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Table 1 Physicochemical properties of W1-130

Index Value Standard
Initial boiling point/‘C =275
Dry point/'C <315 GB/T 6536
Total distillate point/% =98
Flash point/C =130 GB/T 261
Viscosity at 40 ‘C/(mm*s™)  3.3-4.5  GB/T 265
Aromatics mass fraction/% <0.5 SH/T 0409
Sulfur mass fraction/(mg-kg™") <2 SH/T 0253
Water soluble acid base None GB/T 259
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Table 2 Recipes of aluminum rolling oil

) Mass fraction/%
Oil No.

T304 T307 DDE WI1-130

1 0 0 0 100
2 0.25 0 0 99.75
3 0.5 0 0 99.5
4 1 0 0 99
5 0 0.25 0 99.75
6 0 0.5 0 99.5
7 0 1 0 99
8 0 0 0.25 99.75
9 0 0 0.5 99.5
10 0 0 1 99

1.2.4 450 BEH ) B 4 1 e DIk

L AT ReE AL, (RS- AR
N, EBNREEAS R L AR I R R R
AR ZE: BEfph k71200 N, =36 298 K, I [A] 30
min, #3# 300 r/min, RFEES N H1E 4.8 mm [ 45
W, BERCONEAE31.7 mmBER.
1.2.5 BERELERITS T

FEAFNEE AT, A d 95 mm*200 mmx
200 mm £ DY %8 FL AL BB AR 3R AT 7 AN 38 IR FL
i 5 T8 T 70 Tl R 050 0 N 33%. 27%- 21%-
12%- 7%, FLEREFEfS, 4kbdt T 2 M E kAL
i, DA BNZIETE R NN LR, R E
KA BRI, BT EDS 2T H AL G R T .

2 HFER59H

2.1 IR FIA B K2 I Bt 8 3 47

W2 B R T FE St I W I 741 43 -5 SR 3 T AR AF L
VERIBREE, TR PR ARk, VAN 70) W8 B <6 8 2 T s
e . SN TAEARR T A IE ST, )
W B Fi AR IRt 2 A7 B BIONZAS NG 2 T-AE R 2
TH] RIS e W PR 2R o 3 AR N 77 B 43 - AE BB R T 1)
W Bt fi 5 e s MR B A L dn 1 2 s

M2 0T LAE H, & TN 7 10 B i 35 R A
B, XA TR SRR, PR R R e
BERIBEG, AR AR EN,  H 3 M i b
REZ(E KT 40 kI/mol, 33X U5 B TEIR B A rp 4%
FEU T AR ORI AL SRR, TG B TR AR
SE AV VR o AR I PR R, VA O PR O A i B R
/NI A T304>T307>DDE, X it B 3 Ff 7% 1 57
T B B S %) A2 5 M HH e 2R T304>T307>
DDE. Z Hrs 7RI 245 2 T i)W B A Ym0, 3
ININGR o3 1 R g W IR 38 P AT SRR, X ] T
PEBLER MRS, AR INFR 43 R AR AR 1 1 8 A i e
S AT DLPAT BRI T A AR, A B
TR R

22 FREBIYIRIEE NS EEREITE
R 41 B D7) S 96 P A DS 5% R R T A T 2% 1
B U RE, SRAFBY DI RE R o T RIS B



HR2BEHESH OB, A RMELEI R A TERR I 3 1 SRS SR T 1345
DAL BERE T T, W] D TR 43 A s 75 2 5 R A FH 1
REFRBLHCTR T A FELHIME A R IR H T

(a) Adsorption energy: —98.62 kJ/mol
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(b) Adsorption energy: —51.98 kJ/mol
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Fig. 2 Adsorption energy and stable adsorption models of
T304(a), T307(b) and DDE(c)
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Fig.3 Confined shear processes of four systems: (a) W1-130; (b) W1-130+T304; (c) W1-130+T307; (d) W1-130+DDE
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Fig. 4 Confined shear friction of four systems: (a) W1-130; (b) W1-130+T304; (c) W1-130+T307;
(d) W1-130+DDE
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System Friction coefficient 1200
W1-130 0.161
W1-130+T304 0.076 % 1000r
W1-130+T307 0.137 % w0l
W1-130+DDE 0.136 g
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Fig. 7 Surface morphologies of aluminum rolled with different rolling oil: (a) Oil 1; (b) Oil 4; (c) Oil 7; (d) Oil 10
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Fig. 8 Surface element distribution after rolling with different rolling oil: (a) Oil 1; (b) Oil 4; (c) Oil 7; (d) Oil 10
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Molecular dynamics simulation and tribological experiments of
tribological properties of aluminum rolling oil

HAN Zhao', SUN Jian-lin', TANG Hua-jie', HUANG Ying', CAO Shi-hong’

(1. School of Materials Science and Engineering, University of Science and Technology Beijing,
Beijing 100083, China;
2. Huahai Refinery and Petrochemical Co., Ltd., Cangzhou 061000, China)

Abstract: The tribological properties of aluminum rolling oil added with dibutyl phosphite(T304), ammonium
diphosphate(T307) and dialkyl dithiophosphate(DDE) were studied by molecular dynamics simulation and
tribological experiments. The molecular adsorption energy and the confined shear friction coefficient of the rolling
oil were studied by molecular dynamics simulation. The extreme pressure performance of the rolling oil was
studied by four-ball wear tester. The antifriction performance of the rolling oil was studied by steel-aluminum
friction pairs. And the rolled surface morphology of aluminum strip was also studied by EDS. The results show
that all aluminum rolling oil has excellent extreme pressure and friction reduction properties after adding additives,
among which T304 is the best. When 1% (mass fraction) T304 is added to the base oil, the maximum non-seizure
load reaches 1117 N. The friction coefficient decreases by 41%. And the rolled surface morphology of aluminum
strip is the optimal. Based on the molecular dynamics simulation, the extreme pressure and antifriction
performance of aluminum rolling oil can be predicted in micro scale. And the mechanism was also analyzed in
micro scale. The simulation data are accurate and reliable, which can meet the demand of high-efficiency
preparation of aluminum rolling oil with excellent performance.

Key words: aluminum rolling oil; additive; molecular dynamics simulation; tribological property; confined shear
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