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NOVEL ALKYLARCMATIC LUBRICANT FLUIDS

This invention relates to novel alkylated aromatic
compositions useful as lubricant basestock and lubricant additives
and to their method of preparation. More particularly, the
invention relates to novel lubricant compositions having high
viscosity index (VI) and increased thermal stability prepared by
alkylating aromatics with olefinic polyalpha-olefin oligomers that
exhibit high VI and low pour point. This invention also relates to
novel lubricant compositions having high viscosity index (VI) and
increased oxidative stability prepared by alkylating aromatics with
mono-olefinic dimer prepared by polyalpha-clefin oligomerization
using reduced chromium oxide catalysts on solid support.

Efforts to improve the performance of natural mineral oil
based lubricants by the synthesis of oligomeric hydrocarbon fluids
have been the subject of important research and development in the
petroleum industry for at least £ifty years and have led to the
relatively recent market introduction of a number of superior
polyalpha-olefin (PAO) synthetic lubricants, primarily based on the
oligomerization of alpha-olefins or l-alkenes. In terms of
lubricant property improvement, the thrust of the industrial
research effort on synthetic lubricants has been toward fluids
exhibiting useful viscosities over a wide range of temperature,
i.e.,improved viscosity index, while also showing lubricity, thermal
and oxidative stability and pour point equal to or better than
mineral oil. These new synthetic lubricants lower friction and
hence increase mechanical efficiency across the full spectrum of
mechanical loads from worm gears to traction drives and do so over a
wider range of operating conditions than mineral oil lubricants.
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Notwithstanding their generally superior properties, PAO
lubricants are often formulated with additives to enhance those
properties for specific applications.

The more commonly used additives include oxidation
inhibitors, rust inhibitors, metal passivators, antiwear agents,
extreme pressure additives, pour point depressants,
detergent-dispersants, viscosity index (VI) improvers, foam
inhibitors and the like. This aspect of the lubricant arts is
specifically described in Kirk-Othmer "Encyclopedia of Chemical
Technology', 3rd edition, Vol. 14, pp. 477-526, Improvements in
lubricant technology pursued by artisans in the field flow From both
new additive development addressed to deficiencies in lubricant
oligomers and new oligomer development for inherently better
properties. Alkylated aromatics, particularly alkylated
naphthalene, are known in the prior art as lubricant additives for
their antiwear properties, thermal and oxidative stability as
disclosed in U.S. Patents 4,211,665, 4,238,343, 4,604,491 and
4,714,7944. Antiwear properties of alkylnaphthalene lubricating
£luids are presented in Khimiya i Tekhnologiya Topliv i Masel, No.
8, pp. 28-29, August, 1986 and show promise as base stocks for
lubricants.

Recently, novel lubricant compositions (referred to herein
as HVI-PAO) comprising polyalpha-olefins and methods for their
preparation employing as catalyst reduced chromium on a silica
support have been disclosed in U.S. Patents 4,827,064 and
4,827,073. The process comprises contacting CG-C20 1-alkene
feedstock with reduced valence state chromium oxide catalyst on
porous silica support under oligomerizing conditions in an
oligemerization zone whereby high viscosity, high VI liquid
hydrocarbon lubricant is produced having branch ratios less than
0.19 and pour point below -15°C. Lubricants produced by the process
cover the full range of lubricant viscosities and exhibit a
remarkably high VI and low pour point even at high viscosity. The
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as-synthesized HVI-PAO oligomer has olefinic unsaturation
associated with the last of the recurring monomer units in the
structure.

In the preparation of the novel HVI-PAO lubricant,
alpha-olefin dimer containing olefinic unsaturation can be separated
from the oligomerization reaction. The composition of the dimer
mixture conforms to the unique specificity of the oligomerization
reaction in that little double bond isomerization is found.
Separaticn of the dimer, representing non-lube range molecular
weight material, is necessitated to control preduct volatility and
viscosity. However, as oligomerization corditions are changed to
produce the lower viscosity products of lower average molecular
weight important to the marketplace, the non-lube range dimer
fraction by-product yield increases in proportion to that lowering
in average molecular weight of the oligomerization product. In the
synthesis of low average molecular weight oligomers substantial
amounts of products stop at the dimer stage. Once so formed, they
are inert to the further incorporation of olefin in the HVI-PAQ
oligomerization reaction. The increase in dimer by-product yield
represents a substantial econcmic burden on the overall process to
produce useful lower viscosity lubricant in the HVI-PAO process.

It has been found that aromatic compounds can be alkylated
with olefinic HVI-PAO oligomers or mono-olefinic HVI-PAO dimer in
contact with an acidic catalyst to produce novel alkylated aromatic
hydrocarbon compositions. Unexpectedly, the novel HVI-PAG alkylated
aromatic hydrocarbons retain the unique structurally related
features of the alkylating HVI-PAO olefinic oligomer and thereby
exhibit an extraordinary combination of properties relating to high
viscosity index and low pour point which makes them very useful as
lubricant base stock. Further, it has been found that the HVI-PAO
alkyl aromatic compositions show improved thermal stability. The
HVI-PAO alkylated aromatics can be prepared by using very low to
very high viscosity HVI-PAO as alkylating agent for benzene-type or
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naphthalene-type aromatics. Depending upon the HVI-PAQ molecular
weight range and the substituent groups on the aromatic nucleus,
useful lubricant additives can be prepared for improved antiwear
properties, antioxidant and other properties.

More particularly, novel alkylated aromatic hydrocarbons
have been discovered having the structure

where at least one R group is the hydrocarbyl residue of the
polymerization of CZ-C20 1-alkene, the residue having a branch

ratio of less than 0.19, weight average molecular weight between 280
and 450,000, number average molecular weight between 280 and
180,000, molecular weight distribution between 1 and 5; or where at
least one R group comprises an alkyl group, the alkyl group
comprising the hydrocarbyl moiety of the olefinic dimer of

C6-Cz0 1-alkene, uwherein dimer comprises a product or by-product

of the oligomerization of C6-C20 1-alkene under oligomerization
conditions in contact with supported reduced metal oxide catalyst,
the metal oxide catalyst comprising a lower valence state form of at
least Group VIB metal; and wherein the remaining R groups are
selected from hydrogen, Cl-CZ0 cyclic or acyclic alkyl and

alkenyl, aryl, NHZ, acylamido, halogen, acyl, NO,, YO and YS

where Y is hydroggn, acyl, alkoxycarbonyl, phenyl and CI-C20

cyclic or acyclic alkyl and alkenyl and wherein the remaining R
groups are selected from hydrogen, Cl-C20 cyclic or acyclic

alkyl and alkenyl, arvl, NHZ, acylamido, halogen, acyl, NO,, YO
where Y is hydrogen, acyl, alkoxycarbonyl, phenyl and Cl-C20

cyclic or acyclic alkyl and alkenyl.
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The novel alkylated aromatic hydrocarbons of the instant
invention can be prepared by Friedel-Crafts reaction by contacting
the HVI-PAO olefin and aromatic compound with acidic catalyst such
as Lewis acids. Aluminum chloride or zeolite catalysts are suitable.
The HVI-PAO alkylaromatic hydrocarbon has a significantly reduced
degree of unsaturatioa. Accordingly, hydrogenation of the product to
provide stable lube base stock can be eliminated for high viscosity
materials.

The process of the present invention for the preparation of
alkylaromatic hydrocarbons suitable as liquid lubricant basestock or
additive comprises:

contacting at least one alkylatable aromatic compound and
CIZ-C40 mono-olefin in an alkylation zone with acidic alkylation
catalyst under alkylation conditions, whereby alkylated aromatic
liquid hydrocarbon is produced. The mono-oclefin comprises a product
or by-product of the oligomerization of C6-C20 l-alkene under
oligomerization conditions in contact with supported reduced metal
oxide catalyst. The metal oxide catalyst comprising a lower valence
state form of at least Group VIB metal. The alkylation reaction
mixture is separated and alkylated aromatic liquid hydrocarbon
Tecovered.

In the drawings, Figure 1 is a comparison of PAO and
HVI-PAO syntheses.

Figure 2 shows a comparison of VI for PAO and HVI-PAQ.

Figure 3 illustrates the possible dimer structures from the
oligomerization of l-decene according to the HVI-PAO process.

In the present invention aromatic hydrocarbons, including
substituted hydrocarbons, are alkylated with unique olefin oligomers
produced from the oligomerization of l-alkenes in contact with
reduced chromium oxide on silica support. As oligomerized, these
HVI-PAO oligomers are mixtures of dialkyl vinylidenic and 1,2
dialkyl or trialkyl mono-olefin oligomers.
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In another embodiment of the present invention, synthetic
hydrocarbon lubricants are prepared by alkylation of aromatics using
unique mono-olefin dimers produced as a by-product in the HVI-PAO
oligomerization reaction as alkylating agent. The alkylate produced
as synthetic hydrocarbon lubricant has a typically low viscosity and
high viscosity index. When alpha-olefin, such as l-decene, is
oligomerized in the HVI-PAQ process products with very high
viscosity indices and low pour points are obtained. Retention of the
low pour point properties of these oligomers upon hydrogenation, a
necessary process to impart good oxidative stability to the
products, requires removal of the dimers to very low levels. In the
synthesis of low viscosity fluids by the HVI-PAO process a
substantial amount of the l-decene is dimer. This limits the yield
of lube range product and gives a substantial amount of by-product.
The dimers are separated from the oligomerization reaction product
typically by distillation inorder to meet lube specifications such
as volatility, viscosity and pour point.

Referriﬁg to Figure 1, the synthesis of the olefinic
oligomers (HVI-PAO)} used as starting material for the present
invention is compared with that of conventional polyalphaolefins
(PAQ) prepared from l-decene. Polymerization with the novel reduced
chromium catalyst described hereinafter leads to an oligomer
substantially free of double bond isomerization. Conventional PAO,
on the other hand, promoted by BF3 or A1C13 forms a carbonium
ion which,in turn, promotes isomerization of the olefinic bond and
the formation of multiple isomers. The HVI-PAO preduced in the
present invention has a structure with a CH3/CH2 ratio <0.19
compared to a ratio of »0.20 for PAQ.

Figure 2 compares the viscosity index versus viscosity
relationship for HVI-PAO and PAD lubricants, showing that HVI-PAO is
distinctly superior to PAO at all viscosities tested. Remarkably,
despite the more regular structure of the HVI-PAQ oligomers as shown
by branch ratio that results in improved viscosity index (VI), they
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show pour points superior to PAO. Conceivably, oligomers of regular

" structure containing fewer isomers would be expected to have higher

solidification temperatures and higher pour points, reducing their
utility as lubricants. But, surprisingly, such is not the case for
HVI-PAO used as stating olefin in the alkylation reaction of the
present invention.

It has been found that the process described herein to
produce HVI-PAO oligomers can be controlled to yield oligomers
having weight average molecular weight between 280 and 450,000 and
number average molecular weight between 280 and 180,000. Measured in
carbon numbers, molecular weights range from C20 to C13000 and
viscosity up to 7500 mm /s at 100°C, with a preferred range of

30 to C1300 and a viscosity of up to 1000 mm /s at 100°C for

lube base stock material. Molecular weight distributions (MWD),
defined as the ratio of weight average molecular to number average
molecular weight, range from 1.00 to 5, with a preferred range of
1.01 to 5 and a more preferred MWD of 1.05 to 2.5. Viscosities of
the olefinic HVI-PAO oligomers used as alkylating agent measured at
100°C range from 1.5 mm’/s to 7500 mm’/s.

In general, the HVI-PAO oligomers have the following
regular head-to-tail structure where n is preferably 0 to 17,
terminating in olefinic unsaturation:

~{CH,~CH

( chnk

with some head-to-head conneztlons The as-synthesized HVI-PAQ
molecular structure generally has one double bond wnsaturation. The
HVI-PAO process produces a surprisingly simpler and useful dimer
compared to the dimer produced by l-alkene oligomerization with
BF3 or AlCl as commercially practiced. Typically, in the
present invention it has been found that a significant proportion of
unhydrogenated dimerized l-alkene has a vinylidenyl structure as
follows:

CH2=CR1R2
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where Rl and Rz are alkyl groups representing the residue from

the head-to-tail addition of 1-alkene molecules. For example,
1-decene HVI-PAQ dimer, which can be used as the alkylating olefin
in the present invention, has been found to contain only three major
components, as determined by GC (gas chromatography). Based on C13
NMR analysis, the unhydrogenated components were found to be
8-eicosene, 9-eicosene, 2-octyldodecene and 9-methyl-8 or
9-ﬁethy1-9-nonadecene.

Olefins suitable for use as starting material in the
preparation of olefinic HVI-PAQ oligomers include those olefins
containing from 2 to 20 carbon atoms such as ethylene, propylene,
1-butene, l-pentene, l-hexene, l-octene, l-decene, l-dodecene and
l-tetradecene and branched chain isomers such as
4-methyl-l-pentene. Also suitable for use are olefin-containing
refinery feedstocks or effluents. However, the olefins used in this
invention are preferably alpha olefinic as for example l-hexene to
1-hexadecene and more preferably l-octene to l-tetradecene, or
mixtures of such olefins.

HVI-PAO oligomers of alpha-olefins used in this invention
have a low branch ratio of less than 0.19 and superior lubricating
properties compared to the alpha-olefin oligomers with a high branch
ratio, as produced in known commercial methods.

In the preparation of HVI-PAO dimers, olefins suitable for
use as starting material in the preparation of olefinic HVI-PAO
oligomers and the by-preduct dimer used as starting material in the
present invention include those clefins containing €rom 6 to 20
carbon atoms such as l-hexene, l-octene, l-decene, l-dodecene anﬂ
1-tetradecene and branched chain isomers such as 4-methyl-1l-pentene.
A preferred l-alkene is l-decene. Also suitable for use are
olefin-containing refinery feedstocks or effluents.

Unsaturated HVI-PAO alpha-olefin oligomers are prepared by
oligomerization reactions in which a major proportion of the double
bonds of the alpha-olefins are not isomerized. These reactions



i¢]

15

20

25

30

. Y

include alpha-olefin oligomerization by supported metal oxide
catalysts, such as Cr compounds on silica or other supported IUPAC
Periodic Table Group VIB compounds. The catalyst most preferred is a
lower valence Group VIB metal oxide on an inert support. Preferred
supports include silica, alumina, titania, silica alumina, magnesia
aluminum phosphate and the like. The suppért material binds the
metal oxide catalyst Those porous substrates having a pore opening
of at least 40 x 10™/mm (40 angstroms) are preferred.

The dimers that are cbtainable from l-decene
oligomerization, for example, by the HVI-PAQ process are four
general structural isomers in which two internal olefin products
have a pair of double bond positional isomers plus cis/trans
configurations. This gives ten possible dimer structures from
1-decene which are shown in Figure 1. From analysis of the product
mixture of hydrogenated dimer, structures 1, 2 and 3, shown in
Figure 1, are the major dimer products produced from 1-decene
oligomerization with the HVI-PAQ process.

The support material usually has high surface area and
large pore volumes with an average pore size of 40 x 10 -7 to 350 x
10 7am. The high surface area is beneficial for supporting large
amount of highly dispersive, active chromium metal centers and to
give maximum efficiency of metal usage, resulting in very high
activity catalyst. The support should have large average pore
openings of at least 40 x 10" nm (40 angstrcms) with an average
pore opening of 260 x 1077 to 300 x 10 mm being preferred.

This large pore opening will not impose any diffusional restriction
of the reactant and product to and away from the active catalytic
metal centers, thus further optimizing the catalyst productivity.
Also, for this catalyst to be used in a2 fixed bed or slurry reactor
and to be recycled and regenerated many times, a silica support with
good physical strength is preferred to prevent catalyst particle
attrition or disintegration during handling or reaction.

The supported metal oxide catalysts are preferably prepared
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by impregnating metal salts in water or organic solvents onto the
support. Any suitable organic solvent known to the art may be used,
for example, ethanol,methanol, or acetic acid. The solid catalyst
precursor is then dried and calcined at 200 to 900°C by air or other
oxygen-containing gas. Thereafter the catalyst is reduced by any of
several various and well known reducing agents such as, for example,
0, Hy, NHy, H,S, GS,, CH,SCH,, CH,SSCHy, metal alkyl

containing compounds such as R4AL, RSB,RzMg, RLi, R,Zn,

where R is alkyl, alkoxy, aryl and the like. Preferred are O or

H, or metal alkyl containing compounds.

Alternatively, the Group VIB metal may be applied to the
substrate in reduced form, such as Crll compounds. The resultant
catalyst is very active for oligomerizing olefins at a temperature
range from below room temperature to 250°C at a pressure of 10 kPa
(0.1 atmosphere) to 34500 kPa (5000 psi). Contact time of both the
olefin and the catalyst can vary from one second to 24 hours. The
catalyst can be used in a batch type reactor or in a fixed bed,
continuous-flow reactor.

In general the support material may be added to a solution
of the metal compounds, e.g., acetates or nitrates, etc., and the
mixture is then mixed and dried at room temperature. The dry solid
gel is purged at successively higher temperatures to 600°C for a
period of 16 to 20 hours. Thereafter the catalyst is cooled in an
inert atmosphere to a temperature of 250 to 450°C and a stream of
pure reducing agent is contacted therewith for a period when
sufficient reducing agent, such as (0, has passed through to reduce
the catalyst as indicated by a distinct color change from bright
orange to pale blue. Typically, the catalyst is treated with an
amount of CO equivalent to a two-fold stoichiometric excess to
reduce the catalyst to a lower valence CrIl state. Finally the
catalyst is cooled to room temperature and is ready for use.

The product oligomers have a very wide range of viscosities
with high viscosity indices suitable for high performance
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lubrication use. The product oligomers also have atactic molecular
structure of mostly uniform head-to-tail connections with some
head-to-head type connections in the structure. These low branch
ratio oligomers have high viscosity indices at least 15 to 20 units
and typically 30-40 units higher than equivalent viscosity prior art
oligomers, which regularly have higher branch ratios and
correspendingly lower viscosity indices. These low branch oligomers
maintain better or comparable pour points.

The branch ratios defined as the ratios of CH3 groups to
CH, groups in the lube oil are calculated from the weight
fractions of methyl groups obtained by infrared methods, published
in Analytical Chemistry, Vol. 25, No. 10, p. 1466 (1953).

Branch ratio = wt fraction of methyl group
1-(wt £raction of methyl group)

The following examples of the preparation of HVI-PAQ clefin
used as starting material in the present invention are presented .
merely for illustration purpcses and are not intended to limit the
scope of the present invention.

Example 1
Catalyst Preparation and Activation Procedure

1.9 grams of chromium (II) acetate
(Cr,(0COCHy) 4 2H,0) (5. 58 mmole) (commercially obtained) is
dissolved in 50 ml of hot acetic acid. Then S0 grams of a silica
gel of 8-12 mesh size, a surface area of 300 mz/g, and a pore
volume of 1 ml/g, also is added. Most of the solution is absorbed
by the silica gel. The final mixture is mixed for half an hour on a
rotavap at room temperature and dried in an open-dish at room
temperature. First, the dry solid (20 g) is purged with N, at
250°C in a tube furnace. The furnace temperature is then raised to
400°C for 2 hours. The temperature is then set at 600°C with dry
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air purging for 16 hours. At this time the catalyst is cooled under
N, to a temperature of 300°C. Then a stream of pure CO (99.99%

from Matheson) is introduced for one hour. Finally, the catalyst is
cooled to room temperature under N, and ready for use.

Example 2
The catalyst prepared in Example 1 (3.2g) is packed in a

9.5 mm (3/8") stainless steel tubular reactor inside an NZ
blanketed dry box. The reactor under N, atmosphere is then heated
to 150°C by a single-zone Lindberg furnace. Pre-purified 1-hexene
is pumped into the reactor at 965 kPa (140 psi) and 20 ml/hr. The
liquid effluent is collected and stripped of the unreacted starting
material and low boiling material at 7 kPa (0.05 mm Hg)., The
tesidual clear, colorless liquid has viscosities and VI's suitable
as a lubricant base stock.

Sample Prerun i 2 3
T.0.S.(time on

stream), hr. 2 3.5 5.5 21.5
Lube Yield, wt$ 10 41 74 31
Viscosity, mmz/s, at '

40°C 208.5 123.3 104 .4 166.2

100°C 26.1 17.1 14.5 20.4

Vi 159 151 142 143

Example 3

Similar to Example 2, a fresh catalyst sample is charged
into the reactor and l-hexene is pumped to the reactor at 101 kPa (1
atm) and 10 ml per hour. As shown below, a lube of high viscosities
and high VI's is obtained. These runs show that at different
reaction conditions, a lube product of high viscosities can be
obtained.
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Sample A 3
T.0.S., hrs. 20 44
Temp. ,°C 100 50
Lube Yield, $% 8.2 8.0
Viscosities, mmz/s at
40°C 13170 19011
100°C 620 1048
Vi 217 263
Example 4

A commercial chrome/silica catalyst which contains 1% Cr on
a large-pore volume synthetic silica gel is used. The catalyst is
first calcined with air at 800°C for 16 hours and reduced with 0 at
300°C for 1.S hours. Then 3.5 g of the catalyst is packed into a
tubular reactor and heated to 100°C under a nitrogen atmosphere.
1-Hexene is pumped through at 28 ml per hour at 101 kPa (1
atmosphere}. The products are collected and analyzed as follows:

Sample A | E F
T.0.S., hrs. 3.5 4.5 6.5 22.5
Lube Yield, % 73 64 59 21
Viscosity, mmz/s, at
40°C 2548 2429 3318 9031
100°C 102 151 197 437
Vi 108 164 174 199

These runs show that different Cr on a silica catalyst are
also effective for oligomerizing olefins to lube products.

Example 3

A commercial Cr on silica catalyst which contains 1% Cr on
a large pore volume synthetic silica gel is used. The catalyst is
first calcined with air at 700°C for 16 hours and reduced with CD at
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350°C for one to two hours. 1.0 part by weight of the activated
catalyst is added to l-decene of 200 parts by weight in a suitable
reactor and heated to 185°C. 1l-Decene is continucusly fed to the

reactor at 2-3.5 parts/minute and 0.5 parts by weight of catalyst is

added for every 100 parts of l-decene feed. After 1200 parts of
1-decene and 6 parts of catalyst are charged, the slurry is stirred

for 8 hours. The catalyst is filtered and the light product boiling

below 150°C € 10 kPa (0.lmm Hg) is stripped. The residual product
is hydrogenated with a Ni on Kieselguhr catalyst at 200°C. The
finished product has a viscosity at 100°C of 18.5 mmZ/s, VI of 165
and pour point of -55°C.

Example §

Example S is repeated, except the reaction temperature is
125°C. The finished product has a viscosity at 100°C of 145
mmz/s, VI of 214, pour point of -40°C.

Example 7
Example 5 is repeated, except the reaction temperature is

100°C. The finished product has a viscosity at 100°C of 298
mmz/s, VI of 246 and pour point of -32°C.

The following table summarizes the molecular weights and
distributions of Examples 5 to 7.

Examples s 6 7
V €100°C, ma’/s 18.5 145 298
Vi 165 214 246
number-averaged

molecular weights, MW, 1670 2062 5990
weight-averaged

molecular weights, M, 2420 4411 13290

molecular weight
distribution, MWD 1.45 2.14 2.22
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Under similar conditions, HVI-PAO product with viscosity as
low as 1.Smm2/s and as high as 7500 mmz/s, with VI between 130
and 2350, can be produced.

The HVI-PAO alkylaromatic derivatives of the present
invention are prepared in a Friedel-Crafts acid catalyzed alkylation
synthesis. Acids which may be used as catalyst include Lewis acids
such as, but not limited to, BFy, A1C13, HCl, HF, HBr,

H,S0,, HyPO,, P,0:, SOy, SnCl,, FeCls, nCl,,

TiCl,, SbCls, acidic zeolites or acidic clay catalysts or

amorphous aluminosilicates, particularly zeolite such as H-ISM-S and
organic acids such as R-SO4H where R is a polymeric resin such as
sulfonated polystyrene. Preferred catalysts are AlCly, BFj,

acidic zeolites such as Zeolite Beta, Jeolite Y, ZISM-5, ZSM-35 and
Amberlyst 15, obtainable from Robm & Haas.

Aromatic compounds which may be used in the present
invention include substituted and unsubstituted benzene and
polynuclear aromatic compounds, particularly naphthalene, anthracene
and phenanthracene. Examples of useful aromatic hydrocarbons for
the present invention include benzene, toluene, o,m,p-xylene,
hemimellitene, pseudocumene, ethylbenzene, n-propylbenzene, cumene,
n-butylbenzene, isobutylbenzene, sec-butylbenzene,
tert-butylbenzene, p-cymene, biphenyl, diphenylmethane, triphenyl
methane, 1,2-diphenylethane and similarly alkyl substituted
naphthalenes and anthracenes; also phenol, catechol, acylphenol such
as acetylphenol, carbonate esters such as phenyl methyl or ethyl
carbonate and diphenyl carbonate, alkylphenol such as aniscle,
chloro and bromobenzene, aniline, acyl aniline such as acetanilide,
methyl and ethylbenzoate, thiophenol and acylated thiophenol,
nitrobenzene, diphenylether, diphenylsulfide and similarly
substituted naphthalenes and anthracenes, in particular naphthols
such as mono and dihydroxy naphthalene.

The alkylaromatic hydrocarbon composition of the present
invention have the following structure:
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R Reen, R
R, | ,
RS R R
R R R R
and R
R R R
R R

where at least one R group is the hydrocarbyl HVI-PAO residue of the
polymerization of C,-C,q l-alkene, the residue having a branch
ratio less than 0.19, weight average molecular weight between 300 and
45,000, number average molecular weight between 300 and 18,000,
molecular weight distribution between 1 and 5; and wherein the
remaining R groups are selected from hydrogen, CI-C20 cyclic or
acyclic alkyl and alkenyl, aryl, NHé, acylamido, halogen, acyl,
NOZ' YO and YS where Y is hydrogen, acyl, alkoxycarbonyl, phenyl or
CI-C20 cyclic or acyclic alkyl and alkenyl. In one embodiment,
the alkyl group comprises the hydrocarbyl moiety of the olefinic dimer
of C6-C20 1-alkene, wherein the dimer comprises a product or
by-product of the oligomerization of C6—C20 1-alkene, under
oligomerization conditions in contact with supported reduced metal
oxide catalyst, the metal oxide catalyst comprising a lower valence
state form of at least Group VIB metal; and wherein the remaining R
groups are selected from hydrogen, CI-C20 cyclic or acyclic alkyl
and alkenyl, aryl, NHZ, acylamide, halogen, acyl, NOZ, YO and YS
where Y is hydrogen, acyl, alkoxycarbonyl, phenyl and CI'CZO
cyclic or acyclic alkyl and alkenyl.

Generally, the hydrocarbyl HVI-PAO residue referred to above
comprises a vinylidenyl radical having the structure:
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R1R chj- This Sheet Has Been Replaced
R CH-CHZR

where R; and R, may be alike or different and comprise the HVI-PAQ

5 oligomeric moiety having a generally head-to-tail repeating structure
of C5-C,yy l-alkenes with a CHS/CHZ ratio less than 0.20,
preferably between 0.14 and 0.19. The hydrocarbyl HVI-PAQ residue may
contain between 20-1300 carbon atcms; preferably between 30-1000
‘carbon atoms.

10 In the following examples the preparation of the novel
HVI-PAD alkylaromatics of the present invention is described and their
properties compaved to the HVI-PAO olefin used as alkylating agent.

Example 8
To a slurry of 7.3g of alumirmum chioride in 200m) of toluene

15 at room temperature is slowly added 102g of the HVI-PAQ
polyalpha-olefin with a viscosity of 18mm%/s measured at 100°C.
The addition is at a rate so as to keep the temperature below 30°C.
The mixture is stirred for 12 hours and then quenched with water,
washed with dilute HCl and dried over MgSO,. Volatile material is

20 removed by vacuum distillation at 120°C and 10 kPa (0.lmm) to recover
the alkylation preduct (product 1). Using the same procedure and
HVI-PAO olefin as starting material, anisole and naphthalene are
alkylated, with the results presented below for products 2-3.

Example 9
25 In this Example, the reactions (4-7) are carried out in a

simiiar manner as in Example 1 except a HVI-PAO polyalpha-olefin of
143. % 2/s measured at 100°C is used as the starting material and
toluene, pseudocumene, anisole and naphthalene are alkylated.

In the following Table I the results of Examples 3 and 9 are
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presented. The results demonstrate that the alkylated products have
very low unsaturations, as indicated by bromine number, and retain the
high viscosity and pour points of the starting HVI-PAO olefin.
Accordingly, the unique structure of the HVI-PAQ moiety responsible
for high VI and low pour point survives the alkylation reaction.

TABLE 1
Aromatic Bromine Bricant Properties
Product  Group Wt % number mm</s8100°C VI Pour Pt
HVI-PAD
control none 0.0 11.3 18.2 164 <-52°C
1 toluene 5.5 1.1 26.0 147 «<-42°C
2 anisole 6.5 0.7 28.0 148 <-43°C
naphth-
3 alene 7.5 1.6 39.0 139  -36°C
HVI-PAD
control none 0.0 3.0 145.2 212 -37°C
4 toluene 1.2 2.4 140.7 210 -40°C
pseudo-
5 cumene 1.8 0.6 166.3 205  -24°C
6 anisole 1.6 0.6 156.7 210 -40°C
naphth-
7 alene .9 0.6 217.0 213 =31°C

The low unsaturation of the alkylaromatics of the present
invention, as evidenced by their low bromine number, eliminates the
conventional hydrofinishing step usually required for lubricant
basestock and, thereby, providing an additional advantage by
improving the overall economics of the process of the instant
invention using HVI-PAD olefins as the alkylating agent in the
alkylation of aromatics.

Surprisingly, the products of the present invention
demonstrate higher thermally stability compared to HVI-PAO. The
thermal stability of alkylation products (Example 9, nroducts 4-7
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from 145.2mm2/s HVI-PAO) were examined by measuring the loss of
viscosity {V @ 100°C) after heating at 280°C for 24 hours under an
inert atmosphere. The results are shown in Table II. These data
demonstrate that addition of aromatic functional groups to HVI-PAO
olefins reduces the viscosity loss and give a lubricant basestock
with better thermal stability.

TABLE 11
Product Aromatic Group Viscosity Loss %
HVI-PAD none 68
4 toluene 63
5 pseudocumene 46
6 anisole 16
7 naphthalene 31

The following Examples illustrate the process and product
properties of the present invention involving the alkylation of
phenol with olefinic HVI-PAQ oligomer,

Example 10

A mixture of 10lg of HVI-PAD oligomer (viscosity of
18mn2/s, measured at 100°C), 27g of phenol, 40ml of heptane and 8g
of Amberlyst 15 acid catalyst is heated to 80°C for 24-72 hours
under an inert atmosphere. The mixture is filtered while hot to
remove the solid catalysts. The product is obtained after vacuum
distillation (up to 160°C/0.lmm) to remove solvent and excess
phenol. The thermal stability of the above alkylphenol is examined
by determining the temperature for 50% weight loss using thermal
gravimetric analysis (TGA) and by measuring the viscosity loss after
heating to 280°C and 300°C for 24 hours under inert atmosphere. In
the following Table III the properties and thermal stability of
alkylated phenol is compared with a control of hydrogenated HVI-PAQ.
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Table III
Property Control HVI-PAQ
alkylated phenol

Wt % Phenol 0 12.0
Viscosity mmé/s, 100°C 18.2 21.4
Viscosity Index 164 145
Pour Point, °C £~52 <-45
Temp. for 50% Wt. loss,°C 388 402
% Viscosity (100°C)Loss @

280°C 41.6 3.0

300°C 57.5 27.9

Table IIT shows that the HVI-PAO alkylated phenol is more
thermally stable than the hydrogenated HVI-PAO control.
The alkylation process alkylating conditions can comprise
temperature between -30 and 350°C, pressure between 700 and 7000 kPa.
Example 11 '
The Cyq dimer olefins produced from the oligomerization
of 1l-decene according to the HVI-PAD process are reacted at reflux
with toluene (1:1 molar ratic) using aluminum chloride as catalyst
(1-2% by weight) until conversion to alkylaromatic is constant as
determined by GC. The catalyst is removed and the unreacted material
distilled leaving the alkylaromatic fluid.
Example 12
The procedure of Example 11 is followed except that 4% by
weight strong acid cation exchange resin (Amberlyst XN-1010, Rohm
and Haas)} is used as catalyst and the temperature is maintained at
110°C.
Example 13
The procedure of Example 11 is followed except that 1% by
weight of trifluoromethanesulfonic acid is used as catalyst and the
temperature is maintained at 75°C. The yield is 86% of 750°F fluid.
Example 14
The procedure of Example 11 is followed except that
naphthalene is used as aromatic rather than toluene.
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Example 15
The procedure of Example 12 is followed except that
naphthalene is used rather than toluene.
The results of Examples 4-8 are presented in Table IV.

Table IV
Fluid m/s 840°C  mm’/s €100°C VI Pour Pt.°C
Example 11 29.01 5.30 110 -27
Example 12 26.85 5.29 133 -26
Example 13 28.05 5.17 114 -32
Example 14 114.5 12.68 103
Example 15 48.92 6.90 95

In the following Example 16, the alkylation of naphthalene using
HVI-PAD 1l-decene dimer is presented. The process is carried out in a
fixed bed reactor using a Y-type zeolite in the acid form which was
extruded with 35 wt% silica.

Example 16

The feed consists of a 5:1 molar ratio (210 grams of napthalenes and
91 grams of decene dimers). 5.6 moles (440 grams) of benzene is added to
the feed to solubilize the naphthalene. At a reaction temperature of
250°C 90% of the decene dimer is used for the alkylation. Table V shows
the experimental conditions and the conversion of naphthalene as
determined by GC for three experiments A,B,C. Also shown in Table V are
the viscometrics of the recovered alkylated naphthalene. The conversion
of the naphthalene is affected by reaction temperature and is increased
as the reaction temperature is raised.
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Table V
Experiment A B C
Reaction Temp, °C 159 200 250
Pressure, kPa (psig) 2860(400) 2860(400) 2860(400)
LHSV 0.9 0.5 0.5
Naphthalene Conv., % 20.3 . 26.6 39.2
Viscometrics of Alkyl Naphthalene

KV, 40°C 14.77m?/s

KV, €100°C 6.220m%/s

VI 79.5

In general, alkylaromatic lubricant basestocks are produced
from 1-olefins with aromatics. The prior art products, as shown
below in Table 3, have lower VI than the products of the present
invention.

Table VI
Basestock m/s840°C _ m%/s6100°C VI Pour Pt.°C
ECA5381 14.35 2.94 20 < =50
ECA6482 96.68 8.00 8 -33
Alkyltoluene from
HVI-PAD Dimer 29.94 5.30 110 -27

The products of the instant invention are useful as
lubricant basestock and as additives. The aromatic moiety
introducted into HVI-PAQ increases thermal stability, increases
solubilizing power of the product and adds other properties useful
in additives such as antiwear properties and VI enhancement.
Therefore, as additives, their usefulness is compounded to
incorporate in a single additive product the capability to improve a
lube basestock thermal stability, VI, solvency and seal swelling
power as well as improving antiwear characteristics. They possess
the further advantage of great flexibility in the range of viscosity
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in which they can be prepared so that their additive properties can
be used in a viscosity compatible with the viscosity formulation of
the lube basestock. The lubricant compositions of the instant
invention can be useful as additives such as dispersants,
detergents, viscosity index improvers, extreme pressure/antiwear
additives, antioxidants, pour depressants, emulsifiers,
demulsifiers, corrosion inhibitors, antirust inhibitors,
antistaining additives, friction modifiers, and the like.

The process for the alkylation of phenols with HVI-PAO
dimer according to the present invention and the products produced
are believed to be novel and useful. It has been found that
alkylphenols can be prepared in near quantitative yields from phenol
or hindered phenols such as 2,6-ditertiarybutyl phenol by alkylation
with CZO HVI-PAD olefins by acid catalysis. The preferred acid
for the catalysis is trifluoromethanesulfonic acid. Amberlyst
XN-1010 (obtainable from Rohm and Haas), a strong acid
cation-exchange resin, or Lewis acids such as alumimum chloride also
work but give lower yields. These alkylphenols find use as
lubricant basestock and lubricant additives and precursors to more
highly functionalized lubricant additives.

Alkylated phenol derivatives of the present invention have
many beneficial uses such as lubricant additives both as-is and when
further functionalized. The functions of alkylphenols and their
further derivatized products include:

1. Antioxidant as neat phenols or when reacted with
1-naphthyl amine to give N-arylnaphthylamines.

2. Antiwear as phenol phosphates.

3. Detergent as phenol sulfides.

4. Antiwear, anticorrosion and antioxidant as metal
dialkyldithiophosphates.

5. Detergent and antioxidant as metal alkylsalicylates.

6. Detergent and dispersant as

alkylhydroxybenzylpolyamines.
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In all cases additives used for these functions are either
an alkylphenol or are synthesized from an alkylphenol. Generally
the alkyl group of the phencl serves the important function of
increasing the oil solubility of the phencl or its derivative. Long
alkyl chains are in general preferable for good oil solubility.
Twenty carbon olefins produced from dimerization of 1l-decene are
highly reactive towards phenol(s) under corditions of acid catalysis
and can serve as good intermediates to numerous lubricant additives.

Typically in the prior art alkylphenols derived from
isobutylene oligomers are used as the precursors to the above
mentioned additives based upon alkylphenols. Although such
additives based upon iscbutylene oligomers are relatively
inexpensive, in some applications they have stability problems. The
alkylphenol disclosed here canm have similar performance features
without the instabilities associated with the isobutylene-derived
alkyl groups. In addition, these alkylphenols are of sufficiently
low viscosity to be effective as alkylaromatic-type basestocks for
lubricant product formulations.

The alkylphenols are prepared by mixing at 25°C equal molar
amounts of the phenol and olefin and then adding 1-2% by weight
trifluoromethanesulfonic acid with vigorous stirring. The acid is
removed by conventional means to give the alkylphenols in 90% yield
or greater. Other acid catalyst may be used such as strong acid
cation-exchange resins or strong Bronsted or Lewis acids, however,
trifluoromethanesulfonic acid gives the best results.

Example 17
Equal molar amounts of phenol and C,, HVI-PAO dimer

olefin of l-decene prepared as described herein are mixed and then
1.4% by weight triflucromethanesulfonic acid is added to the
vigorously stirred mixture. After 1hr. the acid is removed by water
washing and the small amount of unreacted starting materials is
removed by distillation. The yield of para-substituted Cao
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alkylphenols is 94%. The product mixture has a kinematic viscosity
of 10.36mm/s at 100°C and a VI of 4.

Example 18

Equal molar amounts of 2,6-di-tert-butylphenol and C0
olefin of 1-decene prepared as described herein are mixed and then
1.6% by weight trifluoromethanesulfonic acid is added to the
vigorously stirred mixture. After lhr. the acid is removed by water
washing and the small amount of unreacted starting materials is
removed by distillation. The yield of the CZO alkylphenol is
90%. The liquid product has a kinematic viscosity of 7.79mn2/s at
100°C and a VI of Sl.

Mono-alkylated hindered phenols can also be prepared by
alkylating a 2,6-ditertiarybutyl phenol with by-product dimer
derived from the synthesis of HVI-PAQ by oligomerization of l-decehe
over a chromium on silica catalyst. The alkylation is catalyzed by
a hydrogen Y zeolite bound with silica. Because of the
shape-selective nature of the zeolite, only a mono-alkylated product
is formed.

Example 19

The mono-alkylation process is carried out using a
fixed-bed reactor. The hydrogen Y zeolite is bound with 3§ weight %
silica. The feed is comprised of 1:1 molar ratio (103 grams of 2,6
ditertiarybutyl phenol and 140 grams of l-decene dimers prepared as
described herein).

The reactor pressure is maintained at 1482 kPa (200 psig).
The liquid hourly space velocity is varied between 1.2 and 0.6. The
process was conducted using three reaction temperatures: 100, 157
and 222°C.

At the various reaction temperatures, the yields of
mono-alkylated phenol, according to gas chromatographic analysis
are, 4.4, 6.6 and 11.0 % respectively. These yields are on a
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"once~through' basis and may be increased by recycle of the
reactants. '

Table VII shows some of the characterization of the
mono-alkylated bhenol with respect to elemental analysis and
molecular weight determinations, consistent with mono-alkylation of
phenol by dimer.

Table VII

Example 12 Hindered Phenol Characterization for C345629
Elemental Analysis -

Calculated Found

Carbon 83.95 84.09
Hydrogen 12.76 12.60
Oxygen 3.29 _2.76
100.0 99.45

Molecular Weight
Calculated Found
486 450

Any alkylatable phenol, including polynuclear phenols, may be
used in the present invention for alkylation with olefinic dimer of alpha
olefins described herein. Particularly useful phenols include phenol
itself, 2,6-dimethyl phenol, 2,6-ditertiarybutyl phenol, 2-chlorophenol,
4-chlorophenol, 2,6 and 2,4-dichlorophenol, 2 and 4-acetamidophenol, 2
and 4-carboalkoxy phencl, .2 and 4-nitrophenol and 2 and 4-methoxyphenol.

The use of the novel alkylated or functionalized compositions of
the present invention as lubrication fluids and additives in either a
mineral or synthetic lubricant is unique and provides unprecedented
performance benefit due to the inherent internal synergism. The process
of enhancement of lubricating
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properties by addition of these compositions to either mineral or
synthetic lubricants is surprising. For example, the process of
improving wear, friction, corrosion inhibition, themmal and/or
oxidative stability of a high temperature, high viscosity olefin
oligomer via the addition of 0.1-100% of an alkylation product of
the present invention and chromium-catalyzed polyalpha-olefin is
unique ard not manifested in prior art. Additionally, the
combination of lubricant formulations containing the above
compositions with any of the following supplemental additives:
dispersants, detergents, viscosity index improvers, extreme
pressure/antiwear additives, antioxidants, pour depressants,
emulsifiers, demulsifiers, corrosion inhibitors, antirust
inhibitors, antistaining additives, friction modifiers, and the like
are novel.

Although the present invention has been described with
preferred embodiments and examples, it is to be understood that
modifications and variations may be resorted to without departing
from the spirit and scope of this invention, as those skilled in the
art will readily understand. Such modifications and variations are
considered to be within the purview and scope of the appended claims.



10

-=28--

AL

1. An alkylaromatic hydrocarbon composition having the
R R R
R R R

R R R R
:]:i:l:;;l:i:l:: and R
R R R
R R

where at least one R group is the hydrocarbyl residue of the
polymerization of C,-Cyq 1-alkene, the residue having a branch
ratio less than 0.19, weight average molecular weight between 280
and 450,000, number average molecular weight between 280 and
180,000, molecular weight distribution between 1 and 5; and wherein
the remaining R groups are selected from hydrogen, Cl-C20 cyclic

or acyclic alkyl and alkenyl, aryl, NHZ, acylamido, halogen, acyl,
NO,, YO and YS where Y is hydrogen, acyl, alkoxycarbonyl, phenyl
and Cl-C20 cyclic or acyclic alkyl and alkenyl,

2. The composition of claim 1 wherein at least one R group
comprises an alkyl group, the alkyl group comprising the hydrocarbyl
moiety of the olefinic dimer of C4-Cyp 1-alkene.

3. The composition of claim 1 or 2 comprising the
hydrogenation product of the alkylaromatic hydrocarbon having a
bromine number between 0 and 12.

4. The composition of any one of the preceding claims
wherein the alkylaromatic has a viscosity index greater than 130 and
pour point below -15°C.

CLAIMS:

structure

5. The composition of any one of the preceding claims
wherein the alkylaromatic has a viscosity at 100°C between meZ/s
and 1000mm®/s.
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6. The composition of any one of the preceding claims
wherein the hydrocarbyl residue contains between 20 and 1300 carbon
atoms having a branch ratio less than 0.19.

7. The composition of any one of the preceding claims
wherein the hydrocarbyl residue has a molecular weight distribution
between 1.05 and 2.5.

8. The composition of any one of the preceding claims
wherein the alkylaromatic comprises alkylated anisole, alkylated
naphthalene, alkylated toluene or alkaylated pseudocumene.

9. An alkylated aromatic liquid lubricant composition
comprising the alkylation product of an aromatic compound and an
olefinic CZO"CISOO hydrocarbon having a branch ratio less than
0.19 and pour point below -15°C.

10. The composition of claim 9 wherein the aromatic
compound is selected from benzene, toluene, o,m,p-xylene,
hemimellitene, pseudocumene, ethylbenzené, n-propylbenzene, cumene,
n-butylbenzene, iscbutylbenzene, sec-bﬁtylbenzene,
tert-butylbenzene, p-cymene, biphenyl, diphenylmethane,
triphenylmethane, 1,2-diphenylethane and similarly alkyl or aryl
substituted naphthalene and anthracene; also phenol, catechol,
anisole, chlorobenzene, diphenylcarbonate, aniline, acetanilide,
ethylbenzoate, thiophenol, alkylphenylsulfide, nitrobenzene,
diphenylether, diphenylsulfide, 1-hydroxy and Z-hydroxy naphthalene
and similarly substituted anthracene.

11. The composition of claim 9 or 10 comprising the
hydrogenation product of the alkylated aromatic hydrocarbon having a
bromine number between 0 and 12.

12. The composition of claim 9, 10 or 11 wherein the
alkylation product has a viscosity index greater than 130 and a pour
point below -15°C.

13, The composition of claim 9, 10, 11 or 12 wherein the
alkylation product has a viscosity at 100°C between mez/s and
SOOmmZ/s.
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14. A process for the preparation of alkylaromatic
oligomers suitable as liquid lubricant basestock or additive
comprising:

contacting at least one alkylatable aromatic compound and
CZO'CISOQ olefinic hydrocarbon oligomer having a branch ratio
less than 0.19 and pour point less than -15°C in an alkylation zone
with an acidic alkylation catalyst under alkylation conditions
whereby alkylated aromatic oligomer is produced having a viscosity
index greater than 130;

separating and recovering the alkylated aromatic oligomer.

15. The process of claim 14 wherein the alkylated aromatic
hydrocarbon comprises alkylaromatic lubricant basestock or additive
having improved thermal stability.

16. The process of claim 14 or 15 wherein the alkylating
conditions comprise a temperature between -30 and 350°C, and a
pressure between 700 and 7000 kPa.

17. The process of claim 14, 15 or 16 wherein the acidic
alkylation catalyst comprises a Lewis acid selected from BF4,
AlCls, HC1, HF, HBr, H,S04, HeFO,, P,0¢, S04,

SnC14, FeCls, ZnClZ, TiC14, SbCls, acidic zeolites

selected from H-ZSM-5, zeolite Y, and amorphous aluminosilicates and
organic acids selected from R-SosH where R is a polymeric resin
comprising sulfonated polystyrene.

18. The process of claim 14, 15, 16 or 17 wherein the
CZO'C1300 olefinic hydrocarbon comprises the reaction product of
the oligomerization under oligomerization conditions of CZ--C20
l-alkene in contact with supported reduced metal oxide catalyst; the
metal oxide catalyst comprising a lower valence state form of at
least Group VIB metal.

19. The process of claim 14, 15, 16, 17 or 18 wherein the
supported reduced metal oxide catalyst comprises carbon monoxide
reduced chromium oxide on silica support.
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20. The process of claim 14, 15, 16, 17, 18 or 19 wherein
the oligomerization conditions comprise temperature between 90 and
250°C.

21. The process of claim 14, 15, 16, 17, 18, 19 or 20
wherein the aromatic compound comprises substituted or unsubstituted
benzene, naphthalene or anthracene.

22. A method for decreasing wear and reducing friction in
an internal combustion engine by lubricating the engine with a
friction reducing amount of the composition of claim 1.

23. The lubricant composition of claim 9 further comprising
lubricant additives selected from dispersants, detergents, viscosity
index improvers, extreme pressure/antiwear additives, antioxidants;
pour depressants, emulsifiers, demulsifiers, corrosion inhibitors,
antirust inhibitors, antistaining additives, and friction modifiers.

24. A nethod for improving the viscosity index and thermal
stability of lubricant basestock comprising mixing with the
lubricant basestock a VI and thermal stability enhancing amount of
the composition of claim 1.

25. The process of claim 21 wherein the aromatic compound
comprises phenol, anisol or naphthol.

26. The composition of claim 1 wherein the alkylaromatic
comprises alkylated benzene.

27. The composition of claim Z wherein the dimer alkyl
group is contained in anisole, naphthalene, toluene, pseudocumene or
2,6-diterliarybustyl phenel,

28. The alkylated aromatic liquid lubricant composition of
claim 9 wherein the alkylation product comprises the product an
aromatic compound contacted with a mono-olefinic C12Ca0
hydrocarbon.

29. The composition of claim 28 wherein the aromatic
compound selected from benzene, toluene, o,m,p-xylene,
hemimellitene, pseudocumene, ethylbenzene, n-propylbenzene, cumene,
n-butylbenzene, isobutylbenzene,
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sec-butylbenzene, tert-butylbenzene, p-cymene, biphenyl,
diphenylmethane, triphenylmethane, 1,2-diphenylethane and similarly
alkyl or aryl substituted naphthalene and anthracene; also phenol,
2,6-ditertiarybutyl phenol, 2,6-dimethylphenol, catechol, anisole,
chlorobenzene, diphenylcarbonate, aniline, acetanilide;
ethylbenzoate, thiophenol, alkylphenylsulfide, nitrobenzene,
diphenylether, diphenylsulfide, l-hydroxy and Z-hydroxy naphthalene
and similarly substituted anthracene.

30. The composition of claim 28 or 29 comprising the
hydrogenation product of the alkylated aromatic hydrocarbon.

31. The lubricant composition of claim 23, 29 ot 30 further
comprising lubricant additives selected from dispersants,
detergents, viscosity index improvers, extreme pressure/antiwear
additives, antioxidants, pour depressants, emulsifiers,
demulsifiers, corrosion inhibitors, antirust inhibitors,
antistaining additives, and friction modifiers.

32. A process for the preparation of alkylaromatic
compounds suitable as liquid lubricant basestock or additive
comprising:

contacting at least one alkylatable aromatic compound and
ClZ-C40 mono-olefin in an alkylation zone with acidic alkylation
catalyst under alkylation conditions, whereby alkylated aromatic
liquid hydrocarbon is produced having a viscosity of at least
mez/s and viscosity index greater than 50 measured at 100°C ,
wherein the olefin comprises a product or by-product of the
ocligomerization of Cs=Cag 1-alkene under oligomerization
conditions in contact with a supported reduced metal oxide catalyst,
the metal oxide catalyst comprising a lower valence state form of at
least Group VIB metal; and

separating and recovering the alkylated aromatic liquid
hydrocarbon.

33. The process of claim 32 wherein the alkylating
conditions comprise temperature between -30 and 250°C, pressure
between 0.01 and 6895 kPa.
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34. The process of claim 32 or 33 wherein the acidic
alkylation catalyst comprises Lewis acid.

35. The process of claim 32, 33 or 34 wherein the Lewis
acid is selected from BFS, AlClS, HC1, HF, HBr, HZSO4,

H:PO,, P,0g, SOs, SnCl,, FeCly, 2nCl,, Ticl,,

SbClg, trifluoromethanesulfonic acid, acidic zeolites comprising
H-2SM-5 and organic acids comprising R-SOSH where R is a polymeric
resin comprising sulfonated polystyrene.

36. The process of claim 32, 33, 34 or 35 wherein the
supported reduced metal oxide catalyst comprises carbon monoxxde
reduced chromium oxide on silica support.

37. The process of claim 32, 33, 34, 35 or 36 wherein the
oligomerization conditions comprise temperature between 90 and 250°C.

38. The process of claim 32, 33, 34, 35, 36 or 37 wherein
the aromatic compound comprises substituted or unsubstituted
benzene, naphthalene or anthracene.

39. The process of claim 32, 33, 34, 35, 36, 37 or 38
wherein the catalyst comprises acidic Y zeolite.

40. Alkylphenol compositions useful as lubricants or
additives comprising the alkylation product of at least one
alkylatable phenol compound and a mono-olefinic C127Cao
hydrocarbon in contact with an acidic alkylation catalyst, the
olefin comprising a product or by-product of the oligomerization of
C6-C20 1-alkene under oligomerization conditions in contact with
supported reduced metal oxide catalyst, the metal oxide catalyst
comprising a lower valence state form of at least Group VIB metal.

41. The compositions of claim 40 wherein the alkylatable
phenol is selected from phenol, 2,6-dimethyl phenol,
Z2,6-ditertiarybutyl phenol, 2-chlorophenol, 4-chlorophenol, 2,6 and
Z2,4-dichlorophenol, 2 and 4-acetamidophenocl, 2 and 4-carboalkoxy
phenol, 2 and 4-nitrophenol and 2 and 4-methoxyphenol,
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42, Compounds having the formula C34H620, comprising
the alkylation product of 2,6-ditertiarybutyl phenol and C0
olefin in contact with acidic catalyst, the olefin comprising dimer
product or by-product of the oligomerization of l-decene under
oligomerization conditions in contact with supported reduced metal
oxide catalyst, the metal oxide catalyst comprising a lower valence
state form of at least Group VIB metal.



