532 5453 1) FEEREEEFHR 2022 4F 3
Volume 32 Number 3 The Chinese Journal of Nonferrous Metals March 2022
DOI: 10.11817/j.ysxb.1004.0609.2021-41028 E i

Bl

FKESESAZIIDEES S
RN NMESBEESRITHN

]1‘4:‘7]‘(1&‘— 1,2, g’]‘ﬂi%#,‘3, —é‘l:\/‘l%ﬂ_l)
(1 P/REEER TR MRS TREBE, IR/KEE 1500805
2. BATRHORY: MRRNES TRSE, WR/RIE 150022
3. MR AABEA IR A A, 57K 150028)

g3

N

Jl

Ay

i ZE: KH Gleeble-3800 B! M IS WX 5 1 & AZ9ID 8 G kAT 1 HIRAFSLS, W FAERE
250~400 C. MAFHE K 0.001~1 s 51 FHFEHIE S AZOID B4 & IR AN 11478, RN FH &M 0 0
(OM). EH HT(TEM)ATH T 15 U 2> BT (EBSDYX AR MO AH SV AT T8, 3 S Fe AR 5 F2 AN #A i T
Bl 25K NAREH R AR B B R 958 A AZIID B A & RAE N 147 NE B I R %IES
AZIID B A S A G i Ve B /& 360~400 ‘C. 0.001~1 57" 5270~360 ‘C+ 0.001~0.01 s7'; £ N A H 3 0.1
TR, BEERES S, SRR IIIE TR AT H 0.11 FEE0.02, JEASRER & 5 A7 HE 2 M p 20 4 7
SIS, FrRAEIE S AZ91D BES SIS T AL Ho Vi B U2 A e (e ¥ A% 5 B 245 R 45 A A P

XHEiR: AZIIDEEA S AR ZIAHA MR
XEHS: 1004-0609(2022)-03-0721-10

FESZES: TG146.2 NHERRERS: A

SISCH8: BRKAE, FhRME, 53T, 55 . FYREIERS AZ9ID B& &AL N ) M A 45 fb A7 0], T EG
4R 2R, 2022, 32(3): 721-730. DOL: 10.11817/j.ysxb.1004.0609.2021-41028

CHEN Yong-sheng, SUN Xiao-mei, JI Ze-sheng, et al. Flow stress and dynamic recrystallization behavior of
squeeze-cast AZ91D alloy[J]. The Chinese Journal of Nonferrous Metals, 2022, 32(3): 721-730. DOI: 10.11817/j.
ysxb.1004.0609.2021-41028

BEeRARIBENRERE, REHASHWHN  @AF, BaerEHNTT RIS EimAa RN

Bl s g, BB IRRE M K S Ul Ein T
LR, BEORGETREMEL, TERE. WL A
ARAESE A A BRI R AT = HEr, H AW
BT AZ31 N AZ61 G &5 H T A R, ZK60
HaEm TN Imm SRR, BRG] T RN,
{EHE DA SEIL S 58 & & A S5 1 =L S VE . AZ91D
& TR eSS, BAPEEE, AR,
AT DA R AL AR, RIRE Tk
P&z B INEGE2 . 58E

MR FEEVEROERE IR, e eI iE
WOEE IR NEEAT, AWCPETHELRE, AZI1 &€
JE TR ARG 2t

PrRpEIE R G A M IEROR, AEl
P TR 2RI, A R A6 FL AR AR S N F Bk
K1, BERARIE T 2P0 N B& B AL S iBE MG
R A0 T ARORBAR BRI T 2, ATRean
B < BT I A 1 S Bt AR A B SR T K AL N
T, BINTRHES G SN ARG BETT SR

EEWE: EHFEARPHAESEINH (51574100); 2IRILE AR S5 2R H 4018 AA 51T RI(UNPY SCT-2020033)

Wi HEA: 2021-01-20; f&ITHHA: 2021-08-09

BEEE: S, #u%, it HiG: 0451-86392501; E-mail: jizesheng@hrbust.edu.cn



722 T A e E SR

2022 £ 3 H

R SR . SEBLSE B E PR RE I A6 BT B,
HAl, KT HE®IE S AZIID EF A TEAT A
SCHRBURHEH AT BRI, RSO Il 5 4G
& AZ9ID B F AT RS R, TR AR
R MBS AT N, NEEHIESEE SR
0 AR, F i A EE Ve Sk A

1 £Ig

SZG M ORL ik T AZOID B & 45 (Al 8.97, Zn
0.68, Si 0.03, Mn 022, Mg & &, i & 4
%, %). AZ91D 4 JERAE 740 CHIHEN SCH550 4%
JEFEENLH, S EHIES AZIID LS & F /.
MM T B2 8 mmx 12 mm EFERFE, 7275
JE£5250~400 'C . RNMARH A4 0.001~1 s 5 A H
Gleeble—-3800 A BRI ML BT PR SIS, &
2 i R P B A 58, IR PRIV R 10 °C/
s, JEZAERTRULAS 8] 3 min, KA I8N 50%, JE

120
(@)
100 |
s 80 250 °C
s
§ 60
@ 40 300 C
E /‘\\_\“M o
350 °C
20} 400 °C
0 0.2 0.4 0.6 0.8
True strain
200
©
160 |
o]
(=W
S 120f 250 °C
S-mj 80 L 300 'C
= 350 C
40 400 °C
0 0.2 0.4 0.6 0.8
True strain

98 JE PO 78 DUOR B VR TR 2H 24

SEHG R FH 8% R 6 5 WA (Carl Zeiss A1 OM)FH
Wy K535 S e 1 B JEM=2010F TEM)ML 82 44>
RO LIS, X ARG J5 B AT T
B AT 5 (JSM=7000F EBSD) %3 M7 B & 1 13 45 74
FHE.

2 FER50H

21 REMATAH

BT ST RIS AZOID B A &K K
A -BN AR LR . B L RR, 4R AR T TR
AN IR I B AL TR R BB I O, AR
LB BNAR 5, A 48 T & (R A W niai Az
R IRHRBRAIG o 31X 2 SRR T AT A s i 1
AR L, RO IR TR IR, &
TR A R % R B — e H 5, R R3]
BHAAT RS RSP RN AR 2 — g i

160
(b)
140 b
120
£ 100 250 °C
s
2 80
8 o,
3 60 300 'C
)
£ 40 350 °C
400 °C
20
1 1 1
0 0.2 0.4 0.6 0.8
True strain
250
(d)
200 F
<
[
= 150F 50°C
3
g
o 100} 300 C
e 350 °C
50 400 °C
0 0.2 0.4 0.6 0.8

True strain

Bl1 ARFEZEA PG IEAS AZIID 54 H N f1- N2 dh 2k

Fig. 1 True stress—true strain curves of squeeze-cast AZ91D magnesium alloy at different strain rates: (a) 0.001 s™', (b) 0.01

sL(©01sh@1s™!



H3REH3IN MokA, 5 Frkfigds AZ9ID B4 MR RN A HA T 723
RYLHRA N A REE TR R T B R X JSTik[16-17] (Tt 5050% -

R ONBEH IR G N, SRt T R 2 A KD RN PIRASHS 5

Ju, WL RN, A THERRTR é=4,0" )
sS4, BRETNEBEEENEITREZNERE e PRSI

7, WAL MR, RN é=4,exp(fo) &)

Bt AR R I Nt e, RIS R IR
AR AR TURNE XD DN AR TR RN, AR
A1, A A A FE g LA, 3 i A A P ok
59, A IR RIEh A 45 S AR ) A DR

22 AHEFESHMIENZL
K M Arrhenius 75 #2117 BB IS G G BE A
FEIRAT IR B AR AR T A1), R

&= A[sinh (ac) exp(R%,) (1)

b RNEEIRAEHE THRIIFRE: ON

PR @) MAG) BT, it Ing - o Fl Iné -
Ing ZPERL G M2k, XA R ) o B R 7 o,
53 45 B B 0 =8.23 Al 3 %1 =0.092, 4k o=
pin,, RK1BZ % a=0.011, H Iné- Insinh(ac) 5
Insinh (ac) — (1000/7) L& &k RR M b, I
H R=8.314 J/(mol-K), Ff3KRH n=5.81, ILHEIERE
0=171.50 kJ/mol. # Q fAA(4):
)

RT “4)

THE R A ME I AR T R R - 7, 45 RN A
3FiR, & H InZ - Insinh (ao) B FFH R IR,

Z=éexp( = A[sinh (ac) ]

PRABTEEIERE: A ny a2 SIRETLRKIEE, % 1S 31 4=8.57x1012, RIS H R iE S AZ91D £
1 1
(@) (b)
0k A 0+ v
_1 L _1 .
_2 L 4 _2 .
=3 273
_4 L _4 L
st = 250 C 5| A
® 300°C
61 4350°C 61
—7Lv A ° v 400 C “Ttv
20 60 100 140 180 220 3.5 4.0 45 5.0 5.5
o Ino
1 2.0
(© (d)
B 1.5}
_1 L
1.0}
_2 ke :
b
0 3| 3 0.5¢F
= =
4 =
al £ ol
-5 E [ ] ls_l
-0.5 ® (.1s!
6 4 0.01s"!
L -1.0 F v 0.001s™
-1.0 -05 0 05 10 15 20 1.4 1.5 1.6 1.7 1.8 1.9
In[sinh(co)] T7'/103K™!
2 BFEHHIEDS AZ91D B4 4 Arrhenius JTFE I OC R 2R

Fig. 2
Insinh (a0 ); (d) Insinh (ac) - 77!

Relationship curves of squeeze-cast AZ91D alloy arrhenius equation:

(@) Iné —0o; (b) Iné —Ino; (¢c) Iné -



724

T A e E SR

2022 £ 3 H

|
0.27
0.24

2—1.5 —1‘.0 —d.S 6 O.IS 1‘.0 1I.5 2.0
In[sinh(ao)]

B3 HEHIES AZIID EEA 4 InZ-1In[sinh(as)] 1K &R

Fig. 3  Relationship between InZ and In[sinh(ac)] of

squeeze-cast AZ91D alloy

EE AR BPIYES

&=28.57"2(sinh 0.0110)** exp| -
p

171.50)
RT

G55 U8 PRASAD %5 W Bl 4544 kA5 Y
(DMM) #i8 F4 8 I B 77 62 T F B4
BEMIEICAT N — BN T E 2 i b ok X
WERRIEL X, AOXERRZEX, W3R
ZEXKM LT TZSH, WEadeRERNTS
B, NAEFREEARS. BEKORERXALS
AR S SR, T E e A X g A
HZAPO, B4 P BT R A AZ91D B ) #4
INTE. ME4FTEUEH, KO X SRR X I D)
FRIEHCRIBAR(0~0.17), TR 5 REAF T4
BEIN T A X0 m D3R AR X I, AR
T eI H A AF . RFRIX R B HTE 250 C .
0.001~0.01 s™' f1250~340 C. 0.1~1 s, 24 [X[H)
i LYEH 2 360~400 'C 0.001~1 57 5270~360 C .
0.001~0.01 5!,

23 EHBELET

Kl S s BT R 8518 45 AZ91D BE A 41 250~
400 C. 0.1 s IOMALEL. KhalX b Bl 2}
N7 YL FE AN N AR S 2R 250 'C . 0.1 s7'(IL B 5(a)).
250 CI & A R R TR R EUEAE V228
mns MR A 4 1 AR TR O 2 32 B R A B v RS R AR
A, MORMRTE JE e A N S T e AR, Nk S TE K
FalX S TN L. BEERET S, S mAEN

In(é/s7h)

2
0

2 _/_0.14
_3 -
0.17

_4 -
-510.19

2 0.22 29

0.27
_6 - / \
'224\ 1 1 1 1 1

260 280 300 320 340 360 380 400
Temperature/'C

4 FLRAZ0.7 W R HE S AZIID B & ) MO T
K
Fig. 4 Hot processing maps of squeeze-cast AZ91D alloy

under strains of 0.7

B L . A X AR 400 CRIAFEZ 0.1 57
BHALME ), BS R TR N LAE R
JOKHER Sy TEMARTE XA B R IESSEE SRR
BRI R AR BUE (7=0.27), 400 CH & &N
I R RS R BT 25 i (W AR F RIS 3 E AT, Bhas
SiCE T A S MG, (RIEA SRR
N IR, AR S, #400 C X K
EREAR T XA N - e AT CAHENT, B85 IR T
B TR TE AL B DAY R 2R AR R R N B A P45 i
FE,

Kl 6 AT s N B 8518 45 AZ9ID 8 & & E IR
250 C. 0.1 s H1400 C. 0.1 s %1 F A1
Kernel B[] B A1AD & S B m) 22 /R o0 A . — A
Kernel L[] IR 7~ AR TEAA B} P BB SRAR R AR, 368
DX 32 B HE AR K ) SR 3 m) 22, A R
AR, W O X IR AR/ S B ) 22 AR 2R
FAN AR /NPl 1] 6(a) W 52 2155 22 B F1 4R R X
B, SRS G AN, MHEEERS
BECRHIGEAE N AL RE, R Aok P AR 2
(78 T2 i AN AL X P S AR, EH P 6(c) M
RPEDHIN S EF X, ATRERES &S
A P AR VAR FE T 47 4, X5 OM o #r &h
FIe—FH . B 6(b)FI(d) T & 4 i i L)
LA, KAERAHIHHAGBs %, K6
(b)RTFE 6(d) 11718 A BB s S (20~ 15° /N JEE i T BE
B 53531 33.2% F118.5%, /NP (A2 18 e o



H3REH3IN MrkZE, 5. PHRBEGES AZ9ID BEA GRS A AT N 725

)
(A

(. ‘-'x A
.

b

El5 RARHRO.1 s INFEGES AZIID B A S 1A FIEE R IR AR T 4 41
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recrystallization in AZ31 magnesium alloy during extrusion

Flow stress and dynamic recrystallization behavior of
squeeze-cast AZ91D alloy

CHEN Yong-sheng' 2, SUN Xiao-mei®, JI Ze-sheng', AN Hong-liang’

(1. School of Materials Science and Engineering, Harbin University of Science and Technology,
Harbin 150080,China;
2. School of Materials Science and Engineering, Heilongjiang University of Science and Technology,
Harbin 150022, China;
3. Harbin Welding Institute Limited Company, Harbin 150028, China)

Abstract: The flow stress behavior of squeeze-cast AZ91D alloy was studied using thermal simulation tests on a

!, The microstructure

Gleeble-3800 machine at the temperature range of 250-400 ‘C and strain rate of 0.001-1 s
was investigated by using optical microscopy (OM), transmission electron microscopy (TEM) and electron back
scatter diffractometry (EBSD), and the constitutive equation and thermal processing map of the Squeeze-cast
AZ91D alloy was established. The results show that the effect of strain rate and temperature on the flow stress
behavior is significant. The thermal processing map exhibits that the suitable processing conditions as follows: 360
-400 C, 0.001-1 s and 270 -360 C, 0.001-0.01 s™'. The critical strain for the initiation of dynamic
recrystallization decreases from 0.11 to 0.02 with the increase of temperature at 0.1 s™'. The deformation twins and
dislocations are gradually replaced by dynamically recrystallized grains. The deformation mechanism of squeeze
cast AZ91D magnesium alloy changes from slip and twinning to the coordination of slip and dynamic
recrystallization.
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