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Study on the effect of heating rate and holding time on the microstructure

of ultra-fine grain AZ80 magnesium alloy-in the semi-solid state
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Study on the effect of heating rate and holding time
on the microstructure of ultra-fine grain AZ80

magnesium in the semi-solid state

Student : Chek-Pui Chou Advisor : Dr. Ray-Quen Hsu
Department of Mechanical Engineering

National Chiao Tung University

ABSTRACT

Magnesium alloy has many advantages, such as light weight, high
specific strength, but its formability is limited under room temperature, so
that it is not used widely as aluminum alloy. Semi-solid forging and
casting is a low cost process that can be used in magnesium forming, it
can make good products, this process need the billets that have spherical
grains while they are heated to semi-solid temperature for forming.

In this study, the microstructure evolution influenced by holding
temperature, heating rate and holding time were studied, ultra-fine grain
AZ80 produced by ECAE (Equal Channel Angular Extrusion) was
compare with As Extrude AZ80 in semi-solid state. In this study, we used
the high frequency induction heating to provide a fast heating rate. And
observe the microstructure evolution in the heating and temperature
holding process after quenching.

The result showed that holding temperature had great effect on grain
size in semi-solid state; smaller grain size and more circular spherical
grain shape were benefit for semi-solid forming. ECAE AZ80 was a
better choice for semi-solid forming than As Extrude AZ80 as billet
material.

Keywords: Magnesium, Semi-Solid forming, heating rate, holding time
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( Accumulative Roll Bonding » ARB) [29] ~ & 474 ® & 3 it /2

( Repetitive Corrugation and Straightening - RCS) [30] -

Mg A R sk & 4 P9t % ECAE e ] ¥ ohh 5

2-4-1 /5 & 3

ECAE Z_f# 80 # i~ d Segal [S]#7#% d! > # vyt 33 2 #5345
g

-

BEERAEETG A R Fl o BELE 1190 # S
ECAE { &€ # kde IV * 7 SPD A 4 % 5 = Hosl fu e e
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- N W DS
5 $ S 38 o

Slip
Movement

Solid Component

Liquid Component
U/ 77777777 77777727777777777.

r

B 2-2 % BT 2 5k 5 [2]

31



(b)

® 2-3 (a) & st fa (b) 5 3K & [2]

Stirrer Heater

Mashy Metal ﬁ\ Mold
-1 7

© 000000

B 2- 4 454 2 J4E[7]

32



®

271755 ()

(b) 2 5[11]

T X

K

Bl 2-6 & BEMIRE

33



s U T .
" TS ) - S

N . s D g
A\ B

T

Al
_ig . p @ 2
R A

B 2-8S ; I
IMA i 200 “C 40%/& 55 & 2 & it e 3 [17]
E R AT .‘7—3

34



Plunger

Die

e -~

Bl 2-9 %o & 5% 7 & BI[31]

35



Y2F FEHRI2ELR

3. ¥ MG RSO SR N  BNGBECAE GL L £

R A 2 ARk B Sl SE R X AL REH &

AR 3 16 o T HY R HH A RE G

LR&EHF

-

AABREY AZBO4E L AP AZBEE 47 s 454F5E £ 0 H i
T d ok SLE R R R R Ao 32477 o
AZ80 £ & 472 e B - BRARE aE L R B AT i

FRERY P40 T4

"3‘>

£ER L
moAFHRE* 2 AZBO R EHAGERTHUACL R I 4777
oo - BRI EE L P AR S B e IR A T

36



b

AR MR RRAEINRLEPEA T A - AL HLET 2

ok 2 FFEPERE

2R KA

1L BN w R L R RRESE - R P g 24
28 v E Bk y > TL R EF G

BLw /T2 FE R ~ BT - i K2 W A2 P [ Sdice. ECAE > e[

2. $isdk 4 F REEEE D O =900 U =0 - :EARBEE

4ol 3-3 “ror o

o
e

AEE Ll a2 B2 5 E > 56 ECAE Frl 2o AZ80 3 7 Pi#

4 REBEIERGIHED G LTI PHS AN - d 0
F2APMF LTI - F O HARRY O L FTREE
PUEFR B A DA Do e BAR R ARE > LS

TEDL)C/smt s i REEZNFEFMTHREE K G AoB] 34

37



):'Li—ﬁ- o
D, EAPEZAPM KA  AEE C FEH LR G - F Pl loz KB
U~ fekr § IR B4k (4.5g E kAL ~ 1001 AkFEAL ~ 10m]

FAG K~ 80Hll/ﬁ‘f§)‘ﬂj\lk|*}‘$ BB GE P EE 2 k8 Rk

33BN R

3-3-1 $ /54 5 Bkl

1. H#AREEE s AZ8O F4+7 = 13mmx13mmx40mm 2. < =} o 4[] 3-5
»:’-rﬁ- o

2. 7o F A A F RGBT F 0 5L 5 R BlAcB] 3-3 45

¥ 2 LR H AL

1.1 Fesifir B~ flrgp ~ b R kS~ Sod i si@m B o

124 7 RBF AP % oo v F RIS 2137 > 3 de iz

e heil (4 FoREBEAT) T HRAABERT B LE o

13- THrep il K> H v brep (sl S R T H o

1.4 7™ @rep foi9 > JU* T ixdT g B HCE o

1.5 w i & rep 3 fC R $H iz o

38



L VA &S S

21 BECE A A 6o FERF R S rEpd B~ R4 % Sl o
22 K TIHEBIT o B G PR

23 B Ech B BARECE K 3R o

%983, Frlie

3145‘313_ a2

3.2 # 0 BB - (e i 45 B ock f_t

ﬁ%4. BREK A
4133 A7F fbrep o BB RN TR TR R LA

A2M P - o FRECR 2 R TP R A P LEHR

39



3-3-2 X AL R F 2T %

AFHRELAERY 3EF &

<
(=i
AS\S
n
)
A0
=)
bt
A
1
b=
v
i
=
w
I
=
NI

B 5% S Bchod 3-3 417 o

PRy BT

1 HR s de Sif ECAE 2054 % & fk e 1= B 42 8.0mm ~ 3
6.0mm [Fl 4z & - 4@ 3- 6 #7577 o

2. M NGES S SR ERTE A A B RE] B IR o H Y e T 5

N L
e
-

LR o
i

Ll

NN

3 pfRAcRiEREY 17 g%

“-h
=3
3

N

3. TB@'/&FEFN TR & /ﬁ‘;} —Eﬁ ¥

4 BRI ERS 3 i ekl HL R HFF I pRE F

5. ek A Bl o FEIRA RS P e d o
6. Sipted > BT HERILER Lo
7HEELA O MPER L AR AR I0 RN R T

0 A0 2] oowocd
LEEH R IR

‘Lﬁ

o

B

8. BN BH EHRE

40



3-3-3 L AAIFE S &R %

ARFEHEXE R BEB EREFHREY > B 3-4977

F % Sdcdod 3-4 477 o

?5@%%-&?1 :

R o S LR LB 42 8.0mm -~ 3

= ., P © N
ENE R TR A

4



3-3-4 B ERBFER AT

MR ZBZECAERZY 2 R R FERFRF T L FL K

2 T o F R F AT

143 0 BBl 2 Hpt e~ Buglim s 3 e~ g > AR G
15kN ~ 7§ /& 200°C ~ #v &L 7 A48~ L #P 6 /45 o

2. FARPs Sk g AR IMAF 2 TR P IR SR B o 2 s 120
55~ 240 5. ~ 40055 -~ 600 5~ 1000 5 ~ 1500 % ~ 2000 52 #) A
TR e

3o F2E I lym3 (U4 R Pk R kR G 80%L EpE ¢ -
FrRAEYGCAS TR 23 N EERBRIEEL B o kg
BT PR FPeK o

4, FA L BELRAE B Mt A" g 2 Fard#y
Ao fAb o AR BT 2 AkiR £ 1395 Metal handbook ¢
Acetic-picral fe > i& (734 fie > 2 A 5 DEeAPL 4.50~ Ak iy pE 10ml
R 10misEpE 80mle B2 & G iR s ARSI g R

T"/((FJ\ﬂqlm’#??t}\}hﬁﬁ}(i%*ﬂp—a-//

(%
®
5

5. BRI I* XFHALEFRE X DA B

42



6. A 47 1 {1 Bl AL g4l Image Pro Plus 3455 28 5 718 ] & i& (7 4
1o B R Tae ] 2 AR ES o 5 B % SR 35 4

B FEFEA ) L F R R BT Ml o

3-3-5 & Al Rk

AEHRAERT FRFRSLBRIGTREY B 3-497 - F 5%
SBchcd 3-5 977 o
F % B T
1 HRE B r e At )% Bk 4o 1 & F 2 8.0mm ~ B -12mm [l 43
S 4o 3-7 S o
2. e xgR R W2 i BB HRGES
3. ?fﬁx%é?ﬂ FRERTHES -

4 BBRA AR Bt PR L F T S L

5. % %A g 5 50/ » ik F 5 UsT o BiHS 50% X
I%} ;%: 'J: P ;IL EE_F'& al\:‘\_\.ﬂ pﬁ‘lﬁ’ F;'T’ 'ﬁr’écéﬁ‘ °

6. % Tk iy TR R (5B A BINE -

=~

;JL Pé\ &@?4\:2& /),‘%l’ﬁif”@fﬁ

43



8 Wi MR-k 104 VD3 E » TRF L AERENH -
9. B~ R KR EAPEFE -

10. #pP~1rep (FARE f 7 ¥y o




% 3-1 & & AZ80 z #it o= = i

LEL s (Wi%)

[

Al Zn |Cu |Fe Mn |Ni |Si H
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=R 78 0.2 0.12

# 3-2 AZ80 {1+ 1

PR TETRESRE
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7 A SR R 595(°C) Pl op A 345(MPa)

T AR SRR B 425(°C) i % K+ | 250(MPa)

T AR 156(nQ.m) BAE% R4 | 195(MPa)
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HUEE Al 27.2(x10°°C) | A & (HB) 72

L 1.08(kJ/kgK) | 4L & (HRE) 82
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ECAE(Standard Deviation) 2473 18.76/ 16.43
ORI(Standard Deviation) 24.64, 21.69] 19.06
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