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Abstract: Hybrid reinforced magnesium matrix composites incorporate two or more reinforcement phases with different
properties into the matrix, leveraging the advantages of each reinforcement phase and the matrix to achieve composites with
excellent comprehensive performance. This study investigated the effects of squeeze casting and continuous squeeze
casting-extrusion on the microstructure and mechanical properties of 0.5 wt.% Ti/AZXW9100, 0.5 wt.% TiB,/AZXW9100,
and 0.5 wt.% Ti,+0.5 wt.% TiB,/AZXW9100 magnesium matrix composites. The results show that the addition of either
0.5 wt.% Ti, or 0.5 wt.% TiB,, alone can refine the as-cast matrix grains of the composites. The most significant grain
refinement effect (from 118.25 wm to 53.79 wm) is achieved when 0.5 wt.% Ti, and 0.5 wt.% TiB,, are added together.
With the addition of 0.5 wt.% Ti,, the 3-Mg,,Al,, phase in the composite is significantly refined, and the area fraction of the
second phase decreases compared with that of the matrix alloy, becoming the lowest among the three materials. In contrast,
the addition of 0.5 wt.% TiB,, increases the size of the (3-Mg;Al;, phase and results in the highest second-phase area
fraction. When 0.5 wt.% Ti, and 0.5 wt.% TiB,, are added together, the 3-Mg;,Al,, phase is significantly refined compared
with the addition of 0.5 wt.% TiB,, alone, and the second-phase area fraction (5.175%) lies between that of the individual
additions of 0.5 wt.% TiB,, (5.694%) and 0.5 wt.% Ti, (3.642%), although it remains higher than that of the matrix alloy
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(4.433%). The addition of Ti, or TiB,, alone weakens the texture strength of the matrix, whereas the combined addition of
0.5 wt.% Ti+0.5 wt.% TiB,, results in the lowest matrix texture strength. The addition of 0.5 wt.% TiB,, improves the

strength of the composite but reduces its elongation. In contrast, the addition of 0.5 wt.% Ti, slightly increases the strength

but significantly improves the elongation. When 0.5 wt.% Ti, and 0.5 wt.% TiB,, are added together, the composite achieves

a yield strength of 211 MPa and a tensile strength of 318 MPa, representing increases of 13.4% and 7.4%, respectively,

compared with those of the matrix alloy, while maintaining an elongation of 14.9%. This demonstrates a combination of

high strength and excellent toughness.

Key words: magnesium matrix composites; hybrid reinforcement; microstructure; mechanical properties; hot extrusion;

continuous squeeze casting-extrusion
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Fig.1 Integrated preparation process of composite material casting and extrusion: (a) alloy melting and particle addition; (b) ultrasonic
treatment; (c) pouring; (d) extrusion casting; (e) hot extrusion
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Tab. 1 Nominal compositions of the AZXW9100 alloy matrix and its composites
(mass fraction/%)

Mg Al 7n Mn Ca Y TiB, Ti
AZXW9I100 Bal. 8.9 0.8 0.2 0.3 0.1
0.5TiB,/AZXW9100 Bal. 8.9 0.8 0.2 0.3 0.1 0.5
0.5Ti,/AZXW9100 Bal. 8.9 0.8 0.2 0.3 0.1 - 0.5
0.5Ti,+0.5TiB,/AZXW9100 Bal. 8.9 0.8 0.2 0.3 0.1 0.5 0.5

2 AR PR IR 55 KORE 42 404 - (a) TiBs, 688 5 (b) TiBy, BLAE 40 5 (¢) Ti, T35 (d) Ti, BLA% 40
Fig.2 Morphology and size distribution of reinforcement particles: (a) TiB,, morphology; (b) TiB,, particle size distribution;
(c) Ti, morphology; (d) Ti, particle size distribution
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Fig.3 XRD patterns of the AZXW9100 alloy and its composites
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Tab.2 EDS results of the second phase indicated by

different arrows in Fig.4
(mass fraction/%)

Mg Al Ca Mn Y Zn
Blue 60.23 23.42 1.48 0.67 14.20
Orange  59.74 32.32 7.94
Yellow  2.30 38.30 - 0.60 58.80

4 FARG 4 K 3 P G A R RO AL 2L (a) AZXWI100; (b) 0.5%TiB,/AZXW9100; (¢) 0.5%Ti/AZXW9100;
(d) 0.5%TiB,,;+0.5%Ti/AZXW9100
Fig.4 As-cast microstructures of the matrix alloy and composites: (a) AZXW9100; (b) 0.5 wt.% TiB,/AZXW9100;
(¢) 0.5 wt.% Ti/AZXW9100; (d) 0.5 wt.% TiB,,+0.5 wt.% Ti/AZXW9100
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Fig.5 BSE images of the hot extrusion microstructures of the matrix alloy and composites: (a) AZXW9100; (b) 0.5 wt.%
TiB,/AZXW9100; (c) 0.5 wt.% Ti/AZXW9100; (d) 0.5 wt.% TiB,,+0.5 wt.% Ti/AZXW9100
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B 6 eG4 R 3 R SRR R AR 8t
Fig.6 Statistlcal diagram of the area fraction of the second phase
after hot extrusion of the matrix alloy and composites
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B R SE i K5 T AR TiB,, Ji , R 2 [ i i/

Bl 7 HefRf 4 e 3 FE A MRS K )5 1Y IPF &1 PF & | dfokn RoSF 5340« (a~c) AZXW9100; (d~f) 0.5%TiB,/AZXW9100;
(g~1) 0.5%Ti/AZXW9100; (j~1) 0.5%TiB,+0.5%Ti/AZXW9100
Fig.7 IPF, PF maps and grain size distributions of the matrix alloy and composites after hot extrusion: (a~c) AZXW9100;
(d~1) 0.5 wt.% TiB,/AZXW9100; (g~i) 0.5 wt.% Ti/AZXW9100; (j~1) 0.5 wt.% TiB,;+0.5 wt.% Ti/AZXW9100
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Tab.3 Fundamental parameters for calculating the

contributions of different terms to the yield stress of
nanocomposites? !

1q%ﬁ ?)

AO‘ Orowan

T -
k/(MPa-pm’) bmm  G/MPa B Aw/K'  ATIK

210 0.32 16 500 1.25

19.6x10° 275

P8 AZXWO100 B & <6 S S8 RPRHRSE IR (9 1510 15 7 — 13 A2 h 2 AL PR RE - () (R ) - I8 2k 5 (b) 1221k BE
Fig.8 Tensile stress-strain curves and tensile properties of the AZXW9100 alloy and composites after hot extrusion: (a) tensile
stress-strain curve; (b) mechanical properties
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Tab.4 Contributions of four strengthening mechanisms to
the material yield strength, along with theoretical and
experimental increases in the total yield strength

Aoaipes AT Aocre AT oo AT, ‘experiment Ao theory
0.5%TiB,, 4.988 0.188 18.879 11.334 15 27.196
B B9 BT

MAERA Ti, J5 , U SR BE R B divk RO i A
B, 2l BN RS (B T Ti, 330 AL TR ER
G A AT AR R S A B AN 0.5%Ti+
0.5%TiB,, J&i, T TiBy, M Ti, Ay 3 [ 4 {15 5%
JEPE— 5 TE

3 #Hit

()N 0.5%Ti, fi1 0.5%TiB,, ¥IRE4NLE A+ K
LR SR BEA TR 0.5%Ti,+0.5%TiB,, Ji , & & 41
L IR B SoRL RT AL ROCR it (B 118.25 um
W /NE 53.79 wm), N 0.5%Ti, AT 0.5%Ti+
0.5%TiBy, Ji7 , B-Mg,Al, AT i 35 44k, KA 4 41
H1 -Mg 2 3% 22 R R A0 AR 0 55 ARG AR . ¥
0.5%TiB,, Ji , B-MgAly, AR FHE K

()TN 0.5%Ti, B &5 MHRHSS — AR T 3 £
X FEARG SRR, 2 3 Fbh R B B AR Y
NN 0.5%TiBy, Ji , 5% A T AL B0 K B A TR
0.5%Ti+0.5%TiBy, i , 55 — AH Il B 43 $0(5.175%) &
FA AN 0.5%TiBy, A Frimi /b, & A T HMusm
0.5%TiB,,(5.694%) Al 0.5%Ti,(3.642%)Z 1] , {H & T
AR A 42(4.433%), Ti, Al TiBy, W13 il sl 55 3L 14
fR LU 5 L 0.5%Ti+0.5%TiB,, B A 7R A5 2 T it
AN AR SR R B

(3)A I 0.5%TiB,, fit B8 #& & & & Mk ik Ji
Bl AR R [ B 0.5%Ti, fig /)N R 352 = b1 kL i
JE TR 8 3 4 A R IS S N 0.5% T +0.5%
TiB,, i, & M kHR J IR 5 B FHT a8 B 430
211 i1 318 MPa, 73 5l B FEAR B2 &5 13.4%F11 7.4% ,
A AR ) 14.9% , He 52w (4 58 3 A R ) Pk
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