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Effect of applied stress combined with thermal cycling on
plasticity of Mg,B,0s,/AZ31B composites

JIN Pei-pengl, ZHANG Feil, GUO Yan-hongl, WANG Jin-huil, FEI Wei-dongl’ 2

(1. Institute of Metal Research, Qinghai University, Xining 810016, China;
2. School of Materials Science and Technology Engineering, Harbin Institute of Technology, Harbin 150001, China)

Abstract: The creep behavior of the 35% (volume fraction) Mg,B,0s,, reinforced AZ31 magnesium matrix composites
was investigated under thermal cycling conditions with varied external applied stresses of 7, 14, 21 and 42 MPa,
respectively. The results show that the creep behavior of Mg,B,0s,/AZ31 under the thermal cycling with external applied
stress is primary creep stage at first, followed by steady creep stage and finally unsteady and quick creep. The composite
sample subjected to thermal cycling and applied stress of 42 MPa occurs an unsteady and quick creep after a shortly
steady creep. The drastic fluctuation of strain rates has less effect on the strain increment trend when the composite
sample subjected to thermal cycling and applied stress of 21 MPa. The tilt angles of hysteresis loops decrease with
increasing the applied stresses. The lower the applied stress is, the higher the strain rate sensitivity exponent m is.
Superplasticity behavior also occurs for the composite isothermal creep experiment at 400°C. However, the strain rate of
the composite isothermal creep is much lower than that of the composites creeps when the composite samples are
subjected to thermal cycling and applied stresses. The average thermal residual stress in the matrix Mg alloy approaches
null at elevated temperature of about 300 ‘C. The residual strains mainly appear at upper temperature during the heating
of cycling.
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Table 1 Components and content of AZ31B magnesium

alloys (mass fraction, %)

Al Zn Mn Ca Si Mg

25-35 07-1.3 =02 <0.04 <0.30 Bal.

F 2 Mg,B,Os b EA T fE
Table 2 Basic properties of Mg,B,0s,,

Diameter/ Length/ Density/ Modulus of

A -
ppearance pm pm (grem )  elasticity/GPa
White needle  0.5-2.0  10-50 291 264.6
Tensile Melting
Appearance strength/GPa Hardness, HM point/'C
White needle 3.92 5.5 1360

HHEMEERH LB ARBRIES &, RS
PO SRy 1.2 3HTEOR SRR L i Tt
BUBNBER S, o RS 4, B Ik, A
TEFEAE— 5 FLAS (40 Pa AEAD) R BEP R4 T o AL
EF) 670 CA A, {96 10 min, @A 0.8 MPa @S /%
WARE 1 h, R RER, Sl B4 35% 6
PR NG SRR L OB A S A AR ] i R e
EH SR AARI s A TV I 55011 2 e AN T 7 A AV
I T e RIRINAGRAR I T, FEAPREAT 22 Y 7R K Ak
B, OBKIREER 260 °C, fRIE Th, JARER.

B AAEDIN TRK 110 mm, F4% 6 mm, #ik
LA M6 [PIARHERFT, 7555 [F DSI(Dynamic Services
International, Inc.)2A F] 4] Gleeble3500 #/ A 4L)
SR EHEAT S, SR R BRI ARy ORI LA R
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7. 14, 21 F1 42 MPa RNy, FHEFRRE LN 15
‘Cls, ToORUEITA]

2 IEER

1 Fir ly Mg,B,0s/AZ31 E A5 MEHE 7. 14 F1
21 MPa 23 AR FR 250 YR AP IR 05 AR 4% il
gk, A RBURRNANHA 9X107°, 30X 107 Al
110X 107, WFEHKRNHNA 1.5%- 3.8%F 12.6%.
767 F1 14 MPa F, ARG /N Es e, A
21 MPa M IIR J3 R EIE 115 RGN AR R AR
SEAEBWIE I, H R R R K E. 8 2
Ji7Rk 21 MPa | AR AR W AR AR BRI AR 48 i
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(1) SR Bt SRARBR AR AR AR, {RAKSAR 1T A
B AR AT A LMER R R, AR AN b
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3 s o — AR KSR AR AE 7.
14, 21 F1 42 MPa N 20 (RIAJEIHTZE. I 3 BTLL
FH, 5EANEIE, 7. 14 121 MPa FRRFEVIG 4 Y
AZERIANK, #AE 9X 107 ZiAi, AL 42 MPa In#k)5
RFEWIEA A N AL F] 66X 107, 20 IKBVEIL R, ANH
A aer VB F R 1) SR AR A R AR 43 5 R 6X 107
8X 1073, 11X107° M1 26X107°. MK 3 BT LIEH!,
BEAG AN A 3, BRI S ok, R A
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IMAE 42 MPa FINIVERTE, Bl BV ARAE SR AHI R JLAS
TR ARERE, LU HIZ 88



2770 A G A R

2012 4F 10 H

—_
N

(@

—
[\
T

—
(=]
T

Strain rate/107°s™!
o0

x
2 L ! L L 1 !
0 50 100 150 200 250
Cycling number
11
(b)
10+
wor
= 4
L
S 41
g 7
s
wn 6f
5T :M
4 L 1 ! 1 1 I
0 50 100 150 200 250
Cycling number
y c
50 (c)
16 +

Strain rate/1076s™!
o

oo
T

0 50 100 150 200 250
Cycling number

1 Mg,B,0s,/AZ31 EHMEHESN ST R 20~400 CHG
IAERT MO R — AR 18 2

Fig. 1 Cycling number—strain rate curves of Mg,B,Osw/
AZ31 composites under external applied stresses and thermal
cycling conditions of 20 to 400 ‘C: (a) 7 MPa; (b) 14 MPa;
(c) 21 MPa
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Fig. 2 Cycling number — strain increment curve of

Mg;B,05,/AZ31 composites under external applied stress of

21 MPa and thermal cycling conditions of 20 to 400 ‘C
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Fig. 3 Cycling number—strain curves of Mg,B,0sw/AZ31 composites under external applied stresses and thermal cycling
conditions of 20 to 400 ‘C: (a) 7 MPa; (b) 14 MPa; (c) 21 MPa; (d) 42 MPa
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Fig. 4 Thermal cycling curves of Mg,B,0s,/
AZ31 composites under different external applied
stresses and thermal cycling conditions of 20 to
400 C: (a) 7 MPa; (b) 14 MPa; (c) 21 MPa; (d) 42
MPa; (e) 21 MPa, the first 10 cycles compared
with the last 10 cycles
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Fig. 5 Applied stress—true strain increment curve of
Mg,B,05,/AZ31 composites under external applied stresses

and thermal cycling at end of the 20th cycling number
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Fig. 6 Stress—strain rate curves and stress exponent of
Mg,B,05,/AZ31 composites under applied stresses of 21 MPa
with thermal cycling conditions of 20 to 400 ‘C and isothermal

creep
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