F40E PF 11 h E o1 4 33 R Vol.40 No.11
2021 4F 11 A MATERIALS CHINA Nov. 2021

A FRE MoS, B # 4 Bl i iE iR E
i 5 K R AR 3

@ R, 2%, ZRH, LA, 2 %, %
(1. PO BE R¥h 4 TR0, BEPE 754 710055)
(2. BRERF BEHEFEZESLEE, JLal 100084)

O BSOS RIEIRIRR IT A A O T TG A G0 T i O LA SR R, R I e R 90 V4
REANBOE 0HEAT RGMETI Y, 1ERS & & R T4 T 1 F5 R MoS, FLHh %S RN %2, s REk- s MU T 5 T IR 2
TEIAHERAR UG T F 30 Y P, T 5 PR B = e 2 R S B AT T 0 B B I R TR S L B B R R A AR T AR,
RENEA AT T 0 U % 2 ot 425 590 R0 i S0 23 S A, T2 i3 20 W 1 BB R o 2 IR A I AR Ak, IR TE 400 A1 600 C
SRR (10 min ) JF BEBR R BLH G B RO PERE , JLEEME R BOUSTE 0. 05 ZEA7, XA T MoS, 7E i i 4 PF T K IF 4R R 0 R 11
FORGER | 76 IR AT AR R A B A2 G (R 600 CRIE 60 min J5, IRJEN MoS, T I ] {5 I i 484k 2k
R, WAL KRR FRAT ., HRAE MoS, HERlZE [ (A V8 77 7 17 (o P32 B (I FRF 1], R 5 A Mo, S =5 B3R W A 4 1 1 98 3 72
8 TR T R N M R B RO, S oS, BREZ 1A A2 A 4R B N T AR 1 187 AR AU T B AR
KEER : MoS,; KiGEBRMANARZ; MERE, BHALH, iR

FESES. TG174. 44 CERFRIAED . A XEHS: 1674-3962(2021)11-0911-06

Lubrication and Failure Mechanism of MoS, -based Bonded

Solid Lubricating Coatings on Zirconium Alloy Surface
GAO Yuan', WANG Yitong', WANG Qingjuan’,

WANG Wei', WANG Yan', WANG Qiang'

(1. School of Metallurgy Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)
(2. State Key Laboratory of Tribology, Tsinghua University, Beijing 100084, China)

Abstract: Zirconium alloy extrusion is the key process for producing nuclear fuel components, and traditional lubrication
methods already can’t meet the process and property request. Therefore, systematic research on the lubricating properties and
failure modes of extrusion lubricants is needed. In this work, the heat-resistant MoS,-based bonded solid lubricating coating
was prepared on the surface of zirconium alloy. Lubricating properties of the coating under hot extrusion conditions were
studied by high-temperature ball-on-disk tribological tester. Surface morphology and microstructure of the coatings and
wear tracks were analyzed by SEM and 3D optical digital microscope, the change of binder and lubricant particles in the
coating at high temperatures was analyzed by EDS, the change of the coating composition at the wear tracks was analyzed
by Raman spectroscopy. The coating has excellent lubricating property at high-temperature tribological test after holding at
400 and 600 °C for 10 min, and its friction coefficient is all about 0. 05. This is attributed to the fact that MoS, still main-
tains an excellent layered structure at high temperatures, and there is no friction chemical phenomenon under high tempera-
ture and strong load. However, after holding at 600 “C for 60 min, MoS, is oxidized and failed because of a long time heat

preservation, the lubrication property is greatly reduced. In
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of the extrusion process, the lubricating properties and fail-
ure modes of MoS,-based bonded solid lubricants under
high temperature and strong load condition were investiga-
ted, which may provide theoretical basis for metal forming.
Key words; MoS, ; bonded solid lubricating coating; lubri-

cating properties; wear mechanism; high temperature friction
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holding at different temperatures
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Fig. 4 TG and DSC curves of MoS, bonded solid lubricating coating
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Fig. 6  Macro morphology of the samples after tribological test followed
holding at different temperatures: (a) 400 °C for 10 min, (b)
600 °C for 10 min, (c¢) 600 °C for 60 min
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Fig. 8  Optical microscope images and cross-section profiles of the worn surface of the lubricating coatings after high-temperature tribologi-

cal test followed holding at different temperatures; (a) 400 °C for 10 min, (b) 600 C for 10 min, (c¢) 600 °C for 60 min
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10 min, (c¢) 600 °C for 60 min
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followed holding at different temperatures
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