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Part Aa ( EXECU'?XVE stMWlY ; 

1. Preface 

1.1 Large scale research and development on lubric ati.on and 

wear in methanol fueled engines i~ going oD 1n several 
parts of the World. ID Amrica, Germany and Hew Zealand 

fleets of l:Juses md passenger cars are rumdng in day to 

day operatJ.on successfUlly. ~e problems of lubrication 

Sld wear are sol ftd for baaes '1Bin9 llll!thanol engl nes 

deriftd from diesel engines. 4 atrolce pMaenger car 

methmol mgines are acmetiws still •bolling hJ.gher wear 
under cold driri.Dg coaditioas. 

1.2 '.tne task of the project is to recamuend to the Indian 

engine maDufacturers a lube oil suitable for •thauol 
engines. 1'hi& engine oi~ should be buecl on compoDents 
produced or procluceable ill India. Its pracUcal 

perf0l'ID8Dce should be provel 1D ID Indian built engine. 

1.3 To achieve this task in the short tine span ¢ftll to th! 

project the expert brought along a reference oil •ponuJ.a 

2221.• which bad shown high performance 1D practical 

field trials by Buk of &aerica 1D California. As the 

next step the Indian built 4-etrolce Diesel ICirloskar 

AVl...Ellgine, which has been used at IIP with neat 

aethmol (ignition by c;ilowplUCJ) and aethaDOl addition 

upto 25 " bf fwaigation, bad to be set up u a lube oil 

teat facility. 1'he s.- enCJl.De haa been used at IIP for 

wear 11euureaaent by raclio tracer technique. Thi• 

techDique should be included in the lube oil evaluation. 

It could reduce ~•t time aad would allow testing of 

several oil• aide by aide.· 

1·4 To obtain an Indian produced or prccluceable methanol 

engine oil the .xpert has ccatacted Mabrizol In<Ua Ltd (LIL) 

1D Boat>ay, which i• th• only e&litiw produd.D9 c~any 
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1n India. It operates in close cooperaticm with 

nm UJBUZOL CcaPORATION. USA. ~ere. am additive 
package for •thanol engine oil has been c!~loped 
IDd succeasfUlly engine tested. The expert h• 

canvinced the IDBDagemmt of WIRUOL that it i• 

possible and edvantaQ19WS for all partners if this 
a34J.t1ve package, mlxec! into en Indian base oil and 
INlde from coq>enents, which could later Oil be produced 

at LIL, Boni>ay • would be incorporated 1D the engine 
test series at IIP. 

1. 5 By ca111parin9 engine wear resul ta when using the different 

oil• (l'onula 222A from ~. Por:mla OS 70336 from 
.IW>rizol and an normal Indian lube oil) , IIP will be 

able to reccmnend to the Ind1 an engine aaDU:f acturere 

a auitable oil for their •thanol engine development 

work. The engine maau.£acturers in turn can find out 

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

1·6 The lubrication of .-thaool fueled 2-atrolce engines 
is faciDg a principal problem. Mineral oil base stocks 

are not 1111.xable with neat methmol. Por •thanol 
2-stroke engines rwming en oil/fUel mixtures synthetic 
1'ue oils like polyglyc:ols are nefK.ed. WJRIZor. bu 

aupplied S gallons of such a synthetic 2-atroke oil 

mixable with mthanol (OS 59770). 

1.1 SOID8 2-atroke mgines are using separate lubricating 

systems and not cd.l/hel ad.xtures. BftD iD ~· case 
the use of ad.lleral oil ))ued lubricants is Dot 

possible becaaae heavy deposits will be fonad if 

.t.neral oil i• coming 1Dto areas flw:hec! with a.thanol. 

1.e The aituatioa llllQht chan91 if mthP-"~l/9uolJ.De 

ad.JCtwu are uad in the range of SO/So. Soma 

screening tests in this area ahould be •tarted. 

I I I II 

• 
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A decisJ.oa on the type of "Project Test Fuel" is 

needed to set a frame for this test wo1 ·'k. 

Por all lubrication evaluation teats a constant fuel -quality is needed to 'keep the variables as ldW as 
possible and to improve the reproduceability. 

The water ccntent 1D methanol used as test fuel by IIP 

was between 1800 and 55450 ppm whilst the international 

standard is asld.Dg for!!.!! 1000 ppm. 
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2. Achievenents 

General a 
2.1 In 3 lectures (Full text see PartC) the msults of 

field tests in Germany (FRG) • basic facts on 

lubricati.on of aethaJ10l 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.). 

2.2 'l'Wo copies of the book •Lubricants and Related 

Produets• (1984) by Prof. D. tclanann were handed to 
IIP as a ;J.ft. 

2.3 The expert has established for 2 engineers frorn IIP 

engine laboratory personal contacts in Germany (FRG ~ 

to visit engine laboratories of notor- and oil

industry aa well as the most developed air pollution 

laborator.1 of TUY Rheinland, Cologne. · Discussions 

with 'l'eehnical High school, Aachen, (Prof. F.Pischinger) 

are also arranged. 

2.4 The project coordinator, Mr· s. Singhal has after 

detailed discussions with the UNIDO Experts, 

Prof. A.·S· JChatchian, Dr. s. Radzimirslci and H.C •Nolf£ 

changed part of the organisation in the engine 
laboratoJ::Y to improve the efficiency. Measures to 

obtain more accurate results are being taken. 

2. 5 The safety measures in handling nethanol in the 

engine laboratoJ:Y have been diacussed. Inprovernents 

and a continuous training programne for the workers 

has been set up. 

!,-Stroke Engines 

2 .6 'l'he JUrlosl<ar A.Vl single cylinder engine was optimized 

(Hr. Dinesh JC~r) when running on neat methanol. The 

expert or9ani•ed the • upply of special 9lowplu9s with 

I I II I I I I I 
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. 
built-in thermocouples frorn Geanany (F~). Xt was 

possible to reduee the glawplug energy cons~tion 

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 compared to diesel fuel 

3. 75 KW at 1500 RPM. The exhaust srnoke (Hartridge 

UDits) with methanol was•a-as conpared to •eo" with 

diesel fuel. 

Purther engine optimization is in progress.

(Dinesh Kumar) 

2.7 The JCirloskar AVl engine was then set up as a luboil 

test facility (Dr. P .C • Nautiyal, Ashish Kumar Gonda!). 

A SO hrs test ~le has been developed as against the 
120 hrs test used before. 

Purther i~rovement of the reproduceability is 
reconnended. 

2.e on request of the expert ~ WBRIZOL CORPORATION, 

USA, has sent by airfreight to IIP 113 ltr. of a 

methanol engine oil, which CftJl later on be produced 

at UL, Bonbay, (OS 70336). 

The expert has brought with him 50 ltrs of a methanol 
engine oil, which has been uaed successfully in field 

tests over more than 1 ml.llion miles in California 

by Bank of America. This oil •Fornula 222A• can 

therefore be used as a •yamstick• for engine oil 

development at IIP. 

2.9 Since 07/05/85 the Kirloskar AVl Engine in the 

Radiotracer Lab has conpleted 10 laboil tests of 

50 hrs duration each in 30 days cnly. This great 

DUlll>er of tests in very short time indicates the 

endeavour of the group wo:1d.ng on this proj ect alld the 

reliability of the JCi rloskar AV1 En;:lne even runninc; 

on methar.ol and under a1'duous conditions. 
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The oi.ls were rated by the engine in the expected 

order. The 2 methanol engine oils ( Pornula 222A 

and Wbrizol ~ 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 aJ:>o ... ut t:Jfofold with methanol fUel. 

It became obvious, however, that the absolute wear 

figures can be canpared only if the different fuels 

or oils are run J.n the same assenbly (piston and liner) 

and if this assent>ly has shown normal wear during 

runni.ng-in with diesel fUel. 

(Details see Part c Appendix 10, Repart by 

Dr. P .c • Nautiyal, A•K• Gondal). 

2.10 Arrangements to use rad.J.oactive piston rings in the 

Kirlosk ar AVl engJ.ne a.re in progress. A prograntne 

to study the influence of the cooling water tenperature 

on the wear of the cylinder liner and the p~ston rings 

has bee n established (Dr. P .C • Nautiyal, A·l<· Gondal). 

2-Stroke..Engines 

2 .11 In support of the 2-stroke engine development 

supervised by the UNIDO expert Dr. s. Radzimirski 

THE WBRIZOL CORPORATION, USA, has sent 5 gallons of 

a synthetic 2-stroke oil, fUlly soluble in metr.anol 

(OS 59 770) to IIP. The results in the seizure and 

tightening test were good in res~t of lubrication .. 

The oi 1 /fuel (methanol) ratio could be reduced to 

1.s "· But the carbUrettor became somewhat dirty 
in a short period and idling could have been 

adversely affected. (Details see Part C, Report 

Mr. Mule: esh Gupta, page '4fl ) • 

2 .12 To rectify this sbortoomLn9 the expert has added 

his •Additive W'' for which a patent application will 

be put foi:wam. 1"his meuure has kept the catt>urettor 

I I I 

I 

• 

, 
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absolutely cleaii and inproved the lubdcity further. 

A further nchJction of the oJ.l ccmtent will be 

possible. 
Lenger duratJ.on tests are in progress ttr.~ukesh Gupta)• 

Puel additives. 

2.13 'l'he expert brought along w1th tdm a fuel additive, 

Bank of America in field trials in Califomia. Th:ls 

a&11 ti ve shelled amch better results in a corrosion 

test set up by Mr. A• Jayaraman, IIP, (Details see 

Part c page • .111 •• ) as conpa.red with two other 

corrosion inhibitors conmercially available from u .S·A· 

2.14 'l'he expert has arranged for 'bio £urther fuel additives 

-especialJ.y developed for methanol fUels by Du Pont, 

UQ, to be sent for test at IIP. These additives 

(Du Pont DGOI-100 and Du Pont DCI-11) have obtained 

a waiver from EPA, w~h:lngton ua, only in Januacy, 

1985. 1'beir use is required in USA when running on 

alcohol-blends containing upto 5 " methanol. 
The add ... i tives hav-e arrived in the 1st week of June 

at IIP. 

(Details see Part c, Appendix 5). 
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3. RecomnendatJ.ons 

3 .1 First of all a reliable 24 hours po11er supply (c..911stair; 
voltage and frequency) has to be established at least 

for the analytical and the engine test sections. At 

the mment none of the costly, sophisticated analytical 

equipment, supplied mainly by UN s011rces, can work 
effectively due to frequent power cuts. 

This situation is responsible for the fact that, 

a) the necessaey aPalytical results are not avaJ.lable 

in time: 
b) no time table can be kept1 

c) the working moral at: the engineers and technicians 

level is adversely affected because only little 

success of their work CaP be shown. Ser f"VJc t.11. 

3 .2 Research and development in the field of lubrication 

and wear is basically an on-going task for the Indian 

Institute of Petroleum. This field lies between the 

sciences of physics, chemistry, engineering and 

aetallurgy. To achieve results it is necessary to 

coordinate informations f rccn all these fields under 

the aspect of lubrieation and wear. only by~ 

team-woz:k successful developments can be expected. 
Even so the experts in each field will work in 

clifferent divisions of the institute a freC!uent 

personal contact to discuss autual questions should 

be organised. As a IDaJlagernent tool the credit for 

a succ:ess should DOt be given to a person but to the 

grOUR· 

3 .3 A. lot of the SillJ>le equipment like brakes , tempera

ture gauges and exhaust c;as rneasurin g inst.rume~ts 

need general overhaul. The accuracy of this equipment 

has to be iai>roved to obtain more reproduceable and 
repeatable results. 

• 

, 
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3. 4 The SO hrs-low teq>erature- wear test in the Kirloskar 

AVl engine as now established should be iq>roved in 

its xepeatability by contrelling all parameters like 
£uel cons~tion, engine load and speed, cooling water 

tenperature and exhaust conposition more closely. 

3 • S The actions recoamen:.led under 3 • 4 are of particular 
inportance for tests with radioactive rings, because 

these should be used to test different oils side by 

side in rather short tests. 

For the radioactive tests it is reccamended to install 

a pressure pick up in the cylinder head of the 

lCirloskar A.Vl. engine because by this constant ce11trol 
of the cod>ustion pn,.;ess it will be possible to 

obtain more repeatal1le results. Changes in the 

cont>ustion process c~~ influence wear results strongly. 

3.6 Using radioactive rings it micjlt be possible to 
determine 
a) the cooling water minimm tenperature to p~nt 

erratic wear in enginesJ 

b) the wear pattem over rumling 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 woul-:i be of great interest to 

engilla manufacturers. 

3.7 A system to change the oil in the.Kirloakar AVl engine 

when rumU.ng. might be developed. Such systems are 

used iD other laboratories in different m;ines. Such 

a 8J8temcov.ld help to co~re different oils under 

absolutely the s~ conditions. 

3.e All tests .nm in the JC1rloakar AVl ea¢ne with neat 

amthanol (99" ~hanol + 1 " castor oil for injection 
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equipment 11".brication) should be repeated. with 

M 85 (85 " methanol + 15 " gasoline) since this 
might become the -aethanol-Fuel of the Future• due 

to safety i:equirements. 

3. 9 Since a suitable nethanol engine oil for 4-e:trcke 

engines will be available from LUBRIZOL IM>IA LIMITED 
(LIL), Boni>ay, (OS 70 336) fleet tests in city buBes 

should now be arranged. However, it is iq>ortaJlt, 

that this can be clone with full support of the 

engine manUfacturer onlx· In Germany (FIG) the 
federal government has prori.ded financial incentives 

to the motor manufactuxers for the development of 
methanol engines, since the full coamerciallzati"11 

was still several years ahead. This action has helped 
tremendously to speed up the development. Now, after 

the sw:cessful fiel.'d trials, the further development 
is pushed by the ccxrpetition between the engine 

producer, since first omersfor methanol fueled city 

buses have been received. 

3 .1 O The development of 2-atroke methanol engines should 

be red•ed carefUlly. 1'hese engines would replace 

gasoline, which will be available in India always 

plentiful as long as diesel fuel is needed. 

Before continuing the 2-stroke methaDOl development 
a decision on the fuel composition has to be taken 
since this will influence the poss.ihiiities of the 

lubrication in its basic approach. 

If mixtures of qasoline/methanol ccntaining upto 
50 " methamol a~ used, then some improved mineral 
oil based lubricants might be applied. If the 

mixtures contain .,w than 50 " mthanol then 
synthetic base stock• have to be uaed. Polyc;lyc:ols 



- 15 -

are the most c:onmon material for this purpose. Castor 

oil is b~1ng used for short tem trials upto now, but 

it would have to be further developed for long term 

use. 'l'his has been tried for racing engines since 

many y·ears but with lind.ted success Ol'lly. 

3.11 Wbrication and wear studies have to take into account 

the c:ont>ustion and the fuel composition since these 

factors influence the requirement of the engine. 

Clean and c~lete conbustion is a pre-requisit for 
luboil testing. 'l'herefore, the conbustion parameters 

have to be controlled carefully during luboil engine 

tests. 

Changes in the fuel coaposi tion and inpur.l ties in the 
fuel can influence the results of luboil tests. 

'l'herefote, a realistic test fuel has to be decided on. 

'l'he expert is suggesting to follow the proposals made 

in Europe and USA. For safety reasons- to obtain a 

visible flame if the aethanol fUel is bu.ming 

accidentally - a ad.xtui:e of 85 % A grade methanol 

+ 15" leadfree gasoline should be used. (Details see 

Part B). 

3.12 To sainimize 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 1.q)rQWd. Frequent quality 

control of the test fuel directly before the luboil 

test engine should be pursued since contaminations 

like the pick up of almd.nium during •torac;e aJld 
handling can influence the test wsul ts ;reatly. 

It 1• recoanended that one person who reports directly 
to the head of the engines laboratory should be 

respQDsible for the quality control of the test fuel. 
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3 .13 The 1 " castor oil used in the methanol fUel upto now 
for lubrication of the injection equipment should be 

reduced or even better replaced. because this castor 
oil is giving a lot of deposits Cll'1 the piston. e.g. 
in the cont>ustion room of the Kirlos'kar 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· Report on ~OL PIEID TESTS IN GERMANY to the 

staff of the engine laborato~ (lectu.tes) 

This subject was split into 3 lectu~ss 

03/01/85 •German field tests with methanol engines•. 

04/02/85 •Lubrication of M 100-Engines• • 

19/02/85 •wear in methanol engines•. 

'l'he basic idea of this series of lectures was to 

build up an understanding of the suggestions put 
foi:ward by the expert for lube oil testi.ng in 

methanol engines. The lectures created useful 
discussions, which are sunma.d.zed below. 

on request of the project coordinator the full 

manuscript o£ the lectures including copies of 

the figures aJ'Jd tables are submltted as Part c. 
(appendices to the final report) • 

1.1.1. Results of dJ.scussions on the report of 

GERMAN FI EID TESTS NI1'H ME1'HANOL ElG lKES 

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

1. In GermaJly at the time being £:& (3 % methanol in 

leaded gasoline max 0·15 9r.Pb/l) is used. This 

was agreed bet.ween the motor industry, responsible 

for asaterial problems and engine performance, and 
the Jld.neral oil 11\dustry, responsible for supplying 

within .the l>IN standam of fuel quality.- After 

cleaning and c!ry!r1g of the whole supply system no 

principal co~lainta from customers ue obtained. 

'l'he uae of at least 1 " of methanol •hould not be 
interrupted in order to avoid the build up of water

bottoms and consequent rusting in the -.ystem. 

2. 1'he possibility of uain9 ~ was demon~rated ic 

large 8Cale field trials lu~in9 more thaJl 3 years .. 
I 

• 
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All tech~cal problems could be solved. Xt became 

clear, however, th&t M 15 - vehicles would have to 
use M 15 always 1n 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 eQuipllll!Dt and ner M 15 cars 

would be high. However, in the long run M 15 would 

not be a solution of the mineral oJ.l problems because 
more methanol would be available after the year 2000 

then could be absomed by M 15. (See fig. 25 and 26 

1n Appeixlix 1). Therefore, now M 100 is 1n the 

forefront of msearch and development. 

3. 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 (PR:;) and 

Auckland (NZ). ICHD-Methanol Engines are used 

auccessfully in day-to-day work of st.z:eet cleaning 

vehicles in Cologne (PR;). 1'he engine wear is 1n all 

engines as low as in c~arable diesel engines. In 

pu?nger cars M 100 has shown high thetmal efficiency 

and favourable exhaust gas emission values. Optimiza

tion of the engines is currently in progress. The 

use of special lubricant is reczu1.red, because 

deposits in the inlet. system and higher wear rates 

1JDder lCH tenperature dr.l.ving conditions did occur. 

Prwsently a large acale •M 100 pilot progranme• i• 

conducted throughout Germany (PR::i) UJM!er the guidance 
of t:he IMRT (J'ederal Ministry of Research and 

Technology). 'l'he final result will be available by 

the end of 1988. 

4. The strategy of. introduction f"or aiethanol as a mot~r 

fuel in G•f!!!!!!Y ia now as follows• 
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4 .1 M3 can be used for all 1110tor gasoline absorbing the -bulk of the produced and inported methanol. 

4.2 K 100 for city buses and conne.rcial fleets in large 

cities wi.11 be used in order to minimize supply cost 

and to optimise the profit in respect of reduetion in 

a!i: pollution in congested areas. 

4 .3 'l'he increasing glut of methanol in the World •.rket 

is expected to keep methanol pric:ea law as conpared 

to gasoline and cllesel pd.ces. The market in 

Gemany will be balanced by the requimments of the 

M 100 fleets and the general gasoline •rket which 

can fluctuate between M 1 and M 3 • 

.. 
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1. II. Suggestions for the development o£ the methanol •rket 
in India based OD the ecperiences gained in German 
Pield Tests 

1. The requirements in India are diffemnt from Ge.many. In 

India, the substitution of diesel fUel by •thanol is 

the llt>St 1~.rtant target. 

2. Investment cost for the supply system and for engine 

modificatiODS nust be nduced for India to the absolute 

lld.niDUlll· 1'berefore, the use of methanol by fumigation 

(upto 25" vol) into the inlet system of diesel engine, 

as developed by IIP (See* literature below) is the best: 

approach to the problem as thJ.s system is flexible. 
Captured flee ts should be converted to this system. 

3. Intmducti~n of methanol into the total filling station 

system is not advisable in India for t'lle time being. 

The cost of cleaning and drying would be very high and 

it would be nost difficult to organise the continuous 
supply of methanol to keep the filling station system 

clean and dry. 

4. 'l'he use of methanol/gasoline mixtures upto M20 in 
two-strolce and four-stroke gasoline engines will raise 

problems OD materials in the supply system as well 
as in the engines. It can, therefore, only take 

place in fleets which ue modified carefully and 
fueled out of centralised stations. 

Literature References: 

• A·IC· Singh, B·P. Pundir, Avina.sh Singh, Indian 

Institute of Petrole'Ulll, 

•A Puel system For Dual-ruel Operation of an Automotive 

Diesel•- IV International Symposi'Ull\ on Alcohol FUels, 

Guaruja, Brasil, oct. 1980. 

I I I 
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5. The development of methanol Ot 100) engines baaed on 

diesel engines but using spark ignition (like MAN) or 

vaporisation and spark ignition (like Daimler Benz) or 

dual fuel system (like JQD) and KIM) should be pursued 

in order to build up M 100 fleets in congested areas 

to reduce air pollution and save diesel fuel. This 

type of engine could also be eDtpOrted later to countries 

which have cheap JDethanol like New Zealand and Malasia 

but no engine manufacturing industry. 

6. As the first step fleet tests in d.ty ~es should be 
organised. The producer of the engines (Ashok Ieyland 

and 'l'ata) nust be involved in these tests. Cities like 
. -

Madras and Bont>ay could be the test areas since methanol 

could be 111\'0rted to these ha.tbors cheaply. A.s :India 

will have t:o 1mp:>rt diesel fuel ( ""6·4 million t in 

1985) anyway, this methanol iq>ort would not alter the 

balance of payment since it w~uld replace diesel. 
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Results Of Discussions after the 2 lectures 
WBRICATION OF M lOo-EN;INES 

(Pull text see Part C - Appendix 2) 

1· For methanol engines derived from diesel engines • 

like Daimler Benz-MAN-l<HD- bus engines • suitable 

Motor Oils are available. Low wear figures have been 

obtained in long term field trials. 

As for India the replacement of diesel fuel by methanol 
has first priority it seems necessary to establish 

first a suitable Dt>tor oil in an Indian built di~sel 

engine converted into a methanol engine. 

1.2 .2 Recomnendation on lube oil development for methanol 
en9*nes for India 

1. Historically, laboratory tests used to qualify engine 

oils have· been developed based on field experience. 

Lubricant performance deficiencies which have existed 

in the field can be deroonstrated in these tests and 
development for irrproving the performance can be 

started in the laboratories. Since in India, no 

methanol field trials have taken place up to now, the 

experiences fran other countries have to be taken as 

a basis. 

2. To screen the lube oils available in India for 1 ts 

suitability in methanol engines 'bro prerequisits are 

necessarys 

a) An Indian built methanol engine, whj.ch is giving 

reproduceable wear and performance results in 

relative short time. 

b) An eJlg:l.ne lobe oil, which has proven its auita

bili ty for methanol engines in a large scale 

field trial. 
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To fulfil these requirements the Kirloskar 1 Cyl. 

** engine (see lJ.terature reference page 26) has been 

set up as a standanl methanol test engine. This was 

an urgent task for the project (aee Part c Report by 

Dr. P .C. Nautiyal and A .tc • Gondal) • 

3. Optimization of the combustion is the m:>st iq>ortant 

fact to cbtaJ.n successful. lubrication. It can be 

aehiewd in different engine types, as seen in the 

above lecture. 

To control the coat>ustiori in the Kirloskar AVl-Engine 
when running on methanol the tenperature on the 

glowplug should be c:ontrolled closely. Special glow

plugs with built in thermocouple have been ci>tained 
from Gellllally (P:RG) for this purpose. They we.re used 

- to optimize the conbustion process prior to 

establishing the test conditions for lt1be oil 

evaluation (see Part C page ;f"l-Z Report by Dinesh Kumar). 

4. High engine wear occurred in methanol fueled engines, 
when cooling tenperatui:es were low. 

Therefore, the test conditions for lube. oil evaluation 

should be set acco.tdingly. Cooling tenperature of 

400C have been tried and stable running of the 

Kirloskar-Eng.ine was achieved even with this le11 
temperature level. 

s. As SOOD as a well defined stallda.td test procedure was 
established the refetence oil ·~on111la 222A•, which 

has c;iven very good .nusults in over one million miles 

of fleet testing in the ua (Bank of America) was run 

to cbtain a •bwse line•. (Reaal ta •ee Part C page Z O .3 
Report by Dr. P .C • Nautiyallkr. A·K· Gondal). 

6. New en¢ne lube oils c~sed from lldditives, 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 aftexwards. By conparing 

the results with the •base line", it will be possible 

to establish a suitable methanol engine oJ.l based on 

Indian coq><>nents. 

A second oJ.l, which could be produced later by 

Wbrizol India LiJDited, Boni:>ay • Code OS 70336 = is 

available to the project from LUBRIZOL u~. This oi.l 

has shown good results in the modified Ford VD engine 

test. It should be compared in the Kirloskar Engine 
against •Formula 22'-A• and the standard engine oJ.l 

(Xndian Production) as used by IIP upto now. 

The !>est oil cofll>Osed from Indian components should 

then be distributed to the engine manufacturers, who 

are developing methanol engines. If their engines are 

not running well on this oil, then the engine has to 

be developed further. The oJ.l cannot overcome 

shortcomings of the engine. 

** Literature References 

Dinesh Kumar, B·P· Pundir, Engines Laboratory, IIP, 
"Coabustion and Performance Characteristics of a 

Methanol Fueled DI Jiesel Engine•, VI International 

Alcohol PUels Synposium, Ottawa, May 1984· 
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1.3 Results of Discussions after the 3. Lectun~ 

~ IN METHANQL ENGINES 

(Full text see Part C- Appendix 3 ) 

1. The protection against wear by !~roving the motor 
oil quality was shown in radioactive tests. This 

technique was also used successfully in a methanol 

fueled Poi:d..Pinto-Engine. 

As for the project in the IIP some experience exists 
in the radioactive wear measurement by using activated 

piston rings, the Ki rloskar A Vl-Engine should be used 

in this matter. It is important, however, that very 
stable engine running conditions are established before 

hand. If radioactive testing has started no extra -
maintenaix:e is possible to the engine. 

2. 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 g1 ven in the lecture an apparatus to obtain 

blow-by condensate for laboratory tests. The 
composition of the blow-by condensate is an ind.1.cator 

of the quality of the cont>ustion· 
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2. Personal discussions on details of the experience 

with glgwplug - methanol - engines in Germany 

2.1 On the basis of a detailed technical report, which is 
not yet publlshed,-provided by Mr. G. FinsteIWalder, 

Kloeckner- Hunboldt- Duetz AG. Cologne, F ·R .G • , - the 

possibilities of inprovement of the Kirloskar AVl 

engine for use with methanol fUel were discw:sed. The 

measurement of the glowplug tenperature in the 

Kirloskar AVl engine could not be performed accurately 

with the equipment available. Therefore, the expert 

requested 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 contrustion chanber is now made. By this measure, 

it should be possible to minimize the energy 

requirement 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). 

2 .3 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 gl0itplug positioning to reduce the 
heat loss to the cylinder head, 

b) inveF.>tigating the influence of cylinder liner 

u~ t'ature on cQlllbuDtion, performance and engine 

output (specific fuel consW19tion) , 

c) variation of the injection nozzle to put some of 

the fuel in liquid form on the v all of the bowl 
in the piston (reduce peak pressure). 
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J. Assistance to IIP staff for installing 1 Cyl. 

Kirloskar AVl engine as a test facility for 

lubricating oil 

3 .1 The accuracy of all measurements ta."ten during a lube 

oil performance test nust be of high standard bec.~use 

othenrise the results might be not repeatable and 

therefore, worthless. All actions necessary were 

discussed and suggestions for inprovements were put 

fonrard. 

3 .2 Since 7/5/85 the Kirloskar AVl-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 inprovement in respect of 

accuracy but the engine and the test procedure have 

shown its suitability for the envisaged task. rrest 

results see Part C, page %03. Report by A·K· Gondal 

and P.C. Nautiyal). 

The 50 hr luboil test has rated the oils (Fomula 222A, 

Lubrizol O'Z 70 336 and IIP Type 3) in the expected 

order. The oils specially designed for use ill 

methanol engines did show no increase in wear when 

using methanol as the fuel compared to diesel fUel. 

3 .3 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 irrprovement. 
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•· Assistance to IIP-staff for running lube oil tests 
in the Kirloskar AV1 engine 

a) with methanol (glowplug) 

b) with 2s " (vol) methanol by fumigation and 
diesel £uel. 

4.1 As soon as reliable and stable running conditions of 
the I<irloskar AVl engine was achieved, the lube oil 

testing has begun. It is planned to measure the engine 

wear under low tenperature ( ,,.., <&OOC cooling water 

inlet tent>erature) running conditions in a SO hr test 

by dete rm:l.ning the iron content of the used lube oJ.l 

and the weight J.oss of the piston rings. 

4.2 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 

contamlnated luboil.- 'l'he main bearing will be 

controlled for corrosion. 

4.3 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. P .C • Nautiyal, A·I<· Gondal). 

4.4 In a second step this programme could be rationalized 
by using the radioactive tracer teclmique. The IIP 

has already done tests with radioactive piston rin95 

some years ago. ~he permit to run such tests is now 

ren•ed since May 1985. Aetions to obtain the 
required radioactive piston rings are in hand. A 

detailed time achedule for these tests, as proposed in 

the detailed work pr09ramne is given in Part c pac;e2.11 
(Dr. p.c. Nautiyal) 
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4.5 Ti» control the contr ... ~tion during the luboil tests 

with radioactive rings a pressure pj.ck up and an 

oscilloscope s°LaOUld be installed in the head of the 

tCirloskar A~ only if the carbustion stays constant 

short term tests are possible. 

Using the radioactive tracer techni.que could reduce 

the test time to 8 hrs for one oil. It would iJll)rove 

the value of the msults because several oils could be 

tested in a series without dismantling the engine. 

'l'herefore, 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. 

4.6 The expert organized the supply of an engine oil 

(Fornula 222A), which had been field tested over more 

than 1 ad.llion miles by Bank of America in California 

(USA). The oil was supplied free of charge for 

testing by Mr. M· Litten, Vice President World Trade 

SCA. This oil can be used as •base line• to coq>are 

the performance of other oils. 

In order to involve the Indian Lube Oil industry the 

expert paid a visit to Lubrizol India Ltd., (LIL), 

Boabay (see Part c, Appendix 4) • As a result, the 

Chief Technical Adviser of 'l'HE WBRIZOL CORP~TION 

Wickliffe USA, Mr· c .C •Colyer agreed to supply a 

"Methanol engine 011• as successfully engine tested 

in the "Methanol l'om VD-Test•, but based e11 

coq>0nents which could be produced later en in UL, 

Bonbay. A 5 gallon saq>le* of this oil (OS 59 853A) 

• ( based on the additive package OS 66 893 A) • 
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has been sent of by airfrieght from Wickliffe, USA. 

on Feb· 25, 1985. A. 113 ltr. &aJIPle based on the 

same addiU ve paekage (OS 66 893A.) bat composed in 

Indian 011 Corporatian base stocks has been sent by 

WBRIZOL. This oil •os 70 336• should be regarded 

as the first choice for field trials. 

WBRIZOL is prepared to sell this oil in India and 

will start produetion at LIL, Bonbay as soon as the 

market demand is high tmoUgh. ~alytical data, see 

Part c page. 2. OD.). 

s. Report and discussion on laboratory screening tests 

5.1 Thi.s task was fulfilled with the 3, Lecture (see 

Part C, A.ppenc:lix 3). Discussions on this matter were 

continuing on a persCXlal basis with those Int staff 

menbers interested. 

S.2 A fuel inh:lbitor (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 • f 61. 
Report by Mr· A• Jayaranan). 

'l"wo further fuel inhibitors for methanol fuels, 
developed by Du Pont (USA) and approved by EPA, 

WashJ.nqton, are called for by the expert. It is 

expected that these materials, which ue conme:cialised 

only in Feb. 1985, will arrive with the project aoon.• 

6· uaistance to IIP-staff for setting up laboratory 
8Creen1nq teats 

( see under 5). 

* The sanples have arrived in the l•t week of June 
at IIP. 
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7• Assistance to IIP-staff for fornulating methanol 

engine oil by using additives available in India 

'l'his task vas 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 ID staff meabers interested. Mon!, 

active work will be possible when the engine test 

work is evaluated. 

8. Bxplaining and suggesting to IIP-staf f a system to 
developm prescreen and engine test lubo:lls 

e.1 A basic management concept is necessary to develop 

successfully and economically engine lti>ricants. The 
• 

technological effort at the laboratories and engine 

test beds has to be guided and organi 7.ed from input 

generated in the practical field of application, the 
motor industry and the o:ll-/additive industry. 

e.2 Field prcblems like high wear or engine break dCJ1n 

due to deposits have to be identified first in detail. 

Contimlous cooperation on these questions with well 

organized customer groups in the field is the best 

base to obtain 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- am lccg distance) 
comme1'Cial transport fleets. 

In order to obtain their cooperation some benefit 1111£t 

be abvioua to these fleet operators for the effort 

they have to put into the oil sampling and reporting 
I 

SCheD¥!· To optimize the engine life time, to minimize 
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the fuel consunption, to iq>rove engine reliability 

and to optimlze preventive maintenance should be 

the goals of the scheme. In regular intervals the 

results 1n this respect have to be recorded and 

discussed. 

In this atmosphere of cooperation to the benefit of 

all 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. In such a case the 

engine manufacturer and the lubricant supplier has 
to be .1nvi ted to participate in the discussion. 

s.J The identification of the problem should be a joint 

effort of the fleet operator, the engine manufacturer, 

the oil supplier and the IIP a.s "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 shelfing similar results - e. 9• deposits at 

certain points - under similar service conditions. 
The test conditions - e.g. tenperature level - have 

to be adjusted to represent the practical conditions 

in the field. 

e.4 'l'he engine oil development can then start in the 
laboratory. The fastest way of solving such 

problems is to nm experimental oils prepared by 

the additive manufacturer. They lcnoW best, which 

component in the edditive 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 .ad sone new 
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COltpOllents without 'knowing the rest of the package 

in detail. Detrimental side effects can occur. 

Before starting engine tests with the new oil some 

routl.ne test on oxidation stability, corrosion 

protection and enulsifiab!.lity should be done in 

glassware. If measureable deterioration in these 

aspects is observed, some further changes are 

required before engine testing can comnence. 

8e5 Some field testing is required after the 1new I oil 

has shown good results in the engine test laboratory. 

In westem countries the oil- and additive c~anies 

as well as the engine manufacturer have well 

controlled test fleets for this purpose. This is 

rather costly but necessary to protect the aulk of 

the customer. 

'l'he control of 'new' oils 1n field trials i:equires 
nu::h Dl:>re details on rumiing conditions, fuel 

quality and driver behaviour than 'normal• fleet 

tests. 'I'he engines have to be dismantled and 
inspected in great detail by specialists. A lot of 

experience is needed to eve.luate these angines. 

Therefore, a close cooperat...'lon between the engine 

ma.~Uf acturer and the oil-/additive supplier is 

reconmended. 

8.6 The role of IIP in the development of 'new' oils 

CaJl be a 'management I e a 1WO.dcing 1 position. 

Pirst of all, a collection of field data (see 8.2) 

has to be organized. Since IIP has large analytical 

and engine test facili tiea available, which are not 

fully utilized, a service could be offered to 
fleet operators. A• socn aa 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 attracU ve if large groups of Sal'l19les 

are processed in the modem equipment of IIP. All 

the data could be processed by the conputer 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-/ 

addi.ti~ i~ustry. All these partners will be pleased 

to cooperate with IIP if this sort of real field 

data can be provided. 

Past analysing and aata reporting can be achieved by 

strict organisational aeasures. The expert has run 

methanol field trials in buses in New Zealand, but 

guided on laboratory results obtained in Hant>urg (FRG) • 

Airmail and Telex conmunication made this coopera

tion possible. 

IIP will scucely have the opportunity to develop 
engine lubricants on 1 ts awn, but it should be 

involved in many of these developments as a partner. 

By this built up of ecperi.enc:es IIP could become in 

the long run .!!!! authority for lube oil developnent 

in India. 

9. Discussion on additive development for two-stroke 

engines running on methanol or'methanol blend5 

9.1 The theoretical basis for this :task has been 

established by the lectures. •or practical tests , 
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a 'blo-stroke methanol engine oil from Iubrizol 

(OS 59 770) is now available at IIP. This oil is 

fully mixable with neat methanol. 

9.2 Before fUrther development for 2-stroke methanol 
engine oil takes place a decision on the fuel 

conposition should be taken since the basic approach 

in lubrication will depend on the fuel, whether it is 

neat nethanol, a mlxtui:e of nore than SO % of methanol 

with gasoline or a mixture of less than 50 % methanol 

with gasolJ.ne. 

9.3 Neat nethanol requires an fully mixable (soluble) oil. 

only synthetic base stocks like polyglycols can be 

used. WBRIZOL OS 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 

OS 59 770 was tried but with the addition of •Additive 

W", which was supplied by the expert. The cad>urettor 

stayed absolutely clean. This first development step 

indicates that the problem of inlet deposits can be 

overcome, but further optimlzation is requirc;:.d. As 

soon as patent coverage for •Additive W" has been 

obtained this optimlzation can be started (Details of 

tests see Part C page.190. Repore by Mr. Mukesh Gupta). 

9.4 Castor oil can be wsed for neat methanol also. It 

has shown good lubrication prope:ties but it is a 

natural product with varial:>le q,·.ali ty. This has led 

to the fact that castor oil is used for trials to keep 

the engines running only. Por racing engines, which 

sometimes use sw..-thanol mixtures as a fuel, castor oil 

or lately syntJied.c castor oil has been used. But 

nore n>dern racing engines are using mineral based 

I I I 

I I I 
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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 eng:Ules. 

As an interim neasure it has been used and can be 

used for conbustion studies in methanol 2-stroke 

engines. It cannot be used for exhaust emission test 

since it is giving eye irritating fumes. 

10. Assist IIP-staff ai evaluation of newly developed 

two-stroke §dditives in engine tests. 

10.1 The IIP-engine laboratory has tried in 2-stroke 

engines a methanol fuel containing the corrosion 

inhibitor Du Pont· ••••••••••• This showed a 

reduction in deposits and ring wear. A repeat of 

this test and the evaluation of further additives is 

recomnended. 

10.2 The expert brought alonC]l'ith him the fuel additive 

"Metacor 704• which had shown good results in 

Califorr.ia (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 co~arison. 

'l'Wo further Du Pont~ditives (IX: l-11 and DG 01-lCO) 

are on the way to Dehr~un £or testing at IIP. * 
If clearly measurable wear reduction can be obtained 
in engine tests by usiJ'lg these fuel addi.ti,,-es, 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 netallurgy group would be needed as a 
partner in such a progranne. 

* Technical detai la see Part C , Append!~ Sa and Sb· 

.! 
{' 



- !oO -

Part Cs APP El-DIC ES 

Page 

1· Lectures German Field Test Results 

on Methariol Fuels !'i 100 and K 15 ..... 41 

2. Lectures Lubrication of ~ 100 Engines •••• 88 

3. Lecture: Wear in Methanol Engines ••••• 113 

4. Visit Reports WBRIZOL INDIA 

I.DlITED (LIL) dated 23 .01.ss ••••• 132 -
5. Technical Report on 

a) Du Pont DCI- 11 Corrosion 

Inhibitor for §asoline~lcohol Fuels ••••• 138 

b) Du Pont DG0!-100 CC'rrosion 

Inhibitor for @asol~~e-Alcohol Fuels ••••• 151 

6· Optimization of operating condi tionf. 

of Glow Plug assisted neat Methanol 

fuelled direct injection Y.i rloskar 

A V1 Diesel Engine for Lubrication 

and Wear Stu(ies-

IIP Repor·.;. N.:. EL-0985, May 1985 ••••• 172 

7. Cor.parative Assessment of Corrosion 

Inhibitors for Methanol Fuel using 

Diffe~ent Fuel Systen1Metals/Alloys ••••• 181 

e. c leanlines and Wear of the methanol 

Two-stroke Engine ••••• 190 

9. Analytical Data of Methanol Engine 

Oils fxom Il1BRIZOL ••••• 200 

10· Erief Report on Lubrication and 

W~ar Stueies on a Glow Plug 

assisted pure Methanol fuelled 

Kirloskar AVl Engine ••••• 202 



• 
Your Ref. 

- 41 -

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 

UNITED NATIONS DEVELOPMENT PROGRAMME APPEBDIX 1 
A11i1ting : INOIAN INSTITUTE OF PETROLEUM 

ADDllUS FOii COllllUPOllDt:NCt : 
INDIAN INSTITUTE OF PETROLEUM 

P.O. 1.1.P. 
DEHRA DUN - 2 .. 005. INDIA 

Our Rel. IND/82/001/ •• 05 
IND/12/001-APPUCATION OF ALTERNATIVE 
FUl!l.S FOll INTBllNAL COMBUSTION ENGINES 

Lecture held by Bans-christian Wolff 
at the Indian Institute or Petroleum at Dehra Dun 

on !hursday J. Jan. 1985 

•German lield Test Resu1ts on Ketballol Pu.els K 100 and K 15" 

Abstract 
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panies and 8 engine manufacturers) and 15 scientific institutes 
inTestigated the use ot K 15 and K 100 in field tests within the 
scope or a Dll llOm programme rinallciall:r supported by the PMR~. 
30 stations for K 15 and 15 for K 100 were set up across the le
deral Republic of Germany. 989 vehicles were tested in day-to-day 
driTiDg. One result may be stated definitely~ The production and 
operation of K 15 vehicles are technically possible. A prerequisi
te here!or would be setting up a comprehensive K 15 station net
work. !he teclmical preconditions are mown. 

K 100 demonstrated a high degree o! thermal efficiency in private 
motor car engines and favourable e%haust gas emission values. 
Optimization of the engines is currently in progress. !he lubri
cating pro'blems (wear in cylinders and deposits in the inlets 
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The M 100 engines for commercial Tehicles/buses were developed 
from diesel engines. !hey haTe attained the same high degree of 
thermal efficiency as diesel engines. The exhaust gas emission 
is free ot soot and faTourable with respect to HOx content. The 
wear and tear problems with buses in city traffic have been 
OTercome. 

34 references. 

The f ollowiDg is the full tert of the prepared lecture which 
was presented in a shortend form oTer 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 thennal efficiency and 
minimal amounts of po1lution 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 nonnal 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-tenn, 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 tG do so by the FMRT, the value to the national economy and thus 
the protection of the individual company from misinvestment are 
assured. 

r.ie investment decisions that might then become necessary on the part 
of industry for the production of new engtne designes and the change 
of the fuel supply infrast?"Ucture can thus best be safeguarded. 
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2. Scope of the Progranme 

The objectives of the FMRT alcohol fuels programne 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 
crraracteristics etc. 

- Related investigations concerning environmental, health and safety 
matters. 

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

fig. 1 shows an organigranme of the FMRT Project. 

The following vehicles have been enployed under practical road 
drivi-ng. conditions: 

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

- 8 buses and trucks, all using M 100. 

For supply purposes a distribution system was established comprising 

- 30 M 15 filling stations anrj 

- lS M 100 filling stations. 

The following companies/institutes took part: 

8 oil companies 
3 chemical~ companies 
8 engine manufacturers 
3 accessory manufacturers 

22 industrial companies. 

lS scientific institutions 
and researc~ institutes. 

Hundreds of used oil sami>les and many fuel samples from field trial 
cars were investigated in order to have an early indication as to 
"hether 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. Thf s measure helped to 
conf1nn that the engine tests conducted in the laboratories actually 
dfd indicate the difff cultfes 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 programne in order 
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to detect any deterioration which may have occurred during 3 years of 
practical driving. 

The driveabiHty and handling characteristics of a ntlllber of M 15 
cars were determined under different anbient temperature conditions 
on fully airconditioned vehicle dyn11110111eters. These results were 
compared with the numbers and details of complaints coning fn:111 field 
trial customers. Thts procedure ensured that the test methods 
employed in the laboratories actually did reflect practical 
operatitns. 

In the period from 1979 to the end of 1982 a total of approx. DM llQn 
was spent by all participants. The FMRT has taken over approx. 1'.14 5811 
of this (2). 

3. Results on M 15 (14) 

A 11 German motor car manufacturers took part in the M 15 p rogranne of 
the demonstra~ion project. The numbers of the vehicles used are: 

M 15 "iest Fleet (14) 

ManUT acturer Types Total number 
(planned) 

tsl'IW I 10 

Daimler Benz 2 40 
Ford 4 180 
Opel 2 200 

Porsche 1 11 
VW-Audi 6 600 

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

Bayrische Motore"werke AG (BMW), Munich, provided its model BMW 
732 1. By modifying the electronic injection system (Motronic) used 
here, it is possible to store Lambda and ignition timing perfonnance 
characteristics for M 15 as well as premium f•Jel and thus optimize 
perfonnance, fuel consumption, er.haust emission and driving 
characteristics for both fuels. In addition, the fuel system pressure 
was increased in a ba,s1c motor that remained unchanged vis-~-vis the 

' 
' 



- 47 -

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 s.ystem adapted to the air ratio; 
in addition, a cata-lyst with a sel~-entraining air supply is used·. 
Exhaust emissions are thus reduced •arkedly so that when the M 15 
destgn is operated with premie11 fuel. the exhaust emissions remain 
clearly belOl!f the li•ittng values permitted. 

The second design provides for ~ van (LT 601) with a carburettor 
engine. Here, both the carburettor and fuel system have been modified 
to take the air requi"1!111ents 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 wfth modified materia-1 speciFkations for those parts tttat 
came into contact with the- ruel. The carburettor setting was adjusted. 

Adara Opel AG, Russelsheim, employed its Rekord with a 2.0 1 
HC-engine, partly u an injection vehicle with L-Jetronii:, partly 
carburettor eciuipped. Besides material selection, the modifications 
canpared to the nonnal assembly line- products mainly involve adapting 
the air ratio and modifyfog the fuel system with the carburettor 
vehicles. · 

The company. Dr.-Ing. h.c. F. Porsche AG, Stuttgart, selected its 
model 924. Here, a new. motor design with high compressfan was used 
( e. • 12.5) w;th an adapted injection system. The fully electronic 
ignition system provides for switching to various ignition 
perfonnance characteristics - M 15 or premium. It is thus possible 
not only to operate the vehicle on both fuels smoothly with respect 
to driving characteri sties, but also to fuTfi 1 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 sb different vehicle types, private motor cars and smal 1 
vans were employed by Volkswagen AG, Wolfsburg and Audi-HSU AG, 
Ingolstadt. The selection of the models was with a view to including 
al 1 interesting carburettor and irrjection systems in the test. The 
vehtcles were to correspond as 1111ch 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 eciuipment partly modified. 
"nle fuel supply system was remodelled, taking into account the 
greater volatility of M 15. In order to improve driving 
characteristics, particularly when the engine is cold, all of the 
vehicles were •auipped with an electronic fgnition system with' 11S 
(digital idling stabilization). · 
The relatively large number of VW vehicles was also aimed at 
contributing towar~s a corresponding throughput at the various 
stations, a necessary prereauisite for testing the oil companies' 
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distributing and marketing systems. - In addition, close cooperation 
with accessories finns, particularly carburettor and injection system 
manufacturers, was aimed at in order to pass on the experience of the 
programne direct. 

3.1 F~el Specification M 15 

In order to obtain genuinely conparable 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 Stlll'lllf!r 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 ppnr water content in sumner to OOC and up to 
1,.000 ppm water content to minus t5°c in wfoter. 

It 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 DIN (German Industrial 
Standard} 51600 dpes not demand this. Thus, comparability with normal 
branded premium fuel was established. - It was detennined in the Opel 
Kadett test that the quant'i.ty of detergent had to be more than 
douoled to obtain with M. 15 the same cleanliness fo the entraining 
system as with regular (15}. 

All 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 S by volume of 
methanol. Fig. 3 shows the deviations (3). 

This M 15 specification proved itself in practice. 

3.2 M 15 Oriveability I Perfonnance I Consumption 

Consuners 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 handt;ng" and "cold 
weather driveability• in the fully air-conditioned vehicle 
dynamo-meter, they were compared with complaints made by custaners 
during the fie 1 d test ( 5}. There was cons i derab 1 e conf onni ty, thus 
proving that the results obtained at the vehfcle dynamometer are 
practical. 

At an ambient temperature of zooc, all M 15-engined vehicles show 
hot fuel handlfng characteristics equivalent or superior to those of 
gasoline-engined cars. 
As shown in Fig. 4 {5), above 300C some of the M 15 ver!ions of the 

' 
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enginC!S tend to be inferior to corresponding gasoline engines with 
respect to acceleration (hot fuel handling). 
At 3SoC, however, 65 to 75 S 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 !J4SOTfne driven cars with respect to cold weather 
driveabtlity a.t nbtent temperatures of between nrinus looc and plus 
SoC, as shown in Fig. 5 (5). Compared to a gasoline of borderline 
quality (DIN 5-1600), however. only approx. 40 S of the M 15 cars 
demonstrated inferior perionnance- at minus lQOC; indeed, 40 S of 
the M 15 cars were superior. 

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

It 1111st be borne in mind that the car tndustry has had relatively 
ltttle time to develop engtnes 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 fund~ were made available. 

It can be seen as an example from the results obtained from the 
Porsche 924 vehicles that good perfonnance is possible in cars 
designed especially for M 15 (6). Fig. 6 shows that the M 15 version 
ts better with M 15 (Mode a) than with premiun grade gasoline (Mode 
c} with re-spect to maxilllllll speeds, acceleration and elasticity. 

rig. 7 shows how optimizattng the motor ( E • 10.S} for M 15 can 
focrease perfonnance across the whole RPM range, employing a Daimler 
Senz 230 E as an e-xanple- (engine type M 102) (7). 

Fuel consumptton is an important factor affecting economy. It depends 
heavily on the degree of optimization of the engine. - ihe 
statistical mean value of volumetric fuel consumption increase 
detennined in OCtober 1982 as an averale value for all M 15 vehicles 
employe~ in the FMRT progranme was 5.6 by vol. ---

Especially highly optimized engines, such as those mentioned above, 
finally no longer even demonstrated any increased volumetric f;,iel 
cons1111Ption. In these. models, ttreretore. the thennal efficiency of 
the engines had been increased markedly. 

It must be stated, however, that the engines optimized for M 15 could 
not autamatical ly be operated on premium. In this case, the e-xhaust 
emissions wet"'e considerably less favourable. Vehicles !Quipped wfth a 
switchover device M, 15 .,. Super are being tested - but the expense 
fs considerable. 

' 
' ' 

"' 
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3.3. M 15 Lubrication and Wear 

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

-il Viscosity Perfonnance level 

w 
x SAE 15 W-50 API SE/CC 
y SAE 15 W-50 API SF/CC 
l SAE 15 W-40 • API SF/CC 

able 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 tenn. 

The test cycle - see Fig. 8 - was agreed between the engine 
manufacturers and oil companies. It consisted of 62 % driving and 
28 S_ idling, and can thus be designated as extreme, but not 
unrealistic. The coolant temperature fluctuated between 40 and 
600C. Between 45 and ssoc 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 lubricant oils that it had supplied. The 
testing methods were the same for al 1 of the companies in order to 
obtain a unifonn data pool for the final evaluation. 

The initial results obtained from vehicles with especially high 
mileage {fast runners) did, it is true, show somewhat increased Fe 
and Cu values - Cf. Figs. 9 and 10 -, but no modification was made to 
the lubricating of 1 fonnulatfons, as the scheduled operating period 
af 3 years did not appear to be in danger. This proved to be correct. 
At the enG of 1981, reports were presented on 112 M 15 vehicles that 
had driven 1 total of approximately Sm Ian (10). No breakdowns on 
account o" lubricating oil were registered, although many of the 
engines had been operated for more than 120,000 km. 

The Fe content in the oil drained off after a nonnal 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 oil. The Cu content in the 
oil drained off, that first fluctuated between 10 and 70 mg/kg, only 
attained a level of 10 - 40 mg/kg following operating periods of 
approx. 35,000 km/vehicle (10). 

Fina 1 resu 1 ts on wear f tgures are not expected unt i 1 a more deta i1 ed 
examination can be made of the- engines th-at are to be taken apart and 
scrutinized a.t the. be.ginning of 1983. 

3.4. M TS 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 canprehenshe 
network for the whole of the Federal Republic, a further 19 stations 
were selected so that M 15 vehicles could drive throughout Gennany 
without •prem;um re-fue-lling• (see Fig. 2). All test participants 
received a special mini-a.tlas with exact raad maps allowing them to 
easily find the M TS stations. 

Each participant ·received a magnetic card which he had to insert into 
a contra 1 device- when- fue n tng. Not unti T he h·ad add it ton a 11 y entered 
into ~he contro.1 apparatus the- vehtcle mileage and any •premium 
fuelling• that had been done, was the pump released. Thus, all 
fue-11 ing data was electronica·l ly recorded and p·assed on for centra 1 
evaluation at SNV Berlin. By the end of 1982, this ·~ank card data 
file• contained just under 2 million individual pieces of in 
fonnation. 

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

The stations themselves were suppHed by a central depot employing a 
36,000-1 road tanker in order to guarantee constant quality for al 1 
test participants. The central pro'duction unit was switched every 6 
months (sumner/winter). 

The M 15 at the pumps was Quality-controlled at regular ;ntervals, 
before and after topping up the underground tank, in order to detect 
any bottom phases that m1ght have occurred (alcohol/ water) (4). All 
of the. tanks and pipe 1i nes,. as we.11 as the pumps, were new. Some of 
the underground tanks were lined with epoxyres~n based Pennatex 
HSA 2807 (33). This is important; for it is well-known that as little 
as 1 - 2 S 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 ~g 4. Al 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. 

Gunmy 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 broutjht to a halt on account of 
these gU11111y residues in the M 15, beca 11se on 1 y th at sma 11 amount of 
fuel that had remained in the hose con~ained 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 H 15 could satisfactory exhaust gas 
values be obtained when employing M 15 as a fuel. If these H 15 
engines are operated on pure prenilJll, 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-Benz's branch workshop in Berl in 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 03G ( 12). Measurements 
taken on 12 vehicles of the same family show that the modified 
fonnular 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. 

0--
Fig. 12 show,s that the emissions from 3 vehicles of the same farni ly 
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. Base1 on an average of 16 different engine 
models from 6 different car manufacturers, operations with M 15 
result in n:lativf improvements compared with gasoline operations -
as shown fn Table 6 (14). 

The attempt to further improve M 15 vehicles by using catalysts in 



- 53 -

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 i~ which representatives from 
all groups in soctety participated. In o~-der to achieve this and to 
ensure a continuous flow of reliable infonna-tion (see 3.4 tank date 
file), the customers' additional costs were taken care of and an 
incentive offered for con ti nui ng through the who 1 e test run. The 
private customer had to purchase the vehicle at the nonnal list 
price, but recehed a rebate after the first year of 3.0 S, 4.5 S 
after the second and 7. 5 S after the tM rd - a tot a 1, therefore, of 
15 s. 
The M 15 fuel had to be paid imnediately at tne station at the full 
price for premium demanded at the station. It was possible to 
detennine through the electronic reporting of tank data whether the 
customer was in the no"'1al ranqe expected for the test. If this was 
the case, then a rebate of OM 0.10/l of M 15 fuel filled was given at 
the end of each month for vehicles that normally operated on regular. 
For vehicles that normally u!ed premium, the fuel rebate was 
DH 0.05/1. In addition, a further OM 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 al 1 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 qui ck 1 y ab 1 e to d·etect weak points and remedy them. 

Itt sunmary, n may be stated that optimized M 15 vehicles would be 
accepted by cons1111ers if the slight additional cost of purchase 
(approx. 2 i) was at least offset by other advantages (fuel prices, 
taxes). An important prereauisite would be a really comprehensive 
supply ·infrastructure; this would mean at least 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 w;th as secure a base as 
possible For costly M 100 engine developments, the fuel 
speciftc:ations for M 100 were latd down jointly. taking into account 
the aspects of ava·il.abil'ity. S4fety and costs. 

Chemical grade methanol is a grade traded throughout the world and 
was t.,us regarded as being most· readily av.a·ilable. The characteristic 
data are given in Table Z. 

Safety demands n1ade it necessary to add 1ower boiling hydrocarbon 
fractions, in :;,r.:fer to constantly ha-ve a non-explodable fuel 
vapour/ air mixture in the car fue 1 tank above the H quid f ue 1 ( 11 ) • 
This denand corresponds to the basic specification for methanol fuel 
M 100 (Cf. Table 3). 

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

For cost reasons, however. a rep·l acement for expensive i so-pent ane 
was sought. rn October 1982, the sPecification detailed in Table 4 
was agreed whereby jso-pentane was replaced by a C5 cut and butane. 

Aluminium, c ~->per, lead and zink are heavily corroded by methanol. In 
the case of steel, normal St 12 demonstrated the most favourable 
values,. parttcularly if w~ter can- be- prevented from entering. 

No decision h-as been reached as to the- addition of' anti-corrosion 
agents - and possibly deterqent additives as well. They have not been 
used to date because, on the one hand, satisfactory effectiveness has 
not yet been detennined 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 wi 11 be 
able to help us further. 

~.z. M 100 Passenger Cars 

Daimler Benz' and VW orovided passenger cars for the M 100 project. 

Da-imler 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 injectinn 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 nonnal 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(£• 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 tts tranSJtorters (15 units) the 2.0 1-double-carburettor engine 
was used ( 16). 

The combustion chamber had to be changed in the Golf 1.6 1-car
burettor motor ( E = 12.5), as the sp·arking 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) ( E • 12.5), because it was 
not necessary to prewam the entrained air or mixture. In the maximum 
power range, however, the output had to be cut back a little in order 
to avotd 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 e. • 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 I Perfonnance I 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-zsoc; a % iso-pentane was used here in the M 100 fuel. 
When using pure methanol, starting at temperatures as low as -15oc 
is guaranteed. When starting cold and during the wanning-up phase, 
the damning 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 perfonnance can be increased considerably by raising the 
compression from£• 9.1 to~• 12 (see Fig. 14). Even with a motor 
of nonnal compression ( E • 9.1), using M 100 increases perfonnance 
by approx. 5 % canpared 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 nonna1-compression M 100 
engine ( c • 9.1) to 421 MJ/100 km in an optimized ( E • 12) engine 
with an exhaust catalyst. 

The Volkswagen M 100 engines were designed so that while driveability 
remained as good as w1th gasoline vehicles, especially the 
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partial-load consumption of the M 100 vehicle was favourable. Fig. 15 
shows the performance and consunption curves for the 1. 6-1 
carburettor engine {16). At - 12 S higher perfonnance, markedly lower 
specific energy consunption is ~corded. At maximum speed (160 km/h) 
the improvement ts approx. 19 I, in the partial-load range at 90 km/h 
it t-s approx. 18 S. 

4.2.2. M 100 Lubrtcatton and Wear {Passenger Ca-rs) 

Lubrication fs of decisi"ve nnportance- for the life· and operatfonal 
reliability of engines. Thus 'i"t 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 
bes-t known lubricating oHs would not be sufficient for the M 100 
vehicles under all operating conditions. 

Heavy deposits appeared in the inlet s.ystem 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 fanned on the 
jets, causing a change in fuel distribution to the individual 
cy l i nders.. In the- worst case-, a· piston burnt out during a test stand 
run, because it had been operated so lean that extreme high-speed 
k'1ock 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 supplters provided special oils with which an improvement 
tn engine- cleanliness was atta'fned· 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 
themselves when the additive package was also adjusted to these basic 
Ji ls. 

In addition to these •ad hoc solutions'= that made it possible to 
conti,,ue the fleet tests, systematic lubricating oil development was 
a1so carried on in the test stands. 

Table 8 (17) shows that· the average rust rating in the II 0 test is 
clearly worse with M 100 than with gasoline·. In the III 0 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-0 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 prov;de any results that 
would ind;cate problems with M 100. 
The Cortina high temperature test w;th M lOG gave an excellent result 
in tenns of piston cleanliness and r;ng-sticking (Table 8), but heavy 
black deposits were fanned in the inlet system. 

In the VW 1302 test (18), too, piston cleanliness is better with 
~ 100 t~an with the reference fuel, but the iron content in the waste 
oil is approx. 5 times as high with M 100 - see Fi9. 16. 

Since most of the M TOO vehicles did not start running unt; 1 1981, 
there are not enough used 0;1 analyses ava;lable to allow conclusions 
to be drawn that go beyond the· above in passenger cars. 

At present, the results may be sunmarized as follows: (17) (18) 

- M 100 improves piston cleanliness and average varnish rating, 

- sludge formation with M 100 is higher under low temper·ature 
conditions compared to conventional fuel, 

- M 100 fuel increases cam and follower wear, 

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

- inlet system deposits are a major problem w;th 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 
- corros;on/sludge 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 
oil and fuel additives. It appears that the key to the solution is 
the lubricating oil (31). 

The •city driving progranme•, 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 1ooc -
;iormal - 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 - 55oc, on the other hand, a rapid 
increase in Fe content was observe<! right after approx. 60 hrs. when 
using good, conven~ional SAE 15 W/40 (API SF/CC) oils. The oil 
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temperature was approx. 55 - 650C (31). 
High RPMs and engine loads proved to be uncritical for wear in 
optimized M 100 engines. 

The c:lHnliness of the inlet" system cou.ld be improved by changing 
some additive components and increasing considerably the addttive 
paclcage in the engine oil. 

Even though ~perimental oils of extreme·ly high a-lkaTinity (TBN 
approx. 30 mg KOH/g, ash content approx. 3 S) resulted in 
tmprovements with respect to wear and sludge fonnation, even under 
critical test conditions (35 - ssac coolant tenperature), this 
problem cannot be regarded as solved for practical operations, 
because the high ash content could t~igger off other engine problems. 
Developments are continuing (31). 

4.Z.3. M TOO Fuel Distribut• n" 

Since the number of vehicles employed in the M 100 test was 
considerably less than with the M lS demonstration· project, only 15 
dispensing units were set up - for reasons of cost. Fig. 18 provides 
an overall view of the ctistrtbut"ion. 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 nonnal ones, in sPite of· considerable 
enlargement of the tank. 

An important factor is that a 11 aluminium parts must be eliminated 
from the supply system because- they are rapidly corroded by methanol. 
The resu.ltant alumirtiunr compgunds 'fonn slimy residues on the filters. 
Aluminium compounds that pass into the combustion crramber are 
oxidized to fonn aluminium oxide (Alz03) 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 p1.111ps and 
ftttings that are resistant to corrosion through methanol or 
methanol/water. The chemicals industry does know suitable materials. 

~.l .. 4. M 100 Pa-ssenger Car Exh·aust Emission 

The exhaust emissf·ons from M 100 engines are considerably less than 
those of comparable gasoline engines. Given the same driving 
oehaviour, the Daimler-Benz M 100 engines fn the ECE 15 test 
demonstrated the following values (15): 
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Daimler-Benz HC * NOx co 
zao SE g/Test g/Test g/Test 

. 
86.5 Premium 8.6 12.5 

"" 100 Z.6 6.5 52 
(E =9.1) 

. 

" TOO 2.5 2.7 18.8 
f+ catalyst 

" 100 
optimized 5.3 5-.5 47 
( E: :s 12) 

~ -
M TOO opt 1.3 3.0 16.5 
+ cataly~t . 

* measured with FID 

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

HC • 3.3 g/test 
NOx • 2.5 g/test 

CO • 35.4 g/test 
in the ECE 15 test cycle. Work is continuing on improving these 
va 1 ues. 

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 involves aldehyde emissions from motor cars with gasoline 
engines operating on alcohol. (28) At first, a suitable measurement 
method had to be deve 1 oped. In the ECE 15 co 1 d test, the a 1 dehyde 
emf ssion of methanol operated ·;ehfcles was up to 4.5 times greatP.r 
than that of comparable pe~ --ol vehicles. In a wann operating 
condition, however, the emission fs 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 perfonaance and driveabil ity of the M 100 vehicles is the 
same or better than corresponding petrol-operated vehicles, the 
cons1111en are satisfied with respect to these points. The cleanliness 
of the inlet system is still unsatisfactory, causing more trips to 
the work shop. The spec i a 1 1 ubrlcati ng o i 1 s th-at resu 1 t in 
improvements in this area will probably be considerably more 
expensive than normal trtgtr-verformance engine oils. 

The wear behaviour ts still unclari·fied, but will probably not bring 
about engine service lives CCJRParable 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 wtth normal n>tor cars~ A sufficiently close-meshed 
filling station network is another prerequisite. - The price of M 100 
fuel must be fixed so that the vol1111etric overconsumption is 
compensated for;. this wi Tl primarily be a questfon of taxation fo 
Germany. 

The additional costs for vehicle procurement will simnarly have to 
be ccinpensated for .. The total cost per km must not be higher than _ 
.. ~th ccmparable gasoline vehicles in order to achieve satisfactory 
custaner acceptance. 

4.3. M 100 Connercial Vehicles/Buses 

Unlike the passenger car engines, the development of M 100 engines 
for conmercial vehicles/buses was based on diesel engines. Resort 
could be made here, in part, to earlier developments involving 
multffuel engines .. 

The follo~ing lines of development were pursued: 

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

- M 100 vapouriz~tion in spherical combustton cnamber in piston, 
following direct injectfon ;nto each cylinder, ignition with 
sparking plug (MAN) (23) (24). 

-·Ignition-jet engine, injecting diesel fuel for i91it1on and 
employing methanol as a •working fuel 1 (KHD) - (ZS) (26) 27). 
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 f gnition imi>rovers 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 
Gennany. More results with ethanol and ignition improvers are 
currently obtainable in Brazil. (20) 

4.3.1. M 100 C011111ercial Vehicles/Buses -
Oriveability/Performance/Cons1111Ption/Enaission 

Fr111 a technical and economic paint of view, the supercharged diesel 
engine is particularly su.ttect for long distance conmercial vehicles. 
However, the use of M 100 fn canmercial vehicles will be espechlly 
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 Berl in and Cologne (as wel 1 as in Auckland, New 
Zealand) and in street-clean-ing vehicles in Berlin. Here they were 
able to demonstrate their advantages in practical everyday 
aperations. - (Similar results are obtained in Auckland. New 
Zealand.) 

The cold startability is good for all engines. An external hea.ter 
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). All of the engines running in th~ F14RT progranme are 
quite clearly superior to comparable diesel engines with !"t!Spect tq 
driveability and perfonnance (see Fig. 20, (21); F;g. 21 ·(24); 
Fi;. 22 (25). Since high torque is attained at lo~ 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 thennal efficiency across a broad 
range. Values of y • 40 - 41 S as also attained with good diesel 
eng foes, 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 cooHng water in the Mercedes-Ber.z 
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 excel lent 
acceleration characteristics, so that they have to·brake and waft 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 tbe FMRT M 100 progranwne are 
very favourable and meet the limiting valu~s demanded in the NlJ Mode 
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Test (CaHfornia 1983)•. Worthy of mention is the reduced engine 
noise compared to diesel buses. 

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

Unlike the problems wtth M 100 passenger cars. the lubrication and 
wear problems with the conmercial vehicles/buses could be solved by 
means of close cooperation 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 cmparable diesel vehicles (Table 9). Thus, cmparably good 
engine lives can be expected. 

At the start of developments the following problems cropped up: 

- emulsion fonnation when methanol and lubricating oil came into 
contact, e.g. in the injection PUlllPSi 

- high cylinder wear due to al1111inium 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 oi 1 suppliers trustingly carried out 
researcli into the real causes, employing the most modern methods. 
Design measures and a different selection of material by both sides 
led to SUCC2SS (32). 

Since the ccnwne.rcial vehicle/buses do not have any "cold operation" 
such as the passenqer 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 progranme. 

The buses have excel lent customer acceptance (32). ihe vehicles have 
proven popular with drivers, who appreciate the higher low-speed 
torque characteristics of the engines ~nich permit faster 
acceleration in city traffic, and with the public who have c011111ented 
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 all 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 
anct methanol, depend upon a great •any, partly policital and global 
econanic factors, it was only possible to take trends as a guide for 
development work (34). 

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

Ftg. 26 shows that, given methanol availability - primarily cheap 
imports! - as early as 1984/1985 the methanol pushing on to the 
market in Gennany will no longer be able to be accomodated as "M 2•, 
which is the grade currently pennitted. Accordingly, decisions are 
reauired~ The same picture also shows that, through •M ls•, the 
auantities of methanol pushing on to the market ,._ in the year 2000 
will not automatically be taken up. 

-According to Shell's latest 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 programne have provided politicians and 
industry with a basis for decisions that will soon have to be made. 

--·. 
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6. Sunmary and Future Outlook 

It was shown ;n a demonstrat;on test w;th almost 1,000 veh;cles 
driven by normal c;t;zens under all normal operatfog condit;ons for 
three years that the engfoe manufacturers and the o;l industry are 
techrrically ;n a position to ;mplenent an M 15 concept ;n Gennany. 
The decisive factors are the econanic Questions wMch will primarily 
be ;nf1uenced by fiscal poHcy and global economic developments (oH 
prices!). 

The M 100 concept is not Quite fully developed technically for 
private motor cars; but, chances of success are good here as wel 1. 
The M 100 concept for canmercial vehicles/buses has been technically 
so perfected that large-scale demonstration programnes - e.g. 
involving urban bus traffic in a large city particularly affected by 
air pollution - can be connenced at any time. 

The cornpetit;on among the companies tak;ng part in the FMRT progranwne 
was not restricted. A vast number of different solutions were worked 
out on indivf dual questions. A 11 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 detennining 
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 carrie~ through. 

The complex Questions of reciprocal effects and interrelationships 
between fuel additivei 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 life, oil-change 
periods etc.). 
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Calculation of - from 
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Cold Starting Device for Operation 
with Methanol Fuel 
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Power Output and Fuel Consumpfion 
under full Throttle Conditions 

~Alcohol Engine; Conv. Gasoline Engine 
,_..... (VW Golf - C8rt:xnllDr' engile) .. 
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...,_........,_~....;1"--f.-__. _ __,;.. _ _.;..~11 
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_. .... 1, ... 

Iran Content 
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Fig. 15 (11) 
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Emissions at Pan \"hrome Road Load 
Cf-- 8,2) 

• • • lGD 121 • • • lGD 121 Y(lmlll) y~ 
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"""-------------------------~~~Flg.110~ 

Compmison U Load P81fo111DIC85 
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- MOO -----------------~ Fig. 2G (21) 
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Fuel8icieny on Energy Basis 
tarGmal/Melhanal cnl Con&llidDiesel Fuet 

IOtD-F a 413 F 

-· (1112 UllWIO I 
' 

---1 - -
O'~----.... -----.------------------... I I I I 

• mo - ... ,.. _.. -· .... ~ 
• .... 22 (25) "--------------------' 



- 76 -

Etliciency of lhe Methanol Engine 
bl&. .. .-..... tDClllllic ... ............. . 

Sar*8'f DicOllll for Dile mechanical Energy 
OUlpul of Alcohol-Gas Engi11 as compared wilh 

conventional SI Engine 
Fuel Ellgirle ..... 
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M 15 Secllicalion and Actual Resulls 

·c 0 -15 -15 -8.5 -19 

mlllr 

• M'C .. VIII miL50 min.55 SI 51 5B 
nm.55 max.80 

•arc .. VIII miL50 min.55 8' 56 6' 
nm.70 max. 75 
miL90 mil.SO 96 94 '11 

2D5 206 188 
1 1 

Talllt 1 (4) 

Speciticalion for Mellalol 
as Mixing Component 

Spec. grilv. gtan3 ca. 0,79 
Reid vapor press. mbar ca. 320 
Wlllsr content ppm max. 1000 
Evapcntion resid. mg/I max. 10 
Melhyl formale ppm max. 5 
Formic acid ppm max. 10 
Alkalinity ppm max. 1 
Total add PC)m max. 20 

Tabll2 
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Basic-Specification for 
Methanol Fuel M 100 

..._IOI ... mn. 90 
HJ(llacstJal• ... min.-maJt S.0-9.0 
Aalllle tcamJlion 
IMllVl'IO Y9S 
Soc. "91'J15"C wr:nr1 min.-mu. 0.765-0.795 
Alid ..... ..-. ... min.-fllB. 600-700 ca-.. '4UllQ 1mt'-~ 21.0-22.0 
w.r- cal*'1t ppm llllJL 1.000 
Ewp. ICllid ,.. mgll ~ 10 
M.ittyl tanNllt ~ .... 5 
FomiclCid ppm mmt. 10 

Ml/itrilJf ppm mmt. 1 
TallllCid ppm mmt. 20 

SoeciWtar ....... 
Alid111P- .... mber min.-mR. 800-900 
Claud paint It 
1CNt wt~ mid. 'C mmt. -15 

I 
I 

118113 ---------------~ 

BM-for M 100 with 
Cs-ClJUC, based on pure Me1hanol 

(October 1982) 
Swnn'9r ... 

Mlbnal 93 93 qi,,,.. 

Mil ..... (lalll> 7 7 C!bn-
Cs.CW 6.5 4.9 C!b mass 
c. o.s 2.1 C!b mas 
Dlr1lilV 0.786 0.784 wcm3 

Vapcu~ 700 900 mblr 

Cllclrilc --
21.3 21.3 MJlkg 

Uppw .... limit <-13 <-25 "C 
max. mu. pQrn 

W91'=nllnt 1.(JQO 1.000 
FonniclCid <10 <10 pQrn 

~IJ"' <10 <10 mg/1QOml 

, ... , -------------------~ 
--
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Improvement of Exhaust Emission 
obtained with M 15 as compared IO 

Gasoline 
HC 6.7 'Ai 

co 15.5" 

NOx 5.3 % 

Fuel Consumlion Daimler-Benz 'PtP 280 SE 
~ ----a ..... aDlllWll 

no• um• .,... . .,,... lllDO. IUllD. ....... 168 !i5' 9.4 310 11.7 386 

••<I :l.J) 30.6 510 lU 3J6 22.4 373 . .,._,.. 30.6 510 lU 3J6 22.4 373 

••<I ·12)· 28.6 '76 1&2 303 21.4 356 ..•. _,., 28.S '76 1&2 303 21.4 356 

Tallll7 (15) 
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• 

Comparison of Engine Test Results Cl1 
Gasoli1e M 15 and M 100 Fuels 

Tmr ...... 1 1115 I 11100: 

IO 
as I AVQ.lrllJnllUSf 9.0 8.1 8.5 min 

llO 
VlscasilY incr8Dse at 61 h. " 54 54 32 375mmt. 
PiSIDn vcmsh 9.3 9.4 9.2 9.2 min 
Avg. 5'JdQI 9.6 9.8 9.7 9.2 min 
ORlf vcmsh 7.5 7!J 7.7 4.8 mil. 
cam and•~. avg. mis 12 1.9 3.1 4 nm. 
cam and ..., wa. max. mis 3.7 l3 6.2" 8 mmt. 
¥0 
Avg.. 5'Jdgl 9.6 9.5 9.3 9.4 mil. 
AVQ. varnish 7.7 119 8.7 as min. 
PislDn anish 72 7.1 8.4 6.7 mil 
cam wu. avg."* Q.7 OJ 12 1 mmt. 
cam wear. nm. mis Q8 Q.4 5.6 2.5 nm. 
PW•W.1 
a.ming wt lllSS 361\. lltJ 20 28 lO 25 max. 
Vlscmily innase - 36h 
namna ar «r c. ' 29 '.fl 22.6 mmar 
Clrllll H. t 
PiSIDn slliT vanlslt as 9.3 9.6 8.7 min. 
Avg.. lilg slcllilg lQ.O lQ.O lQ.O 9.8 min. 
Min. ling SllClling lQ.O 9.9 9.9 9.0 min. 
MIDl2D 
T«*ll MW. 1111 cans 3) 24 150 nm. -- 72 94 150 max. 
T«*ll ~ cans 0 0 10nm. -- 5.5 2 10 max. ·-.------Table 8 (17) ""-------------~--

Aldehyde Emission at Standard Idle Adjustment 
with and without catalysts 

Al V.,._ TypeGalf1,& I fawCyindel'EngiM, Ml11ge -20.000 km 
Viii- - ....... ,.. -- ........... us-• - '*"' D-....c...., c.tlll .. - .. - ---- .,. .,. .,._ 

A Clllllnb 12! 63l5lllO 111005 1.107 Q.703 I 
I Clllllnb w 63l5lllO 111005 Q.788 Q.104 I 
c Clllllnb w 83/5llX) 11 lCX>S Q.7e& Q.148 

D l(.Jllaic 12!! 8118100 M1005 Q88' Q.8IM Q.4231 Q.103 Q363 Q.068 

E l(.Jllaic 112!! 8118100 MlOOS Q.512 o.252 

F cm... w G'5llJO tirmf...;~"Hi0 +UMEK 1432 Q808 12.748 Q.044 

6 l(.Jlnic u 8119100 
mmun Q243 Q.232 DIUUlX> 

H 1.31 
&3 ~ -- Q.241 Q.204 cm... DIN 51 U> 

H 
1.31 

&3 ....,., MlllOF.-
Q315 Q.224 CmDlnD' M15 

Talllt I (21) ---------------------' 

" ' . 
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Engine OB Analysis 
EngirME A - Pubic T•llPG't FRG 

°'iii= -c=-- -.... ~ . . .. 
-.,. er ... .. " Cl • Sii .. llDW1 

llllR ..... 5.214 13.1 1 5 1 13 2D 5 5 8 11.0 ---- 9.965 128 2 9 3 XI 22 7 5 10 9.8 
.... SE/CD 19.743 12.6 2 16 5 82 21 8 5 14 

Fl Ill "' Dlllll 11.000 139 1 5 1 XI 5 2 5 6 as ........ - 15.2 1 5 5 73 2D 5 5 12 88 ..._ ________________________________________ ~ Talllt10 
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APPENDIX 2 -
2 Lecture. dated 04/02/85 

W BRICJaIOO OF M 100 - Of GINES 

Results of large scale field trials in West Ge.rmcny 

1. Basic considerations 

1.1 .\!though methanol engines are basically conventional. 

intemal conbustion engines adapted to the chara::teristics 

of methanol fuel, there are si<Jlificait differenct:s in the 

combustion process. Each DDlecule of tuel already contains 

an atom of oxygen which alters the rate of conbustion aid 

causes chaiges in the intermediate combustion pa>ducts. 

The composition of the blow-by gas is ncdified, and this 

in tum DDdifies the demand on the lubricant. 

1• 2 The engine desic;11 has a siljJ'ificant effect on the oil 

requirements. There is a wide variety of different desicps. 

1.2.1 Daimler Benz conmercial vehicles- Methaiol is passed 

through a "vaporiser" which drars 12 energy fxom engine 

waste heat prior to mixing with air arid subsequent entry 

into the combustion chanter. 191ition is effecteC. using 

apark plugs. The compression ratio is 12. 5: 1. 

1.2.2 Kl0clcner-Hlmboldt-Deutz (KK>l- Conbustion is based upon 

the diesel cycle with methmol and diesel £uel injected 

silllllta'leouGly into the compressed air charge. The diesel 

fUel pmvides the i~ition sou1'Ce and the methanol injection 

rate is varied to pa>vide increases in engine out:pit. MfM 

md \blvo methanol engines operate on very similar 

principles. 
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I 

1.2.3 M•A·N• - Methaiol is injected onto the wall of the 

combustion chamber aid icpition is by means of a spark 

plug. An important feature of this engt.ne is the 

hemispherical conbustion chanber in the piston er.own. 

Comp.tession ratio is 16 11. 

Passenger car methanol engines are al 1 Otto-cycle 

engines, i.e. they have spark i~ition. 

1·3 To make use of chemical l aborato.ry tests for pre-

screenin 9 blow-by condensates from nethanol engines are 

usefUl. our lubriccot developnent was undertaken in close 

co-operation with engine manufacturers, who pmvided us 

with samples of blow-by condensates from test bed methanol 

engines. Chemical e11alysis of these samples showed widely 

varying results: (see table 1). 

M 100 Blow-by Conden~;ite Tablet 

Oil Water 711-tetha- pH TA:-.: 
Acid~ nol mg 

%wt 'l\,Wl KOH/it 

Bus Engine A 2 72125 2.1 30 

Bus En1ine B - 86/14 5.5 0.1(> 

P:isscn1er Car - 2417b 6.4 -
Bus F.n~1ne C 

Part Load - 98/ 2 ;.6 

Full Load - 100/ 0 3.0 0.20 

Idle - 96/ 4 3.3 

Mixed Load - 991 I 3.1 0.2; 

1.4 To establish whether these differences resulted fmm 

the diffexent fUel mlxin; techniques md combustion 

processes - as we had deduced from theoretical considera

tions - a blow-by condensation ri 9 was developed (See Fi 9.1) • 
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-------·-·-- '----------·----· 
-------------11'•~- I Ulo•-bY Condc-n~tioa Rinr. 

Mure dc1:1ih can be obla1m:d from 
Deutsche 81' AG. Quahlatcn 
D-2000 l l~mhu<F f.11. Wc•l·O.:rnun~ 

tn~rnu"t:it 

r ...... n~ .. ·~•c• 11un111 
V1~r~u".cnlu11\n h•r ...... U\:lt) 

c;1_.,, ,,Huh:n ... -:r I 
(.1(;!'.'' C.:Ull\.1.:t1'~t:r 2. 
Gia'' .:ua\lcn,cr ) 
kuunJ·hono•n o~, .. l 

I Ruuml·bnlllHU lb~ii-. 2 
~ R<•unll-ho:1"m lla>l j 

IU \'ulumcm. llu,.,mctc.:• 

ISl1n•·b~ 1cmpcr~1urc 

ft\(.l'L1fcn1cnt prnnt 

lit1 

Cuui.1111 tcmr.:r .... turc 
m.:..i,u1-:n1cnt flOH!t 

blOw-Dy 
out 

Th8 objective was to drat the blow-by gas at high tempera

ture from the englne so as to obtain .!!! condensate 

C011POnent.a for sand.nation. The rig is constructed using 

staidard g1. as components and cm be produced at low cost. 

Cleaning is simple and spare parts axe reallly obtainable• 

1.s The •elll.llsion formation .. sometimes observed in 

methanol en¢nes, which can oec:ur when the engine oil is 

contaminated by aa:~hanol, cai effect the base oil 

components (nd.neral or synthetic) and the mditiws used. 

These reactions can be evaluated in simple laboratory 

screening tests. We have found that. these "enulsions" 

csi be r19noved simply by heating to about 90°c. The methanol 
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is thm evaporated and fed back to the en<Jlne intake system. 

Engine manufacturers have 111unwhile patented such systems. 

In the locatJ.ons where enulsions occur it is possible that 

as a result of viscosity changes the •mechanical• lubricating 

characteristics, i.e. the formation of a hydrodynand.c wedge, 

could be affected. 

1·6 The examination of used oil samples produced 

particularly importmt X"esults. Additive depletion and 

increased wear element contents were observed in some cases. 

Engine Oil Analysis Table1, 

Engine: A Engine Oil: 

I 
I. 0 

150 

200 

Part and Full Load Ber.ch Test 

8.9 

9U 

Metal Contents: 
m~/l;i; 

Cr ' Mo ' r\I 
1 

Fe I Cu : Si 

; I 11 4o ' 56 ' 150 ' 11 

6 15 5 0 i 88 ! 180 15 

Sn Pb 

6 ! 14 

9 ' 17 

I. Commercial 20W-20 SE/CC 
2. Experimental 15W-40 SE/CC 

IR 

100 I 0.2 

;! 
~ :i. ··-~= _,... 
z:~ 
.... :t1 - -~= 

6.6 

., ' 
-·J 

180 < L5 

., .. 
-·' 

1.CJ 

5.1 

2. u 14 8 7.2 3.4 

50 13.11 < l < 5 < ! 28 3.9 3.9 
I----+---- -

100 13.l l < 5 5 I ; 2.6 < I : 120 1 
390 i 2 

;.__----~-,-~-+---_;...~-+---i----r---i 
200 13.2 4 I 12 6 220 : 460 6 8, 14 87 ! 0.1 16U <1.5 6.5 

Table 2 shows the tesul ts of 2 00 hr fUll load beach tests 

on bus en;l.ne A. In both cues alarming used oil data 

correlated with unsatJ..sfa:tory engine inspection results, 

e. ~· corz:oded cylinder liners cd heavily wom main 

bear1n91s. An extensive search in our ote'l 1 aboratories by 
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using electron mlcroscopic on the surf aces finally revealed 

that a chlorine contamination of the methanol had corroded 

the liner and piston material aid the resulting wear 

particles had danaged the bearings. Table 3 shows the 

laboratoxy methods used for examining the u&-ed oil &•pl.es 

Laboratory Methods: 
Viscosily Ubbc!ohde capillary 

Metal contents - Spark emission spectroscopy 

ZDDP deplelion - IR absorption at IOOOcm- 1 

Base oil oxidation - IR absorption at 1700cm-1 

Methanol content - Gas chromatogrJphy 

TBN (HCIO,) 

Acid Value 

TAN 

- ASTM D 2896 

- TMAH lim1lion DIN draft 

- ASTM D 974 

Engine Oil Analysis Table 4 

Engine;:\. ;J hr, Bcn~h Tcsl Engine Oil: 
Commcrcial SAE 3U APl CC 

Metal Contenh: IR - "/ mg/kg -- ~ _,.. Q :i.. '"j :JJ 

§ 
!': c - - . - ::: - I !:· ~ := g - ....,_ ----

~ '; . ... - ; :l1 -- ·.·-- ~ '"" z:~ 
_,, -

8 :' : : '"' - " ..:; .r= -' ~~ -i::.. --,_ , , - ~':J ~·~ !-" ':IJ ,... :s, ·:; ~ 
.~ - - "' Cr ::..:. \1o Al : Fe Cu S1 Sn : Pb :-...;"" :::c -- ~= :--- .= I : . - ,,&. c: < = - ' 0 12. I ' : b.O I : : 

I I I i 
I ! i I i I I : 

10 11 ~ < I 
: 
< I 10 11 2 ' ..-· < s 23 ' I 

_, 
I 

;..i 

20 I 1 3 < 1 :< 1 I 12 : 17 3 I <5 I < 5 3; I 4.7 I 

31 11 4 < I 5 : 430 10 
: 

12 
I <; < s 46 I 4.2 

I ! 

40 113 4 14 450 I 80 12 I <5 I 18 68 3.2 

-1 
I 

' 
53 11 5 12 Sb 500 100 IS ' <5 21 79 

I 

180 : ! I I 0.1 2.9 
. ! ' ; 

' ! 
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1·7 Table 4 shows results of an oil evaluation following 

a test bed run, in which high aluminium and iron contents 

were recomed unexpectedly. The condition of this engine 

in terms of wear was no st unusual. The cylinder sh::>wed vecy 

high •b_arrelltng• wear, i.e. in contrast to the usual wear 

pattem considerable loss of material had occurred in the 

areas swept by the piston at high speed. As hydrodynamic. 

lubrication should take place in these areas it was suspected 

that abrasive mechanical wear had occurmd. scanning 

elec:tJ:On nd.croscope photographs (see Pig. 2) showed deep 

scoring mans at the end of which all ventitious mated.al 

was discovered. It was identified as aluminium oxide 1n 

the micropmbe. 

.. ..I .I~•• .. • . I ' 'f 
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It was leamed 1n discussions with the engine manufacturer 

that methmol could have come into contact with hot 

aluminium components in the fUel system. '?his had 

pi:ob ably led to the formation of aluminium methyl ate, which 

was converted to alund.nium oxide in the comustion chanber. 

'?his is a •grj.ncling paste" and it is imp:>ssible to counteract 

its effects with any lubri.c ant. 

The al.und.nium comp:>nents were manufactured from other 

materials subsequently md the wear pattem in this engine 

retumed to normal. 

1.e 'tab].e 5 shows results of a 100 hr test bed nm in which 

' 

a relat:l vely low iron content was obsened in the lubricant. 

On stripping 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 are a 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 the piston. 

Engine Oil Analysis Table S 

En&ine: Bus Engine 8, En:ine Oil: 
Full Load Bench Test Experimental ISW-40 SF/CC 

l\1•elal Conlents: IR 
c mg/kg -.. 

"' ~ .s .... 0 :0 
_ .. 

'V :0 
"= e = c c g: - .... ;; 
>. - - .g ~.~ 

.::.-
::I .-::: c = _,.. .. ~;: ..... sw - C.I "' -= :': :II _..., ........ - ,..._ 

""~ .: ""' z:.o:: "'=' :.i: 
~.,, uo 

I 
;:: fr ;,11 ·- 1:i~ ·u ~ "'8 ~ >( - :0 ., ... 

Cr Mo Al Fe Cu Si Sn Pb ~Qi ~= ~E I-· .: >- ::o <c 
' 

0 14.8 7.0 3.2 

25 13.9 2 <5 I 4 9 2 <I <5 6 4 0.2 <JOO 6.7 2.5 I 

----t 
44 Jl9 3 <5 5 I J2 2 <I I <5 .. 4 0.2 <JOO 6.7 3.6 I 

7) 149 <5 7 I 52 11 <J 8 i J 2 J.1 0.3 <IOU 5.8 4.9 I -· ' ',100 15.1 
., <5 . ' 8 60 j 

I~ <J I 9 I~ 17 OJ < 100 5.3 td I 
'' 
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The fonnation of layers of deposit, which apparently 

originate mainly from reactions of methsiol and blow-by gases 

with engine oil vapour,, can be counteracted either via oil 

form.ilation or by use of tuel additives. 

Preliminary results indicate, h:>wever, that. the qumtity 

of fuel additives IDlSt be approximately trebled. As methanol 

has only about half the calorific value of gasoline, i:ougily 

six times the quantity of fUel additive would have to pass 

through the engine in co111>arisc:o with a conventional gasoline 

engine. Apart fmm the cost involved this raised the question 

of the effect on the lubricant of the increased quantity of 

fuel additive reaching the crankCase. 

1·9 The corrosive effect of methanol on some aluminium 

alloys has been mentioned already under 1.7. In addition, 

it is known that other metals, e.g. copper, tin react with 

imp.i.d.ties in the methanol particularly at higher tempera

tures. copper compounds which reach the englne oil can 

accelerate the base oil aging process. Suital:le oil 

additives can be used to counteract this effect by 

catching the copper ions. Nevertheless, it is important in 

the construction of the engine aid fUel system to use 1£ 

possJble only those materials which do IJC>t react with 

methanol· 

1.10 At this point it should be emphasised that "methanol• 

can be a nd.sle~9 term if it is not specified fully• 
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Corrosion problems can be c.aused in certai& circumstances 

by impiriti.es already present in the ~el (acids, ketones, 

aldehydes). The quantity of these impurities varies 

considerably with the source of the aethCl'lol· In this 

situation the contribution wh.1ch the lubricant can make is 

limited. 

To correct this situation an initiative has been started 

in West-Germany (FRG) and USA to prop:>se a standard for 

•M 100 m:>tor fUel ... As to now (spring 1985) the proposal 

calls fora 
85% (vol) AA grcde Methanol, with 

max 2 ppm chlorine 

max 5 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 hydrocarl::on content is needed to give 

a visible flame even under strong winds if the "M 100 

Jit>tor fuel" is l:utning a::cidentally. It al so compresses 

the danger of an explosive gas mixture above the li~id 

level in the fUel tank. 

--
2. Results in eomnei:cial vehicles 

2.1 M; the start of developnent the following problems 

cropped ups 

enulsion formation when methanol and lubricati,'lg oil 

came into conta::t, e.g. in the inj ectfon pimps. 
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This pn-blem was overcome by changes in the 

consttuction (see 1.S)• 

high cylinder liner wear due to aluminium in the fUel 

that reached the combustion chamber. 

This pmblem was overcone by better house-keeping and 

chcnges in material (see 1.·n. 

deposits at locations where blow-by gases came into 

contact with methe11ol • 

This problem was overcone in comnercial engines by 

chcmges in desi'Jl • It is still a problem 1n passenger 

car engines., in which we are trying to solve the 

difficulties by improved base oil qualities gf. vin c; 

less oil fumes. Finally some changes in the enc:J,. ne 

desigi will probatly be necessary• 

2 .2 Comnercial Engine Oil SAE lSW-40 SE/CD and an 

Expe.d.nental Engine Oil SAE lSW-40 SF/CC were evaluated 

side by side. Eoth oils gave finally very satisf a:tcr-1 

results. 

Engine Oil Analysis 
Engine: A - Public Tra1111port FRG 

I 
llllllt....... . !ll4o ll 1 I 1 : 5 : 1 ; 13 , 20 : 5 : 5 a . 1 91.~ 1' i 
........ ~: 9.965i 128: 2 ! 9 3 : Tl I 22 , 7 5 : 10 • .0 

11 ~II/CD 11u43: 12.8. 2 : 18 I 5 : 62 · 21 : a ! 5 14 I 
r---~------------------~--~----------;· ~ Dlllll '11000113.9 i 1 I 5 ; 1 ! Tl ' 5 : 2 ! 5 : 8 ~Ii 
, ............... 13().000!15,21 1 I 5 • 5 73 · 20 5 i 5 • 12 <M> 

Table. 6 
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Table 6 shows 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. 

2.3 German engine marufacturers of methcmol commercial 

engines (Daimler-Benz, KfD, M»i) are now reconrnending for 

their engines well tested high quality conmercial oils 

bv name, beca.lse they have done long duration road tests 

in practical service wi;;h these oils. 

It is not adequate to give certain typical analytical data 

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

in T~, for example can be rather different over the 

running time depending on the total comp:>sition of the 

additive package. 

The principal trends, however, cai be described as 

follows a 

Base oil of high quality in order to obtain a 11111 ti

grade oil with comparatively low anount of VI-Improver. 

Additive package as for long oil drain per.iods in 

diesel engines. 

TBN in the o:der of 10 to 12. 

•h content below 1.s " wt. 

-
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3 • Results in Passenger Cars 

• 
3 .1 A test fleet of about 100 vehicles was run over 

3 years. Several cars dJ.d m:>re 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-Rotte 
i 1 2 

L--___ N_r._. -----:1 c amurettor - IDj e-:tion 
l vergaser ~msonmr 

swept Volume 
HubraUm 
Lalstung lbwe r 

Vanlldduna . 
Compression 

Runt>er of cars AnZaru fGnrzeuge 

: 1,61 l,6 I 

63 kW 81 WI 
4 Zyt. 4 Z',1. 

12.5 12.5 

36 10 

-" I 
Inject.ion 
tlfllC)m28f 

2.81 
136 WI 
6 Z',1. 
9,0 

8 under In der 
Used Oil Control OIDberWaeh::=ung::!.... _____ --l.---------=:::::::::'. 

~ 
Table 7• 

3 .2 Two pd.ncipal. problems became obvious. 

- heavy deposit build up in th.? inlet system causing 

trouble on the th~ttle pl ate and the jets in the 

camurettor as well as on the nozzels of the 

injection enc;ines. 

- Corrosion dld wear in engines which were operated 

with low temperatures in the cooling system. 

3.2.1. The sticky deposits caised m:>st serious tmubles in 

the injection engines because they influenced the 
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combustion by blocking partly the inje::tion nozzels. 

In carburettor engines conventional. 11Ultigrade oil SAE-lSN-

40 SF/CC produced during 40.000 Km. running a black layer 

of several m:l.llineter thickness. The ideling jet and the 

adjustment screw had to be clecmed several tJ.nes during 

this run • 

.-ialysillg these deposits it was found that high nolecular 

weight substances like those used in VI-improver or 

dispe.rsants were present. These substances are not soluble 

in methanol alld are obviously precipitated by netharl9l 

di:oplets or even methanol vapor.. Soot md dust are 

collected \)n the sticky surface and form finally the 

black paste. This process took place where blow-by gases 

came in contact with the intake air containing nethanol. 

'l'o overcorre the difficulty single grade oils SF/CC 

were tryed but the success was only marginal. 

'l'hree principle app:coaches via oil £ormilations are 

possil::le1 

synthetic base stocks which would not require VI 

improver to fornulate a nultigrade oil· 'l'hese base 

stocks have very low evaporation losses and th.ls 

the blow-by gases are nore or less free of •oily 

components•. 'l'his apProach seems to be the best, but 

it is very expensive mid could discriminate the 

methmol englne. 
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hydrogenated lase stocks which would have a VI of 

approx. 120 ~ tms require only very little VI 

improver to fornulate a llllltigrade oil. These base 

.3'tocks are developed during the last few yea.rs and 

the normal additives have a different resi;x>nse in these 

basestocks. Therefore, further development to detect 

synergistic and antag:>nistic effects has to be 

perf.oi:med. Basically this approcch looks proml.sing. 

the "classical• apProcch is using high quality but 

no~ basestocks. It is tried to oven:one the 

shortcomlngs 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 Content 
! Used Oil Sample from Engine Tests 
I 11'111'1 Cllllflllf Iran c mflnf 1 

: (fota"f~ ~~\, / lftGlllll<'Y·l) I 
i 'fW 1302. I 1000 

w 1) / , , , 
•1-----------""", '--~·1 IOO , 

/ 
I , 

I 
~+-----------:'--7'!,.._--~IOCI 

~+---~=---=-----------~-+20G 
~-----..------W.1 

o°Wl!'!~--------"!'!"!'~------~!'ll!'!''!"""o 
M 0 M 15 M 100 

Fig. 2 
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The Petter Wl high temperature test did not provide any 

results that would indicate problems with M 100. 

The cortin a high temperature test with M 100 ga,,? ai 

excellent result in terms of piston cleailiness and ring 

sticking (see table 8), but heavy black de:posits were found 

in the inlet system. 

; Comparison of Engine Test Resul1s on ~ 
I Gasoli1e M 15 and M 100 Fuels I 

•15 M 1CIO -w 
IM) 

,.~ !11!'"9 rust 

90 
VISQJSllV inaame ar 64 r, ', 
PslDlt '«llT1ISll 
,.~ sa;oge 
ORLF~ 
cmn ens.,. wu. !Ml-~ 
cmn ens lilllr WIQI'. mai. m11S 

v.o 
A~~ 
A: WllT1ISl1 

~· 

I 

aa 

54 
9.3 
9.6 . 
7.5 . , .. 
·-' . 
J.;' . 

9.6 : 
7.7 
7.2 
0.7 
0.8 

!!.O 

54 
9.4 
9.8 
7.5 
l.9 . 
3.3 

9.5 ; 
6.9 
7.1 . 
Q.3 
0.4 

I 

S.1 as :nin : 

I 

32 375 mlll.1 
~ 9.2 rnn. I 
9.i 9.2 ITWI I 
7.i 4JS fnll. I 

J.l 4 max. 
6.2" 8 max. 

i 
I 

I 
I 
l 
' i 

9.3 9.411111. 
8.i 6.6 IN! I 

I 

I - I a4 s., mm 1 1 
12 1 max. I i 
5.6 2.5 nm, , I 

20 2.8 3.0 25 max. I I 
SI mar I 29 ' 'S1 . 226 

a8 .. 9.3 
10.0 . 10.0 
10.0 9.9 

v.a120 
TOftll Wlllf. iii' cams !! · 24 

llllJDllS ' .. 94 

I ITCIO ~ ::.is . ~ g 
·---·---

Table 8 

9.6 9.7 rm I 
10.0 9.8 mrt 
9.s 9.o :nr.. I , 

150 max.I I 
150 max.1 I 

10 max. I 
10 mcJJLJ : 

I 

In the Vil l3 02 test, too piston cleanliness is better with 

M 100 than with the reference fuel, bat the iron content 

(see !'ig.2) in the used oil. is approx. 5 times u high 

with M 100· To study the wear problerre in standard engl.nes 

the "city driving pro gr~• (see P19.3), as lcnown from 
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the M 15 experiments, was varied witt. respect to coolant 

operating temperatures. 

Cycling Test Conditions 
(Madlftld ECl-15 EmmiOal Cyde) 

T['CI IO 

50 

::::::::::::::::::::::::::::::::::::::::::::::: 

!\!\!! !llllll!!llll\!I !I! I! l!\!!!l!llll\!l!!!I! 
A5 ,,., 

Pig. 3 

Pig. ' shows that there is no kink in the wear curve into 

the •high wear range• at coolant temperatures of 

between SO and 70-C.- normal ,..._ SO mg Fe/kg oil: high 

range rv 350 mg Fe/Kg oil-throughout 173 operating murs 

( ,_ 5000 km). N:. cool ant temperatures of 40-60•C sid 

espeeicilly at 35-SS•C, on the other haid, a rap.id increase 

in Pe content w• observed right after &PPI:'OX• 60 hrs, 

when using CJX>d, conventional &AE lSW/40 (API SP/CC) oils· 

The oil temperature was approx. S5-65•C. H19h RPM's and 

engine loa:is proved to be uncritical for wear in 

optimized M 100 engines. 
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Iron Contents in Luboil 
at different coolant Temperatures 

:400 

300 

Iron Content 
ClllQ/kG> 

;200~----

' 
'1 loo+--------------.c,,_:oOiam-femp. 

50. 70 oC 

I 0--~~:::::::=-
0 50 100 150 173 

Test hOUfS 

Fig. 4 

3 .3 The following results of the M 100 passenger car 

field test are based on nore thm 3 million Km. mnning 

distance. Three types of oil were used and are marked 

accordin gl ys 

I Conventional nultigrade oils 

II Conventional single grade oils 

I II ex~d.mental oils· 

Oil drain periods were 5000 to 10• 000 Km,. as requi .r:ed by 

the eo gine builders. 

3 .3.1 Table 9 shows the iron, copper and lead content of 

the drain oils used in the 1.6 lt engine (carb.lrettor version). 
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METAL CCNTENT in USED OIL 

Metallgehatte in Gebrauchtolen 
Motor Nr. 1 (l,61Vergaser,63 WI) Carhlrettor 

14100 Befti•h . -----Number Average _____ ____, 
&igine Oil of s~es II Mlttetwen, mg/kg (Standard- CStandard 

Motoren61 Probenzahl I rahrstrecke, min. - max. obweichung) Devi atiort 

I km (xl000),
1
. I 

1-------· ___ Distance ! Iron · Cop?!r Le~ 
Qentional I K MB I 149 1200 l 26 (24) I 9 (8) '1

1 

47 (68) 
ti.grade 011 • onvent. 1 I 4- 202 I 1-46 

1 
6 - 210 

I : ! 

ne~nadeal at.l 11. Konvent. EB 1. 40 380 I 32 (17) ! 5 < 4) i nicht 
'='-

1 
, , 1 14-86 i 2-25 ! bestimmt 
I I ' I 

"peri.DBn tal Ill. Experiment l 59 365 33 ( 37) ! 7 (6) I 34 (53) 
11 . I I i 8-282 I 2-25 I 5-383 

•mpariscm Vergleich: M 15 Motor (1,6 I Vergoser, 63 'tffl) 
I I I I rention al Konvent MB i 60 ! 450 51 (18) 18 (8) bletholtiger 

~igrade 01~ · 1 ! 28-177 9-90 1 Kraftstoff 

Table 9· 

. 
I I I I I I 
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I 

The average values - 1 .• e. "'30 mg Fe/',{g C'il ;md below 

10 mg cu/kg oil, are similar to the values found in 

gasoline engines. Cklly by recogiizing the enornous 

diEferences between the lowest aid the highest values it 

becones obvio~1s that some wear problems are to be faced. 

Fig. 5 and Fig.(, are indicating this situation. 

In Fig.S only 3 results are higher thcsi 80 mq Fe/kg 

oil (103, 168 and 202 mg Fe/kg oil)· In Pig. 6, where 

results oh experimental oils are quoted, only one 

result (282 mg Fe/kg) is d.ivert;.ing from the normal 

pattem. 

% 

Pig. S 

IR~ CONT:E!!'.f in USED OIL FREQUDCY CURVE 

Eisengehalte in Gebrauchtoien 
M 100 Motor Nr. 1, 149 Proben konv. MB 01 

Haufigkeitsverteilung 

149 Sampl e!3 
Convention al 
Jtll. ti grade Oil 
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I~ CCN'rmT In USED OIL PRECUENCY CURVE 

Eisengehalte in Gebrauchtolen 
M 100 Motor Nr. 1, 59 Proben Expertm. OI 

Haufigke.itsverteilung 
I 

59 Samples 
Experinr..:en tal 
011 

·· .. ·:.··.··_,.. 

200 300 
mg/kg 

l'ig. 6 

Fig. 7 shJws in m:>re detail the iron content of the drain 

oil from one car over 50.000 km. In this case at at.out 

25000 km. the iron content became very high (a.round 

300 mg Fe/kg oil) for approx. 5000 km. The TB\ 's reco.tded 

during this periods were still 4, 8 to 5.5 (ASTM D 664). 

Whether during this time some mlsfunction of the therm:>stat 

took place or whetrer extreme short distance running 

conditions caised these high wear fiCJlres is not known. 

This 1·6 1 tr Camurettor engine only under extreme 

driving conditions or due to male-function of the cooling 
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IRON CONTENT 1n USED OIL -------

Eisengehalfe in GebrauchtiHen 
M 100 Motor Nr. 1, 1000 km-Proben Exper1m. OI 

400 mg/kg 

I 8 - Otwechset I JI 
200+---~~-~--+--v--+-+--- Oil change 

10000 20000 30000 40000 50000 
Lauratt (km) 

!'ig. 7 



- 109 -

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 lit injection engine. The 

average fi<}lres are higher as usually found in gasoline 

engines. The wide spread of the simple values is again 

notable. 
ME:l'AL CONl'ENT IN t.SED OIL ----------

Metallgehalte in Gebrauchtolen 
Motor Nr. 2 (l,61Einsprttzer,81 'rNV) Injection 

MlOO BefriAb (Standard 
,__ ____ Rumber of ;:iverage Deviation) 

Engine Oil :samples Distance 1 Mittelwert, mg/kg (Standard- I 
Motorenol ! Probenzahl l Fahrstrecke ! min. - mox. abweichung) 

j I Im (x lOOO) ! Iron : Copper l Lead 

conventional I ! 
272 

45 (33) 
MUltigrade 01

1

1
1 
I. Konvent. MB I 42 J 5_173 

1 I ,. 
Conventional I 45 (55) 
~ingla grade Oil II. Konvent. EB ! 7 ., 35 20-120 

I ' I 

15 (10) 38 (32) 
1-44 6-128 

17 (9) 52 (34) 
4 - 26 I 13 - 115 

Oil 22-220 
Exper imenta i Ill. Experiment! I 44 II. 30S 53 (39) ,.__ ______________________________________ _. 

22 (13) ! 135 (130) 
9-55 i 24-650 

comparisc:m Verglelch: M15 Motor (l,61Einspritzer,81 ~ 

conventional 
1 1 

Konvent. MB 1 79 I 610 39 (lS) 
"Multigrade Oil 1 18-90 

I 

Table 10 

34 (15) i bleihaltiger 
8 - 66 I Kraftstoff 

The high copper values mit;;lt be explained by some copper 

bein 9 brought into the oil vi a th~ fuel. Some copper 

parts in the £uel system mi 9ht have contri):)uted 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 

E".Xpednental oils did not reduce metal content in the 

used oil. This seems to indicate that these experiuental. 

oils were fornlllated with the reduction of inlet dep:>sits 

in mind and not primacy thinking of wear reduction. 

3 .3 .3 Table 11 shows the iron, copper and lea:i content of 

the drain oils used in the 2.e ltr injection engine. The 

tendency is the sane as de scribed under 3 .3 • 2. 

______ MEI'AL CONTENT in USED OIL---------

Metallgehalte in Gebrauchtolen 
Injection Motor Nr. 3 (2,81Einsprttzer.136 'rNV') 

MlOO Betrieb 
. -Number of Average , 
Engi~~ Oil !Samples \Distance Mittetwen. ~kg (Standard 

Motorenol \ Probenzahl i:,h(x~~~- min -max oeviati~~~ 
! i Iron Copper Lead -

conventional l S j 70 187 (78) 43 (13) 97 (86) 
!t.lltigrade Oil I. Konvent. MB I ! 74-290 14 -86 23-240 

II I I -

Experimental Ill 1:ww1 I 67 \ 504 : 128 (154) 41 (21) 49 (53) 
Oil ~,menf j ! ! 15-900 \8-150 15-360 

I 
canparisan, Vergleich: Serienmotor (2.81Einsprttz~r,136 WI) ccaventional Fuel 

conventional MB j' 38 650 : 61 (3.1) l<etne b'eioottiger 
Multigrade oil Konvent. l 17 -167 Messung Kroftstoff I I ' I 

' 

' 

Table 11 

In this engine some of the experimental oils did reduce 

the wear but others showed extz:enely high wear £i111res. 

This indicates the difficulties still existing. Fig. 7 

SU1111\arizes the metal content ficpres in the 2,8 ltr 

injection engine. 

' 

' 

' " ' ' 

' ' ' ' " ' ' ' ' 
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MBTAL CONI'ENT 1n USED OIL ________ ...., 

Metallgehalte in Gebrauchtolen 
---------------.Production Engine 

mgtkg M 100 Motor Nr. 3 Serienmotor 
{2.81 Elnsprttzer, 138 kW) {2.81 Elnspcttzer, 138 kW) 

2001-1---------------r- Konventionefler 
Kroflstoff 

lMD-+--:---i~ Elsen Iron 
~Kupfer Copper 

I I-.---' ----

conventiona 1 FUel 

~·lei Lead 

170-~~h~-----~/.~_..._----+---------I 

lrn-+-+~/:19---------v 

O-t.~'6.W.W .... lililililA....il"-'Aiii--Aiiililirilia..i....-"-1.._ ____ ~ 
Engine Oil: Conventional 

-MDltigrade 011 · 

Fig. 7 

3.4 SUnrna.ry of the passenger car field test results: 

3. 4.1 Hi <it 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 detrirrental to injection engines. The use 

of special exped.mental oils helped to minimize this 

problem. Purther impmvement ml.qht 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 ~ra13E" wear f191res in carburettor methanol engines 

are not different from normal gasoline engines. 1-borever, 

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

low temperature in the cooling system can lead to higher 

wear rates. 

Wear .results in injection engLnes using methanol were 

higher as in gasoline englnes. This might be due to the 

fa::t that mP.thanol droplets nd.gl'E enter the conblstion 

room and mlght reach the cylinder wall. In this case 

special oils which are under developnent might help. 

In general, it can be stated that the problem should 

be tcckled 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 EN GINES 
So• zeaulta of basic lebor&oEY tests 

1• Conclusion• from M 100 peasengl!r car field testa. 

1•1 In cutanttor engines,• hic;h were miming under favourable 

conditions, !2 incre•e 1D weu vu observed. ODly if these 

engines were mnn1D9 cold becmse of traffic condit1ons or 

ElfUDCt1on of the thermstat, h1Qher wear did occur. 

1.2 Jn injection engl.Des al.ways hlt#ter cylinder liner vear did 

occur. 

Pacits If •thanol droplets ente-r the coabustion mom and 

are able to vet the cylinder liner, then hi~er vear vlll 

occur. 

2. MethSlOl aPd Oil on Metal Surfaces. (1) 

Apparatur fiir Bestimmung des Kontaktwinkels 
·APPAJUaUS '?O DETERMINE THE CONTIC? ANGLE 

~nm\ Kanille \~ f1 M~ 

MICRa3COPS 

MlkrolkoP 
mttKamera 

. WITH CAMERA 

PIG· 1 

Pil'S'rTE 

I 
I 

Metallk&tier 

Methanol 

I 

Lichtquelle 
LAMP 

'------------ I~ CCXJPCM ---------

(i)~ see Q:teratui:e Reference• under 1£ 
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2.1 We pl.ce an iron coupon in a 91•• container filled with 

•thmol lllld brine; a drop of 4:he test oil on its surface by 

a pipette. Fro• one side ve look with a ad.c:roscope thmugh 

the glaaa container against a light on the other side md 

observe the oil drop (see eketch in F:l.~·1>· iiie can notice 

by the skale iD the ml.croscope a certain •contact mgt.e• 

between the oil cd the •thmol (aee upper part of Pig.1) 

acc:oDiing to the different types of oils. 

If tlw ::ontact mgle J.s large, tbe oil teDd to form a 

ch'opl.et.. 'rh:ls is indicating a rather poor vetting of the 

•tal surface in the presence of methmol· 

If the contact mc;le is small, the oJ.l tend to form a ftlm. 

The wetting of the iron surface is CJ>Od even in the 

presence of •thcmol. 
CHANCE 01' CON'lACr INGLE 

lnderung des Kontakfwinkels 
KontaktWlnkel durch Zusqtzstoffe (0,3 gew. 0/o) 

M"- - by NSJITIVES 

1 -- oh 
, •. 

Catbonsaure Amine --
Vv 1 

Ester Alkohole 
~ 

80- ~ - i-- i--
H - 0 -.. 

I 3 ~ -- -~ - -- I 2 I Phenole ... i-- - - .. 
~ 

Pola res 
Motoren61 -- - i-- - ,._ 

'11 
! i~m~~m ' 

! 111111 - ' ~=·:·:·:·:·:·:·: 

" 
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2.2 Ill oider to change the '\retting power of the oil•. we mx 
aome polar components into the oil· 

1'19.2 1• ahowiDg the results in chaDge of contzict 111gle. As 

111 example, Phenol gZOups Clll reduce tb.l contact mgl.e to 

about 50%· The best result 1D this test was observed with 

a very •polar engine oil•. 

2 .3 ~rther observe'-...ions 1D this test were 1 

2.3.1. Tbe chmge 1n c:ontzict 111gl.e also depended on the 

length of th• bfdmcali>on chain. If the chain had more 

thm 12 C-ato• no change 1D ccntact mgle did occur for 

a given •mchor gmup•. 

We_ did aot :find my cliffennce in contact angle using 

iron or ch.road.um aurf c••• 
We did not find my difference in contact aDgle by 

chmg1D9 the teJll)erature between 2s•c 8114 60-C· 

2.3.4 OD polished ateel surfaces •thmol always piahed 

• ar md diapl aced the oil film. 

'Ebe best h1 ¢1 polar en gt.ne oil, n>weve r, was able to 

atq at the polished •tal surf ace in the presence 0£ 

•th~l· 

3 • P.latcn ring wear iD a methmol fUeled ~rd engine. 

3•1 l'ica-3 ahow• the xeaulta of m mCJl,De teat using recUonucleid 

teclmJ.que to •...U-• piaton d.D9 wear. The enc;ine was run 

25 a1D at 3000 UM llld then •topped IDd INb•equently coolec! 
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down by punp1D9 water through t.'te system for 70 minutes. 

Thia 111 done to aiaulate atop md 'P traffic. 

RELATIVE RISG WEAR (Ci.CJmJM) 

Relativer RingverschleiB (Chrom) bei 
Stop/Stan Belriebsbedingungen im 4 Zyl. Ford 
Pinto Priifsfandsmotor (Radionuklidmessungen) 

Ring- Zyldus: 25 min. 3000 1/min., 22,5 Bhp; 70 min. Stlllstand 
enddeiS (SchnellkOhlung) - Probennahme vor S1illstand 
2000+-~~t--,.--+~~-+-~~-+-~~1--~-+-~--ll 

µgtRlng OI C, Methanol 

Pig. 3 

3.2 Bf changing the composition of the oil from type A to 

type c the pl.stal rinc; vear could be reduced drastically. 

The lowest vear Ugu.rea vere obtdned vith oil B, hc:lwever, 

uaiDc; methmol • a fll•l still •hoved .t>out three tin• 

the vear tbeD using gasoline (see fig.3) under the 

teat conditiODa "-ftll• 
J'acit1 S~ial p)lar mc;ine oil• can reduce the eigine 

vear draatie:ally, bot even so under atop aPd go driving 
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cooditions the wear with methenol will be h19"ler than 

with g•olin•· Therefore, cbmges in mgLne deaigD to 

improve this •ituatJ.on are .iri.aabl•· 

•· Ql.l ald Metbalol Mlxtu.ru-llbaae Composition (2) 

4.1 MS.Jr.ing a base oil (B) with methanol ~sults in two layers 

~ter a short period of atariding. '11'11s ind:lc ates that 

baae oils axe not mixable with methmol. Sone base oils 

might pick up a little methanol mt it will separate 

agaiD • 

.&.2 Mlxing a fully foaulated oJ.l (!') with methanol results in 

thme layers. The ldller layer is p~omln&tly oil 

contaiJ>ing a small aacunt of methanol. T}le second layer 

ia a viscous crea»-like layer consisting of a yell011ish

wh1 te blend of oil aid a high cODcentration of !Ethanol • 

'l'he third 1 ayer is predoad.naatly •thmol containing sone 

oil additives. 

4.3 The cream layer md the -1:hmol layer can be completely 

eliad.nated by waming to boil off the methmol md at1rrin9 

the mlxture to ndi•aolve the oil additives in the oil 

ph••· 
5• Saulaions oai H:>t Mlttal surfacea. 

5.1 To obaene fl1Y diffennce• between oil conta1Din9 water md 

oil conteiPing •thmol, separate samples of water, methanol 

ad a SO vol\ld percent mixture of .-thlllol in water were 

lld.Xed with en;Lne oil &d placed on a horize11tal hat cut 



- 118 -

iron coupon. "rhe temperature of the metal ranged from 

approximately the bo111n9 point of the methanol (65°C) to 

above the boiling point of water (100°C) • 

IMULSIONI ON A HIATID MITAL 8UllPAC• 

MeOH 

s. 2 In oil samples which caitained water o,. water plus methanol 

small water droplets coalesced to form a large (several 

ml.lliueters diameter) water drop• A clearly visible film of 

oil: surrounded the water. Those oil surrounded water droplets 

remained stable for several sec:onda· '?hen the dJl::>pl.ets 

~leased water explosively (fl ash-boiled)• A slight depression 

which filled 1D imnediately w• seen in the oil film• 

5.3 Mathanol dispersed in oil did not behave in the sue manner 

.. water dispersed in oil· Large film surrounded lll!thanol 

droplets cSid not form in the methanol oil •lllllsions. 
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Inatea:i, as the methaiol oil elllllsion warmed co the hot 

iron aetal, the aethaiol coolesced but rap1clly boiled out 

of the oil· Th:l.s experiment was repeated with the •thanol

in-oil eaulsion spread in a ve~ thin layer on the metal 

COUpoll• As the methanol l:>oiled out of the oil, a small 

bol• formed in the oJ.l. The hole was aPP=xinately one 

mlllineter in diameter md remained visible for several 

eeconds· 

5.4 These experimmts with enulsions indicate that it is 

possible to cmse a break or hole in m oil film wheu 

•thmol is eaulsified in the oil. 

6. Blase compodtiOD on mlxtlllt!S (50/50) of Methaiol and Oils. 

6·1 Metha!ol plus A.tetic polyglycol lubricant shows a clear 

solution. This sort of mixture could be used in two-stroke 

Engl.nes, but the opUaum fuel/lubricmt ratio has to be 

found out. 

6•2 M!thcmol plus •tal deactivat.or or mnl.ne as used in 

gasolines or aircraft fuels result in clear nd.Xtures. This 

type of components can be used to inhibit methanol fuels. 

6•3 Methanol plus •trai~-chain primary zincdithio~osphates 

tc
4
..c

5
> •• lar(llly soluble. Thi• indicates that this type 

of ZDP c111 be vaalwd out of an oil by· methanol. Jt;Never, 

a c
10 

primuy brsichecl iJ>P w• not aolubl.e in •thanol· 

It ia poaaibl.e to find. ZOP which voW.d not be w•hed out 

by methaiol • 



- 120 -

6•' Meth31lol plus an experimental. SAE 1SW-30 Engine 011 with 

eg VI-Improver gave two layers. The top layer was creamy. 

indicating that some additives were solved 1n methanol. 

6·5 Nat9r plus a ful.ly form.ilated SAE 10W-30 (SP/CC) engine 

oil gave thxee layers. OD the top the oi.l came out. The 

middle layer was cream and the ldWer layer was mt.lky water. 

'l'his indicates that some of the addi:tives were forming 

enulsions with the water. 

7. Extraction of ldditives by methanol• . 
7.1 Extraction of oil additives 1ntO methcmol can be prepared 

in different ways. 

7.1.1 By ahaldng a SO/SO mlxture by volume of oil and 

•thcmol and then separating the phases using a separato.ry 

fUnnel or a pipette, depending on the volume of the fluid. 

By allowing a stream of aethanol to flaw over an oil 

film on a vertical iron surface. 

7.2 To detarmine the composition of the var1 . .,us phases, infrared 

spectroscopic malysis of the phases were used. 

7.3 Prom a fUlly fornulated mC)ine oil the analysis of the 

methanol phase indicated the extraction of1 a aulfonate 

(detergent-inhibitor), •everal types of zinc diallcyldithio

phosphate (mti-wear, antioxidant), a phenoxy alcohol 

(antioXydmt) mid polymethylmethcrylate (Tiaco•ity index 

ill!proWt'). These additives ver• Dot completely reat:>Ted 

~rom the oil. 
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.ilPalysis of the viscous cream phase indicated. that it was 

not composed of one or mre components extracted from the 

oJ.l, but was co8')0Sed of a vell-mlxed blend of methmol 

and oi.l • EXperiments in which methaDOl w • m 1xed with 

oils contain1 n g either viscosity iudex improver or 

dispersant-inhi.bitor packaga indicated that the dispersant

inhibitor package v as the major contributor to the 

format.ion of the uscous cJ:eam• 

7.4 The ci:eam phase of oil from a •thaD<•l fUeled fthicle 

c.onta:lned more of the methmol-soluble additives (.7DP, 

aulfonate and a phenol eompound) than the oil phase. ThuS, 

methaiol can caise the reduction in concentration of various 

8dditives in mgine oil when aethanol is ml.xed with the 

engine oil aid allowed to stand. A stream of methanol 

flov1n9 over 51 en¢ne o1.l film on a wrtJ.cal surface al.so 

extracted add1tives from the oil· 

Du:lng low temperat.um engine operation, liquid methanol 

might come in certain const.ructions in contact with the 

engine oil in the upper cylinder region of the engine. 

'the engine oil additives are mst likely to be rem:>~ 

from the base stock in this regi.on. Corrosion, wear, oil 

oxidation etc• are 11DSt likely to be sevel'I! here. 

Jn&lys1s of the tulle oil for additift depletion will 

probably not detect the pmblem, since the additive• would 

be re-introduced to the oil where the •thanol evaporate•• 
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s. .Action of Additives - Z1n.:dithiophosphate as m Example G) 

a.1 Pig. S shows u a sketch the reaction of phosphite on an 

iron surface. Pirat only adsorption (physical reaction) 

takes place. Under c:onditioa of hyd%'0lysis, which occurs 

with the water present from cor.blstion, the •econd step is 

•chemic al adsorption•. Thia pmddes al ready antiwear 

properties. In the third stage after further hydrolysis 

nal chend.cel reaction takes place. 11dW mtisc:Uffing 

properties are observed on the metal surface. 

RO......_ ~O 
HydrolyN p 
-~HO/'-H 

119. s 

e.2 sued on 4ifferent r• material 3 different types of 

zine4ialkyld1thiophoaphatea are produced (aee Fig. 6). 



R-0-

R-0-

R-0-

Pig. 6 
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Zn 

,;. CH,-(CH2) .. -CHt-O

.s CH1-(~ .. -CH - 0-
1 

CH1 - (CHz}.-CHt 

: CH1 -(CH21n-CHt-Q-o-

Pnrn8reS Zn OTP 

SekundlreS Zn DTP 

Aryt-ZnDTP 

Their reaction in respect of thermal stability, hJdrolytic 

at~111ty aild anti-wear protection as well as cost are 

different• 

Pig. 7 is indicating these differences as t.rends but they 

can also vary with the chain length of the hydro: arbon 

co111>C>DeDt. To balance the final additive package a ml.xture 

of zincd1rl.kyld1thiophosphates is used. 

Pig. 7 

ZINC DITHIOPHOSPHATE TYPES 

'9lfonnlla 
........., Aryl 

1'hlnlllll Sllblllf lest 
Anl-W.. ,,, .. c:11on Wont 
HJdldylc • ...., Went 
Ralllwc.t • 

Worit .... .... 
Low 
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9. Corrosive Wear of Methanol md its Coabuation- Products on 

IroD (2) • 

9•1 To shaw and aim.Uate crevice corrosion a sample· of an engine 

cylinder liner was coated With a thin film of SAE lON-30 

SP/CC quality oil and divide:! in tlu:ee regions. In the 

fimt region water was flush!d owr the engine oil film. 

Then iron chi~ aaturate41 with water ( a simplified 

npresentatJ.on of the crevice between the cylinder and the 

piston ring) wexe placed on the cylinder bore. 

In the second region, the oil film was flushed with 

aethaiol before iron chips which were covered with methanol 

were pl.aced on the cylinder bore· 

Ill the thim region, iron chips covered with aethanol were 

pl.aced on the cylinder bote without my initial flush· 

Results• Methaiol, by _itself, did not promote ircm oxide 

formation. 

<kl the other hand, water, eftll through an oil film proDDted 

iron axide fOrmatJ.on. Thus, water contributed DD~ to rust 

formation thaD •thanol under the exped.mental. conditions 

used (see sketch J'ig. 8) ( &ee next pa«Je) ••• 
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EFFECTS OF FLUID ON CREVICE CORROSION 

Hg• 8 

g.2 To see the corrosive potential of the ccmp)llents of 

interest 1n blow-by gases (water, formic acid and water) 

a sedes of tests v as conducted· 

A small drop of test fluid ( ,..., 1, 5 ra
3

) v as applied to 

a horizontal cast iron coupon (MTM D 2570-73) and alldWed 

to evaporate at room temperature. ~e corrosion spot 

which formed vu exand.ned visually, microacopically mid 

profilo•trically (surf.:e rou.;tmeas) for evidence of 

corrosion product. md surface contour changes. In a 

second ae des of tests a thin oil film vu pl aced ao 

the iron surfc• before applyin; the teat flu1•· 
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CORROSION FROM DROPLETS OF BLOW-BY 
COMPONENTS 

MeOh'-.,,.. 

Pig. 9 

Resultsa Water and formlc acid caused obseryable changes 

in the mrface of the J.ron, as determlned visually or 

microscopically, whereas •thanol did not. 

T}le presence or tht absence of a thin C3 ·' micromter) oil 

film on the metal aurlace made ftry little differezJCe in 

the results except 1D the measurement of the evaporation 

rate of a v ate r dropl..t. 

ID all aamplea 11bich c:antained forad.c acid, at. • concentra

tion as low as 0.1 percen~, a ridge formed at. the edge of 

the test spat. This dougmut-shaped ridQB was easily 

detected v:l.th either a mlcroacope or a profilometer. 

S~e profilometer traces are shown in FiQ•lO· The 
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formation of a ridge at the outer adge of a apot of test 

fluid suggests that material was c:Uaaolved md trmap,rted 

by the test fluid. 

Oiee ~Q· 10 next pa9!). 

Of the fluids tested, methanol has the greatest tendency 

to apxead. A lar9! increase in the ti.me of e-vap>ration 

of the test fluid in the presence of ai oil film indi.catea 

that the oil f1.lm has surrounded the droplet of test 

fluid. Water exhibited the greatest increase in 

evaporati.on ti• 1D the presence of an oil film. Methanol 

exhibited DO increase in naporation ti.me, thus empl.yinq 

that water droplets become sur%0Qllded by oil, but 

methanol droplets do not. 

9•3 Ill attempt was made to d eternd.ne the effectiveness of 

a!d.itives vith i:espect to corrosion. Using an apparatus 

as shown iD Pig.1 the test fluid was appl.1.ed to the cast 

iron COUP>D• 1'he level of the test fluid was kept in a 

predetermined operating rmge. 

(Hgs. 11 " 12 oD page 17) 

lesult.sl In these tests, al.mat DO iran OXide VU foned 

in the a.-ples which were ma:!e alkaline (pH ~ater thm 7) 

by the adclltion of m aml.ne to the test fluid. The only ~t 

seen in those samples w• the small spot bmedi&ely mider 

the tip of the Qlua dropper bolding the test flmic!• These 

1'9SUlts auggast that it may be possible to cODtrol iron 

oxide formation by the use of mCAlcj\ corr09ion inhil>itor to 

keep the pff of the blowbf ccndm•ate alkalin•· 
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P.ig. 10 



ng. 11 

Corrosion lnhibitiorJ Inhibition de I• corrosion 

S•mple 1 2 3 4 & Ech•ntillon 

Composition 
Composition 

H20 100.0 99.8 89.9 89.7 89.5 H20 

M.OH o.o o.o 10.0 10.0 10.0 MeOH 

HCOOH 0.0 o.o 0.1 0.1 0.1 HCOOH 

Inhibitor o.o 0.2 o.o 0.2 0.4 lnhibiteur 

pH IS 10 3 I 10 pH 

% Aust 100 0-5 100 100 5-10 % Rouilte 

Fiq. 12 
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ft>Wever, this will be m expensive route to cure tba 

problem of corrosion. JD important aspect to be observed 

would be the influence of •aJ.kaline blawby•on the lube 

011. 

10• Last mt not leasts A IOasible Nev MditJ:ve Base-Jojoba Oil. 

10.1 Jojoba oil is a natural product with Do harmful rea:tion 

to human health. This might become an important fa:tor in 

the future since the toxicological problems are observed 

111:>re carefully DOW a days. 

10.2 Jojoba oil is still wry rare .id therefore expensive• 

It is used as a base for cosmetics. In future the price 

will come down becauae a large area of jojoba.-plantation 

has been arranged in the past few years. Xt is 'lllY 91ess, 

that in 5-7 yea.rs j ojoba oil will be commexcially 

available for limited additive use. 

10•3 Jojoba oil has a strong •mchor• groap in the centre of 

the 111:>lecule. It therefore improves the so-celled 

"l.ubd.city• of oils also, if contained in small ~-its 

only. 

Jojoba oil has a very low volatility of only 1 " whereas 

mlneral oil of sind.lar ri.scoaity would haye a volatility 

Of N15 "• 

Joj oba oil has a very h.1¢ viacosJ.ty index of 234 whereas 

9>0d mineral oils will have a VI of l'V 100. 
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The coefficient of friction was 1mp.Q:>vecl by 10' after 

adding 5" jojoba oil to a mlneral oil t.raunert-Te&t). In 

m mtored engine the friction losses vere reduced by 4 " 

when a:idin 9 10 " j oj oba oil to the Ell gine oil . 

10., JUture development in the field of j oj oba oil as c 

addiUve base will ~lude the addition of sulfUr md/or 

phosphonis. If we will succeed to make jojoba oil at least 

partly solUble in •thaaol, it would be a very valuable 

component for a met.halo!- 2 atroke-011. 

11· ~Jalowledgeaamts I would like to thaak Dr.Shirley E. 

SCbw artz, General Motors ReseaD:h, USA for providing me 

with the excellent slides for this lecture which is 

actually based to a great extent on work by Dr.s.E.Schlartz 

md her co-workers. 
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23.1.19as· 

1• VJ.sit toa IJJBRIZOL ~DIA LIMITED (LIL), BodJay 

a) Research Center, Thane-Belapur Road, 
· b) Sales Office, Boni>ay, Del.star, 9A, 

s. Pat:kar Marg. 

2. Da'te: 18 - 20 Jai.1985. 

3. Discussions withs -- ·.~ -.--
3•1 Kr· Charles c. Colyer, Chief Technical ldviser fmm 

Tl£ LUBRIZOL COR:EOR.4'ION 
Wickliffe, OHCO 44092, USA. 

3.2 Dr. lt•L• Hallik, Manager Research and Developnent, 
W BRIZOL INDIA LIMITED (LIL) 

3.3 Dr• Sudarshan Sarma, Mcmager R & D, LIL 

3., Dr. u. Sripathi Ra:>, Assistant Manager R & o, LIL 

3.5 Dr· R·K· Shlkla, Assistant MaJlager R & D, LIL 

3 .6 Dr. R.L. Mendiratta, Assistant Manager R & o, LIL 

3.7 Mr. a.A. Rao, General Manager Sales, LIL 

3.8 Mr,, B· Sangha~, Manager Technical Services, LIL 

. '· !,.eason for the visits 

'· '· llJBRIZOL INDIA LIMITED (LIL) is the only company With 
large scai.e production for engine oil aiditives in India • 

. Any devel.opnent of new additives, e.g. for methanol 
engines, should therefore take notice of these production 
possibil.ities. · 

4.2 Mr. c.c. Colyer (3·1) is visiting LIL for 10 da-1s only. 
This gave the wiique oppc,rtunity to discuss with him 
and the research staff of LIL the development of 
additives for methanol engines in the USA e.~d the 
possibilities of producing similar material.. in the LIL 
Bosrbay pl alt. 

4.3 Mr· c.c. Colyer was also informed by H.c. Wolff about 
the latest results on methanol engine oils in Germany 
in order to en able him to incorporate these in the 
support of LIL to the UNDP-Project at IIP. 

5. Result of the visits 

5.1 OD advice of Mr· c.c. Colyer THE WBRIZOL CORPORAl'ION, 
U&A. vill send on •hort notice 111 additive sample for 

'TILa I -.al7 PHONl 1 USll 
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4-atmke mthale>l en gf.nes to LIL for prepadng 100 1 
pady enqlne oil SAE 20W-40 in Ipdian b•e oil. 

5.2 Thia ldditive aampl.e will be bu«l OD the pmduct 
OS 66 839 C-e Appendix)• which has glnn 9)04 
nmlts 1n the mdi.Ued Ibid 9-D .-thSlC>l (2,3 1) 
enQl.D• test !11 U .S·A• ~ .sditlve will be baaed 
on componesita which cc be pmduced 1n the LIL Boabay 
pl.mt later Gil• It cc, therefom, be ~alled. •Indip 
type diitive•. 

5.3 The 100 1 SAE 20N-t0 oil (5.1) will be aent • 800D 
• poaaible to IIP to be engine tested Jn the ! Zyl. 
Jtirloakar en¢ne fJ.tted with radioactive ~eon ~ 
in the course of the m1Dl'-Pxoject. It will thus be 
run Jn compadBOD to the field tested amtha11ol engine 
oil 11Upplied Yi.a a.c. Wolff by Baik of America 
(J'orml a 222 A) md against the "base lJne oil•, which 

was 1Ued pnrioualy by llP. 

5.4 Hr. c.c. Colyer atated that at 21.12.&& 5 gallons of 
OS 59 710 vu •hipped fmm Wickliffe to .LIL. This is 
a 2-stxoke oil to be uaed 1n methaaol mgt..nes. It is 
expected to •how aind.lar perfo.rmmce then the sample 
tested by IIP previoaaly. fbVeYer. OS 59 770 coa.ld 
be pxoduieed in larger qucatities • co111>ared to the 
pft'Viows aampl.e, which •• on laboratocy .. aie only. 
LIL will foJ.Vard OS 59 TIO to llP for engine testing 
in the couae of the UJmP Pmjec:t illlll!diatel.y. 

5.5 Kr· c.c. Colyer is orgmiaing the lubriccts section 
of the Pdfic Intemat'onal. SAE Con£e%aee (Wov.1985) 
in Dj akarta. Indonesia. HI 1a pzepared to acc:e~ a 
paper of the nP, • di.:usaecl vith Mr· s. Singhal. 
earlier. The matter is .r911111t bec:aiae the abstract 
ahcald be with ~ pdnter el re .iy. .Ill II ~ED gi.Jle 
Laboratory Repon on en~ vear •t:udi• 1'7 uamq 
r.,'oecti .. .rings in a 1 Zyl Jtirlo•Jtar .ng:ine, which 
H-C• Wolff he with hJ.11. vaa •ham to Mr· c.c. Colyer. 
Thi• mport, which was prepared by Kr· A·K· Q>11dal 
met Dr• P.c. aJmtiyal vauld be aace~abl.e to 
Jlr• c.c. Col,-r, if the mm~_,t of llP 1• deciding 
within the nest two veeka aa its publication. 

,. ~ioa• to be tManl 

6· 1 11eth111e>l •CJin• oil .sdi.Uft !c»r 4-atmke mc;l.nea, 
aiad.lar to OS " G9 ~ be MDt fzo• lf1c:Jcl.1ffe, USA 
to LIL, Dldia ill ozder to start en glne tasting at 
llP in Mamh,1985• 
kt1p1n Mr· c.c. Colyer, Dr. k·L· Jlal.11Jc. 

6.2 llf..idn; of 100 1 SAE 2c::JN-40 •4-atm'k• ~hmol EDQlne 
oil-Inell• Type• 1'7 LIL mine; Add1u .. supplied b7 6.1. 
k!;101u Dr. k•L• Jlallik• 

•••••••• I 
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. 
Supply of 100 1 oil (6.2) £1-om IJL to llP as fast as 
possible, to start engine testing at IIP in Maxch, 1985. 

LIL t.o supply 5 gallons 2-stroke oil received fX"Om 
USA to tIP for en g1. "le testing. 
Actions Dr· K·L• Mal.lik, Dr• St. Radzimirski, U?JIDO 

Expert. 

6·5 IIP-Management to decide on p.iblication 
International. SAE Conference • 
.Action a Mr. 6. Sin ghal • 

7. Distribution of the report 

7• 1 UNDP.. New Delhi - Dr. K· Kissein 

at Pacific 

7.2 LIL, (2x) Mr. c.c. Colyer, Dr. KeL• Mallik• 

7.3 IIP, Ox) Mr· 5; :s~a (2x), Dr· St. Radzimirski • 

. 7.4 IIP,- e.c. Wolff• 

/ 

/' 



. ~ 

. 
·' 

l : 

. . 

. : - ~- ."-. 
I . :• 

• 

---------. 
'. . 

- 135 -

A.ppencU.x to the v1s1 ... report H-C. WOLFF 
LUBR 12.0L I ID l.A LTD 

18-20 J'an. i9as 

Inspection Cbarac~ristics ot OS 66839 

Table II 

Methanol Fueld 2.3 1 Ford Testing 
Moditied Ford V-D Test • 

-, 
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I 0Stltl668J9 
LI 7322 
14 6662 
Bue Stoot 

tp•lytioa1 Jaluae 

Sullated .uh, S 
Zinc, ' · 
Phoaphorua, ' 
Caloium, ~ 
DI 

136 -· 

!able I 

Iupeot1on maraoter1st1o• 
.. ot OStltl 66839 

Concentrate 

100 ' • 

6.71 
0,71 
o.G4 
1.71 
45.0 

SpeoUio Grartt7 0.96 

Yi• at 100°0, oSt 210 
. 0 · . cos at -20 a, oP -

Blend 

21.0 ' • 
2.5 " • 
Q.J'. 

l)Oll 

1.41 
0.15 
O.lJ 
o.JJ 
9.5 
0.89 

11.2 
35.0 

•. 

·-
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Methanol-Fucl~rl 2.) l Ford Teetins 
»oditied Ford V-D Teat 

Blend Identa liaotorcratt ilotorcratt Lubrizol Bxpt'l OS,1~~3~67 
(factory till) (interi.l:l) 

Sil Via. Grade )0 lOW-40 lOW-)0 10\f-30 
Viscosity ImprOTer Hone OOP 2.5 ~ LZ 7322 2.5 S-.· LZ 7322 
Add1't1ye ParamiDa Lubrizol 20.15 "• Exp4;'1 21 "'• os,i,t668l9 • 

SP/00 
. () 

ASTM so4 Ash 2.65 1.1 ·; \.).. 5 1.4 
. ..ird V-D Gasoline Engine l'or4 Lubrizol 

R••guireruents Data Data 

D~poaits 

Bngine Sludge 9.4 9.6 9.5 9.5 g.6 
Kngine Varnish 6.6 g.) 9.0 9cl 9.) 
Piston Varni.ah 6.1 9.5 8.4 8.e 9.2 . 

\iear . ' ' - . 
t' 

Oam Lobe wear. 2.5/l.O ) 1·9/0.1 ll1ll212 61lll1i 1J16L5.2 2.J/lai ..., max/aY in m.11• 
...-4 

Cyl. Bore Yf ear lno. I ;:i..1/0~5 2.5/1.2 5.9/4.2 1.9/0.e 1.6/0.8 
!ran.aver•• max/aY 
iD. mil• 
~~d Brg. Wt. Loaa, 35.)/18.1 57.2/53.j 141/112.C 2).1/20.1 20.)/18.1 
r-..x/ &Y, in mila 
YU.Ye st- to Gulde J.9 J •. l J.O 2.5 1.8 
Olearanoa, &Ye 1D mla 

Oil OoaauaptS.cm, qt•• 2.75 0.9·7 1.)8 o.ea 1.25 
' 

Blowb;r, CDll .. 1.10 1.8) 1.70 1.84 

00/l• 
11-lJ.84 

. ... 
• 

. . . ·--- ~f"' .... 
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DU PONT DCl-11 
CORROSION INHIBITOR 

FOR 
GASOLINE-ALCOHOL FUELS 
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FEBRUARY, 1985 
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Dr. Perry Polss, Sr. Supervisor 
Petroleum Additives Division 
E. I. du Pont de Nemours & Co., Inc. 
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SUMMARY 

DCl-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. DCl-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. 

DC 1-11 is recommended for use at concentrations up to 
8. 6 mg/L. it is 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 DC l-11 ls an 
effective carburetor detergent for use with gasoline-alcohol fuels. 
Its use with top cylinder oil will provide effective control of intake 
system depositio·n. DCl-11, when used with DMA-53, provides addi
tional corrosion protection which is necessary when alcohols are 
incorporated into gasoline blends. A blend of DCl-11 and DMA-53 
can be used for convenience. 
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DCI-11 

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

Corrosion Inhibitor Performance - The effectiveness of 
DCI-11 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-11 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. Al1 A rating with 0% rust was obtained 
with 5.6 mg/L. DCI-11 also is effective in controlling corro
sion which can occur with ethanol in the absence of gasoline. 
The perfonnance of DCI-11 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-11 will give an A rating. 

Corrosion Performance - Methanol and Cosolvent Alcohols -
In long-term storage tests, DCI-11 at 8.6 mg/Lin gasoline con
taining 5% methanol and 4.2% of a mixture of cosolvent alcohols 
was effective in preventing corrosion. After 2 months' storage 
at ll0°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-11 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 sy~tem 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 oil, also provides intake valve deposit control. 

The performance of DMA-53 is described in Du Pont Petroleum 
Laboratory Report PI.MR 23-84, "DMA-53 - A Report On Its Proper
ties and Performance." This report covers the benefits ot 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 6. 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. Physic~l 
properties of a blend of DMA-53 and DCI-11 are in Appendix 3. 
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EFFECT OF DCI-11, CORROSION INHIBITOR, 
IN GASOHOL 

ASTM D665B: l00°F, 4 Hours, Synthetic Sea Water, 
Mild Steel Billet 

DCI-11, ASTM D66SB 

mg/L t Rust 

0 75 

2.1 70 

8.6 7 

1,.2 l 

Table 1 
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EFFECT OF DCI-11, CORROSION INHIBITOR, 
IN GASOHOL 

NACE TM-01-72: l00°F, 4 Hours, Distilled Water, 
Mild Steel Billet 

DCI-11 NACE TM-01-72 
mq/L Rust Rating 

0 E (95) 

1.4 B (25) 

2.8 B (5) 

5.6 A (0) 

( ) t Rust 

!'able 2 
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=FFECT OF DCI-11, CORROSION INHIBITOR, 
IN ETHA..~OL 

Water, 
Vol ' 

5 

10 

NACE TM-01-72 Method 

DCI-11 
ms/L 

0 

1.4 

2.8 

S.6 

0 

1.4 

2.8 

5.6 

( ) ' Rust 

Rust Rating 

E (90) 

A (0) 

A (0) 

A (0) 

E (80) 

A (0) 

A (0) 

A (0) 

Table 3 
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EFFECT OF DCI-11 ON THE CORROSION TENDENCY 
OF FUELS STO!mD FOR EXTENDED PERIODS 

Fuel Stored for 12 Weeks at ll0°F 

No Metal Coupons in Stored Fuels 
NACE TM-01-72 Test Method (Steel) 

NACE Rust Test Rating 

Table 4 

Weeks @ ll0°F: 0 4 12 

Gasoline + SM + •·2MxAl 

Gasoline + SM + •.2MxAl 
+ 8.6 mq/L DCI-11 

B (5) C (30) D (60) 

A (0) A (0) A (0) 

( ) ' Rust 
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Table 5 

STATIC TWO-PHASE CORllOSION TEST OF 
GASOL:Da-ALCOHOL FUELS 'WITH ADDED WATER. 

(4 Week• Storage at llOOF) 

DCI-11 Cone • 8.6 mg/L 

BC Phase Water Phase 
Control DCI-11 Control DCI-11 

Teroeplate Clear Clear Etched Clear 

Tin Plate Clear Clear Lt Di1Color Clear 

C&dmium PJ.ate Clear Clear Pitted Etched 

Zinc Pot Metal Clear Cle'lr Pitted Etched 

Admiralty lraH Lt Di.color Clear 11vJ Di.color Lt Discolor 

Copper Bvy Di ICOlor Hvy Di .color Itched Clear 

Al.WDiDWI Clear Clear Itched Lt Di.color 

1010 Grade Steel Clear Clear Pitted Lt Di.:olor 
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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.SM + 2.5 TBA 4.7 

Phillips J + 2.SM + 2.s T5A 23.6 6.5 

Phillips J + 2.SM + 2.s TBA f.l 

Phillips J 6.1 

Table 6 

Deposit 
Wt. , mg. 

14.9 

33.9 

11.l 

75.5 

22.3 



OU PONT 
CORROSION INHIBITOR 

NO. 11 

DCl-11 ... Gasoline additive provid

ing corrosion inhib1t1on to alcohols 

and fuel 'oxygenate blends. 

Petroleum Chemicals 
Petroleum Laboratory 
Wllm1ngton. OE 19191 

.... , ..... --;, '." 
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Appendix l 

ilCl-11 

APPLICATION-To impart corrosivn inhibition trJ alc:,,h,·1=- and • 
gasoline/oxygenate btt'nrls. 

CONCENTRATION--\"aries with oxygenate le\·el and crirro,;i,·
ity. We recomme=id adding DCl-11 to the oxyger.a~e ~o that a 
concentration of2 to 4 ptb {6 to 12mg1L1 i;. pro\·iclecl in thE.- finished 
gasoline/oxygenate blend. 

PROPERTIES-<Typical) 

Appearance . . . . 
Specific Gra\·ity, 60/60F 116!16C> 

Pounds/gallon. 60F 06C> . 
Ash. wt c:r . . . . . . 
flash Point. P:\lCC. F <Cl 

\"iscosity: 
Temperature 

IOOf ( 38C) 
32F ( OC) 

OF (-18C) 

cSt 

41 
3:!'2 

1290 

C:t-ar an:h;,r liquid 
fJ.94 

7.8 

0.0 
9~ 1:r;-1 

192 
H·~ 
59:39 

AOOITION-C 1ncentrated or in stock solution with arnmatic :'ol
\'ents using a proportioning pump or batch addition. Dilution with 
20 \·ol ct xylene allows pumping at -:20F ( -29C l. 

PRECAUTIONS IN HANDLING-Flammable. Cau~e~ iJTitation. 
Keep away from heat. spark::; ancl flame . .-hoid contact with eye,;.. 
skin and r.!othing. Keep container closed. l":>e with adt-quatt- ,·en· 
tilation. Wash th~roughly after h;sndling. 
In case of fire. use water spray. foam. dry chemil·ai 11r CCh. 

FIRST AID-In case of contact. imme<liately 11u:'il l·Y<-" with 
plenty of water for at least 15 minute:-: while r.-nlll\ in~ •:•1nt;ull!· 
nated clothing anci shoes. Call a phy$k'ian. FJ..i:>h ,-k111 with\\ ati:-r. 
Wash c!othir.f§ before reu~e. 



DMA-53 
MULTIFUNCTIONAL ADDITIVE 

DMA-53. • • is a versatile 
multifunctional additive 
for use in motor qasolines. 
It is ashless, phosphorus
free and impart3 the follow
inq properties to qasoline 
at low treating levels and 
low cost: 

s Carburetor Detergency 

•· Rust Prevention 

• Carburetor Icing 
Protection 

• Reduced Maintenance 
Cost 

• Aids Emission Cou~rol 

Petroleum Chemicals 
r. I. tlu """' de NelftOUn a. Co. (Inc.) 

'.troi.um Cll.,ftical1 Dhli11oft 
WilmlnC'on, Del•••'• ltlM 
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:\ppendix 2 

DmR-53 
APPLICATION - OMA-53 is a versatile 
multifunctional additive which provides 
excellent carburetor detergency, ~nti
icinq and rust protection. 

CONCENTRATION - To obtain all of the 
benefits described above, concentra
tions in the range of 3 to 9 lb/1000 
bbl (12-36 ppm) are recommended. 

PROPERTIES - (Typical) 
Specific Gravity, -60/60F (16/16C) ...... 0.92 
API Gravity, 60F (16C) ••••••••••••••••• 23.0 
Pol.:1ds/Gallcn, 60F (16C) ••••••••••••••• 7.63 
Flash Point, HCC. • • • • • • • • • • • • • • JSF ( 2C) 
Pour Point ••••• .-••••••••••••••• • -60F (-SlC) 
Nitrogen, wt'························· 4.1 
Viscosity: Te.ffture SUS C:St 

-~lee> D'5' 291' 
32F ( CX:) 500 108 

lOOF ( 38C) 109 23 

ADDITION - Either batchw~ae or continu
ously as a cQncentrate or in a stock 
solution. 

PRECAUTIONS IN BANOLING - Flammable. 
Causes irritation. It contains methanol 
and may be fatal or cause blindness if 
swallowed. Avoid contact with eyes, 
skin and clothinq. Avoid breathing 
vapor. Keep container closed. Use with 
adequat~ ventilation. Wash thoroughly 
after handlinq. Xeep away from heat, 
spa~k• and open flame. In case of fire, 
use water apray, foam, dry chemical or 
co2 • 

FIRST AID - In ease of contact, imme
diately flush eyes or akin ~ith plenty 
of water for at least 15 minutes while 
removin9 contaminated clothing and shoes. 
If swallowed irsduce vomitin9. Call a 
?hysician immediately. Wash clothinq 
before reuse. 

RES/eaa 
10/17/80 
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DMA-SJ/DCI-11 BLEND 

PHYSICAL PROPERTIES 

Specific Gravity 60/60°F (15.6°C) 

Density lb/gal 60°F (15.6°C) 

Flash Point, PMCC, 0 P (°C) 

Pour Point, 0 P (°C) 

Viscosity, cSt 

100°F (38°C) 

32°F ( 0°C) 

0°P(-18°C) 

0.931 

7.75 

64 (18) 

below -45 (-43) 

30 

180 

663 

Appendix 3 
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SUMMARY 

DGOl-100 Corrosion Inhibitor is a mul~ipurpose product 
developed by Du Pont for gasolines containing methanol and other 
alcohols. DGOl-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 gase-lines. 

DGOl-100 was effective in controlling corrosion in both labora
tory bench tests and vehicle durabilit)' tests. Specimens of eight 
different metals including terneplate, die cast aluminum and steel 
showed no evidence of corrosive attack in accelerated laboratory 
storage tests. Metal!ic fuel system parts including carburetor 
assemblies, fuel lines and gasoline tanks were in excel lent condition 
at the end of 50, 000 mi!e 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-alcohol fue! s are limited to a maximum of 5% 
methanol, a minimum of 2. 5% cosolvent alcohols (ethanol, propanol s 
and butanols) and a maximum of 3. 1°1o total oxygen in the fuel. The 
fuels are required to meet special volatility specifications defined by 
the EPA. 
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OGOI-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 100°F). 

EPA specified the use of Du Pont Corrosion Inhibitor 
DGOI-100 in waivered fuels at a concent~ation 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 
Ou Pont was announced in the Federal Register (FR 50, 12, 
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 suJ::mitted to EPA by Du Pont on July 11, 
1984. A copy of this section is attached as Appendix B of this 
report. 
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Performance of DGOI-100 

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 ef iects 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 lon~-~erm exposure tests was carried out involv
ing storage of the metal speci~ens for 12 weeks at 110°F. Six 
different fuels all containin~ 41.3 mg/L DGOI-100 were used in 
this test program in order to , ~ver 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. 

' 
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The storage temperature was 110°F in order to accelerat~ 
any deterioration effects. In other fuel stability studies, 
one week of storage at 110°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 ll0°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 110°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 corrosion 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 t~o 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 ll0°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. 
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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 OGOI-100 in maintaining 
fuel system components in top operating condition. Three car 
makes -- 1983 Chevrolet Malibu, V-6, 3.SL; 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 pum? and fuel filter 
flow performances were within specification and sh.:iwed no abnor
mality. Compression pressures and lube oil 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 O 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 passivatjon 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 we~e 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 aqueous liquid phase corrosion. This oxidation was 
arrested by the corrosion inhibitor and no pitting or liquid 
phase oxidation rusting was observed. 
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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 carbu~etor 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. 
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Table 1 

DGOl-10C 

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

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

PROPERTIES (Typical) 

lhysical Fam Clear I brown liquid 
~ific Gravity, 60/60F (16/16C) 0.94 
Density I 6QF (l6C) I lb/qal 7 • 85 
Flash Point, PMJ: 78F (26C) 
Ash Cmtent, wt ' 0.02 
solubility in Hydrocarbons miscible 
Viscosity: '19rperat:ure SUS est 

OF (-18C) 8176 1776 
32F ( OC) 1453 315 

lOOF ( 38C) 142 30 

PRECAUTIONS IN HANDLING Danger! 
Causes burns (as defined by O.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 co2. 

FIRST AID In case of contact, immedi-
ately flush eyes or skin with plenty of 
water for at least 15 minutes while remc>V
inq clothing and shoes. Call a physician. 
Wash clothing before reuse. 
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Table 2 

METAL TEST SPECIMENS 

Spec!aen• Obtd.md fraa the Meta-Spec Ccapa111 

Mil• ~-
Inc he• PlatiD& 

Coupon• Ley th Width thick mu Thickness Weight -
Teneplate 2 0.5 0.030 0.4 lfomiaal 3.~· 

Tin Plate 2 0.5 0.010 0.015 lfomiD&l 1.2 

Cadm.1ua Plate 2 0.5 0.040 3.0 M1.n1mua 7.8 

Zinc Pot Metal 903 2 0.5 0.125 13.l 

~airalty lraH 2 0.5 0.0625 8.6 

Copper 2 0.5 0.0625 8.4 

ilwdnua Alloy 309 2 0.5 0.125 5.8 

Steel - 1010 Grade 2 0.5 0.0625 7.4 



Terueplate 

Tin Plate 

CadmiWI Plate 

Um Pot Metal 

Admiralty lraH 

Copper 

AlumitWll 

Steel 
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Table 3 

METAL SPECIMEN ANALYSES 

Weight Percent 

Bot-Dipped Terne Sheet on SAE 1010 Steel 

Pb 
90 

Sn 
9.2 

Sb 11 Cu Fe 
0.3 Trace 0.02 Trace 

Electrolytic-coated Tin Plate on SAE 1010 Steel 

Sn 
99.9 

p 
0.006 

s 
O.Ol 

Electrodeposited Cadaiua Plate on SAE 1010 Steel 

Cd A& Cu Pb Sn Zn Other l.eaa1Ding 
99.9 0.01 0.01 0.02 0.01 0.03 

Zinc la• Die Cast Alloy Ziuk l 

Zn 
95.96 

Al 
3.9 "' 0.04 

Admiralty lraH CDl 443 

Cu Pb 
0.10 trace 

Cd 
Trace 

A• Zn cu 
11.20 

Sil 
1.11 

Pb 
0.01 

1• 
0.01 0.07 leuiDiDI 

Copper Alloy 110 Electrolytic 

Cu Aa 
99. 90 lemai n1 DI 

Alum1DUll Foundry AlloJ SAE 329 

Al Cu ,. Ma Mn Ni S1 Ti Zn 

17.60 3.0 0.70 0.21 0.70 0.40 6.1 0.20 1.0 

Steel SAE 1010 

,. c Mia ' I 

99.31 o.o9 0.50 0.02 0.01 
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Table 4 

NACE llUST TEST llEStJLTS 

·rrem· Puel• 
All Fuel• Contaiued 41.3 ag/L DGOI-100 

CouEOD Ve11ht Cha3e I •1 
Nonalcohol 5 M+ 5M+ 5 K+ .s K+ 

Ca10llne 2.5Mz\l 4.2 MpU 3.2 ! 4.1 p 

Terneplate -0.1, o.o -0.2 -0.1, -0.1 
-0.2 -0.3 

Tin Plate o.o, o.o o.o +o.l, ...0.1 
-0.1 o.o 

cadmium Pl•te -0.1, -0.1 -0.1 +o.l, +o.l 
-0.1 +o.l 

Zinc Pot Metal -0.2, -0.1 -0.2 -0.2, -0.1 
o.o -0.2 

Admiralty lraH -0.1, o.o o.o o.o, -0.1 
-0.1 -0.1 

Copper -0.2, -0.2 -0.2 -0.3, -0.4 
o.o -0.3 

Die-Cast iluainua o.o, o.o -0.2 o.o, -0.1 
-0.1 -0.2 

1010 Grade Steel -0.1. -0.1 -0.2 +o.l, -0.1 
-0.2 -0.1 

SM• 5% methanol; 2 • .5Mzll. • 2.5% aizture of ethanol (E), 
propanol1 (p) and butanol1 (I), etc. 

3 K+ 
5.0 I 

-0.2 

+o.l 

o.o 

+o.l 

o.o 

-0.1 

+o.l 

o.o 
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1UEL STORAGE T!STS 

110 1 - 12 Week• 
l.eplaced 7.5% of :ruel Each Week 

couEon ve11ht Cha!!l•a •1C1> 
s M+ Hon.alcohol. s tt+ ~ 

Gasoline 2.S Mi;Al 4.2 Mr\! 3.2 E 

Ternepl.ate -0.10 -0.20 -0.2.5 o.oo 

Tin Plate o.oo +o.os o.oo +o.10 

Cadmiua Plate +o.0.5 -0.15 -0.35 -2.70 

%1~ Pot Metal -0.30 -0.10 -0.10 o.oo 

.&.dmiralty lraH _-0.10 -0.65 -0.60 -o.3.5 

Copper -1.15 -1.os -1.40 -1.90 

D1e-C.R Aluminum +o.15 +o.10 o.oo +LOO 

1010 Grade Steel +o.15 -0.10 -0.10 +o.0.5 

Cl>Averaae of Duplicate Detet111nation• 

o All fuel• clear after 12 welt• 

Table 5 

s M+ 
4.1 p 

-o.os 

+o.os 

+o.20 

+o.2.5 

-o.15 

-0.9.5 

+0.2.5 

+o.10 

SM• .51 •ethanol; 2.SMzAl • 2 • .5% aisture of et~...o1nol (!), 
pxo119nol1 (p) and butanol• (I), etc. 

s M+ 
.5.0 I 

o.oo 

...0.10 

-0.30 

•3.ES 

-0.3.5 

-0.7.5 

+o.20 

+o.20 
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Table 6 

STORAGE STi.!IUIY OF TEST FtJE1.S 

hel1 Containing 41.3 ag/L DCOI-100 Stored 12 Veek• I UO p(l) 
No Fuel Ezchange 

N» Tert Speciaeus 1n Puel Durtq Storage 

Fuel Ble!ld E 
Perf otmance After 12-Week Storale 

A.SIM D525 A.SIM DJ l 
'l'K-01-72 Induction 

CoM>lwnt NACE Period, 

Bate Casoline MeOH, V% Tu>e V% lurt latiy M1nutes(3) -
Bi&h Aromatic 

1+4C2) 144o+ 

High Aroutic !fr\l 2.s AO 144o+ 

High Aromatic s Mzil 4.2 AO 144o+ 

Bigh Aromatic Ethanol 3.2 AO 1440+ 

High Aromatic Propauol 4.1 AO 1440.-

High Aromatic .5 lutanol 5.0 AO 144o+ 

(1) 1 Week 1tor1g• I 110 P i1 equivalent to 7 yeek1 I 80 P; 
12 week• • 110 r 1• equivalent to 84 veek• (1.6 years) • 80 r 

(2) Letter (I or a) represent• qualitative ratins; number (4 or 0) 
1hov1 proportivn of telt surface ruatec! 

(3) A3TM D439 aini•ua • 240 aiaute• 

(4) ASTM D439 u:dmum • 5 •1/100 ml. 

Eziatent 
Cum-Washed, 
ag/100 mL(4) 

1.1 

1.7 

1.7 

2.9 

3.0 

1.3 
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EFFECT OF DGOI-100 ON THE CORROSION TENDENCY 
OF FUELS STORED FOR EXTENDED PERIODS 

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

Table 7 

NACE Rust Test Rating 
Weeks I i1o•F: o 4 12 

Gasoline E (90) E (90) # (80) 

Gasoline + 5M + •·2MxAl B (5) C (30) D (60) 

Gasoline + SM + 4.2MxAl A (0) A (0) A (0) 
+ 41.3 mg/L OGOI-100 

( ) ' Ru•t 
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'!'able 8 

STATIC TWO-PHASE COlUlOSION TEST OF 
GASOLDt"E-AI.COHOL PUELS VITH ADDED WATER 

(4 Veelt• Storaae at llOOF) 

l»COI-100 Co:-.c • 41.3 aa!L 

BC Phase Water Phase 
Control l>COI-100 Cont rel DGOI-100 

'f erDl!plate Clear C.ear !tcbed C.ear 

Tin Plate Clear Clear Lt l>i 1Color ClP.&r 

Cadmium Plate C.ear Clear Pitted Itched 

Zinc Pot Metal Clear Clear Pitted Itched 

Admiralty lra11 Lt DiKolor Clear 1"-!Y Di 1Color Clear 

Copper Rvy Di a:olor Lt Di1Color Itched Lt Di 1Color 

Aluminum Clear Clear Itched Clear 

1010 Grade Steel Clear Clear Pitted Clear 
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CRITICAL FUEL SYSTEM COMPONENTS 
ZXAMINED AT END OF 50,000-MILE DU~I~ITY TEST 

Puel •owl Surfaces 

Ploat 

•eedle Tip 

Accelerator Pmnp Seal 

Diaphragm 

Check Valve• 

••• 1 

Internal Terneplate Surf aces 

Gas Line 

Canister Vent Line 

Table 9 
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EXHAUST IMISSIONt ~ITH R!:W CONVERTERS 

l'\lel1 lnc!olene 

Table 10 

•onalcohol Gasoline Start of Test - 9/mi. End of Test - g£!i. 
cars 

1983 Chevrolet 

1983 ror4 

1979 Do&!ge 

Gasoline-Alcohol 
Fuel cars 

1983 Chevrolet 

1983 !'or4 

1979 Dodge 

BC 

D.2 

D.3 

0.6 

o.J 
o.c 
0.1 

co 

1.1 
2.1 

7.2 

1.1 

1.1 

11.2 

NOy 

1.D 

1.1 

1.3 

0.1 

1.2 

1.1 

HC 

0.2 

D.2 

o.s 

0.2 

o.c 
1., 

co 

D.I 

o.c 

'·' 

NOx 

0.1 

o.t 
1.c 

0.1 

0.1 

1.0 
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EVALUATION OF DGOI-100 IN THE 
MODIFIED CRC CARBURETOR CLEANLINESS TEST 

Base Fuel • Phillips J 

.Additive, mg/L 

None 

Alcohols (SM + C.2MxAl) 

Alcohols + Cl.3 mq/L 
DGOI-100 

Alcohols + •1.3 mq/L 
DGOI-100 + 9.C mq/L 
DMA-53 

Rating 
De22sit 

(10-Clean) 

6.7 

s.o 
6.9 

7.7 

Table 11 

Weight (mg) 

16.6 

21.8 

4.6 

o.a 
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Fedenil Register I Vol. 50. ~o. 12 I Th.unday. Janc:•ry 17. 19SS I Nolias Aooe:-tdix A 

ENVIRONMENTAL PROnC110H 
AGENCY 
lFRL·Z1•11 

Fuels end Fuel Additives; Welver 
Decision; E.L Du Pont de Nemoura I 
~Inc. 

AGENCY: En\"ironmental Protecdan 
A&Pncy (EPA) 
ACTICNI: NDW:le. 

IUMMAllY: Pursuant lo section Zll(l) of 
the Clean Air Act. Lt,e Admini1lrator of 
EPA it cond1tioully aranting an 
applic:.ation for a fuel waiver inwolYJnl\ 
methanol and co1olunt alcohola 
submitted by E. l DuPont de Ncmolll'l I 
Company. Inc. (DuPont). 
aoo•usrs: Copies or document. 
releunt to thi1 waiver apiilic:.alion. 
including the Admini1trator'1 deci1ion 
document. ere IYlilable for inspeclioo 
in public docket £11;~ at the Central 
Dud.et xchon (~131) of the 
Environmental Protection Aaency. 
1'.:allel")· l-We11 Tower. 401 M snut. 
!.W .. \1:asJiin1ton. D.C. 2'M80. (2!021 saz... 
7:'48. ~'"""" the houn or 1:00 a.m. and 
4 00 P.t.f. A1 pro\"idt-d in 40 CfR Pa11 Z. a 
~THOn;oble fee may be Wrpd for 
copyinf services. 
fOll "'"• ... ta INFOllUIATIOll COllTACT: 
5,·hia I (;om:1. Attomrv·Ad,·iaor. 
f~tl1 Br•nch. Field 0pe;aticm1 end 

SuP('Ort Division~ U.S. · 
En1.-ironmental Protection AsenC)·. 401 M 
&llftt. SW. Washincton. D.C. aMID. 
(.302)311Z-261\ . • 

.,,.,. lllUITAllT .0.llA'l"IOll: Section · 
Ztl(l'}tl) of the Ctan Air Act {Actl. 42 
U.S.C. 7M5{f)(l).pnemlly prohibita the 
Introduction Into COllllllerte of certain 
••· a:.:tomotive fuelt and r.l addilive1. 
&ecticfh Zll(f)(4) of the Act pnmdea thai 
the Administrator of tbe EPA. upon 
ap;>lication by a fuel or f-1 addiliwe 
.. n11facturer. may waive lhe 
prohibillona established under section 
Z11(l) If the Administntor detennina 
that the applicant has established that 
such fuel or fuel Nditiowel will not auae 
any weh~de lo fail lo meet applicable 
emiuioullududa. 

·DuPont hu 1abmined a waiftr 
applic:alion UDder aection Zlt(f) m the 
Act req~ that EPA amt a waiftr 

-ror iltlrodlldioa iato cammen:e of a 
psoline-afcobol fuel ne ....... -
alcohol fuel ii ~d of a maximum 
of 3.7 •-eight ~rcent fuel DX)-pD with a 
-ximum or 5.0 pett.elll bJ ..,.... 
methanol and a minimum el U pen:mt 
by volume GDM»lvent elcohol(a) wtth a 
Pft!pnetary c:onmioD inhibitor. or its 
equiulent. TM eo1!Jlweat(1) ia any oae 
ar a mixture of ethuoL propenola. w 
butanola. fndadiag psoline JNde -
lertiw)' butyl alcohol (CTBA). . 

1'be waiwr eppliQlioa diet e. 
1asoline-alcobol "fuel conform ta 
American SocietJ for TutiftC a 
Matr.ials (ASlM) 043'. includi~.V 
June !SIM proposed ft\"iliOll aod any 
aubsequeat revision. Sic. n JUG 
(Augu1t 1.11141. . 

For ruaons specified in die decision 
docwnent (nailable a1 dnc:ribed 
8bowe).1 heve decided 10 c:ond!tionafty 
pnt .DuPunt'1 waiver epplimtion 
provided the 1asoline-alcobol fael la 
produced m accordance wtth ea 
evaporative Index (FJJ volatility 
a&andard and the mnosion Inhibitor 18 
restricted to DuPont'a ~100. 
Production or the fuel 11'1 accordance 
•itb only the /.sTM DC39 requirement 
arecifaed b)" DuPont would requin a 
deni1tl or U.e application. nu. decision 
ia bHed on the detennination that 
D\!Pont ha1 demonstrated that the 
1uoline-alcohol fuel when •MCI a1 
1pecified in the decision document. will 
not cause or contribute to a failw. of 
any 11'75 or 1ubsequent model yHr 
wehicle or enaine to c:anply with the 
emi1aion atand1rd1 with re1pect to 
•hich it wH certified under IKtior. ~ 
of the Ad. Thlll. the Wli'lllf request ia 
1'1tnted provided the followina · 
conditions are met: 

(11 The final fuel consi1t1 of• 
maximum or ~o volume peteeal 

IMftt•nol- e minimum or 2.5 \"Oh:me 
percent coaol'llftlt (ethanol. propanola. 
CTBA. and/or butanolt) in anleadf'd 
paoline; 

(Z) A maximum concentration of up lo 
S.7 •eiaht ~nt o:a:yaen in the final 
fuel ii obeerved: 
. (~) DuPont's proprietar')· corrosion 
Inhibitor formulation. DCOl-100. Is 
Wended iD die fmal fuel al 41.3 
milliarams per liter (ma/IJ: 

(4) The final fuel mert1 ASThl DC:t!r 
-3 Standard S~ifications for 
A11tomolive Gasolint- [• WP} o( whada U. 
In the Dodtet). •;th the qualification 
lb.t Test Method 0323 for RVP be 
..,raced by the tat method attached 
liereto a1 Appendix 8; 

(5) The finished aasoline:alcohol fui:l 
mttla thr fuel volatilit) specification1 of 
the Evaporative Index u folto11n: 
El•0..15 RVP+ll.14 (percent euporated 
at '116 F)-D..32 (perc:.ent e\'"aporated at 
100· F). El ia oot co exceed 11.0 psi in 
ASnt ~"A artill. lZ.9 pr.i iat Cla11 B 
ereas. 13.l p1i ill Class C areaa. H-& psi 
ID Class D areas. and 15.0 p1i in Casi E 
areas: 

(&) The final fuil must meet IM 
maximmn temperat:ire for ~~ase 
apantion u specified iD Appendix C 
•in& the test ~elhod ror ··ater 
toletance contained themn: 

(7) The fuel man.mcturer takes alt 
reasonable precautions to en1ure that 
dae fini1hed fuel i• not used as a baae 
psoline to which other oxygen1ted 
materi•lt are added: 

(I) Specifications for alcohol purity 
atuched to the decision document a1 
Appendix Dare met. 

EPA has de!ennined that thi1 action 
don aot meet any of the criteria for 
da11ificallon aa a major rule under 
Eucutive Order 12%91. Therefore. no 
ftlulatory impact analy1i1 it required. 

Tilis action is not a "nlle- as defined 
In the Regulatory Flexibility Act. 5 
U.S.C. tl01(Z). because EPA has not 
published • Notice of Proposed 
Rulrmakin11 i:nder the Administr1tive 
Procedure Act. 5 U.S.C. 5~3!b). or other 
law. Therefore. EPA h11 not tt~i:pared a 
aupporlina resulatory nexibihty analysii. 
1ddressing the impact of this action on 
1m1ll entitin. 

Thia i. a final AJency action of · 
nation1I arplicability. Jurisdic1ion to 
review lhia 1ction lies esclusiulv in the 
U.S. Court of Appeals ro~ the D•sirict or 
Cohimbia Circuit. IJn:irr section 
30i(b)(1) o(the Act. judicial l"t!\"iew or 
this action i1 anilable onl) b) thr filing 
of a pelilion ror review in the u.s Caurt 
of Appe1l1 ror tht District or Columliia 
Circuit within 60 d•)'I or January 17. 
111\S. Under aeclion JCr.(tiJ(ZI or the Act 
today'• action may not be challrni:ed 

later in a tl'rarate judi..:111 proceedin1 
brou(lht by t~e A~ency lo enforu the 
llatutory prohib111on1. 

Dated l•nuary 10. 1111$. 

IM M. T1lcNM9. 
Acll,.,I AdnllftillfOIOr'. • 

1n Doc •1:ss1Filed1-1t-1&. us 1111) 

Ill.I.IC COOi ~ .... 
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SECTION IV 

CORROSION INHIBITOR FORMULATION 

A COlllllercially available Du Pont corn>1ion inhibitor formul.atiou, DGOI-100, 

has been specified for use in gasoline-alcohol fuela covered by this vai wr 

application. DGOI-100 ia uaed at a concentration of 41.3 ag/liter in finished 

gasoline-alcohol fuels. A product aheet for DGOI-100 is included as Atuchment 

IV-1. 

The performance of DGOI-100 vas established in an utensive aeries of bench 

and vehicle tests. The bench test• consisted of upoling specimena of aetals 

found in automotive fuel systems to •rious gasoline-alcohol fuela for three 

months at elevated temperature. Analytical inspection tests were carried out on 

tbeae specimens periodically throughout the teat period. Vehicle atudies included 

50,000-mile tests on a group of ~iz cars, followed by coaplete inspection of the 

vehicle fuel ayatem1 at the end of each test. Eshauat emission teats were 

performed at the beginning and end of each teat to establish the efficacy of the 

corrosion inhibitor in helping to maintain the perfo!lllance of the emission control 

systems. In addition to these tests directed specifically to the corrosion 

inhibition characteristic• of the fuel blends, a wide variety of bench tests H 

well as a number of additional ..,.hicle tests were carried out to evaluate the 

effect of the blends on elastomer and plastic •ateriala. 

Under the provisions of this waiver application, an equivalent corrosion 

inhibitor foTIDulation may be used in place of the Du Pont fomulation. In order 

to establi1h th11 equivaleocy, based on present understanding of teat methodology, 

it would be nece11ary to carry out the 1ame type of teats u1ed to establish the 
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efficacy of the Du Pont product in the gasoline-alcohol composition• covered by 

this waiver application. These teat• would include both bench and fthicle studies 

conducted in coDDection with this vai"Ver application. Perhaps at •ome future 

date, ASTM or •oae other organization reaponaible for indu•try acceptance tests 

will dewlop generally accepted corrosion perf omam:e standard• for guoline

osygenate i>lends that can be used to quallfy corrosion inhibitor fomulations. At 

preaent, •uch •tandards haw not been established. 
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INTROOUCTI atl 

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 

a.ssisted methanol engine was.se~cted. Wbrication study 

group of Engines laboratory suggested that engine should be 

capable of running satisfactoq.·ly at high speed, high load 

but with low coolent terrperature. 'l'he coolent out let 
0 

temperature of 40.:t2 C was suggested. 'lbe earlier optimiza-

tion wort. related mostly to the rated speed and load conditions 

as obtained with diesel i.e. 3.75 KW at 1500 rpn(L 2) Purther 

i:o inctease the life of g.Low pJ.ug it is to be operated at a 

low wattaga. 

Test engine specifications and the details of experi

mental set up are given in an earlier repor:t(l). A glow plug 

adoptor for varying the glow plug projection in the c~.stion 

chamber was fabr:icated. (FIG.l) A special glow plug(FI·:J.2) 

with built in thermocouple was used to measure the glow p.lug 

tip temperature. 'lbe piezo aletric pressure transducer was 

mountad flush with combustion chamber. 'l'be pressure time 

history was continioualy cbserved on the oacilloscops. 
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It was desired that the engine load and apeed for a 

satisfactory operation of the mgine are selected at a f.iz. 

valLte. of injector poi>-off pressure. injection advance, qlow 

plug voltage 14'.ld th-e coolent temperature a:; given in Table 1. 

Test were conducted with two fuel injection pmnp elements of 

7 nm (standard) and 8 mm dia. 

TABLE l 

Coolent '1'emperatuce 

Injectoc opening pressure 

InjectJ.on Advace 

Glow plug voltage 

USULTS AND DISOJSSIC!l 

40 i 2 °c 
18.6 MPa, 

':Y:JO bt clc 

i1.s;..11v <110-120WJ 

Intially experiments were conducted with 7.o nn F.I.P. 

element and 10.c mm glow pluq projection. At 1600 rpn, 4.8 kW 

out put engine was stable but fuel rack was set at its maximum 

limit. Due to this ;ov.rner operating beca111e ineffective and it 

was not possible to maintain engine load and speed concli tions 

stable for long period. 

To overcome the fuel delivery limitations injection 

pump elanent was changed to 8 am dia. i!le results ~e given il'J · 
b 

~le -2 with different glow plug projections. 

It is observed that brake specific enei:gy cca.mapticxi 

decreases cid glow plug temperature iacreases with decceue in 
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I 

qlow plug projectioo, at a given glow plug energy. (110-120 wi. 

At 15 am glow plug projection, 100 watt energy was not sufficie:lt 

for a stable combustion and late combustion was obser~ed even 

at 4.8 KW. It also means that to obtain an stable enqj.ne 

operation a highe:c glow plug energy is required with increase 

in the glow plug projec:tioo in the combustion chamber. At s.o 
mm glow plug projection a minimmn 4. 2 KW out;at at 1600 rpn is 

required for stable engine canbustion. 'l'he glow plug tempera-

ture at this condition was 
0 

1005 .± 3 c. 
A t f1W> c t:t-ndi. fl O'YI 

llcilC glow plug 

temperature lower than 1000 °c,combustion became unstable. 

'1'he brake energy specific consumption at 1600 rpn 4.2 

KW is 11.6 KJ'/lCW-hr. ~ioh is canpar:able to diesel at _rated 

load and speed. Engine operation was observed over a period 

of 2 brs and periodic performance data is given in Table -3, 

showing thereby that engine operation remains fairly stable at 

glow plug enez: gy of ( 110-120 W) • 

CONCLUSIOOS 

-'lhe glow plug enez:gy z:equirement decreases with deci:ease 

in glow plug pz:ojection in to the combustion cbanl:>er. 

-l'or a filed glow plug energy input and engine load, 

the glow plug tempez:atur~ incr.eaaes with decrease in 

glow plug proj ec:ti'" 

-'ltie test engine should develop minimum 4.2 Q at 1600 

rpn for proper combustion at 110 w ene.z:;y input to 

glow plug. Por this 5 11111 glow plug projection with 8.0 

mm F.I.P. element dia is z:econrnendea, 
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TABLE 2 !:;.r'~'.tiiCT Oll,·-GLOW ·fLUG PRQJ i:CTl'W ~ ~GINE 
l'U.el •-~Methanol + l" Caster oil ...if ... iR-" ... f..,QSMAN_ .......... Ci-. ________ _ 

0 
Injection Advance•-3:> Q~d. c. i'UEL - DIBSEL 

Injector Opening ~easure-18.6 MPa. Inj&ction Advance 0 
- 27 btdC. 

Injector Opening pressure -18.6 MPa. 

s .N._R.P.M !'P.I .1'•s .HP i•srak.; 1Gl0w '• Glcwe'Glow ;'Glow: Net .Jiter Oil ixhau flloW Plug ' Remarks 
• • elemea KW. • ape- •,lug • Plug: Plug , plug! B .s.E ..outleta Tamp et tTemp 

: nt • cificl Proj • Volt, AMP , Watt• c cemp. p ttemp. • o 
: dia • I ener : ect : age • , age • MJ/l<W 1 o • C 1 o 1 C 
• mm • • gy • ion v • 1 Watt1 -hr 1 c ' , C 

- - ' I I conawn mm I I I I I • I I 
I I j I I 

l. 
HETHANCL 
1600 1.0 

2. 1600 a.o 

3. 1600 e.o 

•. 1600 a.o 

' s. 1600 a.o 

6. i60o u.!> 

DIES!:;L 

1500 7.o 

I otiont I I I I I __ _.__ - -- I - I - J 

4.9 

4.8 

4.8 

4.8 

4.2 

~.2 

f'l.JI ""'-h -
ll.4 10 

11.0 s 

ll.5 10 

15 

11.6 s 

12.80 10 

3. 75 11.6 

11.0 9.2 

11.s 9.5 

11.s 9 .s 

i1.5 e.5 

11.S 9 .a 

11.S 9 .5 

100 ll.6 40 

110 11. 25 38 

110 11.80 38 

98 - 38 

113 11.9 38 

110 13. l 36 

80 

60 490 

58 460 

62 490 

55 510 

60 430 

62 505 

65 470 

1016 

1030 

1030 

1000 

1007 

988 

Late combustion 

smoke 
Hai:trid9e Unit/Bosch 
Unit-8/o.e 

J: 15 rpn variation 

Rated condition 
smoke Har tr idge 
Unit/ 
Boach no-80/·5.5 

..... 
~J 

--· 



--·-- ,.....-------- ·------------~---------------

PUE~METHANOL 

- 0 
INJECTI~ ADVANCE -30 b,~d.C. 

IN.!E~ a>ENING PRESSURE -18.6 MPa 

P • .l "P • ELEMENT DIA -8 .o m .•• 

• • • I 

S.NO.IR.P.M.'B.H.P.• Brake 'G.P. 
• 

TABLE -3 REPl::ATABILIJY OF 'iEST 

GL~ PLUG FROOECTI~ - S.O am. 

• • • I • • • • G.P. •61.ow •Net I Water ,Oil 
' KW I specifilU:>ltage'Q.arrent'Plug •a.s.E.c•outlet Temp. 

I cati I v 'AMP : Watt age 1 Ml/Kw •temp. •o 
• energy • I • I-hr I 0 I c 

I 
I c • comsurnp, I 

• tionMj/Kw 
I I • -hr I • • • I 

1. 1610 4.2 11.4 12.0 10.s 125 11.75 40+2 - 55 

2. •608 4.2 11.. 3 12.0 lO.s 125 11.64 40.±2 58 

3. 1600 4.0 11.9 12.25 10.6 130 12.25 40.?2 60 
.... 

4. 1600 4.2 ll.3 l,.o io.s 125 11.64 40_t2 62 

5. 1600 4.2 11.3 12.0 lo.s 125 11.64 40j:2 63 

6. 1600 4.2 11.4 12.0 10.5 125 11.75 40.± 65 

• • 
I 
, Exhaust• Glow Plug 

Temp. • Tanp • 
I 0 0 

• c I c 

I 

440 • 1029 
~ -

I 

.... ..._, 
430 1018 OJ 

410 1016 

420 1U37 

420 1038 

425 1040 
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" 
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. .. . ~.J -.,··11;·-....,.. ~· 

rhe ~~Jdic ch~r~cter of dif.ere~t me~als was ietar-

mir.e:i by :.l3i~i :81-::ctro:ie Poten tia.l Meas :.ire:ient mst~~o~. 

A~ ~lectro Che~ical ~hre$ Poi:1.t Met<o:i (TPi:) i=itro:iuced 

by Barnz.rtt (1,Z) has bee~ :.ised as tach~iQue for 

com~~r~ti\e e~alJatiJ~ of jif:erent corrosio~ i~hi-

bi tors. 

T'.1e s tea::ly s tz te electr:>ie ~otentials :>f J iL ere:it 

e:-•r;ine met::;ls a:<d alloy3 ir. math~:iol at 14°C v'ere 

meas :.ired \·~i th res pee~ ~o sa. t:.ir~ :.e:i eal::>::~l else -croje 

( ~ ., - ) 
..') .. .,,, .~. as a re:re~ce electrode • The elec~rolytic 

co.1~.eetion be tween S .c .E. a:i.i m.::tt:.~ol is 03.d.e by 

It ci ves cor:·osi'Jn rate of test r.1a ~al i.'1 t'.1e corrosive 

me:ii:.nn at tr.e t1'.Ile of meas~eme:it 1:1 terms of current 

:ie:~s1ty. The m::t;;o:l 1:-w:>lv.s \.l.:>e o!' t.'r:.ree electro:ies, 
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::>'.'le of wi-.ich is t.:1a test electrode. Ca t:--.o:.:.ic 

?ert;i.rbation poce~tials are a??lied to the test 

electroje i~ the se~~e:l.Ce of -2 AE and 

-3tlE ( v.·:1ere 6E value is ei ::.!:er 20 or 30 mv) and 

flo·.-i:lg :.::r~:»lEh the tast elact:·ode are mea.;:.ired. 

The corr·osi )n cur:·e:it de~i "GY is 

calc 11~ r.ed from t'ie meas :.n·e:i ii-alues of I -AE, 

I - 2AE a:1i I-3AE .lSi!lg ~~£ fo11-oFL-.t: e·~u:-:_tiJns(3)~

corrosion curre:-.t :;)e:-1si ty IC (J..J.~ /cm
2

) 

• 
' 

r • 2 

I .- 3 ~ E 
I -AE 

,.., 
a!lj 4 is t~e area of test electr~:ie in Cm~. 

·rhe corrosi'Jn c:Jrre'.'lt :ie :si ties of meeal i:t tr.e 

co::-rosiv3 medium aro me:.s·1red for systems witto;.it 

and with :ii::~er-e:l.t dosar.e levels of corrosio:-i 

i~hi~itors. The e:~ectiveness of corrosion inhibitor 

1s eYJre3se:i as the %a:3 e~·riciency from the folloving 

rel?. tio'.1.s hip:-
Inhiti tor Effici~ncy at a 

specific :ios3~e level, ~ 

Ic - Ic' .. --IC 

Wt,3re I a'.l:i I , are t~e corroston current Densi ti? s 
c c 
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o~ t·ie te!i t m·~ ~l in th-~ abse:1.:;, a:-:i in the prese'1ce of 

r .::..:; .r : ~ ..:.DI Ul-1 • Hetha:iol + 0.002 1'! Nacl • 
+ 1~ 'Vol.~-:~ ter. 

Tem?er:: t:.ire • 35 + o.1°c . -
Incibi t:or tested . . ... 

• 41 ;::,. I.,, • 

Test Tim a . 2 :i :>urs. • 

r:::·:.I.Sil:JR .d.: It is a clear, iarl-c ar:1ber li~:.iid 

~e~sity@ 6o°F (16°C) g/ml 

Flas~ ?oint~C(°F) 

As:-: Co:ite:it ~" Wt. 

Solu~ilitY in n1~r:>carb:>ns 
Viscosity, Cst I 

o0 c 
99°c 

0.93 

-51 

11 (34) 

o.o 
Co~pletely miscible. 

456 
8 

r:r.::r:.::7J?. B: I7. is a cl;:?.r li.q Ji:i ·:>f a::itne 52.lts of 

alkyl aci~ phos?h~te. 

n~::IclTOr. C: Ho .i:>etails are av-ail~ble. 
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1:1 Table 1 i!11ica te:i t'.1a t lea:i is se~.-3rely a:. :aclc:d 

wit~ r.is t~:~- ·-=ol ax. the cre:"ld. for otter metals viz. 

al:.imi•1ium alloy, zerr.:-,k, brass is 'J:l lower si.:.te • .::his 

s .:o~.-:ed tt1<= t t::ase ~:.etals/alloys re~ 'lire ~rot~ction 

the s;:ie~imsns were takc!1 from e:-igi:-..;s itself. ~'!lrt~er 

st1:..:ies \-:ere ~:.l~sn :.i;> .,,i t.h jif.::~:··ent types of 

are gii..-e:1 i!1 T.::.ble 2., in:iicatei t~at in c~se of 

milj steel at lo•.·er c'Jn~e:i:.ratio'.1 of inhibitor (20;;>;>m) 

in hi tit.or C s ~--.01--:ed ti[her ef~·icie!'lCY (Fig .1 ) • Ro~·'ev~r, 

t~1e corrosion :le.1si ty iJf mild. steel a'.1:i C:>?;J~r are very 
" 

cl·o$e b:.it brass ~s a very hL·h v~lue of 3.006 ll..A/'::.·:c.. 

Si'.'!lib.rl~;, ;__1 c~se of bra.5s, i:1hibitor C :io~s :·.o:. re.:: ~lt 

1:1 higher 1:1~.ibi tor e!'fi~ie:1cy ei,,·?.lu?. :.~d at d.if ."erent 

co!1Ce n trs ti J:lS. 

Compar~tive ev~lJ~~i:>~~ of differe~t corrosiJ~ in-

hititorz ~ill be do:1e vitt di~fere~t ~~t~l s~eci~en 
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:.isi:1; d.if ere:1t l :!vals of i!'ltibi tors. °f'l."J ·n:>re 

well pr:r.e:1 corrosi:m in:-~ibttors are i'.l t:~e ;>rx:3~s 

of ;Jr:>::oreme:it from 1.-~/s ... :rJ?O.~T -::-.Xi. s ir.:il::.r wor~~ ~ .. ·ill 

test bs:i.cb r:1'.111i!1~: O:l 90i·: met::a:1ol f .iel. The 1a ta 

t~•us ob ~.ai'.le:i wi1:. e::?.~le to :ieci:.e abo 1t the in-

hi t.i tors to 'J~ '.lSaj i~ fi~lj st 1:ii3s. 

,...., . .., ... 
==-~~~: ... . .,,, .. ~; 

1. 3~rartt, 3., ~lectrochern Acta, Vol. 15, P.1313 (197J) 

2. ::::.rnartt, s., Corrosio~, 27(11 ), ) .467 (1971). 

Danielso:i, :o::-rosio:-i, V~l. 38, ::o.ii; p 580(1982). 
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'). 510 

o.4&.J 

o.420 

3:.-~S5 !) .190 

0.055 

-------------- ------------



11 ~ L' 2 J"'"j"T r'l ''·~' ' "'l' ·~ 1 '1'· 1 '• 1 
'' ·!:.:~~ .. l!.!-1_ .':J • .L.~~ ..!.~~--~ ~·:.·~·!.·-L·~.L~t..'-1..-

______________ .. ___ . _____ ---- .. -~---·-·-------·- -- -·--·-- --------- -----·--·-·---------------------
HBrAL/ALf.OY C0.1.d0~Irn1 2 
r ~.;·l' lID D~ ::n rY, J.AA/Cm 

( Bf..;\UK) 

Mill Steel 1. 539 

Br:iSS 3.106 

Co~) per 1.755 

______ -1J!UlJ,fllQlL R~I_Ql.~'.lCI..Jf.J.. __ .. _ _m:.__ _ --·-
E~HI HI r~m A @ Hil:l JI l'OH D @ • I.il!I'.~IJ:OH c GI 

_Q..QQ~,_E,~:t!_ - --- __ _Q__QJN.;..J~fkl. ___ ----- ___ QQ.QQ;. _l?_Pl-t_ ______ ---

20 lt-O 60 80 20 40 61) 80 20 40 6o 80 ----·---·- ------- - . 
40 44.5 73 13.5 20.5 69.5 65.2 64.1 69.7 69.6 

22.9 33.7 28.45 

-- --------------------- --------------·- -·---·-----·- ------------ ·-- -----·----

•"'RS"• 

~ 
o, 
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I 

INHIBITOR- C 

INHIBITOR-A 

lNHlllTOR-B 

40 

INHIBITOR LEVEL , ppm 

10 

MLO STEEL IN METHANOL HAVWG 0-002M NaCl :a l~ol.~. 

WATER @ 35 ± O· I ·c (THREE POINT POLAftlzmlON METHOD I 
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RPPENDtX B 

INDIAN INsmm Qf PETROI.WM. 12~~UN, 

Bngi nes Labora tort, 

CLEAliLINESS Aijl) WEAR OF THE MErHAi-lOL TWO-STRQKE pIGINj. 

Report No. EL 1285 May, 1985 

Prepared by: 

Mukesh Gupta. 

Approved bJ& 

Head, 
Petroleum Products ApplicatiouDi, 
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1.~: 

To study the vear and deposl t tormlng cbaracteristlcs 

ot Methanol taelled Engine and compare the whole system 

. v1 th tba t or gasoline. 

2.0 m1 1pNIQ!JE: 

the test engine w.s modif'ied. (see Anne:x.3) and tbe 

•ethanol tuel. used w.s 9~ Hatbanol + 1~ gasoline. 

Tb~ 'tngine vas titted vlth nev cGmponents bef'ore starting 

the test and th6 ::eas lll'9•e~ts vere taken. T!le new 

com?onents were run-in as per scheduel given in &ppondix(I)~ 

Ybicb ls or 8 brs duration and tbe rolloving combim t1ons 

were. used: 

Gasoline tuel + It% OIL .l (see data sheet) 

Methanol tuel • 2.:;% OIL C (see data sbe•t) 

After the completion of running .. 1n period. the 19ngine 

vas opened and ring wear •s taken tor each test and 

piston as observ'!d tor seizure marks. tbe rllD-1n 

assemblf vas put baek. and tollow1ng tests were rllD as 

tollows. 

2.1 &u. Md Pt;,gut ir.,,: 
Tbe test procodure 11 so devi.sed tba t 1 t can give ind.lea ti ve 

results or oil, tuel bebavioar. !be test duration 1• 

,/ 
t· 
I 

' 
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completed as per schedal.e (Appendix I) or 22 brs operation • 

Tbis ·as a:l gasoline run-1.11 assamblf and subseqaentlf 

avi tcbing Gver to metbanol t11el w1 tb dit'terent oils as 

tollovs: 

Gasoline ruel + 3% .. OU A 

MettBnol fuel • ~.. Oil B,, C,, and C + Additive v 

2.2 W1ar 4pd Ptogs1t lasts 

Attar studying the engine and lubricant bebanodr during 

22 brs. engine test,. long clara t1an. 160 boll. crcllc 

test were conducted. !be •1n object1w was to check 

the tvo srstems viz. gasoline and •ttanol t'IJ8ls. !be 

test vere conducted as per crcllc test procedare ui wn 

in Appendix (I).,. vitb ditterent taels, o1ls u t'ollovss-

gasoline f1J8l + 3"' 011 A 
aatbanol tuel • 1.s,,, (011 c • Additive v) 

3.0 ll5lJL'?S AND DISC!JS§IQ~: 

3.1 Viar and p1Q.Q1it Test (22hrs.>: 

Compara t1 ve war and depos1 t 22brs tits t data 1:od1ca tisd 

th& t pis ton deposi ~ ln general are more vi th methanol 

t'ael. 011 B 1ntl.1cated cleaner piston skirt. under sk1rt, 

~ 
I 

l 
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ring land,, as compared to oil c. The oil B,, however, 

resulted in the severe ring sticking, vblcb shows tba t 

lt cannot be used tor long daration studies. Oil B 

also shoved some piston seizure '>n antitbrust side. 

Piston ring war d:.iring test is almost double v1tb 

methanol f'u'.jl aslng oil C (011 C + addi tlve) as compered 

to ga.so11ne. However, 011 C shoved no ring sticking. 

Tbis proves tba t (011 C + addi~ff·) at lover cor..cen

tra tion can be used tor long daratlon studies. 

3.2 !be test result data given in table 2 Catt.er 16obrs.) 

1n41ca ted tbat methanol engine bas giwn more piston 

:;,id.rt, under skirt deposits, top ring and cylinder war. 

Boventr, aetbanol t11el operation bas red11ced tbe piston 

.tJDder crown. exbaust port blocking coasiderablf. '?be 

eftect ot engine operating da:ration on top ring vea:- sbovn 

in J1g C 1) lndica ted tba t the running-in war and test 

war ls b1gber w1 tb methanol f.'uel opera ti on and needs to be 

1aprove4. On tbe other band 11ethanol tael operation 

res ul ta in lowr port depos1 ts to gasoline tuel opf!:ra tion. 

~be b11ber power clrop in the case or uthanol w.a 

attributed to a tadt in tbe spark plac. 
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.ltter changing the spark plug tbe tall power was 

restored. '?he power developed by the engine vben 

running on methanol fuel daring the entire operation 

-.s sa t1stactorr. 

4.0 CQNCLtJSIONS: 

4.1 Oil B resulted in !'1.ng sticking and therefore 

cannot be used tor neld appllca tians. 

4.2 HettBnol tuel operation with oil C and 011 C + 

add1 ti ve v s bow4 no ring sticking. '?be top ring 

wear 11&s almost double v1tb methanol tuel as camparecl 

to gasoline fuel. 

4.3 Metbanol tuel operation reduced the exbaast port 

blocl<ing, vbich •r help 1n red11c1ng tbe power loss ot 

engi~e • 

.. 55 .. 



£~~ Results of Weac Aid D-~posit Test (22 hrs) 
' I 

PARAMETER 

Piston Skirt 

GASOLJ.NE + 
3" OIL A 

0.11 

Pi~~C?!\ under skirt 9.75 

Piston under urown l.33 

crown UJtting 10 

Ring Sticking, Ist 10 

2nd 10 

Ring Gl'OV'e Deposits 
Ist O 

2nd 1.94 

- - - - - Ring Grove FiJ. ting, 

/i 

" Ist -

2nd -

Ring J..and(Lacquer) 2.91 

Ring Wear, mg 

Piston Sezure 

Iat 7.6 

2nd 3.8 

10 

Ring Wear during 
running-In, mg 

!st 18.9 

2nd 13.7 

OIL B(castor> 
90 M + !CG + 2" .'Remarks IMETHOD 
OI~ u (59770) f OU.~+ I I 

-------~ ~ --~ ... ~ .... ~--.... ·---'.-M.dl.U.•'f' _ __!,. __ 

7.45 

0.12 

0 

10 

7 

9 

0 

0 

1e.o 

2.3 

0.325 

8.9 

J.O 

9 .92 

2a.o 

25.7 

6.12 5.73 IP 247/69 

6.0 

0 

10 

10 

10 

o.69 

0 

10.45 

4.0 

0 

14.'1 

9.8 

10 

20.9 

21.2 

7.75 

0 

10 

10 

10 

0 

0 

13.35 

5.2 

0 

13.3 

6. '1 

10 

23.4 

25.1 

" 
.. 
.. 

" 

" 

II 

Wt. J..oss 

... 
') 

VI 
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TftBLE 2 
Results of wear And Deposit Test(l60 hrs) 

PARAME'fE'RS 

Piston Ski rt 

Piston under skirt 

Piston under crown 

cro~ Clltting 

Ring Sticking 
Ist 

!Ind 

R"ing Grove Deposits 
Ist 

I Ind 

lting Grove Pilling % 
Ist 

I Ind 

Ring Land(Lacquer) 

Exhaust Part Blocklng, 
"axea. 

Maximum Power Drop % 

GASOLINE 
+ 

3"0ILA 

6.48 

8.16 

o.73 

10 

9.5 

10 

0 

0 

0 

31.78 

6.10 

No.o! Spark plug fouled. 2 

Ring N?at, mg 
Ist 12.64 

I Ind 25.2 

Avg. 
Cylinder wear,mm, o.oos 

Wea~ during i:unning 
151 mg 

Ist 20.6 

I Ind 21.2 

(90 M + lOG) ME'IHANOL 
FUEL+ 

1.s " OIL c; .\dditive w 

s.14 

3.15 

4.63 

10 

10 

10 

0 

-
11 

o.59 

Nil 

13.66* 

Nil 

36.9 

23.2 

0.014 

43.9 

26.4 

*' '?h1s Pewer drop is caused due to spUk plug pcoblem. 
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APl'ENDix I 

Running -In SChedu!es 
DURAT:ICN - s Roura. 

SPErD • R.P.M POWER OUAA'.l'lai 
ENG1i:!E BRAXE H.P. K.W. MINUTES 

Iclling 
Uood) 

30 

2000 30 

3000 635 0.35 0.26 60 

3500 740 1.25 o.92 60 

4000 845 2.4 1.77 60 

4000 845 2.6 2.06 60 

4500 950 3.5 2.sa 60 

4500 950 4.0 2.94 60 

4500 950 roLL 'l'HROT l'J..E 60 

Wear And Deposit Tests 

Duration - 22 Hours. 

Stapi!izat1on Period 

3500 740 2.3 1.65 60 

Test Cycles 

3500 740 2.3 1.65 60 

4000 845 3.4 2.54 90 

2000 - 30 
(Idling) 

~tepeat 7 t~st <.:ycJ.e in order to complete 22 hrs. of 

Engine operation. 

TRANSMISSION 

Neutral 

" 
Top Gear 

" 
" 

" 
.. 
" 

" 

Top 

Top 

" 

Neutral 
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Wear And Deposit Test: DURATICN 160 hrs. 

SPEED , R.P.M. POW.ER DU.<ATI~ 

ENGD..i:; BMl<E H.P IC W. MINUTES 

Idling 2 

1500 125 No Load 2 

2500 335 
.. 3 

4000 845 • 3 

4500 950 t-10'.L'E PQolER 180 
AT W .• O.T 

3500 740 2.3 1.65 120 

3:>00 635 No Load 110 

1000 30 
(Id.Ling) 

Shut Down 30 

Repeat 20 ~yc~es in order to complet~ 1600hours of 

Engine operatioc. 

T.:tANSMISSial 

NeutraJ. 

Ist 

2nd 

Tep 

Top 

• 

• 

Ne-~. tr al 



10 

70 

50 

• 2 40 -I: 
c .., 
s 
e 30 
z -a: 

A. 20 0 
~ 

10 
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• RUNNING- IN ON GASOLINE ( 8 HOURS) 

II RUNNING-IN ON METHANOL (I HOURS) 

D GASOLINE TE~T 

II METHANOL TEST 

OILC 

OIL 8 

OIL A 

30 HOURS IN GINE 
OPERATION 

OIL C +ADDITIVE 

OIL A 

151 HOURS 
ENGINE OPERATION 

FIG. I-EFFECT OF ENGINE OPERATION ON TOP RING WEAR. 

' 
- - ·-· -- . 

I I I I I I I I - --· -------- ·-·-·. -- ··-- -- -····· ·--- - --- -- --- ' ---
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Res !:!,ethanol Engine Oils from WBRIZOL 

1. 4-Stroke Engine Oils. 

1.1 ThE additive package used is OS 66 839· 

Typical analytical data are 

Sulfated Ash " wt. 6.71 

Zinc "wt. 0.11 

Phosphorus " wt. o.64 

Calciwn "wt. 1.71 

TBN 45.0 

Specific Gravity o.96 

Vise at lOQDC, est 210 

APPENDIX q 

1.2 The additive package OS 66 839 A is giving th~ same 

analytical data. It is composed of co~onents, which 

could be produced later at ll L-Bonbay, if sales volume 

justifies the action. 

1·3 'l'ypical SA.£ l<Jf/30 engine oils successfully tested in 

the mxlified methanol Ford VD-'l'est (2 .3 engine) are 

conposed of 

21.0 % wt. OS 66 839 X x 
+ 2.s" wt. LZ 73 22 X 

l 
+ o.3 " wt. I.Z 66 62 ~ • os 59 567 

in base stock 13 o Neutral X 

1.4 'I'he analytical data of OS 59 567 are 

SUlf ated. Ash 

Zinc 

Phoaphotus 

Calcium 

" wt. 

"wt. 

" wt. 

1.41 

0.15 



TBN 

Specific: Gravity 

vise at 100-c est 

CCS at -2 0-C cP 

- :o 1 -

1.s A typical Si\E 20W/•o methanol engine oil based on the 

additive pacKage OS 66 83 9 would contains 

21" wt. OS 66 839 

in base stock from Indian Oil Co. 

60 " vol 150 Neutral 

4 O " vol 6 00 Neutral 

1.6 The analytical data of OS 70 336 are 

Sulfated Ash "wt. 

Zinc "wt. 

Phosphorus "wt. 

Calcium "wt. 
TBN 

Vise at 100-c est 

ccs at -10-C cP 

2. Two-str~ke Engine Oil 

x 
I 
I •OS 70336 x 
x 
x 
x 

1.4 

0.15 

0.13 

o.36 

s.5 

15·6 

3150 

2 .1 The ash less blo-stroke Engine Oil OS 59 770 is fully 

mixable with neat methanol. 

2 .2 The base stock of OS 59 770 is a synthetic material 

(Polyglycol). This oil should be used at 

50 I 1 

in neat methanol fuel. 

The typical viscosity data &re 

Vise at 100-c 22.01 est. 
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1.0 INTRODU~~iON 

'1his 11«>rk was carried out on a Kirloskar AVl engine 

to study the lubrication D!quirements of a methanol 

engine. lbe 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 ~'1·2giested that the curnmt tests used 

to define lubricant quality need modifications to 

adequately define lub.dcant needs when methanol is 

used as primary fuel. '1'he major deficiency of existing 

lubricants is D!ported as the control of cylinder bore 

and piston ring wear. Particularly, the low temperature 

conditions ha-~e been found to aggrevate this problem. 

In order to study the lubricati~n and wear phenomenon 

in methanol engine, the work was planned in two phases. 

'1be first phase comprised of long duration tests to 

study lubricant degradation, deposit formatJ.on and 

engine component wear. 'Ihe second phase of work con

sisted o!: the top chmme plated ring "Wear study using 

~adiotrace r technique • 

2 .O INSTALIATION OF TEST BENCH AND OP't'IMISATION OF ENGINE 

2 .. 1 Installation of test bench 

'!he test bench al.re.ady installed was checked for long 

durati.on tests. 'l11e pymmet~rs and temperature indicators 

* See appendix 6. 
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'WIE!re calibrated upto their full range using millivolt 

feeder and subsequently checked by heating oil. lhe water 

brak~ dynarnometer was also calibrated statically as per 

manufactui:e • s procedure. The calibration was cross .. 

checked by running engine as diesel under rated con

ditions. '!his engine test showed that the system was 

sa.tisfacw.cy for beginning the testing of lubricants. 

Ho~ver, :further improvements c£ the measuring equipv.ent. 

particula:r.ly. the brake, are required to improve the 

test .repeatability. 

'l'1e 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 101•;: te.an tests. DJ ring trial .z:una 

on inethanol, problems were faced due to foonation of 

methanol vapours in the fuel system. '!his was attributed 

to heating of injection pump and fuel lines. '!he problem 

was, however, not faced during actual tests because the 

fuel supply point was raised 2 m above the engine test 

stand. 

2.2 Selection of Operating CODdit!.2a! 

on the basis of avai 1.able literature and exPerience of 

.z:unning similar tests, it was decided to run tests 

.mflecting seven conditions so as to .reduce the test 

duration as ~!ll as get discernible data from different 

'""ts. Problem~ ·•re faced during initial nins on the 
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modified cylinder head for methanol operation as 

follows: 

1) For engine condition as planned for tests, the 

wattage xequi.rement of glow plug wae higher than 

its rated capacity resulting thenby in f.teqi..Jent 

f .. ulure~. 

2) '!'he glow plug location was such that its seat 

and the injector hole in cylin:ier head 111ere verr 

close, wl:tich resulted in bxeakciown of the inter

mediate wall during ope ration. 

3) 'ltle glow plug was not easily replaceable. 

'lhese problems leXl! subsequently solved by incorporating 

suitable modifications ~d testing the engine under a set 

of operating conditions, optimising it based on comblstion 

pxessute time data and employing a specially designed glow 

plug with built in the.onocouple. Keeping in vietw the above 

parameters, a 50 hour test was devised as described in 

Table 1. 

3.0 FUEL & OIL ~"llALYSIS 

'lhe methanol samples taken fXt)m the barrel as well as 

the injection pump were analysed fo:.. presence of Ai and 

Pe. 1'11s was intended to give indicationa as to the 

type of .11etal impurities xesul·cinq f rcm corrosion which 

may be ingested by the en9ine and could be c::letrJ.mental 

for the engine during the tests. The lubricating oil is plannec 

to be analysed. for physico chemical properties, wear metals 

and presence of functional 9.roups as soon as the 

analytical facilities are workJ.ng accordingly. 
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Oil sanples in the 50 hours tests 1111ere drawn periodically 

at an intexval of 10 hours and analysed for viscosity, 

wear metals and neutralisation value. 'lhe samples were 

taken by draining first 2 00 cc of oil fmm the crankcase, 

then collecting 100 cc sample from the engine; adding 

10\l cc fresh oil to the 200 cc drained oil and trans-

fering it back to the engine. '!'his sanpling procedure 

was standardised for all the tests to have a unif0%11l 

sampling procedure. 

4. 0 RING WEAR STUDIES ON ME'l'HANOL ENGINES 

USING RADIOTRACER 'l'EST METHOD 

1he 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. '!be ~otracer wear tests were 

planned to study closely the top piston ring wear of 
.. 

dimct, btfuel and methanol engines using different 

lubricating oils. 1bis was done as the top piston ring 

wear reflects interaction between engine fuel quality 

and lubricant perfoDnance. PUrther these tests have a 

more reliable assessment of variables as the tests can be 

done on the s..-.a assembly without involving diasassembly 

and a building thereby resulting in .:curate wear 

detez:mination. A pmssure 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 TableII1'It is hoped that the analysis of 
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long duration test meul~s and the radiotracer wear 

tests will enable to qualify a lubricant foi:malation 

compatible for methanol engines. 

4.1 Test Schedule 

a) Running in: The .running-in of the ring/liner will 

be done for a duration of 10 hours as per following 

schecn•le: 

i) Idling - one hour 

ii) Part toad - four hours 

iii) Full load five hours 

b) Tests : 'D!sts will be carried out as given in Table II. 

1he engine conditions that will be maintained during 

the tests are s 

Speed 

toad 

W ..t .Temperature 

Oil temperatum 

- 1600 rpm 

- 6.6 bhp 

- 40°c 

,_I 7o0 c, as observed. 

In addition, a refemnce teat of 8 hours duration on 

diesel fuel and Type TII lllbricant will be carried out 

at the beginning and end of the experiments for a 

compara'i:J.ve ar..alysis. 
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S.O RESULTS & DISCUSSI~S 

'lhe results of ring wear after the SO 'tir test are 

presented in Table V & l'i~.u:e 1. Pran 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 a different trend. 'lhe top ring wear seems to be more • 

a function of fuel and lubricant canbination for a given 

test. 'lhe 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 disturbing 

the conformability of rubbing surfaces which results in 

hicjler initial wear for each test. This can also be 

confirmed from results of the wear metal analysis. 

This would need a correct!oc factor to be applied 

to the wear results of subsequent tests before drawing 

any inferences. 

As suc'.1, 1 t can be seen from the top ring wear data 

that lubricants cani;:atible with methanol do not necessarily 

71trfo..,-wi well with diesel and vica versa. However, the compatible 

lubricant fuel combinations give comparative wear perforra~ 

ance. 'l'his shows that the lubricants tested on a methanol 

engine under the severe running schedule( law water j ac'ket 

temperatures, t-..igh loads) will perform equally well when 

compared with their diesel counterpart. Fu:cther, it can 

be seen that the two methanol canpatible lubricants 

'222A' and 'LZ' give comparable results. 



TEST CONDITIONS 

DURATION 

SPEED 

B .s.E.C • t1E'l'P..ANOL) 

B .s .E .C. (DIESEL) 

GI.OW PWG TD:PERA~E 

TEST S::P.EDU IE 
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TABI& I 

SO HOURS 

1600 rpm 

11·6 K1 /KW-hr 

11 ·6 K1 /Kif-hr 

1010-C + 3 -

'l'ABIE II. 

SN Assellbly Test No. Puel 

1 Dl 1st Diesel 

2 D2 1st Diesel 

3 D3 1st Diesel 

" D4 1st Methanol 

s DJ 2nd Methanol 

6 D2 2nd Methanol 

7 D3 3rd Diesel 

8 D4 2nd Methca.~J. 

9 D3 4th Dieael 

10 D4 3rd Methanol 

11 D5 1st Methanol 

12 DS 2nd Methanol 

13 ' DS 3rd Diesel 

Wbricant 

Type II 

Type II 

Type III 

'l'ype III 

222A 

IZ 

222A 

lZ 

IZ 

222A 
lZ 
Type III 

' 

IZ 
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TABLE.DI~ ExPERIHENTS WITH IRRADIA'MD PISTON RING:NOTATlONS 

Ll Type III WBRICANT 

L2 222A 

L3 WBRIZOL 

Fl DIESEL 

F2 BIFUEL 

Fl METHANOL 

c CALIBRATION RUN (TWO HOU 1~) 

TOTAL CYCLE - 24 hrs. with 6 hr. of test xun each. 

c c c 

Fl P3 
3 

P3 

'"4 3 M c ~ c ~ c 
~ '4 I 

i : ~ I 

~ F2 ~ P2 "" I I '"4 N : 0 Pl 
i 

i u u 11 ~ 
IJ H • :i! r-4 

r-4 a: c ... i c 0 Ill c 
! 0 Ill 0 !D . 

f 
~a I z; s ~s j 

! Fl Pl F2 

I I - ! I 

J 
····-~-.---·--- I 

I c c I c 
! I I I I 

I F2 P3 
j 

~ Fl 
! 

I 

.-4 I i 
~ 

l M I ~ I c ~ c i i c 
I i ~ i ~ z i "' I . ' , 

~ ' Fl in -c _u . Pl ' I Fl 

I • u ~ 11 H I 
0 ' ., 

~ 
t ... ex 

I • ~ l c ... c t 0 Ill ... f u m 
i ~ s c 

0 m ~s 

' 
~ s ' 

Pl F2 P2 
. 

! I ! 

I : c c ! c 
: 

. 
I l Pl Pl J'l 
I 

_.... 
i M ' 

' ~ c 3 c '4 I c 
'4 ~ ~ 
~ P2 ~ 

i P3 0\ Pl ,.._ Cl) u 
u 

I 
~ ~ • :i! c • :;? I c 0 m c ... ... 

o m o m ~ s I 'e's Fl ~s 12 I 1'2 
i I 

' 
. 
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TABLE Pl 

!j.ng Wear INring running ip 

Ring wt· LossCmq.) 
S.No. Assembly Ist XInd IIIrd IVth 

1. Dl/ 92.0 72.6 47.7 

2. D2 10.8 19.6 16.2 17.7 

3. D3 8.2 9.7 10.3 

26.2 28.4 26.0 25.5 

s. DS 26.0 34.8 27.8 18.4 
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'l'AB.t..E V 
f1 ston Ring Wear Data 

-- I 

S.No. Assemb.1.y/Testr P11!i2D Rigg wear (mg) 

I I II III IV 

1. Dl/l 186.9 ss.s 21.4 32.9 

2. D2/l 42.0 29.3 22.3 25.6 

3. D2/2 113.0 41.7 27.6 31.4 

4. Dl/l 25.4 19.l 16.3 12.8 

5. Dl/2 21.1 44.8 30.0 33.2 

6. D3/3 54.1 45.l 29.1 32.0 

1·. D3/4 62.0 81.S 47.8 47.4 

a. D4/l 47.S 19.9 11.2 14. 7 

9. D4/2 35.0 29.6 17.1 27.2 

10. D4/3 43.l 41.3 22.s 32.0 

11. D5/l 29 .9 49.3 22.7 48>7 

12. DS/2 60.2 52.6 34.6 53.l 

13. DS/3 121.1 41.9 25.3 37.1 
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.!il!!b 'j[ .J!l.llt~lQ.Q.J.il!l~llf-

---·-------
Rina ~ Sid• m11unc1 (nm) -

-~ a-•ort Ttet Wlli 'Dll~ s.Ho. Ai;sallbJ..., a-flftra Te t Afto,' 'l'tat ..-. 11 III JV J 11 U.L....1!£ 
'l'dtt '--rJ J 1 IV- I II UL IV I 

1. Dl/l 0• 35 o.or;o 0.45 0.50 0.01 o.o4 0.06 ~.os 

2. D2/l o.38 o.JA o.40 o.40 o.40 o.45 o.45 o.so o.o4 o.c4 o.o5 o.o5 o.os 0.04 o.o5 >.o4 

3. D2/2 o.tlO o.so o.so o.so o.oe o.os o.o5 o.o5 

4. D:!/l 
o.35 o.35 o.35 o.35 o.38 o.40 o.40 o.40 o.o4 0.01 o.os o.o4 Q.os 0.04 o.os 0.04 

s. 1:13/2 o.40 o.42 o.44 o.45 

6. Dl/l 

1. DJ/4 

e. 04/1 
o.38 o.45 o.40 a.so 0.40 o.45 o.40 o.so ewes o.o4 0.05 o.o• o.o5 o.o4 o.o5 o.os 

9. D4/2 

10. 04/l o.42 c.47 o.40 o.60 0.42 o.so o.45 o.65 o.~6 o.os o.os o.os 

11. D5/l o.35 o.3~ o.35 ~.35 o.40 o.45 o.45 o.so o.o4 o.o4 o.o4 o.o4 o.os o.os o.o4 o.o4 

12. D5/2 

llo 05/J 

N ,_ 
~-
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Neutta.Lisation Valve of 01.~ 
!(aipe4 At Ten Hout Intervals 
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·1·AB~E y I II I 

wear MetaJ. Analysis of Oil 
Dra1ned at 10 Hou:rs Inte~7..i.L,A 

s .No. Assenb.Ly/ Pe (PPM) AJ. (FPM) r..r (PFM) 

Test ____ _....~~---..... ----~--~------....------------------0 10 20 30 40 so 0 10 20 30 40 50 0 10 20 30 40 50 i 

l. Dl/l 

2. D2/l 23 so 64 71 72 

3. D2/2 40 40 45 55 180 25 

4. D3/l 

s. D3/2 30 40 40 so 50 so so so 50 50 50 

6. D3/3 

7. D3/4 c,&""e 

e. D4/l 
~~ 

ac,& ). 
a,& ~c,& ic,O 

~c;a.'- 1.-f' &.'"e 

04/2 
~& .ic, 

9. ~> e ~e,C~ 
~ ~ ~ 

\.°"4 0 t rc1'-e '9 

io. 04/3 
~'!l'!I ~ic,i ~ 

e .Q>r.,...,; 19" ~~· 
~ \.~ ~..$9 " c,v 

J>e ic,O ~e 

11. 05/1 
cJ>'9 .• °'" ~~., 

t"fll/. • 
12. DS/2 

13. DS/3 
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' 
anqine Details 

1. No. of Cylinder aie 

2. Rated Power 5 bh:p 

3. Rated Speed 1500 :cpn 

4. Bore BO nm 

s, Stroke !10 Din 

6. Swept Vo.Lume 553 =· 
7. Compression :catio 16.5 

a. Injection :celeascreasu:ce 
(diesel) 

2800 psi 

9. Injection :celease pr~ssure 
(methanol) 

10. Pump plunger dia (diesel) 7 mm 

• 
11. Pump plunger d:l.a(meth.) 8 Diil 
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TESTS ON I<IRLOSKAR AVl ENGDIE TO EVAWATE 

PEFFORY~E OF WBRIC,U.,"TS WITP. M~OL 

Reported by A .K. Gondal 

1· PREPARATION OF EN:;INE: 

The following measurements and testings were date 

before starting test on a new piston ring liner assetrbly: 

a) Injector Operdng Pressure. 

b) Cylicder lJ.ner measurements. 

i) Surface roughness: The cylinder liner roughness was 

betw6en so and 100 micron as checked on thrust and anti

thrnst sides at distances of 15 nm and 45 nun f rorn top. 

ii) Measurements: The diametric measurenents were taken on 

thrust/antithrust side and at right angles to it at the 

distances of 15 mm, 45 llltl, 9omm, 110 mn and 170 mr.~ from 

top. These distances represent different locations of 

ring travel. 

c) Piston Rin515: They were checked for side clearance 

d) 

when fitted in th~ r,iston and gap when fitted ir& stan<ldrd 

liner ~ppendix) • The rings were weighed. 

Crank shaft big end and small end were checked for 

clearances (Appendix). Similarly inlet valve exhaust 

valve, guide~ and seat in cylinder 1'.ead were also checked. 

e) Before assenbly, all the parts were cleared and the 

rubbing surface coated with lubricating oil. 'l'he 

injection adv~.nce was set carefully ~ 27° befcre TDC 

Tappet clearar;ces were carefully set (Appendix). All nuts 

tightened to p1·0IAr. torque while assent>ling. 

• 

' 
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f) 3 .4 kgin of lubricating oil was put in the crank case. 

g) Bur.ping clearance was carefully measured (Appendix). 

2. Startins the engines 

3. 

'l'he fuel level and pyrometers were checked. Any air 

in the inj ection punp was renoved through the vent 

screw. Load on the dynarr.ometer was kept to minirrwn. 

The rac::k was brought to minimwn position. The glowplug 

was heated for 60 sec, when methanol is used as the fu~l 

till the glowplug had attained a temperature of lOOQDC. 

The engine was cranked to around 2 00 revolutions per 

minute and then decoqlression and rack opening is done 

simulta-ncously. 

Running-in schedule 

Duration Speed Load W.J. Tenn. -
hrs. r.p.m. b.h.p. oc 

1/2 1100 No load Rec om 

1 1300 1.1es 700C 

1 1300 2.37 • 

1 1500 2.74 • 

1 1500 4.1 • 

1 l700 4·65 • 

1 1100 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 reassenbly, the 

piston ring wear and test parts were carefully observed 

for any al:>normal rdeposits & wear. The engine was flushed 

before reasseni:>ly with the test lubricant. 

The engine :ls absolutely dried from outs:l.de and checked 

for any oil leakage. 

4. TEST -
After running-:1.n if the. test was to be r1lD of diesel 

fUel, the engine was assent>led as such. In case the 

test was on neat nethanol then following points were 

checked· 

i) The cylinder head with glow plug fitted in it was 

carefully checked for all clearances ar.d then 

assent>led. 

ii) Injection timing was set carefully to 300 b.t.d.c. 

iii) All electrical connections tr.rough rectifier were 

checked· 

Engine Conditions 

Duration 

Speed 

Load 

W.J• T~ 

50 hrs 

1600 rpm 

s.6 bhp 

•oec 
The water jacket teq>. Vos set before starting the 

en¢ne as above. 



, 
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After starting the engine and achieving the c?Dditions, 

proper record was made on an hourly basis of the 

engine conditions inc:luding oil and exhaust ternp. Any 

stoppages, abnormalities were to be carefully recorded. 

5) FUEL ANA~SIS 

a) Diesel Pu.els Conplete physico-chemical analysis cf 

fuel is done and the same diesel fUel is used for all 

the tests. 

b) Methanol FUels 'l'he methanol fuel is analysed specially 

for irrpurities e.g. Al· metal. Methanol sample is 

drawn from the injector punp and analysed for pi:esence 

of rust (Pe, Cu, Al, Cl). It should be carefully noted 

that the Al· should be less than 5 ppm and Cl. less 

than 1 ppm. 



1) 

2) 

3) 

4) 

5) 

6) 

7) 

8) 

g) 
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APP.C:NDIX 

Ring g~ 

0.35 to 0.4 nr1. 

Ring side cl. 

0.04 to o.os mm -

0.04 to 0.01 mm -

Pi.st on to liner cl. 

Snall end bearing 
cl. 

Main bearing 
cl. 

Valve inlet 

exhaust 

Liner ovality 

C.rank shaft ovality 

Ta;>pet cl. 

Bumping cl. 

Comp ring 

Oil ring 

0.09 m;n 

0.023 to 0.069 rrm 

0.075 to 0.114 mr.t 

o.1nvn 

0.1 rrm 

.038 nm 

.075 nm 

It\WT 0. 25 mm 

EXl-"..AiJ..;T 0. 30 nm 

0.914 nm to 1.105 mm 

Con valve de?res3ion 3.81 ffii'.'l to o.ooo mm 

r espec ti vel y) 

, 

.. 
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1. Introduction 
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4 

The Indian Institute of Petroleum. Dehra Oun. has organized from 

18. Nov. to 22. No~. 1985 uThe IX National Conference on I.C. Engines 
and Comb•Jstion" (Organi.l.er Mr. S11dhir Singhal). 

During this conference more than 200 leading scientists and er.gineers 
from universities and engine manufacturers all over India and some guests 
from abroad have discussed all aspects of 

- Application of Alcohols and other Alt~rnative 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 prepar~d 
a paper "Lubrication of Methanol Engines" (see Appendix). The purpose 
of this paper was to sunmarize the latest results from the international 
literature and from the development of the engine laboratory of IIP in 

order to convince the Indian engine manufacturer that suitable engine 
oils for methanol engine d~velopment can be made available from IIP. -
The writer was invited by IIP and UNIDO to present his paper personaly 
an~ to use the unique possibility to discuss detailed questions with 
the participants of the conference. 

2. Achi P.vements 

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. -
All delegates obtained on arrivel already all papers in' printing. 
This was a great help for fruitfull discussions. 

The organisers 111Ust be congradulated to this successful conference. 
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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 accept~. 

2.3. It is now a~reed betw!el the ~nterested parties (en~ine manufacturers, 
fleet operators, oil supplier-LUBRIZOL IN~IA ltd (Lill and the IIP
engine laboratory) that the Indian Meth~nol Engine Oil•os 70336• should 
be ordered through the IIP-engine laboratory. This measure will enable 
IIP to organize the prod·•rtion and quality control of this oil in co
operation with LIL. Since this oil is not yet a comerciai quality the 
supply has to be organized this way. 

2. 4. The writer has realized with great Pleasure that some of the rec00111en

dati ons (see final report dated 14 June 1985) have already been taken 
up. The first engine tests with radio activated piston rings showed 
the testoils in the same order as before. This is indicating that the 
test as such is useful. Further tests are planed. 

3.1. The keyposition of a continous power supply h~s now been realizied by 
the management of IIP. A large generator set has been ordered. However, 
the writer is not convinced that this measure will solve t~e problem. 
It is improtant to realize that the qui1ity of the power supply (~ 

fluctuation of frequency and voltage even if large units are switched on} 
is the decisive question! In order to achieve this large chinges in tue 
power supply aetwork within the IIP will be aecessary 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 
automat'f't pO'fller quality control will be rather costly. To avoid mis
investment it is recamiended 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 
recomnended to use the assistance of experienced international experts. 
(e.g. Prof. Or. Ing. H. Schaefer, Forschungsstelle fUr praktische Energie
wirtschaft, 0 8000 MUnchen 50, Am BlUt~nanger 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 reconrnendation 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 OS 70336 will be organized 
by the !IP-engine Laboratory this should be used to obtain a ca11plete 
set of results on the methanol engine tests running in India. With this 
background information a very e~fe-.:tive advise to the engine aanu~acturer 
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 wou1d like to thank Dr. Hans H. Seidel. UNIDO Vienna and 

Dr. M. Kamal Hussein UNOP 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 colleagues at t~e IIP in Dehra Dun and the 
discussions with Indian engine builders were most fruitful. 

4.2. Many thanks to the management of the lIP and in particular to Mr. Sudhir 
Singhal, who has taken the trouble beside is engagement as the conference 
organizer to ari'ange my stay and all the contacts so perfectly. It was a 
pleasure to see his successful team at work. 
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:.'JSRICATION Of ~~L ENGI~ES 

... -'!-:s-·:'1r~ s:~ "',. .~~ ;":' 
-~: .:o-~J1ce-· 

~::cc ·~_,,..-: -: 
.es~ -·i.!-a "'~· 

Abstract 

Research and development on. lll!thanol 
~ngines is going on in many parts of the 
world. Test f1 eets of buses and passeng:?r 
cars are on the roads since several years. 
For diesel e~gine derived methanol engines 
the lubrication and wear problems Seffl to 
have bt"'n overcome. 
For passenger car engines some problems 
un!Hr ccild driving condft;ons are still 
recorded. For two-stroke engines "tery 
1ftt1e re~ults al"(: known. 

.~esults on engine tests and fro11 neet 
trf a ls wi 11 be reported. Theorf es on the 
weir 11eehanfs• in 111ethanol engines will be 
df scussed. Some 1 aboratory tests wi 11 be 
described. 

Based on a 11 these facts i t wi 11 be tried 
to give ·:.o the engine construction indu
stry some hints. how to prevent difficul
ties fn methanol engines. The lube oil can 
he 1 p 1 r certain cases but rauch more 
success can be c1ci'lieved by obtaining coar
pl ete cOlllbustion under all service condi
tions. 

1. Introduction and Oeffnitfon 

Methanol will be the motorfuel of the 
1 or.gte,.. futur-e bec.tuse it can be produceJ 
fr09 low grade coal economically. Its cex1-
bustfon characteristic is favourable to 
produce cl un exhaust gases. High thenN 1 
efffcfency ha> been .chieved in 111eth.inol 
enqi nes. To cot.ii n a 1 ong engine 1 ife the 
lubric.ition is an i•portant factor. 

Research on the basic lubr"ie1tfon 
ouestfons of •thanol enqine<> ar-e going on 
in •fl.1 parts of the world. Th4? published 
r-esul ts sel!lll some ti Ill! controversial at the 
first sight. It is necessary to exantine 
the Nsufu of practical field trials in 
det.if1 to obtain a f~l ing for the si9ni
ficanc9 of the l"@Sults collected in labora-

tory tests. Only by putting together all 
these fnforMticn in the fon1 of 1 1X>saic 
1t irfll be possible to get a fully r-ealis
ti c picture. rt wi 11 be tried to foll ow 
this 1 i ne in order to show whl:!re we are 
ana lfhat · area should oe used for future 
aeve 1 ol)llent. 

2. Fleet Test Results 

Z. 1 Passenger cars 
La,.~ scale passenger car flfft trials are 
running in West Gennany and USA since the 
end of the seventies. The •tflanol fuels 
used are M I 5 ( 15 I methanol • 85 I gaso-
11 ne containing 0, 15 g Pb/1) or " 100 (85 
to 93 : ~thanol + up to 15 I unleaded ga
soline or light hydrocarbon CClllPOnents}. 

The 14 15 test fleet in West Gerwny ter"-
111i nated Hs trial at the end of 1982. Out 
of the 892 cars, which did run since 1979 
a total of 149 wer-e 110nitor-ed by used oil 
an.ilysfs (1 J. In general these u:;ed oil 
an.ilysfs did not indicate a significant 
difference 1 n engine wear :0111Qari ng M 15 
fuel and conventional gasoline. In few 
cases increased iron and copper content 
was observed in the M 15 neet. This m~ 
be explained by llOM! severe driving condi
tions and by laclcfng r-esistan:e of some 
partf cular engf ne parts toward! 11ethano 1 . 
- The rating of 40 M 15 engiries, which 
we·--e campl etely di Slllilntl ed, ,..,sul ted f n 
good engine cle.inliness and 111nhrfzed 
wear. In agre!lll!nt with the r-e-;ult of the 
used ofl anal ys f s the st.itus of tbe "' 1 5 
engines was about c0111p.ar1ble to engines 
fueled by conventional gasoline. Conse
quently ft was stated tit.it curn!ntly fr. 
West GerNny available enqfne oils of the 
qu.ilfty 1e¥el API SF IS£)/CC fulfil the 
~ufl'ell!nts of M 1~ engi~. 

The M 100 passenger car test fleet (81 
cars l f, West ~rNny reporud at the end 
of 1983 based on used oil .,nitor1"9 of 54 
cars the fol lowing results: (2) 



a 1 Conveftt1on1 l h1 gr aua: '~~- e.,=~ ne o' ·; 
c1n r"afse troub1 e ::iy :it:··,."' ~o J' 

~posits fn the in~'.:t s_vs:~ • ..ne-~ 
•tMnol droplets 1'11 t l:l l ~ Dv oases. 
Experimental oils 9oe great -1111orov!'-
111ents 1n this ~s:>ect. 

...... "1100....,N<.1 
,,,...,.tt9f" .,.., .. .. ~--' :.,... .... ,,,t.o,. ,._,,.., 

I 

~i 9. ' 

o) Ir-on content in used oi 1 s wt-'"e no: 
hfgtier on average f n carburato,. 
~gi nes except' in those 1"1Jnn i ng unde .. 
very low tetiperatu~ conditions. 
(Ff g. 1} 

METAL CONTENT in us~c a:~ 

Injection engines observed higher iron 
content.. This •i ght be due to the un
c0111pl ete evaporation 'Jf the "' 100 
before entering the combustion room. 
(Fig. 2 l 

[n all types of engines the variation 
of t~ 1ron content was very n1911. 
This fndicates that only under c,.,.ta1n 
conditinns higher wear occurs. 

.jj ro ccr:::-0 1 a'l :ord;t~:::irs for ;;>4ssen
ger ·:a:-s ·ufiiiTl'9 on "' 1'.JO s::it>chl1zed 
!"f'llJI nt> :;i; s nave to oe :JSed and 
;;;:i~ia: er.g1 ne design featu~s have tc 
oe o!::servec. 

woikswagen ilesearch EJ: is reporting based 
on 1 74 car fleet, which ~s -un ~!' non111l 
cust~l""S, af~r 3 years service high 
:nileage (Fig. 3) without en9 1 ne overhaul. 
Meanwtli 1 e J cars hoe reac!'lec !IOI"@ than 
200.000 k•. Oeoosits in the inlet system 
•ere overcome by introducing special ~ lOC 
engine oi 1 s. Spec i a~ ae~ i gn features to 
1ncre1se the engine temperature QUickly 
after ~tart up and excellent fuel/ail'" 
mixing 1lso under cold ~tal'"t condftinns 
helped to obtafn these l'"f?sui ts. - In the 
injection eng foes the pis ton ,.; ngs coated 
with 1101 ybden•• showed hf qher wear as 
usual. By chang1 ng to nonna-1 oi ston ring 
materi a 1 the wear was r<!duceG Ul non11a I. 
"lest trouble aul"ing ~he fieid trials 
occured due to conta~1nation of :ne fuel. 

V\oi-·EST FLEET - i'!'"wa~e Dri·1ers 

.,.. 
't:3 RestJ~~ iJ~r J~.~2.,983 

. . . . . . 
Mileage in !~OC ~~ 

Fig. 3 

Ford Motor Company C4J is reoo!'"ting on i:s 
40 car fleet (1981 Escorts l ~nd the 582 
oroduction "fehicles (1983 Escorts). Some 
of these cars have run eve• 200.000 lcm 
~ndicating that they had no lubrication 
Or"oblems. Ford in-house tes:ing confinned, 
however, as Volkswagen dil1, -:hat chrome
coated piston rings are more durable than 
the 110lyb~nt1111·hced rings. - Most prob
let!IS during the field trials wer~ cor.
cerned 11fth cold start and -old drive
away. ~thanol contamination of the luboil 
will occur during thfs type of operation. 
45 \ of the service claims .ere related to 
fuel contamination Or" misfueiin~. 



~. lolichols, •ord, claims in Ju~ 1965 
under "Future Directions" with n!9ards to 
en9i ne Wll!ar: "To date, the durabi 1 i ty 
experience with 111ethanol Yehicles is con
sidered to !>@ ~tisfactory. !raprtn~d con
trol of fuel quality is r"'!QUil"ed in ord!!r 
to 11ini111ize the rate ~f fuel filter plug
ging, as well u reduce potential ~ar of 
parts. !11proved oil foraihtions, '.!Spe
cially for cold weather operation, should 
continue to receive a high priority.• 

Z.2 C011111erc1al lehicles 
rhe first Methanol-Buses from Daimler Benz 
and .~N in regular city service were run 
1n kickland (NZ) 1981 (5]. High wear 111as 
oni 1 ~bserved at the beginnf ng 1ue to fuPl 
conta11fnation t>y Al1111ini111. If this .\l 
enters ~he coat>ustion roo.i ft b~rns tJ 
Al1.111inl1J110xide, wnfch is an ab:-asive. This 
type of wa,. is not a lubrication prob
le111. - In Berlin (FRG) the sa• buses are 
running since 1982. This fleet contains 
since 1985 a total of 14 buses. The wear 
figures observed are as low as with com
parable diesel buses. See Fig. 4 (6]. 

Engine 'Jil Analysis 
~A - PYtllC T~_Fl!G __ _,,=='""' 

:n Pretoria (S.A.) Methanol Buses dre 
'"'Jnning since 1982 [7). in Sdn Francisco 
(:!SA) "!et..,anol Buses have started regul !r 
service in 1984. There is the first ~wo
cyc 1 e C. r. "le th a no l Engine, deve 1 op'!'d )y 

General Motors, involved C8J. 
This world-wide sef: of citybus !pp! io
t ion of iwthu'° 1 e:i :1 i ,,es de rived f ram d 1 e
se 1 engfnes in pub I ic service indicate'.i 
that the lubricition and ~ar pniblems in 
these engines haYe ~n nven:CJlle. These 
t?ngines are lubricated by c011111ercial hign 
~uality diesel engine oils n0111inated ~~ 
~ne engine unufacturers after long 01 ;

:..nee road trials. This type of 01 l 11tdS 

~evelnoe1 fo~ long oil drain periods. 
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It has fn!tial TBN of 10 to lZ. 011 change 
i r1terva Is for these ll@thano l engines have 
now reached Z0.000 le• after controlfnq the 
buses Jn servfce b~ used ofl anal:,·sfs. 

3. laborato'7 Engf ne Tests 

Standardized .?ngi ne oil laboratory engine 
tests are nonn.1 I 1 y Mm on 'lery we l 1 
defined ust fuels fn order to obtain 
n!producf ble wear results. To fndfcate to 
the contrary the 1 n fl uence of the fuel 
~alitf on wear the lubo;J 111as kept 
cons tint from 14 0 over 14 15 to 14 l 00. 

Rt,sults see Fig. 5 (9] and 6 (10]. The 
results 11141 !>@ su11111ari zed as fo 11 'Jws: 

14 100 improves piston c1eanl iness and 
average varnish ratinq. 

Sludge fonnation with H 100 fs higher 
under l i:iw tetllpera tu re condi tf ons cOll
pa n!d to conventional fuel. 

14 100 fuel increases caine and follower 
wear. 

Cylinder wear was found in some cl!ses 
to be 10 times higher for "' 100 com
pared with reference fuel. 

Inlet system deposits are a major 
problem with many M" 100 engines. 

Iron Conrenr , 
. Used Oil SGmpfe from Engine Tests I 

I ;7al ~~... 7 f::-~·,: 
I • IJ, :/ 

. .. . 
. / 

I 
....... ~~~~~~-_J. .. . " . ,. 

•; g. 5 
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To tra~sfom these r-esul ts found in laoo
-atory test engines into massproduct1on 
engines but still running under closely 
contro11ed conditions in the laboratory 
the cycling test conditions as defined for 
the modified ECE-15 emissions cycle (see 
F'ig. 7) wer-e used. ,.e coolant tetl!P@r-ature 
and the to ta 1 running tH114! turned out to 
be the most significant factors for engine 
wear (see Fig. 8). 
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Therefore the Indian Institute of Petro-
l el.t'I in i ts :leS ire to deve 1 op 1n Indian 
test procedul"'e ior tile eva 1 uat1 on of ~
~~anol engine oils has chosen 40• C as 
co<Jlant temperature, h1 gh load and 50 hr-s 
te:>t duration fn the Kfrioskar AY 1 
er.gfne. - Sf nee this test engf m! at the : 
r rP Engi ~ Laboratory can be used wf th 

1 

~adio activated pistor. rings rno~ funda- 1 

mental studies can be perfo~d al so. ' 

l COMPARISON of ?ISTON RiltG WEAR 
!S~op/Star': Co~11:ion in 4 Cyl Fo~ Pinto 
' :rad1c ac:'vated piston rings) 
: ... ~ 25 .... 3000 •1mai.. 22.S lllo: 70 ... s..... 
~-- (ScmelldlNunlJ) - l'!'olleMGIWM - SllsllN 
: 1"1)0 ! .,.,.... e. c:. Mdlmal 

I 

~..l..--_;..-T.&~1.--ga_s_o~ine 
, .. , .. 110 --

Ffg, 9 

K. M. Ricr:es and C. Pinnington [2] hive 
used a 4 Cy1 Ford Pinto engine w1th r1dfo 
activated oiston rings to demonstr1te the 
improvement obtained by using en91ne o1l 
developed for "!ethanol engines (0f1 a, 
Fig. 9). 



In USA I modf ffed ASTM ~quencl! V-() t.l!St 
procedu~ fs usl!d to evalu.te enqine ofl 
quality fr. methanol fueled engines [11, 
12). 
Corrosh• attack within thl! ring zone •nd 
foMlll 1 dehyd •s we 11 u forwi c •c id in t-.he 
blow-by was found. Cr1tfcal temperature 
far -ear .. s rea 1 i zed when ~ oil telP~
rature falls below 10• C. - The nistinq 
phenOMna depends also on tM iuter"fal and 
is therefore different fr'Olll ~n91 ne to 
engine. 

- :o -

ihere are several theories about ~he 
chemical ~haniSlll ?eading to excessive 
wear (13). A11 researchers agree on the 
fonu tion of forma 1 deny de and fonni c acid. 
r11e attack by nitric acio was denied by 
s.'RI (14] - lilagnes1Ulll - based detergent 
add1 thes werl! Jess effective in contro 1-
1 bg 11ethanol-related engine wear than was 
a calcfin based additive. The chemistry of 
the ashless d1spersa'1t was also found to 
have an influence on the wear. Simply 
1nc~u1ng the TBN of the oil was not 
effective. - An increase in va 1 ve tr~ in 
wear was observed with an aryl-z1nc-type 
addftfve ..nen compared to the allcyl-z1nc
type additive J1 SJ. 

lt appeaM that fuel 1istribution (9asifi
cat1on, carburation or injectfoni ~on
trf!Mltes to the iron wear. Wetting of tne 
cylfnder liner by methanol leads to 
1 ncrtased wear. - The i ~ i ti a I drop sf ze of 
~he fue I plays a very 1 mportant ro 1 e f n 
·.M start abi~i':y of ':he engine. Fo .. 1rop 
>fH of 100 11icrcns, starting temperature 
:nust bf! above 55' C whereas reducing 
1n1t111 drop s1ze to 10 ~icrons ailows 
stlrt1nq t~rature as low as .15• C. -
Tll9 energy reQui red to evaporate met~ano 1 
fs 5 ti•s nigher t~an that 1"1!Qui red for 
diffel fuel. 

J L1boratorv Glas ~ear Te~ts 

To study carrosial'1 orocle!!!S, :rii- i-.'1uence 
of 11eth1nol aix~ng w1tn the engine lubeoi1 
and ~ metal -etting pro~rt1es of 1ube
oil 1n the prese~ce of methanol several 
1lls .ear tests have :ieen suggested. s. ~. 
~chwar"tZ (16, 1 :-: has devel aped tnese 
tuts systemat!cly. 9y ;i:.itting iron Chips 
.,, t1' w1ter or metnano 1 on an p• ece of a 
:ylfnder liner •hicn .as wetted with 
!ngfrw oil crevice cor~~sion .as s•~ulated 
see F19. 10,. 

_ .... 
.... .... ~ 
nin....- ~ --
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~~ wea - , ... 

~ 

Ffg. 10 

Result: Methanol by itself did not pro
mote iron oxide fonnatian.' On the other 
hand, water, even through an oil ff1111 pro
moted iron oxide forwiatfon. -

ro see the 1..orrosive ootent'fal of the com
ponents of interest in blow-by gases (me
thanol, water, formic acid and water) a 
~~j11 drop of the test nufd ( ,.._,. 1,5 
11111 ) wa~ applied to a horizontal cast 
iron coupon (ATSM 0 2570-73) wetted by oil 
I see Fi g. 11 ) • 

CO••OllO" ,.,.0. NOPUT& 0# al.OW-l'r 
~OMl'Gflllllrf8 

Fig. 11 

:;es;.il t: "'ethanol ji<'.l not cause ooservable 
cnange in the >urface of the iron when?as 
•ate'"_ showed rust. In all samples which 
c::inta1 ned foMnic acid, at concentration as 
low dS 0.1 per cent. corrosion occured. A 
ridge fonned at the e1ge of the test spot. 

,~;: and ~thanol mixtures showed ·the 
rollowing phase composition. "'ixing a base 
~ii witn methanol r"!!Sults 1n the two 
~.iye,.s. aHer a short per"iod of standing. 
.~is •nd1cates that oase oils a~ not 

m1(aOl!! with <netMnol. - ."li.dng 3 fully 
for:iulc1ted J'~ w1~n :ne<:11anol r'!sults in 



- 11 -

t/ll"'tt 111ers. The lowr l11er fs pr-ed<1'1-
~ritly 011 conta1n1ng 1 sm1l1 ...,u.it of 
:llfth1no1. The second liver fs viscous con
~1st1 ng of 1 yellowish "wt1fte blend of oil 
1nd 1 hfgh concentr1t1on of •th1nol. The 
third llyer Is predOll~ ,..ntly meth1nol :on
ta1n1119 SOlll! oil 1dditfves. The crHlll 
layer can be c011pletely elf•in1ted bv w1r
'111r19 to boil off the 111eth1nol 1nd st1rr1nq 
the J1hture to redissolve the ofl 1ddl
ti ves in the o fl phases. -

(MUL.alOIU '"' .. ><IAnO •n.u. 1u11•.r..c:• 

c-1-,1. , 2 

c:1'u1 s1on vf methanol /oil or water/oil 
~laced in a thin film on a hot fron si.r· 
face showed d1fferent results 1 ~ee Ffg. 
12 I. The water drop1 ets coa 1 sesced ~ fo~ 
.! lar-;e (several mi11 4mete,.s 1jameterl 
water 1'""P and boiled of "expl~;ive11" 
'f1H1'1 boiled). A slignt depression wh1c1 
F' 1 le1 jn i:mediately was seen i ~ :?":e :i · 

'i ~ ~. -

"he methanol/oil emulsion did ~,,ct·•e 11f
ferently. When spread in a ve,.y th1n layer 
~he inetnanol oofled out of the ofl ind a 
>mall hole was fanned in tlie oil fi1111. nie 
ho 1 e was approx 1mate 1 y one 111i11 imeter ! n 
1' lme te,. and rem" i ned vis i b 1 e For severa, 

:;e-:oncs. 

": ;:uG'.' :~e :.·eta1 wetting :ror;;e,.':·es Jf 
· u!:e0" s · n ttie presence of !Tlethar"oi 1 
;"ro1~ 3ppe,.3! ·s was Jse1 to 1e:er'T11r>e tr-~ 
ccnuc~ angle ~z: see (r:g. 1 }\. 

: • trie :on tact angle , s 1 arge, ~ne ,,;i 
:e,,as to f0,..., 1 1r'jp~e~. - ~rns is indi
:1t~~.J a rHner poor 111et~ing or tne 11P.~l' 
surface in ~ne ::irt?se,,ce of metna,,ol. l' 
:~e :?n~ac: J119le is sma11 tne 1i'. ten'1~ 
:r, f.o,.... ~ f1 ~'Tl. - '. '1 or1er :o .:riange tne 
'•et:ing ~owe'" .J' ::-i"' 01 l" sorie oo: ar C8111-
::·~~~.,:~ .:3r. :::~ i't" l~i: · it:'J ~ne J~ ~. 

The 1dd1 t1on of O.J i wt of pftenole for
exaaple 1s r~uc1ng the contAct 1n9lt1 by 
50 i. The best result wlS obt11ned with• 
polar eng1~ oil (SH F1g. l'l. 

I APPERATUS to OETERMlNE CONTACT MG.E 1 
I 

\ !~t:Z:-:\ ~-l\ 
\ 
I 
I 

I 
I 
I 

l "11 c roscooe 
: 3ncl Camera 

Metal 

Fig. , J 

i CHANGE of CONTACT ANGLE 

I
. bv AOO!TIVES (0,3 i wt) 
(ontact Angle 

1: 
\M 

: IO 

Fig. 14 
~ur':her obsPrvations in this test we,.e: 
-:"he change In contact angle a 1 so depentle1 
on ti.e length of the tiydl"'Jcart>on chafn. lf 
the chain had ~ore than 12 C-atoms no 
c:iange in contact angle did occur for a 
give" •anchor group•. Mo d1 fference in 
contact angle .. as found ~sing iron or 
c~romium su,.f1ces. 

'le 11 f•erence • n co:>ntact !ngl c was fou11d 
')y :nanr;' 'lg :ne tempera tu~ ~etween zs·-: 
}'1d 60":. 

On :ioli:;~e·~ ste!!~ surface :neth1nol always 
pushed away dnd displaced ~he oil film. 

~~~ "best hi<;h ;>ol ar '!ngi ne oil", howeve,.. 
•dS ablP. to >tay at the ~ol!shf'1 metJ1 
;Jr'Ke , n t!"e ;ires'!!'lt:e of me~tianol. 
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5. RESLM: F'OA TIIE EN•iIME CONSTIUJCTOR 

S~rizing the 1:xper1~nces fMlil tJ'!e field 
trills and the M!Sult frut hbor1tory 
enq1ne and ghswa~ tests ft can be suted: 

~:iw ::iethanol blends up to 14 15 w111 
show no sfgnfficant f11erease fn wear, 
if 1'11gh qual fty engine oils API SF 
(S~l CC are used. 
~ .00 for passenger car engines is 
requiring special oils 11afnly to pre
vent deposits in the f ntalce sys tell and 
we.sr in the upper cylinder part under 
~Jld driving cJnditions. The engine 
:Jnstr•xtor can ,.edLice these tenden
:ies 1rHtica1 iy by guiding the blow
)'f ;as<?s into the inlet system 5t 1 

:;c in: .mere the aie'jlano 1 is a 1 ready 
';i11y va:iorize1. The ti1ow-by gases 
:::u: 1 ~e gu1dec over a cool IJll!tal •sh 
~1stem to condensate the oil mist and 
~etur'1 this fn liquid for"'ll direct into 

the '.:ranlccase. 
ihe constructor :nust pM!vent 1 iqufd 
droplets entering the coa>ustfon cham
oer in such a way that they 11ight hit 
the cylinder wall. This fs lllOSt dfffi
cul t ur.der start up and cold driving 

conditions. 
comclete comustion of the Iii 100 and 
fast 11ann up of the upper cyl fnder 
•a1 ls as well as coolant temperatures 
dtove aa·c are t~e "secrets" why city 
tius enqi nes de,., ved from diesel 
en~1nes even running on M 100 show low 
,otedr hgures with ;o-<:all!d "long 
1i stance high perfor:na11<:e diesel oi~s". 
::,.:tr':!!llely c1re;u1 fuel f~ l':.r!t1on an1 
suitao1e illateria1 in tne fuel sy;~m 
to =revent imourities to ~nter comous
t'.on room 3M! of great imoortance. 

5. Future Outlook 

~'4et,..anol produc':.:on in India ;;ill tie s.11a11 
for :wany years to '.::Ille but the methanol 
~dee on t~e world Nrlcet is low and wil' 
stay trns wJy. 3i 11c<? India has to inoor: 
1a,.9e 1uant1 ties ::• ~iesel fuel it co•;i1 
·moo,.~ 'rstead l!IE'tM "101 without cMngi '19 
'ts ~di ar>c'? 1f oa;-"!'lerit. us1 ng thj s 11e
:Mno1 as f•Jel &c, .. c·ty !:>uses :n congestl''.l 
:·~'.es wo::u: ·~ •::ior"".lve the ai,. polution 
cr'lc;~~~ ,r~.Jt;'· 1"hereforf! tne first 
ac: 1 '~'1t'.cn· 'Jf ~~~.,3~01 in In<:!ia should be 
· :i :' :1 ~i.:s~s. · • t!'le eri sting diese' 
~~q1 ~~-= 1r~ '.:~~v~~~e1 1nto "~etharir.~ 
~"'l' ~es' '~' iC:'.l' ·-; i ~umqation ;ystet'I ·~ 
·~or~~3:~:~ Jr~~;~ms ~~cu11 JCC~r. 

:r. the lot1ger ~ Inlfil can produa •
th•nol frOll natural gas, wtlicll fs beeaminq 
available eo~ 111d 90re. But this will 
a)so be an fnterf~ period only. In the 
r-eal long tet11 Indf 1 w111 produce fts me
thanol frOll low grade coal. This cavelop
lll!nt wf 11 prov1 de N"1 jobs for the grow
f ng population ana help to became flidepen
dent frotl ofl !•ports even fn the long 
run. Since crude oil prices will fnc~ase 
after 1990, when world-wide the 011 fs 
bec011fng less, the .etJ11nol produetion 
from cneap coal will i>eee>me econo91cally. 

Under these l cnger ~Ml aspects the deve-
1 opment of real siethanol engines sllOUld t>e 
starte<l now. Aqa1n the ffeld of buses anc 
comnerci a 1 transport snoul d be the area tc 
wor". i~. This _,u:d 111ni111i~ die fuel 
distribution cost for methanol. The fleet 
uses of methanol could doa1nate for 1 lo~g 
time 1f tlli s fuel fs used for local trar.s
~ort fn congested areas. - The lubricatior 
of these engines will not be 1 barrier 
since the IIP ~as already av•1lable a 
suitable engine oil (OS 70336) which Clr 
~e pT"Jduced in !ndfa. 
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