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Table 1 Physicochemical property of base oil and additives
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Fig. 1 Structure of molecular with optimized configurationfor DDE(a), HOMO isosurface with value of 0.03 a.u. for DDE(b),

LUMO isosurface with value of 0.03 a.u. for DDE(c)
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Table 2 Calculated local reactivity descriptors of studied

molecules

DDE i /au. fi fau
S(1) 0.343 0.420
P(2) 0.038 0.068
S(3) 0.159 0.239

H(18) 0.021 0.023
C(39) 0.013 0.009

0(40) 0.085 0.102
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Fig. 2 Adsorption models on Cu (110) crystal plane with initial configuration(a) and optimized configuration(b)
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Table 3 Average values of adsorption energies (E,4) on Cu

surface for molecule

Etot/ Esur/ Emol/ Eads/

Molecul - - - .
olecule (kJ'mOI 1) (kJ'mOI 1) (kJmOl 1) (k]-mOl 1)

DDE-Cu  —-3138.11 —3206.945 294.6274 —225.80
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Fig. 3 Changing curves of pg and friction coefficient with
DDE content
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Fig. 4 Changing curves of WSD and variation rate with DDE

content
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Fig. 5 Morphologies of wear scar in four-ball wear test with
condition with base oil(a), base 0il+0.05%DDE(b) and base
0ill+0.2%DDE(c)

R A BHT A D= S b s 45y, 78 SEBR N
EARUEBIEL I 400 N DAL A BS s (1 R, e
B AR AR 7] 5, K DDE s s 41 7E 0.05% L
P EEpriprte N

FLRb il 57500 0.05%DDE #L i3 75 A [ 4 3 4 1
TR P R AR W 6 PR, AR
REFEH, DDE M7 I R BAR T B IR K, s T
JEE R 2 () PR PR AR, AE R A A T, R
DRI BB 2 TR AR R, I W e, BEERIRAS
DUL AR b F; AN DDE J&, BEEENECAE TR
1) 100 r/min A7 W] WREAC, EEEEREUCT 0.1, JLINHEE
2% ] [ PRI DR S 0 Hh a0 S 3 v S i e A,
AN TR PR 45 DR K00 2 e 50 R A T R AR AL )N
WL Uil T DDE 74 3 TR B i HL8 5 1 i
JEEI RS P s[RI RT LA H VA 0 ) 456 P £ o3 i 1
WA A FSERPIRES, XRS5 RS T BURE B R
FAM IR B, BRI, $2 7S Inssl i 4 =0 2.

0-30 For 100 r/min —Base oil
—— Base 0il+0.05%DDE
0.25
5
5 0.20 i |
=) I ‘
(]
Saww
£ |
=2 I
S i ‘ ) | :
-2 U i
= 0.10 | | \
ol i
0.05 il ik,
0 0.9 1.8 2.7 3.6 45
Wear time/ks
B 6 A [r i 4 A L S 8 DR 00 S 40 I ) AR A
Fig. 6 Friction coefficient vs time of rolling oil under

different rotating speed
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Fig. 7 XPS spectra of copper after wear test: (a) Cu 2p; (b) O 1s; (¢) S 2p; (d) C 1s
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Fig. 8 Evolution of rolling gauge under different lubricating

conditions
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Fig. 9 Morphologies of copper foil after rolling test lubricated:

(a) No lubrication; (b) Base oil; (c) Base oil +0.05%DDE
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naturally occurring clay for some elements

Adsorption characterization and lubrication properties of
phosphate ester in copper rolling oil

YAN Xu-dong, SUN Jian-lin, XIONG Sang

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

Abstract: The activity of dialkyldithiophosphate ester (DDE) was calculated based on DFT theory, and the stable

adsorption configuration of molecule-copper surface was built. The effects of DDE on the tribological performances and

lubrication properties were investigated using a four-ball wear tester and a 4-high rolling mill, respectively. And the

compositions of surface attachments were analyzed with XPS. The results show that DDE exhibits excellent extreme

pressure and anti-wear properties as additives. With 0.05% (mass fraction) DDE into base oil, the maximum non-seizure

load (pg) reaches 588 N, increases by 66.57% compared with that of base oil. The calculated adsorption energy of

DDE-Cu is 225.80 kJ/mol. It is indicating stable chemical adsorption generated by O, S element on Cu surface during the

wear process. The friction coefficient and wear scar are obviously reduced, and the minimum rolling gauge decreases to

22 pm.

Key words: copper; rolling oil; adsorption characterization; lubrication property; adsorption energy
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