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Fig. 1 Infrared spectrum of the Cerium dioctyl dithiocarbamate
1
1
Table 1  Analytical results of elemental composition in cerium dioctyl dithiocarbamate
Mass fraction %
Measured v alues Theoretical values
Ce C N S H Ce C N S H
13.08 54. 87 3. 84 18 32 9. 89 13.32 54. 75 3.99 18 25 9.70
, CeDTC
G Hi7
N—CS| (e
aH,
S 3
1.2
CeDTC HQ-1 .
49. 24 mm, 12 7 mm; 19,00 mm< 12,35 mm< 12. 35 mm.
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: 1.5m /s, 600 N, 30 min, ISO V G32
, CeDTC ( YO0k ,0.%% ,1. 0 2 O ,
2 .
CeDTC M S-800 . 12 7 mm,
GCrl5 1 500 r /min 10 s s CeDTC
. , 2 06 CeDTC 294 N
588 N 30 min, 45 min 60 min
1.3
CeDTC , PHI610
PHIS100 X
588 N 3. % CeDTC I[SO VG32 30 min. ,
) (AES)
: : L3¥X 10" P2, 3KV,
0. 1 mA, 1.95 A. R At
. AT 3kV, 25. 0m A, I mmX 1 mm. Taz Os
, 25 nm /min. X (X PS) , At
. XPS 6. 6K 10°* Pa . X
15.0kV, 400 W, 45, . At
, 30kV, 9. 0 m Pa, SOz ,
2.5 nm/min.
2 CeDTC
Table 2 Relationship between the coefficient of friction
and content of CeDTC in the base oil
Lubsicant Coefficient of friction
Measured value Reduction %%
ISO V G32 base oil 0. 116
ISO V G32 base oitr 0. 3% CeDTC 0. 095 181
ISO V G32 base oitr 1. 0% CeDTC 0. 083 28. 4
ISO V G32 base oitr 2 0 CeDTC 0. 079 3L9
2
CeDTC 2 ,
0. 116, CeDTC , ,
f i oot
f= fi+ fs
CeDTC ,
/ ; , CeDTC
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/ . CeDTC
CeDTC /
3 . , 6. % CeDTC
2.2 CeDTC , CeDTC
6. % 4.7
4 , .
, 2. Wo CeDTC )
4 )
3 CeDTC
Table 3 Effect of CeDTC centent on initial seizure load and welding load
Initial seizng load Welding load
Lubricant
/kN /kN
1SO V G32 base oil 0. 40 1.25
ISO V G32 base oitr 0.3 CeDTC 0. 61 2.50
IS0 VG32 base oitr 1. 0 CeDTC 072 315
ISO V G32 base oitr 2. %% CeDTC 0.76 4.00
ISO V G32 base oik+ 3.® CeDTC 0. 82 5.00
ISO V G32 base oik 6. CeDTC 0. 84 5. 88
4 CeDTC
Table 4 Comparison of wear scar diameters of steel bals after tested in
ISO VG32 base oil with and without CeDTC mm
Load
Lubricant N 30 min 45 min 60 min
ISO V G32 base oil 294 0.61 0. 68 0. 74
ISO V G32 base oi+ 2. CeDTC 294 0.38 0. 43 0.46
IS0 VG32 base oil’ 588 2.41 254 2. 64
ISO V G32 base oi+ 2. CeDTC 588 0.71 0. 84 0.92
* IS0 VG32 base oil fail under 588 N of load.
* 588 N ISO VG32
2 AES >
Fe,C,0,Ce, N S, (0]
2 2 2
) FeOs3, Fe O FeO )
Gs) .
R . S min 0 ,
, , Ce
S N ,
C¢e S Ce N 6 13 ) Ce

, 20min_ (
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Fig. 2 AES depth profile of wear scar of steel ball
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Fig- 3 XPS spectra of carbon and oxygen in wear scar of steel ball
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Fig. 4 XPS spectra of sulfur and iron in wear scar of steel ball
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Ar* sputtered time: Ar” sputtered time
1. 0 min 1. 0 min
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3. 20 min 3ds/2 3. 20 min
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Fg. 5 XPSspectra of elements N and Ce in wear scar of steel ball
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Tribochemical Characteristics of Cerium Dioctyl
Dithiocarbamate as a Antiwear Additive

Chen Ligong Dong Junxiu Chen Guoxu
(Logistical Engineering College ~ Chongging 630042  China)

Abstract Rare earth elements and their compounds have been found increasing applica—
tions in improving the structure and texture of metals and increasing the wear—resistance
and load-bearing capacity by chemical heat treatment to metals or other physical tech—
niques. In recent years, some inorganic rare earth salts were shown to be good solid lubri—
cants. In order to overcome the difficulty of dissolving inorganic rare earths into lubricating
oils, an oil-soluble cerium dioctyl dithiocarbamate was prepared as an antiwear and extreme
pressure additive,its chemical structure was characterized by infrared spectroscopy and in-
ductively coupled argon plasma spectroscopy, and its tribological performances were evalu—
ated with a ringon-block test rig and a four-ball machine. In addition, tribochemical char—
acteristics of the additive under boundary lubrication conditions was studied by means of
AES and XPS The results showed that the additive can obviously increase antiwear and
EP performances, and decrease the friction coefficient of the basestock over 30% . While the
surface layer formed by the additive was actually composed of organic film, oxidation film,
chemical reaction film and permeating film. The friction-induced permeation of cerium
played an important role in modifing the surface structures of rubbing pairs and increasing
the wear—esistance.

Key words rare earth element extreme pressure additive lubrication oil  triboch e

mistry surface film permeating layer





