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Microstructures and mechanical properties of
high-pressure die-cast Mg-4Al-0.4Mn-xPr alloys

YU Peng', ZHANG Jing-huai**, TANG Ding-xiang?, LIU Ke**, MENG Jian, ZHOU De-feng'

(1. School of Chemistry and Life Science, Changchun University of Technology, Changchun 130012, China;
2. State Key Laboratory of Rare Earth Resources Application, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022, China;
3. Graduate School of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Mg-4Al1-0.4Mn-xPr (x=0, 1, 2, 4 and 6, mass fraction, %) magnesium alloys were prepared by high-pressure
die-casting technique. The effect of Pr on the microstructures and mechanical properties of die-cast Mg-4Al based alloy
were investigated by XRD, FESEM, microhardness test, tensile and compressive properties tests and analysis of fracture
surface. The results show that the fine rigid skin region is related to the aggregation of Pr and fine microstructure. AL,Pr
and Al Pr; phases are mainly concentrated along the grain boundaries, and the relative ratio of the above two phases is in
correlation with the Pr content in the alloy. Meanwhile, the grain sizes are greatly reduced with increasing Pr content. The
mass fraction of Pr around 4% is considered to be suitable to obtain the optimal mechanical properties those can keep
well until 200 ‘C. The outstanding mechanical properties are mainly resulted from the rigid casting surface layer, grain
boundary strengthening obtained by an amount of precipitates, grain refinement strengthening, as well as solid solution
strengthening.
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Table 1 Chemical compositions of studied alloys

Mass fraction/%

Alloy

Al Mn Pr Mg
AM40 3.80 0.46 - Bal.
AlPr41 4.30 0.35 1.05 Bal.
AlPr42 4.12 0.31 1.95 Bal.
AlPr44 3.89 0.26 3.81 Bal.
AlPr46 4.01 0.32 5.54 Bal.
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Fig.2 Effect of Pr content on grain size in core regions
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Fig.1 FESEM images of die-cast alloys:
(a) AMA40; (b) AlPr41; (c) AlPr42; (d) AlPrd4;
(e) AlPr46
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Fig.3 Photos of die-cast bar(a), cross-section of hardness

test(b) and SEM image of skin and partial interior regions(c)
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Fig.4 Change curves of vickers hardness and Pr content of

tensile test bar from surface to center
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Fig.5 XRD patterns of die-cast alloys: (a) AM40; (b) AlPr41;
(c) AlPr42; (d) AlPr44; (e) AlPr46
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Fig.6 FESEM images of secondary phases near grain boundaries in die-cast AlPr44 alloy
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Fig.7 SEM images of die-cast AlPr44

alloy(a) and corresponding EDS area
scanning of elements Mg(b), Al(c), Pb(d)

and Mn(e)



838 T A R R 2009 45 H
#z2 6145 ri EDS 3 H4s
Table 2 Results of EDS analysis of spots in Fig.6 300
Spot x(AD)/% x(Pr)/% x(Mn)/%  x(Al):x(Pr)
A 60.46 28.86 1.00 2.09:1 o
= 2001

B 7.70 3.62 0.82 2.13:1 @

C 7.48 1.94 0.06 11.57:3 %

D 7.45 1.92 0.10 11.64:3 E 100 H
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Fig.8 Typical tensile curves(a) and compressive stress—strain

curves(b) of die-cast AlPr44 alloy at different temperatures
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Table 3 Tensile properties of studied alloys at different temperatures

AM40 AlPr41

AlPr42

AlPr44 AlPr46

t/C

o/MPa o/MPa n/% o, /MPa o/MPa /%

oy/MPa o/MPa #/%

o/MPa o/MPa #/% o,/MPa o/MPa n/%

RT 210 105 10 243 142 13 247
120 129 85 15 170 122 25 174

150 118 80 16 143 110 38 146

175 97 76 19 122 104 30 126
200 77 60 20 114 95 27 120
250 65 58 22 78 68 23 80

300 57 56 17 63 58 18 65

143 13 263 150 16 257 151 10
128 35 181 130 37 175 132 22
111 39 165 125 32 162 130 24
106 29 139 112 32 125 116 30
100 28 128 112 31 117 114 33
70 22 82 72 25 86 82 21

60 18 68 64 21 73 70 17




F19GEE 5 W

T ¥, %5 FEIESS Mg-4A1-0.4Mn-xPr 8645 4 BIMAL VR 1 22 M fE(=0, 1, 2, 4, 6, %) 839

T FE WL A El N PR R A B B . W
N AM40 & MHTRRE A 210 MPa, 200 “CHf 24
77 MPa; =i T AlPrdd A& MHTHEEE N 263 MPa,
200 CINh 128 MPa, F3Jil# i 25%F1 66%. FiF Pr
TR, A s B AR G AR BRI
AEAIEAR . =T, AlPdd A& LA T
JE IR, FEER N (200 C)AIPr46 #5411 i IR
b AlPrd4 &4 m, W AM40 &4 %0 T e ki
& 105 MPa, 200°CH4 60 MPa; %, AlPrd4
A1 AIPrd6 4 410 i iiam 525379 8 163 #1160 MPa,
200 ‘CHF, AlPrd4 F1 AlPrd6 &4 IRam 43 5 A
109 1 111 MPa. [AIFE, Bi#E Pr S &MHR, G540
MERMEBARE S . SR, AlPrdd B4 RIER
K, IX 5 FhG a0 e v BEAE IR B (0 T my i B, I
TE— B N s B KA

RS Mg-Al-Pr JEG4 WoR T8 1 ) 4 E
REFHLE b il DX T 232 IR i b . P DAA Ik 22
HUFUATTIA R: 1) S8KMER Pr & EEA
X IR Pr S (LI 4),  HLER 2 50 45 #4 T
InEseEs (WL 3(c)), B8 M85 IE R 20 A 41 2E 1 Re
g AR 2) ProcR 'ty AL B )
SRRy, T AR T 2= Mg Al AHTE G, [
R AEREME B T ALPr AT AL, Prs MH7EA 4 i At
MO RG,  IXRERE IS b i S A8 At SR I
MR TS B, AT A 4 1) s R il o 2 1 s
3) Mg. Al # Pr IJE-12E4255 70124 0.160, 0.143 F
0.183 nm!"", WTLAFHH, 5 Mg fl Al (-2 2 L,
Mg 5 Pr (R EARAHZE TR, Bk, Pr st [ £
Mg FEAA 8 T A O A A = AR A A, AR
INAE7 Py N VA = B )] 0] 15 A IO N (1 8 e N
Pr (R8I A6 4 SR 4l Ak th 2 i S 2 — ot
BUo  db ARSI RS B AT, R A 2 AN [ it
RSB P AR ORL I 0 SR Ty ), DRI, — ARl R
HESERE S, FE, SR a e
PRI oAt . SR, fEARSE T, B R/ R
SEI AIPra6 £ & AT HL A B (0 o AR SCERT A
KGR B Pr SRR, A a R
PEPOIR ALPr AHINECEREIS 2, AT DO A 31 224
PRAE A G0N A F IS4 5 A0 I Ak i AR g
Jigo B9 BRIt G RT3 A 8RR T X
WM. B, 4 E s Mg-4A1-0.4Mn FE4 4R
TNy 4% Pr GRS AT & 4 HA S AE 0 ) 2% 1 e

B9  AlPrd6 £ <l 1) FESEM %
Fig.9 FESEM images of big bulk Al,Pr phase with second
cracks on fractural surface of HPDC AlPr46 alloy: (a)

Secondary FESEM observation; (b) Corresponding backscatter
FESEM observation
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