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INCREASING VI OF LUBE OIL BY HYDROTREATING USING il \‘\
BULK Ni Mn Mo OR Ni Cr Mo SULFIDE CATALYSTS
PREPARED FROM LIGATED METAL COMPLEXES
Bescription of the Invention - "y-'%l

The Viscosity Index of 1lubricating and speciality oils can
be increased by hydrotreating said oil employing as the hydrotreating
catalyst a bulk Ni/Mn/Mo or Cr/Ni/Mo sulfide catalyst prepared from
ligated, e.g. ethylene diamine metal complexes wherein the Ni/Mn/Mo
sulfide catalyst is prepared from the oxide precursor with subsequent
sulfiding while the Cr/Ni/Mo sulfide catalyst is prepared from the
sulfide precursor in the presence of H7S/Hj.

Background of the Invention

Raffinate hydrotreating and hydrocracking processes to
produce lube stocks are well known. 1In general, these processes
employ catalysts which comprise metal oxides or sulfides supported on
alumina or silica-alumina. Metals usually include nickel, molybdenum,
cobalt, manganese, tungsten, etc. and mixtures thereof in the oxide or
sulfide state. When the catalyst iz in the oxide state the environ-
ment of use being one containing sulfur containing species converts

the metal oxides into metal sulfides,

The objectives in the hydrotreater are to increase VI and
saturates levels. Catalysts used today in lubes hydrotreating do mot
perform this function very well insofar as they are employed princi-
pally for hydrodesulfurization, hydrodenitrogenation, color improve-
ment and residual extraction solvent removal. High pressure hydro-
cracking of distillates or deasphalted oil is an acknowledged alterna-
tive to solvent extraction and, in the case of distillate hydrocrack-
ing all of the VI increase, saturates increase and aromatics decrease

are achieved by the catalytic conversion.

The major reactions which contribute to VI increase are of
the ring opening type, whether the ring is aromatic or cyclic

saturated. Hydrogenation will contribute to a lesser degree to VI
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Description Descri ption of the Invention The Viscosity Index of
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enpl oying as the hydrotreating catal yst a bul k Ni/M/ M or de
catal yst prepared fromligated, e.g. et h)él ene di am ne net aI I @ m
V\,he:rei n the NN/ MWMh/ M sulfide catal yst i's¢ptepared from the OXi

w th subsequent sulfiding while the C/Ni /M sulfide catalyst is prepared

fromthe sul fide precursor in the e
1ncreasg At low severlty,pix iregc]'l%gu]?tfurﬂaetricr: %/i e rlre a 3-4 VI

unit increase, most likely the result of ring opening that occurs with

the hydrodesulfurization of thiophenic structures.

US 4,650,563 teaches molybdenum and/or tungsten hydrotreat-
ing catalysts prepared from promoter metal thiomolybdate and/or
thiotungstate complexes and their use as hydrotreating catalysts. The
catalysts are prepared by heating one or more catalyst precursors
under oxygen-free conditions in the presence of sulfur at a tempera-
ture of at least about 150°C. The catalyst precursors will be one or
more compounds of the formula (ML)(Moy Wi.y S4) wherein M comprises
one or more divalent promoter metals selected from the group consist-
ing of Ni, Co, Zn, Cu and mixtures thereof, wherein y is any wvalue
ranging from O to 1 and wherein L is one or more neutral, nitrogen
containing ligands at least one of which is a chelating polydentate

ligand. L may be ethylene diamine.

US 4,716,139 teaches a catalyst composition comprising an
amorphous sulfide of trivalent chromium and at least one metal
selected from the group consisting of (a) molybdenum, tungsten and
mixtures thereof and (b) mixtures of (a) with iron, nickel, cobalt,
manganese, copper, zinc and mixtures thereof. The catalyst is pre-
pared by heating one or more precursors at a temperature of at least
about 200°C under oxygen-free conditions in the presence of sulfur,

wherein said precursor is selected from the group consisting of
[Cr1-zMz1Xy] (MoS4)n, [Cr1.2MzLXy] (WS4)n

and mixtures thereof wherein M is one or more divalent promoter metals
selected from the group consisting of Mn, Fe, Co, Ni, Cu, Zn and
mixtures thereof, wherein L is one or more neutral nitrogen-containing
ligands, wherein ligand X is a singly-charged anionic species such as
NO3-, OH-, Cl-, etc. and vwherein 1>2.0.1-2>y.0 and wherein n equals
(3-z-y)/2. The catalysts are good hydroprocessing catalysts, particu-
larly hydrotreating catalysts. These catalysts were demonstrated for
their HDS and HDN ability on light catalytic cycle oil (LCCO).
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molybdenum and Tungsten sulfide catalysts. Catalysts are made from

precursors which are one or more compounds of the formula

ML(Mole-y04) wherein M is one or more promoter metals selected from
the group consisting essentially of Mn, Fe, Co, Ni, Cu, Zn and
mixtures thereof O<y<l and L is a neutral nitrogen containing ligand.
This patent would, therefor, embrace Mn/Ni/Mo sulfide and Ni/Mo

sulfide catalysts. The patent claims the use of these catalysts in

s general to hydrorefine hydrocarbon feeds including lube oils.

U.S. 4,698,145 teaches the upgrading of hydrocarbon feeds by
use of a supported self-promoted catalyst. The catalyst is prepared
by heating a composite of support material and omne or more catalyst
precursor salts under oxygen-free conditions and in the presence of
sulfur. The precursor salt or salts are of the general formula
(ML)(MoyWI-ySQ) wherein M is one or more promoter metals selected from
the group consisting essentially of Mn, Fe, Co, Ni, Zn and mixtures
thereof, O<y<l, and L is a neutral, nitrogen containing ligand. This
patent would, therefore, embrace supported Mn/Ni/Mo sulfide and
supported Ni/Mo sulfide catalysts. The claims recite lube oil as one
of the hydrocarbon feeds treated using this class of catalysts in

general,

U.S. 4,595,672 1is directed to a method for making self-
promoted sulfide hydrotreating catalysts. The catalysts are made from
precursors which are one or more compounds of the formula
ML(Moywl_y04) where M is one or more promoter metals selected from the
group consisting essentially of Mn, Fe, Co, Ni, Cu, Zn and mixtures
thereof an O<y<l. This patent would, therefore, embrace Ni/Mn/Mo
sulfide and Ni/Mo sulfide catalytic materials. L is a neutral

nitrogen containing ligand.

U.S. 4,668,376 teaches supported Mn sulfide promoted Mo and

W sulfide hydroprocessing catalysts. The catalysts are made from
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for hydrorefining hydrocarbon feeds including lube oils.

U.S. 4,591,429 teaching hydroprocessing of hydrocarbon feeds
employing supported sulfided catalyst. The catalyst comprises a
sulfide of (1) chromium, (2) Mo, W or mixtures thereof and (3) at
least one metal selected from the group counsisting of Ni, Co, Mn, Cu,
Zn and mixtures thereof, and mixtures thereof with Fe. The catalysts
are made by compositing a pre-selected quantity of support material
with 2 precursor comprising a mixture of (1) hydrated oxide of
trivalent chromium and (2) a salt containing a thiometallate anion of
Mo or W and a cation comprising at least one divalent promoter metal.
This patent would, therefore, embrace supported Cr/Ni/Mo sulfide
catalyst and claims the use of these catalyst in general for hydro-

processing hydrocarbon feeds, including lube oil.

Description of The Figure

Figure 1 compares the 360°C* product VI as a function of
reactor temperature for five bulk metal catalysts and a Ni/W/F/Al903

reference catalyst.

Detailed Description of the Invention

Lubricating and/or specialty oil stocks such as deasphalted
oil stocks, lube o0il distillates, and solvent extracted 1lube oil
raffinates can have their viscosity indexes increased by hydrotreat-
ing, employing specific bulk metal sulfide hydrotreating catalysts
selected from the group comsisting of bulk Cr/Ni/Mo sulfide catalyst,
bulk Ni/Mo/Mn sulfide catalyst and mixtures thereof wherein the
catalysts are prepared from specific metal complexes and wherein the

Ni/Mn/Mo sulfide catalyst 1is prepared from the oxide precursor
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precursor asnssphest.ed fromthe group consisting of

These two catalyst have been found to significantly and,
surprisingly, to a higher degree than other catalysts, increase the
Viscosity Index of lube oil stocks. The feed stocks are contacted
with the catalyst under hydrotreating conditions comprising tempera-
tures in the range of about 200 to 450°C, preferably about 300 to
380°C, pressures in the range of about 300 to 3000 psi, preferably at
least about 1000 psi, space velocity in the range of about 0.1 to 5.0
v/v/hr., preferably about 0.5 to 2.0 v/v/hr. and a treat gas rate in
the range of about 200 to 20,000 SCF Hy/bbl, preferably about 700 to
5,000 SCF Hp/bbl.

The catalysts are prepared by using [Ni(L)3](Mn(L)3)[Mo04]2
or [Ni(L)3][Cr(L)3}1{MoS4]2-2. 5 as precursor complexes, where L = one
or more neutral, nitrogen containing ligands at least one of which is
a chelating polydentate 1ligand such as ethylenediamine. These
complexes are prepared by reaction of appropriate metal salts with the

ligand solutiom.

The ligand or ligands L will generally have a deunticity of
six and will be one or more neutral, nitrogen containing ligands
wherein at least one of said ligands is a multi-dentate chelating
ligand which chelates the metal cation of the metal salt to form a
chelated metal species such as [ML]2+, where M is Ni or Cr and Mn.

Those skilled in the art know that the term "ligand" is used
to designate functional coordinating groups which have one or more
pairs of electrons available for the formation of coordinate bonds.
Ligands that can form more than one bond with a metal ion are called
polydentate while ligands that can form only one bond with a metal ion
are called monodentate. Monodentate 1ligands are not capable of
forming chelates. Hence, 1if one uses one or more species of

monodentate ligands in the precursor molecule, then one must also use
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species will usually add up to six. It should be understood that it

is possible for ligand L to have a total denticity of less than six,
but in most cases L will have a total denticity of six. Thus, L will
be three bidentate ligands, two tridentate ligands, a mixture of a
bidentate and a quadridentate ligand, a hexadentate 1ligand or a
mixture of a polydentate 1ligand with monodentate 1ligands so long as
the combination has a total denticity of six. As has heretofore been
stated, it 1is preferred to use chelating bidentate and tridentate
ligands. In general, the ligands useful in this invention include
alkyl and aryl amines and nitrogen heterocycles. Illustrative but
non-limiting examples of ligands useful in the catalyst precursors of

this invention are set forth below.

Monodentate ligands will include NH3 as well as alkyl and
aryl amines such as ethyl amine, dimethyl amine, pyridine, etc.
Useful chelating bidentate amine ligands are illustrated by ethylene-
diamine, 2,2’-bipyridine, o-phenylene diamine, tetramethylethylene-
diamine and propane-1,3 diamine. Similarly, useful chelating
tridentate amine ligands are represented by terpyridine and
diethylenetriamine while triethylenetetramine is illustrative of a
useful chelating quadridentate amine ligands. Useful chelating penta-
dentate ligands include tetraethylenepentamine while sepulchrate (an
octazacryptate) is illustrative of a suitable chelating hexadentate
ligand. However, as a practical matter it will be preferred to use
chelating, polydentate alkyl amines for L. Illustrative, but not
limiting examples of alkyl amines that are useful in the catalyst
precursor of this invention include ethylenediamine, diethylene-
triamine, and tetraethylenetetramine, It is particularly preferred to
use bidentate and tridentate alkyl amines such as ethylenediamine,

(en) and diethyleneriamine, (dien).
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invention may be prepared by mixing an aqueous solution of ammonium
thiomolybdate with an aqueous solution of the chelated promoter metal
cation [ML]2* which results in the formation of the precursor salt as
a precipitate which is readily recovered. The chelating promoter
cation is easily formed by, for example, mixing an aqueous solution of
one or more water soluble promoter metal salts with the ligand or
mixture of ligands. The water soluble salt may be any water soluble
salt that is convenient to use such as a halide, sulfate, perchlorate,
acetate, nitrate etc. Alternatively, an aqueous solution of ammonium
thiomolybdate may be mixed with the ligand with the resulting solution
mixed with an aqueous solution of promoter metal salt or the salt can
be added to the 1ligand and dissoclved 1into the solution of
thiomolybdate and/or thiotungstate. However, it should be understood

that the catalyst precursor preparation is not intended to be limited

to aqueous media.

The (Ni(L)3](Mn(L)3)[MoO4]2 precursor is converted into the
bulk catalyst by decomposing the precursor complex under inert condi-
tions, such as in the presence of N2 or an inert gas at 300 to 400°C.
The decomposed material is subsequently sulfided using H3S/Hpy at 200
to 600°C, preferably 250-500°C, most preferably 200-400°C. A pre-

ferred ligand is ethylene diamine.

The [Ni(L)3](Cr(L)3)[MoS4]2-2.5 precursor is converted into
the bulk sulfide catalyst by decomposing the precursor complex in a
sulfur containing atmosphere at least 150°C, preferably at least about
200°C for a time sufficient to form the catalyst. A preferred 1ligand

is ethylenediamine.

The sulfur required during the formation of the catalyst may

be that which is present in the precursor salt. Thus, the Ni/Cr/Mo
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catalyst composition used in this invention will be formed if no
excess sulfur is present and if the oxygen-free atmosphere is rela-
tively inert, such as nitrogen. It is preferred that the sulfur will
be present in an amount in excess of that contained:- in the precursor
salt. It is preferred that the catalyst be formed by heating the
precursor in the presence of excess sulfur, it is also preferred that
the excess sulfur be present in the form of a sulfur bearing compound
which can be one or more solids, liquids, gases or mixtures thereof.
Mixtures of hydrogen and HpS have been found to be particularly
suitable. In general the temperature will range between from about
150°-600°C, preferably 250-500°C, and still more preferably from about

300°-400°C. The non-oxidizing atmosphere may be gaseous, liquid or

mixture thereof.

These bulk metal sulfide catalysts are relatively low

surface area materials of about S0mZ/gram.

The catalyst is prepared in a two step operation. Appropri-
ate salts of Ni, Cr, and Mn are reacted in the presence of excess
ligand in combination with MoS42- or Mo042-. Methanol is used as the
salvent., One recovers either

(Ni(L)3) (Cr(L)3(MoS4)2.0 - 2.5

(Ni(L)3) (Mn(L)3) (MoO4) 2
which are then decomposed as previously described.

The bulk metal sulfide catalysts are most conveniently used
as shaped pellets or extrudates. The bulk metal sulfide can be
pelleted by the application of extremely high pressure. Bulk metal
sulfide catalyst pellets have been prepared using what is believed to
be this high pressure technique but the details are not known,
Another technique involves preparing the bulk metal sulfide in the
presence of colloidal silica or colloidal alumina, recovering the
precipitate, drying, and grinding the recovered cake and pelletizing
using polyvinyl alcohol, in accordance with the procedure of U.S.
Patent 4,650,563 and U.S. Patent 4,591,429, It is possible that a
preferred bulk metal sulfide catalyst pellet or extrudate is produced

without the use of any silica or alumina solely by employing standard,
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Five bulk metal sulfide catalysts were evaluated for
raffinate hydrotreating to determine their effect on VI improvement.
These catalysts were:

1) Nig,s Crg.s Mo (from thiomolybdate)

2) Nig.5 Mng s Mo (from thiomolybdate)

3) NiW (from thiotungstate)

4) Nip,5 Mnp.s Mo (from molybdate)

5} CoMo (from molybdate)

These bulk materials were pelleted using high pressure without any
silica or alumina binder material. The pelleted material was then

crushed and sieved to secure particles of about 1/16 inch.

The following are representative of typical procedures used to produce
materials of the type identified above,
They are not offered as recitations of the exact, specific procedures

used to produce the particular materials hereinafter identified.

Typical Preparation of NiMn(NHoCH2CHoNH2)g(MoOsYs with subsequent
sulfiding

88.2g (NH4)eMo7024-4H20 were dissolved in 200 ml H90 plus
100 ml ethylenediamine. 72.2g Ni(NO3)9-6H90 and 49.5g MnCly-4H20 were
dissolved in 800 ml deaerated (No bubbler) methanol. The molybdate
solution was placed in a 2-liter flask and deaerated with a nitrogen
bubbler while stirring with a mechanical stirrer. Under a blanket of
N2, the Ni- and Mn- containing solution was added dropwise to the
flask from a dropping fummel. A precipitate formed. The precipitate
was allowed to settle and the supernatent liquid was siphoned off,
Two methanol (deaerated) rinsings were performed, each time siphoning
off supernatent-liquid. The precipitate was finally recovered by

vacuum filtration from methanol in an N2 atmosphere box. The yield
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the use of these catalyst in genhera rocessing h on feeds,
i ncl udi ng | GBebwk| catalysts was done by heating under nitrogen for 50 minutes to

370°C, holding at 370°C for one hour, then heating under a stream of
10% H2S 1in hydrogen for ten minutes to 400°C and holding at that
temperature under H9S/Hy for two hours. Cooling over 1.5 hrs wunder
H9S/Hy to <100°C was followed by cooling to room temperature under
nitrogen and passivation at room temperature with a stream of 1% 09/Nj

for half an hour.

Typical Preparation ¢of Cr-Containing Catalysts

Chromium containing catalyst can be prepared via two differ-
ent chemistries, olation and chelation in non-rigorous terms. The
following reported procedures are representative of the typical

techniques employed in producing the material from the thiomolybdate.

Via Olation: A Nig 5-Crp.s-Mo catélyst can be prepared as follows:
40g (NH4)oMoS, was added to 82 ml of diethylenetriamine (dien) in a
one liter flask. Distilled H90 was wused twice to wash off any solu-
tion remaining on the sides of the flask. The resulting dark red
solution was cooled to 0°C in an ice bath and kept in the bath for the
duration of the preparation. In a separate flask, 16.52 grams of
CrCly:-6H70 and 14,77 gm of NiCly-6H90 were dissolved into a mixture of
250 ml of distilled H90 and 25 ml of diethylenetriamine to precipitate
the hydrated chromium oxide and to chelate the nickel ion. This
slurry was allowed to stand for 2-3 hours after which it was slowly
added dropwise, to the cold (NH4)oMoS;/dien solution with agitation
after each addition keeping the flask as cold as possible, which
resulted in a bright orange precipitate being formed. The resulting
precipitate-containing mixture was stirred in the ice bath for one
half hour after the addition was completed. The precipitate was
separated out by vacuum filtration through a Buchmer funnel. The

resulting cake was washed with distilled water, then with ethanol, and
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Description of The Figure Figure 1 conpares the 360[ er}C+—product Vi
as a function of reactor tenperature for five bulk netal catalysts and a
Ni /IWF/ Al [err](err] reference catalyst Detailed Descripti
| nventi on ~Lubricating and/or specialty oil stocks such
oi L stocks, lube oil distillates, and-sblvent extracted |ube
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specific bulk netal sulfide
. dried under vacuum for 16-24 hrs. Eighty-three grams of orange

colored precipitate were recovered. This material was sulfided in the

same way as was the NiMn(en)g(MoO4)2 material, recited above.

Via Chelation: A Nig 5-Crg 5-Moj 25 can be prepared as follows: 38
grams of (NH4)2 MoS4 was dissolved in 100 ml degassed ethylene diamine
and cooled in an ice bath. Previously prepared [Cr(en)3]Cl3(16.4g)
and [Ni(en)3]}Clp(16.7g), synthesized in the conventional manner by
methanol precipitation from an aqueous solution of NiClp-H70 to which
ethylene diamine had been added, were dissolved in a mixture of 150 ml
water and 5 ml ethylene diamine. This solution was filtered. The
clear filtrate was added dropwise to the (NH4)9MoS; solution with
vigorous agitation. A red-orange precipitate formed. After addition
was complete the red-orange product was filtered. It was washed with
a mixture of 450 ml Hp0 and 60 ml ethylene diamine in 3 washes,
followed by a 300 mnl methanol wash and 100 ml diethylether wash.
After vacuum drying the yield was about 45 g. - This material was
sulfided in the same way as was the NiMn(en)g(MoO4)2 material, recited

above.

Iypical Preparation of Ni(en)3WSy

125 grams of (NH4)9WS4 were placed into a two liter flask
and 250 cc of ethylenediamine was slowly added. The flask was then
placed in an ice bath and cooled to about 0°C. Then a mixture of 86.2
grams NiCly:6Ho0 (4% excess) in 500 ml distilled water was added
dropwise, keeping the flask contents as cold as possible. After all
the reactants were combined the flask was left in the ice bath for 1/2
hour. The contents were then vacuum filtered and the solids washed
with distilled water and ethanol. The catalyst precursor was pressed
into 12-20 mesh granules using a 2.25 inch die at 50,000 psi. 25
grams of the 12-20 mesh Ni(en)3WS4 was treated with 15X H2S (balance
Hg) at 350°C for 2 hours then cooled and treated with N bubbling
through H720 to possibly for 1 hour. The procedure was repeated 4
times, then all the products were combined, re-pelleted and sieved to
a 20/40 mesh size.
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hydrotreati ng catal ysts selected fromthe group consisting of bulk Cr/N /M
sul fide catalyst, bulk Ni/M/ M sulfide catalyst and m xtures thereof
wherein the catalysts are prepared from specific nmetal conpl exes and

wherein the Ni/ M/ M sulfide catalyst is prepared fromthe oXide precursor
deconposed in an inert atnosphere such @s-N2 and subsequentIyIﬁg,g esqge
using Herr]S/Herr] and the G /N /M sulfide catalyst-is prepiﬂ_

sul fide precursor and de- conposed i n a non-oxidizing, sulfur
at iospher e. TypicalrPgepanagio 0 MaQ% been found to signific
surprisingly, to a hlgher degree than other catal ysts, increase the

Vi scosity | ndex of J{Jbag oi | gcg?s&ll The feed stocks are contact e(il with the
catal yst under hydr of ri®agFal§ & 4) 617026 1120 sY 3y PEE m3BF AL FES  Hht9The
range of abfldsk24Hd 195 £206Lrdit€311pd @Eaeé)ﬁbh& 20oed 030&Hymeﬁﬁﬁhﬂirfe] wéXe
pressures |n e rang about 300 to 3000 psi. (.20. .
preferably 3 eas gloaﬁP ‘ia(fOButpéf’t‘t 69“3': %gg%caélgve oc?fitt t?°"fb‘:he rcange of
about 0.1 tweith B2 Wubbhing, thooeflerthbl selabiznt 0.A5s6Int2o0 qf/WHiS geamd ooff r eat

gas rate i ”c&éT%-éﬁyagﬁncﬁboa$¥3%E ég%ganol (methanol had had N7 sparged through

it for 1 hr) was added dropwise. After all the reactants were

combined the solution was stirred in the ice bath for 1/2 hour then
vacuum filtered under Ny and washed with four 300 ml portions of
methanol then put into a vacuum oven with a N2 bleed overnight. This
material was sulfided in the same way as was the NiMn(en)g(MoO4)2

material, recited above.
Typical preparation of Ni Mn, en)3MoS

100 grams of (NH4)2 MoS4 was placed in a 2 liter flask and
200 cc of ethylenediamine was added slowly after all the ethylene-
diamine was added the flask was put into a wet ice bath and cooled to
about 0°C with stirring. A mixture of 45.67 gm NiCljp:-6H20 (1% excess)
and 38.40 grams MnCl)-4H90 (1% excess) in 500 cc distilled water was
then added dropwise. Keeping the mixture as cold as possible after
all the mixture was added, the flask was left in the ice bath with
stirring for 1/2 hour then vacuum filtered. The solids were washed
with distilled water and ethanol and left overnight wunder Nj. The
solids were then dried in a wvacuum oven. This material was sulfided

in the same way as was the NiMn(en)g(MoO4)9 material, recited above.
Test Procedure:

Catalysts were tested on a partially dewaxed (+8°C pour)
Isthmus 600N raffinate (82 VI@ -9°C pour)in a Micro Catalyst Screening
Unit (MCSU). 1In the MCSU, the 1.18 cm ID 347 stainless steel reactor
contains a 0.32 cm OD thermowell. The reactor is heated by a Lindberg
electric furnace. Typical catalyst bed height is 24 cm (23 ml
charge), and the catalyst charge (20-28 mesh size unless stated other-

wise) is supported in the hot zone by a 140 um stainless steel filter.
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to 20,000 SCF Herr]/bbl (35.6 to 3557.9 nferr]H err]/nferri—Ffeed)y——
preferably about 700 to 5,000 SCF Herr]/bbl ( 124.5 to 8 HL.er.r

mMerr] feed). The catal ysts are prepar ed by using 81%15%1‘&1&5%"“ 1“"1"{
[N (L)[err]](M(L)[err])(MOerr]][err] Lllml“”mm
[Ni:(L)[err][C(L)[err][MoOerr]][err] a%3precursor conpl exekEIIK Rl ne
or nore neutral, nitrogen containing |ligands at |east one of which is a

chelatin I dent ate |i and uch as et hyl enedi_am ne, Thes | exes are
pr €par edgbsﬁf%aﬂﬁ SReTste pd‘PBE}ﬁré‘? yné?a%la iR §f‘?/\'ﬁ f“f‘l‘iet'he"‘“l"‘ia ‘rér"ptsof‘ﬂ‘uon

The |igand wdxyl feards Inl¥t Igas geater b |c)6nfhﬁi163ecab§}eilmlr6¢1tsymais srlxw aedemyi | | be

one or nore neutral . nitrogen cont ere ast one of
said |i gands d?s acatﬁﬁquﬁe§a‘é ite € aeggo Fi gand :%gl th Tg’ﬁe’featcg % & Sret al

cation of té&mippedavitialquitio fﬁbrqmaemghataeldiowﬁmmthestp& beswitidhawrs and
[M][err], ?SM 'séox.u'd Hde dﬂfngrem% ressu t?osgnélf‘hl :’.r&‘éai ait Iﬂgteqlt f(now

that the term"lfigand” Is use od nate ‘uncti onal coordi nati ng groups
whi ch have @erdred. mBperashen §sororapbly duningavesulapwerking hewrst enkiat i & of

coordi nate BRNGsard bfaNdsy tdNatutathd WelhdRECof NBRrRBCis: 1) Start feed

and hydrogen flow at desired operating pressure. 2) Heat to target

reactor temperature as quickly as possible. Sampling from the gas-
liquid separator is carried out hourly, with gas and liquid flows and
1liquid product yield recorded at that time. At the end of the day’s
operation, the unit is shutdown as follows: 1) Cool down reactor as
quickly as possible under gas and liquid flow, to less than 150°C. 2)
Bottle up reactor under Hj pressure, Feed characterization data is
provided in Table 1. Operaﬁing conditions were 8.5 MPa Hp; 1.0 LHSV,
and treat gas rate of 425 ml/minute (~ 6200 SCF/B), with activity
varied by reactor temperature between 325 and 380°C. Lined out total
liquid product from each days run was blended and topped to give
360°C+ product in a HIVAC model C still., Operating conditions, yields
and product characterizations for each of the five catalysts are
contained in Tables 2 to 7. Data for fluorided Ni/W/Alp03 catalyst, a
high activity hydrocracking/hydrotreating catalyst, available as Shell
454, is included for comparison purposes and reported in detail in
Table 2A. The process of the present invention using bulk Ni/Mn/Mo
and Ni/Cr/Mo sulfide catalysts is superior for VI increase and, in the
case of the Ni/Mn/Mo sulfide catalyst also superior for aromatics
saturation as compared to the other catalysts tested, including
fluorided Ni/W/A1203. The process of the present invention, by using
the recited bulk sulfide catalysts also avoids the wuse of any
fluoriding agent and, therefore, avoids the corrosion associated with

the presence of fluoride in hydrotreating and ancillary equipment.

Activation and Fluoriding of Shell 454 Catalyst

The Ni/W/Al203 catalyst was activated by a procedure recom-
mended by the vendor, as follows: The 20-28 mesh sized catalyst was
calcined at 485°C for 1 hour prior to loading. Twenty-three cc of
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bond with a netal ion are called polydentate while |igands—ttat——can form

only one bond with a netal ion are called nonodentate. an@,%%e@hfsﬁe&ﬂ@m&d
are not capable of form ng chelates. Hence, if one uses ont;@ggm B £s

of nonodentate |ligands in the precursor nolecule, then one _
| east one pol ydentate chel ating |igand. referably Lwill be
pol ydentate chelating |igands. The denticity of the ligand Lwill generally
be six, because the promoter nmetal catiagns prefer six-fold coordination.
Horice, | i f mBRESRAN" 45 EnaRaae; s tht NEF gIE THRCERI ofALOTATE AL PEELILS:
nol ecul e, t kese¢idgt wTiHd Wy Gindtine 8 JaMBa)spehé @savtdrl wisupddgyd adicchuly t @6si X.
It should b nder st qod. that j.t..LS possible for |i L to, haye t ot al
denticity O%F?}érgs a g‘ﬁa ?Q?"b"&te &lzhpﬁﬁﬁurga%e §eﬁ;ﬁ afi ?185n Se 51¥o\éal &féc‘ﬁt icity
of six. Thusonditiioh$ dvernighee theuewbded thi Yds, Trewr gas denat Gtanged gands, a
m xture of aybjdentate and a gdid-dept at e lJ gand . a4hexr 49dentyah&rvh 9and
or a mxture gir’gfx pollf?dent at%‘ﬂ]Ldlﬂgalr?g ?\Aéth ONo ent%te IF ancé o) %o g as
t he conbi natdiewlahdde perold) g CWO base) at maximum pump rate, 4.1 MPa pressure,

and 136 ml/min (0.28 CF/hr) treat gas rate. When liquid flow through

the separator had been established, feed rate was reduced to 1 LHSV,

and the reactor quickly heated to 190°C, held for 3 hours, heated to
330°C at 47°C per hour, held for 1 hour, then cooled to 50°C with gas
and liquid flow.

In-situ fluoriding with 2-fluorotoluene is recommended by
the catalyst vendor for Shell 454 Ni/W/Alp03 catalyst using 400-800
ppm fluoride in feed, but detailed procedures were mnot provided.
Fluoride concentration was 1000 wppm (0.575 g 2-fluorotoluene per 100
g CWO base), and process conditions were 360°C, 4.0 LHSV, 8.5 MPa,
5000 SCF/B treat gas rate. Catalyst activity was monitored by changes
in Refractive Index. Through the first day of fluoriding, activity
rapidly increased. After the overnight shutdown, activity was lower
than at the end of the previous day, and increased again through the
second day of fluoriding. During the third day, steady performance
was observed, and fluoriding was terminated at this point. At the
start of each days’ run, fluoride containing feed was pumped through
the reactor as the temperature was increased from ambient to 360°C,
and again as the reactor was being cooled at the end of the days run.
The nominal total amount of fluoride added was 1.51 g or 6.8 wtX
fluoride on catalyst. It should be noted that product Refractive
Index has been found to be an unreliable indicator of catalyst
activity for raffinate hydrotreating. In general, the fluoriding
procedures have been found to give a large fluoride gradient through
the catalyst bed, with a higher concentration at the feed inlet
(bottom of bed for upflow operation). The fluoride distribution
resulting from the procedures used in these small lab unit (MCS units)

experiments is not known at this time.
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TABLE 1

FEEDSTQCK CHARACTERIZATTION

Feed Type: Isthmus 600N 82VI Raffinate

Dewaxing Conditions: 100%Z MBK, 1.5/1 solvent/al,
+8°C filter temp.

Feed Inspections

Sulfur, wtX 1.07
Total nitrogen, wppm 280
Basic nitrogen, wppm 159
Viscosity @ 40°C, cSt 130.61
Viscosity @ 100°C, ¢St 12.8
Viscosity Index” 89
Pour Point, °C +12

HPLC Separation:

Saturates, wt% 55.8
Aromatics, wt¥ 41.2
Recovery, wti 96.9
GCD,

IBP/5 329/413
20/50 461/495
90/95 568/563
FBP 594

Mass Spectral Composition (IVZ)

Paraffins 7.77
Saturates average ring no 1.74
Alkyl benzenes 13,37
2 ring aromatics 11.03
3 ring aromatics 2.18
4 ring aromatics 0.69
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3 denticity of six. As has heretofore been stated, it is preferred to use
chel ating bidentate and tridentate |igands. In general, the |igands useful
in this invention include alkyl and aryl amines and nitrogen ﬁétsShe@ﬁ;aeh&ﬁRepIaced
Il lustrative but non-limting exanples of |igands useful in the]|HE3EHE
precursors of this invention are set f-oké Ir bel ow, Monodent el "”",
will include NHerr] as well as alkyl and aryl am nes such as e
di met hyl amine, pyri- dine, etc. Useful chelating bidentate am ne Ii gands
are illustrated by ethyl enediam ne, 2, 2-bipyri dine, henyl ene di am ne,
t et ranet hyl et hyl ene§6§y heTaE tpY bpahet fFmo¥ipp aﬁlfn’éeacgg é PP IR et
chel ating t pleteetiafior aieé rfeve |b@and&tat>&t§emrewgﬁred1.byvt eilspysirdic el apel
Chel oY1 ot CoATpBE: RLhE o | SEWAGIRE Y FR0 Be ' Bebodidd Falkey 5o rnbz e V!

3-7 (assumes 1 VI unit per 3°C pour point).

Ni/Mn/Mo (from oxide: molvybdate

The bulk Ni/Mn/Mo sulfide catalyst derived from the oxide
shows outstanding start of run activity under these conditions exhib-
iting the production of o0il of high VI at lower temperature than the
other catalyst tested with the exception of the Ni/Cr/Mo bulk sulfide
derived from the sulfide precursor. The catalyst is about 20°C more

active than Ni/W/3-Al904 in achieving the same VI.

The high initial VI (103) obtained at 340°C gradually
declined to 95 VI after 30 hours on oil, and returned to about 102 VI
when reactor temperature was increased to 350°C. The plotted runs are
those performed at a gas rate of 6200 SCF Hy/bbl. The catalyst is
also active for aromatics saturation. The catalyst had a BET surface
area of 61.7 m2/g.

Ni/Mn/Mo (from sulfide: thiomolybdate

This material differs nominally from the first catalyst in
the source of molybdenum used. This catalyst, however, has very poor
activity for both VI increase and aromatics saturation activity as

indicated below:

Ni/Mn/Mo Ni/Mn/Mo
Catalyst (from oxide) (from sulfide) Ni/W/F-Al1903
Reactor Temp°C 340 340 340
Product VI 95 85 89
Product Saturates 85 60 72.5

wti

This catalyst had a BET surface area of 12.4 mZ/g.
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ridentate am ne |ligands. Useful chelating pentadentate |igands include
tetraet hyl enepentam ne whil e sepulchrate (an octazacryptate) is

illustrative of a suitable chelating hexadentate |igand. However, as a
practical matter it will be pre- ferred to use chelating, polydentate al kyl
amines for L. Illustrative, but not linmi¥%ng exanples of al kyhlsalmbﬂﬂasmeﬂatplaced
are useful in the catalyst precursor of this invention includ (A

et hyl enedi am ne, diet .hél enetriam ne, and tetraethylenete- tra i
particularly preferr £ = te and tridentate al kyl a

et hyl enedi am ne, (en) and diethyl eneriam ne, (dien). Many of the
precursor salts usef n.for m t he cat al s.of this inyention and

net hods for prepari ngLT h?é?'rlf af‘éc olifPeshe héxgq&?d%ﬁaﬁﬁyisc?l es\iweb F8HF and
Miel l er titl eetivhiyp faﬂdao&hﬁnﬁmﬁféﬁpﬂwmdSamfnatm datanstionon THikatatallysth
dierr] conflgu({at%%ol? g}%%ce area 1 ¢ CHEM REV. 10:79-122 provides a
revi ew of knowh?®s & general , e T cursor salts useful for formng

the catal ysts useful in this i nventi on nay be prepared by m xi ng an agueous
sol ution of

(7“‘—:—.""‘.

Co/Mo (from oxide: molybdate

For the first eight hours on oil, this catalyst showed wvery
high activity, comparable to the Ni/Mn/Mo (oxide precursor) catalyst.
However, activity thereafter declined rapidly to a low level, sugges-
tive of rapid poisoning of the active sites by some feed or product
component, or possibly catalyst structural arrangement. This catalyst
had a BET surface area of 50 M2/g,

Ni/Cr/Mo (from sulphide: thiomolybdate

This catalyst also showed very promising activity, as
indicated in Fig. 1. Activity for VI increase was similar to that of
Ni Mn Mo (from oxide). Whereas the Ni/Mn/Mo (oxide precursor) cata-
lyst appeared to lose activity somewhat during the course of the
evaluation, the Ni/Cr/Mo catalyst activity appeared somewhat steadier.
This catalyst showed less aromatics saturation activity than did
Ni/Mn/Mo (from oxide: molybdate). This catalyst had a BET surface
area of 7.9 mz/g.
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anmoni um t hi onol ybdate with an aqueous sol ution of the chelated pronoter
metal cation [M][err] which results in the formation of the precursor salt
as a precipitate which is readily recovered. The chel ati ng profeter—ecation
is easily forned by, for exanple, mxing an aqueous sol ution nor e
wat er sol uble pronoter netal salts wi ThS he | i gand or m xture "Of, nﬂRelaced
The water soluble salt may be any water soluble salt that is cofijj# m

use such as a hallde sulfate, perchlorate, pgetate, n‘ﬁtrate etidfiA N [m
Al t.ernatively, eﬁ\ agueous sol uti on of ammmoni t hi onol gbdate may be mi xe

with the Ilgand-\m th the resurti ng sol ut i on Svfx L.t hgan aqueous sol ution

of prompter netaf salt or theZsalt &n be a(\#jgd to *t'hec,l I gand and di ssol ved
into the sol uti

of thionolybdate and/or thiotungstat® However, it should
be un- derstood

hat the catal yst precursor preparatioen is not intended to
be limted to aqueous rredl a. The

3
[ Ni (L)[err]](I\/h(L)[err])(I\/bCIerr]][err] precursor is converted into &he
bul k catal yst by deconposing the precursor conplex undegr inert condi t:l ons,

such as in the pgesence of ‘N2 or an inert ga sat 300 tcg 400[err]§: Trge
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subsequently sulfided using Herr]S/ Herr] at 200 to 600[err]C, preferably
250-500[ err] C, nost preferably 200-400[err]C. A preferred ligand is

et hyl ene di anmi ne.

is converted into the bulk sul fide catal

The [Ni(L)[err]](Cr(L)[err])[ MY

conpl ex in a sul fur-containing non-oxidiZi ng at nosphere,
at enperature of at

et hyl enedi ani ne. 3

catal yst may be &hat whi ch:is present

least 1 50 C, nore preferably at
for a tine sufflelent to.fermthe catalyst A preferred |iga

pr

| east a

%St by deconposi ngrh{.slgge

err precursor

The sul fur’ required during the formation of the

Ni / Cr/ Mo catalysb conp05|thon used in this inventgop wll

i nert,
an anDunt

present In the f& mof as=s

TABLE 2A

I n exc

1

YIELDS AND PRODUCT INSPECTIONS

4

OPERATING CONDITIONS,

———

such as nig ogen,

t

| %

in the precursor salt.

@ss of that contained in the precursor salt.
preferred that thke!catal yst be forned by heating the precursor in the
presence of excegs!sulfur,

Shell 454. Crushed and Screened to 20-28 mesh,

Catalyst Descriptlon

Run Number

. &7 § I B R

fating_condlt

ot

op

Isthmus 600N 82 VI Raffinal

Feed

1
I
a
l

l
[
-

'

1

'

Feed Rate (LHSV)
Gas Rate, SCF/B

Reactor Temp..

it

315

t

t
2]
-]

]

|

310

10

16-20

360

360

°C
MPa

Unit Pressure,

37-41 44-48

10 34

23- 27

Catalyst Hours

n
Q
~

94.

97.11
75.91

95.99
84.4

NQ

84

TLP Yield on Feed, wth

7

14
|

17
<\

18
<1

50
<1

360°C+ yield on Feed, 'wi\
pensity @ 15°C, kg/dm?

Sulphur, wppm
Total Nitrogen, wppm
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can be one or nore solids, liquids, gases or m xtures thereof. M xtures of
hydr ogen and H err]S have been found to be particularly suitable. In

general the tenmperature will range between from about 150[err]-600[err]C,
preferably 250-500[err]C, and still noré&0Opreferably from about
300ferr]-400[err] C. The:non-oxidi zi ng atnosphere may be gaseous, liquid or
m xture thereof. Thesesbul 8 netal ~&ul fi de c?a;a%I ysts are relatively | ow

surface area materials of 2Bdhg 50n{gg]/gram 3 o= Jhevcatal y§t<ds prepared
in a tw step operation: :Appropriate salts of Ni, C, and Mh are reacted in
t he presence of excess li:gand in conbination with MoS[err] or Mo(Jerr].

Met hanol is used as the solvent One regcovers either

i ) @
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can be pelleted by the application of extrenely high pres
silica or coll qidal

sul.fide catal yst pellets have been prepdred using what is
this high pressure technique but the details are not kno

t echni que invol ves preparing the bul k netal

conveniently used as shaped pellets or extrudates.
col'l oi dal

(NN(L)[err])(Ma(L)[err](MJerr])[err]
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is possible that a preferred bul k netal

It

accordance with the procedure of U S. Patent 4,650,563 and U. S.

and grinding the recovered cake and pelletizing using polyvinyl
4,591, 429.

pell et or extrudate
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but econom cs and cost

Experi nment al

hi gh pressure pall eging,
| ssues.

becone i nport ant

I S producedw thout the use of any silica or alum na solely by enpl oying
commer ci al

st andar d,
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2)
These

These
3) NNW (fromthiotungstate)

ment .
Mo (fromthi onol ybdat e)

raffi nate

| npr ove-
5) CoMo (from nol ybdat e)

Crlerr]
bulk materials were pelleted using high pressure without any silica or

Mo (from thionol ybdat e) 24 -
The pelleted

1) Ni[err]

sul fide catal ysts were eval uated for
Mo (from nol ybdat e)

mat eri al .

Mn[err]

hydrotreating to determne their effect on VI
Mn[err].

Five bul k netal
catal ysts were:
al um na bi nder

4) N [err]

Ni[err]
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The follow ng are representative of typical procedures
They are not

was then crushed and sieved to secure particles of about 1/16 inch
used to produce materials of the type identified above.

(1.5875 mm).
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Ni - and Mh- containing solution was added dropwise to the flask froma

dropping funnel. A precipitate forned. The precipitate was allowed to

settle and the supematent |iquid was siphoned off. Two nethanol (deaerated)
rinsings were perforned, each time siphoning off supernatent-liquid. The
precipitate was finally recovered by vacuwa £iltration from pethanol —ip—-an—
N err] atnosphere box. The yield was 87 2% The_catal yst -precursor was

dri ed under vacuum at 50[err] C overni recursor Walls Shige
pelletized into a disk and then cr m‘@ EJ Tyl er) mesh :
[err]m granul &5+ §u|f|d|ng of thé nd to bulk c

done by heating under nitrogen for 50 m nut es to 370[err]C hol |ngat 370C
for one hour, then heating under a streamof 10%Herr]S in hydrogen for

ten minutes to 400[err}C @nﬂemhdﬁo@glﬁres ERINEE M EP WAL Of lubricat-
Herr]S/Herr] for tw hours. Cooling over 5 hrs under éerr]S/H[err] to

<100[err]C wasiFEPROWERSBRLED GLE g DY SH068FE 8npEitht :ir S2EHIEF frid ogehibothd - -
passivation atcd@eitiRTPaiatting 1Miube DrSkp@ARLOf o1%0 ok runtibf ehidrdt@eat-

ing conditions with a specific bulk metal sulfide hydrotreating

catalyst selected from the group consisting of bulk Cr/Ni/Mo sulfide
catalyst, bulk Ni/Mo/Mn sulfide catalyst and mixtures thereof, wherein
the Cr/Ni/Mo sulfide catalyst 1is prepared by the decomposition in a
sulfide containing atmosphere of a [Ni{L)3](Cr(L)3)[MoS412.2.5 precur-
sor complexes and the Ni/Mo/Mn sulfide catalyst is prepared by the
decomposition in inert atmosphere followed by sulfiding using HsS/Hy
of a {Ni(L)3](Mn(L)3)[MoO4]9 precursor complex where L is one or more
neutral, nitrogen containing ligand, at least one of which is a

chelating polydentate ligand.

2. The method of claim 1 wherein hydrotreating conditions
comprise temperature in the range 200 to 430°C, pressure in the range
300 to 3000 psi, space velocity in the range of about 0.1 to 5.0
v/v/hr and a treat gas rate in the range of about 200 to 20,000 SCF
Ho/bbl.

3. The method of «claim 1 or 2 wherein the
[NI(L)3}{Mn(L)3) [MoOs4]2 precursor is converted into the bulk catalyst
by decomposing the precursor in the presence of an inert atmosphere at
300 to 400°C and sulfiding using H9S/Hp at 200 to 600°C and the
[Ni¢(L)3](Cr(L)3){MoS4)9.2.5 precursor is converted into the bulk
catalyst by decomposing the precursor in a sulfur containing

atmosphere at a temperature of at least 150°C,

4, The method of claim 3 wherein the ligand is ethylene

diamine.

5. The method of claim 1 or 2 wherein the bulk metal
sulfide catalyst is used in the form of pellets made by compacting

bulk metal sulfide under pressure.
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hal f an hour. Typical Precaration of Cr-Containing Catalysts Chrom um
‘containing catalyst can be prepared via two different chem stries, olation
.and chelation in non-rigorous ternms. The folw ng reported procedures are
.representative of the typical techniques enployed in producing the na-
terial fromthe thionolybdate. Via-Q7ation: A Nferr]-C[err]-M

catal yst can be prepared as follows: 40g (NH err])[err]MS[err] was added
:to 82 m of dieth- ylenetriamne (dien) in a one liter flask. Distilled
‘Hetr]Owas used twice to wash off any solution remaining on the sides of

‘the flask. Therk@subiNgerd¥ kusedrs thiimAbriBaIReOYsefcto Olerr]C in an ice
.bath and kept in the bath for the duration
BULK Ni Mn Mo OR Ni Cr Mo SULFIDE CATALYSTS PREPARED

FROM TIGATED METAL COMPLEXES
ABSTRACT OF THE DISCLOSURE

Lube oils of increased VI are prepared by hydrotreating
using bulk Ni/Mn/No or Cr/Ni/Mo sulfide catalysts prepared from
ligated, e.g., ethylene diamine, metal complexes. In particular the
Ni/Mn/Mo sulfide catalyst is prepared from the oxide, precursor with
subsequent sulfiding while the Cr/Ni/Mo sulfide catalyst is prepared

from the sulfide precursor in the presence of HyS/Hs.

REPLACED
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the preparation. In a separate flask, 16.52 granms of CrCl[err]-6Herr]O and
14.77 gmof NiCl[err]-6H err]O were dissolved into a mxture of 250 m of
distilled Herr]O and 25 nml of diethylenetrianmine to precipitate the
hydrated chrom um oxi de and to chelate the nickel ion. This slurry was
alJowed to stand for 2-3 hours after which it was slowy added dropw se, to
the cold (NH err])[err]MS[err]/dien solution with agitation after each

addition keeping the flask as cobgﬁps possi bl e, which resulted in a bright
orange precipitate being forned. e resulting precipitate-containing

m xture was stirred in the ice bath for one half hour after the addition
was conpl eted. The precipitate was separated out by vacuumfiltration

t hrough a Buchner funnel. The resulting cake was washed with distilled
water, then with ethanol, and dried under vacuum for- 16-24 hrs.

Ei ghty-three grans of oran ored precipitate were recovered. This
material was sulfided in may as was the

Ni Mh Mb , ted ab Vi hel ation: A
N Lo Glen] qert‘r)f?%‘x%ﬁ% re&ez's feo| lows: 38 grams of
(NH err])[err] MS[ etk INWaMndiMe

® NI/W(FROM SULPHIDE)

o Co/Mo(FROM OXIDE)

a Ni/Mn/Mo( FROM SULPHIDE)
X Ni/Cr/Mo(FROM SULPHIDE}

8
HOF
105

|00

95 |-

90 -

O

A
o
X o
85 5 8

360C+ VISCOSITY INDEX ( -9C POUR POINT)

ISTHMUS 600N 821,85 MPA LO LHSV
80 1 ! I 1 | 1 i 1
310 320 330 340 350 360 370 380

REACTOR TEMPERATURE,C

FI1G |
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~

deaassed et hyl ene diam ne and cooled In an ice bath. Previou
[Ge(en)[err]]C[err](16.4g) and [Ni(en)[err]]C[err](16.79g),

t he conventional nmanner by nethanol precipitation froman aqu ol ution
of NiCl[err].Herr]Oto which ethylene dirm ne had been added #q JAN 997
di ssolved in a mxture of 150 mMl waterand 5 nml ethyl ene di am pe hIS

sol uti on -

The Viscosity Index of lubricating and speciality oils can

be increased by hydrotreating said oil employing as the hydrotreating
catalyst a bulk Ni/Mn/Mo or Cr/Ni/.}io -sulfide catalyst p:epared from
ligated, e.g. ethylene diamine mat&l complexes wherein the Ni/Mn/Mo
sulfide catalyst is prepared from the oxide precursor with' subsequent
sulfiding while the Cr/Ni/Mo sulfide catalyst is prepar-ed from the
sulfide precursor in the presence of H2S/Ha. ¥

Background of the Invention

Raffinate hydrotreating and hydrocracking processes to
produce lube stocks are well known. 1In general, these processes
employ catalysts which comprise metal oxides or sulfides supported on
alumina or silica-alumina. Metals usually include nickel, molybdenum,
cobalt, manganese, tungsten, etc. and mixtures thereof in the oxide or
sulfide state. When the catalyst is in the oxide state the environ-
ment of use being one containing sulfur containing species converts
the metal oxides into metal sulfides.

The objectives in the hydrotreater are to increase VI and
saturates levels. Catalysts used today in lubes hydrotreating do not
perforn this function very well insofar as they are employed princi-
pally for hy&rcdasulf\mization, hydrodenitrogenation, color improve-
ment and residual extraction solvent removal. High pressure hydro-
cracking of distillates or deasphalted oil is an acknewledged alterna-
tive to solvent extraction and, in the case of distillate hydrocrack-
ing all of the VI increase, saturates increase and aromatics- decrease
are achieved by the catalytic conversion. -

The major reactions which contribute to VI incfease are of
the ring opening type, whether the ring 13 aromatic or cyclic
saturated. Hydrogenation will contribute to & lesser degree to VI
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" .
was filtered.”The clrear filtrate was added dropwi se to the o :

(Ne[err])[err] Mgsglg Hehi@gW th vigorous agitation. Are R ?WENF SHEET
preci pi tate for npgEmAE jJiti on was conpl ete the red-orang roduct was
filtered. It was|HHHE E" m xture of 450 m Herr] O and 0] n g BHE
diam ne in 3 washég i by a 300 mt Znet hanol wash and 190§ ni

di et hyl et her wash. :After vacuum dryi ng the yield was about 45jg—="Ths

material was sulfided in the sane way as was_the Ni.vh .
increase. At low severity, >ixycl::t:desm].é*l.t.::gzai.t:i.:m will giv

unit increase, most likely the result of ring opening that occurs with
the hydrodesulfurization of thiophenic structures.

US 4,650,563 teaches molybdenum #nd/or tungsten hydrotreat-
ing catalysts prepared from promoter metal thiomolybdate and/or
thiotungstate complexes and their use as hydrotreating catalysts. The
catalysts are prepared by heating one or more catalyst precursors
under oxygen-free conditions in the presence of sulfur at a tempera-
ture of at least about 150°C. The catalyst precursors will be one or
more compounds of the formula (ML) (Hoy W]_-y S4) vherein M comprises
one or more divalent promoter metals selected from the group consist-
ing of Ni, Co, 2Zn, Cu and mixtures thereof, wherein y is any value
ranging from 0 to 1 and wherein L is one or more neutral, nitrogen
containing ligands at least one of which is a chelating polydentate

ligand. L may be ethylene diamine.

US 4,716,139 teaches a catalyst composition comprising an
amorphous sulfide of trivalent chromium and at least one metal
selected from the group consisting of (a) molybdenum, nmgsten and
mixtures thereof and (b) mnixtures of (a) with iron, nickel, cobalt,
manganese, copper, zinc and mixtures thereof. The catalyst is pre-
pared by heating one or more precursors at a temperature of at least
about 200°C under oxygen-free conditions in the presence of sulfur,
wherein said precursor is selected from the group comsisting of

[Cr] .zMzLXy] (M0S4)n, [Cr1.zMz1Xy] (WS4

and mixtures thereof wherein M is one or more divalent promoter metals
selected from the group consisting of Mn, Fe, Co, NI, Cu, Zn and
mixtures thereof, wherein L is one or more neutral nitrogen-contzining
ligands, wherein ligand X is a singly-charged anionic species such as
NO2=, OH", C1-, etc. and wherein 1>z.0.1-2>y.0 and vwherein n equals
(3-2-y)/2. The catalysts are good hydroprocessing catalysts, particu-
larly hydrotreating catalysts. These catalysts were demonsfrated for
their HDS and HDN ability on light catalytic cycle oil (LCCO).
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Ni(en)[err] W[ err] y ﬁjams of (NHerr])[err]Ws[err] \ef e pracay

ifto a two |iterhisdhemx cnferr] of ethylenediam ne wa
The flask was th%' 1

I :
i ce bath and cool ed to about Oﬂ e?rv? @m?ﬁgﬂ
a mxture of 86. 24 r]-6H erf]0°(4% excess) in 50 S 14 .

wat er was added dropw se, keeping the flask contents as col d]as possi bl e.

After all the reactants r ondi_ned th - | gt
for 1/2 hour. The co ?’ér#%&éger?a%ﬂ: v%éﬁzugmg??ﬁh\élrg%c#%%{aegt% so u?g"gsﬁ\%/ashed
with distill ggestonh @f el cetdlysolof Th¥.cat al yst precursor was pressed into

12-20 (Tyler) mesh (1410-840 [err]m granules using a 2.25 inch (5.715 cnm

die at 50,000 psi (3448.3 bar). 25 grans of the 12-20 (Tyler
U.S. 4,663,023 teaches hydrotreating th self promoted

molybdenum and Tungsten sulfide catalysts. Catalysts are made from
precursors which are ome or more compounds of the formula
m.(uoywl-yoa) vherein M is one or more promoter metals selected from
the group consisting essentially of Mn, Fe, Co, NI, Cu, Zn and
mixtures thereof O<y<l and L is a neutral nitrogen containing ligand.
This patent would, therefor, embrace Mn/Ni/Mo sulfide and Ni/Mo
sulfide catalysts. Tﬁe patent claims the use of these catalysts in
general to hydrorefine hydrocarbon feeds including lube oils.

U.S. 4,698,145 teaches the upgrading of hydrocarbon feeds by
use of a supported self-promoted catalyst. The catalyst is prepared
by heating a composite of support materizl and one or more catalyst
precursor salts under oxygen-free conditions and in the presence of
sulfur., The precursor salt or salts are of the general formula
(ML) (HoyW]_-ySz,) wherein M is one or more promoter metals selected from
the group consisting essentially of Mn, Fe, Co, Ni, Zn and mixtures
thereof, Osy<l, and L is a neutral, nitrogen containing ligand. This
patent would, therefore, embrace supported Mn/Ni/Mo sulfide and
supported Ni/Mo sulfide catalysts. The claims recite lube o0il as one
of the hydrocarbon feeds treated using this class of catalysts in

general.

U.S. 4,595,672 1is directed to a method for making self-
promoted sulfide hydrotreating catalysts. The catalysts are made from
precursors which are one or more compgunds of the formula
lﬂ.(llo‘,l:.yot,) wvhere M is one or more promoter metals selected from the
group consisting essentially of Mn, Fe, Co, Nf, Cu, Zn and mixtures
thereof an 0Osy<l. This patent would, Ytherefore, embrace Ni/Mn/Mo
sulfide and Ni/Mo sulfide catalytic materials. L1 is a neutral
nitrogen containing ligand.

U.S. 4,668,376 teaches supported Mn sulfide promoted Mo and
W sulfide hydroprocessing catalysts. The catalysts are made from
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ni l%.fide catalytic
materials. The patent claims the use of these catalysts in general
for hydrorefining hydrocarbon feeds including lube oils.

U.S. 4,591,429 teaching hydroprocessing of hydrocarbon feeds
employing supported sulfided catalyst. The catalyst comprises a
sulfide of (1) chromium, (2) Mo, W or mixtures thereof and (3) at
least one metal selected from the group comsisting of Ni, Co, Mn, Cu,
Zn and mixtures thereof, and mixtures thereof with Fe. The catalysts
are made by compositing a pre-selected quantity of support material
with a precursor comprising a mixture of (1) hydrated oxide of
trivalent chromium and (2) a salt containing a thiometallate anion of
Mo or W and & cation comprising at least one divalent promoter metal.
This patent would, therefore, embrace supported Cr/Ni/Mo sulfide
catalyst and claims the use of these catalyst in general for hydro-
processing hydrocarbon feeds, including lube oil.

Description of The Figure

Figure 1 compares the 360°Ct product VI as a function of
reactor temperature for five bulk metal catalysts and a Ni/W/F/Al203

reference catalyst.

Detailed Description of the Invention

Lubricating and/or specialty oil stocks such as deasphalted
oll stocks, 1lube oil distillates, and solvent extracted lube oil
raffinates can have their viscosity imdexesp increased by hydrotreat-
ing, employing specific bulk metal sulfide hydrotreating catalysts
selected from the group consisting of bulk Cr/Ni/Mo sulfide catalyst,
bulk Ni/Mo/Mn sulfide catalyst and mixtures thereof uMerein the
catalysts are prepared from specific metal complexes and wherein the
Ni/Mn/Mo sulfide catalyst 1s prepared from the oxide precursor
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erial, recited above. Typicdl jpreparation
Mn[ er B err] - 3100 grams of (NH[ dr Hrferri

MoS[err] was placed in a 2 liter flask and 200 cnB8 of ethyl efedi ani ne was

added slowy after all the ethyl enediam ne was added, t flas t““T’l"i’t‘ﬁ"*"‘J
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| eft in the i gaosphere,

(1% excess)

These two catalyst have been found to significantly and,
surprisingly, to a higher degree than other catalysts, increase the
Viscosity Index of lube oil stocks. The feed stocks are contacted
with the catalyst under hydrotreating conditions comprising tempera-
tures in the range of about 200 to 450°C, preferably about 300 to
380°C, pressures in the range of about 300 to 3000 psi, preferably at
least about 1000 psi, space velocity in the range of about 0.1 to 5.0
v/v/hr., preferably about 0.5 to 2.0 v/v/hr. and a treat gas rate in
the range of about 200 to 20,000 SCF Hy/bbl, preferably about 700 to
5,000 SCF Hp/bbl.

The catalysts are prepared by using [Ni{L)3](Mn(L)3)[MoO4)2
or [Ni(L)3}[Cr(L)3][MoS4]2-2.5 as precursor complexes, where L = ome
or more neutral, nitrogen containing ligands at least one of which is
a chelating polydentate 1ligand such as ethylenediamine. These
complexes are prepared by reaction of appropriate metal salts with the
ligand solution. '

The ligand or ligands L will generally have a denticity of
six and will be one or more neutral, nitrogen containing ligands
wherein at 1least one of said ligands is 2 multi-dentate chelating
ligand vhich chelates the metal cation of 'the metal salt to form a
chelated metal species such as [ML]2+, where M is Ni or Cr and Mn.

Those skilled in the art know that the term "ligand" is used
ro designate functional coordinating groums which have one or more
pafirs of electroms available for the formation of coordinite bonds.
Ligands that can form more than one bond with & metal ion are called
polydentate while ligands that can form only one bond with 2 metal ion
are called monodentate. Monodentate ligands are n#C capable of
forming chelates. Hence, if one uses one or more species of

monodentate ligands in the precursor molecule, then one must also use
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bath with stirring for 1/2 hour then vacuumfiltered. The s
washed with distilled water and ethanol and | eft overni ght
Th& solids were then dried in a vacuum oven. This materi al

the sane way as was the NiMi(en)[err](Merr])[err] materi ? %
above. Test Procedure: Catal ysts were tested on a pajtia ewaxed

(+8[err] C pour¥ Isthnus 600N raffinate (82 ¥ -@-9[err] C pourym—a~M-cs
Catal yst Screening Unit (MCSU). In the MCSU, the 1.18 cm |0 347 stainless

steel reactor contains a 0.32 cm OD thernmowel!|l. The Jeact | ecatetd by —=a
Li ndber g el ect rétc19aftnoRe Poiydsntate ehalaring bigF e fﬁf’ ??%gﬁ é#{géem one

charge), and thg ﬁ@é@b&@uﬁb@é&&ﬂ%&&? 1{gavder ) ThesdentBelily5eD therkgapd silze

unl ess stated ot gfrgngggllys bseupg:&rtbecalu.get khewh%&o%g&g metal cations prefer

six-fold coordination. Hence, if more than one specles of ligand is
employed in the precursor molecule, the demticity of the ligand
species will usually add up to six. It should be understood that it
is possible for ligand L to have a total denticity of less than six,
but in most cases L will have a total denmticity of six. Thus, L will
be three bidentate ligands, two tridentacte ligands, 2 mixture of a
bidentate and a gquadridentate ligand, a hexadentate ligand or a
mixture of a polydentate 1ligand with monodentate ligands so long as
the combination has a total denticity of six. As has heretofore been
stated, it is preferred to use chelating bidentste and tridentate
ligands. In general, the ligands wuseful in this invention include
alkyl and aryl amines and nitrogen heterocycles. Illustrative but
non-limiting examples of ligands useful in the catalyst precursors of

this invention are set forth below.

ACRMENT SHERT

sulfldea g

Monodentate ligands will include NH3 as well as alkyl and
aryl amines such as ethyl ami;xe, dimethyl amine, pyridine, etc.
Useful chelating bidentate amine ligands are illustrated by ethylene-
dismine, 2,2’-bipyridine, o-phenylene diamine, tetramethylethylene-—
diamine and propane-1,3 diamine. Similarly, wuseful chelating
tridentate amine 1ligands are represented by terpyridine and
diethylenetriamine while triethylenetetramine is illustrative of a
useful chelating quadridentate amine liga:ids. Useful chelating penta-
dentate ligands include tetraethylenepentamine while sepulchrate (an
octazacryptate) is illustrative of a2 suitable chelating hexadentate
ligand. However, as a practical matter it will he preferred to use
chelating, pelydentate alkyl amines for L. Illustrative, but mnot
limiting examples of alkyl amines that are useful in the catalyst
precursor of this invention include ethylenediamine, diethylene~
triamine, and tetraethylenetetramine. It is particularly preferred to
use bidentate and tridentate alkyl amines such as ethylenediamine,
(en) and die‘:hyleneriaﬁine. (dien).

~
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t:hiomolybdat:e with an agqueous solution of the chelated promoter metal
cation [ML]2+ which results in the formation of the precursor salt as

a precipitate which is readily recovered. The chelating promoter .

cation is easily ‘formed by, for example, mixing an aqueous solution of
one or more water soluble promoter metal salts with the ligand or
mixture of ligands. The water soluble salt may be any water soluble
salt that is convenient to use such as a halide, sulfate, perchlorate,
acetate, nitrate etc. Alternatively, an aqueous solution of ammonium
thiomolybdate may be mixed with the ligand with the resulting solution
mixed with an aqueous solution of promoter metal salt or the salt can
be added to the ligand and dissolved into the solution of
thiomolybdate and/or thiotungstate. However, it should be understood
that the catalyst precursor preparation is not intended to be limited

to agueous media,

The [Ni(l)3](Mn(L)3){MoOz4]}2 precursor is converted into the
bulk catalyst by decomposing the precursor complex under inert condi-
tions, such as in the presence of N2 or an inert gas at 300 to 400°C.
The decomposed material is subsequently sulfided using H2S/Hy at 200
to 600°C, preferably 250-500°C, most preferably 200-400°C. A pre-
ferred ligand is ethylene diamine.

The [Ni(L)3}(Cr(L)3)[MoS4)2.2.5 precursor is converted into
‘the bulk sulfide catalyst by decomposing the precursor complex in a
sulfur containing atmosphere at least 1%9°C, preferably at least about
200°C for a time sufficient to form the catalyst. A preferred 1ligand
is ethylenediamine.

The sulfur required during the formation of the catalyst may
be that which is present in the precursor salt. Thus, the Ni/Cr/Mo
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380[err]C. Lined out total liquid product from each 'days rur] _ o .
ang topped to gﬁmesﬁ&(l{aenieiﬁeplawdoduct in a H VAC nodel C sti IR}WE H-HW&HEET

condi tions, vyiel i characterizations for each off tthe five
catal ysts are co es 2 to 7. Data for fluoride 27 JAN 1997
Ni /WAl [err](err hi gh act-i §ity hydrocracki ng/ hydrotreating
catal yst, avail able as SheII 454, is included for conparisop purposes and
reported in detail in Table 2A. The process of the .H_liesben%
catalyst composition tused in orme
excess sulfur is present and if the oxygen-free atmosphere is rela-
tively inert, such as nitrogen. It is preferred that the sulfur will
be present in an amount in excess of that contained in the precursor
salt. It is preferred that the catalyst be formed by heating the
precursor in the presence of excess sulfur, it is alsc preferred that
the excess sulfur be present in the form of a sulfur bearing compound
which can be one or more solids, liquids, gases or mixtures thereof.
Mixtures of hydrogen and H3S have been found to be particularly
suitable. In general the temperature will range between from about
150°-600°C, preferably 250-500°C, and still more preferably from about

300*-400°C. The non-oxidizing atmosphere may be gaseous, liquid or
mixture thereof.

._.:L.q.

These bulk metal sulfide catalysts are relatively 1low
surface area materials of about SOmZ/gram.

The catalyst is prepared in a two step operation. Appropri-
ate salts of Ni, Cr, and Mn are reacted in the presence of excess
ligand in combination with MoS;2- or MoOz2-. Methanol is used as the
solvent. One recovers either :

(Ni(L)3)(Cr(L)3(M0S4)2.0 - 2.5

(NL(L)3) (Mn(L)3) (Mo04) 2
which are then decomposed as previously described.

The bulk metal sulfide catalysts are most conveniently used
as.shaped pellets or extrudates, The bulk metal sulfide can be
pelleted by the application of extremely high pressure, Bulk metal
sulfide catalyst pellets have been prepared using what is believed ¢o
be this b%&eh pressure technique but the details are not known.
Another technigue involves preparing the bulk metal sulfide in the
presence of colloidal silica or colloidsl stumina, recovering the
precipitate, drying, and grinding the recovered cake and pelletizing
using polyvinyl aleochol, in accordance with the procedure of U.S.
Patent 4,650,563 and U.S. Patent 4,591,429, 1t is possible that a
preferred bulk metal sulfide catalyst pellet or extrudate is produced
without the use of any silica or alumina solely by employing standard,
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ness will become important issues.

Experimental

Five bulk metal sulfide catalysts were evaluated for
raffinate hydrotreating to determine their effect on VI improvement.
These catalysts were:

1) Nig.s Crg.s Mo (from thiomolybdate)

2) Nig.s Mng, s Mo (from thiomolybdate)

3) NiV (from thiotungstate)

4) Nig. s Mng. s Mo (from molybdate)

5) CoMo (from molybdate)

These bulk materials were pelleted using high pressure without any
silica or alumina binder material. The pelleted material was then
crushed and sieved to secure particles of about 1/16 inch.

The following are representative of typical procedures used to produce
materials of the type identified above.

They are not offered as recitations of the exact, specific procedures
used to produce the particular materials hereinafter identified.

88.2g (NH;)gMo7024-4H20 were dissolved in 200 ml Hp0 plus
100 ml ethylenediamine. 72.2g Ni(NO3)2-6H20 and 49.5g MnCly-4H20 were
dissolved in 800 ml deaerated (N2 bubbler) methancl. The molybdate
solutSun was placed in a 2-liter flask and deaerated with a mnitrogen
bubbler while stirring with a mechanical stirrer. Under a blanket of
Ny, the Ni- and Mn- containing solutiem was added dropwise to the
flask from a dropping fumnel. A precipitate formed. The precipitate

was allowed to settle and the supernatent liquid was siphoned off.
Two methanol (deaerated) rinsings were performed, eaclf fime siphoning
off supernatent-liquid. The precipitate was finally recovered by

vacuum filtration from methanol in an N7 atmosphere box.

The yield
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was activated H ecom*rendig by the vendor, asjf ows: The
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485[err] C for 1 hour prior to |loading. Twenty-three cnierr] of catal yst was

charged togtbe UNied _ T ar. Fol | ow ng .Cokd oA @Ry’ Grab@ad 280 SOFEN

N err] and HFerr’ Z8._E£?\/I5§"5a;‘§:f}'ts%epf5acs§4f Was purged with Nerr] (6 CF/ hr:
-heated to 420[err]C, pressure tested at 8.5 MPa, held at

0.17 nferr]°®
t hese conditions overnight, then cooled to 107[err]C. Treat gas was changed

0 : o :
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crushed into 20/40 mesh granules. Sulfiding of the precursor compound

to bulk catalysts was done by heating under nitrogen for 50 minutes to
370°C, holding at 370°C for ome hour, then heating under a stream of
102 H2S in hydrogen for ten minutes to 400°C and holding at that
temperature under HyS/H7 for two hours. Cooling over 1.5 hrs wunder
HoS/Hy to <100°C was followed by cooling to room temperaturs under
nitrogen and passivation at room temperature with a stream of 1X 09/Nj

for half an hour.

Chromium containing catalyst can be prepared via two differ-
ent chemistries, olation and chelation in mnon-rigorous terms. The
following reported procedures are representative of the typical
techniques employed in producing the material from the thiomolybdate.

Via Olation: A Nig_s5-Crg s-Mo catalyst can be prepared as follows:
40g (NH;)2MoS, was added to 82 ml of diethylenetriamine (dien) in =z
one liter flask. Distilled H90 was used twice to wash off any solu-
tion remaining on the sides of the flask. The resulting dark red
solution was cooled to 0°C in an ice bath and kept in the bath for the
duration of the preparation. In a separate flask, 16.52 grams of
CrCl3-6H20 and 14.77 gm of NiCly-6Ho0 were dissolved into a mixture of
250 ml of distilled H20 and 25 ml of diethylenetriamine to precipitate
the hydrated chromium oxide and to chelate the nickel ion. This
slurry was @llowed to stand for 2-3 hours after which it was slowly
added dropwise, to the cold (NH;)9MoS;/dien solution with agitation
aftér each addition keeping ~ the flask as cgld as possible, which
resulted in a bright orange precipitate being formed. The resulting
precipitate-containing mixture was stirred in the ice bath for ome
half hour after the addition was completed. The precipiface was
separated out by vacuum filtration through a Buchner funnel. The
resulting cake was washed with distilled water, then with ethanol, and
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reconmended by the catal yst vendor for Shell 454 Ni/WAlI[err]Jerr]
catal yst usi ngﬁ Q0n:fAQ Piuduis Ugbt dasizn heed, Pightgetitreleedgramsceadur exanger e
not provi ded uori de ncentration was WP %{) 572 9 | uene
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MPa, 5000 SCFian?2 ¢&8%sSway ehe NiMa(®en)§ o0l) 4 mdt}ritaReautecgagd ra&pee Cat al yst
activity was nonitored by changes in Refractive Index. Through the first
day of fluoriding, activity rapidly increased. After the overnight
shut down, act gisd Chelesfosondr NipasrCxo.s-Mele2sdcad behcpyapaved #s Ma,wahd“
i ncr eased aga%&héf)l(ﬁﬁaﬁhﬁo&egw‘ﬁigé’dhﬁﬁ {dl 966 indl &u@&é'é&yi&lﬁ bdolide day,
st eady perfortfance was
and cooled in an ice bath. Previously prepared ([Cr(en)3]Cl3(16.4g)
and [Ni(en)3]Cla(16.7g), synthesized in the conventional manner by
methanol precipitation from an aqueous solution of NiClz-H20 to which
sthylene diamine had been added, were dissolved in a mixture of 150 ml
water and 5 ml ethylene . diamine. This solution was filtered. The °
clear filtrate was added dropwise to the (NH;)2MoS; solution with
vigorous agitation. A red-orange precipitate formed. After addition

was complete the red-orange product was filtered. It was washed with
a mixture of 450 ml Hy0 and 60 nl ethylene diamine in 3 . washes,
followed by a 300 ml methanol wash and 100 ml diethylether wash.
After vacuum drying the yield was about 45 g. - This material was
sulfided in the same way as was the NiMn(en)g(MoO4)2 material, recited

above.

Typical Preparation of Ni(en)aWs,

125 grams of (NH;)2WS; were placed into a two liter flask
and 250 cc of ethylenediamine was slowly added. The flask was then
placed in an ice bath and cooled to about 0°C. Then a mixture of 86.2
grams NiClp-6H20 (4% excess) in S00 ml distilled water was added
dropwise, keeping the flask contents as cold as possible. After all
the reactants were combined the flask was left in the ice bath for 1/2
hour. The contents were then vacuum filtered® and the solids washed
with d2stilled water and ethanol. The catalyst precursor was pressed
into 12-20 mesh granules using a 2.25 inch die at 50,000 psi. 25
grams of the 12-20 mesh Ni(en)3WS;, was #reated with 15% HoS (balance
Hy) at 350°C for 2 hours then cooled and treated with N2 bubbling
through Ho0 to possibly for 1 hour., The procedure was repeated 4
times, then all the products were combined, re-pelleted and sieved to
a 20/40 mesh size.
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t ot al anount ot fl uoride ad d was 1.51 got26:8 wt % fl uoride on| ciat
shoul d be noted that product Refractlve | ndex has been found

unreliable indi cator of catal yst activity for raffinate hydro reatl ng.
general, the &P GL B pEemiadheen found to give a Frortae

gr adi ent through the cat aI yst bed,- with a higher concentration at the feed

inlet (bottom of bed {0g,upflow og&ﬁﬁ%}%&%& ngqg#cai{)dtdeﬁyos;réwu%ﬂegn

resulting fromthe procéed
experinents lﬂadntm&ﬂdﬁmabftdﬁssilleﬁewatet and 250 cc of et:hylenediamine were

TABLE 1 added. The flask was put into a wet ice bath S L8 e aCERBEedERIDZATI ON

with N9 bubﬂling through the solution. A solution of 77.38 grams of
CoCly-6H20 in 500 ml of methanol (methanol had had Ny sparged through
it for 1 hr) was added dropwise. After all the reactants were
combined the solution was stirred in the ice bath for 1/2 hour then
vacuum filtered under N2 and washed with four 300 ml portions of
methanol then put into a vacuum oven with a N2 bleed overnight. This
material was sulfided in the same way as was the NiMn(en)g(MoOz)2

{
;!

material, recited above.

100 grams of (NH;)7 MoS4 was placed in a 2 liter flask and
200 cc of ethylenediamine was added slowly after all the ethylene-
diamine was added the flask was put into a wet ice bath and cooled to
about 0°C with stirring. A mixt:u.ze of 45.67 gm NiCly-6H20 (1X excess)
and 38.40 grams MnClj-4H90 (12 excess) in 500 cc distilled water was
then added dropwise. Keeping the mixture as cold as possible after
all the mixture was added, the flask was left in the ice bath with
stirring for 1/2 hour then vacuum filtered. The solids were washed
with distilled water and ethanol and left overnight under N2. The
solids were then dried in a wvacuum oven. This material was sulfided
in-the same way as was the NiMn(en)g(MoOs;)2 material, recited above.

Catalysts were tested on a partially dewaxed (+8°C pour)
Isthmis 600N raffinate (82 VI@ -9°C pourjin & Micro Catalyst Screening
Unit (MCSU). In the MCSU, the 1.18 cm ID 347 stainless steel reactor
contains a 0.32 cm OD thermowell. The reactor is heated by a Lindberg
electric furnace. Typical eatalyst bed height is 24 4 (23 ml
charge), and the catalyst charge (20-28 mesh size unless stated other-
wise) is supported in the hot zone by a 140 um stainless steel filter.
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Feed Type: - 1 st hmus 600N 82VI Raffinate

DewaX|ng CbndltfﬁyyﬁmﬂﬁmB glaced 10006 MBK, 1.5/ 1 sol vent/al, +BFEetle
nspections Sul fr,

CR 1T

';‘he unit operated isothermally in a down-flow hode, and CETHGE Tun -

waxy feeds. Inlet gas rate is controlled by a Brooks mass flow meter,
gnd reactor pressure is regulated by a 90W valve. The reactors are
equipped with quick fit connections allowing them to be withdrawn and
catalysts stored under Hy or N2 pressure, and re-installed later {f
desired. Operation is normally during regular working hours only. At
the start of z day’s run, the sequence of events is: 1) Start £feed
and hydrogen flow at desired operating pressure. 2) Heat to target
reactor temperature as quickly as possible, Sampling from the gas-
1liquid separator is carried out hourly, with gas and liquid flows and
liquid product yieid recorded at that time. At the end of the day’s
operation, the unit is shutdown as follows: 1) Cool down reactor as
quickly as possible under 'gas and liquid flow, to leas than 150°C., 2)
Bottle up reactor under H9 pressure. Feed characterization data is
provided in Table 1. Operating conditions ware 8.5 MPa Hp; 1.0 LHSV,
and treat gas rvate of 425 ml/minute (- 6200 SCF/B), with activity
varied by reactor temperature between 325 and 380°C. Lined out total
liquid product from each days run was blended and topped to give
360°C+ product in a HIVAC model C still. Operating conditions, yields
and product characterizations for each of the five catalysts are
contained in Tables 2 to 7. Data for fluorided Ni/W/A1203 catalyst, a
high activity hydrocracking/hydrotreating catalyst, available as Shell
454, is included for comparison purposes and reported in detail in
Table 2A. The process of the present invention using bulk Ni/Mn/Mo
and Ni/Cr/Mo sulfide catalysts is superior for VI increase and, in the
case of the Ni/Mn/Mo sulfide catalyst é.lso superior for aromatics
saturation as compared to the other catalysts tested, including
fluorided Ni/W/A1203. The process of the present invention, by using
the recited bulk sulfide catalysts also gwoids the use of any
fluoriding agent and, therefore, avoids the corrosion associated with
the presence of fluoride in hydrotreating and ancillary equipment.

ctiv d Fluo 454 Catsglyst
The Ni/W/Al903 catalyst was activated by a preeadure recom—

mended by the vendor, as follows: The 20-28 mesh sized catalyst was
calcined at 485°C for 1 hour prior to loading. Twenty-three cc of
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catalyst was charged to the MCS unit reactor. Following cold pressure
testing with Ny and Hy (8.5 MPa), the reactor was purged with Np (6
CF/hr) and heated to 420°C, pressure tested at 8.5 MPa, held at these
conditions overnight, then cooled to 107°C. Treat gas was changed to
2% HyS in Hp, and sulphiding feed was introduced (1.49 g dimethyl
disulphide per 100 g CWO base) at maximum pump rate, 4.1 MPa pressure,
and 136 ml/min (0.28 CF/hr) treat gas rate. When liquid flow through
the sepsrator had been established, feed rate was reduced to 1 IHSV,
and the reactor quickly heated to 190°C, held for 3 hours, heated to
330°C at &47°C per hour, held for 1 hour, then cooled to 50°C with gas

and liquid flow.

In-situ fluoriding with 2-fluorotoluene is recommended by
the catalyst vendor for Shell 454 Ni/W/Al903 catalyst using 400-800
ppm fluoride in feed, but detailed procedures were not provided.
Fluoride comcentration was 1000 wppm (0.575 g 2-fluorotoluene per 100
g CWO base), and process conditions . were 360°C, 4.0 LHSV, 8.5 MPa,
5000 SCF/B treat gas rate. Catalyst activity was monitored by changes
in Refractive Index. Through the first day of fluoriding, activity
rapidly increased. After the overnight shutdowm, activity was lower
than at the end of the previous day, and increased again through the
second day of fluoriding. During the third day, steady performance
was observed, and fluoriding was terminated at this point. At the
start of each days’ run, fluoride containing feed was pumped through
the reactor as the temperature was increased from ambient to 360°C,
and again as the reactor was being cooled at the end of the days rum.
The nominal total amount of fluoride added was 1.51 g or 6.8 wtX
fluoride on catalyst. It should be noted that product Refractive
Index has been found to be an unreliable indigator of catalyst
activity for raffinate ' hydrotreating. In general, the fluoriding
procedires have been found to give a large fluoride gradient through
the catalyst bed, with a higher concentratf¥n at the feed inlet
{bottom of bed for upflow operation). The fluoride distribution
resulting from the procedures used in these small lab unit (MCS units)
experiments is not known at this time.
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Feed Type:

Dewaxing Conditions:

Isthmus 600N 82VI Raffinate

100Z MBK, 1.5/1 solvent/al,
+8°C filter temp.

Feed Inspections
Sulfur, wtZ 1.07
Total nitrogen, wppm - 280
Basic nitrogen, wppm 159
Viscosity @ 40°C, cSt 130.61
Viscosity @ 100°C, cSt  12.8
Viscosity Index® 89
Pour Point, °C +12

" HPLC Separation:
Saturates, wtl 55.8
Aromatics, wtX 41.2
Recovery, wtX 96.9
g6D,_°C
IBP/5 329/413
20/50 461/495
90/95 568/563
FBP 594
Mass Spectxal Composition (LVX)
Paraffins 7.77
Saturates average ring no 1.74
Alkyl benzenes . 13.37
2 ring aromatics 11.03
3 ring aromatics 2.18
4 ring aromatics 0.69

REPLACEMENT SHEET]
27 JAN 1997
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TABLE 1 (continued)

360°C+ product VI as a function of reactor t
plotted for the five bulk catalysts in Figure 1. VI is corrected to
-9°C pour point by subtracting 6 from the measured values in Tables

3-7 (assumes 1 VI unit per 3°C pour point).

The bulk Ni/Mn/Mo sulfide catalyst derived from the oxide
shows outstanding start of run activity under these conditions exhib-
iting the production of ofl of high VI at lower temperature than the
other catalyst tested with the exception of the Ni/Cr/Mo bulk sulfide
derived from the sulfide precursor. The catalyst is about 20°C more
active than Ni/W/3-A1903 in achieving the same VI.

The high initial VI (103) obtained at 340°C gradually
declinad to 95 VI after 30 hours on oil, and returmed to about 102 VI

when reactor temperature was increased to 350°C. The plotted runs are

those performed at 2 gas rate of 6200 SCF Ho/bbl. The catalyst is
also active for aromatics saturation. The catalyst had a BET surface

area of 61.7 m2/g.

NifMnAdo (from sulfide: chiomolvbdate)

This material differs nominally from the first catalyst in
the source of molybdenum used. This catalyst, however, has very poor
activity for both VI increase and aromatics saturation activity as

indicated below:

Ni/¥Mn/Mo Ni/Mn/Mo
Catalyst Lfrom oxide) (from sulfide) Ni/W/F-Al203

Reactor Temp®C 340 350 340
Product VI 95 85 89
Product Saturates 85 60 72.5
wtX

This catalyst had a BET surface area of 12.4 ml/g.
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et rrseerairmipom e e
Ni/W _(from sulphide)

The bulk nickel tungsten sulphide catalyst showed poorer
activity for both VI increase and aromatics saturation. This catalyst

had 8 BET surface area of 0.6 m2/g.

For the first eight hours on oil, this catalyst showed very
high activity, comparable to the Ni/Mn/Mo (oxide precursor) catalyst.
However, activity thereafter declined rapidly to a low level, sugges-
tive of rapid poisoning of the active sites by some feed or product
component, or possibly catalyst structural arrangement. This catalyst
had a BET surface area of 50 M2/g.

Ni/Cr/Mo (from sulphide: thiomolvbdate)

This catalyst also showed very promising activity, as
indicated in Fig. 1. Activity for VI increase was similar to that of
Ni Mn Mo (from oxide), Whereas the Ni/Mn/Mo (oxide precursor) cata-
lyst appeared to lose activity somewhat during the course of the
evaluation, the Ni/Cr/Mo catalyst activity appeared somewhat steadier.
This catalyst showed less aromatics saturation activity than did
Ni/Mn/Mo (from oxide: molybdate). This catalyst had a BET surface
area of 7.9 mz/g.
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1. A method for increasing the Viscosity Index of lubricat-
ing and speclalty oils by contacting with 8 catalyst, sald method
comprising contacting a lube or specialty oil stock under hydrotreat-
ing conditions with a specific bulk metal sulfide hydrotreating
catalyst selected from the group consisting of bulk Cr/Ni/Mo sulfide
catalyst, bulk Ni/Mo/Mn sulfide catalyst and mixtures thereof, wherein
the Cr/Ni/Mo sulfide catalyst is prepared by the decomposition in a
sulfide containing atmosphere of a [Ni(L)3](Cr(L)3)[MoS4)2-.2.5 precur—
sor complexes and the Ni/Mo/Mn sulfide catalyst is prepared by the
decomposition in inert atmosphere followed by sulfiding using H2S5/H2
of a [Ni(L)3](Mn(L)3)[Mo04]2 precursor complex whe:e L is one or more
neutral, nitrogen containing ligand, at least one of which is a
chelating polydentate ligand.

2. The method of claim 1 wherein hydrotreating conditions
comprise temperature in the range 200 to 450°C, pressure in the range
300 to 3000 psi, space velocity in the range of abour 0.1 to 5.0
v/v/hr and a treat gas rate in the range of about 200 to 20,000 SCF

Ho/bbl.

3. The method of «claim 1 or 2 wherein the
INi(L)3](Mn(L)3)[H004]2 precursor is converted into the bulk catalyst
by decomposing the precursor in the presence of an inert atmosphere at

300 te 400°C and sulfiding using HsS/Hy at 200 to 600°C and the
[Ni(L)3](Cx(L)3)[MoS4]2.2.5 precursor is converted into the bulk
catalyst by decomposing the precursor in a sulfur containing

atmosphere 2t a temperature of at least 150°C.

&. The method of claim 3 wherein the ligand is ethylene
diamine.

S. The method of claim 1 or 2 wherein the bukk metal
sulfide catalyst is used in the form of pellets made by compacting
bulk metal sulfide under pressure. -
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« INCREASING VI OR LUBE OIL HYDROTHREATING USIN
BULK MN MO OR NI CR MO SULFIDE CATALYS

ABSTRACT

Lube o0ils of increased VI are prepared by
hydrotreating using bulk Ni/Mn/No or Cr/Ni/Mo sulfide
catalysts prepared from ligated, eg., ethyleme diamine,
metal complexes. In pasticular the Ni/Mn/Mo sulfide
catalyst is prepared from the oxide precursor with
subsequent sulfiding while the Cr/Ni/Mo sulfide catalyst is
prepared from the sulfide precursor in the presence of

H,S/H,.

FIGURE 1.
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INCREASING VI OF LUBE OIL BY HYDROTREATING

Description

Dascription of the Invention

The Viscosity Indax of lutricating and spsciality oils can be increased by hydrotreating said ail employing as the
hydrotrealing catalyst a bulk NVMn/Mo or Cr/Ni¥Mo sulfide catalyst prepared from ligated, e.g. ethylene diamine metal
complexes wharsin the Ni/Mn/Mo sulfide catalyst is prepared from the oxide precursor with subsequent sulfiding while
the Cr/Ni/Mo suifide catalyst is preparad trom the sulfide pracursor in the presence of HyS/H,.

Backaround of the invention

Raffinate hydrotreating and hydrocracking processes to produce lube stocks are well known. In general, these
processes amploy catalysts which comprise metal oxides or sulfides supported on alumina cr silica-alumina. Metals
usually include nickel, molybdenum, cobalt, manganese, tungsten, etc. and mixtures theraof in the oxide or sulfide
state, When the catalyst is in the oxide state the snvironment of use being one containing sulfur containing species
converts the metal oxides into metal suffides.

The objectives in the hydrotreater are to increase VI and saturates levels. Catalysts used today in lubes hydrot-
raating do not perform this function very well insofar as they are employed principally for hydrodesulfurization, hydro-
denitrogenation, color improvament and residual extraction solvent removal. High pressure hydrocracking of distillates
or deasphalted oil is an acknowledged altemative to solvent extraction and, in the case of distillate hydrocracking all
of the V! increass, saturates increase and aromatics decrease are achieved by the catalytic conversion. .

The major réactions which contribute to VI increase are of the ring opening type, whether the ring is aromatic or
cyclic saturated. Hydrogenation will contribute to a lesser degree to VI increase. At low severity, hydrodesulfurization
will give a 3-4 VI unit increase, most likely the result of ring opening that occurs with the hydrodesuifurization of thi-
ophenic structures.

US 4,650,563 teaches molybdenum and/or tungsten hydrotreating catalysts prepared from promoter metal thio-
molybdate and/or thictungstate complexes and their use as hydrotreating catalysts. The catalysts are prepared by
heating one or mors catalyst precursors under oxygen-fres conditions in the presence of sulfur at a temperature of at
least about 150°c. The catalyst precursors will be one or more compounds of the formula (ML){Mo, Wy, S,) wherein
M comprises one or more divalent promoter metals selected from the group consisting of Ni, Co, Zn, Cu and mixtures
thereof, wherein y is any value ranging from 0 to 1 and wherein L is one or more neutral, nitrogen containing ligands
at least one of which is a chelating polydentate ligand. L may be ethylene diamine.

US 4,716,138 teaches a catalyst composition comprising an amorphous sulfide of trivalent chromium and at least
one metal selected from the group consisting of (a) molybdenum, tungsten and mixtures thereof and (b) mixtures of
{a} with iron, nickel, cobalt, manganese, copper, zinc and mixtures thereof. The catalyst is prepared by heating one or
more precursors at a temperature of at least about 200°C under oxygen-free conditions in the presence of sulfur,
wherein said precursor is selacted from the group consisting of

[Cry M LX J(MoS 4_)ﬂ‘;,[Cr.'_zMzLX},](WS,‘)“

and mixtures thereof wherain M is one or more divalent promoter metals selected from the group consisting of Mn, Fe,
Co, Ni, Cu, Zn and mixtures thereof, wherein L is one or more neutral nitrogen-containing ligands, wherein ligand X is
a singly-charged anionic species such as NO,*, OH-, CI, etc. and wherein 1>2.0.1-z2y.0 and whersin n equals (3-z-
y¥2. The catalysts are good hydroprocessing catalysts, particulady hydrotreating catalysts. These catalysts were dem-
onstrated for their HDS and HDN ability on fight catalytic cycle oil (LCCO).

See also U.S, Patent 4,626,339 which teaches the supported version of the catalyst of *139.

U.S. 4,663,023 teaches hydrotraeating with self promated molybdenum and Tungsten sulfide catalysts. Catalysts
are made from precursars which are one or more compounds of the formula ML{MoyW, 4O4) wherein Mis one or more
promoter metals selected from the group consisting essentially of Mn, Fe, Co, Ni, Cu, Zn and mixtures thereof Osy<1t
and L is a nautral nitrogen containing ligand. This patent would, therefor, embrace Mn/Ni/Mo suifide and NifMo sulfide
catalysts. The patent claims the use of these catalysts in general to hydrorefine hydrocarbon feeds including lube oils.

U.S. 4,698,145 teaches the upgrading of hydrocarbon feeds by use of a supported self-promoted catalyst. The
catalyst is prepared by heating a composite of support material and one or more catalyst precursor saits under oxygen-
frae conditions and in the presence of sulfur. The precursor salt or salts are of the general formula (HL)(Mo,W,_,S,)
whersin M is one or more promotar metals selected from the group consisting essentially of Mn, Fe, Co, Ni, Zn and
mixtures thereof, 0<y<1, and L is a neutral, nitrogen containing ligand. This patent would, therefore, embrace supported
Mn/NiMo sulfide and supported NiMo sulfide catalysts. The claims racite lube oil as one of the hydrocarbon feeds
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treated using this class of catalysts in genaral,
U.S. 4,595,672 is directed ta a method for making self-promoted sulfide hydrotreating catalysts:=The-eatalysis-are——e
made from pracursors which ara one or more compounds of the formula ML{(Ma, W ,O4) where M is one or more
promoter metals selactad from the group consisting assentially of Mn, Fe, Co, Ni, Cu, Zn and mixturas thereof an
O<y<1. This patent would, therefore, embrace NiMn/Mo sulfide and NiiMo sulfide catalytic materials. L is a neutral
nitrogen containing ligand.
U.S. 4,668,376 teaches supported Mn sulfide promotad Mo and W sulfide hydroprocessing catalysts. The catalysts
are made Irom thiometalate precursor saits of the formula (ML}(Mo, W, ,S,) where M comprises ona or mors divalent
promoter metals selected from Mn and mixtures of Mn with one or more of Ni, Co, Cu, Znor mixtures thereof any 0sy<!1
and L is a neutral nitrogen containing ligand. This patent would, therefore, embrace NiMn/Mo sulfide and N¥Mo sulfide
catalytic materials, The patent claims the uss of these catalysts in general for hydrorefining hydrocarbon teeds including
lube ails.
U.S. 4,591,429 teaching hydroprocessing of hydrocarbon feeds employing supported sulfided catalyst. The cata-
lyst comprises a sulfide of (1) chromium, (2) Mo, W or mixtures thereof and (3) at least one metal selected from the
group consisting of Ni, Co, Mn, Cu, Zn and mixtures thereof, and mixtures thereof with Fe, The catalysts are made by
compositing a pre-selected quantity of support material with a precursor comprising a mixture of {1} hydrated oxide of
trivalent chromium and (2) a salt containing a thiometallate anion of Mo or W and a cation comprising at least one
divalent pramoter metal. This patent would, theretore, embrace supported Cr/NifMo suffide catalyst and claims the use
of these catalyst in general for hydroprocessing hydrocarbon teeds, including lube oil.

Descrintion of The Figure

Figure 1 compares the 360°C+ product VI as a function of reactor temperature for five bulk metal catalysts and a
Ni/W/F/AL O, reference catalyst.

Detailed Description of the Invention

Lubricating and/or specialty il stocks such as deasphalted oil stocks, lube oil distillates, and soivent extracted
lube oil raffinates can have their viscosity indexes increased by hydrotreating, employing specific bulk metal sulfide
hydrotreating catalysts selected from the group consisting of bulk Ce/Ni/Mo sulfide catalyst, bulk NiMo/Mn suifide
catalyst and mixtures thereof wherein the catalysts are prepared from specific metal complexes and whersin the NV
Mn/Mo sulfide catalyst is prepared from the oxide precursor decomposed in an inert atmosphere such as N, and
subsequently sulfided using HoS/H, and the Cr/Ni/Mo suifide catalyst is prepared from the suffide precursor and de-
composed in a non-oxidizing, sulfur containing atmosphere.

These two catalyst have been found to significantly and, surprisingly, to a higher degres than other catalysts,
increase the Viscosity Index of lube oil stocks. The feed stocks are contacted with the catalyst under hydrotreating
conditions comprising temperatures in the range of about 200 to 450°C, preferably about 300 to 380°C, pressures in
the range of about 300 to 3000 psi (20.7 to 206.9 bar), preferably at least about 1000 psi (69 bar), space velocity in
the range of about 0.1 to 5.0 vAvhr., preferably about 0.5 to 2.0 viv/hr. and a treat gas rats in the range of about 200
to 20,000 SCF Hy/bbl (35.6 to 3557.9 m3H,/m3 feed), preferably about 700 to 5,000 SCF Ha/bbi (124.5t0 889.5 m3Hy/
m?3 feed),

The catalysts are prepared by using [Ni{L)g}(Mn{L}3)[MoO,], or [Ni{L)3][Cr(L}5]IMoO ). 5 88 precursor complexes,
where L = one or more neutral, nitrogen containing ligands at feast one of which is a chelating polydentale ligand such
as ethylenediamine. These complexes are prepared by reaction of appropriate metal salts with the ligand solution.

The ligand or ligands L will generally have a denticity of six and will be one or more neutral, nitcogen containing
ligands wherein at least one of said ligands is a multi-dentate chefating ligand which chelates the metal cation of the
metal salt to form a chelated metal species such as {ML]2*, whers M is Ni or Cr and Mn.

Those skilled in the art know that the term *ligand” is used to designats functional coordinating groups which have
one or more pairs of efectrons available for the formation of coordinate bonds. Ligands that can form more than one
bond with a metal ion are called polydentate while ligands that can form only one bond with a metal ion are called
monodentate. Monodentats ligands are not capable of forming chelates. Hence, if one uses one or more species of
monodentate ligands in the precursor molecule, then one must also use at least one polydentate chelating ligand.
Praferably L will be ona or more polydentate chelating ligands. The denticity of the ligand L will generally be six, because
the promoter metal cations prefer six-fold coordination. Hencs, if more than one species of ligand is employed in the
precursor molecule, the denticily of the ligand spacies will usually add up to six. It should be understood that it is
possible for ligand L to have a total denticity ot less than six, but in most cases L will have a total denticity of six. Thus,
L will be three bidentate ligands, two tridentate ligands, a mixture of a bidentate and a quadridentats ligand, a hex-
adentate ligand or a mixture of a polydentats ligand with monodentate ligands so long as the combination has a total
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denticity of six. As has herelofcre been stated, it is preferred to use chelating bidentate and tridentate ligands. In
ganeral, the ligands useful in this invention include alky! and aryl amines and nitrogen heterocycles. lliustrative but
non-fimiting examplas of figands useful in the catalyst precursors of this invention are set forth below.

Monodentate ligands will include NHy as wall as alkyl and aryl amines such as ethyl amine, dimethyt amine, pyri-
dine, etc. Usetul chelating bidentate amine ligands are illustrated by sthyienediamine, 2,2'-bipyridine, o-phenylene
diamine, tetramathylethylenadiamine and propane-1,3 diamine, Similarly, useful chelating tridentate amine ligands are
represented by terpyridine and diethylenetriamine whils tristhylenetetramine is illustrative of a useful chelating quad-
ridentate amine ligands. Useful chelating pentadentate ligands include tetraethylenapentamine while sepuichrate (an
octazacryptate) is illustrative of a suitabla chelating hexadentate ligand. However, as a practical matter it will be pre-
ferred to use chelating, polydentata alkyl amines for L. |llustrative, but not limiting examples of alkyl amines that are
useful in the catalyst pracursor of this invention include ethylenediamine, diethylenetriamine, and telraethylenete-
tramine. It is particularly preferred to use bidentate and tridentate alkyl amines such as ethylenediamine, (en) and
diethyleneriamine, (dien), ’

Many of the precursor saits useful in forming the catalysts of this invention and methods for preparing them are
known in the art. An article by Diemann and Mueller titled Thio and Seleno Compounds of the Transition Metals With
de configuration published in COORD. CHEM. REV. 10:78-122 provides a review of known salts. in general, the pre-
cursor saits useful for forming the catalysts useful in this invention may be prepared by mixing an aquecus sclution of
ammonium thiomolybdate with an aqueous solution of the chelated promoter metal cation {MLPR+ which results in the
formation of the precursor salt as a precipitate which is readily recovered. The chelating promoter cation is sasily
formed by, for example, mixing an agueous solution of one or more water soluble promoter metal salts with the ligand
or mixtura of ligands. The water soluble salt may be any water soluble salt that is convenient to use such as a halide,
sultate, perchlorate, acetate, nitrate etc. Alternatively, an aqueous solution of ammonium thiomolybdate may be mixed
with the ligand with the resulting sofution mixed with an aqueous solution of promoter metal salt or the saft ¢an be
added to the ligand and dissolved into the solution of thiomolybdate and/or thictungstate. However, it should be un-
derstood that the catalyst precursor preparation is not intended to be fimited to aqueous media.

The [Ni{L)3}(Mn(L}a)(MoQ4], precursor is converted into the bulk catalyst by decomposing the precursor complex
under inert conditions, such as in the presence of N, or an inert gas at 300 to 400°C, The decomposed material is
subsequently sulfided using HaS/H, at 200 to 600°C, preferably 250-500°C, most preferably 200-400°C. A preterred
ligand is ethylene diamine.

The [Ni{L)aJ(Ce{L)3){M0S Jz.2 5 precursor is converted into the bulk sulfide catalyst by decomposing the precursor
complex in a sulfur-containing non-oxidizing atmosphere, preferably at atemperature of at least 150°C, more preferably
at least about 200°C, for a time sufficient to form the catalyst. A preferred ligand is ethylenediamine.

The suffur required during the formation of the catalyst may be that which Is present in the precursor sait. Thus,
the Ni/Cr/Mo catalyst composition used in this invention will be formed if no excess sulfur is present and if the oxygen-
free atmosphere Is relatively inert, such as nitrogen, It is preferrad that the sulfur will be present in an amount in excess
of that contained in the precursor salt. [t is preferred that the catalyst be formed by heating the precursor in the presence
of excess sulfur, it is also preferred that the excess sulfur be present in the form of a sulfur bearing compound which
can be one or more solids, liquids, gases or mixtures thereof, Mixtures of hydrogen and H,S have been found to be
particularly suitable. In general the temperatura will range between from about 150°-600°C, preferably 250-600°C,
and still more preferably from about 300°-400°C. The non-oxidizing atmosphere may be gaseous, liquid or mixture
thereot.

Thess bulk metal sulfide catalysts are relatively low surface area materials of about 50m/gram.

The catalyst is prepared in a two step operation. Appropriate saits of Ni, Cr, and Mn are reacted in the presence
of excess ligand in combination with MoS,2- or MeO,2, Methanol is used as the solvent. Ons recovers either

(Ni(L){Cr(L)4{M0S )55 25

(NIL)3XMn(L)3)}(MoQ, ),

which are then decomposed as praviously described,

The butk metal sulfide catalysts are most conveniently used as shaped pellets or extrudates. The bulk metal sulfide
can be pelisted by the application of extremely high pressure. Bulk metal sulfide catalyst pellets have been prepared
using what is believed to be this high prassure technique but the details are not known. Another technique involves
praparing the bulk metal sulfide in the presence ot colloidal silica or colloidal alumina, racovering the precipitate, drying,
and grinding the recovered cake and pelietizing using polyvinyl alcohol, in accordance with the procedure of U.S.
Patent 4,650,563 and U.S. Patent 4,591,429. It is possible thal a preferred butk metal sulfide catalyst pellet or extrudate
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is producsd witheout the uss of dny silica or alumina solely by smploying standart, commercial high pressure pelleting,
but econamics and cost sffactiveness will bacome important issues.

Experimental

Five bulk metal sulfide catalysts wera evaluated for raffinate hydrotraating to deterhine their effect on VI improve-
ment. Thesa catalysts wera:

1) Nig 5 Crg 5 Mo {from thiomolybdata)
2) Nig. Mng g Mo (from thiomolybdate)
3) NiW ({from thiotungstate)

4) Nig s Mng 5 Mo (from molybdate)

5) CoMo {from molybdata)

These bulk materials were pellsted using high pressurs without any silica or alumina binder material. The pellsted
material was then crushed and sieved 1o secure particies of about 1/16 inch (1.5875 mm).

The following are representative of typical procedures used to produce materials of the type identified above.
They are not offered as recitations of the exact, specific procedures used to produce the particular materiais hereinafter
identified.

Typical Preparation of NiMa(NH,CH,CH,NH,)e{MoO 4}, with subsequent sulfiding

88.2g {NH,)gMo;0,4-4H,0 were dissolvad in 200 mi H,O plus 100 mi sthylenediamine. 72.2g Ni{NOg),-6H,O and
49.5g MnCl,-4H,0 were dissolved in 800 mi deasrated (N, bubbler} methanol. The molybdate solution was pfaced in
a 2-liter flask and deaerated with a nitrogen bubbler while stirring with a mechanical stirrer. Under a blanket of Ny, the
Ni- and Mn- containing solution was added dropwise to the flask from a dropping funnel. A precipitate formed. The
precipitate was allowed to settle and the supernatent fiquid was siphoned off. Two methanol (deaerated) rinsings were
performed, each time siphoning off supematent-liquid. The precipitate was finally recovered by vacuum fiitration from
methanol in an N, almosphere box. The yield was 87.2%. The catalyst precursor was dried under vacuum at 5¢°C
overnight,

The precursor was then pelletized into a diek and then crushed into 20740 (Tyler} mesh (840-420 um) granufes.
Sulfiding of the precurscr compound to bulk catalysts was dons by heating under nitrogen for SQ minutes to 370°C,
holding at 370°C for one hour, then heating under a stream of 10% H,S in hydrogen for tan minutes to 400°C and
holding at that temperature under H,S/H, for two hours. Cooling over 1.5 hrs under HS/H, to <100°C was followed
by cocling to room tempsrature under nitrogen and passivation at room temgerature with a stream of 1% O/N,, for
half an hour.

Typical Preparation of Cr-Containing Catalysts

Chromium containing catalyst can be prepared via two different chemistries, olation and chelation in non-rigorous
terms. The following reported procedures are representative of the typical techniques employed in producing the ma-
terial from the thiomolybdate,

Via Olation: A Nig 5~Crg 5-Mo calalyst can be prepared as follows: 40g (NH,),MoS, was added to 82 mi of dieth-
ylenetriamine (dien) in a one liter flask. Distilied H,O was used twice to wash off any solution remaining on the sides
of the flask. The resulting dark red solution was cooled to 0°C in an ice bath and kept in the bath for the duration of
the preparation. In a separate flask, 16.52 grams of CrCl3-6H,0 and 14.77 gm of NiCly-6H,0 were dissolved into a
mixture of 250 mi of distilled H,O and 25 mi of diethylenstriamine to precipitate the hydrated chromium oxide and to
chelate the nickel ion. This slurry was allowed to stand for 2-3 hours after which it was slowly added dropwiss, to the
cold (NH,;),MoS,/dien solution with agitation after each addition keeping the flask as cold as possible, which resuited
in a bright orange pracipitate being formed. The resulting precipitate-containing mixture was stirred in the ice bath for
one half hour after the addition was completed. The precipitate was separated out by vacuum filtration through a
Buchner funnel. The resulting cake was washed with distilled water, then with ethanol, and dried under vacuum for

16-24 hrs. Eighty-three grams of orange colored precipitate ware recoverad, This material was suifided in the same
way as was the NiMn{en)g{MoO,), material, recited above.

Via chelfation; A Nig g-Crg s-M0y 25 can be prepared as follows: 38 grams of {NH,); MoS, was dlssolved in 100 ml
degassed ethylena diamine and cooled in an ice bath. Previously prepared [Cr(en),]Cla{16.4g) and [Ni(en),]Cla(16.7g}
synthesized In the conventional manner by methanol precipitation from an aqueous solution of NiC%+H,O to which
athylene diamine had been added, were dissolved in a mixture of 150 m{ waterand 5 ml ethylene diamine. This solution
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was filtarad. Tha clear filtrate was added dropwise to the (NH,),MaS, solution with vigorous agitation. A red-orange
precipitate lormed. After addition was complate the red-crange product was fillered. It was washed with a mixture ol
450 mi HyO and 80 mi ethylene diamine in 3 washes, followed by a 300 ml methanol wash and 100 mi diathylether
wash. After vacuum drying the yield was about 45 g, - This material was sulfided in the same way as was the NiMn
{en)g(McO,), matarial, recited abova.,

Typical Preparation of Nifen},WS,

125 grams of {NH,),WS, were placed into a two liter flask and 250 ¢md of athylenediamine was slowly added.
The flask was then placed in an ice bath and cooled to about 0°C. Then a mixture of 86.2 grams NiCly-8H,0 (4%
excess) in 500 mi distillec water was added dropwise, keeping the flask contents as cold as possible. After all the
reactants were combined the flask was left in the ice bath for 1/2 hour. The contents were then vacuum filtered and
the solids washed with distilled water and ethanol. The catalyst precursor was pressed into 12-20 (Tyler) mesh
{1410-840 um) granules using a 2.25 inch (5.715 cmy) die at 50,000 psi (3448.3 bar). 25 grams of the 12-20 (Tyler}
mesh {1410-840 um) Ni{en); WS, was treated with 15% H,S (balance H,) at 350°C for 2 hours then cooled and treated
with N, bubbling through H,O to possibly for 1 hour. The procedure was repeated 4 times, then all the products were
combined, re-pelleted and sieved to a 20/40 (Tyler) mesh {840-420 um) size.

Typical Preparation of Cofen}aMoO,

57.38 grams of (NH,)gMo;0,,-4H,0 was put into a two liter flask and 125 em? of distilled water and 250 cm® of
ethylenediamine were added. The flask was put into a wet ice bath and cooled to about 0°C with N bubbling through
the solution. A solution of 77.38 grams of CoCly-6H,0O in 500 mi of methanol (methanol had had N, sparged through
it for 1 hr) was added dropwise. After all the reactants were combined the solution was stitred in the ice bath for 1/2
hour then vacuum filtered under N, and washed with four 300 mi portiens of methanol then put into a vacuum oven
with a N, bleed overnight. This material was sulfided In the same way as was the NiMn(en)s(MoQj), material, recited
abovs.

Typical preparation of Niy g Mng g(en).MoS

100 grams of (NH,), MoS; was placed in a 2 liter flask and 200 cm? of ethylenediamine was added slowly after
all the ethylenediamine was added lhe flask was put into a wet ica bath and cocled to about 0°C with stirring. A mixture
of 45.67 gm NiCl,-6H,0 (1% excess) and 38.40 grams MnCl,-4H,0 (1% excass) in 500 cc distilled water was then
added dropwise. Keeping the mixture as cold as possible after all the mixture was added, the flask was left in the ice
bath with stirring for 1/2 hour then vacuum filterad, The solids were washed with distilled water and ethanol and left
overnight under N,. The solids were then dried in a vacuum oven. This material was sulfided in the same way as was
the NiMn{en)s{MoO,), material, recited above.

TJest Procedure:

Catalysts wers testad on a partially dewaxed {+8°C pour) Isthmus 800N raffinate (82 VI@ -§°C pour)in a Micro
Catalyst Screening Unit (MCSU). In the MCSU, the 1.18 cm ID 347 stainless stee! reactor contains a 0.32 cm OD
thermowell. The reactor is heated by a Lindberg electric fumacs. Typical catalyst bed height is 24 cm (23 mi charge),
and the catalyst charge {20-28 (Tyler) mesh (840-580 um) size unless stated ctherwise) is supported in the hot zone
by a 140 um stainless steel filter. The unit operated isothermally in a down-flow mode, and cannot run waxy feeds.
Inlet gas rate is'controlled by a Brooks mass flow meter, and reactor pressure is regulated by a 90W valve. The reactors
are equipped with quick fit connections allowing them to be withdrawn and catalysts stored under H, or N, pressure,
and re-instalted later if desired. Operation is normally during regular working hours only. At the start of a day's run, the
sequence of events is: 1) Start feed and hydrogen flow at desired operating pressure. 2) Heat to target rsactor tem-
perature as quickly as possible. Sampling from the gas-liquid separator is carried out hourly, with gas and liquid flows
and liquid product yield recorded at that time. At the end of the day's operation, the unit is shutdown as follows: 1) Cool
down reactor as quickly as possible under gas and liquid flow, to less than 150°C. 2) Bottle up reactor under H, pressure.
Feed characterization data is provided in Table 1. Operating conditions were 8.5 MPa H,, 1.0 LHSV, and treat gas rate
of 425 mi/minute (- 5200 SCF/B ; 1103 m3 gas/m3 fasd)) , with activity varied by reactor temperature between 325 and
380°C. Lined out total liquid product from each days run was blended and topped to give 360°C+ product in a HIVAC
modal C still. Operating conditions, yields and product characterizations for each of the five catalysts are contained in
Tables 2 to 7. Data for fluorided Ni/W/AIL,O; catalyst, a high activity hydrocrackinghydrotreating catalyst, available as
Shall 454, is included for comparison purposes and reported in dstail in Table 2A. The process of tha present invention
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using bulk NifMn/Mo and NiZCe/Ma sulfide catalysts is superior for V! incresse dnd, in the case o
catalyst alsa superior for aromatics saturation as compared to the other catalysts tested, including fuarided Ni/W/
AL, The pracess of the prasant invention, by using the recited bulk sulfide catalysts also avoids the use of any
fluoriding agent and, therefare, avoids the corrosion associated with the prasence of fluoride in hydrotreating and
ancillary equipment.

Activation and Fluoriding of Shell 454 Catalyst

The Nift/Al,O4 catalyst was activated by a procedure recommended by the vendor, as follows: The 20-28 (Tyler}
mesh {840-590 pm) sized catalyst was calcined at 485°C for 1 hour prior to foading. Twenty-three cm? of catalyst was
charged to the MCS unit reactor. Following cold pressure testing with N, and Hy (8.5 MPa), the reactor was purged
with N, (6 CF/r; 0.17 m¥/h) and heated to 426°C, prassure tested at 8,5 MPa, held at these conditions overnight, then
ceoled to 107°C. Treat gas was changed to 2% H,S in H,, and sulphiding feed was introduced (1.4¢ g dimethyl disul-
phide per 100 g CWO base) at maximum pump rate, 4.1-MPa pressure, and 136 mi/min (0.28 CF/hr; 0.05 m%h) treat
gas rate. When liquid flow through the separator had' been established, feed rate was reduced to 1 LHSV, and the
reactor quickly heated to 180°C, held for 3 hours, heated to 330°C at 47°C per hour, held for 1 hour, then cocled to
50°C with gas and liquid flow.

In-situ fluariding with 2-flucrotoluene is recommended by the catalyst vendor for Shell 454 NYW/AIL,O, catalyst
using 400-800 ppm fluoride in feed, but detailed proceduras were not provided. Flucride concentration was 1000 wppm
{0.575 g 2-fluorctoiuene per 100 g CWO bass), and process conditions wers 360°C, 4.0 LHSV, 8.5 MPa, 5000 SCF/
B (889.5 m? gas/m® fead) treat gas rats, Catalyst activity was monitored by changes in Refractive Index. Through the
first day of fluoriding, activity rapidly increased. After the ovemight shutdown, activity was lower than at the end of the
previous day, and increased again through the secand day of fluoriding. During the third day, steady performance was
observed, and fluoriding was terminated at this point. At the start of each days’ run, fluoride containing feed was pumped
through the reactor as the temperature was increased from ambient to 360°C, and again as the reactor was being
cooled at the end of the days run. The nominal total amount of fluoride added was 1.51 g or 6.8 wt% fluoride on catalyst.
It should be noted that product Refractive Index has been found to be an unreliable indicater of catalyst activity for
raffinate hydrotreating. In general, the fluoriding procedures have been found to give a large fluoride gradient through
the catalyst bed, with a higher concentration at the feed inlet {bottorn of bed for uptlow cperaticn). The fuoride distri-
bution resulting from the procedures used in these small lab unit {(MCS units) experiments is not known at this time.

TABLE 1

FEEDSTOCK CHARACTERIZATION
Feed Type: lsthmus 60CN 82V! Raffinate
Dewaxing Conditions: 100% MBK, 1,5/ solvent/al, +8°C filter temp.
Feed Inspections
Sulfur, wt% 1.07
Total nitrogen, wppm 250
Basic nitrogen, wppm 1589

Viscosity @ 40°C, cSt (or 108 m2/s) | 130.61
Viscosity @ 100°C, ¢St {or 108 m¥/s) | 12.8
Viscosily [ndex 89

Pour Point, *C +12
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TABLE 1t (continued)
FEEDSTOCK CHARACTERIZATION
HPLC Separation:
Saturates, wt% 55.8
Aromatics, wt% 41.2
Recovery, wt% 96.9
GCD, *C
IBP/5 329/413
20/50 461/495
90/95 568/563
FBP 594
Mass Spectral Composition (LV%)
Paraffins 7.77
Saturates average ring no 1.74
Alkyl benzenes 13.37
2 ring arcmatics 11.03
3 ring aromatics 2.18
4 ring aromatics 0.69

360°C+ product VI as a function of reactor temperaturs is piotted for the five bulk catalysts in Figure 1. V1 is
corrected to -8°C pour point by subtracting 6 from the measured values in Tables 3-7 (assumes 1 V1 unit per 3°C pour

point).
Ni/Mn/Mo {from oxide: molybdate)

The bulk NiMn/Mo sulfide catalyst derived from the oxide shows outstanding start of run activity under thess
conditions exhibiting the production of oil of high V1 atlowsr temperature than the other catalyst tested with the exception
of the NVCr/Mo bulk sulfide derived from the sulfide precursor. The catalyst is about 20°C more active than NiW/
3-Al,0, in achieving the same VI.

The high initial VI (103) obtained at 340°C gradually declined to 95 VI after 30 hours on oil, and returned to about
102 VI when reactor temperature was increased to 350°C. The plotted runs are those performed at a gas rate of 6200
SCF Hy/bbl {1102.9 m3H,/m? feed). The catalyst is also active for aromatics saturation. The catalyst had a BET surface
area of 61.7 m2/g,

NiMn/Mo {from sulfide: thiomolybdate)

This material ditfers nominally from the first catalyst in the sourcs of molybdenum used. This catalyst, however,
has very poor activity for both V1 increase and aromatics saturation activity as indicated below:

Catalyst Ni/Mn/Mo (from oxide) | NVMn/Ma (from sulfide) | Ni/W/F-Al,O4
Reactor Temp°C 340 340 340
Product VI 95 8s 89
Product Saturates 85 60 72,5
wi%

This catalyst had a BET surface area of 12.4 m?/g.
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NiIAW (from sulphide]

The bulk nickel tungsten sulphide catalyst showed poorer activity for both VI increase and aromatics saturation.
This catalyst had a BET surface area of 0.6 m2/g,

Co/Mo {from oxide: molybdate)

For tha first sight hours on oil, this catalyst showed very high activity, comparable to the NiMn/Mo (oxide precursor)
catalyst. However, activity thereafter declined rapidly to a low level, suggestive of rapid poisoning of the active sites
by some feed or product component, or possibly catalyst structural arrangement. This catalyst had a BET surface area
of 50 m¥g. .

Ni/Cr/Mo (from sulphide: thiomolybdats)

This catalyst also showed very promising activity, as indicated in Fig. 1. Activity for VI increase was similar to that
of Ni Mn Mo {from oxide). Whereas the NiMn/Mo {oxide precursor) catalyst appeared to lose activity somewhat during
the course of the evaluation, the NI/Cr/Mo catalyst activity appeared somewhat steadier. This catalyst showed less
aromatics saturation activity than did NiMn/Mo (from oxide: molybdate), This catalyst had a BET surface area of 7.9
m2/g.
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Claims

1. A method for increasing the Viscosity Index of lubricating and speciaity cils by contacting with a catalyst, said
method comprising contacting a lube or specialty cil stock under hydrotreating conditions with a spacific bulk metal
sultide hydrotreating catalyst selacted lrom the group consisting of bulk CrNi/Mo sulfide catalyst, bulk Ni/Mo/Mn
sulfide calalyst and mixturas thereof, wharain the Ct/Ni/Mo sulfide catalyst is prepared by dacomposition in a non-
oxidizing sulfur<containing atmosphere of a [Ni{L)sJ{Ce{L)5}{MoS,)s.05 precursor compiaexes and the Ni/Me/Mn
sulfide catalyst is prepared by decomposition in inert atmosphere followed by sulfiding using H,S/H, of a [NifL}4]
{Mn(L)g}(MoQyl, precursor complex where L is ona or mora neutral, nitrogen containing ligand, at least one of
which is a chelating polydentate ligand.

2. The methed of claim 1 wherein hydrotreating conditions comprise temperature in the range of from 200 to 450°C,
pressure in the range of from 300 to 3000 psi (20.69 to 206.89 bar), space velocity in the range of from about 0.1
to 5.0 vivhr and a treat gas rate in the range of from about 200 to 20,000 SCF Hy/bbl (35.58 to 3557.86 m¥%Hy/
m feed).

3. The methed of ¢laim 1 or claim 2 wherein the [Ni(L}q](Mn(L)s){MoQ 4], precursor is converted into the bulk catalyst
by decamposing the precursor in the presenca of an inert atmosphere at 300 to 400°C and sulfiding using H,S/
H, at 200 to 600°C and the [Ni{L)3)(Cr{L)3)[M0oS,],.s 5 precursor is converted into the bulk catalyst by decomposing
the precursor in a sulfur containing atmosphere at a temperature of at least 150°C.

4. Tha metheod of claims 1 to 3 wherein the ligand is sthylene diamine.

5. Themethodofclaims 1 to 4 wherein the bulk metal sulfide catalyst is used in the form of pellets made by compacting
bulk metal sulfide under pressure,
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ABSTRACT

Lube oils of increased VI are prepared by
hydrotreating using bulk Ni/Mn/No or Cr/Ni/Mo sulfide
catalysts prepared from ligated, eg., ethylene diamine,
metal complexes. In pavsticular the Ni/Mn/Mo sulfide
catalyst is prepared £from the oxide precursor with
subsequent sulfiding while the Cr/Ni/Mo sulfide catalyst is
prepared from the sulfide precursor in the presence of
H,S/H,. '

« FIGURE 1.



