087102114 A1 | I 00 R0 OO O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
28 August 2008 (28.08.2008)

lﬂ[ﬁ A0 0000 OO

(10) International Publication Number

WO 2008/102114 Al

(51) International Patent Classification:

C10M 101/02 (2006.01) CION 30/04 (2006.01)
C10M 107/00 (2006.01) CION 30/10 (2006.01)
C10M 107/10 (2006.01) CION 40725 (2006.01)

(21) International Application Number:
PCT/GB2008/000554

(22) International Filing Date:
18 February 2008 (18.02.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

07250739.5 21 February 2007 (21.02.2007) EP

(71) Applicant (for all designated States except US): BP P.L..C.
[GB/GB]; 1 St James’s Square, L.ondon SW1Y 4PD (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): AMES, Stephen,
Bruce [GB/US]; 31435 Creekside Drive, Pepper Pike,
Ohio 44124 (US). DAVIES, John, Philip [GB/GB]; 3
Stokes View, Pangbourne, Reading, Berkshire RG8 7RP
(GB). LIDDY, John, Philip [GB/GB]; 23 The Hythe,
Staines, Middlesex TW18 3JA (GB). LIM, Kok-Chye
[MY/GB]; Well Meadow, 3 The Commons, Common
Lane, Kelsall, Tarporley, Chelshire CW6 OPY (GB).

(74) Agent: PERKINS, Nicholas, David; BP International
Limited, Global Patents and Technology Law (Central),
Chertsey Road, Sunbury-on-Thames, Middlesex TW16
7LN (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
1L, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB,GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,
NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CIL, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

of inventorship (Rule 4.17(iv))

[Continued on next page]

(54) Title: LUBRICANT BASE OILS AND LUBRICANT COMPOSITIONS AND METHODS FOR MAKING THEM

Effect on P48 Results of Aromatic Extract in Base Qil

2

Change in Viscosity Viscosity

1514

+18
-+ 16
+14
+12
+1

+08
+06
+04
+02

Change in Carbon

Fig.1

| i I

0 I I i
6

|
i
12

0

T 1

1
18 24 30

Aromatic Extract (wt. %)

(57) Abstract: A liquid lubricant base oil composition comprising (i) a base stock comprising at least 95 % by weight saturated
& hydrocarbons such as for example a Group II base stock, a Group III base stock and/or a base stock derived from Fischer-Tropsch
o synthesised, waxy, paraffinic hydrocarbon material and (ii) 0.2 to 30 % by weight of an aromatic extract which has a dimethyl
sulphoxide extractable polycyclic aromatics content of less than 3 weight % may be made by blending the components together
and may be used with one or more additives in a lubricant composition which may be used in applications such as marine engine

lubricants.



WO 2008/102114 A1 {00000 000001000 010000 00

Published:

—  with international search report

—  before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments



10

15

20

WO 2008/102114 PCT/GB2008/000554

LUBRICANT BASE OILS AND LUBRICANT COMPOSITIONS AND METHODS
FOR MAKING THEM

This invention relates to compositions and methods and in particular to lubricant
base oils and lubricant compositions and to methods for making them.

Lubricant compositions genelially comprise a base oil and one or more additives.
According to API standard 1509, “ENGINE OIL LICENSING AND CERTIFICATION
SYSTEM?”, November 2004 version 15th edition Appendix E, base stocks which are used

for base oils are defined as belonging to one of five Groups as set out in Table I below.

Table I
Saturated
Sulphur content )
Group | hydrocarbon content Viscosity Index
' (wt%o)
(wt%) ‘
| < 90 and/or > 0.03 and | > 80and <120
I > 90 and < 0.03 and | > 80and <120
11 =290 and < 0.03 { and > 120
v polyalpha olefins
v : all base stocks not in Groups I, I, III or IV

Group I base stocks are generally preférred to Group II base stocks for the
manufacture of lubricant compositions for marine 2-stroke and 4-stroke engines,
particularly for engines operating on heavy fuel oil. However, Group II base stocks are
becoming increasingly more readily available because older manufacturing capacity for
Group I basestock is beiﬁg closed and new manufacturing capacity tends to manufacture
Group II base stock.

Group II base stocks may have some performance disadvantages compared to Group
I base stocks when used in some lubricant compositions, for example in marine lubricants.
These disadvantages may include poorer dispersancy, poorer seal swell performance,
poorer solubility of additives, lower compatibility with fuel oil in marine engine
applications (which can lead to deposit formation, for example in cool parts of the engine)

and/or in some aspects, poorer oxidative stability.
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Hydroprocessed base stocks may have advantages and disadvantages (Deckman,
D.E. et al., Hart’s Lubricants World, July 1997, pages 46 — 50) when used in industrial
lubricant applications (Deckman D. E. et al., Hart’s Lubricants World, Sept 1997, pages
20-26) and in commercial, personal vehicle and marine engine oils (Deckman D. E. et él.,
Hart’s Lubricants World, Sept 1997, pages 27 — 28).

According to Deckman D. E. et al., in Hart’s Lubricants World, Sept 1997, pages 27
— 28, “Because hydrocracking results in a viscosity loss of the base stocks, marine oils
cannot generally be formulated solely with hydrocracked base stocks, but require the use
of significant amounts of bright stock. However, the use of bright stock is not desirable
because of the presence of oxidatively unstable aromatics”™ .

Base stocks which are made by hydroprocessing, including Group II and Group III
base stocks, have lower aromatics content and lower sulphur content than Group I base
stocks. 4

Base stocks which are polyalphaolefins (Group IV) may also have a high degree of
saturation.

Base stocks derived from Fischer-Tropsch synthesised, waxy, paraffinic hydrocarbon
materials also have a low aromatics content and 50 may also exhibit at least some of the
poorer performance of Group II and Group III base stocks compared to Group I base
stocks. WO 00/14187 and WO 2005/0663 14 relate to lubricant compositions comprising
Fischer Tropsch derived base stock.

~ There remains a need for a base oil composition which overcomes, or at least
mitigates these problems.

It has now been found that the use of 0.2 to 30 % by weight of an aromatic extract in
a base oil comprising base stock, which base stock comprises at least 95 % by weight
saturated hydrocarbons, can overcome or at least mitigate these problems.

Thus, according to one aspect of the present invention, there is provided a liquid
lubricant base oil composition comprising (i) a base stock comprising at least 95 % by
weight saturated hydrocarbons and (ii) 0.2 to 30 % by weight, preferably 0.2 to 18 % or 1
to 30 % by weight, more preferably 1.0 to 18 % by weight, of an aromatic extract, in which
the aromatic extract has a dimethyl sulphoxide extractable polycyclic aromatics content of
less than 3 weight %.

According to a second aspect of the present invention, there is provided a method of
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making a liquid lubricant base oil composition as hereindefined which method comprises
blending a base stock comprising at least 95 % by weight saturated hydrocarbons with
sufficient aromatic extract which has a dimethyl sulphoxide extractable polycyclic
aromatics content of less than 3 weight % to make a liquid lubricant base oil composition
as hereindefined. .

According to a third aspect of the present invention there is provided a liquid
lubricant composition comprising a lubricant base oil composition as hereindefined and
one or more additives, preferably selected from the group consisting of detergents,
dispersants, anti-wear additives, anti-oxidants, anti-foams, corrosion inhibitors, pour point
depressants, friction modifiers, tackifiers and viscosity index improvers.

The present invention solves the problem defined above by the use of 0.2 to 30 %
by weight of an arofnatic extract which has a dimethyl sulphoxide extractable polycyclic
aromatips content of less than 3 weight % in a liquid lubricant base. oil composition which
base oil comprises a base stock comprising at least 95 % by wéight saturated
hydrocarbons. This provides a lubricant base oil which overcomes or at least mitigates, at
least some of the deficiencies which may be associated with such base stocks.

The lubricant base oil composition of the present invention comprises 0.2 to 30 %

by weight of an aromatic extract. Preferably, the lubricant base oil composition of the

present invention comprises 0.2 to 18 % or 1.0 to 30 % by weight of the aromatic extract.

More preferably, the lubricant base oil composition of the present invention comprises 1.0
to 18 % by weight aromatic extract.

Preferably, the base stock comprising at least 95 % by weight saturated
hydrocarbons comprises a hydroprocessed base stock and/or a base stock derived from
Fischer-Tropsch synthesised, waxy, paraffinic hydrocarbon material. The present
invention provides a lubricant base oil which overcomes or at least mitigates, at least one
of the deficiencies which may be associated with such base stocks, for example those
deficiencies selected from the group consisting of poor dispersancy (for example, of soot
and/or deposits), poor seal swell performance, poor solubility of additives and low
compatibility with fuel oil in marine engine applications (which can lead to deposit
formation, for example in cool parts of the engine), and also in some aspects, poor
oxidative stability.

Thus, according to a further aspect of the present invention there is provided the
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use of 0.2 to 30 % by weight of an aromatic extract which has a dimethyl sulphoxide -
extractable polycyclic aromatics content of less than 3 weight % in a liquid lubricant base
oil composition which base oil comprises a base stock comprising at least 95 % by weight
saturated hydrocarbons, to mitigate at least one of the deficiencies of the base stock
selected from the group consisting of poor dispersancy, poor éeal swell performance, poor
solubility of additives and low compatibility with fuel oil in marine engine applications.

In particular, the present invention provides a method which uses a defined amount
of aromatic extract, to make a base oil using a hydroprocessed base stock which may
comprise for example, a Group II base stock and/or a Group III base stock, and/or using a
base stock which may comprise a polyalphaolefin and/or using a base stock derived from

Fischer-Tropsch synthesised, waxy, paraffinic hydrocarbon material. This base oil can be

"used in applications where a Group I base stock has conventionally been used, such as for

example, in marine engine applications, for example in 2-stroke marine diesel engine
cylinder oils, 2-stroke marine diesel engine system oils and 4-stroke marine diesel engine
crankcase lubricant compositions. _

The aromatic extract is preferably made by the treatment of at least one refinery
process stréam in a solvent extraction process. Suitable solvent extraction process include
contacting the at least one refinery process stream with a solvent such as furfural, n-

methylpyrrolidone, sulphur dioxide, Duo-Sol™

or phenol to selectively extract from the
refinery stream, aromatic and heterocyclic materials and to form a solution of these
materials in the solvent. The solvent is then recovered from the solution for recycle to the
extraction process; the resultant product being the aromatic extract.

The manufacture of aromatic extracts is known in the art and is described for
example in “Lubricant base oil and wax processing” A. Sequeira, pages 81-118, pub.
Marcel Dekker Inc. New York, 1994.

The aromatic extract may be a residual aromatic extract, which may be made by
treatment in an extraction process, of solvent deasphalted vacuum residue (also known as
DAO) made using Duo-Sol™, propane, butane or mixtures thereof as the solvent for the
deasphalting.

The aromatic extract may be a distillate aromatic extract (DAE) which is an

aromatic extract made by treatment in an extraction process, of a distillate stream from a

vacuum distillation process. Preferably, the distillate aromatic extract is a treated distillate

[}
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aromatic extract which is a distillate aromatic extract which has been subjected to at least
one further treatment. Suitably, the at least one further treatment is selected from the
group consisting of hydrotreatment, hydrogenation, hydrodesulphurisation, clay treatment,
acid treatment and further solvent extraction.

The aromatic extract may have an aromatics content of 60 to 85 weight %, which
may be measured by ASTM D 2007.

The aromatic extract may have properties such as those described in Concawe
Product Dossier 92/101 “Aromatic Extracts”. |

The distillate aromatic extract may have a boiling point in the range 250 — 680 °C,
which may be measured according to ASTM D 2887. The distillate aromatic extract may
have a kinematic viscosity at 40 °C in the range 5 — 18000 mm?/s, which may be measured
according to ASTM D 445. The distillate aromatic extract may have a kinematic viscosity
at 100 °C in the range 3 — 60 mm?/s, which may be measured according to ASTM D 445.
The distillate aromatic extract fnay have an average molecular mass in the range 300 — 580,
which may be measured according to ASTM D 2887. The distillate aromatic extract may
have a carbbn number range in the range C;s — Css, which may be measured according to
ASTM D 2887. The distillate aromatic extract may have an aromatic content in the range
65 — 85 weight %, which may be measured according to ASTM D 2007.

The residual aromatic extract may have a boiling point of greater than 380 °C,
which may be measured according to ASTM D 2887. The residual aromatic extract may
have a kinematic viscosity at 40 °C of greater than 4000 mm?/s, which may be measured
according to ASTM D 445. The residual aromatic extract may have a kinematic viscosity
at 100 °C in the range 60 — 330 mm®/s, which may be measured according to ASTM D
445, The residual aromatic extract may have an average molecular mass of greater than
400, which may be measured according to ASTM D 2887. The residual aromatic extract
may have a carbon number range of greater than Css, which may be measured according to
ASTM D 2887. The residual aromatic extract may have an aromatic content in the range
60 — 85 weight %, which may be measured according to ASTM D 2007.

Aromatic extracts may comprise polycyclic aromatic compounds (PAC’s) some of
which are carcinogeﬁs. The amount of material (weight %) which can be extracted into
dimethy! sulphoxide (DMSO) is used as an indication of the amount of unacceptable

material (including polycyclic aromatic compounds) in the aromatic extracts. IP 346
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(Institute of Petroleum Test Method 346) is a method used for determining weight %
DMSO extract. Aromatic extracts with greater that 3 weight % dimethyl sulphoxide
extractable polycyclic aromatics content are classed as carcinogenic and give rise to
requirements in several jurisdictions that the material be labelled with certain symbols and
risk phrases to identify health, safety and environmental hazards. For this reason at least, .
the aromatic extract has less than 3 weight % dimethyl sulphoxide extractable polycyclic
aromatics content (low PCA extract). More preferably, the aromatic extract is a residual
aromatic extract or a treated distillate aromatic extract, with less than 3 weight % dimethyl
sulphoxide extractable polycyclic aromatics content.

Preferably, the aromatic extract does not contain any significant amount of wax,
because if present, wax may deposit in use.

The base stock of the present invention comprising at least 95 % by weight
saturated hydroéarbons may comprise both a hydroprocessed base stock and a base stock
derived from Fischer-Tropsch synthesised, waxy, paraffinic hydrocarbon material.
Suitably, base stock of the present invention comprising at least 95 % by weight saturated
hydrocarbons may comprise a hydroprocessed base stock or a base stock derived from
Fischer-Tropsch synthesised, waxy, paraffinic hydrocarbon material.

~ The hydroprocessed base stock is preferably a Group II and/or Group III base
stock, such as defined according to API standard 1509, “ENGINE OIL LICENSING AND
CERTIFICATION SYSTEM?”, November 2004 version 15th edition Appendix E.

The base stock comprising at least 95 % by weight saturated hydrocarbons
preferably comprises a Group II and/or Group I1I base stock, such as defined according to
API standard 1509, “ENGINE OIL LICENSING AND CERTIFICATION SYSTEM?”,
November 2004 version 15th edition Appendix E, comprising at least 95% by weight
saturated hydrocarbons.

Preferably, the Group II base stock or Group III base stock is a hydroprocessed
base stock which may be made by hydroprocessing, preferably of vacuum distillate or
deasphalted vacuum residue, or by hydroisomerising the bottoms stream from a clean fuels
hydrocracker. The manufacture of base stock by hydroprocessing is known in the art and
is described for example in “Lubricant base oil and wax processing” A. Sequeira, pages
119 - 152, pub. Marcel Dekker Inc. New York, 1994.

The base stock comprising at least 95 % by weight saturated hydrocarbons may
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comprise one or more polyalphaolefin.

The base stock derived from a Fischer-Tropsch synthesised, waxy, paraffinic
hydrocarbon material may be made by any suitable known process fqr the manufacture of
base stock from Fischer Tropsch process. Processes for the manufacture of a base stock
derived from Fischer-Tropsch synthesised, waxy, paraffinic hydrocarbon material which
may be used, are described for example in US4943672, EP-A-0668342 and EP-A-
0776959, the contents of which are hereby incorporated by reference. Thus, the base stock
may be made by the steps of (i) producing Syngas, (ii) Fischer-Tropsch synthesis of
hydrocarbons from the Syngas, (iii) hydrocracking of the hydrocarbons to produce naphtha

and diesel/kerosene fuel process streams together with a waxy paraffinic residue and (iv)

hydroisomerising the waxy residue to produce the base stock.

The liquid lubricant base oil composition according to the present invention may
be made by blending a base stock comprising at least 95 % by weight saturated
hydrocarbons with sufficient an aromatic extract to make the lubricant base oil
composition. The blending may be performed in a batch blending process or in a
continuous blending process. Batch blending may be performed by introducing the base
stock and aromatic extract into a blend kettle whilst stirring and/or agitating the blending
components. Continuous blending may be performed using an in-line mixer to blend the
base stock and aromatic extract. Heating may be necessary during the blending to
facilitate handling of the aromatics extracts.

Preferably, the liquid lubricant base oil composition of the present invention has a
viscosit\y in the range 7 to 40 ¢St at 100° C.

The liquid lubricant base oil composition of the present invention is particularly
useful for the manufacture of 2-stroke marine diesel engine cylinder oils, 2-stroke marine
diesel engine system oils or 4-stroke Iﬁarine diesel engine crankcase lubricant
compositions.

The liquid lubricant composition according to the present invention comprises a
liquid lubricant base oil composition as hereindefined and one or more additives,
preferably selected from the group consisting of detergents, dispersants, anti-wear
additives, anti-oxidants, anti-foams, corrosion inhibitors, pour point depressants, friction
modifiers, tackifiers and viscosity index improvers.

The concentrations of additives in the lubricant composition according to the
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present invention depend upon the use for which the lubricant composition is intended.

One or more anti-oxidants may be present in the lubricant composition at a total
concentration by weight of 0 to 1 %, usually at a concentration by weight of not greater
than 0.5 %.

One or more anti-wear additives may be present in the lubricant composition at a
total concentration by weight of 0 to 2 %, usually at a concentration by weight of not
greater than 1 %. ‘

One or more high over-based detergents may be present in the lubricant
composition at a total concentration by weight of 0 to 40 %.

One or more low base detergents may be present in the lubricant composition at a
total concentration by weight of 0 t010 %.

One or more neutral detergents may be present in the lubricant composition at a
total concentration by weight of 0 to 2 %. }

One or more dispersants may be present in the lubricant composition at a total
concentration by weight of 0 to 10%.

One or more anti-foams may be present in the lubricant composition at a total
concentration by weight of 0 to 0.1 %. ‘

One or more corrosion inhibitors may be present in the lubricant composition at a
total concentration by weight of 0 to 1 %. A

One or more pour point depressants may be present in the lubricant composition at
a total concentration by weight of 0 to 1 %.

One or more friction modifiers may be present in the lubricant composition at a

total concentration by weight of 0 to 5%.

One or more tackifiers may be present in the lubricant composition at a total
concentration by weight of 0 to 15 %.

One or more viscosity index improvers may be present in the lubricant composition at a
total concentration by weight of 0 to 20 %.

The concentration ranges for the additives may be independent of each other.
Alternatively, combinations of such concentration ranges may be used for any particular
lubricant composition.

The liquid lubricant compositions of the present invention may be used as a 2-

stroke marine diesel engine cylinder oil, 2-stroke marine diesel engine system oil or
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4-stroke marine diesel engine crankcase lubricant composition.

The concentration ranges for additives for such lubricant compositions according to
the present invention are given in the Table 11 below. Such concentration ranges may be
independent of each other. Alternatively, combinations of such concentration ranges may

be used for any particular lubricant composition.
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The invention will now be described by way of example only and with reference to

Figure 1 which is a graph of the performance of base oil with various amounts of aromatic

extract.

In these experiments a hydroprocessed base stock was a Group II base stock

comprising at least 97 % by weight saturated hydrocarbons was used. The aromatic extract

was a low PCA brightstock extract (less than 3 % polycyclic aromatics, brightstock

furfural extract) provided by Shell. Properties of these components are given in Table III

below.
Table III General properties of components
Components Test Method Jurong 500N Aromatic Extract
‘ Base stock (AE)
Type Group II Aromatic Extract
KV40, mm®/s (cSt) P71 91.58 -
KV100, mm”/s (cSt) . P71 10.64 71.47
VI 1P226 99 -
Density, g/lcm’ (15 °C) IP365 0.8746 0.9897
Flash point (PMCC), °C 1P34 232.3 284.3
Flash point (COC) , °C IP36 266 308
Pour point, °C IP15 -18 -12
Colour ASTM D1500 0.1 >8
TAN, mg KOH/g IP1A <0.05 0.09
TBN, mg KOH/g 1P276 <0.05 2.14
Sulphur, % ASTM D4951 0.0037 4.13
Nitrogen, % ASTM D5762 0.0027 0.11
Demulsibility, secs 1P19 75 -
Dialysis, % wt BAMT72 <0.1 <0.1
Oxidation 1P48 P48 Rams bottom
Viscosity ratio 3.06 carbon — 4.3%
Carbon before, wt. % 0.05 :
Carbon after, wt. % 0.60
Carbon , A 0.55
Carbon types wt % | BAM76 . .
Carbon, aromatic Cxp 1.2 X)IS(;(;;E{ too high
Carbon, naphthenic Cy 67.2 detI;rmination
Carbon, paraffinic Cp 31.6
Hydrocarbon types wt % | D2007
Saturates 97.9 11.3
Aromatics 2.1 80.2
<0.1 8.5

Polars
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The base stock and aromatic extract were shown not to contain any significant
amounts of waxy materials. Base oil compositions were prepared by blending the aromatic
extract (AE) with various amounts of the Group II base stock. Properties of the base oil

compositions are given in Table IV below.

Table IV
Sample Test Method Example 1 Example 2
Base Oil Composition 88% Group II | 76% Group 1I
(weight %) 12% AE 24%AE
KV40, mm?*/s (cSt) IP71 - 162.4
KV100, mm®/s (cSt) IP71 12.3 14.43
VI 1P226 92 85
Density, g/cm’ IP365 0.8870 0.9005
Flash point (PMCC), |IP34 238.3 236.1
°C
Flash point (COC) , °C | IP36 254 264
Pour point, °C IP15 -15 -12
Colour ASTM D1500 6.1 >8
TAN, mg KOH/g IP1A <0.05 <0.05
TBN, mg KOH/g 1P276 0.22 0.47
Sulphur, wt. % ASTM D4951 0.49 0.98
Nitrogen, wt. % ASTM D5762 0.019 0.032
Demulsibility, secs IP19 405 630
Dialysis, % wt BAM?72 <0.1 <0.1
Oxidation P48 IP48
Viscosity ratio 1.18 1.40
Carbon before, wt. % 0.31 0.69
Carbon after, wt. % 0.87 2.37
Carbon , A 0.56 1.68
Carbon types wt % | BAM76 .
Carbon, aromatic Ca 44 7.1
Carbon, naphthenic Cy 63.7 63.0
Carbon, paraffinic Cp 31.9 29.9
Viscosity gravity | ASTM D2501 0.799 0.902
constant

Further base oils were prepared using the Group II base stock and the aromatic
extract in other amounts. Oxidation properties of the base oils were tested according to the

Institute of Petroleum procedure IP48 and the results are given in Table V below :
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Table V.

Wt. % Sample A Carbon Carbon | A carbon
aromatic viscosity | unoxidized | oxidized %
extract in Ratio % %

base oil :
0 Experiment A 3.06 0.05 0.60 0.55
3 Example 3 1.18 0.12 0.33 0.21
6 Example 4 1.11 0.20 0.37 0.17
12 Example 1 1.18 0.31 0.87 0.56
18 Example 5 1.30 0.52 1.35 0.83
24 Example 2 . 1.40 0.69 2.37 1.68
30 Example 6 1.60 0.87 2.76 1.89

Experiment A is not according to the present invention because it does not contain
any aromatic extract:

The results of the change in carbon (A carbon) and Viscosify ratio at the different
concentrations of aromatic extract in the base oil are also shown in Figure 1.

The results of the A carbon and viscosity ratio show that the aromatic extract
provides an improvement in A carbon at a concentration of aromatic extract up to about 12
% by weight and an improvement in viscosity ratio at a concentration of aromatics extract
of up to 30 % by weight. "

These results show the; beneficial effect of the presence of 0.2 to 30 % by weight of
aromatic extract in a base oil composition comprising a base stock comprising at least 95
weight % saturated hydrocarbons.

Lubricant compositions suitable for use in a marine 4-stroke engine using heavy
fuel were prepared using a salicylate-rich additive package and base oils comprising
different amounts of aromatic extract.

Properties of the formulated lubricant compositions are shown in Table VI below.
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Table VI,
Base oil blend used in | Test 100% Group II | 88% Group II 76% Group II
lubricant Methods 12% AE | 24% AE
Sample Example 7 Example 8
KV40, mm?/s (cSt) | IP71 99.28 124.2 160.4
KV100, mm*/s (cSt) | IP71 11.63 13.12 15.04
VI IP226 105 99 93
TBN, mg KOH/g 1P276 38.71 40.59 40.29
Pour Point, °C P15 -21 -18 -15
Flash point (PMCC), | IP34 218.8 220.2 226.2
°oC ,
Metals, ppm ICP
Ca 14996 13641 13667
P 565 481 483
Zn 518 505 503
Si 8 11 12
Na 54 50 50
Foam, ml/ml IP146
Sequence 1 0/0 0/0 0/0
Sequence 2 280/0 350/0 390/0
Sequence 3 ' 0/0 10/0 10/0
Density, g/cm’ IP365 0.9018 0.9123 0.9231
ARV, mins 1P313 20.6 25.1 31.7
Demulsibility, ml ASTM | 1/0/79 1/0/79 1/0/79
D1401 | (60 mins. 82 °C) | (60 mins. 82 °C) { (60 mins. 82 °C)

Oxidation properties of the lubricant compositions were measured. The results are
shown in Table VII below.
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Table VIL

Base oil used in | Test 100% Group II | 88% Group II | 76% Group 11
lubricant Method 12% AE 24% AE
. composition

Sample Example 7 Example 8
Isothermal ISOT

oxidation test 72hrs @

(ISOT) 165°C

A BN, % -1.42 -2.60 -2.87

AKV 40, % +3.02 +8.9 +22.8

A KV100, % +0.25 : +0.70 +1.47

Panel Coker | BEM144 | 68.1 121.4 137.1
aluminium

panels 22hrs

325°C

Panel Coker In-house

Steel panels method 107.4/147.7 33.3/28.9 10.2/9.4
2x4hrs 320°C

| Average 127.6 31.1 9.8

Cu corrosion ASTM N/A 1a slight 1a slight tarnish
3 hrs 120°C D130 tarnish

Cu corrosion ASTM N/A la slight 1a slight tarnish
3hrs 150°C D130 tarnish

Rusting IP135B N/A No rusting No rusting
characteristics |

The results in Table VII show some improvement is observed within the Panel
Coker Test using steel panels undertaken according to the in-house method at 12 and 24 %
by weight aromatic extract indicating an improvement within the solvency of the lubricant
composition when aromatic extract is used. .

Wear properties of the lubricant compositions were measured using a Cameron

Plint test. The results are shown in Table VIII below.
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Table VIIL,
Mean
Specific Wear
Wear vol. | Wear Rate Scar Pin wear
fest mm’ (SWR) Depth mm
m’/Nm | (MWSD)
pm
Bad reference 1074 0.0643 5.82 E-17 22.7. 0.024
Good reference 1082 0.0119 7.35E-18 12.1 0.006
100% Gp II 006A/02 | 0.00182 .12 E-18 18.9 0.007
88% Group 11
199 AR 010A/01 0 0.00 E+00 0 0.002
76% Group 11 '
24% AE 011A/01 | 0.0254 1.57 E-17 18 0.009

The wear properties were compared against reference lubricant formulations with
good and bad wear performance. The results show an exceptionally good wear
performance for a lubricant composition with a base oil comprising 12 % by weight
aromatic extract. However, at the higher concentration of 24 % by weight aromatics ‘
extract in the base oil, there is no significant improvement in wear performance compared
to the composition with 100% Group II base oil. This data implies that there is an

optimum concentration of aromatic extract for wear performance.

¢
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Claims :

1. A liquid lubricant base oil composition comprising (i) a base stock comprising at
least 95 % by weight saturated hydrocarbons and (ii) 0.2 to 30 % by weight, preferably 0.2
to 18 % or 1.to 30 % by weight, more preferably 1.0 to 18 % by weight, of an aromatic
extract, in which the aromatic extract has a dimethyl sulphoxide extractable polycyclic
aromatics content of less than 3 Weight %.

2. A liquid lubricant base oil composition as claimed in claim 1 in which the base
stock comprising at least 95 % by weight saturated hydrocarbons comprises a
hydroprocessed base stock and/or a base stock derived from Fischer-Tropsch synthesised,
waxy, paraffinic hydrocarbon material. |

3. A liquid lubricant base oil composition as claimed in claim 2 in which the
hydroprocessed base stock is a Group II base stock and/or a Group III base stock.

4. A liquid lubricant base oil composition as claimed in claim 1 in which the base
stock comprises a Group II base stock and/or a Group III base stock.

5. A liquid composition as claimed in any one of claims 1 to 4 in which the base stock
comprises at least one polyalphaolefin.

6. A method of making a liquid lubricant base oil composition as claimed in any éne of
claims 1 to 5 which method comprises blending a base stock comprising at least 95 % by
weight saturated hydrocarbons with sufficient aromatic extract which has a dimethyl
sulphoxide extractable polycyclic aromatics content of less than 3 weight % to make a
liquid lubricant base oil composition as claimed in any one of claims 1 to 5.

7. A liquid lubricant composition comprising a liquid lubricant base oil composition
as claimed in any one of claims 1 to 5 and one or more additives, preferably selected from
the group consisting of detergeﬁts, dispersants, anti-wear additives, anti-oxidants, anti-
foams, corrosion inhibitors, pour point depressants, friction modifiers, tackifiers and
viscosity index improvers.

8. A liquid lubricant composition as claimed in claim 7 when used as a 2-stroke
marine diesel engine cylinder oil, 2-stroke marine diesel engine system oil or 4-stroke
marine diesel engine crankcase lubricant composition.

9. The use of 0.2 to 30 % by weight of an aromatic extract which has a dimethyl
sulphoxide extractable polycyclic aromatics content of less than 3 weight % in a liquid

lubricant base oil composition which base oil comprises a base stock comprising at least 95
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% by weight saturated hydrocarbons, to mitigate at least one of the deficiencies of the base
stock selected from the group consisting of poor dispersancy, poor seal swell performance,
poor solubility of additives and low compatibility with fuel oil in marine engine

applications.



PCT/GB2008/000554

WO 2008/102114

(% "Im) Joeax3g ojewoly

0€ {4 8l ¢l 9 ¢ 0
0 _ “ i i X “ ! 0

¢0T
Vo
90T
80—
Ay uogren urebueyy b
Ay
7'l
9l
8l
4 ge
IO 8seg Ul JoBl}X3 dljewoly JO S)iNssyY 8 d| Uo Jo8)3

R

AsoosIp Risoasip uj abueyn

1

T
uoglen




INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2008/000554

A. CLASSIFICATION OF SUBJECT MATIER
INV. C10M101/02  C10M107/00

ADD. C10N30/04 C10N30/10

C10M107/10
C10N40/25

According to Imemaﬁdnal Patent Classification (IPC) or to both national classification and {PC

B. FIELDS SEARCHED

Minimum documentation searched (classmcallon system followed by classification symbols)

cioM

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used) .

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

X GB 2 083 494 A (SHELL INT RESEARCH)
24 March 1982 (1982-03-24)
“page 2, line 56 - page 3,
page 3, lines 31-38

page 5; claims; examples;

line 3

table 1
X US 4 777 307 A (ALWARD SANDRA J [CA] ET
AL) 11 October 1988 (1988-10-11)
column 2, Tine 10; examples; tables 1,2

X EP 0 709 447 A (EXXON RESEARCH ENGINEERING
CO [US]) 1 May 1996 (1996-05-01)

page 2, lines 16,17

- page 2, line 40 - page 3 line 5

page 3, lines 20-26; table 1

.

1-4,6-9

1-5

1-8

Relevant to claim No.

m Further documents are lisied in the continuaion of Box C.

E- See patent family annex.

. Speaal categories of cned documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

*E* earlier document but published on or after the international
filing date

*L* document which may throw doubls on pnomy claim(s) or -
which is cited to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral dlsclosure use, exhibition or
other means

*P* document published prior to the internationat filing date bul
later than the priority date claimed

*T* later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*X* document of particular relevance; the claimed invention
cannot be considered novel or.cannot be considered to -
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention .
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr]lts, such combination being obvious to a person skilled
inthe ant. -

*&* document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the intemational search report

27 June 2008 04/07/2008
Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2 :
NL - 2280 HV Rijswijk )
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Kazemi ’

Pirjo

Form PCT/iISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

International application No

PCT/6B2008/000554

C(Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT. -

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant 1o claim No.

Y

.GB.l 237.291 A (INST FRANCAIS DU PETROL

[FR]) 30 June 1971 (1971-06-30)

- page 2, line 656 - page 3, line 16; claims;

example III; tables

" page 2, lines. 1-64
page 1, 1ines 82—84

GB 1 572 794 A (SHELL INT RESEARCH)
6 August 1980 (1980-08- 06)

"the whole document

GB 1 027 518 A (BRITISH PETROLEUM CO)

27 April 1966 (1966-04-27)

page 1, lines 40-52

page 2, lines 8-18

Us 5 911 874 A (CODY IAN A [US] ET AL)

15 June 1999 (1999-06-15) ‘
column 2, line 7 - column 3, line 52
column 3, lines 43-52

column 6, lines 38-56; example 8; table 8

US 2003/100453 Al (0’REAR DENNIS J [ush

29 May 2003 (2003-05-29)

paragraphs [0011], [0021], [0024],
[0046] tables I, II

US 5 602 086 A (LE QUANG N [US] ET AL)
11 February 1997 (1997-02-11)

column 1, lines 16-23 '
column 2, lines 17-33; examples; tables
1-7 ' : - -

1-4,6-8

1-4,6-8

1-4,7-9

1,2,5-8

1,5-9

Form PCT/ISA/210 (continuation of second shest) (April 2005_)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

‘ _ PCT/GBZOQS/000554
Patent document Publication Patent family Publication
" cited in search report date member(s) ‘ date
GB 2083494 A 24-03-1982 AU 541892 B2 24-01-1985
- : AU 7498181 A 18-03-1982
CA 1185962 Al 23-04-1985
DE 3135364 Al '15-07-1982
NL 8005071 A. 01-04-1982
NZ 198292 A 06-07-1984
- SG - 37384 G - 08-03-1985
US 4385984 A - 31-05-1983
us 4777%07» A 11-10-1988 NONE
“EP 0709447 A 01-05-1996  NONE
GB 1237291 A 30-06-1971 BE 1 728261 A . 16-07-1969
: ‘ CA 938280 Al 11-12-1973
DE 1906676 Al - 18-09-1969
-FR 1592085 A '11-05-1970
JP 48017522 B - 30-05-1973
NL 6902334 A 18-08-1969
GB 1572794 A 06-08-1980  NONE _
GB 1027518 A 27-04-1966 - BE 654137 A 08-04-1965
y ~ DE 1745771 Al 17-09-1970
US 5911874 A 15-06-1999 .AU 718741 BZ' 20-04-2000
AU 3641997 A - 21-01-1998
CA 2257918 Al 08-01-1998
DE 69724125 D1 18-09-2003
- DE 69724125 T2 17-06-2004
EP 0907697 Al 14-04-1999
JP - 2002509562 T 26-03-2002
us © 5935416 A 10-08-1999
Wo 9800479 Al 08-01-1998
) us 5976353 A 02-11-1999
US 2003100453 Al 29-05-2003 AU 2002301184 B2 08-05-2008 .
BR 0212461 A 19-10-2004
GB 2382589 A 04-06-2003
JP 2005503479 T 03-02-2005
NL 1021549 C2 '13-10-2003
- NL 1021549 Al 31-03-2003
WO 03027210 Al 03-04-2003
ZA 200207327 A - 12-05-2003
US 5602086 A 11-02-1997  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report

