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This book glves the properties of dlesel olls with addlitives, and
lcboratory- and operating-test results for dlesels of varlous types.
It has been compiled on the basis of a generallizatlion of advanced ex-
perienced gained in the development, testing, and applicatlon of new
types of diesel oils and additives.

The book 1s designed for engineers and techniclans worling in pe-
troleun reiineries or diesel-engine manufacturing plants or in organi-
zations concerned with the applicétions 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 dlesel locomotives, tractors, and marine and
stationary dlesel engines require fuels and lubricating oils of ever
higher qualilty.

To meet the requirements of the national economy of the Soviet
Unlion for petroleum products; the seven-year plan provides for a pe-
troleun-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.

Acvances 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

1ife — all these factors make it necessary to improve lubricatiﬁgpoil

quality considerably. .
Yodern oils, designed to lubricate supercharged diesel engines -
should bte considered to be mixtures consisting of an oil bvase (th

base oll) and adcitives deaigned to improve those operating character-

45¢icns that cannot be bettered with the ald of ordinary petroleum-re-
fining and oifl-purification methods. Thus, & radical izmprovement in

diesel-oil quality may be obtained primarily by choosing sufficiently

effective addlitives. lere we are concerned to increase precisely thede

ol quality indicators that do not satisly the operating requirements

of actual engine types.
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A similar situation exists with respect to two requirements for
fuels and oils for other types of englines as well.
This fact has opened up a new fleld of technology — the applica-
tion of petroleum products.
f The problems of choosing, using, and increasing the quality of
" olls and additives for various types of engines may be solved only hy )
the combined efforts of petroleum chemlsts, machine designers, anc op- r
erating personnel. K.K. Papok mentloned a situation specifically, say-
ing that "at the Junction of two completely different branches of sci-
ence and technology, the chemlstry 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 sclence and technology arise — the application of
fuel and oil in motors and machinery."#

In the present work, the author hé.s attempted to generalize ex-
perience gained over recent years in the utilization of oils with ade-
ditives in diesel engines, in order to help solve the problem ol in-
creasing dtesel-0il quality.
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Chapter 1
PRESENT-DAY VARIETY AND QUALITY OF DIESEL OILS

PROSPECTS FOR DEVELOPMENT OF DIESEL-ENGINE DESIGNS AND BASIC REQUIRE-
MENTS FOR DIESEL-OIL QUALITY

The 1959-1965 plan for the development of the national economy
of the Soviet Union provides for a conslderable increase in the pro-
duction of diesel locomotives, ships, a high level of agricultural
mechanization, an increase ln construction and road-bullding activi-
ties, and the growth of other branches of industry and transportation;
211l 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 lncreasing the efficiency, fei;ability, and life.-
time of the diesel engines manufactured. ’

A characteristic feature of diesel-engine development may be con-
sidered to be the widespread utlilization of gas-turbine supercharging

and the perfection of the operating cycle with the aim of improving

‘the efficiency with which ths cylinder working volume is utilized,

raizsing fuel cconony, and decreasing the welght-horsepower ratio of

the engines.

The possible further development of diesel supercharging by the
use of gas turbines may have as a consequence some increase in eng-ne
combustion intensity; the requirements for lubricating-oil quality 9
will therefore be more severe.

~ Another feature of dlesel-engine development is the need for

-3 -
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wldespread utilization of sulfur-bearing diesel Iuels; where oll qual-

Ld

ity 1s 1nadequate, this may lead to a decrease in the motor potential.

4 T
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Thus, the solutlon of the problems ralsed by these trends in

kY p‘,:,-

PO

diesel development requires a conslderable increase in the quality of
the lubricating oils used.

Combustion intensity in diesels. The temperatures of the suriices

in the engine cylinder-piston system, with which the oll is in con-
stant contact, are of decisive lmportance for the rate of 0il oxida-
tion ang subsequent thermal decomposition, i.e., for the processes of
carbon formation, corrosion, and wear. The higher the temperaturc ol
the piston in the reglon of the side surface and the ring grooves, the
more vigorous the thermal decomposition of the oll with formation of
carbon and varnlish; thls results in a loss of plston-ring mobilitly,
and impairment of piston thermal conductivity. |

TABLE 1. Piston Temperatures for Several Types
of Diesel Engines

1 2 Tounepatypa, *C
Tho asurateaa ' % no o
AURERD TOPEILR p‘“‘ B pailoue
3 (uskcumaziuan) ”W::“mmﬂ‘m
S ussnt 238 : 150160
% '-iw 513 225 312
23730 25-%0 3
9 ‘iii!ﬁm 330 240--350
e 28-100 ) )

1) Tyve of engine; 2) tezge ature, 2C; 3) piz-
ton crown (maximua); &) piston in regian o
- top ring groove; 5) Cn; 6) ChN; 7) D.

Engine cozbustion intensity depends on a full series of struce

i
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tural factors and the peculiarities of the working cycle (exce s-aip
flicient, cocling setup, etc.), but in general, the coshustion
tensity incresases as the pmean effective pressure goes up.
Figure 1 shows a standard piston tesperature distribution.
u.

1y



Table 1 gives results of piston-temperature measurements for sev-
eral types of Qlesel engines.

As the data show for the types of engines indicated, the maximum
piston-crown temperature fluctuates over quite a broad range, but in
the region of the top piston ring, the temperature does not exceed
250°C. As a mule, the utilization of gas-turblne supercharging elevates

(7]

piston temperature somewhat.
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1. Temperature distribution for pis-
y of  ChR3/30 diesel engine (with cham-
n piston).

Thus, for example, with 0.5 astm supercharging of a Chl0.5/13 ens
ging, the saximum piston-crown tesperature rises from 285 to 235.23?°c;
while ths terperature in the reglon of the top plston ring increases

Lo
from 212 to 2307C.

-5 -
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Figure 2 shows the variatiaé-in.pistéﬁ temperature for a 6Ch23/30
engine (data of ‘the Central Diesel Scientific Research Institute) su-
percharged from 600 to 900 hdfaepower by means of _g‘as-turb_:!.ne superf-i |
charging. o - N e

Engine combustion intengi’tio-s may be characterized diractly N
through data obtained by measuring the temperature of the piston sice
wall, in particular the temperatures in the é.;'ea.of the top piston
compression rings, where the carbon- and varﬁish—fom&tion processes. |

are most intense. There 1s almost no detailed system having data prv

sently availlable for all types:’of'diesel engines, and the sparse Lexs-

peraturc-measurement results avallable ;:am'zot -be _cbw,p‘e‘.red 'reiiab:;y,
owing to the differences in the methods of determination used. It 4o
therefore necessary to characterize the combustion intensities with

the ald of parameters that determine the degree of engine supercharglng.
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Flg. 2. Zosperature veriation for pis-
ton Ch23/30 &lcsel with power ocutpul
inereased by supercharging (the num-
ters 1, 2, and 3 indicate points zt
which piston temporatupe was meas-,
ured). 1) Tumperature, Y0; 2) kyfem”;
3) effective horsapower.

The cocbustion intensity of an englne depends prizmarily on the
. 6.




TABLE 2. Classification of Diesel Engines on
Basis of Supercharging
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(Ko ot 30 no 5019 40/120,7 5

2:¢25,4 2

14|1wnnsmo M-751 | 7501500 | 10,0 | 7.7 | 3835

14 1 1291148/20 [M-601 | 700 1400 | 835 | 67 | 315

14 6'1131,8/33| K-50 18 1000 | 7408415 | 77 |314
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e e,
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e
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" Manonanpmsen- 8]143/61 153

- 5,
nue ausenst (Ko | 6A30/50 - 600 300] 50| 425 {21.2

sence 30) .., GU15/48 THLEBAG | 150 | 1500 | 9.0 | 47 [.21.2

L7 54114,5/20,5 & 68 | 615 |205

13 17 4410,5/13 65 | 33 |17
} 6U12/14 70 50 [176

4412,5/12,5 67 | 51 (473

T174M12,5/15.2

i 74410,5/13
6Y36/45

17448,5/11

60 ; 58 5.
56 1 52 14,0
"8 | 48 132

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/cm<; 9) supercharging criterion
Ke; 10) high-intensity diesels (Ko greater

than 50); 11) special engines; 12} medium-~-in-
tensity diesels (Ki‘ from 30 to 50); 13) low-

intensity diesels (Kf below 30); 14) ChN; 15)
D; 16) YaAZ; 17) Ch; 18) 2D; 19) KDM.

mean effective pressure P

In comparing the combustion intensities of different tyves of
dlesels, it is convenient to use the supercharging criterion Ki" which
characterizes the efficiency with which the woxiing volume of the oy4

linder 1s used;

car R L
et W R Y Ve

K° - p‘-cnoz'

where p, is the mean effectlive pressure, kg/cma; Cm is the mean
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speed, m/sec; z 1s a cycle factor (z = 0.5 for four-cycle engines, z =
= 1.0 for two-cycle engines). |
Tﬁere is nb basis for expecting an increage in Kf due to any con-
t slderable increase in qm, since this will be limited by the strength
i of the material.
‘ On the other hard, the possibilities for increasing P are gocd )
where gas-turblne supercharging ls used. The future development of .
diesel-engine design will see an increase in the mean effective pres-
sure from p, = 5-6 kg/cm? to values of:
for 4-cycle dlesels, p, = 20-25 kg/cm?; .
for 2-cycle dlesels, p, = 12-14 kg/cm?.
Domestically~-produced diesels may bé classlified on the basis of
supercharging into three basic groups (Table 2).
The firét group includes the most highly supercharged eagines,

using g - ut:rbines, which have values of Kf exceeding 5C, mean plston

speeds Cm above 9 m/sec, and piston temperatures in the reglon of the
tep piston ring that nomally exceed 250°C. Here we have includad cer-
tain speclal-purpose engines and individual preproduction diesel mod-
els that use a high degree of supercharging and that are presently un-
dergoing tests or are ln the final stages of development.

To characterlze the dlesels in this group, we have given ths
characteristics of several present-day highly supercharged enginaes
produced by forelign companies:

Ne n Cm pe :“2‘
AN (6CHN30/50) cvvrvevesevaas 1700 400 6.0 20 60 ot

Gumains (G00.5/i2.7) ceve.... 300 3600 15.2 114 87
Sulzer (6D18/22.3x2) ......... 2750 1000 7.5 125 9% .

L second group lncludes several series of supercharged locono-

tive and marine diesels (Types 450, 25100, D-50, ete.), with supor-
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3 ‘TABLE 3. Petroleum-Production Increase 1n -
N Urals-Volga District, %
1 2 3 B rou Tmene
' Ton Beero no
. ceee VYpano-Boms- | M0Kume Tipoune
cxnit pa;“(oq‘_ paitomu 5 pai‘tonus

. 1940 - 100 8.0 864 7.8
¢ 1956 100 62,9 21,0 104

7 1965 (unam) 100 80 20

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

Ner

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

1950 r. § 1965 r.
oI, L¥anocepmicroe anseannoe Tonanro (cozep- :
o wamte copn or 0,2 10 0,6%) . . . . .. 232 Mo
Cepmueyoe useannuoe Tonanon (conepiamme :
tepu or 0,6 xe 1,0%) ... .. Ve e 657 - 34

1) Low-sulfur diesel fuel (sulfui con-
tent, 0.2 to 0.6%); 2) high-sulfur dle-
sel fuel (sulfur conient, 0.6 to 1.0%).

2
i§ charging indices Kf ranging from 30 to 50 and piston temperatures in
) the reglon of the top compression ring of the order of 250°C.

The third group lncludes re;atively low=-intensity diesels with
values of E&.below 30. The corresponding piston temperature is normally
below 250°C; thus, for example, for the Chl0.5/13 diesel, it lies in
the 210-220°C range.

o) 3 Utilization of sulfur-bearing fuel. In order to satisfy the re-

N

ﬁ quirements of the national economy for petroleum products, and pri-

i » ,

. marily for fuels and oils, the output of petroleum will rise to 230-
. . 240 million tons by 1955. The produstion of dlesel fuels and oils may

be increased chiefly by increasing the extraction and refining of sule

fur-bearing crudes from Eastern fields. \

While before the war the requirements for diesel fuels and oil:

|‘.'
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were met basically. by refining low-sulfur Balu, Grosnyy, and other -
Southern cruges;; at the present time a considerable number of the dle-
sel engines produced in increasing numbers during the postwar five-
yaar plans use fuel obtalned from V’corby Baku crudes, i.e., from Ural-
Volga f:!.elds,'» a8 1is ;vgell known, high sﬁlfur c‘ontgnt 1s characteristic
of these crudes. | | '

The considerable increase in the : relative importance of Ural- .
Volga crudes with respect to the total production of the petroleun ln-
dustry of the Soviet Union may be seen clearly from the data [46]
given in Table 3. o o _- .

It follows from this da.i:a. that by 1965 as much as 80% of all pe-
troleun will be extracted in the form of sulfur-bearing and high-sul-
fur erudes. Thus, petroleum refiners can expect a reduction in the
qrality of the crude stock. . |

Al*hougn before the war the sulfur content of diesel fuel did
not exceea 0.2¥ on the average, at the present time, the majority of
dlesel engines at work in the national economy, including tractor, lo-
comotive, marina, aud statlonary engines, use GOST 305-58 diesel fuel
which conﬁai—ns up to 1.0% sulfur. ,

The proposed relaticnshiy between diesel fuels of vérious sulifur
contents and total production for the 1959-1965 psrioc is saown in Ta-
vle 4. | |

We remove suldur from f..la by the hHydrogenation (hydrogen_rei‘in—

ing) method on-a limited scal2. The future plans for the petroleum-re- °

~ 7
M K
! ‘~
X
<%
-
5
A
o
e

fining industry provide foo the introduction of additionzl capacity

e
b 0% '

for hydrogen refining of petroleum products, and in the future, the
production of purified (lcw-sulfur) fuel will rise, and the relative
consurption of high-sulfur fuels (0.5 to 1.0% sulfur) will gradually

% G sl
A NN

deorease, as we can see frux the data given in Table 4.
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”‘Nonetheless,>fér the near future, . the consumer must reckon with
the need for broad-scale utilization of high-sulfur fuels and olls.
As we know, utilizatlion of high-sulfur fuels results in increased
.wear énd éarbon formation. The replacement of Baku oils with olls 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 englnes and the necessary motor pbtential re-
tained only if olls w;th sufficientlf effective addlitives are used.
| The increase in engine motor potential, i.e., the increased en-
gine service life before manr repair 1s required, demands primarily -
a decrease in the wear of the basic moving paifs'under service condi-

tions.
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It is an especlally difficult task to increase ﬁotor potential s
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in view of the need for the broad-scale utllization of high-sulfur
fuels, since combustion products of high-sulfur fuels increase wear

and carbon formation, and accelerate the aging process in lubricating
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olls. _
The problem of extending englne life must be solved by improving

-

the quality of parts menufacture, selecting wear-resistant materials,
making use of heat treatment, protective coatings, and fuel additives N
as we™ T =5 by improving the quality of the lubricants used.

TABLE 5. 0il Burnt by GAZ-51 Englnes in Vari- S }
ous Conditions ) :
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new-engine loss; 5) & of fuel consumption; 6) worn, 7) worn, following

replacement of pistons and ‘rings; -8) new.

i

2l i ’ : A
Decreasing ,o:l_.l consu_mgtio . Another important task faclng diesel-

_eéngine ‘manufacturers and petroleun refifxers 1s that of decreasing the

amount of oll consumed by diesels. ,

At the present time, the average oil consumption 1in dlesel ern-
gines is 4.5-5.0% of the fuel consumption, and it exceeds the average .
01l consumption in the United States. )

Engine oil consumption consists of: a) burnt oil; b) the fresh
oil used to replace spent oil. The amount of oil furnt by an‘engine ,is
relatively 1ndepehdent of the grade of oil, since any petroleun oil
entering the upper zone of the cylinder barrel and coming into contact
with the hot gases — the fuel combustlion products — wlll underge 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
by GAZ-51 engines depending on conditlon. |

Future plans for dlesel-engine design development call for & de-
crease in. average oil consumption to 3.0% of the weight of mei con-
sumed for marine, stationary, and moblile diesel engines and a reduc-
tion to 2.5 for automotive diesels.

01l consumption may be reduced by: 1) improving oil quality; 2)
extending the useful life of the oil in the engine by lncreasing its
stability and improving purification devices (rilt:érs , centrifuges);
3) by regeneration of spent oil. |

By raising oil quality (imaroving viscosity-terperature charac-
teristics, detergency, and thermal stability) it will be possidle to
decrease the amount of oll burnt and extont the useful life of the oll

in an engine.
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Thus, looking at all of these trends in diesel develoﬁmenb for
the next few years, é‘g., increasing combustion intensity, greater mo-
o tor potential, utilization of high-sulfur fuels, and decreased oil
consumption, we must conclude that a considerable improvement in the

o quality of dbmestic lubricating olls is needed. As we have already
noted, 1t is possible fo raise oil quality both by improving the basic
0il and by choosing appropriate additives. The high quality of the
best modern olls is achleved basically by introducing into the compo-
sition of the oll additives that make 1t possible to obtain perfor-
mance characteristics satisfylng the needs of engine operation. In re-
cent years, therefore, a great deal of attention has been devoted to
problems in the development, cholce, 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.

MOST IMPORTANT PHYSICOCHEMICAL PROPERTIES OF DIESEL OILS AND THEIR EP-
FECT ON ENGINE OPERATION :

The basic function of a lubricant consists in decreasing friction
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losses and reducing wear on the worldng surfaces of englne or mechan-

ism components.
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In addition, an oll performs several other functions such as pro-
tect;pg the»engine against co:rosion, and cooling the working sur-
faces. The tendency of an oil to deposit carbon and varnish on hot en-
sine parts should be reduced to a minimum, it should possess adeguate

thermal.oxidation stability, and it should retain its composition and

s ) ’ pivperties for an extended periocd of time under service conditions.
I?% : ' For an oil to be suited to its functions, it should satisfy spee
?% . cific technical specifications. The development and formulation of
?; such o1l specifications for specific engilne types involves soms diffi-

culty owing to the fact that the methods known to us for evaluating
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oil quality are still imperfect, and a definitive judgnent as to the E
sultablility of a given type of oil can be made, as a rule » only after :
extended bench or operating tests. f
As we have already noted, the propertles of present-day oils rep-
resent the properties of the base oil as Affected by additives, which
improve certain performance characteristics. Thus, in the present sec-
tion we shall be concerned primarily with the fundamental properties

of the base o0ll, and we shall not be concerned with the effects of va- ;

¥y s weg r w # L

rious .addi‘tives. This question 1s discussed in subsequent sections.

As with any petroleum product, lubricating olls represent a mix-

* wewa o

ture of many hydrocarbons of various structures. From the viawpolint of
physical chemistry, the properties of an oll are determined solely dy .
the composition and structure of its component hydrocarbons. | !
In turn, the chemical compositions of oils depend both on the ns- ‘
ture of the crude and on the petrcleum-refining and oll-purification _
techniques used. Thus, in order to compile actual technical spéciﬁca— §
tions for oll quality applicable to oils of various functions, it is ;
necesse.ry to be conversant with the basic concepts of production me- :
thods, the important physicochemical properties, and the importance of !
these properties under operating conditions. | :
Production of lubriceting oils. Iubricating oils are obtained
during distillation of pétaroleum by removing the appropriate distilla- -
tion products and then refining them. In accordance with the method o
used to nroduce them, 01ls are classified as distillétes, residuals,
and blended oils. The majority of low-viscosity oils, such as motor v
oils, machine oils, etc. are distillates. Residual oils are the hizh-
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viscosity residues from distillation of low-gum peticleum; they go
- through special refining processes. Nany olls are also obtained by , i
blending distillate and residual oils. | '
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: Lubricating olls are produced in atmospheric-reduced pressure in-
stallations (AVT) in which the heavy oil remaining after the gasoline
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and kerosene-gas oll fractions have been driven off from the petroleum

are again distilled in the vacuum section of the installation, with ?
the oil fractions being removed; the residue obtained (semliasphalt) is ‘E\-.
used in the production of residual olls. L

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

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

i e X d

During sulfuric-acid processing, undesirable resinous compounds
and asphaltenes are removed from the oils. '

Affer sulfuric-acld purification, olls are treated with alkali
and subjected to mechanical purification with fuller's eg.rth.
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0ils obtained from tarry crudes require large quantities of sul-
furic acid in refining, and yleld small amounts of finished product;
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this is economically undesirable, and thus another refining method is
used for such olls, called deasphaltization. Deasphaltization consists
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in treating the oil with liquid propane. The o0il is dissolved in the

7

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

the residues.
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The action of selective solvents 1s based on their ability to ‘
dissolve some specific components of the oil. FPhenol, furfurcl, nitro-

benzene, ete. are selective solvents of this type. !*

The part of the oil purified by the selective solvent is called &
raffinate; it consists basically of alkane, cyclane, and certain aro- .,
matic hydrocarbons. The extracted portion of the oll, i.e., the part !'
removed by the solvent, contains polyeyelic hydrocarbons as well as \
nephthenic acids, tars, asphaltenes, and other compounds containing "
acids. B

0ils containing large quantities of paraffins have high pour 5.:?




%, (alcah" LA A Y e Bt T i o B el Rl R Yt R LN R e WAl - NIRRT DA Vi T S N s B DA Wi ey W A W e T e A e e ek 3 et O SR T
4

_points, and should be put through a deparaffinization process; this
consists in addi%g solvents, coollng the oll solution to a suffi- .
¢lently low<temerature, and removing the crystallized paraffin.

The ylelds and boiling ranges of the fractions depend on the na-
ture of the petroleun heing processed and on the purposes for which
the final oils are to be used. The bolling ranges of such olls as no-
tor-10, diesel D-11 normally lie in the 300-330 to 520-530°C range, ‘
adjusted for atmospheric pressure.

When light Bibi-Eybatskly petroleum is distilled, the yieid of
residual oil is about 50% of the crude, while the yleld of all oily
fractions is 63-65% of the residual oll entering the vacuum section of
the installation. - .

Viscosity or internal liquid friction is a very important oil
property, which i1s responsible for tae creation of & strong oil film
on rubbing surfaces and for the sealing of gaps. ‘

The unit of dynamic viscosity is the poise (pz), which represents
the internal friction that appears when two liquids 1 cm? in area move
with respect to each other for a distance of 1 om at a speed of 1 w/
/sec undeQ.a force of 1 dyne. |

The dimensions of the poise are dyne-sec/om?, or g/cm/sec.

The kinematic viscosity is the ratlo of the dynamlc viscosity to
the density of the liquid. The unit of linematic viscosity ls tre

stole (st), whose dimensions are cm? sec. One one-hundredth of a sioke
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is a centistoke (cst).

The relative viscosity is the viscosity expressed in relative

e %

units, and it is obtalned firom various viscosimeters. In the USSR,
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pelative viscosity i1s expressed in degrees VU, which correspond to de-

MR A

Brees Englenr,
Practical exverience has shown that to provide reliable lubrici-
- 16 -
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tion of most mediumpintensity diesel engines with piston speeds of up

AR 1 3 g
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to 7-8 m/sec, it 1s necessary to use olls with kinematic viscosities
in the 10-12 sst range at 100°C. For higher-inténsity dlesels with
piston speeds of 8-10 m/sec, olls with viscositlies of 14-20 sst at
100°C are used.

It should be noted that there 1s no point in ailfempting to use

BN L e IL At INEE DAL (4] it

a olls with too-high a viscosity. -
As we now from the hydrodynamical theory of lubrication, devel-
oped by N.P. Petrov, the friction factor (f) i1s defined by the expres-
sion L
f=ngp ;
where 7 is the dynamic viscosity of the oll in kg- sec/ma,; V is the tr
-
speed at which the rubbing surfaces move, m/sec; h is the thickness of i
the oil layer separating the rubbing surfaces, m; P is the relative
load, kg/c_:me. r
"
5
TABLE 6. Iimiting Viscosities Providing 0il :
Pumpability and Engine Starting (Data Due to
N.G. Puchkov) :
‘ » 2 Baaxocrs nwh {eem), obccnesn- !'
ssomen .
1 Jsnrarems - ‘.
e DpoxatHsaCNOSTS | ) sanyex v
o ——
TASSt .. ..... R -
P 2 31!?!-51!20 : 2500030000 | 18000—20000 :
: Toeraprep CT45 . . . .. ... £1 000 3000~4000 :
Teraprep CT$5 . . . . . . .. 30000 11 000 ‘
1) Englne; 2) oll viscosity (sst) guarantee-
K ing; 3) pumpabilitz; 4) starting; 5) GAZ-51; \
. 6) 211~-120: 7) ST-45 starter. ¥
.‘:.. F
o The formula given holds for the case of fluid friction. It fol-
, lows from the formula that the energy exvended on overcoming frictiod
. ¥
,l;‘l,. will be directly proportional to the viscosity of the oll. According :
; to the data of NATI [Scientific Research Institute for Automobiles anc -
o f' - 17 - .
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Tractors), if MK-22 oil replaces D-1l oil in a D-35 engine, a power
loss of 6% will result.
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Pg. 3. 011 viscosity-temperature curves. 1)
MK-22; 2) MT-1l4p; 3) Dp-1l1; 4) Dp-8; 5) kine-
matic viscosity, centistokes; 6) temperature.
in addition, high oll viscosity hampers engine starting. High-
viscasity olls are recommended not only for the engines mentioned,
which have high piston speed, but also for dlesels opercied in Soutihomn
areas, under elevated ambient temperatures, and for lubricating heavily 7
worn engines. On the other hand, winter diesel oils should be lower ia
viscosity (Dp-8 oil). |
Tha olls used for carburator-type Iautcmobile and tractor enginos
- 18 -
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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 cil pumpability
in the engine system and engine starting are guaranteed 1s used to
evaluate the starting properties of olls. ILimiting-viscosity values
may fluctuate within quite a broad range, depending on the type of
englne, 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 sst. ‘

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

automotive engines [36].
Flgure 3 shows the way in which viscoslty depends on temperature

| for several olls used in diesel engines.

Qiliness or the lubricating abllity of an oll is a concept that
is introduced in order to chafacterize thé strength of the oll film
under boundary-lubrication conditions. o

While under fluid-lubrication conditions, the strength of the oil

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

ary-friction conditions, the strength of the oil filr 1s affected wub-

cules, which provide the strong contact between the oil film and the

- metal surface.

The surface-active materisls include naphthene and fatty acids,
asphelt-resin substances, and suifur corpounds (50]. Vegetabls oils>
(such as caster oil) are considerably better with respect to olliness
than petroleum cils. Heavy refining of oils rempves the asphalt-resin
coxpounds, thus impalring the lubricating ability.
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Vegatable oils a.nd mixtures of vegetable olls with mineral oils,
however, have poor o:dda.tion stabllity, and thus they have not I‘ou. id
wide application as ex;slne lubricants. )

High o0il-film stfength 1s necessary primarily to ensure reliable
lubrisation of parts auhdect to high preuurea such as the verious

4

types of gear dzr.tves (tranamissian ‘0115 ). Here the lubricating ability
of an oil may be increased by the utilization of additives, which ave .
called antiwear or antiscoring additives. Such additives include high-
molecular-welght organic acids and their salts, sulfured o;Lls, and va-
rious compounds contalning sulfur or phosphorus.

Oiliness i1s normally evaluated by means of tests on some glven
friction 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 oll-evaluation results obtained by means of fric- '
tion machines do not always agree with results obtained under actual
service conditions [5].

0il oxidizablility. During engine operation, the lubricating cil
-1s subJjected to a process of oxidat:ion, primarily under the influence
of the oxa;gen in the alr and high temperatures. The accumlatim in an
oil of such cxidation parts as hydroxy acids, gums, and asphaltenss is
the basic factor reaponsible for the appearance of various enzine de-
posits -'-_ea:'-bon, varnish, and residues (sludge) in the cil. The Sormd-
tion of peroxides and acids is responsible for oil corrosivendss. &
considerable accummlation of oxidation products in the oil na.y novessi-
tate the cozplete elimimation of the oil frox the engine lubrioatim =
systen and substitution of fresh oil. -

The ability of an cil to resist oxygen reacti.on 15 called the ox-
idation stability, or the thermal oxidation stability. 04l oxidaticn
s:abmty is a very Wmt property and thus the study of condi-

- 20 -

LI P8 TR P T T T S s R P R P R e R A L M T R L L I T



RSP,
-

Salela

LCLRIAAA

S0

M
A

..

o
'
‘U
]
p
.
=,

Y
L
<

}

LY
b
Ll

PRIRAPES-PRTR I s TP

e .0

PR bt &

Y
.

" ,f;,-:." :-‘ -‘.- Jui

”

‘-'
.

»
o
-

" .

‘ ;“’n.»

-."
{,I‘

Phe

w, . - - o % e ..» » g s. . . Yy v 2 e a e e (Y -
O ,,\ NS \'\ ALV AN :. "'A\.“'\ A .’ -.\ f‘f“ o _‘" S \ AN 5 ..-.' ‘-"-:."\":."“,_..,.:‘-‘:\".

h&a*

. %0 YR 555 e e M ke A BP0 ) T R VTOTX T a , g = e - - P —
R e e T e L o T S N TR T B D T T T AL oW s T T T W

’

“tlons affecting the oxidation process has been the subject of many in-

; vestigations.

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-
lowed by the naphthenes, while the aromatic hydrocarbpns prove to have
the greatest oxidation stability. Thus, the alkylated: aromatlc hydro-
carbons, which also have the flattest v1scosity curve, are a very val-
uable component of an oil. Hydrocarbons:of,hybrid'structure such as
naphthene-aromatic or alkylated aromatic hydrocarbons, which have long
side paraffin chains, also prove to be readily oxidizable.

Hydrocarbon-mixture oxidation differsvin nature froﬁ pure-hydro-
carbon oxidation, since tiae individual hydrocarbon grouvps mutually af-
fect the acceleration or retardation of oxidation reactions. Thus,
compounds of the phenol type are strong antioxidants.

Thus, for olls that are mixtures of many hundreds of hydrocarbons
of differing structufe, the oxldation process is extremely compli-
cated.

011 oxidation has been studied in great detail by N.I. Chornozhu-
kov a~d S.E. Kreyn, as well as by K.A. Ivanov and other reseaxcaers.
It has been e¢stavlished that the rfirst intermediate cxidation vreducts
for hydrecarbons &are peroxides. Peroxlides are unstable compounds that
later are transformed into aclds and hydroxy acids. :n additlion, alde~-
hydes, ketones, and alcohels may be ovtainhed a5 intermedieie oxidation
products. Further oxldation of those rroducts leads to thickening and
the formation of condensation and polymerisation procucts lown a3 &ie-
phaltenes, estolides, gums, etc., which are proolsely the sulztanses
that form wvarnish, ca “oon, and sludge In the oil.
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A somewhat simplified oxidation scheme for oil hydrocarbons - - B :
(omitting several intermediate oxidation compounds such as aldehydecs,
aléohols, ete. ) may be given in the following form:

ém - c':H2 ' clmg CE:HQ c‘ma

| | t l |
CH, - Cii, ~ CH, =-» C—OH ~ —CH

“

C!IH:, éH-—O.—OH (l:‘=0 (I}aO (|]=O CH, -
bu - du .(l)-—_(!‘.fl
b
3 L 5 o—

YIICBOIOPOS FUADARCHSHUCH K072 ORCHRICAGTA BHEOEOMQIR YR =
W HDOXYRYT KON
WA T Toa T
Mepitanigg

1) Hydrocarbon; 2) hydroperoxide; 3)
acid; 4) hydroxy acid; 5% nigh-molacu-
lar-weight condensatlon or polymeriza-
tion product.

According to N.I. Chernozhukov and S.E. Kreyn [50], hydrocariecn

cxidation may proceed in the foil owing twe directions:
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Tag tnterzediate end Sinal ocxldation products listed hwele, such

o This, asphaltones, cevbenes, eie., &ve high-molecular-welzhi odu-
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As with any chemical reactlion, the rate of oil-oxidatibn rises

with temperature. At ordinary ambient temperatures, olls oxidize ex- %%%
tremely slowly and there 1s almost no oxidation at all. Thus oil may §§§
be stored in tanks of various sizes for several years.’But by the time 5;
01l has reached the 50-60°C temperature of the crankcase in a working g?;
engine, the rate of oxidation has become very noticeable. ;é§

The physical state of the oll in an engine also has an effect on Qi-
the rate at which it oxldizes. 0il will oxidize more slowly in a thick ég?
layer thar. when it is in the form of a thin oil film on the surface of ;§§
lubricated parts. Under equal temperature conditions, the maximum oxi- %5%
dation rate should clearly occur when the oll is in a finely dispersed ﬁiﬁ

LY
i

, .
AN '_‘p [S

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 (incréased acidity, mechanical impuri-
ties, etc.), and varnish films and carbon are dépbsited on the very
hot surfaces of pistons, ring grooves, ahd piston rings, i.e., strong
oxidation and polymerization of the o1l occurs with the formation of
asphaltenes, hydroxy acld polymers, ete.

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).

01l oxidation occurs much more vigorousliy in fhe presence of me-
tals. Many metals, as well as their oxides and salts, act as catalysts,
and considerably Increase the oxidation-reactlon 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 combustién
products from sulfur-bearing fuels is another factor accelerating the
oxidation of lubricating oils. On the’other hand, there are several or-
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sanle compounds (such as phenols, amines, phosphites, etc.) that re-

tard the oxidation reaction rate. Such substances, introduced artifi-
claily into an oil in the form of additives, are called oxidation in-

hibitors or antioxidants.

It has recently been noted that radiatipn from radioactive sources:

z1so tend to accelerate the process of hydrocarbon oxidation [24).

In general, radloactive irradiation of hydrocarbons leads to some’
molecular consolldation, to polymeriéatibn processes, and to an in-
crease in the molecular welght of the irradiated hydrocarbon. Thus,
for example, when the diesel-o0lil fraction of petroleum ié ifradiated
wlith a dose of 5 x 109 roentgens, an lincrease iﬁ.séecific gravitj from
0.84 to 0.94 was noted, while the viscosity.(at 38°C) rose from 2 <o
50 sst. ) |

The direction taken by the change in hydrocafbén structure proc-
duced by radiation depends to a considerable degree on the dose énd
the nature of the irradiation. |

The maximum dose of irradiatlon that leaves”no noticeable chanées
in the baslc properties of the oil {for example, that does not'chaﬁgé

' 8

viscosity) 1s 1-2 x 10° roentgens [51].

Cerrcsiveness of base oils. Corrosion is the name given to the
destruction of a metal that is caused bty the surrounding medium. Iin
the mejority of cases, corrosiorn is the basic factor responsible for
increascd engine wear. The hydrocarbons malkdng up an oil cannot by
themselves cause corroslon. One of the causes for the corrosion or 2
metal in an oil medium 1s the presence and further generation of vari-
cus oxidation precducts — peroxides, organic acids, ete., which react
with the metal. Another factor responsible for engine corrosion is the
appearence of combusticn products from a sulfur-bearing fuel in the
oill. As we have already noted, the first intermediate oxidation proc-
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t:*ucts are peroxides.
f According to Denison, in the first stage ‘'of the corrosion process,
’“a peroxzae reacts with the metal to form an oxide of the metal, which
‘then reacts with an acid to give a solvent: |
Me+R,04 = Ry0 4+ MeO
MeO+2RCOOH ~» Me {RCOO0), 11,0
where Me is the metal, R,0, the peroxide, and RCOOH an orgaric acid.
Denison, working with white (highly purified) oils has shown that the

rate of corrosion increases with the amount of peroxide contained in

8 the oil.

:1.' 150
%3

Y
W 3
X ¥
5N
¢

I

g, 4. Effect of water content of
D-11 ¢il on co““aszon of 1&uﬁ at
Semperaturs o §0C. 1) 0£1 without
woo oo 2) oil + 0.5% water; 3) cor-
rosion, gng, &) $ime in hours.

Thus, metal can corrode in the absence of atmospherie oxygen,
provided that the oil comtains, in addition to acids, ,peroxiﬁes,and '
other unstable oxidation products that can gie..d owa ' .

Thus, for oxample, Prastor and 2ay nave shown that corrosion of -

lead will otcur in 2 mixture of quinone and dodecanoic acid in the ab-
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cence of atmospherlc oxygen.

Accorcing to N.I. Chernozhukov [50], organic acids react basically
with the aydrate of the metallic oxide, which forms owing to the rcac-
tion of atmospheric oxygen and water that enters the oil from without,

v that forms as a result of oxidation
2\le--0,-- 1.0 - 2Me (O11),
Me (OH),-+-RCOOIl — Me (RCOO),+-2H.0

It follcws from the corrosion-mechanism schemes gonsidered that

ctr

the presence of acids in an oll is of great importance fgr_thé process
of englne corrosion. . N A |

In the majority of cases, elevated o1l acidify corresponds to
great corrosiveness.

A11 the same, the acid number cannot be used as a criterion of
01l corrosiveness, since the structure of the organic acids formed in
the o1l 1s the decisive factor. The studies of é.v; Losikov [50] have
shown that the corrosive action of organic acids decreases as their
mclecular weight increases, l.e., in order of increasing corrosive-
nzss, the acids form the following series:

| formic acid HCOOH
acetlic acid CH3COOH
butyric acid C3HTCOOH ete.

Tac ecid nurbers of fresh diesgel oilis normally do not oxceed
wea=0.20 mp KOH ver g of o1, dut the acidity of oils increases ran-
1d4ly 2z the engino operatos, reaching values of 1.5-2.0 mg KOH. Ac-
cerding to B.V. Losikov, ollc with aclid numbers of up to 1.5 mg KO,
in tha 2bsence of water, have little effect on steel or iron, but acid
nun” “ne crder of 0.5-0.6 mg XOH prove sufficient for the removal
0f Liv-a 2204 Dearing alloys. |

Thus, lead and its alloys are materiuls that are extremely liacle
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to corrosion due to bil’oxidation“products.xThe presence of water in-
‘an oll greatly intensifies the corrosion of alloys with lead. Figure 4
shows the effect of oll water content on the c¢orrosion of lead plates

~[321.
As a rule, residual olls are less corrosive than distillates.

e, l";"", -
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Table 7 shows the corrosivencss of several specimens ol base oil
* as compared with the acidity, measured before and after oxidation of
the ¢il in a Pinkevich apparatus. As the data given show, the acidity
bears some relationship to the corrosiveness, but upon oxidation of |
the oils, the increase in acld number follows dlfferent laws. As far
as ¢oils with addltives are concerned, there most frequently is no re-
lationship between corrosiveness and acic number. The ac%dity of an
oil may increase during engine operation, while at the same time, the
protective film formed by the additive will protect the netal asainst

MR RO
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corrosion.

e
)
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The corrosion mechanism discussed above applies primarily to

bearing alloys. A very pronounced corrosive-wear process oCcurs, how-

s 1o Yo
"'.'r‘l"..'l

ever, when an exgine is operated on a su.m—oear_ng fuel [30-] VWhen
ra uulfurubeuring el eurns, the acldic oaicee 502 and S0 zormg tney
~condense together with water vapor on the coolea walls of the cylinder
barrel and preduce suliluric and sulfurous acids. The traces of aeid,.

poreirating within v“e oil ;llm cover;hg the »udbbing surfzces of the
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P wear on rubbing parts. UWhen an engine is operated on a sullur-bearing
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e - fuel, thore i3 a2 stronger inexcase in oll acldity, and water-so;ab¢e;
o . . . R
3 aclds may alse be fourd in the crankoase oll..
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TAZILE 7. Corrosiveness of Some Base Oils (With-
out Additives) '

! (= i
. A Hneaatioe weeao,
Reppaatiinncts, | x2 ROlluate

1 110 Lhitacuniry, & /) 3 saca
Hawsenomaune sacaa ! -
31 chitil= nocae
ua el xe orme- .
chunne {;‘3;2;::“ Gaemu %".‘.“;“‘”‘
& Amtamacao MK-22 . .. oo o 20 | 07 005 , OfF
g Jusearnod stacao JIC-11 (3 cepun-
cTux medrell) . ... . . P 82 1.6 0,05 0.12
I8 Armawaeao MC44 . . ... ....| 432 | 150 0.08 0.14
1o Muaeanuoe nacao J-11 (excen MEK-22
- aC¥y....... e e s ee e (1 0 ! o 0,19
75 Mamrumoe CV . . . L. ... . . 828 4 25! RL 45D
T3 AMTALA0 ... ........| 8 ) 200 | &9 | 0%
<% Museannoe saczo J-11 (s omGen.
exnx mefred) .. .. .. ...y 1080 30 042 0.50
' l

1),¥ame of oil; 2) Iinkevich corrosiveness s/
/=; 3) aeid numder, mg KOH per g of oil; &)
ilead; ) lecad bronze; 6) before oxidation; 7)
after oxidation; 8) MG-22 aviation oil; 9§ DS-
11 diesel o1l (from sulfur-bearZ: ; crudes
MS-14 avietion oil; 11) D-11 diesel oil (mix-
ture of MK-22 and SU); 12) SU machine oil; 13)
AX-10 motor oil; 14) D-11 diesel oil (from Emba
crudes).
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Me. 5. Chanze In azidity of D-
11 diecel ¢cill during engine op-
eration with fuels of various
sulfur contents. 1) Ci11 acid
numder dusing operation with
fuel centaining 1.0% zulfur; 2)
the same, with 1.6%(Eulfur con-
tent; 3) azié number in mg KOH/g
011l; 4) hours cf englne opera-
tion.
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-crease in carbon formation also occurs, and the carbon, which includes

. .
e Ay

AT

products of the thermal decomposition of the sulfur compounds, becomes

(3

P
X7
e

denser and intensifies abrasive wear -on the engine.

»
e
.

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 acld fuel combustion prod-

uects.
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.

Carbon in the engine combustion chamber, on the piston crown, on
valves, and in the exhaust system are due chiefly to incomplete com-

oustion of the fuel. Carbon and varnish on the side plston wall, in

ot
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» -

(Y

o o

3

BV

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

A et S o

RPN

LA

.i‘“ ‘a‘_""’.,—wv l, -‘,01 i
-

i
o

marily as a result of the oxidation and thermal decomposition of the
lubric _ng oil.
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- The mechanism by wiich carben forms in an engine has been Studied
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in getail by X.X. Papok [29]. Carbon is deposited on the pilston crewn
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ing to the presence of 2 lo\-nemnc“ature sone at the piston crowi;
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carben also foxms in this zone owing to incomplete combustion of the

o 4, .'..b Y
A

fuel. Here the tn.chhesa of the caroon on the piston crown dees not
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Jepend on the duvaticn of enjine operaticn, but is determined primar-
21y by the tempeorature and by Suel guality.

3

Vamiisk and coybon ”o*ma:ioa may zesulit in sevcr“l ungesiratle

g
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Jleading to increased losses due to friction, a loss in compression, . .
and possible sc;ring of the sleeve; .

b) a decreéflae in the effective cross sections of the scavenging
and exhaust port; (in two-cycle diesels), reduouig the completeness of

t .
scavenging, and leading to a drop in engine power. Pigure 6 gives ‘
views of exhaust ports for a 2D100 engine following operation with a !
low-sulfur and high-sulfur fuel and an oil with an ineffective addi- T,

tive [18];

¢) increased wear on rubbing surfaces of the eylinder-piston sys-
tem;

d) decreased piston thermal conductivity and increased temperé.»
ture, which mayf cause the pistons to burn out; . ’
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Mg. 6. Exhaust ports in barrel of 2D100 diesel. a) Following operation
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“MAOn‘lQW-sulfur'fuel5'b) following operation on high-sulfur fuel.
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Fig. 7. Effect of fuvel sulfur con-
tent on fouling evaluation and
guantity of deposits on piston and
rings of UIM-NATI installation. 1)
Wei_ns of deposits; 2) evaluation
of nature of deposits, arbitrary
mits; 3) evaluation of piston
cleanliness, arbitrary units;

fuel sulfur content, %; 5) weilght
of deposits, &.
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TABLE 8. Effect of Fuel Sulfur Content on Car-

o) .

] bon Properties (After Breze and Wilson)

o I 2 3

AS% Coxepsmainto copu Cojepmanne eopnt B fla1070cTy Narapa,
tnly B Tonanne, % marape, S afend

s PTUTS 9
¢
)
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0,08 1.0 0,08
1,9 90 0,9
i 1) Fuel sulfur content, %; 2) carbon-deposit :

sulfur contgnt, %; 3) denslty of carbon de-
vosit, g/femo.

e) accelerated contaminatio ¢f lubricating oil, filters, and oll

N [ ]

. lines.

X As we have already noted, the formation of deposits on piston ‘
Q_ 9 rings and grooves is due chieily to the lubricating oil; fuel quality,

: B i
: 3 however, has & large influence on the amount and nature of deposits.

N LY .
. § It is xneown, for cxample, that when an engine is converted teo or-
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erate on gaseous fuel, so that more perfect mixture formation occurs,

the quantity of ring-groove deposits decreases.

The utilizaéion of high-sulfur fuels increases the total amcunt
o< cardon and of deposits and changes the actual nature of the carbon
narticles, making them denser and harder.

FMgure 7 shows the variation in the amount and nature of deposits
on the piston of a UIM-NATI apparatus operated with fuels of differing
sulfur content [48]. In goling from a fuel 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 toéal plsten
fouling evaluation (on the NATI scale) rose from 9 to 22 units.

in increase in sulfur content affects noﬁ*only the amount of 4da-
posits, but also changes theip properties, resulting in denser carbon
deposits, more difficult to remalin (Table 8). According to the data of
Breze and Wilson, sulfur is absorbed by the carbon, and as a result it
becores harder and increases the abrasive wear on the engline.

TABIE 9. Change in Some Characteristics of D-11
Diesel 01l with Introduction or Additives

bl |
s Dea upn- s 6% 8%
Nokazazon 4 | TATHN-200 | IUIATIN-230 'BITIL i118-300
i 3 |3 Pb .
AOLuoTh, 85 . . [2 1324 l 033 g 0.1 1.10
ORIy eROCTL, % oG | 066 ! 1,2 1.6
Mexamnwenue npl- ! :
secr, % ... 002 003 j 0.04 0.04
8Momwrute croiiciea : ! '
no 1130, Gazam | 35—351 30 L5 I 03

1) Characteristic; 2) no additives; 2) TSIATTM-
339; &) VNII NP-257; 5) ash, %; 6) ce«..on resi-
due, %; 7) mechanical irpurities, %; 8) deter-
gent properciez, PZV scale.

According to Iints data, carbon particles formed on combustion of
a heavy sulfur-bearing fuel zre characterized by considerable hard-
ness, reaching a Brinell valiue of 500, and have a high vanadium con-
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tent. Thils fact made it possible for ILin to propose that englne wear L
is abrasive in nature when the engine uses a heavy fuel, thus contra- ﬁ_’%‘
dlcting the commonly held corrosion theory of wear. ' “‘
Carbon scale taken from a piston crown and from piston rings fol- 5:«
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 ﬁhe form of compléx r-»
organic compounds, or as sulfates. ‘ .."-

According to Denison and Kavan [11] the sulfuric acid formed owing  i:Jj

to combustion of a sulfur-bearing fuel, reacts with the \"_oil in the up- ,__
per piston-ring zone, which leadé 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 meta:l‘ surfaces of .
component parts, forming ferric sulfate, some of ‘which goes into the t‘
carbon scale. | 4 "l'._
If the oil contains an alkall additive of the barium alkyl pheno-
late or caleium alkyl phenolate type, most of the sulfuric acid will ﬁ%
combine to form barium (calcium) sulfate, which remains dispersed in }t.\
the oil, and eventually is trapped at the oil filters; this decreages _
the sulfur available to participate in the formation of deposits on:,
the piston. . ‘_\
Thus the meost common and best-tested method of preventing carbon- \.
deposit formation in an engine working on heavy or 'sulfur-bearing 3.:
frels is the introduction of detergent oil additives. i
The oll carbon residue serves as a useful index in checlking 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 for:in :‘.
carbon, ctlnce many data point to the absence of a direct connectlon b:
N

a0,
7,

vetween the carbon residue and the quantity of carbon deposits on a
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niston. - : _
The carbon residue 1s several times greater for an‘o;l with a de-

terpont additive than for the base oll. .In this case, however, the ac-

tual tondency of the oll to form carbon and varnish'on an gpgine pls-

ton iz 4inversely proportional to the carbon residue. Thq rzv (Papor-

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

ture of the behavior of an oil in an engine from the‘yiewpd;pt of .

evaluating carbon-forming tendencies and detergent properties of cilis

with additives (Table G).

o =g

The ash and mechanical-Impurity contents of an oi; élso serve &s
indices characterizing the degree of refining andAthe absence of con-
tzminants ..2der storage and transpoftatich)conditicn;.,

The ash content characterizes primaril§3the presenceiqr,abseﬁce
ol additives in the oll, and the amgunt of ash g;ves us some rouvgnh

1dca as to the additive concentration.

In the overwhelming majority of cases, modern mﬁitipurpose addl
tives are organometallic compounds, and the 1n§rodu9t;6p of an addi-
tive of the TsIATINM-339 type, as the tabulag daﬁa‘§how,:has‘a sﬁrané'
¢iTect on the ash content. AN | |
VARTETY AND GRADES OF OILS USED FOR DIESEL LUBRICATION : _ ‘

The basic grades of olls used to lubricate high-speed diesel en-
sineg are the diesel olls produced in accordance with GOST 5304-54 and
5551-57.

GOST £304-54 diesel oils are made from distillates, or are ob-
tained by blending reslduals and distillates obtalned during the pro-
cessing of olly low-sulfur petrolicun. |

Thue, for example, D-11 diesel oil may be manufactured by buraing
70% SU GOST 1707-51 machine oil with 30% MK-22 GOST 1013-49 aviation
oll. Diesel oils manulactured to this ‘standard are_also made with ad-
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ditives (Dp-14, Dp-11, and Dp-8 oils), and without additives (D-11

o.. . Types Dp-1%, Ip-1ll, and Dp-8 oils contain 3% TsSIATIM-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. 0Oils with the AzNII-TsIATIM-1 anti~

T 2l SRR A
L ) l.

v M ’

() ANY

OO

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

-
A R )

)

run on a low-sulfur fuel.

Type Dp-1l1 oil 1s the basle grade of oll used for high-speed die-
sels.

Type Dp-8 oil 1s used during the winter in automotive and mobile
diesels operating out of doors. Type Dp-1l4 oil is a summer grade de-
signed for use in dlesél 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-11 GOST 8581-57 diesel oil from sulfur-bearing crudes has
begun. ' '

Type DSp-11 oil is produced presently only with the TsIATIM-3§9
additive; in the near future, however, we may expect expénded proddc-
tion of diesel olls using more effective additive (VNIT NP-360, etc. ).

High-viscosity, aircraft (GOST 1013-49 and 9320-60), and special
MT (GOST 6360-58) olls are used to lubricate certain types of high-
combustion-intensity diesels with high piston speeds (for example [-50
and D5 motors, ete.).

Types MK-22, M3-24, MS-20, MS-14, and GOST 1013-49 aviation oils
are high-grade oils obtained during processing of selected low-sulfur
petroleums; irtense sulfuric-acld or solvent refining is used. Al-
though, as we have said, the basic function of these oils is the lu-
brication of piston aircraft engines4 they are also used for certain

surface and marine engines. Aviaticn olls are produced without add:i-

- 35 -
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tives. Additives may be introduced into the oll on the customer's spe-

¢lal order. :

In order terxpand reserves available for the production of air-
craft olls, tests are presently being carried out and production being
cet up for certain grades of oils obtalned by refining sulrﬁr-bearina
crudes (zuch as MS-20S oil, GOST 9320-60).

P (MT-16p and MT-14p), GOST 6360-58 oils are designed for lutri- ]
cation of special diesel engines. MT-16 oil is produced withﬂ3-4% of
TsIATIM-339 additive and 0.3% AzNII-TSIATIM-1 additive.

Tyoe MT-1l4p oll is produced from a low-viscosity base by usinz
rolylsobutylene as a thickening agent; this results in a flat viscos-
ity curve (see Fig. 3), i.e., relatively low viscosity at low tempara-~
tures, which improves lubrication and aids engline starting under win-
ter conditions. This oil 1s presently produced with AzNII-TsIATIM-1
additive, and is designed for lubrication of diesel enginés using liow-
suifur fuels. ' ,

011 for low-speed diesels (motor oil) (COST 1519-42) is a ¢isvili-
late produced by acid-mechanical refining and is considerably better
than diesei olls with respect to carbon-forming tendencies and arti-
corrosion Troperties.

In the actual operation of low-speed diesels, motor oil is irc-
guantly reclaced with AKp-10, ASp-10, and AX-15 (GOST 1862-60) "awiol!
type notor oils..

The baslc indices characterizing the vhysicochenical propertics
cf commerclal domastic olls usad for diesel lubrdication are shown in
Table 10.

Utillzing olls from suliur-cearing vetrcleums. During the ccurse

of the seven-year plan (1959-1985), the capacity for production of lu-
bricating oils should double.
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In order to satisfy the rising requirements for olls, as in the
case of fuels, a heavy commitment to the processing of sullur-bearing
qrudes from Eastern fields is necessary.

Although, Yefore, the need for oils was satisfied primarily by re-
fining ~rudes from Baku and other Southern areas, facllities have re-
cently been set up to produce several aviation, diesel, and automotive
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"” content. Thus,.DS-ll dlesel oil (from Eastern
crudes) contains up to 1.0%4 sulfur as against 0.2—0.3% for D-11 Baku
oll. |

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

In this case, however, we are

‘

oll affects the condition of the engine.

not concerned with acid corrosion, since the quantity of combustion

products due to sulfur compounds in the oll that form when the 0il
burns is very small in cbmpariSOn with the quantity of fuel combustion
products. By themselves, the sulfur compounds contained in oll anot

only do not cause corrosion, but, on the contrary, _ncreaue th *nti-

wear gualities of the oil, acting, as 1t v ere, as natural adaitiv&

Cils from.Eastern sulfur-vdearing crudes also haye betler viscos-

3

ity-tomperature propurties than the correspording 3a.l. oils; they

however, tharacterlized oy a great teandency Lo oxidatlion and, conse-

guently, to carbon formation.

Oxidation of oils wroduced from Eastorn crudes produces consider-

~

some data due to N.G.

| B

v ooxdidizing various oils in
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TABLE 10. Basic Quality Indices for Domestic
Qils Used for Diesel Lubrication

o L
Cneuraanuie
. Apuaronnuo Macaa sacaal(MT)
. 3 3 3
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| 2
! | | g I =
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20 Ortuomemte szcsx:'.rn‘xccxoi'lE
guzxocTn apu 50° 1 wuuematitne-
croft maRakoctit npu 100°C, e |
BOTCE + o ¢ o+ o o o o o s o o n b 875! 785 6,65 7.6 7 4
21 3oauuocTy, 9, XA Macxa: i
Ge3 npucalor, ne Gaxee . . 10,004 0,003 ! 0,003! 0,003 - -
23 c npaucaaxoit UITATIIM-329, !
HEe MCHE® « o o o « « + o ¢ - - ! - —_— 025 | 013

25 Koxcyesocts, %, ne Goaeo (0
61.)5:m:muzm UPHCUAKK) . . . . .0 07 5 03 | 043 0,45 0,30 ,20
20 Kueaotuoe wnean, ne KO na

2'} L HIW &Y :
¢ Ges npucanrn, we Goxee . o 04 | 005) 025 0,05
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31 Tepucosucsureasuasn cradun- | .
nocte nmd  Meroxy [lanox upn ‘

250°C, Mun, He MoHCE . . . . . i 35 17 20 17 - 25

%; 2) aviztion olls; 3) GOST; 4) special oils (MT); 5) diezel
; motor-tractor olls; 7) motor oils; 8) MS; 9) MS-20S; 10) ii-
a Toy; 12) D; 13) DSp; 1#) Ml2-V; 15) VTU NP; 16) GO3T 1862-£3,
-5 additives; 17) VTU22-58 with TsSIATIM-339 additive; 18) no lesc

s 17) iAnematie viscosity at 1009C, sst; 20) ratio of kinematic
iscosity at 50° to kinematic viscosity at 100°C, no more than; 2.

v, ¢ ¥o» oll; 22) without aéditive, no more than; 23) with TsIxiTil-
355 addsiive, no leas than; 24) VNII NP-360C additive; 25) carbon reai-
due, ; nc more than (prior to introduction of additive); 26) acild
auzder, mg XOH per 1 g of oil; 27) without additive, no more than; 28)
with additive, no more than; 25) pour point, OC, no more thar; 30;

- C) '..l

5ol iy !

-
YT
1}

corrosiveness with strips of Types S1 and S2 lead, g/m?, no more than; '
31) thermal oxication stability, Papok rethod, at 250°C, min, no les

than; 32) in the range from; 33) at.
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In this'case, the oxidation of the Eastern olls is different in
nature, and the ascumulation of large quantities of gum and asphal-
tenes facilitates the formation of tacky resldues, 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_fof a 4Chl0.5/13 engine after 150 hours of oper:- '
tion with a high-sulfur fuel, using D-11 Baku diesel oil and DS-11 oil
(without additives) produced from Eastern crudes.

In changing from D-11 oil to DS-11 oil, some decrease in wear of
Isleeves and piston rings was noticed, while at the same time thers was
a sharp increase in the number of burnt rings, while more varnish

formed on the piston skirt.

ConSequently, diesel oils mace from sulfur-bearing ocrudes mey be
used in diesel engines only when they contain effective detergent ad-
ditives. Thus, DS-11 diesel oil (GOST 8581-57) is supplied only ac an
oil'with an additive, while diesel oils made from Caucasus crudss
(GOST 5304-54) are produced both with and without additives.

The utilization of detergent oll additives may decrease conaid&r-'

ably or completely eliminate carbon and varnish deposits on the pla-

»
*,

~

5 tone, but this does not mean that thermal decomposition of the cil can

335 be avolded by this method. The thermal atab¢1*ty of an oil, i.c., the

)j: sauiliity of its composition under high teomperatures, is determined by

EE - the compositlon of the lubricant itsell. All n»troluum hydrocarbon

o contain ea nan oi-, when suble o temperatures of 2»0-2)0°u, e,
tenperatures occurring at the piston walis, bagin to decompese and .

fomn cavbon-caryying vvducts | oun commonly s varnish and scale. 0*1
therpel atebility can be Lacrezsed only over & relatively small range
by Lncraasing setmoleunm-0il guality through improved reflinding methods

antt the utilization of additives. U3 imerease in englne combusticn in-

- &0 -
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tensity, and plans fqr the creation of highly supercharged diesel en-
gines having piston temperaﬁures in the upper-ring region of the order
of 300-350°C or more will require in individual cases the utilization
of new types of lubricants with changed'strucﬁures for the component

molecules.

TABLE 11. Oxidation Stability of 0ils in IK-2
Apparatus and Characteristics of Combustion

Products
Roanucerno XAapaxtopueTHRA 0CARKA
ot npr
Mecao oxteeNR By jenagire- D wapGenon n
2 9 30 v nou, % | xapGouzon, %
2 7 C-5 (n3 cepuuernx
°A2§$Lcﬁ? . .{ s 8, 100 | Caemall
Anton AC-G (famunewknil) . . . 53 50 50
SMamumee C¥ . . o .. 0L 73 .50 <10 $0
Ofacao SAE-20 X . . . . . . OTeyICTDyCT .

1) 0il; 2) quantity of residue, 50-hour oxida-
tion; 3) residue characteristics; 4) asphal-
tenes, %; 5) carbenes and carboids, %; 6) AS-5
motor oil (sulfur-bearing crudes); 73 AS-6 mo-
tor oil (Baku); 8; SU machine oil; 9) SAE-20 HD
oil; 10) none; 11} iraces.

TABLE 12. Comparis:n of Conditions of 4Chl0.5/
/13 Engine After Cperation wish D-11 (Baku) Oil
agd D5-11 (Sulfur-Bear’ng Crudes) 0il Without
Additives
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asurement values aftexr 150 hours of engine ope.re
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1) Measurement; e d
) wear; 6) wear on 21l piston rin:s,
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&3 T) the same, %; 8) wear on cylinder skirt; 9) total wear in terms
0oil iron contant, g; 10) carbon formation; 1ll) number of dburnt rings;
12) piston-skirt; surface covered with varaish, %

H

!
H

KOOI  MOLAY

2| Quapupor

3 CuBIKORObue  HOCHD

4| Poepdue cuasky (ucympuld wombdend u 8p)

0 %0 n % 0w % 80
5 Tecsomge, ©
Fig. 8. Temperature ranges over which va-
rious lubricants can be used. 1) Petro-
leum oils; 2) dlesters; 3) silicon oils;
4) solid lubricants (molybdenum disul-
fide, etec.); 5) temperature, °C.

Considerably greater thermal stability (Fig. 8) is displayed by
various synthetic oils (oils based on diesters, fluorocarbons, and
silicon ©ils); they are still limited in applioation, but there 1z no
doubt that they will become more common in the future.

Foreign oil classification. Foreign motor olls are classified
into the following groups on the baaié of grades and function:

a) ordinary 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 for carburetor-type engines
and low-combustion-intensity diesels running on low-carbon fuels;’

" b) oils for severe operating conditions "'heavy-duty olls"), car-

- rying the letter designation HD; they contain considerable amounts of

detergent additive, and are designed for lubrication of supercharged .

diesels:

-1}2-




. '"ic) oils for especlally severe service, which must satisfy the re-

-

LA

-quirements of the special supplements to the bil specification of the

“‘

QR T ¥
LSS

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

ment 21 and 2). o o

TABLE 13. Classification of Oils in Terms of
0il Utilization Conditions in Engine (United

States)
2 Cojepacanne npueagrn
1Tun sacna 3:1:rxxoxqucnxircnb- )y Motomeit
noit 1 anTnxrop-
posuituoit, % % 5.1«.-.\:04/:2
GPeryaapuie . . .. o4 .. . 11Bec3 npucanok -
ﬂpemta':‘xwue et e e e e 0,5~-0,7 0,7 10
I naa Tameamx ycaonmd pa-
GOTH ¢ o v oo v v o ne oo 0,7 1,5 20
OB raa ccofo TRuteaux yeao- | _
puit paGorm: C :
10cepmad . . oo 0.7—-1,0 4-5 40
COPBAZ e v v v a0 o o s 0,7—1.0 8—10 100
cepna 3. . ... . 0,7—14,0 Bo 20 Ho 400

1) Type of oil; 2) additive content; 3) antiox-

idant and anticorrosion, %; 4) detergent; 5)

mg-mole/kg; 6) regular; 7) premium; 8) HD for
severe service; 9) HD for especially severe

2ervice ; 10) series; 11) no additives; 12) wp
0.

TABLE 14. Characteristics of Imported "Mobil-

guard" 01l
& Raakocs winexaniecran npit 100°€, cem . ’ 18,7
» » npu A6, eem L oL 146.5
é Ornomenun npakocrin apat 50° R nuakocrt npn 100° G 78
SR Teauneth, Tl L L L C e e e e e e s 3.4
9 Kucaornoe eao, we KOMwa t o yaem . o0 00 Wexawma: pea-yy
: nun
6 ToReyouMneTh, % . . L .t L v e e e e e &2t
- Z Koppasuiinectn, ue Jlnunenery, ¢ wd
BA CMUMME « L v v v v e et s e e s e . 34
Q wa epmmorneTof GpoNIe L L L . L o b . 1.8
10 Topesarnemirestien eyadhantioors ue swroy Jlanox,
upy 230°C, B NUBYTAX . ¢ L0 v e e e e e . 200

1) Kinematic visoositg at 100°C, sst; 2) kine-
matic viscosity at 50YC, sst; 33 ratio of vis- '
cosity at 50° to viscosity at 100°C; 4) ash, %; !
5) acid number, mg KOH per 1 g of oil; 6) car- :
von residue, % ?S corrosion, Pinkevich, g/me;
8) on lead; 9) on lead bronze; 10) thermal oxi-

- -dation stavility, Papok method, at 2500C, min-
utes; 11) alkaline reaztion.
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TABLE 15. SAE Classificaftion . f Crankcase Lu- :
bricating Oils by Viscosity (United States) :

1 2 BaanocTh Macda Npn TeMnepaType
= —-17,8(0°F) } 40.8° C (210° F)
<5 Snansensuran . nanGonLuzan 3 ganvensmasn |} uanGoasian
I3 amnian
(15
P - - . e
S |5 | s6les| g6l 5| s6les] g6
e o & = e = < =[] <
o= S w = < w = | € = SR =
£t |Bg. | 8. |Zg.0 B, JEE .| 8. |EE_| &
el LI Em | 25 Ex 125, 2 1 28 e .
S S =g=a e = 8= o =223 oo =83 [33es] !
iy |2F8| A |ER8 h?;:;‘-'z s (ZFE| e
sWo L~ — il 1151 — - - - .
C 10w 1307 {12 2614 24 3,88 1) - -
20W 2614 344 110458 ) 136 — 1 - L = =
20 —_ —_— - - 5,000 LA aed 1,80
30 —_— - - R N1 A O {208 | 2,12
40 - - = = lzestomz o, otrs2 . 282
50 - —- N [T T et A 8 (1
h i i I '

T —

Notes. a) The letter W indicates winter grades
of o0il; b) the viscosity values given in the
table make it possible to select a domestic lu-
bricating oll that corresponds in viscosity to
an imported oil, as is frequently required un-
der practical conditions when olls 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-11 or
Dp-11 (GOST 8304-54) domestic diesel 0113,
which have a kinematic viscosity at 100° rang-
ing from 10.5 to 12.5 sst.

1) 0il grade, SAE classification; 2) oil vis-

cosity at temperature of; 3) minlmum;OQ) maxi-
mam; 5) kinematic, sst; 6) relative, ~VU (Eng-
ler).

Depending on the conditions under which the oil is used in the
cngine (degree of supercharglng, variations in conditions, fuel sul-

fur content, ete.), these oils are classified into series 1, 2, and
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| Thus, Type HD series 2»oilsaproduced'by the English Monsanto Com- |

Mobilguard oil is designed to lubricate the cylinders of high- | 5

 pany éontains.ogj% Santclube 493 antlioxidant and 9% Monte 613 deter- é
gent additive.‘Thé series 3 6ils include the well-known imported Mo- g

| bilguard oil.' The additive content of these oils is often raised to 2

. 15-20% so thatlthey meet the specifications -for the special motor ﬁ
tests which they should pass. ' §

1

power low-speed diesels of the Burmeister and Wain type, which use E
heavy sulfur-bearing fuels; they are also used for free-piston gas
generators. This oil 1s characterized by very high ash content, alka-
linity, and carbon residue (Table 14) which indicates the high addi-
tive content ﬁhich reaches roughly 20-25%. The oil has good thermal
stabllity, good detergent properties, and is able to neutralize the

IR T

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

[ APy

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

Forelgn oils are also produced for the market in the form of oils E
of differing viscosities and carry, in addition tb the company names,
nunbers corresponding to the viscosity in accordance wlth the SAE
classification. ® Winter grades carry the additional letter designation E
W. Table 15 shows the classification of olls by viscoslity in SAE num-
bers. The bhaslc summer grades are SAE-30 and S27-

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

P Bty X

they have a flat viscosity curve that ensures engine lubrication under

Cak o X X 4

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

» -

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

are glven double numbers on the SAE scale, for example, SAT-5W/30.

This means that the given olil has the same high viscoslity as SAE-30
oil at high temperatures, while at low temperatures, its viscosity

does not exceed the viscosity of SAE-5W winter oll. The results ob-
- k5.
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Fig. 9. Nomogram for viscosity conversicn.
1) Kinematic viscosity, centistokes; 2)
Saybolt universal seconds; 3) absolute
viscosity, centipoises; 4) Saybolt-Furol
seconds; 5) decgrees Engler; &) Redwood
seconds, No. 1.

tained by using thickened olls are described in Chapter 2.

The relative viscosities of foreign olls are normally expréessaed
in seconds for a Seybolt viscosimeter (Unlted States) or a Redwood
viscosimeter {Grect Britain).

A nonograr (Fig., 9) can be used to convert kKiuematic viscosity o

pelative viscosity in degrees vU (Engler), as well as to Saybolt and

N x5 Redwood seconds, and vice versa.
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[Footnotes]

K.K. Papok, Problems of Fuel and 0il Quality and Utilization
at the Level of the New Goals. Chemistry and Technology of
Fuels and 0ils, 1959, No. 2, page 2.

SAE (Society of Automotive Engineers). This is the society
of autonobile-industry engineers of the United States.

{List of Transliterated Symbols]
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Chapter 2
DIESEL~-QLL ADDITIVES

FUNCTION, COMPOSITION, AND GENERAL PROPERTIES OF OIL ADDITIVES

- Additives can be cle.ssii‘iec into the followiag groups on the

basis of their =ffects.

TABLE 16. Over-2ll Consumption of Motor-oil Ad-
tives in United States (Thousands of ‘I'cns\

2 oz

. < Bux mpucaxsn v ;
: " 1955 2 1056 1960
p\tamu‘m {RovepremT) . . . . . . 1248 ‘ 1316 1308
SHEMOETUME | L 0 0 e v e e s 358 672 822
\t:mamtmnnaa et e 3y &2 5
JONpRCeATORE L L o v 4 v v e s 13.2 162 16

slp.team.z noBMtaAmte smmmu- .
CTICIL M BPOTURAINPUNG cuoil fevaa a8 ! 253 24
- ne = H

8 Beero ... | 2510 t 215 E 31058

1) Type of additive; 2) year: 3) detergent; &)
viscosity; 5) antioxidant; 6) depressant; T)
- additives increasing olliness and antiseizing
properties; 8) toﬁ;al. o -

1. Devergent additives, wihose functlion is to keeop cardon particles

o oil axidation produets in susponsion {dispersed), sthus prevenuing

ey

. ﬁé;s@s: tion of carbon and varnish on the &\,mr..xsa surfaoes e*‘ ¢k

2. Anticemrosion %hi anticxidant additives | mhﬂ.b..»@r*), whish

atard the prosess of oil oxidation during eng:m operation and pro-

i

%o Wiscoolby additlives, Istended to thickon lm Ascosity olls s0

'
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20 Gllis with lmproved viseosit ;:- texperatusre groperties can be ob-
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tained.

4. Depressants, or additives lowering the pour point of olls.

5. Antiseizing oil additives designed to lubricate parts sub-
Jected to high mechanical loads.

Abroad, and especlally 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 oills produced 1n 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
primerily 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 caroon
scale and varnish on elements of the englne cylinder-piston system.

Thus oll additlves designed to be used 1ln diesel engines running
on high-sulfur fuels are preoduced industrially in the form of multl-
purpose (complex) additives that possess detergent, antiwear, and an-
ticorrosion propertics at the same time.

For the most pa:t, the production of multinurpose additives was
set up in the USSR lollowing the war. Sucﬁ‘additives are AzXII-&, ﬁzi

NII-TsI..TIN-1, and TsIATIN-330 agd;twves, NFO@@ utilization represonte

2 considerable operational contribt t:on to *rc”easec domestic-o0il oual-
-0 -
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At the predent time, however, these additives do .not completely

sztlsfy the increasing requirements imposed by theﬁoperation of super-
charged diesel engines running on high-sulfur fuel;

In accordance with the requirements of diesel-engine deslgn, sev-
eral new types of additives have been developed, tested, and readied
for production; these addiﬁives are known by their numbers : AzNII-T7,
VNII NP-360, and MNI IP-22.

Among the Soviet sclentists 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.
Monastyrskiy, and P.X. 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 developmentfof oll test me-
thods and advances in the study of the mechanisms by.which additives
act.

TABLE 17. Basic Types of Multipurpose Diesel-
0il Additives
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TABLE 17 (Continued)

6 Cynponarmce 16 (Aayni-5) L Re80,--0--M¢~OI
TplicanKn 17 mare-19 ’ R~50,—0—e~0—50,~R
3 ;
_ %9 11r-102 i rie Me=Da, Ca

1) Type of additive; 2) additive designations

for given type; 3) structural diagram of basic
additive component; 4) alkylphenol additives;

5) phosphorus-containing additives; 6) sulfo-

nate additives; 7) where; 8) AzNII-TsIATIM-1;

9) TsIATIM-339; 10) AzNII-7; 11) VNII NP-371;

12) BFK-1; 13) VNII NP—:;GO; 14) MNI IP-22; 153
DF-1; 16) (AzNII-4); 17) PMS-19; 18) SB-3; 19

NG-102.

Many sclentific 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 ars two approaches to the synthesis of multipurpose oil ad-
Aitives: the creation of additives consisting basically of a single
chemical compound that posseases various functional properties, and
the development of nulticomponent blended additives in which the prop-
erties of one component compensate for inadequate propertles of ano-
ther.

The TSIATIM-339, AzNII-T7, MNI-22, etc., additives are of the
first type. .

The second groud includes the vlended additives that are so com-
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the VNII 1P-360, AzNII-S additives, and others. If certain required
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350 detergent component (barium alkyl phenolate) and a component con-
si.sting of VNII NP-354 (zinc dialkylphenyl dithiophosphate), which has
good neutralizing and‘antiwear properties. |

In additlon, several experimental additive types have been de-
valoped, which have bheen essigned the numbers DF-1, PMS-19, SB-3, VIiK-
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.

Viscoslty additives and depréssants, whose use is dictated not by
engine combustion intensity or fuel quality, but by base-o0il proper-
ties and climatic operating conditions, are prcduced as additives with
a specific function.

Multipurpose oll additives may be classlified on the basis of
structure into the followlng main groups.

1. Alkylphenol additives.

2. Phosphorus-containing additives.

3. Sulfonate additives.

4, Blended additives and others.

Table 17 shows the structure of the basic additive types.

Allkvishenol additives (TSIATIM-339, AzNII-7) are presently bthe
maln additlive types. They are sulfurized barium or calcium allgylpineno-
lates. |

Type TsIATIN-339 additlive is manulfactured by reacting an alkyl-

phenol with suliuwr monoehlorids:
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1) Barium disulfide dialkylpheno-
late (TsIATIM-339 additive).

i
where R is a hydrocarbon radical (alkyl) with 8 to 12 carbon atoms.
The TsIATIM-339 and AzNII-7 alkylphenol additives differ in g
structure in the length of the hydrocarbon chain in the radical (Ri
and in the position of the sulfur atom, owing to differences in thé
processes used to produce the additives [25]. During manufacture oé
AzNII-7 additive, the phenol is first alkylated with sulfurized‘alé
kene hydrocarbons; as a result, the sulfur is located 1n‘the side fad-
icals R. The structure of AzNII-7 additive is as follows [25] '
0—Ba--0 A

5

R—CH, (':H,—a
(IJH—S-('}.H :
Rom
The structural formulas given in Table 17 show only the struc-

tural diagrams of the basic additive component, as an example. Comnier-
cial multipurpose additives very frequently are mixtures of severasl
components whose structure-does not always correspond to the specifié
stolchiometric proportions. Thus, Zor example, TsIATIN-339 commercial
additive is made up of & sulfur-containing alikylphenol (uwp to 23%),
sulfur-containing harium alkylphenolate (up to 25%), and about 50%
spindle oil, used as a thinner, and certain other admixtures (1.

The so-called completely substituted TSIATIN-33%9p additive (with
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100% substitution of barium for the hydroxyl hydrogen) has somewhat
better detergenﬁ and anticorroslion propexrties.

Another type of alkylphenol additive that has recently been de-
veloped is obtained by condensatlion of alkylphenols with formaldehyde,
followed by saponification of the condensation product with barium or
caleium hydroxide (BFK-1, VNII NP-370, VNII NP-371 additives) in ac- )
cordance with the following dlagram

O0—1Ba—0

OH OH /OI'] X A
2l/j 10 O‘CH:—' w Ba (om;_L l_'CHr'L J
I
YO X X ¥ K

As with the alkylphenols, the alkyl phenolates are capable of en-
tering into exchange reactions in the presence of even weak organic
acids; they combine with the acid in the form of the correéponding‘
salt in accordance with the following dlagram:

OMe on
(’\ <\
i -pRCUON-+! l+RCOOMe
‘: \4/ \ "’
¢ R ' R

0

The detergent properties of allylphenol additives [14] lead to:

a) noutralization of the 2cid products that form in the oil Cur-
ing its cxidation or as a result of the action of combustlon proc.::is
“roz 2 high-suliur fuel; ‘ ] |
} increascd solubllity of asrihali-ter materdals that foram In the
oli; they are prevented from cosgulating (dispersing action of the ad-
daivive). | | | | | |

Thus, the basis for TsIiTIN-339 addiiive is barium alkyl phehoe

ke

late (ARB), which imparts detergent and reutralizing properties to the .

+*

il wits wdditive. Thus, AFD may be used as a detergent component

forsuLiniing other additives. SUlfuy aboms ame introduced into the VS
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molecule in order to ilmpart anticorrosion properties, l.e., to create

o 0 &
&. o,

5
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a multipurpose additiv-.

PR

The oils produced by the petroleum industry normally contain é%

% Pulad

TSIATIM-339 addlitive. According to the data of N.G. Puchkov and hiE

.J

ol i
s

associates [37] when the fuel sulfur content exceeds 1.0%, it is dé~

‘l

el

slrable to increase the content of TsIATIM-339 additive to 5%; a fﬂr—

2 A
£

ther increase in additive concentration, however, does not produce a -

EJ
a2 2

"

’
-

.

proportional decrease in engine wear, and does not make it possible
to obtain the values reached when the engine is run on a low-sulfur

fuel (see Fig. 26).
Phosphorus-containing additives. These additives include the

VNII NP-360, MNI IP-22, DF-1, and other addlitives. These additivesf
are based on alkyl- or aryldithiophosphates, i.e., salts.of estersiof
dithiophosphoric acid or mixtures of compounds of this type with other
components.

As we have already mentioned, VNII NP-360 additive is a mixturé
of components: VNII NP-350 (barium alkyl phenolate) and VNII NP-354
(a zinc salt of dialkylphenyldithiophospheric acid)

/s - N
’( \,o-&q—o.-\___>n+ (RO.) PSS—Zu—SSP {OR),

The  VNII NP-354 component is obtained by reacting allkylphenol .
with phosphorus pentasulfide and then refining the resulting dialiyl-
phenylditaiophosphoric acld and obtalning its zine salt. It may be as-

sumed chat the synthesis reaction Jor this additive follows the fol-
v

. lowing scheme
‘ RO, SH
AROU-: I8m2 P &US
N R07 N
".‘ K Y 4 - .
RO, SH 0\ SS=Me—$ ,OR
o P SMe(Qil)y P P
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where R.is an alkyl o aryl radical.
The negative factor in the production of phorphorus-containing
additives 1s- the fact that phosphorus pentasulfide 1s a somewhat
scarce material; at present, this limits any broad-scale commercial,
~ production of additives of this type: (38].
o The VNII NP-360 additive has good detergent and antiwear proper-
ties.

The MNI IP-22 additive is calcium salt of dithiophosphoric acid
diester of simllar structure. | .

Additlives of the DF type (dialkyldithiophosphates)‘are also or-
ganophosphorus compounds and diffef from the VNII NP-354 component in
the length of the hydrocarbon chain in the rad;cal R, and in the pro-
duction technology [40].

Sulfonate additives take the form of barium or calcium salts of

sulfo acids, obtained by sulfurizing petroleum fractions. Metal sulfo-

-nates may have the following structure
RO—SO,—0\ OR
RO—$0,~0" Mo or 80, —Mo—OH
In addition, sulfonates are knbwn that contain a considerably
| gregter amount of metal than is provided for by the stoichlometric
oroportions in acsordance with the formulas glven.
. In many cases, the metal content rnay be 8-10 times that required
from the stolichiometric relationships. | |
: Such sulfonate _dditives, tialeh are characterized‘by,high ask con-
Tfi ' r!- tent, are called “multiash. ' - e I .t
N Type PiS-19 multiash additive is & celeium sulfonate with an ash
sontent of about 19%4. It iz penulooturasd on the basis of sulfo 20ids

obtainsd Q"Gm high-sulfur srude (4s-5 K NPZ oil) by Sulfurizing to-
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eous soe, fbllowed‘by'treatment with caleium oxide [2].
A similar additive, made by the Yaroslavl!' petroleum refinery,
using perfume-oll wastes has been given the designation PMS-Ya.
The NG-102 additive also is a calcium sulfonate,"and differs from
"PMS-19 addltlive 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, klended 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% VNII NP-370 alkylphenol ad-
ditive.

The VNIINP-362 additive consists of a mixture of thé sulfonate
PMS-19 with barium alkyl phenolate in 1l:l proportions.

In addition to the types of additives listed above, which contain
bariunm, Ealcium, 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 dlethylamino ethylmethacrylate,
which has the following structure

Clly—C- | CHym G e e e
G0 1 Gw0 |
{ ‘ t : '
Q0 ; ‘ G ;
¥ § . . ‘
: Gl Cli-CHN(C MY, .

Table 23 lists the multipurpose diesel-oll additive produced by -

- domestic industry, as well as certain experimental versions.
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While in. 1958 the olls. .produced with multipurpose additives aid-

not exceed 367 cf the total motor-oil production, at. the present time,

1t amcunts to at lea.st 50%, and by 1965 nearly all motor oils will be

_prcduced W:Lth additives for various _purposes.

Table 19 gives the basic characteristics of commercial additlves

in accordance with data from state standa.rds for current technical
specifications. N .

Some characteristics of foreign oilsl with additives and chara.c-

teristics of the addltives themselves are given in Tables 20 and 21.

" PABLE 18. Most Important Commercial and Exper-
- imental Multipurposs Diesel-0il Additives

Haunenonamre (umdp)

Ocuobuag xapaxrepu-

OrMeTHR © npoxuunien-

1 npieaaRi 5 cTIKa IO Dunycke npicagsi
4 AsHIN-4 Cyavdomatuanr  mpu-| TV 347-53 (cmara o
canxa nponanogcisa)
T AsHHMUI-IMATIM-t |8 Aasusdesomnaz npu- | Bumyckaeres  mpo-
CAAKA € BUCORMMI aRTi- [“Mumacuuocctsio no FOCT
kropposuounmny  cunoii- | 7483—34
cTnayit.  Ilpejinasuagena
aas  puseneii, palorarn-
ImnX Ra MaJA0SePHHCTHX
TOIIIBSX
10 AHNU—-DUATEM-1 11 Oszusaeres o mpucan- 1.0 To a0, 1o BTV 37154
x AsHIU-—-DITATIIM-{

CophlL. Tlpeanasuayosa
ans auaencit M-50¢, pa-
Goramouux na Malocop-
uuCTNX TONRRNAX

MOTMIHM  copepaammon |

13 LMATHM-339

14 Ipucanka, upenuasna-
wouuar  aAL Kusuaed,
padoruomus na  TonAw-
IAX ¢ COAOPIRANRAM COpLt
20 £,0%

L5 To e, uo TOCT
834257

4 AsHIHE-7

16 To e

17 BHUN H1T 360

j Llxcen sasuadenansuoit |

u  §ncdopoprauageckod

19 1o we, mo BTY HR
84-59

upreaien
20 yun g 13 7o xie 21 To wo, a0 BTY uUN
. 4259
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TABLE 18 (Continued)

22 IMC-19, IMCHL 3 Cym,(bbnamne npnéan-%ll- Opztrante mapTER
CB-3 KN ¢ BHCOKAME MOIOIIH- L
HI-102 ME cpoficTpaMu |

25 HI-102y . 26Checn cynpboraranx |27 Onmrame obpaans
BHUM HII-362 ¢ anxnadenoNbREMA NPH-
cagKaMg

3

Y VT

1) Designation (number) of additive; 2) basic
characteristics; 3) comments on commercial

production of additives; 4) AzNII-4; 5) sul-

fonate 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-

fur fuel; 9) produced by industry in accord-

ance with @OST 7189-54; 10) AzNII-TsIATIM-1L;

11) differs from AzZNII-TSIATIM-1 additive in :
lower sulfur content. Designed for M-50f die- !
sel engines, running on low-sulfur fuel; 123 _—
the same, in accordance with VIU 371-54; 13
TSIATIM-339; 14) additive designed fror diesels

running on fuels containing up to 1.0% sulfur;

153 the same, in accordance with GOST 8312-57;

16) the same; 17) VNII NP 360; 18) mixture of
alkylphenol and organophosphorus additives;

19) the .same, in accordance with VIU NP 31-59;

20) MNI IP-22; 21) the same, in accordance

with VIU 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.
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The English "Anglomol" Company produces several oil additives un-
der the name "concentrates." The "concentrate 612" additive has good
detergent properties, 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.

T M N
A el B X3 AR I

The "Monsanto" Company produces the Santolube, Santopure and San-

-

todex additives, and others, used to improve various oll properties.

Foreizn multipurpose additives of the Paranox type are widely

Woe e e’ &
wo e

I3
"~

known.

-
PP

The compositlon, prorarties, and production tdchnology involved
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TABLE 19. Basic Characteristics of Multipur-

3

poseﬁ;{ Additives Produced by Domestic Industry

' - f
i - '
z 2 3 b i5
fa R >
<\. S g [=] -
Nokazarens 1 = ??,'? 83 6%
Rt 283 o= E=
=5 = == =3
55 |25 %2 | Ez
< =2 £ =3
6 Basrocts mx'neuarmzeckas '
opn 100°C, eem o . . . . . 32—60 15 13—~17 1720
gp30.'lbILOCTB. %o v e v 4,0—5,5 85 13,5—16,0 - 10 .
Gapait, %, #e memee . . 2,0 4,7 \8— 4
18 Cepa, % PRI 3,0—-4,5 | 4055 14-=20 5—6
Docgop, %+ o o . .. - - 0.8—1.0 1,7
LA Mumk, % ... 0. . - —_ 0,7=-0,90 -
Bonopactoopnuwe xneno- 1 U-116
I meaouy . . . . . « « | Orcyrerane- eaogn y -
lgu Kopposuitrocts, nu Ilun- 7T .“ pramns
KoBRNOY, 0a30B0r0  Macha i
MT-16 ¢ 39 npmcaax na
nJacTHEKAX 13 ¢DUETA, ’
#/u3, ge Gonee . .. .. . 6.0 15,0 — (C 4.5%
apucagiu)l
14 . . (1%} 4
Mowomye ¢noiicTsa mo Me-
ropy II3B $asomoro macaa
MT-16 ¢ 3% bppucagxu »
Gazaax, me Gomee . . . . . 30 15 [LT(C 5% (C 4.3%
apucaakn) | mpucaasu)lT
0!5‘-“10 —

1) Characteristic; 2) AzNII-TSIATIM-1, GOST T189-54; 3) TsYATIM-3329,
GOST 8312-57; %) VNII NP-360; c’VTU NP31-59; 5) MNI IP-22, VIU NP32-59:
6) kinematic viscosity at 100°C, sst; T7) ash, %; 8) varium, %, no lecas
than; 9) sulfur, %; 10) phosphorus, %; 11) zinc, %; 12) water-soluble
aclds and alkalies; 13 corrosion,aPinkevich method, MT-16 base oil

with 3% additive, lead plates, g/m, no more than; 1l4) detergent prop-
erties, PZV method, MI-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
Foreign Serdes 2 0ils

} 2 Macxa copun 2
t

leflc:‘na i _ -
.3 Tun A Q Tag B
LRORCHOMATH, B« v v v o v v v v n e e s 35 25
QoabMoSld, ¥ . o v v v s c e e 29 24
Weaokicers, 2 KO ua § odacda o0 o0 . 89 08
T Caxepatsgtite, ¥t
GOAPHA ¢ v v a v v e v e e e 1,58 0.54
lgxaaumn B 014
VEepl o e e e Q64 050
Go0BOPA . o v L i v e s 041 o
%* ) Progavty; 2) series 2 0115_3) sype; &)ﬁcarbon rasidue, \;‘53 5) ash,
2 %; O) =ikalinity, mg KOK per 1 g of oil; 7) content, %, of:; 8) barium;
X 93 caleium; 10) sulfur; 11) phosghorus.
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TABLE 21, Properties of Additives Produced by )

!

V.Anglomol Company e

o Kommenrparst !".

1 Toxasatean e

609 612 1060 L

g Yremsnuit sec npm 45,6°C . . . . . 1,14 1,09 14 X
!.“-' j g gg;xocrs npn s%ﬂsl:g. Cheem ..o .0 o 9,05 26,5 9,05 R
epsxanne, %: o N

p66&pﬂa e 8 8 s 8 s v e s o 0\55 m o .‘.'-.

MIAKE o o o « o s 0 o o « 84 43 83 o~

COPH o o v o e o v o o n 16.0 35 6,5 Y

OdocPopa ... v v oo 7 4,7 80. ;

1) Characteristic; 2; concentrates; 3) goecific
gravity at 15.6°9C; 4) viscosity at 98.9°C, sst;

5) content, %, of:; 6) barium; T) zinc; 8) sul-

fur; 9) phosphorus. o

: in foreign oil additives form the subject matter for a manifold patent :
literature [13]. ' ' b

OPERATING MECHANISM OF MULTIPURFOSE OIL ADDITIVES

d
.

The protective mechanisms of anticorrosion additives and antioxi-

dants may differ, depending on the structure and properties of the ad- _

ditive, and basically involve the following: a i:

a) the formativn of a protective film on the metal, which pre-

. vents corrosive agents from penstrating; | o :
| b) retardation of the oil-oxidation process and reduction of oxi- | i
dation products; o |
., 'c) neutralization of zcid oil-oxidatién products and fuel 'combus; -
,. tion products. B . o | f!
“l' The various sulfur and organophosphorus compounds have the great-
;* est tendency to form strong proteotiﬁe films on lead and its alloys.
'.' ".‘ ) As we have already mentioned, oils made from hign»sulm erudes !
. i are less corrosive than olls from low-sulfur cruds. Hece the sulfur’ %
| compounde in the petroloum et as natural additives that form a pro-

tective sulfide £ilm on the metal surflace. The anticorrosive azction of
netural sulfur compounds proves inadequate, howev.r, in compardson
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" ‘with the effect:isveness of sulfur-containing.a.dd;tives such a.é the Az~

NII-TSIATIM-1, AzNII-7, eto., addibives of ‘t'he‘_ sulfides of barium di-
alkylphenolates type. |

» y
.//;
A
/ >
L
$ / :
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-
s -~
g g il
g
»
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F | - .
Y | J

. —
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S vscw sosime ddzzoess

Rlg. 10. Effect of additives on cor-
rosiveness of D-11 diesel oil during
engine operation. 1) D-11 dlesel oil -
without additives; 2) the same + 3%
TSIATIN-33% additive; 3) the same +
+ 3% AzNII-TSIATIN-1 additive; &4)
- corrosion of lead, g/me; 5) engine
operation, hours. o

Barium alkylphenolate (AFB) is & detergent component included in

wmany complex additives. The sulfur introduced into the AFD molecule is

extramely active, and reacts with the motal to form a rather strong

' sulfide film that protects the matal against corrvalve voagents, aumg

taing Its integrily durdng f:si;a procsss of motor operation.

2
£
f

Thus, Introduetion of sulfur inty the A3 molecule imparts new

oropertiss to 4¢, and makey tho additive a amadtipurpose substance suchk

CR- 330, AsNIX.T, ofe., additives.

She susfases of beardng inseds, cast from load alloys, acguime &

characteristic deslne-browd olor, dus ¥0 the formusion of Shn protsc.

Ctlve filan, after thoy heve boan san with an oil forsmulated with suls

2

- 62 =

v

N a,%*“ eSS '_9'-'}" & }"‘ .‘9 4_’: W V¥ \-
N R A A R A A YA




- fur-containing additives.

" “Plgure 10 shows the effect of additives on the change in corro-

- siveness of D-11 dlesel oil during engine operation.

50 !

] 8

8

Tuoems no Nusrxelusy § Yut

ON for -
S

o 120 10 150 160 200
7 Teunepenypa °C

Fig. 1l. Corrosive-
ness of DS-1l1 oil
with various addi-
tives as a function
of temperature. 1)
DS-11 oil with no
additive; 2) the
same, TsIATIM-339
additive; 3) the
same, VNII NP-60
additive; 4) the
same, PMS-19 addli-
tive; 5) the same,
AzNII-T7 addltive;
6) Pinkevich corro-
sion, g/me; 7) tem-
perature, °C.

0il corroslveness 1s detérmined in a ;
Pinkevich apparatus from the loss in weigh% of
lead strips. As the graph shows, the corro%
siveness of oils without additives increasds
with the length of time that the engine oper-
ates.

For oils with the effectlve AzNII-TsIA&I-
M-l anticorrosion additive, cirrosiveness %e-
mained very low over the entire test perioé.

The TSTATIN-330 alkali additive proved
somewhat less effectlive, which may be due éo
the lower strength of the pfotectivelfilm énd
the fast that the additive has less effectéon
neutralization of acid products, and on thé
dispersing effect. )

As we know, oil corrosiveness rises with
temperatufe, As Ramayya has shown, & bend in
the curve occurs at certaln temperatures. This
is true of both base oils and oils with addl-
tives, and may be.explained by the variation

in the molecdlar structure of the oils and ad-

ditives at the beginning of thermal decomposition. igure 1ll, due to

V.S8. Demchenko, shows the way in which corrosion (by the Pinltevich me-

thod) depends on temperature for oils with various addaitives. It fol-

lows from the nature of the curves that the anticorvosion uffective-

ness of additives does a0t change in the same way with temverature.
- 63 -
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Thus, for example, whlle at the standard determinatlion temperature of
140°¢, an oil wﬁ}h PMS-19 additive has less corrosiveness than with
AzNII-7 additive, at higher temperatures, the picture is just the op-
posite.

Alkylphenols possess antloxidant propertles that'retérd the oxl-
datlion rate for hydrocarbon oils.

The best antioxidant properties are shown by the so-called
"shielded" phenols, i.e., ph2nols having alkyl groups attached at the
carbon atoms of the benzene ring [20]. The "shielded" phenols include
the well-known antloxidant Ionol (2,6-dibutyl-4—methyphenol), which

has the structure
_ OH
(CH,)ac—-l/\]—cmH,),

N/
CH,

The organophosphorus compounds contain as antioxidant components

]

(VNII NP-353, AN-22) in the multipurpose VNII NP-360, MNI IP-22, e¢%c.,

QPOAT
-

. s
“tals

-additives are good antioxldants. The antioxidants also include varlous

. -
- ., —-’ Y

‘amines &nd their derivatives [50].

oy
‘.'.l a o
)

Sulfonates have somewhat poorer antioxidant properties, and thus
it is recomnended that organophosphorus components be introduced int
sulffonate additives as antioxidants.

Several investigators [17, 56] have shown that there is a dirent
connection between the abllity of ellkslli additives to decrease cormo-
give wear and thelr ability to prevent the lformation ol deposits on
engine parts. This is explained by the fact that the ashes that form
on oil oxidation and fuel combustion not oniy cause corrosion, but
also olther act as the basie products thiat form deposits, or elze help

t0 incrptse the amount and strength ol these deposits.
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Thus, the alkall properties ol addﬁ*"ves play a large role in de-

creasing corrosive wear and the amount uf” varnish and carbon deposits,
{

¢

’*ff especially where sulfur-bearing ‘fuels are used. ' j

Kl 4 PRt
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Figure 12 gives some results from an investigation into the erfect
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>
3,
e
;
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of additive concentration on wear rate, carried out by Yu.S. Zaslav-

k<"

sidy, G.I. Shor, and V.N. Monastyrskiy [17], using an apparatus wi#h

.
1
s

. radioactive rubbing parts. ;
In these experiments, vapors of acetic or sulfuric acid were 4p-

3
B

plied to the frictlon surfaces. As a reéﬁlt, the rate of wear, éhe$ked
by means of the radiocactivity of the oil under study, rose sharplyi

: Depending on the amount of additive introduced,'more or less ?
= ,.fi long-term retardation of the wear rate was observed, followed by a:
sharp rise, commencing after the alkali additive had been used, in

l

neutralizing the acid.
The neﬁtralizing actionadf alkylphenols is greater than that éf
the corresponding sulfates, which is explained by the weak bond ofEthe
XN metal in the alkylphenol molecule, and its tendency to dissocilate in
N the presence of acids. | {
~An oil with an additive retains its alkali properties until ail
of the additivels alkali compongnt has been used uwp in neutralizing

the dcids formed. Thus, the ability of an oil to retain the alkall re--

4 P 3 ¢ $
\ } e \
o
| t 21
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g 6 & ' K )

p L EE S R P

W e,
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Flg. l2. Erfect of neutralizing-additive concentration on the effec-
tiveness with which corrosive wear is retarded. 1) AS-9.5 oil, no ad-
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ditive; 2) the same + 1.5% sodium 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& rediocactivity of oll, counts
per min; 7) application of acid vapors; ) duration of experiment,

hevrs.
209 actlon decreases wear and reduces
1 , the amount of deposits on the ples-
" ton, and this is especlally svident E
PO when an engine 1s operated on a .
fuel with a high sulfur content.
3 e o Figure 13 shows the results
‘é ‘\\\ A obtained by Kendall [52]; he stu-
-§ a:rR A4 // ! died piston-ring wear in a Gardner
g ///,‘ engine operating on fuels with va-
S-W# ,/; - rious sulfur contents and oils with
4 N various alkali-additive concentra-
E::=====;;;EQA tions.
95 2 ) FY As we can see from the nature

Lcnoenocme naeaa § aowss ucaumanus, §
yessuus cdumas of the curves, high alkalinity has
rig. 13. Vear on piston ring
as function of oil alkalinity
at end of test, engine oper-
ating on fuels with various
sulfur contents. 1) Content

s

very little effect on wear reduc-

tionAwhen an engire uses a low-sul-

B
.'o. v
-

2,
.
s,

1)
>

&
-

fur fuel, but 1t is extremely er-

s 8 0,2%;)2) the same, S = g
e = 1.0%; 3) the sane, S = 2.0%; " .
% 1) uiston-ring wear., mg; 5) fective where the fuel sulfur con-
D 2¢id alxailinity at enc of " i1q 3
tast, erbitrary units. tent 1s 1.0 and 2.0%

Lo’y (ke it
50‘-".,’;
LR

»
-

Hoyningen-Huen and others [56]

nave also indleated that there is no relationship between oil alkaline

.

ie? ‘-)
» ‘Y

ity and wear and piston fouling when & low-sulfur fuel is used.

i «;'.' P

A
.
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Kechandsm cf detergent-additive actlon. We should first note that

P

the mechanism by which & detergent additive acts has not been studiéd
'suff.ciently, and the availadle experimental paterial only permits
cortain assumpticns &s to the essence of this proesss.
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Denison and Kavn {11], and other investigators [59] have used an
~;;'electron microscope to study the change in oll structure occurring
‘fduring englne operation; they found that fresh oll represents a highly
dispersed system in which very fine insoluble particles of ftarry prod-
ucts form and consolldate with increasing length of engine operation.
These particles are converted into larger aggregates (micelles), owing
to the confluence of {ine particles. This'is the waylin 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 consollida-
tion of carbon particles and the formation of deposits, keeping the
particles in the finely-dispersed state, suspended in the oil.
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Fig. 14, Variation in carbon-particle size in
oil during vrocess of engine operation. 1)
Fresh oil; 2) oil after 3 hours of engine op-
eration; 3) the seme, after 15 hours; &) the
same, alfter <0 hours; §) 1 micron.

An oil with an additive does not represent 2 true solution, but
vrather a certain colloidal system in which the additive is disperszed

in the form of micelies containing a large number of molecules.
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The additive, which is a polar-active substance, 1s easily ad-
sorkted both on the surface of the metal and on the insoluble oxlidatlon-
prcduct particles dispersed in the oll. In this case, the additive par-

Fig. 15. Dispersing action of deter-

gent additives. 1) Molecule of gum-

forming compound; 2) molecule of de-

tergent additive; 3) micelle con-

o gisting of gum-forming-compound mol-

- ecules surroundsd by molecules of

< detergent additive.

ticles surround the consolidating micelles of carbon, preventing them
from getting lar:zr and entering the engine parts. Thus, the dismesrced
1 carvon parilcles rampain in the oll and ars gradually removed froz it
when the oll passes through oil filters or ceatrifuges.

Firmure 15 shiows a conventiocnzl dleagram iilustrating the dlispers-
ing effect of a detergent additive.

This representation of the detorgent-zdditive mechanism makes it
undesstandotice vhat there must be some climination of part of the ad-
ditive due both to adsorptiosn by motal surfaces and to elimination of
the adaitive togather with cavbon by the oil filters.

Chaervations have shouwn thzt the greatest rate of engine depssit
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formation coincides with the period in which most of the additive has
been eliminated and carbon particles are consolldating in the oil.

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 olls have a flatter curve for the viscosity-temper-
ature relationship. If a low-viscosity liquid contains a dissolved
substance whose molecular weight 1s considerably greater than the
melecular weight of the solvent, the viscosity wlll be ralsed and at
the 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 nature
is determined completely by the base oil., Utilization of viscosity ad-
ditives, hc.ever, makes it possible to obtaln thick olls whose viscos-
ity-temperature properties are very nearly the same as those of the
base oll, aiad the viscosity of such olls at low temperatures will be
considerably below that of ordinary oils having equal viscosity at
109° c.

In 1939, S.S. Nametidn and M.G. Rudenko obtained an additive,
which they called Superol. |

Superel 1s a rolyisobutylone with & molecular weight of 24,000,

i.e., the isobutyiene pelymerization product has the structure
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~ Another polymer additlive is Vinipol, obtained by M.F. .Shostakov-
slidy by polymerization of vinyl-n-butyl ether. ’

A well-known foreign additive is Paratonge}, which 1is a solution
of pure polyisobutylene (with molecular weight of 30,000) in oil. , .

Recently, methacrylate viscosity additives have become common;
they take theifonm of polymers of methacryllc acid esters and high-
molecular-weight alcohols. In the United States, 50% 6f all viscosity
additives are made up of methacrylic and acrylic esters [28].

Certain polymethacrylates, also called acryloids in the foreign
Jiterature, are used to thicken olls, and also are able to lower Th
oil pour point, l.e., they are depressants.

Other additives that improve viscosity properties and reduce the
pour point are the voltolized oils (voltols), which are obtained when -
an electrical glow dischargs acts on an oil.

It is assumed that during voltolizetion, the high-frequency al-
ternating ourrent eausés~polymerization processes to occur, andvtha
high-molecular-welght products obtainsd change the viscosity proper-

125 0of an oil upon addition. Voltols also lmprove the olliness and
oxldation stability, but do not improve the anticorrbsion or detergzent
properties of an oil. 1 |

The thickaniag effect uvroduced by an additive consisting ol hish-

- molecular-walght compounds depends on the;concentration of the addi-
tive, the molecuiar welight of the polymer, and on the properties of
the base-oil — the solvent. ' |

It has been establishsa 1n practice that a molecular weight of

15,000-30,000 15 optimum for the polymars used as viscosity additivus.
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TABLE 22. Viscosity-Temperature Properties of
"Avtol" Motor Oils (from Data of Ye.(. Semen-

- 1do)

. l Teun%%uypa. 2 Brarocrs xnnematiecKan, com
.L, AK-10. 3 ACS 4 AK30-10
O 150 35 25 4
f 125 55 37 60
- 100 10,4 7 10,0
O 50 72 ' 48 45,0
) 0 5625 2050 1094
b ] ~5 11358 3600 . 1748
W —10 - 7049 2885

]

-
e
.

1) Te erature °C; 2) kinematic viscosity,
sst; 3 mg AS—S, ) AKZp-10.

Polymers wlith molecular weights greater than 30,000 do not have
adequate thermal or mechanical stabllity, and find almos? no applica-
tion as motor-oil additives.

Thickened oils. Thickened oils, 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 sufficlently high viscosity in positive-tem-
perature regions.

Examples of such oils are "Avtol" motor oils AKZp-6 and AKZp-10.

. v -
40,
[Py

P rLy

(GOST 1862-57), thickened with polyisobutylene of molecular welight
15,000-25,000, and HI-l4p oil (see Fig. 3). |

Petroleum distlllates with viscositles at 160°C not exceeding
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4 sst are used as the low-viscosity bases for thickened oils; they
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have a restricted fractional composition. According to data of Ye.G.

F

Semenido [£1], a base for thickencd diesel oils should contain no more
than 5@ of fractions distilling ot 320°, which, 4n prectice, elimi-
‘-nates the noosibil&ty of oil evaporat fon in the engine circulating .
systen. | |
It is clear from Tadlc 22 that AXZp-10 thicknéed 0il corresponds
Ry -7 - |
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in viscosity:atflocgc to summer AK-10 motor oil, whlle.at 0°, it has a

3 _ :
viscosity that i? conslderably less than ordinary AS-5 winter oil.

In other countries, thickened olls are called all-purpose (multi-

grad) or all-weéxher oils, and»they are assigned a double number in

the SAE classification.
Thus, for example, SAE-10W/30 all-weather oil corresponds to Sil-

10W winter oil in its low-temperature viscosity, while 1its viscosity

at 100°C 1ies in the range corresponding to SAE-30 oil.

™ fywoe

i
L)
2 douna 0poke2d

Fig. 16. Nature of piston-ring )

- wear in automobile engine lubri-

N

5 Josre:tampe T
53

W= Jegn o s2Epss et amn;
X :

P
rigm, 17. Effect of
fzalP depressant. on
powr point of aAK-6
Gils obtained from
vioious orudes. 1)
Pour point, ©0; 2
Sadidive consentra-

. TGN,

-

cated with ordinary (1) and
thickened (2) oils. a) Road-test
wear; b) starting wear. 1) Wear;
2) length of run.

Tane advantages of thickened olls lie pri-
marily in the improvement of starting charaoc-
teristics. Utilization of MI-llp thickened
oill makes it poésible to start a cold dilesel
enging (pro?ided the fuel in the cylinders 1z-
nites) to tomporatures of -32°, -

¥otor tests with a GAZ-51 automctive en-
gina, cérried.oat by N;G.'Puehkov {35] at low
tempﬁratares yvielded the following limiting |
temperatures at which 1t is possible to surn

the engine over with the starter in onder Uo

staet the engine when vardous olis axe used:
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AVEOL 6, GASELI118EE vevvrvernseensneecreneonnsnes =16, -17°
AVEOL U4, ALStL118EE vevevrrrnrnnerenecncneonensss =21, ~22°
AVEOL 6, thickened eeeveeeeerrecrocensoenssanons =24, «25°
Avtol 4, thickened ..eeveveeveeesonseenensnessss =28, =30°

As we know, the wear on rubbing parts is greatest when a cold en-
gine is started and the oil spply is inadequate owing to the high
viscosity of the oll 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; thg tests were
carried out by English investigators using a radioactive-isotope me-
thod [58].

When Type SAE-10W thickened oil is used, there is a uniform in-
crease in wear, while wiéh operation on ordinary‘oil, & 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,

and thus offer some advantage in extra power and fuel savings.

Additives reducing the oil pour point (dépressants). A very com- |

mon additive of this group 4s the AZNII (GOST 84s3-57) depressant,
synthesized by A.i. Xuliyev, C.A. Ceyman, and S.Knh. Shidiyen. The addi-
tive is a product of the condensation of naphthalens with 2 chlori-
nated paraffin and according o thc technical specifications from the
standard mentiored, the addition of 0.1% of AzKII dopressant to AX-19
oil reduces the pour point by at least 10°C. | |
’ The magnitude of tho reduction depends greatly on the chemical
- 73 - |
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composition of the oils. Type AzNII depressant 1s most effective in
reducling the poér point of low-paraffin oils. As Fig. 17, due to N.V.
Brusyantsev [5]; shows, the greatest reductlion in oil pour point is
caused by the first batches of depressant. A further increaée in addi-
tive concentration above 1.0-1.5% 1t relatively ineffective. As a
rule, AzNII depressant 1s normally added to commercial diesel oils and -
to avtols in concentrations not exceeding O.5%. .
The multipurpose AzNIT-TSIATIM-1 (GOST 7189-54) additive 1s also
used as a depressant; in addition, it has good anticorrosion and, to
sonme degree, detergent properties.
Table 23 gives data on the effect of various depressants on oil
pour points [28]. '
ther additives. In addition to the anticorrosion, detergent,

viscosity, and pour-point depressant additives discussed above, th;re'
are several other types of additives which, however, are used primsrily
not for diesel oils, but for oils intcnded for other types of engirnes
and mechanisms. Thus, we shall only give brief mention to these addi-
tives. |

Antiscizing additives or additives improving the lubricating

poopervies of oils. These additives increase the olliness and “e*uce
the coefficient of {riction for & mechanism. This type of additive is
pormally introduced into transmission oils dasignad for the ub~*nu»
tion of »ubbing surfaces in mechanisms with. high unit pressures, oy

axazple, for hypoid ssars. These additives inelude chlorinated hydro-

Lt

garbons, xanthates, and varicus sulfurized products. In other coun-

LA

iries, olls Jop cxtrexme prossures are called EP oils (extra-pressure
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case. Thls type of addltive includes certaln organosillicon compounds
known as polysiloxane fluids (PMS-200 additive).
TABIE 23. Pour Point of Turbine 0il Produced

from Eastern Crudes, Various Additives (Data
Due to L.A. Potolovskiy)

~ 2 Temnepatypa sacrunassa, *C

I!g:oanoe ! Tiocne moGanxenna npncapke, %
smacno Ged 1
npneaakn | 040 | 025 | 056 § 43 .

1 Upncapa

nenpcaarop AsHHK —10 — ~17 -—18

GASHUTI—LMATHM-1 —10 — | 20| =25 | =2
‘{ Axpnaong 450 (munopr- _
“ﬁ) « e s a4 -10 - -23 -28 _” :

Honn;te‘;'t;tp.lmlh 8

u-‘Sm LR ""‘io -23 —3 —a —‘o

"1) Additive; 2) pour point, ©¢; 3} initial

oil, no additive; 4) after introduction of

adaitive, %; 5) AzNII depressant; 6) AzNII-
TsIATIM-1; 7) Acryloid 150 (imported); 8) -
polymethacrylate, M-15,600.
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Chapter 3
TEST METHODS FOR OILS AND ADDITIVES
EVALUATION OF OILS WITH LABORATCRY APPARATUS
In orxrder to evaluaté the sultability of an oll or additive for

utilization under actual operation conditions, it is necessary to have

‘available reliable test methods. The preliminary evaluation of oll and

additive quality is carried out with laboratory spparatus, while the
final Gecision as to whether or not a given 0il is suitable for a par-
ticular engine can be made only after extensive motor tests have been
carried out. |

Additives are introduced into a base oil in order to improve its
operati~g properties. However, the resulis of a dete:mination of th
ordinary p&ysicochemieal characteristics of an oll with an additlive
such as the aSh'content, carbon residue, acldity, etc., will normslily
give no basis for 2 judgment as to the izprovement in oil quality. The
iatroduction of 3-5¢ of an slkylphenol additive increases the ash con-
tent and carbon residue, vauses the oil %o display an alkeli resotion,
and at .iret glance appears to impair the oll characteristiss; in o~
dor to evaluate oil operating properties, therefore, the motor-oil |

Y

standards specily soverzl sdditionzl indicators chorssterizing copro-

o

stergency, and thersal-oxidation stabilisy; these charac-
tesistios are t¢ be determined with laboratory apparatus.

Arong tho nost comron nothods Qo detergpinding the corrosivansss

fd
of &n oil ame determinstions of corrosivenass with the apparatus of

-

V.8, Pinkevich and I¥-2 apparctus, developed by XK. 8. Ramayva (Stais

P u TN A T pa




All-Union "Order of Labor Red Banner" Automobile and Autbmobile Engine
- Scientific Research Institute) (NAMI). -

Tae PZV method is a very reliable way of determining oil dete -
gency. The standards for oils with additives ealso specify an evalua-
tion of thermal-oxidation stability.

Well-known methods exist for determining the motor volatility of
oils (K.K. Papok), “he tendency of c¢ils to form varnish,.using appa-
ratus to K.S. Kyuregyan, oil oxidizability, in a DK-2 instrument, and
other test methods for oil operating properties using laboratory ap-
paratus.

Determining oll corrosiveness by the Pinkevich method (GOST 5162-

49). The method consists in evaluating oil corrosiveness from the
change in welght of a metal strip that is subjectad alternately to im-
mersion in the tested and ra.sing to the air; the test is:carried
out in a Pinkevich apparatus for 50 anurs at an oil temperaﬁure of

- 140%¢.

Figure 18 gives a dlagram of & Pinkevich apparatus.r

As a rule, lead strips are used Yo evaluate oll corrosiveness;
for research purposes, however, plates of lead-bronze or other bearing
alloys may be used. Oil corrosiveness is expressed by the change 1n
weilght of the strip per unit area. -

The red-plate corrosiveness of fresh oils without additives ranges
from 10 to 100 g/m?, while for olls with additives, 1t does not exceed
10-12 g/mg. Where lead-bronze plates are used; the change in weight is
one-third to cne-fourth that found wlth red plates.

In determining Lhe corrosiveness of olls containing effective an-
ticorrosion addlifives, an increase in strip weight 1s sometimes ob- ‘
tained caing to the appearance of a protective filk that forms when
the metal reacts with the elements of the additivei The Pinkevich me-
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Mg, 18, Diagram of Pin-
kavich apparatus for de-
teumining oll corrosive-
ness.

thod has been used for several years, and it gives completely reliable
results; recentiy, however, the method has begun to gilve way to the

faster corrosioﬁ-determination meﬁhod using the IK-2 apparatus.

Determining oil corrosiveness by

K.S. Ramayyva's method. The method of de-

termining oil corrosiveness with a Di-2

apparatus of the NAMI (GOST 8245-56) pro-

posed by K.S. Ramayya [39] is also based

on a determiration of the weight lost by
a lead strip subjected pericdically to
the action -:ff the tested oll and air,
both heated to 140°C, for a 10-hour pe-
riod. | |
Flgure 19 shows a DK-2 apparatus.
The lead strip 5, located in the

specially-shaped flask 4, is alternately .

Imnersed in the oll and subjected to the
action of the air as the flask is ro-
tated about the axis of the instrument by
means of the electric motor 1 and reduc-
ing gear 2.

The temperature 1s held constant by
means of the oll bath 3, which is pro-
vided with a mixer 6, electric heater,

and temperature control.

The method described glves corrosiveness values that are close to
those ovtalned with the Pinkevich apparatus, and has the advantage of
requliring a shorter detebmination period.

Recently, a method proposed by the NAMI for determining oll oxi-
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‘dation has come into common use. The oil is oxidized in the DK-é ap-
paratus of the NAMI at a temperature of 200°¢ 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.

Fig. 19..Diagram of NAMI DX-2 appa-
ratus for determining oll 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
or. a brief test of the oll in a special PZV apparatus, followed by
-evaluation of piston fouling on an arbitrary scale.

The PZV apparatus takes the form of a siﬁgle-cylinder motor (cyé
linder diameter 52 mm, plston stroke 52 rm), driven by an electric mo-
tor. The cylinder head and walls are heated by electric heaters. Fig-
ure 20 shows a diagram of the PZV apparatus. |
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The following operating conditions are maintained during tests'

Speed ..Ql.‘.......'.'.0..Q00.'.0.......'.0.....9..' 2500 rpm

CylindEr-head temperature 4 O ¢ 0 0 5 ¢ 5 ¢ O B0 S OO S Se PO ESPSPOEEOPSITS

Center Of Oylinder tempéra‘hure o-o--ouéocoococoooooo.'.

01l in crankease tEMPEPEALUN® cecitsvcrsrestsvecrsose
Ind.uction air telnperaturé..04000"0000.0..!..0.0...'..-.

Quantity oi‘ oil tested "’-.l........"...0'....'.....

300°¢

~225%

125°¢
220°¢ ‘
250 ml

I‘ength of test‘..'-'..V.'.'.A...O.OQ".OQO.......'.O.QQQ 2h°urs
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Fig. 20. Diagram of PZV apparatus.

At the conclusion of the test, the piston is inspected, and un

estimate made as to the quantity and color of the varnish deposits on

the side surface of the plston; the estimate is made by comparing it

with a standard color scale, reproduced in Fig. 21.

A completely clean piston with no varnish dep.sits receives the

highest rating — 0. If the entire side wall of the plston 1s covered

with black varnlsh, the lowest rating — , - is given.

Varnish-formation determinations by the PZV method agree well

with results obtailned by motor tests in an engine [36].
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" * The thermal-oxidation stability of oils {GOST 4953-49), determined

by the method of X.K. Papok, is expressed in terms of the time (in min-

utes) required to convert an oil under the given test conditions into

g8 varnish f£ilm.

.
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0
.
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Fig. 21. Scale used te evaluate varnish forma-
tion on pistons of PZV apparatus (0 represents
the best possible rating with respect to pls-
ton fouling).
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TABLE 24. Effect of Additives on Oxidation of
MT-16 0il

X i Topuooxu-
N 2 : c:xmg:mmu
- , b crabuan-
1 Mac - P UST EPE b oo o
Macao b npncaisa 250° C aa neroay Jlae
s 30 wan, & e
- BOK upH
b ' o0
) ! {BoarnyTIy
v i !
T - - :
N Maexno MT-16 Gea npsca;upy v e e 67 /10 18
N Ta we+ 3% HI-102y S B 62,16 . 14
N » 3% OBY O oo ] S 18
A ’ B8 A0t .. o360 51
[, » 385 BHAN HIL338 © L o0l 8370 63
: . » 6,00 CB3H3,5% AH22 @, ... .. 52,0 80

T

) 011 and additive; 2) I/L at 250°C, 30 nmin,
;0 3) thepmal-oxidation stability, Papok me-
thod, 2507¢C, minutes; 4) MI-15 oll. no addl-
tive; 5) the same, + 3% NG-102u; 2 same +
+ 3% 8BI3; T) the sams + 39 '

i
.
m;_x

[4
- .

) 3% DR-1; o, the
same + 3% UNII NP-383; 9) the same + 6.5% SB-
/

3 + 3.5% AN-22.

K
gy . -
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5 0PI,

-
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Thermal-oxidation stability ls determined by means of a special
varnish-forming device, in which the required temperature (usually
250°¢C) 1is maintained.

The oil 1s poured within metal rings located on a steel disk,
which is placed intoc the varnish-forming device; the disk is left
there until the oil has been converted into & 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 oll into a varnish film that holds the ring with a force
of 1 kg serves as a qualitative lndex to the'thermal-oxidation stabil-
1ty of the oil being bested. , |

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
burning and the formation of varnish deposits. At 250°C the thermai-
oxldatlon stabllity determined by the K.K., Papok method normally lies
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 oll to form varnish and cause pistaon-
ring burning.

Motor volatility, working fraction, and varnish (GOST 5737-53).

This method, developed by K.K. Papok and his assoclates, characterizes -
oll volatlliity when 1t comes into contact with hot surfaces of engine
parts, and 1ts tendency to rform varnish.

The determination 1s made in terms of the weight loss of small
quantitlies of oil applied in a thin layer t¢ specilal metal plates
(evaporators), which are placed into the varnish-forming device de-
seribed above, where they are held at 250°C for 30 min.
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“The oil welght lost due to distillation of the light fractions,
expressed in percent, is an index to motor volatility. The liquid part
of the oll, removed by the solvent, ls taken as the working fraction
of the 0il, while the portion remaining undissolved on the evaporator
is taken as the varnish.

As a rule, the oll 1s characterized by the ratio of the motor
volatility (I) to the amount of varnish (L) at a glven 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-1, 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 mixture of sulfonates with organo-
phosphoﬁus antiox;dants. One such experimental blended additive is a
mixturs of barium sulfonate (SB-3) with the antioxidant AN-22 which,
as the table shows, has good thermal-ocxidation stability.

The tendency of oils to varnish formation may also be determined
with S.X. Kyuregyan's apparatus [206]; 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 18 located an electrical hellcal heater. Both ring and
plate are rotated by an electric motor through a worm gZear located
within the hbusing. bn the ring, three aluminum supports 2 hold the
Lload disk 1, wﬁich is coupled to a spring that keepts it from turning.
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A thin layer of the oll to be tested 1s applied to the ring. When
the ring rotates, friction appesars between 1t and the load-disk sup-
S T ports; as a result, the disk furns
somewhat, twisting tr;e spring.
As long as the oll has not

X PONT
PRI I

changed into varnish, the friction

«-¥-8
‘I.'
AR

",

is slight and the angle of rotation
of the spring ls small. As soon as
varnish begins to form, the amount
of friction lnecreases sharply and
the angle of rotation .of the disk
increases cons.’;.derably. The oil
guality is determined from the

| length of fime required to form the

varnish at 250°C, in minutes.

Table 25 glves the varnish-

Flg. 22. Kyuregyan device for
determining the varnish-forua-
ing tendency of oils.

formation tlmes for a diesel oil

with varlous additives; the tests

TABLE 25. Results of Varnlish-~Formation Deter-
minatlions for DS-11 Oil with Variocus Additives
Using Kyuregyan Apparatus

Tlepuion Juko-

IMacao u upneann sOpasopanan

B MIRYTOX
M«u.‘?m JG-11 6oy npnﬁt.‘wu v e v e e s 12
To e =83 NMC40 & . . . . e e e 134
I (1 N o e 1
L 1Y N T I8
o WMATIMG (o o L RN )
woE% ASHILT L L L8 Lt b
o G BHHM HP-30. O . o v oo o, 3"
o Geg ML MU-2210 00 L L, e 42
Macas eMoGuaveepae isnepyned L1 o 0 o0 L0 ... 50

1) 01l and additive; 2) varnish-formation pe-
riod, minutes; 3) D3-11 oll, no additives; 4)
the same, + 8% PiS-19; 5) the same, + 10% SB-
3; 6) the same, + 5% BFK-1; 7) the same, + 3%
TsIATIN-330; 8) the same, + 3% AZNII-T; 9)
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the same, + 6% VNII NP-360; 10) the same, + 6% MNI IP-22; 11) Mobil-
guard (imported) oil.
were carried out at the Central Diesel Sclentific Research Institute.
It follows from these data, as from the data of Table 24, that sulfo-
hate 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 olls and addlitives in single-cylinder engines. At pre-

sent, there ls no one single standard method in the Soviet Union for
conducting motor tests on oils, although work ls being carried out in-
this direction. .

The most common methods for determining oil quality use the spe-
clal UIM-NATI gpparatus and the Type IT9 apparatus.

The oil-testing apparatus (UIM) 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 1t possible, where necessary, to change to a cylinder-pis-
ton system of different size. Thus, for example, in one version of |
this apparatus (the UIM-2 engine) the installed cylinder and piston
have the dimensions of those used in the SMD (Ch 1l1.5/13) 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 toc determine the tend-
ency of an oil to form carbon and varnish within a relatively short
time period.

Table 260 compares basic date characterizing oil test conditions
for a UINM-NATI device and ciner apparatus used to determige oil gual-
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TABLE 26. Methods of Determining Oil Quality
with Single-Cylinder Apparatus

1 Hammenopanne aeroanxiu ATH Bx:gm-x un | 4rey-2o
5 111
61131““”3? L S Y TR I S A R AR ) VZIM:-I"ATH ‘—%Tﬁd “TU-S
Yncao ¢Goporos psuraTead . . - 1200
Tonmasso . . . v v v e . 1 uaeasnoa 1i7 Benauu
Pacxog TonmmBs, K2/¥aC . « . . . 26 0,98 130
npogoaamreamocn UCNITIRDA, .
..... 45 10 20
l,homqecrno ncnuryenoro Nacaa, ke 10—12 -2 2
Peacnt nenmzauna: ’ '
12 2) roameparypa macna, °C . . 100 - 8 100
6) TeMneparypa oxnasKRalemel
13 ANAR0CTD, °T (ITINBTANKOAL) 135 1500 220
OTCUOTHMC NOKAATEIN: 18 a) npuropurite nopimuenux KoALU,
KOAUMCCTRO 1 XUPAKTOpP OTIO:CIUL
ua mopioue
§) xoppoaniimocTs acia, onpoie-
aReMAR WO JOTCPC BECA MOTAnNANNC-
CKILX RAICTAH, YET4HODACDUMXE B KOpP~
T0p0

1) Name of method; 2) NATT; 3) VNII NP; 4) GSM-
20; 5) motor; 6) motor speed; 7) fuel; 8) fuel
£low rate, kg/hr; 9) duration of test, hours;
11) quantity of oll tested, kg; 12) test condi-
tions: a) oll tem gerature, °¢c; b) cooling-lig-

uid temperature, °C (ethylene glycol); 13)
characteristics evaluated; 14) UIM-NATI; 15;
IT9-3; 16) diesel fuel; 17) gasoline; 18) a
burning of piston rinws, quantity and nature of ~
deposits on piston; b) corrosiveness of oll as
found from loss in weight of metal strips
mounted in crankecase.

Table 27 glves test results obtainsd by the UIN-NATI apparatus

*y

[40] for several specimens of domestic and foreign oils, and gives

.
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comparati%e values for thermal-oxidation stability characteristics as

ol
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determined with a P2V setup.
e Type ITY anparatus has as its basic function the determina-

.
LA
LA
AR

s % %s

tion of fuel ignition points (determination of octane and cetane nume
bers). V.F. Flllippov [47] has suggested that the IT9-3 apparatus bz

used, following some modification, for oll tests. Here the motor in

R

the IT9-3 apparatus operates at higher speed (1200 rather than 900
rpm, the speed used in deter::aing <.tane numbers) and with the cool-

ing liguid and the crankcase cll at higher temperatures.
- 86 -




As a result of ﬁhe increased combustion intensity, after 10 hours
of engine operation, 1t 1s possible to determine oll quality from the

g .
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| ‘number ¢f burnt rings, and from thia amount and nature of deposits on
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the piston.
A similar method for evaluating oil quality using a IT3-5 carb..-

v v )

retor apparatus, known as the GSi-20 method, was suggested by XK. X.
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TABLE 27. Comparative Determination of 0Oil De-~
tergency with UIM-NATI Apparatus and Motorless

Devices
- Topioonc. |4 Snenke
: cnoiic;na AUTCILUAR | opniors ua
1 Macao 0 1138, | C1a0mabe | gy
Gunaw’ | MocTo OPM | Ay
250% aum | Eanan
Mamusoe CY Gea npncania 5 . 45 20 39
To nse+ 39, MUATIM-330 .6 20 24 15
Juweavuoe D14 (c., npucaxcd )
At — HUATHM-Y) [, . . .. . 33 20 39
8 _To e (c npneunroit LITATIIM-339) 30 44 19
Olfsunopruoe SAE-30 (npcj\.sbaaw.oe) 35 57 16
Puuyaa Illeaz 30 HJ e e ¢ 3 7

1) 0il; 2) detergency, PZV method, arbitrary
units; 3) thermal-oxidation stability, 2500,
min; 1&) determination of detergent properties
with UIM-NATI, arbitrary units; 5) SU machine
oil, no additives; 6) the same, + 3% TsIATIN-
339; 7) Dp-1l1 diesel oil (with AzNII-TsIATINM-1
additivegs 8) the same (with TSIATIM-339 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 Method) and P2V Apparatus

20umua ne xoreay TCM-20
o !
: Jaxoolpasoganue, Rl", Mawpue
: p enaiderea
1 Macao, upucazkd 3 % A 38 uo N3B,
’ 10 we?y | Gagam
o 33 Swee [0 20wsey o/t
N : '
> HG-11 G0y mpieasnn E .. .. . [ T B (1) ﬁ 35
N Fo wemdtp WATINGSS T4 0 % |4 6 |26-13
';:;-. e =A% MEB MR . . i 35 ¥ 10
o MT-16 (audenenee) Ged s Q1 1w - 1 6 ,
To we-=3% WHATIM-339 . « 5% 0 18 1.3
Lho <3%  AsHHH— HItATIHMG B 1 12530
136 a0 AsfilMS .. .. {1 o - - 33
Pasyaa Hiess 30 HA .-13‘ N % 1] a3 1] 0

1) 011, additive; 2) determination by GSK-20
metnod; 3) varaish fommation, ¥; 4) corrosion
in 10 hours, g/md; 5) detergency, P2V method,
arbitrary units; ) DS-11, no additives; 7) the
sewe, + 4% TSIATIN-33D; 8) the same, + 4.5% MNI
IP-22; 9) KE.16 (Emba crude), no sdditives; 10)
the same, 4+ 3% TSIATIN-339; 11) the same, + 3%
AzNIZ-TSIATIN-1; 12) the same, + 3% AzNII-4; 13)
Rimula Shell 30 HD.
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Papok, 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 definiftely into groups on the basis of relative addi-
tive effectiveness: .

. a) oils without additives or with the relatively ineffective Az-
NII-4 and AzNII-TSIATIM-1 additive; |

b) oils with phosphorus-containing additives (MNI IP-22);

¢) oils with alkylphenol additives of the TSIATIM-339 type;

d) cils for especially severe service conditions of the Rimla-
© Shell 30 ED type. | L | o

In addition to these special apparatus deseribed, quick tests of
olls and additives are frequently made with sinsle-c?liﬁder sections
of serics-proéuceé sméll éiesels_or the tractor type or such motors as
the Ch 8.5/11, Ch 10.5/13, D-6, ete. The minimum duration of selection
tests for oils and additives in serles-produced diesel engines is nor-
melly SOalcckhours.ATests of this length pgermit the &eter;ination neﬁ
only of the tenﬁeﬁey of an oii to form rarbon, but also yiéld certain
' cbm@arative data on engine wear a3 & flunction of the oil or additive
used.

Since direct micromater measuremant of eng:ae parts in this type
of quick test cannot yield reliable data, one of the foilewing methods
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mst be used to measure wear in this case:
determination of the weight loss of piston rings and bearing line
5 ers, and 1n some cases of other small rubbing parts that are in con-
tact with the oil fuel, by precision welghing of the carefully cleaned
parts before and after the test;
the method of cut crescents, which permits determination of cy-

e n

linder-sleeve and piston-ring wear over a 25- to 100-hour period of
engine cperation;

| deteraination of the iron contained in the oll and on the filters,
which makes it po.3ible to construct a "wear line" and compute the
over-all (toval) engine wear during the test period;

the ra:llocactive-isotope mathod.

The method of deternining thé wear rate by means of radloactive
isotopes, which has become very common in recent years, consists in
imbedding a plug of a radioactive elemsnt, normslly cobalt 60, in the
eylinder-sleeve wall or in a piston ring, or in using a piston ring
that has been made radloactive; as the ubbing elements, inciuding tae
radioactive plug, wear, radloactive abrasion prodacts accumulate in

~ the oil. Thus, by monitoring the activity of oil samples with & coun-

:“
Rl
.
"o

" ter, 1t is possible to judge the degree of engine-part wear in the

s

..;‘0
e w0

zone “"labeled" by the radicactive elemant. The redioactive-isotope me-

thod ponaits monltoring primarily of the relative wear, i.e., it

o ey S
’

rields couparative data on the effect of various types of fuels, oils,
and additives on the rate et which engiue-parts wear. By carrying out
additionsl experizents, ponitoring the iron centent of the oil, if is

possible to obtaln & basis for an approximste caleulation of the abso-
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" 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 olls or additives for subsequent long-

' bench testing under conditions similar to operating conditions. The
comparison_of various oils;-fuels, additives, and combinations of ad-
§itives,Aselection of optimum,additive concentrations, the effect of
oll quality on the choice”cf'theimost effective a2dditives — all these .
questions should first be approached by tests oﬁ’singlefqylinder:ap;
paratus, since it wéuid be eéohomically undesirable to carry out long-
ternm tests on high-power diesel engines in order t¢ solve such prob-

| lems. The final evaluation of the suitability of th@ oil specimens
that have been preselected, however, can be mudc only after tesis on a-

fvll-size engine.

This type of bench test normally lasts 500-1000 hours under condi-

tions corresponding to actual engine operation, with the wear on basic
parts measured by nicrometer methods. ' o |
As an example, we shall consider the bench-test method used at
the Nelyshev Plant to select fuels and oils for Type 2D100 locomotive
Giesel engines [42]. : | | ‘
The plant hes carried ocut a long series of tests ¢f luelis with
verfous sulfur contents and of oils with additives, with the aid of
ensuring normal engine operation with fueis and oils made from Easteéh
high-suifur crudes. | '
© Tosts lasted about 600 hours with great care talken to ensure
identical teost conditions for cach specimen of oil additive. As the
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basis for comparison, il.e., the standard, measurements of wear, carbon'
formatlon, and other indices were taken that characterize the condl-
tion of an engine following tests with low-sulfur GOST 4T749-49 fuel
and D-11 Baku oil with 3%‘AzNII-?-additive,vwhich were used in the ac-
ceptance tests for this engine. | | | o

The engine was operated under variable load conditions, with fre-
quent changes from no lcad to full load, as 1s characteristic of loco-
motlve-diesel operation.

The following measurements were made in carrying out the factory
tests: |

a) measurement of engine power, fuel and oil consumption, meas-

uremant of piston»temparéture, and all operating characterist;es;

b) micrometer determination of wear on oylinder sleeve, crank-
shaft crankpins, piston pirs, bearing iinings, and determination (by
weight) of wear on piston rings; |

 ¢) determination by weight of carbon depcsits on pistons, in ring
grooves, scavenging and exhaust ports, as well as dsposits on oil 7il-
ters and centrifuge rotor; |
- d) méasuremant of oll performance indices curing the test, in-
cluding monitoring of the additive content of the oil. |

This test program permitted a very complete eﬁaluation of oil‘op-
erating properties under actual conditions. |

The nost lmportant results of factory tests of oils with addi-
tives; carried out on the 22100 engine are given in Chapter 4.

This type of exiended bench test makes it possible to decide on
recommendations for oils for operating tests in several astual appli-
cations (locomotives, ships, stationary plants, ete.).

Forelsn motor-test methogds for lubricating oils. As we have zliete

dy descrived in Chapter 1, in other countries motor lubricatingfbiis\f‘"‘”
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i:are classified by their conditions of application into ordinary oils*
and olls for heavy and extremely severe duty. The latter group is in
turn divided inéo geries 1, 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

.01l 1s classified into a glven group or a series on the basis of motor
tests carrled out by a standard method on special engines.

Quick tost methods lasting 36-100 hours are designed for evalua-
“tion of ordinary ~ils and HD olls, as well as for selection tests con-
ducted for resear<h purposes.

Amnng the most common quick methods for testing oils are the L-4

method, using a Chevrolet automobile englne (United States), tests on

| ; a Fowler or "Petter" engine (Great Britain).

I~ method. The test carried out on a sixpéylinder carburetor-
type Chevrolet engine 1s designed to determine the corrosiveness of an
oll with respect to lead-bronze bearing linings. Tests last 36 hours.

TABLE 29. Comparative Evaluations of Various

- 0ils for Tneir Tendency to Cause Ring Burning
During Tests with Fowler lotor

Yreno wacon pafiory

ABRTATONR A0 MOMERYD
1 Maeao DPUFOPALINR BOPRIOTD
HOPRIHEPOTO ROAMIA

Macao Ges npneszwn 3. 2
Macae ¢ npagankod 2am TAREIUX YexoRad pa-
Gozat (copnn if uﬁ' ................. : {1
To e, xan ocols rmkenaux yercsnit paGors ,
(um 3’ * » 5 ---------- I m

1) 0il; 2) number of hours of engine operation
pricr to burning of top piston ring; 3) oil
without additives; 4) oil with additive, heavy-
duty operation (series 1); 5) the same, Yor es-
peclaily heavy-duty service (series 3).

‘The evaluation is made on the basis of the bearing welght loss. An o1l

satisfylng the requirements of the MIL = 210ChA specification of the
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‘United States Department of Defense should:produeg»a.weishQ,Loaé not .
exceeding 100 g per bearing..
0ils withodt additives, tested under such conditions, show bear-
{  ing welght losses reaching 1000 ag.
{ -~ Dests with single-oylinder Fowler diesel engine. This englne has
| been speclally designed for evaluating the ability of oils with addi-

tives to prevent piston-ring dburnling. The top compression ring ls
noved close to the piston c¢rouwn in orxrder to speed up the onset of

burning. The temperature in the top pistonpfing groove reaches about

L e 270°C, The test is cantinued w:iil
g ' the top ring becomes gummed; the
¢
e instant of gumping 1s determinsd

from the increase in c¢rankcass

¥R, LY

W
F R N 1
Fi o Y Qk :

- % - &

At . . .

:

pressure that occurs owing to es-

e e

capling gases from the combustion .
chamber. The oll 1s evaluated in

e L T T T PP LA

Fig. 2%, Biston of Caterpil-
lar engt n» 1ollow-ns test with terms of hours of engine operavivn

series 2 oil.
: before gumming of the top ring.

Table 29 glves comparatﬁve data Por various oils on the basis of

Fowler-engine tests. ' .
In the Uniﬁed'Stazes, oll selection tasts for research purgeses

S a0 Sarrioed out alse with the smoll Louson carbﬁretor typo englne (cy-

linder diamoter 67 mm, piston stroke 70 mm) [12]. |

Tho tests are carried oul in two fowas: |

a) in order to evaluatc oil corrosivensss, 60 hours duration;

nere tht o1l 15 malntaincd abt & high tengerature ofvlaﬁgc in she
Orunkease, with o cooling-fluvid temperstuve af.99-100°C;

t) in onder to evaluate piston-ring gumming, duration 100 houws;
An Thiz case, tho tezperature ol the oll in the crankease 1s 8206,
-.9% -
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while the cooling-fluld temperature (ethylene glycol is used) in the
cylinder jacket is 177°C.

Extreme-pressure olls are given motor tests on Caterpillar en-
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gines for 480 hours.
A series 1 oil is tested in accordance with the I-l1 method. For
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)
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series 2 olls, tests are carried out in accordance with the 1D or I-5

A

methods, where conditions are conslderably more rigorous than is the

» =

> .’*r{'f\’i

AD

case with the IL-1 method.
I-1 method. The test is carried out with a Caterpillar engine

LN La e
AR

PSR
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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

TR T, S TETYR .
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hours.
For an oll to satisfy the stipulations of the MIL-4-2104 specifi-

ove, -
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L
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cation, the pistoh sidrt and ring grooves must be completely clean,
as shown in Fig. 24.

1D method. The test 1s carried out 1n a supercharged Caterpillar
engine using fuel with a high sulfur content (0.95-1.05%); this test
is used for oils that must satisfy the'extremely rig1d requisements of
Supplement 2 of the MIL-104 specification. | |

The requirements for piston foullng are the same for oils teseed
by this method as when the I~-1 method 1s used. I

| 1-5 mathod. This method provides for a 500-lhiour test of the oil

in a 2-cycle {five-speed dlegel engine with no oil change at maximum

speed and load. The test 1s desigped to evaluate the anticorrosion and

'y e,
PRLESELPY St SR

- L ot
et 00,

deter@ency.progerﬁies of an olli, the tendency of the oil to cause 915-

Ll
)
Q"'

- .
& ‘-!'A‘ :.

ton-ring gusening and bearing corrosion.
. fThe rethod provides that samples of oil be taken and checked
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every 24 hours of operation; they may be used to evaluate oil service
- 95 -
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TABIE 30. Basic Motor-Test Msthods for Foreign
Oils

‘-'}
Ilamecuonanue n WNICKES METO ML
1 HCOMTaHUR 2 Goyacp L4
5 Quensa: 6
Oucuxa craou- &) Koppoany 1
HOCTIL MASAR i~ TORMINNINKON |,
4 Ocnosnaa ueasn ucuMTaUUR 3NBATL NPHrOpa- N3 cwunonoli),
e NOPMUEHMX Gpouan
xroaeu 0) otnomemtt
na DOpImKe
11npoxcanureasuocts ncomrauns, sacu | o npitropanus 3%

. BOPXHErO KOALLE
13Hanvenovamme nenrareaz m ero oc- 15
BOBULE XAPARTCPRCTURK « + o » » + » o | 4-TARTHLII AR3Eds | 4-TaXTOWIG Kap-
. Qoyaep Goparoputit gou-

ratess lilenpone
20‘xum UMIBVAPOR & & o & o 0 o v o s 1 6
Jduamerp unannapos, % . . .. .. 1397 889
XOR NOPIMIBA, XM o o ¢ ¢ o o ¢ o o « 139,7 . 9%
SMOWMNUCTL, 3. 4. & o o o0 0o 0w 2 30
% Mucao ofopotos, e6/art . .. . . 4500 3150
SCpeance afdextiagoe ROBACUUS, K& fcud 70 -
20pewun pusoran )
TEMRCPATYPa BORM Ba BuXONR, *C . 83 9
seuL 3paType Macas, *C .. .. L, % 138
&Y oxona MaCTR, WM . . . . . . . . 325ea cuenu |32 Bea cueun
Tpefonauna ¥ ToRADRY RAA HCTMIE- . .
aniiz 30 -
coaepuwaume cepu, % 31 . . . ., 1.0 33 (Beuaau)

1) Name and identification number of test me-
thod; 2) Fowler; 3) Petter AV1; 4) main purpose
of test; 5) evaluation of tendency of oil to
cause piston-ring gunming; 6) determination of:
a) corrosion of lsad-bronze bearing; b) depos-
its on piston; 7) determination of: a) deposits
on piston; b) bearing corrosion; 8) determina-
tion of oil detergency (piston fouling); 9) the.
sare; 10) evaluation of detergency and anticor-
rosion properties, and oil service life; 11)
test duration, hours; 1) until top ring 5;
lBg name of englue and basic characteristics;
14) Dour-cycie Fouwiar dlescl; 15) 4-cyecle car-
buretor-type Chevrolet engine; 16) 4-cycle Pet-
ter diesel; 17) 4-cycle Caterpillar diesel _
(vithout supersharging); 18) h-oyele Caterpil-
lar diesel with supercharzing; 1) 2-cyele die-
5¢1; 20) number of eylinders; 21, eyiind.. .-
ameter, mm; 22) piston stroke, ma, 23) power,
offective horsepower; 24),spced, rpm; 25) mean
elfective pressure, kefem®; 26) operating cone
¢itions:; 27) water temperature at sutlet, °C;
233 oil temperature, ©C; 29) o4l change, hours;
30) speclflications for test fuel:; 31) sulfur
content, %; 32) no chenge; 33) (gascline); 34)
(ethylene glycol); 35) no less than 2J.35.
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life in the englne.

tor tests. , ,
0ils for especially heavy-duty service (series 2 and 3) should,

3 Petter AVi L~ i-D -5
o“7 \ 8 9 0 10
LT H §
a) oraomemeit ua O';":::ﬁ :;°;°' nn::m?mf
6)2‘;%“::!1; o, “l‘;“ ("“g"’".c. To we poxa cno:;;n
t mOA- ¢a
e < et nopmua) iaewiod .
120 480 480 500
16 17 18 19
&TaxTRRE Anseas | 4-taxtamil auaeas | 4-raxtumit ansean) 2-raxtmait Juaeas
IIxrrep Rareprmanap Rareponanap
: {Gea u&m’ 28) ¢ muy‘ B0M ‘
3 146 146 108
110 203 203 27
33 19,8 42 103
1500 1000 1200 2000
- 521 9,50 —
éﬁs 120 82 9 82
ACATINRORS)
85 65 80 : -—
325 cuemnt 120 120 32 Bes cuean
. ' §5
1,07 He Ncuee 0,35 095105 -—

Table 30 gives englne characteristics and conditions for oil mo-

. in the most critical cases, aiso undergo extended tests ln full-size |

engines, under conditions approximating operating conditions.

ILubricating o0ils used for engines in ﬁhe'ﬁnited.States Navy under-

go special teste in addition to standard'tests sueh 25 the Caterpillar

L-1 test. Thus, for example, series 2 oil designed to lubricate super-

charged marine 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 with a fuel conteining 1.0% sulfur

with a coocling-water temperature of 50°C and 2 back pressure of 50




ﬁuﬁinb the tests, at sneg*fic t.me 1ntervals sea water 13 add
‘;?sgf the engina.crankcase, simuluting the actual conditzons th&t»may ve’
.aneountered during aperation of tne marine diesel engine.l |

_ In ordex te aatisfv the requirsmanta of this very rigorous test,

“up o 104 or more.cf detergent and anticorrosion additlveu must be in- o
‘j :'?Et;ﬂodmed 1nto the oil. f‘-‘;: o i'v B T -

‘In ureat Britain, a Petter w—l engins wlth spark,ignition & used
'Tto check: the | qualitv of ordinary 0ils in pi ace of the L-4 methocd.

B These tests last 36 nqux-s “With an oil c..mparatm of 138%C and & cool- .
~ ing-flulg, temperature of 150°C, ile., the conditlons are close to

| those of :the Ip# test method‘using the Chevrolet engine.
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Fig. 25. Plston of Patter AVY  dlesel en-
vgre f01¢aw1Lg operation with fusl son~
cvaludng 1 &uifur for olls of various
tvpg.‘ 1) Pramium 01l (0 detergent addi-

H S Hdbxv§a a*l for heavy-duty ser~.. .’
4 ' .'vige' 3) HD series 2 oll, with high oone..
. . - tont of detergent saﬁjtuva.~ _
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- In addition to the ipl,test with the Caterpillar diosel cnging,

& singlo-cylinder Petter AFE.EGhS.&fli) dlasel eng&na 45 used in Gruat .
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aritalin to test olls for hea vy-uuty sexvice. The test lasts 120 hows
with no oil change, &t a cooling-fluld temperature of 120°C asd s oil
LenpeIaIune of 5; . An arbitrary scale 1s used to detgrﬁuna the aumount
af deposits, and the corrovsiveness 1 evaluated from the weight ioss

- 88 -
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f?of.the bearing lihihss. {:f* ,,A: ¥ ':wi',7g>v h S
Flgure 25 shows the side wall of .a Petter AVl diesel piston after
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operation with a high-sulfur fuel using,oilétyith various types of ad-
- ditives. i o -
Recently, the special CLR engine has been developed in the United
States; it 1s designed to determine oil grade, but Judging from the

Al LI TRPLARRRINE 8

. literature, this type of test has as yet not become very common.
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Chapter &4
UTILIZATION OF OIL WITH ADDITIVES IN DIESEL ENGINES '

gﬁgULES OF OIL AND ADDITIVE TESTS IN LOW COMBUSTION-INTENSITY DIESEL
\ IN!.:S

Low-intenslty diesel engines with piston speeds not exceeding 6-

7 m/sec and a mean effective pressure reaching 6 kg/cm? at piston tem-
peratures near the top compression ring below 250°C, and place the
least severe demands on oll quallty. Oils with additives are used in
these diesels primarily in order to avold corrosion of the bearing al-
:loys and to neutralize harmful combustion products of high-suliur |
fuels. _ o
. The low combustion-intensity diesels include many low-spée& Uide
supercharged marine engines, high-speed auxiliary marine or st tiénary
dtesels such as the Ch8.5/11 and Chlo{5/13 dieSels, and the.majoriay: |
:of'automotive-t:actor diesels (with the exception cr'certain.typés of.
. dlesel engires such as the YaAZ-208, SiD, ete.). - - |

‘.

OO
N
Bl

Tractor diesel englnes, however, which make up nearly hall she

o a2
B8
"

Ly
4

nuzber of dlesels in the Soviet Union, are the greatest consumers of

el
LS
=,

uals and oils.

The tractor fleet operates basically with diesel fuels containing

'.r". e

y oy
RN
-

4
"‘;0:’ P

% v

w %0 1.0% sulfur, and even more in individual cases. The charester-
istie feat&re of tractor-diesel operation is operztion in dust-Iilied
air, which i35 ong of the lactors causing severs contamination of the

oil; thus grc%iéms ol using oils with additives that decrezse oll con-

prolonging servise life and the arrangezent of oll Dilber-

- 100 -




" ing for tractor dlesels are of extrems importance. .
The basic tractor-diesel oll grades are the diesel oils made to
GOST 5304-54 and GOST 8581-57. mesél oils, produced with TsIATIM-339
additive, are capable of providing reliable operation of low combus-

O N
FARY
o Ml ST )

AP v.,n..n.

tion-inténsity tractor diesels when the fuels used contain no more.

than 1.0% sulfur.
- The TsIATIM-332 additive, however, still is not effective enough,

- ¥
»
»

oy

and does not meet the requirements for oils used in dlesels 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 englnes. |

TABLE 31. Effect of Additives on Properties of

DS-11 Diesel Qi) (Made from Sulfur-Bearing
Crudes) as Determined on Laboratory Apparatus

. . - e e, . ‘. . w -
f -“. R B aa PRL] g . .
o el o P e e e ph e 1 . e

WL

2 Cnpneazkod
. 3 | % 35|617: 8
1 ' Bes g N NI o
TeAM | apme =2 i= <
mens (B EIZE NS
= ; 8312 -
?‘l’ o | w= x| &
Somwoors, % 2 .. ... 1 002 §033)038] ads ] 09 Os0
Roppeaaluotts 3? Nuuresnwy : - N B
(eacezsne), ef® A0. . ., .. | 90 160 130 120 138, 0%
Tepmmanmwa?! et by _ :
poers  £0  seraxy, Jflamex upa
I G T e s s e e me
, S 4 * oap.
Mepane csolierna. s Mevery | oo
083, 6azam . . . FE. L. LT A5 [ U5 [0S L0 05, 0

1) Characteristic; 2) with addit
adgitives 4) 3% TSIATIN-339; 5)
. S 4.5 1T IP-22; 7) 6% VHII NP-3 B
’ . C10; ©) ash, %; 10) corrosion, Pinkevich methed
: - {on lead) g/m2; 1) thermal-cxidation stabile
dty, Zapok method, 250°C, min; 12) detergoney,
IV mothed, arbitzery wilts. o :

The AsNIZI-T7 alkylphenol additive has sompwhat better detergency
and antiwear propertics, but nonotiheless it should 2lso be classified
| - o .
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TABLE 32. Results of 100-Hour Tests of Domestic =~ -
and Foreign Oils with Additives in I-35 Engine
(Using Fuel Coataining 1% Sulfur) .. o

j_2._.\!acml__2l§_-_u__ R .
gl | 2 ' T
381E 4t 6 g Prmy
224 E5 ‘ Myaa
1 noxazareas Zi= 25 s“"'iffgz;’ﬁ'nt titeaa
o= = U - SAE-30 ML
Qo "5 '
sS=ld=l S !
+Z i+ 2 ?
8 ] ! ,
Haues mnn3, &% . &, . . .0 &1 ) 3R i 28 33 3a
Toteps seca xeaew, ¢ 9. .1 L1 | 06 G TH HE | 05
KOoaK4OSTRO RATapa ity ROp- [ ! :
muAR & KOAX, @ o 210 6 % 28 33
Ilosepxnoctn  hopugns, 2O~ 3 { .
KpuMTa® naKod, Y i 3 3N 0 { i 0.

1) Characteristic; 2) DS-11 oil; 3) +3% TsIAT-

. IM-339; &) +6% VNII NP-360; 5) +10% PNS-19; &) .
Xastrol, SAE-30 HD; 7) Rimula Shell SAE-30 HD;
8) sleeve wear, microns; 9) ring weight loss,

£; 10) amount of carbon on pistons and »ing, £ - 2 -~

11) piston surface, % covered with varnish.
as an oil additive suitable for diesels with little or moderate super-
charging. o
Table 31 gives results of tests of DS-11 diesel oil with varipus

- additives, using laboratory apparatus. These data show a consideradle
izprovement in detergency and anticorrosion properties of ths oll fol-
lowing iatroduction of the additives. | ,‘

. mable 32 comperes results of short-term tests of domestic olls
with addizives and test results for the best foreign specinmans.

The data given in Teblez 31 and 32 show that oils with the now

>

phosphosus-containing WII NP-300 and I IP-22 additives, as wall as

with $he Type PMS-19 sulfoenate additives, are consideradbly more elfec

tive than the TeIAfIM-330 or AeXIiI.7 allkylphenol additives, and in

sany characteﬁistias-apg:@éeh the feraign'oil.ﬁesignea for heavy-duty -

Soovite such as “Hastrol® or "Riesala Sholl.”
In analyzing the rosuits of oil rmotor tests, the question natu-
rally aviscs &s to whother 4t 1s possiblic So inereazss the eflfective--

noos of additive action by inoercasing the consentration of the adai-

o e miie—— - -
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= i; B - tive 'In the oil. o : ‘ R R !
 §' - " ‘Figure 26 due to N.G. Puchkov [36] shows results of wear measure- |
ﬁnég ‘ . ments on piston rings and the top zone of cylinder sleeves for a |
‘ §£iA ~ YaAZ-204 diesel as a function of fuel sulfur content and concentration

B'X  of TSIATIN-339 additive in the diesel oil. |

iégz : As the chart shows, the engine wear curves for oils with 3 and 5%

‘°:{-, - additive intersect at points corresponding to fuel sulfur contents of

o 0.8-1.0%.
: & It follows from this that when a YaAZ-204 englne is operated with

S 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

lT?}» decrease wear, but may actually lead to the opposite result in indi-
N vidual sections owing to an increase in abrasive weaxr.

~ﬁ§ Foreign authors [57] have already commented on the appearance of
n

abrasive wear in an engine with an extremely high oil additive con-
tent. .
On the other hand, when high-sulfur and especilally heavy fuels
are used, an increase 1ln additive content ls required. This is indi-
~cated by the widespread utilization abroad of especially heavy-duty
"'gils with additive contents reaching 15-20%.
S ," A series of tests have been carried out at the Central Diesel
R i';};; Scientific Research Institute, using Type Chl10.5/13 englnes in order
\ :qu chtain a relative evaluation of the effectiveness of various oil
'éddipives‘[so, 31l
= :! 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 depci-
- 103 -
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its following operation with fuels containing ©.8 and 1.64 sulfur.
Ring wear ﬁas determined by weight and sleeve wear ty the cres-

} .
cent method; in additlon, total engine wear was calculatud on the

- emes ) smam H * e
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Fig. .5 Wear on YaAZ-204 engine

as a .wiction of oil additive

concentration, for fuels with va-

rious sulfur contents. 1) 3% Ts-

TATIN-339; 2) 5% TsIATIM-339; 3)

piston-ring wear, mg; 4) cylinder-

sleeve wear, microns; 5) fuel sul-

fur content, ®.
basls of a deterxination of the oll iron content. The results glven in
Table 33 show that when the engine was changed over from a standexrd
fuel, with 0.87 sulfur, to a2 high-sulfur fuel and D-11 oil with no ad-
ditives was used, piston-ring wear rose by a factor of 1.8, and sleecve
vear by a factor of 3.5. There was also an inerease in the amount of
sarbon and varnish,

The utilization of oil additives, and in particular of the phos-
shorus-containing UNII NP-350 and NI IP-22 additives resulted in a
considerable decrease in wear and amount of deposits; the sleeve wear,
howeveyr, still exceeded the amount of wear found when the engine was
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operated with standard fuel.
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Figure 27 shows wear lines plotted
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of iron-content increase in the crank-
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case oil of a Chl0.5/13 engine when va-
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rious oil additives were used.
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17/,/{f::1f —] Tests using a Chl0.5/13 engine and
/ »
422552 | | fuels wlith various sulfur contents were
7% w_ . 2 '
2 58pem pasoma d8uzamenn 8 vacax also carried out by M.S. Smirnov [43].
Fig. 27. Total engine wear :
as a funccion of pre of The series of tests of o¢ll addi-
fuel and ol] addifivc tives and fuels with various sulfur con-

(wear lines). 1) High-sul-

fur fuel (S = 1.6%), DS-11 ,
oil without addltive; 2) tents in Chl10.5/13 engines shows that

the same, DS-11 oil + 4.5% .
MNI IP-22; 3) the same, it for the most vulnerable part of the en-

WP £, L. M
:egﬁfggil(gP=3F°#J$) g§-1 glne — the cylinder sleeve — the wear
s R B .
Sapn S et eyl per 10CC hours of operation with a low-
b AP B R
content ); .  aLTin. DAI- sulfi.e fuel arounts to about 75 microns

ating tim. Lours.
in thke upper zone.

+3 W. an seg 'ron the curve given in Mg, 28, when a fuel with a

0.8-1.2% :u..fur content was used instead, sleceve wear rose to 130-160

375{ -l A - 300
Ny 00 A
;?E , ;)/ ! &
3 s , w0y
g 150 - ,A%::é -«ﬁé——-aag
3 46;/ pA w", 5
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& Lodepycavur £.pu 8 mon il % .

Mg, 28, Wesr on oylinder sleeve

of Chl0.£/13 angine &s a funotior

of fuel suliur content and oll

additive. 1) 0il without additive;

2) the sawme, VIII NP.300 additive;

3) wear, microus/l000 hours; &)

fuel sullur content, %; 5) wear,

<.
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l.e., effective o0il additives, fuel additives, protectivé coating,

microns.’By‘using diesel oil with VNII NP-360 additive, wear-could S%

be reduced to 75 microns. | ‘ R ) E%
Thus, by using oil additives of the phosphorus-containing VNII fé

NP-360 type or other less effective additives, cylinder-sleeve wear EZ

can be reduced to the level of wear with a low-sulfur fuel (contain- g;

ing 0.2% sulfur) when the engine uses a fuel containing wp 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- Ei
crease in motor potential 1f an entire set of measures is carried out, EE

A

etc., are used simultaneously. ve

The results of selection tests have made it possiblg to recommend
the tested additives for diesel factory tests in more heavily super-
charged diesel engines of various types using high-sulfur fuels con- ;f
taining no more than l.0% sulfur.

OIL SERVICE LIFE IN ENGINE AND CONSUMPTION OF ADDITIVES

01l service life in an engine. The problem of the maximum permis-
sible 0il service life in an engine is of primary importance, since
too-frequent oll changes lead to enormous waste of oll, while if spent

T st P

*

.
.b_' _-,’"-'! 1 "’ ‘:“'n‘f;‘:”

e*ete

oil is not changed soon enough, excessive wear and engine fouling will

g
ASA

result. ,
As we have already mentioned, a certain portion of the oil reaches

""%‘.o

o o,
-’i-’

the maximum-temperature zone at the top of the piston, and is subjected
to severe thermal decompesition with the formation of carbon-bearing

. g
Of M

. ) L]
products known under the common name of carbon scale and varnish. vhen

-

. B
LR AN

DS NDN SR X S A A4 B AN

this happens, is there a radical change'in the atructure of the hydré-
carbons in the basliec porticn of the oil that does not have extensivé
contar - with the very hot surfaces of the cylinder-piston system? Stu.
dies carried out by G.V. Vinogradev [8], as well as N.G. Puchkov and

- 207 -
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i4.8. Borova [37] have shown that despite the oll-oxidation processes
that are golng on and some accumulation of polyeyeclic compounds, on
the whole, the hydrocarbon-group chemlcal composition of the oil
changes very little. Thus, we may assume that 1f there ls adequate
elimination of all contaminants, including thermal-decomposition prod-

ucts as well as engine-wear products, the chemical composition of the

i AL PL LI LI sl RFICI ROV RV N Sy o oty ST

spent o0il will differ little from that of fresh oll over an extended .
service period. This fact ralses the problem of prolonging oll service
life in the engine by arranging for effective filtering during the op-
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erating process.
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Flg. 29. Variation in diesel-o0il performance !
characteristics during operation of 4Cnl0.5/ ;
/13 oil with filter changed every 75 hours
(no oil change). 1) Mechanical impuxities;
2) acid number; 3) iron content; 4) mechan- . o
ical impurities, %, acid number, mg KOH/g of : !
oll; 5) duration of engine operagion, hours; 1
) iron content, g/ of oil (x1090); T7) fil-
ter chango.

For the majority of automotive and tractor engines, as well as
for many mexrine and statlionasy dissels of wp to 500 horsepower, the
factory instrucrtions call for a change of cranikease oll every 100-120
nours of engine operation. It should be noted that at the present tinze
these tv no cll quality indicitors with sclentifically-astablishos
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1imiting values which when reached indlcate that the oil should be

removed from the englne lubrication system and fresh oil supplied.

In regular operating practice for high-speed dlesel engines, the
0il is normully changed on the basis of the fact that the mechanical-
impurity content should not exceed 0.4-0.5% and the acid riumber should
not exceed 0.5 mg KOH per gram of oil. Thus, for example, in YaAZ-204
automotive diesels, the oll is changed every three thousand or four
thousand kllometers, l.e., after about 100 hours of engine operation.
Here the characteristics of Dp-ll oil have the following values: me-
chanical impurities, 0.17-0.36%; acid number, 0.2-0.6 mg KOH per gram
of oil.

When an englne uses high-sulfur fuel, the oll ages at a faster
rate.

The acidity and mechanical-impurity content of crankcase oll may
be reduced by changing the fine oll filters more often, or by using
additional centrifuge filtering [301].

Figure 29 shows the variation in certain characteristics of DS-11
dlesel oils during tests with a 1Ch10.5/13 diesel, carried out by the
author, using a fuel containing l.6% sulfur over a 275-hour period with
no oll change, but with the type ASFO fine oll filters changed every
75 hours [30].

As the nature of the curves or the change in oll characteristics
shows, with the engine operated on & high-sulfur fuel, by the time the
engine has been operated for 75 hours, the oil showed very high vélues
for acidity, mechonical impurities and iron content, and required
changing. With the filter changed every 75 hours of operation, with no
oil chaiy, not only were the oll indices held to permissibdle levels,
but the service 1ife was prolonged to 150-200 hours, which is com-
pletely jJustifiable from the point of view of economics.
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S.V. Ventsel! assumes that the accumulation of organic limpurities

in the oil has no effect on engine wear, since the wear 1s caused pri-

narily 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 lron or silicon, and play a positive role 1n decreasing

abrasive wear. Thus, according to Ventsel', oll filtering should con-

.8lst primarily in removing the mineral portion of the contaminants,

i.e., sand, wear products, etc., which ls best done by means of cen-
trifuge. |

In recent years, several tests have been carried out with tractor
dlesels, using centrifuge filtering or more frequent changing of fil-
ter elements. The tests were aimed at decreasing wear and prolonaing
the service life of the lubricating oil [4, 21].

All of the tests carried out show that:

a) centrifuge oil flitering considerably decreases englne wear;

b) by changing filtering elements move frequently, oil servics
life may be prolonged from 100-120 to 240-360 hours, producing an oil
savings of up to 25-30%.

On tﬁe basis of the results of the tests carried out, many trac-
tor factories have replaced the fine oil filters in the dlesels pro-
duced with centrifuge filters. These considerétions, however, which
support the superiority of centrifuges over {ine oil fiiters apnly to
the reduction of abrasive wear, and do not fully take into account the

hzraful effect of tarry products, which intensify carbon and vernish

formation in the engine. Thus, a more reliable method of oil filtering.

Por dissels would be the utilization of fine filters in conjunction

wish centrifuzces; as a result, both the acid tarry products and ths

ineral particles causing abrasive wear would be removed from the oil.

aditive consumption. During operation of an engine, the muiti-
- 110 -
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purpose additive contained in the oil is gradually used up as it re-
acts with oil oxidation products and acld products of fuel combustlon,

“and it is replenished under operating conditions only when fresh oll
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Fig. 30. Effect of fuel sulfur R

content on consumption of TsIAT-

IM-330 additive (YaAZ-204 die- ‘ R

sel). 1) Fuel with 0.2% sulfur ,

content; 2) the same, 0.5¢ sul- ; NS

fur content; 3) the same, 1.0% e

sulfur content; 4) the same, NN

1.3% sulfur content; 4) oil ad-

ditive content, %; 5) duration 'Y

of engine operation, hours. T

3

1s added. i
¥ -

A rough idea of the additive content of an oil may be obtained 9.
from the oil ash content, and a more precise idea from an analytical
D

determination of the speclal components of the given additive, such as :,';I:‘
barium, calcium, or phosphorus [21, 45]. L
The actual mechanism that uses up additives has not been defi- M
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nitely established; it may-be assumed, howeven, that the basic factors
, rcpggdditive‘cansumption.are: | : ‘
1) adsorption of additives on particles of undissolved contamina-
” tion products and retention of the contaminants by oil filters (cen-
trifuges) together wifh the adsorbed additive;
, 2) direct adsorption of the additive by the fitering elements ‘
in the oll fllters.
These ldeas have been confirmed by nuﬁerous experiments carried
out under bench conditions.
A.B. Vipper [9] assumes that in addition to the factors menticned,
interaction of detergent additlives wlth the surfaces of engine parts
accounts for a considerable amount of additive loss.

This conclusion follows from the fact that the decrease in oil

e i gl e g g U e T Y . e Ty PO S g A W e W e O gy R ey

additive concentration is most noticeable during the first few hours
of engine operation.
The higher the fuel sulfur content, the more rapidly the additive

e BER L area. WK Sull BASON

Is used up.
This 1s explained by the fact that as the fuel sulfur content

goes up, there 1s an inerease in the amount of acid products in the
oll, and a rise in the amount of additive needed to neutralize the
acid products and disperse the carbon particles. Flgure 30 shows re-
sults obtained by N.G. Puchkov [35] 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. Degtyarev [21] have studied the variation )
in the praoperties of Dp-14 diesel oll with TSIATIM-339 additive during
operation of II-54 tractors, with olil changes every 120 to 360 hours.
The additive content was monitored by determinins the ash content, as
well as the oil barium .and sulfur content.
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"Figure 31 shows the decrease in oil ash and barium content; f:om ’ "E
this it is possible to obtain a rough idea as to additive consumption ' E
when the engine is operated for 360 hours with no oil change. ‘ E

As the nature of the curves shows, the additive 1s consumed most &
raplidly over the first 60 hours of engine operatlion, after which the é
content remalns more or less stable. E

In this case also, nc noticeable deterioration in oil detergency E
properties is observed. ' ?

It has been established that oill 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. g
The alkylphenols that react with the additive to form organic aclds 5
retard the oxidation process and prevent the oxidation products that E
do form from coagulating. é

N

The need for broad-scale utilization of centrifuges and fine oil
filters ralses the problem of whether or not these flltering devices

AR e |

will remove the additive from the oil.

“4"e%a

et e, W L,

A very small quantity of additive may be adsorbed on the surfaces
of a new Type ASFO cardboard fllter; 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.
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Fig. 31. Variation in ash content (1) and
barium content (2) of oil during engine
operation. 1) Ash, %; 2) barium content,
; 3) oil service period in epgine, hours. _ :
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] A.B. Vipper, ‘0.8, Obleukhova, and others [33] have studied the
fogct_of‘centr%fuge filtering on the removal of additives from oil.
In their test uéing an automobilelengine provided with a centrifuge,
the oil:additive content and the additlve content of the deposlits were
chéckad by determination of the main additive content (barium or cal-

~_clum metals). | )
| The results of 100-hour o0il tests with TsSIATIM-339, MNI IP-22 »
additives, and others, showed that relatively little additive was re-
tained in the centrifuge deposits, ranging from 21-28% of the initizl
oll additive content. |
In 150-hour tests carried out by the author with a 4Chl0.5/13 en-
gine, using D-11 oil with AzNII-7 additive, the total amount of addi-
tive in the fine-filter deposits and in fhe centrifuge amounted to ) }
13.6% of the total amount of additive preseht in the oil [32]. Thus, T
the utilization of fine filters and a centrifuge in no way 1nterferes
with the utilization of olls with additives.
Operating practice for certain marine installation calls for
washing o? the circulating oil with hot water or steam and subsequent
separation of fhe water in separators. In this case, some of the addl-
tive may be lost through the formation of solutions or emulsions in

.
2
-

-
.
‘:.

N ) l.
NI

AL 4
IREMERT IR | :J.p’

)

the water. ‘
CHOICE OF OILS AND ADDITIVES FOR SUPERCHARGED DIESELS
Testing additlives for loconotive diesels. In connection with the

~ development of diesel locomotive construction, the requirements of the

reilway industry for diesel fuels has risen sharply. It has thus be-

- come neeessary to ensure that_the fleet of diesel locomotives cen use
fuels aad olls obtained by refining sulfur-bearing Eastern crudes with
no loss of enéine reliability or service life. | o

Ih crder to solve th1s prob em, several bench and operatins tests
- 11# -
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Cavailable cross section of the cylinder scavenging and exhauwst poxrts,

were carried out with a 2D100 engine, which presently 1s the chlef en-
gine type used for main-line diesel locomotlives; it was operated with

fuel and oil from sulfur-bearing crudes and various additives were

Fig. 32. Exhaust ports of 2D100 diesel fol-

lowing operation with high-suliur fuel and

DSp-11 fuel. 1) Low-sulfur fuel, D-11 oil;

2) high-sulfur fuel, DS-11 oil with UNII

NP-360 additive; 3) the same, TSIATIM-339

'additive. ’ _ -
used. _ 7 _

The 2D100 diesel locomotive engine is a two-cycle l0-cylindexr
diesel engine with opposed pistons developing 2000 horsepower as 850
_ The 2D100 diesel is an engine with very great cembusticn inton-

Qsity.'fhe engine pistons'ar@ oil cooled. The maximum erown temperature
reaches 520°C, while the inside surfece of the crown, over which the
©il flows, has a temperature that fluctuates frem 190 (at the cenior)
to 260°C (at the periphery). Thus, the anaob 1a characterized by con-

‘sidorable ammounts of carbon formition; when Mghesullur fuels are

used, this leads to the f{ormation of carbon residue and decreases the
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to gimming of the piston rings, the formation of varnish deposits on fgé

the piston skirt with deposition of carbon in the ring grooves and on ég

the inside surfaces of the piston, washed by the oll. g;

. | Figure 32 shows exhaust ports of the engine after operation with §§
a sulfur-bearing fuel. The carbon deposited on the piston-head walls S§

.' 4 washed by the oll helps to raise the piston temperature. According to E;
' V.V. Arinidn (3], the carbon deposited during the first 150 hours of gg
dlesel operation ralses piston temperature by 65°C. , gg

The increased carbon formation and inadequate oll c¢irculation Sﬁ

caused the plstons to overheat, which may result in the formation of gf

c¢racks in the piston crown. Conversion of an engine to gulfur—bearing— ég

fuel operation, especlally in conjunction with DS-1l diesel oll re- &S

fined from sulfur-bearing crudes results in a considerable increase in §S

the amount of carbon and varnish deposited, and makes it necessary to 25

use effective detergent and antiwear additives with the oil. %3

Factory bench tests of various additives have beer carried out
with a 2D100 diesel operating on a diesel fuel containing 1.0 and 1.2%
sulfur for periods of 600 hours for each additive tested (Table 34).

L4 ’ [ 2C I ]
M . LA

To establish a standard, a 600-hour test was run with a 2D100 engine
using a low-sulfur fuel and Baku D-11 oil with 3% AzNII-T additive
[42]. '

Tests and operating expepience with 20100 dlesels have showr that

t;-ﬂo.‘o"o."-ﬂ'»" o
.t PP
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. . . e b 0
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"y h,

when low-sulfur fuecls and Baku olls are used, little carbon is formed.

A maximum cyllinder-sleeve wear of 5C microns, and no ring gumning
: ‘'was found in the low-sulfur fuel tests. Where the engine was tested .
with a sulfur-bearing fuel and oil with TsIATIM-339, AzNII-8, and MNI

)

l. _O'

-
Yy

IP-22 additives,'unsatisfactory results were obtained. Sleeve wear

PR .
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with the high-sulfur fuel increased by a factor of 1.5-or more, reach-
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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 oll 1s extremely lmpor-

tant. As the data of Table 34 show, i1f the concentration of VNII NP-

360 additive is reised from 6 to 15%, there is some increase in cylin- ‘
der-sleeve wear due to the abrasive actici of the large number of min-
eral compounds introduced into the oil along with the additive. Opti-
mum result. w.re obtained when DS-11 oil with 8% VNII NP-360 additive
was used. .:re wear and carbon formation in the 2Di00 diesel, using
fuel with : 1.0% sulfur content, corresponded to the values obtained
durins th: reference tests with a low-sulfur fuel and Baku D-11 oil
with. 2ZNIZ % additive (Fig. 33).
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. B3, Weun . s2eve of 2D100 diesel during bench tests with vari.
£QELS & uw. 1) Low-sulfur fuel, DP-11 oil; 2) ) sulfurebearing
<L, D81l & with VNII NP-360 addl t:ive, ; sulﬁmbearing fuel, DS~

o« Oi1 wit. . ATIN-339 uﬁdlti\?(., 4) zone; 5) wear, microns.
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! Operating tests with high-sulfur fuels were carried out in TE-3
g diesel locomoti-es. The basic materlal in the tes®s was the high-sul-
» fur GOST 305-" ~ %%h'up to 1.0% sulfur ccr.ent and DS-11 oil
v 3
x
3
©
3
g S
x
N
o
Sz
L5
§c
x
_3 1
6. ) "TE'.'—-.# 6,11&»-17 fen-11 8
Macno At (nLATuv-38 Amiu=7 {BMUUND-360
Teneube ::q-';g:c- ' ; ,,‘ ,; ;.cr':; ‘;.6 e
R Fig. 3U4. Wear on piston rings of
.; 2D100 diesel operated with olls hav-
: ing various additives. 1) Wear on
. first compression ring of top pis-
. tons, %; 2) oil; 3) fuel: 4) D-11;
: 5) low-sulfur, S = 0.2%; 6) DSp-1l
2 TSIATIN-339; 7) DSp-11, AzNII-7; 8)
g DSp-11, VNII NP-360; 9) high-sulfur,
3 with UNII N2-260, TsIATIM-339p, and AzNII-7 additives. All of the test
. e results ottained were compared with corresponding data for reference
ffl . dilesel locomotives using fuel with 0.2% sulfur content and D-11 Baku
: s oil (GOST ©3Ck-ci). Each oil speci en was tested in three diesel loco-
. w L -
S motives with & total ruv of 1.0,0C) im. Operating tests of DS-11 oil
b
3 with TSIATIN-339 and AzNII-7 addi:lves gave less satisfactory results.
\_.‘
- o) Figure 34 -ows comparative :32lues for piston-ring wear in opers
IE;‘ “ ating tests with a 2D100 diesel w: -3 diesel 0ils with various addi- |
L.
o tives [18].
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_.The results of tests of DS-11 oil with VNII NP-360 additive
showed that the:condition of the 2D100 englne following operation with
a high—sulfur fuel was no worse with respect to wear or pistongriﬁgﬁv
gumming (Table 35) than that of the engine of a reference diesel- loco-
motive that used a low-sulfur fuel and D-1l Baku oil. There was a ‘
slight exception to this statement 1i that the scavenging ports bore
an increased amount of carbon d positc, making 1t necessary to clean
them at least every 40-50 thousand km.

The tests carried out with diesel fuel containing up to 1l.0% sul-
fur and DS-11 oil with 8% VNII NP-360 additive in diesel locomotives
permitted the Ministry of Rallways to recommend that these types of
fuels and olls 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 1t possible to use sulfur-bearing fuels in marine die-
sels wlthout decreasing reliability or service life. In thls connec-
tion, several operating bench tests have been carried out recently for
varlous types of marine diesels using oils with additives.

In all tests of a sulfur-bearing fuel containing up to l.0% sul-
fur with no oll additives, increased wear and carbon deposits were
noted. When diesel oll with TsIATIM-339 additive was used, wear and
carbon in the types of englnes 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 3D6 engine
(see Table 36). It is clear {rar these data that the utilization of
TsIATIN-339 additive ylelded sowe decrease in carbton deposition when
the engine used a fuel contalning no more than l1.0% sulfur; when the
rgel contalined more sulfur, however, the detergent action of this ade
ditive proved insufficiently eirective.
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TABLE 35. Basic Resulte of Operating Tests with 9.
-2D100 Diesels Running on High-Sulfur Fuel and
011 with VNII NP-360 Additive (from Data of )
I.S. Zelenetskiy) X
22 , 32 | Romacerno npn- é g. 5 anoce :___u_
& . | TopeBwix Xoaexn 5 ,
R L S AT TE 0.
z25% 2=z Ew °§' Lied
Tonanso & macao | X5 8 58 o8 RES to
‘ gEx Cun Ezs | A8 S o
) SE3 % |25 | 253 | 988 [
f..' S= g »g g Qs e
R4 SSE | 88 5e et
=88 [ =E8.] 828 égh 9_:’."\'..
- 8 i ay
Manocepmitcroe ' X
conepiRaiRe CepH 0% 24 24 Wi
3.2%? ceea ] 58| = e | w3 65 | 0048 s
© OMaecao B-14 9.6 “
Cep:nrx(zjcmc (co- : "'L
Jepanne  cepu : ﬁ.
08—1,0%) ...|20-30{ 6 1.5 159 | 68 | 0050 o
Macro OC-11 8% Co i,
Bmlil HII-360
1) Fuel and oil; 2) loss in avallable scaven- :';
ging-port cross section, %; 3) number of gummed
rings; 4) amount of carbon in piston-ring zone, T
g; 5) wear; 6) top piston ring, g; 7) sleeve in N
zone of maximum wear, mm; 8) low-sulfur (0.2% T
sulfur content); 9) D-11 oil; 10) high-sulfur Y
(0.8-1.0% sulfur content); 11) DS-11 oil, 8% Ei'
VNII NP-360.
Y
R0y
TABLE 36. Wear on Basic Parts of 3D6 Diesel Af- <o
ter 500 Hours of Operation as a Function of oy
Fuel Sulfur Content and 0il Additive (from Data )
of M.S. Smirnov) o
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1) Fuel; 2) oil; 3) wear; 4) carbon on piston crown, g; 5) piston R
rings, §; 6) cylinder sleeves, micons; 7) bearing linings, microns; - %
8) base; 9) conmecting-rod; 10) di 321 fuel (1.07% sulfur content); 11)
the same; 12) the same (sulfur corient 1.25%); 13).iK-22, no additives; -
14) the same, + 3¢ TsIATIN-330. . : N
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Extended.operating tests w.:ch M-50, 306, 9D and other marine die-
sel engines shoégdithat 1t was possible to:bperate?thgse'éngines tem-.
porariiy with fﬁéls containing up to 1.0% sulfur ahd an-oil with TsIA~-
TIM-339 additive prior to the crganization of broad-scale industrial
production of more effective oll additives.

Tests with Type 40D engine. The 40D marine engine is a heavily
supercharged engine. Tests wi: 3 lcw-sulfur fuel and the mixture rec-

-

ommended by the factory of I-~1 . 3aka oil and MK-22 aviation oil and
TsIATIM-339 additive showed tnal the engine remained in cqmpletely
satlsfactory condition. Thlis test was taken as a reference test. -

A series of 100-hour tests of this dlesel engine with a high-sul-
fur fuel (containing about 1.0% sulfur) and DS-11 oil with various oil
additives showed that in all cases the condition of the englne was
poorer than it was following the reference tests (Table 37). Thus, for
example, after tests of the PMS-19 oll additive, a decrease in piston-

- ring wear was noted together with a small amount of varnish deposits;
the number of gumed 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 crudes,
it i1s necessary to develop more effective additives than the test spee-
cimens. Until the new additives have been created, Type 40D super-
cherged diesel engines should bc operated on low-sulfur fuel.

' SPECIAL CYLINDER OILS '_ | |

NModern diesel-powéred Vst La pre equinped"withAlarga diesel
plants of from 5-6 thousand to 20,000 ! norsepower in the unit and speeds .
of 120 rpm. These englnes are low-speced crosshead-type diesel with a
separete lubricating system. The high-powef marire diesels include en-
gines of the Burmeyster and Wain, Doxford, NAN, Sulzer,'and other
tyses. A tendency charactexristic of the operation of 1ow-&peed marine
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diesels abroad 1s the attempt tc use heavy residual fuels, l.e., re-
sidual fuel oil?or mixtures of distillates and residual fuel oll in-
cluding fuels with very high sulfur contents (up to 3-4%).

The utilizatlion of heavy fuels 1s 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 stean-
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
tlheze engines and the utilization of speclal cylinder oils. In many
engines of this type, the cylinder 1s separated from the crankcase by
a diaparagm through which the piston rod passes, through a giand. This
design prevents combustion products of the high-sulfur fuel and the
cylinder oil from reaching the engine crankcase, and protects the
crankcase o0ll agalnst contamination.

The engline is lubricated separately; the oil used to lubricate
the c¢rankshaft-connecting rod mechanism is also used to cool the in-
slde of the piston. The engine cylinders are lubricated by means of
oll cups.QCylinder-oil consumption normally does not excee& 1.0 g/
/horsepower-hour. '

Cil wlth a viscoslty of 10-12 sst for 100°¢C 1s normally used to
lubiricate the crankshaft-zconnecting rod mechanism; it contains no ad-
ditives or a small amount of antioxidant additive. When the englne 1is
operated on heavy sulfur-bearing fuel, the cylinders are lubricated
with more viscous olls containing more detergent antisulfur additive. \
In this country, we normally lubricate slow-speed diesels as follows:
for the crankcase oll, a motor oil (GOST 1519-42) 1s used for the vis-
cosity of 10-11 sst at 100°C. and for cylinder lubrication, AK-15 2v-
tol (COST 1862-60) for the . .cosity of 15 sst at 100°C, as well as
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M5-20 o1l (GOST 1013-49), while in ranv case

O
.\' ,.s';\\ °. -'vx._'-.\ i.. ..,-

, the same motor oil is

used ror the cylinders. In an engi1~ ~4nning on heavy sulfur-bearing
fuels, however, these olls cannot reliably protect the engine against
corresion wear ‘and the formation of deposits. In such case, 1t is nec-
essary to use special cylinder olls. '

In other countries [6], high-grade oils with viscosities of 15-25
sst af 100°C are used as cylinder oils; they contain aikali additives
(for example, "Caltex," "Shell Tulsa 0il," "Gargoyle," ete. ). They de-
crease sleeve wear when the engine uses a high-sulfur fuel. '

 Tme ESSO Cqmpany produces a special "TRO MAR DX-130" cylinder oil
with a viscosity'of 24 sst at 100°C; according to data supplied‘by the
company, it decreases cylinder sleeve wear during operat;on of an en-
gine with heavy sulfur-bearing fuels by 80% inrcomparison with a ‘
standard oil having no additives. o ‘

There is considerable interest in the so-called "emulsion oils,"
which have obtained limited apblication in marine engines.

Emulsion olls. Until recently, only substances that dissolve in

petroleum products have been used as oil additives, i.e., organic com-

pounds, salts of organic aclids such

n : -
UmN
® 5 . = as naphthenates, sulfonates, as well
> l s
é’” \ O ! as phenolates of various metals.
1 S - -
fa e — L This has greatly limited the variety
10 et i M At
0 ; i __ and decreased the effectiveness of
' B " AN

7 ¢ & ¢ R o ,
2 Modonmeumensute= Troktuuc v, - .= .znces which could be used to
Fig. 35. Stability of Alexla
emulsion oll as a function of
temperature. 1) Temperature
OC; 2) storage time (months).

improve the anticorrosion, antiwear,
and other properties of lubricating
oll, especlally where englnes are
operated on sulfur-bearing fuel.

The Shell Company has developud, tested, and marketed a new type
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of: so—called "emulsion" oil under the trade name Alexia—Shell, these T L;
“olls contain a solution of additive distributed in the oil as an emul-
sion. | o L |
% ‘ Alexia-Shell emulsion oll takes the fonm of an oily milky-white
% iluid, and it is designed only for engine cylinder lubrication by
.means of oll cups. '
- As analysis of imported Alexia-Shell emulsion,oil has shown it
is based on an ordinary base oil with viscosity of 16-18 sst at lOO C
which contains, in the form of an emulsion, up to 30% or a water solu-
tion of calcium salts (in particular, calcium acetate) o _ -
i 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, l.e., there should be no separation of the water phase from
the o0ll with possible changes .n amblent temperature. | | ﬂ

. The emulsion is stabilized by the introduction of speclal sub-
stances —.stabilizers that preveat the colloldal system from coagulat-
ing, i.e., that prevent stratif_cation of the emulsion oil.

Shell emulsion oll retains its stability at a temperature of 38°C
for more than half a year. At higher temperatures, emulsion stabllity
was less satisfactory. Flgure 35 shows the stabllity of the emulsion
oll as a function of temperature. As the temperature was lowered, the
emulsion remained stable to -10°C. Here its viscosity increased, as ' :
wlth ordinary olls.

Tests of tho emulsion oils used to lubricate cylinders of slow-
speed diesel engines using heavy sulfur-bearing fuels have shown that
the antliwear and anticarbon propertles are hetter than those of ordl-
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nary olls including oils with additives. A tesﬁ carried out inva sin-
gle-cylinder section of a two-cycle Sulzer engine using a heavy fuel
having a viscosity at 50°C at 23° 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 e

P

on the cylinder sleeve and piston rings decreased when emulsion oils %i%
were used to the level established when the engine was operated on Egg
dlesel fuels and ordinary oils.’ | f»'«
When emulsion olls replace ordinary olls, there 1s also a notlce- Egg

able decrease in the carbon formed on:exhaust ports and no carbon is.. Eﬁg

found in the ring grooves. The amount of carbon in the combustion
chamber was less, and it was .lighter in cblor.f; o ,

The results of bench tests carried out with sectlons of engines-
made it possible to organize broad-scale tests under operating condl-
tions. These tests were arranged for an entire series of dlesel-pow- E
ered vessels equlipped with two-cycle Burmeyster and Wain, Doxford, Sul- F
zer, MAN, Werkspur and other dlesels.

Comparative data on wear was obtalned by lubricating certain cy-
linders with emulsion oll while the remaining cylinders worked with

standard oil.

Some of the results from these comprehensive tests are glven in igi
Table 38. b
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 Eﬁ?
4, and even more in isolated cases). | Eé

The drawbacks inherent in emulslion olls include:

N

i NG

a) higher consumption of emulsion oil than regular oil, since the 5

o

emulsion oll contains a considerable amount of water; v
E

a,

b) inadequate emulsion-oil stability at high temperatures. Thus,

ii at 50°C, the oil cannot be stored for more than 3 months. Thus there ;g
3 - 127 - )
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are certain difficulties involved in long-term storage and utilization
of emulsion oils in tropical reglons.

These emulsion-oll drawbacks have caused the Shell Company to
market new grades of cylinder oils recently; they are based on naph-
thenates diss'olved in the oll, and do not use water emulsions.

‘These olls 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 eng:\.né motor potentlal.

Preliminary tests of experimental specimens of ‘special domestic cylin-
der oils have ylelded satisfactory results.
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CONCLUSION - .
Tests and operating experience with olls containing additives in ¢

various types of diesels have siiown that the utilization of additives
makes it possible to improve olil quality considerably and thus de-

TABLE 39. Proposed Diesel-0il Classification

drpynm 2 Tna uacas 3Haauavoune

BB ‘k‘lacaa aam  obuwuax 72[::: cMAIXE: 3) mao@ogcnpmnmx

' yexoanii pabora (copis 1) anaexeil; §) annraredeil, padotaoauit ¥a
15 uANBIX, ¢ coZopAautceM copu xo 0,2% - ¢

VB Macza anm  TmKeamy g Das cuaaxn: a) dopenpomanuux AR-

yc3onuil paGozat (copnm 2) | acxeii, pafoTauiax §2 TORANEAX, © CO

Jopwomtes ceps 20 §,0%; 6) amacaeit,

paliora]niix Ea TORINLAX, € COXepa~

G yites eopu Goaee 1% _

T G«.ucm aag ocobo TR-{ Jnm cuamu 0coGo  Jopenposanmux
WeaMX yclomutii palozu| amscxed ¢ WAGOKOU CTAREHMO RIAYMI,
{cepun 3) _ patorawmns ¢ nepeseuuoil Rarpyuxod,

: U3 COPURCIOM T322MM8

.

1) Group; 2) type of oil; 3) function; 4) oils
for ordinary service conditions (series 1); 5)
olls for heavy-duty service (series 2); 6) oils.
. for especially severe service (series 3); 7)
for lubricating: 2) lightly supercharged die-
sels; b) engines using fuels containing up to
0.2% sulfur; 8) for lubricating: a) super-
~charged diesels using fuels contalining up to
1.0% sulfur; b) dicsels using fuels containing
more than 1% sulfur; 9) for lubricating very
hignly supercharged diesels working with vary-
ing loads and running on high-sulfur fuels.

- crease wear, reduce the amouat of varnish and carbon deposits on ene

ging papts, and dmprove operating conditions, i.e., in the last anal- -

o

ysis, to increase engine reiiatility and service life.
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AL tho same tiza, we should note that the quality and corresgong-
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ing variety of oils used in diesel ergines still does not correspond

IR
v e )
LA %

*

cozpletely to operating rogus.ctonts.

g
( 3
a

S 9 ”~

.“ - N -

*Ty

St

Py
R -
-
R T T SR S IR L T PN NP0 L e R INE I R LD SR TS e JR ISR A SR L S ARy AP SRFC JRFL Rt G RPL SN AT -l L .
<o ® » At Sy Cm s S e e %o (W R v et e T e e e e e e % e TR LA Sl S Sl A A Vel AN i
A YN *..‘,_'o_‘a.,o,-,.'.\ﬁs'a AR S AR AR AN AT Y Iy - N R R R ) “'.*.'.“i. '\\_,*\“aﬁ..-‘ .-k.tr.».o.-‘.-)oas',.,&,



- :;.;‘ h\\ ‘.

Su

DDiesei olls Witﬁ TsIATIM-339 ‘and AzNII-7 alkylphenol additives
make it possible to operate low combas*ion-intensity ‘dlesels on fuels
containing up to 1.0% sulfur. | o )

0ils with phosphorusAcontaining VNII NP-360 additives are recom-
mended for Type 2D100 supercharged diesels vhen 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

combuétion—inténsity 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. o _

We also have no speclal cylinder oils to lubricate supercharsed |
slow-speed marine diesels working on heavy fuels. | E

From the viewpoint of increasing service life (motor potent1al)

of dleselis of all types, r~gardless of combustion intensiﬁy, it 1s de-

sirable to use olls wlth additlives 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 utillzation of olls in ensinss.

- 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-
glne (allowing for the design and combustion intensity of the engina,
operating conditions, fuel quality, etc.).

The basis for the dlecel-oil classification should be the classi-
fication, glven earlier (Chapter 1, Table 2) of diesel engines by Ge-
gree‘éf supercharging, which separates diesel englies into 3 groups 6n
the basls of supercharging. : '
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In acoordance with this classification of diesel engines, and al-
1owing for. the utilization of fuels with various sulfur contents, the
proposed o1l classification will take the form shown in Table 39.

In addition to the three oll groups shown, it 1s alsc possible to
nave & temporary group A {series O) oil classification, which will in-
e clude oils not having additives:or with relatively ineffective addi-

tives used to lubricate low»cdﬁiustionpintensity low-speed diesels of
older design, and carburetoerype gﬁgines. As time passes, production
~ of these oils will be curtalled, and they will be replaced by better-
iiquality grades. | |
The oils of each group should be prodnced 1@ the form of grades
with varying viscosities ranging from 3 to 20 .sst at 100°C such as,
for example, M-10V, M-12V, M-16V, etc.
We still have no sufficiently reliable indices To characterize

the quality of each type of oil. As a rough approx;mation, we may ase-

. sume that the indices determined with‘1aborétory:apparatus should have
fi% . the values for the oils in these groups shown in Table 40.

: | On;the basis. of the reqults of the tests disoussed in Chapter &,
R ~,'we may assume that ‘the" eils groduced commﬁroialiy containing the TsIA-
ooy e %EIMPESQ and JzNII-7 alkylphenol additives will be classified as series

s S G-ls.‘

v, .. e .-
at e, V.

Oils w* “53'3P3360 é* MNI IP—QE additives may Be classiPieo
arﬁgé‘ ?‘ly as eﬂieo 2. oﬁla or athmn*g, M—lEV‘oil
‘:§ 4:_ . At the ores .L t,ﬁe, we ao qct produce seriea ‘ olls {for espe-
: | -*aﬁly severe Gneratﬁng canditiens) B ,
- ;_ ) 5&‘ ' Evaluation of o1l quality on motorless anparatus, kowever, 1s at

o post preliminary in nature. 1o final c;§&a-.ication or olls into the

3 ;'v‘

variows grovps should e si..w 3 out only on the basis of positive ra-

.
. v

.
-
e ¥,
[ N
[ I A

sults from motor tests carriec ocut irn accordance with a special pro-
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TABLE 40. Characteristics of Proposed Oils of - 9.

Various Types as Zvaluated on Laboratory Appa- . e

ratus ) t':

(il

i Roppoant- | 3 l T 5 . i
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afor (cepusx 2) . . . 1,0 5 0 50 e

Dna ocofo TRmemmx L

yesosnit paGori {cepna 3) 0 0 0 70—80 el

1) Oil; 2) corrosiveness, Pinkevich method, g;-

lead plate, g/m2, no more than; 3) oxidizabil- oy

ity in DK-2 apparatus (residue, %), no more ol

than; 4) detergency, PZV method, arbitrary un- T

i¢s, no more than; 5) thermal-oxidation stabil- P

ity, Papok method, mir, no less than; 6) for 3

ordinary operating conditions (series 1); T7)° Er

heavy-duty service (series 2); 8) especially Ry

severe service conditions (series 3). o

gram on appropriate types of engines. o
F‘

The new classification and assoclated suggestions as tco improve- P

‘ N

ment of the varletlies of olls available will aid in increasing the ﬁx
n

L
”'

quality of oils and additives for existing and fu.ure types of diesel

engines. |
In.roduction of the new motor-oil classification and—pr&cﬁic&l

.
« b - .
PR

- .
. '»’»’-_n_’;
PPN

-
"..
.'

. N
R

realization of the new catalogue of oils requires primarily:

»

: £
2) the creation of new more effective oll additives that will g&
make it possible to undertake production of types of oll presently in — gﬁ

.-a
*
e
L)

-
-«

short supply, in particu’ r, olils Jor especlally severe service con-

¥

L v &
“ »Pz.
3 -

ditions (series 3);

J b) the development of standard methods and special engines for ;i
performing motor tests cn oils and additives that will be relevant to ?i

the various engine oyeratinz conditions. : 2&

This problem may be solved successfully by th; combined efforts 3;
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