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Fig.2 Microstructures of as-cast Z0 (a) and Z12 (b) alloys
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Fig.3 XRD patterns of as-cast Z0 and Z12 alloys
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Fig.4 SEM microstructures of as-cast Z0 (a) and Z12 (b) alloys
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Table 1 EDS analysis results of different locations for as-cast Z0 and Z12 alloys in Fig.4 (at%)

Alloy Location Mg Al Ca Nd Zn
A 19.46 56.23 23.59 0.72
Z0 B 6.23 64.62 0.96 28.19
C 98.26 1.74 0.00 0.00 -
D 53.07 32.76 12.83 0.18 1.16
212 E 9.41 59.58 0.95 28.42 1.64
F 20.23 62.31 0.27 16.13 1.06
G 98.08 1.35 0.00 0.00 0.57
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Fig.5 Microstructure of Z0 (a) and Z12 (b) alloys after homogenization treatment
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Fig.6 SEM microstructures of Z0 (a) and Z12 (b) alloys after homogenization treatment; EDS element mappings of Z12 alloy (c)
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Fig.7 Transversal microstructures of hot-extruded Z0 (a) and Z12 (b) alloys
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Fig.8 SEM transversal microstructures of hot-extruded Z0 (a) and Z12 (b) alloys; EDS element mappings of Z12 alloy (c)
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Fig.9 Longitudinal microstructures of hot-extruded Z0 (a) and Z12 (b) alloys

0.5

b
> 0.4} 0.4+
2
S
g 0.3 0.3+
L
g
£ 02 0.2+
[<5}

o
0.1 0.1F
0.0 0.0

o

Equivalent Size of Grain/um

2 4 6 8 10 12 14 16 18

"0 2 4 6 8 10 12 14 16 18
Equivalent Size of Grain/um

B 10 #MFER 20, 212 A4 R R ~H oA
Fig.10 Grain size distributions of hot extruded Z0 (a) and Z12 (b) alloys



* 3488 -

WA ERMES TR

%5 51 45

N AlLCa HHE) TEM HE A . & 120 ARSI AHER B,
BEAT VX B TS (SAED) JE AR AEBE s 34T bR 72
Wi %A AlL,Ca #H, &b HlJ7 ) o[211]. AT LA
FIFTHPE LRI LT, 856 H s HE i 7 12¢ o] WAE
Al,Ca M FAETE 24, [RIRTE Al,Ca AH JE UL B4 £
HERR . ZhuPO hiiE s 1 iX— 5, Al,Ca AH—J7 i Al LA
PHPS AL EE T #2, A BB OL 4 % B2 K 55— J7 T AlCa
HH (P & 4% 45 K6 S THD A0 7.7 G54, S A A2 B 1T DAFE {111}
RTINS | Ve 20 G A S R VA E- =L SR S AV RTE] 78
MR RIFRIWE KR . WK 12d TEM B A 0
WF] T —Fh RS T3k 5 WACK 2 8] R RORLAH 5 3 Fif
OORLAH 43 Af 76 G 5 b, o H kA7 i X AT 5 (SAED)
X REAEBE 2 AT AR 28 , B 2 1% AH 9 MgZn #H, BT RE
SR AE B I R KR A AT 0 UL AR , H R DR 3RS
BN BB IR R
2.2 NFMESH

2 NESRAFIES Z0 M1 212 & &R Pibiss
B o ARGEFE R e . i, 2 RS TS Zn
RN EGEBEY ST RS Zn TEMEE. SRS
JEJEH 2 A& To iR 2 e IR AL . Bu o B 0 2 B S
MERMEZE R THSEE. WFES 212 5L&090
Prom g 294.0 MPa. JE IR 5B 9 197.1 MPa. I 5 il
KHEN 11.6%, i MERERIT .

MRS 212 58 BA BRI 15 aenr A T
LR 4 AR (1) SAE RS ok f3 20 85 2 M 4u 1k,

[ ARR d b ER A /N R RE SRAF B 2 1) dn I, R Y
A BT A AL RS IS 3, Mg G & mameE. Rk
Hall-Petch 24 20 AT 40 8k R <) 5 87 7 B 4% [ 56 2/ B,

o=0o+kd*? 2)
X, o NIEIRIREE . oo M ERKEEEHEFH 77, k 24 Hall-
Petch 2%, d N TP R . A E&ER RS2
A28 120.48 1 106.27 pm, &4 FF K J5 7 A9/ 31 9.39
A 6.03 pm, HARXTE, JERGEE S &R RS AE
TGO 2, B ok RO e IR . (2) &
&1 FPERR AN AR R R ER R, A
/NP5 R AT DE i BELRS S 4 T 2 A i R T
MHhsEik &4 . IWE 2 FRfLLE 2 M E &R
BT SR RSB RMAEE Al,Ca M &b &K
B-Mai,Al, A1, BATNA SRR AR, T
AlLNd 1 AlyyNds 7] 2 2 BAG A7 55 AT FLAEH, Xt &4
MR MAAER . SE%AMmk 0HR (B 13a.
13b) A A1, WiRAT N E NN, AT DO SR —
SEE R AlCa AH, 24 b Ab# A IR R (] 13a.
13b #ikFrm ). AHAEE A i i 1 (&l 13c, 13d)
ATLVE W, S@MEFEEAETHSGEPRSTBRT
TG Al,Ca FHATET FioIR Al Nds AHACHT#E , A2 B4/ Y
FIORL, XA 4 PR BRI AR 52 g 55, 7] B 48 /) 1) R
FATE A 4 38 50 o A v] DU B R BOm Ak VR FH o 9k
584k AT 1 Orowan L% 7n, Wz (3)P:

B 11 HFES 20, 212 5490 R SEM AL K& 212 44 EDS Jo &m0 ir
Fig.11 SEM longitudinal microstructures of hot-extruded Z0 (a) and Z12 (b) alloys; EDS element mappings of Z12 alloy (c)
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Fig.12 TEM images and SAED patterns of the second phase in hot-extruded Z12 alloy: (a) Al.Nd phase, (b) Al.Ca phase, and (d) MgZn
phase; (¢) HRTEM image of Al,Ca phase
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Table 2 Ultimate tensile strength, yield strength and elongation of as-cast and hot-extruded Z0 and Z12 alloys

Alloys State UTS/MPa YS/MPa Elongation/%
Z0 As-cast 102.8 4.0
712 As-cast 119.2 5.6
Z0 Hot extrusion 191.7 8.0
712 Hot extrusion 197.1 11.6
Gb d, r=1o+aGhp'’? (4)
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Fig.13 Side-views of the fracture surfaces of Z0 (a, ¢) and Z12 (b, d) alloys in as-cast (a, b) and hot-extruded (c, d) states
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Fig.14 Fracture morphologies of as-cast Z0 (a) and 212 (b) alloys
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Fig.15 Fracture morphologies of hot-extruded Z0 (a) and
Z12 (b) alloys
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FOIR Al Ndg AHBESEE, BRCR ALNd AHFE S R A
WA AR . FAF R 5 2 2H 1 5 A KR o AR AE
R

3) #FFIES Mg-6AlI-2Nd-2Ca-1.2Zn &4 AA I
S 1EPERE, HPUhRioRE . T R A AN S AR
L3518 294.0 MPa. 197.1 MPa. 11.6%.
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Effects of Zn on Microstructure and Mechanical Property of Mg-6Al-2Nd-2Ca Alloy

He Hanlin, Wang Liping, Feng Yicheng, Zhao Sicong, Wang Lei, Guo Erjun
(School of Materials Science and Chemical Engineering, Harbin University of Science and Technology, Harbin 150040, China)

Abstract: Mg-6Al-2Nd-2Ca alloy and Mg-6Al-2Nd-2Ca-1.2Zn alloy were prepared by the gravity casting method in a permanent mould.
The as-cast alloys were homogenized, hot extruded and thereafter tested and analyzed by OM, XRD, SEM, EDS, TEM and tensile test.
Effect of Zn addition on the microstructure and mechanical properties of Mg-6AIl-2Nd-2Ca alloy were analyzed. The experimental results
show that the addition of Zn could refine grains, which mainly exists in the a-Mg matrix, reduce the solid solubility of Al in the a-Mg
matrix and generate more Al-Nd phases. After homogenization treatment, the microstructure of the two alloys are more uniform, and the
amount of precipitated phase is reduced compared with that of the as-cast alloys. After hot extrusion, the hard and brittle phases in the two
alloys are crushed, the grains are refined, and the mechanical properties are obviously improved. The tensile strength, yield strength and
elongation of the Mg-6Al-2Nd-2Ca-1.2Zn are 294.0 MPa, 197.1 MPa and 11.6%, respectively, which are attributed to the combination of
refinement strengthening and second phase strengthening.

Key words: Mg alloy; Zn; hot extrusion; microstructure; mechanical properties
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