefore preferred passage of the load (channeling). This property is
eval uat ed pyripHdgwtbatRe Ofedtd S@khéut NOWGAng HedRdaryTHO s emd ©fiti allwo

i nprovenents apply as well to a fresh catalyst that is not presulfurated,
pr er educedtodre mrtetthearedtey . e Theopgeadient i shevpforratdasyesnty and ghen

catalyst that_is |ikel 03 JULY 2002 io.to be self-heating. In an
i npl ement a?F?)‘?‘uu%flﬁ ﬁés PBEESS &5 lf:h%p?%msoﬁgeac%‘fteﬁf'of bl eedi ng of the

catal yst is perﬁé{re@;%dAgsi95&1%%5@&%%%&99%@9-trl\é)rd%pggui&wo%r Ly, the
bl eeding is perforned by respecting the fact that the tenperature iIs, for
exanpl e, | psstédtavealiauih 5P GprEfiiagi paeifiion dbSbowed afyesobbihdle passi vat ed
catal ysts that are obtained by the process of this invention, as well as
their use in hyRrtGSEr BOR1 Eomiviarns WEn9 bl dTESs 6€SCHaPes culpartpctive

hydrotreat nent). .Ex le 1 (Not accordin the invention) A co rcial
Py ot r oat MERTZak SRS CoRR- Tt e RS- SURDPYHEPGHST V80 A SHEST Coo
on an alumpi& sHhaleen Wid c%t%@?gﬁfétc as%%fnﬁgﬁ ?E%ﬁ t(?lfatZ%Q Fdberd S
industrially presulfurate y a tert-nonyl po ysu{fl Ide to obtaln a quantity

of sulfur ehambiig RA¥iad pdind EOERE] €atsdlgisehi onetry of MbS, and Co9S8.
The follow ng table summarizes the physico-chenical characteristics that
are obtai ned. S imprRodat g teshatede | i mensideediin bdloswexqnelwat al yst

that is obtajned is._subjected t -heat | test t e n ne whet her
it bel ongsFELY &??l&F?Lb‘Pnt[ﬁ% 936%?§§éét?€§/ﬁgggr]?ﬁ?r% cg?g{o%‘g%nsg to the ONU
st andar d: : f I i P | Q4 shagpe (AL FERBMILE o 5 €M
on one si dé?c%]%ﬁn(ﬁswﬁg%ﬁtlﬁ%ﬁtnleﬁsi hgglegn%q?%# A? t he (cent)er of the %ube,
a cooling. Patent USP ‘3453 217 from CHEVRON claims impregnation

with a high-boiling hydrocarbon. Impregnation of all pores with

a compound that contains hydrocarbon is a process that makes it

possible actuwally to isolate the active phase from the external



03 JULY 2002 11 thernocoupl e nmeasures the tenperature. The cube is

< introduced into an oven at 140C, and the core tenperature 55515-982?:953(1 over
time. Self-heating in ternms of the standard is positive iP, JLY; end of

24 test hours, the core tenperature exceeds 200C. The bore volune is

defined by the maxi num anount of water that is adsorbed by the catal yst

wth saturation of the latter (in mM of water per 100 g of catalyst). The

attrition test, a version of the ASTM D4058 standard that is made tougher

by increasing the test period to three hours, neasures the mechani cal

resi stance of the grains that are subjected en nasse to repeated drops in a

barrel. Attrition is provided by the weight percentage of fines that are

| ess t han @ sphezad bhatitahespreubedbdaki of tdmuirdngt & obaxde thentatal yst

in the rotating cylinder. BCS_ (Bulk Crushing Strength) classifies

resi st ance®t PTOLEERLTY TRFSTEasur i Mg tﬁiesPB%e pf Fefntie i lerted on a

ol 1 d bed, bl ssou & SNeLales, 0vohy yel i oL.l160%, I nar | e5s

than 0.5 mMmand i'S expresse sca SS neasures

percent age-fdiicii @8 o L Caiahysy dmiekl gbrédaliiis taakeford Joheamuifl e
furnace at 500C for 4 hours. The flow rate of the catalyst is defined from
how | ong i tedquikesmboe Bhdrn BéRsbpfweigld pst comphma ¢hak| yortgirised t hr ough a
circular orifice that is 14.6 M2 in cross-section _and is expressed in
liters perbyfiagegbon palafjve soovhe wehobsuPf Utk &Plddr al YRS ReESIEC

caseWi ght_loss ()18, 3Carbon (~ b i.ght) 7. 7Sul fur. (~ wei ght ) 8. 1Packed
onst ty ( KGPERG, BERGH ey uaneho o erdeh oipis Loiier Ui fedhgive

vei ght ) 1. 45l d healtbpoapsidir aderPe 1@&1‘in(|9\pftt§§é daehal4é58pr@evol ume

(ml/ 100 g)23Fl ow rate (1/mm) 1926 The catalyst has to be classified as

sel f - heat | Agpdtoryi endoposdiblleepavbDémd Ant bea &Nt ifrestthiExasmb@urd Gheing

sul furated catal yst as obtained in Exanple No. 1 is introduced into a steel
barrel rotH§ mFaat-eR0°F pifie Phétbarrel is equipped with four lifting

devices that eQ%%E?ngeggmgkgybsulation according to the invention consists

in filling the pore volume not of all the grains but simply
preferably of the external ring or of a gradient of the grain,
with the object being to deposit a quantity of protective agent
that is equivalent, preferably, to less than approximately half
corresponding to the fillaj:ng of the pore volume or, for example,
less than 30%, and if possible less than 25% by weight relative
to the solid (catalyst).

Effectiveness will obviously also depend on the oxygen
permeability (and in some cases the water permeability) of the
material, with the products being more or less high-performing as
a barrier material. The least permeable products can make it
possible to produce finer protective layers.

The compounds that are suitable for the production of a
protective layer are of various types, and also depend on the
encapsulation technique.

It is possible first to coat the particles of the catalyst



stirring of the catalyst during rotation and a conpressed gas spraying

.+ nozzle (spray gun type). The unit is heated to 50C. A 20% Qy g@i Bé
solution of acrylic polynmer-type resin in ethyl acetate ié gP vvl2§ prayed

on the catalyst to deposit 5 g of polyner per 100 g of catalyst over a
peri od of one hour. The nol ecul ar size of the acrylic polyner (> 100 nn) is
| arger than the size of the mcropores of alumna (10 nm. The nozzle is
adj usted such that the vector solvent is virtually conpletely 03 JULY
2002 13 vaporized during its travel to the catal yst grains. The polymner is
t hus deposited randomy on the outside surface of the catal yst grains
during continuous stirring, preventing any aggl oneration by adhesive

bondi ng and9¥qids Epéadr i ere-idetst extdite Athpsr Peler] Formect atekiHnditiReven

ts of each elenmentary grain, Vario f. anal d
Sper | ment 2T GHBPGSt hert CH B BUTE Py oo & et 2 8o PRSI | owi ng

table and expl aingd;Bel oy 114zat; 1t 4ificati
Pr esul - Coat edCoat e%}Coat ed/cfrgrsetl?edj(?éftnlioélhe(afi 3 vtllerll-g(%r Sghge’%](ﬁltfﬁ(():&ttﬁ%duct )t

ed/ dri edcopbimg)ofeicght plosse tivkl8odaRindlsd. 2ntar bomakarByd . Wildh 35. 0- wei ght)

| ~Sul fur (~ by8.17.57.5-wei ght)BCS i MPa)1.01.3--Attrition (~ by-0.5--we
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Polyethylene wax with a melting point of 110°C can be
deposited by atomization on the solid (catalyst) at a temperature
of 50 to 80°C. The products that can be used within this
framework are compounds that contain hydrocarbons of petroleum,
synthetic hydrocarbons, or even natural products. This means
paraffins or waxes or heavy petroleum hydrocarbons, light
polymers such as polyethylene waxes, polypropylene waxes, and
polystyrene waxes. Other polymers that have a molecular weight
that is low enough to have a viscosity under high-temperature
conditions of below 5000 centipoise (500 pascal seconds) (without
adding solvent) can be used. All the existing polymers can be
suitable if their degree of crosslinking is limited.

It is also possible to use a heavy hydrocarbon, for example,
a distillate under vacuum or an oil base. This product can
advantageously be atomized under hot conditions to reduce its
viscosity, on a cold solid. The temperature of the solid will
not be such as when the product crystallizes, as occurs in the
preceding cases, but such that the viscosity of the liquid in the

pores becomes strong and slows the transport to the core of the
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protected. The low attrition (0.5~ of fines at the end of 3 hours) and the

BCS (1.3 MPa) denonstrate the inproved nechani cal resistance properties of

the grain with physical constraints sucthh as those encountered during

| oadi ng of industrial reactors or during pressure surges upon start-up.

Subsequently, we wanted to verify that it was indeed the coating which
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m, 03 JULY 2002 is show ng that access to the pores is partial P/y
restored bythdre doudikehentarghaplelsaumaohtced inf atesgrdEnanphes Scddi> iggofthe he
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(H2/ H2S - 85/ 15 v e/ vol. ..that flows at 40 1/h _under at pheric
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the case of many polymers in solution/suspension that are

available on the market, can be selected. All the resins that

are used for making paints and varnishes can be suitable either

in solution/suspension in water or organic solvents. Fox

example, styrenic glycerophthallic resins, acrylic esters,

polyvinyl acetate, etc. or copolymers can be used. In this case,

the protective layer consists of a continuous film with a

thickness of, for example, several microns.
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remarkable for their water-tightness, such as vinylidene
polychloride and polychlorotrifluoroethylene. Other materials
can represent a good economical compromise, such as polyethylene,
polypropylene, vinyl polychloride, etc...

In view of the various methods for applying coating agent,
the suitable type of compound can vary a great deal, with the
only constraint being that the protective layer can be basically
removed under conditions of use of the catalyst. This compound
is preferably organic and contains carbon atoms and hydrogen
atoms with optionally oxygen heterocatoms, nitrogen heteroatoms,
sulfur heterocatoms, i.e., for example, of the alcohol groups,
aldehydes, ketones, acids, esters, amines, amides, mercaptan
(thiols), sulfides, and sulfones.

The protective layer will be eliminated under the conditions
of catalyst use according to various mechanisms. This is done
either by, for example, dissolution with reaction medium or with
a specific solvent that is used for this purpose. Thus, by
hydrotreatment of atmospheric gas oil or by isomerizing light
naphtha, these two load types will easily dissolve, for example,

a layer of paraffin and thus provide access to the active sites

of the catalyst. The product can also be destroyed by reaction
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with nitrogen, and its contents are enptied into a Dewar flask. The latter

is then taken out of the box and therefore abruptly exposed to air. The
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grains: the grains which have small friction
resistances that slip most easily over one another,
which allows easier loading, reduction of potential
dead zones with low loading density, and therefore
preferred passage of the load (channeling). This
property is evaluated by a flow rate of the solid
through a funnel.

These last two improvements apply as well to a fresh

catalyst that is not presulfurated, prereduced, or pretreated,

i.e., one that is self-heating only on a catalyst that is likely
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passivation by coating. More particularly, the
bleeding is performed by respecting the fact that the
temperature is, for example, less than about 50°C.

This invention also relates to the passivated catalysts that
are obtained by the process of this invention, as well
as their use in hydrocarbon conversion processes

(particularly hydrotreatment).

Example 1 (Not according to the invention)

A commercial hydrotreatment catalyst that contains 20% by
weight of MoO, and 5% of CoO on an aluminic substrate,
with a specific surface area of 210 m'/g, is
industrially presulfurated by a tert-nonyl polysulfide
to obtain a quantity of sulfur of about 90% of the
theoretic stoichiometry of MoS, and Co,S,.

The following table summarizes the physico-chemical
characteristics that are obtained. Some methods are
related in more detail below.

The catalyst that is obtained is subjected to a gelf-heating
test to determine whether it belongs to class 4.2 of
the self-heating materials according to the ONU
standard: 15.5 cc of catalyst is placed in a mesh cube
that measures 2.5 c¢m on one side. The mesh of the

netting is 0.5 mm. At the center of the cube, a
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thermocouple measures the temperature. The cube is
introduced into an oven at 140°C, and the core
temperature is tracked over time. Self-heating in
terms of the standard is positive if, at the end of 24
test hours, the core temperature exceeds 200°C.

The pore volume is defined by the maximum amount of water
that is adsorbed by the catalyst with saturation of the
latter (in ml of water per 100 g of catalyst).

The attrition test, a version of the ASTM D4058 standard
that is made tougher by increasing the test period to
three hours, measures the mechanical resistance of the
grains that are subjected en masse to repeated drops in
a barrel. Attrition is provided by the weight
percentage of fines that are less than 0.5 mm and that
are produced during the rotation of the catalyst in the
rotating cylinder.

BCS (Bulk Crushing Strength) classifies resistance to
crushing by measuring a piston pressure that is exerted
on a solid bed, which pressure generates 0.5% by weight
of fines that are less than 0.5 mm and is expressed in
megapascals.

Weight logs measures the percentage reduction of a catalyst
material that is calcined in a muffle furnace at 500°C
for 4 hours.

The flow rate of the catalyst is defined from how long it

takes for 3 liters of catalyst to be totally emptied through a

circular orifice that is 14.6 mm’ in cross-section and is
expressed in liters per minute.
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Presulfurated catalyst, basic

case

Weight loss (%) 18.3
Carbon (% by weight) 7.7
Sulfur (% by weight) 8.1
Packed density (kg/cm’) 0.86
Bulk Crushing Strength (Mpa) 1.0
Attrition (% by weight) 1.4
Self-heating positive
Temp. maxi ONU test (°C) 445
Pore volume (ml/100 g) 23
Flow rate (1/mn) 1926

The catalyst has to be classified as self-heating in view of

its behavior in the ONU test.

Example 2

The sulfurated catalyst as obtained in Example No. 1 is
introduced into a steel barrel rotating at 100 rpm. The barrel
is equipped with four lifting devices that ensure permanent
stirring of the catalyst during rotation and a compressed gas-
spraying nozzle (spray gun type). The unit is heated to 50°C.

A 20% by weight solution of acrylic polymer-type resin in
ethyl acetate is slowly sprayed on the catalyst to deposit 5 g of
polymer per 100 g of catalyst over a period of one hour. The
molecular size of the acrylic polymer (> 100 nm) is larger than
the size of the micropores of alumina (10 nm). The nozzle is

adjusted such that the vector solvent is virtually completely
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carried out. They are summarized in the following table and

explained below.

Presul- Coated Coated/ Coated/
furated (finished | lixivia- crushed
(without product) ted/dried
coating)
Weight loss (%) 18.3 23.2 14.2 -
Carbon (% by 7.7 10.3 5.0 -
weight)
Sulfur (% by 8.1 7.5 7.5 -
weight)
BCS (MPa) 1.0 1.3 - -
Attrition (% by - 0.5 - -
weight)
Pore volume 23 5.7 27 19.5
(ml/100 g)
Self-heating positive negative positive -
Temp. maxi ONU 445 155 325 -
test (°C)
Flow rate (1/mn) 1926 2022 - -

Subjected to the same self-heating test as in Example 1, the
coated catalyst reaches only 155°C, indicating the elimination of
self-heating by outside protection {(see table above). The pore

volume in water is reduced to 25% of the initial value of Example
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coating which induced in the product the loss of self-heating.
This coated catalyst is thus subjected to washing with hot
toluene (Soxhlet technique) for 2 hours. The lixiviate obtained
is oven-dried at 120°C, and it leaves an elastic film-forming
residue that consists of polymer an@ organic residues. After
drying for 3 hours in a thin layer at 120°C in a ventilated
enclosure, the catalyst is again tested for self-heating. The
temperature rises to 325°C and indicates the recovery of self-
heating. The impregnation volume rises to 27 ml or 118% of the
base value. Therefore, by removing the protective layer, the
pore volume in water is increased, and self-heating is restored.

To confirm the concept of a protective layer, we also
coarsely crushed the coated catalyst grains to shorten the mean
length by half. The pore volume that is measured on these
grains, i.e., exhibiting at least statistically a pseudocircular

section that is devoid of a barrier polymer, rises to 19.5 ml,



dzkzwz} Z~777{ _?vZ: 0!  110%! & ()- !10%!& ()-#3|]1H !10%! & ()-
L 1109! & () - 'T09! & ()-2ZZZZZZZ_?vZ: 0! 1 10%! & ()- | 109% g 8%7
1 100! & ()-#3|1H ! 10%! & ()- 110%! & ()-Z2zZzZzZ 2vZ: 0!  OF 2512808y .
110%! & ()- !110%!& ()- !'10%!& ()-#3|]H !10%! & ()-Z2ZZZZZZ <vZ: 0! #3|]H
110%! & ()- 110%!& ()- !'10%!& ()- !'10%!& ()-#3|JH Z[[[[[[d@Z: O!
##3|TH 110%! & ()- !10%! & ()- 109! & ()- !109%! & ()-
1 109%! & ()-[3[6[:[=[>[K[ DvZ: 0! ##
15

showing that access to the pores is partially restored by the

broken, and thus uncoated, faces.

Example 3

100 g of the initial oxide catalyst of Example 1 is
sulfurated in a fixed bed in a vertical furnace at 350°C during
mixing of hydrogen/sulfurated hydrogen (H,/H,S - 85/15
volume/volume) that flows at 40 1l/h under atmospheric pressure.
The duration of the plateau is 1 hour, and then the catalyst is
cooled to ambient temperature under nitrogen.

The sulfurated catalyst is brought into contact with air at
a rate of 5 successive plateaus per hour at partial pressures of
oxygen that increase in the following sequence: 0.5%, 1%, 5%,
10%, 20%, while making sure that the temperature remains on this
side of 50°C.

The product is deposited in a rotating steel barrel in which
a polyethylene wax with a melting point of 137°C is atomized at
160°C. Upon contact with the cold solid, the wax solidifies at
the surface of the grain pores, and the gquantity of wax that is
deposited corresponds to 8% by weight relative to the catalyst.

The same methodology as in the preceding examples is used,
namely: analyses of the sulfurated catalyst, of the coated
catalyst, then of the lixiviated coated catalyst with heptane to

heptane.
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The coated solid is therefore no longer self-heating, but

becomes so again if the wax is removed by lixiviation with hot

heptane.

mechanical properties are also improved by coating.

Example 4

The pore volume also follows the same trend, and the

A sulfurated catalyst according to Example 3, not subjected

to moderated passivating oxidation with air, is sprayed, under

inert atmosphere at 120°C, with a 600 Neutral type oil base

(brand TOTAL, viscosity

at 40°C: 120

centipoise).

The quantity

of oil that is deposited represents 20% by weight of the coated

solid.

After cooling to ambient temperature and being put back into

air,

the coated catalyst is subjected to the following
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In line with the preceding examples,

the disappearance of

self-heating and partial clogging of the outside pores of the

coated catalyst are not

ed.

solubilizing in toluene.

Example 5 (anomalous)

The coating is eliminated by

The example is implemented on a commercial catalyst that

contains 75% by weight of nickel oxide (NiO), which is used for

hydrogenation reactions.

80 g of this product is loaded into a

glass vertical reactor and reduced in a fixed bed under hydrogen

at 450°C for 2 hours, and then cooled under nitrogen.

The reactor is then transferred into a glove box that is

filled with nitrogen, and its contents are emptied into a Dewar

flask.

abruptly exposed to air.

catalyst is tracked with a thermocouple:

The latter is then taken out of the box and therefore
The internal temperature of the

the latter rises



