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Effect of Surface Nanocrystallization on Fretting Corrosion
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ABSTRACT: The morphology and microstructureof N36 zirconium (Zr) alloy surface nanocrystallization layer were studied.
The frettingcorrosion mechanism of the surface nanocrystallization layer was analyzed. Ultrasonic surface rolling processing
(USRP) was used to preparesurface nanocrystallization layer on Zr alloys.The effects of rolling speeds on the morphology, phase
composition, roughness, hardness, electrochemical corrosion and fretting corrosion behavior of the surface nanocrystallization
layer were studied. Results shows thatZralloyafter USRP present plastic deformation trace.The plastic deformation on the sur-
face of Zr alloy leads to work hardening and increases the surface hardness.The electrochemical corrosion tests indicate that Zr
alloy after USRP shows a lower corrosion current density compared with substrate.The wear depth and wear rate of Zr alloy af-
ter USRP is lower than thatsubstrate. The Zr alloy after USRP refinegrain and increase the number of grain boundary, which im-

proving the activity of Zr alloy and beneficial to form passivation film. The wear mechanism of Zr alloy after USRP is the inter-
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action of oxidation wear and abrasive wear.
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Fig.1 Surface morphology of zirconium alloy after USRP treatment: a)substrate; b)USRP-200; c)USRP-400; d)USRP-600
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Fig.2 XRD spectrum of zirconium alloy after USRP treatment
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Tab.1 Grain size and microstrain of zirconium alloy after

USRP treatment
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Fig.3 Three dimensional morphology and two dimensional profile of zirconium alloy after USRP treatment: a) substrate; b)
USRP-200; ¢) USRP-400; d) USRP-600; ¢) two dimensional profile

USRP AbFH 5, 5G4 B0 b folc Rl 3 10 4 1t R
J5 AR A& 4 s . ATRLA H, USRP ALEE)S,
BEA A BERE H 225HV & TF 2 i 350HV (2R
AEFRY 1.5 A o B EE (143G I 2 PRI Ay 90 A8 T S0
HaREEAIN TR, 50N G 422 kg et
T 2 i Ay — e s U7 B TR R 2
300 um, HAFELE 200 um 2o A7 BOBS I SR AAL)E
A Bl RV A TR ) BB R ARG TR, i
BRI AR, RZ I g diE Ak, W

Shy A R S B 1) AL 2 ol R A PR T AR R 2 T £
e VR FH AR SZ BT s i RE . R, R ghkibnT
DI TS A A W R AR R, 4 e B A PR
BEE T Ao

USRP AbBRJ5, #5441 Tafel £k A& 5 FiR .
L Tafel fh 4k , A AMEDR T8 AR Eor )
B R (Jeon ), WLF 2. USRP AbFRJF (Y4
BEBEFEAN Eoon, FTUHEMMBIRE R, HN
USRP Kb 1485 6 4 3% A7 ZE OB B 5803 T



2022 4E 11 H

S 114 - = % 3
360
o— Substrate
3401 —o— USRP-200
g 320 FA —a— USRP-400
<) —o— USRP-600
= 300
£
S 280 -
2
& 260 -
8
S 240 -
220 -
200 +
180 1 1 1 1 1 1 1
0 50 100 150 200 250 300
Depth/um

€1 4 USRP &b B 55 G 4 00 58 2 1 A o 2 72 Al it 2k
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Tab.3 AC impedance spectrum fitting results of zirconium alloy after USRP treatment
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Tab.4 EDS analysis results of wear scar
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Fig.8 Wear scar morphology of zirconium alloy after USRP treatment: a) substrate; b) USRP-200; ¢) USRP-400; d) USRP-600
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