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Antagonistic effect on lubricity of overbased calcium sulfonate by zine dialkyldithiophosphate
(ZnDTP) and polybutenyl succinimide (PBSI) was investigated under boundary lubrication
conditions by using a block-on-ring type tribo-tester. It was found that overbased calcium
sulfonate reduced [riction and wear of stecl-stecl contacts with its single use whereas they
increased with multi-additives. Surface analyses of boundary films by means of TOF-SIMS
(Time Of Fright Secondary lon Mass Spectroscopy) revealed that the major component of film
derived from calcium sulfonatc in single use was calcium oxide, whereas it decreased in
multi-additives. Especially in the combination with PBSL. the major component of the film
was alkylbenzen sulfonatc derived from overbased calcium sulfonate. It suggests that the
boundary film composed of calcium oxide play a significant role to reducc friction and wear.
On the other hand in combination with PBSI, the adsorption of carbonate micelle was blocked
by the adsorbed layer of alkylbenzene sulfonate.
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Fig. 1  Block-on-ring type tribo-tester
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Table 1 Conditions of tribo-test
il temperature, T 110
Load, N 1127
Sliding velocity, m/s 0.5
Test duration, min 120

Table 2 Properties of block and ring
Block | Ring
Re 58-63
Rms 6.00 - 12.00 4.00 - 8.00
Ra 0.22 ==
C 0.17-0.22% 0.90 %
Si 0.20-035% 0.25%
Mn 0.45-0.65% 1.00 %
Ni 1.65-2.00% =
Mo 0.20 - 0.30 % =
Cr = 0.50 %
w — 0.50 %
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Table 3  Properties of lubricant
—— e ie| TmDTE | FHSE
Contents, mass%
s 98 2 =t ==
P 98 = 2 =
™ 92 — == 8
CS+ZP 98 1 1 =
CS+IM 95 1 — 4
ZP+IM 95 = 1 4
CS+AP+HIM 24 1 1 4
Ca In P N
S le oil
Contenis, massppm
cs 3090 = = =7
P = 1790 1470 =
IM = = = 1400
CS+7P 1550 900 740 ==
C5+ 1M 1550 = = 700
P+ IM - 900 740 700
CS+72P+ IM 1550 900 740 700

CS: Base oil + Overbased calcium sulfonate
ZP: Base oil + ZnDTP
IM: Base oil + PBSI

Overbased calcium sulfonate

Zine dialkyl dithiophosphate (ZnDTP)
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R: C4 and C5 primary
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Poly butylene succimide (PBSI)
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Fig.2

Chemical structure of additives
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Table4  Conditions of TOF-SIMS measurement
Primary ion beam energy, keV 15
Area of analysis, micron square 180

Time of analysis, min 10
Mass range of acquisition 0-3000
Secondary ion polarity Positive, Negative

Friction coefficient

ZP+IM
0.130 M

Wear width, mm

CS+IM
Cs+zrQ fe)
L

t t + t >
05 'k:r 08
CS+7ZP+IM
Base oil 0-100 T
0.090 1T
0.080 4+ O Multi-additive systems
@ Single use
cs -
® 0.070 +
Fig.3 Relationship between wear width

and friction coefficient
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Sample: CS, 180 1 m square
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