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Table 1 Physicochemical parameters of CTL and D100 base oil
oil Distillation Flash Viscosity'/ Aromatics mass Sulfur mass Corrosion
range/C point/C (mm?-s™") fraction/107° fraction/107° (copper)
CTL 230-263 102 2.12 <0.01 <0 la
D100 230-270 100 2.20 <0.5 <2 la
Method GB/T 255 GB/T 261 GB/T 265 SH/T 0409 SH/T 0253 GB/T 5096
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Table 2 Composition and contents of prepared aluminum

rolling oil

Index . . Mass concentration
No. Base oil Additive of additive/%

1 - 0

2 DP 0.1
3 CTL DP 0.2
4 DP 0.3
5 DP 0.4
6 - 0

7 DP 0.1
8 D100 DP 0.2
9 DP 0.3
10 DP 0.4
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Fig. 3  Friction reduction and anti-wear properties of rolling oil with difference DP concentrations: (a), (b) Friction

coefficient curves of CTL and D100 containing rolling oil, respectively; (c) Diagram of f, and d_, vs mass concentration of DP
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Fig. 4 2D and 3D morphologies of wear scar under different lubrication: (a), (a") CTL+0.1%DP; (b), (b") CTL+0.2%DP;
(¢), (¢) CTL+0.3%DP; (d), (d") CTL+0.4%DP; (e), (¢') D100+0.1%DP; (f), (f) D100+0.2%DP; (g), (') D100+0.3%DP;

(h), (h') D100+0.4%DP
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Fig. 5 Frontier orbital of CTL(a), D100(b) and DP(c) molecules
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Table 3 Adsorption energy and cohesive energy of rolling

oil on aluminum surface

Adsorption energy/ Cohesive energy/

System O 4
(kJ-mol™) (kJ-mol™)
CTL -2713.9 -1521.0
CTL+DP -3614.9 -2906.9
D100 -3714.1 -1522.7
D100+DP -3803.3 -2757.0
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Molecule structural dependence of tribological and
adsorption behaviors of aluminum rolling oil

TANG Hua-jie, SUN Jian-lin, HAN Zhao, HUANG Yin, SU Dao-xin

(School of Materials Science and Engineering, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: In the present work, the effects of molecular structure on tribological properties and adsorption
behaviors of aluminum rolling oil were revealed from macroscopic and microscopic scales by combining
experimental research and theoretical calculations. Aluminum rolling-oil containing different concentrations of
dibutyl phosphite (DP) were prepared by using coal-to-liquid (CTL) and traditional mineral oil (D100) as base
oils, respectively. The tribological properties were characterized by four-ball tester. The molecular structure,
adsorption activity and adsorption behavior of CTL, D100 and DP on aluminum surface were investigated based
on quantum chemical calculation and molecular dynamics simulation. The results show that CTL with similar
physical and chemical properties as D100, has a lower maximum non-seizure load of 88 N, but CTL is more
sensitive to DP. When CTL is used as the base oil, aluminum rolling oil has a higher non-seizure load at the same
DP concentration, the maximum value is 1050 N. Investigation results show that the highest occupied orbital
(HOMO) distributions of CTL and D100 molecules are the same, distributing in the whole molecular carbon chain,
but the lowest unoccupied orbital (LUMO) distribution is different, the former locates at the side end of the
molecular branch chain, while the latter locates at the center of the molecule. Both CTL and D100 have stable
chemical structures, and the difference of their chemical stability is also similar. In addition, CTL and DP
molecules have synergistic adsorption effect, and the combination of CTL and DP molecules can significantly
promote the adsorption activity of rolling-oil system on aluminum surface and improve the stability of adsorption
film.

Key words: aluminum rolling oil; coal-to-liquid; tribology; quantum chemistry; molecular dynamics

Foundation item: Project(51874036) supported by the National Natural Science Foundation of China
Received date: 2021-10-19; Accepted date: 2021-11-09
Corresponding author: SUN Jian-lin; Tel: +86-10-62333768; E-mail: sjl@ustb.edu.cn

B B



