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TWO-STROKE ENGINE OILS

The present invention relates to two-stroke oils which
comprise polybutene base oils which are either very low in or
substantially free of n~butenes in the polymer backbone.

Two-stroke engine oils are usually lubricating compositions
which are used in admixture with a fuel and lubricate the moving
parts of two-stroke engines. Such engines may include outboard
engines with a power higher than 50 hp and rising upto 100 hp, air-
cooled engines which may not only be used in motorcycles but also,
for example, in chain-saws, skidoos or snowmobiles. A feature of
these engines is their high speed of rotation and as a result they
are hotter than engines used hitherto.

Initially, the principle requirement of a lubricant for such
an engine was for it to be able to form a stable and continuous film
of o0il on the affected parts not only at low temperatures to
facilitate start-up but also at relatively higher operating
temperatures in order to avoid fouling by the formation of deposits
on engine parts which in turn could reduce performance of the engine
or cause damage to the affected parts.

More recently, the focus has been on oils which are
environmentally friendly, ie the exhaust gases resulting from the
combustion of the fuel and lubricant are clean, have minimum odour,

do not give out visible smoke and, in addition, have reduced
oil/fuel ratios.
Polybutenes have been used for many years as components in

two-stroke oils where, they give advantages over mineral oils in
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deposit formation in the engine. exhaust system. GB-A-1287579 (The
British Petroleum cb Ltd) applied for in 1968 describes, for
instance, the use of polyisobutylene polymer as a lubricant.

5 However, typically, this specification does not give any method of
manufacture of the poly(iso)butene nor indeed the source of C4
feedstock used as raw-material to produce these polyiscbutylenes.

It is well known that poly(iso)butenes used hitherto have invariably
been produced from a mixture of butenes including n-butenes and
10 isobutene eg from a feedstock .which is primarily butadiene raffinate
or a crude C4 stream from a fluid catalytic cracking (FCC) process
and contains from 20-40% n-butenes. That was the case around the
time of application of GB-A-1287579 as is apparent from GB-A-1340804
(Labofina SA, applied for in 1972) which describes the polymers as
15 being manufactured from fractions containing hydrocarbons with 4
carbon atoms and the polymers produced therefrom are said to contain
polybutylene and polyisobutylene in varying proportions, generally
from 5-70% of polyisobutylene and from 95-30% of poly-n-butylenes.
It has now been found that polybutenes which contain much
20 1ower levels of or are sqbstantially free from n-butenes in the
polymer backbone give superior performance not only in reducing
visible smoke in the exhaust gases from a two-stroke engines but
also in respect of low carbon'deposit formaﬁion.
Accordingly, the present invention.is a two-stroke engine oil
25 comprising a polybutene polymer or mixtures of polymers of molecular
weight (Mn) from 300-2000 characterised in that the proportion of
n-butenes in the polymer backbone, as defined by the ratio of the
infra-red absorbance of the —-CHyCH,— n-butene units in the polymer
at 740 cm~1 to that of the C-H overtone absorbance between 4315 and
30 4345 cm™1, usually 4335 em™! is <0.2 for polybutenes with a value of
Mn which is equal to or <700, and <0.12 for polybutenes with Mn =
>700.
The definition for the proportion of n~butene (hereafter "NB")
in the polymer backbone has been defined by the infra-red absorbance

35 technique because this is a difficult concept to determine
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guantitatively. In order to avoid these problems it was decided to
develop an ihdigeneous method by comparing the corresponding infra-
red absorbances (at specified frequencies) of commercially available
polybutenes and the PIB's low in n-butene content now used. This

5 method uses the 740 cm~1 ~CH,CHy- absorption as an indication of the
relative n-butene content in the polymer backbone. It was used
with a Nicolet 740 FTIR spectrometer fitted with DTGS detector and
CsI beam splitter. The spectrometer had KBr windows with 0.2 mm
Teflon® spaéer with small section cut out and a suitable cell

10 holder. A spectrum of the sample was obtained using 4cm™1
resolution. The absorbance peak height of the 746cm'1 band between
the baseline limits of the two minima in the 800 and 700cm~1 regions
was then measured. The 4335cm~1 band was also characterised by
measuring.its absorbance peak height between the baseline limits

15 4750 and 3650cm™1. The relative n-butene content was calculated as

follows:
Bbsorbance at 740cm™1
Absorbance at 4335cm~1

This is the method used in the calculations set out below.

20 For this exercise, the polybutene (PIB) which had a relatively
low n-butene content or was substantially free therefrom was made by
the process claimed and described in our published EP-A-0 145 235,
ie a pre-formed boron trifluoride-ethanol complex is used as
catalyst for the polymerisation of isobutene and the method

25 described therein is incorporated herein by reference. This
procesé resulted in a polymer which was not only low in n-butene
content but was also substantially free of chlorine. The product
of such a process is the ULTRAVIS® grades of polybutene
(commercially available from BP Chemicals Ltd) used in the Examples.

30 Polybutenes which are low in n-butene content or are substantially
free therefrom can also be made using other processes by careful
choice of feedstock and for process conditions. For comparison
purposes, the polybutene with a relatively higher n-butene content
used was the commercially available HYVIS® grades (also available

35 from BP Chemicals Ltd).
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It can be seen from the tabulated data below that there is

indeed a significant difference in the respective absorbance ratios:

TABLE 1
IR Absorbance Ratio of Polymers at 740 cm—1(NB)/4335 cm-1(PIB)
Polymer Viscosity (100°C) Mn NB/PIB Ratio
HYVIS®5 104 764 0.278
PNB 07* 14.7 540 1.120
HYVIS®PB25 25.0 530 0.32
ULTRAVIS®5 100 762 0.106
ULTRAVIS®3 60 645 0.147
HYVIS®10 223 962 0.203
ULTRAVIS®10 225 966 0.049
ULTRAVIS®PB25 25.3 510 0.150
Pure PIB 5%* 101 775 0.0

5 *PNB O7 is an experimental polymer manufactured from a 04 stream
rich in n-butene and low in isobutene.
**Designated hereafter as PPIB 5 which is a polymer manufactured
from a C4 stream rich in isobutene and is essentially free from n-
butene. |
10 From this Table 1 it is apparent that most conventional grades
of polybutene polymers have this absorbance ratio well above 0.2 at
molecular weights (Mn) below 700 and well above 0.12 at Mn >700.
A further feature of the present invention is that the PIB
polymers now used can also be substantially free of chlorine. The
15 presence of chlorine or derivatives thereof in exhaust gases are
undesirable and hence the use of chlorine-free PIB's is most
desirable. It has been found that whereas two-stroke engine oils
formulated from eg HYVIS®5 and HYVIS®1l0 respectively have -97 and
~45 ppm chlorine, those produced from ULTRAVIS®5 and ULTRAVIS®10
20 each has <5ppm of chlorine. This is due to the fact that no
chlorine containing compounds are used in the production of |
ULTRAVIS® Grades of polybutenes. Thus, the level of chlorine in the
latter is below-the detectable levels and can be considered to be

substantiaily free of chlorine.



Ft ‘i's well known that pol y(i so) but enes used hitherto have || nvar| abl y been
produced froma m xture of butenes incl uling n-but emsis Sieetdd #ut ene

eg froma feedstock which is primarily butadiene raffl m‘a\‘ de 4
streamfroma fluid catal ytic cracking (FCC) process rom
20- 40% n- but enes. That was -the case around the tine o appl I cation of

- CGB- A-1287579 as is apparent from GB- A-1340804 (Labofina SA, applied for in
1972) which describes the polynmers as 15 being manufactured fromfractions

contai ni ng hydr oaabpnecbtdihgits ar BORnaE Odiboaitibnt ) ScHObYERNE RveAtIRd
therefromare said to contai,n
is a two—-stroke engine 0il comprising a polybutene polymeér or
mixture of polymers of a number average molecular weight (Mn) from
300~2000 characterised in that the proportion of n-butene in the
5 polymer backbone, as defined by the ratio of the infra-red
absorbance of the polymer at 740 em~1 to that at 4335 em™1, is <0.2
at a value of Mn of the polymer equal to or <700, and <0.12 at Mn of
the polymer >700, and said lubricating oil is substantially free of
chlorine.
10 The PIB's used in the two-stroke engine oils of the present
invention suitably have a viscosity in the range of.2 to 670 cst for
Mn ranging from 310-1300, preferably from 3-250 cSt and are most
suited for the production of low smoke oils.

The amount.of PIB present in the two-stroke engine o0il

15 formulation is suitably in the range from 15-80% w/w, more typically
from 25-50% w/w. The other component usually present in such two-
stroke oils is a mineral oil and is used in levels ranging from 20-
70% w/w.

To improve the detergency of such two-stroke engine oil

20 formulations, it is usual to add low ash additives and a diluent
such as kerosine to improve the handling of the formulation and to
enhance the miscibility thereof with the fuel.

Such two-stroke engine oil formulations may also contain
synthetic esters, poly-a-olefins and alkylated benzenes to produce

25 high performance products.

The standard test procedures used for evaluation are those
developed by the Japanese Automotive Standards Organisation (JASO)
to classify the performance of two-stroke oils. One of these
tests (M342) involves.a procedure to measure the formation of

30 exhaust smoke during part of a test cycle. The result is expressed
as a Sﬁoke Index and is internally referenced against a standard
two-stroke oil ranked with a Smoke Index of 100. The higher the
Smoke Index the greater is the reduction in smoke emission. The
test uses a 70 cc, Suzuki Generator SX 800 R. The results of the

35 smoke test of the oils are shown in Table 2 below.
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the following Examples: '
EXAMPLE 1:

ULTRAVIS®5 polybutene (38% w/w) was blended with Solvent
5 Neutral 500 mineral oil (36% w/w) and additives package ADX 3110 (8%

w/w, ex BP Chemicals Additives Ltd) at 60°C in a mixer. Kerosine
(18% w/w) was then added and the oil characteristics of the blend
was measured.

In a comparative experiment not according to the invention,

10  the same amount of materials were mixed together except that
ULTRAVIS®5 polybutene was replaced by HYVIS®S5 polybutehe.

A JASO smoke test of the two formulations above revealed that
ULTRAVIS®5 polybutene of low n-butene content in the polymer
backbone provided the greater reduction in smoke emission than the

15 corresponding formulation with HYVIS®5. The results of the tests
are tabulated in Table 3 below:
EgAMPLE 2:

The process of Example 1 was repeated except that the Solvent

Neutral mineral oil used was a blend of SN500 and SN150 (19/81 w/w).

20 Also the polybutenes used were ULTRAVIS®10 (according to the
invention) and HYVIS®10 (comparative test, not according to the
invention). The respective quantites of each of the components
used was not strictly identical since such a strict and precise
measurement of the respective components is not practicable and is

25 not essential to gauge performance. The specific compositions used
are tabulated in Table 2 below.

The JASO smoke test revealed that the formulation containing
ULTRAVIS®10 polybutene of low n-butene content in the polymer
backbone provided a greater reduction in the smoke emiséion than the

30 corresponding formulation containing HYVIS®1l0 with a relatively
higher n-butene content. The results of this smoke test are

tabulated in Table 3 below:

35
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equal to or <700, and <0.12 for pol ybutenes with Mar = >700. The definition
for the proportion of n-butene (hereafter "NB") in the pol yner backbone has
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TWO STROKE OIL FORMULATION

Component ' HYVIS®10 ULTRAVIS®10
Polybutene 30.6 30.0
Min. Oil SN500/SN150 42.8 44.0
Additives ADX 3110 8.2 8.0
Kerosine Diluent 18.4 18.0
TABLE 3
5 SMOKE TEST (JASO)
Polymer ' NB/PIB ratio* PIB content of lube Smoke Index
ULTRAVIS®S 0.106 38.0 99
HYVIS®5 ' 0.278 38.0 90
ULTRAVIS®10 0.049 30.0 81
HYVIS®10 0.203 30.6 74

* - Ratio of absorbance at 740cm~l to absorbance at 4335cm™1.
EXAMPLE 3:
ULTRAVIS®PB25 polybutene (36.6% w/w) was blended with solvent
10 neutral 500 mineral oil (37.3% w/w) and additives package ADX 3110
(8.1% w/w, ex BP Chemicals Additives Ltd) at 60°C in a mixer.
Kerosine (18.6% w/w) was then added and the oil characteristics of
the blend determined.
In a comparative test (not according to the invention) the
15 same amount of materials were mixed together except that
ULTRAVIS®PB25 polybutene was replaced with HYVIS®PB25 polybutene.
The components present in these two formulations are shown in

Table 4 below:

20



35 techni que because this is a difficult concept to determitre—3
quantitatively. In order to avoid thesegproblens it was dmgiSQgegH;s%eedn vell op
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TABLE 4
IWO STROKE OIL FORMULATION

Component HYVIS®PB25 ULTRAVIS®PB2S
Polybutene 36.6 36.6
Min. 0Oil SN500/SN150 " 37.3 37.3
Additives ADX 3110 8.1 8.1
Kerosine Diluent | 18.0 18.0

These formulations were subjected to a JASO Smoke Test as
5 previously and the results obtained are shown in Table 5 below:
TABLE 5
SMOKE TEST (JASO)

Polymer NB/PIB ratio* PIB content of lube Smoke Index
ULTRAVIS®PB25 0.150 36.6 97
HYVIS®PB25 0.320 36.6 95

* - Ratio of absorbance at 740cm~! to absorbance at 4335cm™1.

10 Thus, the JASO Smoke Test on both of these formulations
revealed that the formulation containing ULTRAVIS®PB25 polybutenes
of low n-butene content in the polymer backbone provided a greater
reduction in smoke emission than the corresponding formulation
containing HYVIS®PB25 polybutene with a relatively higher n-butene

15 content in the polymer backbone.

EXAMPLE 4:

The process of Example 1 was repeated except that the
polybutenes used were PPIB 5 (according to the invention) and
HYVIS®5 (comparative test, not according to the invention)

20 respectively. The respective quantities of each of the components
used in the formulation was not strictly identical since such strict
and precise measurements of the réspective components is not
essential to guage performance. The components in these

formulations are shown in Table 6 below:

25



5 method uses the 740 [err] -CH2CH2- absorption as-an—ineteation of the
rel ati ve n-butene content

splitter.
smal |

the [err]
[err]

10

15

20

25

The spectroneter
section cut out and a suitable cell
sanpl e was obtained using [err]
band between the basel i ne
regi ons was then neasur ed.

I n the pol ynergbackbone.

had KBr wi ndows with 0. 2"

resol ution.

|
Ni col et 740 FTIR spectroneter fitted with DTGS det e&ﬁh‘iﬁ
;

10 hol de

TWO STROKE OIL FORMULATION

BB fepiicddn @
m
-
m of the

The absor bance peak hei ght of
limts of the two minima in the 800 and
Theapf g band was al so characterised by

Component PPIB 5 HYVIS®5
Polybutene 38.0 38.0
Min. 0il SN500/SN150° 35.9 36.0
Additives ADX 3110 8.0 8.0
Kerosine Diluent 18.1 i8.0

A JASO sSmoke Test was carried out on these formulations as

previously and the results achieved are shown in Table 7 below:

TABLE 7

SMOKE TEST (JASO)

Polymer NB/PIB ratio* PIB content of lube Smoke Index

PPIB 5 0.0 38.0 95

HYVIS®S5 0.278 38.0 90
Thus, the JASO Smoke Test revealed that the formulation

containing PPIB 5 polybutene substantially free of n-butene content

in the polymer backbone brovided a greater reduction in the smoke

emission than the corresponding formulation containing HYVIS®@S5

polybutene with a relatively higher n-butene content in the polymer

backbone.
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Claims:
1. A two-stroke engine oil comprising a polybutene polymer or
mixtures of polymers of molecular weigbt (Mn) from- 300-2000
characterised in that the proportion of n-butenes in the polymer
backbone, as defined by the ratio of the infra-red absorbance of the

5 —-CH,CHy~ n-butene units in the polymer at 740 cm~1 to that of the C-
H overtone absorbance between 4315 and 4345 cm'l, is <0.2 for
polybutenes with a value of Mn equal to or <700, and <0.12 for
polybutenes with Mn = >700.
2. A two-stroke engine oil according to Claim 1 comprising a

10 polybutene polymer or mixture of polymers of a number average
molecular weight (Mn) from 300-2000 characterised in that the
proportion of n-butene in the polymer backbone, as defined by the
ratio of the infra-red absorbance of the polymer at 740 cﬁ'l to that
at 4335 cm~1, is <0.2 at Mn of the polymer equal to or <700, and

15 <0.12 at Mn of the polymer >700.
3. A two-stroke engine oil according to Claim 1 or 2 wherein the
polybutene polymer is substantially free of chlorine.
4. A two-stroke engine oil according to Claim 3 wherein the
polybutene polymer is such that more than 60% of the unsaturated

20 linkages in the polymer are of the vinylidene (....=CHjp) type.
5. A two-stroke engine oil according to any one of the preceding
Claims wherein the polybutenes have a viscosity in the range of 2 to
670 cSt for Mn ranging from 310-1300.
6. A two-stroke engine oil according to any one of the preceding

25 Claims wherein the amount of polybutene present in said oil is in

10
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Exanpl es. 30 Pol ybutenes which are low in n-butene content or are
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7. A two-stroke engine oil according to any one of the precéding
Claims wherein said oil contains a mineral oil in levels ranging
from 20-70% w/w.

5 8. A two-stroke engine oil according to any one of the preceding
Claims wherein said oil contains low ash additives and a hydrocarbon
diluent to improve the handliﬁg of the oil and to enhance the
miscibility thereof with the fuel.

9. A two-stroke engine oil according to any one of the preceding
10 Claims wherein said oil contains synthetic esters, poly~o-olefins

and alkylated benzenes to produce high performance products.
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ABSTRACT
TWO-STROKE ENGINE OILS

This invention relates to a two-stroke engine oil which
comprises folybutene base oils which are either very low in or are
substantially free of n-butenes in the polymer backbone. The
absence of n-butenes in the polybutenes significantly reduces smoke
emission in exhaust gases generated by the use of the engine oil.
Polybutenes such as ULTRAVIS® which are substantially free of
chlorine and have a high degree of terminal unsaturation are

particularly preferred.
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TWO-STROKE ENGINE OILS

The present invention relates to two-stroke oils which

comprise polybutene base oils which are either very low in or

substantially free of n-butenes in the polymer backbone.

Two-stroke engine oils are usually lubricating compositions

5 which are used in admixture with a fuel and lubricate the moving

parts of two-stroke ehgines.

Such engines may include outboard

engines with a power higher than 50 hp and rising upto 100 hp, air-

cooled engines which may not only be used in motorcycles but also,

for example,

in chain-saws, skidoos or snowmobiles.

A feature of

10 these engines is their high speed of rotation and as a result they

are hotter than engines used hitherto.

Initially, the principle requirement of a lubricant for such

an engine was for it to be able to form a stable and continuous film

of oil on the affected parts not only at low temperatures to

15 facilitate start-up but also at relatively higher operating

temperatures in order to avoid fouling by the formation of deposits

on engine parts which in turn could reduce performance of the engine

or cause damage to the affected parts.

More recently,

the focus has been on o;ls whlch are

20 environmentally frlendly, Le the exhaust gaseé result;ng from the

combustion of the fuel and lubricant are clean,

have minimum odour,

do not give out visible smoke and, in addition, have reduced

oil/fuel ratios.

Polybutenes have been used for many years as components in

25  two-stroke oils where, they give advantages over mineral oils in
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[err]™ 223 962 . élleet een Replaced

225 966 0.0492[ err]
510 0.150 Pure PIB 5** 101

0.0 5 *PNB 07 is an experinental polynmer manufactured from
rich in n-butene and | ow in isobutene. **Designated hereafter as PPIB 5
which is a polynmer manufactured froma C4 streamrich in isobutene and is

essentially free fromn- butene.
that they emit low visible exhaust smoke and result in low carbon

deposit formation in the enginé exhaust system. GB~A-1287579 (The
British Petroleum Co Ltd) applied for in 1968 describes, for .
instance, the use of polyisobutylene polymer as a lubricant.
5 However, typically, this specification does not give any method of
" manufacture of the poly(iso)butene nor indeed the source of C4
feedstock used as raw-material to pﬁoduce these polyisobutyleneé.
It is well known that poly(iso)ﬁutenes used hitherto have invariably
been produced from a mixture of butenes including n~butenes and
10 isobutene eg from a feedstock which is primarily butadiene raffinate
or a crude C4 stream from a fluid catalytic_c:acking (FCC) process
and contains from 20-40% n-butenes. That was the case around the
time of applicafion of GB-A-1287579 as is apparent from GB-A-1340804
(Labofina SA, applied for in 1972) which describes the polymers as
15 being manufactured from fractions containing hydrocarbons with 4
carbon atoms and the polymers produced therefrom are said to contain
'polybutylene and polyisocbutylene in varying proportions, generally
from 5-70% of polyisobutylené and from 95-30% of poly-n-butylenes.
It has now been found that polybutenes which contain much
20 lower levels of or are substantially free from n~butenes in the
polymer backbone give superior performance not only in reducing
visible smoke in t?e exhaust gases from a two-stroke engines but
also in respect of low carbon deposit formation. _ |
' Accordingly, the present invention is a two-stroke engine oil
25 comprising a polybutene polymer or mixtures of polymers of molecular
| weight (Mn) from 300-2000 characterised in that the proportion of
n-butenes in the polymer backbone, as defined by the ratio of the
infra-red absorbance of the -CHyCHs— n-butene units in the polymer
at 740 cm~1 to that of the C-H overtone absorbance between 4315 and
30 4345 cm™l, usually.4335 em~l is <0.2 for po@ybuﬁenes with a value of
Mn which is equal to or <700, and <0.12 for polybutenes with Mn =
>700.
The definition for the proporﬁion of n-butene (hereafter "NB")
in the polymer backbone has been defined by the infra-red absorbance

35 - technique because this is a difficult concept to determine
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Fromthis Table 1 it is apparent that nobst conventional grades
of poI ybutene polyners have this absor bahce ratio wel | ﬁb@h@tl&sﬁe@ﬂ{e

feature of the present invention is that the PIB pol yner
be substantially free of chlorine. The 15 presence of C

laced
nol ecul ar wei ghts (M) bel ow 700 and well above 0.12 at E\flgil‘t her
I"ori

deri vati ves thereof

al so

I n exhaust gases are undesirable and hence the use of

chlorine-free PIB's is nost desirable. ‘It has been found that whereas
t wo- st roke SH#tisabivedys orituPrdardEe rayeie g-heee rirohleiny &k rqasr dagidled %l y have

-97 and

10

15

20

25

30

35

develop an indigeneous method by comparing the corresponding infra-
red absorbances (at specified frequencies) of commercially available
polybutenes and the PIB's low in n-butene content now.used. This
method uses the 740 cm™! -CH,CH,- absorption as an indication of the
relative n~butene content in the polymer backbone. It was used -
with a Nicolet 740 FTIR spectrometer fitted with DTGS detector and
CsI beam splitter. The spectfometer had KBr windows with 0.2 mm
Teflon® spacer with small section cut out and_a suitable cell
holder. A spectrum of the sample was obtained using 4em—1
resolution. The absorbance peak height of the 74'0cm"'1 band between
the baseline limits of the tﬁo minima in the 800 and 700cm™1 regions
was then measured. The -4335cm™1 band was also characterised by
measuring.its absorbance peak height between the baseline limits
4750 and 3650cm™1. The relative n-butene content was calculated as

follows: :
Absorbance at 740cm™}
Absorbance at 4335cm™1

This is thé method used in the calculations set out below.

For this exercise, the polybutene (PIB) which had a relatively
low n-butene content or was substantially free thefefrom was made by
the process claimed and described in our published EP-A-0 145 235,
ie a pre-formed boron trifluoride—ethanol complex is used as
catalyst for the polymerisation of isobutene and the method
described therein is incorporated herein by reference. This
process resulted in a pélymer which was not only low in n-butene
content but was also substantially free of chlorine. The product
of such a process is the ULTRAVIS® gradés of polybutene
(commercially available from BP cﬁemicals Ltd) used in the Examples.
Polybutenes which are low in n-butene content or are substantially
free therefrom can also be made using other processes by careful
choice of feedstock and /or process conditions. For comparison
purposes, the polybutene with a relatively higher n-butene content
used was the commercially available HYVIS® grades (aléo available

from BP Chemicals Ltd).
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-45 ﬁbn1ch|orine, those produced from[err] and [err] . each has <5ppm

of chlorine. This is due to the fact that no chlori ne Re Iaced
conpounds are used in the production of [err]. G ades of Thus,
the I evel of chlorine in the latter is bel ow the detect can
be considered to be substantially free of chlorine.

It can be seen from the tabulated data below that there. is
indeed a significant difference in the respective absorbance ratios:
' ' TABLE 1
IR Absorbance Ratio of ?olymers at 740 cm-1(NB) /4335 cm-1(PIB)

Polymer Viscosity (100°C) ‘Mn NB/PIB Ratio
HYVIS®5 104 764 0.278
PNB 07* 14.7 540 1.120
HYVIS®PB2S 25.0 530 0.32
ULTRAVIS®5 ' 100 762 0.106
ULTRAVIS®3 60 645 0.147
HYVIS®10 223 962 0.203
ULTRAVIS®10 225 966 0.049
ULTRAVIS®PB25 25.3 510 0.150
' Pure PIB 5%* 101 775 ' 0.0

5 *PNB 07 is an experimental polymer manufactured from a C4 stream
rich in n-butene and low in isobutene.

**Designated hereafter as PPIB 5 which is a polymer manufactured
from a C4 stream rich in isobutene and is essentially free from n-
butene.

10 From this Table 1 it is apparent that most conventional grades
of polybutene polymers have this absorbance ratio well above 0.2 at
molecular weights (Mn) below 700 and well above 0.12 at Mn >700.

A further feature of the present invention is that the PIB
polymers now used can also be substantially free of chlorine. The

15 presence of chlorine or derivatives thereof in exhaust gases are
undesirable and hence the use of chlorine-free PIB's is most
desirable. It has been found that whereas two-stroke engine oils
formulated from eg HYVIS®5 and HYVIS®1l0 respectiﬁely have -97 and )
-45 ppm chlorine, those produced from ULTRAVIS®5 and ULTRAVIS®10

20 each has <5ppm of chlorine. This is due to the fact that no
chlorine containing compounds are used in the production of
ULTRAVIS® Grades of polybutenes. Thus, the level of chlorine in the
latter is below the detectable levels and can be considered to be

substantially free of chlorine.
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SnThUs, according to a further enbodi nent, the present invention—is a
t wo- stroke engine oil conprising a pol yButene pol ymer Tais SttetHass & R

pol ymers of a nunber average nol ecul ar weight (M) fro h“ﬂ_
characterised in that the proportion of n-butene in th I I
backbone, as defined by the ratio of the infra-red absorban

pol ymer at 740 [err] to that at 4335 [err] is <0.2 at a value of M of the

pol ymer equal to or <700, and <0.12 at M of the polyner >700, and said
| ubricating oil TsusyBseerfingl ¥9 af fexthgr embodiment, the present invention

is a two—-stroke engine oil comprising a polybutene polymer or
mixture of polymers. of a number average molecular weight (Mn) from
300-2000 characterised in that the proportion of n-butene in the

5 polymer backbone, as defined by the ratio of the infra-red
absorbance of the polymer at 740 cm~! to that at 4335 cmfl, is <0.2
at a value of Mn of the polymer equal to or <700, and <0.12 at Mn of
the polymer >700, and said lubricating oil is substantially free of
chlorine. |

10 The PIB's used in the two-stroke engine oils of the present
invention suitably have a viscosity in the range of'2 to 670 cSt for
Mn ranging from 310-1300, preferably from 3-250 ¢St and are most
suited for the production of low smoke oils.

The amount of PIB present in the two-stroke engine oil

15 formulation is suitably in the range from 15-80% w/w, more typically
from 25-50% w/w. The other component usually present in such two-
stroke oils is a mineral oil and is used in levels ranging from 20-
70% w/w.

To improve the detergency of such two-stroke engine oil

20 formulations, it is usual to add low ash additives and a diluent
such as kerosine to improve the handling of the formulation and to
enhance ﬁhe miscibility thereof with the fuel.

Such two-stroke engine oil formulations may also contain
synthetic esters, poly~-a-olefins and alkylated benzenes to produce

25 high performance products.

The standard test procedures used for evaluation are those
developed by the Japanese Automotive Standards Organisation (JASO)
to classify the performahce of two-stroke oils. One of these
tests (M342) involves a procedure to measure the formation of

30 exhaust smoke during paft of a test cycle. The result is expressed
as a Smoke Index and is internally referenced against a standard
two-stroke oil ranked with a Smoke Index of 100. The higher the
Smoke Index the greater is the reduction in smoke emission. The
test uses a 70 cc, Suzuki Generator SX éOO R. The results of the

35 smoke test of the oils are shown in Table 2 below.

This is the replacement sheet

P2 08 APR 1096



chiorine. 100 The PIB's used in the two-stroke engj.ng..qiHasBehRe ed
present invention suitably have a visco$ity in the range

for Mh ranging from 310-1300, preferably from 3-250 cSt ammmﬁﬁt ed
for the production of |ow snoke oils. The anount of PIB pr o1 n e
two-stroke engine oil 15 fornmulation is suitably in the range from 15-80%

ww, more typically from 25-50% w w. The ot her conponent usually present
in such two- stroke oils is a mneral oil and is used in levels ranging
from 20- The present inveéntion is further illustrated with reference to

the following Examples:
EXAMPLE 1:
ULTRAVIS®5 polybutene (38% w/w) was blended with Solvent
5 Neutral 500 mineral oil'(36% w/w) and additives package ADX 3110 (8%
.w/w, ex BP Chemicals Additives Ltd) at 60°C in a mixer. Kerosine
(18% w/w) was then added and the oil characteristics of the blend
was measured. ' _ _

In a comparative experiment not according to the invention,

10 the same amount of materials were mixed together except that
ULTRAVIS®5 polybutene was replaced by HYVIS®5 polybutene.

A JASO smoke test of the two formulations above revealed that
ULTRAVIS®5 polybutene of low n-butene content in the polymer
backbone provided the greater reduction in smoke emission than the

15 corresponding formulation with HYVIS®5. The results of the tests
are tabulated in Table 3 below:
EgAMPLE 2: '

The process of Example 1 was repeated except that -the Solvent

Neutral mineral oil used was a blend of SN500 and SN150 (19/81 w/w).

20 Also the polybutenes used were ULTRAVIS®10 (according to the
invention) and HYVIS®1l0 (comparative test, not according to the
invention). The respective quantites of each of the components
used was not strictly identical since such a strict and precise
measurement of the respective components is not practicable and is

25 not essential to gauge performance. The specific compositions used
are tabulated in Table 2 below. -

The JASO smoke test revéaled that the formulation containing
ULTRAVIS®10 polybutene of low n-butene content in the polymer
backbone provided a greater reduction in the smoke emission than the

30 corresponding formulation containing HYVIS®10 with a relatively
higher n-butene content. The results of this smoke test are

tabulated in Table 3 below:

35
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70% wi-w. To | nprove the detergency of such two-stroke e

fornulatlons | ow ash? addi ti ves and

it is usual to

add

mscibility thereof with the fuel

kerosine to inprove the handling of the formulation and t
. Such two-stroke engln

may al so contain synthetic esters, olefins and a

benzenes to produce 25

hi gh

poly-[err]-
per f ormance products.

procedures used for evaluation are those

10

15

20

TABLE 2

IWO STROKE OIL FORMULATION

i ne Oi
GShmﬂﬂkB&M

The standard t est

Component HYVIS®1l0 ULTRAVIS®10
" Polybutene 30.6 30.0
Min. O0il SNS500/SN1S50 42.8 44.0
Additives ADX 3110 8.2 8.0
Kerosine Dilﬁent- 18.4 18.0
TABLE 3

SMOKE _TEST (JASO

Polymer NB/PIB ratio* PIB contenﬁ of lube Smoke Index
ULTRAVISOS 0.106 38.0 99

HYVIS®S 0.278 38.0 90
ULTRAVIS®10 0.049 30.0 81

HYVIS®1l0 0.203 30.6 74

* - Ratio of absorbance at 740cm 1 {0 absorbance at 4335cm™1.

EXAMPLE 3:

ULTRAVIS®PB25 polybutene (36.6% w/w) was blended with solvent

neutral 500 mineral oil (37.3% w/w) and additives package ADX 3110

(8.1% w/w, ex BP Chemicals Additives Ltd) at 60°C in a mixer.

Kerosine (18.6% w/w) was then added and the oil characteristics of

the blend determined.

In a comparative test (not according to the invention) the

same amount of materials were mixed together except that

ULTRAVIS®PB25 polybutene was replaced with HYVIS®PB2S polybutene.

The components present in these two formulations are shown in

Table 4 below:
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devel oped by the Japanese Autonotive Standards Organi sat | fifk dhdf D BebCReplaced
classify the performance of two-stroke dils. One of the '

i nvol ves a procedure to neasure the formation of 30 exhaiﬂljug'mﬁ ng
part of a test cycle: The result is expressed as a Snoke [
internally referenced agai nst a standard two-stroke oil ranked with a Snoke

| ndex of 100. The hi gher the Snoke Index the greater is the reduction in
snoke em ssion. The test uses a 70 cc, Suzuki Generator SX 800 R The
results of the 35 snoke test of theTagilEsdare shown in Table 2 bel ow

TWO STROKE OIL FORMULATION

Component HYVIS®PB25 ' .ULTRAVIS®PB25
Polybutene 36.6 36.6
Min. Oil SN500/SN150 37.3 37.3 .
Additives ADX 3110 : 8.1 | 8.1
Kerosine Diluent 18.0 18.0

These formulations were subjected to a JASO Smoke Test as
5 previously and the results obtained are shown in Table 5 below:
TABLE 5
SMOKE_TEST (JASO)

Polymer NB/PIB ratio* PIB content of lube Smoke Index
ULTRAVIS®PB25 0.150 36.6 97
HYVIS®PB25 0.320 36.6 95

* — Ratio of absorbance at 740cm™1 to absorbance at 4335cm™1.

10 Thus, the JASO Smoke Test on both of these formulations
revealed that the formulation containing ULTRAVIS®PB25 polybutenes
of low n~-butene contenht in the polymer backbone provided a greater
reduction in smoke emission than the.corresponding formulation _
containing HYVIS®PB25 polybutene with a relatively higher n-butene

15 content in the polymer backbone. .

EXAMPLE 4:

The process of Example 1 was repeated except that the
polybutenes used were PPIB 5 (according to the invention) and
HYVIS®5 (comparative test, not according to the invention)

20 respectively. The respective quantities of each of the components
used in the formulation was not strictly identical since such strict
and precise measurements of the reépectivé components is not
essential to guage performance. The components in these

formulations are shown in Table 6 below:

25

This is the replacement sheet

Date: Gﬁ APR 1996



6.The: present

) _ invention is further illustrated with reference to the
fol | owm ng Exanpl es: - EXAMPLE 1: [err] pol%butene (38% VVIWTWTH

Sol vent 5 Neutral 500 mineral oil (36% /vv) and addit
e Hﬁ,,"l
~ TABLE 6
IWO STROKE OIL FORMULATION
Component PPIB 5 ‘HYVISOS
Polybutene 38.0 38.0
Min. Oil SN500/SN150 35.9 _ 36.0
Additives ADX 3110 8.0 8.0
Kerosine Diluent 18.1 18.0
5 A JASO Smoke Test was carried out on these formulations as
previously and the results achieved are shown in Table 7 below:
~ TABLE 7
SMOKE_TEST (JASO)
Polymer NB/PIB ratio* PIB content of lube Smoke Index
PPIB 5 0.0 38.0 95
HYVIS®5 0.278 38.0 90
10

Thus, the JASO Smoke Test revealed that the formulation
containing PPIB 5 polybutene substantially free of n-butene content
in the polymer backbone provided a greater reduction in the smoke
emission than the corresponding formulation containing HYVIS®S

15 polybutene with a relatively higher n-butene content in the polymer

backbone.

20

25
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v‘w,‘w, "ex BP Chem cal s-Additives Ltd) at [err] in a m xer. Kerosine (18%
w'w) was then add d the oil characteristics of the blend vvas nmeasur ed.
In a conparative expe ment n ding to the invention, the sane

amount of materi al .s her except th ne was
repl aced by [err] p M srmke t est oﬁ"lm ll"’“ﬂﬂlﬂﬁm tions -
u

above reveal ed that ne of |ow n-butene tontemt B’n the pol yner
backbone provided the greate ction in snoke em ssion than the

10

Claims: _
1. A two-stroke engine oil compfising a polybutene polymer or
mixtures of polymers of molecular weight_(Mn) from 300-2000
characterised in that the proportion of n-butenes in the polymer
backbone, as defined by the ratio of the infra-red absorbance of the

5 ~CH5CHy~ n-butene units in the polymer at 740 em~1 to that of the C-
H overtone absorbance between 4315 and 4345 cm'l, is <0.2 for
polybutenes with a value of Mn equal to or <700, and <0.12 for
polybutenes with Mn = >700. '
2. A two-stroke engine oil according to Claim 1 comprising a

10 polybutene polymer or mixture of polymers of a number average
molecular weight (Mn) from 300-2000 characterised in that the
proportion of n-butene in the polymer backbone, as defined by the
ratio of the infra-red absorbance of the polymer at 740 em~1 to that
at 4335 cm~1l, is <0.2 at Mn of the polymer equal to or <700, and

1S <0.12 at Mn of the polymer >700.
3. A two-stroke engine oil according to Claim 1 or 2 wherein the
polybutene polymer is substantially free of chlorine.
4. A two-stroke engine oil according to Claim 3 wherein the
polybutene polymer is such that more than 60% of the unsaturated

20 linkages in the polymer are of the vinylidene (....=CHy) type.
5. A two-stroke engine oil according to any one of the preceding
Claims wherein the polybuténes have a viscosity in the range of 2 to
670 cst for Mn ranginé'from 310-1300.
6. A two-stroke engine oil according to any one of the preceding

25 cClaims wherein the amount of polybutene present in said oil is in
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15 ‘corresponding fornutation—w-th [err]. The results of the tests are
t dbul ated in TahisshcﬁtmlBQéP{ Re LE 2: Y¥he process of Exanple 1 was

r epeat ed except nt Neutral m neral end of
[err] and SN150 MWEM E I Al'so the pol ybd“‘“ﬂ*ﬂl“ﬂ““ﬂ“[ err]
(according to the 1nve ndi[err] (conparatiwe: ttest, hot®according to
the i nvention). The respective’ 'quantites of each of the conponents used

was not strictly identical since such a strict and precise
the range from 15-80% w/w.

7. A two-stroke engine oil according to any one of the preceding
Claims wherein said oil contains a mineral oil in levels ranging

- from 20-70% wiw. |

5 8. A two-stroke engine oil according to any one of the preceding
Claims wherein said oil contains low ash additives and a hydrocarbon'
diluent to improve the handling of the oil and to enhance the
miseibility thereof with'the.fuel.
9. A two-stroke engine oil according to any one of the.preceding

10 Claims wherein said oil contains synthetic esters, poly-a-olefins

and alkylated benzenes to produce high performance products.

15
20
25
30

35
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meas enent of the respective conponents i s not practicable and.is 25 not
essential to gauge perfornance. The specific conpositions used gre

tabul ated in Table 2 bel ow. The JASO snpke test Pﬂmﬁmﬁﬁ
formul ation containing [err] pol ybutene of |ow n- b Bﬂm n the

pol ymer backbone provided a greater reduction in t on than
the 30 corresponding fornul ation containing [err] MA arelatively
hi gher n-butene content. The results of this snoke test are tabulated in

Tabl e 3 bel ow

12

ABSTRACT
TWO-STROKE ENGINE OILS

This invention relates to a two-stroke engine oil which
comprises polybutene base oils which are either very low in or are
substantially free of n-butenes in the polymer backbone. The
absence of n-butenes in the.pﬁlybutenes significantly reduces smoke
emission in exhaust gases generated by the use of the engine oil.
Polybutenes such as ULTRAVIS® which are substantially free of
chlorine and have a high degree of terminal unsaturation are

particularly preferred.

ety HF
RERA
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7 TABLE 2 TWO STROKE O L FORMULATI ON Conponent

[gfr]T Pol ybut ene 30.6

SN500/ SN150

10

15

20

25

42.8

[err]
30.0 Mn. G
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TWO-STROKE ENGINE OILS

The present invention relates to two-stroke oils which

comprise polybutene base oils which are either very low in or

substantially free of n-butenes in the polymer backbone.

Two-stroke engine oils are usually lubricating compositions

which are used in admixture with a fuel and lubricate the moving

parts of two-stroke engines.

Such engines may include outboard

engines with a power higher than 50 hp and rising upto 100 hp, air-

cooled engines which may not only be used in motorcycles but also,

for example, in chain-saws, skidoos or snowmobiles. A feature of

these engines is their high speed of rotation and as a result they

are hotter than engines used hitherto.

Initially, the principle requirement of a lubricant for such

an engine was for it to be able to form a stable and continuous film

of oil on the affected parts not only at low temperatures to

facilitate start-up but alsc at relatively higher operating

temperatures in order to avoid fouling by the formation of deposits

on engine parts which in turn could reduce performance of the engine

or cause damage to the affected parts.

More recently, the focus has been on oils which are

enviionmentally friendly, ie the exhaust gases resulting from the

combustion of the fuel and lubricant are clean, have minimum odour,

do not give out visible smoke and, in addition, have reduced

oil/fuel ratios.

Polybutenes have been used for many years as components in

two-stroke oils where, they give advantages over mineral oils in
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Addi ti ves ADX 3110 8.2 8.0 Kerosing ——————

Di’l uent 18. 4 18. 0 TABLE 3 s Sheet Has Been Replaced
SMOKE TEST (JASO' Pol yner .- NB/f PI B rati o* PI B content [ - e
| ndex [err] 0. 106 38.0 : H'mjmﬂﬂ!”' ,r
0.278" . | 38.0 d0 ULTRAVI S10 049"

30.0 : 81 [err] 0.203 . 30.6

74

that they emit low visible exhaust smoke and result in low carbon
deposit formation in the engine exhaust system. GB-A-1287579 (The
British Petroleum Co Ltd) applied for in 1968 describes, for
instance, the use of polyisobutylené polymer as a lubricant.
5 However, typically, this specification does not give ahy method of
‘manufacture of the poly(iso)butene nor indeed the source of C4
feedstock used as raw-material to produce'these polyisobutylenes.
It is well known that poly(iso)butenes used hitherto have invariably
been produéed from a mixture of butenes including n-butenes and
10  isobutene eg from a feedstock which is primarily butadiene raffinate
or a crude C4 stream from a fluid catalytic cracking (FCC) process
and contains ffom 20-40% n-butenes. That was the case around the
time of application of GB-A-1287579 as is apparent from GB-A-1340804
(Labofina SA, applied for in 1972) which describes the polymers as
15 being manufactured from fractions containing hydrocarbons with 4
carbon atoms and the polymers produced therefrom are said to contain
polybutylene and polyisobutylene in varying proportions, generally
from 5~70% of polyisocbutylene and from 95-30% of poly-n-butylenes.
It has now been found that polybutenes which contain much
20 lower levels of or are substantially free from n-butenes in the
polymer backbone give superior performance not only in reducing
visible smoke in the exhaust gases from a two-stroke engines but
also in respect of low carbon deposit formation.
Accordingly, the present invention is a two-stroke engine oil
25 comprising a polybutene.polymer or mixtures of polymers of molecular
weight (Mn) from 300-2000 characterised in that the proportion of
n-butenes in the polymer sackbone, as defined by the ratio of the
infra-red absorbance of the -CH,5CHp- n-butene units in the polymer
at 740 cm~1 to that of the C-H overtone absorbance between 4315 and
30 4345 cm7i, ﬁsuallyl4335 em~l is <0.2 for polybutenes with a value of
Mn which is equal to or <700, and <0.12 for polybutenes.with Mn =
>700.
The définiiion for the proportion of n-butene (hereafter "NB")
in the polymer backbone has been defined b& the infra-red absorbance

35 technique because this is a difficult concept to determine
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* - Ratio of absorbance at [err] to absorbance at [err]. EXAMPLE 3: [err]

- pol ybutene (36.6% w w) was bl ended with solvent 10 neutral 500 m neral
“oil (37.3%wWw and additives package ADX 3110 (8.1% ww, ex BP Chemcals
Additives Ltd) at [err] in a m xer. Kerosine (18.6% ww was then added and
the okl characteristics of the blend determned. In a conparative test (not
according to the invention) the 15 sane anount of materials were m xed

t oget her except that

quantitatively. In order to avoid these problems it was decided to
develop an indigeneous method by comparing the corresponding infra-
red absorbances (at specified frequencies) of commercially available
pelybutenes and the PIB's low in n—-butene content now used. This

5 method uses the 740 cm~1 ~CH,CHy~ absorption as an indication of the
relative n-butene content in the polymer backbone. It was used
with a Nicolet 740 FTIR spectromeﬁer fitted with DTGS detector and
Csl beam splitter. The spectrometer had KBr windows with 0.2 mm
Teflon® spacer with small section cut 6ut and a suitable cell

10 holder.. A spectrum of the sample was obtained using 4cm™1
resolution. The absorbance peak height of the 740cm'1 band between
the baseline limits of the two minima in the 800 and 700cm~1 regions
was then measured. The 4335cm™} band was also characterised by

_ measuring.its absorbance peak height between the baseline limits
15 4750 and 3650cm™1l. The relative n-butene content was calculated as

foliows:

Absorbance at 7400m“1_
Absorbance at 4335cm~1

This is the method used in the calculations set out below.

20 For this exercise, the polybutene (PIB) which had a relatively
low n-butene content or was substantially free therefrom was made by
the process claimed and described in our published EP-A-0 145 235,
ie a pre-formed boron trifluoride-ethanol complex is used as
catalyst for the polymerisation of isobutene and the method

25 described therein is incorporated herein by reference. This
process resulted in a pélymer which was not only low in n-butene
content but was also substantially free of chlorine. The product
of such a process is the ULTRAVIS® grades of polybutene
{commercially available from BP Chemicals Ltd) used in the Examples.

.30 Polybutenes which are low in n-butene content or are substantially

' free therefrom can also be made using other processes by careful
choice of feedstock and /or process conditions. - For comparison
purposes, the polybutene with a relatively higher n-butene content
used was the commercially available HYVIS® grades (also available

'35  from BP Chemicals Ltd).
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[-err]: pol ybutene was replaced with [err] pol ybutene. The conponents present
in these two fornulations are shown in Table 4 bel ow 20 TABLE 4 TWO
STROKE O L FORMULATI ON .

- ’ ' 4

It can be seen from the tabulated data below that there is

indeed a significant difference in the respective absorbance ratios:

TABLE 1
IR Absorbance Ratio of Polymers at 740 cm—-1(NB)/4335 cm-1(PIB)
Polymer Viscosity (100°C) ‘Mn NB/PIB Ratio
°  HYVIS®S - 104 _ 764 0.278
PNB 07* 14.7 540 1.120
HYVIS®PB25 25.0 530 0.32
ULTRAVIS®S 100 762 0.106
ULTRAVIS®3 60 645 . 0.147
HYVIS®10 223 962 0.203
ULTRAVIS®10 225 966 0.049
ULTRAVIS®PB25 - 25.3 510 0.150
Pure PIB 5% 101 775 0.0

5 *PNB O7 is an experimental polymer manufactured from a C4 stream
rich in n-butene and low in -isobutene.
**Designated hereafter as PPIB 5 which is a polymer manufactured
from a C4 stream rich in isobutene and is essentially free from n-
_butene.

10 From this Table 1 it is apparent that most conventional grades
of polybutene polymers have this absorbance ratio well above 0.2 at
molecular weights (Mn) below 700 ané:well above 0.12 at Mn >700.

A further featﬁre of the present invention is that the PIB
polymers now used can also be substantially free of chlorine. The

15 presence of chlorine or derivatives thereof in exhaust gases are
undesirable and hence the use of chlorine-free PIB's is most
desirable. It has been found that whereas two-stroke engine oils
formulated "from eg HYVIS®5 and HYVIS®10 respectively have -97 and
-45 ppm chlorine, those produced from ULTRAVIS®5 and ULTRAVIS®10

20 each has <5ppm of chlorine. This is due to the fact that no
chlorine containing compounds are used in the production of
ULTRAVIS® Grades of polybutenes. Thus, the level of chlorine in the
latter is below the detectable levels and can be considered to be

substantially free of chlorine.
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Conponent [err] [err] Pol ybutene

36.6 36.6 Mn. GOl SN500 SN150 37.3
37.3 Additives ADX 3110 8.1 8.1 Kerosine
Dl uent * 18.0 s 18.0 These formnul ati ons were

subj ected to a JASO Snpoke Test ‘as 5 previously and the results obtained
are shown in Table 5 below. TABLE 5 SMXXE TEST (JASO

Thus, according to a furﬁher embodiment, the present invention-
is a two-stroke engine oil comprising a polybutene polymer or
mixture of polymers of a number average molecular weight (Mn) from
300~2000 characterised in that the proportion of n-butene in the

5 polymer backbone, as aefined by the ratio of the infra-red
dabsorbance of the polymer at 740 cm™1 to that at 4335 cm™1, is <0.2
at a value of Mn of the polymer equal to or <700, and <0.12 at Mn of
the ﬁolymer >700, and said lubricating oil is substantially free of
chlorine.

10 The PIB's used in the two-stroke engine oils of the present
invention suitably have a viscosity in the range of.2 to 670 csSt for
Mn ranging from 310-1300, preferably from 3-250 cSt and are most
suited for the production of low smoke oils.

The amount of PIB present in the two-stroke engine oil

15 formulation is suitably in the range from 15-80% w/w, more typically

. from 25-50% w/w. The other component usually present in such two-
stroke oils is a mineral oil and is used in levels ranging from 20-
70% w/w. | _ '

To improve the defergency of éuch two-stroke engine oil

20 formulations, it is usual to add low ash additives and a diluent
‘'such as kerosine to improve the handling of the formulation and to
enhance the miscibility thereof with the fuel.

Such two-stroke engine oil formulations.hay also contain

. synthetic esters, poly-a-olefins and aikylated benzenes to produce
25  high performance products.

The standard test procedures used for evaluation are those
developed by the Japanése Automotive.standards Organisation (JASO)
to classify the performance of two-stroke oils. - One of these
tests (M342) involves a procedure to measure the formation of

30 exhaust smoke during part of a test cycle. The result is expressed
as a Smoke Index and is internally referenced against a standard
two-stroke oil ranked with.a Smoke Index of 100. The higher the
Smoke Index the greater is the reduction in smoke emission. The
test uses a 70 cc, Suzuki Generator SX 800 R. The results of the

35 smoke test of the oils are shown in Table 2 below.

This is the replacement sheet

17 JUN 19%

Date:



Pol ymer NB/PIB ratio* PIB content of |lube Snoke Index [err]

Q. 150 . 36.6 . 97 [err] 0. 320
36.6 95 * - Ratio of absorbance at [err] to absorbance at
[err]. 10 Thus, the JASO Snoke Test. on both of these formul ations

reveal ed that the fornulation containing [err] polybutenes of |ow n-butene
content in the polyner backbone provided a greater reduction in snoke

em ssion than the corresponding formul ati on containing [err] polybutene
with a relatively higher n-butene

The present invention is further illﬁstrated with reference to
the following Examples:
EXAMPLE 1:
ULTRAVIS®5 polybutene (38% w/w) was blended with Solvent
-5 Neutral 500 mineral oil (36% w/w) and additives paékage ADX 3110 (8%
w/w, ex BP Chemicals-Additives Ltd) at 60°C in a-mixer. Kerosine
(18% w/w) was then added and the oil characteristics of the blend
was measured.

In a comparative experiment not according to the invention,

10 the same amount of materials were mixed together except that
ULTRAVIS®S polybutene was replaced by HYVIS®5 polybutene.

A JASO smoke test of the two formulations above revealed that
ULTRAVIS®S polybutené of low n-butene content in the polymer
backbone provided the greater reduction in smoke emission than the

15 corresponding formulation with HYVIS®5. The results of the tests
are tabulated in Table 3 below:
E?(AMPLE 2: .

The process of Example 1 was repeated except that the Solvent

Neutral mineral ocil used was a blend of SN500 and SN150 (19/81 w/w).

20 Also the polybutenes used were ULTRAVIS®10 (according to the
invention) and HYVIS®1l0 (comparative test, not according to the
invention). The respective Quantites of each of the components
used was not strictly identical since such a strict and precise
measurement of the respective éomponents is not practicable and is

25 not_essentiai to gauge performance. The specific compositions used
are tabulated in Table 2 below.

The JASO smoke test revealed that the formulation containing
ULTRAVIS®]0 polybutene of low n-butene content in the polymer
backbone provided a gre&ter réduct;gn in the smoke emission than the

30 corresponding formulation containing HYVIS®1l0 with a relatively
higher n-butene content. The results of fhis smoke test are

tabulated in Table 3 below:
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15 ‘"content in the polynmer backbone. EXAMPLE 4: The process of Exanple 1
was tepeated except that the pol ybutenes used were PPIB 5 (according to the
invention) and [err] (conparative test, not according to the invention) 20
respecti vely. The respective quantities of each of the conponents used in
the formul ation was not strictly identical ’since such strict and precise
nmeasurenments of the respective conponents is not essential to guage

per formance. The conponents in these

TABLE 2
TWO STROKE 01, FORMULATION

Component: ___ HYVIS®10 ULTRAVIS®10

" Polybutene 36.6 _ 30.0

_Min. Oil SNS00/SN150 42.8 _ " 44.0

Additives ADX 3110 8.2 8.0

Kerosine Diluent 18.4 18.0

_ TABLE 3
5 ' _ _SMOKE TEST (JASO)
Polymer NB/PIB ratio* PIB content of lube Smoke Index

ULTRAVIS®S 0.106 38.0 99
HYVIS®S 0.278 ~ 38.0 90
ULTRAVIS®10 0.049 30.0 81
HYVIS®10 __0.203 30.6 . 74

* - Ratio of absorbance at 740cm™1 to absorbance at 4335cm™1.
 EXAMPLE 3:
ULTRAVISOPst.polybutene (36.6% w/w) was blended with solvent
10 neutral 500 mineral oil (37.3% w/w) and additives package ADX 3110
(8.1% w/w, ex BP Chemicals Additives Ltd) at 60°C in a mixer.
Kerosine (18.6% w/w) was then added and the oil characteristics of
the blend determined. ' .
In a comparative test (not according to the invention) the
15 same amount of materials were mixed together except that
ULTRAVIS®PB25 polybutene was replaced with HYVISGPBZS polybutene.
The componenfs present in these two formulations are shown in

Table 4 below:

20
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fo_rm}l-ations are shown in Table 6 bel ow 25. 9 TABLE 6 TWD STROKE O L
FORMULATI ON Conponent : PPIB 5 - lerr]

10

15

20

25

TABLE 4
IWO STROKE OIL FORMULATIOﬂ

Component HYVIS®PB25 ULTRAVIS®PB25
Polybutene 36.6 | 36.6
Min. Oil SN500/SN150 | 37.3 ) 37.3
Additives ADX 3110 8.1 8.1
Kerosine Diluent 18.0 18.0

These formulations were subjected to a JASO Smoke Test as
previously and the results obtained are shown in Table 5 below:
' TABLE 5 -
SMOKE TEST (JASO)

Polymer NB/PIB ratio¥* PIB content of lube Smoke Index
ULTRAVIS®PB25 0.150 36.6 97 -
HYVIS®PB25 0.320 36.6 95

* - Ratio of absorbance at 740cm™l to absorbance at 4335cm™1.

Thus, the JASO Smoke Test on both of these formulations
revealed that the formulation containing ULTRAVIS®PB25 polybutenes
of low n-butene content in the polymer backbone provided a greater
reduction in smoke emission thén the correspohding formulation
containing HYVIS®PB25 polybutene with a relatively higher n-butene
content in the polymer backbone. .
EXAMPLE 4:

The process of Example 1 was repééted except that the
polybutenés used were fPIB 5 (according to the invention) and
HYVIS®S {comparative test, not acéording to the inventibn)
respectiéely; The respective quantities of each of the components
used in the formulation was not strictly identical since suéh strict
and precise measurements of the respective componeﬁts is not
essential to guage performance. The components in these

formulations are shown in Table 6 below:
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Pol ybut ene
SN500/ SN150
8.0 .

18.0 5

| ndex

10

15

20

25

38.0
35. 9

38.0

Mn. Ol

36.0 Additives ADX 3110

8.0 Kerosine Diluent
A JASO Snoke Test was carried out on these fornul ati ons as
previously and the results achieved are shown in Table 7 bel ow. TABLE 7
SMOKE TEST (JASO Pol yner

NB/ PIB r&i o*

' TABLE 6

IWO_STROKE OIL FORMULATION

Pl B cont ent of

18.1

| ube

Component "PPIB 5 HYVIS®5
Polybutene 38.0 38.0
Min. 0Oil SNS500Q/SN150 35.9 36.0
Additives ADX 3110 8.0 8.0
Kerosine Diluent | 18.1 18.0

A JASO Smoke Tést was carried out on these formulations as

previously and the results achieved are shown in Table 7 below:

TABLE 7
SMOKE_TEST (JASO

Snoke

Polymer NB/PIB ratio* PIB content of lube Smoke Index

PPIB 5 0.0 38.0 95

HYVIS®5 0.278 38.0 90
Thus, the JASO Smoke Test revealed that the formulation

containing PPIB 5 polybutene substantially free of n-butene content

in the polymer backbone provided a'greater reduction in the smoke

emission than the corresponding formulation containing HYVIS®S

polybutene with a relatively higher n-butene content in the polymer

backbohe.
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PPI B'5 0.0 38.0 95 [err]

Q. 278 38.0 290 1 ; ke Test
reveal ed t hat Wai ning PPIB 5 ene substantially
free of n-bute in the pol yner backboneﬂ B ”ju ﬂ?ﬂl}er
reduction in they HemBes han the corresp C

cont ai ni ng [err] vm th a relatively hi gher n- but’ene cont ent
in the pol yner ba '

10

Claims: _
1. A two-stroke engine oil coﬁprising a polybutene polymer or
mixtures of polymers of molecular weight (Mn) from 300-2000
characterised in that the proportion of n-butenes ip the polymer
backbone, as defined by the ratio of the infra-red absorbance of the
5  ~=CHyCHy~ n-butene units in the polymer at 740 cm™l to that of the c-
H overtone absorbance between 4315 and 4345 em™l, is <0.2 for
polybutenes with.a value of Mn equal to or <700, and <0.12 for
polybutenes with Mn = >700. |
2. A two-stroke engine oil according to ciéim 1 comprising a
.10 polybutene polymer or mixture of polymers of a number average
lmolecular weight (Mn) from 300-2000 characterised in that the
proportion of n-butene in the polymer backbone, as defined by the
ratio of the infra-red absorbance of the polymer at 740 em™l to that
at 4335 em™1, is <0.2 at Mn of the polymer equal to or <700, and
15 <0.12 at Mn of the polymer >700.
3. A two-stroke engine oil accdrding to Claim 1 or 2 wherein the
polybutene polymer is substantially free of chlorine.
4. A two-stroke engine oil according to Claim 3 wherein the
polybutene polymer is such that more than 60% of the unsaturated
20 linkages in the polymer are of the vinylidene (....=CHy) type.
5. A two-stroke engine oil according to any one of the preceding
Claims wherein the polybutenes have a viscosity in the range of 2 to
670 cst for Mn rangxng from 310-1300.
6. A two—stroke engzne oil according to any one of the preceding

25 claims wherein the amount of polybutene present in said oil is in
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20 +10 Cainms: 1. A two-stroke engine oil conprising a mneral oil and
& pol ybut ene pol yner or mixtures of polynmers of nolecular weight (M) from
300- 2000 characterised in that the proportion of n-butenes_in thepolyner

10

15

20

25

*

the range from 15-80% w/w. _

7. A two—stroke.engine oi; according to any one of the preceding
Claims wherein said oil contains a mineral oil in levels ranging
from 20-70% w/w. '

8. A two-stroke engine oil according to any oﬁe of the preceding
Claims wherein said ocil containsllow ash additives and a hydrocarbon
diluent to improve the handling of the oil and.to enhance the
miscibility thereof with the fuel.

9. A two-stroke engine oil according to any one of the p;eceding
Claims wherein said oil contains synthetic esters, poly-a-olefins

and alkylated benzenes to produce high performance products.
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backbone, as defined by the ratio of the infra-red absorbance of the 5
~CHJCH2- n-butene units in the polymer at 740 [err] to that of the G H
overtone absorbance between 4315 and 4345 [err] is <0.2 for pol ybutenes
with a value of Mh equal to or <700, and <0.12 for polybutenes with M =
>700. 2. A two-stroke engine oil according to Cdaim1l conprising a 10
pol ybut ene pol ynmer or m xture of polyners of a nunber average nol ecul ar:
wei ght (M) from 300-2000 characterised in that the proportion of n-butene
in the pol ymer backbone, as defined by the

12

~ ABSTRACT
'~ TWO-STROKE ENGINE OILS

This invention relates to a two-stroke engine oil which
comprises polybutene base oils which are either very low in or are
substantially free of n-butenes in the polymer backbone. The
absence of n-butenes in the_polybuteneé significantly-reduées smoke
emission in exhaust gases generated by the use of the engine oil.
Polybutenes such as ULTRAVIS® which are substantially free of
chlorine and have a high degree of terminal unsaturation are

particularly preferred.
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\ra’tio of fhe_inf‘ra-red absorbance of the polynmer at 740 [err] to that at

*4335 [err], is <0.2 at M of the polynmer equal to or <700, and IS <0.12 at
M of the polynmer >700. 3. A two-stroke engine oil according to Cdaiml
or. 2 wherein the pol ybutene polyner is substantially free of chlorine. 4.

- A two-stroke engine oil according to c?ai m 3 wherein the pol ybut ene pol ymer
i's such that nore than 60%of the unsaturated 20 linkages in the polymer
are of thehati apey dohe Jow. vieibip)exhapet Fnoke andt xRRudEr Yk dOBRFERED oi |
aCC(”-d"1gd£§5§i@yféy&§tfgn &HefﬁyfgﬂﬁﬁiEHEkhaust system. GB-A-1287579 (The

British Petroleum Co Ltd) applied for in 1968 describes, for
instance, the use of polyisobutyleﬁe polymer as a lubricant.

5 Howevér, typically, this specification does not give any method of
manufacture of the poly(iso)butene nor indeed the source of C4
feedstock used as raw-material to produce these polyisobutylenes.

It is well known that poly(iso)butenes used hitherto have invariably
been produced from a mixture of butenes including n-butenes and

10 isobutene eg from a feedstock which is primarily butadiene raffinate

or a crude C4 stream from a fluid catalytic cracking (FCC) process
and contains from 20-40% n-butenes. That was the case around the

~ time of application of GB-A-1287579 as is apparent from GB-A-1340804
(Labofina SA, applied for in'1972) which describes the polymers as

15 being manufactured from fractions containing hydrocarbons with 4

carbon atoms and the polymers produced therefrom are said to contain

polybutylene and polyisobutylene in varying proportions, geherally

from'5-70% of polyisobutylene and from_95-30% of poly—n-butyleneé.
It has now been found that polybutenes which contain much

20 lower levels of or are substantially free from n-butenes in the

polymer backbone give superior performance not only in reducing
visible smoke in the exhaust gases from a two-stroke engines but
also in respect of low carbon deposit formation. _

. Accogﬁtaaigiigr:msreéént invention is a two-stroke engine oil

~ 25 comprisingja polybutene polymer or mixtures of polymers of molecular
weight (Mn) from 300-2000 characterised in that the proportion of
n-butenes in the polymer backbone, as defined by the ratio of the
infra-red absorbance of the -CH;CHy- n-butene units in the polymer
at 740 cm~1l to that of the C-H overtone absorbance between 4315 and
30 4345 cm™!, usually 4335 cm™} is <0.2 for polybutenes with a value of
¥n which is equal to or <700, and <0.12 for polybutenes with Mn =
>700.
The definition for the proportion of n-butene (hereafter "NB")
in the polymer backbone haé been defined by the infra-red absorbance

35 technique because this is a difficult concept to determine



¢ afns wherei n the pol'ybut enes have a viscosity in the range of 2 to 670

cSt for M ranging from 310-1300. 6. A two-stroke engine oil according

to any one of the preceding 25 Cl ai ns wherein the anount of pol ybutene

present in said oil is in 11 the range from 15-80% w' w.
R

AR R

10

Claims: o mi ) ol )

1. A two-stroke engine oil comprisingka polybutene polymer or
mixtures of polymers of mblecular weight (Mn) from 300-2000
characterised in that the proportion of n-butenes in the polymer
backbone, as defined by the ratio of the infra-red absorbance of the
5 -CH,CH,- n-butene units in the polymer at 740 cm~! to that of the cC-
H overtone absorbance between 4315 and 4345 cm'l, is <0.2 for
polybutenes with a value of Mn equal to or <700, and <0.12 for
polybutenes with Mn = >700.
2. A two-stroke engine oil according to Claim 1 comprising a
10  polybutene polymer or mixture of polymers of a number average
molecular weight (Mn) from 300-2000 characterised in that the
proportion of n~butene in the polymer backbone, as defined by the
ratio of the infré-red,absbrbance of the polymer at 740 em~l to that
_ at 4335 cm~1, is <0.2 at Mn of the polymer equal to or <700, and
N~ 15 <0.12 at Mn of the polymer >700.
3. A two-stroke engine dil'according'to Claim 1 or 2 wherein the
polybutene polymer is.substantially free of chlorine.
4. A two-stroke en§ine oil acé§rding to Claim 3 wherein the
polybutene polymer is such that more than 60% of the unsaturated
20 linkages in the polymer are of the vinylidene (....=CH;) type.
S. A two-stroke engine oil according to any one of the preceding
Claims wherein the polybutenes have a viscosity in the range of 2 to
670 cSt for Mn ranging from 310-1300.
6. A two-stroke engine oil according to any one of the preceding

25 claims wherein the amount of polybutene present in said oil is in



7. A two-stroke engi ne oil according 49 any one of..the preceding d ains

‘wherein said oil contains the nmneral oil in levels ranging from 20-70%
ww 5 8. A two-stroke engine oil according H"MUM‘(“HUHEM"E
preceding C ains wherein said oil contains |ow as [

hydr ocarbon diluent to inprove the handling of the oil and"to®erhance t he
mscibility thereof wwth the fuel. 9. A two-stroke engine oil according

to any one of the precedi 10 ¢l aims wherein said oil contains synthetic
cotors, pol yPer RO Aebok wfu.®!
7.

A two-stroke engine oil according to any one of the preceding
Claims wherein said oil contains :b;ineral oil in levels ranging
from 20-70% w/w. ' '

5 8. A two-stroke engine oil according to any one of the preceding.
Claims wherein said oil contains low ash additives and a hydrocarbon
diluent to improve the handling of the oil and to enhance the
miscibility thereof with_the fuel. .

9. A two-stroke engine oil according to any one of the preceding

10 claims wherein said oil contains synthetic esters, poly-a-olefins

and alkylated benzenes to producé high performance products.
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and al yl ated benzenes ‘to produce hi gh performance products. 15 20 25

[

10
Claims:
1. A two-stroke engine oil comprising a mineral oil and a polybutene
é,/ polymer or mixtu:és of polymers of molecular weight (Mn) from 300-2000

characterised in that the proportion of n-butenes in the polymer
backbone, as defined by the ratio of the infra-red absorbance of the

5 ~CH;CHy- n~-butene units in the polymer at 740 cm."'l to that of the C-
H overtone absorbance between 4315 and 4345 cm’l, is <0.2 for
polybutenes with a value of Mn equal to or <700; and <0.12 for
polybutenes with Mn = >700. -
2, A two-stroke engine oil according to Claim 1 comprising a

10 polybutene polymer or mixture of polymers of a number average
molecular weight (Mn) from 300-2000 characterised in that the
proportion of n-butene in the polymer backbone, as defined by the
ratio of the infra-red absorbance of the polymer at 740 em~! to that

o/ at 4335 cm~1, is <0.2 at Mn of the polymer egqual to or <700, and

15 <0.12 at Mn of the polymer >700.
3. A two-stroke engine oil according to Claim 1 or 2 wherein the
polybutene polymer is substantially free of chlorine.
4. A two-stroke engine oil according to Claim 3 wherein the

polybutene polymer is such that more than 60% of the unsaturated

29 linkages in the polymer are of the vinylidene (....=CHj) type.
S. A two-stroke engine oil according to any one of the preceding
Claims wherein the polybutenes have a viscosity in the range of 2 to
670 cSt for ¥n ranging from 310-1300.
6. A two-stroke engine oil according to any one of the preceding
25

Claims wherein the amount of polybutene present in said oil is in
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the range frcam 15-80% w/w.
7. A two-stroke engine 0il according to any one of the preceding
Claims wherein said oil contains the mineral oil in levels ranging from

20-70% w/w. :

8. A two-stroke engine oil according to any one of the preceding
cla;ms wherein said oil contains low ash additives and a hydrocarbon
diluent to improve the handling of the oil and to enhance the
miscibility thereof with the fuel.

9. A two-stroke engine oil according to any one of the preceding
Claims whereid-saia oil contains synthetic esters, poly-c-olefins

and alkylated benzenes to produce high performance products.



