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Effects of immersing phosphate on
fatigue crack propagation in AZ31 magnesium alloy
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Abstract: Under alternate loads, a phosphate liquid was immersed into the fatigue crack tip of AZ31 magnesium alloy,
the phosphate deposition behavior and effects of the phosphate film on the fatigue crack propagation rate at the fatigue
crack tip of AZ31 magnesium alloy were investigated. The morphologies and phase constitutions of the phosphate
deposition at the fatigue crack tip were characterized by scanning electron microscopy (SEM), energy spectrum analysis
(EDS) and X-ray diffractometry (XRD), respectively. The stress-intensity factor values at the fatigue crack tip were
compared with and without inmersing phosphate liquid by taking advantage of strain gauge. The results show that the
phosphate( Zn3(PO,4)-4H,0 and MgZnP,0,) films can be formed at the fatigue crack tip of AZ31 alloy through inmersing
phosphate liquid, and the stress magnitude and distribution change after inmersing phosphate liquid at the fatigue crack
tip of AZ31 alloy. The stress-intensity factor value decreases by about 30%, which effectively improves the fatigue crack
closure, and reduces or arrearage the fatigue crack propagation.
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Table 1 Chemical liquid formula of phosphate liquid

Composition Comélllt/ Composition Comélllt/
(gL") (gL")
Zn(H,P04),.2H,0 20 NiO 1.5
CpH,5SO;3Na 0.1-0.2 NaNO; 0.4
NaMo0,4.2H,O 2 NaF 0.3
H,C,H,O4 2 Fe powder 0.6
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2 iy R THI N A2 DR e R 802 i I3 7 5 i TR
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GENESIS2000 XMS60 Xf 244020 AT 73 70t o Bt
J& K H Bruker D8—Advance B X S} 275U 2 40
Uiy (YRR T IAH 08T, CuK,» 4=0.154 nm, Jiiid
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490.02°, FHHIHLLHR 1 (°)/min.
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Fig.1 lg(da/dN)—lg(AK) linear regression curve
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Fig.2 Relationships among fatigue crack propagation rate,
stress-intensity factor and fatigue cycle without and with

inmersing phosphate
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Fig.3 Morphologies of samples at fatigue crack tip without
inmersing phosphate: (a) Whole zone; (b) Magnification of
area 4 in Fig.3(a)
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Fig.4 Morphologies of samples at fatigue crack tip with
inmersing phosphate: (a) Whole zone; (b) Magnification of
area B in Fig.4(a)
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Fig.5 EDS spectra of different areas at fatigue crack with or
without immersing phosphate liquid: (a) Area 4 in Fig.3(a); (b)
Area B in Fig.4(a)
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Fig.6 XRD patterns of phosphate deposits at fatigue crack tip
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Fig.7 Change of voltage with time at fatigue crack tip without

and with phosphate
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