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The second phases in as-cast Mg-8Zn-4Al-(0 - 1)Sr magnesium alloys
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Abstract: To systematically investigate the effect of Sr addition on the second phases in the as-cast

Mg-8Zn-4 Al magnesium alloy and provide the theoretical basis for the design of the Mg-Zn-Al series alloys
containing Sr element, the type and formation mechanism of second phases in the ZA84 as-cast magnesium
alloys with low Sr mass fractions (0.1%, 0.3%, and 1.0%) were investigated and analyzed by using

scanning electron microscope (SEM), energy dispersive spectrometer ( EDS), differential scanning
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calorimetry (DSC), and X-ray diffractometer (XRD). The results indicate that for the ZA84 as-cast alloy
without Sr addition, besides the quasicrystal phase (Q). an extra Mg;, (Al, Zn),, phase with a small
amount is found to exist in the alloy. With Sr addition, there are Al4Sr and Mgy, (Al, Zn),, phases in the
as-cast alloy; the Al4Sr phase increases and Mg;; (Al, Zn),, phase decreases with increase of Sr content. In
the Mg, (Al,Zn) s phases of the as-cast Mg-8Zn-4Al-(0.1-1) Sr magnesium alloys, Sr mainly exists in two
forms, i.e. indissolved and dissolved Sr atoms; in the Mgy, (Al, Zn),, phase where Sr atoms are not
dissolved, the Zn concentration is relatively high and Al concentration is low. The results provide the
necessary theoretical support for the design of reinforced and heat-resistant Mg-8Zn-4Al alloy.

Keywords: magnesium alloy; Sr alloying; second phase; diffraction analyses; energy dispersive spectrum
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Table 1 The nominal compositions of Sr-containing Mg-8Zn-4Al-xSr experimental alloys

SN
A4
w(AD /% w(Zn) /% w(Mn)/ % w(Sr)/ % w(Mg)/ %
Mg-8Zn-4 Al 4.0 8.0 0.3 87.7
Mg-8Zn-4Al-0.1Sr 4.0 8.0 0.3 0.1 87.6
Mg-8Zn-4 Al-0.3Sr 4.0 8.0 0.3 0.3 87.4
Mg-8Zn-4 Al-1.0Sr 4.0 8.0 0.3 1.0 86.7
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Fig. 1 XRD patterns of the as—cast Mg-8Zn-4Al experimental alloys with different Sr contents
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Table 2 EDS results of the as-cast Mg-8Zn-4Al experimental alloys without Sr addition

R VA wMg)/%  w(AD/%  w(Zn)/%  wMn)/%  w(SH/% Hit/%
Fig. 2(c)—A 45.53 21.85 32.63 100
Fig. 2(c)—B 47.37 18.97 33.66 100
Fig. 2(c)—C 10.78 76.63 12.59 100
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Fig. 2 SEM images of the as-cast Mg-8Zn-4Al experimental alloy without Sr addition
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Fig. 3 Schematic diagram of microstructural constituents as a function of the Zn/Al ratio and the Al content!'*]
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Fig. 4 Low and high magnification SEM images of the as-cast Mg-8Zn-4 Al experimental alloys

with low Sr additions, where (b), (d) and (f) are the magnified images of the rectangular framed areas in (a), (c), and (e), respectively
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Fig. 5 The SEM images of the as-cast Mg-8Zn-4Al-0.1Sr experimental alloy
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Fig. 6 The SEM images of the as-cast Mg-8Zn-4Al-0.3Sr experimental alloy
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Fig. 7 The SEM images of the as-cast Mg-8Zn-4Al-1Sr experimental alloy

R3 BB Mg-8Zn4Al-(0.1~1)Sr B &I D INER
Table 3 EDS results of the as-cast Mg-8Zn-4Al-(0.1~1)Sr experimental alloys

ST AR w(Mg) /% w(AD/% w(Zn) /% w(Mn)/ % w(Sr) /% Eit/%
Fig. 4(b)—A 38.60 30.34 27.70 3.36 100
Fig. 4(d)—B 7.23 56.07 16.05 20.65 100
Fig. 4(f)—C 7.96 56.32 15.13 20.60 100
Fig. 5(a)-A 39.74 30.38 26.52 3.36 100
Fig. 5(a)-B 26.13 43.66 12.04 18.16 100
Fig. 6(a)-A 43.17 13.79 43.05 100
Fig. 6(a)-B 44.65 25.75 26.03 3.57 100
Fig. 7(a)-A 44.25 26.60 25.46 3.69 100
Fig. 7(a)-B 41.98 16.01 42.01 100

M= A5 BSE B8 5 rha] LUE I 0.1 %6 Sr i & & b B0 T AE MR A9 & S 5 ML R 3 P AE
T 2E L] HIHCA R T Sr G R Y Mgy, (AL Zn) o M CILIEL 4 (b)) s B 0.3 % Sr B9 & 4 W BR T 4 /i AT b i
Mg, (AL, Zn) o FHEAAR B BT 46 HOR & Sr 28 ZAH CILIEL 4(dD)) AR e 115 25 2 AT LAt s o 28 A0 i S v 44
F) ALSr A Y Sr S RIGIME L.o% )G, G &8P e BB E5EHM 0.3% Sr MG &5 M, A
AL SoAH B9 I 285 B AN FEI) 25 B AR Sop R 2 Rk, Bl 23 im (WL R 4(D)

K 5~7 BT 245 B0 — A WoR TR S Mg-8Zn4Al B8 AL RS M58 . WE
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Fig. 8 DSC heating curves for the as-cast Mg-8Zn-4Al experimental alloys with different Sr contents
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2) Mg-8Zn-4A1-(0.1~1.0)Sr B &5 & B H LU I Mgy (Al Zn) o #HA 2623 [ % — 38 43 Sr 57, 1Mok
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