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Effects of Polymer Composited Lubricant Coating on Tribological Properties of

Low-carbon Steel Surface
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Abstract: To replace the surface treatment process by phosphating and saponification, a coating was prepared on the surface
of low carbon steel sample by dipping method using water-based polymer mixed lubricant. Using HT500 ball-disk wear tester,
tribological behaviors of low-carbon steel were investigated under three different lubricating conditions such as polymer mixed
lubricant coating, film by Phosphating and saponification, and non-lubricants. Friction shear stress on the dry friction contact
surface was also analyzed. The morphology of the worn surface was observed by VHX-600K super depth of focus microscope,
and the wear mechanism was studied. The results show that the polymer mixed lubricant coating has the effect of lubricating
and antifriction which is similar to film by phosphating and saponification. Compared with the dry friction, the friction
coefficient decreases by 67.33% and 68.79%, respectively, the former is slightly lower by 2.1% within 5 min of the initial
friction, and the antifriction performance of both are steady relatively in the test. Additionally, friction and wear mechanism is
related to friction behaviors under different lubricating conditions. In the dry friction process, the abrasive wear and oxidation
wear play the leading role, and the wear mechanism of film by phosphating and saponification on the metal surface is slight
abrasive wear and little oxidation wear, and the surface wear is the lightest under the polymer mixed lubricant coating while
the wear mechanism is mainly slight abrasive wear.
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Fig.1 Working diagram of the ball-disc friction pair
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Table 1 Basic mechanical properties of 10 steel

Parameters Values
Tensile strength, Rm / MPa = 335
Yield strength, Rpo. / MPa =205
Initial hardness, HB / MPa < 137
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Table 2  Different treatment methods for samples surface

Sample code Processing mode

N Not added lubricant
P Film by Phosphating and saponification
G Coated water-based polymer mixed lubricant
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Table 3 Main physical performances of polymer composited

lubricant and its coating
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Flowing Viscosity / Density /

Parameters time/s  (Pas)  (kg'm™)
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Fig.4 Average friction coefficient and its change rate varied with sliding time treated by different lubricant
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Table 4 Change rate of average friction coefficient in a given time

Change rate of average friction

Sliding time coefficient / (% min™")

period / min N P G
5-15 0.39 -0.01 0.09
15-30 0.18 0.17 0.16
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(a) Worn scar and its calculation formula
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(b) Friction contact area varied with sliding time under
different lubricating conditions
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Fig.5 Actual worn scar and variation of different friction contact
area with sliding time by different treatments
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Fig.6 Variation of friction shear stress with sliding time based on
two friction boundary models
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(e) Morphology of partial coating worn area
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Fig.7 Surface morphologies of unworn and worn scars on samples under different lubricating conditions
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Fig.8 Structure diagram of polymer composited lubricant coating

on metal surface
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o5 SeE i E PRBFT £ (CICC-11) % T 2019 4F 5 H 25—29 HE=mA RWIH A, S5
CICC = BAHLL, BRKE-H /) CICC-11 ZEH LU M N A A T R8s, CICC-11 ®HE T
24 NEEHHT S, SCHTERRAM 5 T AR G AR R AR G RE . SRR H AT IR, &R ENHT A&
C4iEH] 100 KA NI TR FEFHE MRS £ EWE Rl . Witmer 20 S i A e g R
2BE e - HI1SE & 2E o A Bl it 100 A

ST B AP GH [E  MR R B G ST . TER TAEM LR, 228 W98 AR G J# it
WIS

BAEFT: BILEMPEK, ces-cicc@vip.163.com; gong@tsinghua.edu.cn

(AT AR



