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EFFECT OF ADDITIVE CONCENTRATION ON THE 
ANTIWEAR AND ANTISEIZING PROPERTIES OF OIL 

^Article by Yu.Ya. Podol'skly, G.V. .Jhlpllov, and l.G. Tsurkan ; 
Moscow, Trudy Vccsoyuznoro ür'!fma Tr:, !ovo>-rP urasnoKO Znamenl 
Nauchno-Issledovatel1 skoro Institute Zhclcinodorozhno;ro Trans¬ 
porta. Russian, No ^00, 1970, pp 12-P0j 

Because of the sharply heigntened operating speeds and 
the unit contact loads experienced by friction surfaces employ¬ 
ing boundary lubrication, lubricating agents possessing superior 
antiwear and antiseizing properties have come to be widely 
used. These properties are attained by introducing chemically 
active additives into oil. Sulfur, phosphorus, and chlorine- 
containing additives, as well as multiple action compounds con¬ 
taining two or several active elements, have received the 
widest application. Numerous investigations into compounds of 
this type have had the primary purpose of discovering their 
mechanism of action,while the question of effective addi¬ 
tive concentration, one of no less practical Importance, has 
as yet been almost untouched. The few papers treating this 
question 8,9.11 indicate that the dependence of additive effec¬ 
tiveness on concentration is highly specific. 11118 specificity 
is predicated not only by the differences in additive activity, 
but also by the fact that the effective concentration of addi¬ 
tives on friction surfaces can differ significantly from their 
concentration in the lubricant in bulk form.1^ From economic 
considerations the additive concentration in oil must be at a 
minimum. On the other hand it must be sufficient to’ensure 
both high additive activity and the necessary safe life of the 
assembly experiencing friction. 

This investigation had the purpose of trying to determine 
the minimum concentrations of some antiwear and antiseizing ad¬ 
ditives below which they have no effect. The experiments were 
conducted under conditions modeling high-load, high-speed fric¬ 
tion assemblies. Such conditions were achieved with a 
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four-ball bearing friction machine belonging to the laboratory 
of polymer rheology under the USSH Academy of Sciences Insti¬ 
tute of Petrochemical Synthesis.12 'dable 1 provides a list f 
the substances Investigated — typical representatives of the 
antiseizing and antiwear additives Produced 
try before 1970, and experimental additives. IS75° 
Union State Standard] 1707-51) oil with a viscosity of 46.5 cs 
Icentistoke] at 50°C was used as the base oil. Solutions of 
the additives in this oil at concentrations of JO. 5. J/f5' 2 
0.62, 0.31, and 0.15 percent by weight were studied. ^ 
périments were conducted with known techniques that can be 
summarized as follows. 

Each experiment was conducted at a constant load but 
with «radual increase — linearly with respect to time -- ol 
the speed of relative movement of the friction bodies (standard 
12.7 mm diameter bearing balls made of ShKh-15 
hardness rating HRC 60-62). Friction was recorded continuously 
during the experiment, and the diameter of wear depressions 
formed on the three motionless balls as a result of friction 
was measured at the end of the experiment with a 
ïhls way we found the dependence of the coefficient of friction 
/j on speed V, and the degree of wear and speed value at which 
seizing — a sharp change in the curve — occurs at a 
particular load. 'Hie load was Increased from one experiment 
to the next in 7.5 ^ stages from 7.5 to 75 kg. ^e ^imum 
slip speed was 26,400 rpn, which is 9.5 mete-s/second whe« 
recomputed for point contact of the balls. In this case accel 
eratibn was 0.105 meters/sec2. Each experiment was started 
with new balls or with unworn parts of the toll surfaces. All 
experiments were conducted at room temperature within the frl 

tlon assembly. 

Let us begin our examination of the experimental data 
with the sulfur-containing additives OTP (sulfurated tetramers 
of C3 and Ce olefin hydrocarbons) and LZ-23k (ethylene di-iso 
propylxanthate). 

The dependence of the coefficient of friction on speed 
for solutions of the first additive is given in Figure 1. We 
obtained 80 friction graphs (eight concentrations and 10 load¬ 
ing stages) for each of the additives investigated. ^1^ 12 
of the most typical graphs are shown in Figure 1. aere each 
column of graphs corresponds to 7.5, 45, and 7j kg loads. Ih ., 
areUgrouped horizontally with respect to different, concentra¬ 
tions of the additive In the base oil. numerical concentra¬ 
tion values are indicated by the digits to the right. 
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Fleure 1, 'typical Friction Graphs for Oil Solutions 
of OTP Additive at Different Concentrations 
and Loads (numbers after the curve salient 
points Indicate maximum values of the coef¬ 
ficient of friction, arrows Indicate slip 
starting points, arrows with circles Indi¬ 
cate termination of slip) 

Key: 
1. Coefficient of frlc- 2. Speed, v , meters/sec 

tlon,/* 

As is evident from the data presented, when there Is 
friction between steel surfaces coated with oil without addi¬ 
tives (top horizontal row of graphs), seizins: occurs at the 
minimum load of 7.5 Ag, When the load is Increased seizing 
occurs at lower and lower slip speeds. Addition of OTP addi¬ 
tive to the oil at O.31 percent by weight prevents seizing at 
the minimum load and maJres It possible to significantly In¬ 
crease the speeds at which seizing does occur in the presence 
of higher loads. At as low a concentration as 2.5 percent by 
xieight, seizing Is prevented throughout the whole range of 
loads Investigated. 
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curves Indicate additive concentration ln oll 
by weight) 

Key: 
1. Diameter of wear points 2. 011 without additive 

on lower balls, mm 3. Axial load, \:r, 

A further Increase In concentration up to 10 percent 
does not contribute significant changes to the nature of the 
oll^s action. 

Hie dependence of wear measured at the end of the ex¬ 
periment on the load (Figure 2) confirms the conclusion above 
and visually demonstrates the sharp drop In wearing Intensity 
when oil containing over 2.5 percent additive by weight Is 
used. Hie dependence of wear on load for a 1.25 percent addi¬ 
tive solution, as seen In this figure, Is of Interest. In 
this case the high wear at light loads Is succeeded by moder¬ 
ate and low wear when the load is increased. Hiis indicates 
that the additive activity increases as the friction conditions 
become more severe because of increased heat evolution at the 
area of contact. 

Similar dependencies for LZ-23K additive are shown in 
Figure 2b and Figure 3. 

From the data In the figures it is evident that there Is 
a certain reduction of wear even at the minimum concentrations 
investigated (see Figure 2b). At as low a concentration as 
0.31 percent by weight the additive prevents seizing through¬ 
out the whole range of loads and speeds. An increase of the 
concentration to 2.5 percent by weight, however, causes re¬ 
appearance of seizing In the high load range (see Figure 3). 
This Is consistent with data indicating a reduction of the 
loads at which seizing of steel occurs when the concentration of 
dlbenzyldlsulflde in the nonpolar naphthene-paraffin fraction 
of residual oil is Increased,3 When the additive concentration 
is Increased further, seizing becomes more and more clearly 
expressed at these loads. Although seizing at these concen¬ 
trations Is subdued and Is not accompanied by any noticeable 
Increase In wear (see Figure 2b), the fact Itself of the ap¬ 
pearance of seizing as the concentration of the antiseizing 
additive is Increased earns special consideration, and it in¬ 
dicates that there is a certain optimum concentration. Both 
a higher and a somewhat lower concentration are equally un¬ 
desirable. 

Hie concentration effects of compounds containing the 
trlchlormethyl group of Khloref-40 (dibutyl ester of trlchlor- 
methyl phosphonlc acid) and of Sul’fol (di-l,l,l-trlchlorpen- 
tyl sulfide) are quite monotonie in the sense that the 
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0f î11612*. O11 solutions intensifies gradually 
concentration» increases. ïhe minimum effective 

concentrations of these two auditives are 2 ^ and ^ Dercprrt- hv 
weight for Khloref-40 and Sul'fol respectively. 5 P 7 

Figure 3. 
ltSp^a^Î10*1 i!rS?5f for 011 Solutions of LZ-23k Additive at Different Concentrations 
and Loads (see remarks in the legend for Fig¬ 
ure 1 ) 

Key : 

1. Coefficient of frlc- 2. Speed, v, neters/sec 
tion, 

2 provides the minimum concentrations of the four 
atrer?qV?hfltXnmlned^ab0ye' below which they are ineffective as 

prevent seizing of steel at high contact loads and 

cernedP?DP-il ?no/5t two reiaalnlnf: additives are con- 
11 an2.LZ"2?^/2)» ^ader these conditions they did 

wv!î-idlSplay ® notlceable antiseizing action throughout the 
Seightf“186 ° concentrations studied (up to 10 percent by 
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Table 2 

Additive 
code 
name 

Minimum effective concentration of 

Additive Active elernen 
moles/1,000 gm 

tst 
of oil 

ri 
/° 

by weight 
Moles/ 

1000 gm oil 3 Cl p 

OTP 
LZ-23IC 
Khloref-40 
Sul'fol 

2.5 
0.3 
2.5 
5.0 

0.I5I 
0.089 
O.O96 
O.I56 

0.086 
0.006 

O.O57 

0.042 
0.075 

0.038 

As can be seen from Table 2, the nlninum effective con¬ 
centrations for different additives, with respect to both weight 
and moles, differ significantly fron each other. 
be said for the concentrations of individual active elements 
these additives, '.mis means that the total ion of 
active components can in no way serve as the basis by which to 
select the needed additive concentration. 

Conclusions 

1 At high slio speeds and unit loads, the sulfur-con- 
talnlnc ¿ddltlves LZ-23K and OTP have the ^eatesteffectlve- 
ness from the point of view of preventing seizing of steel sur 
faces and reducing their wear. 

2. An examnle with LZ-231c additive shows that the anti- 
seizing properties of oil can worsen as the concentration of 
this compound within it is increased. 

3. Selection of the minimum effective 
must be made for each additive individually in each specific 
case, inasmuch as the concentration of active elements in th 
oil cannot serve as the basis for evaluating the oil s ant 
seizing or antiwear effectiveness. 
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