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[0001] TMQ0¥WE8ti on rel ates to a four-stage process forporageyizegs hi gh
quality white oils 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 10002] Wite
mneral oils, called white oils, are colorless, transparent, oily

| i qui ds obtained by the refining of crude petrol eum feedstocks. In the
production of @Q@S&EQ& EEPRODUCTONOEMEBEGINAIK i s refined
to elimnate, as WHIPECOSLYUSEN GOSEILS ANDSUIERURSORBENT and sul fur
conpounds, reactive hydrocarbons [ ncludlng aronatrcs, and any other

i mpurity which would prevent use of the resulting white oil in the
pharmaceutical or food industry. Wiite oils generally fall into two

cl asses, ) rmaceutical grade. Technical grade white
oils ar ﬂeﬁ O mei n cosnmetics, textile |lubrication, bases
for ins Aol desy; ' )| [ reef . g?@%h#'cal
gr ade V\E??ﬁeﬂoi I ghésragﬂlte Eggrélr%léil%tsggiégogg?éggéﬂ P%\é/sérfﬁéb lcr:b?rir]go It%{ ns, oods,

and for vwhige bil®pharhilaly fod Sade hainetd] dlsTReRihR{eYal olh@isBNBfFRCERY | cal

grade white oils nust Be chemcally inert and substantially w thout
col or, gaocessanclutlestiree sepavatefipdrotrestmppgippécarid ovslfomsutbant stage.s nust

renove "readily carbonizable substances" (RCS) fromthe white oil. RCS
are inpurities that cause the white oil to change col or when treated

wi th stronpg ' m nistration (FDA) and white oil
nmanuf ac 2R EdsGE -"!'ue respect to RCS, which nust

be met begde UM iSerdl bits ¥A1B8 WIREESHE Ard Q010¥RSs, tFansparent, 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 o1l manufacturers have stringent standards with
respect to RCS, which must be met before the white o1l 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 o1l as a mixture of liquid

hydrocarbons, essentially paraffinic in nature obtained from petroleum and refined



food or pharmaceutical applications. In particular, the Code of Fﬁ?{ﬁb
Regul ations, 21 CF. R 172.878(1988) defines white m neral oi I18 5
m xt ure WO @@ hydrocarbons, essentially paraffinic i %3%@5&2094
obtained from petrol eum and refined 16 SEP 2005 WO 02/ 092 -

PCT/ US02/ 12094 to neet the test requirenents of the United States

Phar macopoei a XX, pp. 532 (1980) for readily carboni zabl e substances and
for sulfur conpounds. The U traviolet Absorption Test generally neasures
the ultraviol et absorbance of an extract in the range of 260-350 nm

whi ch absorbance is then conpared with that of a naphthal ene standard.
This test sets forth limts for the pr'@s‘ence of pol ynucl ear conpound
impurities in the white oil. [00031 Wiite oil nust al so pass the Hot Acid
Car boni zwhineettheststreqaird@ehts dfARE ik dabSinrdsoPkarmiadopoetn Xeppt s3mlard of
quality required for pharmaceutical wuse. In order to pass this test the
oi | | ayef! %803 foxreadilycarbremyable substhucesaand foreulfar campeuatls.i $haot dar ker
than that_of the reference standard colorinetric solution. Fromthis
test it WiravigletSsorptien Tesh gonsralbsmeasyres the niraviolegabsarbancesefians, t he

Fel |1 go SHHF TERCEE AR S>( 8 1Pl ARSI oPBCH Bben RETBA oM GRLOL
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pr ocesse&syh ﬁﬁ@ifﬂbhﬁﬁeéﬁtﬂe%hité B production of white oils of both
grades. In general; the first step in the production of white oil is the

renoval of lighter fractions, such as gasoline, naphtha, kerosene, and
gaseous fractions, fromthe feedstock by fractional distillation. In
early pr[6663)ses, Witctoal miukt alas pass theddotacid €athvanzablé Shbstahéesr Test aci d

to renove unsaturated aromati c and unstabl e hydroaronmatic_conpounds
STM D-565) to conform to the standard of quality required for pharmaceutical

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 concemed with the production of
pharmaceutical grade white oils. There are numerous processes in t-hé prior art for
the production of white oils of both grades. In general, the first step in the
production of white o1l 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 o0il 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 nost of the inpurities present in the oil. Typically,
"the acid treated oil was subjected to adsorption refining to renSgR 286ch
I mpuriti esyae bon, coke, asphaltic substances, colorin ter_ and
the Iike. [Oodg?ﬁ%bnventional met hods of making white oilsqﬁﬁﬁhméﬁywﬁric
- acid however, have been subject to objection in recent years since acid
treating is costly and gives 16 SEP 2005 WD 02/092730 -3 PCT/ US02/] 2094
rise to undesirabl e anounts of sludge. Because of objections to sulfuric
acid treatnents, other procedures were devel oped for the production of
white oils from hydrocarbon feedstocks. Representative processes of

t hese procedures can be found in U S Batent Nos. 3,392,112; 3,459, 656;
4,055, 481; 4,251, 347; 4,263,127; and 4,325,804. U S. Pat. No 4, 786, 402
di scl osesrige to\ingéstbi@hloyhitCof M8EOIBBAIIse dIPbRSERRs tHYuIAAE acld S Pat.
No 6,187,176 discloses a three-step catalytic hydrogenati on process.

[ 00061 Hytieatteents father ptdcedutesd&rei develupedffot the groddetien ofwiiteositssFem of
the refining and chem cal industries. The renoval of feed sul fur by
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extremel ycﬁg?ﬁlctﬂ})ﬁ}o EnARnSHdcasgs, by sulfur. This sulfur sensitivity is
sonetimes suffici'entlTy acute as to require a substantially sulfur free

feed. In other cases environnmental considerations and mnmandates drive

product quality specifications to very |low sul fur |evels.
[0006] ydrodesulfurization (HDS¥ 1s 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. 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,



[00071 There is a well-established hierarchy in the ease of sulfur
renoval from the various organosul fur conmpounds conmon to refﬂﬁéﬁyzmﬁd
chem cal AV Sinple aliphatic, naphthenic, and ar onatRaI/vssazps ans,
sul fides, di- and polysulfides and the |ike surrender their sulfur nore
readily than the class of heterocyclic sulfur conpounds conprised of

t hi ophene and its higher honol ogs and anal ogs. Desul furization
reactivity decreases with increasing nolecular structure and conplexity
wi thin the generic thiophenic class. For exanple, the sinple thiophenes
are the nore labile, or "easy" sulfur types. The other extrenme, WO

02/ 092730 -4 16 SEP 2005 PCT/US02/ 12094 which is sonetines referred to

as "hard sulfur” or "refragctory sulfur," s represented hy the
derivati W 1@9%95@&‘8@%@%@‘5‘& aps i%’l&'—? OF 0 ST#RIABL SWRY, dis-
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t hey poi son subsequent processes whose epe nt upon a

sul fur sehsulfuvieatiohak ysdonsbgsdnioeaifisttiotibiein prleehudisg tiaequisiees can
be acconplished under relatively severe high-pressure process conditions,
but t hi catalyspsubsérateitieragtionoior dhisyreastie sheselahetemalngprvivet treditosat  of
undesirabl e _side reactions. Also, the level of investnent_ and operating
costs redifspiyrization japd they, pOISEn SHBSHISHE PEOGESAER Whepe OpeipbHiEYi®o gr eat

for the required sul fur ecificatian A.recent reyie .
Grgis afiFpanoest g sulfESeneniye etish. Desbuctian of Uagssfia bz dipsthe
fate of varli | i . r | 0115 C L.t
ot ! YA AR o Py e S i RTRREN, b
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 recentreview (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 desulfurization activity by an order{@fSgp 2005
magni t udeVPIP092dBdbenzot hi ophenes. These authors state, " ThPSEUS02/12004

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™"™ [00091 M Houal |l a et
al, J. Catal, 61, 523 (1980) disclose activity debits of i to 10 orders
of magnitude for simlarly substituted dibenzothiophenes under simlar
hydr odesul furi zation conditions. Wile the literature addresses nethyl

substituted dibenzothi ophenes, [t IS arent that substitution with
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by Lanmur egeiihbe(BI9s)baséPbhisflilstbilchatss, A~ CGeneral , 131, 143, (1995)
based on sim|af substrates. 100101 Mochida et al, Catalysis Today, 29,
185 (1996) address the deep desulfurization of diesel fuels fromthe
perspective of process and catalyst designs ained at the conversion of
t he refrd00jy sMéchidegpel Catnlysis Teday, B9y 48Y (19R6)ddduesszbe deept he
conventional HDS process." These authors optimze their process to a
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and Ir cata S were i
process to a product sulfur level of 0.016 wt. %, which reflects the inability of an

1dealized 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 catal ysts deactivated with tinme on
oil. [0011] In light of the above, there is still a need for a 16 SEP 2005
desul f ur wano2/®n73pr ocess that can convert feeds bearing thﬁcﬁ%%ﬁﬁi ry,
condensed ring sulfur heterocycles at relatively mld process conditions
to products containing substantially no sulfur. WO 02/092730 -6 16 SEP
2005 PCT/ US02/ 12094 SUMVARY OF THE | NVENTI ON [ 00121 I n accordance with
the present invention there is provided a process for the preparation of
pharmaceuti cal grade white oils froma mneral hydrocarbon oil feedstock
having a viscosity ranging from about 70 to about 600 SUS at 37.8C, by
a four stage catalytic process, which process conprises: (1)
hydrotreating the mneral oil feedstock in a first reaction stage

cont ai ni BHMMAR VIOEXHIHINVENVEONNd a hydrogen-contai ning treat gas
under hydrotreating conditions, thereby resulting in a first stage

react i on[4dHuctInghcordanceavith dbe prasart inyention yhersgs paewded agprocess for
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sul fide sorbent material in stage 3, and (4) hydrogehating the reaction
product & hgdrogmectompushggeatgasurddrdydrotresticg condisioagetherehyhesphmgance
of a Goup WVIII based catalyst, thereby producing a white oil. [0013] In
a pref era éustertagrireastion girodine whichbas at leagiepartiolly hyrogenaied end| et al

Periodi¢ Taple by Fisher Scientific .) is a noble netal ,selected from
I(3t  Pd. (ﬁqas,u?glr?zed%/(f) hydrotreating the react?gn )proguct or}‘tge First reaction stage?n a

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

comprised of a Group VIII metal on bound M41S support, (ii) 2 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] In a preferred embodviment 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 MCM 41. (0014] In still ?Egtp%ﬂ
preferred enbodi nent of the present invention the initial feeds ba
sol vent %@ PHB2EY | ubricating oil having a viscosity rangi Pgr/isem2esabout
70 to 600 SUS at 37.8C. [00151 In another preferred enbodi nent of the
present invention, the hydrogen sulfide sorbent is selected from .
supported reduced non-noble Goup VII netal. WO 02/092730 -7 16 SEP 2005
PCTI US02/ 12094 [0016] The white oil product fromthe present process
nmeets pharmaceutical requirenents and has a hot acid nunber (ASTM D-565)
of less than about 16 on the Hellige_Anber C Col or Wheel and an

ul travi ol et absorbance value of less than 0.1. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON [ 0017] The process of the present invention is applicable
to removing sulfur from aII sul fur beari ng m neral hydrocarbon oil
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and 7- positions relative to the thiophenic sulfur. The process of the
present O.hvention will result in a product stream having substantially
no sul fur. For purposes of this invention, the term "substantially no
sul fur” depends upon the overall process being considered, but can be
deflned erably |ess than about

0. 5' wppke ¥ and nost preferably

less t h?@(}laﬁOUtTge 0(‘:’(‘4%8 of ?1'?6 f)rx"aeasgrlftr i% en 01?)1(5', gpphnc%’ble on%/e?ﬁ](t)\'fl(r)xgaslulﬁlr

from all sulfur bearmg 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
less 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 practjce of the present invention are any petrol eum hydrochbB6R 2005
fracti on ¥H92738f yielding a product of the desired purikgrussgedy
treatment in accordance with the process steps of the present invention.
When the desired final product of the present inventionis a. wite
mneral 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 WO 02/092730 -8 1.5 SEP 2005 PCT/ US02/ 12094

phar maceuti cal grade white oil production, the charge stock is preferably

araffinate resulting from.solyent treatnent of a |ight tQ heavy utral
distill atrélaamacmlwlagraé% dite PRostusdion; the ehargg stpcitisinratesably s ratpate
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stock can conprise a os such ‘as materrals obtalne rom

sul furi c RedAcEén BY MPoR] i@ %ﬁeﬁiilﬁ?’h%bh%lﬁé%&?&%e@ﬁiéﬂlﬁ% e eng, the
gasoline” range. Wen the final product is petrolatum the chargestock
can be p#deaideidrassthackarting matetiat. oWlyest thiel firted prodest, is whlascoai dightet fluide.

For produci ng pharmaceutical waxes, paraffin wax obtained by sol vent
dewaxi ng thé¢ chasgestotiuban camipsisedillsylatd bottoms suchuns atdtenalsadtaipedifran
stage hydrotreating catal ysts are cgnventional hydraotreating _catalysts
such as’ tSHHBEICAsH BF hwﬁgog%ﬁbowgaﬁﬁl@@ PIRESsEESRPHING abovedhe gagaline

bl i shed by Fi Scientifi . n-ngbl e, & 11 t al ' ,
i on, ~coBaREe. STASh{BRAL i sis HATO OB 0ot ShaRest et & Biran slafks
of metal §,4¢ enfo¥BiSRldlNne waxes, oils and the like. For producing pharmaceutical

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

1S 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 NYW. 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 supports.
Preferred catal ysts are those containing Co/M, N /M and N /W6 $hR 2005
first st RRBIWH reating conditions include tenperatur espof/uime50 -
400 C, pressures of from 1000 - 3000 psig (6996 - 20,786 kPa), |iquid
hourly space velocities (LHSV) of from0.1 - 5 and treat gas rates of
from 1000 - 5000 scf/B (178 - 890 nB/nB). [0020] Catal ysts suitable for
use in stage 2 of the present invention are those conprised of at |east
one nobl e or non-noble netal of Goup VIII of the Periodic Table of the
El ements supported in a highly dispersgd and substantially uniformny,

di stributed manner on bound M4l S support. WD 02/092730 -9 1 6 SEP 2005
PCT/ US02/ J2094 [0021] The bound stage 2 catalyst is a crystalline
mesopor ol®§2kht er’i g bownd Hage dFataysie amysialiiesmeseperans myatetiak at al yst s.
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- MCM 41, 0 . i ' MCM 41
Mhose. or Tt EindRt Mdeetesfrind i AR TCHRE! sBt obs, F1 AR, Vb

char act exjepiskrS ¥ gy Ml PrAENRaale MOM-31, MCMIARUR MIC-50. A

uni di. rensi onal arrangenent of” pores having a cell dianeter greater than

about 13%p6f@$éd areenbelitd thisydagsak MOMiekluwhosd pidpiration & deskdbed wi§ e of
straws wherein the opening of the straws (the cell dianeters of the
pores) rRatgd®. 5{09803boMCMB41 as tharastegzed dyshaviayiadgxagonal aybiat
symmetry and is descrihed for exanple in gS Patent. No. 5, 198,203. MCM 50
has a | afErddreowvith araidgpensiona] ATATRERKA! PE PREasSHa iBE aGelidiameterigpateno.

yr otoslRR APPEEE? ARl paT b BPS Hyah St ety & Bhe r Soppcent
I nventi o e lMBfeif the EeniABbflthe 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 layered 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 M41S 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 binmetallic noble netal catal ysts include
Pt-1r, Pd-1r, and Pt-Pd; Pt-Ir and Pt-Pd are nore preferred. Tht8&ERIMS-
and bi net ¥PPY04933M e netal catal ysts may contain a pronot epciRt@inees
preferably at |east one of Re, Cu, Ag, Au, Sn, Zn, and the |ike, for
stability and selectivity inprovenent [0023] Suitable binding materials
for the bound M41 S include inorganic, refractory materials such as
alumna, silica, silicon carbide, anorphous and crystalline

silica-alum nas (zeolites), silica-magnesias, alum nophosphates bori a,
titania, zirconia, and m xtures and cogﬁ)_s thereof. Preferred supports

i nclude alumna and |ow acidity crystaltfine or anorphous materi al s.

[ 0024] The netals may be | oaded onto these supports by conventi onal

t echni quewekmessyby adtdrptian frorSexbessanipregnamg mediwe, ampby dor ek chengy.

i nci pi ent_ WD 02/092730 -10 16 SEP 2005 PCT/ US02112094 wet ness, by

adsor pti ofhhe catplystgraftthe gressat Uwventinn a5¢ typigaky digdgealcintde

met al beari(g%dicat | ysts _of the.present invention are ty icall¥ drie]gli

cal ci ned, 2nFfucedytiedattemay Sither braINATGIRE £x SEu Bl e BiETETdy Hhe i n
situ as preferred. .T cat al.ywst §.need be presul fided because. the
presence %ﬁag'ﬁfsfrfﬁedi oetrpgtprég%lﬁﬁfﬁgeg?%&ﬁém f,‘ﬁlo;“l GPHELAS Bot %%é?rﬁmt‘ lI?/ and
activity j %L,ﬂ% : Q@Qﬁ for stage 2 catal ysts of
the pr eselﬁl?dljiaﬁg%% |onaﬁ|[ogl I n t1 e r%dr%’téﬁloqﬁa ouét]&&Ol to 5 w. %

preferably about 0.1 to 2 wt. % and nore preferably about 0.15 to 1.5
w. % For binetallic noble netal catalysts simlar ranges are

appl i cabl @028] eacFotebmetal doadingdorstege 2tdamlpstewifahé pessemainveatien ihiar the
bal anced or unbal anced where the | oadi ngs of the individual netals may

ei t her berangg@ifehpeht.01de 3 Wé Yeoptrfergbly aloowt Grdttal2 whyopbengmereer or | ess

than that of |ie parinet e loading of shability and el ectivity
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 sct/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 preferabég about
0.03to 1.0w. If present, chloride |evels range from about 0. 80 S&F 2009
w. % pr‘gpé?@%pﬁo about 0.5 to 1.5 w. 9% and nore preferetiysenaots 0. 6
to 1.2 wt. % Sulfur |oadings of the noble netal catalysts approxi nate
t hose produced by breakthrough sulfiding of the catalyst and range from
about 0.01 to 1.2 wt. % 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 (3549 to
20,786 kPa), preferable 1000 to 2000 pmi-g (6996 to 13,891 kPa), a LHSV
of fromO0.1 to 10, preferably 0.1 to 3 and a treat gas rate of from 500

.5, Ao 0 o e BN A
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of bi ndi r@pﬁgﬁﬁaﬂersugbbﬁ%ataﬁalemsastaﬁammihé,rs@M@é,Sder LedRENG miBial S i N
their reduced state are useful in this capacity and nay be enpl oyed

suppor t echereofin Reppgseatativatrgetalsipohidenthbss o fithesmetalafroanGabups A, 113\, i ca,
or a zeolite, or mxtures thereof. Representative netals include those
of the nmdBalBBfHbin FAUNS, MAB, I VIAB, VIIH of the, Pariddic Tabl ofbe Blementd. | B,

VII1 of the Periodic Table of_ the El nts., .Representative_elenents
i ncl ude ZrEpregentpiive elgments inchidengn, ﬁ%@aﬁﬁwﬁw\’lma@oc%ﬂ,g, Mg, W&, Na, €8, Nb,

may be. erfi-dyRar T abiaty Cr An SBof i 1%, THA A rE PE THRegSCar o
those of o%de%gg?%%}x&ﬂﬁyg&r) gx‘?cﬁqridﬁaﬂ&eérqﬁrc%%lﬁhgﬁénpf]’hléﬁﬂéfégféa ekd 48

sorbents are
those of Co, Ni, and Cu.

[0028) A preferred ¢lass 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 M41S, 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 redeh§ERRMNE

t hrough tWeozeranti al action of hydrogen and oxygen incl pgg 503094
cobalt, nickel, copper, silver, tin, rhenium nolybdenum and m Xxtures
t hereof . These regeneration reactions may be facilitated by the

I nclusion of a catalytic agent that facilitates the oxidation or
reduction reaction required to restore the sulfur sorbent to its initial,
active conditiofh. 100291 These regeneration processes operate over a
tenperature range of 200 - 700 C, pref_elrngly 250 - 600 C, and nore
preferably 275 - 500 C at pressures of "“from 100 to 5000 psig (791 to
34,576 kPa). [0030] The stage 4 catal ysts have a high activity for

hydr ogena€; presammts afdigili to 3006 paig (6206 tor2e78atkRay sSLHSViof OdetoS ang VI | |
metals on a support. Preferred netals are N, Pt and Pd, especially N .
These netrgrkgas 2tenof he0 &pPeY sci/B (t8kto 8Maedn st ate, i.e., as metals.
Typi cal supports include silica, alumna and M1 S, especially MMA41.
St'age 4 reactions conditions include tenperatures of from 150 to 300 WO

bsi g (oolt0tE ZovFHBuE ARy ey SRR s Ina R FETRHTE e pitdPe St 8 c o,
to 5000 gfésgnf BRenfoROUSREVE) tﬁ}&ﬁ?&}e&/@éﬂﬁ@aﬁ%}l% ¥%Skadd@d configuration,
practice of th

configurations may be used in’t e present invertion.

However , wihege ficcfieee edmpontn@uréldyered seqhentialliyasite QHDSUASA T (aromaffier €
the three conponents are | ayered sequentially with a HDS/ ASAT (aromatic

sat ur at i satprateimgl casalystosaeppiying thedop pesitioni, thehydtdgentsyifii de sorbsnt thede
sorbent the. mddle, and the stand-alone Goup VIII- basedbz%dr ogenat i on
cat al yst mifdlepgnd dhe stapdealonmGreup Hdlk-hased serationsgatebist thea§otiyBupy a

comon react of, o htehse
Zone. ile 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 gbjectives. 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 arrangenment offers

I ncreased process flexibility permts operating the two react? ﬁﬁ‘@dﬁons

at differgent process conditions, especially tenperature, and ihﬁit
F9oalfoe

flexibili Shtrol i ng process selectivity and/or proBOBUSepIRbI4L Y.

Al ternatively, each conponent could occupy separate reactors. This would
al l ow procéss 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
hydr ogenati on catal yst may or may not be the sanme material. 100321 Nobl e
nmetal catalysts can sinultaneously proyjyde HDS and aromatic saturation
(ASAT) functions. The ASAT activity of the catalyst can be maintained if
h a hy sul fide, sorbent, The

said cat g&ggé_ is.i.ntimtely mxed w grgg)ea

mi xed be R FHURAEILAIS0 Re RBEINEd I astcked Red GRETIGHEAIAN, GHL AATYIRY s
node. If this copfiguration is | oyed, ..t e a preferred '

st and- al (%@ &ﬁg%rﬁgﬁg’% %%Pgﬁéiﬂe?%é?dpwpe%ﬁ@ﬁ%aﬁ?&ed bed is
optional, and said use would be dictated by specific process conditions
and product quality objectives. If enployed, the stand-al one N -based

hydrogengpgzg) canahtésiblsdanngss Beformylaid whEh d1Rw e l0renSRIBT thBhatibak as
t he HDS/ ASAT cat al yst used in the m xed bed. WD 02/092730 -13 16 SEP 2005

PCTI USO2/cafgdc Asadtiamstofithe ynstant iavemtidre(ivmj HDS, neSIAIM) andsthediyeltogad
configuration, but activity w]ll generally be at a |ower |evel than the
m xed beduliddg serbeat fumstiopdozeside/ener ¢asnmonaparticko Ineorfecsuehl farraulatione h

o s Bl e b bl B o
nydr ogen 187 GURER Bt Jil AT ol GrEhily g oty PEoh Sraliaa
catalyst 1s uniformly 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 3Q. 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 VIlI-based hydrogenation catalyst



forma conposite particle. For exanple, a finely divided, powdered Pt 8”
alumna catalyst is uniformy blended with zinc oxi de powder andibt56R 2005
m xture fWYPP2E9378 0 a comon catal yst particle, or zinc opcefispoydes 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. 10034] The conposition of the sorbent bed is independent of
configuration and my be varied with respect to the specific process, or
integrated process, to which this inveption is applied. In those

i nstances where the capacity of the hydrogen sulfide sorbent is
limting, the conposition of the sorbent bed nust be consistent wth the
expect ed pregeat imthe Bnalkzaneo! hese teo gpnigerations ds geperaHypresent at @ weightur n
sensitive to the sul fur content .of the feed bei.ng progessed and to the
degree ofqUakiOOF o 258R.GRe 8IhiBed Weaght GosaRoSiBaRbAL! EURSTEEREANCET on of
the guard bed is flexible and variable, and the optinmal bed conposition
for one application may not serve an alternative application equally

well. In ral - J i r I : t to
the s METCS, TPk dfolBs AT nishy enfiin telfpore¥FBET 2 et bFEGRENRRE o7
to 40, ag@ns®icnt Wit BlctikehdedUBjetivesdnIerfshd 6F prddiice quals§ iBgi8Vement
configurations the ranges cited apply to the m xed zone 0f the

m xed/ st and ednarstan yatie ahy dosvitsarebirepriocesst withoviehahlisahveigon is combined
st acked/ st acked/ st acked design. The Goup VIII-based hydrogenation

cat al yst imerthey @9orauon o sapeprl pergtor Fseambho2]tis ooderstabiat hyidrogen

equal { o 8 CPEER| FARPODRE GO THEEFREPHTAE B uBP I FGRUGPT (4rEDEHOY RBam
Zongiti E) g?’e%agﬁ%e Rir958% 3aSls AdYsFrddhenill ' BE chse RPEIARife Y Chefhildn9e Of
processing environment. It is preferred that the hydrogen stream be sulfur free, or
substantially sulfur fre€, and it is understoed 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 with the intended objectives in terns of product quality

i mprovenent and consistent with any downstream process with mhlt&SEHﬂmﬁ
i nvent i o0 %2/08%3%i ned in either a common or sequenti al reatiRo/BISEND] Y.
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 sul fur free, or

substantially sulfur free, and it is understood that the latter condition
may be achieved if desired by conventijgnal technol ogies currently
utilized for this purpose. 1In general, the conditions of tenperature and

pressurem@éﬂl cantly mld relative to conventional hydroprocessing
technol o ll'y with regard to the processing of streans

cont ai ni er a | £ur ) h in reviou fined. WO
ooT 0opy3u3e | (PIsAGk Btor K bbb, B AGL Rl g‘t?s%’i%%n i nventi on

is ill USE&%?%sWhlcﬁ%e Mﬂi‘ﬂsmaﬁﬁgg%?%*?%ﬁbgl | ow ng exanpl es which are

for illustrative purposes on 37] In this exanple two
hydrotreated white oil feedstocks (350N) were used. The feedstock had a
density of about 0.867 g/cc at 15 C, and sulfur content of approximtely
2.1 and Ex&___nggm and an aromatic LTV adsorption at 274 nm of
approximately 27.2 and 70 in a 1 cmcell. These feedstocks were processed

over a 03} al Imthimexsoople trovkydrotrgategaghite parfeed stocke(3 M weresirede
vel ocit y{l{qgggeqlsé@%k g@(? Qaigg%ty o? abogt 88(3637S gfcg a(t)fIS% ggd%%l f%r gontelsltg c:)Lf kPa)

and trea
approximately 2.1 and 4.8 wppm, and an aromatic UV adsorption at 274 nm of

approximately 27.2 and 70 ina 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 I
LHSV uv Aromatic Suifur Sutfur 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 4.32 93.8 3.0 36
297 5.30 , 92.4 3.2 32




SCF/ B (445 nB8/nB). The product was anal yzed for aromatic content by UV
spectroscopy and trace sul fur by the Houston-Atlas techni que (AJBHEP 2009
D-4045) . Withe2/e®esal ts are reported in Table |I. Table | LHSVM @59@544
Sul fur Sul fur Reduction @274 nnReduction (% (wpm (% Feed Ti -
0. 60. 5697. 9N A 1. 20. 6897. 5NV A 1. 80.9096. 7N A 3.52.291. 9N/ A Feed 270-4.7-
0. 630. 7898. 91. 079 1.202.1496.92. 840. 2.364.3293.83.036 2.975.3092. 43. 232
WD 02/ 092730 -16 16 SEP 2005 PCT/ US02/ 12094 [0038] These results
denonstrate that sulfur and aromatic |levels of hydrotreated dewaxed
raf fi nates are decreased by hydroproces% ng over Pt-Pd/ MCM 41(A1203).
Pt - Pd supported on alum na bound MCM 41'%s highly effective at reducing
aromati cs even when processing higher sulfur containing feedstock.
Secondl y,[0038] These results demonstrate that sulfur and aromatic levels of hydrotreated

dewaxed raffinates are decreased by hydroprocessing over Pt-Pd/MCM-41(Al,0,).
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 kI’a) and a treat gas rate of 2,500 SCF/B
(445 1ﬂ3/m3). 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.



catal yst was also found to have a reasonable HDS activity. Exarrph)ﬁ S%P 2005
[ 00391 Thi s exarr%l e illustrates the superior HDS and hydrogenati

acti vi ty na bound MCM41. The MCM 41 based cat al ystT/Uso2zeonar ed
wi th anorphous silica-alum na support. Pt-Pd | oadi ng was kept simlar
for both catalysts. The feedstocks were a hydrotreated solvent raffinate
(150 and 600N), ranging from10 to 250 wppm sul fur, and aromati cs
content ranging from72 to 80 w% 100401 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 gas rate of 2,500 SCFB7-(445 nB/m) . The effl uent
products were analyzed for aromatic content by clay gel and trace sulfur
by Houston-Atlas technique. The resu ls wn in Table 11 bel ow. WO
02/ 092730 -17 Table H 16 SEP 2005 P 112094 % HYDROGENATI ON%
HYDRODESULFURI ZATI ON_Grade/ Sul f ur 240250260275300316240250260275300 316

(PP MCCCCCCCCCCCC NC'\41505/92159§0&9&4@99 099. 30562 44}, HYDRODESULFURIZATION

15017465. 496.097. 0P8, 099, 03839579 1] B0/ 19090, PYsS. 4908. le}llﬂ’gfb
600/ 1096. IG5 99?:;:% 621 : 079 g¥83pe | 20 | 260 | 25 | 0 | 316
600/ 64@‘".693 TS5 98- 5526
MCM- || 150/25 | 98.0 | 98.6 | 99.0 | 99.3 45 62
41
150774 || 654 | 6.0 | 970 | 980 | 99.0 38 39 56 | 79
150/190 960 | 984 | 989 41 78 90

600/10 96.3 g7.9 98.4 99.0

600/25 95.4 96.4 97.2 98.3 38 50

600/64 92.0 93.1 94.2 85.7 88.0 46 52 67 78
SiAl 150/22 855 | 97.2 97.3 35 46 54

600/10 97.8 98.4 98.6

.600/20 98.5 98.4 98.0

600/64 84.9 85.6 89.9 838 | 19 23 40 58

[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 h-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 hydrogenation 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 Il and the

Figure.



Sl Al 150/ 2295. 597. 297. 3354654 600) 1097. 898. 498. 6 . 600/ 2098. 598. 499. 0
600/ 6484. 985. 689. 993. 819234059 [0041] These results denonstrat e} §15&P 2005
Pt - Pd/ MCN\WODeHIPBB) has superior hydrogenati on and HDS act];'c\.ii/ﬁ%zfl v
Pt-Pd/ Si Al [1800 psig, LHSV 2.0 h-1] Exanple 3 [0042] In this exanple the
feedstock is a hydrotreated white oil feedstock (350N). The feedstock
cont ai ned about 4.8 wppm sul fur and has an aromatic UV 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 N based g_ydrogenation catal yst. The space
velocity ranged from0.6 to 1.0 h-, a b essure was 2,000 psig and treat
gas rate 2,500 SCF/B. The product was anal yzed for aromatic content by
UV spectroscopy and trace sulfur by Edldeliblist on- Atlas techni que. The
results are reported in Table Il and the Figure. W 02/092730 -18 Tabl e
l

11 16 SEP 2005 ~RCHLIS02/ 12004 ConfigurationHours. = . @6

QO | 275nmHy dr ogeratdnQfurkiR8]-Hoursdd-|- LI hant Mv1g0./610. 3Q99. 6
520. 6399. 1 760. 450. 6799. 0 0il "'275nm | Hydrogenation

Feed -- -- 70 --

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. Thé 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
/8 sorbent /Ni 240 1.42 97.9




1161. 0798. 4 1401.01.8097.4 1601.9397.2 1802.2796.7 Exanple 4 1004?% EQ
this exanple The Pt-Pd/ MCM 41 (A1203) catal yst was placed in f r oh® SERH005
t he cat a%f’z@}l\i"em described in exanple 3. The product amtTgesy2@idoluent
from the MCM 41 based catal yst were directly cascaded to the sul fur
sorbent and the NI hydrogenation catalyst without further treatnment. The
operating conditions were nmaintained simlar to those in exanple 3.
Conparison with Exanple 3 reveals an inprovenent in the hydrogenation
activity mai ntenance by exhibiting a |lower deactivation rate when addi ng
the MCM 41 based catalyst to the systemg Table |V ConfigurationHours
onLHSV (h-1)LTV @6 O | 275nnmHydr ogenati on Pt PdMCMA12001. 01. 4397.9 /S
sorbent /N 2401.4297.9 WO 02/092730 -19 16 SEP_2005 _PCT/ US02/ 12094
[0044] By0@4Hpar By compariag the sesulisrioan| Tables Hlaand 1V, it can deereendheh

that PtRd ( educes Ni. hydrogenati on cat.al yst deaciivation
when run |t§wfjﬁa@&§§§béér er}&fcﬁ%.@ %@%%éée@éﬁ’@ﬂl ‘I Tun 11
a stacked bed configuration.



1. A process for the preparation of pharnaceutical grade white 0] IE fr(gm
a mneral hydrocarbon oil feedstock having a viscosity rangi ng1tirS Pn200
about 60 to about 600 SUS at 37.8C, _Ep_a four stage catal ytic process,
whi ch process conprises: (1) hydrotreating the mneral oil feedstock in
a first reaction stage containing a hydrotreating catal yst and a

hydr ogen-cont ai ning treat gas under hydrotreating conditions, thereby
resul ti rﬁLéMfi rst stage reaction product which is at |least partially
hydr ogenat ed 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 odes prdcess foatheqmepadtminyod pharorapevtabigrade white oilpfroind minedle net al
selected fromPt, .P r,.and m xtur.es thereof an und upport,
(11 Hpdregin ol htdstdek bVinedat gl rahpiak B0 it sl flipol Blo S8 #EEr nge
i's oper ajegtcaby h BR_BE 'éﬁtﬁlértiE pRiBess2 RAth pkoddss &&nﬁi&@&@ @) HydtbesstigeRe f rom
about 500 to 3,000 psig (3549 to 20, 786 kPa); (3) treatlng hydrotreated

product mingral stl depdstckin ffirst readiiorestagesoataining a bydnotreatig @@?y% endant

materi al, i,n stage, 3. and.(4) hydtogenati ng t reacti.on preduct from
Tonct | ortviforihd8Siatind ey 5wl RS BB RS ohdifioh RERIS I BIRE B 50T
VI fT?ts’%:igebéétﬁdn‘faﬂid@bVﬁthhﬁd’lﬁﬂ%qurﬁﬂng@n@teWﬁhd Beslflurized; (Fhe process
of claim1l wherein the noble netal is at |east one of fromPt and Pd. 3.

The pr odevgeotrenting tieqeactipn prasiuat efithe firstiregiion sagefin@ceeundyesatiomstageiiml i s

i iy pseref SR R Pyl cniplied CHECRYG MR AL 2. on

cat al ystselezted TR PE ®Pd\r} 4hd Bixthregtikrednen @bolel MAUS shgport)(ii) Dhydrogdn, and
Zn. 5. The process of claim1 wherein the concentration of Goup VIII

nobl e meRoRfaiYng {raY gas.wharein th secondreaction fitnge dnenaryad at tgmperatires Bemabout
0.01 to V7 ' f (%ngg . e
process 350019 W%: 56% %@%@Q@r% &Eﬁg}egﬁ#&b\r@gﬂq@ %C% ;éfatsggﬁ(? g?r7§6 lég | east
one of @ptrediing hydrbtictted peodukcrafQfage 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 noble metal is at least one of from Pt and Pd.

3. 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.

4. The process of claim 1 wherein the hydrodesulfurization catalyst is promoted with
at least one of Re, Cu, Ag, Au, Sn, Mn, and Zn.

5. The process of claim 1 wherein the concentration of Group VIII noble metal of the
catalyst in the second reaction stage is from about 0.01 to 5 wt. %, based on the total
weight of the catalyst.

6. The process of claim 1 wherein the hydrotreating catalyst contains at least one of
Co, Ni, and Cu.



7. The process of claim1l wherein the hydrodesul furization catal yst and
the hydrogen sulfide sorbent material are conposited into si nglﬁﬁ SEP 2005
particles. 8. The process of claim1 wherein the pressure in the second
reaction stage is from about 1,000 to 3,000 psig (6996-20, 786 kPa). 9.

The process of claiml \/\herel n the initial feedstock is a sol vent

extracte rlcatln havi Si |n from ut. 70 to
600 SUS 4t 3%&?”%5 ‘rﬁ ﬂ%@ﬁ“ﬁ?"é’ﬁ%ﬁ%ﬁ“&g’%ﬁ %%Mslasdaf?qﬁd{%ﬁwy of
mesopor %ﬁ?ﬁd“e%?de}’lﬁﬁﬁterlhﬂﬁls@ng&lmtﬂjsm gMPdrtdeand MCM 50. 11. The
process of claim 10 wherein the nesoporous catalyst is MCM4 1. 12. The

process of claim1 wherein the Goup VIII net aI based catalyst is N, Pd

8;,[ th y s'?é.l a iﬁp por(r)éess %? ¢lai h‘l:’\ Whefein the p%ss&rleal‘n seco" “lasreactlon sltﬂ'agerllse aI pased

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

9. 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.

10.  The process of claim 1 wherein M418S is a family of mesoporous catalysts
including MCM-41, MCM-48 and MCM-50.

11.  The process of claim 10 wherein the mesoporous catalyst is MCM-41.

12.  The process of claim | wherein the Group VIII metal based catalyst is Ni, Pd or Pt

on a support.

13.  The process of claim 12 wherein the metal based catalyst is Ni.





