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Abstract: The microstructure evolution and the kinetics analysis of static recrystallization during annealing of multiple
forged AZ80A magnesium alloy were studied by experimental observation and theoretical calculation. The results show
that, with the extension of annealing time, the recrystallized grains increase gradually at the annealing time of 3600 s, the
volume function of recrystallization is about 88% after annealing heat treatment at 150 C; when the annealing
temperature is 175 C and the annealing time is 1800 s, the fully static recrystallization occurs and some grains grow up;
at the annealing temperature of 200 ‘C, the volume fraction of recrystallized grains is about 70% at the annealing time of
360 s, and some of the recrystallied grains grow up at annealing time of 900 s. At the temperature of 250 C, the
recrytallized grains grow up after 360 s. Based on the Avrami kinetics analysis of static recrystallization process, the full
recrystallization times at 150, 175, 200 and 250 ‘C are 4160, 1387, 485 and 85.6 s, respectively. The recrystallization
energy for multiple forged AZ80A magnesium alloy is 71.48 kJ/mol, and calculated results are consistent with the
experimental ones.
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Fig. 1 Optical microstructures of AZ80A magnesium alloy
before (a) and after (b) multiple forging
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Fig. 2 Optical microstructures of AZ80A magnesium alloy annealed at 150 ‘C for different times: (a) 360 s; (b) 900 s; (c) 1800 s;

(d) 3600 s
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Fig. 3 Optical microstuctures of AZ80A magnesium alloy annealed at 175 ‘C for different times: (a) 360 s; (b) 900 s; (c) 1800 s;

(d) 3600 s
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Fig. 4 Optical microstructures of AZ80A magnesium alloy annealed at 200 ‘C for different times: (a) 360 s; (b) 900 s; (c) 1800 s;

(d) 3600 s
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Fig. 5 Optical microstructures of AZ80A magnesium alloy annealed at 250 ‘C for different times: (a) 360 s; (b) 900 s; (c) 1800 s;

(d) 3600 s
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Table 1 Volume fraction of recrystallized grains of AZ80A

magnesium alloy annealed at different temperatures for different

times
Volume fraction/%
Temperature/C
360s  900s 1800s 2700s 3600s
150 1.1 8.4 353 66.9 88.3
175 159 67 - - -
200 77.1 - - - -
250 - - - - -

“—” means recrystallization grain size growing up, impossible

to calculate.

Ub, PR SRR R 7 KL o S5 I R O R T BLT (1)

p=1-exp(-Ar") (D

Kb o AR ERARIIEG 4 85 SREARA



2210 PR SRR

2014429 A

KINZH ¢ AL n 4 Avirami 380 R
(1) P T HUN H T 45 -

ln[ln( ! H =lnA4+nlint 2)
l-¢

1
l-¢

@) I, ln{ln[ H‘% Ins KR,

Hn y\jln{ln( !
1-¢

7 B K ] Xt 2 FR) 445 8 AR B 00 BAR N 3R (2) IR kAT

H—lntﬁ?ﬁﬂ@fﬂ%: 150 CTFA

ek, WLAA3E] 150 °Cﬁ%£%ﬁﬁln{ln[ll HE
4
Inz {R R (LI 7). 1l 7 iTLLE

100

80

60

/%

40+

0 10 20 30 40 50 60

t/min
6 150 “C &5 SRR AR 7 ity B PRt I i) ) 96 %
Fig. 6 Relationship between fraction of recrystallied grains

and annealing time at 150 ‘C

I_
O_
— I
=8
11
l—'_‘ _2-
=3 In[]n[ll ]]=8.65+2.3]n.'
-
_4.-
_5_
15 20 25 3.0 35 40 45
In(#/min)
E7 150 "Ci%ﬂ(uﬂ‘é?ﬁﬂﬁln[ln[ 1 Hlm sk
l-¢

Fig. 7 Curve of h{]n[ 1 H —Inz of alloy annealed at 150 ‘C
l-¢

ln{ln(l_l(pﬂ'é Ins SUTEFIZIESR R, BL0TF

Avirami J7 0] DUECIF HA IR AZBOA BG4 2 In i
J&i 150 “CARER K AR FR P2 did B . 9 7 R 11
RERAHI n=2.3.

SERTIAE U RARW], 4R SR C R
Wi /& Arrhenius J7 F2!%):

vg =B exp(%) 3)

AP v ARG R, B A
FLARFR D BTt (I 8] ¢ e b, Bl ve=g/t; B A%
B RONEEIRUREEG O PSS EGERE: T hiR
KL o

SN ) IR S

% =B exp[— R_QTJ 4
2 (4) P O E T 45

ln(ﬂjzlnB—g-l (%)
t R T

M Z0(S) AT A Y, A4 A AR 1 45 i B R T B
BB TESRR. R 151, 150 ‘CiE/K 2700 s,
175 "CIB K 1800 s F1200 CIE K 360 s X 57 (1) 7145 b 14
U EAY N 66.9%- 67%H1 77.1%, 4L T-Fa5E 745
AT B, K% AR AR S BN Y IR K SRR
(5), FHHATEERS, 45FWE 8 fix.

Kl 8 H‘J%#%(—S.S%)Eﬂj'y—%, HE(12.015) %

-6.0

=6.5

In(/f)=12.015-8598(1/T)

In[(e/)/s™]
=
=

|
=
wn
T

|
&
=
T

“210 205 220 225 230 235 240

T71/1073K™!

8 & In(p/)5 VT MXFR
Fig. 8 Plot of In(p/?) against 1/T of alloy



24 55 9 %R, % ZREEE AZSOA LA IER ST AT N 2211

InB [MAE, [FUE W] 15 2] 5 6 0 FF 45 s Be o=
8.598 X 8.314 X 1000=71.48 kJ/mol. 1% ¥ fiE ik T2l 8k
FIBS AE 92 kI/mol®, IXJE i FAEAR L fE &=k
PEREFIA AT, TREE AR TR IR, JUHE A e
{EFITEE RN AL AR 22 0 T 45 b AR AR S A i A
(RN At RN T S R B A TR F, TS 68 AR AR 55 48 A e
BEAKE IR S 1 5 D580y, ATASRR &S Al N e IR 15 1 ) P
THAEMRERIRD, TP T P4 s e

— MR, PR AR TR B 95%(0.95)
IR 8 oG4 kAT g dh, Bk, @)
ATRATHEEAG 150 C I8 45 Sa I i I I [R] 24 4160 s.
A PRES BRI e, AR HE 2C(4) T DA 21AS
[t 2T 5 JAH [ 85 s et R A2 R 23 B0 7 ) T 7 Bl
fH:

h_ o 21 1
L, eXp[ R (Tz T H ©

e o F o 43 IR KR BE Ty AL Ty I 58 BOAH [ 75
S8 A ARRE T BUTTRE I IR INFTR] o 150 “C (423 K) I AN ]
P i et LR S BT 6 Y B ) 2 AR #0 ER
I, ¥ T4 175 °C(448 K). 200 C(473 K)F 250 C
(523 K)7 AN (6) I 152 175, 200 11 250 “CH5¢
FRAN TR P45 i SR AR AR - BT R (R T, 45 sk 2
Ji

HEE 2 i, 29 HA 2R 175, 200 £ 250 C5¢
P2 b P N ) B SE e 4 R S MR 2 RISy
AR N A G g sl 2t sk, g5 3w 9
R B9 LA, AR KR T &, 4
n TEAZ A I AR A AN WA, (EL 58 B 45 it (1) e ) 2
JEYRAD, X T R, R R R, L
TR . ZHhZE T R HE AZSOA BEA 4R K AL EE
T 25 %,

R 2 ANIRREREE N AR K SN R AR A 23 BT 45 & i i e
fi)
Table 2 Annealing times for different volume fractions of

recrystallized grains at different temperatures

Annealing time/s

Temperature/‘C
1.1% 8.4% 35.3% 66.9% 88.3% 95%

150 360 900 1800 2700 3600 4160
175 120 300 600 900 1200 1387
200 42 105 210 315 420 485
250 74 185 37 555 74 856
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Fig. 9 Recrystallization kinetic curves of AZ80A magnesium

alloy
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