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1.1

1.2

1.3

1.4

Part A: | EXECUTIVE SUMMARY

1. Preface w

Large scale research and development on lubrication and
wear in methanol fueled engines is going on in several
parts of the World. In America, Germany and New Zealand
fleets of buses and passenger cars are running in day to
day operation successfully. The problems of lubrication
and wear are solved for buses using methanol engi nes
derived from diesel engines. 4 stroke passenger car
methanol engines are sometimes still showing higher wear
under cold driving conditioms.

Tne task of the project is to recommend to the Indian
engine manufacturers a lube oll suitable for methauol
engines. This engine oil should be based on components
produced or produceable in India. 1Its practical
performance should be proved in an Indian built engine.

To achieve this task in the short time span given to the
project the expert brought along a reference oil "Formula
222A" which had shown high performance in practical
field trials by Bank of America in California. As the
next step the Indian built 4-stroke Diesel Kirloskar
AViEngine, which has been used at IIP with neat
methanol (ignition by glowplug) and methanol addition
upto 25 % by fumigation, had to be set up as a lube oil
test facility. The same engine has been used at IIP for
wear measurement by radio tracer tachnique. This
technique should be included in the lube oil evaluation.
It could reduce test time and would allow testing of
several oils side by side.:

To obtain an Indian produced or produceable methanol
engine oil the expert has contacted labrizol India Ltd (LIL)
in Bombay, which is the only additive producing Company




1.5

1.6

1.7

1.8

in India. It operates in close cooperation with

THE IUERIZOL CORPORATION, USA. There, an additive
package for methanol engine ofl has been dsveloped
and successfully engine tested. The expert has
convinced the management of LUERIZOL that it is
possible and advantagesus for all partners if this
additive package, mixed into an Indian base oil and
made from components, which could later on be produced
at LIL, Bombay, would be incorporated in the engine
test series at IIP.

By comparing engine wear results when using the different
oils (Pormula 222A from BoA, Pormla 0S 70336 from
Inbrizol and an normal Indian lube oil), IIP will be
able to recommend to the Indi an engine manufacturers

a suitable oll for their methanol engine development
work. The engine manufacturers in turn can find out

if they are facing difficulties during the development,
whether these are oil related or not.

The lubrication of methanol fueled 2-stroke engines
is facing a principal problem. Mineral oil base stocks

_ are not mixable with neat methanol. FPor methanol

2-stroke engines running on oil/fuel mixtures synthetic
base oils like polyglycols are neeced. LUBRIZOL has
supplied 5 gallons of such a synthetic 2-stroke oil
mixable with methanol (0S 59770).

Some 2-stroke engines are using separate lubricating
systems and not oil/fuel mixtures. Even in this case
the use of mineral oil based lubricants is not
possible because heavy deposits will be formed if
mineral oil is coming into areas flurhed with methanol.

The situation might change if methansl/gasoline
mixtures are used in the range of 50/50. Some
screening tests in this area should be started.




A decision on the type of "Project Test Fuel” is
needed to set a frame for this test wo. k.

1.9 Por all lubrication evaluation tests a constant fuel
quality is needed to keep the variables as low as
possible and to improve the reproduceability.

The water content in methanol used as test fuel by IIP
was between 1800 and 55450 ppm whilst the international
standard is asking for max 1000 ppm.




2+ Achievements

Generals

2.1

2.2

2.3

2.4

25

In 3 lectures (Full text see Part C) the results of
field tests in Germany (FRG), basic facts on
lubrication of methanol engines and laboratory tests
have been presented to the staff of the engine
laboratory. Interesting discussions were the result.

A proposal how the introduction of methanol fuel in
India could be pursued did emerge. (See Part B, page 22).

Two copies of the book "Lubricants and Related
Products® (1984) by Prof. D. Klamann were handed to
IIP as a gift.

The expert has established for 2 engineers from IIP
engine laboratory personal contacts in Germany (FRG)

to visit engine laboratories of motor- and oil-
industry as well as the most developed air pollution
laboratory of TUV Rheinland, Cologne. 'Discussions

with Technical High School, Aachen, (Prof. F.Pischinger)
are also arranged.

The project coordinator, Mr. S. Singhal has after
detailed discussions with the UNIDO Experts,

Prof. A.S. Khatchian, Dr. S. Radzimirski and H.C.Wolff
changed part of the organisation in the engine
laboratory to improve the efficiency. Measures to
obtain more accurate results are being taken.

The safety measures in handling methanol in the
engine laboratory have been discussed. Improvements
and a continuous training programme for the workers
has been set up.

4-Stroke Engines

246

The Kirloskar AVl single cylinder engine was optimized
Mr. Dinesh Kuﬁar) when running on neat methanol. The
expert organised the s upply of special glowplugs with
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2.8

2.9

built-in thenno.couples from Germany (FRG). It was
possible to reduce the glowplug energy consumption
from 180 W at rated engine output to ~ 100 W. The
output of the engine with methanol could be increased
to 4.2 KW at 1600 RPM as compare? to diesel fuel
3.75 KW at 1500 RPM. The exhaust smoke (Hartridge
Units) with methanol was"8%as compared to "80" with
diesel fuel.

Further engine optimization is in progress.-
(Dinesh Kumar)

The Kirloskar AV1 engine was then set up as a luboil
test facility (Dr. P.C. Nautiyal, Ashish Kumar Gondal).
A 50 hrs test cycle has been developed as against the
120 hrs test used before. ’

Purther improvement of the reproduceability is
recommended.

Oon request of the expert THE ILUBRIZOL CORPORATION,
USA, has sent by airfreight to IIP 113 ltr. of a
methanol engine oil, which can later on be produced
at ILIL, Bonbay, (05 70336).

The expert has brought with him 50 ltrs of a methanol
engine oil, which has been used successfully in field
tests over more than 1 million miles in California
by Bank of America. This oil "Formula 222A" can
therefore be used as a "yardstick® for engine oil
development at 1IP.

Siace 07/05/85 the Kirloskar AV1 Engine in the
Radiotracer Lab has completed 10 luboil tests of

SO0 hrs duration each in 30 days only. This great
nunber of tests in very short time indicates the
endeavour of the group working on this project and the
reliability of the Kirloskar AVl Engine even running
on methanrol and under arduous conditions.
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The olls were rated by the engine in the expected
order. The 2 methanol engine oils ( Forrmula 222a
and Lubrizol 0S 70 336) showed the same low wear
figures with methanol fuel as with diesel fuel,
whilst the top ring wear with normal Type 3 luboil
was abo-ut twofold with methanol fuel.

It became cbvious, however, that the absolute wear
figures can be compared only if the different fuels
or oils are run in the same assembly (piston and liner)
and if this assembly has shown normal wear during
running-in with diesel fuel.

(Details see Part C aAppendix 10, Report by
Dro PoCo Nautiyal, AOK. Gondal)o

Arrangements to use radioactive piston rings in the
Kirlosk ar AV1 engine are in progress. A prograrmme

to study the influence of the cooling water temperature
on the wear of the cylinder liner and the piston rings
has bee n established (Dr. P.C. Nautiyal, A.K. Gondal).

2-Stroke-Engines

2.11

2.12

In support of the 2-stroke engine development
supervised by the UNIDO expert Dr. S. Radzimirski
THE ILUBRIZOL CORPORATION, USA, has sent 5 gallons of
a synthetic 2-stroke oil, fully soluble in methanol
(0S 59 770) to IIP. The results in the seizure and
tightening test were good in respect of lubrication.
The oil /fuel (methanol) ratio could be reduced to
1.5 %. But the carburettor became somewhat dirty
in a short period and idling could have been
adversely affected. (Details see Part C, Report

Mr. Muk esh Gupta, page4%/).

To rectify this shortooming the expert has added
his "additive W" for which a patent application will
be put forward. This measure has kept the carburettor
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absolutely clean and improved the lubricity further.
A further reduction of the oil content will be
possible.

> Longer duration tests are in progress @Mr.mukesh Gupta).

Puel sdditives.
2.13 The expert broucht along with him a fuel additive,

“Metacoy 704~ which has been used successfully by
Bank of America in field trials in California. This
additive showed much better results in a corrosion
test set up by Mr. A. Jayaraman, IIP, (Details see
part C page.-187..) as compared with two other

corrosion inhibitors commercially available from U.S-A-

2.14 The expert has arranged for two further fuel additives
especially developed for methanol fuels by Du Pont,
USA, to be sent for test at IIP. These additives
(Ou Pont DGOI-100 and Du Pont DCI-11) have obtained

a waiver from EPA, Washington USA, only in January,

1985. Their use is required in USA when running on
alcohol-blends containing upto 5 % methanol .
The add.itives hav-e arrived in the 1st week of June

at IIP.
(Details see PartC, Appendix 5).




3. Recommendations

3.1 First of all a reliable 24 hours power supply (constant
voltage and frequency) has to be established at least
for the analytical and the engine test sections. At
the moment none of the costly, sophisticated analytical *
equipment, supplied mainly by UN sources, can work
effectively due to frequent power cuts.

This situation is responsible for the fact that,

a) the necessary analytical results are not available
in time:;

b) no time table can be kept;

c) the working moral at the engineers and technicians
level is adversely affected because only little
success of their work can be shown. See page 217,

3.2 Research and development in the field of lubrication
and wear 1s basically an on-going task for the Indian
Institute of Petroleum. This field lies between the
sciences of physics, chemistry, engineering and
metallurgy. To achieve results it is necessary to
coordinate informations from all these fields under
the aspect of lubrication and wear. Only by real
team-work successful developments can be expected.
Even so the experts in each field will work in
different divisions of the institute a frequent
personal contact to discuss matual questions should
be organised. As a management tool the credit for
a success should not be given to a person but to the
group- )

3.3 A lot of the simple equipment like brakes, tempera-
ture gauges and exhaust gas measuring instrumerts
need general overhaul. The accuracy of this ecuipment
has to be improved to cbtain more reproduceable and
repeatable results.
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The 50 hrs-=low temperature- wear test in the Kirloskar
AV1 engine as now established should be improved in
its repeatability by contrelling all parameters like
fuel consumotion, engine load and speed, cooling water
temperature and exhaust composition more closely.

The actions recommended under 3.4 are of particular
importance for tests with radioactive rings, because
these should be used to test different oils side by
side in rather short tests.

For the radiocactive tests it is recommended to install
a pressure pick up in the cylinder head of the
Kirloskar AVl engine because by this constant control
of the combustion pr.uess it will be possible to
obtain more repeatable results. Changes in the
corbustion process ca® influence wear results strongly.

Using radicactive rings it might be possible to

determine

a) the cooling water minimum temperature to prevent
erratic wear in engines;

b) the wear pattern over running time, which is
expected to show a sharp increase at the moment
when the additive activity has come down to a
certain low level.

Both these results would be of great interest to
enginza manufacturers.

A system to change the oil in the Kirloskar AVl engine
when running might be developed. Such systems are
used in other laboratories in different engines. Such
a system could help to compare different oils under
absolutely the same conditions.

All tests run in the Kirloskar AVl engine with neat
methanol (99 % methanol + 1 % castor oil for injection




3.10

equipment lubrication) should be repeated with

M 85 (85 X methanol + 15 X gasoline) since this
might become the "Methanol-Fuel of the Future" due
to safety recuirements.

Since a suitable methanol engine oil for 4-ctroke
engines will be available from LUBRIZOL INDIA LIMITED
(LIL), Bombay, (0S 7C 336) fleet tests in city buses
should now be arranged. However, it is important,
that this can be done with full support of the

engine manufacturer only. In Germany (FRG) the
federal government has provided financial incentives
to the motor manufacturers for the development of
methanol engines, since the full commercialization
was still several years ahead. This action has helped
tremendously to speed up the development. Now, after
the successful field trials, the further development
is pushed by the competition between the engine
producer, since first orders for methanol fueled city
buses have been received.

The development of 2-stroke methanol engines should
be reviewed carefully. These engines would replace
gasoline, which will be available in India always
plentiful as long as diesel fuel is needed.

Before continuing the 2-stroke methanol development
a decision on the fuel composition has to be taken

since this will influence the possibilities of the

lubrication in its basic approach.

If mixtures of gasoline/methanol containing upto
50 ¥ methanol are used, then some improved mineral
oil based lubricants might be applied. If the
mixtures contain more than 50 X methanol then
synthetic base stocks have to be used. Polyglycols
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3.12

are the most common material for this purpose. Castor
cil is being used for short term trials upto now, but
it would have to be further developed for long term
use. This has been tried for racing engines since
many years but with limdted success only.

I.ubricaﬁ.on and wear studies have to take into account
the combustion and the fuel composition since these
factors influence the requirement of the engine.

Clean and complete conbustion is a pre-requisit for
luboil testing. Therefore, the conbustion parameters
have to be controlled carefully during luboil engine
tests.

Changes in the fuel composition and impurities in the
fuel can influernce the results of lubolil tests.
Therefore, a realistic test fuel has to be decided on.
The expert is suggesting to follow the proposals made
in Europe and USA. For safety reasons- £o cbtain a
visible flame if the methanol fuel is burning
accidentally « a mixture of 85 %X A grade methanol

+ 15 X leadfree gasoline should be used. (Details see
Part B).

To minimize the influence of the test fuel quality
a system of quality control for the components used
has to be installed. The storage and handling
facilities have to be improved. Preguent Quality
control of the test fuel directly before the luboil
test engine should be pursued since contaminations
like the pick up of aluminium during storage and
handling can influence the test results greatly.

It is recommended that one person who reports directly
to the head of the engines laboratory should be
responsible for the quality control of the test fuel.
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3.3 The 1% castor oil used in the methanol fuel uptc now
for lubrication of the injection equipment should be
reduced or even better replaced, because this castor
oil is giving a lot of deposits on the piston, e.g-
in the conbustion room of the Kirloskar AVl. This
development, however, can only start after the final
test fuel (see proposal 3.11) has been decided on.
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1.1010

1.

2.

Report on METHAKOL FIELD TESTS IN GERMANY to the
staff of the engine laboratory (lectures)

This subject was split into 3 lectures:

03/01/85 "German field tests with methanol engires".
04/02/85 "Lubrication of M 100-Engines".
19/02/85 "Wear in methanol engines®.

The basic idea of this series of lectures was to
build up an understanding of the suggestions put
forvard by the expert for lube oil testing in
methanol engines. The lectures created useful
discussions, which are summarized below.

on request of the project coordinator the full
mamuscript of the lectures including copies of
the figures and tables are submitted as Part C.
(appendices to the final report).

Results of discussions on the report of
GERMAN FIEID TESTS WITH METHANOL ENG INES

(Lecture text is given as Part C of the final report

In Germany at the time being M3 (3 X methanol in
leaded gasoline max ©6.15 gr.Pb/l) is used. This
was agreed between the motor industry, responsible
for material problems and engine performance, and
the mineral oil industry, responsible for supplying
within the DIN standard of fuel quality.. After
cleaning and drying of the whole supply system no
principal complaints from customers are obtained.
The use of at least 1 X of methanol should not be
interrupted in order to avoid the build up of water-
bottoms and consequent rusting in the system.

The possibility of using M_15 was demonstrated ir
la:ge scale field trials lasting more than 3 years.




4.

All technical problems could be solved. It became
clear, however, that M 15 - vehicles would have to
use M 15 always in order to stay within the air
pollution limits. Therefore, M 15 would become a
"new grade" at the filling stations. The total
investment for supply eqduipment and new M 15 cars
would be high. However, in the long run M 15 would
not be a solution of the mineral oil praoblems because
more methanol would be available after the year 2000
then could be absorbed by M 15. (See fig. 25 and 26
in Appendix 1). Therefore, now M 100 is in the
forefront of research and development.

M 100 has proved to be a full substitute for diesel
fuel in city buses. Regular services with Daimler
Benz and MAN-Busses are run in Berlin (PRG) and
Auckland (NZ). KHD-Methanol Engines are used
successfully in day-to-day work of street cleaning
vehicles in Cologne (FRG). The engine wear is in all
engines as low as in comparable diesel engines. 1In
passenger cars M 100 has shown high thermal efficiency
and favourable exhaust gas emission values. Optimiza-
tion of the engines is currently in progress. The
use of special lubricant 4is required, because
deposits in the inlet. system and higher wear rates
under low temperature driving conditions did occur.
Prusently a large scale "M 100 pilot programme” is
conducted throughout Germany (FRG) under the guidance
of the FPMRT (Pederal Ministry of Research and
Technology). The final result will be available by
the end of 1988.

The strategy of introduction for methanol as a motor
fuel in Germany is now as followss ‘




4.1 M3 can be used for all motor gasoline absorbing the
bulk of the produced and imported methanol.

4.2  M_100 for city buses and commercial fleets in large
cities will be used in order to minimize supply cost
and to optimise the profit in respect of reduction in
alr pollution in congested areas.

4.3 The increasing glut of methanol in the World market
is expected to keep methanol prices low as compared
to gasoline and diesel prices. The market in
Germany will be balanced by the requirements of the
M 100 fleets and the general gasoline market which
can fluctuate between M 1 and M 3.
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1. II. Suggestions for the development of the methanol market
in India based on the experiences gained in German
Field Tests

1. The requirements in India are different from Germany. In
India, the substitution of diesel fuel by methanol is
the most important target.

2. Investment cost for the supply system and for engine
modifications mast be reduced for India to the absolute
minimum. Therefore, the use of methanol by fumigation
(upto 25 X vol) into the inlet system of diesel engine,
as developed by IIP (See* literature below) is the best
approach to the problem as this system is flexible.
Captured fleets should be converted to this system.

3. Introduction of methanol into the total £filling station
system is not advisable in India for the time being.
The cost of cleaning and drying would be wvery high and
it would be most difficult to organise the continuous
supply of methanol to keep the £illing station system
clean and dry.

4. The use of methanol/gasoline mixtures upto M20 in
two=-stroke and four-stroke gasoline engines will raise
problems on materials in the supply system as well
as in the englnes. It can, therefore, only take
place in fleets which are modified carefully and
fueled out of centralised stations.

Literature References:

* A.K. Singh, B.P. Pundir, Avinash Singh, Indian
Institute of Petroleum,

"A Fuel System For Dual-Puel Operation of an Automotive
Diesel”- IV International Symposium on Alcohol Fuels,
Gumja’ Bras‘-l' Oct. 1980.




6.

The development of methanol (M 100) engines based on
diesel engines but using spark ignition (like MAN) or
vaporisation and spark ignition (like Daimler Benz) or
dual fuel system (like KHD and MWM) should be pursued
in order to build up M 10C fleets in congested areas

to reduce air pollution and save diesel fuel. This
type of engine could also be exported later to countries
which have cheap methanol like New Zealand and Malasia
but no engine manufacturing industry.

As the first step fleet tests in city buses should be
organised. The producer of the engines (Ashok Leyland
and Tata) must be involved in these tests. Cities like
Madras and Bombay could be the test areas since methanol
could be imported to these harbors cheaply. As India
will have to import diesel fuel (~ 6.4 million t in
1985) anyway, this methanol import would not alter the
balance of payment since it would replace diesel.




l.2.1

1.

102 02

1.

Results of Discussions after the 2 lectures
IUBRICATION OF M 100-ENGINES
(Full text see Part C -~ Appendix 2)

For methanol engines derived from diesel engines =

“likxe Daimler Benz-MAN-KHD- bus engines = suitable

Motor Oils are available. Low wear figures have been
obtained in long term field trials.

As for India the replacement of diese. fuel by methanol
has first priority it seems necessary to establish
first a suitable motor oil in an Indian built dizsel
engine converted into a methanol engine.

Recommendation on lube oil development for methanol
engines for India

Historically, laboratory tests used to qualify engine
oils have been developed based on field experiernce.
Lubricant performance deficiencies which have existed
in the field can be demonstrated in these tests and
development for improving the performance can be
started in the laboratories. Since in India, no
methanol field trials have taken place up to now, the
experiences from other countries have to be taken as
a basis.

To screen the lube olls available in India for its
suitability in methanol engines two prerequisits are
necessarys

a) An Indian bullt methanol engine, which is giving
reproduceable wear and performance results in
relative short time.

P) An engine lube oil, which has proven its suita-
bility for methanol engines in a large scale
field trial.
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To fulfil these requirements the Kirloskar 1 Cyl.
engine (see" literature reference page 26 ) has been
set up as a standard methanol test engine. This was
an urgent task for the project (see Part C Report by
Dr. P.C. Nautiyal and A.K. Gondal).

optimization of the combustion is the most important
fact to obtain successful lubrication. It can be
achieved in different engire types, as seen in the
above lecture.

To control the combustion in the Kirloskar AVi-Engine
when running on methanol the temperature on the
glowplug should be controlled closely. Special glow-
plugs with built in thermmocouple have been ocbtained
from Germany (FRG) for this purpose. They were used

- to optimize the combustion process prior to

establishing the test conditions for lube oil
evaluation (see Part C page 172 Report by Dinesh Kumar).

High engine wear occurred in methanol fueled engines,
when cooling temperatures were low.

Therefore, the test conditions for lube oil evaluation
should be set accordingly. Cooling temperature of
40°C have been tried and stable runnirng of the
Kirloskar-Engine was achieved even with this low
temperature level.

AS soonh as a well defined standard test procedure was
estaplished the reference oil "Pormula 222A", which
has given very good results in over one million miles
of fleet testing in the USA (Bank of America) was run
to obtain a "base line®. (Results see Part C page 203
Report by Dr. P.C. NautiyalMr. A.K. Gondal).

New engine lube oils composed from additives, which
can be produced in India using the experience from
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additive firms developing methanol oils for many years
already, should be tested afterwards. By comparing
the results with the "base line", it will be possible
to establish a suitable methanol engine oil based on
Indian components.

A second oil, which could be produced later by
Inbrizol India Iimited, Bombay = Code OS 70336 = is
available to the project from LUBRIZOL USA. This oil
has shown good results in the modified Ford VD engine
test. It should be compared in the Kirloskar Engine
against "Formula 222A" and the standard engine oil
(Indian Production) as used by IIP upto now.

The best oil composed from Indian components should
then be distributed to the engine manufacturers, who
are develcping methanol engines. If their engines are
not running well on this oil, then the engine has to
be developed further. The oil cannot overcome
shortcomings of the engine.

literature Reference:

Dinesh Kumar, B.P. Pundir, Engines Laboratory, IIP,
"Combustion and Performance Characteristics of a
Methanol Fueled DI Jiesel Engine®, VI International
Alcohol FPuels Symposium, Ottawa, May 1984.
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Results of Discussions after the 3. Lecture
WEAR IN METHANOL ENGINES
(Full text see Part C- Appendix 3)

The protection against wear by improving the motor
oil quality was shown in radiocactive tests. This
technique was also used successfully in a methanol
fueled Pord-Pinto-Engine.

As for the project in the IIP some experience exists
in the radioactive wear measurement by using activated
piston rings, the Kirloskar AVi-Engine should be used
i{n this matter. It is important, however, that very
stable engine running conditions are established before
hand. If radioactive testing has started no extra
maintenance is possible to the engine.

For laboratory screening tests some "glassware tests"
have been described in the lecture.

It will be helpful if the project is developing on
the basis given in the lecture an apparatus to obtain
blow=by condensate for laboratory tests. The
composition of the blow-by condensate is an indicator
of the quality of the cowbustion.
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2¢ Personal discussions on details of the experience
with glowplug - methanol - engines in Germany

2.1 On the basis of a detailed technical report, which is
not yet published,-provided by Mr. G. Finstermwalder,
Kloeckner- Humboldt- Duetz aAG, Cologne, F.R.G.,= the
possibilities of improvement of the Kirloskar AVl
engine for use with methanol fuel were discussed. The
measurement of the glowplug temperature in the
Kirloskar AVl engine could not be performed accurately
with the equipment available. Therefore, the expert
recuested help from MAN, Nuernberg F.R.G. Mr. A. Neitz/
Mr. F. Chmela). These gentlemen have sent free of
charge a special glowplug with built in thermocouple,
which is now installed in the Kirloskar AVl engine of
the IIP.

2.2 Provision to change the projection of the glowplug in
the combustion chanber is now made. By this measure,
it should be possible to minimize the energy
recuirement for the glowplug and optimize its lifetime.
This is important for lube oil testing, because no
interruption should take place during a test run.

(see Part C Report by Mr. Dinesh Kumar).

23 For further work to optimize the Kirloskar AVl as a
methanol engine the expert has suggested to
Mr. Dinesh Kumar the following areas:

a) change in the glowplug positioning to reduce the
heat loss to the cylinder head,

b) investigating the influence of cylinder liner
tempervature on combustion,performance and engine
output (specific fuel consumption),

¢) wvariation of the injection nozzle to put some of
the fuel in liquid form on thewall of the bowl
in the piston (reduce peak pressure).
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Assistance to IIP staff for installing 1 Cyl.
Kirloskar AVl engine as a test facility for
lubricating oil

The accuracy of all measurements taken during a lube
oll performance test must be of high standard because
otherwise the results might be not repeatable and
therefore, worthless. All actions necessary were
discussed and suggestions for improvements were put
forward.

Since 7/5/85 the Kirloskar AVli-Engine is running in
the Radio Active laboratory as a methanol luboil test
engine. Untill the 6/6/85 ten 50 hr luboil tests
have been completed without major complications.
There is plenty of room for improvement in respect of
accuracy but the engine and the test procedure have
shown its suitability for the envisaged task. (Test
results see Part C, page 203 . Report by A.K. Gondal
and P.L. Nautiyal).

The 50 hr luboil test has rated the oils (Formmula 222a,
Lubrizol 0Z 70 336 and IIP Type 3) in the expected
order. The oils specially designed for use in
methanol engines did show no increase in wear when
using methanol as the fuel compared to diesel fuel.

The brake of this test stand has to be replaced or
totally overhauled as soon as possible.-~ The
positioning of the glowplug should be changed again
if the further work by Mr. Dinesh Kumar is showing
the possibility of improvement.
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Assistance to IIP-staff for running lube oil tests
in the Kirloskar AVl engine

a) with methanol (glowplug)

b) with 25 ¥ (vol) methanol by fumigation and
diesel fuel.

As soon as reliable and stable running conditions of
the Kirloskar AVl engine was achieved, the lube oil
testing has bequn. It is planned to measure the engine
wear under low temperature ( A/ 40°C cooling water
inlet temperature) running conditions in a 50 hr test
by determining the iron content of the used lube oil
and the weight loss of the piston rings.

The engine cleanliness (Piston rating) is observed.
A polished steel plate in the crankase will be used
as an indicator of any corrosion on steel by the
contaminated luboil.- The main bearing will be
controlled for corrosion.

Detailed analysis on the used luboil are planned.
Its results could be very interesting. They will,
however, depend on the possibilities of the
analytical section which is greately limited by the
power supply situation. (Details see Part C, Report
Dr. PL . Nautiyal, A.K. Gondal).

In a second step this programme could be rationalized
by using the radiocactive tracer technique. The IIP

has already done tests with radiocactive piston rings
some years ago. The permit to run such tests is now
renewed since May 1985. Actions to obtain the
required radiocactive piston rings are in hand. A
detalled time schedule for these tests, as proposed in
the detailed work programme is given in Part C page2-11
(Or. P.C. Nautiyal)
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To control the combistion during the luboil tests
with radioactive rings a pressure pick up and an
oscilloscope si.ould be installed in the head of the
Kirloskar AV1- Only 1f the combustion stays constant
short term tests are possible.

Using the radiocactive tracer technique could reduce
the test time to 8 hrs for one oil. It would improve
the value of the results because several oils could be
tested in a series without dismantling the engine.
Therefore, it is suggested that the project should
make the effort to achieve this test possibility.

The delivery of the activated rings was expected
for 24/5/85, but it is delayed.

The expert organized the supply of an engine oil
(Formula 222A), which had been field tested over more
than 1 million miles by Bank of America in California
(USA). The oil was supplied free of charge for
testing by Mr. M. Litton, Vice President World Trade
BcA. This oil can be used as "base line® to compare
the performance of other oils.

In order to involve the Indian Lube 0il industry the
expert paid a visit to Lubrizol India Ltd., (LIL),
Bombay (see Part C, Appendix 4). As a result, the
Chief Technical Adviser of THE LUBRIZOL CORPORATION
Wickliffe USA, Mr. C«L e Colyer agreed to supply a
"Methanol engine oil” as successfully engine tested
in the "Methanol Pord VD-Test®, but based on
corponents which could be produced later on in LIL,
Borbay. A S gallon sample* of this oil (0S 59 853A)

* ( based on the additive package 0S 66 893 A).

- ————
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has been sent of by airfrieght from Wickliffe, USA
on Feb. 25, 1985. A 113 ltr. sample based on the
same additive package (0S 66 893A) but composed in
Indian 0il Corporation base stocks has been sent by
LUBRIZOL. This oil "0S 70 336" should be regarded
as_the first choice for field trials.

LUBRIZOL is prepared to sell this oil in India and
will start production at LIL, Bombay as soon as the
market demand is high enough. (Analytical data, see
part C page.Z00.).

Report and discussion on laboratory screening tests

This task was fulfilled with the 3, lecture (see
Part C, Appendix 3). Discussions on this matter were
contimiing on a personal basis with those IIP staff
menbers interested.

A fuel inhibitor (Metacor 704), which had proved to be
successful in field tests with Bank of America was
handed to the project by the expert. This material
has shown very good results in a laboratory screening
test developed by IIP (Details see Part C page .707.
Report by Mr. A. Jayaraman).

Two further fuel inhibitors for methanol fuels,
developed by Du Pont (USA) and approved by EPA,
Washington, are called for by the expert. It is
expected that these materials, which are commercialised
only in FPeb. 1985, will arrive with the project soon.*

Assistance to I1IP-staff for setting up laboratory
screening tests
( See under 5).

* The samples have arrived in the 1st week of June
at IIP. .
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Assistance to IIP-staff for formlating methanol
engine oil by using adéitives available in India

This task was fulfilled by the visit to Lubrizol
India Ltd (see Part C, Appendix 4, Visit Report) and
by lectures 2 and 3. The discussions are going on
with those IIP staff members interested. More,
active work will be possible when the engine test
work is evaluated.

Explaining and suggesting to IIP-staff a system to
developm prescreen and engine test luboils

A basic management concept is necessary to develop
successfully and economically engine lubricants. The
technological effort at the laboratories and engine
test beds has to be gquiced and organized from input
generated in the practical field of application, the
motor industry and the oil-/additive industry.

Field prablems like high wear or engine break down
due to deposits have to be identified first in detail.
Continmuous cooperation on these gquestions with well
organized customer groups in the field is the best
base to ocbtain the required data and facts. In order
to cover all engine types and service conditions
these groups would bes

bus fleets (city- and long distance)
taxi fleets (city- and long distance)
commercial transport fleets.

In order to obtain their cooperation some benefit must
be cbvicus to these fleet operators for the effort
they have to put into the oil sampling and reporting
scheme. To optimize the engine life time, to minimize
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the fuel consumption, to improve engine reliability
and to optimize preventive maintenance should be
the goals of the scheme. In regular intervals the
results in this respect have to be recorded and
discussed.

In this atmosphere of cooperation to the benefit of
2ll partners an open discussion on all difficulties
is easily possible. If problems occur which could
be related to the lubricants performance the
background data are available. 1In such a case the
engine manufacturer and the lubricant supplier has
to be invited to participate in the discussion.

The identification of the problem should be a joint
effort of the fleet operator, the engine manufacturer,
the oil supplier and the IIP as “catalyst®™ in this
round. The theoretical causal connection and the
chain of causation has to be taken in consideration.
If the problem has become clear the IIP can and
should suggest an engine test in the laboratory
which is showing simdlar results - e.g. deposits at
certain points - under similar service conditions.
The test conditions - e.g. temperature level - have
to be adjusted to represent the practical conditions
in the field.

The engine oil development can then start in the
laboratory. The fastest way of solving such
problems is to run experimental oils prepared by

the additive manufacturer. They know best, which
component in the additive package should be changed.
Since, there are many chemical and sometimes physical
interactions within the package when changing one
component, it is not advisable just to add some new
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components without knowing the rest of the package
in detail. Detrimental side effects can occur.

Before starting engine tests with the new oil some
routine test on oxidation stability, corrosion
protection and emlsifiability should be done in
glassware. If measureable deterioration in these
aspects is observed, some further changes are
required before engine testing can commence.

Some field testing is required after the 'new' oil
has shown good results in the engine test laboratory.
In western countries the oil- and additive companies
as well as the engine manufacturer have well
controlled test fleets for this purpose. This is
rather costly but necessary to protect the bulk of
the customere.

The control of ‘new' oils in field trials requires
mxh more details on rumning conditions, fuel
quality and driver behaviour than ‘normal’ fleet
tests. The engines have to be dismantled and
inspected in great detail by specialists. A lot of
experience is needed to evaluate these esngines.
Therefore, a close cooperation between the engine
manufacturer and the oil-/additive supplier is
recommended.

The role of IIP in the development of ‘new’ oils
can be a ‘management’ and a ‘working'’ position.

First of all, a collection of field data (see 8.2)
has to be organized. Since IIP has large analytical
and engine test facilities available, which are not
fully utilized, a service could be offered to

fleet operators. As soon as a continuous power
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supply with constant voltage has been arranged the
capacity of the analytical and engine test
facilities at IIP will be multiplied.

The charges to the fleet operators for analysing
and evaluating oil samples could be kept very low
and therefore attractive if large groups of samples
are processed in the modern equipment of IIP. All
the data could be processed by the computer of the
engine lab and used as a data bank for future
developments.

This data bank would be an interesting and valuable

asset for discussions with the motor and the oil-/
aaitive industry. All these partners will be pleased

to cooperate with IIP if this sort of real field

data can be provided.

Fast analysing and data reporting can be achieved by
strict organisational measures. The expert has run
methanol field trials in buses in New Zealand, but
guided on laboratory results cbtained in Hamburg(FRG).
Airmail and Telex communication made this coopera-
tion possible.

IIP will scarcely have the opportunity to develop
engine lubricants on its own, but it should be
involved in many of these developments as a partner.
By this built up of experiences IIP could become in
the long run the authority for lube oil development
in India.

Discussion on additive development for two-stroke

engines running on methanol or methanol blends

The theoretical basis for this task has been
established by the lectures. PFor practical tests .
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a two-stroke methanol engine oil from Iubrizol
(0S 59 770) is now available at IIP. This oil is
fully mixable with neat methanol.

Before further development for 2-stroke methanol
engine oil takes place a decision on the fuel
composition should be taken since the basic approach
in lubrication will depend on the fuel, whether it is
neat methanol, a mixture of more than 50 ¥ of methanol
with gasoline or a mixture of less than 50 % methanol
with gasoline.

Neat methanol requires an fully mixable (soluble) oil.
Only synthetic base stocks like polyglycols can be
used. IUBRIZOL 0S 59 770 is such an oil. LUBRIZOL

OS 53 434 F, as supplied in 1984 to IIP, is similar.
OS 53 434 F gave a lot of black sticky deposits in

the carburettor during the tightening/seizure test.
Ideling bore became blocked. In the next test

0S 59 770 was tried but with the addition of "additive
W*, which was supplied by the expert. The carburettor
stayed absolutely clean. This first development step
indicates that the problem of inlet deposits ¢an be
overcome, but further optimization is requircd. As
soon as patent coverage for “"Additive W" has been
obtained this optimization can be started (Detalls of
tests see Part C page.190. Report by Mr. Mukesh Gupta).

Castor oil can be used for neat methanol also. It
has shown good lubrication propercties but it is a
natural product with variable grality. This has led
to the fact that castor oil is used for trials to keep
the engines running only. Por racing engines, which
sonetimes use nr:thanol mixtures as a fuel, castor oil
or lately synthetic castor oil has been used. But
more modern racing engines are using mineral based
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olls since the engine cleanliness could not be
obtained with castor oil.

A lot of development on base oil quality and suitable
additives would be required if castor oil would be
chosen for the lubrication of methanol engines.

As an interim measure it has been used and can be
used for combustion studies in methanol 2.stroke
engines. It cannot be used for exhaust emission test
since it is giving eye irritating fumes.

Assist IIP-staff cn evaluation of newly developed

two-stroke additives in engine tests.

The IIP-engine laboratory has tried in 2-stroke
engines a methanol fuel containing the corrosion
inhibitor Du Pont ec.cceceeee This showed a
reduction in deposits and ring wear. A repeat of
this test and the evaluation of further additives is
recommended .

The expert brought alongwith him the fuel additive
"Metacor 704" which had shown good results in
California (Bank of America). The "Metacor 704 "
showed better results in the IIP-laboratory
corrosion test than the Du Pont <....+... Therefore,
it should be engine tested in comparison.

Two further Du Pont-Additives (IC 1i.11 and DG 01-1C0)
are on the way to Dehradun for testing at IIP.*

If clearly measurable wear reduction can be obtained
in engine tests by using these fuel additives, which
are basically developped to prevent corrosion in
storage and fuel lines, then a basic research
programme in this field could be started. A well
equipped metallurgy group would be needed as a
partner in such a programme.

* Technical details see Part C, Apperdix Sa and 5b.
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Our Ref. IND/82/001/..05
IND/82/001—APPLICATION OF ALTERNATIVE
FUELS FOR INTERNAL COMBUSTION ENGINES

Lecture held by Hans-Christian Wolff
at the Indian Institute of Petroleum at Dehra Dun
on Thursday 3. Jan. 1985

"German FPield Test Results on Methanol Fuels M 100 and M 15"

Abstract

Prom 1979 to 1982, 22 industrial companies (including 8 oil com-
panies and 8 engine manufacturers) and 15 scientific institutes
investigated the use of M 15 and M 100 in field tests within the
scope of a DM 110m programme financiallj supported by the FMRT.

30 stations for M 15 and 15 for M 100 were set up across the Fe-
deral Republic of Germany. 989 vehicles were tested in day-to-day
driving. One result may be stated definitely: The production and
operation of M 15 vehicles are technically possible. A prerequisi-
te herefor would be setting up a comprehensive M 15 station net-
work. The technical preconditions are known.

M 100 demonstrated a high degree of thermal efficiency in private
motor car engines and favourable exhaust gas emission values.
Optimization of the engines is currently in progress. The lubri-
cating problems (wear in cylinders and deposits in the inlets
systems) have not been satisfactorily solved yet. '

TELEX : 0%9%-217 | = PHONE : 23589 - T!‘LEGRAM 1 'PETRINST" DEHRADUN




The M 100 engines for commercial vehicles/buses were developed
from diesel engines. They have attained the same high degree of
thermal efficiency as diesel engines. The exhaust gas emission
is free of soot and favourable with respect to nox content. The
wear and tear problems with buses in city traffic have been
overcome,

34 references.

The following is the full text of the prepared lecture which
was presented in a shortend form over 2 houres.
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1. Introduction

Fuels manufactured from petroleum will remain abundant for a
considerable time. Their price, however, has risen so drastically
within the last ten years that methanol has now become competitive
with reference to 'its calorific value in some parts of the world
where, for instance, it can be produced from otherwise hardly
utilizeable natural gas.

Methanol may also be considered as one of the liquid fuels to be
produced from coal, as large-scale industrial coal gasification
plants have now reached a high level of development.

The most important development goals being pursued by motor car.
manufacturers are a favourable degree of thermal efficiency and
minimal amounts of pollution in engine exhaust gas. Methanol can be
employed as a fuel to help reach these goals.

The development of new engines for methanol fuels demands close
cooperation between motor car manufacturers, fuel suppliers and
scientific institutes employed in basic research. The testing of new
engine concepts in practical operations by normal consumers is an
important step. Not until the results from such demonstration
projects are evaluated will the government be able to render
well-founded decisions (e.g. fiscal policy). The Federal Ministry for
Research and Technology (FMRT) has therefore promoted and financially
supported this joint research in order to demonstrate to industry
that the state is interested in a long-term, secure, economic supply
of fuel.

This joint research does not damage competition among the companies
involved. Through a neutral coordination of all results by the
project monitoring group (Rhineland Technical Control Office) called
upon to do so by the FMRT, the value to the national economy and thus
the protection of the individual company from misinvestment are
assured.

The investment decisions that might then become necessary on the part
of industry for the production of new engine designes and the change
of the fuel supply infrastructure can thus best be safeguarded.




2. Scope of the Programme
The objectives of the FMRT alcohol fuels programme are:
- Testing of engine concepts for M 15 and M 100.
- Testing of infrastructure (transport,storage, filling stations).

- To ascertain the reaction of the public to changes in driving
characteristics etc.

- Related investigations concerning environmental, health and safety
matters.

- Promotion of the scientific development of methanol utilization in
engines.

Fig. 1 shows an organigramme of the FMRT Project.

The following vehicles have been employed under practical road
driving conditions:

- 981 passenger cars, 890 using M 15 and
81 using M 100

-8 busés and trucks, all using ﬁ 100.

For supply purposes a distribution system was established comprising
-30M 15 filling stations and

- 15 M 100 filling stations.

The following companies/institutes took part:

8 oil companies 15 scientific institutions
3 chemicals companies and research institutes.
8 engine manufacturers

3 accessory manufacturers

22 industrial campanies.

Hundreds of used oi] samples and many fuel samples from field trial
cars were investigated in order to have an early indication as to
whether heavy wear or other engine trouble was to be expected. The
results of these samples were compared with results from samples
taken from engines operated in laboratories. This measure helped to

confirmm that the engine tests conducted in the laboratories actually
did indicate the difficulties which occurred in practice.

The exhaust emissions and fuel consumption of a number of M 15 cars
were examined at the beginning and end of the test programme in order




- 46 -

to detect any deterioration which may have occurred during 3 years of
practical driving.

The driveability and handling characteristics of a number of M 15
cars were determined under different ambient temperature conditions
on fully airconditioned vehicle dynamometers. These results were
compared with the numbers and details of complaints coming from field
trial customers. This procedure ensured that the test methods
employed 1in the laboratories actually did reflect practical
operaticns.

In the period from 1979 to the end of 1982 a total of approx. DM 110m
was spent by all participants. The FMRT has taken over approx. DM 58m
of this (2).

3. Results on M 15 (14)

A1l German motor car manufacturers took part in the M 15 programme of
the demonstration project. The numbers of the vehicles used are:

M 15 Test Fleet (14)
Manufacturer | Types Total number
(planned)

" BMW T 10
Daimler Benz 2 40
Ford 4 180
Opel 2 200
Porsche 1 11
VW-Audi 6 600

he individual motor car companies participated in this part of the
project with the following concepts: (14)

Bayrische Motorenwerke AG (BMW), Munich, provided its model BMW
732 i. By modifying the electronic injection system (Motronic) used
here, it is possible to store Lambda and ignition timing performance
characteristics for M 15 as well as premium fuel and thus optimize
performance, fuel consumption, exhaust emission and driving
characteristics for both fuels. In addition, the fuel system pressure
was increased in a basic motor that remained unchanged vis-3-vis the




series, to take into consideration the volatility of M 15 fuel.
Two types of vehicle were employed by Daimler-Benz AG, Stuttgart.

The 230 E motor car has an injection system adapted to the air ratio;
in addition, a catalyst with a self-entraining air supply is used.
Exhaust emissions are thus reduced markedly so that when the M 15
design is operated with premium fuel, the exhaust emissions remain
clearly below the limiting values permitted.

The second design provides for a van (LT 601) with a carburettor
engine. Here, both the carburettor and fuel system have been modified
to take the air requir~ements and volatility of M 15 into account.

Ford Werke AG, Cologne, employed the following models: Fiesta,
Taunus, Granada and Escort. All of these models are carburettor
vehicles with modified material specifications for those parts that
come into contact with the fuel. The carburettor setting was adjusted.

Adam Opel AG, Riisselsheim, employed its Rekord with a 2.0 1
HC-engine, partly as an injection vehicle with L-Jetronic, partly
carburettor equipped. Besides material selection, the modifications
compared to the normal assembly line products mainly involve adapting
the air ratio and modifying the fuel system with the carburettor
vehicles. )

The company, Or.-Ing. h.c. F. Porsche AG, Stuttgart, selected its
model 924. Here, a new motor design with high compression was used
( € = 12.5) with an adapted injection system. The fully electronic
ignition system provides for switching to varifous ignition
performance characteristics - M 15 or premium. It is thus possible
not only to operate the vehicle on both fuels smoothly with respect
to driving characteristics, but also to fulfil the ECE-R-15 exhaust
values valid for 1980 with both fuels. An advanced development of
this vehicle additionally provides for using regular.

A total of six different vehicle types, private motor cars and small
vans were employed by Volkswagen AG, Wolfsburg and Audi-NSU AG,
Ingolstadt. The selection of the models was with a view to including
all interesting carburettor and injection systems in the test. The
vehicles were to correspond as much as possible to the current
assembly line models. The mixing system was adapted to the air ratio
for operating on M 15 and the cold start equipment partly modified.
The fuel supply system was remodelled, taking into account the
greater volatility of M 15, In order to Iimprove driving
characteristics, particularly when the engine is cold, all of the
vehicles were equipped with an electronic ignition system with OLS
(digital idling stabilization). .

The relatively tlarge number of VW vehicles was also aimed at
contributing towards a corresponding throughput at the various
stations, a necessary prerequisite for testing the oil companies’




distributing and marketing systems. - In addition, close cooperation
with accessories firms, particularly carburettor and injection system
manufacturers, was aimed at in order to pass on the experience of the
programme direct.

3.1 Fuel Specification M 15

In order to obtain genuinely comparable results throughout the
duration of the test, it was important to have constant fuel quality
at all operational locations. For this reason, one supplier was
chosen for the grade to be used in summer and one for that to be used
in winter.

The water tolerance was set with TBA so that no phase separation
occurred up to 1,500 ppm water content in summer to 09C and up to
1,000 ppm water content to minus 150C in winter.

[t was decided during the course of the demonstration test to use a
detergent /corrosion protection additive package normally found in
branded gasolines in Germany, although OIN (German Industrial
Standard) 51600 does not demand this. Thus, comparability with normal
branded premium fuel was established. - It was determined in the Opel
Kadett test that the quantity of detergent had to be more than
doudled to obtain with M 15 the same cleanliness in the entraining
system as with regular (15).

A1l other characteristic data were specified in line with DIN 51600.
(Cf. Table 1 - that also shows the actual field data) (4). Only the
distillation range and vapour pressure could not be maintained
according to DIN 51600, owing to the use of 15 £ by volume of
methanol. Fig. 3 shows the deviations (3).

This M 15 specification proved itself in practice.

3.2 M 15 Oriveability / Performance / Consumption

Consumers will only accept new fuels such as M 15 if no noticeable
disadvantages in driveability can be as. :rtained. In order to be able
to compare the values determined for "hot fuel handling® and "cold
weather driveabflity” 1in the fully air-conditioned vehicle
dynamo-meter, they were compared with complaints made by customers
during the field test (5). There was considerable conformity, thus
proving that the results obtained at the vehicle dynamometer are
practical.

At an ambient temperature of 200C, all M 15-engined vehicles show
hot fuel handling characteristics equivalent or superior to those of
gasoline-engined cars.

As shown fin Fig. 4 (5), above 300C scme of the M 15 vercions of the



engines tend to be inferior to corresponding gasoline engines with
respect to acceleration (hot fuel handling).

At 350C, however, 65 to 75 % of the ‘M 15 cars demonstrate inferior
characteristics, depending on the volatility of the gasoline used for
reference purposes.

Most of the M 15-engined vehicles were significantly inferior to
average branded gasoline driven cars with respect to cold weather
driveability at ambient temperatures of between minus 109C and plus
50C, as shown in Fig. 5 (5). Compared to a gasoline of borderline
quality (OIN 51600), however, only approx. 40 X of the M 15 cars
demonstrated inferior performance at minus 100C; indeed, 40 % of
the M 15 cars were superior.

As was anticipated, vehicles with fuel injection engines showed no
difference.

It must be borne in mind that the car industry has had relatively
little time to develop engines optimized for M 15. The weaknesses
could be eliminated without greater difficulty in the course of
developing engines for mass-produced units, provided that adequate
time and funds were made available.

It can be seen as an example from the results obtained from the
Porsche 924 vehicles that good performance is possible in cars
designed especially for M 15 (6). Fig. 6 shows that the M 15 version
is better with M 15 (Mode a) than with premium grade gasoline ({Mode
c) with respect to maximum speeds, acceleration and elasticity.

rig. 7 shows how optimizating the motor ( € = 1b.5) for M 15 can
increase performance across the whole RPM range, employing a Daimler
Senz 230 E as an example (engine type M 102) (7).

fuel consumptfon is an important factor affecting economy. It depends
heavily on the degree of optimization of the engine. - The
statistical mean value of volumetric fuel consumption increase
determined in October 1982 as an average value for all M 15 vehicles
employed in the FMRT programme was 5. by vol.

Especially highly optimized engines, such as those mentioned above,
finally no longer even demonstrated any increased volumetric fuel
consumption. In these models, therefore, the thermal efficiency of
the engines had been increased markedly.

It must be stated, however, that the engines optimized for M 15 could
not automatically be operated on premium. In this case, the exhaust
emissions were considerably less favourable. Vehicles equipped with a
switchover device M 15 ao Super are being tested - but the expense
is considerable. ‘ ‘




3.3. M 15 Lubrication and Wear

Since the goal of the M 15 Demonstration Project was to test vehicles
driven by customers in normal everyday traffic, four good, easily
obtainable branded engine oils were used for the M 15 fleet. They had
the following quality specifications: (8)

PDil Viscosity Performance level
W ~SAE 30 APT SE/CC
X SAE 15 W-50 API SE/CC
Y SAE 15 W-50 API SF/CC
4 SAE 15 W-40 [~ API SF/CC

Table 5 Engine Oils for M 15 Fleet Test

Following laboratory experiments with 4 different M 15 engines in a
test run simulating 5,000 km of city driving conditions, these oils
were released for the fleet test, as no lubricant-induced
difficulties were to be expected in the short termm.

The test cycle - see Fig. 8 - was agreed between the engine
manufacturers and oil companies. It consisted of 62 % driving and
28 % idling, and can thus be designated as extreme, but not
unrealistic. The coolant temperature fluctuated between 40 and
60°C. Between 45 and 559C were measured in the oil sump.

During the further course of the fleet test, 200 vehicles were
monitored by means of constant used-oil sampling. (9) Each oil
company appraised the 1lubricant oils that it had supplied. The
testing methods were the same for all of the companies in order to
obtain a uniform data pool for the final evaluation.

The initial results obtained from vehicles with especially high
mileage (fast runners) did, it is true, shew somewhat increased Fe
and Cu values - Cf, Figs. 9 and 10 -, but no modification was made to
the lubricating oil formulations, as the scheduled operating period
of 3 years did not appear to be in danger. This proved to be correct.
At the enc of 1981, reports were presented on 112 M 15 vehicles that
had driven 2 total of approximately Sm km (10). No breakdowns on
account o* lubricating ofl were registered, although many of the
engines had been operated for more than 120,000 km.

The Fe content in the o0i1 drained off after a normal oil change
interval, corresponding to the specifications of the engine
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manufacturer, balanced out in the privately driven vehicles - i.e. no
fast runners - between 30 and 80 mg Fe/kg o0il. The Cu content in the
0il drained off, that first fluctuated between 10 and 70 mg/kg, cnly
attained a level of 10 - 40 mg/kg following operating periods of
approx. 35,000 km/vehicle (10).

Final results on wear figures are not expected until a more detailed
examination can be made of the engines that are to be taken apart and
scrutinized at the beginning of 1983.

3.4. M 15 Fuel Distribution

The M 15 fleet test was concentrated in Berlin where 11 stations were
equipped for dispensing M 15. In order to obtain a comprehensive
network for the whole of the Federal Republic, a further 19 stations
were selected so that M 15 vehicles could drive throughout Germany
without “premium refuelling” (see Fig. 2). All test participants
received a special mini-atlas with exact rgad maps allowing them to
easily find the M 15 stations.

Each participant received a magnetic card which he had to insert into
a control device whenm fuelling. Not until he had additionally entered
into the control apparatus the vehicle mileage and any “premium
fuelling” that had been done, was the pump released. Thus, all
fuelling data was electronically recorded and passed on for central
evaluation at SNV Berlin. By the end of 1982, this "tank card data
file" contained just under 2 million individual pieces of in
formation.

The production (blending) was done in batches of 1,300 m3.
Following transshipment via rail tank cars, the fuel was stored in
fixed-roof tanks (11).

The stations themselves were supplied by a central depot employing a
36,000-1 road tanker in order to guarantee constant quality for all
test participants. The central production unit was switched every 6
months (summer/winter).

The M 15 at the pumps was quality-controlled at regular intervals,
before and after topping up the underground tank, in order to detect
any bottom phases that might have occurred (alcohol/ water) (4). All
of the tanks and pipelines, as well as the pumps, were new. Some of
the underground tanks were 1lined with epoxyres‘n based Permatex
HSA 2807 (33). This is important; for it is well-known that as little
as 1 - 2 % by volume of methanol in fuel can cause rust to break off
which will then easily clog the filters. For this reason, supply
networks operating with methanol fuels must constantly be further
supplied with fuels containing alcohol or thoroughly cleaned before
use of methanol is resumed.
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Tanks and fittings made of aluminium alloys Al Mg 4, A! Mg 3,
Al Mg Mn 4.5 did not show any corrosion with M 15 (33). However,
other aluminium alloys did show corrosion attack and should be
protected.

Gummy residues only occurred at the beginning in certain stations -
up to 300 mg/kg in the first litre taken from the M 15 pump (33). The
residues were softeners from the pump hoses. Although these were
resistant to M 15, they first released small quantities of softener
until the inner surfaces had become “passive” with increased
throughput. The vehicles were not broucht to a halt on account of
these gummy residues in the M 15, because only that small amount of
fuel that had remained in the hose coniained the softener.

The injection units on a number of engines demonstrated a proneness
to very fine mechanical impurities (rust). It is consequently
necessary when employing M 15 to ensure that the finest filters
possible are used in the whole system.

3.5. M 15 Exhaust Emission

Only in vehicles equipped for M 15 could satisfactory exhaust gas
values be obtained when employing M 15 as a fuel. If these M 15
engines are operated on pure premium, then the exhaust gas values_ are
often outside the prescribed limiting values - if no devices for
adapting the ignition and injection units have been installed.

In order to compare practical results and experiments on the vehicle
dynamometer, one such stand was set up at both the Technical
University and Daimler-8enz's branch workshop in Berlin where the
greater part of the test fleet was being operated, for series
experiments for exhaust gas tests according™ to ECE 15/04 and fuel
consumption measurements according to DIN 70 03C (12). Measurements
taken on 12 vehicles of the same family show that the modified
formular for calculating fuel consumption from emissions also
provided satisfactorily exact results for alcohol fuels as well (13)
- see Fig, 11, Since fuel consumption in the ECE hot test and fuel
consumption on the street were in the same order, all of the results
may be designated as practical and relevant.

O"

Fig. 12 shows that the emissions from 3 vehicles of the same family
are very close and that there are hardly any changes even with an
operating period of more than 50,000 km (12). As expected, there are
considerable differences between various vehicle models with respect
to exhaust emission data. Based on an average of 16 different engine
models from 6 different car manufacturers, operations with M 15
result in relative improvements compared with gasoline operations -
as shown in Table 6 (14).

The attempt to further improve M 15 vehicles by using catalysts in
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exhaust emission resulted in a marked decrease in catalyst activity
after 20,000 km, as the basic M 15 gasoline contained 0.15 g Pb/1]
(12).

3.6. M 15 Customer Acceptance

The M 15 fleet test was a demonstration ir which representatives from
all groups in soctety participated. In oder to achieve this and to
ensure a continuous flow of reliable information (see 3.4 tank date
file), the customers'’ additional costs were taken care of and an
incentive offered for continuing through the whole test run. The
private customer had to purchase the vehicle at the normal list
price, but received a rebate after the first year of 3.0%, 4.5%
after the second and 7.5 % after the third - a total, therefore, of
15 %.

The M 15 fuel had to be paid immediately at tue station at the full
price for premium demanded at the station. It was possible to
determine through the electronic reporting of tank data whether the
customer was in the normal range expected for the test. If this was
the case, then a rebate of DM 0.10/1 of M 15 fuel filled was given at
the end of each month for vehicles that normally operated on regular.
For vehicles that normally uded premium, the fuel rebate was
DM 0.05/1. In addition, a further DM 0.03/km was allowed for each
test kilometre driven.

If there were .irregularities, payments were stopped and queries made
to clarify the matter.

At the end of the demonstration (Dec. 1982) all vehicles were
reconverted to regular fuel. This was done for the customer free of
charge. Thus, the exhaust gas emission laws were taken into account
and the engine manufacturers, as well as the oil companies, were
given an opportunity of obtaining “interesting" test engines by
exchanging them for new ones.

This procedure was gladly accepted by all of the participants. They
felt that they were being justly treated. Driveability and breakdowns
were reported critically, but honestly, so that the car manufacturers
were quickly able to detect weak points and remedy them.

In summary, it may be stated that optimized M 15 vehicles would be
accepted by consumers if the slight additional cost of purchase
(approx. 2 %) was at least offset by other advantages (fuel prices,
taxes). An important prerequisite would be a really comprehensive
supply ~infrastructure; this would mean at Tleast 1,200 well
distributed stations for West Germany. .
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4. Results on M 100
4.1. M 100 Fuel Specification

In order to provide car manufacturers with as secure a base as
possibTe for <costly M 100 engine developments, the fuel
specifications for M 100 were laid down jointly, taking into account
the aspects of availabiTity, safety and costs.

Chemical grade methanol is a grade traded throughout the world and
was thus regarded as being most readily available. The characteristic
data are given in Table 2.

Safety demands made it necessary to add lower boiling hydrocarbon
fractions, in order to constantly have a non-explodable fuel
vapour/air mixture in the car fuel tank above the liquid fuel (11).
This demand corresponds to the basic specification for methanol fuel
M 100 (CFf. Table 3).

This safety requirement was first met by adding 8.5 % iso-pentane.
This also had the advantage that cold starts were facilitated
considerably.

For cost reasons, however, a replacement for expensive iso-pentane
was sought. In October 1982, the specification detailed in Table 4
was agreed whereby jso-pentane was replaced by a C5 cut and butane.

Aluminium, ¢:)per, lead and zink are heavily corroded by methanol. In
the case of steel, normal St 12 demonstrated the most favourable
values, particularly if water can be prevented from entering.

No decision has been reached as to the addition of anti-corrosion
agents - and passibly detergent additives as well. They have not been
used to date because, on the one hand, satisfactory effectiveness has
not yet been determined and, on the other, there are unfavourable
side-effects, e.g. reactions with the luboil. The search for suitable
additive combinations is being continued but is very difficult,
because the side-effects also depend upon the various engine designs
and lubricating oil formulations. Here, only joint research will be
ahle to help us further.

4.2. M 100 Passenger Cars
Daimler Benz and VW provided passenger cars for the M 100 project.

Daimler Benz selected its 2.8 1 - 6 cylinder injection engine (& =
9.1) (15) (20 units). In addition to the requisite changes to the
fuel supply parts and the engine injection system, particular
attention was also paid to exhaust emission and consumption results
with and without catalysts. Considerable value was attached to cold
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starts and good driveability. A switch-over to M 15 or normal premium
is not possible. In addition to the 20 vehicles selected for the
fleet test, intensive work was carried out on an optimized engine
version(€é = 12) for M 100.

VW selected the 1.6 1 - 4 cylinder carburettor engine (70 units) and
the corresponding injection engine (15 units) for its Golf vehicles.
For its transporters (15 units) the 2.0 l-double-carburettor engine
was used (16).

The combustion chamber had to be changed in the Golf 1.6 1l-car-
burettor motor (€ = 12.5), as the sparking plug could become wet with
cold starts. In return, a minimal diminution of maximal power output
had to be accepted.

A greater number of series components were able to be used in the
Golf 1.6 1 injection engine (K Jetronic) (€ = 12.5), because it was
not necessary to prewarm the entrained air or mixture. In the maximum
power range, however, the output had to be cut back a little in order
to avoid high-speed knock and pre-ignition.

The Model 2, 2.0-1 engine with 2 carburettors, as an air-cooled
horizontally apposed engine (stroke/bore = 0.75) can only obtain a
compression of & = 10.5 due to its combustion chamber configuration.
Heating was provided for the entraining system and the fuel/air
mixture in order to guarantee cold starts. .

4.2.1. Driveability / Performance / Consumption

The Daimler Benz M 100 vehicle, Model 280 SE (15), was equipped with
an electrically heated cold-start device - Fig. 13 - guaranteeing
‘starts at-259C; 8 % iso-pentane was used here in the M 100 fuel.
When using pure methanol, starting at temperatures as Tow as -159C
is guaranteed. When starting cold and during the warming-up phase,
the damming disk in the injection system is controlled by a solenoid
so that practically the same operating conditions are attained as
with a gasoline vehicle.

The performance can be increased considerably by raising the
compression from £ = 9.1 to € = 12 (see Fig. 14). Even with a motor
of normal compression ( € = 9.1), using M 100 increases performance
by approx. 5 % compared to premium.

Consumption can be reduced markedly through optimization, as shown in
Table 7 (15). In practical operations, measured for 5,000 km, fuel
consumption fell from 470 MJ/100 km in a normal-compression M 100
engine ( € = 9.1) to 421 MJ/100 km in an optimized ( € = 12) engine
with an exhaust catalyst.

The Volkswagen M 100 engines were designed so that while driveability
remained as good as with gasoline vehicles, especially the




partial-load consumption of the M 100 vehicle was favourable. Fig. 15
shows the performance and consumption curves for the 1.6-1
carburettor engine (16). At ~ 12 X higher performance, markedly lower
specific energy consumption is recorded. At maximum speed (160 km/h)
the improvement fs approx. 19 %, in the partial-load range at 90 km/h
it is approx. 18 X.

4.2.2. M 100 Lubrication and Wear (Passenger Cars)

Lubrication is of decisive importance for the life and operational
reliability of engines. Thus it also contributes considerably towards
the economical value of an engine design. Just a few months after the
start of the fleet tests, it became quite clear that the hitherto
best known lubricating oils would not be sufficient for the M 100
vehicles under all operating conditions.

Heavy deposits appeared in the inlet system where blow-by gases come
into contact with methanol. These deposits finally caused engine
failure through sticking, e.g. of the throttle blades. Trouble also
occurred with the injection motors because deposits formed on the
jets, causing a change in fuel distribution to the individual
cylinders. In the worst case, a piston burnt out during a test stand
run, because it had been operated so lean that extreme high-speed
knock occurred. .

High metal values were established in the- used oil analyses,
especially in the case of engines that had been driven cold. A
mixture of corrosive and abrasive wear is obviously responsible here.

In spite of these problems, the fleet tests were not interrupted. The
lubricant suppliers provided special oils with which an improvement
in engine cleanliness was attained by reducing or eliminating the VI
improvers and ashless dispersants. At the same time, the dosage of
the anti-corrosion agent and anti-wear additive was increased.
Synthetic basic oils were also employed. These, however, only proved
th?mselves when the additive package was also adjusted to these basic
oils.

In addition to these "ad hoc solutions® that made it possible to
continue the fleet tests, systematic Tubricating oil development was
also carried on in the test stands.

Table 8 (17) shows that the average rust rating in the II D test is
Clearly worse with M 100 than with gasoline. In the III D test,
cleanliness and oil thickening were not critical, but cam and lifter
wear was higher than with the reference fuel and the wear on the cam
shaft thrust washer was outside of specification. The use of M 100 in
the V-D test resulted in cleaner pistons and better varnish rating,
but once again cam wear was significantly higher than with the
reference fuel and well above SF limits.
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The Petter W 1 high temperature test did not provide any results that
would indicate problems with M 100.

The Cortina high temperature test with M 10C gave an excellent result
in terms of piston cleanliness and ring-sticking (Table 8), but heavy
black deposits were formed in the inlet system.

In the W 1302 test (18), too, piston cleanliness is better with
M 100 than with the reference fuel, but the iron content in the waste
0il is approx. S5 times as high with M 100 - see Fig. 16.

Since most of the M 100 vehicles did not start running until 1981,
there are not enough used o0il analyses available to allow conclusions
to be drawn that go beyond the above in passenger cars.

At present, the results may be summarized as follows: (17) (18)
- M 100 improves piston cleanliness and average varnish rating,

- sludge formation with M 100 is higher under low tempe:r-ature
conditions compared to conventicnal fuel,

- M 100 fuel increases cam and follower wear,

- cylinder wear was found in some cases to be 10 times higher for
M 100 compared with the reference fuel,

- inlet system deposits are a major problem with most M 100 engines,
- no suitable detergent additives for M 100 fuel are known at present.

The further development of optimized M 100 engines showed the
following problem areas (30):

- cleanliness of the inlet system
- corrosion/siudge formation
- wear in cylinder/moving surfaces.

The above areas are being systematically examined at engine test
stands. Attention is being paid to interactions between lubricating
0il and fuel additives. It appears that the key to the solution is
the lubricating oil (31).

The “"city driving programme”, known from the M 15 experiments (see
Pig. 8), was varied with respect to coolant operating temperatures.
Fig. 17 shows that there {is no kink in the wear curve into the "high
wear range" at coolant temperatures of between 50 and 70°C -
aormal ~ 50 mg Fe/kg oil; high range ~ 350 mg Fe/kg oil - througnout
173 operating hours ( ~ 5,000 km). At coolant temperatures of 40 -
600C and especially at 35 - 559C, on the other hand, a rapid
increase in Fe content was observec right after approx. 60 hrs. when
using good, conventional SAE 15 W/40 (APT SF/CC) oils. The oil
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temperature was approx. 55 - 659C (31).
High RPMs and engine loads proved to be uncritical for wear in
optimized M 100 engines.

The cleanliness of the inlet system could be improved by changing
some additive components and increasing considerably the additive
package in the engine oil.

Even though experimental oils of extremely high alkaTinity (TBN
approx. 30 mg KOH/g, ash content approx. 3 %) resulted in
improvements with respect to wear and sludge formation, even under
critical test conditions (35 - 6559C coolant temperature), this
problem cannot be regarded as solved for practical operations,
because the high ash content could trigger off other engine problems.
Developments are continuing (31).

4.2.3. M 100 Fuel Distributinn

Since the number of vehicles employed in the M 100 test was
considerably less than with the M 15 demonstration project, only 15
dispensing units were set up - for reasons of cost. Fig. 18 provides
an overall view of the distribution. The vehicles must carry
corresponding amounts of fuel in reserve fuel cans for longer
journeys, because the action radius of the M 100 vehicles could not
be increased compared to normal ones, in spite of  considerable
enlargement of the tank.

An important factor is that all aluminium parts must be eliminated
from the supply system because they are rapidly corroded by methanol.
The resultant aluminiumr compounds form slimy residues on the filters.
Aluminium compounds that pass into the combustion chamber are
oxidized to form aluminium oxide (A1203) and then act as an
abrasive on the moving surfaces, i.e. heavy abrasive wear occurs
against which lubricating oil is ineffective (32).

The pump manufacturers were in a position to supply pumps and
fittings that are resistant to corrosion through methanol or
methanol/water. The chemicals industry does know suitable materials.

4.2.4. M 100 Passenger Car Exhaust Emission

The exhaust emissfons from M 100 engines are considerably less than
those of comparable gasoline engines. Given the same driving
behaviour, the Daimler-Benz M 100 engines in the ECE 15 test
demonstrated the following values (15):




aimler-Benz HC * NOy Co
80 SE g/Test g/Test g/Test
rremium 8.6 12.5 86.5
100 2.6 6.5 52
(€ = 9.1)

T00 2.5 2.7 18.8
catalyst ]

L 100

optinri zed 5.3 5.5 47
(&= 12)

]
M 100 opt 1.3 3.0 16.5
+ catalyst

* measured with FID

The M 100 engines provided by the Volkswagen works also demonstrated
very favourable exhaust emissions (16) of only

HC = 3.3 g/test
NO, = 2.5 g/test
C0 = 35.4 g/test
in1 the ECE 15 test cycle. Work is continuing on improving these
values.

The exhaust emissions of the VW engine in the partial-load range
(Fig. 19) are interesting, as the superiority of the M 100 engine is
clearly shown (16).

One problem invoives aldehyde emissions from motor cars with gasoline
engines operating on alcohol. (28) At first, a suitable measurement
method had to be developed. In the ECE 15 cold test, the aldehyde
emission of methanol operated -ehicles was up to 4.5 times greater
than that of comparable pe:-ol vehicles. In a warmm operating
condition, however, the emission is approx. 3.5 times as great.

The use of suitable catalysts could solve these problems - see
Table 9 (28), mass-produced catalysts from the USA being very
effective with methanol.
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4.2.5. M 100 Passenger Car - Customer Acceptance

Since the performance and driveability of the M 100 vehicles is the
same or better than corresponding petrol-operated vehicles, the
consumers are satisfied with respect to these points. The cleanliness
of the inlet system is still unsatisfactory, causing more trips to
the workshop. The special Ilubricating oils that result in
improvements in this area will probably be considerably more
expensive than normal high-performance engine oils.

The wear behaviour is still unclarified, but will probably not bring
about engine service lives comparable to those of gasoline engines
until a considerable period of development has passed.

The tank sizes of the vehicles must suffice for at least the same
action radius as with normal motor cars. A sufficiently close-meshed
filling station network is another prerequisite. - The price of M 100
fuel must be fixed so that the volumetric overconsumption is
compensated for; this will primarily be a question of taxation in
Germany.

The additional costs for vehicle procurement will similarly have to
be compensated for. The total cost per km must not be higher than
+ith comparable gasoline vehicles in order to achieve satisfactory
customer acceptance.

4.3. M 100 Commercial Vehicles/Buses
Unlike the passenger car engir{es, the development of M 100 engines
for commercial vehicles/buses was based on diesel engines. Resort
could be made here, in part, to earlier developments involving
multifuel engines.
The following lines of development were pursued:

- External vapourizer for M 100 using waste engine heat, ignition
with sparking plug - (Daimler Benz) (21) (22).

- M 100 vapourization in spherical combustion chamber in piston,
following direct injection 1into each cylinder, ignition with

sparking plug (MAN) (23) (24).

- Ignition-jet engine, injecting diesel fuel for ignition and
employing methanol as a ®working fuel® (KHD) - .
The MWM and Volvo alcohol engines operate similarly; these,
however, did not take part in the FMRT project.

The possibility of "converting® alcohol/diesel mixed fuels (29) and
alcohol fuels with ignition improvers into diesel fuels was
investigated. No report, however, can be made as yet as to the
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practical results within the scope of testing by customers in
Germany. More results with ethanol and ignition improvers are
currently obtainable in Brazil. (20)

4.3.1. M 100 Commercial Vehicles/Buses -
Oriveability/Performance/Consumption/Emission

From a technical and economic paint of view, the supercharged diesel
engine is particularly suited for long distance commercial vehicles.
However, the use of M 100 in commercial vehicles will be especially
favourable in congested areas because they are often characterized by
traffic jams and air pollution.

Accordingly, the engines used in the FMRT M 100 test were operated in
city buses in Berlin and Cologne (as well as in Aucklard, New
Zealand) and in street-cleaming vehicles in Berlin. Here they were
able to demonstrate their advantages in practical everyday
operations. - (Similar results are obtained in Auckland, New
Zealand.)

The cold startability is good for all engines. An external heater
supplied out of the M 100 tank, which is usually available anyway for
heating the passenger area, was employed in the Mercedes-Benz M 407
hGO engine (21). ATl of the engines running in the FMRT programme are
quite clearly superior to comparable diesel engines with respect to
driveability and performance (see Fig. 20, (21); Fig. 21 <(24);
Fig. 22 (25). Since high torque is attained at low RPMs, the
accelation capacity - which is particularly important for the flow of
traffic in city cores - must be designated as excellent. Under no
circumstances is there any of the black diesel smoke that is so
disliked as air pollution.

The partial-load control in all of the engines is so designed that
they have a very high degree of thermal efficiency across a broad
range. Values ofp = 40 - 41 % as also attained with good diesel
engines, were recorded in RPM ranges between 800 and 1,800 RPM/min.
(Fig. 23). One can assume an energy consumption of 1 : 1 compared to
diesel. There are interesting developments to be observed here, such.
as e.g. heat reclamation from the cooling water in the Mercedes-Benz
M 407 hGO engine (see Fig. 24 (21)).

In practical operations in city bus traffic, however, the driver
behaviour of the individual operators had a marked influence on
average consumption. Some drivers take advantage of the excellent
acceleration characteristics, so that they have to-brake and wait at
the next set of traffic. lights. This means that comparisons with
diesel buses are occasionally difficult. '

The emission values of the buses used in the FMRT M 100 programme are
very favourable and meet the limiting values demanded in the "13 Mode
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Test (California 1983)". Worthy of mention is the reduced engine
noise compared to diesel buses.

4.3.2. M 100 Commercial Vehicles/Buses -
Lubrication and Wear/Customer Acceptance

Unlike the problems with M 100 passenger cars, the lubrication and
wear problems with the commercial vehicles/buses could be solved by
means of close ccoperation between the lubricant manufacturers and
engine developers (32). The metal concentrations finally measured in
waste oil drawn off from city buses are very similar to the values
from comparable diesel vehicles (Table 9). Thus, comparably good
engine lives can be expected.

At the start of developments the following problems cropped up:

- emulsion formation when methanol and lubricating oil came into
contact, e.g. in the injection pumps;

- high cylinder wear due to aluminium in the fuel that reached the
combustion chamber;

- deposits at locations where blow-by gases came into contact with
methanol.

It was possible to solve all of these problems satisfactorily because
the engine manufacturers and 0il suppliers trustingly carried out
research into the real causes, employing the most modern methods.
Design measures and a different selection of material by both sides
led to success (32).

Since the commercial vehicle/buses do not have any "cold operation®
such as the passenger cars, the lubrication and wear problems are far
easier to solve. They may be deemed solved for all of the M 100 bus
engines used in the FMRT programme.

The buses have excellent customer acceptance (32). The vehicles have
proven popular with drivers, who appreciate the higher low-speed
torque characteristics of the engines which permit faster
acceleration in city traffic, and with the public who have commented
on lower noise levels in the bus interior and a lack of vibration
when the engine is idling.
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5. Economic Considerations

It is not possible here to present a comprehensive economic
evaluation. It should be pointed out, however, that 2ll of the work
conducted within the scope of the FMRT programme was done in the
light of cost/benefit aspects. Since the costs, e.g. prices for oils
and methanol, depend upon a great many, partly policital and global
economic factors, it was only possible to take trends as a guide for
development work (34).

Fig. 25 shows the estimates drawn up in autumn of 1982 by Shell with
respect to methanol availability and consumption. Here, it becomes
quite clear that more methanol will probably be available than
required by the market. This will likely push down prices.

Fig. 26 shows that, given methanol availability - primarily cheap
imports! - as early as 1984/1985 the methano! pushing on to the
market in Germany will no longer be able to be accomodated as "M 2°,
which is the grade currently permitted. Accordingly, decisions are
required. The same picture also shows that, through "M 15°, the
guantities of methanol pushing on to the market ~~ in the year 2000
will not automatically be taken up. :

-According to Shell's 1latest estimates, that are also deemed
well-founded by other organizations, this point may already be
reached by - ~ 1990. If so, then solutions > M 15 possibly even
M 100 might be necessary.

The results of the FMRT programme have provided politicians and
industry with a basis for decisions that will soon have to be made.
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6. Summary and Future Outlook

It was shown in a demonstration test with almost 1,000 vehicles
driven by normal citizens under all normal operating conditions for
three years that the engine manufacturers and the oil industry are
techmically in a position to implement an M 15 concept in Germany.
The decisive factors are the economic questions which will primarily
be infl;xenced by fiscal policy and global economic developments (oil
prices:).

The M 100 concept is not quite fully developed technically for
private motor cars; but, chances of success are good here as well.
The M 100 concept for commercial vehicles/buses has been technically
so perfected that large-scale demonstration programmes - e€.g.
involving urban bus traffic in a large city particularly affected by
air pollution - can be commenced at any time.

The competition among the companies taking part in the FMRT programme
was not restricted. A vast number of different solutions were worked
out on individual questions. A1l of the interesting basic questions
were solved quickly and economically.

The technical results can now be employed by politicians to aid them
in making decisions.. Economic considerations will be the determining
factor in these decisions.

A continuation of M 100 developments has been definitely planned for
the future, up to the end of 1983. It remains to be seen whether the
technical questions will then be solved to such an extent that a
"demonstration project M 100 with customers" can be carried through.

The complex gquestions of reciprocal effects and interrelationships
between fuel additives and luboil additives will probably not be
clarified in detail by the end of 1983. They could, however, be very
important for the economic parameters (engine 1ife, oil-change
periods etc.).
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Boiling Curves
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Full Load Curves of a Daimier Benz M 102
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Caicuiation of Fuelconsumption from
Measured Emissions

u‘_a~m+m-co+o.z73-cg
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M y = fuel mass HC = Hydrocarbon mass
CO0 = CO mass €O, = CO, mass
Numbers of the fusispecific consiont ¢
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Cold Starting Device for Operation
with Memunol_FueI
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M 15 Secification and Actual Resulfs

Specification ! Actesi Resuiny S
L Ln LN mox2

- = — |
min0730|mn Q70| Q7% 0774 | U3 |mnai®
o (0780 max Q0 max, 0.780
98 98 Ig‘[ 10}, fwn 98
88 8 E w08 |
Q15 Q15 Q4 EM ﬁq_u max Q15
5 [ 23 25 mox. 5
QY 107 T 06T TGOV 6OV [ moxa |
- - -38 -49 425 -
0 -15 -15 -85 -19 -—
W

l;v:n mbor |800-40 m:mg

88
83
g8
i

m7oCc| SVol |mnSO|{mnsSS5| 57 5 58
max 55 | max. 80 -O!-C
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swrc | %Vo | min 90 | min 90 96 o 97 —n'—n
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- Tabie 1 (#)
_ Specification for Methanol
as Mixing Component
Spec. grav. g/lem’ | ca 0,79
Reid vapor press. { mbar | ca 320
Water content ppm | max 1000
Evaporationresid. | mg/1 | max 10
Methyl formate ppm | max 5
Formic acid ppm | max 10
Alialinity pom | max 1
Total acid pem | max 20
Tabie 2




Basic-Specification for
Methanol Fuel M 100
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Improvement ’:f Exhaust Emission
obtained with M 15 as compared to
Gasoline
HC 67 %

CO 155%

NO, 53%

Table 6 (14)

Fuel Consumfion Daimier-Benz Typ 280 SE

Tt hsts hgumemE S0 120 vk
congtions | V00 em | MO0 m| V300 n | MII00 sn| 1100 lem | MLLI00 ton

Prombsn 168 554 94 310 1.7 386
M00 -9 A6 510 184 X6 24 I
M 00 + cois. 06 510 184 X6 24 i
M0 ¢ 1D opt 286 476 182 03 214 356
M 00 opt+-conlys.| 288 £76 182 K 1<} 214 356

Table 7 (15)
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Comparison of Engine Test Results on
| Vot Ouolinel M 1S | M 100 ;Spaciication}
T
Avg. engne rust 88 20 81 | &S min
T
Viscosily increase at 640 % 54 54 32 375 max
o Sl BEm
mn
OREF vomen 751 157 77| a8mx
Com and iher wece, avg mis 12 19| 31 | 4max
Cam and Mer wear, M. mils | 37 3 62| 8 max
[T
Avg. siudge 96| 95| a3 |a4amn
Agm 77| 89| 87 | &6 mn
Piston varmish 72| 71| 84 | &7 min
Cam weor. avg. mils 07 03 12 | 1 max
Com weor, max. mils _ Qa8 04 §6 | 25 max
Poier W1
mmmﬁ:.mxn 2 28| 30 | ZSmx
Mm
measured a1 40°C. % a LY 26 | 80 max
Comma LT
N, g g 180 | 15 | 100 | 88 min
min
e 3 | 6| % B
Voo B 20
Toml wear, p#m coms ] 24 150 max.
- AL
Tosol cams max,
fappets 585 2 10 max.
= g S Gus 1 GXINEVE OISR ROICR
Table 8 (17)
Aldehyde Emission at Standard Idle Adjustment
All Vehicies: Type Golf 1,6 | four Cylinder Engine, Mileage ~20.000 km
- MoRae Perior- Fusl Wihos | PreciousMexd | US Siandard
RS Ry
[ ] - [ ] waEm | ood wem
W/ [ 2 [ 4 o —
A | cotuwor 125 6ws600|  M100S | 1107 | 0703
B | Coumor [l25{ 6vse00| M0 a7es | 0104
¢ | cortuwor 25| evsa0| Moo a7es | 0148
0 | Kewonic 1zs{amnoo M100S | 0984 | 0,884 | 0423 | 0,108 | 0.363(0.088
3 mm{mmm M100S 0512 | 0252
F | corturmor 25| cvseoo |y v ™| 2432 | 008 2748|004
6 | Kveonc | 05818100 cmm o | 0268 | az2
H | cononor| 83 awseo0| a2 | 0241 | a2
H | e | 83 44/5a00| MR8 0315 | 024
Tabie 9 (28)
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APPENDIX 2

2 Lecture, dated 04/02/85

LUBRICATION OF M 100 = ENGINES
Results of large scale field trials in West Germany

1.

1.1

1.2

1020

1.2.

Basic considerations

dlthough methanol engines are basically conventional
intemal combustion engines adapted to the characteristics
of methanol fuel, there are significant differences in the
combustion process. Each molecule of fuel already contains
a atom of oxygen which alters the rate of combustion and
causes changes in the intermediate combustion products.
The composition of the blow-by gas is modified, and this
in tum modifies the demand on the lubricant.

The engine design has a significant effect on the oil

requirements. There is a wide variety of different designs.

1 Daimler Benz commercial vehicles- Methanol is passed

through a “vaporiser" which draws its energy from engine
waste heat prior to mixing with air ané subseguent entry
into the combustion chamter. Ignition is effected using

apark plugs. The compression ratio is 12.5:1.

2 Klockner-Himboldt-Deutz (KHD)- Combustion is based upon
the diesel cycle with methanol and diesel fuel injected

similtameously into the compressed alr charge. The diesel
fuel provides the ignition source and the methanol injection
rate is varied to provide increases in engine output. MM
&ad Vwlvo methanol engines operate on very similar

principles.
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123 MeA:N. « Methanol is injected onto the wall of the
combustion chamber and ignition is by means of a spark
plug. Aan important feature of this engine is the
hemispherical combustion chamber in the piston crown.
Compression ratio is 16s1l.

1.2.4 Passenger car methamol engines are all Otto=cycle

engines, i.e. they have spark ignition.

1.3 To make use of chemical laboratory tests for pre-
screening blow-by condensates from methanol engines are
useful. Our lubricat development was undert aken in close
co=operation with engine manufacturers, who provided us
with samples of blow-by condensates from test bed methanol

engines. Chemlcal analysis of these samples showed widely
varying results: (see table 1).

M 100 Blow-by Condensate Table4
Oil | Water+/Metha- | pH | TAN
Acds / nol mg
Gwt oy Wt KOH/¢
Bus Engine A 2 N/25 2.1 30
Bus Engine B - 86/14 5.5 0.16
Passenger Car - 24/76 6.4 -
Bus Engine C
Part Load - 98/ 2 3.6
Full Load - 100/ 0 30 | 020
Idle - 96/ 4 33
Mixed Load - 99/ 1 31 1025
1.4 To establish whether these differences resulted from

the different fuel mixing techniques and combustion
processes - as we hal deduced from theoretical considera-~

tions - a blow-by condensation rig was developed (See Fig.1).
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Fig. 1
Blow-by Condemsation Ring
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1.5

The objective was to draw the blow-by gas at high tempera-

ture from the engine so as to ottain all condensate

components for examnation. The rig is constructed using

staadard glas components and ca be produced at low cost.

Cleaning is simple and spare parts are readily obtaineble.

The "emulsion formation" sometimes observed in
methanol engines, which can occur when the engine oil is
contaminated by mcthanol, ca effect the base oil

components (mineral or synthetic) and the additives used.

These reactions can be evaluated in simple laboratory

screening tests. We have found that these "emilsions"”

can be removed simply by heating to about 90°C. The methanol




-9] -

is then evaporated and fed back to the engine intake system.
Engine manufacturers have meanwhile patented such systems.

In the locations where emilsions occur it is possible that

as a result of viscosity changes the "mechanical” lubricating
characteristics, i.e. the formation of a hydrodynamic wedge,
could be affected.

1.6 The examination of used oil samples produced
particul arly important results. Additive depletion and

increased wear element contents were observed in some cases.

Engine Qil Analysis Table 2,
Engine: A Engine Oil:
Part and Full Load Berch Test 1. Commercial 20W-20 SE/CC
2. Experimental 13W<40 SE/CC
Metal Contents: IR
= » me/ke —~
g :; g =% v b
g > 2 E =2 |¥=|=2=
AL S | I EPIEEIES
74|25 A | 2% 2E13%|E%l%e
SEZV5>=| Cc iMo! Al ~ Fe | Cu i Si . Sn | Pb NS =C|Zc]|F2|<Z

oo o2 : ; E | : ' : 66| 27
150 | 89| 5 i 11 40! 56 1505 11 6 ! 14 E 23| 40
00 f 90 ] 6 150 30 88 {180 . 15 9 ' 17{100 ' 02 | 180 |<13} 52

R *

20148 | : -T , ; ; i 72 34
0 {150 | <1 <35 ,< 1 28 g1 <) <KF < 391 39
00 {150 | 1 <35 <1,12 '30 7 2 5! 3 26| 48
00 {132 ] 4 0 12 6 220§ 460 6 8 0 14| 87 ¢ 01 | 16u [<15| 63

Table 2 shows the results of 200 hr full load bench tests
on bus engine A. In both cases alarming used oil data
correl ated with unsatisfactory engine inspection results,
e. 3. corroded cylinder liners and heavily worn main
bearings. An extensive search in our own laboratories by
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using electron microscopic on the surfaces finally revecaled
that a chlorine contamination of the methanol had corroded
the liner and piston material and the resulting wear
particles hal damaged the bearings. Table 3 shows the
laboratory methods used for examining the used oil samples

Laboratory Methods:
Viscosity — Ubbclohde capillary
Metal contents — Spark emission spectroscopy

ZDDP depietion — IR absorption at 1000 cm~-!
Base oil oxidation — IR absorption at 1700cm-!

Methanol content — Gas chromatography

TBN (HCIO,) - ASTM D 2896
Acid Value —~ TMAH titration DIN draft
TAN - ASTM D974
Engine Oil Analysis Table 4
Engine: A, 33 hrs Bench Test Engine Oil:
Commercial SAE 30 AP1 CC
Metal Contents: IR
s v mg/kg =
e =E - - x| gm
g ZZ £ zE51F |[&=222
= 5T - : =2 23| EL|z%4 ¥
2z | 28] o - . zfF ZZ|E23E%]|Z:
EEZ[Z2 ¢ Mo, Al i Fe,Cu s sncopb |[R8 ZE|ZE|EE|ZE
0 |12 : ; ' ; , 6.0
’ | ! | i i i |
! ! [ u , : I
0 < <o N 2045 <s| 23 54
0 [n3|<1 P< a2 17 3 1 <s i< o35y 47
3o nef< C 5430 10 12 <5 (<5 46 | 3.2
0 03| 4 ;144500 80 12 <5 18] 68 | 32
-+ T ’ AR T . —
53 s oy B6 . 500 , 100 . IS <5 21 { 79 [ 01 [ 180 | 29
H ' : H [ ]
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Table 4 shows results of an oil evaluation following
a test bed run, in which high aluminium and iron contents
were recorded unexpectedly. The condition of this engine
in terms of wear was most umusual. The cylinder showed very
high "barrelling” wear, i.e. in contrast to the usual wear
pattern considerable loss of material had occurred in the
areas swept by the piston at high speed. As hydrodynamic.
lubrication shculd take place in these areas it was suspected
that abrasive mechanical wear had occurred. Scanning
electron microscope photographs (see Pig.2) showed deep
scoring marks at the end of which all ventitious material
was discovered. It was identified as aluminium oxide in
the microprobe.

Fg 2 .-

Cyhnder hiner wear R / .
by ulummru‘m 0X1C e P, = ¥ e




It was learmmed in discussions with the engine manufacturer
that methaol could have come into contact with hot

aluminium components in the fuel system. This had

probably led to the formation of aluminium methylate, which
was converted to aluminium oxide in the combustion chamber.
This is a “grinding paste” and it is impossible to counteract
its effects with any lubricant.

The aluminium components were manufactured from other
materials subsequently and the wear pattern in this engine
returned to normal.

1.8 Table 5 shows results of a 100 hr test bed run in which
a relatd vely low iron content was observed in the lubricant.
On&ripping the engine a thin brown layer of deposit was
found on the upper third of the cylinder swept surface.

It is possible that the deposit had protected the area near
t.d.c. where relatively high wear usually occurs as a
result of boundary lubrication condition due to the reversal
in the direction of travel of thé piston.

Engine Oil Analysis Table §
Engine: Bus Engine B, Engine Oil:
Full Load Bench Test Experimental 1SW-0 SF/CC
Mae1al Contents: IR

c » mg/kg | =

= =% e | S| g
: | zE §izE|% (25|32
S gL 0 . 22133222232
Ze | 28 i ! | ] e | 25, 25|32 |Ep| 3
= | >2] Cr | Mo | Al | Fe | Cui Si ' Sn | Pb |ND | 20| 2ZE|FE|<E

0 | 148 ; ! P E 1 70 | 32
25 119 2 <54 9 ' 2 1<l {<5 i 6| 4 |02]|<i00]67]2s
44 139 3 "<s 5 L1201 2 <ri<s 7| 4 02 |<wo] 67| 36
S f S| s o<s 7T ps2p <t 8 12 | 13 03 [<100] 58 | 49
100 {152 7T <5 8 160 P15 <l 9 . 14 | 17 .03 [<100] 53 | 63
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The formation of layers of deposit, which apparently
originate mainly from reactions of methamol and blow-by gases
with engine 0il vapour, can be counteracted either via oil
formulation or by use of fuel additives.

Preliminary results indicate, however, that the quantity
of fuel additives must be approximately trebled. As methanol
has only about hal £ the calorific value of gasoline, roughly
six times the quantity of fuel additive would have to pass
through the engine in comparison with a conventional gasoline
engine. Apart from the cost involved this raised the question
of the effect on the lubricant of the increased quantity of
fuel additive reaching the crankcase.

The corrosive effect of methanol on some aluminium
alloys has been mentioned already under 1.7. In addition,
it is xnown that other metals, e.g. copper, tin react with
impurities in the methanol particularly at higher tempera-
tures. Copper compounds which reach the engine oil can
accelerate the base 0il aging process. Suitakle oil
additives can be used to counteract this effect by
catching the copper ions. Nevertheless, it is important in
the construction of the engine and fuel system to use if
possible only those materials which do mot react with

methanol .

At this point it should be emphasised that "methanol®™
can be a misleading term if it is not specified fully.
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Corrosion protlems can be caused in certeair circumstances
by impurities already present in the frel (acids, ketones,
aldehydes). The quantity of these impurities varies
considerably with the source of the methanol. In this
situation the contribution which the lubricant can make is

limited.

To correct this situation an initiative has been started
in West-Germany (FRG) and USA to propose a standard for
*M 100 motor fuel®. &s to now (spring 1985) the proposal

calls fors
85% (vol) AA grade Methanol, with
max 2 ppm chlorine
max S ppm methyl formate
max 10 ppm formic acid
max 20 ppm total acid

+ 15 % (vol) unleaded gasoline, containing
min 40% aromatic components.
This type of hydrocarkon content is needed to give
a visible flame even under strong winds if the "M 100
Motor fuel® is buming accidentally. It also compresses
the danger of an explosive gas mixture above the licuid
level in the fuel tanke.
2. Results in Commercial Vehicles
2.1 At the start of development the following proklems
cropped ups
- emlsion formation when methanol and lubricating oil

came into contact, e.g. in the injection pumps.
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This prcblem was overcome by changes in the

construction (see 1.5).

high cylinder liner wear due to aluminium in the fuel
that reached the combustion chamber.
This problem was overcome by better house-keeping and

changes in material (see 1.7}).

deposits at locations where blow-by gases came into
contact with methanol.

This problem was overcome in commercial engines by
changes in design. It is still a problem in passenger
car engines, in which we are trying to solve the
difficulties by improved base oil qualities giving
less oil fumes. Finally some changes in the endne
design will probatly be neceSsaxy.

Comrercial Engine Cil SAE 15W-40 SE/CD and an

Experimental Engine Oil SAE 15W-40 SF/CC were evaluated
side by side. Both oils gave finally very satisfactcry

results.

» - - '

Engine Oil Anatysis :

Engine: A - Public Transport FRG ;

]r ca:o-m Wom Comenn: ™ ii

L

-1 ~/n om"g!

wws O Mo N R G S S8 M KOWg
Do Memawoi 5214:131, 1! 5.1 ;13 20,5 S 3, 10
Engmeok Comwmerc: 9965i128: 2! 9 3 :Z7:2,7 S°'10- 98

WWOSLCD I19743:126. 2 (16 S ‘@2 2. 8° 5 14 i
P Dissel 1100011397 1 5. 1 127, 57 2:5: 6 98
Engweck asnBeENID0000! 182 1 - 5.5 73.20 5 5 12 a8

Table. 6
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Table 6 slows that the wear elements in methanol engine
used oil samples even after 20.000 Km. without oil
change were very similar to those from diesel engines of

comparable desig using the same oil.

German engine marufacturers of methanol commercial
engines (Daimler-Benz, KD, MAN) are now recommending for
their engines well tested high quality commercial oils
by name, becaise they have done long duration road tests
in practical service wiih these oils.

It is not adequate to give certain typical analytical data

like TR, ash content etc. for these oils. The decrease

in TBAN, for example can be rather different over the

running time depending on the total composition of the

additive package.

The principal trends, however, can be described as

followss

- Base oil of high quality in order to obtain a multi-
grade oil with comparatively low amount of VI-Improver.

-~ Additive package as for long oil drain periods in
diesel engines.

= TBN in the order of 10 to 12.

- 48h content below 1.5 % wt.
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3. Results in Passenger Cars

3.1 A test fleet of abou't 100 vehicles was run over
3 years. Several cars did more than 150.000 Km. each
during this time. 3 different types of engines were used
as shown in table 7.

M 100 ENGINES OF "PASSENGER CARS '

M 100 Motoren der Pkw-Hotte

| |
Nr. iCamx:L!ettor— Inje%tion Injection
"“Vergaser  Einspmzer  Einsprzer
Swept Volume ; =
Hubroum A V-1 B (2 281
lelstung Fover | 63KW 81 KkW 136 kW
A A 6n
Verdichtuna . 125 t 125 90
" Anzon! | ;:rt?zneuge |
andse. OC O inder ¥ 10 - 8
Used 04l CcntmlL Olummehung i
. ‘_'J.‘able 7
3.2 Two principal problems became obvious.

= heavy derosit build up in the inlet system causing
trouble on the throttle plate and the jets in the
carburettor as well as on the nozzels of the

injection engines.

= Corrosion and wear in engines which were operated
with low temperatures in the cooling system.
3.2.1. The sticky deposits caised mpst serious troubles in
the injection engines because they influenced the
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combustion by blocking partly the injection nozzels.

In carburettor engines conventional miltigrade oil SAE-15W-

40 SF/CC produced during 40.000 Km. running a black layer
of several millimeter thickness. The ideling jet and the
adjustment screw had to be cleaed several times during

this run.

Analysing these deposits it was found that high molecular
weight substances like those used in VI-improver or

dispersants were present. These substances are not soluble

in methanol and are obviously precipitated by methanol
droplets or even methanol vapor. Soot and dust are
collected on the sticky surface and form finally the

bl ack paste. This process took place where blow=by gases

came in contact with the intake air containing methanol.

To overcome the difficulty single grade oils SF/CC

were tryed but the success was only marginal.

Three principle approaches via oil formulations are
possirles
«~ synthetic base stocks which would not reguire VI
improver to formilate a multigrade oil. These base
stocks have very low evaporation losses and thus
the blow-by gases are more or less free of "olly
components”. This approach seems to be the best, but
it is very expensive and could discrimdnate the

methanol engine.
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hydrogenated I ase stocks which would have a VI of
approx. 120 aad ths require only very little VI
improver to formulate a miltigrade oil. These base
stocks are developed during the last few years and
the normal additives have a different response in these
basestocks. Therefore, further development to detect
synergistic and antagonistic effects has to be

performed. Basically this approach looks promising.

the "classical” approach is using high quality but
normal basestocks. It is tried to overcome the

shortcomings like deposit formation and wear by using
special additive combinations. The results have not

been convincing upto now.

3¢2.2 The increase in ccrrosion and wear by using M 100 fuel

is indicated in Fig.2.

iron Cont i
' Used Oil Sample trom Engme Tests ;
[ o, |
P YW 1302 = /" 1000
| wi) / |
| / i
i ® ——M-1-1800 ‘
+ I’ 4 I
| A |
! 60 7 ;o 600 !
| ' |
© o~ 400
. . 4 i
3
! . |
: 213 wi [ 2% |
| ' é
! 0 0 '
M0 M5 M 100 ‘

Fig. 2
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The FPetter W1 high temperature test did not provide any

results that would indicate problems with M 100.

The cortina high temperature test with M 100 gav: an
excellent result in terms of piston cleanliness and ring

sticking (see table 8), but heavy black deposits were found
in the inlet system.

" Comparison of Engine Test Resuits on
' Gasoline M 15 and M 100 Fuels
Tost ~ Gmows. W15 M 100 Spenficwon
&0 |
Avg, 2neene fust a8 20 81 a‘sm“
'] )
Viscostty increase Of 641, s 4 54 32 Smax; |
Prsion vamesh 93 94 9z 92mn {
Avg. SROGe 96 98 7 92mm
ORLF vamesn 15 7,3 ?ﬁ tjm 1
Cam ong e wedr, Gvg. Miis 12 19 . max
Comong ier wear, max mes 17 . 33 6 8max !
: i
vo : l
«0ge 96 95: 93 9amm |,
:gvnmsn 77 &9 a; 66mm ||
PisIOn vormusn 72 71 . 3¢ &7 !
Cam weor. gvg. mes 07 Q3 12 1max |
Com wear. Tax. Mes 08 04 56 25max; |
Pamer W-1
am\gmas:mmasn 20 . 28 30 2Zmx!:
Viscosfty ncrease ‘ ) max
meccured af 40°C. % » 'y 28 W
Vamsa':vm-n ‘g8 - 93 96 4Tmn
Avg, NG STCING 100 - 100 100 98mn
1An. nng shcng 100 99 99 90 mm
[vomo 8 20
k 1} 24 150 mex
Toml wasr. ST COMS 2 2 ’58“"“
0 0 10 max.
Toxy hng COMS % : 1O maxt !

Table 8

In the W 1302 test, too piston Cleanliness is better with
M 100 than with the reference fuel, but the iron content
(see Fig.2) in the used oil is approx. 5 times as high
with M 100. To study the wear problems in standard engines

the "city driving programme” (see Pig.3), as known from
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the M 15 experiments, was varied with respect to coolant

operating temperatures.

Cycling Test Conditions

(Modified ECE-1S Emmsions Cycle)

0 68S (s}

Pig. 3

Fig. 4 shows that there is no kink in the wear curve into
the "high wear range" at coolant temperatures of

between 50 and 70°C.- normal A S0 mg Fe/kg oil:; high
range A~ 350 mg Fe/Kg oil-throughout 173 operating hours

( ~ 5000 km). At coolant temperatures of 40-60°C and
especially at 35-55°C, on the other hand, a rapid increase
in Pe content was observed right after approx. 60 hrs,
when using good, conventional SAE 15W/40 (API SF/CC) oils.
The 0il temperature was approx. 55-65°C. High RPM's and
engine loads proved to be uncritical for wear in
optimized M 100 engines.
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g iron Contents in Luboil
. at different coolant Temperatures

iron Content  Coolant Temp.:
mykD 3s-55%C

{
!
i
L}
1 400 }

Coolant Temp.

!
| 300 —
]
I
|

100 Coolant Temp. |
50-70 °C

|

0 50 100 15 173
Test hours

Fig. 4

3.3 The following results of the M 100 passenger car
field test are based on nore than 3 million Km. running
distance. Three types of oil were used and are marked

accordinglys

I Conventional nultigrade oils
II Conventional single grade oils
III experimental oils.
0il drain periods were 5000 to 10.000 Km, as requi red by
the engine builders.
3.3.1 Taktle 9 shows the iron, copper and lead content of

the drain oils used in the 1.6 lt engine (carburettor version).




- 105 -

METAL CONTENT in USED OIL

Metaligehaite in Gebrauchtolen
Motor Nr.1 (1,6 | Vergaser, 63 kW) Carburettor
Nanber M100 Bem,fvl;mgg
Engine 0il |of Samples Mitteiwert, mg/kg (Standard-
Motorendl | Probenzahi h‘;"g’{g&‘)’ min.-max. _ abweichung)
Distance Iron |Cop per lead
ventional | 26 (24) 9 ®) 47 (68)
tigrale of1 l. Konvent. MB; 149 | 1200 4-202 1-46 6-210
ntional r ' 2an ¢ 5@ nicht
e grade all Il Konvent. “, 40 30 | Y4-86 | 2-25 | bestimmt
I | ;
xperimental B3N | 76 34 (53)
i1 - N . E"W'"“"" 59 35 | 8.287 | 2-25 | 5-383
)mparison Verglelch M 15 Motor (1,6 | Vergaser, 63 kW)
rentional | | . 51(08) | 18(®) |bleihattiger
Agrade o1l Konvent.MB | 60 | 430 | %547 ' g9-90 | Krofstoff

Table 9.

(standard
Deviatiorn)




The average values - i.e. ~ 30 mg Fe/Kg cil and below

10 mg cu/kg oil, are similar to the values found in
gasoline engines. Only by recognizing the enormous

di ferences between the lowest and the highest values it
becomes obvious that some wear problems are to be faced.

Fige S and Fig.¢ are indicating this situation.

In Fig.5 only 3 results are higher than 80 mg Fe/kg
oil (103, 168 and 202 mg Fe/kq oil). In Fig. 6, where
results oh experimental olls are quoted, only one

result (282 mg Fe/kg) is diverting from the normal

pattem.

IRCN QONTEXRT in USED OIL FREQUENCY CURVE

Eisengehalte in Gebrauchtéien
M 100 Motor Nr. 1, 149 Proben konv. MB Ol .

K Haufigkeitsverteilung

3c 149 Sampl es —
Conventional
Miltigrade 04l

10 T

100 200 mg/kg

!'ig. 5




IRON CONTENT In USED OIL PREQUENCY CURVE

Eisengehalte in Gebrauchtdlen
M100 Motor Nr. 1, 59 Proben Experim. Oi
" Héufigkeitsverteilung
|
30 S9 Samples
Experimantal
oil
20
10
0 100 260 300
’ mg/kg
Fi ge 6

Fig. 7 shows in more detail the iron content of the drain
oil from one car over 50.000 km. In this case at atout
25000 km. the iron content became very high (around

300 mg Fe/xg oil) for approx. 5000 km. The TH:'s recorded
during this periods were still 4,8 to 5.5 (ASTM D 664).
Whether during this time some misfunction of the thermostat
took place or whetrer extreme short distance runring

conditions caised these high wear figures is not known.

This 1.6 ltr Carburettor engine only under extreme

driving conditions or due to male-function of the cooling
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IRON CONTENT in USED OIL

Eisengehalte in GebrauchtGlen
M 100 Motor Nr. 1, 1000 km-Proben Experim. Oi

mg/kg
300
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200 0il change -
100 4 3
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system an increased engine wear with M 100 is to be

expected.

3.3.2 Table 10 shows the iron-, copper and lead content of
the drain oils used in the 1.6 1lit injection engine. The
average figures are higher as usually found in gasoline
engines. The wide spread of the simple values is again

notable.
METAL CONTENT IN USED OIL

Metaligehalte in Gebrauchtdlen
Motor Nr. 2 (1,6 | Einspritzer, 81 kW) Injection

(Standard
Number of M100 Betrkeverage Deviation)
Engine 0il :samples ?o’-;tme Mittelwert, mg/kg (Standard-

Motorendl | Probenzahl rstrecke; " min.— max. abweichung)

km (x1000) , .

! i Iron | Copper | Lead
Conventional . ' 4533) . 15 Q0 ' 38 (3
multigrade 01l . Konvent. MB 42 272 | 5_573) : 1_9'4) 6-% 2?

P ; !

Conventional - 455 17 | 52 (34)
single grade Oill Il. Konvent. EB ! 35 1 20-120 4-26 ' 13-T5
l : ‘

Experimental ' 53(39) | 22(3) |135 (30)
o1l . Experiment | 44 305 1 52220 ‘9-55 | 24-650
cwparmn Verglelch ms Motor (1.6 | Elnspmzer 81 kW)
tional ! i 39 (16) | 34 (15) |bleihaltiger
eitigrade oi1 Konvent.MB 79 610 ; 18-90 @ 8-66 | Kraftstoff
L
Table 10

The high copper values might be explained by some copper
being brought into the oil via the fuel. Some copper
parts in the fuel system might have contributed to this

result.
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It is interesting to note that in the 1.6 lit engine
in both the carburettor and the injection version, the
experimental oils did not reduce metal content in the
used oil. This seems to indicate that these experimental
oils were formulated with the reduction of inlet deposits

in mind and not primary thinking of wear reduction.

3.3.3 Table 11 shows the iron, copper and lead content of
the drain oils used in the 2.8 ltr injection engine. The

tendency 1is the same as described under 3.3.2.

METAL COKTENT in USED OIL

Metaligehalte in Gebrauchtdlen
Injection MotorNr.3 (281 Einspritzer, 136 kW)
__M100 Betrieb

~N‘m Average Y
Enginc Oil !Samples .Distance Mittelwert, mg/kg (standard

Motorendl Probenzuhl.F ahrsirecke  min -mox  Deviation)

i (x1000) — .
! Iron opper Lead__‘
. [ H
Conventional 187 78y 433y 97 (86)
Multigrade 011" Korvent. MB S 70 74-290 14-86 23-240 |
Experimental y 1128 054) 41 (7)) 49 (S3)
oiy Cimental . experiment ! 67 504 |5 000 18-150  15-360
Cmparism Vergleich Serienmotor (28 | Einspritzer, 136 kW) Conventional Fuel
td nal | | 61(33)  keine  bieihattiger
fmitigrade oi1 Komvent.MB | 38 850 | ;%6 Messung Kraftstoff

l L

Table 11
In this engine some of the experimental oils did reduce
the wear but others showed extremely high wear figures.
This indicates the difficulties still existing. Fig. 7
summarizes the metal content figures in the 2,8 ltr
injection engine.




METAL CONTENT in USED OIL

Metaligehalte in Gebrauchtolen
Production Engine
mg/kg M 100 Motor Nr. 3 Serienmotor
(2.8 Einspritzer, 136 kW) (2,81 Einspritzer, 136 kW)
200 Konventioneller |
| Kraftstotf
180- V, .COnventional Fuel
160 :
|
140 :r
I
1 |
1
H
‘ 1
i
% i
60 ¥
]
20 ;
5 I
0 o~ A B2 W
Engine 0il: Conventional Experimental Conventional
“maltigrade 041" Oil T Miltigrade 0i1 ——
Fig. 7
3.4 Summary of the passenger car field test results:

3.4.1 High quality engine oils (SF/CC) have given trouble

in methanol engines using M 100 becaise heavy deposit

formation blocked nozzels and jets. This was

particularly detrimental to injection engines. The use

of special experimental oils helped to minimize this

problem. Purther improvement might be possible by

changes in the engine construction to reduce or eliminate

the contact of methanol droplets or vapor with blow«by

gases.
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3.4.2 dwerape wear figures in carburettor methanol engines

are not different from normal gasoline engines. However,

arduous running conditions, e-g- stop and g traffic and/or

low temperature in the cooling system can lead to higher

wear rates.

Wear results in injection engines using methanol were
higher as in gasoline engines. This might be due to the
fact that methanol droplets might enter the combustion
room and might reach the cylinder wall. In this case

special oils which are under development might help.

In general, it can be stated that the problem should
be tackled from the engine construction as well as from

the lube oil side.
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3. Lecture, dated 19/02/85

WEAR in METHANOL ENGINES
Some results of basic laboratory tests

1. Conclusions from M 100 passengel car field tests.

1.1 In Carburettor engines, w hich were running under favourable
conditions, Do increase in wear was observed. Only if these
engines were rumning cold because of traffic conditions or
mal function of the thermostat, higher wear did occur.

1.2 In injection engines always M gher cylinder liner wear aia
occur.

Pacits If methanol droplets enter the combustion room and
are able to wet the cylinder liner, then higher wear will
occur.

2. Methanol and Oil on Metal Surfaces. (1)

Apporutur fiir Bestimmung des Kontaktwinkels
APPARMNIUS TO DETERMINE THE CONTACT MGLE  ____
2
iy "’"“’""J Kanile [Ol £55\ Methanol
PLEETTE
| Methanol
I
MICROSCOPE ""””“""m"
Miioskop -l Lchtquell
mit Kamera LAMP
. WITH CAMERA ==—————
?IG. 1 MQM“W
IROR COUPCN

TiJ= Bee Literature References under 1l. N
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2¢1 We place an iron coupon in a glass container filled with

zethanol and bring a drop of he test oil on its surface by
a pipette. From one side we look with a microscope through
the glass container against a light on the other side and
observe the oil drop {(gsee sketch in Fi¢.1). Wwe can notice
by the skale in the microscope a certain "contact angle®
between the oil and the methanol (cee upper part of Fig.1)
acconding to the different types of oils.

If thse Contact angle is large, the oil tend to form a
droplet. This is indicating a rather poor wetting of the

metal surface in the presence of methanol-

If the contact angle is small, the oil tend to form a £ilm.
The wetting of the iron surface is od even in the

presence of methanol.
CHANGE OF CONTACT ENGLE

Anderung des Kontaktwinkels
xomaiwinker GUTCH Zusatzstofte (0,3 gew. %)

“Mineraii by ADDITIVES
oh |

120
Carbonslure Amine

100

Phenole

rig. 2




2.2 In order to change the “wetting power of the oil®, we mix

some polar components into the oil.

Fig.2 is showing the results in change of contact sngle. As
an example, Phenol groups can reduce the contact agle to
about 50%. The best result in this test was cbserved with

a very "polar engine oil”.
2.3 Further observztions in this test were:

2+3.1. The change in contact agle also depended on the
length of the hydrocarbon chain. If the chain had more
than 12 C-atoms no change in contact amgle did occur for

a given "anchor group”.

232 We did not £ind any difference in contact angle using

iron or chromdum surfaces.

2e3e3 We did not find any difference in contact angle by
chamging the temperature between 25°C and 60°C.

2¢304 Oon polished steel surfaces methanol alwvays pushed
avay ad displaced the oil filme

20365 The best high polar engine oil, rowever, was able to
stay st the polished metal surface in the presence of

methaol .
3. Piston ring wear in a methanol fueled Ford engine.

3.1 7ig.3 shows the results of s engine test using radionucleid
technique to measure piston ring wear. The engine was run
25 min at 3000 RPM snd then stopped and subsequently cooled
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down by pumping water through the system for 70 mimutes.

RING

ug/Ring

0
Pig. 3 20 60 100 140 180 220 260 min.

3.2

This is done to simulate stop and go traffic.

RELATIVE RING WEAR (CHROMIUM)

Relativer RingverschleiB (Chrom) bei
Stop/Start Befriebsbedingungen im 4 Zyl. Ford

Pinto Priifstandsmotor (Radionuklidmessungen)

Ring- ZYidus: 25 min. 3000 '/min., 22,5 Bhp; 70 min. Stillstand
verschiei (Schnellkiihiung) — Probennahme vor Stilistand

2000 ! F
ug/Ring 0t C, Methanol
Ot A, Methanol

1500 /

1000 // ,/
/ " |

/7 i s:onmtiT:onal Gasoline

|
‘ | | O1B, konv. Kraftstoft

[ {

By changing the composition of the oll from type A to

type C the piston ring wear could be reduced drastically.

The lowest wear figures were obtained with oil B, however,

using methanol as a fusl still showed about three times

the wear then using gasoline (see fig.3) under the

test conditions given.

Facits Special polar engine oils Can reduce the engine
wear drastically, but even so under stop and go driving




conditions the wear with methanol will be higher than
with gasoline. Therefore, changes in engine design to
improve this situstion are advisable.

4 0il ad Methanol Mixtures-FPhase Composition (2)

4.1 Mixing a base oil (B) with methanol results in two layers
after a short period of standing. This indic ates that
base oils are not mixable with methanol. Some base oils
might pick up a little methapol but it will separate
again.

4.2 Mixing a fully formulated oil (F) with methanol results in
three layers. The lower layer is predominantly oil
containing a small amount of methanol. Tne asecond layer
48 a viscous cream=like layer consisting of a yellowish-
white blend of oil and & high concentration of methanol .
The third layer is predominamtly methanol containing some
oil additives.

4.3 The cream layer and the methanol layer can be completely
eliminated by warming to boil off the methanol and stirring
the mixture to redissolve the oil aiditives in the oil
phase.

5. Emulsions on Mot Metal Ssurfaces.

S.1 To observe sny differences between oil containing water and
oil containing methanol, separate samples of water, methanol
and a SO volume percent mixture of methanol in water were

mixed with engine oil and placed on a horizontal hot cast
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iron coupon. The temperature of the metal ranged from
apprcximately the boiling point of the methanol (65°C) to
above the boiling point of water (100°C).

EMULSIONS ON A HEATED METAL SURFACE

MeOH H20

m

Y AT T Y

W/\

Fige 4

5.2 In oil samples which contained water or water plus methanol
small water droplets coalesced to form a large (several
millimeters diameter) water drop. A clearly visible film of
oil surrounded the water. Those oil surrounded water droplets
remained stable for several seconds. Then the dmplets
released water explosively (£l ash-boiled). A slight depressicn
which filled ip inmediately was seen in the oil film. '

5.3 Masthanol dispersed in oll did not behave in the same manner
as water dispersed in oil. Large £ilm surrounded methanol
droplets did not form in the methanol oil emlsions.




Se4

6

6.1

62

6.3

Instead, as the methanol oil emulsion warmed on the hot

iron metal, the methanol coolesced but rapidly boiled out
of the oil. This experiment was repeated with the methanol-
in-oil emilsion spread in a very thin layer on the metal
coupon. As the methanol boiled out of the oil, a small
bole formed in the oil. The hole was approximately one
millimeter in diameter and remained visible for several

sgeconds.

These experiments with emilsions indicate that it is
possible to caise a break or hole in a oll £ilm whea
methanol is emilsified in the oil.

Phase composition on mixtures (50/50) of Methanol and Olls.

Metharol plus Arctic polyglycol lubricant shows a clear
solution. This sort of mixture could be used in two=stroke
Engines, but the optimum fuel/lubricant ratio has to be
found out.

Methanol plus metal deactivator or amine as used in
gasolines or aircraft fuels result in clear mixtures. This
type of components can be used to inhibit methanol fuels.

Methanol plus stralght-chain primary zincdithiophosphates
G‘-Cs) was lar¢ely soluble. This indicates that this type
of ZDP can be washed out of an oil by methanol. However,

a cw primary branched ZDP was not soluble in methanol.

It is possible to £ind ZDP which would not be washed out
by methanol. ‘




6+4 Methanol plus an experimex‘:tal SAE 15W=30 Engine 0il with
no Vi-Improver gave two layers. The top layer was creamy,
indicating that some additives were solved in methanol.

6.5 Water plus a fully formlated SAE 10W-30 (SE/CC) engine
oil gave three layers. an the top the oil came out. The
middle layer was cream and the lower layer was milky water.
This indicates that some of the additives were forming

emisions with the water.
7. Extraction of Additives by methanol.

7.1 Extraction of oil additives into methanol can be prepared
in different wayse.

7.1.1 By shaking a 50/50 mixture by volume of oil and
methanol and then separating the phases using a separatory
funnel or a pipette, depending on the volume of the fluid.

7e1e2 By allowing a stream of methamol to flow over an oil

£1ilm on a vertical iron surface.

7.2 To determine the composition of the varisus phases, infrared

spectroscopic analysis of the phases were used.

7.3 Prom a fully formulated engine oil the analysis of the
methanol phase indicated the extraction ofs: a sulfonate
(detergent-inhibitor), several types of zinc dial?cyld:lthio-
phosphate (anti-wear, antioxidant), a phenoxy alcohol
(antioxydant) and polymethylmethacrylate (viscosity index
improver). These additives were not completely removed

«rom the oil.




aalysis of the viscous cream phase indicated that it was

not composed of one or more Components extracted from the
oil, but was composed of a well-mixed blend of methanol

and oil. Experiments in which methanol was m ixed with
oils containing either viscosity iudex improver or
dispersant-inhibitor package indicated that the dispersant-
inhibitor package was the major contributor to the

formation of the viscous cream.

7.4 The cream phase of oil from a meth anol fueled wvehicle

contained more of the methanol-soluble additives (ZDP,
sulfonate and a phenol compound) than the oil phase. Thus,
methanol can cause the reduction in concentration of various
additives in engine oil when methanol is mixed with the
engine oil and al..lowed to stand. A stream of methanol
flowing over an engine oil filmon a vertical surface also
extracted additives from the oil.

During low temperature engine operation, liquid methanol
might come in certain constructions in contact with the
engine oil in the upper cylinder region of the engine.
The engine oil additives are most likely to be removed
£rom the base stock in this region. Corrosion, wear, oil

oxidation etc. are most likely to be severe here.

Analysis of the rulk oil for additive depletion will
probably not detect the problem, since the additives would

be re-introduced to the oil where the methanol evaporates.




8. Action of Additives - Zincdithiophosphate as an Example ()

8.1 Fig. 5 shows as a sketch the reaction of phosphite on an
iron surface. Pirst only adsorption (physical reaction)
takes place. Under condition of hydrolysis, which occurs
with the waﬁer present from corbustion, the second step is
"chemical adsorption®. This provides already antiwear
properties. In the third stage after further hydrolysis
real chemical reaction takes place. Now amtiscuffing
properties are observed on the metal surface.

Fig. S5

8.2 Based on different raw material 3 different types of
zincdialkyldithiophosphates are produced (see Fig. 6).
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R O— & CHy—{CH).—CH,—O0—

fAeeO— & CHy—{(CH),—CH—0—

R—O0— =

|
CHy = (CHa)m—CH:

!‘iq- 6

CHy — (CHajn=—CH2 — O —0— Ay-ZnOTP

Primares ZnDTP

Sekundares ZnOTP

Their reaction in respect of thermal stability, hydrolytic

stability and anti-wear protection as well as cost are

different.

Pig. 7 is indicating these differences as trends but they

can also vary with the chain length of the hydrocarbon

component .

To balanCe the final additive package a mixture

of zincdielkyldithiophosphates is used.

riq- 7

ZINC DITHIOPHOSPHATE TYPES
Performance Primary Secondery
Parameter Ayl Ayl Ayl
Thermal Stabllity Best Medium Worst
Ant-Weer Protection Worst Medium Best
Hydrolyic Stabllity Worst Medium  Best
Relative Cost High Low Low
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9.1
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Corrosive Wear of Methanol and its Combustion- Products on
Iron (2).

To show and siml ate crevice corrosion a sample of an engine
cylinder liner was coated with a thin film of SAE 10W-30
SF/CC quality oil and divided in three regions. In the
first region water was flushed over the engine oil film.
Then iron chips saturated with water ( a simplified
representation of the crevice between the cylinder and the
piston ring) were placed on the cylinder bore.

In the second region, the oil film was flushed with
methanol before iron chips which were covered with methanol
were placed on the cylinder bore.

In the third region, iron chips covered with methanol were
placed on the cylinder bore without any initial flush.

Resultss Methanol, by itself, did not promote iron oxide

formation.

Gn the other hand, water, even through an oil film promoted
iron oxide formation. Thus, water contributed morz to rust
formation thah methanol under the experimental conditions
used (see sketch Fig. 8) ( S5ee mext page)...




EFFECTS OF FLUID ON CREVICE CORROSION

IRON

MeOH H20
RUST

- ug. 8

9.2 To see the corrosive potential of the components of

interest in blow-by gases (water, formic acid and water)

a series of tests was conductede.

A small drop of test fluid (~ 1,5 mm’) was applied to

a horizontal cast iron coupob (ASTM D 2570=-73) and allowed
to evaporate at room temperature. The corrosion spot
which formed was examined visually, microscopically and
profilometrically (surface roughness) for evidence of
corrosion products and surface contour changes. In a
second series of tests a thin oil film was placed on

the iron surfse before applying the test fluid.




CORROSION FROM DROPLETS OF BLOW-BY

COMPONENTS
MeOh
u‘m\
H20 IRON
on
77777,
HCOOM (FORMIC ACID) - RUST ™ pon
on
RO IRON
MeOH - H20 - HCOOH
on
7/
CORROSION IRON

Fig. 9

Resultss Water and formic acid caused observable changes
in the surface of the iron, as determined visually or

microscopically, whereas methanol did not.

The presence or the absence of a thin (3.4 micrometer) oil
£ilm on the metal surface made very little difference in
the results except in the measurement of the evaporation
rate of a water droplet.

In all samples which contained ﬁornl.c'acid, at @ concentra~
tion as low as 0.1 percent, a ridge formed at the edge of
the test spot. This doughnut-shaped ridge was easily
detected with either a microscope or a profilometer.

Sample profilometer traces are shown in Pig.10. The




formation of a ridge at the ocuter adge of a spot of test

fluid suggests that material was dissolved and tramsported
by the test fluid.
(See Tig.10 next page).

Of the fluids tested, methanol has the greatest tendency
to spread. A large increase in the time of evaporation
of the test fluid in the presence of an oil £ilm indicates
that the oil £film has surrounded the droplet of test
fluid. Water exhibited the greatest increase in
evaporation time in the presence of an o0il £ilm. Methanol
exhibited no inCrease in evaporation time, thus emplying
that water droplets become surrounded by oil, but
methanol droplets do not.

9.3 M attempt was made to determine the effectiveness of
additives with respect to corrosion. Using an apparatus
as shown in Figel the test fluid was applied to the cast
iron coupon. The level of the test fluid was kept in a
predetermined operating range.

(rigs. 11 & 12 on page 17)

Results: In these tests, almost no iron oxide was formed

in the samples which were made alkaline (pH greater tham 7)
by the addition of an amine to the test fluid. The only rust
seen in those samples was the small spot immediately under
the tip of the glass dropper holding the test fimid. These
results suggest that it may be possible to control iron
oxide formation by the use of enough corrosion inhibitor to
keep the pH of the blowby condensate alkaline.
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Fig. 11

Corrosion Inhibition

Sample
Composition
H20

MeOH

HCOOH
inhibitor

pH

% Rust

’190 12

1000 99.8
o0 00
00 00
00 02

100 0B

89.9
10.0
0.1
0.0

100

Inhibition de la corrosion

4 6
89.7 898
10.0 100
0.1 0.1
02 04
] 10
100 6-10

Echantillon

Composition
H20
MeOH
HCOOH
Inhibiteur

pH

% Rouillé
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However, this will be an expensive route to cure the
problem of corrosion. An important aspect to be gbserved
would be the influence of "alkaline blowby"on the lube

olil.

Last but not leasts A Possible New Additive Base-Jojoba Oil.

Jojoba o0il is a natural product with no harmful reaction
to human health. This might become an important factor in
the future since the toxicological problems are observed

more carefully now a days.

Jojoba oil is still very rare anl therefore expensive.
It is used as a base for cosmetics. In future the price
will come down because a large area of jojoba-plantation
has been arranged in the past few years. It is my guess,
that in 5.7 years jojoba oil will be commercially
avallable for limited additive use.

Jojoba oil has a strong "anchor" group in the centre of
the molecule. It therefore improves the so-called
®"lubricity”® of oils also, if contained in small amounts
only.

Jojoba oil has a very low wvolatility of only 1 % whereas
mineral oil of similar viscosity would have a vol atility
of ~15 %.

Jojoba oil has a very high viscosity index of 234 whereas
good mineral oils will have a VI of ~ 100.




10.4

11.

12.

The coefficient of friction was impmoved by 10X after
adding 5% jojoba oil to a mineral oil (Tannert-Test). In
an motored engine the friction losses were reduced by 4 X
when adding 10 % jojoba oil to the engine oil .

Future development in the field of jojoba oll as an
additive base will include the addition of sulfur and/or
phosphorus. If we will succeed to make jojoba oil at least
partly soluble in methanol, it would be a very valuable
component for a methaol- 2 stroke-Gil.
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UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
UNITED NATIONS DEVELOPMENT PROGRAMME
As3isting : INDIAN INSTITUTE OF PETROLEUM

ADDRESS FOR CORREISPONDENCE :
INDIAN INSTITUTE OF PETROLEUM
P.0. LLP.

Your Rel. DEHRA DUN - 2480, INDIA

Our Rel. IND/82/001/-08

IND/82/001-APPLICATION OF ALTERNATIVE 23.1.1985 :
FUBLS FOR INTERNAL COMBUSTION ENGINES

visit Report by Hans-C. WOLFF, UNIDO Expert

1. Visit tos ILUBRIZOL INDIA LIMITED (LIL), Bombay

a) Research Center, Thane-Belapur Road,
- b) Sales Office, Bombay, Delstar, 9A,
S. Patkar Harg.

2. Date: 18 - 20 Jan.198S.
3. Discussions withs ~ . — "

-

3.1 Mr. Charles C. Colyer, Chief Techmical Adviser from
THE LUBRIZOL CORFORATION
Wickliffe, OHIO 44092, USA.

3.2 Dr. K.L. Mallik, Manager Research and Development,
IUBRIZOL INDIA LIMITED (LIL)

3.3 Dr. Sudarshan Sarma, Manager R & D, LIL

3.4 Dr. U. Sripathi Rao, Assistant Manager R & D, LIL
3.5 Dr. R.K. Shukla, Assistant Mahager R & D, LIL
3.6 Dr. R.L. Mendiratta, Assistant Manager R & D, LIL
3.7 Mr. Re.A. Rao, General Manager Sales, LIL

3.8 Mr. B. Sanghavi, Maiager Technical Services, LIL

. 4« Reason for the visit:

4.3 LOUBRIZOL INDIA LIMITED (LIL) is the only company with
large scaite production for engine oil additives in India.
. Any development of new additives, e.g. for methanol
engines, should therefore take notice of these production
possibilities.

42 Mr. C.C. Colyer (3.1) is visiting LIL for 10 days only.
This gave the unique oppurtunity to discuss with him
and the research staff of LIL the development of
additives for methanol engines in the USA z;d the
possibilities of producing similar material in the LIL
Bomb ay planto

4.3 Mr. C.C. Colyer was also informed by HeC. Wolff about
the latest results cn methanol engine oils in Germany
in order to enable him to incorporate these in the
support of LIL to the UNDP-Project at IIP.

5. Result of the visits

Se1 On advice of MI. C.C. Colyer THE LUBRIZOL CORPORATION,
USA, will send on short notice en additive sample for

TOLEX ) 0003-217 - PHONE | 23561 - TELIGRAM ; ‘PETRINST' DEHRAOUN
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4=-stmoke msthanol engines to LIL for prepaxing 100 1
ready engine oll SAE 2Q0W-40 in Indian base oil.

5.2 This additive sample will be baszed on the product
0S 66 839 (see Appendix), which has given
resmilts in the modified Foxl VD methanol 3 1)
engine test in U.S.A. The gdditive will be based
on components which can be produced in the LIL Bombay

" plant later on. It ca, therefore, be called,“Indiam
type additive®.

S<3 The 100 1 SAE 20W—40 oil (5.1) will be sent as soon
as possible to IIP to be engine tested in the % Zyl.
Kirloskar engine fitted with radioaxctive pizcon rils
in the course of the UNDR.Project. It will thus be
run in comparison to the field tested methanol engine
oil supplied via H.C. Wolff by Bank of America
(Formul a 222 A) and against the "base line o1l ", which
was used previously by IIP.

5.4 Mr. C.Co co’-”r stated that at 21.12.84 S gallons of
0S 59 770 was shipped from Wickliffe to LIL. This 4s
a 2-stroke oil to be used in methanol engines. It is
expected to show similar performace then the sample
tested by IIP previously. However, 0S 59 770 could
be produced in larger quantities as coapared to the
previous sample, which was on laboratory saale onlye.
LIL will forward OS 59 770 to IIP for engine testing
in the course of the UNDP Project immediately.

5.5 Mr. C.Ce Colyer is organising the lubricaats section
of the Pacific Intemational SAE Conference {(Nov.1985)
in Dj akarta, Indonesia. He is prepared to accert a
peper of the IIP, as discussed with Mr. S. Singhal
earlier. The matter is urgent because the abstract
should be with the printer already. a IIR-Engine
Laboratory Report on engine wear studies by using
radiosctive rings ina 1 Zyl Kirloskar engine, which
HeCe Wolff had with him. was shon to Mr. C.Ce. COlyeto
This report, which was prepared by Mr. A.K. Gondal
and Dr. P.Co Naatiyal would be acceptable to
Mre C.C. Colyer, if the management of IIP is deciding
within the next two weeks on its publication.

6+ &ctions be takens

6.1 Methswol engine oil additive for 4-strcke engines,
similar to O5 66 §39 to be sent from Wickliffe, USA
to LIL, India in order to start engine tasting =&
IIP in March,1985.

Ags&gg. Mre. CoCo 601,.r. Dre Kele Mallik.

6.2 Mixing of 100 1 SAE 20W-40 "4-stroke Methanol Zngine
Oil-Indian Type” by LIL using Additive supplied by 6.1.
m’ Dr. KeLe MalliY..

®ecvoc o /
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6.3 Supply of 1001 0il (6.2) from LIL to IIP as fast as

possible, to start engine testing at IIP in March,198S.

6«4 LIL to sugply 5 gallons 2-stroke oil received from
USA to 1IP for engine testing.
Actions Dre. Kele. Mallik, Dr. St. Radzimirski, UNIDO
Expert.

6.5 IIR.Management to decide on publication at Pacific
Intemational SAE Conferencee
Actions Mr. Se. Singhal.

7. Distribution of the report

71 UNDP- New Delhi - Dr. K. Hussein

7.2 LIL, {2x) My, C.C. Colyer, Dr. K.L. Mallike.

7.3 IIP, (3x) Mr. S.-Singhal (2x), Dr. St. Radzimirski.

Ll (e

( HeCo WOlEf )
UNIDO EXFERT

’ 10‘ IIP'- HoCo "Olff.

N -
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Appendix to the visi“ report H.C., WOLFF
LUBRIZOL INDla LTD
18<.20 Jan. 1985

dable I

Inspection Characveristics of OS 66839

Table 11

Methanol Fueld 2,3 1 Ford Testing
Modified Ford V.D Test.
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Inspection Caracteristics |
. of OS## 66839
X ancentrato
0S¢¥66839 EEE . 100% w
LZ 7322 ' K
LZ 6662
Base 8took
" Aualyticel Valuos
Sulfated Ash, % 6.71
Zino, » } 0,71
Phosphorus, % . 0.64
Galoilm. ’ 1071
Specific Gravity 0.96
. Vis at 100°C, oSt - - 210
. 608 at =20°0, oP - ' —

Blend

21.0 # w
2.5 4w
Q34w

130K

1.41

0.15
0.13
0.33

945

0.89

11,2
35.0

A
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Methanol-Fueléd 2.3 1 Ford Testing B

Nodified Ford V=D Test

Blend Idents liotorcraft
) (factory £ill) (interinm)
SAE Vis. Grade 30 10WV=40
Viscosity Improver None ocP
Additive Paramins Lubrizol
SP/CC
ASTM SO4 Ash , 2.65 1.1
.ord V=D Gasoline Engine Ford Lubriszol
RRaquirenents Data Data
Deposits ’ A
Engine Sludge 9.4 9.6 9.
Engine Varnish 6.6 9.3 9.0
Piston Varnish 6.1 905 8.
' iear : M
. Cam Lobe Wear, 2.5/1.0 \ «9/0¢7 11,7/5,9 6.1/1,2
2 max/av in mila ‘
) Cyl. Bore Wear Inc. ' 1el/0e5 2.5/1.2 5.9/4.2
Transverse av . ‘
in mile

;0 Brg. ut. LOIO.

aax/av,in mils

Yalve Stem to Guide

Clearancs, av.

011 Consumption, qts.

Blowby, CI'M

WBC/1s
11-13.84

35.3/18.1 57.2/53.3 141/112.8

3.9 p P 2 3.0

‘1nln111 .
2.75' 0.97 1.38
‘ 1.83

1070‘ '

Motorcraft Lubrizol Expt®l

10%-30
2.5 & LZ 7322

. 20415 Aw Exp?%l

(1.5

oW\
@ =0
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SUMMARY

DCI-11 corrosion inhibitor has been developed by Du Pont for
use in gasohol. It also is effective for use in gasoline containing
methanol and other alcohols. DCI-11 can be used in conjunction
with DMA-53 carburetor detergent to provide multifunctional properties
including corrosion inhibition, carburetor detergency, antiicing
activity, and exhaust emission control.

DCI-11 is recommended for use at concentrations up to
8.6 mg/L. itis effective in controlling corrosion of automotive fuel
system metallic parts. The product has been tested in a number of
different test methods with good success.

DMA-53 which can be used in conjunction with DC1-111s an
effective carburetor detergent for use with gasoline-alcohol fuels.
Its use with top cylinder oil will provide effective control of intake
system deposition. DCI-11, when used with DMA-53, provides addi-
tional corrosion protection which is necessary when alcohols are
incorporated into gasoline blends. A blend of DC1-11 and DMA-53
can be used for convenience.




peI-11

DCI-11l is a corrosion inhibitor developed by Du Pont for
gasohol -- a blend of 90% gasoline and 10% ethanol. DCI-11l
also is effective in gasoline containing other alcohols like
methanol cosolvent blends.

Corrosion Inhibitor Performance - The effectiveness of
DCI-1l1 in controlling corrosion experienced with gasohol is
shown in Table 1. ASTM Method D665B which uses synthetic sea
water was conducted. At 8.6 mg/L, DCI-1l1l gave a rust rating
of 7% rust compared to 75% rust with no inhibitor present.
DCI-11 was effective in deactivating the corrosive contaminants
present in the ethanol as well as controlling the corrosion
originating from the gasoline even in this extremely corrosive
sea water environment.

DCI-11 also is effective in controlling corrosion with
gasohol in the NACE TM-01-72 test method as shown by the results
presented ir Table 2. Au A rating with 0% rust was obtained
with 5.6 mg/L. DCI-1ll also is effective in controlling corro-
sion which can occur with ethanol in the absence of gasoline.
The performance of DCI-1ll was determined in the NACE TM-01-72
test method in tests with both 5 and 10% water added to the
methanol. Results in Table 3 indicate that a very low level of
DCI-1ll will give an A rating.

Corrosion Performance - Methanol and Cosolvent Alcohols -
In long-term storage tests, DCI-1ll at 8.6 mg/L in gasoline con-
taining 5% methanol and 4.2% of a mixture of cosolvent alcohols
was effective in preventing corrosion. After 2 months' storage
at 110°F (38°C), no rust was observed in the NACE TM-01-72 test
method whereas the control fuel caused 60% rust. Results are
presented in Table 4.

Two-phase corrosion tests were conducted with the eight
commonly used automotive fuel system metals. Enough water was
used in the test to form a substantial lower phase.

Test specimens were stored in the two-phase system for one
month at 110°F (38°C). This is a very severe test since the
elevated temperature accelerates the corrosion effects and the
one-month storage period is very long compared to the 24 hour
test period which is commonly used.
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DCI-11 provided excellent corrosion protection of the
critical steel, terneplate, aluminum and brass metals as
reflected by Table 5. Some discoloration of the copper was
observed which probably reflects the copper passivating effect
of the product. DCI-1l1l was effective in providing protection
of the critical metals in the water phase. The slight altera-
tion of the cadmium and zinc surfaces in the water contact
areas is not considered serious in view of their location in
the fuel system and the overseverity of the test method.

Product Literature - A product data sheet for DCI-11,
Du Pont Corrosion Inhibitor, is provided in Appendix 1.

DMA-53

DMA-53 is attractive as a multifunctional gasoline
additive in fuels containing methanol and cosolvent alcohols.
It provides carburetor detergency and, in conjunction with top
cylinder o0il, also provides intake valve deposit control.

The performance of DMA-53 is described in Du Pont Petroleum
Laboratory Report PIMR 23-84, "DMA-53 - A Report On Its Proper-
ties and Performance.” This report covers the benefits oi using
DMA-53 including carburetor detergency, corrosion protection,
carburetor icing control, and intake system deposit control.

In this report, the performance of DMA-53 in gasolines con-
taining alcohols will be described.

DMA-53 at 23.6 mg/L was very effective in controlling
carburetor deposits when used in gasoline containing methanol
and tertiary-butyl alcohol as shown in Table €. The addition
of methanol and tertiary-butyl alcohol to gasoline caused major
increases in carburetor deposition in this test series.

Product Literature - A product data sheet for DMA-53
Multifunctional Additive is provided in Appendix 2. Physical
properties of a blend of DMA-53 and DCI-1l are in Appendix 3.




EFFECT OF DCI-11, CORROSION INHIBITOR,

IN GASOHOL
ASTM D665B: 100°F, 4 Hours, synthetic Sea Water,
Mild Steel Billet
DCI-11, ASTM D665B
mg/L % Rust
0 i 75
2.8 70
8.6 7

14.2 l

Table 1




EFFECT OF DCI-11, CORROSION INHIBITOR,
IN GASOHOL

NACE TM-01-72: 100°F, 4 Hours, Distilled Water,
Mild Steel Billet

DCI-11 NACE TM-01-72
mg/L Rust Rating
0 E (95)
1.4 B (25)
2.8 B (5)
5.6 A (0)

( )} § Rust

Table 2




Table 3

CFFECT OF DCI-11l, CORROSION INHIBITOR,
IN ETHANOL

NACE TM-01-72 Method

Water, DCI-11

Vol & mg/L__ Rust Rating
(0)
(0)

(0)

(0)

1.4
2.8

> » » n

5.6
10 0 (80)
(0)
(0)
(0)

1“
2.8

» » » M

5.6

{ ) & Rust




Table 4
EFFECT OF DCI~-11 ON THE CORROSION TENDENCY
OF FUELS STORED FOR EXTENDED PERIODS

Fuel Stored for 12 Weeks at 11l0°F

No Metal Coupons in Stored Fuels

NACE TM-01-72 Test Method (Steel)

NACE Rust Test Rating

Weeks @ 110°F: 0 4 _12
Gasoline + S5M + 4.2MyAl B (5) c (30) D (60)
Gasoline + SM + 4.2MyAl A (0) A (0) A (0)

+ 8.6 mg/L DCI-1l1

() & Rust
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Table S
STATIC TWO-PHASE CORROSION TEST OF
CASOLINE-ALCOHOL FUELS WITH ADDED WATER
(4 Weeks Storage at 110°F) )
DCI-11 Conc = 8.6 mg/L
HC Phase Water Phase
Control DCI-11 Control DCI-11
Terneplate Clear Clear Btched Clear
Tin Plate Clear Clear Lt Discolor Clear
Cadmium Plate Clear Clesr Pitted Etched
Zinc Pot Metal Clear Clear Pitted Etched
Adniralty Brass Lt Discolor Clear Hvy Discolor Lt Discolor
Copper Hvy Discolor Hvy Discolor Etched Clear
Aluninum Clear Clear Etched Lt Discolor

1010 Grade Steel Clear Clear Pitted Lt Discolor




EFFECT OF DMA-53 ON CARBURETOR DETERGENCY
IN GASOLINE-ALCOHOL FUELS

CRC Test

DMA-53 CRC

Fuel Description mg/L Rating

Phillips J - 6.4
Phillips J + 2.5M + 2.5 TBA - 4.7
Phillips J + 2.5M + 2.5 TSA 23.6 6.5
Phillips J + 2.5M + 2.5 TBA - 6.1
Phillips J - 6.1

Table 6

Deposit
wt. ‘ mg.

14.9

33.9

11.1

75.5

22.3




Appendix 1

'HE |

APPLICATION—To impart corrosion inhibition to alewhols and -
gasoline/oxygenate blends.

CONCENTRATION--Varies with oxygenate level and corroziv-
ity. We recommend adding DCI-11 to the oxygenate 20 that a
concentration of 2to 4 ptb {6 to 12mg/L)is provided in the finished
gasoline/oxygenate blend.

DU PONT
CORROSION INHIBITOR PROPERTIES—(Typical)
NO. 11 Appearance . e Ciear amber liquid
L . Specific Gravity, 60/60F (16:16C) . .o .. 09y
DCI-11. Ga.SOII.ne additive provid- Pounds/gallon, 60F (16C) . . . . . . . . . . T.8
ing corrosion inhibition to alcohols AshoWtS . . . o o e e e ...
and fuel ‘oxygenate blends. Flash Point, PMCC. F () LN
Viscosity:
Temperature cSt SUS
100F ( 38C) 41 192
R2F( 0O) 322 1436

OF (-18C) 1290 5939

ADDITION—C ~ncentrated or in stock solution with aromatic sol-
vents using a proportioning pump or batch addition. Dilution with
20 vol % xylene allows pumping at ~20F (-29C).

PRECAUTIONS IN HANDLING—Flammable. Cauzes irritation.
Keep away from heat. sparks and flame. Avoid contact with eves.
skin and clothing. Keep container closed. Use with adequate ven-
tilation. Wash thoroughly after handling.

In case of fire, use water spray, foam. dry chemicai o COz.

FIRST AID—In case of contact, immediately ilusi vyes with
plenty of water for at least 15 minutes while removing wontami-
nated clothing and shoes. Call a physician. Flush skin with water.
Wash clothing before reuse. .

QU POND

Petrofecum Chemicals

Petroleum Laboratory
Wilmington, O€ 19898

Fsniim L4 PR R §




s B

DMA-53
MULTIFUNCTIONAL ADDITIVE

DMA-53. . . is a versatile
multifunctional additive

for use in motor gasolines.
It is ashless, phosphorus-
free and imparts the follow-
ing properties to gasoline
at low treating levels and
low cost:

¢ Carburetor Detergency
e Rust Prevention

e Carburetor Icing
Protection

® Reduced Maintenar.ce
Cost

® Aids Emission Zcucrol

Petrolecum Chemicals

L 1. ¢u Pont de Nemours & Co. (Inc)
Petroleum Chemicals Division
Wilmington, Delsware 13898
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Appendix 2

DmMA-59

APPLICATION - DMA-53 is a versatile
multifunctional additive which provides
excellent carburetor detergency, anti-
icing and rust protection.

CONCENTRATION - To obtain all of the
benefits described above, concentra-
tions in the range of 3 to 9 1b/1CC0
bbl (12-36 ppm) are recommended.

PROPERTIES - (Typical)

Specific Gravity, 60/60fF (16/16C)...... 0.92
API Gravity, 60F (16C)..ccccecccececses0a23.0
Pourds/Gallon, 60F (16C)..cccccceccess. 7.63
Flash Point, PMC.cceccccsceacecss 35F ( 2C)
POUr POint.ccceveccccccacececses~60F (~51C)
Nitrogen, wt 8..cecccececccccsccescssee 4.1
Viscosity: tire SUS oSt
-I80) 1370 258
3ZF ( OC) 500 108
100F ( 38C) 109 23

ADDITION - Either batchw?se or continu-
ously as 2 concentrate or in a stock
solution.

PRECAUTIONS IN HANDLING - Flammable.
Causes irritation. It contains methanol
and may be fatal or cause blindness if
swallowed. Avoid contact with eyes,
skin and clothing. Avoid breathing
vapor. Keep container closed. Use with
adequate ventilation. Wash thoroughly
after handling. Keep away from heat,
sparks and open flame. 1In case of fire,
use water spray, foam, dry chemical or
co,.

2

FIRST AID - In case of contact, imme-
diately flush eyes or skin with plenty
of water for at least 15 minutes while
removing contaminated clothing and shoes.
If swallowed induce vomiting. Call a
physician immediately. Wash clothing
before reuse.

RES/eaa
10/17/80
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Appendix 3
DMA-53/DCI-11 BLEND
PHYSICAL PROPERTIES
Specific Gravity 60/60°F (15.6°C) 0.931
Density 1lb/gal 60°F (15.6°C) 7.75
Flash Point, PMCC, °F (°C) 64 (18)
Pour Point, °F (°C) below -45 (-43)

Viscosity, cSt
100°F (38°C) 30

32°F { 0°C) 180

0°F(-18°C) 663
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SUMMARY

DGOI-100 Corrosion Inhibitor is a multipurpose product
developed by Du Pont for gasolines containing methanol and other
alcohols. DGOI-100 must be used in gasoline-alcohol fuels covered
by the EPA waiver granted to Du Pont on January 10, 1985. This
product provides the special corrosion protection needed when alcohols

are present. In addition, it provides detergency and stability properties
which are desired for high quality gasclines.

DGOI-100 was effective in controlling corrosion in both labora-
tory bench tests and vehicle durability tests. Specimens of eight
different metals including terneplate, die cast aluminum and steel
showed no evidence of corrosive attack in accelerated laboratory
storage tests. Metallic fuel system parts including carburetor
assemblies, fuel lines and gasoline tanks were in excellent condition
at the end of 50,000 mile durability tests.

The gasoline-alcohol fuel waiver by the EPA allows the use
of methanol and cosolvent alcohols as blending components in unleaded
gasoline. The gasoline-aicohol fues are limited to a maximum of 5%
methanol, a minimum of 2. 5% cosolvent alcohols (ethanol, propanols
and butanols) and a maximum of 3, 7% total oxygen in the fuel. The
fuels are required to meet special volatility specifications defined by
the EPA.




'DGOI-100

DGOI-100 Corrosion Inhibitor is a multipurpose product
specially developed by Du Pont for gasoline-alcohol fuels.
This product has been specified as an integral part of the
gasoline—alcohol fuel waiver granted to Du Pont by EPA on
January 10, 1985. A product information bulletin on DGOI-100
is provided as Table 1.

Waiver Provisions

The gasoline-alcohol fuel waiver granted to Du Pont by
the EPA allows the use of methanol and cosolvent alcohols as
blending components in unleaded gasoline. The gasoline-alcohol
fuels are limited to a maximum of 5% methanol, a minimum of
2.5% cosolvent alcohols and a maximum of 3.7% total oxygen in
the fuel. The cosolvents could consist of any one or a mixture
of ethanol, propanols, GTBA, and/or butanols.

The gasoline-alcohol fuels covered by the January 10, 1985
waiver are required to meet certain volatility specifications
defined by the EPA in terms of RVP, percent evaporated at 100°F,
and percent evaporated at 200°F. EPA has specified a maximum
evaporative index for each of the ASTM volatility classes based
on the formula:

EI = 0.85 RVP + 0.14 (percent evaporated at 200°F) =-0.32
(percent evaporated at 1l00°F).

EPA specified the use of Du Pont Corrosion Inhibitor
DGOI-100 in waivered fuels at a concentration of 41.3 milligrams
per liter. This is a proprietary product commercially available
from Du Pont.

Waiver Literature

EPA's decision to grant a gasoline-alcohol waiver to
Du Pont was announced in the Federal Register (FR 50, l?,
Jan. 17, 1985). A copy is attached in Appendix A of this

report.

Information on DGOI-100 was included in Section IV of
the waiver application submitted to EPA by Du Pont on July 115
1984. A copy of this section is attached as Appendix B of this

report.




Performance of DGOI-10Q0

The performance of DGOI-100 was established in an exten- .
sive series of bench and vehicle tests. The bench tests
consisted of exposing specimens of metals found in automotive
fuel systems to various gasoline-alcohol fuels for three months -
at elevated temperature. Vehicle studies included 50,000-mile
tests on a group of six cars followed by complete inspections
of the vehicle fuel systems at the end of each test.

DGOI-100 was effective in controlling corrosion in both
laboratory bench tests and vehicle durability tests. Specimens
of eight different metals including terneplate, die cast aluminum
and steel showed no evidence of corrosive attack in accelerated
laboratory storage tests. Metallic fuel system parts including
carburetor assemblies, fuel lines and gasoline tanks were in
excellent condition at the end of 50,000 mile durability tests.

Laboratory Bench Tests

A series of laboratory corrosion tests were carried out
using the metals found in automotive fuel systems. Standard
test coupons described in Tables 2 and 3 were used.

One set of short-term tests was carried out using a
number of different test fuels, all containing 41.3 mg/L DGOI-
100. The NACE Rust Test, TM-01-72, used by pipelines and others
to monitor the corrosive tendencies of petroleum products, was
used. While this test method was specifically developed for
use with mild steel, the substitution of other metallic speci-
mens is possible with weight change and surface inspections
being used to assess any efcfects of the fuel.

As shown in Table 4, the change in coupon weight was very
small with the maximum observed effect being within the expected
variability of the test method. The specimen surfaces showed
no evidence of corrosive attack. The copper specimen showed a
change in color as expected in view of the anticipated passiv-
ating effect of the DGOI-100.

A set of long-cerm exposure tests was carried out involv-
ing storage of the metal specimens for 12 weeks at 11l0°F. Six
different fuels all containing 41.3 mg/L DGOI-100 were used in
this test program in order to . over the various alcohols being
considered as cosolvents for the methanol. Actually, three sets
of samples were employed in order to make weight measurements
and surface examinations at 4, 8, and 12 weeks. Seventy-five
percent of the fuel was changed weekly to simulate motorist
practice.

: .




The storage temperature was l11l0°F in order to accelerate
any deterioration effects. In other fuel stability studies,
one week of storage at 1l1l0°F is considered equivalent to 7 weeks
at ambient conditions. Obviously, the elevated temperature
accelerates the oxidation reactions yielding species which can
cause corrosion. In order to provide effective corrosion pro-
tection, it is necessary to deactivate corrosive species initially
present as well as provide fuel stabilization to prevent formation
of additional reactants.

Weight changes of the eight metal specimens stored for 12
weeks at 110°F were small ranging from a 2.7 mg loss to a 3.6 mg
gain. The copper coupons exhibited a consistent weight change
for all fuels including the nonalcohol gasoline. Terneplate,

a metal used widely in automotive fuel systems, exhibited cnly

a very small change. The maximum change in coupon weight for
terneplate was equivalent to a corrosion rate of 0.004 mils/year.
Based on the initial plating thickness, this coating would last
for 100 years. None of the coupons showed any deterioration.

No pitting was observed on any of the coupons. Except for the
color change of the copper coupons, appearance of the coupons

at 12 weeks was equivalent to that at the start of the test.
After 12 weeks of storage, all of the fuels were clear and free
of precipitate. Test results are in Table 5.

In another set of tests, gasoline-alcohol fuels containing
41.3 mg/L DGOI-100 were stored for 12 weeks at 11l0°F without fuel
replacement. When these fuels were tested in the NACE TM-01-72
test method, none of the fuels were corrosive to mild steel and
all had good oxidative stability. Test results are given in
Table 6.

In a complementary set of tests, the effectiveness of
DGOI-100 in controlling corrosicn was determined in comparison
tests of (a) gasoline, (b) gasoline containing alcohols, and
(c) gasoline containing alcohols and DGOI-100. These fuels were
stored for 12 weeks at 110°F without fuel replacement. When
these fuels were tested in the TM~01-72 test method, the fuel
containing DGOI-100 was not corrosive, whereas the two control
fuels were corrosive as shown in Table 7.

Corrosion tests also were conducted with two-phase systems.
This was done to simulate the situation that might occur in the
event a gasoline-alcohol blend is contacted by excessive amounts
of water. The test involved storing eight metals -- found in
automotive systems ~- in a gasoline-alcohol fuel blend to which
was added excess water. The excess water was sufficient to form
a substantial lower phase. The metal specimens were stored in
this two-phase system at 110°F (38°C) for one month. The elevated
temperature served to accelerate the corrosive activity. The
one-month storage was very severe since this test is typically
run for only 24 hours. Table 8 describes the appearance of
the test specimens and illustrates the excellent corrosion
protection provided by Du Pont DGOI-100.




50,000 Mile Vehicle Tests

No fuel-related vehicle durability problems were observed
in 50,000 mile tests of gasoline-alcohol fuel and nonalcohol .
fuel, both containing 41.3 mg/L DGOI-100. This performance is
reflective of the outstanding ability of DGOI-100 in maintaining
fuel system components in top operating condition. Three car .
makes -- 1983 Chevrolet Malibu, V-6, 3.8L; 1983 Ford Fairmont,
L-4, 2.3L; and 1979 Dodge Aspen, L-6, 3.7L -- were operated on
the test fuels. One of each make was driven on gasoline-alcohol
fuel and one each on nonalcohol gasoline.

Critical fuel system parts were inspected at the end of
the 50,000 mile tests and were found to be in excellent condition.
These parts are identified in Table 9. Fuel pump and fuel filter
flow performances were within specification and showed no abnor-
mality. Compression pressures and lube 0il analyses showed no
evidence of unusual engine wear.

At the end of the test, a special set of tests carried out
using new catalytic converters confirmed that no adverse effects
on engine performance had occurred during the 50,000 miles.
Exhaust emissions at 50,000 miles were equivalent to those
measured at 0 miles for all six cars indicating no significant
differences in carburetor metering characteristics. The exhaust
emission results are reported in Table 10.

All of the fuels used in this test program contained DGOI-100
and therefore comparisons with nonadditive fuels could not be made.
The fact that the vehicle performance was maintained in the "as-new"
condition is all that could have been expected and this attests
to the value of the product.

Several observations were made which indicated that DGOI-100
has the ability to passivate active corrosion sites. One of the
fuel tanks apparently had been manufactured with an insufficient
layer of terneplate on one portion of the tank. Small protrusions
of steel were passivated by DGOI-100 so that no pitting, corrosion,
or intergranular attack occurred. Analyses of these passivated
areas indicated the presence of an iron complex of the corrosion
inhibitor product.

A second indication of surface passivation by the corrosion
inhibitor involved the fuel lines of several of the vehicles.
Apparently, air oxidation of the fuel line interiors occurred
while the lines were stored before installation on the cars.
Metallographic examinations indicated the oxidation surface to
be typical of that resulting from moist air conditions rather than
being from agqueous liquid phase corrosion. This oxidation was
arrested by the corrosion inhibitor and no pitting or liquid
phase oxidation rusting was observed.




Laboratory Engine Tests

DGOI-100 has been found effective in keeping carburetors
clean as reflected by tests conducted in the CRC Carburetor
Cleanliness Test. Results in Table 11 show DGOI-100 is effective
in reducing the weight of deposit formed in the carburetor as
well as improving the appearance of the carburetor. As shown
in Table 11, the presence of alcohol reduces carburetor cleanli-
ness, but DGOI-100 in the gasoline-alcohol fuel overcomes the
degradation. The additional use of 9.4 mg/L of DMA-53 gave even
better carburetor performance.




DGOI-100
CORROSION INHIBITOR

DGOI-100 . . . Under provisions
of the gasoline-alcohol fuel

waiver granted by EPA to Du Pont

on January 10, 1985, DGOI-100
at 41.3 mg/L is required in
waivered fuels. The perform-
ance and effectiveness of
DGOI-100 were established in
laboratory and vehicle tests

as cited in the waiver applica-
tion.

Petroleum Chemicals
Wilmington, DE 19898

TAP/eaa
1/22/85

Table 1

DGOI-10C

APPLICATION -~ Provides antiruyst, sta-
bility and detergency properties for
gasoline/oxygenate blends.

CONCENTRATION - 14.5 1b/1000 bbl
(41.3 mg/L) in finished gasoline/oxygenate
blends.

PROPERTIES - (Typical)
Physical Form Clear, brown liquid
Specific Gravity, 60/60F (16/16C) 0.94
Density, 60F (16C), lb/gal 7.85
Flash Point, PMOC 78F (26C)
Ash Content, wt & 0.02
Solubility in Hydrocarbons miscible
Viscosity: ature SUS cSt
OF (-18C) 8176 1776
3Zr ( 0C) 1453 315
100F ( 38C) 142 30

PRECAUTIONS IN HANDLING - Danger!
Causes burns (as defined by D.O.T. Skin
Corrosivity Test). Flammable liquid.
May cause allergic skin reaction. Con-
tains methanol and may be fatal or cause
blindness if swallowed. Vapor harmful.
Cannot be made non-poisonous. Do not get
in eyes, on skin, on clothing. Avoid
breathing vapor. Keep container closed.
Use with adequate ventilation. Wash
thoroughly after handling. Keep away
from heat, sparks and flame.

In case of fire, use water spray, foam,
dry chemical or co,.

FIRST AID -~ In case of contact, immedi-
ately flush eyes or skin with plenty of
water for at least 15 minutes while remov-
ing clothing and shoes. Call a physician.
Wash clothing before reuse.




Coupons

Terpeplate

Tin Plate

Cadmniuz Plate

2inc Pot Metal 903

Admiralty Brass

Copper

Alunioun Alloy 309

Steel - 1010 Grade

- 159 -

METAL TEST SPECIMENS

Specimens Obtained from the Meta-Spec Company

Length  Width

2

Inches
Thickness
0.5 0.030
0.5 0.010
0.5 0.040
0.5 0.125
0.5 0.0625
0.5 0.0625
0.5 0.125
0.5 0.0625

Table 2
Mils GCrams
Plating
Thickness  Weight
0.4 Nomipal 3.¢

0.015 Nominal 1.2

3.0 Minizum 7.8
-_— 13.3
-— 8.6
-— 8.4
— 5.8
— 7.4




Terneplate

Tin Plate

Cadmiun Plate

Zi{ne Pot Metal

Adniralty Brass

Copper

Aluwmiom

Steel
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Table 3

METAL SPECIMEN ANALYSES

Weight Percent

Hot-Dipped Terne Sheet on SAE 1010 Steel .
Pd Sn S B Cu Fe
90 9.2 0.3 Trace 0.02 Trace
Electrolytic-Coated Tin Plate on SAE 1010 Steel
Sn P s
99.9 0.006 0.03
Electrodeposited Cadnium Plate on SAE 1010 Steel
cd Ag Cu Pb Sa Zn Other Remaining
$9.9 0.016 0.01 0.02 0.01 0.03
Zipc Base Die Cast Alloy Zimsk 3
Zan Al Mg Cu Pb cd
95.96 3.9 0.04 0.10 Trace Trace
Admiralty Brass CDA 443
Cu So ) 4] Te As Zn
71.20 1.17 0.01 0.01 0.07 Remaining

Copper Alloy 110 Electrolytic

Cu Ag
99.90 Resaining

Alunious Foundry Alloy SAE 329
Al Cu Fe Mg Mn N4 sS4 Ts 2a
87.60 3.0 0.70 0.21 0.70 0.40 6.1 0.20 1.0

Steel SAE 1010

Te c Ma 4 8
99.38 0.09 0.50 0.02 0.01
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Table 4
NACE RUST TEST RESULTS
“Fresh”™ Puels

All Fuels Contained 41.3 mg/L DGOI-100
Coupon Weight Change, mg

Nonalcohol S5 M+ SM+ M+ S M+ 5 M

Gasoline 2.5 MaA1l 4.2 MyAl 3.2 E 4.1 P 5.0 B

Terneplate -0.1, 0.0 -0.2 -0.1, -0.1 -0.2
-0-2 .0-3

Tin Plate 0.0, 0.0 0.0 +0.1, +0.1 +0.1
=-0.1 0.0

Cadaiuz Plate -0.1, =0.1 -0.1 +0.1, +0.1 0.0
-0-1 +0.1

Zinc Pot Het‘l -o.z. -001 -002 .OOz. -001 +001
0.0 - -0.2

Adniralty Brass -0.1, 0.0 0.0 0.0, ~0.1 0.0
-0.1 -0.1

Coppet -0-2, .002 .002 .003. .00‘ -0-1
0.0 -0.3

Die~Cast Alumimm 0.0. 0.0 =0.2 0.0. =0.1 +0.1
-0.1 -0.2

1010 Grade Steel =2.1, -0.1 -0.2 +0.1, 0.1 0.0
-0-2 -001

SM = ST methapol; 2.5MgAl = 2.5% mizture of ethanol (E),
propanols (P) and butanols (B), etc.




_ Table 5
FUEL STORAGE TESTS
110 7 - 12 Weeks
Replaced 75X of Puel Each Week
Coupon Weight Change, mg(1)

Nonalcohol 5 M+ M+ 5 M+ 5 M 5 M
Casoline 2.5 MpAl 4.2 M Al 3.2 E 4.1 P 5.0 3
Terneplate -0.10 -0.20 -0.25 0.00 -0.05 0.00
Tin Plate 0.00 +0.05 0.00 +0.10 +0.05 +0.10
Cadniuz Plate +0.05 -0.15 -0.35 -2.70 +0.20 -0.30
Zinc Pot Metal =0.30 -0.10 -0.10 0.00 +0.25 +3.€5
Adniralty Brass =0.10 «0.65 -0.60 -0.35 -0.15 -0.35
Copper -1.15 =-1.05 =1.40 -1.90 -0.95 =0.75
Die-Cast Aluninum +0.13 +0.10 0.00 +1.00 +0.25 +0.20
1010 Crade Steel +0.15 -0.10 -0.70 +0.05 +0.19 +0.20

(I)Average of Duplicate Determinations

o A1l fuels clear after 12 weeks

5M = ST methapol; 2.5M;Al = 2.5% mixture of ethanol (E),
propanols (P) and butanols (B), etc.




Table 6

STORAGE STABILITY OF TEST FUELS

Puels Containing 41.3 mg/L DGOI-100 Stored 12 Weeks e 110 (1)
No Fuel Exchsoge
No Test Specimens in Puel During Storage

Fuel Blende Performance After 12-Week Storaae
ASTM D525 ASTM
™-01-72 Induction Existent
Cosolvent NACE Period, Gum-Washed,
Base Casolipe MeOH, V2 Type vI Rust Rating Miputes(3) mg/100 ml(4)
High Aromatic -— -— -— p+4(2) 1440+ 1.1
High Aromatic 3 MgAl 2.5 AO 1440+ 1.7
High Aromatic 5 MgAl 4.2 A0 1440+ 1.7
High Aromatic L] Zthanol 3.2 A0 1440+ 2.9
High Aromatic 5 Propanol 4.1 AO 1440+ 3.0
Righ Aromatic 3 Butanol 5.0 AO 1440+ 1.3

(1) 1 Veek storage € 110 F 1s equivalent to 7 weeks € 80 F;
12 weeks @ 110 F is equivalent to 84 veeks (1.6 years) € 80 F

(2) Letter (B or A) represents qualitative rating; puber (4 or 0)
shows proporticn of test surface rusted

(3) A3TM D439 minimm = 240 miputes

(4) ASTM D439 maxiaum = S =mg/1U00 al
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EFFECT OF DGOI-100 ON THE CORROSION TENDENCY
OF FUELS STORED FOR_EXTENDED PERIODS

Puel Stored for 12 Weeks at 110°F
No Metal Coupons in Stored Fuels
NACE TM-01-72 Test Method (Steel)

NACE Rust Test Rating
Weeks €& 110°F: 0 4 12
Gasoline E (90) E (90) = (80)
Gasoline + 5M + 4.2MyAl B (5) C (30) D {60)
A {0) A (0) A (0)

Gasoline + SM + 4.2MxAl
+ 41.3 mg/L DGOI-100

( ) & Rust




Terneplate

Tia Plate

Cadriuz Plate

2inc Pot Metal

Adniralty Brass

Copper

Alunipum

1010 Grade Steel

STATIC TWO-PHASE CORROSION TEST OF
GASOLINE-ALCOHOL FUELS WITH ADDED WATER

—__——_—‘

(& Weeks Storage at 110°F)

PGOI-200 Cozc = 41.3 mg/L

Table 8

RC Phase Water Phase
Cont rol DGOI-100 Contzrel DG0I-100
Clear Clear ztche-d Clear
Clear Clear Lt Discolor Clear
Clear Clear Pitted Etched
Clesr Clear Pitted Etched
Lt Discolor Clear By Discolor Clear
Hvy Discolor Lt Discolor Etched Lt Discolor
Clecar Clear Etched Clear
Clear Clear Pitted Clear
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CRITICAL FUEL SYSTEM COMPONENTS
EXAMINED AT END OF 50,000-MILE DURABILITY TEST

CARBURETOR
Puel Bowl Surfaces
Float
Neeldle Tip
Accelerator Punp Seal

FUEL PUMP
Diaphragm
Check Valves
Seal

Internal Terneplate Surfaces

Gas line

Canister Vent Line
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EXHAUST PMISSION: WITH NEW CONVERTERS

Fuel: Indolene

Nonalcohol Gasoline start of Test - g/mi. _End of Test - g/mi.

cars ~BC _CO  _NO,  _HC __CO  _NOy
1983 Chevrolet 0.2 1.1 1.0 0.2 2.8 0.6
1983 rord - 0.3 2.9 1.1 0.2 0.4 0.9
1979 Dodge 0.6 7.2 1.3 0.5 6.8 1.4
Gasoline-Alcohol

Fuel Cars

1983 Chevrolet 0.3 1.6 0.8 0.2 0.2 0.8
1983 rord 0.4 1.9 1.2 0.4 1.7 0.8

1979 Deodge 0.9 18.2 1.1 1.6 26.1 1.0
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EVALUATION OF DGOI-100 IN THE

MODIFIED CRC CARBURETOR C

MODIFIED CRC CARBUREIOR LIBATDo"292 o—=

Base Fuel = Phillips J

Additive, mg/L

None
Alcohols (5M + 4.2MxAl)

Alcohols + 41.3 mg/L
DGOI-100

Alcohols + 41.3 mg/L
DGOI-100 + 9.4 mg/L
DMA-53

Table 11
LEANLINESS TEST
Deposit
Rating (10=Clean) Weight (mg)
6.7 16.6
5.0 21.8
6.9 4.6
7.7 0.8
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ENVIRONMENTAL PROTECTION
AGENCY

(FRL-2748-11

Fuels and Fuel Additives; Walver
Decision; E1. Du Pont de Nemours &
Co,inc.

AGExCY: Environmenta! Protection
Agency (EPA}

ACTION: Notice.

SUMMARY: Pursuant to section 211{f) of
the Clean Air Act, the Administrator of
EPA is canditionally granting an
applicstion for s fuel waiver involving,
methanol and cosolvent slcobols
submitted by E. L DuPon! de Ncmours &
Company. Inc. (DuPont).

- ADDRESSES: Copies of documents
relevant to this waiver spplication.
including the Administrator’s decision
document. are svailable for inspectioo
in public docke! EN-84-086 at the Central
Duchet Section (LE-131) of the
Environmental Protection Agency,
Sallery 1-West Tower. 401 M Street.
$Vv, Washington. D.C. 20480. (202) 382~
7:48. between the hours of 6:00 a.m. snd
400 P.M. As provided in40 CFR Part 2. 8
reasonable fee may be charged for
copying services.

FON FUP™~ER INFORMATION CONTACT:
Svivis 1 Corres. Attomncy-Advisor.
Fuels Branch, Field Operations and

Support Division (EN-397F). US. -
Environmental Protection Agency. 401 M
Street, SW, Waslnngton. D C 20480

(302} 382-2635. -

SUPPLEMENTARY IEOAMATION: Section - .

211(ft1) of the Clean Air Act (Act). 2
U.S.C. 7545{f)(1). generally pmhnbm the
introduction into commerce of cartain
new aztomotive fuels and feel additives.
Sectidh 211(1){4) of the Act provides that
the Administrstor of the EPA. upon
epplication by a fuel or fuel additive
manufacturer, may waive the
prohibitions estsblished under section
211{f) If the Administrator determines
that the spplicant hes established that
such fuel or fuel additives will not cause
sny vehicle to fail to meet applicable
emissioas st

‘'DuPoni has submitted a waiver
applicstion under section 211(f) of the
Act requesting thal EPA grast s waiver

-for introduction iato commerce of 8

gasoline-sicobol fuel The gusoline-
slcoho! fuel is composed of s maximum
of 3.7 weight percent fuel oxy mﬂh a
maximum of $.0 percent by
methano! and s minimum of 2.5 peroent
by volume cosolvent alcobol(s) with a
proprielary corrosion inhibitor, or its
equivalent. The cosolvent(s) is any cee
or 8 mixture of ethanol. s. or
butanols. including gasoline ’
tertiary butyl alcohol (GTBA). .

The waiver application that the
gasoline-slcobol fuel conform
American Society for Testing &
Materials (ASTM) D439, mcludu‘.&e
June 1984 proposed revision snd any
subsequent revisions. Sce & FR 31045
(August 9, 1854).

For reasons specified in the decision
document (svailable as described
above]. | heve decided to cond:tionally
grant DuPunt’s waiver applicetion
provided the gasoline-sicobol fuel is
produced in sccordance with an
evaporalive index (EI) volatility
standard and the corrosion inhibitor is
restricted to DuPont's DGOI-100.
Production of the fuel in accordance

vith only the ASTM D439 requirement
specified by DuPont would requise »
denis! of the application. This decision
is based on the determination that
DuPont has demonsirsted that the
gasoline-aicohol fuel. when used as
specified in the decision document, will
not cause or contribute to e failure of
sny 1975 or subsequent model year
vehicle or engine 10 comply with the
emission standards with respect to
which it was certified under sectior. Zu6
of the Act. Thus. the waiver request io
granted provided the following
conditions sre met:

(1) The final fue! consists of &
maximum of £0 volume percent

methanol. @ minimum of 2.5 volume
peroent cosolvent (ethanol. propanols.
GTBA. and/or butanols) in unleaded
gasoline:

{2) A maximum concentration of up lo
3.7 weight percent oxygen in the final
fuel is observed:

- {3} DuPont’s proprietary corrosion
inhibitor formulstion. DGOI-100. is
blended in the final fuel a1 413
milligrams per liter {mg/1):

{4) The final fuel meets ASTM D439~
&3 Standard Specifications for
Automotive Gasoline {s cop) of which is
in the Docket). with the qualification
that Test Method D323 for RVP be
replaced by the test method sttached
hereto as Appendix B:

{S) The finished gasoline:alcoho! fuel
mecets the Fuel volatility specifications of
the Evaporative Index as follows:
El=0.85 RVP +0.14 (percent evaporated
at 200" F)—0.32 {percent evaporated at
100° F). El is not to exceed 120 psi in
ASTM Class A areas. 129 psiin Class B
sreas. 13.1 psi in Class C areas. 14.6 psi
inClass D areas. and 150 psiin Class E
areas

(8) The final fuel must meet the
maximum tempersture for phase
separation as specified in Appendix C
using the test method for water
tolerance contained therein:

(7) The fuel manufacturer takes all
reasonable precautions 1o ensure that
the finished fuel is not used as a base
gesoline to which other oxygenated
materials are sdded:

{8) Specifications for alcohol purity
sttached to the decision document ss
Appendix D are met.

EPA has determined that this action
does not meet any of the criteria for
classification as 8 major rule under
Execulive Order 12291. Therefore. no
regulatory impact analysis is required.

“This sction is not s “rule” as defined
in the Regulatory Flexibility Act. §
U.S.C. 601(2). because EPA has not
published s Notice of Proposed
Rulemaking under the Administrative
Procedure Act. $ U.S.C. 553(b). or other
lsw. Therefore. EPA has not prupared a
supporting regulatory flexibility analysis
addressing the impact of this action on
small entities.

This is & final Agency action of -
nations! applicability. Jurisdiction 10
review this action lies exclusively in the
U.S. Court of Appeais fo- the D:strict of
Columbis Circuil. Under section
307(b)(1] of the Act. judicial review of
this action is svailable only by the filing
of a petition for review in the U.S Court
of Appesls for the District of Columbia
Circuit within 60 dsys of January 17,
1885. Under section 307(b)(2) of the Act.
today’s action may not be challenced

Iater in a separate judicial proceeding
brought by the Azency to enforce the
statutory prohibitions.

Deted januery 10. 1985.

Loe M. Thomas.

Acting Admunistrotor.

IFR Doc. 83-1351 Filed 1-16-85. 0.43 am)
BRLAC COOL $048-40-00
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SECTION IV

CORROSION INHIBITOR FORMULATION

A commercially available Du Pont corrosion inhibitor formulation, DGOI-100,
has been specified for use iy gasoline-glcohol fuels covered by this waiver
application. DGOI-100 is used at a concentration of 41.3 mg/liter in finishzd'
gasoline-alcohol fuels. A product sheet for DGOI-100 is included as Attaciment

Iv-lo

The performance 0of DGOI-100 was established in an extensive series of bench
and vehicle tests. The bench tests consisted of exposing specimens of metals
found in automotive fuel systems to various gasoline-alcohol fuels for three
months at elevated temperature. Apalytical inspection tests were carried out on
these specimens periodically throughout the test period. Vehicle studies included
50,000~mile tests on & group of six cars, followed by complete inmspection of the
vehicle fuel systems at the end of each test. Exhaust emissiop tests were
performed at the beginning and end of each test to establish the efficacy of the
corrosion inhibitor in helping to maintain the performance of the emission control
systems. In addition to these tests directed specifically to the corrosion
dnohibition characteristics of the fuel blends, a wide variety of bench tests as
wvell as a punber of sadditional vehicie tests were carried out to evaluate the

effect of the blends on elastomer and plastic materials.

Under the provisions of this waiver application, an equivalent corrosion
inhibitor formulation say be used in place of the Du Pont formulation. In order
to establish this equivalency, based oo present understanding of test methodology,

it would be necessary to carry out the same type of tests used to establish the




efficacy of the Du Pont product in the gasoline-alcohol compositions covered by
this vaiver application. These tests would include both bench and vehicle studies
conducted in connection with this waiver application. Perhaps st some future
date, ASTM or some other organization responsible for industry acceptance tests
will develop generally accepted corrosion performance standards for gasoline-

oxygenste vlends that can be used to qualify corrosion inhibitor formulatioms. At

present, such standards have not been established.
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INTRODUCTION

For lubrication and wear studies of methanol fuelled
direct injection diesel engines and to evaluate the perform-
ance of different crank case lubricating oils, the glow plug
2ssisted methanol engine was.selected. lubrication study
group of Englnes laboratory guggested that engine should be
capable of runming satisfactori’ly at high speed, high load
but with low coolent temperature. The coolent out let
temperature of 4o:2°c was suggested. The earlier optimiza=
tion work, related mostly to the rated speed and load conditions
as obtained with diesel i.e. 3.75 KW at 1500 rpm(1,2) Further

to increase the life of giow plug it 1s to be operated at a

low wattage.

EXPERIMENTAL SET UP/CONDXTIONS

Test engine specifications and the details of experi-
mental set up are given in an earlier report(1). A glow plug
adoptor for varying the glow plug projection in the cambustion
chamber was fabricated. (FIG.l1) A special glow plug{(FI3.2)
with built in thermocouple was used to measure the glow piug
tip temperature. The piezo eletric pressure transducer was

mountad flush with combustion chamber. The pressure time

history was continiously ocbserved on the oscilloscops.




It was desired that the engine load and speed for a
satisfactory operation of the engine are selected at a fix
valiee. of injector pop-off pressure, injection advance, glow
plug voltage and the coolent temperature as given in Table 1,
Test were conducted with two fuel injection pump elements of

7 nm (standard) and 8 mm dia.

TABLE 1
Coolent Temperature stz %%
Injector opening pressure 18.6 MPa,
Injection Advace 30° btdc
Glow plug voltage 11.5-12V (110-120W)

RESULTS AND DISCUSSICN

Intially experiments were conducted with 7.,C mm F.I.P.
element and 10.C mm glow plug projection. At 1600 rpm, 4.8 kW
out put engine was stable but fuel rack was set at its maximum
limit. Due to this governer operating became ineffective and it
was not possible to maintain engine load and speed conditions

stable for long pericd.

To overcome the fuel delivery limitations injection
pump element was changed to 8 mm dia. The results are given in -

'rbble =2 with different glow plug projections.

It is observed that brake specific energy comsumption

decreases and glow plug temperature increases with decrease in




glow plug projection, at a given glow plug energy. (110-120 Wj.
At 15 mm glow plug projection, 100 watt energy was not sufficieat
for a stable combustion and late combustion was observed even
at 4.8 Ki. It also means that to obtain an stable engine
operation a higher glow plug energy is required with increase
in the glow plug projection in the éombustion chamber. At 5.0
mm glow plug projection a minimum 4.2 KW outpat at 1600 rpm is
required for stable engine combustion. The glow plug tempera=-

L) A fus condiken
ture at this condition was 1005 + 3 C. BRex glow plug

temperature lower than 1000 °c ycombustion became unstable.

The brake energy specific consumption at 1600 rpm 4.2
KW is 11.6 MJ/KW-hr. which is comparable to diesel at .rated
load and speed. Engine operation was abserved over a period
of 2 hrs and periodic performance data is given in Table -3,
showing thereby that engine operation remains fairly stable at
glow plug energy of (110-120 W).

CONCLUSIONS
-The glow plug energy requirement decreases with decrease
in glow piug projection in to the combustion chamber.
=-For a fixed glow plug energy input and engine load,
the glow plug temperature increases with decrease in
glow plug projecticn
=The test engine should develop minimumn 4.2 KW at 1600
rpm for proper combustion at 110 W energy input to

glow plug. Por this 5 mm glow plug projection with 8.0

mm F.I.P. element dia is recommendeq,
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TABLE 2 EFFECT OF--GLOW -FLUG PROJECTION ON ENGINE

Fuel i1- IdYMethanol + 1X Caster oil EERFOIMANCE
Injection Advance:-:bo btd C. FUEL - DIESEL
Injector Opening Pressure-18.6 MPa. Injection advance - 27° btdc,

Injector Opening pressure =-18.6 MPa.

|

am——

eleme' KW. : spe- ' #lug '+ Plug Plug , plug, B.S.E«outlet) Temp st Temp

S.N.R.P.M I'P.I.P'B.HP ¢'Brake,'Glow '+ Glows'Glow ;‘Glofﬂet sfater 011 Exhau @Glow Plug ' Remarks
. . (]
' ‘ot cific! Proj : VoltiAMP ,Watt:C cemp. o temp, + o ‘
) « dia l ener !ect ,age . »age + MI/KW 1 o ' C |0 y © ,
‘ rmm rgy don v ! ,Watty=hr 1+ C v C
' -t : ’ COhBU.m mn : : ’ | : . ] ] ’
[ —_— ' . ptiont ' . | ' ‘ ‘ ' ' )
| METHANOL Loy
- 1. 1600 7.0 4.9 l1l.4 10 11,0 9,2 100 ll.6 40 60 490 1016 '
I‘- —
| Y 2. 1600 8.0 4.8 11.0 S 11,5 9.5 110 11.25 38 58 460 1030 >
‘ l )
‘ 3. 1600 8.0 4.8 11,5 10 11,5 9.5 110 11,80 38 62 490 1030
4. 1600 8,0 4.8 - 15 11,5 8.5 98 - 38 55 510 1000 Late combuation
. smoke
S« 1600 8.0 4.2 11.6 5 11.5 9.8 113 11,9 38 60 430 1007 Hartridge Unit/Bosch

- - Unit—B/O.B

6. 1600 {,9 4,2 12.80 10 11,5 9.5 110 13.1 36 62 505 988 + 15 rpm variation
DIESEL
1500 7.0 3.7 11.6 - - - - - 80 65 470 - Rated condition
Smoke Hartridge
Unit/

Bosch no-80/-5.5




TABLE -3 REPEATABILITY OF 5&ST

PUEL-METHANOL GLOW PLUG PROJECTION = 5.0 mm.
 INJECTION ADVANCE -30° btd.C.
INJECTOR OPENING PRESSURE -18.6 MPa

F.l.P+ ELEMENT DIA =8.,0 m...

H H . 0 [} '
S.NO.IR.P.M.'B.H.P.* Brake 'G.P. 'G.P. ‘'Slow ‘'Net |Water .01l \ Exhaust! Glow Plug
. : Kw * specifilVoltage'Current'’ Plug ‘'BsS.E.C'outlet Temp. Temp. ¢+ Temp.
' ' catti ' ' AMP i Wattage'MJ/Kw ‘temp, ' o - o
' [ . energy : | ' {=hr ¢ O ' C [ C ¢ C
: ! ' comsump, . ' . ' ' ' .
' . ‘ tionMj/Kw ' ' ' '
| ' . -:h‘ [ . . [ H ! | '
l. 1610 4.2 11,4 12.0 10.5 125 11.75 402 55 430 71029 '
7 2. 5608 4,2 11.3 12.0 10.5 125 11,64 4042 58 430 1016 ®
!
Q. 1600 4,0 11,9 12.25 10.6 130 12.25 4042 60 410 1016
4. 1600 4.2 11.3 12.0 10.5 125 11.64 40+2 62 420 1037
S. 1600 4.2 11.3 12.0 10.5 125 11.64 40+2 63 420 1038

6. 1600 4.2 11.4 12.0 10.5 125 11.75 40+ 65 425 1040
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1.0

2¢3

3.0

3.1

Q2J iChIVE:

Corrosion c¢ansral of @azine Fuel 3ystem metals/

=]
1
o
Y
D
)
[]
.-J

alloys i~ contact with methanol ana me

tlended gasoline.

1020000 0500;

the znoddic chzricter of dif.erent mez2ls was dester-
mined by usiag Bl:=ctroie Potential Meas aremznt metrod.
An Zlactro Chemical Three Point Met-od (TPil) introluced
by Barnartt (1,Z) hes peen qsed as tschnique for
compzrztive evaluation of different corrosion irhi-

bitors.

The stezdy state elactrode ootentizls of diferent
encine metals aud alloys in pmethzaol at 14°C vere
measured with respect O saturzted celomel glectrode
(3.3.2.) as a refreace elsctrode. The elecirolytic
~5.inection between S.C.E. 2ni metrznol is made Dy
1s5i~z matra:ol tridge W9 avsid contzzinzcicn of test

metrz 12l by chloride ions.

Ihree Point P larizatian Yetaod.
It rives corrosion rate of test ms.al i1 tze corrosive
meiiun 2t the time of measurement in terms of current

density. Tne mz2tn0od {avolv.s use oI trree electroies,




- 183 -

one of wiich is tae test electrode. CT2tn zic
serturbation potentials are applied to the test
electrode ia the segreace of -O 5, <2 AE and
-383 (wiere AE value is eitner 20 or 30 mv) and
the corrssdoniing sie iy stzte cur:eunt vzlues

flo-ing tiroarn the test electrode are mez.;ured.

The corrosion current densicy is
calcilzted from twe me2sured valuss of I -AZE,
I - 2AE a1d I-3AB 1sing wae follovirz eguztions(3)3-
corrasion curre~t Deasity IC (W& /cm2)

I

. —=fE
A (br, - 3r12)
wvhere I -34E
I-2L% 5 To T I -AE

"
and A is the area of test electrzde in Cm“.

The corrosinn curreat deisities of megal in tre
corrosiva medium are me:zsured for systems without

and wvith dilferent dosage levels of corrosion
inhizitors. The e ‘ectiveness of corrosicn inhiditor
{s eyoressed 2s the %272 e ficlency from the following

relationships- o
Inhitisor =fficizaey at a Ie "1

- —___c¢c! X 120
specific dosare level, °

Wrare Ic and Ic' are the corrosion current Deasitizs
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0" tie test me2z2l in the abseac: ani in the presence of

soecific dosare level of inhititor respectively.

Met@anol + 0,002 M Nacl
+ 1% Vol.%zter.

posD 1=DIW

Tempersz ture : 35 & 0.1°%C
Inkibicor tested 2 A, D) C.
Test Time s 2 dours.

L.0 ILEIZI- 545 SValUaizd

T ISIPOR As It is & clear, 3dark amber licuid

contziaine only C, E,O0 in its forualation.

Density @ 60°F (16°C) g/ml 0.93
Pour Point, °C -51
Flasz Point C(°F) 11 (3k)
As~ Content § Wt. 0.0
Soluzility in dyirseasrtons Completely miscitle.
Viscosity, Cst @
o°¢ 456
99°¢C 8

INEIZCTO2 Bs It is a elzzr ligaid of amine s21ts of

alkyl acii phrosodhzte.

NiIziTOn C: o Detzils ere 2velilzble,
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- - R T AT T AY
RelTLol Al wIsol32I0as

Steady state single electrode potentizl d=%2 given
in Table 1 indicated taat lead is sevarely 2%tzackzad
with mzthz-ol 2ni the trend for other metals viz.
alumianiun alloy, Zemzk, brass is oa lover sile. fhis
s-owed thst thass metals/alloys recuire orot:ction
~cainst corrosion wnel ased with m:-thznol. Dowaver,
the specimsns were fteken from engineés itself. ZFurther
stities were taksn 1p with difrereat types of
corrosion innicitors (a, =, C) at Zi . ereat coacen-
cration ievels ead ~ith iif:erent tast samdple asing
[zl POIMZ POL.oIZapfIQl hafdOD. The rasults

re given in T:tle 2., indicated t:.at in cz2se of

13

mili steel a2t lowver concenctration of inhibitor (20o2pm)
inhititor C stowed hicher eflicieacy (Fig.1). Howevar,
tie corrasion ieisity of mild steel and ¢9I72D3r are Vvery
cloce but brass nas a very hich value of 3.0064LA/CMZ.

Similz2rly, i1 case of krass, iahibitor C does ot rasilt

v

12 higher ianibivor ecficiency evaluzz2d at dif erent

concantrations. -

“"TT\'T

o \.éJ;\E :.'EO:C{E
Comparztive evalu=ctions of differeat corrosion in-

nititors will be doae with difrerent matal soescimen
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£

i

3]

asing “erent l:vals of iaribitors. <Iwo more

well oroien corrosion intibitors zre in tze orocess

of pracarsment from ii/s.J0JPO~T =714 similar worx will
oe done oa them. Besad ipon tae 12dOriiory exs:riance
fart-er stucizas will be carried »>ut 21 2 sirdgfe 2xgine
test bsieh ruming o7 90K methzndl fasl. The data
tius ob:ained will en29le to decize 2D01t the in-

nicitors to te us2d ia fisld st idizs.

1. serartt, 5., zlectrochem Acta, Vol. 15, P.1213 (1972)

2. 2apparst, S.. Corrosion, 27(11), ).u67 (1971).

3. Danielsoa, it.J. lorrosion, Vol 38, “o.ii; p 520(1932).
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1o} o
INHIBITOR=C
a
60
INMIBITOR - A
40 |
&
§
e
W
W
« 20 | 5
o INHIBITOR=
]
X
2
(o] ' s A 2
20 40 6o 80

INHIBITOR LEVEL , ppm

MLD STEEL W METHANOL HAVING 0-002M NoCl ‘& |vol.%
WATER (@ 35 + O1°C (THREE POINT POLARIZATION METHOD |
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1. OBJRCTIVE:

To study the wear and deposit foruwing characteristics
of Methanol fuelled Engine and compare the whole system
‘with that of gusoline.

2,0 IEST TECHNIQUE:

The test engine was modified (see Annex.3) and the

methanol fuel used was 90% Methanol + 10% gasoline.

The engine was fitted with new ccaponents before starting
the test and the ceasurements were taken. The now
components were run-in as per scheduel given in Appendix(I),
which is of 8 hrs duration and the folloving combinations

were used:

Gasoline fuel + 4% OIL A (see data sheet)

Methanol fuel ¢ 2.5% OIL C (see data shest)

After the completion of running-in pericd, the sngine
wvas opened and ring wear was taken for each test and
piston was observazd for seizure marks. The run-in
assembly was put back and following tests were run as

follows.

2.1 ¥Wear And Deposit Taal:
The test procedure is so devised thatl 1t can give indicative
results of oil, fuel behavicar. The test duration is
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completed as per schedule (Appendix I) of 22 hrs operation .
This was al gasoline run-in assambly and subsequently
switching cver to methanol fuel with different olls as

follows:

Gasoline fuel « 3%, O0il A
Methanol fuel + 2%, 0i1 B, C, and C + Additive v

2.2 Wear Apd Deposit Tests

After studying the engine and lubricant behaviour during
22 Wrs. eagine test, long durationm, 160 hou eyclic
test vere conducted. The main objective was to cleck
the two systems viz. gasoline and sethanol fuels. The
test were conducted as per cyclic test procedure given
in Appendix (I).,vith different fuels, oils as follows:-

gasoline fuel ¢ 3¢ Oil1 A

methanol fuel ¢ 1.5% (0il C ¢ Additive w)

3.0 BESULTS AND DISCUSSTON:

3.1 Mear and Daposit Test (22hrs.):

Comparative wear and deposit 22hrs test data indicated
that piston deposits in general are more with methanol
fuel. O0il B indicated cleaner piston skirt, under skirt,

S




- 193 -

ring land, as compared to oil C. The oil B, however,
resulted in the severe ring sticking, which shows that
it cannot be used for long duration studies. Oil B

also shoved some piston seizure »n antithrust side.

Piston ring wear during test is almost double with
methanol fusl using oil C (01l C ¢+ additive) as compared
to gmsoline. However, 0il C showed no ring sticking.
This proves that (011 C ¢ additive") at lower concen-

tration can be used for long duration studies.

3.2 The test result data given in table 2 (after 160hrs.)
indicated that methanol engine has given more piston

sxirt, under skirt deposits, top ring and cylinder wear.
However, methanol fuel operation has reduced the piston
Under crown, exhaust port blocking considerably. The
effect of engine operating duration on top ring wear shown
in Fig (1) indicated that the running-in wear and test
wear 1s higher with methanol fuel operation and needs to be
improved. On the other hand methanol fuel operation
results in lower port deposits to gasoline fuel operation.
The higher power drop in the case of methanol was
attributed to a favlt in the spark plug.
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After changing the spark plug the full pover was
restored. The power developed by the engine when
ruming on methanol fuel during the entire operation
wvas satisfactory.

4.0 CONCLUSIONS:

4.1 Oil B resulted in Ting sticking and therefore
cannot be used for field applicatioms.

4.2 Methanol fuel operation with oil C and Oil C +
additive v showed no ring sticking. The top ring
wear was almost double with methanol fue! as compared
to gasoline fuel.

%.3 Methanol fuel operation reduced the exhaust port
blocking, which may help in reducing the pover loss of
engine,

ssp3es
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Results of Wear And Deposit Test (22 hrs)

PARAMETER GASOLINE + | 90 M + LOG + 2% ‘Remarks |METHOD
3% OIL A ! OIL B(castor) OIL ¢ (59770) joL ¢ + ' |
‘ o — '_AMdaitivew! S R
Piston Skirt 8.11 " 7.45 6.12 5.73 IP 247/69
Pis%on under Skirt 9.75 8.72 6.0 7.75 "
Piston under Crown 3,33 0 o] 0 , "
Crown Qutting 10 10 10 10 "
Ring Sticking, Ist 10 7, 10 1o "
and 10 9 10 10
Ring Grove Deposi:s
Ist O o] 0.69 o] »
2nd 1.94 0 o 0 g
***** Ring Grove Fliiing, ¥
% Ist - 18.0 10.45 13.35 v
2nd - 2¢3 4.0 Se2
Ring Land(Lacquer) 2.91 0.325 o) o] "
Ring Wear, mg Ist 7.6 8.9 14.7 13.3 Wt. Loss
2nd 3.8 3.0 9.8 6.7
Piston Sezure 10 9.92 1o 10

Ring Wear during
running-In, mg
Ist 18.9 28,0 20.9 23.4

2nd 13.7 25.7 21,2 25.1
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TABLE 2
Results of Wear And Deposit Test(160 hrs)
PARAMETERS GASOLINE (90 M + 10G) METHANOL
+ FUEL +
3% OIL A 1.5 % OIL C Additive W

Piston Skirt 6.48 5.74
Piston under skirt 8.76 3.15
Piston under Crown ' 0.73 4.63
Crown Cutting 10 10
Ring Sticking

Ist 9.5 10

IInd 10 10
Ring Grove Deposits )

Ist 0] Je2

IInd 0 o
Ring Grove Filling % )

Ist - -

IInd - 11
Ring Land(Lacquer) 0 0.59
Exhaust Part Blocking, 31.78 _ Nil

% area.
Maximum Power Drop % 6.10 13.66*
No.of Spark plug fouled. 2 Nil
Ring wWear, mg

Ist 12,64 36.9

IInd 25.2 23,2
Avg. Cylinder Wear,mm, 0.008 0.014

Wear during running
Lo mg

Ist 20.6 43,9

IInd 21.2 26.4

* Thys Pewer drop is caused due to spark plug prcblem.
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API'ENDIX I
a) Running -In Schedulet

. DURATION <= 6 Hourse.
SPEFD , R.P.M POWER DURATION TRANSMISSION
ENGLI'E BRAKE H.P. K.W. MINUTES
Idling - - - 30 Neutral
(1009) A
2000 - - - 30 "
3000 635 0.35 0,25 60 Top Gear
3500 740 1.25 0.92 60 »
4000 845 2.4 1.77 60 "
4000 845 2.8 2.06 60 »
4500 950 3.5 2.58 60 -
4500 950 4.0 2.94 60 .
4500 950 FULL THROTILE 60 "

b) Wear And Depo Test:

Duration - 22 Hours.
Stabiiization Period
3500 740 2.3 1.65 60 Top
Test Cycles
3500 740 2.3 1.65 60 Top
4000 845 3.4 2.54 90 "
2000 - - - 30 Neutral
(Idiing)

Ilepeat 7 test Cycle in order to complete 22 hrs. of

Engine operationm.
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C) Wear And Deposit Test: DURATION 160 hrs.
SPEED , ReF.M. POWER DUATION TXANSMISSION
ENGIN: BRAKE H.F KW, MINUTES .
Idiing - - 2 Neutrai
1500 125 No Load 2 Ist
2500 335 “ 3 2nd
4000 845 - 3 Tep
4500 950 NCIE POWER 180 Top
AT W..0.T
3500 740 2.3 1.65 120 -
3200 635 No Load 110 g
1000 - - - 30 Ne. tral
(Id1iing)
Shut Down - - - 30 -

Repeat 20 Lycles in order to complete 1600hours of

Engine operatione.




- 199 -

B RUNNING-IN ON GASOLINE (8 HOURS)
B rumviNG-IN ON METHANOL (8 HOURS)
[] casoune Test
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APPENDIX Q

Ret Methanol Engine oils from LUBRIZOL
1. 4-Stroke Engine Oils.

1.1 The additive package used is 0S 66 839.
Typical analytical data are

Sulfated Ash % wte 6.71
Zinc %X wt. 0.71
Phosphorus %X wt. 0.64
Calcium % wte 1.71
TBN 45.0
Specific Gravity ' 096
visc at 100°C, cSt 210

1.2 The additive package OS 66 &9 A is giving the same
analytical data. It is composed of components, which
could be produced later at LIL-Borbay, if sales volume

justifies the action.

1.3 Typical SAE 10W/30 engine oils successfully tested in
the modified methanol Ford vD-Test (2.3 engine) are
composed of
21.0 % wt. OS 66 89

+ 2.5% wt. 12 73 22

X
X
X
X
§ = 0S 59 567
X

in base stock 130 Neutral

1.4 The analytical data of 08 59 567 are

Sulfated Ash % wt. 1.41
Zinc % wte. 0.15
Phosphorus % wt. 0.13

Calcium % wte 0.36
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TBN 9.3
Specific Gravity C.89
visc at 100°C cSt 11.2
CCS at «20°C cP 33.0

1.5 A typical SAE 20W/40 methanol engine oil based on the
additive package OS 66 &9 would contain:
21 % wt. 0OS 66 89

X
in base stock from Indian 0il Co. }
= 0S 70336
60 % vol 150 Neutral X
40 % vol 600 Neutral §
1.6 The analytical data of 0S 70 336 are
Sulfated Ash % wt. 1.4
Zinc % wt. 0.15
Phosphorus % wt. 0.13
Calcium % wte 0.36
TBN 8.5
visc at 100°C cSt 15.6
CCS at =10°C cP 3150

2. Two-strnke Engine dil

2.1 The ashless two-stroke Engine 0il 0S 59 770 is fully
mixable with neat methanol.

2.2 The base stock of 0S8 59 770 is a synthetic material
(Polyglycol). This oil should be used at

50 s 1
in neat methanol fuel.

The typical viscosity data zre
Visc at 100°C 22.07 cSt.
visc at 40°C 139.9 c8t.
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APPENDIX 1G

Indian Institute of Petroleum
(Engines laboratory)
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glovw plug assisted pure methanol fuelled Kirloskar-
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Report No. £L0685 May 1985

Report by

A.K. Gondal
P.C. Nautiyal
H.C. WOlff

Approved by




1.0 INTRODUCTION

2.0
2.1

Tiis work was carried out on a Kirloskar AVl engine

to study the lubrication requirements of a methanol
engine. The cylinder head of the engine was modified
and optimised as described elsewhere® so as to fit a
glow plug for methanol combustion. A number of

studies have sucgested that the current tests used

to define lubricant quality need modifications to
adequately define lubcicant needs when methanol is
used as primary fuel. The major deficiency of existing
lubricants is reported as the control of cylinder bore
and piston rin¢g wear. Particularly, the low temperature
conditions have been found to aggrevate this problem.
In order to study the lubrication and wear phenomenon
in methanol engine, the work was plzuned in two phases.
The first phase comprised of long duration tests to
study lubricant degradation, deposit formation and
engine component wear. The second phase of work con-
sisted of the top chrome plated ring wear study using

Radiotracer technique.

INSTALLATION OF TEST BENCH AND OPTIMISATION OF ENGINE

Installation of test bench
The test bench already installed was checked for long

duration tests. The pyromet:zrs and temperature indicators

* See appendix 6.




were calibrated upto their full range using millivolt
feeder and subseqQuently checked by heating oil. The water
brake dynamometer was also calibrated statically as per
manufacture's procedure. The calibration was cross-
checked by running engine as diesel under rated con-
ditions. This engine test showerd that the system was
satisfactery for beginning the testing of lubricants.
However, further improvements & the measuring equiprent,
particularly, the brake, are redquired to improve the '
test repeatability.

The existing tank of 20 litres capacity was found unsuit-
able taking into account the high volumetric consumption
of methanol. A 40 litre capacity was installed taking
also into account the loug term tests. Diring trial runs
on methanol, problems were faced due to fonnétion of
methanol vapours in the fuel system. This was attributed
to heating of injection pump and fuel lines. The problem
was, however, not faced during actual tests because the
fuel supply point was raised 2 m above the engine test

stand.

Selection of Operating Conditions
On the basis of available literature and experience of

running similar tests, it was decided to run tests
reflecting severe conditions so as to reduce the test
duration as w:ll as get discernible data from different

\ests. Problem: were faced during initial runs on the




modified cylinder head for methanol operation as

follows:

1) For engine condition as planned for tests, the
wattage requirement of glow plug was higher than
its rated capacity resulting thereby in frequent
fdlures.

2) The glow plug location was such that its seat
and the injector hole in cylinder head were very
close, which resulted in breakdown of the inter-
mediate wall during operation.

3) The glow plug was not easily replaceable.

These problems were subsequently solved by incorporating
suitable modifications and testing the engine under a set
of operating conditions, adptimising it based on combustion
pressure time data and employing a specially designed glow
plug with built in themocouple. Keeping in view the above
parameters, a 50 hour test wes devised as described in

Table 1.

PUEL & OIL ANALYSIS

The methanol samples taken fmm the barrel as well as

the injection pump were analysed for presence of A} and

Fe. This was intended to give indicationa as to the

type of metal impurities resulcing from corrosion which

may be ingested by the engine and could be detrimental

for the engine during the tests. The lubricating oil is plannec
to be analysed for physico chemical properties, wear metals
and presence of functional groups as soon as the

analytical facilities are working accordingly.




4.0

0il samples in the 50 hours tests were drawn periodically
at an interval of 10 hours and analysed for viscosity,
wear metals and neutralisation value. The samples were
taken by draining first 200 cc of oil from the crankcase,
then collecting 10C cc sample from the engine:; adding
100 cc fresh oil to the 200 cc drained oil and trans-
fering it back to the engine. This sampling procedure
was standardised for all the tests to have a uniform

sampling procedure.

RING WEAR STUDIES ON METHANOL ENGINES
USING RADIOTRACER TEST METHOD

The lubrication and wear studies carried out during
phase I on methanol engine showed performance of
various lubricants with diesel and methanol engines

in respect of deposits, wear of components and lubri-
cant degradation. The radiotracer wear tests were
planned to study closely the top piston ring wear of
direct, bifuel and methanol engines using different
lubricating oils. This was done as the top piston ring
wear reflects interaction between engine fuel quality
and lubricant performance, Purther these tests have a
more reliable assessment of variables as the tests can be
done on the sama assemply without involving dissassembly
and rebuilding thereby resulting in accurate wear
determination. A pressure pick up will be installed in
the cylinder head as a means to control the engine

combustion closely. The details of the tests planned
are given in TableIIEIt is hoped that the analysis of




long duration test reeults and the radiotracer wear

tests will enable to qualify a lubricant formalation

compatible for methanol engines.

Test Schedule

a) Running in: The running-in of the ring/liner will
be done for a duration of 10 hours as per following

scnedule:
i) 1dling - one hour
ii) bart Ioad - four hours
iii) Full load - five hours .

b) Tests : Tests will be carried out as given in Table II.
The engine conditions that will be maintained during

the tests are :

Speed - 1600 rpm

Ioad - 6.6 bhp

W .Temperature - 40°%

0il temperature ~ 70°C, as observed.

In addition, a reference test of 8 hours dQuration on
diesel fuel and Type TII Iubricant will be carried out
at the beginning and end of the experiments for a

comparacive aralysis.
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5.0 RESULTS & DISCUSSIONS

The results of ring wear after the 50 hr test are
presented in Table V & Figure 1. ¥From the Figure, it can
be seen that with running time, the total wear of the rings
increases for each assembly, whereas the top ring wear
shows 2 different trend. The top ring wear seems to be more '’
a function of fuel and lubricant combination for a given
test. The increase in wear of piston rings with subsequent
tests on an assembly is attributed to the fact that after
each test, the engine is reassembled, thereby di sturbing
the conformability of rubbing surfaces which results in
higher initial wear for each test. This can also be

confirmed from results of the wear metal analysis.

This would need a correction factor to be applied
to the wear results of subsequent tests before drawing

any inferences.

As such, it can be seen from the top ring wear data

that lubricants compatible with methanol do not necessarily

Tcrfov-m well with diesel and vica versa. However, the compatible
lubricant fuel combinations give comparative wear performn-
ance. This shows that the lubricants tested on a methanol
engine under the severe running schedule(lew water jacket
temperatures, high loads) will perform equally well when
compared with their diesel counterpatt. Further, it can
be seen that the two methanol compatible lubricants

$222A' and 'LZ' give comparable results.




TEST CONDITIONS

DURATION 50 HOURS
SPEED 1600 rpm
LOAD 6.6 B.HPo

WJ o TEMPERATURE 40°C + 2¢C

BeS<E.Ce. MEK'HANOL) 11.6 HT/KN-hr
Be.S.E.C. (DIESEL) 11.6 MJ/KW-hr

GloW PLUG TEMPERATURE 1010°C + 3

TABLE II

TEST SCHEDULE

SN Asserbly = Test No. Fuel Inbricant
1 D1 ist Diesel Type 11
2 D2 ist Diesel Type 1I
3 D3 1st Diesel Type IIl
4 D4 ist Methanol Type IIIX
S D3 2nd Methanol 222a

6 D2 2nd Methanol 1z

7 D3 3rd Diesel 222a

8 D4 2nd Metnancl 1z

9 D3 4th Diesel 12

10 D4 3rd Methanol 222a

11 D5 ist Methanol 12

12 DS 2nd Methanol Type 111
13 D5 3rd Diesel 12
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Ring Wear Dyring running in
R Loss(mg,)
S.No. Assembly Ist IInd IIXrd IVth
i. DY/ 92,0 72.6 47.7 20.1
2. D2 10.8 19 .6 16.2 17.7
3. D3 8.2 9,7 10.9 10.3
4. D4 26.2 28.4 26 .0 2545
s. DS 26,0 34.8 27.8 18.4




Ri Wear D

S.No. Assembly/Test. Pigton — Ripg Wear (mq) _ —
I _Ir 11T IV
1. D11 186 49 55.5 21.4 3249
2. D2/1 42.0 29.3 22.3 25.6
3. D2/2 113.0 41.7 27.5 31.4
4. D3/1 ' 25.4 19.1 16.9 12.8
5. D3/2 27.1 44.8 30.0 33.2
6. D3/3 54,1 45.1 2.1 32.0
7. D3/4 6240 81.5 47.8 47.4
8. D4/l 47.5 19.9 - 11,2 14.7
9. D4/2 35.0 2945 17.1 27.2
10. D4/3 43.1 41.3 22.8 32.0
11. D5/1 2949 49.3 2247 48,7
12. Ds/2 60.2 52.6 34.6 53.1

13. Ds5/3 121.1 41.9 5.3 37.1




RING WEAR , MILLIGRAMS —>

2604

260-

240-
220~
200
430+
160~

120 1
100

—— D3

|

D4

o Y

O ToTAL
TOP RINE

~—D§—

NN

- t1¢ -

1 2

FI1G.1 RING

4

WELAR DATA

o AN



TABLe W

—— —— e — — ——p———

~Piaton Ring Gigarangec. .
Ring ___Gap _{rym) Side _ Cliearance Lom)

8.0, Assambie/

‘Tast Before_ Teat . . __Aftar .
by T .iX IV 1 IT__IIT_IV I 11X 1V

1. A 0435 0,50 0,45 0,50 0.07 0.04 0.06 0,05
2. b2/ 0.38 0.38 0.40 0.40 0,40 0.45 0,45 0,50 0,04 0,C4 0.05 0.05
3. D2/2 0.40 0,50 0.50 0,50

4. b1 0.35 0.35 0,35 0,35 0,38 0,40 0.40 0,40 0,04 0,03 0,05 0.04
S. U3/2 0.40 0,42 O.44 0.45

6. D3/3

7. D4

8. D4/l ©e38 0.45 0,40 G.50 0,40 0.45 0.40 0,50 985 0,04 0.05 0,04
9. D4/2

10. ba/3 0.42 0,47 0,40 0,80 0,42 0,50 0445 0.85

1i. D5/1 0.35 0.3 0.35 3.35 0,40 0.45 0.45 0,50 0.04 0.04 0.04 0,04
12. D5/2

13. DS/3

Bafora Test _ __ _ After et
I 11 111 . 1v

0.,05 0,04 0.05 ).04
0,08 0,05 0,05 0,05

.05 0,04 0,05 0,04

0.05 0,04 0.05 0,08

0.M"6 0.05 0,05 0,08

0.05 0,05 0.04 0.04




Neutralisation Valve of Of1r

A Hour Interv
S. No. Assembly/ T. B. N. T. A« N.
Test
10 20 K o) 40 50 |O 10 20 30 40 sC
1. D1/1 4,25 .1.80 1.50 1.45 1.02 0.,80/1.08 0,99 1.10 1.12 1.19 1.39
2. D2/1 4.25 1,82 1.34 1.0 1.24 -1.02 1,08 1,16 1.29 1.44 1.45 1.43
3. D2/2 6.2]1 2,96 2.86 2.43 2.45 2.77 |2.49 2.24 1,96 2.07 2.08
4. D3/1 5.40 3.62 2.47 2.19 1.99 1.80{1.31 1.49 1,25 1.31 1.31 1.43
5. D3/2 8.20 8,07 7.60 6.62 6,37 6,12 2.59 2.76 2.81 2.78 3.18
6. D3/3 8420 6423 2.73 2.53 2.01 2.01 2.59 2.69 2.69 3.20 2.90
7. D3/4 6.21 1.81 2,49 2.88
8. D4/1 540 5.62 4.99 4.75 4.37 4.24 El.31 1,47 1.41 1.43 1.48 1.52
9. D4a/2 6.21 3042 2,49 2.50
1C. D4/3 8.2 3.51 |2.49 3.42
11, D5/1 6.21
12, D5/2
13. D5/3




TABLE Vil ;7
Wwear Metal Analysis of Oil
Drained gt 10 Hourg Intervalg
S .No. Assembly/ Fe (PPM) AL (FPM) nr (PPM)
Test

0 10 20 X0 40 50 0102030405001020304050'

»’

1. D11

2. D2/1 23 50 64 71 72

3, D2/2 40 40 45 55 180 25
4, D3/1

s. D3/2 30 40 40 50 50 50 50 50 S0 50 50
6. D3/3

7. D3/4

8. D4/1

9. D4/2

10. D4/3

11. Ds/1

12, D5/2 )

13. D5/3
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Angine Details

l.

2.

3.

4.

5,

6.

7.

9.

10.

11,

No. of Cylinder
Rated Power
Rated Speed
Bore

stroke

Swept Voiume

Compression ratio

Injection releasepreasure
(diesel) '

Injection release pressure
(methanol)

Pump plunger dia (diesel)

Pump plunger d&ia(meth.)

5 bhp

1500 rpm

80 mm

110 mm

553 cd.

16.5

2800 psi
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TESTS ON KIRLOSKAR AV1 ENGINE TO EVALUATE
PERFORMANCE OF LUBRICANTS WITE METHAMNOL

Reported by A.K. Gondal
PREPARATION OF ENGINE:

The following measurements and testings were done
before starting test on a new piston ring liner assembly:

Infector Opening Pressure.
Cylirder liner measurements.

surface rouchness: The cylinder liner roughness was

between 50 and 100 micron as checked on thrust and anti-
thrust sides at distances of 15 mm and 45 mm from top.

Measurements: The diametric measurements were taken on

thrust /antithrust side and at right angles to it at the
distances of 15 mm, 45 mm, 90mm, 110 mm and 170 mm from
top. These distances represent different locations of

ring travel.

Piston Rings: They were checked for side clearance

when f£itted in the rdston and gap when fitted in standard
liner (Aprendix). The rings were weighed.

Crank shaft big end and small end were checked for
clearances (Appendix)e. Similarly inlet valve exhaust
valve, guides and seat in cylinder head were also checked.
Before assertly, all the parts were cleared and the
rubbing surface coated with lubricating oil. The
injection advance was set carefully to 27° befcre TDC
Tappet cleararces were carefully set (Appendix). All nuts

tightened to prope:r torque while asserbling.




£)

g)

2.

e
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3.4 kgn of lubricating oil was put ir the crank case.
Bumping clearance was carefully measured (Appendix).

Starting the engines

The fuel level and pyrometers were checked. Any air

in the injection pump was removed through the vent
screw. Load on the dynamometer was kept to minimum.
The rack was broucht to minimum position. The glowplug
was heated for 60 sec, when methanol is used as the fuvel
till the glowpiug had attained a temperature of 1000°C.
The engine was cranked to around 200 revolutions per
minute and then decompression and rack opening is done

simrlta-neocuslye.

Ru:ming-in Schedule

Duration Speed Load W.J . Tero.
hrse. TePsMe b.hepe °C

1/2 1100 No load Record

1 1300 1.185 70°C

1 1300 2.37 .

1 1500 2.74 .

1 1500 4.1 "

1 i700 4.65 "

1 3700 6.2 »

1/2 1700 No load .
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After running-in the oil was drained and the measure-
ments taken as done earlier. Before reassembly, the
piston ring wear and test parts were carefully observed
for any abnormal deposits & wear. The engine was flushed

before reassenbly with the test lubricant.

The engine is absolutely dried from outside and checked

for any oil leakage.

TEST

After running-in if the test was to be run of diesel
fuel, the engine was asserbled as such. In case the
test was on neat methanol then following points were

checked.

The cylinder head with glow plug fitted in it was
carefully checked for all clearances ard then

assenbled.

Injection timing was set carefully to 30° b.t.d.c.

411) All electrical connections trhrough rectifier were

checked.

En_;d_ne Conditions

Duration 50 hrs
Speed 1600 rpm
Load 5.6 bhp
WoT o Temp 40°C

The water jacket temp. was set before starting the

engine as above.




5)

a)

b)
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After starting the engine and achieving the conditions,
proper record was made on an hourly basis of the
engine conditions including oil and exhaust temp. Any

stoppages, abnormalities were to be carefully recorded.

FUEL ANALYSIS

Diesel Fuels Complete physico-chemical analysis cf

fuel is done and the same diesel fuel is used for all

the tests.

Methanol Fuels The methanol fuel is analysed specially
for impurities e.g. Al. metal. Methanol sample is
drawn from the injector purmp and analysed for presence
of rust (Fe, Cu, Al, Cl). It should be carefully noted
that the Al. should be less than 5 ppm and Cl. less

than 1 ppme
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AFPPENDIX
Ring gap
0.35 to 0.4 mn:.
Ring side cl.
0.04 to 0.05 mm - Comp ring
0.04 to 0.07 mm - Oil ring
Pist on to liner cl. 0.09 mm
Small end bzsaring 0.023 to 0.069 mm
cl.
Main bearing 0.075 to 0.114 mm
cl.
Valve inlet 0.1 mm
exhaust O.1 mm
Liner ovality «038 mm
Crank shaft ovality «075 mm
Tappet cl. INLET 0.25 mm
EXEAGST 0,30 mm
Bumping cl. 0.914 mm to 1.105 mm

(on valve depreszion 3.81 mm to 0.000 mm

respectively)
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1. Introduction

The Indian Institute of Petroleum, Dehra Dun, has organized from
18. Nov. to 22. Nov. 1985 "The IX National Conference on I1.C. Engines
and Combustion” (Organizer Mr. Sudhir Singhal).

During this conference more than 200 leading scientists and engineers
from universities and engine manufacturers all over India and some quests
from abroad have discussed all aspects of

- Application of Alcohols and other Alternative Fuels

- Engine/Vehicle Emissions and Air Pollution

- Engine Combustion and Mathematical Simulation of Processes
- Engine Cesign and Development

- Engine Lubrication and Tribology

- Fuel Quality, Economy, Engine Performance, Experimental
Techniques and Instrumentation.

On request of the organizer the writer of this report has prepared

a paper "Lubrication of Methanol Engines" (see Appendix). The purpose
of this paper was to summarize the latest results from the international
literature and from the development of the engine laboratory of [IP in
order to convince the Indian engine manufacturer that suitable engine
oils for methanol engine development can be made available from [IP. -
The writer was invited by IIP and UNIDO to present his paper personaly
and to use the unique possibility to discuss detailed questions with

the participants of the conference.

2. Achievements

2.1. The whole conference was a great success for the IIP. The organisation
worked well. The timing was kept and the spirit of work was high. -
A1l delegates obtained on arrivel already all papers in printing.
This was a great help for fruitfull discussions. |

The organisers must be congradulated to this successfuljconference.
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2.2. The paper “Lubrication of Methanol Engines” was recieved with interest.
Many personal discussions during the days of the conference took place
at lunch and tea breaks. The information, that IIP has successfuly
engine tested such an oil, was acceptad.

2.3. It is now agreed between the interested parties (engine manufacturers,
fleet operators, oil supplier-LUBRIZOL INDIA Ltd (LIL) and the IIP-
engine laboratory) that the Indian Methanol Engine 0i1*0S 70336" should
be ordered through the [IP-engine laboratory. This measure will enable
[IP to organize the prod'«~tion and quality contral of this oil in co-
operation with LIL. Since this 0il is not yet a comerciai quality the
supply has to bs organized this way.

2.4. The writer has realized with great pleasure that some of the recommen-
dations (see final report dated 14 June 1985) have already been taken
up. The first engine tests with radio activated piston rings showed
the testeils in the same order as before. This is indicating that the
test as such is useful. Further tests are planed.

3. Recommendations

3.1. The keyposition of a continous power supply has now been realizied by
the management of [IP. A large generator set has been ordered. However,
the writer is not convinced that this measure will solve the problem.

It is improtant to realize that the quality of the power supply (gg
fluctuation of frequency and voltage even if large units are switched on)
is the decisive question! In order to achieve this large changes in.the
power supply network within the IIP will be necessary and the new gene-
rator will have to run continously for certain applications like analy-
tical equipment. The overhaul of the network and other measures like
automatTt power quality control will be rather costly. To avoid mis-
investment it is recommended to organize a competent study by an expert
team before the final investment takes place. Since several highly so-
phisticated analytical units, which were imported, are involved, it is
recommended to use the assistance of experienced international experts.
(e.g. Prof. Dr. Ing. H. Schaefer, Forschungsstelle fiir praktische Energie-
wirtschaft, D 8000 Minchen 50, Am Bliitananger 71 - FRG).

3.2. The use of radio activated piston rings for the further development work
in the Kirloskar AV 1 should be continued. (see recommendation 3.4.,
3.5., 3.6. page 12 of the final report 14/06/85).
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3.3. Since the supply of the methanol engine oil 0S 70336 will be organized
by the [IP-engine Laboratory this should be used to obtain a complete
set of results on the methanol engine tests running in India. With this
background information a very effective advise tc the engine manufacturer
and user will be possible.

3.4. Since the first real fleet trials with methanol buses in India are now
in preparation it seems to be important, that the support by internatio-
nal UNIDO Experts to these tests is contiuned. These tests will have to
run at least for 3 years.

4. Acknoledgement

4.1. The writer would like to thank Dr. Hans H. Seidel, UNIDO Vienna and
Or. M. Kamal Hussein UNDP New Delhi for their support by arranging the
participation to the IX National Conference on I.C. Engines and Combustion.

This second contact to the colieagues at the IIP in Dehra Dun and the
discussions with Indian engine builders were most fruitful.

4.2. Many thanks to the management of the iIP and in particular to Mr. Sudhir
Singhal, who has taken the trouble beside is engagement as the conference
organizer to ardange my stay and all the contacts so perfectly. It was a
pleasure to see his successful team at work.
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LUBRICATION OF METHANOL ENGINES
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Abstract

Research and development on methano!l
angines is going on in many parts of the
world. Test fleets of buses and pascenger
cars are on the roads since several years.
For diesel engine derived methanol engines
she lubrication and wear problems seem to
have been gvercome.

For passenger car engines some problems
under cold driving conditions are still
recorded. For two-stroke engines very
jittle re<uits are known.

lesylts on engine tests and from fleet
trials will be reported. Theories on the
wear mechanism in methanol engines will be
discussed. Some laboratory tests will be
described.

Based on all these facts it will be tried
to give 'to the engine construction Indu-
stry some hints. how to prevent 4i fficul -
ties in methanol engines. The lube oil can
help f{r certain cases but much more
success can be dachieved by cobtaining com-
plete combustion under all service condi-
tions.

1. Introduction and Definition

Methano! will be the motorfuel of the
lorgterm future because it can be produced
from low grade coal economically. [ts com-
bustfon characteristic is favourable to
produce clean exhaust gases. High thermal
effictency has been achieved in methanol
engines. To obtain a Tong engine 1ife the
tubrication is an important factor.

Research on the basic lubrication
questions of methanol engines are going on
in many parts of the worid. The published
results seem sometime controversial at the
firgt sight. It is necessary to examine
the results of practical field trials in
detafl to obtain a feeling for the signi-
ficance of the resylts collected in labora-

@St erman,

tory tests. Only by putting together all
these informaticn in the form of a mosaic
it will be possible to get a fully realis-
tic picture. [t will be tried to follow
this line in order to show where we are
and what' area should de used for future
development.

2. Fleet Test Resylts

2.1 Passenger cars

Large scale passenger car fleet trials are
running in West Germany and USA since the
end of the seventies. The methanol fuels
used are M 15 (15 % methanol + 85 % gaso-
iine containing 0,15 g Pb/1} or M 100 (85
to 93 £ methanol + up to 15 T unleaded ga-
soline or light hydrocarbon components).

The M 15 test fleet in West Germany ter-
minated its trial at the end of 1982. Out
of the 892 cars, which did run since 1979
a total of 149 were monitored by used oi!l
analysis [1]. In general these used oil
amalysis did not indicate a significant
difference in engine wear :omparing M 15
fuel and conventional gasoline. In few
cases increased iron and copper content
was observed in the M 15 fleet. This may
be explained by more severe driving condi-
tions and by lacking resistance of some
partfcular engine parts towards methanol.
- The rating of 40 M 15 engines, which
we-e completely dismantled, resulted fn
good engine cleanliness and winimized
wear. In agreement with the result of the
used ofl analysis the status of the M 15
engines was about comparadble to engines
fueled by conventional gasoline. Conse-
quently It was stated that currently ir
West Germany aviilable engine oils of the
quality Tevel AP! SF (SE}/CC fulfil the
requirements of M 15 engines.

The M 100 passenger car test fleet (81
cars) i1 West Sermany reportad at the end
of 1983 based on used oil monitoring of 54
cars the following results: (2]




a; Conventional higr qua’l‘ty encine o'';
can rafse trouble Dby dy-"1'n7 up 37
geposits fn the inzate svstem, where
methano! droplets hit blow by gases.
Experimental oils gave great imorovs-
ments in this respect.
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5) 1lron content 1in used oils were not

higher on average {in carburator

engines except’ in those running unde-
very low temperature conditions. -
(Fig. 1}

METAL CONTENT in USZT O:L

Ve M 100 Moter Nz 2
injection engire

38 | M 15 Motor ;
ml tnjection engine :

Karvert. M§

Fig'

Injection engines observed higher iron
content. This might be due to the un-
complete evaporation of the M 100
before entering the compustion room.
(Fig. 2)

In all types of engines the variation
of the iron content was very high,
This indicates that only under cartain
conditinns higher wear occurs.

4} To centro! a'l copditians for Dassen-
ger cars =uAning on ¥ 100 sopectalized
enqine 27is have o oe used and
spacia’ engine design features have tc
pe otserved.

voikswagen Research [3] is reporting based
on & 74 car fleet, which was ~=un dv norval
customers, after 3 years service high
mileage (Fig. 3) without engine overhaul.
Mearwhilie 3 cars have reached more than
200.000 km. Deposits in the 1i1nlet system
were overcome py introducing special M 10C
engine oils. Special acesign features to
increase the engine temperature gquickly
after <tart up and excellent fuyel/air
mixing also under cold start conditinng
helped to obtain these resuits. - In the
injection engines the piston rings coated
with molybdenim showed higher wear as
usual. By changing to normal piston ring
material the wear was reduce¢ 0 normal,
Moct  trouble guring the fieid trials
occured due to contamination of the fuel.

Vw-"E3T FLEET - Private Orivers

Resu't per 30.12.1333

cuf cars
|
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Mileage in 180T wm
Fig. 3

Ford Motor Company -4] is reporting on its
40 car fleet (198) Escorts) and the 582
production vehicles {1983 Escorts). Some
of these cars have run over 200.000 km
indicating that they had no lubrication
problems. Ford in-house testing confirmed,
however, as Volkswagen did, rthat chrome-
coated piston rings are more durable than
the molybdenum-faced rings. - Most prob-
lems during the field trials were con-
cerned with cold start and ~old drive-
away. Methanol contamination of the luboil
will occur during this type of operation.
45 % of the seryice claims were related to
fuel contamination or misfueiiny.




2. Nichols, Ford, claims in June 1985
ynder “Future Directions® with regards %0
engine wear: “To date, the dyrability
experience with methanol vehicles is con-
sidered to be satisfactory. [mprovad con-
trol of fuel quality is required in order
to minimize the rate Jf fuel filter plug-
ging, as well as reduce potential wear 3f
parts. Improved oil formulations, espe-
cially for cold weather operation, should
continue to receive a high pricrity.”

2.2 Commercial f{ehicles

The first Methanol-Buses from Daimier 3enz
and MAN in reqular city service were run
in Auckland (NZ) 1981 [5]. High wear was
oniy observed at the beginnfng due to fuel
contamination by Aluminium. [f this Al
enters the combustion room it burns 3
Aluminiumoxide, which is an abrasive. This
type of wear fs not a lubrication prob-
tem.- In Berlin (FRG) the same buses are
running since 1982. This fleet contains
since 1985 a total of 14 buses. The wear
figqures observed are as low as with com-
parable diesel buses. See Fig. 4 [6].

Engine 2il Analysis
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‘n Pretoria (S.A.) Methanol Buses are

running since 1382 [7]. in San Francisco
(USA} ™ethanol Buses have started reqular
service in 1984, There is the first ‘wo-
cycle C.I. Methanol Engine, developed v
General Motors, involved [8].

This world-wide set of citybus applica-
tion of methanol enjines derived from die-
sel engfnes in public service indicates
that the Judbrication and wear problems in
these engines have been oavercame. These
engines are Tubricated by commercial high
quality diesel engine oils nominated DOy
the engine manufacturers after long a15-
sance road trials. This type of 011 was
“evelnpeq for long oil drain periods.

(€]

It has fnftial TBN of 10 to 12. 0il change
intervals for these methanol engines have
now reached 20.000 km after controling the
buses in service bv used ofl analysis.

3. Laboratory Engine Tests

laboratory engine
very well

Standardized sngine oil
tests are normally run on
defined test fuels in order to obtain
reproducible wear results. To indicate to
the contrary the influence of the fuel
wality on wear the luboil was kept
constant from M O over M 15 to M 100,

Results see Fig. § (9] and 6 [10]. The
resul ts may be summarized as follows:

- M 100 improves piston cleaniiness and
" average varnish rating.

- Sludge formation with M 100 s higher

uynder low temperature conditfons com-
pared to conventional fuel.

- M 100 fyel
wear,

increases came and follower

- Cylinder wear was found in some czses
to be 10 times higher for M 100 com-
nared with reference fuel.

- Inlet system deposits are a
problem with many M 100 engines.

major

lron Content )
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] “"/ ——n |
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To trarsform these results found 1n labo-
-atory test engines into massproduction

engines but still running under closely
controiled conditions 1in the laboratory
the cycling test conditions as defined for
the modified ECE-15 emissions cycle (see
Fig. 7) were used. The coolant temperatyre
and the total running time turned out to
be the most significant factors for engine
wear (see Fig. 8).
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Fig. 8

Therefore the Indian Institute of Petro-
leum in its aesire to develop an Indfan
test procedure tor the evaluation of me-
thanol engine oils ras chosen &0° C as
coolant temperature, high load and S0 hrs
test duration in the Kirioskar AY 1
ergine. - Since this test engine at the
IIP Engine Laboratory can be used with
radio activated pistorn rings more funda-'
mental studies can be performed also.

COMPARISON of PISTON RING WEAR
'S -op/Start Condition in 4 Cyl Ford Pinto
‘radic aczivated piston rings)

1ing. DYKRA: 25 min, 3000 /hin_ 22.8 Bho; 70 min, SRwens
hencuwe __(Schnenivung) — Probennotrme vor SBizkand

iwm ac.m

1 7
%u.m |
1500 4— 1

m.,lm

!

i

\

AT

. i | | ! )

- LT 5 qisoline

: °.‘o 0 ™) 180 160 170 N am,
Fig. 9

K. M. Ricres and C. Pinnington [2] have

used 38 4 Cy: Ford Pinto engine with radfo
activated piston rings to demonstrate the
improvement obtained by using engine of!
developed for methanol engines (011 8,
Fig. 9).




In USA a modffied ASTM sequence V-0 test
procedure s used to evaluate engine ofl
quath fn oethangl fueled engines (11,
12].

Corrosive attack within the ring zone and
formaldehyd as well as forwic acid in the
blow-by was found. Critical temperature
for wear was realized when the o0il tempe-
rature falls below 70° C. - The rusting
phenomena depends also on the material and
is therefore different from engine to
engine.

There are several theorfes about the
chemical mechanism leading to excessive
wear [13]. A1l researchers agree on the
formation of formaidenyde and formic acid.
The attack by nitric acia was denfed by
S’RT [14] - Magnesium - based detergent
additives were less effective in control-
115 methanol-related engine wear than was
a calcium based additive. The chemistry of
the ashless dispersant was also found to
have an influence on the wear. Simply
increasing the T8N of the oil was not
offective. - An increase in valve train
wear was observed with an aryl-zinc-type
additive when compared to the alkyl-zinc-
type additive [15].

It appears that fuel distribution (gasifi-
cation, carburation or Injection] con-
tributes to the iron wear. Wetting of the
cyHinder liner by methano! lsads %0
increased wear. - The initial drop size of
the fuel plays a very important role fin
*he start ability of *the engine. For 2rop
size of 100 microns, starting temperatyre
must be above 55° C whereas reducing
initfal drop size to 10 microns ailows
starting temperature as low as -15° L. -
The energy required to evaporate methanol
is § times higher than that required for
diesel fuel.

4. Laboratorv Glas Wear Tects

To study caorrosion oroclems, <he i-“luence
of methanol aixing witn the engine lybeoi!
and the metal wetting properties of Tube-
0il {n the presence of methano! several
7las wear tests have deen suggested. 5. €.
Schwartz [16, 17. has develope¢ these
tests systematicly. By putting iron Chips
«1th water or methanol on 4n piece of a
:ylinder liner whicn was wetled with
ingine 011 crevice corrasion was simulated
see F1g. 10.4.

LEFECTS OF FUNID ON CREVICE CORROSION
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Result: Methanol by itself, did not pro-
mote iron oxide formation. Cn the other
hand, water, even through an oil film pro-
moted iron oxide formation. -

To see the corrosive potential of the com-
ponents of interest in blow-by gases (me-
thanol, water, formic acid and water) a
:mg!! drop of the test flyid ( A~ 1,5
mm>) wac applfed to a horizontal cast
iron coupon {ATSM D 2570-73) wetted by oil
{see Fig. 11]},

CORRASION FROM DROPLETS OF BLOW-BY
COMPanNENTS
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Fig. 11

esuylt: Methanol 42ig not cause ovservable
cnhange in the surface of the iron whereas
water showed rust. (n all samples which
contained formic acid, at concentration as
Tow as 0.1 per cent, corrosfon occured. A
ridge formed at the edge of the test spot.

Ji1 and methanol mixtures showed the
following phase composition. Mixing a base
211 with methanol results 1in the two
layers after a short period of standing.
“n1s  ingicatec that base oils are not

mixaple with methanol. - Mixing 3 fylly

formulated 377 wi*h mevnanol resuylts in




three layers. The lower layer f{s predoni -
nantly of) containing @ saall smount of
methanol. The second laver is viscous con-
sisting of a yellowish white blend of ofl
and a high concentration of methanol. The
third layer {s predomindntly methanol con-
taining some oil additives. The cream
layer can be completely eliminated by war-
ning to bofl off the methanol and stirring
the aixture to redissolve the ofl add!-
tives in the ofl ohases. -

fMULSIONS ON A MEATED METAL SURFACE
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gmylsian  of methanol/oil or water/oi]
ataced in a thin film on a hot fron sur-
face showed different results tsee Fig.
12). The water droplets coalsesced o form
3 large {several millimeters diameter)
water drop and bHoiled af “explcsiveiy”
‘Flach boiled). A slignt depressicn which
Filled in immediately was seen ia wne i
i1, -

“he mezhanaljoil emulsion did dendve 417-
ferantly. When spread in a very thin layer
the methanol boiled out of the ofl ang a
cmal!l hole was formed in the ofl film. The
hole was approximately one millimeter fin
4+ ameter and remained visible for severa’
38C9NCS.

*. seugy tne etal wetting crogerties 3f
‘yrest's 'n the presence of methanoi 3
svrgle appe~at s wds Jsed to determine (RE
contact angle (2] see {F:q. 11h.

;< swne contact angle s large, tne 0il
tangs to form 1 droplet. - This is indi-
-3%193 4 ratner podr wetsing of tne meta!
surfacs 1n the oJresence of metnancl. if
=wa -3n%act angle is smal! tne il tends
eq farm 2 film, - (7 order 3 ZIhange the
"wetting power O¢ ne 011" some 0oiir com-
Saments zan ce Mrieg C1ts the 3.
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The addition of 0,3 © wt of phencole for
example {s reducing the contict angle by
S0 §. The best result was obtained with 2
golar engine oil (see Fig. 14].
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Fig. 14
Further observations in this test were:
The change in contact angle also depended
on the length of the hydrocarbon chafn. [f
the chain had more than 12 C-atoms no
change in contact angle did occur for 3
given “anchor group”. No difference in
contact angle was found using irom or
chromium surfaces.

Nc difference in contact angle was found
5y cnangiag <ne temperature hetween 25°7
1nd 60°7.

Cn palisne: stee! surface methano! always
pushed awdy and displaced the ail fflm.

The “best nigh polar angine 0il", however,
«as able ta stay at the polished meta!
surf3ce in the gresance of me thanol .




5. WESUME FOR THE ENGINE CONSTRUCTOR

symparizing the experiences from the field
trials and the resylt from laboratory
engine and glasware tests it can be stated:

. Low nethanol bliends up to M 15 will
show no significant {ncrease in wear,
if nigh quality engine ofls APl SF
(35} CC are used.

_ ¥ .00 for passenger car engines s
requiring special ofls mainly to pre-
vent deposits in the {ntake system and
wedr in the upper cylinder part under
=ald driving conditions. The engine
ssnstructor can reduce these ‘tenden-

~ies 1rasticaliy by guiding the blow-

sy jases into the inlet system at 2
~cin~ w«nere the methanol {5 already
eglly  vaporized. The bdlow-by gases

-sutq be guidec over 3 coo! metal mesh
system %0 condensate the oil mist and
retyrn this in liquid forw direct into
the crankcase.

. The constructor must prevent 1iquid
droplets entering the combustion cham-
per in such a way that they might hit
the cylinder wall. This is most diffi-
cult under start up and cold driving
conditions.

. Complete combustion of the M 100 and
fast warm up of the upper cylinder
walls as well as coolant temperatures
atove 30°C are ne “secrets” why city
nus  engines derived from diesel
enJines even running on M 160 show low
wear figures with so-called “long
qistance high performance diesel oils”.

. txtremely careful fuel €iltration an<
suitaple material in tne fuel sysem
to nrevent impurities to enter combus-
c<on room are of great importance.

5. Future Qutioock

uethano! production in India will be small
for many years to come but the methano!
price an the world market is low and will
stay this wdy. since [ndia has to imoort
large quantities .+ 4iesel fuel 1t couid
‘moort ‘rstead methanol without <nanging
ipg saiance 92f payment. iysing cthis me-
snana! as fuel fcr ¢ty buses °n congeszed
-i=igg woull mprove *ha air polution
cpagiame  Jreatiy. Tharefore the first
agsl nanien of netnangl in India shou'd be
sa 2wy suses. [f o the existing diese’
angines are canverted 1nte  "Methanc’
angtnes” 3y 3033 4 fymrzation s3ystem °°
Cuaric3siin arstiems smouid JCCur.

12 -

'1. the longer term [ndia can produce me-
+hanol from natural gas, which {s becoming
sjvailable more and wmore. 6But this will
also be an interim period only. In the
real long term [ndil will produce its me-
thanol from low grade cosal. This develop-
ment will provide mary jobs for the grow-
ing population and help to decome {ndepen-
dent from ofl imports even in the long
run. Since crude oil prices will {ncrease
after 1990, when world-wide the oil is
necoming less, the sethanol production
from cheap coal will Decome economically.

Jnder these longer lerm aspects the deve-
lopment of real methanol engines should de
started now. Again the field of buses anc
commercial transport should be the ares IC
work in. This wou'd minimize the fuel
4istribution cost for methanol. The fleet
ysas of methanol could dominate for a long
eime if this fuel 1s used for local trans-
sort in congested areas. - The lubricatior
of these engines will not be a barrier
since the [IP has already available 2
suitable engine ofl (0S5 70336) which car
se producad in India.

e e

1 i+arature References
4. 3oettcher, Deutsche 3P AG, wede!l,
FRG

amarktubiiche Motorendle fir M 15-8e-
triep - Abschiug der £lottenerprobung”
Tnewick lungslinien fiir Xrafifshrzeuge
ind  Kraftstoffe. aMFT, Bonn, For-
schungspilanz 1382, Veriag: Ty Rhein-
jang GnbH, Xain, Seite 510.

"~

H. Krumm, et. al. Deutsche Shell AG,
Hamburg, FRG

“cpfahrungen und Erkenntnisse mit Mo-
tarenslen im Betr:4d mit M 100-Kraft-
stoff”.

Entwick lungsiinien in Xraftfahrzeug-
technik und Strafenverkehr. -
forschungsbilanz 1984, gMFT, donn. -
verlag: TUY Rneinland, Seite ‘- 6C.

3. decker, ©. Menrad, Yolkswagen A5,
wolfsourg, FRG

“Conzententwicklung und Flcottenerd22-
nisse Jon M 100-F ahrzeugen”.
tntwicklungslinien in Kraftfanrzeus-
technik und Strifenverxehr. -
Farschungsdiianz 1384, 3MFT, Bann.
jerlag: Tiv dheinland, Ser? (- 78.

s




. R

. H.C. Wolff, J. P.

. H. K. Bergmann, XK. 0.

Company,
*Field

Vehicles:

Nichois, *ord Motor
Dearborn, Michigan, UsSA
Experience with Methanol
Future Design Considerations”.
CeC oI International Symposium,
Wol Fsburg, June 1985

H.-C. Wolff, D. Smith, P, Fry, Hamburg

{FRG)/Aucklamd (NI)

"motor OJi! Development for
Engines” -

y. international Alcohol
sivm, Auckland, NZ, 1982.

Methano!

Fuels Sympc-

Bandel, G. H. Sei-
del, Hamburg/Bonn (FRG)

“Cerman Field Test Results on Methanoi
Fuels M 100 and M 15°%.

Aperican Petroleum Institute, 48th
Mid- year Meeting, May 1982 (page 176)
Order WNo. 821 - 01983. / Preprint
Order No. 820-00018.

Holloh, Daimier
Benz, Stuttgart, FRG.

“Field Experience with Mercedes-Benz
Methanol City Buses®

VI. International Symposium or Alconol
Fuels Tecnnology.

May 1984, Ottawa, Canada

. R. R. Toepel, dJ. E. Bennethum, R. E.
Hernth, General Motors Corp., Warren-
dale PA., USA.

“Nevelopment of Detroit Diesel Allisor
6 ¥ - 92 TA Methanol Fueled Coach
Engine”.

SAE Fuels and Lubricants Meeting, San
Francisco, November 1983.

SAE Paper 831744,

H. Nascr, Wiantershall AG, Salzbergen,

FRG.
"Untersuchungen von M 15 und M 100
Kraftstoffen in standardisierten Motc-
rendl-Prifstandstesten”.
Entwicklungziinien in
technik und Strafenverkehr,

schungsbilanz 1981 {Seite 646 - 653?
3w T,  Bonn, verlag: TUY Rheinland

GmbH. K&in.

H. Xrumm, W. Foerster, A. A,
Jitzky, Deutsche Shell AG, FRG
R. C. Coy, A. G. Bell, Shell Research
Ltd., UK

“Lubrication of Spark Ingnitation
Engines Running on Alcohol Containing
Fuels®,

V. lnternational Symposium on Alcohol
Fuels, Auckland (NZ), May 1982.

Kraftfahrzeug-
For-

Reg-

13 -

1.

14.

15.

.S, K.

£. 0. Owens et al. Southwest Research
Institute, San Antonio, Texas, USA
"Effects of Alcohol Fuels on Engine
wear®.

SAE Paper 800857, June 1980.

H. ¥. Marbach, Jr, et al. Southwest
Research Institute, San  Anton' e
Texis, USA

*he Effects of Alcohol Fuels and

Fuily Formulated Lubricants on Engine
Wear’ .
SAE Paper 811199, October 1981.

. T. W. Ryan, II1, et al. Southwest
Research Institute, San Antonio,
Texas, USA

“The Mechan!sms Leading to Increased
Cylinder Bore and Ring Wear {n Metha-
nul Fueled S. 0. Engines”®.

;A€ Paper 811200, October 1981,

u. 4. Naegeli et al. Southwest Re-
search Institute, S5an Antonfo, Texas,
USA

*Engine ¥ear with Methanol Fuel in 2
Nitrogene-Free Environment®.
SAE Paper 841374, October 1984.

H. W. Marbach, Jr. et al. Southwest
qesearch [nstitute San Antonio, Texas,
USA

“The Effect of Lubricant Composition
on S. 1. Engine Wear with Alcohol
Fuels”,

SAE Paper 831702, November 1983

Schwartz, General Motors Re-
.zarch, Warren, Michigan, USA
“Laboratory Studies of the Effects of
Methanol Fuel on trngine 0i1 and Mate-
rials®.

GM Research Publication  GMr-4589,
gL - 782, May 1984,
. 5. £, Schwartz, General Motors Re-

searzh, Warren, Michigan, USA

“An Analysis of Upper-Cylinder Wear
with Fuels Containing Methanol®.
ASLE Preprint No. B85 - AM - 6A - 3,

May 1085.






