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Surface modification and properties of ZK61M magnesium alloy by
pinless friction stir processing
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Abstract: To improve the surface microstructure of ZK61M magnesium alloy and enhance its hardness, friction
and wear properties, and corrosion resistance, surface modified layer of magnesium alloy was prepared via the
pinless friction stir processing (FSP) technique. The surface morphology, microstructure, microhardness, friction
and wear properties, and corrosion resistance of the modified layers under different feed speeds were observed and
analyzed by optical microscope, XRD, microhardness tester, friction and wear tester, and electrochemical
workstation. The results show that the pinless FSP modification technique effectively refines the grain distribution
of magnesium alloy and enhances the hardness, friction and wear properties, and corrosion resistance of the material.
With increasing of feed speed, grain size of the modified layer decreases, and the microhardness increases while the
friction coefficient decreases. At a feed speed of 400 mm/min, the modified layer exhibits maximum microhardness
of 119.3 HV and minimum friction coefficient of 0.316. However, corrosion resistance of the modified layer
decreased with the increasing feed speed. At a feed speed of 100 mm/min, the self-corrosion current density is the
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lowest, with a value 0f 4.913x107° Ascm2.
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Tab.1 Chemical composition of ZK61M magnesium alloy

JTTER Zn | Zr | Al | Si | Fe | Cu | Mg

HE/(wt%) | 543 | 0.65 | 0.1 [ 01]0.1|0.1 | &E
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Fig.1 Pinless stirring tool
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Fig.2 Morphology of the modified surface under different

process parameters

TCEFFSPJE ZK6 IM R TH = 4E S in K3 fs
AL B AT TIX H Bost A B . B rha] B
WS B 1 X 3R 2 B RSURFAE, B A AT 323 B ) 3
I, SRGUEEESE I, HORGUal) -5 =
SR B . AT HEEE 9100+ 2001400 mm/minf ,
AN 23 01 5255.8 4 388.4411464.6 pm. AT HEH
FERIRE N, PEESAER T-& &M AR%, 488
PEL IRANPER 2 BI52 0, JoEFFSPUsUI: 2 3% AR 1Bk
RAEHE,  FMERE B39 0

2564 “x/pm

(c) 400 mm/min

B3 ARLEZSHTXMERE=HRIRE

Fig.3 3D morphology of the modified surface under different process parameters
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Fig.4 Microstructure of the surface modification layer

under different process parameters
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Fig.7 Friction and wear curves of untreated and FSP magnesium alloys under different process parameters
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Tab.2 Friction coefficient and wear loss of untreated and

FSP magnesium alloys under different process parameters

WA T B AL BER g
ZK61M 0.426 0.1762
100 mm/min 0.369 0.1412
200 mm/min 0.324 0.1389
400 mm/min 0.316 0.1417
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Fig.8 Worn surface morphology of untreated and FSP
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magnesium alloys under different process parameters
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Fig.9 Worn surface 3D morphology of untreated and FSP magnesium alloys under different process parameters
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Tab.3 Corrosion potential and corrosion current density of

untreated and FSP magnesium alloys under different process

parameters
ke JE ALV | R L (Asem ™)
ZK61M —1.442 1.995%x107*
100 mm/min —1.439 4.913x1073
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400 mm/min -1.479 9.292x1073
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