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AUTOMOTIVE LUBRTCANT \/
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The present invention relates to  automotive
lubricants such as engine oils, gear oils and automatic
transmission fluids.

Traditionally automotive lubricants have been based
on conventional mineral oils. Whilst these have proved
adequate in the past, mineral oil basestocks cannot always
meet the increasing ‘demands for superior lubricant
properties, especially operational 1lifetime. These
improved properties can be obtained to some extent by the
use of additives, but research has also been conducted
into modifying or changing the basestocks. In recent

years lubricant manufacturers have produced automotive

lubricants based on synthetic basestocks, for example
polyalphaolefins and esters. Whilst these provide
improved performance, they have the disadvantage that they
are expensive. '

There is therefore a need for an automotive lubricant
with an alternative, 1less expensive basestock which
provides improved properties.

UK Patent 737,392 discloses a 1lubricating oil
containing an organo-tin compound as antioxidant. The
basestock may be derived from petroleum distillates and
residuals refined by conventional .meéns, hydrogenated
mineral oils, white mineral oils, or polyether and
polyester lubricants used alone or blended with mineral
oil lubricants. The lubricant may be applied as a crank
case o0il, heating o0il, hydraulic fluid, cutting oil,
turbine oil or transformer oil.
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'adeqdate i n the past, nin%ral oi | basestocks cannot alfways neet the
increasing demands for ®superior |lubricant properti‘es, especi al ly
oper at i onal lifetime. These i nproved properties can be obtained to
some extent by the use of additives, but_rgsearch has also been conducted
into nodi fying or changi ng the basestocks. In recent years |ubricant
manuf acturers have produced autonotive :

US Patent 3,853,773 discloses an anti-gum and

solvating lubricant for use with precision mechanical
devices. It is based on a combination of a type-A
transmission fluid (as defined in the patent) with a
highly refined white oil.

US Patent 4,652,385 discloses a lubricant containing
a combination of a tri-substituted phosphite and
sterically hindered phenolic stabilisers as antioxidant.
The basestock is a hydrotreated o0il, polyalphaolefin oil
or paraffinic white o0il, or mixtures thereof. The
lubricant is used in high temperature applications, for
example as a compressor oil, heat transfer oil, hydraulic
fluid or steam turbine oil.

The present invention provides, in one aspect, an
‘automotive lubricant comprising:

(a) a white oil basestock; and

(b) one or more additives, at least one additive
being an antioxidant other than a tin-containing anti-
oxidant.

The white o0il based automotive lubricant according to
the invention has the advantage that it possesses superior
oxidation stability properties compared with automotive
lubricants based on mineral o0ils, but has a 1lower
production cost compared with lubricants based on
synthetic oils. Thus the 1lubricant has the benefit of
increased operation times, i.e. it can be wused to
lubricate a mechanical device, for example an engine or
gear box for an extended period before it requires
draining and replacing. In some applications the
lubricant can be used as a fill-for-life lubricant, i.e.
the operational 1life-time of the lubricant matches or
exceeds that of the mechanical part it is lubricating.

T
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"T'ubricants based on syntpetic basestocks, for exanpl g polyal phaol efins and
esters. VWi | st these “provide i nproved perfornmance, they have'the .
di sadvantage that they are expensive. There is therefore a need for an
autonotive lubricant with an alternativg, | ess expensive basestock which
provides inproved properties. -2
white oils are defined in the "Food and Drug Admin-
istration Code of Federal Regulation", 1991. Either
medicinal white oils according to specification FDA 21
CFR 178-3620 (a) or technical white oils according to
specification FDA CFR 178-3620 (b) may be employed in the

present invention.

The white oil is a conventional white oil, obtained
using conventional solvent extraction and hydrogenation to
produce saturated hydrocarbons free from sulphur and
nitrogen. It has been found that white o0ils with a
relatively high naphthenic content exhibit improved
properties compared with more paraffinic white oils.
Preferably the white o0il, used in the present invention
has a naphthenic content of at 1least 25 wt.%, where
'naphthenic content’ is defined as the amount of
naphthenic carbon as a percentage of the total carbon
content of the white o0il, according to standard test ASTM
D 2140. More preferably the naphthenic content of the
white o0il is from 30 to 50 wt.%, most preferably 30 to 40
wt.%. A highly naphthenic white oil is obtained by using
mild hydrogenation conditions, so that the cyclic
molecules contained ' in the o0il are not substantially
broken. Typical mild hydrogenation conditions are a
temperature of between 150 and 2509C, and a pressure
between 1000 and 20,000 KkPa.

The naphthenic composition of the highly naphthenic
white oils advantageously used in the present invention is
preferably as follows, the measurements being obtained
using standard test method ASTM D 2786 :

1 ring : 20-30 wt.%, preferably 24-32 wt.%

2 rings : 13-27 wt.%, preferably 17-23 wt.%

3 rings : 4-21 wt.%, preferably 8-17 wt.%

4 rings : 3-19 wt.%, preferably 7-15 wt.%

5 rings or more : 0-9 wt.%, preferably 2-5 wt.%
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“UK Patent 737,392 di sci‘oses a lubricating oil cBntaining an

organo-tin conpound as anti oxi dant. The basestock ndy be derived from
petroleumdistillates and residuals refined by conventional neans,
hydrogenated nineral oils, white mneral pils, or polyether and pol yester

| ubri cants used al one or blended with ninéral oil lubricants. The | ubricant

may be applied as a crank
: Examples of suitable FDA regulation food grade

quality white oils that can be used in the present
invention include MARCOL 52 - naphthenic content 34%,
MARCOL 82 - naphthenic content 32%, MARCOL 172 -
naphthenic content 34%, PRIMOL 352 - naphthenic content
32%, and PLASTOL 352 - naphthenic content 32%, all
supplied by Exxon/Esso. Examples of suitable FDA
regulation technical grade white oils that can be used in
the present invention include BAYOL 52 - naphthenic
content 34% and PLASTOL 135 -~ naphthenic content 36%, both
supplied by Exxon/Esso. MARCOL, PRIMOL, PLASTOL and BAYOL
are trade marks of Exxon Corporation. The naphthenic
content is measured according to standard test method ASTM
2140.

The basestock may comprise 100% white o0il, or may
‘comprise a blend of white o0il with one or more other types
of oil, for example a mineral oil and/or a synthetic oil
such as a polyalphaolefin or an ester such as a polyol
ester or diester, and/or a hydrocracked-type basestock.
If the basestock is a blénd, the preferred proportion of
white oil in the basestock is at 1least 30 wt3%, more
preferably between 30 and 60 wt%, most preferably between
30 and 40 wt.3$. If the white o0il is blended with a
synthetic o0il, the synthetic o0il is preferably a poly-
alphaolefin, for example PRO 4 and/or PAO 6, where 4 and 6
are the respective viscosities of the PAOs in centistokes
at 1009C. Where the basestock is a blend of white oil,
mineral oil and synthetic o0il, the preferred proportions
are 30-80 wt.% white oil, 10-70 wt.% mineral oil and 5-50
wt.% synthetic oil.

The automotive lubricant may also contain other
additives such as those typically contained in an engine
oil, gear o0il or automotive transmission fluid as
appropriate. These include detergents, for example
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heating oil, hydraulic fluid, cutting oil, fturbine oil or

transformer oil. REPLACENENT SHEET 1 8 DEC 1997 -2-
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alkaline earth metal sulphonates, calcium salycilates,
alkaline earth metal sulphurised phehates; ashless
dispersants, for example polyisobutenesuccininide,
anti-wear/extreme pressure agents, for example =zinc
dialkyl (or diaryl or arylalkyl) dithiophosphate, and
phosphorus/sulphurous or borated compounds; antifcorrosion'
agents, for example barium alkylnaphthalene sulphonates
and mercaptobenzotriazole; viscosity index improvers, for
example olefin copolymers, polyalphaolefins, polymeth-
acrylates and styrene butadiene; pour point depressants,
for example polyesters; anti-foam agents, for example
those based on silicon; and friction modifiers, for
example molybdenum compounds, ashless compounds and anti-
squawk agents. For each additive, the amount included in
the automotive lubricant varies depending upon the type of
additive and the intended application of the 1lubricant.
Generally, however, each additive is added in an amount up
to 6 wt% based on the total weight of the lubricant except
for the viscosity index improver(s) which may be added in
an amount up to about 10 wt% (active ingredient). Some or
all of the additives may be incorporated into the
automotive lubricant by means of an addpack.

In general terms, the automotive lubricant according
to the invention has a viscosity of 4 to 50 mm2/s at
100°C, and a viscosity index of 80 to 200. More specifi-
cally, where the lubricant is an engine o0il, it preferably
has a viscosity of 4 to 35 mm2/s, more preferably 5 to 25
mm2/s, at 100°C, and a viscosity index of 85 to 160, more
preferably 95 to 150. Where the lubricant is a gear oil,
it preferably has a viscosity of 5 to 50 mm2/s, more
preferably 8 to 25 mm2/s, at 100°C, and a viscosity index
of 80 to 180, more preferably 95 to 160. Where the
lubricant is an automatic transmission fluid, it prefer-
ably has a viscosity of 4 to 10 mm2/s, more preferably 5
to 8 mm2/s, at 100°C, and a viscosity index of 100 to 200,
more preferably 150 to 200.
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US Patent 3,853, 773 disclpses an anti-gum and sol vatlfng | ubricant for use
w th precision nechani cal'devices. It is based on a ‘tonbination-of a
type-A transmission fluid (as . defined in the patent) with a highly refined
white oil. US Patent 4,652,385 disclosesca |ubricant containing a
conbination of a tri- subst ituted phosphite and sterically hindered

phenol Ic stabilisers as antioxidant. The basestock is a hydrotreated oil,
pol yal phaol efi n @kl "ds pdmpbiitant wthat oithe orwhité uretlt heombainshean

lubricant 1 2nP$6¢i4Ant IahTERGLA! U §uRpR1SIHIYS: 14" n&%*"BLEN?S £8und
that the white oil tested without the addition of an
antioxidant is sensitive to oxidation and can have a lower
performance than mineral oil. However, when an anti-
oxidant is included in the white o0il lubricant formulation
the oxidation performance is superior to a comparable
formulation based on mineral oil.

The - antioxidant is preferably selected from one or
more of zinc dialkyl dithiophosphate, zinc diaryl dithio-
phosphate, zinc alkylaryl dithiophosphate, alkylated
diphenylamine, hindered phenol, phosphosulphurised alkyl-
phenol, sulphurised phenol, dimercapto dithiadiazole, and
copper based antioxidants such as copper oleate and copper
polyisobutylene succinic anhydride or a derivative
‘thereof. The amount of antioxidant added to the lubricant
is preferably from 0.05 to 3 wt%, more pfeferably from 0.1
to 2 wt%, based on the total weight of the lubricant, and
most preferably from 0.2 to 1.0 wt%.

White oils have not previously been used as base-
stocks for automotive gear oils and automatic transmission
fluids. Thus in another aspect the present invention
provides an automotive gear oil comprising (a) a basestock
comprising white o0il, and (b) one or more additives, at
least one additive being an antioxidant. 1In a further
aspect the present invention provides an automatic
transmission fluid comprising (a) a basestock comprising
white dil, and (b) one or more additives, at least one
additive being an antioxidant.

The white o0il of the gear o0il or automatic trans-
mission fluid is preferably as described above, and may be
blended with mineral oil or synthetic oil or both, to form
a blended white o0il basestock. If blended, the basestock
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rbonp?éssor oi |, heat tranger oil, hydraulic fluid or “steam turbine oi
Pat ent 2,892, 784 di scl oses a Iubrlcant wi th inproved ‘ant i oxi dat i en
performance. The |ubricant conprises a base oil, which may be any oil of

| ubricating viscosity, and an additive conprising a conbi nation of an
aromati ¢ am ne oxidation inhibitor together with a copol ymer of a higher
al Kyl ester of an [err] unsaturated [err] carboxylic acid and an am no

| ower al kylpxsferablysdomprisias datEllegsans5batwtt® ﬁhliltecabibnb&wm

discloses g 4bpLeaRt 8b' Bnk"Ba2titock.

The present invention shall now be illustrated by the
following Examples. The Examples include references to
the accompanying drawings in which:

Figure 1 is a graph showing the oxidation stabilities
of super high performance diesel oils based on white oil,
mineral oil and synthetic basestocks;

Figure 2 is a graph showing the oxidation stabilities

of automotive gear oils based on white oil and mineral oil
basestocks.

EXAMPLES

Example 1

White o0ils having the following properties were
obtained by conventional solvent extraction and mild
hydrogenation methods:

White White White
0il A 0il B 0il ¢
Naphthenic content (%)
(ASTM D 2140) 33.8 32.2 31.6
Viscosity at 409C (cst)
(ASTM D 445) : 31.6 71.4 14.6
Viscosity index
(ASTM D 2270) 108 o8 107
Pour point (©C) _
(ASTM D 97) -6 -18 -9
This Sheet Has Been Replaced
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stability against [err] d?gradation. The lubricant Copprises a base oi
with an aromatics content ‘of no nore than 2% and a vi Scosity index of. at

| east 75, which is selected froma variety of purified mnerals oils or
synthetic oils, and a combination of a pRenol-based antioxidant and an

or ganonol ybdenum conpound. The present invention provides an autonotive

| ubricant selected fromat | east one of engine oil, gear oil "and autonmatic
transmi ssion oi IThanprulsite: (eils awéreestfmkmulatkdch intbeasvaspous. %

's a mhiheéﬁ oﬂg¥£9g qlubricants as described in the following
Examples. The oxidation stability of each lubricant was
tested according to standard test GFC TO21A90. The
oxidation stability was compared with equivalent lubricant
formulations based on mineral oil, synthetic oils, and
hydrocracked basestocks, as described in the following

Examples.

Example 2

A super high performance diesel (SHPD) engine oil
based on a mixture of white oils A and B specified in
Example 1 above was formulated as follows:

Conmponent wt%

‘White oil A 54.598

White oil B 20.20

SHPD type addpack* 14.70 HITEC 865 from Ethyl
Corp

VI improver : - 10.50 OCP from Exxon

' Chemical

Antifoam agent | 0.002 Silicon type-

DC-200/60000

from Dow Corning

* Contains 8.3 wt% zinc dialkyl dithiophosphate ("ZDDP")
antioxidant where the alkyl group is typically a Cs to
Cg linear of branched alkyl group, for example a
2-ethylhexyl group. Thus the oil formulation contains
1.22 wt% ZDDP antioxidant.

For comparison, equivalent formulations were prepared
replacing the white o0ils with the same amount of (a)
conventional mineral oil, and (b) a PAO/ester synthetic
oil. The oxidation stability of each of the three oils was

. This Sheet Has Been Reiilaced
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naphthenlc content of at¥|east 25 wt.% and (b) one or nore additives,
at |least one additive belng an antioxi dant other than ‘a tin-containing
antioxidant. [err]

-9 - .
measured by testing a 300ml sample of oil at a temperature
of 160°C and an air flow of 10 1l/hr. The results are
given graphically in Figure 1.

| The results show that the SHPD oil based on a
conventional mineral oil breaks down after 800 hours,
whereas the equivalent oil based on white oil continues to
operate satisfactorily after 1000 hours and has a similar
performance to the synthetic based oil.

Example 3

An automotive gear oil based on white oil A specified
in Example 1 above was formulated as follows:

Component wt%

White oil ' 78.998

Antioxidant 0.20 phenolic

VI improver 10.00 polymethacrylate

EP additive 0.50 phosphite.

Pour point depressant 0.80 polyacrylate

Gear oil addpack ' 6.50 Auglamol 99 from
Lubrizol

Antifoam agent 0.002 DC 200/60000 from Dow
Corning

Antisquawk addpack 3.00 LZ 6178A from Lubrizol

For comparison, an equivalent gear oil was-formulated
replacing the white o0il with the same amount of
conventional mineral oil basestock. Their oxidation
stabilities were measured by testing a 300ml sample at a
temperature of 150°C and an air flow of 10 1l/hr. The
results are given graphically in Figure 3.

The results show that the rate of viscosity increase
is lower for the white o0il based gear o0il, and therefore

This Sheet Has Been Reilaced




-3- The white oil based agtonntive | ubri cant according“to the invention has
the advantage that it possésses superior oxidation stability properties
conpared wi th autonotive lubricants basedjgn.mineral oils, but has a I ower
production cost conpared with-lubricants based on synthetlc oils. Thus the
| ubri cant has the benefit of increased operation tines, i.e. it can be used
to lubricate a nechanical device, for exanple an engine or gear box for an

extended pethid hedora i highew regidatibnnostadiliépyactivgn ithe mineral
based gear oil.

Example 4

An automatic transmission fluid (ATF) containing as
basestock a blend of white oil, mineral oil and PAO
synthetic oils, the white o0il being white o0il C specified
in Example 1 above, was formulated as follows:

Component _ wt%

White o0il C : 40.00
Mineral oil 29.266
PAO 4 | 10.00
‘PAO 6 10.00

Antioxidant (phenolic) 0.10 HITEC 4782 available
from Ethyl Corp (UK)

Antioxidant (amine) 0.10 IRGANOX L57 available
from Ciba-Geigy

ATF addpack 10.50 0887256 from Lubrizol

Copper deactivator 0.03

Antifoam agent 0.004 AKC 50000 from
Wacker-Chenie

The resulting ATF has a viscosity of 6.9 cSt at 100°0C
(ASTM D. 445) and a viscosity of 22500 cSt at -409C (DIN 51
562 part 1). The oxidation stability of the fluid was
tested by exposing 500 ml of the fluid under heat (160°C)
to air flowing at a rate of 10 1/minute for 250 hours in
the presence of an iron/copper catalyst (test DIN 51587).
The test was repeated using a conventional mineral oil
based ATF (ESSO ATF D-21065 - available from Esso AG).
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" Some" appllcatlons the | ubki cant can be used as a f|||-for-I|fe | ubricant,
i.e. the operational Iiféktinme of the |ubricant natcHQT ir§t of

t he mechani cal part it is lubricating. - 1 4-
The exposed fluids were measured for increase in kinematic
viscosity at 10009C (KV 100) according to standard test DIN
51 562, and for total acid number (TAN) according to
standard test ASTM 664. The results are given ‘in Table 1.

TABLE 1
White o0il- Mineral oil
containing ATF ATF
Invention Comparative
Increase in KV100 + 1.5% + 4.5%
TAN 1.9 mgKOH/g 6 mgKOH/g

The smaller the increase in KV100 and the smaller
than TAN, the more stable is the ATF against oxidation.
Thus the results show that the white-oil containing ATF
.according to the present invention has superior oxidation
properties compared to the conventional mineral oil based
ATF.

The friction characteristics of the two ATFs were
also measured using a DKA friction testing machine
operating at a speed of 3000/min, a cycle rate of 2/min,
an energy density of 0.6 to 1.0 J/mm2 and a temperatufe of
80°C. The results are given in Table 2.

TABLE 2
. White oil-containing ATF Mineral 0il ATF
Cycles ul u2 u3 ul u2 u3

10 - 0.134 0.127 - 0.169 0.136 0.132 0.169
1000 0.132 0.122 0.151 0.145 0.134 0.150
9000 0.127 0.112 0.127 0.128 0.110 0.126

22000 0.119 0.106 0.131 0.125 0.109 0.124
36000 0.119 0.111 0.132 0.125 0.111 0.126
47000 0.111 0.102 0.138 0.121 0.112 0.128
67000 0.114 0.102 0.139 0.124 0.116 0.134



"White oils are defined inythe "Food and Drug Adnmi nistfiati on Code of Feder al
Regul ation", 1991. -Eit her*#edi ci nal mhite oi l s accordi*hg to specification

FDA-21 CFR 178-3620 (a) or technical & 0ils according to specification
FDA CFR 178-3620 (b) may be enpl oyed in t]he present invention. The white
oil is a conventional white oil, obtained using conventional solvent

extraction and hydrogenation to produce saturated hydrocarbons free from

sul phur and ni t r@gen reliltas SRR fEnwE the white ®ib-vodntadningatATRly
hi'gh napht t}l%nsl ¢ comparable, and in some instances, lower friction

coefficients than the conventional mineral oil ATF.
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‘Contént exhibit i rrproved roperties corrpar ed with rmt[ paraffinic white

oils. The white oil, use rn t he present invention has___napm_hﬂm_c_mnl_ent

of at least 25 w.% where 'naphthenic €emgent' is defined as the anount of
napht heni ¢ carbon as a percentage of the total carbon c 'l M e
oil, according to standard test ASTM D 2140. Preferabl y(lmmm ' Iul mm“r
content of the white oil is from30 to 50 wt.% nost preferdbly 3b to 40

wt.% A highly naphthenic white oil is obtained by using m|d hydrogenation
condi tions, so €hAIMShe cyclic nol ecul es contained in the oil

1. An automotive lubricant comprising:
(a) a white oilubasestock; and

(b) one or more additives, at 1least one
additive being an antioxidant other than a tin-
containing antioxidant.

2. An automotive lubricant according to clainm
1 wherein the basestock comprises at least 30 wt%
white oil.

3. An automotive lubricant according to clainm
1 or 2 wherein the basestock is a blend of white o0il
and one or more of mineral o0il, synthetic o0il and
hydrocracked-type basestock.

4. An automotive lubricant according to claim
3 wherein the synthetic oil is a polyalphaolefin.

5. An automotive lubricant according to claim
1 wherein the basestock is substantially 100% white
oil.

6. An automotive 1lubricant according to any
preceding claim wherein the white o0il has a
naphthenic content of at least 25 wt.$%.

7. An automotive Ilubricant according to any
preceding claim wherein the antioxidant is selected
from one or more of zinc dialkyldithiophosphate, zinc
diaryldithiophosphate, zinc alkylaryldithiophosphate,
alkylated diphenylamine, hindered phenol, phospho-
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‘are not’ substanti al | y bro@;en. Typi cal m|d hydrogen T . a
tenperature of between 150*and [err], and-a pressure betvveen 1000 and

20, 000 kPa. The napht heni ¢ conposition ofi4t ke hi ghl y mg“‘um |0| | s
advant ageously used in the present invention is prefe ) t he
nmeasur enent s bei ng obtai ned using standard test nethod" ASTM ‘D 3788: ring

20-30 Wt .9% preferably 24-32 wt.% 2 rings : 13-27 w.% preferably 17-23
wt . % sulphurised alkylphenol, sulphurised phenol or

dimercapto-‘dithiadiazole .
8. An automotive gear oil comprising:
(a) a basestock compzfising white o0il; and

(b) one or more additives, at 1least one
additive being an antioxidant.

9. An automatic transmission fluid comprising:
(a) a basestock comprising white oil; and

(b) one or more additives, at 1least one
additive being an antioxidant.

- This Sheet Has Been Repl
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ngs

W .

4-21 wt. % prefFrany 8 17 W . %4 rings : 3f19 wt.% preferably
%5 rings or nore : .

.....

% preferably 2-5 Wt. % [err]

ABSTRACT

- AUTOMOTIVE LUBRICANT

An automotive lubricant comprising a white oil
basestock and one or more additives, at least one
additive being an antioxidant. The white o0il
basestock may be blended with mineral oil. and/or
synthetic oil basestocks. The lubricant can be used,
for example, as an engine oil, gear oil or automatic
transmission fluid.
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[err] Exarrpl es of sui taFl{e FDA regulation food fitade quality white
oi l s-that can be used in the present invention inclu ¢ MARCOL 52 -

napht heni ¢ content 34% MARCOL 8R/ “napht henic content 32% I\/ARCC]_
172 - naphthenic content 34% boL 352 - napht henic content 32% and
PLASTOL 352 - naphthenic content 32% all ]
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by _Exxon/Esso suitable FDA regulation
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The present invention relates to automotive
lubricants such as engine o0ils, gear oils and automatic
transmission fluids.

Traditionally automotive 1lubricants have been based
on conventional mineral oils. Whilst these have proved
adequate in the past, mineral oil basestocks cannot always
meet the increasing demands for superior lubricant
properties, especially operational 1lifetime. These
improved properties can be obtained to some extent by the
use of additives, but research has also been conducted
into modifying or changing the basestocks. In recent

.years lubricant manufacturers have produced automotive

lubricants based on synthetic basestocks, for example
polyalphaclefins and esters. Whilst these provide
improved performance, they have the disadvantage that they

are expensive.

There is therefore a need for an automotive lubricant
with an alternative, 1less expensive basestock which
provides improved properties.

UK Patent 737,392 discloses a 1lubricating oil
containing an organo-tin compound as antiexidant. The
basestock may be derived from petroleum distillates and
residuals refined by conventional means, hydrogenated
mineral @ oils, white mineral oils, or polyether and
polyester lubricants used alone or blended with mineral
0il lubricants. The lubricant may be applied as a crank
case o0il, heating o0il, hydraulic  fluid, cutting oil,
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US Patent 3,853,773 discloses an anti-gum and
solvating lubricant for use with precision mechanical
devices. It is based on a combination of a type-A
transmission fluid (as defined in the patent) with a
highly refined white oil.

US Patent 4,652,385 discloses a lubricant containing
a combination of a tri-substituted . phosphite and
sterically hindered phenolic stabilisers as antioxidant.
‘The basestock is a hydrotreated oil, polyalphaolefin oil
or paraffinic white o0il, or mixtures thereof. The
lubricant is used in high temperature applications, for
example as a compressor oil, heat transfer oil, hydraulic
fluid or steam turbine oil.

The present invention provides, in one aspect, an
‘automotive lubricant comprising:

(a) a white o0il basestock; and

(b) one or more additives, at least one additive
being an antioxidant other than a tin~containing anti-

oxidant.

The white oil based automotive lubricant accérding to
the invention has the advantage that it possesses superior
oxidation stability properties compared with automotive
lubricants based on mineral oils, but has a 1lower
production cost compared with 1lubricants based on
synthetic oils. Thus thé lubricant has the benefit of
increased operation times, i.e. it can be used - to
lubricate a mechanical device, for example an engine or
gear box for an extended period before it requires
draining and replacing. In some applications the
lubricant can be used as a fill-for-life lubricant, i.e.
the operational 1life-time of the lubricant matches or
exceeds that of the mechanical part .it is lubricating.
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basestock is a blend of white oil,
White oils are defined in the "Food and Drug Admin-
istration Code of Federal Regulation", 1991. Either
medicinal white oils according to specification FDA 21
CFR 178-3620 (a) or technical white oils according to
specification FDA CFR 178-3620 (b) may be employed in the

present invention.

The white o0il is a conventional white o0il, obtained
using conventional solvent extraction and hydrogenation to
produce saturated hydrocarbons free from sulphur and
nitrogen. It has been found that white o0ils with a
relatively high naphthenic content exhibit improved
properties compared with more paraffinic white oils.
Preferably the white o0il, used in the present invention
has a naphthenic content of at 1least 25 wt.%, where
‘naphthenic content’ is defined as the amount of
_naphthehic carbon as a percentage of the total carbon
content of the white o0il, according to standard test ASTM
D 2140. More preferably the naphthenic content of the
white oil is from 30 to 50 wt.%, most preferably 30 to 40
wt.%¥. A highly naphthenic white o0il is obtained by using
mild hydrogenation conditions, so that the cyclic
molecules contained in the o0il are not substantially
broken. Typical mild hydrogenation conditions are a
temperature of between 150 and 250°9C, and a pressure
between 1000 and 20,000 kPa.

The. naphthenic composition-.of the highly naphthenic
white oils advantageously&used in the present invention is
preferably as follows, the measurements being obtained
using standard test method ASTM D 2786 :

20-30 wt.%, preferably 24-32 wt.%

1 ring :

2 rings : 13-27 wt.%, preferably 17-23 wt.$%

3 rings : 4-21 wt.%, preferably 8-17 wt.$%

4 rings : 3-19 wt.%, preferably 7-15 wt.%

5 rings or more : 0-9 wt.%, preferably 2-5 wt.%
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Examples of suitable FDA regulation food grade
quality white oils that can be used in the present
invention include MARCOL 52 -~ naphthenic content 34%,
MARCOL 82 -~ naphthenic content 32%, MARCOL 172 -
naphthenic content 34%, PRIMOL 352 - naphthenic content
32%, and PLASTOL 352 - naphthenic content 32%, all
supplied by Exxoh/Esso. Examples of suitable FDA
regulation technical gradé white oils that can be used in
the present invention include BAYOL 52 =~ naphthenic
content 34% and PLASTOL 135 - naphthenic content 36%, both
supplied by Exxon/Esso. MARCOL, PRIMOL, PLASTOL and BAYOL
are trade marks of Exxon Corporation. The naphthenic
content is measured according to standard test method ASTM
2140.

The basestock may comprise 100% white oil, or may
_comﬁrise a blend of white oil with one or more other types
of o0il, for example a mineral oil and/or a synthetic oil
such as a polyalphaolefin or an ester such as a polyol
ester or diester, and/or a hydrocracked-type basestock.
If the basestock is a blend, the preferred proportion of
white o0il in the basestock is at 1least 30 wt%, more
preferably bétween 30 and 60 wt%, most preferably between
30 and 40 wt.3. If the white o0il is blended with a .
synthetic oil, the synthetic oil is preferably a poly-
alphaolefin, for example PAO 4 and/or PAO 6, where 4 and 6
are the respective viscosities of the PAOs in centistokes
at 100°C. Where the basestock is a blend of white oil,
mineral oil and synthetid® 0il, the preferred proportions
are 30-80 wt.% white oil, 10-70 wt.% mineral oil and 5-50
wt.% synthetic oil.

The automotive lubricant may also contain other
additives such as those typically contained in an engine
0il, gear o0il or automotive transmission fluid as
appropriate. These include détergents, for example
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alkaline earth metal sulphonates, LcaIETﬁﬁ"‘EEI?EITEtes,
alkaline earth metal sulphurised phenates; ashless
dispersants, for example polyisobutenesuccinimide,

anti-wear/extreme pressure agents, for example zinc

_dialkyl (or diaryl or arylalkyl) dithiophosphate, and
phosphorus/sulphurous or borated compounds; anti-corrosion
agents, for example barium alkylnaphthalene sulphonates
and mercaptobenzotriazole; viscosity index improvers, for
example olefin copolymers, polyalphaolefins, polymeth-
acrylates and styrene butadiene; pour point depressants,
for example poiyesters; anti-foam agents, for example
those based on silicon; and friction modifiers, for
example molybdenum compounds, ashless compounds and anti-
squawk agents. For each additive, the amount included in
the automotive lubricant varies depending upon the type of
additive and the intended application of the lubricant.
Generally, however, each additive is added in an amount up
to 6 wt% based on the total weight of the, lubricant except
for the viscosity index improver(s) which may be added in
an amount up to about 10 wt% (active ingredient). Some or
all of the additives may be incorporated into the
automotive lubricant by ‘means of an addpack.

In general terms, the automotive lubricant according
to the. invention has a viscosity of 4 to 50 mm2/s at
1009C, and a viscosity index of 80 to 200. More specifi-
cally, where the lubricant is an engine oil, it preferably
has a viscosity of 4 to 35 mm2/s, more preferably 5 to 25
mm2/s, at 100°C, and a v;scosity index of 85 to 160, more
preferably 95 to 150. Where the lubricant is a gear oil,
it preferably has a viscosity of 5 to 50 mm2/s, more
preferably 8 to 25 mm2/s, at 100°C, and a viscosity index
of 80 to 180, more preferably 95 to 160. Where the
lubricant is an automatic transmission fluid, it prefer-
ably has a viscosity of 4 to 10 mm2/s, more preferably 5
to 8 mm2/s, at 100°9C, and a viscosity index of 100 to 200,
more preferably 150 to 200.
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It is important that the white oil contains an
antioxidant additive. Surprisingly, it has been found
that the white o0il tested without the addition of an
antioxidant is sensitive to oxidation and can have a lower
performance than mineral oil. However, when an anti-
oxidant is included in the white oil lubricant formulation
the oxidation performance is superior to a comparable

formulation based on mineral oil.

The antioxidant is preferably selected from one or
more of zinc dialkyl dithiophosphate, zinc diaryl dithio-
phosphate, zinc alkylaryl dithiophosphate, alkylated
diphenylamine, hindered phenol, phosphosulphurised alkyl-
phenol, sulphurised phenol, dimercapto dithiadiazole, and
copper based antioxidants such as copper oleate and copper
polyiscbutylene succinic anhydride or a derivative
thereof. The amount of antioxidant added to the lubricant
is preferably from 0.05 to 3 wt%, more preferably from 0.1
to 2 wt%, based on the total weight of the lubricant, and
most preferably from 0.2 to 1.0 wts.

White oils have not previously been used as base-
stocks for automotive gear oils and automatic transmission
fluids. Thus in another aspect the present invention
provides an automotive gear oil comprising (a) a basestock
comprising white o0il, and (b) one or more additives, at
- least one additive being an antioxidant. 1In a further
aspect the present invention provides an automatic
transmission fluid comprising (a) a basestock comprising
white dil,_ and (b) one or more additives, at least one
additive being an antioxidant.

The -w'hite oil of the gear o0il or automatic trans-
mission fluid is preferably as described above, and may be
blended with mineral oil or synthetic oil or both, to form
a blended white oil basestock. If blended, the basestock
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preferably comprises at least 50 wt% white o0il based on
the weight of the basestock.

The present invention shall now be illustrated by the
following Examples. The Examples include references to
" the accompanying drawings in which:

Figure 1 is a graph showing the oxidation stabilities
of super high performance diesel oils based on white o0il,
mineral oil and synthetic basestocks;

Figure 2 is a graph showing the oxidation stabilities

of automotive gear oils based on white o0il and mineral oil
basestocks.

EXAMPLES

Example 1

White oils having the following properties were
obtained by conventional solvent extraction and mild
hydrogenation methods: '

White White White
0il A 0il B 0il ¢
Naphthenic content (%) ¢
(ASTM D 2140) 33.8 32.2 31.6
Viscosity at 40°9C (cst)
(ASTM D 445) 31.6 71.4 14.6
Viscosity index '
(ASTM D 2270) : 108 98 107

Pour point (©C)
(ASTM D 97) -6 =18 -9
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automotive 1lubricants as described in the following
Examples. The oxidation stability of each lubricant was
tested according to standard test GFC TO21A90. The
oxidation stability was compared with equivalent lubricant
formulations based on mineral oil, synthetic oils, and
hydrocracked basestocks"',' as described in the following
Examples.

Example 2

A super high performance diesel (SHPD) engine oil
based on a mixture of white oils A and B specified in
Example 1 above was formulated as follows:

Component wt%

‘White o0il A 54.598

White oil B - 20.20

SHPD type addpack* 14.70 HITEC 865 from Ethyl
Corp

VI improver o 10.50 OCP from Exxon

' Chemical

Antifoam agent 0.002 Silicon type-

DC-200/60000

from Dow Corning

* Contains 8.3 wt% zinc dialkyl dithiophosphate ("ZDDP")
antioxidant where the a.l.kyl "group is typically a Cs5 to
Cg linear of branched aikyl group, for example a
2-ethylhexyl group. Thus.the oil formulation contains
1.22 wt% ZDDP antioxidant.

For comparison, equivalent formulations were prepared
replacing the white o0ils with the same amount of (a)
conventional mineral oil, and (b) a PAO/ester synthetic

' 0il. The oxidation stability of each of the three oils was

!}ﬁmﬂﬁﬂm me or all of the addi
t by means of an addpgck, .l raf terns,
ing to the-igiwention |hds %8\7‘&\83 yiol 4 to 50
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and a viscosity index

measured by testing a 300ml sample il at a temperature
of 1609C and a#i air flow of 10 1l/hr. <The results are
given graphically in Figure 1.

The results show that the SHPD oil based on a
conventional mineral oil breaks down after 800 hours,
whereas the equivalent o0il based on white oil continues to
operate satisfactorily after 1000 hours and has a similar
performance to the synthetic based oil.

Example 3

An automotive gear oil based on white oil A specified
in Example 1 above was formulated as follows:

Component wt%

White oil 78.998

Antioxidant 0.20 phenolic

VI improver 10.00 polymethacrylate

EP additive . .0.50 phosphite. '

Pour point depressant 0.80 polyacrylate

- Gear oil addpack © 6.50 Auglamol 99 from
Lubrizol

Antifoam agent 0.002 DC 200/60000 from Dow
Corning

Antisquawk addpack _ 3.00 LZ 6178A from Lubrizol

For comparison, an equivalent gear oil was formulated
replacing the white o0il with the same amount of
conventional mineral oil basestock. Their oxidation
stabilities were measured by testing a 300ml sample at a
temperature of 150°C and an air flow of 10 1l/hr. The
results are given graphically in Figure 3.

The results show that the rate of viscosity increase
is lower for the white 0il based gear oil, and therefore



of "80 t0-i89———ne#e—p%e%e$ably 95 to 160. Vhereggﬁgﬁkgg&3§ﬁ§$§}§ an

.automatic transn1s 10 qud It prefer- ably has V-3€ostty—ot-4 o 10
m2/s, nord 8 [err], at 100C, and ja VIiCOSIty |£dqx of 100
to 200, nDrH 50 to 200. [err] 8 NOV 19

- 10 -~

this has a higher oxidation stability than the mineral
based gear oil.

Example 4

An automatic transmission fluid (ATF) containing as
basestock a blend of white o0il, mineral oil and PAO
synthetic oils, thé white o0il being white o0il C specified
in Example 1 above, was formulated as follows:

Component wts

White o0il C - 40.00

Mineral oil 29.266

PAO 4 10.00

-PAO 6 - 10.00

Antioxidant (phenolic) 0.10 HITEC 4782 available

from Ethyl Corp (UK)

Antioxidant (amine) 0.10 IRGANOX L57 available
: from Ciba-Geigy

ATF addpack ' 10.50 0S87256 from Lubrizol

Copper deactivator 0.03

Antifoam agent 0.004 AKC 50000 from

Wacker-Chemie

The resulting ATF has a viscosity of 6.9 ¢St at 100°0C
(ASTM D. 445) and a viscosity of 22500 cSt at -40°C (DIN 51
562 part 1). The oxidation stability of the fluid was
tested by exposing 500 ml of the fluid under heat (160°C)
to air flowing at a rate of 10 1l/minute for 250 hours in
the presence of an iron/copper catalyst (test DIN 51587).
The test was repeated using a conventional mineral oil
based ATF (ESSO ATF D-21065 - available from Esso AG).
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The exposed fluids were measured for increase in kinematic
viscosity at 1000C (KV 100) according to standard test DIN

51 562, and for total acid number (TAN) according to

standard test ASTM 664. The results are given 'in Table 1.

TABLE 1
White oil- Mineral oil
containing ATF ATF
—Invention _Comparative
Increase in KV100 + 1.5% ' + 4.5%
TAN 1.9 mgKOH/g 6 mgKOH/g

The smaller the increase in KV100 and the smaller
than TAN, the more stable is the ATF against oxidation.
Thus the results show that the white-oil containing ATF

~according to the present invention has superior oxidation

properties compared to the conventional mineral oil based
ATF.

The friction characteristics of the two ATFs were
also measured using a DKA friction testing machine
operating at a speed of 3000/min, a cycle rate of 2/min,
an energy density of 0.6 to 1.0 J/mm2 and a temperature of
809C. The results are given in Table 2.

TABLE 2
. White oil-containing ATF Mineral 0il ATF
Cyg:les ul u2 u3 ul u2 u3

10 0.134 0.127 0.169 0.136 0.132 0.169
1000 0.132 0.122 0.151 0.145 0.134 0.150
92000 0.127 0.112 0.127 0.128 0.110 0.126

22000 0.119 0.106 0.131 0.125 0.109 0.124
36000 0.119 0.111 0.132 0.125 0.111 0.126
47000 0.111 0.102 0.138 0.121 0.112 0.128
67000 0.114 0.102 0.139 0.124 0.116 0.134



performance than mineral oil. However, when ap_anti-..axi.dant.is

included in the white oil lubricant fornulation thpRk N SREED
REPACENENT SKE!

I s superior to a conparable fornulation based on
antioxidant is selected fromone or nore of zinc dial kyl di hi%ph
zinc diaryl dithiophosphate, zinc alkylaryl  ditHi h%%\@i &995
di phenyl am ne, - 12 -

[

S
a

 nance

bhat e,
kyl at ed

The results show that the white oil-containing ATF

has comparable, and in some instances, lower friction

coefficients than the conventional mineral oil ATF.
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CLAIMS

1. An automotive lubricant comprising:
(a) a white oil basestock; and

(b) one or more additives, at least one
additive being an antioxidant other than a tin-
containing antioxidant.

2. An automotive lubricant according to claim
1 wherein the basestock comprises at least 30 wt%
white oil.

3. An automotive lubricant according to claim
1 or 2 wherein the basestock is a blend of white oil
and one or more of mineral oil, synthetic oil and
hydrocracked-type basestock. |

4. An automotive lubricant according to claim
3 wherein the synthetic o0il is a polyalphaolefin.

5. An automotive lubricant according to claim
1 wherein the basestock is substantially 100% white
oil.

6. An automotive lubficant according to any
preceding claim wherein the white o0il has a
naphthenic content of at least 25 wt.%.

7. . An automotive lubricant according to any
preceding claim wherein the antioxidant is selected
from one or more of zinc dialkyldithiophosphate, zinc
diaryldithiophosphate, zinc alkylaryldithiophosphate,
alkylated diphenylamine, hindered phenol, phospho-~
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sulphurised alkylphenol, sulphurised phenol or
dimercapto-dithiadiazole.

8. An automotive gear oil comprising:
(a) a basestock comprising white o0il; and

(b) one or more additives, at 1least one
additive being an antioxidant.

9. An automatic transmission fluid comprising:
(a) a basestock comprising white oil; and

(b) one or more additives, at 1least one
additive being an antioxidant.
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BSTRACT

AUTOMOTIVE LUBRICANT

An automotive lubricant comprising a white oil
basestock and one or more additives, at 1least one
additive being an antioxidant. The white oil
basestock may be blended with mineral oil and/or
synthetic oil basestocks. The lubricant can be used,
for example, as an engine oil, gear o0il or automatic
transmission fluid.
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AUTOMOTIVE LUBRI

The present invention relates to automotive
lubricants such as engine oils, gear oils and automatic
transmission fluids.

Traditionally automotive lubricants have been based
on conventional mineral oils. Whilst these have proved
adequate in the past, mineral oil basestocks cannot always
meet the increasing demands for superior lubricant
properties, especially operational lifetime. These
improved properties can be obtained to some extent by the
use of additive.s, but research has also been conducted
into modifying or changing the basestocks. In recent
.years lubricant manufacturers have produced automotive
lubricants based on synthetic basestocks, for example
polyalphaolefins and esters. Whilst these provide
improved performance, they have the disadvantage that they
are expensive. '

There is therefore a need for an automotive lubricant
with an alternative, less expensive basestock which
provides improved properties.

UK Patent ' 737,392 discloses a lubricating oil
containing an organo-tin compound as antioxidant. The
basestock may be derived from petroleum distillates and
residuals refined by conventional means, hydrogenated
mineral oils, white mineral oils, or polyether and
polyester lubricants used alone or blended with mineral
oil lubricants. The lubricant may be applied as a crank
case o0il, heating oil, hydraulic fluid, cutting oil,

turbine -0il or transformer oil. RE?L ACEBAENT SHE ‘T

18 DEC 1997




Napht heni'c content (% (ASTM D 2140) 33.8 32.2

31.6 Viscosity at 400C (cSt) (ASTM D 445) 31.6 71. 4
14.6 Viscosity index (ASTM D 2270) 108 98 107
Pour point [err] -2-

US Patent 3,853,773 discloses an anti-gum and solvating lubricant for use
with precision mechanical devices. It is based on a combination of a type-A
transmission fluid (as defined in the patent) with a highly refined white oil.

US Patent 4,652,385 discloses a lubricant containing a combination of a tri-
substituted phosphite and sterically hindered phenolic stabilisers as antioxidant. The
basestock is a hydrotreated oil, polyalphaolefin oil or paraffinic white oil, or mixtures
thereof. The lubricant is used in high temperature applications, for example as a
compressor oil, heat transfer oil, hydraulic fluid or steam turbine oil.

US Patent 2,892,784 discloses a lubricant with improved antioxidation
performance. The lubricant comprises a base oil, which may be any oil of lubricating
viscosity, and an additive comprising a combination of an aromatic amine oxidation
inhibitor together with a copolymer of a higher alkyl ester of an a,p-olefinically
unsaturated Cg-Cg carboxylic acid and an amino lower alkyl ester of such an acid.

European Patent Publication 281992A discloses a lubricant with improved
stability against NOy; degradation. The lubricant comprises a base oil with an
aromatics content of no more than 2% and a viscosity index of at least 75, which is

- selected from a variety of purified minerals oils or synthetic oils, and a combination of
a phenol-based antioxidant and an organomolyb denum compound.

The present invention provides an automotive lubricant selected from at least
one of engine oil, gear oil and automatic transmission oil comprising:

(a) a basestock of which at least 30 wt.% is a white oil having a
naphthenic content of at least 25 wt.%; and

®) one or more additives, at least one additive being an antioxidant other
than a tin-containing antioxidant.

REPLACEMENT SHERT
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(ASTM D 97) -6 - 18 -9 -9- The white
oils were fornul ated into various autonotive |lubricants as descri bed
in the follow ng

-3 -

The white oil based automotive lubricant according to the invention has the
advantage that it possesses superior oxidation stability properties compared with
automotive lubricants based on mineral oils, but has a lower production cost compared
with lubricants based on synthetic oils. Thus the lubricant has the benefit of increased
operation times, i.e. it can be used to lubricate a mechanical device, for example an
engine or gear box for an extended period before it requires draining and replacing. In
some applications the lubricant can be used as a fill-for-life lubricant, i.e. the
operational life-time of the lubricant matches or exceeds that of the mechanical part it

is lubricating.
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Exanpl es: The oxidation stability of each |ubricant was tested according
to standard test GFC TO021A90. The oxidation stability was conpared

wi th equival ent lubricant formul ati ons based on mneral oil, synthetic
oil's, and hydrocracked basestocks, as described in thé foll ow ng Exanpl es.
Exampl e 2 -4 -

White oils are defined in the "Food and Drug Administration Code of Federal
Regulation”, 1991. Either medicinal white oils according to specification FDA 21 CFR
178-3620 (a) or technical white oils according to specification FDA CFR 178-3620 (b)
may be employed in the present invention. '

The white oil is a conventional white oil, obtained using conventional solvent
extraction and hydrogenation to produce saturated hydrocarbons free from sulphur
and nitrogen. It has been found that white oils with a relatively high naphthenic
content exhibit improved properties compared with -more paraffinic white oils. The
white oil, used in the present invention has a naphthenic content of at least 25 wt.%,
where 'maphthenic content' is defined as the amount of naphthenic carbon as a
percentage of the total carbon content of the white oil, according to standard test
ASTM D 2140. Preferably the naphthenic content of the white oil is from 30 to 50
wt.%, most preferably 30 to 40 wt.%. A highly naphthenic white oil is obtained by
using mild hydrogenation conditions, so that the cyclic molecules contained in the oil
are not substantially broken. Typical mild hydrogenation conditions are a temperature
of between 150 and 250°C, and a pressure between 1000 and 20,000 kPa.

The naphthenic composition of the highly naphthenic white oils .
advantageously used in the present invention is preferably as follows, the
measurements being obtained using standard test method ASTM D 2786 :

lring : 20-30 wt.%, preferably 24-32 wt.%
2 rings .: 13-27 wt.%, preferably 17-28 wt.%
8 rings : 4-21 wt.%, preferably 8-17 wt.%
4 rings : 3-19 wt.%, preferably 7-15 wt.%

5 rings or more : 0-3 wt.%, preferably 2-5 wt.%

REPLACEMENT SHEET
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e 2 CETRATINT CUELLT
A super, high performance di esel (SHPD) engine oil baseJREﬁLﬁLEiV@LIr én& 1
white oils A and B specified in Exanple 1 above was forilmjl ated as fol |l ¢ws:
[err] Conponent w% White oil A 18 DEC 1997
54.598 Wite oil B 20.20

- Examples of suitable FDA regulation——fuud'“ngHE”J
quality white oils that can be wused in the present
invention include MARCOL 52 - naphthenic content 34%,
MARCOL 82 ~ naphthenic content 32%, MARCOL 172 =~
naphthenic content 34%, PRIMOL 352 = naphthenic content
32%, and PLASTOL 352 -~ naphthenic content 32%, all
supplied by Exxon/Esso. Examples of suitable FDA
regulation technical grade white cils that can be used in
the present invention include BAYOL 52 ~ naphthenic
content 34% and PLASTOL 135 - naphthenic content 36%, both
supplied by Exxon/Esso. MARCOL, PRIMOL, PLASTOL and BAYOL
are trade marks of Exxon Corporation. The naphthenic
content is measured according to standard test method ASTM

2140.

The basestock may comprise 100% white o0il, or may .
comprise a blend of white oil with one or more other types
of oil, for example a mineral oil and/or a synthetic oil
such as a polyalphaolefin or an ester such as a polyol
ester or diester, and/or a hydrocracked-type basestock.
If the basestock is a blend, the preferred proportion of
white o0il in the basestock is at least 30 wt%, more
preferably between 30 and 60 wt3%, most preferably between
30 and 40 wt.$. If the white oil is blended with a
synthetic o0il, the synthetic oil is preferably a poly-
alphaolefin, for example PAO 4 and/or PAO 6, where 4 and 6
are the respective viscosities of the PAOs in centistokes
at 100°C. Where the basestock is a blend of white oil,
mineral oil and synthetic o0il, the preferred proportions
are 30-80 wt.% white oil, 10-70 wt.% mineral oil and 5-50
wt.% synthetic oil.

The automotive 1lubricant may also contain other
additives such as those typically contained in an engine
0il, gear o0il or automotive transmission fluid as
appropriate. These include detergents, for example



T

SHPD type addpack* 14.70 H TEC 865 from Ethyl Corp VI inprover
10.50 OCP from Exxon Chem cal Antifoam agent 0. 002
Silicon type- DC 200/60000 from Dow Corning.

alkaline earth metal sulphonates, calcium salycilates,
alkaline earth metal sulphurised phenates; ashless
dispersants, for example polyisobutenesuccinimide,
anti-wear/extreme pressure agents, for example zinc
dialkyl (or diaryl or arylalkyl) dithiophosphate, and
phosphorus/sulphurous or borated compounds; anti-corrosion
agents, for example barium alkylnaphthalene sulphonates
and mercaptobenzotriazole; viscosity index improvers, for
example olefin copolymefs, polyalphaolefins, polymeth-
acrylates and styrene butadiene; pour point depressants,
for example polyesters; anti-foam agents, for example
those based on silicon; and friction modifiers, for
example molybdenum compounds, ashless compounds and anti-
squawk agents. For each additive, the amount included in
the automotive lubricant varies depending upon the type of
additive and the intended application of the lubricant.
Generally, however, each additive is added in an amount up
to 6 wt%¥ based on the total weight of the lubricant except
for the viscosity index improver(s) which may be added in
an amount up to about 10 wt% (active ingredient). Some or
all of the additives may be incorporated into the
automotive lubricant by means of an addpack.

In general terms, the automotive lubricant according
to the invention has a viscosity of 4 to S0 mm2/s at
100°9C, and a viscosity index of 80 to 200. More specifi-
cally, where the lubricant is an engine o0il, it preferably
has a viscosity of 4 to 35 mm2/s, more preferably 5 to 25
mm2/s, at 100°C, and a viscosity index of 85 to 160, more
preferably 95 to 150. Where the lubricant is a gear oil,
it preferably has a viscosity of 5 to 50 mm2/s, more
preferably 8 to 25 mm2/s, at 100°C, and a viscosity index
of 80 to 180, more preferably 95 to 160. Where the
lubricant is an automatic transmission fluid, it prefer-
ably has a viscosity of 4 to 10 mm2/s, more preferably 5

to 8 mm2/s, at 100°C, and a viscosity index of 100 to 200,
more preferably 150 to 200. REPLACEMENT S?&B}

18 DEC 1997
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* Contairns 8.3 wt % zinc dial kyl dithiophosphate ("ZDDP") anti oxi dant where
the alkyl group is typically a [err] to C8 linear of branched al kyl group,
for exanple a 2-ethyl hexyl group. Thus the oil fornulation contains 1.22
wt % ZDDP anti oxi dant. For conparison, egui-val ent fornul ati ons were prepared
replacing the white oils with the sanme anount of (a)

It is important that the white oil contains an

antioxidant additive. Surprisingly, it has been found
that the white o0il tested without the addition of an
antioxidant is sensitive to oxidation and can have a lower
performance than mineral oil. However, when an anti-
oxidant is included in the white oil lubricant formulation
the oxidation performance is superior to a comparable
formulation based on mineral oil.

The antioxidant is selecﬁed from one or more of zinc
dialkyl dithiophosphate, zinc diaryl dithiophosphate, zinc
alkylaryl dithiophosphate, alkylated diphenylamine,
hindered - phenol, phosphosulphurised alkylphenol,
sulphurised phenol, dimercapto dithiadiazole, and copper
based antioxidants such as copper oleate and copper

| polyisobutylene succinic anhydride or a derxivative
thereof. The amount of antioxidant added to the lubricant
is preferably from 0.05 to 3 wt%, more preferably from 0.1
to 2 wt%, based on the total weight of the lubricant, and
most preferably from 0.2 to 1.0 wt¥%.

The white o0il of the gear oil or automatic trans-
mission fluid is preferably as described above, and may be
blended with mineral oil or synthetic oil or both, to form
a blended white oil basestock. If blended, the basestock

REPLACEMENT SHEET
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conventi-onal mneral oil, and (b) a PAO ester synthetic oi | . The oxidation
stability of each of the three oils was [err] [err]

-8 -

preferably comprises at least 50 wt% white oil based on
the weight of the basestock.

The present invention shall now be illustrated by the
following Examples. The Examples include references to
the accompanying drawings in which:

Figure 1 is a graph showing the oxidation stabilities
of super high performance diesel oils based on white oil,
mineral oil and synthetic basestocks;

Figure 2 is a graph showing the oxidation stabilities
of automotive gear oils based on white o0il and mineral oil

basestocks.

EXAMPLES REPLACEMENT SHEET
18 DEC 1997
Example 1

H

White oils having the following properties were
obtained by conventional solvent extraction ‘and mild

hydrogenation methods:

White White White
oil A 0il B 0il ¢
Naphthenic content (%)
(ASTM D 2140) 33.8 32.2 31.6
Viscosity at 40°0C (cst)
(ASTM D 445) 31.6 71.4 14.6
Viscosity index
(ASTM D'2270) 108 a8 107

Pour point (©C)
(ASTM D 97) -6 -18 -9
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- 10 - neasured by testing a 300m sanple of oil at a tenperature of [err]
and an air flow of 10 1/hr. The results are given graphically in Figure
1. The results show that the SHPD oil ghased on a conventional mneral oil
breaks down after 800 hours, whereas the equivalent oil based on white oil

continues to The white o0ils were formulated 4into various
automotive 1lubricants as described in the following
Examples. The oxidation stability of each lubricant was
tested according to standard test GFC TO21A90. The
oxidation stability was compared with equivalent lubricant
formulations based on mineral oil, synthetic oils, and
hydrocracked basestocks, as described in the following
Examples.

Example 2

A super high performance diesel (SHPD) engine oil
based on a mixture of white oils A and B specified in

Exanple 1 above was formulated as follows:
REPLACEMENT SHEET

Component wt%

- 18 DEC 1997
‘White oil A 54.598
White oil B 20.20
SHPD type addpack* 14.70 . HITEC 865 from Ethyl

Corp
VI improver 10.50 oOCP from Exxon
. . Chemical -
‘Antifoam agent 0.002 Silicon type-
: DC-200/60000

from Dow Corning

* Contains 8.3 wt% zinc dialkyl dithiophosphate ("2ZDDP")
antioxidant where the alkyl group is typically a Cs to
Cg linear ‘of branched alkyl group, for example a
2-ethylhexyl group. Thus-the oil formulation contains
1.22 wt$ ZDDP antioxidant.

For comparison, equivalent formulations were prepared
replacing the white oils with the same amount of (a)
conventional mineral oil, and (b) a PAO/ester synthetic
0il. The oxidation stability of each of the three oils was
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operate-satisfactorily after 1000 hours and has a simlar perfornance to
the synthetic based oil. Exanple 3 An autonDLLue_geaﬁ-erk-géiFj on white
oil A specified in Exanple 1 above was for mull a8 SHEET 61AS REPLACENVENT
SHEET Conponent W% - 10 - REPLACED 14 1999

measured by testing a 300ml sample of oil at a temperature
of 160°9C and an air flow of 10 1l/hr. The results are
given graphically in Figure 1.

The results show that the SHPD o0il based on a
conventional mineral oil breaks down after 800 hours,
whereas the equivalent oil based on white oil continues to
operate satisfactorily after 1000 hours and has a similar
performance to the synthetic based oil.

Example 3

An automotive gear o0il based on white oil A specified
in Example 1 above was formulated as follows:

Component Wt

White oil . 78.998

Antioxidant 0.20 phenolic

VI improver 10.00 polymethacrylate

EP additive 0.50 phosphite '

Pour point depressant 0.80 polyacrylate '

Gear oil addpack 6.50 Auglamol 99 from
Lubrizol |

Antifoam agent 0.002 DC 200/60000 from Dow.
Corning

Antisquawk addpack 3.00 LZ 61782 from Lubrizol

For comparison, an equivalent gear oil was formulated
replacing the white o¢il with the same amount of
conventional mineral oil basestock. Their oxidation
stabilities were measured by testing a 300ml sample at a
temperature of 150°C and an air flow of 10 l/hr. The
results are given graphically in Figure 3.

The results show that the rate of viscosity increase

is lower for the white oil baiaﬁ;%iiﬁigﬁ;gﬁggrd therefore

This Sheet Has Been Replac

LD 16 C B




f

78.998 Anti oxi dant 0.20 phenolic

VWi te orl

VI i nprover 10.00 polynethacrylate EP additive

0. 50 phosphite Pour point depressant 0.80 polyacrylate Gear oil
addpack 6.50 Auglanmol 99 from lyybri zol

this has a higher oxidation stability than the mineral

based gear oil. REPL ACEME‘@EF;FE{‘

18 DEC 1997

Example 4

An automatic transmission fluid (ATF) containing as
basestock a blend of white oil, mineral oil and PAO

-synthetic oils, thée white o0il being white o0il C specified

in Example 1 above, was formulated as follows:

Component wts

White oil C 40.00

Mineral oil 29.266

PAO 4 _ 10.00

"PRO 6 © 10.00

Antioxidant (phenolic) 0.10 HITEC 4782 available
from Ethyl Corp (UK)

Antioxidant (amine) 0.10 IRGANOX L57 available
from Ciba-Geigy

ATF addpack 10.50 0887256 from Lubrizol

Copper deactivator 0.03

Antifoam agent 0.004 AKC 50000 from
Wacker-Chemie

The resulting ATF has a viscosity of 6.9 cSt at 1009C
(ASTM D. 445) and a viscosity of 22500 cSt at -409C (DIN 51
562 part 1). The oxidation stability of the fluid was

tested by exposing 500 ml of the fluid under heat (160°0C)

to air flowing at a rate of 10 l/minute for 250 hours in
the presence of an iron/copper catalyst (test DIN 51587).
The test was repeated using a conventional mineral oil
based ATF (ESSO ATF D-21065 - available from Esso AG).
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AT SHEE]

Ant i f oam agent ~0.002 DC 200/ 60000 from Do ‘Qornlng ANtTST
addpack _ 3.00 LZ 6178A from Lubrizol For conpa |soq 62&3@9? 2 nt
gear oil was formulated replacing the whhte oil with thel sane af !
conventional mneral oil Dbasestock. Their oxidat] o ~Mdre

measured by testing a 300m sanple at a
The exposed fluids were measured for 1ncreESE"In*krnemat1c

viscosity at 1009C (XV 100) according to standard test DIN
51 562, and for total acid number (TAN) according to
standard test ASTM 664. The results are given 'in Table 1.

'ABT,
White oil- Mineral oil
containing ATF ATF
Invention Comparative
Increase in KV100 + 1.5% + 4.5%
TAN 1.9 mgKOH/g 6 mgROH/g

The smaller the increase in KV100 and the smaller
than TAN, the more stable is the ATF against oxidation.
Thus the results show that the white-oil containing ATF
-according to the present invention has superior oxidation
properties compared to the conventional mineral oil based

ATF.

The friction characteristics of the two ATFs were
also measured using a DKA friction testing machine
operating at a speed of 3000/min, a cycle rate of 2/min,
an energy density of 0.6 to 1.0 J/mm2 and a temperature of
80CC. The results are given in Table 2.

IABLE 2

. White oil-containing ATF Mineral 0il ATF
Cycles ul u2 u3 ul u2 u3

10 0.134 0.127 0.169 0.136 0.132 0.169
1000 0.132 0.122 0.151 0.145 0.134 0.150
9000 0.127 0.112 0.127 0.128 0.110 0.126

22000 0.119 0.106 0.131 0.125 0.109 0.124
36000 0.119 0.111 0.132 0.125 0.111 0.126
47000 0.111 0.102 0.138. 0.121 0.112 0.128
67000 0.114 0.102 0.139 0.124 0.1l1s 0.134



. . ——
tenperature of [err] and an air flow of 10 1/hr. The results are given

graphically in Figure 2. The results show that the rate of viscosity
increase is lower for the white oil based gear oil, and therefore
-13 -

The results show th
has comparable,

coefficients than

. at the white oil-containing ATF
and in sope instances,

lower frictj
. ction
the conventional mineraj

oil ATF.
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Exanple 4 An automatic transmssion fluid (ATF) containi as
blend of white oil, mneral oil and PAO synthetic oi ﬂ r i be| ng
white oil C specified in Exanpl e 1 above, was formul

- 14 -
CLAIMS:
1. An automotive lubricant selected from at least one of engine oil, gear

oil and automatic transmission oil comprising:

() a basestock of which at least 30 wt.% is a white oil having a
naphthenic content of at least 25 wt.%; and

® one or more additives, at least one additive being an
antioxidant other than a tin-containing antioxidant.

2. An automotive lubricant according to claim 1 wherein the viscosity at
100°C is in the range of from 4 to 50 mm2/s and the viscosity index is in the range of
from 80 to 200. -

8.  An automotive lubricant according to claim 1 or claim 2 wherein the
basestock is substantially 100% white oil.

4. An automotive lubncant according to claim 1 or claim 2 wherein the
basestock is a blend of white oil and one or more of mineral oil, synthetic oil and
.hydrocracked-type basestock.

5. An automotive lubricant according to claim 4 wherein the synthetic oil
is a polyalphaolefin.

6. An autométive lubricant according to any preceding claim wherein the
white oil has a naphthenic content (ASTM D-2140) of from 30 to 50 wt.%.

REPLACEMENT SHEET
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Conmponent

W% Wite oil C 40.00 M neral oil
10. 00

29.266 PAO 4 10. 00 PAO 6 —
0.10 HI TEC 4782 avail abl e from Ethyl—Coarp_(UK)

Ant i oxi dant (phenoli c)

oo Iy

7. An automotive lubricant according to any preceding claim wherein the
antioxidant is selected from one or more of zinc dialkyldithiophosphate, zinc
diaryldithiophosphate, zinc alkylaryldithiophosphate, alkylated diphenylamine, -
hindered phenol, phosphosulphurised alkylphenol, sulphurised phenal or dimercapto-
dithiadiazole,

8.  Use as an automotive gear oil of a composition comprising:

(a) a basestock comprising at least 30 wt.% white qil having a
naphthenic content of at least 25 wt.%; and '

®) one or more additives, at least one additive being an
antioxidant other than a tin-containing antioxidant.

9. Use as an automotive automatic transmission fluid of a composition
comprising: '

(a) a basestock comprising at least 30 wt.% white oil having a
naphthenic content of at least 25 wt.%; and

(b) one or more additives, at least ome ﬁﬁﬁve being an
antioxidant other than a tin-containing antioxidant,

10. Use as an automotive engine oil of a composition comprising:

{a) a basestock comprising at least 30 wt.% white oil having a

-naphthenic content of at least 25 wt.%; and

®) one or more additives, at least one additive being an
antioxidant other than a tin-containing antioxidant.

REFLACEMENT SHEET
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Ant i oxi dant (am ne) 0.10 I RGANOX L57 avail able from C ba- Gei gy ATF

addpack 10. 50 0887256 from Lubri zol~Copper deactivator.

0. 03 Antifoam agent 0. 004 AKC 50000 fr The
resulting ATF has a viscosity of 6.9 cSt _ferr] T‘“\ m‘ﬂ“ \“‘

11. A method of operating automotive equipment comprising one or more
of an internal combustion engine, a gearbox or an automatic transmission, the method
comprising lubricating the equipment with an automotive lubricant, characterised in
that the automotive lubricant is in accordance with any one of claims 1 to 7.




(ASTM D 445) and a viscosity of 22500 cSt at -[err] (DN 51 562 part 1).
The oxidation stability of the fluid was tested by exposing 500 m of the
fluid under heat [err] to air flowing at a rate of 10 I/ mnute for 250
hours in the presence of an |ron/cog _catalyst (test DIN 51587). The test
was repeated using a conventional mneral oil based ATF (ESSO ATF D 21065 -
avai l able from Esso AG.

ABSTRACT

OMO: UBRICANT

An automotive lubricant comprJ.s:Lng a white oil
basestock and one or more additives, at least one
additive being an antioxidant. The white oil
basestock may be blended with mineral oil and/or
synthetic oil basestocks. The lubricant can be used,
for example, as an engine oil, gear oil or automatic
transmission fluid.
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-12 - The exposed fluids were measured for increase in ki nematic

viscosity at [err] (KV 100) according to standard test DIN 51 562, and for
total acid number (TAN) according to

. pensess BEE D B
REPLACEMENT SHEET
18 DEC 1997
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Standard test ASTM 664. The results are given in Table 1. TABLE?’I\ &hl te

oil - M neral oil containing ATF . ATF Il .avention 'LSOCD
1. 9| l ner IS’%IEEO/E) KV]'%?V €ur6?é?§@hes . Eurcpean 4. 57melNe iropien
rrg 0-80298 Munchen K g Patentamt Patent Office des brevets '
0 T +49 89 23990 '
TX 523656 epmud
FAX +49 89 23994465 . Generalidirektion 2 Directorate General 2 Direction Générale 2
| HAS
r SFW v N
S Harold Arnold Re. A
omers, Harold Arnol
' M V4
ESSO Engineering (Europe) Ltd. comp \/
Patents & Licences 29 APR 1999
Mailpoint 72 TOU
Esso House e
Ermyn Way VL '
Leatherhead, LAR
Surrey KT22 8XE corY
GRANDE BRETAGNE
L _ J
Application No. Ref. Date
93 917 356.3-2104 | FR9201411/TDL 26. 0499
Applicant
Esso Société Anonyme Frangaise et al.

Communication under Rule 51(4) EPC

You are hereby informed that the Examining Division intends to grant a European patent on the basis of the
above application with the text and drawings as indicated below:

Text for the Contracting States:
ATBECHLIDEESFRGB IEITLUNLPT

Description, pages:

1,412 as published

. 2,22,3 as received on 31.05.1996 with letter of - 28.05.1996
Claims, No.:
1-6,11 ' as received on 31.05.1996 with letter of 28.05.1996
7-10 ‘as received on 21.08.1997 with letter ot 14.08.1997

Drawings, sheets:

1M as published

A copy of the relevant documents is enclosed.

The title of the invention in the three official languages of the European Patent Office, the international patent

classification, the designated Contracting States and the registered name of the applicant are shown on the
attached EPO Form 2056.

You are requested to state your approval of the text specified above within four months of this notification.
Failure to do so will result in refusal of the application under Article 97(1) EPC, except as provided by Rule

Registered Letter



r. r :
The smaller the increase in KV100 and the smaller than TAN, the nore stable
is the ATF agai nst oxidation. -Thus the results show that the white-oil '
cont al ni ng F according to the present invention has superior oxidation
properties ared to the.,conventional mneral oil based ATF. The _friction
char act er a S Q?fe the t J.'A ng’)v\er e Sheet 2 Application-No.: 93 917 356.3

51(5) EPC, second sentence.
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is made to OJ EPO 1995, 841.
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“AUTOMOTTVE-TUBRICANT"

The present invention relates to automotive
lubricants such as engine oils, gear oils and automatic
transmission fluids.

Traditionally automotive 1lubricants have been based
on conventional mineral oils. Whilst these have proved
adequate in the past, mineral oil basestocks cannot élways
meet the increasing demands for superior lubricant
properties, especially operational lifetime. These
improved properties can be obtained to some extent by the
use of additives, but research has also been conducted
"into modifying or changing the basestocks. In recent
years lubricant manufacturers have produced automotive
lubricants based on synthetic basestocks, for example
polyalphaolefins and esters. Whilst these provide

improved performance, they have the disadvantage that they
are expensive.

) There is therefore a need for an automotive lubricant
QjT with an alternative, 1less expensive basestock which
provides improved properties.

UK Patent 737,392 discloses a 1lubricating oil
containing an organo-tin compound as antioxidant. The
basestock may be derived from petroleum distillates and
residuals refined by conventional means, hydrogenated
mineral oils, white mineral oils, or polyether and
polyester lubricants used alone or blended with mineral
0il lubricants. The lubricant may be applied as a crank
case .0il, heating o0il, hydraulic fluid, cutting o0il,
turbine o0il or transformer oil.



13.- The results show that the white oil-containing ATF has conparable
apd. in some instances, |ower friction coefficients than the conventional
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US Patent 3,853,773 discloses an anti-gum and solvating lubricant for use
with precision mechanical devices. It is based on a combination pf a type-A
transmission fluid (as defined in the patent) with a highly refined white oil.

US Patent 4,652,385 discloses a lubricant containing a combination of a tri-
substituted phosphii:e and sterically hindered phenolic stabilisers as antioxidant. The
basestock is a hydrotreated oil, polyalphaolefin oil or paraffinic white oil, or mixtures
thereof. The lubricant is used in high temperature applications, for example as a
compressor oil, heat transfer oil, hydraulic fluid or steam turbine oil.

US Patent 2,892,784 discloses a lubricant with improved antioxidation
‘performance. The lubricant comprises a base oil, which may be any oil of lubricating
viscosity, and an additive comprising a combination of an aromatic amine oxidation
‘inhibitor together with a copolymer of a higher alkyl ester of an a,B-olefinically
unsaturated C3-Cg carboxylic acid and an amino lower alkyl ester of such an acid.

European Patent Publication 281992A discloses a lubricant with improved
stability against NOy degradation. The lubricant comprises a base oil with an
aromatics content of no more than 2% and a viscosity index of at least 75, which is
selected from a variety of purified minerals oils or synthetic oils, and a combination of
a phenol-based antioxidant and an organomolybdenum compound.

The present invention provides an automotive lubricant selected from at least
one of engine oil, gear oil and automatic transmission oil comprising:

(a) a basestock of which at least 30 wt.% is a white oil having a
naphthenic content of at least 25 wt.%; and

(b) one or more additives, at least one additive being an antioxidant other
than a tin-containing antioxidant.

07269405.HAS/mp
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The white oil based automotive lubricant according to the invention has the
advantage i:hat it possesses superior oxidation stability properties compared with
automotive lubricants based on mineral oils, but has a lower production cost compared
with lubricants based on synthetic oils. Thus the lubricant has the benefit of increased
operation times, i.e. it can be used to lubricate a mechanical device, for example an
engine or gear box for an extended period before it requires draining and replacing. In
some applications the lubricant can be used as a fill-for-life lubricant, i.e. the
operational life-time of the lubricant matches or exceeds that of the mechanical part it

is lubricating.

07269405-HAS/mp



oi-I' and automatic transm ssion oil conprising: (a) a basest-ock of which
at least 30 wt.%is a white oil having a naphthenic content of at |east 25
w .-% and (b) one or nore add|t|ves.. at Ioe-ast- one-addltlve b'GI ng , an
anti oxi dant other than a tin-containi nq ant i O-XI d-ant- -2 . An' autqn'ot iPve

| ubricant according to claim1 wherein.the’vi 'scosi ty “ap’ [err] i i n the
range of from4 to 50 [err] and the viscosity index is in the range of

.83. -

White oils are defined in the "Food and Drug Administration Code of Federal
Regulation”, 1991. Either medicinal white oils according to specification FDA 21 CFR
178-3620 (a) or"tectinical white oils according to specification FDA CFR 178-3620 (b)
may be employed in the present invention. '

The white oil is a conventional white oil, obtained using conventional solvent
extraction and hydrogenation to produce saturated hydrocarbons free from sulphur
and nitrogen. It has been found that white oils with a relatively high naphthenic

'-"'1'-'_-'"/" content exhibit improved properties compared with more paraffinic white oils. The
white oil, used in the present invention has a naphthenic content of at least 25 wt.%,
where 'naphthenic content' is defined as the amount of naphthenic carbon as a
percentage of the total carbon content of the white oil, according to standard test
ASTM D 2140. Preferably the naphthenic content of the white oil is from 30 to 50
wt.%, most preferably 30 to 40 wt.%. A highly naphthenic white oil is obtained by
using mild hydrogenation conditions, so that the cyclic molecules contained in the oil -
are not substantially broken. Typical mild hydrogenation conditions are a temperature
of between 150 and 250°C, and a pressure between 1000 and 20,000 kPa.

The naphthenic composition of the highly naphthenic white oils
advantageously used in the present invention is preferably as follows, the
(, measurements being obtained using standard test method ASTM D 2786 :

l1ring : 20-30 wt.%, preferably 24-32 wt.%
2 rings : 13-27 wt.%, prefefably 17-23 wt.%
3rings : 4-21 wt.%, preferably 8-17 wt.%
4 rings : 3-19 wt.%, preferably 7-15 wt.%

5 rings or more : 0-9 wt.%, preferably 2-5 wt.%

07269405.HAS/mp -
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2 Wwherein the
aut onotive lu

i cant according to claim1 or claim2 wherein the aseStock.
i s*-a. bl endv@i3mpisie oil and one or nore of mneral oil, synt VEP93V0023and

hydr ocr acked-
claim4 where

bagestock is substantially 100% white oil. 4. An

type basestock. 5.  An autonotive |ubricant cording to
in the synthetic oil . C . :

Examples of suitable FDA regulation food grade
guality white o0ils that can be used in the present

invention include MARCOL 52 - naphthenic content 34%,
MARCOL 82 - naphthenic content 32%, MARCOL 172 -
naphthenic content 34%, PRIMOL 352 - naphthenic content
32%, and PLASTOL 352 - naphthenic content 32%, all
supplied by Exxon/Esso. Examples of suitablé FDA
regulation technical grade white oils that can be used in
the present invention include 'BAYOL 52 ~ naphthenic

content 34% and PLASTOL 135 - naphthenic content 36%, both
supplied by Exxon/Esso. MARCOL, PRIMOL, PLASTOL and BAYOL
are trade marks of Exxon Corporation. The naphthenic

content is measured according to standard test method ASTM
2140.

The basestock may comprise 100% white o0il, or may
comprise a blend of'white 0il with one or more other types
of 0il, for example a mineral oil and/or a synthetic oil
such as a polyalphaolefin or an ester such as a polyol
ester or diester, and/or a hydrocracked-type basestock.
If the basestock is a blend, the preferred proportion of
white o0il in the basestock is at 1least 30 wt%, more
preferably between 30 and 60 wt%, most preferably between
30 and 40 wt.%. If the white o0il is blended with a
synthetic o0il, the synthetic o0il is preferably a poly-
alphaolefin, for example PAO 4 and/or PAO 6, where 4 and 6
are the respective viscosities of the PAOs in centistokes
at 100°C. Where the basestock is a blend of white o0il,
mineral oil and synthetic o0il, the preferred proportions
are 30-80 wt.% white oil, 10-70 wt.% mineral oil and 5-50
wt.% synthetic oil.

The automotive 1lubricant may also contain other
additives such as those typically contained in an engine
0il, gear o0il or automotive transmission fluid as
appropriate. These inélude detergents, for example

An autonotive |ubricant according to claim1 or claim

-

2 ¥



is . a'pol yal phaolefin. 6. . An autonotive lubricant according to any
preceding claimyy#erein the.white oil has a naphthenic content (ASTM-
D-2140) of fro 0O to 50 wt.% REPLACEMENT SHEET 18 DEC 1997 06////
. wy 716151 PCFIE&?/ 231
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alkaline earth metal sulphonates, calcium salycilates,
alkaline earth metal sulphurised phenates; ashless
dispersants, for example polyisobutenesuccinimide,
anti-wear/extreme pressure agents, for example zinc
dialkyl (or diaryi or arylalkyl) dithiophosphate, and
phosphorus/sulphurous or borated compounds; anti-corrosion
agents, for example barium alkylnaphthalene sulphonates
and mercaptobenzotriazdle; viscosity index improvers, for
example olefin copolymers, polyalphaolefins, polymeth-
acrylates and styrene butadiene; pour point depressants,
oo for example polyesters; anti-foam agents, for example
’ those based on silicon; and friction modifiers, for
example molybdenum compounds, ashless compounds and anti-
squawk agents. For each additive, the amount included in
the automotive lubricant varies depending upon the type of
additive and the intended application of the lubricant.
‘Generally, however, each additive is added in an amount up
to 6 wt% based on the total weight of the lubricant except
for the viscosity index improver(s) which may be added in
an amount up to about 10 wt% (active ingredient). Some or
all of the additives may be incorporated into the
automotive lubricant by means of an addpack.

Q;' In general terms, the automotive lubricant according
to the invention has a viscosity of 4 to 50 mm2/s at
100°C, and a viscosity index of 80 to 200. More specifi-
cally, where the lubricant is an engine o0il, it preferably
has a viscosity of 4 to 35 mm2/s, more preferably 5 to 25
mm2/s, at 100°C, and a viscosity index of 85 to 160, more
preferably 95 to 150. Where the lubricant is a gear cil,
it preferably has a viscosity of 5 to 50 mm2/s, more
preferably 8 to 25 mm2/s, at 100°C, and a viscosity index
of 80 to 180, more preferably 95 to 160. Where the
lubricant is an automatic transmission fluid, it prefer-
ably'has a viscosity of 4 to 10 mm2/s, more preferably 5
to 8 mm2/s, at 100°C, and a viscosity index of 100 to 200,
more preferably 150 to 200.



-15-.° - [err] 7. An autonotive lubricant according to any preceding
claimwherein the antioxidant is selected from one or .nore of zZinc

di al kyl dithio hoaﬁhﬁ%e, zi nc di aryl dithi ophosphate, zinc

al kyl aryl &@ A/ sphate, allated diphenylam ne, hindered pR&TSEF93/00231
phosphosul phwi sed al kyl phenol , sul phurised phenol or dinmercapto-

di t hi adi azol e. : 7 '

preferably comprises at least 50 wt% white oil based on
the weight of the basestock. )

The present invention shall now be illustrated by the
following Examples. The Examples include references to:
the accompanying drawings in which: '

Figure 1 is a graph showing the oxidation stabilities
of super high performance diesel oils based on white oil,
mineral oil and synthetic basestocks;

Ef' Figure 2 is a graph showing the oxidation stabilities

of automotive gear oils based on white o0il and mineral oil
basestocks.

EXAMPLES

Example 1

White oils having the following properties were
obtained by conventional solvent extraction and mild

5 hydrogenation methods:
White White White
Oil A 0il B 0il ¢
Naphthenic content (%)
(ASTM D 2140) 33.8 32.2 31.6
Viscosity at 40°C (cst)
’ (ASTM D 445) 31.6 71.4 14.6
Viscosity index i
(ASTM D 2270) 108 98 .107

Pour point (°C)
(ASTM D 97) -6 -18 -9



‘8. ..-Use as an autonbtive gear oil of ‘a conpositi.on conprising: (a) a
basestock conprising at |east 30 wt.% white oil having.a naphthenic content °
of - at | east 2f % and (b) one or nore additives, at least 0

adili ti ve WRIPAGGAS anti oxi dant other than a tin-contai ning arﬁ%’gé’ﬁ)@mg
Use as an autonotive autonatlc tranm ssion fluid of a conp05|t|on
conpri si ng:

_‘9_
measured by testing a 300ml sample of oil at a temperature
of 160°C and an air flow of 10 1l/hr. The results are

given graphically in Figure 1.

The results show that the SHPD o0il based on a
conventional mineral o0il breaks down after 800 hours,
whereas the equivalent oil based on white o0il continues to
operate satisfactorily after 1000 hours and has a similar
performance to the synthetic based oil.

Example 3

An automotive geaf 0il based on white o0il A specified
in Example 1 above was formulated as follows:

Component uts

White o0il 78.998

Antioxidant 0.20 phenolic

VI improver 10.00 polymethacrylate

EP additive 0.50 phosphite

Pour point depressant 0.80 polyacrylate

Gear oil addpack 6.50 Auglamol 99 from
Lubrizol .

C Antifoam agent 0.002 DC 200/60000 from Dow

Corning

Antisquawk addpack 3.00 LZ 61782 from Lubrizol

For comparison, an equivalent gear oil was formulated
replacing the white o0il with the same amount of
conventional mineral oil basestock. Their oxidation
stabilities were measured by testing a 300ml sample at a

; temperature of 150°C and an air flow of 10 1l/hr. The
results are given graphically in Figure 3.

The results show that the rate of viscosity increase
is lower for the white o0il based gear oil, and therefore



(&) . .'a basestock conprising at |east 30 m¢[96mhite oil having a ,
napht heni c content of at least 25 w.% and (b) = one or. nore additives,

at- | east one addijfve being an antioxi dant other than a tin-containlg%m//’
ant i ‘oxi dant WOL3TISE as-an aut onotive engine oil of a conposit PER/EPI3A0231
conpri si ng: ) a basestock conprising at least 30 wt% white oil having
a naplthenic content of at least 25 w.% and ' '

- 1<
The exposed fluids were measured for increase in kinematic
viscosity at 1009C (KV 100) according to standard test DIN
51 562, and for total acid number (TAN) according to
standard test ASTM 664. The results are given 'in Table 1.

TABLE 1
White oil- Mineral oil
containing ATF ATF
Invention Comparative
L Increase in KV100 + 1.5% + 4.5%

TAN 1.9 mgKOH/g 6 mgKOH/g

The smaller the increase in KV100 and the smaller
than TAN, the more stable is the ATF against oxidation.
Thus the results show that the white-ocil containing ATF
-according to the present invention has superior oxidation

properties compared to the conventional mineral oil based
ATF.

The friction characteristics of the two ATFs were

also measured using a DKA friction testing machine

~ operating at a speed of 3000/min, a cycle rate of 2/min,

C an energy density of 0.6 to 1.0 d/mm2 and a temperature of
80°9C. The results are given in Table 2.

TABLE 2
White oil-containing ATF Mineral Oil ATF

Cycles ul u2 u3 ul u2 u3
10 0.134 0.127 0.169 0.136 0.132 0.169
1000 0.132 0.122 0.151 0.145 0.134 0.150
9000 0.127 0.112 0.127 0.128 0.110 0.126
22000 0.119 0.106 0.131 0.125 0.109 0.124
36000 0.119 0.111 0.132 0.125 0.111 0.126
47000 0.111 0.102 0.138 0.121 0.112 0.128

67000 0.114 0.102 0.139 0.124 0.116 0.134



b), .* one or nore additives, at |east one additive being an ant i oxi dant

otHer than a tin-containing-antioxidant. [err] - 16, - [err]
» * . L3:l
CLAIMS:

1. An automotive lubricant selected from at least one of engine oil, gear
oil and automatic transmission oil comprising: '

(a) a basestock of which at least 30 wt.% is a white oil having a
naphthenic content of at least 25 wt.%; and

) one or more additives, at least one additive being an
antioxidant other than a tin-containing antioxidant.

2. An automotive lubricant according to claim 1 wherein the viscosity at
100°C is in the range of from 4 to 50 mm2/s and the viscosity index is in the range of
from 80 to 200.

3. An automotive lubricant according to claim 1 or claim 2 wherein the
basestock is substantially 100% white oil.

L 4, An automotive lubricant according to claim 1 or claim 2 wherein the
basestock is a blend of white oil and one or more of mineral oil, synthetic oil and
hydrocracked-type basestock.

5.’ An automotive lubricant according to claim 4 wherein the synthetic oil
is a polyalphaolefin.

6. An automotive lubricant according to any preceding claim wherein the
white oil has a naphthenic content (ASTM D-2140) of from 30 to 50 wt.%.

07269405.HAS/mp
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A rret hod of operat| ng autormtlve equi pnment conprising one or

nor e of

an | nternal conbustion engi Re, a gearbox or an automatic transm ssion, the
met'hod conprising lubricating the equipnment with an autqnot,ve ] ubricant,

characterised in that the autonotive |ubricant :
one of clains 1 to 7. [err] _ Dfdwmﬂ

.14 -

7. An automotive lubricant according to any preceding claim wherein the
antioxidant is selected from one or more of zinc dialkyldithiophosphate, znc
diaryldithiophosphate, zinc - alkylaryldithiophosphate, alkylated diphenylamine,
hindered phenol, phosphosulphurised alkylphenol, sulphurised phenol or dimercapto-
dithiadiazole. | |

8. Use as an automotive gear oil of a composition comprising:

(2 a basestock comprising at least 30 wt.% white oil having a
naphthenic content of at least 25 wt.%; and

) one or more additives, at least one additive being an

antioxidant other than a tin-containing antioxidant.

9. Use as an automotive automatic transmission fluid of a composition

comprising:

(a) a basestock comprising at least 30 wt.% white oil having a
naphthenic content of at least 25 wt.%; and

® one or more additives, at least one additive being an
antioxidant other than a tin-containing antioxidant.

10. Use as an automotive engine oil of a composition comprising:

(a) a basestock comprising at least 30 wt.% white oil having a

"naphthenic content of at least 25 wt.%; and

()] one or more additives, at least one additive being an

antioxidant other than a tin-containing antioxidant.
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11. A method of operating automotive equipment comprising one or more
of an internal combustion engine, a gearbox or an automatic transmission, the method
comprising lubricating the equipment with an automotive lubricant, characterised in
that the automotive lubricant is in accordance with any one of claims 1 to 7.

07269405.HAS/mp
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