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A e F B/ %X (scanning electron microscope/energy dispersive spectroscopy, SEM/EDS ). 44K & JRAX
SRR ZDDP R R EH AT F AT RAE. BREY, HEENBE S8 KB R S ER
B, MEEENHENSBREKERZ BN E;, BTN NEHE S 20N g £ 5 wiX; ZDDP &
R R OB g ANTT W A AR IR, M BERRENEE (H) B, #EHEE (E) A5, HE
IS, BOMEEEB M ALY T & ZRERNER, ¥ ZDDP BHERNER EERLE, BHE T EXEEN
HERIPER, BHREEN N FHRETTRZ, BREGUE Kk ER.

KEIA: HREE. BREHEE; B BOE; BEHEINE, o, HFER

hESES: THIIT.1 CRAFRIREG: A NEHRS: 1674-2850(2017)14-1562-09

Effect of soot on distribution and mechanical performances of
ZDDP tribofilm

FENG Weimin, HU Xianguo
(Institute of Tribology, Hefei University of Technology, Hefei 230009, China)

Abstract: In order to understand the failure mechanism of ZDDP tribofilm caused by soot as well as the
wear mechanism, tribological tests were conducted using liquid paraffin containing ZDDP and different
contents of soot as lubricant by means of high frequency reciprocating tribometer. Then 3D laser scanner,
scanning electron microscope/energy dispersive spectroscopy (SEM/EDS) and nano-indenter were
adopted to analyze the distribution and mechanical performances of tribofilm on disks. The results showed
that high content of soot would increase friction coefficient and wear loss while low content of soot would
do the opposite. The number and depth of grooves on worn surface both increased with the increasing of
the soot content. The distribution of ZDDP tribofilm became inhomogeneous when soot added.
Correspondingly, the hardness (H) of worn surface decreased while the elastic modulus (£) of worn
surface increased and these two led to a decrease of H/E. Soot acted as third-body abrasion in frictional
pairs and scraped ZDDP tribofilm from worn surface, weakening the protection of substrate from
tribofilm. The mechanical properties of worn surface deteriorated, and as a result, the antifriction and
anti-wear properties of worn surface decreased.

Key words: mechanical friction, wear and lubrication; wear; soot; tribofilm; distribution; mechanical
performance
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Tab. 1 Parameters of tribological tests

SR W/ C B Ar/N WiF/Mz  MpFE/mm I [A]/min

HE 100 2 50 1 60

JEE B AR AR I 25 R s ST FH I XS AR ER AT R A AL AT 10 min B TS VE, AR5 K H Keyence A A 7~
VK-X100 RO 40 WA AN B 3 i AT R IR, Tl i B AR B e a5 R R
Y, BRI A AR B B AR s SRHT) JSM-6490LV 1Y SEM/EDS X " i £ Ji% 453 2 1 (1)
TR AT BT 4 HT: KM Agilent /A ] P Nano-indenter G200 2 44 2K s R AR F R AL % 153 58 1 3547 s JR
ik, kM5 Diamond Berkovich, Jk3k:4% 20 nm, ELEAIANE, AR 100 nm, &EASEE 3K 1%
F£ 3x3 3 9 AN LIRS 7 ABEAT I, R RR 4 50 pm,  fe 245 3 LL 9 U iy A48 O #E
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Fig. 1 Variations of friction coefficient and wear loss with the contents of soot
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a-Friction coefficient; b-Wear volume
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Fig. 4 Laser scanning images of worn surfaces on disc
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Fig. 5 Elemental maps of worn surfaces on disc
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Tab. 2 Atom percentage of typical elements on worn surfaces

BHAE et/ SRR
% C 0 P S Zn
0 1.56 19.31 2.62 223 0.93
1 2.40 12.04 1.63 1.52 0.82
3 271 8.97 0.53 1.18 0.40
5 2.57 7.89 0.41 1.16 0.18
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Fig. 6 Variations of hardness and elastic modulus of worn surfaces with indentation depth
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Fig. 7 Variations of H/E with indentation depth and soot content
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