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Fig. 1 OM microstructures of AZ31 alloy after warm rolling:

(a) 1 pass; (b) 3 passes; (c) 5 passes
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Fig. 2 OM microstructures of AZ31 alloy after 2 h of aging
for 5 passes: (a) 120 C; (b) 140 C

KIL, 2 5 EIKIRELE S (SR TE &2 34.1%), AZ31
B AT 140 TS CA R AE T 4T RE.

R WO 24075, RA SEM #E1T
e, SERNE 3 fim. 120 CH AR KA 4 FHLs
Bl B TEZR A S AL I/ B G A SRR, UE AR
TR T B I s, X5 Z AT I Al AH—
U, RIS IR AR 2R i PR R B/D & 6 p 4 INBURDIR
T A, 3X U0 B AR i FUE 2 SR AR AT AR AL A
PEHERT RGHERE . 10 140 CHE,  HIBLAIEIGH/ N 45 5
ML, mFAERIEN, AEBRCIRET H Y B A TE
pm A b IRETHE 160 CRF, F4E AL A,
E AL PN Bl SR AL O SR B R BT th AR, AR Aok
FHRRAWRKK, BEHYHGHH B B LR S12%
Fase k. X522 AT ARREY, arEg st
A SR ER 3 AT R AR 7N B A RORE BRI S L BHLAS
ArkL R — D KR s,

22 EHEE

B 4 B AR #5308 VR L B ) 280 3R PR o0
WEEAR . B 4 ATLUEH, BEELHDE G, &
TR FEE AP IR A v o IR K1 DAy 2L 1 K ) 8 o ez
NIRRT B, AU T N A L DL R o

3 SAEIELHIB R AL 2 h J5 1 SEM &
Fig. 3 SEM images of alloy after 2 h of aging for 5 passes:
(a) 120 °C; (b) 140 C; (¢) 160 'C
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Fig. 4 Microhardness variations of samples after warm

rolling and aging for 2 h at different temperatures
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Fig. 5 Tensile properties of AZ31 magnesium alloy under

different conditions
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Fig. 7 XRD patterns of each warm rolled sheet: (a) 1 pass; (b)
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Fig. 8 Texture evolution after warm rolling and annealing: (a) 1 pass; (b) 3 passes; (c) 5 passes; (d) (160 ‘C, 22 h)
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Table 1 Crystallite size, microstrain and dislocation density of AZ31 alloy at different aging states

Aging state Crystallite size, d/nm

Microstrain, (g2)"%/%

Dislocation density, p/10™ m >

5 passes 41.46 0.125 3.253
(120 'C, 2 h) 46.26 0.069 1.616
(140 °C, 2 h) 56.64 0.050 0.957
(160 C, 2 h) 60.18 0.041 0.738
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Effect of multi-pass warm rolling process on
microstructure and properties of AZ31 magnesium alloy

LI Yan-sheng, QU Cheng, WANG Jin-hui, XU Rui

(State Key Lab of Metastable Materials Science and Technology, Hebei Key Laboratory of for Optimizing Metal Product
Technology and Performance, College of Materials Science and Engineering, Yanshan University,
Qinhuandao 066004, China)

Abstract: AZ31 magnesium alloy was used as experimental material to study the influence of low temperature aging
treatment on the microstructure and properties of warm rolled sheet by multi-pass warm rolling process. The results show
that the alloy microstructure is remarkably refined after 5 passes of warm rolling, from 38 um in the initial state to 2.2 um,
and no significant growth occurs during the subsequent aging at 120 “C to 160 C. After low temperature aging treatment,
the alloy maintains the tensile strength in the warm-rolled state, and its plasticity is obviously improved. Quantitative
description by grain boundary strengthening and dislocation strengthening model shows that the microhardness of the
alloy increases by 30 HV after 5 passes of warm rolling. However, with the increase of aging temperature, the
contribution of dislocation strengthening is significantly reduced, and the grain boundary strengthening has almost no
significant change due to the inconspicuous grain growth. After being aged at 160 “C for 2 h, the contribution of the two
main strengthening mechanisms to microhardness is 16HV.
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