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(ms book ElIves the properties of diesel oils with additives, and

"".l&.boratory- and operating-test results for diesels of various types.

It has been compiled on the basis of a generalization of advanced ex-

perienced gained in the development, testing, and application of new

... types of diesel oils and additives.

The book is designed for engineers and technicians working in pe-

troleum re•ineries or d..esel-engine manufacturing plants or in organi-

zations concerned with the applications of diesel oils, and may also

prove useful to students in the technical higher educational institu-

tions.
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INTRODUCTION

The growing number of engines of all types, and in particular the

increased production of diesel locomotives, tractors, and marine and

stationary diesel engines require fuels and lubricating oils of ever

higher quality.

To meet the requirements of the national economy of the Soviet

Union for petroleum products, the seven-year plan provides for a pe-

troleum-production goal of up to 230-240 million tons per year in

1965. Over this period, the production of lubricating oils should be,

doubled. The problem of motor lubricating-oil quality and variety has

become especially important.

Advances in diesel-engine design, increased diesel combustion in-
tensity, the need for the broad-scale utilization of sulfur-bearing

fuels with a simultaneous increase in engine reliability and service

life - all these factors make it necessary to improve lubricating-oil l .

quality considerably.'

Xodern oils, designed to lubricate supercharged diesel engines -

should be considered to be mixtures consisting of an oil base (the

base oil) and ad~tives designed to improve those operating character-

I Z cs zha cannot be bettered with the aid of ordirairy petroleuz-re-

-in.in and o±1-purl'fcaton methods. Thus, a radical ir•ovement in

diesel-ol! quality may be obtained prlmarily by choosing sufficiently

effective addi.tives. qee we are concerned to increase mreclsely thoie

_ quali-ty indicators that do not satisfy the operating require =nts

-t of actual en•ne tyyes.

nIFTD- T--63-605/31+2



A similar situation exists with respect to two requirements for
fuels and oils ror other types of engines as well.

This fact has opened up a new field of technology - the applica-

tion of petroleum products.

The problems of choosing, using, and increasing the quality of

oils and additives for various types of engines may be solved only rby

the combined efforts of petroleum chemists,, machine designers., and op-

erating personnel. K.K. Papok mentioned a situation specifically, say-

Ing that "at the Junction of two completely different branches of sci-

ence and technology, the chemistry and technology of petroleum on the

one hand, and machine design on the other, the past 30-35 years has

seen a new branch of science and technology arise - the application of

fuel and oil in motors and machinery."*

In the present work, the author has attempted to generaliza ex-

perlence gained over recent years in the utilization of oils with ad-

ditives in diesel engines, In order to help solve the prob.lem olf 14n-

creasing diesel-oil quality.

-2,-

9* *

*S,



}mi! ,Chapter 1

PRESENT-DAY VARIETY AND QUALITY OF DIESEL OILS

PROSPECTS FOR DEVELOPMENT OF DIESEL-ENGINE DESIGNS AND BASIC REQUIRE-
"•., MENTS FOR DIESELr-OIL QUALITY

The 1959-1965 plan for the development of the national economy

of the Soviet Union provides for a considerable increase in the pro-

duction of diesel locomotives, ships, a high level of agricultural
mechanization, an increase in construction and road-building activi-

ties, and the growth of other branches of industry and transportation;

all of this requires a major increase in the production of chips of

* various powers, types, and functions.

The basic tasks facing the domestic diesel-engine industry over

this period involve increasing the efficiency, reliability, and life-

time of the diesel engines manufactured.

A characteristic feature of diesel-engine development may be con-

sidered to be the widespread utilization of gas-turbine superche-rging

. and the perfection of the operating cycle with the aim of i.mpovinG

the efficiency with which the cylinder working volume is utilized,

rz!,' inG• fae! economy, and decreasing the weiSht-horsepower ratio of

the e.oiLnz.

dM T7he possible further development of diesel supercharging by the

* use of Sas turbines may have a3 a consequence some increase in ent.ne

combusti on lntensity; the zequirements for lubricating-oil quality

will therefore be nore severe.

."Art0her eaurm of rlesei-en&Lne developwent

S-3-
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"- Z widespread utilization of sulfur-bearing diesel luels; where oil qua.L-

ity is inadequate,, this may lead to a decrease in the motor potentiall.-Ct

Thus, the solution of the problems raised by these trends in

Sdiesel development requires a considerable increase in the quality of

the lubricating oils used.

9' Combustion intensity in diesels. The temperatures of the supfcas

in the. engine cylinder-piston system., with which the oil is •n con-

stant contact, are of decisive importance for the rate of oil oxida-

tion and subsequent thermal decomposition, i.e., for the processes of

carbon formation. corrosion, and wear. The higher the temperature o.L-

the piston in the region of the side surface and the rinG grooves, the

more vigorous the thermal decorposition of the oil with formation of

carbon and varnish; this results in a loss of piston-ring mobilty.,

and impairment of piston thermal conductivity.

TAB,) 1. Piston Temperatures for Several Types
of Diesel Engines

1Tulon intensy p on se

ii•" t'•-l fctor andthepecuI~ atnes 1ofmu thmarlaco'a(x -

________3 (ua"cw mama). btz

12A-tOO 5UD

1) Type of engine; 2) terperature, 0C; 3) , p-
ton crown (r~a.ie== 4) p4iston in region o-i
top0 ring groove; 5) Ch; 6)W; 7 ) D.

Ragine coorbustion Intensity depends on a full series o&,,' uc

turt5l factors and the peculiarities of the hiorkd~ng cycle, (exc- .3-,*r
* ' coMfficient, cooling setup, etc.), but in generaml, th combust2on in-

- tensity increases as the mean effective pressure goes up.

Figure 1 shows a standard piston tenperature distributiot.



Table I gives results of piston-teimperature measurements for sev-

eral. types of diesel engines.

As the data show for the types of engines indicated,, the maximum

piston-crown temperature fluctuates over quite a broad range,. but in

14. 1 the region of the top piston ring,. the temperature does not exceed

2500C. As a rule, the utilization of gas-turbine supercharging elevate~s

pi~ston temperature somewhat.

'SSW

7= I

414.

g-.4 1 en atr iribu o rps

iii) In~ xlal 1

- m~ o~ =*x10.e w~th 0.5 atM supercharging of a =hl.05/133 on-

"~i~pi~on-ro~ teperture rlses from 225 to 235-231, C,

whil tht te:.:e ratiuro In the rag-ion of the top piston rn nc.-a~o

4 ^ý-o= 212 to 2309C.



Figure 2.shows the variati=-nia piston temperature for a. 6Ch23/30

entgine (data or the Central Diesel Soienti.fic.Research.Institute) -,u-

pa~rc barged from 600 to 900 horsepower by means-of gas-turbine super-

oliarg~ng.

Engine combustion Iritenzities may be characterized directly
41q

throush data obtained by measuring the temiperature of the piston sc.

wall., in particular the temperatures in the area. or the top piston-

compression rings,, where the carbon- and varn-ish-formation processe3s

ar most intense. Mhere Is almost no detailed system. having data&

sently available for all types: of diesel engines, and the spretc*z

perature-measurement results available eannowt b oped 'rel, ab~

owing to the differences in the methods of' determianation. used. It lz

therefore necessary' to characterize the combustion intensities wlith

the aid of parameters that determine the degree of engine supearein,

* Y -AV

AV3

% S

- k 1..000.]

A(;g. 2. T~zeraU'tu-re v_ ar-.vtlor for' pis-
*ton Ch'3/30J ýL21wt oe upl

i nwreaned by azooh :,,ing (the ¶n-~
bars 'p 2. n3 d.nliata po-aits at
which Piston top-rture W"- zaas-
upred). 1) O C; 2) ;C1; 2 ;1) '0.civ hrsaPower-

The cortbuation Iill.ens-41ty of an engine d~epends ~aiyon tý"

6-6.



TABLE 2. Classification of' Diesel Engines on
Basis of Supercharging

2 Tim AunraTeAoi1 oIt cROMn o nzpnaMoTp.

Tn-

rpynna 3= ;'e"
Tnu Mapma C cc~

~F-

_Ilzcotwu mou,-,, K C11or, sa.miA o •uMira- -- 9-12 8-20 50- 14
:11e u men ~~ n (K0b Tennt 100

10 _o.'wxuc 0) 01"

XA11a0.111 CPO,, errl ~2xI1- 1 6 / 09000 1650 11,0 7,8 46,2?
nopnuouiom J108/U2, 11A3 200 105 2000 8,5 U, 45,4

(KX OT 30 A0 50 10;t20,7 1 I1
22x<25,4 2 000 850 7,2 6,2 44,6

I 2 11118/20 M-751 750 1500 10.0 7.7 38,5
J2 2 18/20 M-01 J 700 8400 9,2 6,7 31.5

W1h.1Il131,8/33 A-50 1000 740 8,15 7,7 31A4

Manonanprowe.- 8A43/641I - 2000 250 5,1 5,1 26.0
nmc Amxooau (Kb 6A,30/5...1 - 600 $00 5,0 4,25 21,2

VI3)14,5/2 , AM46 93 1000 %,8 6.15 20,5

13 40 .1500 6,5 5,3 17,7
6 1112/14 l150S 80 1500 7,0 5,0 17,0

'14112,512 -14 14 1600 6,7 5,1 17,31 4112,51152 L54 54 1300 6,7 5,0 16,8
41110,5/13 !l .35 37 1400 6,0 5,8 110.

1 00130/45 375 5.6 52 14,;
1 ',18,5/11 -- 20 1500 5.5 4,8 13,

1) Group; 2) engine type and basic character-
istics; 3) type; 4) designations; 5) engine
power, effective horsepower; 6) speed, rpm; 7)
mean piston speed, m/sec; 8) mean effective
pressure, kgf/cm2 ; 9) supercharging criterion
Kf; 10) high-intensity diesels (Kf greater
than 50); ii) special engines; 12) medium-in-
tensity diesels (Kf from 30 to 50); 13) low-
intensity diesels (Kf below 30); 14) ChN; 15)
D; 16) YaAZ; 17) Oh; 18) ZD; 19) KMI.

mean effective pressure pe"

In comparing the combustion intensities of different types of

diesels, it is convenient to use the supercharging criterion K,.., wdich

character.zes the efficiency with which the worldng volume of the oy-4

llnder is used;

'2
where Pe is the mean effective pressure, kgcmi C is the man

-7-



6 speed, m/sec; a is a cycle factor (z 0.5 fO four-cycle engines, z"

* . . =-1. 0 for two-cycle engines).

There is no basis for expecting an zncr~ease in Kf due to any con-

, siderable increase in 0 Om since this will be limited by the strength
':.4

a, :: '~ of the material.

"On the other haAd, the possibilities for increasing pe are good

* where gas-turbine supercharging is used. The future development of

diesel-engine design will see an increase in the mean effective pres-

"sure from pe = 5-6 kg/cm2 to values of:

*L for 4-cycle diesels, p5 = 20-25 kg/cm2 ;

for 2-cycle diesels, Pe = 12-14 kg/cm2 .

, * Domestically-produced diesels may be classIfied on the basis of

supercharging into three basic groups (Table 2).

* -. The first group includes the most highly supercharged engines.,

* using gt, t_.rbines, which have values of K exceeding 50, mean piston

speeds cm above 9 m/sec, and piston temperatures in the region of tie

top piston ring that normally exceed 25000. Here we have included car-

tain special-purpose engines and individual preproduction diesel mod-

els that use a high degree of supercharging and that are presently un-

.\ dergoing tests or are in the final stages of development.

To characterize the diesels in this group, we have given the4.'•

0 char-acter-stics of several present-day highly supercharged enginez

produced by foreign companies:

Ne CM pS(6C3o/5o) ............. 1700 400 6.0 20 60

"C-w.ains (PI.0.5/A2.7) ........ 300 3600 15.2 11.4 87
"S"uIzer (6m8/22.5xS) ......... •750 1000 7.5 12.5 94

second &toup Includas several series of supercharged loaomo-

"" . tve and .anrine diesels (Types I 50, 23-O0, 0D-50, etc.), with super-

a..... . . .
%* '.t'*" .~**.. a.',,-:. , .. agv, 4.- •' as`•` : <`:::.•`..:• `:.9` * ` a .``•<••¢• ;M~



'TABLE 3. Petroleum-Production Increase in
lUrals-Volga District, %

* 2 3 B Tom qlzJo

ro • 1 Bcero no noiline," em 111 pafto q,) pafio n, 5 Pa `0o, `6

-. 1940 100 6,0 I 80,4 7.6
1956 100 62,9 27,0 lol1

"7T t065 (unan) 100 80 20

1 l) Year; 2) entire USSR; 3) including; 4)
Urals-Volga District; 5) Southern District; 6)
other districts; 7) planned.

TABLE 4. Proportions of Low-Sulfur and
SHigh-Sulfur Diesel Fuels to be Produced
over 1959-1965 Period, %

.. •10595 r. 1005 r.

lI~anwceplzt.:er '1n130a,.11o T011,1118 (CO:Xop-
2c •,1,,C CCop4 OT 0,2 j•o 0,6%) ........... 2 ,2
--Cepn e pTOO Z ef mlOO ron.annn (co.p;ano 2,

opYu O 0,6 AO 1,%........0.. ..5,7 34.

"1) Low-sulfur diesel fuel (sulfur con-

£ tent, 0.2 to 0.6%); 2) high-sulfur die-

".B eel fuel (sulfur content, 0.6 to 1.0%).

charging indices Kf ranging from 30 to 50 and piston temperatures in

:. the region of the top compression ring of the order of 2500 C.

The third group includes relatively low-intensity diesels with

values of Kf below 30. The corresponding piston temperature is normally

"below- 250°C; thus, for example, for the ChlO.5/13 diesel,, it lies in

the 210-220•0 C range.

Utilization of sulfur-bearing fuel. In order to satisfy the re-

quiremants of the national economy for petroleum products, and pri-

. "ar•ly for _Nuels and oils, the output of petroleum will rise to 230-

240 million tone by 1965. The production of diesel fuels and oils mat

be increased chiefly by increasing the extraction and refining of sul-

fur-bearing crudes from Eastern fields.

-nile before the war the requirements for diesel fuels and oil:

I...
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ware met basically. by refining low- sulfur Baku, Grosnyy, and other

2 Southern crudes; at the present time a considerable number of the die-

sel engines produced in increasing numbers during the postwar five-

yo-ar plans use fuel obtained from Vtoroy Baku crudes, i.e., from Ural-

Volga fields; as is well known, high sulfur content is characteristic

of these crudes.

The considerable increase in the relative importance of Ural-

Volga crudes with respect to the total production of the petroleum in-

dustry of the Soviet Union may be seen clearly from the data [46]

given in Table 3.

It follows from this data that by 1965 as much as 80% of all pe-

troleum will be extracted in the form of sulfur-bearing and high-sul-

fur crudes. Thus, petroleum refiners can expect a reduction in the

.. 'qvality of the crude stock.

Althoagn before the war the sulfur content of diesel fuel did

not exceed 0.21 on the ave.,age, at the present time, the majority of

diesel engines at worc in the national economy, Including tractor, il-

comotlve, marine,aud stationaij engnes, use GOST 305-j8 diesel fuel

which contains up to I. M sulfur.

The proposed relationshl, between diesel fuels of various wulfur

contents and total p.'ocluction 1o" the 1959-1965 pez.iod is shown in Ta-

ble 4.

We remove sulr from i._i by the hdrogenation (hydrogen ra•in-

9.raKng) method on a limited scan. The future plans for the .etroleum-re-%t

fining industry provide- ft the introduction of additionaml capacity

for .hydrogen refining of petroleun loducts, and in the future, the

pi'oduition of purified (Iow-sulfu?) fuel will rise, and the roltivo

S conur~ption of high-sulffur fuels (0.6 to 1.0% sulfur) will gradually

deoreaze, as we can see frzz the data given in Table 4.

,.1-,
r~.



Nonetheless, for the near future, the consumer must reckon with

the need for broad-scale utilization of high-sulfur fuels and oils.

As we know, utilization of high-sulfur fuels results in increased

wear and carbon formation. The replacement of Baku oils with oils made

from Eastern sulfur-bearing crudes will also increase the amount of

varnish and carbon deposited on the engine. Thus, high-sulfur fuels

can be used in diesel engines and the necessary motor potential re-

tamned only if oils with sufficiently effective additives are used.

The increase in engine motor potential, i.e., the increased en-
gine service life before major repair is required, demands primarily

a decrease in the wear of the basic moving pairs under service condi-

tions.

It is an especially difficult task to increase motor potential

in view of the need for the broad-scale utilization of high-sulfur
fuels, since combustion products of high-sulfur fuels increase wear

and carbon formation, and accelerate the aging process in lubricating

oils.

The problem of extending engine life must be solved by improving

the quality of parts manufacture, selecting wear-resistant materials,,

.making use of heat treatment, protective coatings, and fuel additives

as wc!"' '.s by Improving the quality of the lubricants used.

TABLE 5. Oil Burnt by UAZ-51 Engines in Vari-
ous Conditions

2 Cpimnn . rp us.n

3 % it

8 . . . .r U K u m. . ..r , - . . . . , . . : . . . . . . . . .6ti u l................ too 4L2 2•

1) Enit!no condition; 2) average mmount of oil burnt; 3) g/hr; L) 4) "
- 11 -



"" new-engine loss: ; 5) % of fuel consumption; 6) worn; 7) worn, following
replacement of pistons and. rings; 8) new.'

elf.

.Deoreasing~oil consumption. Another important task facing diesel-

0.engine manufacturers and petroleum refiners is that of decreasing the

amount of oil consumed by diesels.

At the present time, the average oil consumption in diesel en-

S gines is 4.5-5.0% of the fuel consumption, and it exceeds the average

o il consumption in the United States.

Engine oil consumption consists or: a) burnt oil; b) the fresh

oil used to replace spent oil. The amount of oil burnt by anengine is

riJlatively independent of the grade of oil, since any petroletzn ol!

entering the upper zone of the cylinder barrel and coming into contact

with the hot gases - the fuel combustion products - will undergo vig-

orous thermal decomposition, i.e., it will burn up. The amount of oil

burnt depends primarily on the condition of the engine.

Table 5 shows data due to N.V. Brusyantsev (5] on the oil burnt

•. 5 by GAZ-51 engines depending on condition.

Future plans for diesel-engine design development call for a de-

crease in average oil consumption to 3.0% of the weight of fuel con-

sumed for marine, stationary, and mobile diesel engines and a reduc-

tion to 2.5% for automotive diesels.

Oil consumption may be reduced by: 1) Improving oil quality; 2)

extending the useful life of the oil in the engine by increasin• va

stability and improving purif!ication devices (filters, centrifuges);

3) by regeneration of spent oil.

By raising oil quality (improving viscosity-temperature charac-

teristics, detergency, and therml stability) it will be possible to

decrase the amount of oil burnt and extent the useful life of the oil

''4" in an engine.

S-12 -
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'a.

Thus, looking at all of these trends in diesel developmen. for

the next few years, e.g., increasing combustion intensity, greate mo-.
a.

tor potential, utilization of high-sulfur fuels, and decreased oil

. consumption, we must conclude that a considerable improvement in the

vlý • quality of domestic lubricating oils is needed. As we have already

* noted, it is possible to raise oil quality both by improving the basic

oil and by choosing appropriate additives. The high quality of the

* best modern oils is achieved basically by introducing intjo the compo-

sition of the oil additives that make it possible to obtain perfor-

.. mance characteristics satisfying the needs of engine operation. In re-

cent years, therefore, a great deal of attention has been devoted to
problems in the development, choice, and testing of additives. the in-

vestigation of the mechanisms by which they act., and the development

"of additive technical specifications applicable to actual engine types.
S.. ~MOST IMPORTAN'T PHYSICOCHEMICAL PROPE1TIES OF WYZEEL OILS AND TIMIR EF-

FECT ON ENGINE OPERATION
The basic functlon of a lubricant consists in decreasing friction

losses and reducing wear on the working surfaces of engine or meahan-

ism components.

In addition, an oil perfor•s several other funotions euo. a pro-
"tecting the engine against corrosion, and cooling the workng sur-

faces. The tendency of an oil to deposit carbon and varnish on hot on-
mine parts should be reduced to a minimum, it shuuld possess adequate

4. - thermal-oxidation stability, and it should retain its compooiltion and

properties for an extended period of time under service conditions.
4. For an oil to be suited to its functions, It should satisfy sp-

cific technical specifications. The development and formulation o%

Ssuch oil opecifications for specific engine types involves soma d.111-
-culty owing to the fact that the methods known to us for evaluating

•"• " 13-



oil quality are still iperfect, and a definitive judgment as to the

suitabl'ity of & given type of oil can be made, as a rule, only after

extended bench or operating tests.

As we have already noted, the properties of present-day oils rep-

resent the pz'oprties of the bans oll as Tofeoted by additv,,voa which

* improve certain performance characteristics. Thus, in the present sec-

tion we shall be concerned primarily with the fundamental properties

of the base oil, and we shall not be concerned with the effects of va-

"rious additives. This question is discussed in subsequent sections.

As with any petroleum product. lubricating oils represent a mix-

* ture of many hydrocarbons of various structures. From the vilwpoint of

physical chemistry. the properties of an oil are determined solely by

the composition and structure of its couponent hydrocarbons.

S- * In turn, the chemical compositions of oils depend both on the na-

ture of the crude and on the petroleum-refining and oil-purificatlon

techniques used. Thus, in order to compile actual technical specifica- I

tions for oil quWlity applicable to oils of various functions, it is

necessary to be conversant with the basic concepts of production re-

thods, the imortant physicochemical propertles, and the Importance of

these properties under operating conditions.

Production of lubrioating oils. Lubricating oils are obtained

during distillation of petroleum by removing the appropriate distilla-

tion products and then refining them. In accordance with the method

used to produce them, oils are classified as distillates, resldualz.,

and blended oils. The majority of low-viscosity oils, such as mot•t .

, . oils, machine oils, etc. are distillates. Residual oils aie the hig•-

i'5 viscosity residues from distillation of low-gum petrcleum; they go'

throug special refining processes. Many oils are also obtained by

blending distillate and residual oils. *

:;
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4Lubricating oils are produced in atmospheric-reduced pressure in-

stalltion (AVTr) in wh~ich the heavy oil remaining after the gasolineand kerosene-gas oil fractions have been driven off from the petroleum

* iare again distilled in the vacuum section of the installation, with

" the oil fractions being removed; the residue obtained (semiasphalt) is
used in the production of residual oils.

On the basis of refining method, oils may be classified arbitrar-

ily as acid-mechanically refined or solvent-refined oils.

Duzrng sulfuric-acid processing, undesirable resinous compounds

and asphaltenes are removed from the oils.

After sulf:ric-acid purification, oils are treated with alkali

and subjected to mechanical purification with fuller's earth.

Oils obtained from tarry crudes require large quantities of sul-

furic acid in refining, and yield small amounts of finished product;

this is economically undesirable, and thus another refining method is

Sused for such oils, called deasphaltization. Deasphaltization consists* - . 4

in treating the oil with liquid propane. The oil is dissolved in the

propane, and the asphaltenes and most of the tars separate out into

the residues.

The action of selective solvents is based on their ability to
*;; ,dissolve some specific components of the oil. Phenol. furfurolr, nr tro-

ben~ene, etc. are selective solvents of this type.
44 54 The part of the oil purified by the selective solvent is called

*"raf"I'nato; it consists basically of alkane, cyclane, and certain aro-

matl c hydrocarbons. The extracted portion of the oil, i.e., the pa, t

removed by the solvent, contains polyeyclic hydrocarbons as well as

rTnphthenic acids, tars, asphaltenes , and other compounds containing

-* aCids.

Oils containing lart•e quantities of paraffins have high pour
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_points, and sahoid be put through a deparaffinization process; this

consists in ad" solvents, cooling the oil solution to a suffi-

caently low tempirature, and removing the crystallized paraffin.

The yields and boiling ranges of the fractions depend on the na-

ture of the petroleum being pr-cessed and on the purposes for which

the final oils are to be used. The boiling ranges of such oils as too-

tor-10, diesel D-II normally lie in the 300-330 to 520-530°C range,
"-,.4.'.

adjusted for atmospheric pressure.

When light Bibi-Eybatskly petroleum is distilled, the .yield of

residual oil is about 50% of the crude, while the yield of all oily

"fractions is 63-65% of the residual oil entering the vacuum section of

- : the installation.

, !Viscosity or internal liquid friction is a very important oil

property, which is responsible for the creation of a strong oil film

on rubbing surfaces and for the sealing of gaps.

-.. v *~The unit of dynamic viscosity is the poise (pz), which repraze a

the internal friction that appears when two liquids 1 cm2 in area -move

with respect to each other for a distance of 1 am at a speed of . m/

/sec under a force of 1 dyne.

The dimensions of the poise are dyne.seo/0M , or g/am/sec.

The idnematic viscosity is the ratio of the dynamic viscosity to

the density of the liquid. The unit of kLnematic viscosity is the
stole (at), whose dimensions are c sec. One one-hundredth of a stoke

is a centistokl (cst).

•. -, The relative viscosity is the viscosity expressed in relative

units, and it is obtained from various visoosimeters. In the USSR,

.olative viscosity Is expressed in de•rees VU, which correspond to do-

ares Engler.

Practical experience has shown that to provide reliable lubr.4±c-

-- 16 -

-4 - - -.4--. - -



tion of most medium-intensity diesel engines with piston speeds of up

to 7-8 rnsec, it is necessary to use oils with klnematio viscosities

in the 10-12 sst range at lO0C. For higher-intensity diesels with
piston speeds of 8-10 m/sec, oils with viscosities of 1I-20 sst at

100w C are used.

It should be noted that there is no point in a'ktempting to use

"oils with too-high a viscosity.

As we know from the hydrodynamical theory of lubrication, devel-

oped by N..P. Petrov, the friction factor (f) is defined by the expres-

.. sion
V

where ij is the dynamic viscosity of the oil in kg. seo/M2; V is the

speed at which the rubbing surfaces move, r/sec; h is the thickness of
the oil layer separating the rubbing surfaces, m; P is the relative

load., kg/cm.

• .TABLE 6. Limiting Visco3ities Providing Oil
"" Puwpability and ngine Starting (Data Due to

N.'G. Puchkov)

5 A-1 ..... 500-0OO t 00-000

4 ' . llq1• l

7 cimpiep CT-45 .... 0.. . IXto 3000-4I 0
CT PTOP CT-45......... 30000 It ow

1) Engine; 2) oil viscosity (sst) guarantee-
ing; 3) pumpab.tlity; 4) starting; 5) GAZ-51;
6) ZIL-120: 7) ST-45 starter.

"The formula given holds for the case of fluid friction. It fol-

lows from the formula that the energy expended on overcoming frictiod

4'" will be directly proportional to the viscosity of the oil. According

to the data of NATI (Scientific Research Institute for Automobiles a:....1

-17-•~ *0 °
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Tractors], if NUC-22 oil replaces D-11 oil in a D-35 engine., a power

loss of' 6% will p'esult.

IX] F

5

-20-
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6' V i' D 40 o so 70 a~ V

Fig. 3. Oil viscosity-temperature curves. 1)
Wfl-22; 2) mz-14p; 3) np_1l; 4J) Dp8 5) icine-

matic viscosity, centistok~es 6) temper.ture.

in addition, high oil vis3cosity hampers engine startinS,. i-

visce~si~ty oils are recommended not only for the engines Mentioned,

which have high piston speed,, but also for diesels oporceed in Sout:.n.-1

ar'eas., under elevated ambient temperatu~res., and for lubricatin& hoavi" y

Worn an a-nes. On the other hand, winter diesel oils should be laww~r !..-
r ~i v Sill±t (Dp-& oil).

U. Th oils used for ca.-burat -,)- type automobile and tractor or• r.. z



are less viscous than those used for diesels, and requirements for

such oils may be satisfied by the range of automobile oils (motor..

oils) having viscosities of from 5-6 to 14-15 sst at 100°C.

The concept of the limiting viscosity for which oli pumpability

in the engine system and engine starting are guaranteed is used to

evaluate the starting properties of oils. Limiting-viscosity values

may fluctuate within quite a broad range, depending on the type of S

engine, the starter, and other elements of the starter system.

M.P. Volarovich believes that for easy starting of automobile

engines, oil viscosity at the starting temperature should be no more

than 9000-10,000 ast.

Table 6 gives data on oil limiting viscosity for various types of

automotive ensines [361].

Figure 3 shows the way in which viscosity depends on temperature

for several oils used in diesel engines.

Oiliness or the lubricating ability of an oil is a concept that P

is introduced in order to characterize the strength of the oil film

under boundary-lubrication conditions.

W.Thile under fluid-lubrication conditions, the strength of the oil

film As determined primarily by the viscosity of the oil, under, bound- ,

ary-fr•-ction coditlons, the strength of the oil film is affected .•ub-

stantially by the presence in the oil of surface-active (poli') mw

cules, w•hich provide the strong contact between t.he oil film aad the
motall ,ur.'ace.

Zrx surface-active materials include naphthene and fatty acids, $

ashaphalt-resin substances, and sulfur" oound 50. Vegetable oil8
4,

(ouch as castor oil) are considerably better with respect to oillne;.*-

than petroleum oils. Heavy refining of oils removes the asphalt-resln

co~pounds, thus "_utgairinS the lubricating ability.

3.19-
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Vegetable oils and mixtures of vegetable oils with mineral oils,

"-" however, have poor oxidation stability, and thus they have not found

wide application as engine lubricants.

High oil-film strength is necessary primarily to ensure rellable

lubr'•timo of pawts subjaet to high pessures such as the variouz

types :of gear idrves (tra•n•ss 0o 1-o61). Here the lubricating abi, Iv2y

of an oil may be increased by the utilization of additives., which axe

called antiwear or antiscoring additives. Such additives include h.ga-

*i molecular-weight organic acids and their salts, sulfured oils, an.d va-

rious compounds containing sulfur or phosphorus.

9. Oiliness is normally evaluated by means of tests on some Viven

.frction machine. The most common evaluation method employs a four-

ball friction machine of well-known design for the tests. It should be

noted, however, that oil-evaluation results obtained by =eans of faic-

tion machines do not always agree with results obtained under actual

service conditions [5].

Oiloxdizabillit. Duiring en~lne operation,, the IubricatinZ c,.11

is subjected to a process of oxidation, primarily under the influe..oo

of the oxygen in the air and b1hh temperatures. The accu=0ation i li

oil of such oxidation parts as hydroxy acids, gums, and asphaltenriz 1s

the basic factor responsible for the appearakce of various en~in dio-

osits - carbon, varnish, and residues (sludge) in the oil. Me . Z.

tion of peroxides and acids i responsible for oil corroaivoness. A

S considerable acLu99lation of 9xIdatL5cun products in the oil m naoc,;.... .

tate the complete elimination of the oil from the engLne Iub rcaic t-

•. ~y~tem and substitution of fresh oil.

Mhe ability of an oil to resist oxygen reaction is called t1 ox-

SidatLon stability, or the thermal oxidation stability. MIl xid at!cn

stability Is a very Uaiortant property and thus the study of con,:-
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.tions affecting the oxidation process has been the subject of many in-

yvestigations.

"Hydrocarbons oxidize in stages, passing through various interme-

diate steps, and oxidation depends on the structure of the hydrocar-

bons and the conditions under which the process occurs.

The most readily oxidized hydrocarbons are the paraffins, fol-

* Jlowed by the naphthenes, while the aromatic hydrocarbons prove to have

the greatest oxidation stability. Thus, the alkylated aromatic hydro-

carbons, which also have the flattest viscosity curve, are a very val-

uable component of an oil. Hydrocarbons: ofrhybrid structure such as

naphthene-aromatic or alkylated aromatic hydrocarbons, which have loZ.g

side paraffin chains, also prove to be readily oxidizable.

Hydrocarbon-mixture oxidation differs in nature from pure-hydro-
carbon oxidation, since the individual hydrocarbon groups mutually af-

fect the acceleration or retardation of oxidation reactions. Thus,

compounds of the phenol type are strong antioxidants.

Thus, for oils that are mixtures of many hundreds of hydrocarbons

of differing structure, the oxidation process is extremely compli-

cated.

Oil oxidation has been studied in great detail by N.I. Cinzhu-

kov and S.E. Kreyn, as well as by 1.A. AIvanov and other resare.

It has been established that the first intermediate exidation pdMts

for hydrocarbons are peroxides. Peroxides are unstable con@oundi that
later are transformed into acids and ihydroxy acids. i.n ard t O, a ade-

hydes, ketones, and alcohols may be obtainod a3 inte.mediato wUdat'lon

products. Furth•r oxidation of these products 1eads to thallc:,-.n!' ••,•d

the formation of condensation ant .or.,i.. io productz lc'•own t.. as-

phaltenes, estolides, gums, etc., w.hich are prociZely th " -cc-

that form varnish, carbon, an - t' e oil.
* , .e1
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A A somewhat simplified oxidation scheme for oil hydrocarbonsý

(or~nxtting several intermediate oxidation compounds such as aldehyde~s,

alcohols, etc.) may be given in the following form:

'.Cl! C2  C11 2  CH;, G-Ok - 2

k;* Cl-Ul2 l .O G±1U GlI0 C2-O

OH OH 0-Gi

C-0

'.1)2 Hyrcabn 2) 50-oerx

acd) 4 Hydocrbon;yacd 2) hydroerozi e;3)
2.ar-weight condensati.on or polymeniza-
tion product.

According to N.I. Chrozhukov and &.E. K~reyn (0], hydrocarboýn

oxidation may proce .ed in the f& lowing, two directions:

* iwi f.31 10411 I RA ocIM r.diIt

sQ 4 7

a) :sydnocoarbons': 2 poroxldes 3) acids;- 4)

L~' c~ta. soldz

S tarmoadiate and f.Ia'C o'Cd,1attIoz yrocducs .U~S" d S~a_

3xu~d cO.i 1innz oxygezn, Clat CýýTir in thcý!r rcacatzoi's to 11olvcnt c

Ae:dn o X.Kazwn C L he~'Nul oxidation. nr..dcts

'9. :r. cr~uv~c~t orta ostý!n tp ot.of ý ' the hydr~x~y acids adas-

;t~tct~ ay tay doe sztrct. "vo 03=r othe rrdpac z crovond &s.



As with any chemical reaction, the rate of oil oxidation rises

with temperature. At ordinary ambient temperatures, oils oxidize ex-

tremely slowly and there is almost no oxidation at all. Thus oil may

be stored in tanks of various sizes for several years. But by the time -
bestre

oil has reached the 50-60 C temperature of the crankcase in a working

engine, the rate of oxidation has become very noticeable. ,...

The physical state of the oil in an engine also has an effect on

the rate at which it oxidizes. Oil will oxidize more slowly in a thick

layer that. when it is in the form of a thin oil film on the surface of

lubricated parts. Under equal temperature conditions, the maximum oxi-

dation rate should clearly occur when the oil is in a finely dispersed

condition, in the form of an oil spray, when it will have maximum con-

tact with the oxygen of the air. As a result, after 100-200 hours of

engine operation, the oil performance characteristics differ consider-

ably from those of fresh oil (increased acidity, mechanical impuri-

ties, etc.), and varnish films and carbon are deposited on the very

hot surfaces of pistons, ring grooves, and piston rings, i.e., strong

oxidation and polymerization of the oil occurs with the'formation of

asphaltenes, hydroxy acid polymers, etc. .

When this happens, a certain amount of the oil, entering the

highest-temperature zone (the piston head above the first ring and the

combustion chamber), will decompose completely (the oil burns up).

Oil oxidation occurs much more vigorously in the presence of me-

tals. Many metals, as well as their oxides and salts, act as catalysts,

and considerably increase the oxidation-reaction speed. The most ac-

tive oxidation catalysts are copper, lead, iron, the oxides of iron

and vanadium, and the naphthenates of metals. The action of combustio.n

products from sulfur-bearing fuels is another factor accelerating tho'

oxidation of lubricating oils. On the other hand, there are several or-

-23-
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canic compounds (such as phenols, amines, phosphites, etc.) that re-

tard the oxidation reaction rate. Such substances, introduced artifi-

cially into an oil in the form of additives, are called oxidation in-

hibitors or antioxidants.

It has recently been noted that radiation from radioactive sourcos

•!so tend to accelerate the process of hydrocarbon oxidation [24).

In general, radioactive irradiation of hydrocarbons leads to some,

molecular consolidation, to polymerization processes, and to an in-

crease in the molecular weight of the irradiated hydrocarbon. Thus,

for example, when the diesel-oil fraction of petroleum is irradiated

with a dose of 5 x l0 roentgens, an increase in specific gravity from

0.84 to 0.94 was noted, while the viscosity (at 38 0 C) rose from 2 to

50 sst.

The direction taken by the change in hydrocarbon structure pro-

duced by radiation depends to a considerable degree on the dose and

the nature of the irradiation.

The maximum dose of irradiation that leaves no noticeable changes

In the basic properties of the oil (for example, that does not changs

viscosity) is 1-2 x 108 roentgens [51).

"Corrosiveness of base oils. Corrosion is the name given to the

destruction of a metal that is caused by the surrounding medium. In

the mijority of cases, corrosion is the basic factor responsible ffor

.nc.aSdd engine wear. The hydrocarbons making up an oil cannot by

themselves cause corrosion. One of the causes for the corrosion of a

rntal in an oil medium is the presence and further generation of vari-

ous oxidation products - peroxides, organic acids, etc., which react

.ith the metal. k.other factor responsible for engine corrosion is the

appear..nece of combustion products from a sulfur-bearing fuel in the

oil. As we have already noted, the first intermediate oxidation prod-
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ucts are peroxides.

'According to Denison, in the first stage oof the corrosion process.,

a peroxide reacts with the metal to form an oxide of the metal, which

,then reacts with an acid to give a solvent:'

211+H20,1 -+ R.0 tNcO

MOO+2RCOOI -.* M' (RCOO) 2+.IIO

where Me is the metal, R20 2 the peroxide., and RCOOH an organic acid.

Denison, working with white (highly purified) oils has shown that the

rate of corrosion increases with the amount of peroxide contained in

the oil.

-- L O - --*41
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.• Fig. 4. Efffect of w•atex• content oi'
•" D-l! cii on Co 'o.isifn off lead at

Ste~~e!at'•• o 30 0 C. !) Oi! without
•; ~ ~'•:: ; 2) oil + 0.5% water; 3) cor-

/ 4) ti;.o in hours.

.. THus, t4 ! can corrode in kne absence of atrzospheric oxygonz,

provid.d tht oil cor'ta.nt- in addition to actds poroxidec and

other unstable oxida!ioi products th-at =n, yieloT=•c~t thn corono yildo'n

. hus., for oxa•!e. Pruztto~n z .d Di 4have show, tha w o•oso of"

lead ,o'l occur In a =Lututre cf -"°•one and dodecatolc acid in the •-

4:.: ..
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Zonce of atmospheric oxygen.

According to N.I. Chernozhukov (501, organic acids react basically

':f'.th the hydrate of the metallic oxide, which forms owing to the reac-

;.Lon of atmospheric oxygen and water that enters the oil from without,

u that forms as a result of oxidation

2.o•+-z-0 10-2 2_\c (011)2

,1e (OH)-+ RCO! I --I NO (RCOO)'+21120

it follows from the corrosion-mecha.nism schemes considered that

the presence of acids in an oil is of great importance for the process

of engine corrosion.

In the majority of cases, elevated oil acidity corresponds to

great corrosiveness.

All the same, the acid number cannot be used as a criterion of

o.l corrosiveness, since the stracture of the organic acids formed i.n

the oil is the decisive factor. The studies of B.V. Losikcov (50] have

shown that the corrosive action of organic acids decreases as their

molecular weight increases, i.e., in order of increasing corrosive-

nesss, the acids form the following series:

formic acid HCOOH

acetic acid CH3 COOH

butyric acid C3H7 COOH etc.

Th.o acid numbers of fresh diesel oila normally do not oxceed

.-20 r KOM per g of oil, but the acidity of oils increases r'ap-

Irily ac t.e engino operates, riaohing valuee of 1.5-2.0 mq KOH. Ac-

cord-Ig to B.V. Losikov, oil- with acid numbers of up to 1.5 rig K01',

in zha absence of water, have little effect on steel or iron, but acid

,the order of 0.5-0.6 mg OF.H prove sufficient for the removal

of 04 bearing alloys.

ihus, lead and its alloys are materials that are extremely liable
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to corro:;lon due to oil oxidation-products. The presence of water in

. an oil greatly intens.f Lies the corrosion of alloys with lead. Plure 4

shows the effect of.oil--wter content on the cerrosion of lead plates

S'.[32 • --

As a rule, residual oils are less corrosive than distillates.

Table 7 shows the corrosivenoss of several specimens of base oil

as compared with the acidity, measured before and after oxidation of

the oil in a Pinkevich apparatus. As the data given show, the acidity

bears some relJationship to the corrosiveness, but upon oxidation of

the oils, the increase in acid number follows different laws. As far

as oils with additives are concerned, there most frequently is no re-

lationship between corrosiveness and acid number. The acidity of an

oil may increase during engine operation, while at the same time, the

* protective film formed by the additive will protect the netal against

corrosion.

The corrosion mechanism discussed above applies primarily to

barin• alloys. A very pronounced corrosive-wear process occurs, how-

"- ever, when an eng- is operated on a suifur-bearing fael [30]. WIhoen

a =ulfur-bearing _uel burns, the acidic oxides SO2 and-SO3 fo-ra; they

condense together with water vapor on tho cooled walls of the cylinder

ba-_re and p.oduce nuifuzic and sulurous acids. TMe tracez of 'cm,

. . ponetrati t. t h o. ol"e fi± m cove1rinS the rubbiin surfaces of the

- -.- ,!,_ -ton zd rn.-^ .. T- Z*Poi% e fol, ZGoouZ 00c-

tro ýcalc~ cox-rcs.nt'o t *re-U:ts 1- C. Co-ý*dr'=e 'n.-ate tho ~

4%

+.t.ee!, re !a a -zn'or-er. inc.ese 1:1 oil acidity, and water- solubi3.

Mzurc 5 hews the. ncz'casc !it o2.1 ac.1Q ty d"-ing ocration of a
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TLLE 7. Corrosiveness of Some Base Oils (With-
out Additives)

2
1 . a z ~ jo p p~a : 1 1 1 5 1 i y.1 .'IM.M4 K 0 1 I t u t t

H aMUC1llol1I1lw Mcvxa I
12 i O . e-

CrUX U4?e;i) .I .. 0.05 0.'."

10~4O A ,:2%C30 ,JC-14 *(c3512 5.0 0.08 0.2

11C2 Ii Ciil-Iil',/"

CY) . .. . . .. . . .. ., 30.0 O
11 MiC )..... . . . . . . . . ....... ......4..

A IMan.uxoe~ C......22.......... 20 07 00 ,7L.

- , a, Al:- 1. ........ . 438 520.0 alt0 o .,
"2.i. fl.;e.=,.noc •,Ac-"o ,•i (c~x I0-.Z ,-

rnxI-. 1fl• ) . . .................. 108. 370. .; 0,9.:,

€•m: U,•w•e) IMO0 37.0 0,42 0.50,

1)2'. or oil; 2) 'I:nkech corrosiveness G/
; 3) acid number, mw KOH per g of oil; 4)

lead; 5) lead bronze;6) before oxidation 7)
after oxidation; 8) MIG-22 aviation oil; 9 DS-.
11 diesel oil (from sulfur-beari:- crudes); 10),
14S-14 avi-.tion oil; 11) D-11 diesel oil (mix-
ture of IM-22 and SU); 12) SU machine oil; 13)
AK-10 motor oil; 14) D-11 diesel oil (from Emba
crudes).

I%

MLG. 5. clhane In acidity of' 1)-
2.diezel CUL d.uxing, engine, op-

eration wit els of various
sulfur contents. 1) 0-1 acid
nu--ber operation with
fuel -cc';aI.n'r 1 .C- zulfur; 2)
t'Che sam'e, t't . ..ulf'ur con-
tent; 3)contensmber i ln mg KOH/goll; 4) cf engine opera-

tion.
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crease in carbon formation also occurs, and the carbon, which includes

* products of the thermal decomposition of the sulfur compounds, becomes

denser and intensifies abrasive wear on the engine.

When the engine is operated on a low-sulfur fuel, an oil contain-

ing only anticorrosion additives of the AzNII-TsIATIM-1 type may be

used to protect the bearing linings, which are of lead bronze. Where

sulfur-bearing fuels are used, it is necessary to employ more effec-

tive additives of the alkali type, which have good detergent proper-

ties, and which are able to neutralize the acid fuel combustion prod-

ucts.

Carbon formation. The oxidation and thermal decomposition of the

hydrocarbons in the fuel and oil in the high-temperature zones are re-

sponsible for the formation of carbon in an engine.

2. Carbon in the engine combustion chamber, on the piston crown, on

valves, and in the exhaust system are due chiefly to incomplete com-

bustion of the fuel. Carbon and varnish on the side piston wall, in

the region of the ring channels, and on the piston skirt forms pri-

marily as a result of the oxidation and thermal decomposition of the

lubricating oil.

The m•chanzsrm by which carbon forms in an engine has becen studied

-1-i detail by 1-.. Papok (293. Carbon is deposited on the piaton crewn

owiln to tho prosence of a low-temperature zone at the piston

carlbocn a-lso folms in this zone owinS to incomplete combustion of tUoh

l"fuel. Hero th thi17tess of the ca.bor . on the piston cro-,n does not

depend on the duration of er•5 n operation, but is determined pi =ar-

Ily by the tecpcratture and by fual quality.
V'•_hn Cbon. for.on iy result in several undesirabic.arVa=?zh an-d =.io-'," "•.•

c, 10"-0.-ncas to -an Cine oporatlon., 0. :

a) t,, .oz, o.;.. co"'late bur=ing, out; of piston ,

o%

,4. J
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Ileading to increased losses due to frictiono a. l055 In, colress2.on,

and possible so6ring of the sleeve;

b) a decrease in the effective crose sections of the scavenging

and exhaust ports (in two-cycle diesels).. reducing the coonleteness of

scavenging., and leading to a drop in engine, power. Pigur 6 gives
views of~ exhaust ports for' a 2m.OO engine following operation with a

.. low-sulfur and high-sulfur fuel and an oil with an ineffective addi-

ti ) inc8] se wear on rubbing surfaces of the cylinder-piston sys-

d) decreased piston therm~al conductivity and increased tez~pera-

ture, which myeu the pistons to burn out;

ma~¶"ca05

RM4.

'4"iv

A' I

4~S w *4-4

'4,.g

IV, Y* ýVk~'1'

Aýt

Fig. 6.Exhaust ports in barrel of 2MlL0 diesel. a) Polovoing operation
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on low-sulfur fuel; b) following operation on hlgh-sulfur fuel.

21

""4 to

So *

Sb,.~~ CoOep c*o'e c'epo• mon,'uO#. '"

Fig. 7. Effect of fuel sulfur con-
tent on fouling evaluation and

* quantity of deposits on piston and
rings olf UIM-NATI installation. 1)
We:r1:. of deposits; 2) evaluation
of nature of deposits, arbitrary
"tuants; 3) evaluation of piston
cleanliness, arbitrary units; 4)

K. fuel sulfur content, %; 5) weight
:% of deposits, G.

TABLE 8. Effect of Fuel Sulfur Content on Car-
bon Properties (After Breze and Wilson)

COgepiaUUto cepwz Co;lolpitadlttle Cepm B 13 oloTIOC . narapa,
u " MnICt•, 01 tarotape , o i~

U3 TOM11tfO % $0rp. oe.~

0,8I 10OO•'0,08 t,0 0108
1,5 Uo 0o,

1) Fuel sulfur content, •55; 2) carbon-deposit
sulfur cont.nt, 0; 3) density of carbon de-• ~ ~~~posit /c.' ,

% 0-

e) accelerated contminato. of lubricating oil, filters, and oil

lines.

" As we have already noted, the formation of deposits on piston

r rings and grooves is due cehi'ly to the lubricating oil; fuel quality,

however., has a large influe.nce on the amount and nature of deposits.

It is known, for cxample. that when an en"inc is convertad to
, n e n ot
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L-rate on gaseous fuel, so that more perfect mixture formation occurs,

th; quantizy of ring-groove deposits decreases.

The utilization of high-sulfur fuels increases the total amount

o: carbon and of deposits and changes the actual nature of the carbon

particles, maldng them denser and harder.

Figure 7 shows the variation in the amount and nature of deposits

cr, the piston of a UIM-NATI apparatus operated with fuels of differing

sulfur content [49]. In going from a fael containing 0.2% sulfur to a

fuel with a 0.93% sulfur content, the total quantity of deposits on

the piston and rings rose from 7.7 to 10.7 g, while the total piston

fou"Ing evaluation (on the NATI scale) rose from 9 to 22 units.

P.n increase in sulfur content affects not* only the amount of do-

posits, but also changes their properties, resulting in denser carbon

deposits, more difficult to remain (Table 8). According to the data of

Breze and Wilson, sulfur is absorbed by the carbon, and as a result it

becomes harder and increases the abrasive wear on the engine.

TABLE 9. Change in Some Characteristics of D-!l
Diesel Oil with Introduction of Additives

flo~~a~arcagn 1 Ca IflIAT~IM-=9 11W ATi1r-33 R11111l 4111-3C0

n~.yt~m O,0zu t 0ti . IA;

135C.., % 0X x 0.03 1 0.0O
S.to atc,,€, cuolivezIa

no 63aP'.G,•.•'u j3,5--.! 3.0 1': '.,

1) Ch-aoteristic; 2) no additives; 3• TsIATIM-
339; 4) VNII NP-36.; 5) ash, %; 6) • ;on resi-
due, %; 7) machanical impurities, %; 8) deter-
Lcnt properties, PZV scale.

According to Lin's data, carbon particles formed on combustion of

a heavy suLfur-bea-ring fuel are characterized by considerable hard-

ness, rcaching a Brinall value of 500, and have a high vanadium con-
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tent. This fact made it possible for Lin to propose that engine wear

is abrasive in nature when the engine uses a heavy fuel, thus contra-

eicting the commonly held corrosion theory of wear.

Carbon scale taken from a piston crown and from piston rings fol-

lowing operation of an engine with a sulfur-bearing fuel normally con-

tains from 1.0 to 2.5% sulfur. The sulfur entering into the composi-

tion of the carbon scale is found combined only in the form of complex

organic compounds, or as sulfates.

According to Denison and Kavan 11] the sulfuric acid formed owing

to combustion of a sulfur-bearing fuel, reacts with the oil in the up-

per piston-ring zone, which leads to the formation of several organic

compounds containing sulfur. At the same time, some of the sulfuric

acid condenses on the cylinder walls and attacks the metal' surfaces of ,-

component parts, forming ferric sulfate, some of which goes into the

carbon scale.

If the oil contains an alkali additive of the barium alkyl pheno-

late or calcium alkyl phenolate type, most of the sulfuric acid will

combine to form barium (calcium) sulfate, which remains dispersed in

the oil, and eventually is trapped at the oil filters; this decreases

the sulfur available to participate in the formation of deposits on

the piston.

Thus the most common and best-tested method of preventing carbon-

deposit formation in an engine working on heavy or sulfur-bearing

fuels is the introduction of detergent oil additives.

The oil carbon residue serves as a useful index in checking the

quality of a crude and the degree of refining. The carbon residue,

however, cannot be used to characterize the tendency of an oil to form'

carbon, c:2ne many data point to the cobsence of a direct connection

between the carbon residue and the quantity of carion deposits on a

-33-
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prston.

The carbon residue is several times greater for an oil with a de-

tcrý7vnt additive than for the base oil. In this case, however, the ac-

tual tendency of the oil to form carbon and varnish on an engine pis-

ton is inversely proportional to the carbon residue. The PZV (Papop-

Zarubin-Vinper) method, developed by K.K. Papok, gives the best pic-

ture of the behavior of an oil in an engine from the viewpoint of

evaluating carbon-forming tendencies and detergent properties of oils

with additives (Table 9).

The ash and mechanical-impurity contents of an oil also serveo as

indices characterizing the degree of refining and the absence of con-

ta•_inantc _ ndr storage and transportation conditions.

The ash content characterizes primarily, the presence or absence

of" additives in the oil, and the amount of ash gives us some rough

idea as to the additive concentration.

In the overwhelming majority of cases, modern multipurpose adU-

týLves are organometallic compounds, and the introduction of an addli-

tive of the TsIATIM-339 type, as the tabular data show, has a strong

effect on the ash content.

VARIETY A10 GRADES OF OILS USED FOR DIESEL LUBRICATION

Tho basic grades of oils used to lubricate high-speed diesel en-

ji-no are the diesel oils produced in accordance with GOST 5304 and
*.581-57.

GOST 5304-54 diesel oils are made from distillates, or are ob-

tained by blending residuals and distillates obtained during the pro-

ces-Ing of oily low-sulfur petroleum.

T-hus, for example, D-1l diesel oil may be manufactured by burning

70% SU GOST 1707-51 machine oil with 30% M.-22 GOST 1013-49 aviation

oil. Diesel oils manufactured to this standard are also made with ad-
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ditives (Dp-14, Dp-ll, and Dp-8 oils), and without additives '(D-ll
• ;. '.*.

o:... . :ypes Dp-14, Lp-ll, and Dp-8 oils contain 3% TsIATIM-339 or Az-

NII-TsIATIM-1 additive. Engines operated with a diesel fuel containing

more than 0.2% sulfur should use only an oil with TsIATIM-339 additive

or other, more effective additive. Oils with the AzNII-TsIATIM-1 anti-

corrosion additive may be used in diesels with lead-bronze bearings

run on a low-sulfur fuel.

Type Dp-lI oil is the basic grade of oil used for high-speed die-
sels. i-•7

Type Dp-8 oil is used during the winter in automotive and mobile

diesels operating out of doors. Type Dp-14 oil is a summer grade de-

signed for use in diesel locomotives, tractors, and other diesel en-

gines operating in areas with high ambient temperatures.

In view of our limited reserves of low-sulfur petroleum, produc-

tion of DSp-li GOST 8581-57 diesel oil from sulfur-bearing crudes has

begun.

Type DSp-ll oil is produced presently only with the TsIATIM-339 t •

additive; in the near future, however, we may expect expanded prodxic-

tion of diesel oils using more effective additive (VNII NP-360, etc.).

High-viscosity, aircraft (GOST 1013-49 and 9320-6o0)., and special
MT (GOST 6360-58) oils are used to lubricate certain types of high-

combustion-intensity diesels with high piston speeds (for example i'-50

and D6 motors, etc.).
•-..-,..

Types D21-22, MS-24, MS-20, MS-14, and GOST 1013-49 aviation oils

are high-grade oils obtained during processing of selected low-sulfur

petroleums; irtense sulfuric-acid or solvent refining is used. Al-

though, as we have said, the basic function of these oils is the lu-

brication of piston aircraft engines, they are also used for certain L_..

surface and marine engines. Aviation oils are produced without add--*--

-5-
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ývos. Additives may be introduced into the oil on the customerts spe-

ci*al order.

In order to expand reserves available for the production of air-

craft oils, tests are presently being carried out and production being

Lt up for certain grades of oils obtained by refining sulfur-boaring

cmdes (such as 14S-20S oil, GOST 9320-60).

r.,T (M.IT-16p and MT-14p), GOST 6360-58 oils are designed for lubvi-

cation of special diesel engines. M4IT-16 oil is produced with 3-420 of

TsIATIT47-339 additive and 0.8% AzNII-TsIATIM-1 additive.

Type MT-14p oil is produced from a low-viscosity base by usi.:ng

polyisobutylene as a thickening agent; this results .n a flat viscos-

zty curve (see Fig. 3), i.e., relatively low viscosity at low temqpera-

tures, which improves lubrication and aids engine starting under w.0;n-

ter conditions. This oil is presently produced with AzNI-Ts1ATI1T--

additive, and is designed for lubrication of diesel engines using low-

sulfur fuels.

Oil for low-speed diesels (motor oil) (COST 1519-42) is a clz~u!-

late pxoduced by acid-mechanical refining and is considerably bettoer

than diesel oils with respect to carbon-forming tendencies and anti-

corrosion properties.
In the actual operation of low-speed diesels, motor oil is fo-

ou~ly replcaced with AKp-10, ASp-l0, and AK-15 (GOST 1862-60) "a-tol'1

type motor oils.

The basic indices characterizing the physicoche-iAcal properties

cf commercial domestic oils used for diesel lubrication are shown in

Table 10.

Uti2izinx oills from sulfr-bearin,,-g retrcleums. Daring the course

of the seven-year plan (1959-2965), the capacity for production of 2lu-

oricating oils should double.
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In order to satisfy the rising requirements for oils, as in the

case of fuels, a heavy commitment to the processing of sulfur-bearing

K }crudes from Eastern fields is necessary.

Althoug, before, the need for oils was satisfied primarily by re-

• . .fining crudes from Baku and other Southern areas, facilities have re-

cently been set up to produce several aviation, diesel, and automotive

t oils by processing Eastern crudes. The output of Baku oils presently

amounts to no more than 50% of the total lubricating-oil production.

Lubricating oils obtained by refining sulfur-bearing crudes from East-

ern fields differ from Baku oils. in hydrocarbon-group composition, and

are higher in sulf;r content. Thus, DS-11 diesel oil (from Eastern

crudes) contains up to 1.0% sulfur as against 0.2-0.3% for D-11 Baku

oil.•',_.. r,.

As in the case of fuels, the presence of sulfur compounds in the

oil affects the condition of the engine. in this case, however, we are

not concerned •_,," acid corrosion, since the quantity of combustion

products due to sulfur compounds in the oil that form when the oil

burns is very small in comparison with the quantity of fuel combustion

products. By themselves, the sulfur compounds contained in oil not

"only do not cause corrosion, but, on the contrary., increase. the anti-

wear qua'ities of the oil, acrtn as it were, as natural addltivez.

Oils from Las.-orn sulfur-bearing crudes also have bettez• viscos-

. ity-tcmperature properties than the correaponding- B-..a• oil; tl.cy are,

"'however, haracterized by a great tendency to oyidat.on and consa-

..- (qucntly, to cxrbon foormation.

SOxidat.ion of oils produced from Mahtorn crudec producoe considA'r-

S;Ora Cum = a ..a... 1-7 Table -1. givos some data duo to N. 0.

ko nd :~~as:;oc! atG k354 obtna*.nad by oxidizi~nG aiu cilc i.n

a . =Z- '%.. atuo.

_z 1

* .'
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TABLE 10. Basic Quality Indices for Domestic
011s Used for .iesel Lubrication

2 c, ,.
Auntilpozinuo ,mcaa Maccn(MT)

3. 3 13 rOCT -
rlona:eaTC.n r'OCT 1013--9 1ro1T W r 63C0-5S

1 i wcm. K nemaTauqcc an upn. 18 18 32
100 C, c. m ... .......... LZO Le u' I 11 Pl i* B i,.;• .•X

22 220 0 I 1.O- i:.-
17,5 14,5

20 Oumuo1UW~1'~KA
SUB-NOCT'S nITl 50 I- nIItear*o
CHOCt U3NOiCTUz nPir 1000 C. Ito
6once ...... ............. 8,75 7,85 6,5 7,6 7 4

21. 3o.A-orm. %, .ma. a: i
22 Ge- nruca;Zol: mo 0.004 0,003 0.003 0,003 - -

23 c npnca.aiori LkIIATIIM-3"9,
tie sicitee ....... .. 0_)S 0,13

25 IC0Xcy,':ocT.. %, Ile Goaeo (.1o 0
2 ati.'ii.r,.•. :p . . .... 0.7 0,3 0.45 0,45 0,30 0,20

26 e nIpWoTIIov -us.an. we Ko1C .Ia

24 , npucia.ii, o v o.i'e o 0.1 0.05 0.25 0.05
2Q .• .•uco95, no • -..ee - - - - 0o15 0o10

;Tau'napa-typu. 3a1cTuf0ut, OCHk u,, - .= .. .. .. .. ..... M I-18 .-30 -18 -25 --13
30IRoppoatfiluoc'm Ua M.ac'ICII&.i.ax
=3 cuuulua X.,pxu Ct IZ.U C:2,
al.02, e .'.3 ................ 20 45 G0 15 10 10

32. TepMooIWC.-s1re.xbuM Ra6:i.iiOCmT. 11,0 MeTO.•y lflanon lI•"no0c .. e, noImz n z i .. i.. 35i 17 20 7 -- 25

i) Index; 2) aviation oils; 3) GOST; 4) special oils (MT); 5) die-.ol
o'is; 6) motor-tractor oils; 7) motor oils; 8) iMS; 9) MS-20S; 10) MiT-
•p;!!1) D3; 12) D: 13) DSD; 14) 1,112-V; 15) VTU NP; 16) GOT 1862--C)
n.-" additives; 17) VTU22-58 with TsIATIM-339 additive; 18) no lesz'.
•h;a~; c• :•nematic viscosity at 1000 C, sst; 20) ratio of ldnemnatýc
.- s.oity at 500 to kinematic viscosity at 1000 C, no more than; 2?.•

- ,:ý oil; 22) without addit've, no more than; 23) with TZL,2..-
"05 additive, no less than; Z-4) VNII NP-360 additive; 25) carbon z.esi-

"d, ; rnc more than (prior to introduction of addit1ve); 26) acid
nurbor, mg KOH per I g of oil; 27) without additive, no more thani 28)
ith additive, no more than; 2ý) pour point, °C, no more than; 30)

corrosiveness with strips of Types S1 and S2 lead, g/m2 , no more than;
31) thez-mal oxidation stabilIty, Papok method, at 2500 C, min, no less
trban; 32) in the range from; 33) at.
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. In this case, the oxidation of the Eastern oils is different in

nature, and the accumulation of large quantities of gum and asphal-

.. snee facilitates the formation of tacky residues, which are responsi-

ble for piston-ring burning during engine operation.

*..*-•. Table 12 compares results of an inspection of the condition and
measurement of wear for a 4ChO. 5/13 engine after 150 hours of opeara-

tion with a high-sulfur fuel, using D-11 Baku diesel oil and DS-1l oil

.'- (without additives) produced from Eastern crudes.
4%,

In changing.from D-11 oil to DS-l1 oil, some decrease in wear of

sleeves and piston rings was noticed, while at the same time thera was

a sharp increase in the number of burnt rings, while more varnish

formed on the piston skirt.

4 Consequently, diesel oils made from sulfur-bearing crudes me.y be

*N. used in diesel engines only when they contain effective detergent ad-

.ditives. Thus, DS-1I diesel oil (GOST 8581-57) is supplied only az an

oil with an additive, while diesel oils made from Caucasus crudas

* (QOST 5304-54) are produced both with and without additives.

,- •. The utilization of detercont oil additives may decrease on I'd".1-

. ably or completely eliminate carbon and varnish deposits on the pij-

but this does not mean. that. thermal decomposition of the ol can

be avo:'tded by this method. The thermal stability of an oil, i.e.. the

'i1ity of its composition undor hieh tem~oeratures, is detexr.i'ie! by

" Uha composition ol' the lubz-.Icant itusel!2. All petroleum hydrocarbon.

""*4Sontlinad :n a oil hen subjected to toer tu.•ez of 200-250°0, 1.e.,

- • t s occuz4ng at thz p9.ston walls, begin to decompose and.

± products 11=own cor•.only as var-ish and scale. Oil

s_ ~ lýý% can 'bo ltuz-azecd only aoer a rolativel.y sMaall rarsrs

-. by ~3i potirolauz-oil qua1.ty tuhrourh improved rofininG thods

and t*'.e. utili11zatiLon of addit-IMA. B . : !Lnozu-za e In engine ceombusttion ire-
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tensity, and plans for the creation of highly supercharged diesel en-

gines having piston temperatures in the upper-ring region of the order

of 300-3500 C or more will require in individual cases the utilization

of new types of lubricants with changed struc'W.ures for the component

"tN. molecules.

TABLE 11. Oxidation Stability o. Oils in DIC-2
Apparatus and Characteristics of Combustion
Products

I.-'o± ttt t , XapN'epuCtlt1ta ocauIMi~ ~~~~A; I~~ Mh'Pem ..

| ,to.1, % arp o:,•on, %

uATo. AC-S (in cc'put:cnax

.9Xacno SAE-20 IHA . .Y.C...L

1) Oil; 2) quantity of residue, 50-hour oxida-
"tion; 3) residue characteristics; 4) asphal-
tenes, %; 5) carbene• and carboids, %; 6) AS-5
motor oil (sulfur-be,-ring crudes); 7) AS-6 mo-
tor oil (Baku); 8j SU macrhin oil ; 9) SA-20 HD
oil; 10) none; 1 )races.

TABLE 12. Compar-is-n of Conditions of 4Ch1O.5/
,4.'.. . - /13 E!ngine After perat:Lon with D-II (Baku) Oil

and DS-!I (Sul£ur-eiarx:ng Crudes) Oil Without
Additives

!3~ 4

7~ ~ 1 To mi, to0

.. ... .j
~ ................. * 7 1 4.4

""'I I tr.

%

.4 
|

10-4

1) Ma:,urement;' ZI mc-zret after 1530 hours of en~ineop -
tion wit'h oil; 3"D-1l; 4) 5-; ) -aoa'; 6) t,,a on all piston

1.41

"S *�t*'T* .V ..... >. *, . ..~ ...... - *t4 . T*Z 2

• 4 • '4> Y. *.. . ... .....- . .. ~ ... *.. *.*.-*=
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...; 7the same, %; 8) wear on cylinder slirt; 9) total wear in terms
oil iron contoant, .; 10) carbon formation; 11) number of burnt rings;
12) piston- sldcrt surface covered with varnish, %.

Aa.~

*W .'.° o.

1
N I -

Fig. 8. Te.perature ranges over which va.
rious lubricants can be used. 1) Petro-
leum oils; 2) d.Lesters; 3) silicon oils;

* ~4) olid lubricants (molybdenum disul-
tide, etc.); 5) teeaur, C

Considerably greater thermal stability (Fig. 8) is displayed by
various synthetic oils (oils based on diesters, fluorocarbons, and

* ."

silicon ¶oils); they are still limited in application,, but there Is no

doubt that they will become more can in the flture.

Foreign oil classification. ubreigr motor oils are classified

Into the following groups on the basis of rade and tunction.

a) ordlnary oils, also called regular and premium grades, that do

not contain additives or that contain small quantities of antioxidant

additives alone. *These oils are designed fo carburetor-type engines

and low-combusthon-intenaity diesels rninning on low-carbon fuels;

S."

b) oils for severe operating conditions ("heavy-duty Oils"), car-

rying the letter designation RD, they contain coiderable amounts of

detergent additive, and are designed for lubriation of superehaxged

diesels:

"4* 2
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: c) oils for especially severe service, which must satisfy the re-

K quirements of the special supplements to the oil specification of the

United States Department of Defense (Specification Nil-L-2104, Supple-

ment •and 2).

TABLE 13. Classification of Oils in Ternms of
Oil Utilization Conditions in Engine (United
States)

* 2 Co:kpma titi0 npnIcn001

i':; ITU- umaci ~-off n aa s op-
P0311 0f•l•o k, %' % j. Z'-.oV A/XZ

6Pery'np~ue . . . ca n•p aAoOpe,,aabme 0.O,5-0-7 0,7 10

6OT, . . . . . . . . .. . ., 15 20
91IA A49n ccoGo Tuteaux yca~o-

.lOce.n I . ......... wt--10 4-5 40
cepit 2 .......... .O..... 0,7--10 8-10 t00
cepn-q 3 .. 0.7-1,0 Ao 20 Ao 400

1) Type of oil; 2) additive content; 3) antiox-
idant and anticorrosion, %; 4) detergent; 5)
"mg-mole/kg; 6) re ular; 7) premium; 6) HD for

severe service; 9)HD for especially severe
service ; I0) series; 11) no additives; 12) up
to.

TABLE 14. Characteristics of Imported "Mobil-
guard" Oil

- T1101UPt111'i. !U31-1OCTV. 111111 W~0 H~ II)4t-OCTt 11 11ý 1000 7A

5 ila0 vt'oi o '111C. 10, W: KOII m tti • O t il t l lCa. .l .. .. ... I-wa pcawug

6 % ...M .h,. . .................... 5,2
ý:,k 0 ¢• *O .•o .r K .I .a . . .a .. .. . .. II,••:. • V~ A -.

lt.1rit"1110 )ICT ft r.)OV30 .. . . .. .1 .

"% Up ZOO C. i1 mual . .... .................. .... 4

•) Kinematic viscosity at 1000C sst; 2) kine-
matic viscosity at 50 Go set; 31 ratio of vis-
cosity at 500 to viscosity at 100OC; 4) ash, %;
5) acid number, mg X.OK per . g of oil; 6) car-

8) on lead; 9) on load bronze; 10) thermall oxi-
dation stability, Papok method, at 2500C, min-

. *., utes; 11) allal.ine reaction.
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TABLE 15. SAE Classification f Crankcase Lu-
bricating Oils by Viscosity (United States)

1 ;"9_2 In:Oixocn, mac:ia 111i1 TV.nnpaLypo

--17,8 (00 F)_______ ° C (210" F)

56 A5 - -6 - --6

t W0 1V 307 112 2 W !, ".• 3,8 t,3•---20.W .26. 1"- 3 4. -- --"W20 . .. 8. ,1-• !).I : -

,730• -- (12,(.,5 I 's ", ", .t is ",""40 11 2 1 V.82 2,;52

- ,50 2- ; ., 3,19

Notes. a) The letter W indicates winter grades
of oil; b) the viscosity values given in the
table make it possible to select a domestic lu-
bricating oil that corresponds in viscosity to
an imported oil, as is frequently required un-
der practical conditions when oils are to be
chosen for foreign-made engines for which the
manufacturers normally recommend oils of some

,,'-... given class. Thus, for example, SAE-30 oil,
which is used very frequently for diesel lubri-
"cation, will correspond in viscosity to D-ll or
Do-ll (GOST 8304-54) domestic diesel oils,
which have a kinematic viscosity at 1000 rang-
ing from 10.5 to 12.5 sst.

Q 1) Oil grade, SAE classification; 2) oil vis-
cosity at temperature of; 3) minimum; 4) maxi-

mumn 5) kinematic, sst; 6) relative, 0VU (Eng-• ler).

r..ipending on the conditions under which the oil is used in th:

cngino (degree of supercharging, variations in conditions, fuel Sul-

"fur oontent, etc. ), these oils are classified into series 1, 2, and

3; the specifications stipulate the particular conditions for the mo-

* tor tests that the olls must pass in order to be considered suitable

lox service (see Chapter 3).

Ta•l• 13 sz'hows sample additive contents used with an oil to i:,..ve
'9%

It the properties that permit I.t to be classified in one of the oil

'44
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4.,'" Thus, Type HD series 2 oils., produced'by the English Monsanto Com-

pany contains 0.7% Santolube 493 antioxidant and 9% Monte 613 deter-

gent additive. The series 3 oils include the well-known imported Mo-

bilguard oil.-The additive content of these oils is often raised to

15-20% so that they meet the specifications-for the special motor
1%

Stests which they should pass.

Mobilguard oil is designed to lubricate the cylinders of high-

* power low-speed diesels of the Burmeister and Wain type, which use

heavy sulfur-bearing fuels; they are also used for free-piston gas

generators. This oil is characterized by very high ash content, alka-

'linity, and carbon residue (Table 14) which indicates the high addi-

tive content which reaches roughly 20-25%. The oil has good thermal

stability, good detergent properties, and is able to neutralize the

- action of combustion products from a high-sulfur fuel. At the present

time, similar oils are not being produced in this country.

Foreign oils are also produced for the market in the form of oils

of differing viscosities and carry, in addition to the company names,

5 numbers corresponding to the viscosity in accordance with the SAE

classification.* Winter grades carry the additional letter designation

W. Table 15 shows the classification of oils by viscosity in SAE num-

bers. The basic summer grades are SAE-30 and S7.C.

In addition, so-called "all-season" oils are produced abroad;

they have a flat viscosity curve that ensures engine lubrication under

various temperature conditions. These oils are made by thickening low-

viscosity bases with high-molecular-weight compounds. All-season oils

are given double numbers on the SAE scale, for example, SAE-51W/30.
This means that the given oil has the same high viscosity as SAE-30

oil at high temperatures, while at lo' temperatures, its viscosity

does not exceed the viscosity of SAE-5W winter oil. The results ob-
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S~Fig. 9, Nomogram for viscosity conversion.
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',i•::::viscosity, centipoi~ses; 4)Saybolt-Ftwol

* ':seconds; 5) d~c~rees •ngler; 6)PRadwood
• seconds, No. 1.

"" rtained by using~ t~hickened oils are described in Ohapter, 2.

i~i!}. The relativo viscositio& o.? i~ore!•n oils ar norma!ly expros-s~ed

inr seconds I'or a Saybolt viscosimeter (United States) or• a Redwood

S.,"* viscosimetet (retBitn)

500,

• • A nomoGz'at (F•.9 ca sed to convert kiniematic viseosity to
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-47 2*0

Z*. 100,

100 .

*~t~*.*~S 200.......00 So -. .:*-3* 5' .a. ..

',. ~*.. A .sS~-ss '.4. ~2



4 •Manu-
script

K: Page [Footnotes]
•'" No.

2 K.K. Papok, Problems of Fuel and Oil Quality and Utilization
at the Level of the New Goals. Chemistry and Technology of
Fuels and Oils, 1959, No. 2, page 2.

45 SAE (Society of Automotive Engineers). This is the society* " Qof automobile-industry engineers of the United States.

Manu-
"" script [List of Transliterated Symbols]
Page

"No.

7 = f forsirovaniye = supercharging

"16 n3 pz puaz =poise

S..L.

•,a"

*1%**

I..q

|..

.5%



Chpe

r MZ ILAIIE

FUOINCMOIIO DA EE, RPETE FOLAII

Adiie a e lsiiditoteflo5-4gopo h

bai ftei 4fcs

TAL 16*vralCnuoino 'oo-i d
d ieinUie Sae 7Suad o os

444o

Aditve canpe clasdditived int thea-3 Collowingrt;p onth
basislva at'ain theira andtfectsznS

PAroprties.8 Overa-al osmt1na'Mto-. d

ditwtivsi Un-dlitedp St.ateo Tosa :uitond a6o Teons)ubo

1r fltx up,1~w a- -______ -=

-4ic:. L0 19.5 InI't

e.~x

'4.



tained.

-4. Depressants, or additives lowering the pour point of oils.

5. Antiseizing oil additives designed to lubricate parts sub-

jected to high mechanical loads.

Abroad, and especially in the United States, considerable volumes

are involved in the production and utilization of oil additives. Thus,

in the United States, the production of oil additives during 1960

reached 310.5 thousand tons (Table 16).

Of this amount, about 50% were detergents, about 20% viscosity

additives, and 11% antioxidants.

It should be noted that in other countries oils designed for es-

pecially severe service conditions have additive contents reaching

10-15%, and in isolated cases even more; the average additive content

of all oils produced in the United States is 4-5%.

In connection with the widespread utilization of high-sulfur

fuels in diesel engines, it has become necessary to use additives, and

"primarily those that have good detergent and anticorrosion properties,

i.e., that are able at the same time to neutralize the acid combustion

products of high-sulfur fuels, retard oil-oxidation processes, thus

reducing wear and corrosion and preventing the deposition of carbon

scale and varnish on elements of the engine cylinder-piston system.

Thus oil additives designed to be used in diesel engines runnrng

on high-sulfur fuels are produced industrially in the form of xatlti-

"purpose (complex) additives that possess detergent, antiwear, and an-

-• ticorrosion properties at the same time.

For the most pa:t, the production of multipurpose additives was

set up in the USSR following the war. Such additives are AzN11-4, Az-
NII-Ts.2IM-1, and TsIATX.-339 a"1 ti yes, whose uti'lzaton epreson t

a considerable operational contrbut-on to-increased dor.Stic-oil 1

'.A .%% .% e%*%~~~* .*t'' a co sideabl op r tional ¾. * -. " •,s " . " •• ' .
* i. * .
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At the present time, however, these additives do not completely

z:.tisfy the increasing requirements imposed by the operation of super-

charged diesel engines running on high-sulfur fuel.

In accordance with the requirements of diesel-engine design, sev-

eral new types of additives have been developed, tested, and readied

for production; these additives are known by their numbers: AzNII-7,

VNII NP-360, and M1 IP-22.

Among the Soviet scientists who have made major contributions to

the synthesis and technology of domestic multipurpose oil additives

are A.V. Druzhinina, V.I. Isarulyants, S.E. Kreyn, I.M. Kuliyev, V.N.

14onastyrskiy, and P.I. Sanin.

The efforts of K.K. Papok, N.G. Puchkov, B.V. Losikov, N.I. Cher-

nozhukov, K.S. Ramayya, Ye.G. Semenido, Yu.S. Zaslavskly, and other

investigators have resulted in the further development of oil test me-

thods and advances in the study of the mechanisms by.which additives

act.

TABLE 17. Basic Types of Multipurpose Diesel-
Oil Additives

17 ?i~~~AapuiIpIeloF
ITU? n•icaAh, 2 6,,,Cn1tJxcn 3xe,,a eTp•O• ,ff OciRA,,,,ro

K x1liluloMy 7i'11Y "61EIIanOn eITA Ilpzlca:unlg

8
4 ~ ~ ~ ~ ~ ~ a a)/\11-11A1111

9 11 A VIO-Ba-O
I_____ _L__l-7 y

~'ope~1P;a~ i fiFl Tl 0 nO

i';.• llll lll:11 O S• -- 'I \)-

S•L

SR it

SOoi•alWae~n- i13;]ll 1 I11-360 'RO, /S--fe--S /OR
Jil: .i•,lc ~ 11i ' "! .IA11I 1111-22 i

i I ~7 rr.l,.na a, Za
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TABLE 17 (Continued)

;Cy~�uou•am o 16 (AnIIIII-i') rI-So,-o-Mv-.I. ISnplsca n M7IIC-19""p3C: 1 18 lCB-!9 R--SO.-O--Mc-O--SO--R
1HCr-3

19 inr-tO2 me ra (c,-=f, Ca

i) Type of additive; 2) additive designations
for given type; 3) structural diagram of basic
additive component; 4) alkylphenol additives;
"5) phosphorus-Qontaining additives; 6) sulfo-
nate additives; 7) where; 8) AzNII-TsIATIM-!;
9) TsIATIM-339; 10) AzNII-7; 11) VNII NP-371;
12) BFM-l; 13) VNII NP- 60; 14) MI IP-22; 15)
DF-J; 16) (AzN i-4); 17) PMS-19; 18) SB-3; 19)
NG-102.

Many scientific research institutes, petroleum refineries, die-

sel-manufacturing plants, and organizations operating engines have

participated in motor tests of new grades of oils and of additives,

and in their introduction into industry and application.

There are two approaches to the synthesis of multipurpose oil ad-

ditives: the creation of additives consisting basically of a single

,. chemical compound that posseF.'ses various functional properties, and

be, , the development of multicomponent blended additives in which the prop-

•. erties of one component compensate for inadequate properties of ano-

* ther.

The TsIATIM-339, AzNII-7, INI-.22, etc., additives are of the

first type.

The second group includes the blended additives that are so com-

,mon at present and which are mixtures of two components, for example,

"the V, !I i$-360, AzNZi-S .dditives , and others. If certain required

properties alr poorly reproeented in a given multipurpose additive, a

blended additive 's foumilated; here the inadequate propertico of or-

cono aiv- con ~ei by 1h4 addl ton of another component to the

1"'or i7A :mtiv -

* ~Z~4 ~ ~4tJ~ *a i~vc is a m•ixture Of V~q\II

.t .* ..
'. * .% '*•.'• :. C A* ~ ) ~ . . *. ** . ' * .***

* .'-_ .z5•



350 detergent component (barium alkyl phenolate) and a component con-

Z si-sting of VNII 'NP-354 (zinc dialkylphenyi dithiophosphate), which has

good neutralizing and antiwear properties.

In addition, several experimental additive types have been de-

valoped, which have been assgned the numbers DY-1, PMS-19, 8B-3, VFIK-

1, VNII NP-370, MDS, ZIT, etc.; they have been mixed with various an-

tioxidants. Many of these additives have undergone laboratory and

bench tests, and are presently being introduced on an industrial basis.

Viscosity additives and depressa'ats, whose use is dictated not by

S engine combustion intensity or fuel quality, but by base-oil proper-

ties and climatic operating conditions, are prcduced as additives with

a specific function.

4 !'IMultipurpose oil additives may be classified on the basis of

structure into the following main groups.

L. Alkylphenol additives.

2. Phosphorus- containing additives.

3. Sulfonate additives.

"4. Blended additives and others.

*Table 17 shows the structure of the basic additive types.

"Alkyh hnol additives (TsIATII-339, AzNII-7) are presently th.:
S ma in additive types. They are sulfurized barium or calcium allqlpheno-

D . ates.

"""TsIATIyr-339 adVtlve is manufactued by -eacting an allql-

phenol w Ith suf,,r monochlorida:

). nu li t""

-,,,tX u.ng dising tri.atd wi th barium hyd.roxide :

.** -52-



01i OH O-Ba-0O

I..,+ Ba (011 -0
'-S-S-'rI. / .\/\/ \

R R R

1 IATI(-339)

1) Barium disulfide dialkylpheno-
late (TsIATIM-359 additive).

where R is a hydrocarbon radical (alkyl) with 8 to 12 carbon atoms.ý

The TsIATIM-339 and AzNII-7 alkylphenol additives differ in

structure in the length of the hydrocarbon chain in the radical (RI

and in the position of the sulfur atom, owing to differences in thA
processes used to produce the additives [25). Duing manufacture o

'.': AzNII-7 additive, the phenol is first alkylated with sulfurized al'

kene hydrocarbons; as a result, the sulfur is located in the side iad-

icals R. The structure of AzNII-7 additive is as follows [251

O-Ba-O

I. 'I,',, ~~R--CH2 s-

C--S-CHI I
R R

The structural formulas given in Table 17 show only the struc-'

tural diagrams of the basi.c additive component, as an example. Corrzer-.

cial multipurpose additives very frequently are mixtures of several

cokponents whose structure does not alwayz correspond to the specific
*',• stoichiometric proportions. Thus, for ex-mapi, TsIATiL-339 commercial

* additivre is made up of a sulfur-containing alk'i,1henol (up to 23%),

sulfur-containing barium alkylphenolate (up to 25%), and about 50%

A spindle oil, vsed as a tlhinner, and certain other admix-,uros

The so-called completely substituted TsiATX-339p additive (wl."th.

*-,S'- 53
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I. 100% substitution of baium for the hydroxyl hydrogen) has somewhat100 ss i of "

better detergent and anticorrosion properties.

Another type of alkylphenol additive that has recently been de-

• • ' veloped is obtained by condensation of alkylphenols with formaldehyde,

followed by saponification of the condensation product with barium or

A !'i calcium hydroxide (BFK-l, VNII NP-370, VNII NP-371 additives) in ac-

cordance with the following diagram

OHI ON OH O-3a-O

V ~~~21)c~oj I
S.1 U lR R

* As with the alkylphenols, the alkyl phenolates are capable of en-

tering into exchange reactions in the presence of even weak orgarndc

acids; they combine with the acid in the form of the correspondin&

salt in accordance with the following diagram:

-IICOO I ÷ncooI
""" ~**a II

The deterZ;,nt properties of allqjlphenol additives (14] lead to:

a) noutralization of the acid products that form in the oil ý-z

Ins its cxiCdation or as a result of the action of combustion proca.,,;;s

a~ Ž -s~ul!uxk fuel;

12 orea.zed solubility o,' Kt-alt-tar materia.ls that, foz Iir Zýe.

Ai; they are prev oted froma c a;latinZ (dispoersns action of th.e .4-
4 S "4 di-A e)

a .-. the bn"! S TL•T-,.- 339 ad e Is bar=um lphno-
W.t wc I)Z, w .h ikparta =%te, zin zd noutralizin propert~es to the

SThus, A. =y b& used as a detergent coroncn it.

aotlr ad ive, aao= are introduced int o tho a :-

-54 -



molecule in order to impart anticorrosion properties, i.e., to create

a multipurpose additi"'-..

The oils produced by the petroleum industry normally contain

TsIATIM-339 additive. According to the data of N.G. Puchkov and hi6

associates [37] when the fuel sulfur content exceeds 1.0%, it is d6-

sirable to increase the content of TsIATIM-339 additive to 5%; a ftr-

ther increase in additive concentration, however, does not produce a

proportional decrease in engine wear, and does not make it possible

to obtain the values reached when the engine is run on a low-sulfuV

fuel (see Fig. 26).

Phosphorus-containing additives. These additives include the

VNII NP-360, MI IP-22, DF-l, and other additives. These additives:

are based on alkyl- or aryldithiophosphates, i.e., salts of esters of

dithiophosphoric acid or mixtures of compounds of this type with other

components.

As we have already mentioned, VNII NP-360 additive is a mixturb

of components: VNII NP-350 (barium alkyl phenolate) and VNII NP-354

-i (a zinc -al of dialkylphenyldithiophosphoric acid)

R/ \O--la--O- R+ (RO:) P$--Zu-SSP (OR):

The VNII NP-354 component is obtained by reacting aillglphenol.

with phosphoruz pentasulfbde and then ref4 lnS the resulting c2ialkyl-

phenrs,!dithiophosphoýic acid and obt'ainig its zinc salt. It may bc as-

.umd 4hat the synthesis reaction :or this additive follows the fol-

lowins Scho•

*Ito/ k,6,O\ 4S10|.:I)=,2.• tlO\ / M45 OIon

".'i ~~ ~ 1 /sit o(11:.-|

P 
SI o

O *o,4S ro/Ns \\o

S- 555 -



. t.hre R, is an. alkyl.-or:aryl radical.

The negative factor in the production of phorphorus-containing

S additives is the fact that phosphorus pentasulfide is a somewhat

scarce material; at present, this limits any broad-scale commercial,

produotion of additives of this type: £38].

The VNII NP-360 additive has good detergent and antLwear proper-

ties.

The MNI IP-22 additive is calcium salt of dithiophosphoric acid

"diester of similar structure.

Additives of the D? type (dialkyldithiophosphates) are also or-

ganophosphorus compounds and differ from the VNII NP-354 component in

the length of the hydrocarbon chain in. the radical R, and in- the pro-

duction technology [40].

Sulfonate additives take the form of barium or calcium salts of
* a .
* '' sualfo acids, obtained by sulfurizing petroleum fractions. Metal su:lo-

nates may have the following stracture

RO-SO2-O\ OR"":"11 or= so:(O

r':O-SO--O/ <O--o--OH

In addition, sulfonates are !Nrown that contain a considerably

,.aater amount of metal than is provided for by the stoichiometr.Ic

proportions in aenordance with the formulas Civen.

in .any cases, the metal content may be 8-10 times that r.qu:rod

* * from tha stoichlomatrio relationsips.

Suah sulforate additives. w~tich are characterized by high ash con-

toent, are called iutia'h. "

yv e P'.- 19 ulltlash additive As a calcium sul.Conate with an -ah

V .torn of about -9 It la mnufaeturad on the basis of sulfo aO1ZiS

4 n:d. f•rom ýa hidh-sulftr crude (As-5 XC NX"Z o-i) by sulfurizirng to-
,it. Lrth conce nt.ated sulftw..rc acid, rumninG sulfuric acid,•m or z2-t

*. .a. .w

*t2t



eous S02, followed by treatment Wiith calcium oxide [2].

A similar additive, made by the Yaroslavlt petroleum refinery,

using perfume-oil wastes has been given the designation PMS-Ya.

The NG-102 additive also is a calcium sulfonate, and differs from

PXS-19 additive in the production technology used.

The SB-3 additive is a barium sulfonate based on sulfo acid ob-

tained by sulfurization of D-11 diesel oil.

Recently, blended additives have come to be formulated; they are

"* made up of additives of differing structures.

Thus, for example, NG-102u (improved) additive is made by blend-

ing 90% NG-102 sulfonate additive with 10% VINII NP-370 alkylphenol ad-

"ditive.

.. The VNIINP-362 additive consists of a mixture of the sulfonate

S ~i PMS-19 with barium alkyl phenolate in 1:1 proportions.
*J ,-

In addition to the types of additives listed above, which contain

barium, calcium, zinc, or some other metal, there are also the well-

known "ashless additives," which do not contain metals, but are based

on products of the polymerization of esters of polyatomic alcohols and

derivative alkylamines. Thus, for example, according to foreign data

(23] good detergent and antiwear qualities are characteristic of the

copolymer of lauryl methacrylate and diethylamino ethylmethacrylate,

which has the following structure

4.,.

57 7
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S~TaBle :3 lists the muitipurpose die~el-oli additive produced by

• .. ,. domestic industry, as well -•a certain experimental versions.

. -5.7.
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:::: not.,exceed 36% of~ the total motor-oil production, at th-e present time,,
it amounts to at least 50%4 and by 1965 nearly all motor oils will be

produced with additives for various purposes.

Table 19 gives the basic characteristics of commercial additives

. ~ in accordance with data from state standards for current technical

specifications.

*Some characteristics of foreign oils with additives and charac-

.1~ teristics of the additives themselves are given in Tables 20 and 21.

TABLE 18. Most Important Commercial and Exper-
imental Multipurpose Diesel-Oil Additives

Ii1zlluelzwnaline (wUjIp) Ociioning~ x.1paicrTP'p - OT~1Ntonw 0 fl011tX.UUJWU1-IP 2 CT11a I0'M nzIuiYCHO IIPIICIA~f

A3U11II-4 Cyju,ý=Taxa upti- TV' a17-53 (cmam o

7 AaH1i111-UVIATflM-i 8 Aa~n#eLao~nLuaa npa- 9 Bmycicaeuc npo-
jVIAN C BUC .IUU alIT1- vimacuuor.Thwo rocTO

noppo30normau cilofi- 7189-54
* c~Una~m. II pO~naunuae

*~iu n ai: )U aziocep~licTux

10 Aa1IlH1-19UATI1M-1ý. 120110TRO P1a-To ~. no BTY 37-54

*Cepu. .ela amn
-tan ;m~ellu M-504, pa-
6omioiqux na mazocop-

.9.. HUCTUX TOUZUB&x

13 lW JIATi!M-M3 ý.l f~lpncoaA), upgaa L5To ate uo rocT

.9 * I IX C CO P.-NAUU"M COPM

.16 To ate%

.. ~~~~~~~~ 9 ? 1 1 1 1 l O ~ c ~ d o u f To w i?, no BTY iin

176

20 YIt1 flU- j To we To *o. no BTY 111
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TABLE 18 (Continued)

22 -1.TIC nmc-iq rimeaire npncaA- 4~ onxTEmi.n3TZ
• •:,,-/,:•"!- - " CB-3 XR 0 BUCOXW-ta M0M101-

2225"Hr-io2y yorlo•na~m

2 i-0y2 6Cm.eess n~nnw.201*O o~paaizu L"BHHH 1111-362 0c ajnuiaeuonAbnW= npz-
caAIaMli

a) Designation (number) of additive; 2) basic
characteristics; 3) comments on commercial
production of additives; 4) AzNII-4; 5) sul-
ffonate additive; 6) TU 347-53 (removed from
"production); 7) AzNII-TsIATIM-1; 8) alkylphe-
nol additive with good anticorrosion proper-
ties. Designed for diesels running on low-sul-
"ffur fuel; 9) produced by industry in accbrd-.
ance with GOST 7189-54; 10) AzNII-TsIATIM-If;
11) differs from AzNII-TsIATIM-1 additive in
lower sulfur content. Designed for M-50f die-
sel engines, running on low-sulfur fuel; 12
the same, in accordance with VTU 371-54; 13
TsIATIM-339; 14) additive designed for diesels
running on fuels containing up to 1.0% sulfur;
15) the same, in accordance with GOST 8312-57;
16) the sane; 17) VNII NP 360; 18) mixture of
al.kylphenol and organophosphorus additives;
19) the same, in accordance with VTU NP 31-59;
20) MNI IP-22; 21) the same, in accordance
with VTU NP 32-59; 22) PMS-19, PMSYa, SB-3,
NG-102; 23) sulfonate additives with good de-
tergent properties; 24) experimental batches;
"25) NG-102u, VNII NP-362; 26) mixtures of sul-
fonates with alkylphenol additives.

! .The English "Anglomol" Company produces several oil additives un-

"der the name "concentrates." The "concentrate 612" additive has good

"detergent pt-operties, while concentrates 609 and 1060 improve the an-

ticorrosion properties and the strength of the oil film. When 6.5% of

concentrate 612" additive is introduced into an oil, the resulting

oil will correspond in quality to a "series 2" product.

The "Monsanto" Co•ipany produces the Santolube, Santopure and San-

todex additivos, and others, used to improve various oil properties.

Foreign multipurpos3 additives of the Paranox type are widely

* lknown*

V. " The composition, proparties, and production technology involved
""..- -

,r. - . • . ., .J ' * . - • .. ' ' .: , . ' . • T o • • '," . o . . J . ' j . • . ,. ,J • , "• -. -• -. : . - V '. . " ". " ., " - . " * °



',' TABL4E 19. Basic Characteristics of Multipur-
pose; Additives Produced by Domestic Industry

2% 3 4

iLO

P0 C. -.4

6 B q uJ o n xi m a x a m ~ec x a s
rn,, 100 C, cmn, .. ... 32-60 15 13-17 17-20

"3 o�3 c-, % ...... 4,0-5,5 8,5 13,5-16,0 10
"aparl, %, -e ueee . . 2,0 4,7 7,8-9 4

""e"'..Cepa, %. ........ 3,0-4,5 4,0-5,5 1,4-2,0 5-6
p, . 0.8% ,7
%• ........ -. 0,7-0,90 -

S4m. n n .e.o ..u ....... 0 Tcane __onnax peafizK . oppoauJnOCc, 0u IIHn-
'eozn'y, 6awouoro mac.ia
-MT-16 c 3% npuca~m sa
"nnacammax na cnnuza,
OAS se 6onee.... .. . . 6...0 1510 - (C 4,5%

14 o•iMoe CDOACTMa Uo lie-

,ony 1SB 6amo3oro acana
• ..', MT-16 c 3% npucamxu a

".ajzax, no 3oao........3,0 1,5 (C 5% (C 4.5%
-plca..lKa) U pItcaA z)i.7

1) Characteristic; 2) AJzNII-TsIATIM-1, GOST 7189-54; 3) TsIATII-3.9,
GOST 8312-57; 4) VNII NP-360;oVTU NP31-59; 5) MNI IP-22, VTU NP32-59;
6) kinematic viscosity at 100 0, sst; 7) ash, %; 8) barium, %, no !oas
"than; 9) sulfur, %; 10) phosphorus, %; 11) zinc, %; 12) water-soluble
acids and alkalies; 13) corrosion,2 Pinkevich method, 2T-16 base oil
with 3p additive, lead plates, g/i , no more than; 14) detergent prop-
erties, PZV method, 14T-16 base oil with 3% additive, arbitrary units,
no more than; 15) none; 16) alkali reaction; 17) with 4.5% additive;
18) with 5% additive.

TABLE 20. Some Physicochemical Properties of
"Fore"gn Series 2 Oils

2 MJMA~ COPU" 2

Tu A ID

H m . omo . ..% ... . ................ 3,5 :,5
"-l on.uoa, % ........... ........ . 2,9 21

",, .. ..p . . ..

•~~ ~ ... .. .1 .o t g ... .... .. ..
. . .1 . . ..• •. -0.

Pi" ii avt'y, lO) series, 21 ,oil; or r
,.... - 60

0- N

O. G Li1±ni~ty, mng KOHi pe,-'- 1 g of oil; 7)content, %,of":; 8) rz
calcium; 10) sulfur; 11) phosphor1Us.

-60 -
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K -TABLE 21. Properties of Additives Produced by
,ATglomol It Company

609 J 612 1 060

T Ammei sec npn t5,61 C 1,t 1,09 114
,9,0 26,5 9,05B iimcb 98.91 C, cam......5 Co•eppaune, %:

6apun. ......... 0A 0
.... ....... 8.1 ,3 83

'9~cepm .. . ............... 1610 3,5 0,
9 4pa .. . ...... 7,7 1,7 8,0.

1) Characteristic; 2) concentrates; 3) 8pecific
gravity at 15.60c; 4) viscosity at 98.9 C sst;
5) content, %, of:; 6) barium; 7) zinc; 8) sul-
fur; 9) phosphorus.

in foreign oil additives form the subject matter for a manifold patent

literature (13].

OPERATING MECHANISM OF MULTIPURPOSE OIL ADDITIVES

The protective mechwiisms of anticorrosion additives and antioxi-

dants may differ, depending on the structure and properties of the ad-

ditive, and basically involve the following:

a) the formation of a protective film on the metal, which pre-

vents corrosive agents from penetrating;

b) retardation of the oil-oxidation process and reduction of oxi-

dation products;

C) neutralization of acid oil-oxidation products and fuel combus-

tion products. .

The various sulfur and organophosphorus Compounds hzve the •oat-

est tendency to form strong protective fiMms on lead and Its alloys.,

As we have already mentioned, oils made from hig.-suIfur crades

%. are less corrosive than oils from, low-sul!-ur crud-*s. Fe.•e the Sulfur:- .

compoundt in the petroleuo act as rztural additives that 'orm a pro-'

tective sufltde 11l1 on the zetal sface. The antcorrosive action o.

.,.natumal su.1ur oogpounds prove inadcequate, howev,.r, in csoarion

6- . --



avg 2 with the effect veness of sulfur-containing additives, such as the Az-

N.II-TsIATII4-1, AzNIL-7, etc., additives of the sulfides of barium di-
a'lkyiphenolates type.

a-at, .n.

1.0

4.

enie.prtiat1.-1 ise i

Rig.ou a0.iEffet of adtivesam oncr

TsIATIM-339 additive;. 3) the same +
+ 3%S AzNII1-TSIATDMe1 additive; 4)
corrosion of lead,, g/mý .5) engine
operation, hours.

flarinnrp allcylphonolate(A) is a detergent cooxponent inclddi

n:ay cnypi.an additives. The sulfur ±ntroduced into the AXfl uoleou>a is

pxneyactive-, and reactz with the zatal to Itorm a rather atorcO
'SUlti:dc fillm t~hat protcectz the4 =ctal agan~st corrosiveregotuz

mzaant__ alairuý Its. Integrit.4y dAt&l'rZ4 ~ho prcez ofIW*WApmt

- Thusý, introductiCon. ot, sull~w Into the An moleate'ule iwirta now

;ipatios to it,, and =W~cz tlle, alidt,,:vet a. aiftipurposew substance s~uch

T4" r% "e al%344*lt4 0 r bO'a*'na.,1n xta t rOlodloy 10.'*a

&,hAraoteristlc da'k4Wrc~t1 o0.or, QW.I to theL CtOtwA-On of 1theU,% ppot*Cr-
afe byhv aA

4 '
r ! n01'avwae .tk U.



fur-containing additives.

.. gure 10 shows the effect of additives on the change in corro-

sivenes.s of D-l diesel oil during engine operation.

Oil corrosiveness is determined in a

Pinkevich apparatus from the loss in weight of

lead strips. As the graph shows, the corro.

siveness of oils without additives increases

with the length of time that the engine oper-

J2 •'ates.

4, For oils with the effective AzNII-TsIAkI-

,M-1 anticorrosion additive, coxrosiveness 4e-

51- mained very low over the entire test perioa.

S6 The TsIATIM-339 alkali additive provea

somewhat less effective, which may be due to
120 140 Tog 10• 0 200
7 , the lower strength of the protective film a.nd

Fig. 11. Corrosive- the fact that the additive has less effect .on
ness of DS-I1 oil
with various addi- neutralization of acid products, and on thd
tives as a function
of temperature. 1) dispersing effect.

iDS-11 oil with no
additive; 2) the As we kno;, oil corrosiveness rises with
same, TsIATIM-339
additive; 3) the temperature. As Ramayya has shown, a bend in
same., VNII NP-60
additive; 4) the the curve occurs at certain temperatures. This
same, PDS-19 addi-
tive; 5) the same, is true of both base oils and oils with addi-
AzNII-7 additive;6) Pinkevich corro- tives, and may be explained by the variation

sion, g/m2 ; 7) tem-
perature, 0C. in the molecular structure of the oils and ad-

ditives at the beginning of thermal decomposition. Aigure 11, due to

V.S. Demchenko, shows the way in which corrosion (by the Pinkevich me-

thod) depends on temperature for oils with various additives. It fol-

lows from the nature of the curves that the anticorrosion effective-

ness of additives does iot change in the same way with temnperature.
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Thus, for example, while at the standard determination temperature of

;:7 140 0 C, an oil wi'th PMS-19 additive has less corrosiveness than with

"-. AzNII-7 additive' at higher temperatures, the picture is Just the. ,op-

V posite.

AJlkyJlphenols possess antioxidant properties that retard the oxi-

dation rate for hydrocarbon oils.

The best antioxidant properties are shown by the so-called

"shielded" phenols, i.e., phenols having alkyl groups attached at the

carbon atoms of the benzene ring [20]. The "shielded" phenols include

the well-known antioxidant Ionol (2,6-dibutyl-4-metivphenol), which

has the structure

OH

(CH3)3C- -C(CU 3)3

"a.CICH 3

"The organophosphorus compounds contain as antioxidant components
(WIII NP-353j AN-22) in the multipurpose VNII NP-360, MI IP-22, .,

additives are good antioxidants. The antioxidants also include v.rous

amines and thei-r derivatives (50].

Sulfonates have somewhat poorer antioxidant properties, and thus

-It is recommended that organophosphoxus components be introduced into

asulfonate additiveZ as antioxidants.

- Saverla investigators [17, 56b] have shown that there is a U%*nt

cornection between the ability o? alkmli additives to decrease coro-

sive wear and thoir ability to pevent the formation of deposits on

-• .en..ne parts. This is ekplained by the fact that the ashes that form

On oil oxidation and fuel combustion not only cause corrosion, but

also either act az the basic products that form deposits, ox elzs ho.p

S. to incra:se the amount and strensth of these deposits.

6 4
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Thus, the alkali properties 0'" &Wci4ives play a large role in de-

creasing corrosive wear and the amo~nt of varnish and carbon deposits,

especially where sulfur-beamring Ifuels are used.

Figure 12 gives some results from an investigation into the- effect

., - of additive concentration on wear rate, carried out by Yu. S. Zaslar-
skiy, G.I. Shor, and V.N. Monastyrskly [17], using an apparatus wih

radioactive rubbing parts.

In these experiments, vapors of acetic or sulfuric acid were 4p-

plied to the friction surfaces. As a result, the rate of wear, cheiked

by means of the radioactivity of the oil under study., rose sharplyt.

Depending on the amount of additive introduced, more or less

"long-term retardation of the wear rate was observed, followed by a.

sharp rise, commencing after the alkali additive had been used, in

neutral-zing the acid.

"The neutralizing action of alkylphenols is greater than that 4f

the corresponding sulfates, which is explained by the weak bond of-the

metal in the alkylphenol molecule, and its tendency to dissociate 4n

the presence of acids.

An oil with an additive retains its alkali properties until ail

4 ,,of the. additive's alkali component has been used up in neutralizing

. ".. the acids formed. Thus, the ability of an oil to retain the alkali re-

":" 6 •i7--

I. for. 12. Effect of neutralizin,-odditive concentration on the f fec-

• •tivene*,.q with which corrosive wear is retart.ed. 1) AS-9. 5 oi!, no a;.-

a6 -r•,

~ .4i .. '

S. . . ... ..... . ... • . •; . ,•, • , •,,•, . . . ,,.:.•:. .- • ,,'o.-......-,..,.. ,.. -....- ,... .•-••.,.-." -". :.-,.



22 ditive; 2) the same + 1. 5% soditum disulfide alkylphenolate; 3) the
&&. same + 3% of the same additive; 4) the same + 6% of the same additive;
5) the same + 9% of the same additive; 6) radioactivity of oil, counts
per mn; 7) application of acid vapors; ) duration of experiment,;'• "J ':':'hc z'rs..4.

action decreases wear and reduces

-. the amount of deposits on the pis-

" :";" - ton, and this is especially eviden.t

L . when an engine is operated on a

fuel with a high sulfur content.
120

Figure 13 shows the results

* • • obtained by Kendall (52]; he stu-

. .. .died piston-ring wear in a Gardner

"engine operating on fuels with va-

rious sulfur contents and oils with

"4 various alkali-additive concentra-

"tions.

v.5 e , tu u . As we can see from the nature
.: .,' k -, of the curves, high alkalinity ha s

- -" b- , ig. 13. Wear on piston ring
"A& 13. Wer n pisOol a init very little effect on wear redtic-",•:. •\" as Iýunotion of oil alkalinity

at end of 'est, en ine oper- t-on when an engia uses a low-sul-
fsting on fuels with various

.*=: * . sulfur contents. I) Content fr fuel, but it is extremely ef-
S 0.2%; 2) the same, S -

• .- O; 3) the zem., S- = 2.0%; fective where the fuel sulfur con-
4-) ji•,,to.-rins wear, mg; 5)
acid a!Xa-ii.ty at end of tent is 1.0 and 2.0%.
to3t, arbitrary units.

Hoy ingen-Huen and others (56]

have also indicated that there is no relationahip between oil almalin-

- IIty and wear and piston fouling when a low-sulfur fuel is used.

. echani.m ef detergent-additive action. We should first note that

•ho mechanism by which a detergent additive acts has not been studied
u. , ently, and the available experimental material only ermit•

cortaln assunptions as to t.e essence of this procass.

". -66 -
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Denison and Kavii [I1], and other investigators [59] have used an

Selectron microscope to study the change in oil structure occurring

during engine operation; they found that fresh oil represents a highly

dispersed system in which very fine insoluble particles of tarry prod-

ucts form and consolidate with increasing length of engine operation.

"4'These particles are converted into larger aggregates (micelles), owirn

to the confluence of fine particles. This is the way in which carbon

. -particles form; these particles, adhering to engine parts, lead to

fouling. Figure 14 shows electron microphotographs of used oil with

various periods of engine operation.

The purpose of a detergent additive is to prevent the consolida-

tion of carbon particles and the formation of deposits, keeping the

particles in the finely-dispersed state, suspended in the oil.

14. 44. 4i

* -

S. '?: 4 .' . .. +, ,

Frfs oil ,+; o." afte 5 hor of an,1n op-I.,' a.- 40 h.. I-
A l t x. . does not S "+ aon • a s,,n but

67 -

I *-- .. 4.

+rs ol ) ±. +e 5 ho.r of engine p-
* {••,+ et.n 3) th. se• aI'tr 15hous; 4 th

* .,z~, atr4 or;5 . .... -
,S-... <. ,. +

" &: Jh'n oil with ani addi ti~ve droes not represent a true solution, but

r . ather a certain colloidal system in which the additive isd• pre

} ;•in the forzm of' miclies containing a large number Of~ zolecules.

- 6?

* t "+., *t'- .- _++¢:4 <•x: 4i :.* 44544 -, +..' ;..;.;,.+++,::.::•:h v+...•• .:,:.::<-:--++-.-:-:+•:.+

.*t- * *.' -**.... 4-*44 ,. *a *44 *'444+,44.4+4,,44,4• *.***,*,* *



The additive, which is a polar-active substance, is easily ad-

sorbed both on the surface of the metal and on the insoluble oxidation-

,.1- product particles dispersed in the oil. In this case, the additive par-

:-'A-

G2- --- CI\

Fig. 15. Dispersing action of deter-
gent additives. 1) M1olecule of gum-
forming compound; 2) molecule of de-
tergent additive; 3) micelle con-
sisting of gum-forming-compound mol-

.v..4 ecules surrounded by molecules of
V2 detergent additive.

. ticles surround the consolidating micelles of carbon, preventing tbnm

""raom getting_ l..c:• and entering the engine parts. Thus., the dispersed

.- carbon particles rW. ain in the oil and are gradually removed froM it

wheAOn the oil passes through oil filters or centrifues.

F"._re 15 shois a conventional dia•,am illustratinS .he dispers-

S !inS et,.faet of a detergent additive.
•-•' This representation of the detergent-additive mechanism makes It

*. under-tandabie that there-, maust be ao=ý. cmnation of part of the ad.-

• di-U* y ue both to adsorption by natal nurfaces and to eliminatIon. ol

'tha ad&%t.. ve toeather wtith ozibon by the oil .l tors.4..

Cacrvatona have shown thtat the &--eatest rate of engine depo3sat

-68 -
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formation coincides with the period in which most of the additive has

been eliminated and carbon particles are consolidating in the oil.

"%1 It should be noted that the effectiveness of additives depends to

some degree on the chemical composition of the base oil. According to

data of A.V. Druzhinina [13] the naphthene-paraffin hydrocarbons are

most sensitive to the action of additives.

VISCOSITY ADDITIVES AND DEPRESSANTS

Low-viscosity oils have a flatter curve for the viscosity-temper-

ature relationship. If a low-viscosity liquid contains a dissolved

substance whose molecular weight is considerably greater than the

molecular weight of the solvent, the viscosity will be raised and at

Sthe same time the flatness of the viscosity-temperature curve will be

retained.

Thus, various high-molecular-weight products of hydrocarbon poly-

merIzation may be used as additives in order to obtain thickened oils.

It should be noted that viscosity additives do not in themselves

improve the flatness of the viscosity-temperature curve, whose natir

is determined completely by the base oil. Utilization of viscosity ad-

" ditives, hc.;ever, makes it possible to obtain thick oils whose viscos-

. ity-temperature properties are very nearly the same as those of the
-base oil, a.d the viscosity of such oil at low temperatures will be

considerably below that of ordinary oils having equal viscosity at

3.000C.

In 1939, S. S. Nametkin aund .G. kadenko obtained an additive,

which they called &aperol.

.Spprol 1s a polyiobutylene with a molecular weight or 24,C0O,

-- i.e., the izobutyline polyzrization product has the structure
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CH31 C3 C&H5

* C 3  C . CRf3

Another polymer additive is Vinipol, obtained by 14F. &hostakov-

s* y by polymerization of vinyl-n-butyl ether.

A well-known foreign additive is Paraton(e )., which i. a solution

of pure polyisobutylene (with molecular weight of 30.,000) in oil.

*' Recently, methacrylate viscosity additives have become common;

they take the form of polymers of methacrylic acid esters and high-

molecular-weight alcohols. In the United States, 50% of all viscosity

additives are made up of methacrylic and. acrylic esters [28].

Certain polymethacrylates, also called acrylolds in the forelmn

. literature, are used to thicken oils, and also are able to lower t.e

oil pour point, i.e., they are depressants.
.',4*.

-.'"Other additives that improve viscosity properties and reduce the

pour point are the voltolized oils (voltols), which are obtained when

an electrical glow discharge acts on an oil.

It is assumed that during voltolization, the high-frequency al-

.ternatine current causes polymerization processes to occur,, and tha

h-a&h-molecular.-we!ght products obtained change the viscosity propr-

ties -of an oil upon addition. Voltols alzo imrve the oiliness and

oxidation stability, but do not i 0prove the anticorroslon or dete:-,ent

,-.• p:.' •,- of an oil.

The thickelmAng ef.ect pmoducod by ,an additive conristins of hish-

nu!ecula.r-weight compounds dpornds on the concentration of the ad&!.-

St.ve, .thae molecular weight of the polyr.zjr and on the properties of

-- 6 t•' base-oil - the solvent.

i, has- bee-n establishad in pra.ctice that a molecular welght of

5,w00,5, ,003 is optlm• for th. polyroears used as viscosity additivas.

70 -
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TABLE 22. Viscosity-Temperature Properties of
"t"Avtol" Motor Oils (from Data of Ye. G. Semen-

9 ido)

1 Te-epa ypa, 2 BRsOC 1(neMa~nmec2a,

.AK-t0o. I 3AC-5 _AH3U-10
150 3,5 2,5 4,0
125 5,5 3,7 6,0
t00 10,4 7,1 10,0

S50 72 48 45,0
0 5625 2050 1091

-5 H1358 3600 1748
-10 7049 288M
-20 33800 20408

l) Temperature. C; 2) kinematic viscosity,I ss• 3) ~As-5; 4) AZ-O

Polymers with molecular weights greater than 30,000 do not have

adequate thermal or mechanical stability, and find almost no applica-

tion as motor-oil additives.

Thickened oils. Thickened olls, which have a flat viscosity-tem-

perature curve, have been created as a result of the need for an oil

that retains sufficient mobility to ensure easy engine starting at low

temperatures while having sufficiently high viscosity in positive-tem-

"* perature regions.

LEcamles of such oils are "Avtol" motor oils AKZp-6 and AKZp-IO

(GOST 1862-57), thickened with polyisobutylene of molecular weight

. 15,000-25,000, and NT-!4p oil (see Fig. 3).

Petroleum distillatas with viscosities at 1000 C not exceeding;

4 sst are used as the loa-viscosity bases for thickened oils; they

have a restricted fractional cokoosition. According to data of Ye.G.

Somenido [411, a base for tilckened diesel oils should contain no more

than 5% of traetions dlistilllnr at 3200,p ftlh n rcieeia

rates the possibility of o"- evao^-a'--on in the -1 ire circun lating.

system

It Is clear from Tablc 22 that AZp-!0 thickeated oil correspondz
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in viscosity at l00.C to summer AK-1O motor oil, while at 00, it has a

viscosity that 's considerably less than ordinary AS-5 winter oil.

In other countries, thickened oils are called ail-purpose (multi-

grad) or all-weather oils, and they are assigned a double number in

the SAE classification.

Thus, for example, SAE-10W/30 all-weather oil corresponds to SPLE-

1OW winter oil in its low-temperature viscosity, while its viscosity

at 100'C lies in the range corresponding to SAE-30 oil.

I.,

Fig. 16. Nature of piston-ring
wear in-automobile engine lubri-
"cated with ordinary (1) and
thickened (2) oils. a) Road-test

Swear; b) starting wear. 1) Wear;
2) length of run.

The advantages of thickened oils lie pri-

marily in the improvement of starting chayrac-

&.1 -teristicz. Utilization of MT-l4p thickened

V" oil amkes it possible to start a cold diesel

!ngina (provided the fuel in the cylinders ig-

.ntes) to temoipatures of .320.

.P. 17. Efect of !'otor tests with a GAZ-51 automotive en-
ILL"£ P deptvasant on
901ur point o0f AK-6 Gina, car.ied out by N.G. Puahkov [35] at low
o .1u obtained x

,.'7 v7'ous orauds. I tepperature, yildd ttz Collowing limiting

,.vr co~ena- tpc atuos at which It is possible to tuin

the ensý,Po over with the starter in order to

.stat the onQane when various olls aze used:
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SAvtol 6,, distillate ............................. . 16 -17°

KIN. P~~vtol 4, di t l a e ............................. . 21, -2

Ariel 6, thickened ............................. . -24, -25°

Avtol. 4, thickened ........................... -28, -30°

As we know, the wear on rubbing parts is greatest when a cold en-

gine is started and the oil &;xpply is inadequate owing to the high

viscosity of the oil at low temperatures.

Thickened oils, which have a considerable lower viscosity at low

temperatures, provide a better supply of oil to all rubbing parts

during starting of an engine, and result in less wear.

Figure 16 shows the results of continuous observations of the

rate of wear of piston rings in an automobile engine; the tests were

carried out by English investigators using a radioactive-isotope me-

thod [58].

When Type SAE-lOW thickened oil is used, there is a uniform in-

crease in wear, while with operation on ordinary oil, a sudden in-
crease in engine wear is noticed when it is started after standing

overnight.

In addition, thickened oils with low-viscosity base oils result

in lower engine friction losses than is the case with ordinary oils, '4s

and thus offer some advantage in extra power and fuel savings.

Additives radqucinS the oil 1our ooint (deresants). A very corn-

Amon additive of this roup Is the AzNII (GOST 8443-57) depressant,

synthe~sized by A.M~!. ~ v•,Xu.. O.A. Geayn, and S.Kh. $hkiyan. The addi-

tive 1s a product of the Condensation of naphthalena with a chlor-.

mated paraffin and accordin5 *o th, technical spcifications fz' the

atandard antioned, the ad t"on of 0.1[ of zU depressant to AX-I

oil reduces the pour point by at Ieast 10C.

The magantude of the raduction depend's great!y on the cheriacal

w, .
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composition of the oils. Type AzNII depressant is most effective in-prafi ois....g 1.
reducing the pour pointof low-paraffin oils. As Fig. 17, due to N.V.

"". _icyantsev (5], shows, the greatest reduction in oil pour point is

caused by the first batches of depressant. A further increase in addi-

tive concentration above 1.0-1.5% iU relatively ineffective. As a

Srule, AzNII depressant is normally added to commercial diesel oils and

to avtols in concentrations not exceeding 0.5%.

The multipurpose AzNII-TsIATIM-1 (GOST 7189-54) additive is also

used as a depressant; in addition, it has good anticorrosion and, to

some degree, detergent properties.

Table 23 gives data on the effect of various depressants on oil

pour points (28].

SOther additives. In addition to the anticorrosion, detergent,

viscosity, and pour-point depressant additives discussed above, thelre

"are several other types of additives which, however, are used .rimar•iy

not for diesel oils, but for ol!a Intended for other types of engines

and mechanIsms. Thus, we shall only give brief mention to these addi-

tives.

AI.Lseizinn additives or additives improving the lubricatinCA

propertiaz of oils. .hose additives ina.rease t•he oiliness and ruco

t.athe co'eficient of f'riction for a mecharism. This type of addit!iv is

nor•ally introduced into tr. mizasion oils designed for the lubrlua-

io.n.W ,c~ebinz x faces In muchlrains wt=hi un,.t prezauzvs, ftor

__xample, .Or h*oid cpars. h..5 additives include chlorinated .rydý,-o-

Land varic• su izod mvducts. In other Ceourt-

oils0 ZOxt rae P1a0-IumaS aro SPl~ o ls (extm'-peszura%

f C ~r. I". t A i11*,ee al' &'lgza to bekup watew-oil erlloionk

t 4lt_ I- the oi l aystem when tho oil apattera In the .nglne cin-n.t-

,4.-4-
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case. This type of additive includes certain organosilicon compounds

known as polysiloxane fluids (PMS-200 additive).

TABLE 23. Pour Point of Turbine Oil Produced
from Eastern Crudes, Various Additives (Data
Due to L.A. Potolovskiy)

2 TCeineparypa 3aCTUD3SRU. *C

I*xA~ 4na AoGazen np~coAm, ro
1 flpncaA~a |oAoe }4 Hnoa P.#.JoDaenUnRc~cs

Macao GOI .02"
npncarxn 0.10 1015 0,•

A,.npplaop A8111 --iO -- -- -17 --to
6A3HIIII--IIIATUM-1 -- t0 -- -- 20 -- 2.5 -- 29

7ApspnaouA 150 (wmmopt-
. .) ............ -to - -23 -,28 -28* 11'o1Un(eraJp~rlA, 8

U-156o ...... ...J8 -10 -23 -4W -37 -. 40

1) Additive; 2) pour point, °OC 3) f.nitial
oil, no additive; 4) after Introducbion of
additive, %; 5) AzNII depressant; 6) AzNII-
TsIATIADM-; 7) Acryloid 150 (iimported); 8)
polymethacrylate, 14-15,600.
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* Chapter 3

TEST METHODS FOR OILS ANDl ADDITIVES

EVALUATION OF OILS 191TH MBORA.TC'.Y AePARATUS

In order to evaluate the suitability of an oil or additive for-

~ utilization under actual operation conditions., it is necessary to have

available reliable test methods. The preliminary evaluation ot oll and

additive quality is carried out with laboratory apparatus, while the

final decision as to whether or not a given oil is suitable for a par-

ticular engine can be made only after extensive motor tests have be~en

carried out.

Additives are introduced Into a base oil in order to imprve ilta

operativ, proper'ties. However, the rasults of a determination ofP. thet

ordinary physicoohemical characteristics of an oil with an addit..v.M

such as the ash content., carbon residue, acidity., etc., will nortmaily

give no basis for a judgmnt as to the 1imrrovenment in oll qualit.Y. The

!.ýtroftctllor of' 3-5% of an aliky.19honol additive increases thIe ash con~-

tetand car,.bon resiftoe, cuau the oil to display an alke .1 reaot-ons

and at r:- Ue in~ 0. ~ ~i ~~o4  rC

derto ov"Ouate oil pa raulrz .11poprt1640 t~hereforej, the nwtor..oil
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All-Union "Order of Labor Red Banner" Automobile and Automobile. Engine

"Scientific Research Institute) (NAMI).

The PZV method is a verY reliable way of determining oil dete

gency. The'standards for oils with additives also specify an evalua-

tion of thermal-oxidation stability.

Well-known methods exist for determining the motor volatility of

oils (K.K. Papok), Ihe tendency of oils to form varnish, using appa-

ratus to K.S. Kyuregyan, oil oxidizability, in a DK-2 inLtrument, and

other test methods for oil operating properties using laboratory ap-

paratus.

Determining oil corrosiveness by the Pinkevich method (GOST 5162-

S9. The method consists in evaluating oil corrosiveness from the
change in weight of a metal strip that is subjectad alternately to im-
mersion in the~g testedl and i

mersionr in the testec. and r.sing to the air; the test is carried

o.out in a Pinkevich apparatus for 50 ivours at an oil temperature of

* 1400C.

Figure 18 gives a diagram of a Pinkevich apparatus.

As a rule, lead strips are used to evaluate oil corrosiveness;

for research purposes, however, plates of lead-bronze or other bearing

alloys may be used. Oil corrosiveness iz expressed by the change in

weight of the strip per unit area.

The red-plate corrosiveness of fresh oils without additives ranges

from 10 to 100 g/m , while for oils with additives, it does not exceed

10-12 g/m2 . Where lead-bronze plates are used, the chiange in weight is

4 ,.one-third to one-fourth that found with red plates.

, In determining the corrosiveness of oils containing effective an-
I.'

ticorrosion additives, an increase in strip weight is sometimes ob-

tained ciing to the appearance of a protective filt that forms when

the metal reacts with the elements of the additive., The Pirikevich me-
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thod has been used ror several years., and it gives completely reliable

*~. results; recent~y, however., the method has begun to give way to the

faster corrosionl-determination method using the DK-2 apparatus.

Determining oil corrosiveness by

I ~K.S. Ramayyats method. The method of7 do-

termining oil corrosiveness with a VK-2

apparatus of the NAM~f (GOST 8245-56) pro-

posed by K. S. Ramayya [39] is also based

_ Ion a determination of the weight lost by

~ Ia lead strip subjected periodically to

the action *-,f the tested oil and air,
I ~~~both heated to 40,ora0-hour pe-

riod.

Fi~gure 19 shows a DK-2 apparatus.

The lead strip 5., located in the

specially-shaped fl~ask 4, is alternately.

I~ ~immaersed in the oil and subjected to ther~ '~ . ~ ~action of' the air as the f'lask is ro-
:X" [H tated about the axis of' the instrumeent by

j ~means of' the electric motor I and reduc-

K.~A~ .rIing gear 2.
______________The temperature is held constant by

means of' the oll bath 3., which is pro-
Fig 18. Diagrama of Pin-
kiz.vich apparatus f'or de- vided with a mixer 6., electrio heater,.
tc-aiininsw oil corrosive-
ness. and temperature control.

The nethod described gives corrosiveness values that are close to

t~hose oiftained with the Pinicevich apparatus, and has the advantage of'

requiring a shorter deteb'mination period.

Recently, a method proposed. by the NAMM for determining oil oxi-
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.dation has come into common use. The oil is oxidized in the M•(-2 ap-

paratus of the NAMI at a temperature of 2000C for 50 hours; the degree

of oxidation is judged primarily from the accumulation of insoluble

" sediment due to oxidation products, as well as from the increase in

viscosity (36]. Oils with high oxidation stability yield minimum

amounts of sediment.

," .22

ftJ

Fig. 19. Diagram of NAMI DK-2 appa-
ratus for determining oil corrosive-
ness.

Determining detergency by the PZV method (GOST 5726-53). This me-

thod, developed by K.K. Papok, A.P. Zarubin, and A.B. Vipper is based

on a brief test of the oil in a special PZV apparatus, followed by

evaluation of piston fouling on an arbitrarpy scale.

The PZV apparatus takes the form of a single-cylinder motor (cy-,

linder diameter 52 mn, piston stroke 52 mm), driven by an electric mo-

"tor. The cylinder head and walls are heated by ele'ctric heaters. Fig-.

ure 20 shows a diagram of the PZV apparatus.

,' - 79



.@ ". - The following operating conditions are maintained during tests:

"Speed " 2500 rpm

Cylinder-head temperature 3000C

Center of cylinder temperature 2250C

Oil in crankcase temperature ...................... 125°0

4 Ind.uction air temperature .......................... 220 C

Quantity of oil tested .............................. 250 ml

Length of test ..... 2 hours

[ :.:. : Lenth ........... ...... :...................

Fig. 20. Diagram of PZV apparatus.

"At the conclusion of the test, the piston is inspected, and an

, estimate made as to the quantity and color of the varnish deposits on

the side surface of the piston; the estimate is made by comparing it

with a standard color scale, -reproduced in Fig. 21.

3.. A completely clean piston with no varnish dep)sits receives the

highest rating - 0. If the entire side wall of the piston is covered

with black varnish, the lowest rating - - is given.

Varnish-formation determinations by the ?ZV method agree well

"with results obtained by motor tests in an engine 1361.
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The thermal-oxidation stability of oils (GOST 4953-49),determ.ne

by the method of' K.K. Papok, is expressed in temsoff the time (in min-

utes) required to convert an oil under the given test conditions into

a varnish film.

= 3t I

F;1

4mn

Am..

4A 
3, 2"V.~,

.lA 4

Kg. 1. caleuse to valate arnsh fnn2

1.(1tint
4 4 '4 T .I4.VI'

Fig 2 Scleusd t ea~uat vrnsh orn2

Nit-eo 16 oiel 1iemu .

+ 36,, B111 lIO H 1-'A 8 ... 1-'

I..~~~ To zl+ % Cl134- 3,54 ...... , 80;j '

1)Oil and additive; 2) I/Is at C25O~C3 30 min,
%;3) thermal.-oxidation stability, Papokme

thod., 250 0J, mi~nutes; 4) iVIT-16 oil. rio addli-
tive; 5) the sa~me, + 3% NG-102u; * same +

+ 5,'ý ST>.3; 7) "!-,e Mrlva + 3% j.-., ý ho
. saxnE~~ + 3P VNII N-353"; 9) the same+6. S-

3+3. 5,1 ANI-22.



2 .. hermal-oxidation stability is determined by means of a special

varnish-forming device, in which the required temperature (usually

" 25000) is maintained.

The oil is poured within metal rings located on a steel disk,

,whidch is placed into the varnish-forming device; the disk is left

',.. ..*• •. there until the oil has been converted into a varnish film. A lever-

type dynamometer is used to measure the force required to remove the

.' burnt ring from the disk. The time required for a given temperature to

- convert the oil into a varnish film that holds the ring with a force

of I kg serves as a qualitative index to the themal-oxidation stabil-

Ity of the oil being tested.

The thermal-oxidation-stability determination carried out by this

method serves to characterize approximately the behavior of the oil in

an engine in the piston-ring zone, from the viewpoint of piston-ring
"U.,

' burning and the formation of varnish deposits. At 250°C the thermal-

oxidation stability determined by the K.K. Papok method normally 1is

"in the 15-25 min range for base oils (no additives). By introducing 3-

5% of antioxidants such as dialkyldithiophosphates, the thermal-oxida-

tion stability may be increased to 60-80 min, which is very important

in reducing the tendency of an oil to form varnish and cause piston-

ring burning.

PMoto. volatility, working, fraction, and varnish (MOST 5737-53).

This method, developed by K.K. Papok and his associates, characterizes

oil volatility when it comes into contact with hot surfaces of engine

parts, and its tendency to form varnish.

"The determination is made in terms of the weight loss of small

""quantities of oil applied in a thin layer to special metal plates
r (evaporators), which are placed into the varnish-forming device de-

scribed above, where they are held at 250°C for 30 min.
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'The oil weight lost due to distillation of the light fractions,

expressed in percent, is an index to motor volatility. The liquid part

of the oil, removed by the solvent, is taken as the working fraction
.. , of the ,oil, while the portion retaining undissolved on the evaporator

"is taken as the varnish.

"As a rule, the oil is characterized by the ratio of the motor

volatility (1) to the amount of varnish (L) at a given temperature.

. Thus, for example, for MS-20 oil at 250°C, the ratio is I/L = 61/20.
Table 24 gives values of I/L and the thermal-oxidation stability

for MT-16 oil with various additives. It is clear from these data that

the sulfonate additives (NG-102 and SB-3) which, as we know, have good

detergent properties, have little effect on the tendency of an oil to

withstand the oxidation process. Phosphorus-containing additives - an-

. tioxidants (DF-I, VNII NP-353, AN-22) - on the other hand, change the

I/L ratio considerably, and improve the thermal-oxidation stability.

Thus, in order to obtain an additive that combines good dispers-

ing characteristics, contains sulfonates with high thermal-oxidation

stability, we attempt to obtain a rixture of sulfonates with organo-

phosphorus antioxidants. One such experimental blended additive is a

"mixture of barium sulfonate (SB-3) with the antioxidant AN-22 which,

as the table shows, has good thermal-oxidation stability.

The tendency of oils to varnish formation may also be detcrmined

"with S.K. Kyuregyan'b apparatus [26]; an over-all view of this device

is shown in Fig. 22.

A steel ring 3 with a polished surface is attached to a plate 4

within which is located an electrical helical heater. Both ring and
'ft.. .,

plate are rotated by an electric motor through a worm gear located

within the housing. On the ring, three aluminum supports 2 hold the

" aload dis¢ 1, which is coupled to a spring that keepts it from turnin-.
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'A thin layer off the oil to be tested is applied to the ring. When-

the ring rotates., friction appears between it and the load-disk sup-

* .*. -ports; as a result, the disk turns

h. somewhat, twsigth pie

I ~As long a~s the oil has not

- >, .change d i nt o varnisah., the fri ct Joni

-. is slight and the angle off rotation

off the spring is sma~ll. As soon as

~ ~ vaxrnish begins to fform, the amount

- . offriation increases sharply zanid

the a~ngle off rotation off the disk

......... in..ease considerably. The oil

-* quality is detexmiined from the

~-~- I length off time required to fformi the
* 4,. 0

varnish at 250 C. in minutes.

Table 25 gives the varnish-
FiS. 22Ž 1Cyuregyan device ffor ortntietradeelo.
d(:tLerriining th vrnshfoia

in~ er~dncy ff olswith various additives; the tests

T14Br. 25. Results off Varnish-Formation Deter-
minations ffor DS-11l Oil with VariousAdditives
Using Kyuregyan App~arat-us

* . flepuoa ~uxo-

iNI AI)TC-It Okm. up k'~"U" ... . .. . ... . ... . . 1

To weU i-j9 (.. .. .. .. . .. . . . . . 1

3% A4ll1I11-7..............

Gj M1. 1111 VOG~aI.224~10 j 11U....

S 1) Oil and addit've; 2) varnish-fformation pe-
riod, miriute'z; D)-113l oil, no additives; 4)
the same, + 8% PA~S-l9; 5) the same, + 10% SB-
3; u) the same 5+ BFK-l; 7) the same, + 3%
TsIATIDI-339; 8ýtile samne, + 3% AZNII-7; 9)
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the same, + 6% VNII NP-360; I0) the same, + 6% mNi IP-22; 11) Mobil-
guard (imported) oil.

were carried out at the Central Dlesel Scientific Research Institute.

It follows from these data, as from the data of Table 24, that sulfo-

nate dispersing additives (PMS-19, SB-3) do less to decrease the tend-

"ency toward varnish formation than alkylphenol and phosphorus-contain-

ing additives of the VNII NP-360 type.

OIL MOTOR TESTS

Testing oils and additives in single-cylinder engines. At pre-

sent, there is no one single standard method in the Soviet Union for

conducting motor tests on oils, although work is being carried out in

this direction.

The most common methods for determining oil quality use the spe-

cial UIM-NATI apparatus and the Type IT9 apparatus.

The oil-testing apparatus (UIM4) developed by the NATI (49] repre-

sents a single-cylinder section of the D-54 (Ch 12.5/15.2) trapdoor

diesel engine, mounted on a universal crankcase. The universal crank-

case makes it possible, where necessary, to change to a cylinder-pis-

ton system of different size. Thus, for example, in one version of

this apparatus (the UI14-2 engine) the installed cylinder and piston

have the dimensions of those used in the St4D (Ch 11.5/13) combine die.

sel.

Figure 23 gives an over-all view of the UIM apparatus.

In this test, the cooling fluid is held at a higher temperature

than in operating plants; thus, it is possible to determine the tend-

ency of an oil to form carbon and varnish within a relatively short

time period.

Table 26 compares basic date characterizing oil test conditions

for a UIi1i-NATI device and otner apparatus used to determine oil qua..-
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" TABLE 26. Methods of Determining Oil Quality
with Single-Cylinder Apparatus

I Haamenoaaune oTounmpx 2IAT11 B HI Hn 4ra1m-1

Tonauno ............. 1eua&UWeioO 2 7B .3U1
z - PacxoA Tonanfl, c/1C . . . 2,6 0,98 1,3";•-." 9r~~lpo~on~mern•oc• .nTn.
onom5ebo, menaam 45 10 20
"l•a'c .. .. .. .. .. .. . .. 4. to

l~no.•nuecno ncnuTyemoro ,taca, x s 0--2 2 2
Po n FCUNTauls•':

12 •) TMIDOpatypa )gc8,100 85 100
6) rodnL-paTYPA OV~IOiWAMMO 20,"$%, 1 3 UIl•OCMu, OC (ns•aeura,•on) 15 t500

.5* Ozieuo'Uo nuaaareaa: .18 a) iipuropune nopmpnI ux K)J3LU,
,,.5 Ixoawcsno 11 Xapaxlop OT30WOW*•l

iza nopmiuo
axemas B O Io1TOPO amC XOTOTIO"

.(). •Op~O3UUCh)~~* fp
c1~uX n~atiufl YClAHOnoDZuzx a5AP
TOPO

1) Name of method; 2) NATI; 3) VNII NP; 4) GSM-
20; 5) motor; 6) motor speed; 7) fuel; 8) fuel
flow rate, kg/hr; 9) duration of test, hours;
I!) quantity of oil tested, okg; 12) test condi-
tions: a) oil temperature, C; b) cooling-liq-
uid temperature, C (ethylene glycol); 13)
characteristics evaluated; 14) UIN-NATI; 15)
IT9-3; 16) diesel fuel; 17) gasoline; 18) a)
burning of piston rings, quantity and nature of'
deposits on piston; bi corrosiveness of oil as
found from loss in weight of metal strips

" mounted in crankcase.

Table 27 gives test results obtained by the UIM-NATI apparatus

(401 for several specimens of domestic and foreign oils, and aives

comparative values for thermal-oxidation stability characteristics. as

determined with a PZV setup.

The Type IT) apparatus has as its basic function the detemxina-

tion of fuel ignit:.on points (determination of octane and cetane num-

L bers). V.F. Fillippov ([71 has su-gested that the I19-3 apparatus be

used, following some modification, for oil tests. Here the motor in

.. .: - the iTC-3 apparatus operates at higher speed (1200 rather than 900

rpm, the speed used in deter.f'ning '.-tane numbers) and with the cool-

"•.. ing liquid and the crankcase oil at higher temnperatures.
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As a result of the increased conbustion intensity., after 10 hours

K..of engine operation., it is possible to determine oil quality from the

number of burnt rings., and from the amount and nature or deposits on

MSg. 23. Di~agr of UMl-NATI apparatus.
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TABLE 27. Comparative Determination of Oil De-
tergency with lIM-NATI Apparatus and Motorless
"Devices

2 TOpooNIuC- 4 O•nuea
.: MO~n~we J29704LIIOM MI OVIZ

Macao so 113B, 1 -j"A & UoT. DIU". IATH,250, aw,

MamztJu0o CY' 60a3 nipcazwM . 4,5 20 39To ate + 300 ILIIATIIM.339 .6 . 22,0 24 13

r tmoteALuo JDrt (c ,pucawxo2
- Aallll- - I4UATIIM-1) . ..... . 5.. 20 39

. -8To w (c npncu.xoii IUIIATI!M-339) 3.0 44 19
9llunopruoo SACE-30 5npcMaawaoe) 3,3 37 I10

Puyaa-, eazz 30 HA .J.. .. . 0 8 i 7

i) Oil; 2) detergency, PZV method, arbitrary
unitsN 3) thermal-oxidation stability, 2500,
ain; 4) determination of detergent properties

with UII-NATI, arbitrary units; 5) SU machine
oil, no additives; 6) the same, + 3% TsIATIN-
339; 7) Dp-II diesel oil (with AzNII-TsIATIM-l
additive); 8) the same (with TsIATI4-333 addi-
tive); 9) imported SAE-30 (premium); 10) Emba

.• crude.

TABLE 28. Comparative Determinations of Prop-
erties of Oils with Additives on IT9-5 Appara-
tus (GSM-20 Nethod) and PZV Apparatus

' " ' t~opo nac,
-• ?) Macao, upacat n 1i b G - s

" : •a~m•, + 4% TURATHIN-330 3i to• ise +45••

12 -3 IIII-

h1) 0.11, additive; 2) deterrintion by GS!M,-2O
=6etho1d; 3) varni:;!h £oi'ationl %; 4i) oorrosiona

-%in 10 hours,, g~ra2 ; 5) detorgeon, PV method.,
ari~rvunits; 6) DSIIino additives; 7) the

scra,2. %TITX39 the sawme+e4 5% 4ZC,
the same,, + 3% Ta.Z&1flTV"-3393; s1 h ame,+oi
Az~i%-T 1ATIM-1; 12) the 0e, + 3% AzI-4 13)

**ua shell30 HD.



*Papoki, A.P. Zarubin, and G.V. Zakharov [34].

In both of these methods, oil corrosiveness is determined from

the weight loss of lead, lead-bronze, or other metal strips installed

in the engine crankcase.

. : Tables 27 and 28 compare the results of oil tests on different

apparatus. As these data show, determinations of detergency with UIM-

NATI and GSM-20 apparatus agree well with the results obtained on PZV

. apparatus. The results of oil tests with motorless devices, naturally,

do not give a definitive answer to the question of how given oils will

behave in service. The results, however, permit tested oils to be

classified quite definitely into groups on the basis of relative addi-

"tive effectiveness:

a) oils without additives or with the relatively ineffective Az-

4: NII-4 and AzN!I-TsIATIM-I additive;

"b) oils with phosphorus-containing additives (aNI IP-22);

c) oils with alk-ylphenol additives of the TsIATIM-339 type;

"4 id) oils for especially uevere service conditions of the Rfimula-

Shell 30 HD type.

Mn addition to these special apparatus des'ribed, quick tests of

* oils and additives are frequently made with single-cylliirer sections

o Of serias-produced s3=a1 diesels of the tractor type or such motor3 as
Sthe Ch &,5/!i, O 10.5/13, D-6, etc. Tho mizVium duration• of selection

tests for oils and additives in sex1-es-produced diesel eninea is nor-

imally 50-100 houra. Tosts olf thiUs len."4th per'mit the date=11nation not

onlyj of the tendency of an el to fýom rbnn, but also yield certain

conoarative data on enZine wear as a n-c-tion or the oil or additiv

used.

Since direct mLcro=r ter measuremant of en.gne parts in thix ty,%e

of quick test cannot V.eld rellable data, one of the following yethcz
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must be used to measure wear in this case:

determination of the weight loss of piston rings and bearing lin-

ers, and in some cases of other small rubbing parts that are in con-

*. -% tact with the oil fuel, by precision weighing of the carefully cleaned

parts before and after the test;

the method of cut crescents, which permits determination of cy-

t w 21nder-sleeve and piston-ring wear over a 25- to 100-hour period of

"engine operation;

dete-tmination of the iron contained in the oil and on the filters,

which makes it pc;a1ble to construct a "wear line" and compute the

over-all (total) engine wear during the test period;

* the radioactive-isotope mathod.

The method of determining the wear rate by means of radioactive

isotopes, which has become very common in recent years, consists in

i imbedding a plug of a radioactive element, normally cobalt 60, ;n the

cylinder-sleeve wall or In a piston ring, or in using a piston rins

that haz been made radioactive; as the rubbing elements, &ncludint• the

* radioactive plug, wear, radioactive abrasion products accumulate In

the oil. Thus, by monitoring the activity of oil samples with a ouan-

"" terr it Is possible to Judge tvhe degrme of engine-part wear in th-e

Zone "labeled" by the radioactive element. The radioactive-isotop me-

%1h11 wierlts moc"torino prmnar!ly of ti-z relative wear,, i.e., it

• yelds co.panrtIvo data on the effect of various types of fuels, oI!3,

and adzl tives on th realte at whioh engine-parts wear. -By Oaxr"r- out

additional ezperw-ents, nnitorý- the iron content of the oil, it I1

possible• to obtain a bais for an apprx=4ý calculation of the abso-
.. lueto wear.

An advanta~e to the ra.Qoactive-iope mthod is Its r,kpidity,

si nce 'It. penIts the rclat-Ivc 1 to be ý,ioterlnind in theo couroc cClN..."a

,::. _ • .



several hours of engine operation.

A drawback to the method is the need for taking several measures
to ensure safe working conditions for the attendant personnel.

Bench and operating tests of oils in full-size engines. The first

quick tests of oils and additives on single-cylinder apparatus are

preliminary in nature, and make it possible to select the best speci-

mens of a series of tested oils or additives for subsequent long-

, bench testing under conditions similar to operating conditions, The

comparison of various oils, fuels, additives, and combinations of ad-

ditives, selection of optimum additive concentrations, the effect of

oil quality on the choice of the most effecbivye additives - all these

questions should first be approached by tests on sLngle-cylinder ap-

paratus, since it would be economically undesirable to ca-ry out long-

term tests on high-power diesel engines in ozrde to solve such prob-

lems. The final evaluation of the suitability of the oil specimens

- that have been preselected, however, can be madc only after tests on a

full-size engine.
.This type of bench test normally lasts 500-1000 hours under condi-

tions corresponding to actual eiagine operation, with the wear on basic

parts measured by micromater methods.

As an example, we shall consider the bench-test method used at

the Milyshev Plant to select fuels and oils for Tyne 2DI00 locomotive

"diesel enrines (42].

'The plant has carried out a long series of tests of Zuels with

varýous sulfur contents and of oils with additives, with the aid of

"i ensuring normal engine operation with Ifuels and oils made from Easne.

hi&.-*ulfur crudes.

Tests lasted about 601 hours with great care taken to ensure

identical t-t conditions for each specimen of oil additive. As the

"913
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basis for comparison, i.e., the standard, measurements of wear, carbon

formation, and other indices were taken that characterize the condi-
tion of an engine following tests with low-sulfur GOST 4749-49 fuel

.> and D-11 Baku oil with 3% AzNII-7 additive, which were used in the ac-

ceptance tests for this engine.
*I im.

The engine was operated under variable load conditions, with fre-

quent changes from no load to full load, as is characteristic of loco-

motive-diesel operation.

.- The following measurements were made in carrying out the factory

tests:

a) measurement of engine power, fuel and oil consumption, meas-

urement of piston temperature, and all operating characteristics;

b) micrometer determination of wear on cylinder sleeve, orank-

-I,,:: shaft crankpins, piston pins, bearing linings, and determination (by

* -" weight.) of wear on piston rings;

c) determination by weight of carbon depzsits on pistons, in ring

grooves, scavenging and exhaust ports, as well as deposits on oil tI1-

ters and centrifuge rotor;

.. d) measurement of oil performance indices during the test, In-

cluding zonitoring of the additive content of the oil.

* This test program permitted a verxy cotmplete evaluation of oil op-

crating properties under actual conditions.

T•.e most important results of factory te3ts of oils with addi-

0 '-.- tives, carried out on te 2D!00 engi=nwe e given in Chapter 4.

This type of extended bench test makes it possible to decide on

coo= mo nd ations for oils for operat!ng tests Ln several actual appli-

." catioas (!oconotives, ships, stationary plants, etc.).

z rOElwn rotor-test methccos for lubricating oils. As we have a,-Žea-

dy described in Chapter 1, in other countries motor lubricating b±.3"1
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Sare classified by their conditions of application into ordinary oils F
and oils for heavy and extremely severe duty. The latter group is in

"turn divided into series I, 2, and 3, depending on the degree of en-

gine supercharging and operating conditions; the oil grade is deter-

mined by the amount and effectiveness of the additives introduced. An

oil is classified into a given group or a series on the basis of motor

i: tests carried out by a standard method on special engines.

Quick test methods lasting 36-100 hours are designed for evalua-

tion of ordinary oils and HD oils, as well as for selection tests con-

ducted fo•o research purposes.

L:Among the moet common quick methods for testing oils are the L-4

I ..- method, using a Chevrolet automobile engine (United States), tests on

a Fowler or "Petter" engine (Great Britain).

,4 L- method. The test carried out on a six-cylinder carburetor-

type Chevrolet engine is designed to determine the corrosiveness of an

oil with respect to lead-bronze bearing linings. Tests last 36 hours.

-"J TABLE 29. Comparative Evaluations of Various
"ý4 Oils for Their Tendency to Cause Ring Burning

Duaring Tests with Fowler Motor'

'htittonsaom pa~om
3. M~~c.A211MINFt~ AO ROMM&~.. " Mato ] ptrope,,, ,•pxiwrws

':'ii|ovwm.eoro MoabI

Sman:o r*3vpmj 3.
'4Mpror to bupn no VWA to4pe pisftoa Pa-

u(CcTma try 4.................t
To withous addicooo tA.-)= ao.uAn vaddtu

IN, ~~~(c~pam 5 . . .. .. .. .. ... . .*

1) Oil; 2) number of hours of engine operation
prior to burning of top piston ring; 3) oil
without additivos.- 4) 'oil with additive,, heavy-~
duty operation (series 1); 5) th* saere for es-.

* ~pecially heavy.-dty service (series 3).

* • The evaluation is rade on the basis of the bearing weight loss. An oad

NO satisfying the requimemints of the I 2!OChA specification of the
•-. - 93 -



iUxited .States'a. Dartment of DzaThnse should produce a -we .ght lo~a no t.

6' e:xceeli~ng 100 ms pyer bearing.
Oils Withotit additives., tested under such. corid~tIons., show bear-

iiig viaight losses reaching 1000 mg.

Tests with single-o~linder Fowler diesel engine. This engina has
V..,

been specially designed for evaluating the ability of oils with adar-

t#i ve s to prevent piston-ring burninmg. The. top compression ring is

moved close to the piston crown in order to speed up the onset of

burnng.The temperature in the top piston-ring groove reaches about

- - -- 270 0C. The test is continued uritil

S -~'t 
h e4the top ring becomes gumred; h

* ~ ~ instant of gumming is determnined

from the increase in crankcase,
- .,---,-..-.-...- ---- ~pressure that occurs owing to era-

* cpin 88e5 ro the combust on

Fli- 24 Pitonof . teril-chambex. The oil is evaluated Lri

lýar engine tollowing test with trso or fegn pr~o
soriez 2 oil.

before gumming of the top ring;.

Table. 29 &Lves coMparative data for various oils on the. bas,13 of

P owlrx--enZez tests.

Dn tho Uni-ted States, oil selection "Casts for reasearch purpo.e

azý azariod out allso with the =~11 Liouson carburetor typo onsine (cy..

Tho twzts are carried out in twao f'orzast

a) i ordr to evaluate oil ccorroivoness, 60 hotws duratlon;
hoz~e oil is rza-Intainod a.t a blghl topperature or 138PC In th-

~ ih.'cool~nS-t.2vid torue~r", o11. 9WC

'tIn ordox-t "Z valualtc 911atotn-r~rZgumz.-ng,, duration 100 hours;

inthii ý=iet tho teo.paratux-e iuz the ol in the ozankcasne is820
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while the cooling-fluid temperature (ethylene glycol is used) in the

cylinder Jacket is 177°C.

Extreme-pressure oils are given motor tests on Caterpillar en-

gines for 480 hours.
.VS

9,• A series 1 oil is tested in accordance with the L-l method. For
.'.

series 2 oils, tests are carried out in accordance with the ID or L-5

methods, where conditions are considerably more rigorous than is the

case with the Irl method.

", L-I method. The test is carried out with a Caterpillar engine

without supercharging; the tendency of the oil to form carbon and var-

nish is investigated, as is piston-ring gumming and over-all piston

fouling. The test lasts 480 hours, with the oil changed every 120

hours.

"For an oil to satisfy the stipulations of the MIL-4-2104 specifi-

cation, the piston sldrt and ring grooves must be completely clean,

as shown in Fig. 24.

ID method. The test is carried out in a supercharged Caterpillar

engine using fuel with a high sulfur content (0.95-1.05%); this test

. is used for oils that mist satisfy the extremely rigid requiLlments of
Supplement 2 of the DUL-104 specification.

The requirements for piston fouling are the same LCor oils tested

by this method as when the L-1 method is used.

4:14 "ý method. This method provides for a 500-hour test of the oil

in a 2-cycle five-speed diesel engine with no oil change at maxium ,

speed and load. 'The test is desIgned to evaluate the anticorrosion and

detergency properties of an oil, the tendency of the oil to cause pit-

ton-rinS Summing and bearing corros•ion.

.The rwthod p•ovideu that samples of oil be taken and checked

.ev.ry 24 hours of aporation: the- -ay be used to evaluate oil servicc
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TABLE 30. Basic Motor~--Test Methods for Foreign
Oils

N,I

-IAQOau n iclulaetauua x~t 2 'PDynpo

* Oazeuxa =wo1- 4) coppoauuu U
umocTtn nocaa UW- i1oAW1tIIII1lM9m

'a4 Ocuouuaa uteunucauwaus 3WUMTh uputropa- Is CluIWtODOS1i,
ne1*1nopmuewx GPOIuna

Hoen6) OfllO)Kelnii

*llflpo~kojaauroabuocmu ncrnuuma, nacut gonpuitrpaaas 38
DOPxHerO EOALIqalin-anuesuoamle Aunra-renn as oro oc- 14nir 15a~.uixp

nosUUe xap"wropnCmURn . . t-ITlr nwu4ssan Rp
Z 0oya0p G1opaxOPluuf ADUi-

iiUt0PO ina~u Weapons
1413O WIUwnpoa, AM 139,7 $889

*O n ~oa lpllll, AA. .. .. .. .. ...... 139,7 95
MMoluxom, a. A. C.................24 30

?4 'Jcao0 oCopoioa1, cG/ar-t Ism 3150
95cpe;nee aý40ernsao sAAenOUe, 9/c1C -10 -

TeMneparYPA aoau Ua auxoac, C 85 93
pa VaCSAe, *C 75 138

m eats xaCn?, 1SCM .. .. ....... 32 flea went 32 Sea weas
Tpcfionauna v tonanay wnz=amc&a-

'CQApWA uecpia, %31t .t0 33 (seuawa)

1) Name and identification number of test me-
* thod; 2) Fowler; 3) Petter Afl; 4) main purpose

of test; 5) evaluation of tendency of oil to
aS cause piston-ring gumming;6 determination of:

a) corrosion of lead-bronze bearing; bo) depos-
a its or. piston; y) determnination of: a) depositu

tlon of oil detergency (piston fouling); 9) the
a ~ ~ ~ c sa 0 výuto fdtrgency and anticor-_

rosion. properties, mnd oil servtce life; 11)
test duration, hours; 142) until top ring Sum=;

1)nate of engine and basic characteristics;
14) four-cycl.e .7ow2Anr dicrici; 15) 4-cycle oar-
buretoor-type Chevr'olet engineo; 16) 4-cycle Pet-

trdiesel; 17) 4-cycle CaternAllar diesel
(without swpurekhuryl"n); -8) !4-cycle Cator'±1
lax' diesel with, tupon'charz'nc; II)) 2-cYclet Jie-
tJGl; 20) number otv cylinders; 21, cylin&-.
aneter, mm; 221) fl~aton atrolol, m~. 23) Power,
ettective horsepower; 24 ),.speed, rpm; 2,5) sean
oflocotive pressure, kg/omt 2,6) opo.ratlng con-
4* c'tions: 27) water temperature at nxtlet, Pc

4%. oil temertue UQ; 29) oil chauiange, hours;
0)spnIeiCeatior.s iar t' fuel: ;31s~
conent %;32 ) n~o hange; 33) (gasolin,:); 34)

I:. (ethylene glyrcol); 35j) no less than 135.
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3Petter AVI L-i t-D 1W4

7 8 9 10Oneltma N~

a:) otOnxo oo. f-euV n a moppon
nopmue iipCsOA¢TS MAC-) OppM a sa (qucia To we cpoUa cayDoai R

mU=umosD MopmU)M

"120 480 Soo
16 17 18 19

4-UMaUR ARVenI 4-axa"Mfl tA0aena 4-raxmuf Anueab 2-ITA"U hUaeab
nlunep HaTepimanap saTepflmaap

(6sUMBRya) o saws"o
1 1 4

80 146 M46 108
-HO 203 203 12?
3,3 198 42 103

1~01000 MO0 20D0

8e27 930 82

55 65 80
326.' Cuew 120 120 32 rm cmeuia

1,07 lie~c 50,3A 0,95-U
-"..

life in the engine.

Table 30 lives engine characteristics and conditions for oil mo-

tor tests..

Oils for especially heavy-duty servioe (series 2 and 3) should',

in the most crit.cal cases, also undergo extended tests in full-size
.- engines, under conaditions a.pproximting oramting conditions;'

Lubricatins oils used for engines in the United States *avy under-

* 80 special tests in addition to standard tests such as the Caterpillar

L-1 test. THUs, for example, seriez 2 oil designed to lubricate super-

charged mamrie diesel engines operating under high loads and using

* high-sulfur fuel are tested for 480 hours (with no oil change) in a

General Motors-7l engine operating tMoth a fuel containing 1. 0% sulfur
with a cooling-water tempe-ture of 500C and a back pressure of 50 mn

•- - 97 -



A." . --, . . -

K-."- -, ":-

ru xins the te04ts, at speoffic t- Intervals sea water is-add
~ egin cankcaae,O- simulr tins -th~ -act4.odtos't may be

' oncountered during operatio.n of_ he maA.9 e engine

S -:In order tgo satiy the.requiemnts of this- very rigorous test,

up. to 0% or more.,.of detergent and anti.orrosion additives must be in-

troduced into the oil.

In Great Britain, a Better X-I engine with spark Ignition is used

-to check the quality of o0rdiny. oils in pyaoe of the L-4 method.

T"esetests lastw 36 hours.with an. oi3.• ornpeature of 13800 and a cool

ing- -luid temperature: of l500, i.e..;--the conditions are close to

those of the --L4test- nathodasinti the Chevrolet engine.

2"1 10,'1" "" k f

.* ----•--.--

* -'f. -: ÷'-- *-:-'~ 4' .•" :,•:-• .•• -

y, I6
<!VS

3.

Mig. 25. Piston of Petter MOI diesel en-
-,-ne followia• operation with fuel con-
aift;_ng !. 0% sular, for oils of various

type.-L11 rew4ium oil (no detiwgent addi-
tive); 2$ HD-typo oil for heavy-duty ser-"
vice; 3)HD sxtes 2 oil, with high con-
tent of deter,•~et additIve.

in addition 'to t1ho L-l teet with the CateptIll•"• -del o- -

a tirnsle-cylinder Petter AV2 (OhSa.0/i) diesel enagine is used in Grcat

ZS •ta•n to test oils for heavy-duty serie. The test lasts 10 hours

W1th :c oil chaearg at a coolirsg-tlutd tev'rature of 120i •% =aan, 01l

er. teýt -oi h af 55°. An arbltary scale Is used to deter mie the aaunt
o. Z.. dcosits, and the corrosiveness is evaluated rom t1he weighto ',c'a

-% .9-
S ' | |I 0i



k '0f the beari±ng linings.

Figure 25 shows the side wall of a Petter AVI diesel piston after

operation with a high-sulfILur fuel using/ oil's with various types of ad-

ditives

Recently.. ti~e special CLR engine ,has been developed in the United
States; it is designed to determine oil grade., but judging from the

litteratture, this'type of test has as yet not become very coimmon.

'I
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Chapter
St.

UTILIZATION OF OIL IJITH ADDITIVES IN DIESEL ENGINES

RESULTS OF OIL AND ADDITIVE TESTS IN LOW COMBUSTION-INTENSITY DIESEL
MNGI S

Low-intensity diesel engines with piston speeds not exceeding 6-

7 m/sec and a mean effective pressure reaching 6 kg/cm2 at piston ten-

peratures near the top comp.ession ring below 250°C, and place the

leasi severe demands on oil quality. Oils with additives are used In

* these diesels primarily in order to avoid corrosion of the bearing al-

loys and to neutralize harmful combustion products of high-sul' ,

fuels.

The low combustion-intensity diesels include many low-speed u.-

superchareed marine engines, high-speed auxiliary marine or stazIr,

"diesels such as the Ch8.5/i! ant'. Ch10. 5/13 diesels, and the majority
""of automotive-traotor diesels (with the exception of certain typo2 of

diesel crnines such as the Ya-A.Z-206, ,MD. etca).

11'actor diesel engines, hoiever, which make up nearly half tZho

=jar o"f dlesels in the Soviet Union, are the greatest cone•wx -of
•, £uais •nd oils.

ahe tractor fleet opoats sically with diesel fuels con tainng

%U to 1. Gg sulfA•r, and even roe in Irnividual cases. Vhe character-

l feature of tractor-dieze! oper.ation Is operaition in dust-4il.od

a_4an, ~hich iN on of tho factori•c ausg zover contamination of the

oil *.~ pmolbe= of14 using, W la with addi"tIvos that decivase o"'. 401-'

'S- 100 -
s555r ysev1u ean h rageno i
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ing for tractor diesels are of extreme importance.,

The basic tractor-diesel oil grades are the diesel oils made to

GOST 53o4-54 and GOST 8581-57. Diesel oils, produced with TsIATIM-339

additive, are capable of providing reliable operation of low combus-

tion-intensity tractor diesels when the fuels used contain no more.

than 1.0% sulfur.

. - The TsIATIX-339 additive, however, still is not effective enough,

and does not meet the requirements for oils used in diesels super-

charged to higher levels. The basic drawback to this additive lies in

its limited detergency, since the additive cannot prevent considerable

carbon formation and gumming of piston rings in high combustion-inten-
sity engines.

TABLE 31. Effect of Additives on Properties of
DS-11 Diesel Oil (Made from Sulfur-Bearing
Crudes) as Determined on Laboratory Apparatus

........ X * OM 103 44 OM0...
m"M* Ox 0kO U CI V U

5%.p

1) Chn'rzatctorist1c; 2) with additi7o; 3) 8tho

*4. 5% NI 1?-22; 7) 6% VINS RF-IsO; 6) 6%8Hs

.~ lead di,1 1)tailodaun za i -

n #, . ., • .. . "• I ,.o * ,

* Ity, Papkrtntod, 2500C, rtn; 12) detezrgenty,

MZie AzN11 -7 alylhanol addit~.ve his sowbat better detez~oncy

and antiwear prorpertIc3, but . onet•oless it idhoul•d alo be classiflo!



MTL.E 32. Results of 100-Hour Tests of Dwwestic
and Foreign Oils with Additives in D-35 Enane
(Using Fuel Containing lp Sulfur)

12 Man

i._______________________ -, -. - - -. ',
"" I : -II 1 .3. .

M. 3X% IS 13 &1

florepl~oa~ oe, Is VOA 1. O.G 1 .80
EO.'m',4M0?O narapa Ita Pn -

MpI ,l*:aD aaxoi, • OIi...Uz~t uitzia, 10. j 12 2.833

1) Characteristic; 2) DS-11 oil; 3) +3% TsIAT-
IM-339; 4) +6% VMI! NP-360; 5) +10% PM.-S-19; 6)
-castrol, SAE-30 HD; 7) Rimula Shell SAE-30 MD;

•8) sleeve wear, microns; 9) ring wei.ht loss,
9; 10) amount of carbon on pistons and ring,, 6-;
ii) piston surface, % covered with varnish.

as an oil additive suitable for diesels with little or moderate auer-

chargingZ.

Table 31 gives results of tests of fB-lI diesel oil with vwarous

additives, using laboratory apparatus. These data show a considersale

uinprovement in detergency and anticorrosion properties of the oil fl-

1vo•ir iatroduction of the additivas.

*Table 32 cooa.res results of short-t•n tests of doostic oils

wi th additiv.!es and test resuito for tho best foreign spocizans.

The %dta rlvan in 'ablez 31 and 32 show tlhat oils %ph the • •w

o i i N,%-360 and M-l IP-242 additives, as wel. a1

with T~ y~p P:XS-1slfanate~~ additivo.a, aro corwiderably moreu:oa-
tive than theo Tc" 3S allwz.l? phe~oll additives a~t;4i

)2•y e�r��gtics pazozh the oaill desi~wd otr havy-duty

In =Alz_ .5 th•e Masuts oil & rotar tests, the questlon nata-
-.-t-t la p Ibe to ..rea tho efec'"e

zow S 04 ivo a~tin by iz tltz cc~nentratlon ofý the adU
4'i2
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Stive in the oil.

Figure 26 due to N.G. Puchkcov 36] shows results of wear measure-

ments on piston rings and the top zone of cylinder sleeves for a

YaAZ-204 diesel as a function of fuel sulfur content and concentration

of TsIATIIA-339 additive in the diesel oil.

As the chart shows, the engine wear curves for oils with 3 and 5%

-• additive intersect at points corresponding to fuel sulfur contents of

0.8-1.0%.

It follows from this that when a YaAZ-204 engine is operated with

a fuel containing less than 1.0% sulfur, an increase in the concentra-

tion of an additive of the TsIATIM-339 type over 5% not only does not

decrease wear, but may actually lead to the opposite result in indi-

vidual sections owing to an increase in abrasive wear.

Foreign authors [57] have already commented on the appearance of

abrasive wear in an engine with an extremely high oil additive con-

*• ,- tent.

"On the other hand, when high-sulfur and especially heavy fuels

are used, an increase in additive content ia required. This is indi-

cated by the widespread utilization abroad of especially heavy-duty

oils with additive contents reaching 15-20%.

*; .A series of tests have been carried out at the Central Diesel

S .. Scientific Research Institute, using Type ChlO.5/13 engines in order

to obtain a relative evaluation of the effectiveness of various oil

additives [30, 31].

The tests were carried out with GOST 305-58 diesel fuel (sulfur

"content, 0.8%), and a heavy high-sulfur fuel containing 1.6% sulfur.

The engine operated normally with both fuels, but examination of

engine condition and amount of wear after 150 hours of operation

. showed a considerable difference in wear and in the quantity of depc'-

-103 -
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its following operation with fuels containing 0.8 and 1. 6% sulfur. .

Ring wear Was determined by weight and sleeve wear ty the ores-

cent method; in addition, total engine wear was calculated on the

0.5.

4..: _ •.

3 4

351 25--

020.3S.4 CA 0.60)7 0.8 0.9O 0l V 12

Fig. 5 74ear on YaAZ-204 engine
Sas a •u iction of oil additive

concentration, for fuels with va-
rious sull'ur contents. i) 3% Ts-
IATI"N-339; 2) 5% TsIATIM-339; 3)

" "" piston-ring wear, mg; 4)cylinder-
sleeve wear, microns; 5) fuel sul-
fur content, %.

basis of a determination of the oil iron content. The results giver, in

Table 33 show that when the engine was changed over from a standard

ruel, wI•'th 0.8% sulfur, to a high-sulfur fuel and D-il oil with no ad-

ditives was used, piston-ring wear rose by a factor of 1.8, and sleeve

wear by a factor of 3.5. There was also an increase in the amount of

carbon and varnish.

"The utilization or oil additives, and in particular of the phos-

phorus-cantain-InS VNII N?-360 and ZIMI IP-22 additives resulted in a
considerable decrease in wea:, nd amount of deposits; the sleeve wear,

however, still exceedod the amunt o100 wear_ found when the engine was

-104 -
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operated with standard fuel.

1T- Figure 27 shows wear lines plotted

on the basis of a study of the dynamics

Sof iron-content increase in the crank-

S-/ _ •case oil of a Ch'O.5/13 engine when va-

rious oil additives were used.

Tests using a Chi0.5/13 engine and

- .Vfuels with various sulfur contents were
6. . 15 JV S#z .

p•p•-. paS'fm4 aam- 8ac.x also carried out by M.S. Smirnov [433.

SFig. 27. Total engine wear The series of tests of oil addi-
as a funcrion of type of.-. uel and oil addVtivc.'we arlnes), oi) diii-vul- tives and fuels with various sulfur con-
kwear lines). 1) H~igh-sul
f'": o l (Sthou 6ad)itve;2)tents in ChlO.5/13 engines shows that
oil without additive; 2)
the same, DS-lI oil + 4.5% for the most vulnerable part of the en-
MN1 IP-22; 3) the same, +
+ 6% VNII 4'P3~;J) d:-sel rue. •• .- O 4 "- gine - the cylinder sleeve - the wear'•" Bol fuael (S--'.". D-S-I1

oil withouz . "er -OCC ho•ras of operation with a low-

content); •�ulft' fuel arounts to about 75 microns
• ,_ ating tim. t.or.

in the upper zone.
' w. an sea Proi the curve given in Fig. 28, when a fuel with a

0.8-2. ,% i.f'ur content was used instead, sleeve wear rose to 130-160

%I Joe1

Fie. 28. Weaar on ,ylinder sleeve
* ,,* ofh Cio. • 5/13 engine as a functior

"iof' fel sulft•, content and oil
additive. i) Ol! without additive;
2 the sa,ýj, V'V! NP-360 additive;
3 wear, micrcns/!0O0 hours; 4)
Puel sulAr content, N; 5) wear,
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microns. By using diesel oil with VNII NP-360 additive, wear -could

be reduced to 75 microns.

Thus, by using oil additives of the phosphorus-containing VNII

NP-360 type or other less effective additives, cylinder-sleeve wear

can be reduced to the level of wear with a low-sulfur fuel (contain-

Ing 0.2% sulfur) when the engine uses a fuel containing up to 1.0%.

As far as high-sulfur diesel fuels are concerned (containing more .

than 1.0% sulfur) they can be used in high-speed diesels with no de-

"crease in motor potential if an entire set of measures is carried out,

i.e., effective oil additives, fuel additives, protective coating,,

etc., are used simultaneously.

The results of selection tests have made it possible to recommend

the tested additives for diesel factory tests in more heavily super-

charged diesel engines of various types using high-sulfur fuels con-

taming no more than 1.0% sulfur.

OIL SERVICE LIFE IN ENGINE AND CONSUMPTION OF ADDITIVES

Oil service life in an engine. The problem of the maximum permis-

sible oil service life in an engine is of primary importance, since

too-frequent oil changes lead to enormous waste of oil, while if spent

oil is not changed soon enough, excessive wear and engine fouling will

result.
As we have already mentioned, a certain portion of the oil reaches

the maximum-temperature zone at the top of the piston, and is subjected

. .......to severe thermal decomposition with the formation of carbon-bearing

products known under the common name of carbon scale and varnish. When

this happens, is there a radical change in the structure of the hydr6-

carbons in the basic portion of the oil that does not have extensive

, contac "' *:ith the very hot surfaces of the cylinder-piston system? Stu-

dies carried out by 0.V. Vinogradov [8j, as well as N.G. Puchkov and

-107
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""'S. Boxova (37] have shown that despite the oil-oxidation processes

that are going on and some accumulation of polycyclic compounds, on

the whole, the hydrocarbon-group chemical composition of the oil

changes very little. Thus, we may assume that if there is adequate

, elimination of all contaminants, including thermal-decomposition prod-

ucts as well as engine-wear products, the chemical composition of the

spent oil will differ little from that of fresh oil over an extended

service period. This fact raises the problem of prolonging oil service

life in the engine by arranging for effective filtering during the op-

A erating process.

\'0.

Fie. 2 Va o I- U f

(n o.. chag) 1) Mcaica iquti

9' ' I !_t " -s

2 aci nubr 3) Iro cotet 4) iech,,n"

Fig. . Variation in diesel-oi!, permormance
lch 5acter)stic during operation of 40h10.5/

I~9 './i3 o!! with f~t•changed every 75 hours
(rno oi!! change). 1) N.echanical i our'ities;

"(" 2) acid number; 3) iron content; ) meohan-
1:4 ical impurities, %, acid number, mg KOH/g of

"• oil; 5) duration c±f engine opera. ion, hours;.,,.. ~~6) iz-on content,, JS, of oil x.6. 7) fil-
" " ter chango.

-For the rajority of automotlva and trvactor engines, as well a"

" ,: for ma•y manrina and stationary diosels of up to 500 horsepower, the

.foatory irstruttlons call for a chanuc oz crazkcase oil every ICO-!20

-hours of engine operation. tI should be noted that at the present time

ther- are no oel quz..Uty Indicators wth scientifically-establishod
:... - 1o8-
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L limiting values which when reached indicate that the oil should be

removed from the engine lubrication system and fresh oil supplied.

In regular operating practice for high-speed diesel engines, the

oil is normilly changed on the basis of the fact that the mechanical-

impurity content should not exceed 0.4-0.5% and the acid number should

not exceed 0.5 mg KOH per gram of oil. Thus, for example, in YaAZ-204
automotive diesels, the oil .s changed every three thousand or four

thousand ldlometers, i.e., after about 100 hours of engine operation.

Here the characteristics of Dp-Il oil have the following values: me-

"chanical :mpurities, 0.17-0.36%; acid number, 0.2-0.6 mg KOH per gram

"of oil.

"When an engine uses high-sulfur fuel, the oil ages at a faster

rate.

*:" The acidity and mechanical-impurity content of crankcase oil may

be reduced by changing the fine oil filters more often, or by using

additional centrifuge filtering [30].

FIgure 29 shows the variation in certain characteristics of DS-11

diesel oils during tests with a IChlO.5/13 diesel, carried out by the

author, using a fuel containing 1.6% sulfur over a 275-hour period with

no il1 change, but with the type ASPO fine oil filters changed every

• 75 hours [301.

As the nature of the curves or the change in oil characteristics

shows, with the ergine operated on a high-sulfur fuel by the tima the

engine has been operated for 75 hours, the oil showed very high values

for acidity, mecharical i±murities and iron content, and required

9canging. With the filter changed every 75 hours of operation, with no

oil chau, not only were the oil indices held to permissible levels,

but the. service life was prolonged to 150-200 hours, which Is com-

pletely Justifiable from the point of view of economics.
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S.V. Ventsel' assumes that the accumulation of organic impurities

in the oil has no effect on engine wear, since the wear is caused pri-

marily by the abrasive action of the mineral portion of the contami-

* . nants. Organic compounds such as gums create a shell about the solid

particles of iron or silicon, and play a positive role in decreasing

"abrasive wear. Thus, according to Ventsel,, oil filtering should con-

sist primarily in removing the mineral portion of the contaminants.,

"i.e., sand, wear products, etc., which is best done by means of cen-

trifuge.

In recent years, several tests have been carried out with tractor

diesels, using centrifuge filtering or more frequent changing of fil-

ter elements. The tests were aimed at decreasing wear and prolonging

the service life of the lubricating oil [4, 21].

All of the tests carried out show that:

"a) centrifuge oil filtering considerably decreases engine wear;

b) by changing filtering elements more frequently, oil service

.2 life may be prolonged from 100-120 to 240-360 hours, producing an Al

savines of up to 25-30%.

On the basis of the results of the tests carried out, many trac-

tor factories have replaced the fine oil filters in the diesels pro-

duced with centrifuge filters. These considerations, however, which

support the superiority of centrifuges over fine oil filters apply to

the raduction of abrasive wear, and do not fully take into account the

,.,Yhrmul effect of tarry produata, which intensify carbon and varnish

formation in the engine. Thus, a more reliable method of oil filtering

-.or diesels would be the utilization of fine filters in conjunction

With intrifPaugcs; as a result. both the acid tarry products and the

"iznrr-er-al particles causing abrasive wear would be removed from the oil.

:.V ". 4. i"'e consuption, During operation of an engine, the mult.-
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purpose additive contained in the oil is gradually used up as it re- 4
acts with oil oxidation products and acid products of fuel combustion, em..

and it is replenished under operating conditions only when fresh oil

4.

2~
48L-

1 5 10 ,,o 40 IV
Fig. 30. Effect of fuel sulfur

content on consumption of TsIAT- ?<
114-339 additive (YaAZ-20• die-b-
Bel). 1) Fuel with 0.2% sulflr
content; 2) the same., 0. 5% sul-
fur content; 3) the sam, 1.0Oi!•sulfur content;. 4) the same,
i. 3 0 sulfu content • .) oil ad-

dctove content, c u 5n duoation
of engine operation., hours.

is added.a iv.-0 e
A rough idea of the additive content of an oal may be obtained

from the oil ash content,, and a more precisae idea fom an analytical.determina'ion of the special components o4 the given additives, such is

barium, calcium,e or phosphorus [aion h].

eT e actual mechanism that uses up additives has not been dels- •.
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nitely established; it. may.be assumed, however that te basic fors

for additive consumption are:

:'f" I) adsorption of additives on particles of undissolved contamina-.

tion products and retention of the contaminants by oil filters (cen-

trifuses) together with the adsorbed additive;

2) direct adsorption of the additive by the fli.tering elements

-• in the oil filters.

These ideas have been confirmed by numerous experiments carried

"out under bench conditions.

A.B. Vipper (9] assumes that in addition to the factors mentioned,

interaction of detergent additives with the surfaces of engine parts

accounts for a considerable amount of additive loss.

'This conclusion follows from the fact that the decrease In oil
additive concentration is most noticeable during the first few hours

of engine operation.

The higher the fuel sulfur content, the more rapidly the additive

is used up.

This is explained by the fact that as the fuel sulfur content

goes up, there is an increase in the amount of acid products in the

oil, and a rise in the amount of additive needed to neutralize the

acid products and disperse the carbon particles. Figure 30 shows re-

sults obtained by N.G. Puchkov [353 in a study of the consumption of

TsIATIM-339 additives using a YaAZ-204 diesel engine and fuels of va-
rious sulfur contents.

N.I. Itinskaya and M.D. Dertyarev [211 have studied the variation

in the properties of Zp-I4 diesel oil with TsIATIM-339 additive during

~qft operation of IiT-54~ tractorsj, with oil changes every 120 to 360 houirs.

The additive content was monitored by determining the ash content, as

well as the oil barium and sulfur content.
-112
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.Fiure 31 shows the decrease in oil ash and barium content; from

* this it is possible to obtain a rough idea as to additive consumption

when the engine is operated for 360 hours with no oil change.
As the nature of the curves shows, the additive is consumed most

rapidly over the first 60 hours of engine operation, after which the

content remains more or less stable.
In this case also, no noticeable deterioration in oil detergency

properties is observed.

It has been established that oil oxidation occurs most vigorously

during the first 60-120 hours of engine operation, since it is pri-

marily the most unstable hydrocarbons that oxidize during this period.

The alkylphenols that react with the additive to form organic acids

retard the oxidation process and prevent the oxidation products that

"K C do form from coagulating.

The need for broad-scale utilization of centrifuges and fine oil

filters raises the problem of whether or not these filtering devices 4.

"r will remove the additive from the oil.

A very small quantity of additive may be adsorbed on the surfaces

of a new Type ASDO cardboard filter; in the main, however, the addi-

tive will be trapped together with carbon deposits, in proportion to

the quantity, having thus first carried out its dispersing function.

4* 
gL 20

Fig. 31. Variation in ash content (1) and

barium content (2) of oil during• engine
-'C-4

.5, Fig.at31. Vai)Aion in 2arhicont onte() nd

;3) oil service period in ermgine, hours.
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A.Z. Vipper, O.S. Obleukhova, and others [33] have studied the

effect of centrifuge filtering on the removal of additives from oil.

in their test using an automobile engine provided with a centrifuge,

the oil additive content and the additive content of the deposits were

checked by determination of the main additive content (barium or cal-
cium metals).

The results of 100-hour oil tests with TsIATIM-339, NNI IP-22

additives, and others, showed that relatively little additive was re-

tained in the centrifuge deposits, ranging from 21-28% of the initial

oil additive content.

In 150-hour tests carried out by the author with a ChI0. 5/13. en-

ginej, using D-fl oil with AzNII-7 additive., the total amount of addi-

tive in the fine-filter deposits and in the centrifuge amounted to

13.6% of the total amount of additive present in the oil (32]. Thus-

the utilization of. fine filters and a centrifuge in no way interferes

with the utilization of oils with additives.

-W, Operating practice for certain marine installation calls for

"washing of the circulating oil with hot water or steam and subsequenit

separation of the water in separators. In this case, some of the addl-

tive may be lost through the formation of solutions or em•lsions in

the water.

CHOICE OF OILS MD ADITIVES FOR SUPERCHARGED

Testing additives for locomotive diesels. In connection with the

"development of diesel locomotive construction., the requirements of the

radilway industry for diesel fuels has risen sharply. It has thu4 be-

"come necessary to ensure that the fleet of diesel locomotives can use

f. ' uels and oils obtained by refining sulfur-bearing Eastern crudes with

no loss of engine rellability or service life.

in order .to solve this p.oblem, several bench and operating tevts

114 -*" la.
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were carried out with a 2D100 engine, which presently is the chief en- Fr
gine type used for main-line diesel locomotives; it was operated with

"fuel and oil from sulfur-bearing crudes and various additives were

.A "; \'\#.!•,.,s
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to gumning of the piston rings, the formation of varnish deposits on

-the piston skirt with depositcion of carbon in the ring grooves and on

the inside surfaces of the piston, washed by the oil.

Figure 32 shows exhaust ports of the engine after operation with

a sulfur-bearing fuel. The carbon deposited on the piston-head walls

washed by the oil helps to raise the piston temperature. According to

*'- V.V. Arinn 1:3], the carbon deposited during the first 150 hours of

diesel operation raises piston temperature by 659C.

The increased carbon formation and inadequate oil circulation

caused the pistons to overheat, which may result in the formation of

cracks in the piston crown. Conversion of an engine to sulfur-bearing-

fuel operation, especially in conjunction with DS-11 diesel oil re-
79.

. fined from sulfur-bearing crudes results in a considerable increase in

the amount of carbon and varnish deposited, and makes it necessary to
use effective detergent and antiwear additives with the oil.

Factory bench tests of various additives have been carried out

with a 2DI00 diesel operating on a diesel fuel containing 1.0 and 1.2%

sulfur for periods of 600 hours for each additive tested (Table 34).
.J',

To establish a standard, a 600-hour test was run with a 2DIO0 engine

using a low-sulfur fuel and Baku D-I1 oil with 3% AzNII-7 additive

Tests and operating experience with 2Dl1O0 diesels have shown that

when low-sulfur fuels and Baku oils are used, little carbon is formed.

A maximum cylf-.ndez--sleeve wear of 50 microns, and no ring gumming

"was found in the low-sulfur fuel tests. Where the engine was tested

with a sulfur-bearinG fuel and oil wath TsIATIM-339, AzNI-8, and 1N01

IP-22 additives, unsatisfactory results were obtained. Sleeve wear

with the high-sulfur fuel increased by a factor of 1.5 5or more, reah- -.-
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ing values of 85-95 microns in zones of maximum wear.

The best values for decreased wear and carbon formation were

given by VNII NP-360 additive. Here, as tests have shown, the question

of the concentration of the additive in the oil is extremely impor-

tant. As the data of Table 34 show, if the concentration of VNII NP-

360 additive is raised from 6 to 15%, there is some increase in cylin-

der-sleeve wear &.e to the abrasive acticn of the large number of min-

4.,. eral compounds Int.oduced into the oil along with the additive. Opti-

mum resultz •v,:re obtained when DS-11 oil with 8% VNII NP-360 additive
was used. -e wear and carbon formation in the 2D100 diesel, using

fuel with 1.0%. sulfur content, corresponded to the values obtained

i durin• th. f eference tests with a low-sulfur fuel and Baku D-1l oil

wi tt zNI ' additive (Fig. 33).

:""I T-!?- !°

4. Pit

ii 4 i

-s-

Py uk•s I . ,s.. 1) Low-sulfur- 1ul.e! D?-!i oil; 2) sulflum-bearing
vs. .,D-! I., I we.t;:h V1111 NP3--360 additive; 3) sulfkur-bearing fu•el,, S.oilw!. X.-339 aCdditve; 4) .one,. wear, mic--ns.
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Operating tests with high-sulfur fuels were carried out in TE-3
diesel locomoti-,ns. The basic material in the tes's was the high-sul-

fur GOST 305-- "tth ' to 1. 0% sulfur ccr .. nt and DS-11 oil

if 1

i -"

M,,

3 2.. -

MO -4 - 14 7
4 0 - 1. O A-,

Fig. 34. Wear on piston rings of
"2DI00 diesel operated with oils hav-
ing various additives. 1) Wear on
first compression ring of top pis-

"5 • tons, %; 2) oil; 3) fuel. 4) D-lI;
5) low-sulfur., S = 0.2%;'6) Dsp-il
TsIATIM-339; 7) DSp-1ll AzNII-7; 85
DSp-il VNII NP-360; 95 high-sulfur,
S o..-I.O%

with VNII N?-360, TsIATIM-339P, and AzNII-7 additives. All of the test

results ob-ained were compared with corresponding data for reference

diesel locomotives using fuel with 0.2% zulfur content and D--Il Baku

oil (Gos: •304-;4). Each o.! specl *n was tested in three diesel loco-

Smotives with a total rur- of ';0,0C) kim. Operating tests of DS-11 oil

with TsIATIM-339 aid AzNII-7 add•l.ves gave less satisfactory resuith.
Figure 34 -.*'ýows comparative 't2.ues for piston-ring wear in operx.

ating tests with a 2DO0 diese'. u: .". diesel oils with various addi-

"tives [183.
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.-The results of tests of D$-.11 oil with VNII NP-360 additive
showed that the condition of the 2D100 engine following operation with

7; a high-sulfur fuel was no worse with respect to wear or piston-ring

gumming (Table 35) than that of the engine of a reference diesel loco-

*-•! motive that used a low-sulfur fuel and D-I1 Baku oil. There was a

. * slight exception to this statement in that the scavenging ports bore

an increased amount of carbon d. ?osi-ý, making it necessary to clean

them at least every 40-50 thousand kmI.

"The tests carried out with diesel fuel containing up to 1.0% sul-

fur and DS-11 oil with 8% VNII NP-360 additive in diesel locomotives

permitted the Ministry of Railways to recommend that these types of

fuels and oils be introduced.

Tests of additives for high-speed marine diesel engines. The navy

is one of the major consumers of diesel fuel; it is thus extremely im-

portant to make it possible to use sulfur-bearing fuels in marine die-

sels without decreasing reliability or service life. In this connec-

. * tion, several operating bench tests have been carried out recently for

* - various types of marine diesels using oils with additives.
In all tests of a sulfur-bearing fuel containing up to 1.0% sul-

*... .,- fur with no ol. additives, increased wear and oarbon deposits were

"noted. When diesel oil with TsIATIM-339 additive was used, wear and

carbon in the types of engines mentioned corresponded roughly to the
•" values measured when a low-sulfur fuel was used in operation. As an

example, we may cite the results of 500-hour tests with a 3E6 engin

(see Table 36). It is clear fro- these data that the utilization of

TsIATI:-339 additive yielded some decrease in carbon deposition when

thb e.nane used a fuel containing no more than 1.0% sulfur; when the

""uel contained more sulfur, however, the detergent action of this ad-

. ditive proved insufficiently e±fective.
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TABLE 35. Basic Resultt of Operating Tests with
.2D100 Diesels Running on High-Sulfur Fuel and
Oil with VNII NP-360 Additive (from Data of
1.S. Zelenetskly)

i m " 1i C .

62
2

= 4 '-".--

manocepull~oe
coe-MP etAue cop- 2,4 22.4 oi.,%,2%) . .. . .. 5.-9 . • i •• .i - 6.5 0048-." "

'.2. ,%.95 ~ 20.3

9%9Mac.io A-1i 9,6

Capnne~oe (co-AOpmaene copm
0,8--1,0%) ... 206 1.5 150 U 0-M
Mac.io AC-11 8% I-".

1) Fuel and oil; 2) loss in available scaven-
ging-port cross section, %; 3) number of gummed
rings; 4) amount of carbon in piston-ring zone,

e5) wear; 6) top piston ring, .; 7) sleeve in
one of maximum wear, mm; 8) low-sulfur (0.2%

sulfur content); 9) D-11 oil; 10) high-sulfur
(0.8-1.0% sulfur content); 11) DS-11 oil, 8%
VNII NP-360.

TABLE 36. Wear on Basic Parts of 3D6 Diesel Af-
ter 500 Hours of Operation as a Function of
Fuel Sulfur Content and Oil Additive (from Data i-"
of M.S. Smirnov)

I- -.- :=
6

•. e c;'"t.0"%) " • •. .'. T ,| 8"o MToornwo t.• i__ 3%_
U11.\, *0",, 49 , .. 0.07 , T 11 5

To w% ( No.¶nplenrn To woll. 1.1. (07 0 2.2 t0ee ,..,14 ,S) l• I t I .

1) Fuel; 2) oil; 3) wear; 4) carbon on piston crown, r; 5) piston
rings, S; 6) cylinder sleeves, mic•,.ns; 7) bearing linings, microns;
8) baze; 9) connect!"ng-rod; 10) d&. ?,!l fuel (l.Oe sulfur content); 11)
the same; 12) the same (sul'ir coneoat 1.25%); 13)+=,N-22, no additii:o;
14) the same, + 3% TsIATIZ--339. 4-

'.4..4
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-Ext;ended:-operating tests w•;;h M-50, 3DI5, 9D and other marine die-

sel engines sho4ed that it was possible to operate !these engines tom-

* porarily with fubls containing up to 1.0% sulfur and an oil with TsIA-

TiM-339 additive prior to the crganization of broad-scale industrial

. production of more effective oil additives.,

Tests with TZae 40D engine. The 40D marine engine is a heavily

supercharged engine. Tests : lcw-sulfur fuel and the mixture reo-

ommended by the factory of £K. 3aka oil and MK-22 aviation oil and

"TsIATIM-339 additive showed tha. the engine remained in completely

satisfactory condition. This test was taken as a reference test.

A series of 100-hour tests of this diesel engine with a high-sul-

fur fuel (containing about 1.0% sulfur) and DS-11 oil with various oel

additives showed that in all cases the condition of the engine was
"poorer than it was following the reference tests-(Table 37). Thus, fos

example, after tests of the PMS-19 oil additive, a decrease in piston-

ring wear was noted together with a small amount of varnish deposits;

. the number of gummed rings•, however, proved very high.

Thus, the tests showed that in order to make it possible to oper-

ate a 40D engine with fuels and oils refined from high-sulfur or•dea,

It is necessary to develop more effective additives than the test spe-

"cimans. Until the new additives have been created, Type 40D super--

chaged diesel engines should bo operated on low-sulfur fuel.

SPACIAL CYLINDER 0ILS

M.odern diesel-powered vemr , a ,re equipped with large diesel

plants of from 5-6 thousand to 20,000 horsepower In the unit and speeds

op2 120 rpm. These engines are low-.spod crosshead-,ype diesel with a

sepat,"te lubricating system. The hish-power marine diesels include en.

* gines of the Burseyster and Wain, B1oxford, MAN, Sulzer,, and other

types. A tendency oharaotez± atic of the operation of low-speed marina
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diesels abroad is the attempt tc use heavy residual fuels, i.e., re-

sidual fuel oil'or mixtures of distillates and residual fuel oil in-

eluding fuels with very high sulfur contents (up to 3-4%).

The utilization of heavy fuels is due primarily to their lower

cost.,Owing to the low cost and low consumption (in terms of weight)
of fuel, high-power marine engines can compute successfully with steam-

turbine installations.

The possibility of using heavy fuels in large slow-speed marine

diesels has come about as a result of certain structural features of

the3e engines and the utilization of special cylinder oils. In many

"engines of this type, the cylinder is separated from the crankcase by

a diapnragm through which the piston rod passes, through a gland. This

design prevents combustion products of the high-sulfur fuel and the

cylinder oil from reaching the engine crankcase, and protects the

crankcase oil against contamination.

The engine is lubricated separately; the oil used to lubricate

* the crankshaft-connecting rod mechanism is also used to cool the in-

*side of the piston. The engine cylinders are lubricated by means of

Soil cups. Cylinder-oil consumption normally does not exceed 1.0 g/

/horsepower-hour.

Oil with a viscosity of 10-12 sst for 1000C is normally used to

lubricate the crankshaft-connecting rod mechanism; it contains no ad-

ditives or a small amount of antioxidant additive. When the engine Is

operated on heavy sulfur-bearing fuel, the cylinders are lubricated

with more viscous oils containing more detergent antisulfur additive.

In thiz country, we normally lubricate slow-speed diesels as follows:

for the crankcase oil, a motor oil (GOST 1519-42) is used for the vis-

03cosity of 10-11 sst at lO0°C, and for cylinder lubrication, AK-1B :')z-

tol (COST 1862-60) for the ... cosity of 15 sat at 1060C, as well as

124
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MS-20 oil ( TI0-49)., while in nan- caces, the same motor'oi1 is

used for the cylinders. In an engio -.=ning on heavy sulfur-bearing
fuels, however, these oils cannot reliably protect the engine against

- corrosion wear and the formation of deposits. In such case, it is nec-

essary to use special cylinder oils.

In other countries [6], high-grade oils with viscosities of 15-25

sst at lO0°C are used as cylinder oils; they contain alkali additives

(for example, "Caltex," "Shell Tulsa Oil," "Gargoyle," etc.). They de-

crease sleeve wear when the engine uses a high-sulfur fuel. L

The ESSO Company produces a special "TRO MAR DX-130" "cylinder oil

0with a viscosity of 24 sst at 100 0; according to data supplied by the

company, it decreases cylinder sleeve wear during operation of an en-

gine with heavy sulfur-bearing fuels by 80% in comparison with a I

* standard oil having no additives.

There is considerable interest in the so-called "emulsion oils,"

which have obtained limited application in marine engines.

Emulsion oils. Until recently, only substances that dissolve in
. petroleum products have been used as oil additives, i.e., organic com- 1'

J."1 -f -[ pounds, salts of organic acids such

Sas naphthenates, sulfonates, as well

• • as phenolates of various metals.

S4- This has greatly limited the variety

a.nd dec.eased the effectiveness of
2 fl�~coe~R4c . es which could be used to

" " Fig. 35. Stability of Alexia 1"emulsion oil as a function of improve the anticorrosion, antiwear,
temperature. 1) Temperature

2) storau e ti)Teme (monthse. and other properties of lubricating,.." uC; 2) storage time (months).•

oil, especially where engines are

operated on sulfur-bearing fuel.

"The Shell Company has developA.d, tested, and marketed a new type

... .... .,.. , ..



of so-called "emulsionW" oil under the trade name Alexia-Shell; these

." oils contain a solution of additive distributed in the oil as an emul-

• " B s on.

Alexia-Shell emulsion oil takes the form of an oily milky-white

fluid, and it is designed only for engine cylinder lubrication by

means of oil cups.4.4

As analysis of imported Alexia-Shell emulsion oil has shown it

0
is based on an ordinary base oil with viscosity of 16-18 sat at 100 C

which contains, in the form of an emulsion. up to 30% of a water solu-

tion of calcium salts (in particular, calcium acetate).

Calcium acetate, which is the salt of a weak acid, has the prop-

erties of a base and, reacting with the sulfuric acid that forms on

combustion of a sulfur-bearing fuel, neutralizes it thus decreasing

sleeve and piston-ring wear.

The most important requirement for this type of emulsion is sta-

bility, i.e., there should be no separation of the water phase from

the oil with possible changes Ltn ambient temperature.

The emulsion is stabilized by the introduction of special sub-

stances - stabilizers that preveait the colloidal system from ooagulat-

ing, i.e., that prevent stratif..cation of the emulsion oil.

Shell emulsion oil retains its stability at a temperature of 3800

for more than half a year. At higher temperatures, emulsion stability

was less satisfactory. Figure 35 shows the stability of the emulsion

"oil as a function of temperature. As the temperature was lowered, the

emulsion remained stable to -10 C. Here its viscosity increased, as

*: with ordinary oils.

Tests of tho emulsion oils used to lubricate cylinders of slow-

speed diesel engines using heavy sulfur-bearing fuels have shown that

* .*.,- the antiwear and anticarbon properties are better than those of ordl-
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nary oils including oils with additives. A test carried out in a sin-

glercylinder section of a two-cycle Sulzer engine using a heavy fuel

having a viscosity at 5000 at 230 VU, a sulfur content of 3.5%, a car- .

bon residue of 11% and an ash content of 0. 08% has shown that the wear

on the cylinder sleeve and piston rings decreased when emulsion oils ..:,

were used to the level established when the engine was operated on

diesel fuels and ordinary oils.

When emulsion oils replace ordinary oils, there is also a notice-

able decrease in the carbon formed on exhaust ports and no carbon is.,

found in the ring :grooves. The amount of carbon in the combustion

chamber was less, and it was lighter in color. . -

The results of bench tests carried out with sections of engines-

made it possible to organize broad-scale tests under operating condi-

tions. These tests were arranged for an entire series of diesel-pow- i.-

ered vessels equipped with two-cycle Burmeyster and Wain, Doxford, Sul-

zer, MAN, Werkspur and other diesels.

Comparative data on wear was obtained by lubricating certain cy-

linders with emulsion oil while the remaining cylinders worked with

standard oil.

Some of the results from these comprehensive .tests are given in

Table 38.

In all cases, the wear on cylinder sleeves lubricated with the

emulsion oil was less than with the standard oil (by factors of 3 or

I, and eve3n more in isolated cases).

The drawbacks inherent In emulsion oils include:

a) higher consumption of emulsion oil than regular oil, since t~e

emulsion oil contains a considerable amount of water; •fft'

b) inadequate emulsion-oil stability at high temperatures. Thus,

at 50 C,ý the oil cannot be stored for more than 3 months. Thus there
- 1^7- -f.'.
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are certain difficulties involved in long-term storage and utilization

of emulsion oils in tropical regions. ;.

These emulsion-oil drawbacks have caused the Shell Company to

- market new grades of cylinder oils recently; they are based on naph-

thenates dissolved in the oil, and do not use water emulsions.
'These oils are free the defects of emulsion oils, and at the same

time have good antiwear and detergency properties.

In connection with the organization of production of large marine '-

diesel engines in the Soviet Union, the question has arisen as to the

creation of domestic cylinder oils that will make it possible to use

heavy high-sulfur fuels with no decrease in engine motor potential.

Preliminary tests of experimental specimens of special domestic cylin-

der oils have yielded satisfactory results.

fanu-
scx~pt [Footnote]
Page

NO.

121 The numerator gives data on the top piston, and the denomi- WO

nator data on the bottom piston.
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3" "t. CONCLUSION

,1". Tests and operating experience with oils containing additives in

"various types of diesels have shown that the utilization of additives

makes it possible to improve oi. quality considerably and thus de-

TABLE 39. Proposed Diesel-Oil Classification

o.yis jo 2 Thea -u usevesrs) )

B 5 •Iacaa ARX lu oatxn : a)t u.lyxv: a) •up ,•*cuposaanaux
YCaomwa p&60nU (cOpun 1)' i~u 6) ANMNr~~10- P86OTWWX~4 RA

IMM pnwax m COpwauuox epm A* 0,2%
V B 5?4acaa nAn iaxweaux UJna cumu~n: a) 4oPcxaPo~aauuz an-

yc.onAu pdaon ( 2) 3e.n41. pAom.ms ua •tonanx, @ co-
.P+,'MC. ce+. 1.0%. 6) unMnAlr,

Ito•,pm meeiodeC rns"o•v Iepos8 --
G r 64un~ =an "0o0 TM- N1ix cm)3IC ocOUO 4omupczauhJuz

+o+ yos t n•,as ngine yceiaa•-p~oia na~a.6 se'iuaa~ ccita uaniae

("etip, 3) PA:anoeaa. 't utpeueaity mar• PYo*-aaa capopauctM Maa

1) Group; 2) type of oil- 3) function; 4) oils
for ordinary service cndLtions (series 1); 5)

.N. oils for heavy-duty service (series 2); 6) oils
for especially severe service (series 3); T
for lubricating: a) l1G1.tly supercharged die-
sols; b) engines using fuels containing up to
0. 2% sulfur; 8) fox- lubricating: a) super-

* ohargod diesels using fuels containing. up to
1. O0* sulfur; b) diesels usiM- fruels containing

4 more% than 1% sulfur'; 9) ror lubricating very
hiGhily supercharged diesels worldng with vary-
ing loads and runtenin on hig.h-sulf6"ur fuels.

civ.-ase wear., reduce tha aun~ut of varnish and carbon deposits on oc-.%

61ne par~ts,, and. improve opazrat1.- conditions., i.e. , in the last anal-

yito increase engine relI~la.-1ity and servioe 3ife.

*~f ~ 4...

At trio s="A t1=0 ve sc..notce th-it the quali1ty anid correspor~d-

Ing variiety of oils used *n iL-erel er~ines still does not corresp~ond

cce:ýlotely to operatIng ixq ';,wnts-
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Diesel oils with TsIATIM-339 and AzYI7-7 alkylphenol additives

make it possible to operate low combustion-intensity diesels on fuels

containing up to 1.0% sulfur.

Oils with phosphorus-containing VNII NP-360 additives are recom-

mended for Type 2D100 supercharged diesels when fuels containing no

more than 1. 0% sulfur are used.

At the present time, we have no oils and additives for expecially .

severe service conditions that can provide reliable operation of high

combustion-intensity diesel engines using heavy gas-turbine super-

charging when fuels with various sulfur contents are used. Only fuels

with sulfur contents not exceeding 0.2% can be used to operate these

diesel engines.

We also have no special cylinder oils to lubricate supercharged

slow-speed marine diesels working on heavy fuels.

From the viewpoint of increasing service life (motor potential)

of diesels of all types, r-gardless of combustion intensity, it is de-

sirable to use oils with additives that possess better antiwear and,

'' detergency properties.

The existing motor-oil classification, which divides the variety

of oils into automotive, tractor, diesel, aviation, and other classes

does not correspond to the actual utilization of oils in engines.

It would be more desirable to classify oils on the basis of the

severity of the conditions under which the oil must operate in the en-

gine (allowing for the design and combustion intensity of the enginm

operating conditions, fuel quality, etc.).

The basis for the diecel-oil classification should be the classi-

fication, given earlier (Chapter 1, Table 2) of diesel engines by de-,

gree of 3upercharging, which separates diesel englnes into 3 groups on

the basis of supercharging.
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In accordance with this classification of diesel engines, and. al-

lowing for, the, utilization of fuels with various sulfur contents,, the

Proposed oil classification will take the form shown in Table 39.

L In addition to-*the three oil groups shown., it is also possible to

have a. temporary group A (series 0) oil classification,, which will in-

elude oils not having adcLitiveo or with relatively ineffective addi-

K:tives used to lubricate low com.Lustion-intensity low-speed diesels of
older design., and carburetox-type engines. As time passes, production

of these oils w11l be curtailed, and tey will be replaced by better-

quality grades.

The oils of each group should be produced lp the form of grades

with varying viscosities ranging from 3 to 20 sbt at 1000C such as.,

Lfor example., K4-10V, DI-12V, M-16VJ etc.

We still have no sufficiently 2.eliable indices to characterlze

the quality of each type of oil. As a rough approximation., we may as-

sume that the indices determined with'labora-tory'apparatus should have

the values for the oils in these groups shown i.n Table 40.

On the basis- of the result-s of the, testz discussed in Chapter 4,

menay arsume that -thae 'oils produced cc'meroieally containing the TsIA-

ý:.114-3391 and -A0411-7 al1kjlphenol, additives will be classified as sories

01.1s with W~i. NP-;360 &ir M1 -.X-22- addlitives may Lie classifi~ed

arbtarl .1 a- I~s 1or' ew=.mple, DI-12V oil.

At the pesent tme; 'we do no t produce series3ois(r p-

citally severe ~perat-ng c Jnditicons)..

Evaluat"lon olf oil quality on xotorless. appariatus,, however., Is at

Zcst pv~minary In nature. V tna2. alctssification of oils in'to the

va.i~ott grov-ps should 'Zc .. id out only On the basis of positive re-

Sults from mctor tozts oari out In acoordance wilth a special pro-
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TABLE 40. Characteristics of Proposed Oils of
Various Types as Evaluated on Laboratory Appa-
ratus I'p- 3

~.3~ 43 Topxooxw.S+::•. •OX1cnxe- , u~.ax
l 4 u , . . . M o l o nu e c~ a ,l l ,a ,-

Macao i ninr e AR-21 cln lT no b 81 0KjtI nO nna. . - OP ) 3B, aan-
2 v/.% s ,z • U o•e 5010 n alao . • .XU
no 6ozoo U e monee •i?+•"+

6 Anx ofu'ix ycondz
pa6oT (cepUni ) 2.. • 0 - 1,5 30
7 Ann ?sme.tz yczo..
U a6oTm (cepuz2) 2 .. O 5 0 50

niRt oco6o Tswe~x
yczoanA pa4oir (cepuz 3) 0 0 0 70-80

1) Oil; 2) corrosiveness, Pinkevich method,
lead plate, g/m2 , ho more than; 3) oxidizabil-
ity in DK-2 apparatus (residue, %), no more
than; 4) detergency, PZV method, arbitrary un-
its, no more than; 5) thermal-oxidation stabil-
ity, Papok method, min., no less than; 6) for
ordinary operating conditions (series 1); 7)
heavy-duty service (series 2); 8) especially
severe service conditions (series 3).

, .+

gram on appropriate types of engines.

The new classification and associated suggestions as to improve-

ment of the varieties of oils available will aid in increasing the

quality of oils and additives for existing and fut.ure types of diesel

engines.

In+xoduction of the new motor-oil classification and-practical

realization of the new catalogue of oils requires primarJily: ,""

a) the creation of new more effective oil additiveo that will

make it possible to undertake production of types of oil presently in,
short supply, in particu' r, oils -or especially severe service oon-

ditions (series 3);

b) the development of standard methods and special engines for '."

performing motor tests on oils and additives that will be relevant to

the various englne overating conditions..

This problem may be solved successfully by the combined efforts

133 "
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