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Progress in Strengthening and Toughening of Magnesium Matrix Composites

ZHANG Bin, SUN Yunxia, LIANG Tuo, LI Tian, YANG Changlin
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Abstract: Magnesium matrix composites show great application potential in the aerospace and automobile industries due to
a series of advantages, such as low density, high specific strength and modulus, and good thermal stability. However, for
traditional magnesium matrix composites, the increase in strength is always at the expense of ductility, and the room
temperature elongation to fracture of as-cast magnesium matrix composites is less than 5% in most cases, which severely
hinders the development and application of magnesium matrix composites in industries. The main reasons that the strength
and plasticity of magnesium matrix composites cannot be improved simultaneously are the imperfections of the current
fabrication techniques and strengthening and toughening mechanisms. Therefore, innovating fabrication techniques,
modifying strengthening and toughening mechanisms and breaking through the performance bottleneck eventually become
the development direction of magnesium matrix composites with high strength and ductility. Based on this, this work is
aimed at reviewing the commonly used matrix and reinforcements, the main fabrication techniques, the mechanical
properties and the corresponding strengthening and toughening mechanisms of magnesium matrix composites. The
development tendency of magnesium matrix composites in the future is prospected, and the mechanisms tailoring the
strength-ductility behavior of magnesium matrix composites are proposed.
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Tab.1 Selected properties of commonly used ceramic reinforcements in magnesium matrix composites'”

Reinforcements Density/(x10° Kg-m™) CTE/(10%/°C) Strength/MPa Modulus/GPa
AIN 3.26 4.4 2069 (24 °C) 345 (24 °C)
SiC 3.21 54 324 (1 090 °C)
TiC 4.93 7.6 55 (1090 °C) 269 (24 °C)
TiB, 4.5 8.28 414 (1 090 °C)
Si0, 2.66 <1.08 73
MgO 3.58 11.61 41 (1 090 °C) 317 (1 090 °C)

AlLO; 3.98 7.92 221 (1 090 °C) 379 (1 090 °C)
B.C 2.52 6.08 2759 (24 °C) 448 (24 °C)
ZrO, 5.89 12.01 83 (1 090 °C) 132 (1 090 °C)
7rC 6.73 6.66 90 (1 090 °C) 359 (24 °C)
vC 577 7.16 434 (24 °C)
wC 15.63 5.09 669 (24 °C)
ZrB, 6.09 8.28 503 (24 °C)
WSi, 9.4 9 248 (1 090 °C)
uo, 10.96 9.54 172 (1 090 °C)
ThO, 9.86 9.54 193 (1 090 °C) 200 (1 090 °C)
TaC 13.9 6.46 366 (24 °C)
NbC 7.6 6.84 338 (24 °C)
Mo.C 8.9 5.81 228 (24 °C)
MoSi, 6.31 8.91 276 (1 090 °C) 276 (1 260 °C)
Ce0, 7.13 12.42 589 (24 °C) 185 (24 °C)
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Fig.1 Illustration of the fabrication procedure of CNTs@SiCp/Mg-6Zn composites: (a) SiC particles, (b) CNTs@SiCp, (c) as-cast
composites, (d) as-extruded composites!'™
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Fig.2 Optical images of as-extruded SiC/AZ91 composites with different contents of SiC: (a) 0%(volume fraction), (b) 0.5%(volume
fraction), (¢) 2%(volume fraction), (d) 5%(volume fraction)?
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Fig.3 SEM image and the corresponding EDS point analysis
results of AIN/Mg-9Al compositest
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NS B T YK TiB, POk, #9525 AZ91 & 4 1 E IR
5 3 FH (81+3) MPa 3/ 3 (121+4) MPa, Bt 7 58 i i
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BCAEA, AR . SR, FAS 15 A A 3 s AR
FENOR R BAR G # A G IR G 75 Bk X
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Tab.2 Commonly used in—situ reaction systems in magnesium matrix composites™!

Reaction systems Reinforcements In-situ reactions
Ti+3Al=ALTi
Ti-Al-C TiC
ALTi+C=TiC+3Al
Al-Ti-B TiB, 4AI+2Ti+2B=TiB,+ALTi+Al
) ) ) 4AI+2Ti+2B=TiB,+ALTi+Al
Al-Ti-B-C TiB,+TiC
ALTi+C=TiC+3Al
Al-K,TiF-KBF, TiB, 3K, TiFc+6KBF,+10AI=3TiB,+9KAIF+K;AlF,
Mg-Ti-B TiB, Ti+2B=TiB,
Mg-K,TiF-KBF, TiB 8KBF+2K,TiFst+17Mg=2TiB+MgBs+12KF+16MgF,
Mg-Si Mg,Si Mg+2Si=Mg,Si
Mg-TiO-B TiB,+MgO 2Mg+2B+TiO,=TiB,+2MgO
Mg-TiO,-C MgO+TiC 2Mg+C+Ti0,=2MgO+TiC
AI+N=AIN
Mg-Al-N AIN

Mg:N+AI=2AIN+3Mg
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ARG, T EOMERE A9 SN 25 2R B U (B AT AR
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S PR B RE 09 8 25 i 258 BE (0r00) L R JEE (o) I
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B RER R BE B R A RIS T A A T
SEURBERL BB B RS 5 BB 72 P BB 19 1 P < i
FAVEE R IR ORI SR BR T Bk 5 52 5 ARG I
FH A5

®IGEHEEAMHRAETEEA W

713 g

Tab.3 Mechanical properties of as—cast magnesium matrix
composites and the corresponding matrix alloys™4#

Fabrication

Materials oo/MPa oy/MPa &l%
techniques
AZ91 - 72~95 126~198 2.1~9
ZM5 - 81.3 156 4.89
Mg-Zn-Ca - 68 163 7.2
TiC/AZ91 RD, SHS 110~120 214~235 1~4
Mg.Si/ZM5 RSI 131.3 187.3 2.15
SiC/AZ91 Stir casting 99~150 136~215 0.2~2.3
SiC/Mg-Zn-Ca  Stir casting 97~149 136~260 1.3~2.7
TiB,/AZ91 FAS 117~125 197~217 6.3~7.3

H TSI I AT 2R A 2 2L R B T I B
FERMZEG 1A ERE IR, IR A A A H L 28 i
R P S BRSBTS VR RE Y E T B [
3 o 0 B A R S A AR IS IR RE 4R N T
W 2GR, K 4 50 T LA ST BE L 5 B RHA &

Kl 4 AIN/AZOLE & MRS i B 7R B &1
Fig.4 Schematic representation of the infiltration process of AIN/AZ91E composites®
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Tab. 4 Mechanical properties of the as—extruded
magnesium matrix composites and the corresponding
matrix alloys™ > 4!

Fabrication

Composites ) o/ MPa  o/MPa  &/%
techniques
AZ91 - 185~222 308~340 10.2~17
AZ31 - 175~210 245~275 12~19
AZ61 - 200~215 270~290 11.8~14
SiC/AZ91 Stir casting 257~372 289~444 0.7~4.3
SiC/AZ31 Stir casting 275~326 345~375 1.2~3.5
AIN/AZ91 Powder metallurgy 261+11  334x11 4.7+0.6

(SiC+CNTs)/AZ61 Powder metallurgy 368+5.5  420+4 4.7+0.6
(SiC+TiC)/AZ91 Stir casting 345.6 397.2 52
AR I J5 1 2 i P i R4 T DUE B R
SHERE SRR ERGEEA BERA, ok
O o R L A L P SR AR A 4 G o B (i R iR
= T 300 MPal®) {5 £ Bl 58 M i 2 DAL 5 BT
JEABEIL S A MR SR AR AR M 5 T 5%, il i
X R 3~4 KB, B A BERL I A b RL D) S Mk o
MV H R MR S B R RN R,
U, (RIS A I A A AR i S
& H TR G b R I I A — > B IR

Hassan 2553 £ 83 AR 16 4 3 AT TR AR TE il &%
th ALOYMg K& & 4 E, Horh ALO, Bk iy R~
50 nm, 40K ALO; UKL 1 AR LA 50Ch 0.22% |
0.66%FN 1.11%HF , 2fi 5 iy Jatt il 528 J3 A e v 5 52 433
H1 (132+7) MPa il(193+2) MPa 34 Jii1 £ (169+4) MPa
(191+2) MPa . (194+5) MPa #1(232+4) MPa (247
+2) MPa, (250+3) MPa, [R]iF, Hobr 24 i K 4 iy
(4.2£0.1)% 3 Jn & (6.5+2.0)% . (8.8+1.6)% . (6.9 =

1.0)% , SEEE T ReAR A 40 B -5 9 v 1 TR e 4 v i
W SCAE BT FE A 2 5 5 R - RN T TR AZ91
B AR AR B T 30K (1.033 wm, 0.17% (11
I3 H0)) A K (23.7 nm, 0.71% (R B2 20 50)) FTE f3 k
(231.2 nm, 0.62% (IR B4 %0)) £ R AIN ki,
AIN UKL 7E SRR th 2 A ¥ 50 H 5 SRR Bl 45 &

L@ & 5(a) MBS AZ91 A4 5 AIN/AZI9L
SRR = R AR TR R - R AR il ZR 1Y ]
TN, A AINJAZOT 54 MOREY JE IR 58 B R4 Hr o
JE A AZ91 A 4 19(78+7) MPa Fi1(133+7) MPa
HIm#] (106+5) MPa F1 (232+8) MPa, 43534 Jn 1T
36%F1 74% ., teAh A RR B W R Rt AZ91
B A (3.420.3)% N2 (19.3£3)% , 101 T £9468%,
Kl 5(b)H 548 AIN/AZIL B & MRS AL Z &

FHRHL B B B < B P 50 JBE 0 W SR R AT T X
te, ATLUAE Y AIN/AZ9L B 5 ARHEAT e i i 5 4
EREE

6(a) 1 AIN/AZI91 & G MRk 28 DL K EL 28
WL 7 1] (RD) AL A A ] (TD) Bz A (4 AR 1 ) -
7B 2650 0] DLUFR S AIN/AZIL 56 Mok 4
FUHI S BUS T s B 5 P s B ) B R L 4
G35 WEUE T FLH AIN/JAZOT 5 & 6 k)
() o7 i e IR 528 (TYS) F1 Bt 7 5% & (UTS) 43 %1 H
(103+4) MPa . (226+8) MPa % /i1 ] (338+5) MPa,
(387+7) MPa(RD)H1(351+6) MPa (405+9) MPa(TD),
AN T 228% .71%(RD) Hl 241% .79%(TD), ik
TR AR, BARELTE AIN/AZI &
AR A W 2R K 2 (e0) A BT REAIR (I 6(a)), {H 4N
5 B, AIN/AZ91 5 A M EHELAR7E RD #1 TD K
SRINA BT I (8%~10%) . &1 6(b)Hs 45 Pt 3k i

K5 #8 AINJAZIL E 5 et J1 2 PG« (a) 3635 AZ91 G485 AIN/AZI1 B4 FPRH T AR J) R A2 h £, (b) #5248
AIN/AZI 54 FHRHS A BER AT G R LL T B A 4 AU o B 15 1B 2 fi < ekt
Fig.5 Mechanical properties of as-cast AIN/AZ91 composites: (a) engineering stress-strain curves of as-cast AZ91 alloy and AIN/AZ91
composites, (b) ultimate tensile strength and elongation to fracture of as-cast AIN/AZ91 composites, other magnesium alloys and
magnesium matrix compositest*!
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Tab.5 Mechanical properties of as—cast, rolled and extruded AIN/AZ91 composites™=
‘ , TYS/CYS
AIN/AZ91 composites Direction TYS/MPa CYS/MPa UTS/MPa eT/%
(CYS/TYS)
As-cast - 1034 108+2 226+8 1943 0.95
Rolled TD 35116 405+9 10.5+0.6
RD 338+5 387+7 8.1+0.3
Extruded ED 181+7 166+3 336+6 28+2 0.92

G AL A e A 5 5 I SR A SRR AT T X
b, MR LLE 1 AIN/AZOT B & MR 5L E A E
U SR IA PSS A1 AN, N 6(b) AT H mireE Sk
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8) MPa F1(19+3)%34 /i £ (181+7) MPa ,(336+6) MPa
FI(28+2)% , 43 BIHETN T 76% 49%FIl 47%2 ) X £ 3
MR RIS, SRR L 2 S BOR B R
[i) () 1 4 Jett AR 3 B (CY'S)azt /)s T He 7 At Jeeh IR 5 B
X B G A g FR AR R X B 7B 48 CYS
5 TYS ) LA R X Hk A7 /A, CYS/TYS {H /],
B AR A 1 PR BRI R R SR B
i Y 2 A SR B (1 B G 4 B R A B CYS/TYS

{EAE 0.3~0.6 Z[H]S K177, N3 5 ] LI i AIN/AZ91
5 MR R M VR B R O R (ED) Y CYS 5 TYS
Z R 0.92, 585 M ELAE (0.95) JL-F- #H 45 | #4%
T 1, B AIN/AZOL &4 BRHBE TR AR B (R i
FEARXFRPE AT DL 2200, e ok, BRI A BT R ) AZ91 3
MR, I E 6(d) it , AINJAZIL & 45 41 KL
BT U0 A = A i S P 25 A 0D Rt TR Ao 8 v
ABERL AT B MRk 1) 5 B 5 0 ) % v i e R R
S A MR R, T K R 9 R ORE 3 R 1 JA6
J N F 5 A H AR SR B S B A MR I R AT
SR IR 1A RGR AR

4 HZFEESHHREILE
G2 RS ST A5 bR SR LB 15 1 Al T 2 4
RFITAER MBSO, H4 8 AT G bt 3 )

AL T g 5 2%, UKL 5 BE 5L 5 5 AR R At
FATC A 2 MR AL BB g iR 5 et 5y 4

K6 #85 AIN/AZIL B &5 MR 5 55 TR 5 19 01 2 MR BE < (a) $6 8 S 4L M &S AINVAZOL 45 B 4 il 437 A 1 g — )i A8 1t 45
(b) AN [m) Fh 2 56 BE A2 & B RHEL i AR BF 1) Je M i B2 5 B LM RS L, () S 8 S 5P IR A AIN/AZOL 52 & b} 2 iR B 15 e 45 14 17
J1-RiAE MR (d) BYIE S AZ9L & 6 S A A APRE I L B2 55 W7 240 A< X g 1)

Fig.6 Mechanical properties of as-cast AIN/AZ91 composites after rolling and extrusion: (a) room temperature tensile stress-strain
curves of as-cast and rolled AIN/AZ91 composites, (b) comparison of the yield strength and elongation to fracture of various rolled
magnesium matrix composites, (c) room temperature tensile and compressive stress-strain curves of as-cast and extruded AIN/AZ91
composites, (d) comparison of ultimate tensile strength and elongation to fracture of various extruded AZ91 matrix composites and
AZ91 alloys®™

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



(FHIE R A N03/2023

¥ o, % HEESAMHNBILTRHRE +213.

R “BRAGAIAY "4 S A BT AL <A R IC o B L
SRR P ) e " AELOL (H pR TR e AORE 3 5 AE
AL BE (9 R R B2 4%, 1 541k LAk B 31— B
4 JE S G R R SR ) AL T 32 A 4 R A 5
SR AR 22 T P A8 A A 8 6 5 Ak DT UE TR Ak | [
b A AR AL 0 TR Ak AR SR A A L X S HR
RIBISIAT 5L UR A OGS it ok )R] ik
T B A K 3R 802 S R B AR b RS 46 (HLBE
YRR BT GOK | 98 AR TURL ZH ol 1 XU 245 4 3 i
RIGIA CA 05 Ak 3V K T I B i kX Tt
BB SRR R AT G R B R U, SR TR A
FEHEIA T it 2 0 300 41 20 5 B S 2508 1 5 i B
ik PR, 76 UKL 3G 55 55 B A G b Rk o i ey 1 2
fili b, HIEVEAR S ALE B T P 250 T R AT
JRAIESY 3k SER} 2 [n) R fiff Do 5 B — IR AR
WORL IR AL BE R A AR s A AL, BT RN
ORI SR BE S A AR sR AL IS, DT S B
5 ) 6 B S AR M e T AN i T
4.1 #EEEMBIAENLIE

PrafaRAl 0 R AL B IA Ay 2 4 2K I K A
W HG5R PBE LG A AR — R EZE SR AL 7E
NAVERTE , HEsRAR < 5 AR ok A8 b s 3l iYL 4 AR
HARR, i H E R 5T 45 53R W] R SRR LU B s B
PIRLES BT U], DR A (A S S i R A e gk ki
By, A A2k A s XA At 1 B ke 0 AT R B PE
I H A 5 0L 3 v A2 B i iR ARG, B0
PRXTALEE R Sl A BH D B, TRl IR s 3R 0 i B
A TS )T o ZER e E T BOR R /N T 1 m 19
B AR BRI FOR UKL | HL AR 18 8 1A Ay 45 il
TR, 8 K TR AROK ASOR 348 58 (< BEL RSS2 6 32 3 5|
AL R A7 A 5 Ab L 9 FK A Orowan 5846 , AR 41 “Orowan
LAY B3 Gz By A At 28 2o 4 K I FORK 0K 1 5 R
17 44 15 P e B8 T LA 3 2 (D #EAT Al 55

Llnd& (1)
2mANV 1-v o

A0-0rowan:

Kb, G HE IR ;b MR A ISR IRTE
R T L 1 - X4 BRI BE v TR B s d, R B SR A AR
WA 09 AR o IALES S 22 A (D)
ATLAE B, R R AR R S e i R e v B T I
(- 244 ) BE A 0 8 i R 7 i A T 1 A
1 dy AHOG . X TBRIE (4 38 5 (R J0RE 1T 55, 3 s AR AR
e AT R S e R b TR N e AT T O <]
ACH AR PTAR A Nie 52 i 7 kg A7 i i =X
(ME1E:

'067[779 In 0'72 )
27\ 1= ( \/7 -0.785 )dl

A O Orowan—

A, d 53000 R 1 SR AR 4 SF- 3 AR AR FR A28
PRI I 38 i A 1 AR FRU G BAOBR e ) IROST /0N | 7 5 i b

PASTCIRAL B TR AR 5 R G S R K
FEBORIR, PR G A RHE B AR A I 25 3 U
5 RERR R R A AN A R FE VT AT AE RS s iR
BE A Ay ST B O 7 A L AR A 2067 4 (geometrical-
ly-necessary dislocations, GNDs), & h & 4 Ja ¥ 3
1k, L, BB s At J& T —Fh i s oAk 18 SCAE
T TE A BRI X AIN/AZO1 Z A # R AIN Bk
Jii) R P AR T S R AT T RS S SR & 7 iR,
K 7(a) M [ % AL BS AIN/AZO1 &2 A 44 BHHYHRTEM
W o 2 (0 5 1 Xl 28 0 L A28 460 (FFT) 15 21 /Y
RS 2 A 7(0) 7 o 38k X 1B 7(b) 47 5 B
ST AR E VT W S R 7 (@) R 2D B T DX A
T A A AR 43 5518 AIN 5 o-Mg, B 7(c) M 7(a)
rf T o S X e U A (1100) 1 448 S {8 L 72 o 75
#| ) HRTEM MR-, it ml DU, i F IR AL AIN
Hsm RS AZ91 & &Rk REGERL, KEE
TE AIN 358 kL 5 o-Mg 19 510 JE BB B 1T K /)
PARBCAL S o FIH GPA B4 XT E 7(a) 2L B E E IX.
B AIN B4 50 806 5 o-Mg 51 6 i R 28 7 05 A
HEATRLANL, S5 SR an & 7(d) e, b i 4 1 Sk 6 A

7 AIN JBUHLJE BBl A4 R 728 37 7347 < (a) <0001> fafi il T 181348 4% AIN/AZ91 5 A 41 BH HRTEM [ J | (b) 41 (6 45 A X B 1 4
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Fig.7 Analysis of the strain field around AIN particles: (a) HRTEM image of AIN/AZ91 composites after solid solution treatment
along the <0001> zone axis, (b) the corresponding FFT pattern, (c) inverse FFT HRTEM image along the matrix (1100) planes, (d) the
strain distribution of the red rectangular region in (a)”)
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(a) AIN/AZ91 E &M KL A TEM B34 88 -, (b) LA
AIN/Mg 510 i) HRTEM 8 5 DL AR S [ SAED & 653
Fig.8 The interfacial bonding between AIN particles and Mg
matrix during deformation: (a) TEM bright field image of rolled
AIN/AZ91 composites, (b) HRTEM image of the AIN/Mg
interface in the rolled sheets and the corresponding SAED
patterns™
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Tab.6 The relationship between the yield strength and the
content of reinforcements in magnesium matrix

composites>¥-!
Materials The content of reinforcements oo./MPa
0 96+6
Y,04/Mg 1%(volume fraction) 151+5
2%(volume fraction) 162x10
0.2%(volume fraction) 10216
AIN/Mg 0.4%(volume fraction) 120+1
0.8%(volume fraction) 12945
0 168+5
1%(mass fraction) 173+4
2%(mass fraction) 197+4.5
CNTs/AZ91
3%(mass fraction) 250+3.8
4% (mass fraction) 187+3.5
5%(mass fraction) 154+4.4
0 75
5%(volume fraction) 110
SiC/AZ91 10%(volume fraction) 120
15%(volume fraction) 145
20%(volume fraction) 169
0.5%(mass fraction) 169
ALOyMg 1.5%(mass fraction) 191
2.5%(mass fraction) 194

Pl B2 2 T AR A, 3 R Ry T CNTs B AT 3R 1 &
B, P, G B0 3 s AR R B0 U S A FLAR
T VRN g 2 PR RE A G2

Q)M SRR R T T B A 5 ARG i £ 4
ARAGRF AL, U L SCHr I | I S8 4R i BIF 5 K B
TR RURE ) 8 i AR A 18 g B8 4 JEE ) [ I B
IAVERRRAG, T 94 0K RUBE A 18 58 1A B AR BE A8 ] ) 42
o O JEE RV | (LA 20 K SR T 5 A vy e L
Yoy oA B 5 15 YL N R 5y 82 G M RHT BRECE
2= PEREATRE | T2 2% il & A s A L, JC
IR 50 RN B R (Y S PR PR R ORI AN 2 BRI
PN G X 2 A B o B R S AR L 2 AN AT
R AL AT iE s PR RE AR T I HUE 245
T8 X5 SN2k K UKL 55 A0 14 B 56 52 & BRI 5T L
[V, B AR 2P A TR 18 56 (R LU fROK IR 3 5 4 5 A7
B AR TR B AR SR R, (H A
R FADE IR A5 SR ARl 94 KRR £ SR
SIS AT T H. AR IBURL A i A PRAT S
JREERISEE | SRR S — D IR LR
18 ) — 5 1) R XE I S B0 A AR TR, ZHELBRE HL
R LA P, DT i 5 B8 S 418 g 9 s TR A B
X AL SN R ATURE 35 A B S A2 5 bR — Bk e 42
18 1 2 A
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SR, AN AR B I L 9 K UL B s AR B2 MR G
G FEAR L R, B A AR a0 K R B sk A4, U] 248
JETCIR R RME, HBRMRE I T2, FRARAE 7 Al
A, BRI, 1%AR 53 %0) 200 nm SiC J50kL 1 58
AZ91 L5 G MR JE Il B 275.3 MPa, 1% (&
U550 200 nm+9% (B 43 %50) 10 m SiC k7 4 ik
AZ91 FEZ G MR JE IR 5 B2 328.8 MPa, T 10%
(RFL5r 5010 wm SiC 0k 3 5% AZ91 3L 2 A 4 K
{14 Ji IR 588 B2 Ay 283.1 MPall, A 7EAH R 4514 F
RFL N 1% JXSF R 50 nm /4 SiCURE = A8 15
FEAS R B TR0 10% T8 25 mm B SiC
SURE 7 A B SR AL SR PRI 1 5 A RUST ) A B
% R 4 B BRI A A b R i AR B . Hassan 45
FFH A1 il £ T AR B ) A0 R B R )
(1) ALO, TURLI 5 (088 3L 52 G kL, H 1k fgan
T HR AR T LUE | 7634 5 A AR 40 B0 )
TEBL T, A1k ALO, JURL 1 5 b RS 3 A an g ok
ALO; UKL, [HIL, 40 oK 386 5 ik B2 B At 35 A9 i AL K
B, AR S R S M B A R ) 2 e
) 5

£7 AEALOBH RTHBNEES S#BK
F15 1 g

Tab.7 Mechanical properties of different sizes of Al,O;
particulates reinforced magnesium matrix composites™

The volume fraction The size of

Materials oo/MPa
of reinforcements/%  reinforcements
50 nm 17543
ALOyYMg 1.1
1 pm 209+1
Gk SR M AL & XMNTHERXEA

FORIIT S, B RS RO i p A & 586 &
4 32 DO A g s PR e e A T T, St T R R R A
BB AT 75T BB e LA KON A Bz 3 A BELAS R 2K
I IS o TRTIS BT ek o e R T A A 2R 2
BT REREIE L IR, A $i v 30 i 1A 15 4 J 1A
PSS & 1 A REA R o 5 bR F i iy 15
TR e A T ek S TR X7 5 4 R R ) I A A
MWD, AT SEBUR AR s R A [R] I e #
LA AR  [R] N, 39 56 A5 S5 A 36 5L 1T 245 4 A1
HAE WA BREE SR B S S
SPREF YRR 2R RE S I, ST A R — R B
KA MR 2 ERE AN B BEWT ST A HH AT

SRINT, S THIRG A2 P 52 e B B A2 5 o B SR 1
AR SIS S B RN R, B SRR
TR E M B BRI T 2 N J7 . SRR AR W
JihE Al 5 R A B (0 i AR e T IR T 4% T A
AL, AR5 AR T A S AR KBRS A B L 5 )
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T S5 A R Wu SR IAMIN SiC 2R 4t T
E0m W B AY 4ALBE S Mg FE AR K AR R 2R OB FE
SiC/Mg FL AL IE i MgO A, T 25 45 7 5 JE (1)
FAIG s LU B LA 5 1 0 A & A= STk 2% RN .
Wh9E & B SiC WUk Al ALO, 21 45 1k AZ91 & 4 it
#h4s K A LA 2E RN, 7E S IENAL TR BUMEPE AR |, 55 1k
THGRIA S Mg AR SE AR, S U AR
ik, 2 8 A2 T % WY 5 586 Bk & 2B Bt i S i
(1R 18 58 A A KT BB AN R T 4 v S TR 405 5 58 B )
e TR Sk TR R e SR AR S AR R A
SREE, TR A BER A G AR R R P N Y RS
F1R) 18 SR A B30 S ok A S S A, A B e R
T I 1 R A
RS GRS AV RIR AR E R

Tab.8 Magnesium matrix composites and the
corresponding interfacial reaction products'

Matrix Reinforcements Interfacial reaction products
Mg SiC Mg,Si
Mg ALO; MgALO,

Mg-Li SiC Mg,Si, Li,C,

AZ91 ALO; MgO

AZ91 SiC Mg.Si
(USRI A 1 R R I3 A 2 5 e Bk A

MRS EE Y O — B BN 2, JUHOR AR R (31 5
R, M TFHEmRER MR, MESEREEAM
A A AR DL AR R Pk e LB B | H
REDEFE SRR B I % 3 LA R s S 1 [ A AR
45 T AF ARG T 42 = 1 s AR e LR 5 4
(345 o3 A | BRI — 2 ROR 8 L2 65 M RHY
SREEA TARKEET, (HHI AR AR DL T At A
g 58 2 3G SR AR I 5 43 AT AT S T L TR ) — ROMERS
Hassan £ CUHF 5T 3% B 38 1 k3 AR AA 4 16 F s = A
JE 45 1 ALOYMg & G M OB 4 9 K ALO, ik:
AR FR S B0 0.66% 3 I 21 1.11% B A ™ &, &
AR AL I Jet IR 5 N B P A PR (191+2) MPa Al
(247+2) MPa 34115 (194+5) MPa £1(250+3) MPa, 1fij
b 24 i I R A i (8.8+1.6)% P& MK 4 (6.9+1.0)% ., A
U, MmN AL A AR BRI A MR 15 )
T IR AR R, X R BGRB8 o A it T
BRGEAE , A SCYEF RS A AR AR 07 i 45 1
T YKk AIN B Uk /3 A5 35 5] H 5 AR FLim 45 &
K9 J5A AIN/Mg-9A1 & 4 B4 FLHRITE A7 AIN/AZI1
AR H o, 1 e 350 200~230 MPa , 16%~47%
F1(240+10) MPa , (20+3)% , LBl T Mg-9Al & 4 5
AZ91 G4 i BE 5 I Pk I [ I i 2 B e 3 R B
M TR SRR BE & G SRR TP RO AR B, AN B
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JASE 52 ARG AT, BV AT S B0 s A R 38 50 43 A T
H AL T 3G 5K i T AN 5 32 15 e 52 | TR
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A T A A B 3 AR AT SR8 AT RE B A ke
B FUTHT RN R &R DT e T AR 5 A Y 4
B R B BB S AT R AT 2 far A% 3 TN B AS AL R 2 3,
EPE G A SR Y R B R

4.3 HFESEMMNBEIEE

T2 e, Zas ey v s g HA A
YRR, RECREAS FORL Y AR I A7 R B R Y 5
el A2 5, AN BESE Bk S ) FR AR IE T G e R A
AR R SRR AL RE 3G N & B2 S BH T
A1 TG SR AAE O A AR R i 2 5 R R
AroRL P AR () B AR JE R B 48 9 AR A % 388 2 £ 7Y [
B, 2 5 BAR IO A 2% A= 28 BAR AR A AR
1) il S R it S T A i e BB ) e A ek, D A 48
LRI | DT 72 A 22 22 0 7% T A2 T8 B 1 34 A fig
g fit ik 22 R AL fL i Ak, SRS E A MR
AEHT Ty IR AR AT DL 4R R G R
SR B, AHIXN 4 Ja 3 52 G b R B PR AR TR g ) 2
TSR, U T M R R R
MR B

& BB R T HE S T 45k (hexagonal close-packed
structure, HCP), i #8 & 43 hy JiL 11 1 #8 A THI 11 #% Al
HETHNE RS AE IR A R R R A RO 8
() 1If B¢ 43U 7 71 (critical resolved shear stress, CRSS)
53 314 10~45 MPa il 35~80 MPa, it = T 5E 1 1 £%
Z 8 5 CRSS(0.5 MPa) ™% [H % i T H A 3 i
W 20 LU 8, % 18 Von-Mises #EN] | b1 R} 2 47
WS YRR I /DR 5 AP S T R R T
TR LR R gt P i R &, N3 &
G M H A A R 2%

22 A (twinning) VA B AR B 19 0 — E 25 5K
A SN i 0, FE &R TARATF
Bl CRSS(HLH Z5 fih A 2~5 MPa) ik T4 1 ¥ 7% &
K AHETHIE S RT3 CRSS, HIt, 87 5 IR AR 1
PR B R A ST, L RS A2 PG R
BRI B T I P 2R A S S, AR 2R AR A
MIE AR RN, AR TR BOR 1.5% 0925 5 KRB i =
0.1% 1 ¥ P A2 JE 1) (H 25 A ] A% 3] B R A6 1] (25 4y
T TR 000 & R T 5 T X R ), i — DR AR R A
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