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Table 1 The tribological properties after the graphite incorporated
with detergent or dispersant

Mass fraction /%% 204N
— - pe N D30 min /mm _
Additive Graphite
2. 0T113 333 0. 53 0. 079~ 0.093
2. 0T113 1.0 392 0. 53 0. 077 0.082
1. 3T108 412 0. 54 0. 072~ 0.088
1. 3T108 1.0 392 0. 51 0. 072~ 0.077
1. 3T109 372 0. 56 0. 082~ 0.088
1. 3T109 1.0 392 0. 42 0. 082~ 0.088
1. 3T108 0.7T113B 402 0. 53 0. 067 0.082
1. 3T108 0. 7Ti13p 1.0 412 0. 55 0. 072~ 0.077
1. 3T109+ 0. 7T113R 392 0. 39 0. 077 0.088
1. 3T109+ 0. 7T113R 1.0 412 0. 38 0. 072~ 0.077
2.2
T202 ) B
. T202 R
ZDTC . T202 ZDTC
2, T202  ZDTC
2
Table 2 The tribological properties after the graphite incorporated
with oxidation corrosion inhibitors
M fraction \
ass Iracuon/7o pB /N Dggz:n]]\" /mm -
Additive Graphite
0. 75T202 961 0. 36 0. 072 0.077
0. 75T202 1. 00 931 0. 33 0. 077 0.080
2. 00ZDTC 588 0. 41 0. 072
2. 00ZDTC 1. 00 490 0. 38 0. 077 0.080
23
2
3 s EGO, DO P, T404
, EGO DOP
EGO
2.4

S, Cl, P,N,.Moa ,
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Table 3 The tribological properties after the graphite incorporated with oily additives
Mass fraction
— ass ltraction/7o ' o /N Dgg;:ﬂ]:yn /mm -

Additive Graphite

10. 0EGO 392 0. 44 0. 067 0.072
10. 0EGO 1.0 392 0. 48 0. 051~ 0.062
11. 5T404 863 0. 43 0. 082~ 0.093
11. 5T404 1.0 863 0. 48 0. 082~ 0.093
1. ODO P 373 0. 59 0. 088~ 0.093
1. ODO P 1.0 392 0. 55 0. 077

4 ;
4

Table 4 The tribological properties after the graphite incorporated

with extreme pressure additives

Mass fraction o 294N
— - ps IN D30 min /mm _

Additive Graphite

0. 50T304 745 0. 34 0. 077 0.082
0. 50T404 1. 00 745 0. 33 0. 070~ 0.082
0.34PN 392 0. 55 0. 077 0.084
0.34PN 1. 00 392 0. 48 0. 086~ 0.089
1. 60T302 510 0. 48 0. 072~ 0.093
1. 60T302 1. 00 471 0. 43 0. 088

1. 10T301 392 0. 41 0. 070~ 0.074
1. 10T301 L. 00 490 0. 43 0. 076~ 0.091
1. 30T308 549 0. 50 0. 077 0.093
1. 30T308 L. 00 569 0. 45 0. 072~ 0. 111

5
DSC, X PS, XRD .5
5

Table 5 Main technic indexes of several organic sulphides for test

Sulfide Outward Mass fraction fo Maunfacturer
T302 White crystal 24.53 Plant of Lanzhou Petroleum
T308 Oil state 43.00 Plant of Lanzhou Petroleum
T404 Oil state 4.00- 6.00 Plant of Lanzhou Petroleum

T202 Oil state 15.00 Plant of Lanzhou Petroleum
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Table 6 Effect of preparation conditions

on the adsorption of sulphur on the graphite (S and C atom ratio)

Stir ring Stirringt mixing by three roller  Stirnngt mixing by three rolles heating

0.7 2.4 35

32

7
Table 7 Adsorption of several sulphides on the graphite

Mass fraction P

Additive Content of Stirring+ mixing Stirring+ mixing by
sulphur by three roller three rollesr heating
T202 14.70 1. 00 1. 90
T302 24.53 0. 20 0. 20
T404 4.4 0. 60 0. 70
T308 4.51 2. 40 3. 50

XRD, XPS DSC

T308 XRD XRD ,
XPS 8 , )
8 XPS
Table 8 XPS analysis of the graphite after sulphides adsorption
Additive Atom fraction /M Syp binding energy
C S /eV
T202 98 1 1.9 162. 4
T404 99. 3 0.7 163. 3
T302 99. 8 0.2 163. 7
T308 96. 5 35 163. 5
S ; T202 Sp lev,
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DSC

adsorbed the several sulphide

Table 9 DSC analysis of the several sulphides and the graphite after

Starting temperature for

Starting temperature for d eso rption

Additive decom posion of the sulphide of the sulphide from graphite
/C
T202 228 352
T404 162 317
T302 245 331
T308 194 242

10

pB

Table 10 The comparison between ps and D%*of the sulphide

and composite of the sulphide with graphite and the graphite adsorbed the sulphide

10

pp /N D%%tmNm /mm
Additiv e Sulohid Sulphider Graphite adsorbed Sulphid Sulphid & Graphite adsorbed
wphae graphite sulphide wiphide graphite sulphide
T202 961 932 481 0. 36 0.33 0.43
T302 510 471 471 0. 48 0. 48 0.48
T308 549 569 392 0. 50 0. 45 0.55
T404 863 863 392 0. 43 0. 48 0.53
2
2
i 11
Table 11  Analysis results of roughness
of the friction surface under different lubricating conditions H“m
Ba 1 Base—oi Base-oik Base-oik T404  Base-oik graphite Base-oik graphite
seot graphite T404 adsorbed T404 adsorbed T308
3.3 2.8 473 2.54
, , T404
T404 T404
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Fig 1 Dispersion of the sulphur element on the rubbed surface

1 S

XPS,XRD

,1989,9(1): 16~ 22
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Study of the Interaction between N atural Flake
Graphite and Oil Soluble Additives

Chu Shufeng Jin Zhishan Xue Qunji
(Laboratory of Solid Lubrication Lanzhou Institute of Chemical Physics
the Chinese Academy of Sciences Lanzhou 730000 China)

Abstract The interaction between natural flake graphite and oil soluble additives and
the effect of the interaction on the lubrication property of oils have been investigated. The
results show that the oil containing graphite only exibits poor lubricity, but the oil con-
taining both graphite and additive with active elements or group gives much better lubrici—
ty. This indicates that there exist good compatability and some synergism between
graphite and oil additives. The adsorption content of S elelemt on graphite from the mix—
ture of graphite and additives containing sulphur was detected by means of XPS analysis.

It was found that the adsorption of organic sulphides on graphite was affected by the
molecular structure of sulphides and the adsorption was benefitial for the lubricity. This
could be attributed to the formation of the composite film of graphite and additives on the
rubbing surfaces.

Key words oil additive adsorption lubricity graphite composite film
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