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Field of the Invention The present invention relates to a process for the
hydr odesul furization (HDS) of the nultiple condensed ring heterocyclic
organosul fur conmpounds present in petroleumand chem cal streans. The

stream is passed @Uﬁﬁﬁ P ent to the
flow of a hydr ogcér‘ﬁgﬁ a NT | Z gime) ne sor bent
zone. The reaction &e nt ai ni ng

hydr odesul furi zati on catal yst and the sorbent zone contains a bed of
hydrogen sulfide sorbent material. Background of the Invention
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feed. In other cases e%i ronnent al .con erations atnd mandat es dri ve
pr oduct present mvention ré a es to a process for

hydrodesulfurization (HDS) of the multiple condensed ring heterocyclic
organosulfur compounds present in petroleum and chemical streams. The stream
is passed through at least one reaction zone countercurrent to the flow of a
hydrogen-containing treat gas, and through at least one sorbent zone. The
reaction zone contains a bed of Group VIII metal-containing
hydrodesulfurization catalyst and the sorbent zone contains a bed of hydrogen

sulfide sorbent material.

Background of the Invention :

Hydrodesulfurization is one of the fundamental processes of the
refining and chemical industries. The removal of feed sulfur by conversion to
hydrogen sulfide is typically achieved by reaction with hydrogen over non-noble
metal sulfides, especially those of Co/Mo and Ni/Mo, at fairly severe
temperatures and pressures to meet product quality specifications, or to supply a
desulfurized stream to a subsequent sulfur sensitive process. The latter is a
particularly important objective because some processes are carried out over
catalysts which are extremely sensitive to poisoning by sulfur. This sulfur

sensitivity is sometimes sufficiently acute as to require a substantially sulfur free




quality specifications to even |l ower sulfur levels. There is a well
est abl i shed hierarchy in the ease of sulfur renoval fromthe various

or ganosul f unds conmon to refinery and chem cal §iA834700 P! €
al i phati c, Wr‘n’a‘% %ni c, and aromatic mercaptans, sulfi des?&fcfﬁ- and

pol ysul fides and the |like surrender their sulfur nore readily than the
class of heterocyclic sulfur conpounds conprised of thiophene and its

hi gher honol ogs and anal ogs. Wthin the generic thiophenic class,

desul furization reactivity decreases with increasing nolecular structure
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requisite cat afrpmtthe yaeouysarganoselfurcompayndseomman to wﬁgmﬁndtqhmalmt erials

survive traditional suljfurizatio nd they poi son subsequent, processes
i s it
relatively severe process conditions, but this _may prove to be _
Foonon cal! Y urhasbiplicuty campnits ompied b e i sedgiornontlogss
A o iy gty et eyl
hydr odesul f uri Z48FB8e W@FW%H%@&"B@WF@W‘*%&P’B s¥i eé’é‘ﬂﬁ? ed out

oncas o i BB e o 96 Qe Aol bt

LS b, ABERRS Se miAe” eacosp R 1
the derivatives of dibenzothiophene, especially those mono- and di-substituted
and condensed ring dibenzothiophenes bearing substituents on the carbons beta
to the sulfur atom. These highly refractory sulfur heterocycles resist
desulfurization as a consequence of steric inhibition precluding the requisite
catalyst-substrate interaction. For this reason, these materials survive traditional
desulfurization and they poison subsequent processes whose operability is
dependent upon a sulfur sensitive catalyst. Destruction of these “hard sulfur”
types can be accomplished under relatively severe process conditions, but this
may prove to be economically undesirable owing to the onset of harmful side
reactions leading to feed and/or product degradation. Also, the level of
investment and operating costs required to drive the severe process conditions

may be too great for the required sulfur specification.

Typically, catalytic hydrodesulfurization of liquid-phase petroleum
feedstocks is carried out in co-current, downflow, “trickle bed” reactors in which
both the preheated liquid feedstock and a hydrogen-containing treat gas are

introduced to the reactor at a point, or points, above one or more fixed beds of



hydr odesul furi zation catalyst. The |iquid feedstock, any vaporized

hydr ocar bons, and hydrogen-containing treat gas all flowin a dowward

di rect i owowinasyh the catal yst bed(s). The resulting cSCBUSER¢Mpor phase
and liquid phase effluents are normally separated in a series of one or
nore separator vessels, or druns, downstream of the reactor. Conventional
co-current catalytic hydrodesul furization has net wth a great deal of
commerci al success, however, it has |imtPations. For exanple, because of
hydrogen consunption and treat gas dilution by light reaction products,
hydr ogen par thydtodeswulfimimation eatalyst c The liquid feedstack; antvaporized et and out | et .
At the sane tine, any hydrodesul furization reactigns .th pl ace
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reactivity be e sl nmultaneous”™ occurrence of multiple negative
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concentrations of H2S. Further, if a bed of is present downstream of a

co-current hydrodesul furization zone its effect is i.ckly i mnished if
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WO 01/16256 Bfiity & pé-fSmance of most hydroprocessing catalysts through competitive
adsorption onto the catalyst. Thus, the downsu'eém portion of catalystin a
trickle bed reactor are often limited in reactivity because of the simultaneous
occurrence of multiple negative effects, such as low H, partial pressure and the
presence of the high concentrations of H,S. Further, if a bed of is present
downstream of a co-current hydrodesulfurization zone its effect is quickly
diminished if substantial sulfur breakthrough occurs. Further, liquid phase
concentrations of the targeted hydrocarbon reactants are also the lowest at the
downstream part of the catalyst bed.

Another type of hydroprocessing is countercurrent hydroprocessing
which has the potential of overcoming many of these limitations, but is presently
of very limited commercial use. US Patent No. 3,147,210 discloses a two stage
process for the hydrofining-hydrogenation of high-boiling aromatic
hydrocarbons. The feedstock is first subjected to catalytic hydrofining,
preferably in co-current flow with hydrogen, then subjected to hydrogenation

over a sulfur-sensitive noble metal hydrogenation catalyst countercurrent to the



-4 .flow of a hydrogen-containing treat gas. US Patent Nos. 3,767,562 and
3,775,291 disclose a countercurrent process for producing jet fuels,

wher eas t ' uel is first hydrodesul furized in a CGGifspfRlipode prior
to two stage countercurrent hydrogenation. US Patent No. 5,183,556 al so

di scloses a two stage co-current/countercurrent process for hydrofining
and hydrogenating aromatics in a diesel fuel stream In light of the
above, there is still a need for a desul fugization process that can
convert feeds bearing the refractory, condensed ring sulfur heterocycles

at relatively gl C o] gth it Py ubstantially
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hydr odesul furi zati on reaction zones counter-current to upflow ng

hydr ogen-containing treat gas; (b) passing the resulting |iquid phase
effluent fromat |east Qnéightofthe dboveptirid Rntilamesd fdiradeghlfanization
containing a bed of hydrogen sulfide sorbent material; WO 01/16236
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heterocycles at relatively mild process conditions to products containing

substantiaily no sulfur.

In accordance with the present invention, there is provided a
process for the desulfurization of a stream selected from petroleum and chemical
streams containing condensed ring sulfur heterocyclic compounds in a process
unit comprised of at least one reaction zone having a non-reaction zone upstream
and downstream thereof and at least one sorbent zone containing a bed of
hydrogen sulfide sorbent material downstream of the first of said at least one
reaction zones, which reaction zone(s) contain hydrodesulfurization catalyst,

which process comprises:

(a) feeding said stream to one or more hydrodesulfurization reaction

zones counter-current to upflowing hydrogen-containing treat gas;

(b) passing the resulting liquid phase effluent from at least one of said
reaction zones through a zone containing a bed of hydrogen sulfide sorbent

material;



upstream non-reacti on zone, which vapor phase effluent is conprised.of :
hydr ogen-contai ning treat gas and vaporized sul fur, reaction products from
said reanoamssone: (d) recovering downstream from sailt é‘!?P‘E”éﬂ'( zone a

| i qui d phase effluent characterized as having substantially no sulfur. In
a preferred enbodi mrent of the present invention, the Goup VIII netal is a
nobl e metal selected fromPt, Pd, Ir, andsm xtures thereof. In another
preferred enbodi nent of the present invention, the hydrogen sulfide

sorbent is selected from supported.and unsupported netal oxides, spinels,
zeolitic based rrat@i’%‘_’¥?“5£ VepQrhhase B@b‘ﬁmg@?w& 0N ZORE AN 5110t her
preferred enbodi nent of elkh.: | | #ﬂg] 0 e contains a
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Det ai | ed Descng&ﬁg&nw&mﬁ {réx @At kdvaporized ¥ikir rkAioh prodictSRomaaided
"easy" sul fur Tonpounds, such as non-thiophenic sulfur conpounds,

t hi ophenes, begactibhzaeiaenes, and non-beta di benzot hi ophenes can be renoved
Wi t hout using severe process conditions. The prior -art teaches that

substantially nore severe conditions are needed to renpve,, the sg-call ed
"hard' sul fur conp@dFReoveEng fowas drﬁ"ﬁ'@"”éﬁ?’%gﬁq“@tl@‘ﬁﬁfc pent

conpounds whi ch _are.t vpi : .ng sul fur conpounds, such as
beta and di b ?ﬁ?ﬁﬁ&%ﬂ%‘%ﬁ%ﬁ@l eoxsg%%#'e of a typical three ring
"hard" sul fur conpound found in petroleumstreans is 4, 6-

di et hyl di benzot hi ophendn a\jirefegretlfetmbddinnerit of thearesent fiventicss; thd Gidup VIIEsent

invention is applicable to all_ sul fur bearing conpounds common to petrol eum
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refractory sul fur species, BarLi el dthddiSe (e ARbint SV dnkio the

hydrogen sulfide sorbent is selected from supported and unsupported metal
oxides, spinels, zeolitic based materials, and layered double hydroxides.

In yet another preferred embodiment of the present invention, the
sorbent zone contains a mixed bed of hydrodesulfurization catalyst and hydrogen
sulfide sorbent.

Detailed Description of the Invention

It is well known that so-called “easy” sulfur compounds, such as
non-thiophenic sulfur compounds, thiophenes, benzothiophenes, and non-beta
dibenzothiophenes can be removed without using severe process conditions. The
prior art teaches that substantially more severe conditions are needed fo remove
the so-called “hard’ sulfur compounds, such as condensed ring sulfur
heterocyclic compounds which are typically present as 3-ring sulfur compounds,
such as beta and di-beta dibenzothiophenes. An example of a typical three ring
“hard” sulfur compound found in petroleum streams is 4,6~

diethyldibenzothiophene. While the desulfurization process of the present

invention is applicable to all sulfur bearing compounds common to petroleum



di benzot hi ophenes, and nost especially the alkyl, aryl, and condensed ring
derivatives of this heteraocyclic group, particularly those bearing one or
more subsyyplowfgés i N the 3-, 4-, 6-, and 7 -positions redraiseazs4100 t he

t hi ophenic sulfur. The process of the present invention will result in a
product streamw th substantially no sulfur. For purposes of this

I nvention, the term "substantially no sulfur", depends upon the overal
process being considered, but can be deftfed as a value |ess than about 1
wppm preferably | ess than about 0.5 wopm nore preferably |ess than about

0.1 wppm and rgdichBifiats@dtnys, Et‘i§§arﬁbﬂ&rl?bﬁi‘b&ble for te ARAIURLIOR BF tHeeashy
exi sting, conventional analytical technology. It is inportant that the

sul fur |evel s heactive] mostdighiy sefrdsiteryiselfor species artidniarlynthe alass dérivgd dpemi ng
catal ysts are susceptible to deactivation, even at relatively |ow sulfur

| evel s. Cat al ydlibenzothiephenes; and most gspeciplly the alloharyl, gudheqnslenseddingnose
conprised of a-pable or .naonsnobl e .oetal . or.netal f GroupVlll of the
Por i odi ¢ Tabl gVaRYes OfiBR BRETCYEHIBIPRLPaicTarly Bhes bearing ohe gemars,
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support. Vari ousgwt{pt?écgir?r;o et?b %étdagsj’ ﬁrrgly nga%%%%aﬁggg%{ggg@ggy ?%?Qgﬁx?'pos es of
sel ectivity, aqtlie}p'rboess ofithe  inbéntionwillaesiieifta prédhary ptrédm Wwithobl e net al s
that may be used for the hydrodesulfi rization catalysts of the present

i nventi on i ncl wulbstmtiallpao sutfir. Afgr proposesofthidsinventionciha téryn, Psubstagtiallnd | r ;

and nore preferably Pt .and.Pd. Preferred binetallic,pnob net gl catal ysts

include Pt-1Ir, npélll\éillj » deRengs !lmt'i‘P'PyF‘iaﬁé’ﬁ%ceﬁng%g Conf :ﬁmﬁn nd

bi metal | i ¢ nobl I ' , erably
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and WO 01/ 16256 PCTAI S 470 -7 Ni, nore preferably N, and nost
preferably N [:03 rmyppm asincasuved by existing, cpwventional analytical technology. It is

important that the sulfur levels be as low as possible because the noble metal
ring-opening catalysts are susceptible to deactivation, even at relatively low

sulfur levels.

Catalysts suitable for use in the present invention are those
comprised of a noble or non-noble metal, or metals, of GroupVIII of the Periodic
Table of the Elements supported in a highly dispersed and substantially
uniformly distributed manner on a refractory inorganic support. Various
promoter metals may also be incorporated for purposes of selectivity, activity,

and stability improvement.

Group VIII noble metals that may be used for the
hydrodesulfurization catalysts of the present invention include Pt, Pd, Ir, Rh, Ru,
and Os; preferably Pt, Pd, and Ir; and more preferably Pt and Pd. Preferred
bimetallic noble metal catalysts include Pt-Ir, Pd-Ir, and Pt-Pd; Pt-Ir and Pt-Pd.
These mono- and bimetallic noble metal catalysts may contain a promoter metal,
preferably selected from Re, Cu, Ag, Au, Sn, Zn, and the like, for stability and

selectivity improvement. Preferred Group VIII non-noble metals are Fe, Co and



to these G oup VIIl netals, hydrogenation catal ysts based on Cu and. IR
conpounds of Cu known in the art nmay serve as the, hydro don catal yst of
this i nWeM{I68% Copper chromite is a preferred exanplé‘ﬂwﬁ?ﬂ?%"%lass of
catal ysts. Suitable support materials for the catal ysts and hydrogen
sulfide sorbents of the present invention include inorganic, refractory
materials such as alumna, silica, silicon carbide, anorphous and
crystalline silica-alumnas, silica- magnesi as, al um nophosphates bona,
titania, zirconia, and m xtures and cogels. thereof._ Preferred supports

i ncl ude al uni M4, mexe preferably Niand mestpreferably,Ni promated with: Mpe In addition hose
terials classifi it ] i f er abl
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silylation. FafveRtiéi0E6ppetchidmite isa\preferred epamplecfithis|cyasslof atalybte, zeol i tic
materials are those crystalline materials having mcropores and include
conventional zeolitic materials and npl ecul ar sieves, _.includin
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i mpregnating nmediuy or’ by ion exc tal bearing catalysts are
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and modified by their manner of synthesis, by the incorporation of acidity
moderators, and post-synthesis modifications such as demetallation and
silylation. For purposes of this invention particularly desirable zeolitic materials
are those crystalline materials having micropores and include conventional
zeolitic materials and molecular sieves, including aluminophosphates and
suitable derivatives thereof. Such materials also inﬁlude pillared clays and

layered double hydroxides.

The noble metals may be loaded onto these supports by
conventional techniques known in the art. These include impregnation by
incipient wetness, by adsorption from excess impregnating medium, or by ion
exchange. The metal bearing catalysts are typically dried, calcined, and reduced;
the latter may either be conducted ex sifu or in situ as preferred. The catalysts
are not presulfided as the presence of sulfur is not essential to HDS or ASAT
activity and activity maintenance. However, in some cases the sulfided form of
the catalyst may be employed without harm and may be preferred if the absence

of catalyst sulfur contributes to the loss of selectivity or to decreased stability. If



sulfiding is desired, then it can be acconplished by exposure to dilute
hydrogen sulfide in hydrogen or by exposure to a sulfur containing

hydr ocar bogofgsidsnti|  sul fur breakthrough i s observed.pcinisaénam al

| oadi ng”for nobl'e netal based HDS and ASAT catalysts is in the range of
about 0.01 to 5 wt. % preferably to 0.1 to 2 wt. % and nore preferably
to 0.15to 2 w. % For polynetallic noble netal catalysts simlar ranges
are applicable to each conponent; however -8the binetallics may be either
bal anced or unbal anced where the | oadi ngs of the individual netals may

ei ther be equiv, s i c&mé? Ebs ess
than that of iﬂﬁ%g tlsg%ers.hg%htg%%g%?ﬁggof tﬁgﬁﬁl{ y an‘g%stg lﬂgge?{/yid%geh

nodi fi ers rangegHidoim hydréentor b ewposute topr sl far abhtginthglydrocatbdn feed uftil and
nore preferably 0.03 to 1.0 wt. % The catalysts nmay or nay not contain
chloride and susulfr breakthooughds obsesved. range from 0.3 to 2.0 wt. %
preferably 0.5 to 1.5 wt. % and nore preferably 0.6 to 1.2 w. % Sul fur

br eaki hr ough sul 1 i ng. ot oPErasAts RERGEE Rt dRDs ASKES 0 o,
preferably O. 02dhflysts 1 the tihed Bpaﬂm%@sg{;m! & gf‘ef%g!tilg%b.l% 29t %,

I nvention may be's m sever al asses rial known t'o be

reactive towar dyj@tiseqRefefbly tod®15 &riwe.2RAPoepelimbtaliit mblemewl cataljistsher  a
reversible or irreversible manner. Metal oxides are useful in this
capacity and nesimilar mnpésmare dpplicabledo isattkcampanent; bowevesythp bimetaliss may on an

appropriate suppor.t terigl su as .an alym.n sillica, ..0 zeqlite, or
m xt ur es thered?e.elﬁé’g&ﬂ &FW&HWQIWWW@EAOQ S&Jéhetlﬂg’é’éé‘ﬁ?mﬁ% net al s
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to herein is thatofiPaitiéic THMoRBnE 6N étabifitydndSelcetivity nodifierpanyes fahal og
No. 5- 18806, Copyright 1980. Representative elenents include Zn, Fe, N,

Cu, Mb, Co, Mf.0Mv,2 W %, praferabdn0.0240 115wt %, and manp praferablyr0.03 %0 1.8gvt. Sn,
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and the 11ke \f’)’\? OTl{e c%ta?)(vssts glér%?glvgy%%t Gontain chloride and sulfur. Chloride levels

range from 0.3 to 2.0 wt. %, preferably 0.5 to 1.5 wt. %, and more preferably 0.6
to 1.2 wt. %. Sulfur loadings of the noble metal catalysts approximate those
produced by breakthrough sulfiding of the catalyst and range from 0.01 to 1.2 wt.
%, preferably 0.02 to 1.0 wt. %.

The hydrogen sulfide sorbent of this invention may be selected
from several classes of material known to be reactive toward hydrogen sulfide
and capable of binding same in either a reversible or irreversible manner. Metal
oxides are usefiil in this capacity and may be employed as the bulk oxides or
may be supported on an appropriate support material such as an alumina, silica,
or a zeolite, or mixtures thereof. Representative metal oxides include those of
the metals from Groups IA, IIA, IB, 1IB, IIIA, IVA, VB, VIB, VIIB, VIII of the
Periodic Table of the Elements. The Periodic Table of the Elements referred to
herein is that published by Sargent-Welch Scientific Company, Catalog No. S-
18806, Copyright 1980. Representative elements include Zn, Fe, Ni, Cu, Mo,
Co, Mg, Mn, W, K, Na, Ca, Ba, La, V, Ta, Nb, Re, Zr, Cr, Ag, Sn, and the like.



-9 The nmetal oxides may be enployed individually or in conbination. .The
preferred netal oxides are those of Ba, K, Ca, Zn,, Co, N, and Cu.

Repr esenwatolaese upport ed metal oxi des include ZnO on alRGHUS23¢T90 on
silica, ZnQO CuO on kieselguhr, and the |Iike. Conpounds of the Goup I A and
1A netals capable of functioning as hydrogen sulfide sorbents include, in
addition to the oxides, the hydroxi des, al koxides, and sulfides. These
systens are disclosed in the follow ng patents of Baird et al.

i ncorporated herein by reference: US. 4,6003,823; U S, 4,007, 109; U.S.
4,087, 348; U. The et oxideomay e employed mdiyidually or in combinetion. The nel s
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sorbents; zinc alumnum spinel, as defined in US Patent No. 4,263, 020,
i ncor por at ed jaetats caphble of fimotionmg as hydrogen stHidesdrbepisiatluflerintaddision to
I nvention. The sul fur capaci ;&/ of spi.nels_ma

be pronoted thrqugh the
addi ti on of othe ogidesythe hydroxi e&ﬂkﬂﬁéﬁ%@@déﬁ%sﬂme gystems a?sdliﬁ?ﬁqeﬂned in

mater i al s fmyinds GhlloReng ettt Haiee ol eriernlea HeiEh BRErr@EL LIS 0 ) o
detail ed in U &y3 d833.520609100: B 4,097 348; B S 4,0870345 K084 108588:).5by

reference. Thé&se 'neterial’s share wth spinets the ability to function as
regenerabl e hygzngem sul fide sorbents and permit operation of this
invention in a node cycling between sulfur capture and sul fur release in

ei ther continuous or Dbatch operation_ dependi upon t rocess
configuration. Zeoliti®P W@tqnﬁ%}’glﬁ?sa?i gf&ﬁ“f%‘ﬁ shsefils by
i on exchange .are. .al sg of ' ' ' Iﬁgﬁ{m& éﬂlﬂhﬂfﬁ'{ e Zn4A,
chabazite, arfl tﬁﬁﬁﬂ“’a@ﬁ?‘é’ }Fﬁ%ﬁ%{%ﬁ%&?ﬁg@'ﬁ@fgﬁé&%ﬁgt I on o‘f I rtC aﬁosphat e,
and transiti QpetgPialt, bW sulfats) ahil bodies aluminate under the influence of a

third agent like sulfuric acid. Spinels of the transition metals listed above may

be utilized as effective, regenerable hydrogen sulfide sorbents; zinc aluminum
spinel, as defined in US Patent No. 4,263,020, incorporated herein by reference,
is a preferred spinel for this invention. The sulfur capacity of spinels may be
promoted through the addition of one or more additional metals such as Fe or Cu

as outlined in U.S. 4,690,806, which is incorporated herein by reference.

Zeolitic materials may serve as hydrogen sulfide sorbents for this
invention as detailed in U.S. 4,831,206 and -207, which are incorporated herein
by reference. These materials share with spinels the ability to function as
regenerable hydrogen sulfide sorbents and permit operation of this invention in a
mode cycling between sulfur capture and sulfur release in either continuous or
batch operation depending upon the process configuration. Zeolitic materials
incorporating sulfur active metals by ion exchange are also of value to this
invention. Examples include Zn4A, chabazite, and faujasite moderated by the

incorporation of zinc phosphate, and transition metal framework substituted



WO 01/ 16256 PCT/ US00123470 -10 zeolites simlar to, but not limted to,

U S. Nos. 5,185,135/6/7, and U.S. 5,283,047, and continuations thereof,

al incorpgﬁﬁi sgerein by reference. Various derivati eansboryarotalcite
(often referred to as LDH, |ayered doubl e hydroxi des) exhibit high sulfur
capacities and for this reason serve as hydrogen sulfide sorbents for this
I nvention. Specific exanples include M1.sAl 1.2(0H) 12C11I

Zn4Cr 2( OH) 12C12i ZNA 2(OH) 12C12a Mg4. 5Al 1- B{-OH) 12C 15, Zn4FFe2( OH) 12C12,
and NU4A12(CH)12013 and may include nunerous nodified and wunnodified

synt hetic and | 39, 306, U.S.
3,796, 792, U. snké::xmé7 51@{15‘11183%9@%9@%8}%\3} §§§5§ asﬁ%gr?\?fldéhsaé‘dgf/g Cavani et

al . in Catal ysi 528804y, and@ontidubtiodothereof il indoipordteld Hetélf by .refetdncef whi ch
are incorporat ed herein by reference. Particularly active hydrogen sulfide
sorbents are LaRoach H T, ZnSi 2G5 gel, Zn4Fe2(CH)12Cl12, and the_Fe

contai ni ng cl ay, nont r oniViasiougdest iyesof laydyetalsite ﬁ@&wrefwvﬂd@aqibmb
denonstrated a r c SS th 00 _Angstrons.
Particularly no r@FIhV&”&!{egfa‘?&’étfl %@ﬁﬁ? rﬁ?B?‘fl %ssan Rt ®ason pHs and

o, N, c??'aﬁé&‘?’@‘?}‘mé%ch T e e
denonstrat ed bym *AII{IQH)HDIQ] Z (Q)HMGL Zﬁnlﬁﬁ@ﬁxzch,%s/’ﬂ:@@m %Glg% 8) and

4, 665, 044/ 5 and I nd s And M neral s, 2f
Amer. M neral ﬂeﬂ@ﬁ)ﬁ@?@d M&A]g(gﬂhgﬁlp omdameyl inedudsi num;ousnedxﬁnd end The

hi gh nol ecul ar di spgrsjons, of the re ta myvery effective
scavengers for ‘Elﬂ‘ngﬁéo aﬁa .aY%sﬁlrfrgTeé? F‘%ng"'se}"ggcg“’ol}f%hydrogen
sul fide sor be”tfsﬁfoé Iﬂa§e3 %ﬁ %f.§.3§ orret s r%‘{ g%lye&%dtbhose

whi ch bind sul far - 1’'rreéversir’

sul fide sorbentGavahi &*hlﬁh@&tzﬁyﬂzi 'dedwwgfl N@WW@VS-@OEQIQQQD,% cf'véhich
general ly regenerabl e through mani pufatlon of the process tenperature,

pressure, and/ aire ipmerpozated bereinthyt refdrenceo Perticulagiyyactiye hydrogen sulfide
sorbents are LaRoach H-T, ZnS1,0;5 gel, Zn,Fe,(OH),,Cl,, and the Fe
containing clay, nontronite. A study of several Mg-Al hydrotalcites
demonstrated a preference for crystallites less than about 300 Angstroms.
Particularly novel are pillared varieties of smectites, kandites, LDHs and silicic
acids in which the layered structure is pillared by oxides of Fe, Cr, Ni, Co, and
Zn, or such oxides in combination with alumina as demonstrated by, but not
limited to, U.S. 4,666,877, U.S. 5,326,734, U.S. 4,665,044/5 and Brindley et al,
Clays And Clay Minerais, 26, 21 (1978) and Amer. Mineral, 64, 830 (1979), all
incorporated herein by reference. The high molecular dispersions of the reactive

metal make them very effective scavengers for sulfur bearing molecules.

A preferred class of hydrogen sulfide sorbents are those which are
regenerable as contrasted to those which bind sulfur irreversibly in a
stoichiometric reaction. Hydrogen sulfide sorbents which bind sulfur through
physical adsorption are generally regenerable through manipulation of the
process temperature, pressure, and/or gas rate so that the sorbent may cycle

between adsorption and desorption stages. Representative of such sorbents are



bet ween adsorption and desorption stages. Representative of such sorbents.
are W81/ 16256 PCT/ USOQx 23470 -11 zeolitic materials, spinels, nmeso-. and
m cr opor WOENI62861si ti on netal oxides, particularly oxi & MSMVBEY fourt h
period of the Periodic Chart of the Elenents. Hydrogen sulfide sorbents
whi ch bind sul fur through a chem sorptive nechani smmay al so be regenerated
by the use of reactive agents through Hch the sul fur bearing conpound is
reacted and restored to its initial, acti've state. Reagents useful for the
regeneration of these types of hydrogen sulfide sorbents are air (oxygen),
st eam hydr ogzmlithrtdateﬁdﬁcspigplagmws and anicreporeus trappition etaloxidesnonoxi de.

The choi ce of regenerati, ent i.s deternin by,. the initial ctive
state of the BMW‘YM%W?&FE%BH@WE‘&& °ﬂhe§?’f@>éf°a¢l?§t %ﬁ}bg :Eﬁﬂh ring the
regeneration procedure. Active hydrogen sulfide sorbents regenerable by

reaction with o en i ] | num vanadi um
ion w Xyg '%%gﬁ@ﬁaég%&ehmaﬁmwﬁa um vanadi u

tantal um ni obium nol entum zirconifum chromudm and m xtures

thereof . Acti ygerhi¥efptive mncchbdibanapaloe bt segengatedtotthe usdwiregitiveargettson Wi t h

steam either alone’or in conbination with oxygen, include the oxides of

| ant hanum i r thwough whichithe sulfurbearing eempenndis reastadrand sestoned te its dgtitlher eof .

Active hydrogen. sul fide sorbents.regenerable thr h the sgguential action
Byl B it ey F B

of hydrogen astivesiatgeRepgruts e Tegsaertiop 0 8R® . copper,

silver, tin, _rRkeni ' " . At ogen
sul fide sor b?ﬂgge F@’%‘é‘%@%ﬁ! eE{ ﬁgoﬁﬁgtaﬁéﬁ %th?gnﬁtagﬂ@grrnggg%hﬁ!ﬁgﬁi i ron,
cobal t, ni ckegarbofs R Edrbos ionodkide e whyice lof Fegentting agemt éssdetdratinead by | n
addition all transition netal oxides are regenerable fromtheir

cor r espondi ngthetihitial, astive statechf¢he soxberitiand byythe chemrical dntenediates axisingon
of 2 catal yt| Suingie resrmeraORB ARG ARDEEEPoNde SoriemReeE Rl | on
required to restolfon MithkyEel irtRIdRhE okided bBmbaidnest, lantiznbie vafisth! | ON-
tantalum, niobium, molybdenum, rhenium, zirconium, chromium, and mixtures
thereof. Active hydrogen sulfide sorbents regenerable through reaction with
steam, either alone or in combination with oxygen, include the oxides of
lanthanum, iron, tin, zirconium, titanium, chromium, and mixtures thereof.
Active hydrogen sulfide sorbents regenerable through the sequential action of
hydrogen and oxygen include the oxides of iron, cobalt, nickel, copper, silver,
tin, rhenium, molybdenum, and mixtures thereof. Active hydrogen sulfide
sorbents regenerable through the action of hydrogen include iron, cobalt, nickel,
copper, silver, mercury, tin, and mixtures thereof. In addition all transition metal
‘oxides are regenerable from their corresponding sulfates by reduction with
hydrogen, carbon, or carbon monoxide. These regeneration reactions may be
facilitated by the inclusion of a catalytic agent that facilitates the oxidation or

reduction reaction required to restore the sulfur sorbent to its initial, active

condition.

In addition, of particular interest as regenerable hydrogen sulfide

sorbents are two classes of materials: zeolitic materials enriched in the alkali



I n. addi tion, of particular interest as regenerabl e hydrogen sulfide
sorbents are two classes of materials: zeolitic materials enriched in the
al kal i VWO Qéblbiggasd PC AIJSOO saa70 -12 netal s of G oup |pETasee23etogh surf ace
area, porous materials represented by zeolite-like structures,

nonst oi chi onetric basic oxides of the transition netals, reviewed in part
by Wadsl ey (Nonstoichionetric Conpounds, edited by Mandel korn, Academn c
Press, 1964) and numerous surfactant tenpil#ted metal oxide materials

anal ogous to MCM41 type structures as disclosed in U S. 5,057,296

i ncor por at ed hemetals df\Groej EActhe bighlduefaee aregopurond marripls eegreseateddiyer at e over
a tenperature ran%e of 100 - 700 C,_ preferably 150 - 600 C  and nore
preferably 200 zeob@dile stmuctupess ponsteishiometrin basiccoxidestaf dhestransition metalsw i n t he

general disclosure of  proces ndiiions.conman_fo this invention. Al so
suitable are aﬁYW@ﬁEﬁfﬁ&%é}%&%PﬁP@hm‘?Wﬁ Pé‘ﬁ?%oﬁ&te at have
under gone treat I | | ' -enhance
their acidic pr%@é@%’}%‘é%ﬁ%’p gaﬁ)aél}%\eﬁ SO @%ﬁfégﬁnﬁgﬁ?%é%}é@tla\l/at ed
carbons, used Qgifdhieteriflis dRalopsdste MENEA1 THRAMuLresYs dileRidedin DS, K
sorbents. The hydrodesul furization catal yst and the hydrogen sulfide

sorbent used i5037296inearporatedifereinbypefesamce. i nvention may be utilized in
various ‘bed configurations within the reactor. The choice of configuration

may or may not be cri ti,\'/ﬁ%l? d?e%%ndi.ng g{Pon t he objectives of the ovefr al |
process, particularly € FRAPER PLOCEFSeE QRETAIEAVER R (GMRFLAHTCJANG S0
integrated wt n b g b :‘IW_ a~0Ryj ective of
t he overall prgggs?olesc’t feg/b‘iofl?ﬁﬁeﬁﬁge ’giclzlt(aﬁ?lt%?%ffﬁéle aspged(?t C%Q pr oduct
qual ity rel ati (ReshiredBGthparable Yo tHoRe sitdEBelow i teibhatal @iR6lodure ofpfoekssed Wi th

the understanding that the selection of a specific configuration is tied
to these other ¢pnditersscomupent to thissmveéntiond configuration utilizing a common
react or where the hydrogen sul fide sorbent

Also suitable are activated carbons and acidic activated carbons
that have undergone treatment well known to those having skill in the art to
enhance their acidic properties. Acidic salts may also be added to the activated

carbons, used on other high surface area supports, or used as bulk sorbents.

The hydrodesulfurization catalyst and the hydrogen sulfide sorbent
used in the practice of the present invention may be utilized in various bed
configurations within the reactor. The choice of configuration may or may not
be critical depending upon the objectives of the overall process, particularly
when the process of the present invention is integrated with one or more
subsequent processes, or when the objective of the overall process is to favor the
selectivity of one aspect of product quality relative to another. Various bed
configurations are disclosed with the understanding that the selection of a
specific configuration is tied to these other process objectives. A bed
configuration utilizing a common reactor where the hydrogen sulfide sorbent
zone is placed upstream of the hydro-desulfurization catalyst zone is excluded.
One bed configuration consists of a stacked bed wherein the
hydrodesulfurization catalyst is stacked, or layered, above and upstream of the



zone is placed upstream of the hydro-desul furization-catalyst zone is
excluded. One bed configuration consists of a stagked bed wherein the

hydr odes WG Q/18286t i on catal yst is stacked, or |ayered, TSIV pstream of
the WD 01/ 16256 PCr/USO0O123470 -13 hydrogen sul fide sorbent zone. Stacked
beds may either occupy a conmmon reactor, or the hydrodesul furization

catal yst may occupy a separate reactor Bstream of the reactor containing
t he hydrogen sul fide sorbent. This dedicated reactor sequence is preferred
when it is desirable tq operate the  hydrodesul fuyjzation catalyst and the
"hydrogen sul f hydrogsp a9rb§ab%qn&n§*%€f<ﬁ9%e§qmﬂémﬁrqc@mbwmerat ures

or to facilitate fre r Al ' of 1t hvdr ogen

sul fi de sor beReaH %Irqlrlgﬁk&&oﬁqg&%/ %{S‘g‘xé%‘ﬁ‘&% rﬁgfér‘g%gﬁtseggﬁﬁe rgiﬂo&l SO

contai n a i xglRiath of{HE rBicRortVbiaithg T fydediel I QAR U s eiRfteRa! al Vst
are intinatel 3g?nter?n xed wth thosg of }{he hydr ogen su f‘irgé sorgtggt. In
both the st ackeadtorsequence s preferredowliengtiisadesivable td dperatethe onponent s may
share simlar or identical shapes and sizes, or _the particles of one may

di ffer in shappdredesulfurizatien eateliystand the\hydregenssulfide sasbentat suhstansislynent .
The latter relaglionship is of potent] yalue to the mxed be

confi gur at i ondﬁ%er?‘{n‘ rg‘ﬂ"gﬂ'l ‘8“‘88‘“%58? Pﬁﬁatl@m!@t%%@l@i gr g‘?”rﬁﬂ“@“‘b@&"ﬁ%‘ﬁ’m
separation o a’hﬁ% m@g yscharge or reworking. Materials
can al so be fétr‘&rrlgf11 te e\%%l c gslailb(c)e\?thaﬁe S function and the hydrogen-
sul fide sorbent function to reside on a common particle. In one such
formul ati on, the HDS arfhetysirogpasuifide soreent aonzecan atsongomitain tasnixed bed! ended

together to forma conposite particle. For, exanple, a finely divided,
powder ed Pt oWhereimparticles of hedhydredesplfyrizatiop cbtggﬁbl@& ipfimately interyixede powder

Sowder i 1 i il e S dETRd: ftbai 1 bR the SakedlpaibBEA B 1°
Pt is inpr egng:%n“f%-urﬁbh , thE 8wé compBrémenay 3hate Birii%ardr {dintidal shapes AN e

simlar to th escribed in
sizes, or the particles of one may differ in shape and/or size from the particles of

the second component. The latter rélationship is of potential value to the mixed
bed configuration if it should be desirable to effect a simple physical separation
of the bed components upon discharge or reworking.

Materials can also be formulated which allow the HDS function
and the hydrogen sulfide sorbent function to reside on a common particle. In one
such formulation, the HDS and hydrogen sulfide sorbent components are
blended together to form a composite particle. For example, a finely divided,
powdered Pt on alumina catalyst is uniformly blended with zinc oxide pbwder
and the mixture formed into a common catalyst particle, or zinc oxide powder is
incorporated into the alumina mull mix prior to extrusion, and Pt is impregnated
onto the zinc oxide-containing alumina in a manner similar to that described in

U.S. 4,963,249, which is incorporated herein by reference.

Another formulation is based on the impregnation of a support with
a HDS -active metal salt (e.g., Pt) and a hydrogen sulfide sorbent-active salt
(e.g., Zn) to prepare a bimetallic catalyst incorporating the HDS metal and the



U S 4,963,249, which is incorporated herein by reference. Another
formulation is based on the inpregnation of a support with a HDS -active
met al sal tyg@uflass Pt) and a hydrogen sul fide sorbent - acthcrassadss7o (e. g.,
Zn) .to prepare a binetallic catalyst incorporating the HDS netal and the
Whol / 10% PC. r/ USOO123470 -14 hydrogen sul fide sorbent on a common base.
For exanple, a Pt-Zn binetallic nay be prepared in such a manner as to
distribute both nmetals uniformy throughddt the extrudate, or,
alternatively, the Zn conponent may be deposited preferentially in the
exterior regi Om}@for%ﬂ%uﬁﬂersﬁﬂﬁhﬁoﬁ 8 cRRH MAse Fdrexawplees Pealbimetallit ri ch
zone, or the Pt “corfponent nmay be deposited preferentlafly In the exterior
regi on of the auiybeiprepared imsutiacnammer asto distribyipdiodi inetali unifarmly one. These
are often referred to as "cherry" structures. Three conponent_ bed

confi gur at i ons throsghous thesentrugdstes o, ghterpatively,dhe Zn compenem maydesierositedn i s

bject to the condit,i ' | y. di. d t t t .
ne. vari ati on R BubE SHEORE AR e erindelio s ST IR AEe Tk o
fi ti [ .t h
fyor odesul fur i ZAIgy e, 31 E P ERERAOEC Sy Be Sor HEL BRARBIDTL ) ety G

the hydrogen sybdibsler felekfiBate fepiodtel £rimp Beeggdhell, Pticioh zbhe. €Fhese argponent
systens may occupy a conmon reactor, these systens may al so occupy

mul ti pl e react often véferred td asr“chemy’pstmictresDS cat al yst occupi es the | ead
reactor and a stacked hydrogen sul fide sorbent/HDS catal yst occupies the

tail reactor. These arr.gngenents ]t erating the t react or sections
at different process coﬁ?fg? W@%ﬁb&?%%@%%‘ﬁﬁrs@%ﬁg&%arts
flexibility in ol i ﬁjc%t ' . /. g,;sqyi bty. It
will also )l;e u%&%ﬁgﬁ%eogloﬁg?ﬂ?ﬁgﬁ%%ggent i%%gﬁqlﬁ%ég%w e g?ggﬁ%% }s/uch

that the hydr oges cémpbhdhe sfsdéhe NOne eatéation vf hedire osmpetertded & the
hydrodesul furization catal yst and hydrogen sul fide sorbent, a conposite of
stacked/stacked/stacked configuration where the three components are layered

sequentially with a hydrodesulfurization catalyst occupying the top and bottom
positions and the kydrogen sulfide sorbent the middle zone. While the three-
component systems may occupy a common reactor, these systems may also
occupy multiple reactors where, for example, a HDS catalyst occupies the lead
reactor and a stacked hydrogen sulfide sorbent/HDS catalyst occupies the tail
reactor. These arrangements permit operating the two reactor sections at
different process conditions, especially temperature, and imparts flexibility in

controlling process selectivity and/or product quality.

It will also be understood that the present invention can be
practiced such that the hydrogen sulfide sorbent zone contains a mixed bed of
hydrodesulfurization catalyst and hydrogen sulfide sorbent, a composite of
hydrodesulfurization catalyst and hydrogen sulfide sorbent, and/or a support
impregnated with a hydrogen sulfide sorbent active salt, and a

hydrodesulfurization active metal.

The composition of the sorbent bed is independent of configuration

and may be varied with respect to the specific process, or integrated process, to



hydr odesul furi zati on catal yst and hydrogen sul fide sorbent, and/or a
support inpregnated with a hydrogen sul fide sorbent active salt, and a
hydr odesWMOr®26256¢ i on active netal . The conposition of PE'SEVBER bed is

i ndependent of configuration and nmay be varied with respect to the
specific process, or integrated process, to WO 01/16256 PCT/USOJ 23470 -15
which this invention is applied. In thosgsinstances where the capacity of
the hydrogen sulfide sorbent is limting, the conposition of the sorbent

bed nust be consistent withth?,ﬁxeted,lifeti , oy cycle, ?f t he
p[]oc](cassd 'llj'heslé'h}?krthﬁéﬂmma-?mw tgll‘ %epgsmce%&ﬁsfet %cémtm gﬁntené of
these.r easonelydrhecit e e e lfting) HH Elmmpusitenel ot bor Rl S IS e 0 '
and the opti ngj sﬂ%ﬁt@ﬁiﬂ%ﬁéﬁ&&d‘lﬁéﬁﬁ@fw@&w,bfﬁie'ﬁﬂce%ﬁymeéep%?z[tﬁ&eﬁ”

alternative application eq ly wel | n general, the weight ratio of the

hydr ogen sul f iréén afrhBensitivetotthesulfinrcontentibf theifzeal beiug procedsyd tnd toather ange
fromO0.01 to 1000, preferably from0.5 to 40, and nore preferably fromO0.7
to 30. The fe@stmﬁg@SMOpﬂéM Korfheseireasons, dhesemmposition efthe

t t h d l.f.urizati. [ I t t al yst. bed
N T
ro 9o oo B B A e SRR B, Wi

i nvention tha I rst pass co-curre

hydr ot r eat i ngweigheiatioof fissydtbgen subfide sorbent fo theyhydesdesifiriation tatalyst ,
preferably a hydrodesul f irization catalyst, preferably a non-noble netal
cat al yst. Themhy range fiecini 0@ rto lﬂm,lprcfermblyo&opa@é ée|49,andimorepreferably
countercurreg& rgﬁi2%§? zone contai ni ng hydrodesul furization catal yst,
preferably B ethiM-al catal yst. Each reaction zone will be preceded and
foll owed by a non-reaction zone where products can be renoved and/or feed

or treat gas introducqye fdd¥8totks\of the phdserk APéiRionidré sitfected e Whi ch does
not contain ' ' '

countercurrent hydrodesulfurization in at least one catalyst bed, or reaction zone,
wherein feedstock flows countercurrent to the flow of a hydrogen-containing
treat gas. It is within the scope of the present invention that the feed steam first
pass through a co-current hydrotreating reaction zone which contains a
hydrotreating catalyst, preferably a hydrodesulfurization catalyst, preferably a
non-noble metal catalyst. The liquid effluent will then be passed to at least one
countercurrent reaction zone containing hydrodesulfurization catalyst, preferably
a noble metal catalyst. Each reaction zone will be preceded and followed by a
non-reaction zone where products can be removed and/or feed or treat gas
introduced. The non-reaction zone will be a zone which does not contain
catalyst. The non-reaction zone can be an empty cross-section in the reaction
vessel or it can contain a material suitable for promoting liquid/gas contacting.
Non-limiting examples of such materials that can be used to promote liquid/gas
contacting include glass beads, wire mesh, as well as other suitable inert material
that can withstand the process conditions in the non-reaction zone. Upflowing

hydrogen-containing treat gas flowing through the non-reaction zone will serve



catal yst. The non-reaction zone can be an enpty cross-section in the
reaction vessel or it can contain a material suitable for pronoting

| i quid/ gaswag{}{ ting. Non-limting exanpl es of such nwoaruseds4tohat can be
used to pronote Tiquid/gas contacting include glass beads, wire nesh, as
wel |l as other suitable inert material that can withstand the process
conditions in the non-reaction zone. Upflow ng hydrogen-containing treat
gas flow ng through the non-reaction zone-¥d| serve r WO01/ 16256

Pcr/ USOQ 23470 -16 to strip dissolved sulfur reaction products such as HZS
fromthe |iquid, effl Wi 4 . iR 8us

hydr odesul fi zri ?aﬁ'%ﬁﬁg%ly %‘? %&%Pgﬁgwﬁ&gﬁc%% Segbnl%hctg? i uxFlre grllv%enﬁ eaction
zone, if preseng gﬁm{emyentional hydrotreating catal yst and

i ncl udes those I ch are conprised of at |east one Goup VIII netal,
preferably Fe, Co and Ni, nore preferably Co and/or N, and nost preferably
Ni; and at |east one G Sujtable hydrodesulfarizationsentalysisfos yse iyangsEedRSOer abl v

Wi 1 et al s cuppmns ey e MPRPSSuh i s P REAORAL ISR CRITD 20
bresent. i n-an cRARERIRCRGySich e Sitwrised o i fhe OFOG VI, 20 Y BE

about 10 to 40 fé’{amgm!, OB LA NRIB6R B ebably ChaadyerNi, 28d ntsBpreférally Nit |
nmet al s wei ght rcents are on support. By "on suggort" we nean that the

percents are baggibtdéast e GroupiW1 métal, ipeefemblyddotan excaprgferably Mo, be
support were to weigh 100 g. then 20 w. % VI.| | tal nean t hat
20 g. of Group ahigh shefecq wmgumﬂtm@cgﬂpvs%w ?WPE%I%GT%’&%?WH?ZM i on
tenperatures wi )l range from abou . r from
about 50 psig t'S 8B Q?%g}np@ﬂio‘é?g%ﬁ%%;%g%n %%é%éﬁﬁzﬁﬁ] ot have
a co-current 1 enghl RulPRct2ss. The'bidup!VaRel wilPgpically'Be pRAEtHH G aioht

er e

reaction zone ern I qui d
ranging from about 5 to 50 wt.%, preferably from about 10 to 40 wt. %, and more

preferably from about 20 to 30 wt.%. All metals weight percents are on support.
By “on support” we mean that the percents are based on the weight of the
support. For example, if the support were to weigh 100 g. then 20 wt.% Group
VIII metal would mean that 20 g. of Group VIII metal was on the support.
Typical hydrodesulfurization temperatures will range from about 100°C to about
400°C at pressures from about 50 psig to about 2,000 psig.

While the present process need not have a co-current reaction zone,
it will have at least one countercurrent reaction zone wherein the liquid
feedstream will flow downward counter to upflowing hydrogen-containing treat
gas. It will be understood that the treat gas need not be pure hydrogen, but can
be any suitable hydrogen-containing treat gas. The vapor phase which m the
catalyst bed of a countercurrent reaction zone, will typically contain sulfur
impurities, will be swept upward with the upflowing hydrogen-containing treat-
gas and collected, fractionated, or passed along for further processing. It is to be
understood that all reaction zones can either be in the same vessel separated by

non-reaction zones, or any can be in separate vessels. The non-reaction zones in



feedstreamw || flow downward counter to upflow ng hydrogen-contai ning
treat gas. It will be understood that the treat gas need not be pure
hydr ogeriwol9tfi6286an be any suit abl e hydrogen-cont ai ni ng ﬁ?‘”@g The vapor
phase which in the catalyst bed of a countercurrent reaction zone, wll
typically contain sulfur inpurities, wll be swept upward with the

upflowi ng hydrogen-containing treat- gas .;1_nd col l ected, fractionated, or
passed along for fu ther processing. It I's to be understood that all
reaction zones can either be in the sane vesse] separated b non-reaction
zones, or anmama@wqwﬁbwm&wm&rﬁme# wgfrom ope Wﬁfeim €k WO

01/ 16256 PCrl yS00123470. -17 the datt case W ll |nclude t o gnsfer
lines | eadi noll@RSRRTOFRSSIRESLen 154 gﬂﬁ?‘ﬁ%’r@mﬁ SSF‘?EI%SC ésg iﬂ?‘étgﬁ is
performed to [ . B i ueht Brected@th@nd liquid are
di sengaged an‘éa?{agégﬂlg‘ﬁfi?%ﬁgkﬁé%fd Hglg?léigi(%%ﬁ%uﬁ% cc():unterﬂéﬁrrent react or
or reaction zgp@terdiifent fd¥etorior e€actioe zone ITieCwpot fronsthepreproceskiagptepcessed
separately or conbined with the vapor phase product fromthe

count er cur r endanrbegurocessedisepanatgly or pombined widuthe vepornhase produetdram thener
vapor hase hydr oprocessing | reater redyctiqQn in heter om and

ar gmat i (F:) spe&%‘§t¢‘§1“@é§qﬁ°@g- bﬁ‘eg’éﬂ?rlg\afee@? 9"‘(53 ‘%?W@f@%’r@'%%‘f@ﬁf The
catal yst may he cont ai kI ' . i ple
Veseel s. Var iR R EEesilk if Py zp e B Horetobech Bod MG Rpedl &

devi ces) may AR&irt®etientdirbdth @ febbverys STht GatalysOitiagideRbmaitiedin =~
tenperature control and contacting (hydraulic I’eQI me) between the liquid,

vapors, and cafearysore bédsinconervessel or multiple vessels: Vagioys hardwearg (i¢ent stream
froma reaction _zone, wth hydrogen-containi treat,.gag, ,Stri di ssol ved
H2S i npuri ti edistributers, battless oot Grapstex deviges) mﬁxﬂgﬁiﬂ'ﬁﬁ?ﬂﬂgv&%@eé’&t‘ﬁﬁ§%‘9
performance. That, i.s, the - &%ﬁ %g% r
substanti al | yrpgﬁgmpﬁmoéé&@#yﬁngﬁ%g‘} gér}{etmgég%gﬁ?o oyrep Je{fgerrent S

required. Fur&@ﬁ&uidp%,aﬁglcawysf_ermval |l evels w Il be achieved by the
process of the present invention.

The countercurrent contacting of an effluent stream from a reaction
zone, with hydrogen-containing treat gas, strips dissolved H,S impurities from
the effluent stream, thereby improving catalyst performance. That is, the catalyst
and sorbent can be on-stream for substantially longer periods of time before
regeneration or replacement is required. Further, higher sulfur removal levels

will be achieved by the process of the present invention.

The hydrogen sulfide sorbent zone can be placed in any location or
‘locations downstream from the first reaction zone. Further, the sorbent can be
either contiguous and downstream from a reaction zone, or it can be separated by
anon-reaction zone. It is preferred that the sorbent zone be separated from an
upstream reaction zone by a non-reaction zone, more preferably when the non-
reaction zone contains a substantially inert material that will promote liquid/gas
contacting. The hydrogen sulfide sorbent zone can be operated in either a

countercurrent or co-current mode.



The hydr.ogen sul fide sorbent zone can be placed in any |ocation or

| ocations downstream fromthe first reaction zone. Further, the sorbent can
be either L. gyous and downstream froma reaction zon ' an be
separ at ed B@ooﬁéﬁ%ﬁ-reaction zone. It is preferred that tﬁgr@%)rmg%‘r'{t& zone be
separated froman upstreamreaction zone by a non-reaction zone, nore
preferably when the non- reaction zone contains a substantially inert
material that will pronote |iquid/gas copjg@cting. The hydrogen sul fide
sorbent zone can be operated in either a countercurrent or co-current
node. WD 01/16256 PCT/ U5QQ123470 -&g%.'l'he racess of this_invention.is
operabl e over a range of ﬁ%ﬁﬂf’?‘?sﬁﬂg Hﬁgff‘glné-ﬂf’l’w c’tvﬁléafar?lggﬁg‘é?f’ 110ns

objectives in te oglue | itk Vgl k 4 h any
dounst ream pr oo CRRRsfPRPRY el deideriy B RAIROTproded gRARY kb bmth!
conmon or sequeihd fnsistt With Ay RWHstrearh prdcessuwitie whichatlis ihveitiohygr ogen i s
an essential conponent of the process and may be supplied pure or adm xed
wi th ot her passiuabined imeitlier g xoasna@sor seqiential reactbyasserablyadbisiimderstoofli ni ng
or chem cal processing environnent. It is preferred that tt]{ee hydr ogen
stream be sul f that hydregenois an essentink sompopent affths propess and mpy ke su €t ood

o 2 e or SRRAGS b R RS B A Ll Bt g M SR
condi tions of t.gmxg{é% s?%ggltl%c nwntaﬁ@s ﬁ;eﬂﬂeg&gawﬁéuydfbé& siehmideve to

conventional hydropr ol ogy, especially with regard to the

processi ng of siilfffreeCrsubstantialyt sutfur fte,and driy understood thay fredatéer her ei n
previ ously defined. This invention is conmonly operated at .conditions that

favor aromatic byuitiopemay boachievesif desited by convrmtiondrechonlngiesicarsntly

5 and pref or abRgHE2a40t tiggRreoRes §f Eencalp e Fon i ndof RRPRPE R AL AT dos
100 - 3000 psi 5 | FRbS ﬁéﬁ{oﬁgy 100
-1,000 psig at %5@%‘%29(%@%‘%&&?3?%%#? standar g@cubi C egt per
barrel), prefergpedallP@ith regard to the processing of streams containing the refractory

sulfur types as herein previously defined. This invention is commonly operated
at conditions that favor aromatic hydrogenation as opposed to conditions that
favor reforming. These conditions include temperatures of 40 - 425°C (104 - 932
°F) and preferably 225 - 400 °C (437 - 752 °F). Operating pressure includes 100
- 3000 psig, preferably 100 - 2,200 psig, and more preferably 100 - 1,000 psig at

- gas rates of 50 - 10,000 SCF/B (standard cubic feet per barrel), preferably 100 -
7,500 SCF/B, and more preferably 500 - 5,000 SCF/B. The feed rate may be
varied over the range 0.1 - 100 LHSV (liquid hourly space velocity), preferably
0.3 - 40 LHSV, and more preferably 0.5 - 30 LHSV.

The process of this invention may be utilized as a stand-alone
process for purposes of various fusels, lubes, and chemicals applications.
Alternatively, the process may be combined and integrated with other processes
in a manner so that the net process affords product and process advantages and

improvements relative to the individual processes not combined. Potential



7,500 SCFB, and nore preferably 500 - 5,000 SCFB. The feed rate nmay.be
varied over the range 0.1 - 100 LHSV (liquid hourly spac city),
pref er abMPO1F6B6 . 410 L HSV, and nore preferably 0.5 - Sﬁﬂg&.’&fﬁe process
of this invention may be utilized as a stand-al one process for purposes of
various fuels, lubes, and chem cals applications. Alternatively, the
process may be conbi ned and i ntegrated Jggt.h ot her processes in a manner so
that the net process affords product and process advantages and

| mpr ovenent s 465, foR hd ppligaliot] Sk pRIRELSEER i{lﬂ&u%ﬁ{)ﬁﬁl&@dzhef&t enti al

WO 01/ 16256 opportunities for e ap cation of the

process of t fihfstrativ@dre 20t intérided/to betinfting.| | ustrations are not intended to
be limting. Process applications relating to fuels processes include:

desul furization of FCC streanms preceding recycle to 2nd stage processing;
desul furization of hydrocracking feeds; multiring aromatic conversion

t hrough selective ri openi US 5,763, 731;. US 5,811, 624 and USSN
523,300: 524,357, fil °%éﬁ?&%@nﬁﬁli%t°éﬁ8‘sm%%$‘&f:herei n by
reference); qahSRLhAGH GAFCE Ik lls BHRERRR Sooycio/2il Bl Bilesdif oM Nat Ur al
gas and condensgﬁa s?%r eans. rocegxtse appélécgtlons re g Fng 0 g’he

manuf acture Eésulﬂﬁhhﬁﬁf‘éﬁlﬁdﬁ@drﬂél&ﬂ% faeds;dickirig ardrhatid doRvVerssiRfiough ough

mld finishing treatnent; optim zation of white oil processes by
decr easi ng csdledtivetringopesingRiS 5,763,338 1,18 51811 y624ad WSSN 523,300

pretreatnment of fee hydr oi soneri zat.i on, hydrodewaxi ng, and

hydr ocr acki n§24ﬁicfﬁ§ég%“5’%§’i 2 ap IW@MX&&%‘"BF%&SS%

i ncl ude: su I L . ' | '

hydr opr oces sgﬁ’éi,aw’% 5%‘%‘3‘?‘8? %‘%&g%gﬁ%ﬁ‘k c%%%% 3&[0 ?}ggﬂmgﬁéﬁd oéf%%g |ten_

manuf act ur e §thatisd 'Proddss applicatibasteldtihglib Memamsfastift dflabfidtdingRridet i on of
oxygenat es by oxyfunctionalization processes. This invention is

i |l ustrated ppduttiqualitt inkproveéraent timough eifdofinishing ¢reatment; optimization of

white oil processes by decreasing catalyst investment and/or extending service

factor; pretreatment of feed to hydroisomerization, hydrodewaxing, and
hydrocracking. Process applications relating to chemicals processes include:
substitute for environmentally unfriendly nickel based hydroprocessing;
preparation of high quality feedstocks for olefin manufacture through various
cracking processes and for the production of oxygenates by oxyfunctionalization

processes.

This invention is illustrated by, but not limited to, the following
examples. The efficacy of the process of this invention is assessed through the
use of a highly sulfur sensitive reaction, the opening of naphthenic rings by Ir

containing catalysts.

Example1

A 0.9 wt. % Ir catalyst was prepared by impregnating alumina with
a standardized solution of chloroiridic acid. The catalyst was dried, mildly

calcined in air, and reduced in hydrogen. The catalyst was evaluated as a ring



exanpl es. The efficacy of the process of this invention is assessed through
the wuse of a highly sulfur sensitive reaction, the opening of naphthenic
rings by Iwoof/fpéedi Ni Ng catal ysts. Exanple 1 A 0.9 wt. %BdIUSe3dyst was
prepared by inpregnating alumna with a standardi zed sol uti on of
chloroiridic acid. The catalyst was dried, mldly calcined in air, and
reduced i n hydrogen. The catal yst was evaluated as a ring WO 01/ 16256

PCT/ USOCQ' 23470 -20 opening catal yst to c@dvert nethyl cycl ohexane to the
acyclic C7 isoners, n- heptane, and 2-, and 3-net hyl hexanes. The course of

the ring open ”ﬂ;eeﬁggccta{a‘i’&kt t@éoﬁg&#ﬁ%tﬁ&l?g%lg{leﬁhé‘ﬁ) e acydic QMSEmeIS! M9

nmet hyl cycl ohexa nversion an rate of formation of the

i soneric hept angstHs, AADUARE3-midieyThéaues. STIR cdubiesof theodsg opending feactiappear
in Table |. Exanmple 22 The Ir catal yst of Exanple |I was evaluated for ring
openi ng of  netdsyd fayctionhebtime was followed Wwingopethylei¢lohexand cornension S

andithg
t hi ophene. The results_ of this_experingnt appear in Tab 1. r.i son of
Exanpl e 1 wit h totakeatepEfopmatiqnaf the asomaric heptadps 35 MEFspIFs; (Lﬁ:ga?spﬁg gg&%oni ng

by the Ir catalyst.,as all rin nLng activity is essentially lost within
20 hr on oil. I':'¥ feac °’Aa81?e§6§éﬁ‘a§%bal yst bed consisting of 3 g of zinc
oxide on top of 2 g of the Ir catalyst of Exanple 1, the tw zones
separated by a mullite beads, was evaluated for the ring opening of
met hyl cycl ohexane ntaining 5 wppm sul fur as thiophene. The Ir catalyst

charge was equivalent to those of Exanples 1 and 2. The feed flow to the
reactor was downstream sThe hrxatalyss of Examnple lcwar evialviated foeHng epening 08d t he

B I bt TS ST b bR B MacPR gkl i
results of this experiment appear in Table 1. Comparison of Example 1 with
Example 2 reveals an acute sensitivity to sulfur poisoning by the Ir catalyst as all
ring opening activity is essentially lost within 20 hr on oil.

Example 3

A stacked catalyst bed consisting of 3 g of zinc oxide ontopof 2 g
of the Ir catalyst of Example 1, the two zones separated by a bed of mullite
beads, was evaluated for the ring opening of methylcyclohexane containing 5
wppm sulfur as thiophene. The Ir catalyst charge was equivalent to those of
Examples 1 and 2. The feed flow to the reactor was downstream so that the
sulfur containing feed contacted the zinc oxide initially. The results of this
experiment appear in Table 1. Deactivation of the Ir catalyst was similar to that
of Example 2 indicating that zinc oxide by itself has no influence on the sulfur

poisoning of the downstream Ir ring opening catalyst.

Example 4

The procedure of Example 3 was repeated except that the zinc
oxide particles and the Ir catalyst particles were combined to form an intimate

mixture. This mixed bed was evaluated for ring opening activity on



of Exanple 2 indicating that zinc oxide by itself has no influence on the.
sul fur poisoning of the dowmmstream Ir ring opening catalyst. Exanple 4 The
procedur WO 12%&npl e 3 was repeated except that the zi RET ‘gmparticl es
and the Ir catalyst particles were conbined to forman intimate mxture.
This m xed bed was evaluated for ring opening activity on WO 01/ 16256

PGT/ USOQ 23470 -21 net hyl cycl ohexane c_oilit_ai ning 5 wopm sul fur as

t hi ophene. The results appear in Table 2. This m xed bed in which the Ir
catal yst functioned as a hydrodesulfuriz é%on and a ri O@ﬁtgi ng catal yst
in the presemethyicyelohexansgentaining dwppm; @8 thippheoe, Jihgze aﬁg‘?ﬂection

of a highly sul Jti.ve, i 2NN . e process of this
i nventi on. THETr&g{qﬁ%sﬁmf$¥’§dlgh%5&%§&{ﬂﬁ{aﬁ%g$#§o&f%r 100 hr on oil
when t he test | ' ' . heX badp guard
bed was prepgy\@sqegmm%aﬁb#%d%?ﬁ@@%a fg@%ﬂ?ﬁ%ﬁ?ﬁ(ﬁﬁ%f@%% n%Pt on
al uni na was agffideqdrivnt {ludtrotes thezprotectivn 6fa hightyawfur eensitide tilig epapitey d bed
was placed 2 g of the Ir ring opening catalyst of Exanple 1; the overall

conf i gur at i orcatatyst by the prodé¢sstof thie inveption.Théaativityrof shis zatalyst Wapar at ed by
mul lite beads. This catalyst arra eval uat for rin peni ng of

net hyl cycl ohé&%ﬁ@%ﬁ%f?ﬁ/&f’s°m ?Eﬁwﬁﬁgﬂﬁaﬂg‘hmm%& the results
appear in Table 1. The data show that the m xed guard bed upstream of the

lr ring openm yst effectively protected the latter from sul fur
poi soning. T I.ng Openi ng O Met hyl cycl ohexane In The Presence O

Sul fur 275 C, 400 Vsig, 7.7 ARMWS61 5 Sul fur, Conversion, W. % Ri ng
Opening Rate Exanpl e Mvnixibt €alfart gueard béd was prepaied i which Hg ofa catalyst

comprised of 0.6 wt. % Pt on alumina was admixed with 2 g of zinc oxide.
Downstream of this guard bed was placed 2 g of the Ir ring opening catalyst of
Example 1; the overall configuration is the ﬁxixed/stacked type with the two
zones separated by mullite beads. This catalyst array was evaluated for ring |
opening of methylcyclohexane containing 5 wppm sulfur as thiophene, and the
results appear in Table 1. The data show that the mixed guard bed upstream of
the Ir ring opening catalyst effectively protected the latter from sulfur poisoning.

Table 1
Ring Opening Of Methylcyclohexane In The Presence Of Sulfur
275 °C, 400 psig, 7.7 W/H/W, H,/Oil =S
Sulfur, Conversion, Wt. % Ring Opening Rate
Example wppm Catalyst @ Hr On Oil n Oil
10 20 40 10 20 40
1 0 Ir 20.1 192 193 141 13.5 13.3
2 5 Ir 14.0 14 0.0 9.7 0.8 0.0
3 5 ZnO/Ir 21.7 6.3 00 151 4.4 0.0
4 5 ZnO+1Ir 19.7 170 188 138 120 13.1
5 5 0.9Pt+ZnO/Ir 207 180 190 143 12.5 13.1



10-20 40.10 20 40 1 0 Ir 20.1 19.2 19.3 14.1 13.513.3 2 5 1Ir 14.0 1.4
0.09.70.80.0 352zn0O1Ir 21.7 6.3 0.015.14.40.0 452ZnO+ Ir 19.7
17.0 18.8 wWbéinéiss0 13.1 5 5 0.9Pt+ZnO'Ir 20.7 18.0 19. pctnosednifo5 13.1 is
WO 01/16256 YC r AJSONR3470 -22 A m xed sul fur guard bed was prepared by
blending | g of a catalyst conprised of 0.6 wt. % Pt on alumna with 2 g
of zinc oxide. This mxture was |ayered above a 2 g bed of the Ir ring
openi ng catal yst of Exanple | to provide-2241i xed/ stacked confi guration.
This system was eval uated for the ring opening of nethylcycl ohexane
containing 5 wpm#igr as thiophene and 10 wppm sul fur as

4, 6-di et hyl di benzot hi ophene. The results of this experinent appear in
Table 2. The results denonstrate that the m xed guard bed upstream of the
ring opening catal yst prdtmdteddulfaeguadbed was prepdeed diyiblanding] gyfsul f ur

poi soni ng. Conparison of Exa&pl es 5 and 6 shows that the system.is capable

of desul furi zi eagalystrcomprisedef 0.6 vd- Yoclttoncaleminagvith 218 of ginsoxide. Jhder i | d
hydr od | f t dit 7 d

ol | owed excep MO YR deYAed: °V88??{T£h$d8ft;iﬂﬁfeg¥ﬂoce i sty Epatnla L
zinc oxide was 4 éﬁﬁ%ﬁ%&ﬁ/&a&é&iﬁﬁ%ﬁmﬁgﬁ &h WA eVaifaley T8t ed for

the ring opening-o wppm s net h ohexane teed of anpl e

6, and the res tﬁﬁgSopemngam:ﬂetByldmmmebmmhﬁxgSwppmsulﬂmastmu@heﬁMdpr ocess
of this invention to netal |oading while retaini p{gﬁthe ability to
hydr odesul fhri zl@\applafsumaﬁM-ﬁﬁthﬂdlb@mﬂmﬂwnat resulte afithis expsrimexanpl e

appear in Table 2. The results demonstrate that the mixed guard bed upstream of

the ring opening catalyst protected the latter from deactivation by sulfur
poisoning. Comparison of Examples 5 and 6 shows that the system is capable of
desulfurizing a feed rich in a refractory sulfur compound under mild
hydrodesulfurization conditions.

Example 7

The procedure of Example 6 was followed except that the metal
content of the Pt catalyst admixed with zinc oxide was decreased to 0.05 wt. %.
This variation was evaluated for the ring opening of the 15 wppm sulfur
methylcyclohexane feed of Example 6, and the results in Table 2 demonstrate the
insensitivity of the process of this invention to metal loading while retaining the
ability to hydrodesulfurize a refractory sulfur compound at mild conditions.

Example 8

The procedure of Example 6 was repeated except that the Pt
catalyst admixed with the zinc oxide was a catalyst comprised of 0.3 wt. % Pt on
alumina that had been reduced and sulfided. This system was tested for ring
opening activity on the 15 wppm sulfur feed of Example 6. The results in Table
2 illustrate that the process of this invention may be operated on a sulfided

catalyst if desired without harm. The data also reinforce the insensitivity of the



The procedure of Exanple 6 was repeated except that the Pt catalyst

adm xed with the zinc oxide was a catal yst conprised of 0.3 wt. % I N on

al um na WAMIeS been reduced and sul fided. This syst eREHHSWOZREPed for ring
opening activity on the 15 wppm sul fur feed of Exanple 6. The results in
Table 2 illustrate that the process of this invention may be operated on a
sulfided catalyst if desired without hggm The data also reinforce the
insensitivity of the WO 01/16256 PCTNSOO'23470 -23 process to netal

| oading in the guard bed and the ability to process a refractory sulfur
conpound at pidcesstomastali loading inithegvarhbedsmdithe abilityt to pypcess afrefiaatonyn of t he

hydr odesul furizati on catal . Tahle 2.Rin ing O l.cycl.Qhexane
Cont ai ni ng SSW%HWW aﬁéﬁ&ﬁp Heﬂ%mdm%f@o%ﬁ% ‘?‘Jl\f/f'hh tiof of the

4, 6- Di et hyl dbﬁ’fr?vﬁ%% Lobhene 225, 400 pssig, 7.7 WHW R /_ OY. it=6.

Conver si on, 0 ening Rate Exanple Catalyst HH On OR ng. HF On O |
10 20 100 10 20 100 6 O0.6Pt+znO'Ir 14.8 14.3 13.0 10.4 10.0 9.1 7
0.05Pt+zZnQ'Ir 27.1 24.2 20.9 18.6 16.8 14.5 8 0.3PtS+znO'Ir 15.0 13.6 12.1
10.6 9.5 8.3 Exanpl ed The procedure of Exanple 6 was followed to prepare a
m xed/ st acked cat al yst bed conprisi ngTab®B2sm . % Pt on al umi na conmi ngl ed

w th zinc oxide St .eam.of | | I | st em was
eval uat ed forﬁt'%UBPfW% (1170 QT s : e Y gé Ef*%itfrlllgo@ %pm
sulfur as 4, 6-di et hyHLYYBPRSHR ‘ OLNOPRRE| ¢ 3 establ i sh
the retention of stable ri%g PPt ot*-aft ext ended period of
operation on this sul fur

Conversion, Wt. % Ring Opening Rate
Example Catalyst @ Hy On Oil @Hr On Oil
10 20 100 10 20 100
6 0.6Pt+ZnO/Ir 14.8 14.3 13.0 104 10.0 9.1
7 0.05Pt+Zn0O/Ir  27.1 242 20.9 18.6 16.8 14.5

8 0.3PtS+ZnO/fr  15.0 13.6 12.1 10.6 9.5 8.3

Example 9

The procedure of Example 6 was followed to prepare a
mixed/stacked catalyst bed comprising 0.6 wt. % Pt on alumina commingled
with zinc oxide upstream of the Ir ring opening catalyst. This system was
evaluated for the ring opening of methylcyclohexane containing 50 wppm sulfur
as 4,6-diethyldibenzothiophene. The results in Table 3 establish the retention of
stable ring opening activity for an extended period of operation on this sulfur
rich feed and on this highly refractory sulfur compound, which is being

hydrodesulfurized over a noble metal catalyst at mild conditions.




rich feed and on this highly refractory sul fur conpound, which is being
hydr odesul furi zed over a noble netal catalyst at mld conditions. WO

01/ 16256 Pgibdyaéen3470 -24- Exanple 10 The procedure of pCIMESRH7® was
foll owed except that the Pt catalyst and the zinc oxi de were not

comm ngl ed but were arranged so that the Pt 1la)-er was above that of zinc
oxi de and separated by nullite beads, and that the conplete catal yst bed

was of the stacked/stacked/stacked variet34- As Table 3 illustrates, this
system was equal ly effective for sustaining ring opening activity on the
met hyl cycl ohex cont ai ni ng 50 wppm sul fur as 4, 6-

di et hyl di benzot hi ophene. Exanple 11 The procedure of Exanple 9 was foll owed
except that a 1 w. % Pd catalyst on alum na, prepared by the inpregnation

of alunmina with a standegroesduysof Exampls 2 was followed sixgentdbat theBl aced t he

0.6 wt. %Pt catal yst .i the m xed bed precedi the lr ri i

catal yst. The %‘ﬁﬁg/t@d f1ac gx1 WF%%%%F%WSF Wgﬁﬂg%%gﬁvgﬂ for

t he process ofythis.d | E]UEH% ﬁﬁﬁgﬁ ﬁﬁp@ 10 was

fol |l oned excep{ai' h‘g#ﬁég’ggwggg aggge%\ﬂgé Su g‘ﬂ’fu e ?8?6_%’ e {@gt al yst

in the stackedsgiled daellyst Bed waslbfthe eickedlitackddistackdd variehy: As TaBw3t hat t he
Pd catalyst in the stacked bed configuration is deactivated over tine by

sul fur in contiflastrates) thix sysiéme svas tqually dffectiteforisustaining ritig openpingactvithe

non-equi val ency of G oup VIII netals and.the dependgnc f activity
mai nt enance orPbthe mehylrylphaxane feedoontaming /%@%LM%O -25 Table 3

diethyldibenzothiophene.

Example 11

The procedure of Example 9 was followed except thata 1 wt. % Pd
catalyst on alumina, prepared by the impregnation of alumina with a
standardized palladium chloride solution, replaced the 0.6 wt. % Pt catalyst in
the mixed bed preceding the Ir ring opening catalyst. The data of Table 3
confirm the utility of the Pd catalyst for the process of this invention.

Example 12

The procedure of Example 10 was followed except that the Pd
catalyst was substituted for the Pt catalyst in the stacked guard bed configuration.
The data of Table 3 show that the Pd catalyst in the stacked bed configuration is
deactivated over time by sulfur in contrast to Examples 11 and 12. The resuits
illustrate the non-equivalency of Group VIII metals and the dependency of
activity maintenance on bed configuration.



Ring Opening O Methyl cycl ohexane Containing 50 wppm Sul fur As

4, 6- Di et hyl di benzot hi ophene 72 5 C, 400 psig, 7.7 WHW H/-Ol =6
Conver siwap1Ases6 % Ri ng Opening Rate Exanple ata H OnPEPSORMYy o G| 50
100 250 50 100 250 9 Pt+znQ'Ir 16.9 15.6 15.3 11.8 11.0 10.8 10 PdznQIr
18.5 18.2 14.7 13.1 12.7 10.3 11 Pd+znQ'Ir 21.6 20.9 19.3 15.2 14.8 13.5
12 Pd/ZnQ'Ir 31.3 26.1 7.5 21.6 18.1 3.9, Exanple 13 A binetallic 0.3 wt. %
Pt-0.3 wt. % Zn catal yst was prepared by i npregnating alumna with
standardi zed sol utions of chloropl ati cid and zinc nitrate. The

catal yst was dried, cal CI ned and red E'é'& The procedure of Exanple 9 was

fol | oned except .th . % Pt
catalyst in th 'B m &’QF ﬂlﬁ%@ﬂlﬁ%@ﬁﬁé are shown
in Table 4 below. The data_sh ‘9 %f the Pt

hydr odesul furi zati on cat aRySTCyudii) psig presence of Zn even
though both netals were umfornty d| Stl’l but ed throughout the catal yst.

Exanpl e 14 A conposite catal yst (gmepglsﬁ)mdo/py conmﬁgbggﬁiﬂaﬁl endi ng a

powder ed O. 6Ewt Oﬁo Pt ég 'g!!um na c po oxide in a
wei ght rati éfor d | ySit
am an | r’ Cat al y’%/S?) and

particles, and the cat a&st wa stag ups

tested as descr? bed iBt+ZaRdrpl el®9 ThES-Pesuldsd prebledit ed 1P Tabild-&
denonstrate thao the Puifyp@Art e RS ZnB.2onpddi7t e cB.bl ystlZE eqdDBal ent to
t he physical blijgnds @g+ZhOvirt h 2In@ f 020.9t he198sul f18.2 zat i1aB of d3rsefractory

sulfur type. VW,01/162p2nBRT/ UBNA0I234701 75 216 181 3.0

Example 13

A bimetallic 0.3 wt. % Pt-0.3 wt. % Zn catalyst was prepared by
impregnating alumina with standardized solutions of chloroplatinic acid and zinc
nitrate. The catalyst was dried, calcined, and reduced. The procedure of
Example 9 was followed except the bimetallic Pt-Zn catalyst replaced the 0.6
wt.% Pt catalyst in the mixed bed preceding the Ir catalyst. The results are
shown in Table 4 below. The data show that the activity of the Pt
hydrodesulfurization catalyst was not sensitive to the presence of Zn even though
both metals were uniformly distributed throughout the catalyst.

Example 14

A composite catalyst was prepared by commingling and blending a
powdered 0.6 wt. % Pt on alumina catalyst with a powdered zinc oxide in a
weight ratio of 1:2.2. The composite blend was formed into catalyst particles,
and the catalyst was staged upstream of an Ir catalyst and tested as described in
Example 9. The results presented in Table 4 demonstrate that the composite Pt-
ZnO composite catalyst is equivalent to the physical blends of Pt with ZnO for
the desulfurization of a refractory sulfur type.



50 wppm Sul fur As
4, 6- Di et hyl di benzot hi ophene 275 C, 400 psig, 7.7 W = 6 Conversi on,

W. % R ngwo@anessg Rate Exanp Catalyst (r) HH On G PCT/UBNOZB470 50 100
120 50 100 120 13 Pt-Zn + ZnO/1r 21.4 20.6 14.7 14.4 14 Pt-ZnO'lr 19.6
18.3 17.6 13.9 12.8 12.4 15 Pt + ZnAl2O4/Ir 10.5 9.6 8.8 7.3 6.7 6.1
Exanpl e 15 The procedure of Exanple 9 was followed where a 0.6 wt. %Pt on
al um na catal yst was adnmi xed with a hydrog"én sul fide sorbent conprising
zinc alum numspinet. The results shown in Table 5 indicate the
preservation of ring opening activity wwth this m xed system Exanple 16
The sul fide exchange capacities of four Bable4ar hydrotalcites having My/ Al

rati os of about 3 weigy %ggpﬁhgéﬁgb éw%@@mﬁmggoﬁyﬂ{gﬂm sul fide
um i I zof¥

-26 Table 4 R ng Opening O Methyl cycl ohexane Cont ai ni ng
toil
' Q

scavengi ng efficiency. (hpesol ved in 10 m of
water, and 1 g of the hydrota Lryy was stirred at
room tenperature for 1 hr, af )
filtration. The filter cake vvasrlnsdvmih% was
combined with the filtrate. To the {{ORMY¢rSIOn added @bgmagﬁgf
nitrate in 10 nExampleat er Catlgstzi nc su@HEOnQlecipitate. ered by
centrifugation, dried at 120 C and w8fghed18®d d@Perni ¥t by G fer &¥te the
sul fi de exchangedi1snto PhZnhyZOfral Alie. W6ur upt aké7as al4édinction of
crystallite size determ npeZd¥Irt he (¥06) pEaX wildbh afi3Bal f 12ei ghi2z4 s
shown bel ow. The ssul | epi+yALOYRI ciX0oes crysfeal s idve 203 % gréeater 6.1 -

Example 15

The procedure of Example 9 was followed where a 0.6 wt. % Pt on
alumina catalyst was admixed with a hydrogen sulfide sorbent comprising zinc
aluminum spinel. The results shown in Table 5 indicate the preservation of ring

opening activity with this mixed system.

Example 16

The sulfide exchange capacities of four similar hydrotalcites
having Mg/Al ratios of about 3 were compared in a surrogate test for hydrogen
sulfide scavenging efficiency. Sodium sulfide (0.2 g) was dissolved in 10 ml of
water, and 1 g of the hydrotalcite was added. The slurry was stirred at room
temperature for 1 hr, and the hydrotalcite was separated by filtration. The filter
cake was rinsed with 20 ml of water, which was combined with the filtrate. To
the filtrate was added 0.75 g of zinc nitrate in 10 mI of water. The zinc sulfide
précipitate was recovered by centrifugation, dried at 120 °C and weighed to
determine by difference the sulfide exchanged into the hydrotalcite. Sulfur
uptake as a function of crystallite size determined by the (001) peak width at half
height is shown below. The smallest hydrotalcite crystals have 20 % greater



WO 01/ 16256 PCT/ USOCOR3470 -27 sul fur capacity denonstrating the need to -
*~jze crystallite size, particularly inportant in the transition netal
substi t UMOPIAESEN of these materials. Hvdrotalcite Sa ’@ﬁ%’ Adsor bed.
% (001) Peak Wdth A 79 1.49 B 79 0.74 C 80 0.85 D 94 2.45 Exanple 17
The procedure of Exanple 6 Was followed to prepare a m xed/stacked

catal yst bed conprising 0.6 wt. %Pt on_g umna and a m xed netal oxide,
Zr-Zn-Nh bl ended in about a 48-28-24 conposition by weight, upstream of
the Ir ring opening catalyst. This systemwas evalu d for the r|n

openi ng of msulyr é%ﬁlﬁéﬂ@ﬁ@smébﬁmﬁjl tefizeqpgrhicu aﬂy

di et hyl di benzot hi.o The.resu | he retenti on of
stable ringpPe Hﬁﬁﬁ FW%"%‘F% Mﬁgg’g—mp%ﬁﬁé%%@%@a%rat ion. The test
was arbitrarily termnated, and the guard bed was calcined in air at 450 C
for 16 hr, and subsequently reinstall ed upstreamof the Ir ring opening
catal yst. Second cycle activity identical to that i n Table 5 was sust ai ned

for an extend@ydyetalciss Sainpié ¢ 5 SBlfanAdsorbeh$eCf  Ve(08)) Peakl Widthane
Cont ai ni ng 50 wppm Syl fur As 4, 6-Di et7§yl di benzot hi opg%q;% 275 *C-400 pssig,
Zi el

7.7 WH'W H/QO1 = Conver5|on W Ri ng Openi ng Exanpl e Cat al yst
lad Hf On O H On Bil 50 100 260 50;000 260 17 Pt+ M/ Ir 27.1 24.7

22.2 18.5 17.0 15.1 €C
D 94 : 245°

Example 17
The procedure of Example 6 was followed to prepare a

mixed/stacked catalyst bed comprising 0.6 wt. % Pt on alumina and a mixed
metal oxide, Zr-Zn-Mn blended in about a 48-28-24 composition by weight,
upstream of the Ir ring opening catalyst. This system was evaluated for the ring
opening of methylcyclohexane containing 50 wppm sulfur as 4,6-
diethyldibenzothiophene. The results in Table 5 establish the retention of stable
ring opening activity for an extended period of operation. The test was
arbitrarily terminated, and the guard bed was calcined in air at 450 °C for 16 hr,
and subsequently reinstalled upstream of the Ir ring opening catalyst. Second
cycle activity identical to that in Table 5 was sustained for an extended period.

Table S
Ring Opening Of Methylcyclohexane Containing 50 wppm Sulfur
As 4,6-Diethyldibenzothiophene

275 °C. 400 psig, 7.7 W/H/W, H,/Oll =6
Conversion, Wt. % Ring Opening Rate
Example Catalyst - @ Hr On Oil @ Hr On Oil

50 100 260 50 100 260
17 PeZrZnMok 271 247 222 185 170 151



WO. 01116256 PCT/ USOQ 23470 -28 Preparation of Saturated Cyclic Feedstock A
An aromatics solvent streamcontaining primarily Cl1 and Cl2 naphthal enes
with an APwomagissy of 10.0 was hydrogenat ed over 180 g peBOsooR3476 of a 0.6
w. %Pt on alum na catal yst. The catal yst was prereduced in flow ng
hydrogen at 750 F for 16 hours at atnospheric pressure. The aromatics

sol vent feedstock was passed over the cat al yst at 1800 psig, 550 F, an
LHSV of | with a hydrogen treat gas rate 28f° 7000 SCF/B. The saturated
product had an API gr avi ty of 31. 6 and was anal yzed to contain | ess than
0.1 wt. % ar onRréeparation of Satinated Cyclic Kredstock % napht henes. Exanple 18 A
reactor was charged Wit h the 0.9 wt. % Ir catal yst of Exanple 1. The
saturated cyclic feedstock A de,scrl bed above was, spi ked,t m sul fur
wi th 4, 6-di et hyl di benzot¥? &omeHes salven! skeam & Prf’ﬁ%“lé’zhal"\é@ 2 The

course of the_ri t he feed
was nonitored W%ﬁ%ﬁ%ﬁ%ﬁ‘&g &E}'ﬁgggg/@ﬁ’% 8?‘ 9@%@%@%@3&%{&%@& 22(2(5:#)
conver si on of SrPalmiR datdpst] Thaesalyeew Rduédd infowdase I n
gravity, and tﬂe stabpqspttyrp%lf theac alyst iIs reflﬁ%ﬁedul n changg% in
gravity w th thyidtogen 221750 °Fifer 16 kours atsatmbsplivris peespwrei Tho tramatics soiventi n
Table 6. Wiile the Ir catalyst was highly active | mtmliﬁgilé subst anti al

deacti vation dfsedstecksuas passqsiorves ferry 91? 1@9%&@5%5,% Myeftl widh ag
essentially deactivated, arou d A,re or was
charged with tHeregen et easa @@ggg@gtm @'«?ﬁ%f hﬂdgﬁ r guard bed
conprising a S@’E g})' Z’ff?ﬁﬂ&\ﬂ%@gn &t@cwﬁtﬁ ﬁthﬂ{'Olaﬂl/ﬂJ‘%ﬁ@nﬁﬂE’sﬁdm oxi de

was pl aced up e Ir cata yst conmponents were | ayered

in the order RirtdeGhhi 99 wta%siaphtheflésst acked/ st acked bed configuration. The
wei ght ratios of the catalyst bed were 0.8:2.0:4.0. The sane

Example 18

A reactor was charged with the 0.9 wt. % Ir catalyst of Example 1.

The saturated cyclic feedstock A described above was spiked to 5 wppm sulfur
with 4,6-diethyldibenzothiophene and processed over the catalyst. The course of
the ring opening of the saturated naphthenes present in the feed was monitored
by measuring the API gravity of the product. Successful conversion of
naphthenes to paraffins is accompanied by an increase in gravity, and the
stability of the catalyst is reflected in changes in gravity with time on oil. The
results of this experiment are found in Table 6. While the Ir catalyst was highly
active initially, substantial deactivation due to sulfur poisoning occurred with the

catalyst being essentially deactivated around 100 hr on oil.

Example 19

A reactor was charged with the Ir ring opening catalyst of Example
1. A sulfur guard bed comprising a catalyst comprised of 0.6 wt. % Pt on
alumina and zinc oxide was placed upstream of the Ir catalyst; the three |
components were layered in the order Pt/ZnO/Ir in a stacked/stacked/stacked bed
configuration. The weight ratios of the catalyst bed were 0.8:2.0:4.0. The same



WO 01/ 16256 PCT/ USOQ 23470 -29 feed as in Exanple 18 was processed.over -
this catal yst system and product gravity was neasured to assess the
activitywob1neass | r catalyst. The results are present eBCTHSHRBIR 6.

Catal yst activity was effectively maintained on the 5 wppm sulfur feed for
about 170 hr on oil. At that point the 4,6- diethyldi benzothi ophene content
of the feed was increased to give 50 wp sul fur. As Table 6 indicates,
catal yst activity was mai ntai ned for abgﬁg}t 310 hr, including about 140 hr
on the high sulfur feed; at which point the run was arbitrarijl

term nat ed. feedpsin Example 18:wasproeessed eies thip catalyst system, gad produsts  of this
I nvention on conpl ex strea and the ability. of this preocess.to
hydr odesul f ugiaysy ¥ap P%F‘Veﬁng ?%E?S&B? a&ﬂ“fyuﬂf\{lé%#ﬁgg’%ﬂ‘a FASHIR 8% t i ons

over a noble netal. S . ' | Cyclic
Feedst ock A PR W&%d Wﬁé%XS?%L%ﬁﬁ&g%@ﬁga& e% hyl gi LHbe nf\dz'lgtghi ophene
325" C, 650 V@p %ﬁ@é@ﬁ%m&m&%ﬂmwatpoi@w@m S APl Gravity @50
wppm S Ex~ rﬁr Ql H On Ol 156 96 169 289 313 18 Ir 35.1 34.2
32.5 -- -- -dieth9ldibéaRothiophene canteat afihd fegd vas ducreased te 234,39 wpanpl e 20 A
reactor was charged with a m xed bed of 2,9 gﬁof .a .O.GS Wt . %tho on al um na
catal yst andsulfuy. 4sdable Gindigatesecatalyt actiyity was maintained for ahout 30 bseq ¢ o

rocess a hydrotreated |joht cat .cuc [ ' ' 26

Eont ai ni ng éncbéﬂﬂ’ﬁ”tsbﬁ}‘? H@E'n?f’@'::ew£ﬁ@g#%%¢&ﬁbﬁg{é?&%lﬁ%onver si on of
& Ogalt i os t}?@ﬁ%ﬁ'ﬁ heRsatd CsmpMdRITExRMpRE 21 MHES2SRNHAmS B firbdess and t he
stability o e - :

of this invention on complex streams and the ability of this process to

hydrodesulfurize a highly refractory sulfur compound at mild conditions over a

noble metal catalyst.

‘Table 6

Ring Opening Of Saturated Cyclic Feedstock A
Containing 5-50 wppm Sulfur as 4,6-Diethyldibenzothiophene

325 °C, 650 psig, 3000 SCF/B, 0.5 LHSV
API Gravity @ 5 wppm S API Gravity @ S0 wppm S
1 56 96 169 289 313
18 Ir 35.1 342 325 - - -
19 0.6Pt/ZnO/Ir 35.2 351 349 349 346 34.8

Example 20

A reactor was charged with a mixed bed of 2.9 g of a 0.6 wt. % Pt
on alumina catalyst and 1.7 g of zinc oxide. The mixed catalyst system was used
to process a hydrotreated light cat cycle oil with API gravity of 26 containing 5
wppm sulfur and 55 wt. % aromatics. Successful conversion of aromatics to
naphthenes is accompanied by an increase in gravity, and the stability of the
catalyst is reflected in changes in gravity with time on oil. Product gravity was

measured to follow catalyst stability for the integrated hydrodesulfurization and



catalyst.is reflected in changes in gravity with tinme on oil. Product
gravity was neasured to follow catalyst stability for the integrated

hydr odesul f'eif@td On and WO 01/16256 PC /USOD23470 - 30 ms1voses/i3em
saturation reactions with time on oil. The results are presented in Table
7 where a high level of activity was sustained for about 140 hr on oil.

Ex_ anple 21 A reactor was charged with a m xed bed of 2.9 g of a 0.6 wt. %
Pt on alum na catalyst and 1.7 g of zine3®xide. This bed was pl aced
upstreamof the 0.9 wt. % Ir catalyst of Exanple 1. The m xed/ st acked

catalyst systep ‘ﬁf&ﬁcé‘sf‘ﬁﬁ’raﬁbﬂré%ﬂ&?ss@itﬁ fifhelRGAL OfheréAiTR! e pResentétPinPr Oduct

: 0 b
gravity and aromatics content were neasured to follow catalyst stability

for the integrghlsld 7 whedé @ Bigghleteliof aetivieywassustaiieddor staiutid 40 hoon oiknd ri ng
opening reactions with tine on oil. Successful conversion of aromatics to
napht henes, and naphthenes to paraffins is acconpanied by an increase in
gravity over tExampled¥ved in Exanple 20. The results are presented in

Tabl e 7 where a high level of activity was sustained for about 140 hr on

oi | . Exanple 22 The proged f . t I'r _
catalyst was adm xed W Wgésg%as gﬁﬁgp%ﬁggéwﬂﬂggﬁﬂéﬁf‘g%zoeéffédﬁg?ﬁ a high
silica to al U&HM&&@:&&W ¥ 8 zink BRidE UThisitRA wis plited upbteaim bheg to
pronote ring opening actfvity as defined in the seriés of patent

appl i cati ons imoartp¥ Incadlysyof Bxanilad e The mikédistadked|catalyse systine was nsedy st
system was used to process the feed of Exanmple 20. The product gravities

listed in Tablte process theifeed of Examule 38 The prodpel grayinpandearomaliescopint he
T LR BN IEINT SN T R
configurati on gy f¥dedfifiriation, aromatics saturation, and ring opening reactions with time -
on oil. Successful conversion of aromatics to naphthenes, and naphthenes to
paraffins is accompanied by an increase in gravity over that observed in Example
20. The results are presented in Table 7 where a high level of activity was
sustained for about 140 hr on oil.

Example 22

The procedure of Example 21 was followed except the Ir catalyst
was admixed with 0.5 g of a 0.9 wt. % Pt on a zeolite with a high silica to
alumina ratio co-catalyst; the function of the latter being to promote ring opening
activity as defined in the series of patent applications incorporated by reference
in the disclosure. The catalyst system was used to process the feed of Example
20. The product gravities listed in Table 7 illustrate sound catalyst performance

based on the process of this invention.

Example 23

The procedure of Example 18 was followed except that no zinc
oxide was admixed with the Pt catalyst. This configuration provides a
HDS/ASAT catalyst but no hydrogen sulfide sorbent. The catalyst system was



HDS/ ASAT cat al yst but no hydrogen sul fide sorbent. The catal yst system was
WO 01/16256 PCr/USC0123470 -31 used to process the feed of Exanple 20. The
product SYQW16256s and aromatics level listed in Tabl emﬂwr@
retention of aromatics saturation activity but significantly reduced ring
opening activity conpared to that of Exarrpl e 21 on the 5 wppm sul fur feed.
Table 7 Processing O Light Cat Cycle Qg Containing 5 wopm Sul fur and 55
W .%Aromatics 315 C. 650 psig. 5000 é&F 0.75 LHSV (over Pt catal)

) A oy B, T s s 0,2,
Bxanple 21 wiSeLit pLTie ] sl rcntoh of s bt Vo) o)

with APl gr a!ighirﬁcﬁﬁﬂ??ed%@éﬂﬁhgo éhi ?a&"ﬁ%ﬁ ) cothparéd torthgt o':f%i’&n le@%ﬂ”at I Cs.

Product graviy was nheasured ow cat al yst stability for t he
i nt egrat ed hikdrSoorppml shilfur feedi on and aromatics saturation reactions with
time on oil. Table 8 shows no |oss in catal yst performance when operated

on the second, higher sulfur feed. Exanple 25 The catal yst system of

Exanpl e 21 was used to process the feed of Exanple 24. Product gravity was

nmeasured to follow catalyst stability-fgfedhe integrated

hydr odesul furi zation, aromatics sat urat [ on and ring opening reactions
Processing Of Light Cat Cycle Oil Containing 5 wppm Sulfur and 55 Wt. % Aromatics

315 °C, 650 psig, 5000 SCF/B H,, 0.75 LHSV (over Pt catalyst)
AYI Gravity Wt. % Aromatics
Example Catalyst @Hr On Oil @ Hr On Oil

45 136 136

20 Pt+Zn0 32.8 329 33

i 21 PH+ZnOffc 33.8 33.7 1.9
22 Pt+ZnO/Ir + Pt on acid 35.6 35.5 04

23 Pt - 333 33.2 20

Example 24

The catalyst system of Example 21 was used to process a second
hydrotreated light cat cycle oil with API gravity of 27 containing 60 wppm sulfur
and 56 wt. % aromatics. Product gravity was measured to follow catalyst
stability for the integrated hydrodesulfurization and aromatics saturation
reactions with time on oil. Table 8 shows no loss in catalyst performance when

operated on the second, higher sulfur feed.

Example 25

The catalyst system of Example 21 was used to process the feed of
Example 24. Product gravity was measured to follow catalyst stability for the

integrated hydrodesulfurization, aromatics saturation and ring opening reactions



W0, 01116256 PC | USdat 23470 -32 with time on oil. Table 8 shows no loss in
cat al yst performance when operated on the second, higher sulfiir feed.
Exanue 1 Zgodiiadeat al yst system of Exanple 22 was used tpeTmso234® the feed
of -Exanple 24. Product gravity was neasured to follow catalyst stability
for the integrated hydrodesul furization, aromatics saturation and ring
opening reactions wth tine on oil. Table 8 shows no |l oss in catalyst

per f ormance when operated on the second,32hi gher sul fur feed. Exanple 27
The catal yst system of Exanple 23 was used to process the feed of Exanple
24. Product 0ng fohe WSIITCRIE § shdvs AlosOi et peHfomhaio wiicHl obdlatddne

I ntegrated hydrodesulfurization and aronatics saturation reactions with
tinme on oil. ohaht Secdnd/Ipherisalfer feed. per f or mance of this catal yst systemon
the 60 wopm sulfur feed. This is due to the inability of the systemto
protect the ring opening activity of the Ir catalyst as well as reduced
aromatics sat JExampleZ8ctivity of both the Pt and Ir catalysts. Table 8
Processing O Light Cat Cycle G| Containing 60 wopm Sul fur and 56 W %

vty V. 3 aromat i csTRESARRSY s gt ikatible £5iat fiito Bocsfd i alot T
48 92 92 24 PEgniofs Bpradud ghavity whs Mbdsdrid to follw CaidBystotdbifley 8Pt +2n I | 1
+ Pt on acid .1°35.6 0.4

integrated hydrodesulfurization, aromatics saturation and ring opening reactions

with time on oil. Table 8 shows no loss in catalyst performance when operated
on the second, higher sulfur feed.

Example 27

The catalyst system of Example 23 was used to process the feed of
Example 24. Product gravity was measured to follow catalyst stability for the
integrated hydrodesulfurization and aromatics saturation reactions with time on
oil. Table 8 shows inferior performance of this catalyst system on the 60 wppm
sulfur feed. This is due to the inability of the system to protect the ring opening
activity of the Ir catalyst as well as reduced aromatics saturation activity of both

the Pt and Ir catalysts.
Table §
Processing Of Light Cat Cycle Oil Containing 60 wppm Sulfur and 56 Wt. %
Aromatics
315 °C, 650 psig, 5000 SCF/B H,, 0.75 LHSV (over Pt catalyst)
API Gravity Wt. % Aromatics
Example Catalyst @Hr On Qil @ Hr On Qil
48 92 92
24 Pt+ZnO 32.8 32.8 3.4
25 Pt+ZnO/Ir 34.0 33.8 1.8
26 Pt+ZnO/Ir + Pt on acid 36.1 356 0.4

27 Pt/Ir 32.6 322 8.1



27 Pt/ir 32.6 32.2 8.1 WO0146256 Pcrrttsoor23470 -33- Exanple 28 The s
procedure of Exanple 6 was followed to prepare a m xed/stacked cat al yst
bed conpmaiingse. 05 wt. % Ru on al um na” conmi ngl ed w tRCT/AIS0023% de
upstreamof the Ir ring opening catalyst. This systemwas evaluated for

t he ring opening of nethyl cycl ohexane containing 5 wopm sul fur as

t hi ophene and 10 wppm sul fur as 4, 6-di egqyl di benzot hi ophene. The results in
Tabl e 9 denonstrate that the guard bed conprised of Ru adm xed with zinc
oxide was tojally ineffective for the hydrodesul furization of the
refractory stm\éh-&/pe and that rapid and conpl ete poi soning of the Ir
catal yst resulted. Conparison with results from Exanple 7 hereof enploying
a 0.05 wt.%Pt catal The plesedoretofdExamplet wisl follswedtofreparsabl e netals are
not equi val ent for the process of this invention. Table 9 Ring Opening O
Met hyl cycl obmixgdistacked eatalystped camprising .05 wts%Ru op alwmina comminglegpm Sul f ur

g 4, 6- D| et hy| dlbe%hl 0 henef%aé% 400 GSI%@gﬂJ st'_svygqvpm?yzﬁgﬁ 6H
O %000 el %@%@%@é@ﬁﬁé&%ﬁ%& %%ms?vw T

11111110111 ghihiopBerikléhd n sifir &4 4,6-dhethyidiazétHophbe. R Ackaligigat | on of

a stream sel ect ed from petrol eum and chem cal streans containi ng condensed
ring sul fur Table? detylonsttate that the guard bed comprised of Ru admixed with zinc

oxide was totally ineffective for the hydrodesulfurization of the refractory sulfur

type and that rapid and complete poisoning of the Ir catalyst resulted.
Comparison with results from Example 7 hereof employing a 0.05 wt.% Pt
catalyst demonstrate that all Group VIII noble metals are not equivalent for the

process of this invention.

Table 9
Ring Opening Of Methylcyclohexane Containing 5 wppm Sulfur As Thiophene
And 10 wppm Sulfur As 4,6-Diethyldibenzothiophene

275 °C, 400 psig. 7.7 W/E/W, H/Oll =6

Conversion, Wt. % Ring Opening Rate
Example  Catalyst @.Hr On Oil @.Hr On Oil
5 10 20 5 10 20
28 Ru+ZnO /Ir 12.9 7.6 0.6 9.0 54 0.5

7 Pt+ZnO/lr - 242 20.9 -~ 18.6 16.8



conmpounds in a process unit at conditions favoring aromati c saturation
conprised of at | east one reaction zone having a non reaction zone upstream
and downsiyomigkéer eof and at | east one sorbent zone copgposeossare bed of
hydrogen sulfide sorbent material downstreamof the first of said at |east
one reaction zones, which reaction zone(s) contain hydrodesul furization
catal yst, which process conprises: (a) feeding said streamto one or nore

hydr odesul furi zation reacti on zones counBér-current tOU“m Eumu““l
b3 *

hydr ogen- cont ai ning treat gas; (b) passing the resultingh Ioul
effluent from gLLABRS: one of said reaction zones through a zon
containing a bed of a hydrogen sulfide sorbent material; (c) recovering a

vapor phase effluent fromsaid reaction zone in an upstreamnon-reaction
zone, which vapor phase Afproagssifor the deswlfutization of a strgamm sejested Gamai ni ng t r eat

gas and vaporized sul fur, reactjon products fromsaid.reaction zone; (d)
recovering dowRSWreleum and chemigals Soptagng cop eF?ﬁﬁ‘irH‘gpﬂ?;é‘éﬁ@F‘chﬁé}ﬂ
characterized as,..havi s . s of claiml
wherein the hygﬁa%‘ﬁ uﬁﬁé%%ﬂcﬂﬁégﬁ@igﬁyﬁggﬁ?%%ﬁg% s%gag@ﬁone G oup

VI netal. 3. %gﬁ%mmmﬁlrawoa 20h€h#iflg 4 H6n-Faeton Yord up¥bah ahg 2
noble netal. WO O/ 16256 -35- PCT/ OSOQO 23470" 4. The process of claim3

wher ei n t he nodbwnstedanl thereof andattleast bnosorbént zong containing i tetiof yddogéi , Pd,

Ir, and conbi nations thereof. 5 The procgess_ of clh’%i m 4 wherein, the
hydr odesul f ur i S#fife sorbgatapatenialidownsiream ob the first pf 5aid 8 feaptyme TRatians sel ect ed

cl ai m 4 wher o) ROt e s e ol ubgtiof Saalyer, Wi 0co5S ©F

process comprises:

(a) feeding said stream to one or more hydrodesulfurization reaction
zomes counter-current to upflowing hydrogen-containing treat gas;

(b) passing the resulting liquid phase effluent from at least one of said
reaction zones through a zone containing a bed of a hydrogen sulfide sorbent

material;

{c) recovering a vapor phase effluent from said reaction zone in an
upstream non-reaction zone, which vapor phase effluent is comprised of
hydrogen-containing treat gas and vaporized sulfur reaction products from said

reaction zone:

(d) recovering downstream from said sorbent zone a liquid phase effluent

characterized as having substantially no sulfur.

2.  The process of claim 1 wherein the hydrodesulfurization catalyst
contains at least one Group VIII metal.

3. The process of claim 2 wherein the Group VIII metal is a noble
metal.



fromabout 0.05 to 3 w.% based on the total weight of the catalyst. 7.
The process of claim 1 wherein the Groug VIIl netal is Ni. 8 The process
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sel ected fromthe group consisting of oxides of A, S, My, B Ti, Zr, P,
and mi xtures and g£ogelpheldi66R0bf clhim 4 WierbindRERPdrelesal BtiAton'dagiGit s t he

I norganic refractory support of the hydrodesulTurization catalyst 1s
sel ect ed fr oproehcted withdne ©pimdre metals selected franvthe grovpwonsistibgofRe, Cd,2. The
process of claim1 wherein the hydrogen sulfide 'sorbent material is
sel ect ed frofgsApdm ardiZand unsupported metal oxides, spinels, zeolitic
materials, and | ayered doubl € hydroxi des. 13. The process of claim 12
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is selected fromthe roup consisting of K, Ba, Ca, Zn, Co, N, and Cu.
15. The process df. cl proguse ofclaim HewhereindbeGronp Yillimetalip®int zone is
operated such that feed is flow ng countercurrent to upflow ng hydrogen-

containing treat gas. . 16. The es f clagml wherein dr ogen
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and a hydr ogggiut b 76 wt.2% Baskd Un the total weight of the catalyst.

9. The process of claim 8 wherein the concentration of Ni is from
about 5 to 60 wt.% based on the total weight of the catalyst.

10.  The process of claim 1 wherein the inorganic refractory support of
the hydrodesulfurization catalyst is selected from the group consisting of oxides
of Al, Si, Mg, B, Ti, Zr, P, and mixtures and cogels-ihereof.

11.  The process of claim 1 wherein the inorganic refractory support of
the hydrodesulfurization catalyst is selected from clays and zeolitic materials and

mixtures thereof.

12.  The process of claim 1 wherein the hydrogen sulfide sorbent
material is selected from supported and unsupported metal oxides, spinels,

zeolitic materials, and layered double hydroxides. -

13.  The process of claim 12 wherein the hydrogen sulfide sorbent is a
metal oxide of metals from Groups IA, IIA, IB, IIB, IlIA, IVA, VB, VIB, VIIB,
and VIII of the Periodic Table of the Elements.
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17. The process of claim 16 wherein the hydrodesul furization catalyst and
t he hydrogen sul fide sorbent in the hydrogen sul fide sorbent zone are

pr esent i?o%uiﬂzi%ed bed. 18. The process gf claim16 whercavusoes/i3a70
hydr odesul turi zation catal yst and the hydrogen sulfide sorbent in the
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refractory supﬁ}'& ess claiml wherein a
hydr odesul furization catal yst zone is downstream wth respect to flow ng
feed, to the |ast hgdr oghe psedess sfxlaiap! heteirrihe dydrogen sulfide sorbent zone

is operated such that feed is flowing countercurrent to upflowing hydrogen-

containing treat gas.

16.  The process of claim 1 wherein the hydrogen sulfide sorbent zone
contains at least one hydrodesulfurization catalyst and a hydrogen sulfide

sorbent.

17.  The process of claim 16 wherein the hydrodesulfurization catalyst
and the hydrogen sulfide sorbent in the hydrogen sulfide sorbent zone are present

in a mixed bed.

18.  The process of claim 16 wherein the hydrodesulfurization catalyst
and the hydrogen sulfide sorbent in the hydrogen sulfide sorbent zone are

comprised as composite particles.

19.  The process of claim 16 wherein the hydrodesulfurization catalyst
and the hydrogen sulfide sorbent are characterized as being on the same

inorganic refractory support particles.

20. The process of claim 1 wherein a hydrodesulfurization catalyst
zone is downstream, with respect to flowing feed, to the last hydrogen sulfide

sorbent zone.
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