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Abstract: Multiply-alkylated Cyclopentanes (MACs) was used as a base oil to prepare calcium sulfonate complex
grease. The properties of liquid high molecular phenolic antioxidants (L135), benzotriazole derivative (T551),
thiadiazole derivative (T561) in calcium sulfonate complex greases were studied on friction pair of steel disc and steel
ball. The thermo-gravimetric analysis was carried out to evaluate the thermal stability of calcium sulfonate complex
greases. The MFT-R4000 reciprocating friction and wear tester was utilized to evaluate the tribological properties.
Scanning electron microscope and energy-dispersive X-ray spectroscopy were employed to analyze the worn surfaces
and main chemical elements. The results show that calcium sulfonate complex greases prepared by MACs showed better
thermal stability, and the compatibility of calcium sulfonate complex greases with additives was good because MACs
calcium sulfonate complex greases showed better friction-reducing and anti-wear properties. The boundary lubricating
film of MACs on the worn steel surface by physical absorption enhanced load-carrying ability of oil film and the tribo-
chemical film containing S, N, Fe reduced the friction and wear.
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Table 1 Typical physic-chemical property of MACs

Item MACs PAO Standard
KV at 40 ‘C/(mm’s™) 558 396 ASTM D445
KV at 100 ‘C/(mm™s ") 9.2 39 ASTM D445
Viscosity index 146 147 ASTM D2270
Pour Point/C <45 <36 ASTM D97
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Table 2 Typical physic-chemical property of calcium
sulfonate complex greases

Penetration (1/4)/

Grease  Dropping point/'C Copper corrosion

0.1 mm
PAO grease 280 75.5 la
MAC:s grease 308 80.2 la
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Fig. 1 TG and DTG curves of several calcium sulfonate complex grease
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Fig. 2 Variation of the friction coefficient and the wear scar width with the increasing content of additives in calcium sulfonate

Concentration/%

(c) Wear scar width

complex greases

S TR 5 JEE 1 A o O 700 PR 2 - o B 448 2 SO I 4 9 12 PO 52

K 2

Te)
N
-
8
- —
0 —
™M N O
— 0 W
JF F
SIS )
- M ™ ~
+ + +
n 172 [223
O O O
< < <
> = =
[Te)
© Yo} < [32] N — o
S T = T = R
o o o o o o o
1USI144300 UOIILIS
[Yel
N
i
o
o
i
0N o o
™ 0 O
— O W
JF F .
SR ~
— ™M M
+ o+ F
O O O
< < <
o o o
Yol
. .
© [Te) <t [32] N - o
=< <4 o <494 4 44 4
o o o o o o o

JUSI144300 UONDLIA

Load/N
(b) Friction coefficient

Load/N
(a) Friction coefficient

VZIMACs+1% L135
L [ JMACs+3% T551

MACs+3% T561
N\
.
.

0.5

PAO+1% L135

\
< «® N b
=) o o =]

WIW/UYIPIM 18IS S8

5

o
n o
n w
[y
£+
o O
< <
a a
2
il
~ © o o o
o o o o o

WILW/UYIPIM 18IS IR

Load/N

(d) Wear scar width

Fig. 3 Variation of the friction coefficient and the wear scar width with the increasing load

Load/N
(c) Wear scar width

AR X B 4 2R HORI B R 9 ) 52 )

K 3



1M KAERK, 55 2 Ge B3R I el 26 52 TR B9 ) 9 I 2 L PR R 2 Mk REAIT 7 97

(a) PAO BG (b) MACs BG
(c) PAO BG+1%L135 (d) MACs BG+1%L.135
(e) PAO BG+3%T551 (f) MACs BG+3%T551
(g) PAO BG+3%T561 (h) MACs BG+3%T561

Fig. 4 The morphologies of worn surfaces with different greases lubricated
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Fig. 5 The elements of worn surfaces with different greases lubricated
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