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Effect of oil additive containing nitrogen and phosphorus on
tribology performance and wear behavior of copper foil during rolling

XIONG Sang, SUN Jian-lin

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

Abstract: The tribological characteristics of copper foil rolling oil adding a new kind of phosphorus and
nitrogen-containing borate acid ester as extreme-pressure and anti-wear additives with different mass fractions of
compounded system were investigated using a four-ball friction and wear tester. The surface morphologies of wear scars
were observed by scanning electron microscopy (SEM), and the composition of its surface attachments was analyzed
with energy dispersive spectrometer (EDS). The relationship between friction and wear and the lubricating performances
were studied through copper foil rolling experiments. Based on the maximum no-seizer load, friction coefficient and wear
scar diameter, a new performance indicator, the extreme pressure anti-wear lubrication coefficient, 2, is put forward to
analyze the lubrication properties of lubricant. The results show that the increase of the wear-resistance and antifriction is
mainly attributed to the tribochemical products of the reaction between nitrogen and phosphorus additives on the surface
of the metal. The wear mechanisms of copper foil and roll contain adhesive, plowing, peeling and others, in which
adhesive wear plays a leading role. Q is better to solve the problem of friction and wear during rolling instead of the
four-ball test results.

Key words: copper foil; additive; friction; extreme-pressure and anti-wear lubrication coefficient; adhesive wear
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Fig. 1 Molecular structures of EK (a) and BT (b)

Table 1 Major physical and chemical performance parameters of base oil used in experiments

Parameter BI58 B139 B132 Method
Distillation range/C 264-330 267-317 270-310 SH/T0558
Kinematic viscosity at 40 “C/(mm*s ") 7.12 5.40 4.62 GB/T265-88
Open flash point/C 158 139 132 GB/T267
Copper corrosion at 100 ‘C for 3 h/grade la 1b la GB/T5096—85
Mass fraction of sulfur, w/% <1.00 <2.00 <5.00 SH/T0689-2000
Volume fraction of aromatic hydrocarbon, ¢/% 0.10 <0.50 <0.10 ASTM/D5443-04

&2 HHEBCHE ALEI CRO AL RESHL

Table 2 Major physical and chemical performance parameters of conventional copper rolling oil CRO

Parameter Value Method
Kinematic viscosity at 40 “C/(mm?s ") 7.666 GB/T265-88
Density at 20 C/(g-em ) 0.827 GB/T1884
Pour point/C =33 GB/T3535
Open flash point/‘C 166 GB/T267
Copper corrosion at 100 °C for 3 h/grade 1b GB/T5096-85
Rotating bomb oxidation test at 150 ‘C (adding water)/min 383.768 SH/T0193
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Table 3 Effect of rolling oil on tribology performance of

copper foil
Base oil w(EK)/% w(BT)/% Pg/N /10> D/mm
CRO 0 0 373 796  0.60 8.96

B158 0.09 0.03 275 8.24 0.50 8.81
B158 0.12 0.04 392 8.13 0.44 9.30
B158 0.15 0.05 412 7.27 042 9.51
B139 0.00 0.00 235 7.54 0.56 8.62
B139 0.09 0.03 373 7.49 0.48 9.25
B139 0.12 0.04 431 6.92 047 949
B139 0.15 0.05 588 7.13 045 9.82
B132 0.09 0.03 373 8.28 0.56 8.99
B132 0.12 0.04 392 7.86 0.55 9.11
B132 0.15 0.05 490 6.19 037 997
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Table4  Performance parameters of rolling oil in lubrication process
Lubrication oil Ry =1g(Py/1) w=1g(Pg/D) Q=In{Pp/(uD)} P/KN A/ m
CRO 3.67 2.79 8.96 28.17 38
B139+0.09%EK 3.70 2.89 9.25 2542 35
B139+0.12%EK 3.79 2.96 9.49 23.56 30
B139+0.15%EK 3.92 3.12 9.82 22.11 28
B158+0.09%EK 3.52 2.74 8.81 28.33 40
B158+0.12%EK 3.68 2.95 9.30 27.85 38
B158+0.15%EK 3.75 2.99 9.51 27.06 36
B132+0.09%EK 3.65 2.82 8.99 21.95 32
B132+0.12%EK 3.70 2.85 9.11 21.37 30
B132+0.15%EK 3.90 3.12 9.97 20.76 26
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i K
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Fig. 6 Rolled surface roughness under different lubrication

conditions
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