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Fig.1 Engineering stress-strain curves of n-SiCp,/AZ91D

composites at different heat treatment conditions

1 n-SiCY/AZIID EEM B A EHALE RTINS R
Table 1 Mechanical properties of squeeze cast n-SiC,/AZ91D
composites at different heat treatment conditions

Heat treatment YS/MPa UTS/MPa Elongation/%
Squeeze-cast 114 176 3.6

T4 heat treated 96 265 13.7

T6 heat treated 145 275 51
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Fig.3 Microstructure of squeeze cast n-SiC,/AZ91D composites:
(a) OM and (b) SEM image
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Fig.4 Microstructure of n-SiC,/AZ91D composites at different

heat treatment conditions: (a) T4 and (b) T6
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Fig.5 Morphology of p-Mgi7Al12 secondary precipitation and
distribution of SiC nanoparticles in n-SiC,/AZ91D matrix
after T6 treatment: (a) morphology of secondary precipi-
tation in grain and at grain boundary, (b) SiC nanopar-
ticles distributed at grain boundary, (c) SiC nanoparticles
distributed in grain, (d) no SiC nano-particles distributed
in grain for AZ91D alloys, (e) SiC nanoparticles distri-
buted between the lamellar -Mgi7Al1, (f) no SiC nano-
particles distributed between the lamellar g-Mgi;Ali, for

AZ91D alloys, and (g) EDS of the white nanoparticles

Ao ST A HILAE G A, DUSE A /) SR B o AT
(R EOBORL B-Maa7 Al AT HY o 3K 2 R O I 24T 39
PAANESNTH N, -Mgy Al FIAL S TE & S A%
FrfsfmKR. MENBEHIFTEZRKEHAND
B-Mg17 Al LT H .

TIANE KIRAE B-MO17Al, — T AR B X 4, B



. 466 * W & E MRS TR

44 3%

o-Mg AR FIRILT — 2 A R, o0 4l /N B
Wik, WK 5b §ikFiR. 4 EDS BRI RL AT, B
54k Mg, Al, Zn JuFRIESN, EHILSI A C u R IE,
i H Si W& B & T AlLE, 248 EDS BBl % & A4k Sic
FkL, 4nlEl 5g Fras .

Bl 5c A 8 P9 B-Mgir Al AR AT HFE S K n-SiC, 43 i
B Hr B-Mgyr Al 1 A 3 B9 SR ECS A 1 IRIR
ML, RFAE 100~200 nm. 78 KR -Mgi Al Hr
JE FELE SR B AT+ o B 4K SiC fiks, kLK
/N 50 nm, Wil 5¢ FikFia. N TR, Bl 5d N
FR T2 %% f A B 5 1 AZ9LID BE AR & 4 d Y
B-Mgi7 Al B M ARTE S5 43 A1 B . AT ABH A Y, AH
X F A SiC Bk AZ91D JEAKTH &, /0 A A 4k Sic
RIURL ) n-SiCo/AZ91D E G EHE f-Mgi7Aly, HT Hh H &
B S ATAER B, Wl 5c Fas .

K Se f&in FHTIEANESE f-Mgyr Al B i AHTES X
n-SiC, 7 il FTLLEH], f-MgirAly, Bt AR 48 KL
KNEFWR, B R EE 100~150 nm, KJF 5~10 um, H
ERHBT R B BEROR pOAHEIE R Z 18 93 A 4 b
& 514 100~200 nm AHXT AR A BE R I B MR B
FribAHs 752 FR B Z R SR B A 55 AN B R (1)
YK SiC ik, UK 5e Fiskfron. B Sf MR T 2%
PR AZ9L1D &4 il ST I — VAT H A A AT 30 Ll
K. AZ91D H:fAA &L BUbE G B-Mgi7 Al BT HiAH
PUZ FR S AR ISR, A AR RS AR B . 40 A %
£ 1fi n-SiCy/AZI1D K& MR th AR A K 73 /2 2 v
AR B-Mgr7AlL,, DR B-Mgir Al EER D>, HIE R 218
MR PEE R, B-Mg1r Al AH > i B F B . X 3R B 4K
SiC BURKLXS B-Mg17 Al HT HHAH BT 35 A1 RS — € 1)
SO o RN HEAR TR AR AE VR B A 1) n-SiC, B, n-SiC,
5 o-Mg FHHZ TG A% B LA R, 442K SiC i
RLTE S35 PERe BAE G TREAR 7, 7= AR 1 5. )13,
RERE A B0 B AH T AZ RIBEAT I SR K,
1% p W A DA /N RISR B A, AR TR E BT
DUVE R A SR
2.3 RIBRETORIRS

Kl 6 AR PAE IR 2 1~ n-SiC/AZ91D B &KL
(2= P AL S0 K 6a WEEH], HrE
TEAS (R BBT TS0 b 3 2 it B D 2R R o BT SRR A1,
W7 oMW RL . & T4 BEVAAEE, EaH e
W7 24T 55 R AE W S AR AL, W R g R B T R R IR A
NS A B AT AR AR RS, 2 I HE AR 4 M 2R
e, SEMEREBEYERIER &, B2 T6 Bk E,
0T 1 TR 30 AR B T LR AL, R MR — o R B 2R
TN, YRR T4 RS H BT,

K6 AN KRS AFT BAhalRE T 1T 3

Fig.6 SEM fracture morphologies of tensile specimens at

different heat treatment conditions: (a) squeeze cast,
(b) T4, and (c) T6

3 S5

3.1 ERKEHGERLIERE

TOMZLZA [ F7 24 PE eI 45 R R W, n-SiCy/AZ91D
SaMBE@ELEEE, &R EAESEMARIAE p-
Mg Al ALK, B-Mg1 Al HH R R DREE 1 I PEAH
X A T S AT {5 A A R BB — g v A
) a-Mg [k, A Rie, Mt 7 2 aME
(¥ 0 x5 B2 AN AE 1 22 o (H SR i A A 0V R 2 BRI
B-Mgr Al SRS BHASVE T, s 526 R0 Ji R 55 15
TR, 28 T6 WAUMEHS, f-Mgir Al XHE T M A
(K] a-Mg [ 0K R BT B, =G AR Je A5 15 2
RUEHRm, Prhosm it — Pt (HR KRR = IKHM
fIpr i, SRR SR,
3.2 {H&BiLHLE

R 2B T EE A FL S AZ91D K n-SiCy/AZ91D &
SRR AR RE . KA R IRGER L . ST
FE. Wra AR FE g, 2909 94 MPa. 265 MPa.
13.7%, ¥ AZ91D &&7likm T 11.9%. 17.7%.
26.8%.

F 2 IEEEE AZ91ID 0 n-SiCp/AZ91D E &M FIRVhi Rt B
Table 2 Tensile properties of squeeze-cast AZ91D and
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Materials and casting
condition

Squeeze cast AZ91D-T4 84 225 10.8

YS/MPa UTS/MPa Elongation/%

Squeeze cast

94 265 13.7
n-SiC,/AZ91D-T4
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Effect of Heat Treatment on Microstructure and Mechanical Properties
of Squeeze Cast n-SiC,/AZ91D Magnesium Matrix Composites

Zhang Congyang, Feng Rongyu, Li Wenzhen
(Tsinghua University, Beijing 100084, China)

Abstract: Magnesium matrix composite reinforced with SiC nanoparticles (n-SiC,/AZ91D) was fabricated by squeeze casting. The
microstructure and mechanical properties of the nanocomposite at as-cast state (F), solid solution state (T4) and artificial aging state (T6)
were investigated by optical microscopy, X-ray diffraction, scanning electronic microscopy (SEM) and tensile tests. The results show that
the solid solution treatment can dissolve the p-Mgi7Al;, eutectic phase in the matrix of n-SiC,/AZ91D composites to produce single
supersaturated solid solution a-Mg phase and the ultimate tensile strength and elongation are significantly improved which can be up to
265 MPa and 13.7%, respectively. After aging treatment, the ultimate tensile strength and yield strength of the nanocomposite are further
improved, which is 275 MPa and 145 MPa, respectively. SEM results show that the f-Mgi;Al12 phase is mainly precipitated in grain and at
grain boundary as continuous or non continuous forms. In particular SiC nanoparticles have an important effect on the morphology, size
and distribution of the f-Mgi7Al1; precipitation phase and they result in the fine and uniformly dispersed secondary precipitate phase to be
formed, which gives full play to the secondary precipitation strengthening effect. Finally, the fracture morphology of n-SiCy,/AZ91D
composites at different heat treatment conditions were observed by SEM and the fracture behavior were analyzed and discussed.

Key words: magnesium matrix nanocomposite; squeeze casting; heat treatment; microstructure; mechanical properties
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