WD 02/ 092730 PCT/ US02/ 12094 PROCESS FOR THE PRODUCTI ON OF MEDI CI NAL WHI TE
O L USING MA1S AND SULFUR SORBENT FI ELD OF THE | NVENTI ON [0001] This

i nventi orwoakabEsoto a four-stage process for produci ng hipgh/useziiosy white
oil's particularly food grade mneral oils frommneral oil distillates. The
process includes three separate hydrotreating stages and a sul fur sorbent
stage. BACKGROUND OF THE | NVENTI ON [ 0002] Wiite m neral oil s, called white

oils, are colorless, transparent, oily |I|iquids obtained by the refining of
crude petrol eum feedstocks. In the production of white oils, an
appropriate pet r cPROCESSIEORTHE PRODIMITION: OFMEDICINAL conp) etel y as

possi bl e, oxygen, WHITBIL USINGNY1S ANDSTHFURSORBENThydr ocar bons
i ncludi ng aromati ¢s, and any other inpurity which would prevent use of the

resulting white oil in the pharnmaceutical or food industry. Wite oils
generally fall into two classes, technical grade and pharmaceutical grade.
Techni calpygFago g ANVENTFONNOSe suitable for use in cosnetics, textile
| ubri cat i~ot ases ror tnsectrcrdes, and the like. The nore highly refined

phar maceyppeg! 9TAMCNYBLtiGn filhies & & folnostags prdoebs forfprodusiagihglt quality

conpositions, foods, and for the |lubrication of food handling nmachinery.

Thg Fhar !mllq:iieajbilg pﬁrticgleal}efmdi gradentigenalioils frone minered pilydistildates. ahhe

substantially w thout color, odor, or taste. Also, for the [ [
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white oil. RCS are inpurities that cause the white oil to change col or

when treated with strong acid. The Food and Drug Adm nistration (FDA) and
PRIER SEINVRSEQNRt andards with respect to RCS,

s v an be marketed for use in

[0002]  White mineral oils, called white oils, are colorless, transparent, oily

liquids obtained by the refining of crude petroleum feedstocks. In the production
of white oils, an appropriate petroleum feedstock is refined to eliminate, as
completely as possible, oxygen, nitrogen, and sulfur compounds, reactive
hydrocarbons including aromatics, and any other impurity which would prevent use
of the resulting white oil in the pharmaceutical or food industry. White oils
generally fall into two classes, technical grade and pharmaceutical grade.

Technical grade white oils are those suitable for use in cosmetics, textile
lubrication, bases for insecticides, and the like. The more highly refined
pharmaceutical grade white oils are those suitable for use in drug compositions,
foods, and for the lubrication of food handling machinery. The pharmaceutical
grade white oils must be chemically inert and substantially without color, odor, or
taste. Also, for these applications manufacturers must remove "readily
carbonizable substances" (RCS) from the white oil. RCS are impurities that cause
the white oil to change color when treated with strong acid. The Food and Drug
Administration (FDA) and white oil manufacturers have stringent standards with
respect to RCS, which must be met before the white oil can be marketed for use in
food or pharmaceutical applications. In particular, the Code of Federal Regulations,
21 C.F.R. §172.878(1988) defines white mineral oil as a mixture of liquid

hydrocarbons, essentially paraffinic in nature obtained from petroleum and refined



food or pharmaceutical applications. In particular, the

Regul ations, 21 CF R 172.878(1988) dgfi nes whi 'Ee m ng?gf 8:‘| F:ge;al

m xt ur e oWolozged7édo hydr ocar bons, essentially paraffinic i rcmatsoz/eosbt ai ned
from petrol eum and refined WO 02/092730 PCT/US02/12094 -2 to neet the test
requirenents of the United States Pharmacopoeia pp. 532 (1980) for readil
carboni zabl e substances and for sul fur conmpounds. The U traviol et Y
Absorption Test generally measures the ultraviolet absorbance of an

extract in the range of 260-350 nm which absorbance is then conmpared with
that of a naphthal ene standard. This test sets forth limts for the
presence of polynuclear conpound inpurities in the white oil. [0003] Wite

oil nust al so pass the Hot Acid
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test resu AL as recogni zéd that a value of 16 or below on a

standard Lgsiot it e Helgid2 608y niG, whittoabsdhbaice it thauddrin aredtWIﬂDt
car boni za%)?z substances test. [0004] The present i nventi olr)1 IS T}‘gfﬂg the

concer neda waplhthatemepstartiacd.i Thisaest setraforticlomits dar thgrrgegenshiof é’obfqué’ a”T'her e

are numerous processes in the prior _art for the production of white oils
of both gcmdpeundnngéﬁﬁﬁ%ﬂnthte%hlﬁ Pt step in the production of white oil
is the renoval of lighter fractions, such as gasoline, naphtha, kerosene
and gaseous fractions, fromthe f eedst ock by fractional distil lation. In

early pro [ ’
e P ERF: e LA ks st a1
(ASTM D-565) to conform to the standard of quality required for p! armaceutical
use. In order to pass this test the oil layer must show no change in color and the
acid level is not darker than that of the reference standard colorimetric solution.
From this test it will be seen that for purposes of interpreting test results, the art has
recognized that a value of 16 or below on a standard test, the Hellige Amber C

Color Wheel, is sufficient to pass the carbonizable substances test.

[0004] The present invention is primarily concerned with the production of
pharmaceutical grade white oils. There are numerous processes in the prior art for
the production of white oils of both grades. In general, the first step in the
production of white oil is the removal of lighter fractions, such as gasoline,
naphtha, kerosene, and gaseous fractions, from the feedstock by fractional
distillation. In early processes, white oil was refined by treatment with sulfuric
acid to remove unsaturated aromatic and unstable hydroaromatic compounds,
which comprised most of the impurities present in the oil. Typically, the acid
treated oil was subjected to adsorption refining to remove such impurities as

carbon, coke, asphaltic substances, coloring matter and the like.

[0005] Conventional methods of making white oils with sulfuric acid however,

have been subject to objection in recent years since acid treating is costly and gives



whi ch conprised nmost of the inpurities present in the oil. Typically, the
acid treated oil was subjected to adsorption refining to renove such
i npuriti ewoas/w9xrar bon, coke, asphaltic substances, col ori rgTrasbt/endand the
l'i ke. [0005] Conventional nethods of neking white oils with sulfuric acid
however, have been subject to objection in recent years since acid
treating is costly and gives WO 02/092730 PCT/US02/12094 -3 rise to
undesi rabl e amounts of sludge. Because of objections to sulfuric acid
treatments, other procedures were devel oped for the production of white
oils from hydrocarbon feedstocks. Reprgesentative processes of these
ngggdzgis can be found in U S. Patent Nos. 3,392,112; 3,459, 656;
s : ;. 4,251, 347; 4,263, 127; nd_ 4, 325, 804.. U. S. Pat..No 4.786, 402
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conversi o rogen sulfide i1s typically achieved by reaction with

hydrogen gygd inan.SnPatent Noat 33994 12; 36659, 65 elc0 28,4811 035 &,3617; €368l 2dnd
Ni /Mo. The reaction is perfornmed at fairly severe conditions of
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some processes are carried out over catalysts which are extrenely
sensi ti veCHBYHSIYSRPHGAU) RIGFESSr . This sul fur sensitivity is sonetimes

sufficiently acute as to require a substantially sulfur free feed. In
ot her cases environnental considerations and nmandates drive product

qual ity SpRebf i CaIj@ovdehd inesationqHBS) fswnel cfithe 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. The reaction is performed at
fairly severe conditions of temperatures and pressures in order 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 feed. In other cases environmental considerations and

mandates drive product quality specifications to very low sulfur levels.

[0007]  There is a well-established hierarchy in the ease of sulfur removal from
the various organosulfur compounds common to refinery and chemical streams.
Simple aliphatic, naphthenic, and aromatic mercaptans, sulfides, di- and
polysulfides and the like surrender their sulfur more readily than the class of
heterocyclic sulfur compounds comprised of thiophene and its higher homologs
and analogs. Desulfurization reactivity decreases with increasing molecular
structure and complexity within the generic thiophenic class. For example, the

simple thiophenes are the more labile, or “easy” sulfur types. The other extreme,



[0007] There is a well-established hierarchy in the ease of sul fur renoval
from the various organosul fur conpounds common to refinery and chem cal
streans. wBimpdm3a@l i phati c, naphthenic, and aronatic nercaptramnss2/12u fi des,
di- and polysulfides and the |like surrender their sulfur nore readily than
the class of ~ heterocyclic sulfur conmpounds conprised of thiophene and its
hi gher honol ogs and anal ogs. Desul furization reactivity decreases with
i ncreasi ng nol ecular structure and conplexity within the generic
t hi opheni c class. For exanple, the sinple thiophenes are the nore | abile,
or "easy" sulfur types. The other extrepe, WO 02/092730 PCT/US02/12094 -4
which is sonetines referred to as "hard sulfur" or "refractory sulfur,"” is
T
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represented by the derivatives of dibenzathiophene, es ially those nono-
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they poi sopy,sHBSRAEIRE SAIfRF BRNES THEGSK gaRerdthictértsul fur hdapenyldes resjson a

sul fur sensitive catalyst. Destruction of these "hard sulfur" types can be
acconpl i sigd]furidarion ek atdonetqueney of stehicghhibitéers preslpdiog dhe rasmistier i ons, but
this may prove to be econom cally undesirabl e ow ng,@éo t he ong&%i of

undesi r abtaalysi-slebstesde ritenastion Eor thisecasencihess maikrials swyivekaditiobiht i ng
costs required to driv t he severe process conditi on . t00 great for
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e. 9., 340;425C, (pliSRBunddz Peldwlly Rel e hifE-pressure process conditions, but

this may prove to be economically undesirable owing to the onset of undesirable
side reactions. Also, the level of investment and operating costs required to drive

the severe process conditions may be too great for the required sulfur specification.

[0008] A recent review (M. J. Girgis and B. C. Gates, Ind. Eng. Chem.,1991, 30,
2021) addresses the fate of various thiophenic types at reaction conditions
employed industrially, e.g., 340-425°C (644-799°F), 825-2550 psig. The
substitution of a methyl group into the 4- position or into the 4- and 6-positions
decreases the desulfurization activity by an order of magnitude for
dibenzothiophenes. These authors state, “These methyl-substituted
dibenzothiophenes are now recognized as the organosulfur compounds that are
most slowly converted in the HDS of heavy fossil fuels. One of the challenges for

future technology is to find catalysts and processes to desulfurize them.”

[0009] M. Houalla et al, J. Catal., 61, 523 (1980) disclose activity debits of 1 to
10 orders of magnitude for similarly substituted dibenzothiophenes under similar
hydrodesulfurization conditions. While the literature addresses methyl substituted
dibenzothiophenes, it is apparent that substitution with alkyl substituents greater
than methyl , e.g., 4, 6-diethyldibenzothiophene, would intensify the refractory



substitution of a methyl group into the 4- position or into the 4- and

6- positions decreases the desul furization activity by an order of

magni t udewbor/o9ridbenzot hi ophenes. These authors state, " Tire3aS02/12094

met hyl - substituted di benzothi ophenes are now recogni zed as the
organosul fur conpounds that are nost slowy converted in the HDS of heavy
fossil fuels. One of the challenges for future technology is to find
catal ysts and processes to desulfurize them"™ [0009] M Houalla et al, J.
Catal ., 61, 523 (1980) disclose activity debits of 1 to 10 orders of
magni tude for simlarly substituted di henzothi ophenes under simlar

hydr odesul furi zation conditions. Wi le the literature addresses nethyl

substituted dibenzothi ophenes, |t és pparent that .substitution wth alkyl
subst i t uematsreyotthese sukfuneompewds. Cendpnsedring aioRphg SUPHERSYR hi ophene,
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CGener al , 14, )J@d%éaogmqapgl@tmﬂsar substrates. [0010] Mochida et
al, Catal }/%lf’sl%gg?/g,j 29, 185 (1996) address the deep desulfurization of

di esel fuels fromthe perspective of process and catal yst designs ained at
dosul 1 ur | 1810] n_ Mecbiskneers GaialysEShoaed0s (HUBGAARRRCIEH i i ze 1 hei r
Drocess |0 B, LT L St aSeate S R
Revi ove, - 3ted BhipRaoay s e R IaPER Pl BPUE AR S hards & T hat
while Pt godihlifatialthe bsnWaitRralii S btocess. o Neseciuitves optimize their
process to a product sulfur level of 0.016 wt. %, which reflects the inability of an
idealized system to drive the conversion of the most resistant sulfur molecules to
extinction. Vasudevan ef al, Catalysis Reviews, 38, 161(1996) in a discussion of

deep HDS catalysis report that while Pt and Ir catalysts were initially highly active

on refractory sulfur species, both catalysts deactivated with time on oil.

[0011]  In light of the above, there is still a need for a desulfurization process
that can convert feeds bearing the refractory, condensed ring sulfur heterocycles at

relatively mild process conditions to products containing substantially no sulfur.



on refractory sulfur species, both catalysts deactivated with tinme on oil.
[0011] In light of the above, there is still a need for a desulfurization
process Wwbab/grso convert feeds bearing the refractory, ceaddarssshopi ng
sul fur heterocycles at relatively mld process conditions to products
contai ning substantially no sulfur. W 02/092730 PCT/US02/ 12094 - 6-
SUMMARY OF THE | NVENTI ON [ 0012] In accordance with the present invention
there is provided a process for the preparation of pharmaceutical grade
white oils froma mneral hydrocarbon oil feedstock having a viscosity
rangi ng from about 70 to about 600 SUSgat 37.8C, by a four stage

catal ytic process, which process conprises: (1) hydrotreating the m neral
oil feedstock in a first reaction age containing a hydrotreating catal yst
and a hySUJEMARNON THHE INVE] UNunder hydrotreating conditions,

thereby resultin %E?S{ei@ﬁ?\je?@fﬁﬁfj rg% Pﬂiﬁ%h?ﬁg‘geﬁggﬂ .
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wherei n the secon action stage is operated at tenperatures from about
150C t 0 5§P¢ fanfstapessttyic frooessabdich pAGesocANpsesy§] ghydsireativg theo, 786
kPa); (3) treating hﬁdrotreat ed product from stage i
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fromPt, Hgsulﬁfrized; (2) hydrotreating the reaction product of the first reaction stage in a

second reaction stage in the presence of: (i) a hydrodesulfurization catalyst

comprised of a Group VIII metal on bound M418S support, (ii) a hydrogen

containing treat gas, wherein the second reaction stage is operated at temperatures

from about 150°C to 500°C and pressures from about 500 to 3,000 psig (3549 to

20,786 kPa); (3) treating hydrotreated product from stage 2 with a reduced metal

hydrogen sulfide sorbent material in stage 3, and (4) hydrogenating the reaction

product from reaction stage 3 in a fourth reaction stage in the presence of a Group

VIII based catalyst, thereby producing a white oil.

[0013] Ina preferred embodiment of the present invention, the Group VIII metal
(Periodic Table by Fisher Scientific Co.) is a noble metal selected from Pt, Pd, Ir,

and mixtures thereof supported on bound MCM-41.

[0014] In still another preferred embodiment of the present invention the initial

feedstock is a solvent extracted lubricating oil having a viscosity ranging from

about 70 to 600 SUS at 37.8°C.

[0015]  In another preferred embodiment of the present invention, the hydrogen

sulfide sorbent is selected from supported reduced non-noble Group VII metal.



and m xtures thereof supported on bound MCM41. [0014] In still another
preferred enbodi nent of the present invention the initial feedstock is a
sol vent ewDreao92ao | ubri cating oil having a viscosity rangiPag/tfSopmosabout 70
to 600 SUS at 37.8C. [0015] In another preferred enbodi nent of the present

i nvention, the hydrogen sulfide sorbent is selected from supported reduced
non-noble Goup VII netal. WO 02/092730 PCT/ US02/12094 -7 [00161 The white
oil product fromthe present process neets pharnaceutical requirenments and
has a hot acid nunber (ASTM D-565) of |ess than about 16 on the Hellige
Anber C Col or Wheel and an ul traviol etyabsorbance val ue of |less than 0. 1.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 00171 The process of the present

i nvention is applicable to renoving sulfur fromall sulfur bearing m neral
hydr ocarbon oil feedstocks. The process is particularly suitable for the
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het er ocy roup ose bearing one or nore substituents in
the 3-, ﬁ}e’Héﬂl eqmb@r C@@M wn@elra@uaanuwlaamlemsoﬂhanpasam ofilb$suthanThe
process of the“present invention will result in a product stream having
substantQdlly no sul fur. For purposes of this invention, the term
"substantially no sulfur"”, depends upon the overall process being

consi dered, but can be defined as a value |less than about 1 wppm

%Srner:lrallﬁ lleflsﬂ tgi&@ﬂﬁ"@{idﬁ ;iﬂ,ﬂ&rﬁﬁﬁiﬂabl y |l ess than about 0.1

pm _ SHroHt—0- \opm as neasur ed by
existl ng[OOﬁ?PVGnltﬂeo lcess of the present invention is applicable to removing sulfur

from all sulfur bearing mineral hydrocarbon oil feedstocks. The process is
particularly suitable for the desulfurization of the least reactive, most highly
refractory sulfur species, especially the class derived from dibenzothiophenes, and
most especially the alkyl, aryl, and condensed ring derivatives of this heterocyclic
group, particularly those bearing one or more substituents in the 3-, 4-, 6-, and 7-
positions relative to the thiophenic sulfur. The process of the present invention will
result in a product stream having substantially no sulfur. For purposes of this
invention, the term, “substantially no sulfur”, depends upon the overall process
being considered, but can be defined as a value less than about 1 wppm, preferably
Jess than about 0.5 wppm, more preferably less than about 0.1 wppm, and most

preferably less than about 0.01 wppm as measured by existing, conventional

analytical technology.

[0018]  The initial feedstocks suitable for use in the practice of the present
invention are any petroleum hydrocarbon fraction capable of yielding a product of
the desired purity range by treatment in accordance with the process steps of the
present invention. When the desired final product of the present invention is a
white mineral oil, or other oil in the lubricating range of viscosities, the charge to
the first stage is preferably a light to heavy lubricating distillate which generally
has viscosities ranging from about 70 SUS to 600 SUS at 37.8°C. For



anal ytical technology. [0018] The initial feedstocks suitable for use in
the practice of the present invention are any petrol eum hydrocarbon

fracti on wepabd=3of yielding a product of the desired purcTysoamyes by
treatment in accordance with the process steps of the present invention.
When the desired final product of the present inventionis a white m neral
oil, or other oil in the lubricating range of viscosities, the charge to
the first stage is preferably a light to heavy lubricating distillate which
generally has viscosities ranging fromabout 70 SUS to 600 SUS at 37.8C.
For WD 02/ 092730 PCT/ US02/ 12094 -8 phg%naceutical grade white oi
production, the charge stock is preferably a raffinate resulting from
solvent treatnment of a light to heavy neutral distillate oil .wth
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wax, microcrystalline waxes, oils and the like. For producing pharmaceutical

waxes, paraffin wax obtained by solvent dewaxing of a waxy lubrication distillate

is suitable.

[0019]  First stage hydrotreating catalysts are conventional hydrotreating
catalysts such as those containing Group VIB metals (based on the Period Table
published by Fisher Scientific), and non-noble Group VIII metals, i.e., iron, cobalt
and nickel and mixtures thereof. These metals or mixtures of metals are typically
present as oxides or sulfides on refractory metal oxide supports. Preferred catalysts
are those containing Co/Mo, Ni/Mo and Ni/W. The first stage hydrotreating
conditions include temperatures of from 250 - 400 °C, pressures of from 1000 -
3000 psig (6996 - 20,786 kPa), liquid hourly space velocities (LHSV) of from 0.1 -
5 and treat gas rates of from 1000 - 5000 scf/B (178 - 890 m>/m’).

[0020]  Catalysts suitable for use in stage 2 of the present invention are those
comprised of at least one noble or non-noble metal of Group VIII of the Periodic
Table of the Elements supported in a highly dispersed and substantially uniformly
distributed manner on bound M41S support.



present as oxides or sulfides on refractory netal oxide

catalysts are those containing Co/ M, Ni/%b and Ni /W Tﬁgpgﬁﬁgf.sfgggerred
hydr ot r eawDng/ooxmendi ti ons i ncl ude tenperatures of from 25@CT/u$0D12694
pressures of from 1000 - 3000 psig (6996 - 20,786 kPa), liquid hourly space
velocities (LHSV) of fromO0.1 - 5 and treat gas rates of from 1000 - 5000
scf/B (178 - 890 nB/nB). [0020] Catalysts suitable for use in stage 2 of
the present invention are those conprised of at |east one noble or
non-noble metal of Goup VIII of the Periodic Table of the Elenents
supported in a highly dispersed and sufstantially uniformy distributed
manner on bound M4l S support. WO 02/092730 PCT/ US02/ 12094 -9 [0021] The
bound stage 2 catalyst is a crystalljne HESﬁ orous materi al el onging to

f: gﬁt gﬂﬁgsgﬁzﬁss mge aupd;sgm eatalyykis g crygie mSSQPQWP@%V@qhi gh silica
are descyr in J.. A .
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struct ur Mﬁénﬁogrio%ia?\ga?s%ﬁm@l indfaandenent], MCHOU8andaMiGd-30.cAl | di anet er

greater an about Angstronms. The physical structure of MCM 41 is |ike

a bundl e éﬂ&fen%ﬁrrﬁ@ﬁlb‘éhef eHis clase iVl vhosépreparatien Brdescdbed Uanmet er s
of the pores) ranges from about 13 to 150 Angst.ronms. MCM 48 has, a cubic
symmet ry RandNbs5 008 68db M CNet ] isxchepacienized ey bayiage .aggl}él'dé;/%%. MCM 50

I e o T o A0 B AREERRE e et
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straws wherein the opening of the straws (the cell diameters of the pores) ranges
from about 13 to 150 Angstroms. MCM-48 has a cubic symmetry and is described
for example in US Patent No. 5,198,203. MCM-50 has a layefed or lamellar

structure and is described in U.S. Patent No. 5,246,689.

[0022]  Group VIII noble metals that may be used for the hydrodesulfurization
and partial hydrogenation catalysts of the present invention include Pt, Pd, and Ir;
preferably Pt, Pd. Preferred bimetallic noble metal catalysts include Pt-Ir, Pd-Ir,
and Pt-Pd; Pt-Ir and Pt-Pd are more preferred. These mono- and bimetallic noble
metal catalysts may contain a promoter metal, preferably at least one of Re, Cu, Ag,

Au, Sn, Zn, and the like, for stability and selectivity improvement

[0023]  Suitable binding materials for the bound M418 include inorganic,
refractory materials such as alumina, silica, silicon carbide, amorphous and
crystalline silica-aluminas (zeolites), silica-magnesias, aluminophosphates boria,
titania, zirconia, and mixtures and cogels thereof. Preferred supports include

alumina and low acidity crystalline or amorphous materials.

[0024]  The metals may be loaded onto these supports by conventional

techniques known in the art. Such techniques include impregnation by incipient



preferably Pt, Pd. Preferred binetallic noble nmetal catal ysts incl

Pt-1r, Pd-1r, and Pt-Pd; Pt-1r and Pt-Pd are nore prefer?/ed. Thesgdﬁono-
and bi metwblozo921ebl e netal catal ysts nay contain a pronptPem/uset/eloo4
preferably at |east one of Re, Cu, Ag, Au, Sn, Zn, and the like, for
stability and selectivity inprovenment [0023] Suitable binding mai erials for
the bound MA1 S include inorganic, refractory materials such as alum na
silica, silicon carbide, amorphous and crystalline silica-alun nas ’
(zeolites), silica-magnesias, alum nophosphates boria, titania, zirconia
and m xtures and cogels thereof. Pref ef ed supports include al iJm' na and ’
| ow acidity crystalline or anorphous n'a{)eri als. [0024] The netals may be

| oaded onto these supports by conventional techniques known in the art
Such t echpétgess bymsumldmom@ms@mmygnﬁmmdwm@mb% Y g}g;%ange. -
PCT/US02/ 12094 -10 wetness, by adsorption from excess,innr | medi um
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hydr odes Iron ac and activity nmai ntenance. [0025] Total netal

| oadi ng fiarqr5HA98ARIAAbAl G By @hd bbgvity amdntenamsent i on s i
sinth
about O.OI%Fto 5wm. % prefeirt}ébly abolgjt7 0.1 to2w. % and rmrg range of
preferably about 0.15 to 1.5 wt. % For binmetallic noble netal catalysts
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sel ectivily Todif I o P9R°P.sW O % AR Binftflfic noble metal catal;st: similar and
ranges are applicable to each component; however, the bimetallics may be either
balanced or unbalanced where the loadings of the individual metals may either be
equivalent, or the loading of one metal may be greater or less than that of its
partner. The loading of stability and selectivity modifiers ranges from about 0.01
to 2 wt. %, preferably about 0.02 to 1.5 wt. %, and more preferably about 0.03 to
1.0 wt. If presént, chloride levels range from about 0.3 to 2.0 wt. %, preferably
about 0.5 to 1.5 wt. %, and more preferably about 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 about 0.01 to 1.2 wt. %, preferably about 0.02 to 1.0

wt. %.

[0026]  Reaction conditions in Stage 2 include temperatures of from 150 to 500
°C, preferably 250 to 400 °C, pressures of from 500 to 3000 psig (3549 to 20,786
kPa), preferable 1000 to 2000 psig (6996 to 13,891 kPa), a LHSV of from 0.1 to
10, preferably 0.1 to 3 and a treat gas rate of from 500 to 10,000 scf/B (89 to 1780
m’/m), preferably 1000 to 5000 scf/B (178 to 890 m*/m’).

[0027]  The hydrogen sulfide sorbent of this invention may be selected from

several classes of material known to be reactive toward hydrogen sulfide and



to 2 wt. % preferably about 0.02 to 1.5 wt. % and nore preferabl
0.03to 1.0 wm. If present, chloride levels range from aBout 0.3 %/oag.ogt
w. % prebecad7go about 0.5 to 1.5 wt. % and nore preferablysozimm 0.6 to
1.2 wt. % Sulfur |loadings of the noble nmetal catal ysts approxi mate those
produced by breakthrough sulfiding of the catalyst and range from about
0.01to 1.2 w. % preferably about 0.02 to 1.0 w. % [0026] Reaction
conditions in Stage 2 include tenperatures of from 150 to 500 C
preferably 250 to 400 C, pressures of from500 to 3000 psig (354§ to 20, 786
kPa), preferable 1000 to 2000 psig (699§-.to 13,891 kPa), a LHSV of frorﬁ 0.1
;gf/éO,(SBr?ferlz;ggy (r)rB/ln;[B;) 3 an](ctl .a treat gas rate of from500 to 10, 000

o] o nt , preferably 10Q0 to 5000..scf/B (1
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from G oups, TIB, IILAAIV Al BB, VIS, VIIBAVIIMa theReriads; Teblemf the Hlewentsne
Periodic Table of the Elenments. Representative el epen i pel Fe
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those of Co, Ni, and Cu.

[0028] A preferred class of hydrogen sulfide sorbents are those which are
regenerable as contrasted to those which bind sulfur irreversibly in a stoichiometric
reaction. Active hydrogen sulfide sorbents regenerable through the sequential
action of hydrogen and oxygen include iron, cobalt, nickel, copper, silver, tin,
rhenium, molybdenum, and mixtures thereof. 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.

[0029]  These regeneration processes operate over a temperature range of 200 -
700 °C, preferably 250 - 600 °C, and more preferably 275 - 500 °C at pressures of
from 100 to 5000 psig (791 to 34,576 kPa).

[0030]  The stage 4 catalysts have a high activity for hydrogenation and aromatic
saturation. The catalysts include Group VIII metals on a support. Preferred metals
are Ni, Pt and Pd, especially Ni. These metals are on the support in the reduced

state, i.e., as metals. Typical supports include silica, alumina and M418S, especially

MCM-41. Stage 4 reactions conditions include temperatures of from 150 to 300



regenerabl e as contrasted to those which bind sulfur irreversibly in a
stoichionetric reaction. Active hydrogen sul fide sorbents regenerable

t hrough twe ogegpramnti al acti on of hydrogen and oxygen i nclpaaaSoz/ao94 cobal t,
ni ckel, copper, silver, tin, rhenium nolybdenum and m xtures thereof.
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.

[ 00291 These regenerati on processes operate over a tenperature range of 200
- 700 C, preferably 250 - 600 C, and nphe preferably 275 - 500 C at
pressures of from 100 to 5000 psig (791 to 34,576 kPa). [00301 The stage 4

catal ysts have a high activity for hydrog ' [ aturation.
The cat al%meSsnmStM‘elQQ(b@&Qﬁlq pmgé@%?ét%?ﬁ&zéé%%ﬁgﬁfdﬂg&?@#ﬁ8f als are
Ni, Pt and Pd, especi.ally N . These n the support in the
reduced ' eait28s r@t_eg_o,f%gb tﬂgpgp§05$¢p%§1aé§%%g§}lﬁs i nclude silica, alunina
and MA1 S, especially MM 41l. Stage 4 reactions conditions include
tenperatures of from 150 to 300 WD 02/ 092730 PCT/ US02/ 12094 -12 C,

pfessur65[0%11100%&@5%%12%&(1( gt M8 beRapd in HR\VpmEtice of the 5 and
treat gas rates of 500 to 5000 scf/B (89 to 890 nB/ nB) @%0031] Vari ous
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zone. While the three component systems may occupy a common reactor, these
systems may utilize a multi reactor train. This arrangement offers increased process
flexibility permits operating the two reactor sections at different process conditions,
especially temperature, and imparts flexibility in controlling process selectivity
and/or product quality. Alternatively, each component could occupy separate
reactors. This would allow process conditions for each component as well as
facilitate frequent or continuous replacement of the hydrogen sulfide sorbent

material. The HDS/ASAT catalyst and the preferred stand-alone Ni-based

hydrogenation catalyst may or may not be the same material.

[0032] Noble metal catalysts can simultaneously provide HDS and aromatic
saturation (ASAT) functions. The ASAT activity of the catalyst can be maintained
if said catalyst is intimately mixed with a hydrogen sulfide sorbent. The mixed bed
configuration, as described above, allows operation in this mode. If this
configuration is employed, the use of a preferred stand-alone Ni-based
hydrogenation catalyst after the mixed bed is optional, and said use would be
dictated by specific process conditions and product quality objectives. If
employed, the stand-alone Ni-based hydrogenation catalyst downstream may or

may not be the same material as the HDS/ASAT catalyst used in the mixed bed.



systens may utilize a multi reactor train. This arrangenent offers
increased process flexibility permts operating the two reactor sections
at differwoto2pyoeess conditions, especially tenperature, pamasozpmpd s
flexibility in controlling process selectivity and/or product quality.

Al ternatively, each conponent could occupy separate reactors. This would
al l ow process conditions for each conponent as well as facilitate frequent
or continuous replacenent of the hydrogen sulfide sorbent material. The
HDS/ ASAT catal yst and the preferred stand-al one N -based hydrogenation
catal yst may or may not be the same natggial. [ 0032] Noble netal catalysts
can simul taneously provide HDS and aromatic saturation (ASAT) functions.
The ASAT activity of the catalyst can be maintained if said catalyst is

i nt } mat el ?gsmmamgy tarnalsy Heogaintained inde steckesbhed camdgyraiien, pgctivity
configuration, as described above, allows operation in.thi : '
confi gur aW.ilbgem@a]éﬁﬁled\}édPWIeh@Vﬁgﬂlaé‘ft sr%lﬁﬁs%ﬁa&&nﬁg&%{%ﬁ- gntram ﬂl? b!’ifseftlhl >
hydrogenation catalyst after the mixed bed is optional, and said use would
be dictated by specific process conditions and product quality objectives.
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may or € sane nateri as the HDS/ ASAT catal yst used in the
m xed bedcoﬁtyl?tig%ﬁ&?grﬁ%ﬁ@/iﬁﬁ&%(iﬁﬂ&&%n (13, ABST ARATVianyl thaydfegenbe
mai ntai ned 1N a stacked bed configuration, but activity wll generally be
at a | owegulfidy ebrichafundtenrioxesidbed ceomhingarpariiole. Ipcosspchdesnplatiencan
al so be formul ated which allow one or re of the variquys .catalyti
f unct i onsthefHIDBEABASE amd hy drpgenisgiidg sasbent, gegIP QUSRS ar&&ﬂe’i‘q‘?éﬁﬁﬁﬁ%ﬁﬁ ich
sul fi de sorbent func.tiont?r side on a 'vﬁ’c?écf.%'\x% LPPOS afHE
L;)rrrul at i ¥4I 2 CHMPOBIEG RYAH %nﬁmh Snag’,‘%‘gg?%e sor’g)ent e{:orrgone%ts are
ended t gaqgltygfa Is dfformly blended with zinc oxide powder 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.

[0034]  The composition of the sorbent bed is independent of configuration and
may be varied with respect to the specific process, or integrated process, to which
this invention is applied. In those instances where the capacity of the hydrogen
sulfide sorbent is limiting, the composition of the sorbent bed must be consistent
with the expected lifetime, or cycle, of the process. These parameters are in turn
sensitive to the sulfur content of the feed being processed and to the degree of
desulfurization desired. For these reasons, the composition of the guard bed is
flexible and variable, and the optimal bed composition for one application may not
serve an alternative application equally well. In general, the weight ratio of the
hydrogen sulfide sorbent to the HDS/ASAT catalyst may range from 0.01 to 1000,
preferably from 0.5 to 40, and more preferably from 0.7 to 30. For three
component configurations the ranges cited apply to the mixed zone of the
mixed/stacked arrangement and to the first two zones of the

stacked/stacked/stacked design. The Group VIII-based hydrogenation catalyst



forma conposite particle. For exanple, a finely divided, powdered Pt on
alumna catalyst is uniformy blended wth zinc oxi de powder and the

m xture fworedod7at o a comon catal yst particle, or zinc exrdsoposder is
incorporated into the alumna null mx prior to extrusion, and Pt is

i npregnated onto the zinc oxide-containing alumna in a manner simlar to
that described in U S. 4,963,249, which is incorporated herein by

ref erence. [0034] The conposition of the sorbent bed is independent of
configuration and may be varied with respect to the specific process, or
integrated process, to which this invggption is applied. In those instances
where the capacity of the hydrogen sulfide sorbent is Ilnttlng t he

conposi tion of the sorbent bed nust be consj.stent ail? the ect ed
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bed is flexible and variable, and the optiml bed conposition for one

application may not serve an alternative application equally well. In
general . fyjesjnei aile §BkéQ dfinisAyelliclr RAPRraIb bivdea sardoanttcauditidre HDS/ ASAT
catalyst rangefromO 01 to 1000, preferably fromO0.5 to 40, and nore
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range of 8@1@9b5§s%0r inert gases as is frequently the case in a refining or chemical
processing environment. It is preferred that the hydrogen stream be sulfur free, or
substantially sulfur fre€, and it is understood that the latter condition may be
achieved if desired by conventional technologies currently utilized for this purpose.
In general, the conditions of temperature and pressure are significantly mild relative
to conventional hydroprocessing technology, especially with regard to the

processing of streams containing the refractory sulfur types as herein previously

defined.



consistent wwth the intended objectives in terns of product quality

i nprovenent and consistent with any downstream process with which this

i nventi orwD920m™I ned in either a common or sequential r@attusn2/ad3enbly.
It is understood that hydrogen 1is an essential conponent of the process
and may be supplied pure or adm xed with other passive or inert gases as
is frequently the case in a refining or chem cal processing environnment.
It is preferred that the hydrogen stream be sulfur free, or substantially
sulfur free, and it is understood that the latter condition nay be
achieved if desired by conventional techsiol ogies currently utilized for
this purpose. |In general, the conditions of tenperature and pressure are

significantly mld relative to conventional hydroprocessing technol ogy,
especi allﬂéﬁﬁ%rd to the processing of streams containing the

per) Usop/ 10851 * Thk F’E?@%ﬂrﬂe“ﬁa%%%i&%b{?@ﬁ.%%téﬂﬁt%ﬂ??éh.g‘??ustr fed by, bu
not lim t%%’fné"?’les[‘gglfi}‘% 'T'l%str% Sg\@bfﬂ are for illustrative purposes

only. Exa hi's exa tvvo hydrotreated white oil

f eedst ocks (350N) were used The feedstock had a density of about 0.867
g/cc at 15 C, and sulfur content of approximately 2.1 and 4.8 wppm and an
aromati c Pkaaaplybtion at 274 nmof approximately 27.2 and 70 in a 1 cm
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approximately 2.1 and 4.8 wppm, and an aromatic UV adsorption at 274 nm of
approximately 27.2 and 70 in a 1 cm cell. These feedstocks were processed over a
Pt-Pd alumina bound MCM-41, at 220 °C temperature, over a space velocity range
of 0.6 to 3.5 h-, a pressure of 2,000 psig (13,891 kPa) and treat gas rate of 2,500
SCF/B (445 m®/m®). The product was analyzed for aromatic content by UV
spectroscopy and trace sulfur by the Houston-Atlas technique (ASTM D-4045).

The results are reported in Table L.

Table 1
LHSV uv Aromatic Sulfur Sulfur Reduction
@ 274 nm Reduction (%) (wppm) (%)
Feed 1 27.2 - 24
0.6 0.56 97.9 N/A
1.2 0.68 97.5 N/A
1.8 0.90 96.7 N/A
3.5 22 91.9 N/A
Feed 2 70 - 4.7 -
0.63 0.78 98.9 1.0 79
1.20 2.14 96.9 2.8 40.
2.36 432 93.8 3.0 36
2.97 5.30 92.4 3.2 32




spectroscopy and trace sul fur by the Houston-Atlas technique (ASTM D 4045)
The results are reported in Table |. Table I LHSV UV Aromatic Sul fur Sulfu.r
Reduct i oowo@A7¥30hm Reduction (% (wppm) (% Feed 1 27.2 PCZ/U$02/1096 0. 56
97.9 VA 1.2 0.68 97.5 NVA 1.8 0.90 96.7 NA 3.5 2.2 91.9 NA Feed 2 70 -
4.7 - 0.63 0.78 98.9 1.0 79 1.20 2.14 96.9 2.8 40. 2.36 4.32 93.8 3.0 36
2.97 5.30 92.4 3.2 32 WD 02/ 092730 PCT/US02/ 12094 -16 [00381 These results
demonstrate that sulfur and aromatic |evels of hydrotreated dewaxed

raffi nates are decreased by hydroprocessi ng over Pt-Pd/ MCM 41(A1203).

Pt-Pd supported on alunm na bound MCM41,és highly effective at reducing
aromati cs even when processing hi gher su?fur cont ai ni ng feedst ock.

Secondly, the catalyst was also found t i Vi
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Pt-Pd supported on alumina bound MCM-41 is highly effective at reducing
aromatics even when processing higher sulfur containing feedstock. Secondly, the

catalyst was also found to have a reasonable HDS activity.

Example 2
[0039]  This example illustrates the superior HDS and hydrogenation activity of

alumina bound MCM-41. The MCM-41 based catalyst is compared with
amorphous silica-alumina support. Pt-Pd loading was kept similar for both
catalysts. The feedstocks were a hydrotreated solvent raffinate (150 and 600N),

ranging from 10 to 250 wppm sulfur, and aromatics content ranging from 72 to 80

wt%.

[0040]  Operating temperatures between 230 °C and 316 °C, a space of 2.0
LHSV, a pressure of 1,800 psig (12,512 kPa) and a treat gas rate of 2,500 SCF/B
(445 m’/m®). The effluent products were analyzed for aromatic content by clay gel

and trace sulfur by Houston-Atlas technique. The results shown in Table II below.



anor phous silica-alum na support. Pt-Pd | oadi ng was kept siml

catal ysts. The feedstocks were a hydrotreated gol vent Iroaffi nat Zr(flg(r) gggh
600N), raogeuoge78¢ om 10 to 250 wppm sul fur, and aronati csPcoriSen12004angi ng
from72 to 80 wt% [00401 Operating tenperatures between 230 C and 316 C
a space of 2.0 LHSV, a pressure of 1,800 psig (12,512 kPa) and a treat gés
rate of 2,500 SCF/ B (445 nB/nB). The effluent products were analyzed for
aromatic content by clay gel and trace sulfur by Houston-Atlas technique
The results shown in Table |1 bel ow. WD 02/092730 PCT/US02/ 12094 -17 Table
|1 % HYDROGENATI ON % HYDRODESULFURI ZATL1ON 316 Grade/ Sul fur 240 250 260 275
300 316 240 250 260 =~Cco (ppm) cccccc Cccc 0/2598.0098.6 99.0
99.3 45 62 MCM 15 41 150/74 65.4 9 19{ 0 98.0 99.0 38 39 56 79 150/ 190

96. 0 )
009 gg 4 98.9 41 78 90 600/10 96.3 4 8.4 99.0 600/25 95.4 96.4 97.2
o5 50 600/64 92.0 93.1 94 2 905 7 98.0 46 52 67 78
.2 97.3 35 46 54) 600/ 10 «3{pRosRaflod8. 6 % HYDRODESULFURIZATION
Grade / Sulfur 240 | 250 | 260 | 275 | 300 | 316 | 240 | 250 | 260 | 275 | 300 | 316
(ppm) °C °C °C °C °C °C °C °C °C °C °C °C
McM- | 150/25 || 98.0 | 986 | 99.0 | 993 45 62
41
150/74 || 654 | 96.0 | 970 | 98.0 | 99.0 38 39 56 79
150/190 96.0 | 984 | 989 41 78 90
600/10 | 96.3 | 97.9 | 984 | 99.0
600/25 | 95.4 | 964 | 97.2 | 98.3 38 50
600/64 || 92.0 | 931 | 942 | 957 | 98.0 46 52 67 78
SiAl 150/22 955 | 972 | 97.3 35 46 54
600/10 o78 | 984 | 986
600/20 985 | 984 | 99.0
600/64 849 | 856 | 89.9 | 938 19 23 40 59

[0041] These results demonstrate that Pt-Pd/MCM-41(Al,0;) has superior
hydrogenation and HDS activity than Pt-Pd/SiAl [1800 psig, LHSV 2.0 b-1]

Example 3
[0042]  In this example the feedstock is a hydrotreated white oil feedstock

(350N). The feedstock contained about 4.8 wppm, sulfur and has an aromatic UV
adsorption at 275 nm of approximately 70 in a 1 cm cell. The feedstock was
processed over a stacked bed of a reduced 20%Ni/alumina acting as the sulfur
sorbent and a highly selective Ni based hydro genation catalyst. The space velocity
ranged from 0.6 to 1.0 h-, a pressure was 2,000 psig and treat gas rate 2,500 SCF/B.
The product was analyzed for aromatic content by UV spectroscopy and trace

sulfur by the Houston-Atlas technique. The results are reported in Table III and the

Figure.



600/ 20 98.5 98.4 99.0 600/64 84.9 85.6 89.9 93.8 19 23 40 59 [0041] These
results denonstrate that Pt-Pd/ MCM 41(A1203) has superior hydrogenation
and HDS awOioio9273¢ han Pt-Pd/ Si Al [ 1800 psig, LHSV 2.0 h-1lpcThsanploes 3
[0042] In this exanple the feedstock is a hydrotreated white oil feedstock
(350N). The feedstock contained about 4.8 wppm sul fur and has an aromatic
W adsorption at 275 nm of approximately 70 in a 1 cmcell. The feedstock
was processed over a stacked bed of a reduced 20%Ni /al um na acting as the
sul fur sorbent and a highly selective NI based hydrogenation catal yst. The
space velocity ranged fromO0.6 to 1.0.f-, a pressure was 2,000 psig and
treat gas rate 2,500 SCF/ B. The product was anal yzed for aromatic content

by WV spectroscopy and trace sulfur t Houst on- Atl as techni que. The
results are reported in Table |1l ang? Figure. WD 02/092730
PCT/ US02/ 12094 -18 Table 111 Configuration Hours on LHSV (h-1) W @% QO |
275nm Hydr ogenatfoem—feedT=—=- 7 70 - S sorpent 7 N 12 0.61 P.30 99.6
52 0.63 99.1 76 Qunfigur@ios] W9rsEn |116HEVErog. |a UM@ (1. 0 1780, 97| 4
0il 275nm Hydrogenation
Feed -- - 70 o
S sorbent / Ni 12 0.61 0.30 99.6
52 0.63 99.1
76 0.75 0.67 99.0
116 1.07 98.4
140 1.0 1.80 97.4
160 1.93 97.2
180 2.27 96.7

Example 4
[0043]  In this example The Pt-Pd/MCM-41(AI203) catalyst was placed in front

of the catalyst system described in example 3. The product and gas effluent from
the MCM-41 based catalyst were directly cascaded to the sulfur sorbent and the Ni
hydrogenation catalyst without further treatment. The operating conditions were
maintained similar to those in example 3. Comparison with Example 3 reveals an
improvement in the hydrogenation activity maintenance by exhibiting a lower

deactivation rate when adding the MCM-41 based catalyst to the system.

Table IV
Configuration | Hours on LHSV (h-1) uv@ % ‘
Oil 275nm Hydrogenation
PtPAMCM41 200 1.0 1.43 97.9
/S sorbent /Ni 240 1.42 97.9




160 1.93 97.2 180 2.27 96.7 Exanple 4 [0043] In this exanple The

Pt - Pd/ MCM 41( A1203) catal yst was placed in front of the catal yst system
descri bedwpr2exaspl e 3. The product and gas effluent frompCrhusomMop41l based
catal yst were directly cascaded to the sulfur sorbent and the N

hydr ogenati on catal yst without further treatnent. The operating conditions
were nmaintained simlar to those in exanple 3. Conparison with Exanple 3
reveals an inprovenment in the hydrogenation activity maintenance by
exhibiting a |lower deactivation rate when adding the MCM 41 based cat al yst
to the system Table IV Configuration Hours on LHSV (h-1) W @G | 275nm
Hydr ogenation PtPdMCMA1 200 1.0 1.43 97.9 /S sorbent /N 240 1.42 97.9 WO
02/ 092730 PCT/US02/ 12094 -19 [00441 By conparing the results from T%bl es
11 and |J0044] caBybeempaing thearesubts Heomvchaties Albpy 1Vedlicad Dge seen that

hydr ogenati on catal yst deactivatian when run in t.acked .
confi gur aPIMM@Mﬁ%Ké@Q eﬁéﬁ‘?iﬁblﬂ’@@@%w@rﬁS@tagf_sip%&w U iqgl?%%lé%nsmf or
t he preparation.of .pharsmaceuti cal grade white oils froma m neral

hydr ocar baﬁttacf&ﬁd%ggocﬁ“f@rﬁb%'ng a viscosity ranging from about 60 to



about 600 SUS at 37.8C, by a four stage catal ytic process, which process
conprises: (1) hydrotreating the mneral oil feedstock in a first reaction
stage cowDaRp2130 a hydrotreati ng catal yst and a hydr ogenPcanisaz/mony treat
gas under hydrotreating conditions, thereby resulting in a first stage
reacti on product which is at |east partially hydrogenated and

desul furized; (2) hydrotreating the reaction product of the first reaction
stage in a second reaction stage in the presence of: (i) a

hydr odesul furi zati on catal yst conprised of a Goup VIII netal on bound Mil
S support, (ii) a hydrogen containing eat gas, wherein the second
reaction stage is operated at tenperaffires from about 150C to 500C and
pressures from about 500 to 3,000 psig (3549 to 20,786 kPa); (3) treating
hydr ot r eaCIdAPVISiuct from stage 2 wth a reduced nmetal hydrogen sulfide
sorbent material in stage 3, and (4) hydrogenating the reaction product
fromreaction stage 3ina fourth reaction stage in the presence of a

G VI t b d t, th | Th
pr ocess ofh Zf" a @%%E%ﬁq%h aeptipo o RN o Wl G Tfrorfg C28,

f Pt HOG tal i
a1 oast . o Bpfmeshohug] TG R AN RS AINERE L 0O D The

hydr ogen &y RfoirSstdde cdt@3ik pRocess Shivhchrooessnobl e G oup
VI net a?ﬂé%ﬂpi‘;@r ?grgb%nryggqlt%wyam%l tya?éoem degl V\BQOZ/ 092730 PCT/ Us02/ 12094

-21 5. Th%oﬂf[p?f?s@§5(l§)hyﬂfcﬁtdﬁh gwhenﬁneraﬂ bd qudhtmlem finstirgaatioprstaga al yst is
pronoted wth at 1eaSt one o Au, Sn, My, and Zn. 6. The

process otoatadingh hytkoﬁeatmgmeatabﬁtem aéaordmg%mcmwm@l%?% gasadepm  about

0.01 to 3 w.% based on.the total wejght. of .t he, cat al .
hydrot%eatmg conditions, thereby resuit ng in a first stage reaééuon product which is

at least partially hydrogenated and desulfurized; (2) hydrotreating the reaction
product of the first reaction stage in a second reaction stage in the presence of: (i) a
hydrodesulfurization catalyst comprised of a Group VIII metal on bound M41S
support, (ii) a hydrogen containing treat gas, wherein the second reaction stage is
operated at temperatures from about 150°C to 500°C and pressures from about 500
to 3,000 psig (3549 to 20,786 kPa); (3) treating hydrotreated product from stage 2
with a reduced metal hydrogen sulfide sorbent material in stage 3, and (4)
hydrogenating the reaction product from reaction stage 3 in a fourth reaction stage

in the presence of a Group VIII metal based catalyst, thereby producing a white oil.

2. The process of claim 1 wherein the Group VIII metal noble metal is at least

one of Pt, Pd, and Ir.

3. The process of claim 2 wherein the noble metal is at least one of from Pt and

Pd.

4. The process of claim 1 wherein the hydrogen sulfide sorbent material is at

least one reduced non-noble Group VIII metal supported on a low acidity oxide.



7. The process of claim1l wherein the hydrotreating catal yst contai
| east one of Co, Ni, and Cu. 8. The process of cl gi m 1 V\%ereig :ﬁ;ns !
hydr odesuwbueiogzase on catal yst and the hydrogen sul fide secwarsoz/maveri al
are conposited into single particles. 9. The process of claim1 wherein the
pressure in the second reaction stage is fromabout 1,000 to 3,000 psig
(6996 - 20,786 kPa). 10. The process of claim1 wherein the iniiial
feedstock is a solvent extracted |lubricating oil having a viscosity
ranging from about 70 to 600 SUS at 37.8C. 11. The process of claiml
wherein M1 S is a famly of nesoporous,including MM41l, MM 48 and
MCM 50. 12. The process of claim 1 Wné%fe'i n the nesoporous catalyst is
(l;/g:![\/glﬂf)ll.st 1I3S ;h:erhprocesslagfm(;rlrg; m 1 vvhekrleLn t%e ('lsroup VI r{et al based
i The Pdoedss It ctai intthe hydro Tl alystd 0 -

the netal based cgﬂal yst is N .W]Impiﬂ pronepiroegen i=atap e Wherein

with at least one of Re, Cu, Ag, Au, Sn, Mn, and Zn.

6. The process of claim 1 wherein the concentration of noble metal is from

about 0.01 to 3 wt.%, based on the total weight of the catalyst.

7. The process of claim 1 wherein the hydrotreating catalyst contains at least

one of Co, Ni, and Cu.

8. The process of claim 1 wherein the hydrodesulfurization catalyst and the

hydrogen sulfide sorbent material are composited into single particles.

9. The process of claim 1 wherein the pressure in the second reaction stage is

from about 1,000 to 3,000 psig (6996 - 20,786 kPa).

10. The process of claim 1 wherein the initial feedstock is a solvent extracted

lubricating oil having a viscosity ranging from about 70 to 600 SUS at 37.8°C.

11. The process of claim 1 wherein M41Sis a family of mesoporous including
MCM-41, MCM-48 and MCM-50.

12. The process of claim11 wherein the mesoporous catalyst is MCM-41.

13. The process of claim 1 wherein the Group VIII metal based catalyst is Ni,
Pd or Pt on a support.

14. The process of claim 13 wherein the metal based catalyst is Ni.



