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Effect of cooling channel on AM60 Mg alloy semi-solid slurry
prepared by self-inoculation method (III)
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Abstract: The semi-solid slurry of AM60 Mg alloy was prepared by a novel self-inoculation method (SIM). The effects
of the cooling channel parameters on the microstructure and microstructure formation mechanism were investigated. The
results show that cooling channel can promote the microstructure evolution from coarser dendrite to rosette or small
block. At the constant value of melt treatment temperature and addition amount of self-inoculants, the parameters of fluid
director, such as slope angle, length, temperature and width of exit, have influence on the heat extraction and shear
intensity of melt flow, and finally affect the solidification microstructure. When the cooling channel parameters are set at
angle between 30°—45°, length of 500 mm, width of exit of 50 mm and water cooled at the bottom, the semi-solid billet
with refined rosette or small block microstructure is produced, and the average grain size is 37.5 pm. The decrease of the
exit width leads to uniform distribution of grains. The cooling channel enhances the heterogeneous nucleation and
formation of chill grains, which results in a high grain density. The melt convection leads to uniform distribution of
temperature and solute field in bulk melt. The granular and rosette-like growth and the ripening of grains are the main
growth mechanism.
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Multi-stream mixed
cooling channel ¢

Melt shunting surface

~——Water inlet

B2 ZWMIERA SIS REE
Fig. 2 Schematic diagram of multi-stream mixed cooling

channel

1.2 ZTHESEREH

SEIG A Ao T AM60 8454, A2 B i (5
80, %): Al 6.4, Mn 0.4, Zn 0.2, Si 0.08, Cu 0.008,
Fe 0.004, REH Mg. %A E&RBEIBHAHL W T: 615



24 A G EE R

20124FE 1 H

‘C, [AHZ N 540 'C. HAEFRGIELFELT: ¥4 500
g BEEEAE SG2—-75-10 MU s PR 5, e JE ot
AT R, b AR Rk #1] 720~730 Ca,
H 1.5%~2.0% C,Clg(Jitfe 70 HORBATREMRBR T, 1%
AR REAE 710~720 C I HHPE 2] d15 mm X 150
mm A4 B ER, ARE, R T E
J 5 mm X 5 mm B /NEUR

¥ 1 kg BEEEAE FIAR T2 MR MRS TR SR R 22 700
C, MANZEERIATAAERE. 2E R EEEE]
M 5% L), B K d15 mm X 150 mm [ A B %
R, AR R S S S R A
KRE REE IRABMM L, DR R IR
AFHGEEE. NREATHE, EMHATETR, 290
AT HER B RPN H G HERA S
JEIPETT . SEESHANER 1

W A Fhpeyt T2 AR IAREAE 1/2 Ab#RIN 2 41
10 mm X 20 mm [ EARAE, 5521 400~1500 %5
IKEERGARTIES . i, FH 4%t 23 50 il BRI RE
JiE ik 10 s; 55 4145 SX2—4—10 8446 = Ha B 420 °C
TR 4 h BT AR BE, T B fa A 1 3 el 5 e
50 so ] MEF-3 & AH BB M e Wik 2:, M Image
pro plus 6.0 EHG 7B AT I 5 At kL35 S5 00 R B AR,
iR RS TR 25 237 AR [ U 3 5K A [R5 AT
W, R B3R 2 B A A A 7k B R ok 2 AT Je sk
P E .

2.1 FEEARIIEREL T
T ERE A E R R i A A A X <

F1 KRBH

Table 1 Experimental parameters of cast process
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Experiment ~ Melt treatment Addition mass State of multi-stream mixed cooling channel
No. temperature/'C fraction/% Slope angle/(°)  Temperature/C Length/mm Exit width/mm
1 700 - - - -
2 700 5 - - - -
3 700 5 30 20 500 50
4 700 5 15 20 500 50
5 700 5 45 20 500 50
6 700 5 60 20 500 50
7 700 5 30 250 500 50
8 700 5 30 20 850 50
9 700 5 30 20 500 25
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Fig. 3 Microstructures of as-cast ((a), (b), (c)) and solid-solution treated ((d), (e), (f)) AM60 alloys with different cast methods
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Fig. 5 Microstructures of as-cast ((a), (b), (c)) and solid-solution treated ((d), (e), (f)) AM60 alloys with different slope angles of
cooling channel: (a), (d) 15°; (b), (e) 45°; (c), (f) 60°
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Fig. 6 Grain size distribution of samples with different angles of cooling channel: (a) 15°; (b) 30°; (c) 45°; (d) 60°



28 A G EE R

20124FE 1 H

D32 IPAN*
n ol 2

33 -‘,' Al ;
ST e
Y o ;‘;"r!‘ ?'-’—‘5.’:&.-‘.:),.’4);\" —_—

B 7 SWAKEN 850 mm I {4 F R MG A4
Fig. 7 Microstructure of as-cast AM60 alloy with cooling

channel length of 850 mm

FBARHA N . 2 FRAHSE 500 mm I, H
MR P BTGV, ATR T R A S, [
IS TR B IN TR, Wb E KA AR 28, TR R
FEIR B CIROL I 3(c))s BRI, SR 2K
PRI IRLBE AR, kA T AT o T L A A e Dy A
Bodi, A L R AR 2T ORI 7 o TR SEAA N
R EITIL, R EIRCR R, SR KN TR TE AL,
P83 R S b RGBT o L e AR L A5
B SR AR EAR O 56.3 pm, RO ITHE K.
DI, AL AT, SUasKEBE N 500 mm K
A SRAG AL 1 < U A L ATt A A 1]

24 SRB[RENIG

SRR I S AR 07, I RE A A4
W EERLVE B . 1B 8 P A i as I 250 “CINF ()
IR Z. A LB ATKIEAT A HII AR 3(c)),
[EZ8EY SEAE RAALS R Y TR NIV IR WA PR NG 574 U 1A B S K |

5
4
L 4

SRRy
5{*5@%%{5’\

¥
3 AT ANSN
N kU, 0

B8 FUidRR A 250°CIN H A H RIS HR
Fig. 8 Microstructure of as-cast AM60 alloy with cooling

channel temperature of 250 ‘C

IR, B IEA . I LN, B
BRI 72,4 pm, JOTFHER. DIRAE A2 B 58TE
I, FHCTRAHRE, WS RaeAIRES, AT
FIE a-Mg AHTEZ L BEACIR ) SR SRR A A2

25 SRRRESHREERZI

ARSI v IR U A R AR G HV R DX A
T, S BB BEACK, R IRA B A .
T 58 B KA R TR S 3 I A T 0 48 3R 1 4 A 4
TE, BB, A ARSI IRA BT
TSmO A I SRR, T8 RO, AR
L REREBRJRIZ, AT TR R S AR K T, A
WA AT I B9 FroR S i & B e
FEUk/NAE 25 mm B BRI 2L, P 9 mldm, Al
ZUP WA AN 2 5 2 R ORDIR RIS B0k, A7 oy
TS ik s AH PG B9 FE A 50 mm [RIRRLZH 2]
(LI 3(c)), AR it .

-

SiSis :
~ L) &
AN IR NASIR Y

B9 Fyidtth LA, 25 mm N 34 H R EALL
2

Fig. 9 Microstructure of as-cast AM60 alloy with exit width

of cooling channel of 25 mm

3.1 FA%ALE

DL ESEIG SRR, AAFHIEN, R
A E RN E— R OL T, I 5 )
FUIA S 0T LSRG AR SORURDIR ) R a2
R, TEGAL G TR AR R 2. FLEMINGS
AT MARTINE" 55N by s X F—ANf 58 FOvA 215 %,
HBLG G AR BRI B UL 2 k%, Tk sk
JEHZA ] LN IBAA T . H 4 & Pl i i) fb i
FERIE TR 3 A0 DI B S U



22 B 1 BERR,

SURAAT A 2 R T AM60 BEG a2l [ A ORI R0 (ITD) 29

BB AERA R H BB, A — 28 S
RAH, SR L ST SR I T LA S A%, a1 AM60
BAETH AlgMns A1, 2)47F AR AR OB -
ZHEFIMNGARERS 2 N BB, o,
PURAAHIE A, S-SR R PR E M.
TEZCE AR]85 7)o B A i P s o 2
WAHLREC LAY, 5 T A Nl 5, BiE #oes e,
TXLGHEH 72 S R TR, — BB R FUBAX
TR A RE, X8R AR SR NS TF IR TE
¥ o 4 10 Brom R A ECHR BER AT 6 A3 B & Sl
WA FIRAS N FURIH I i FE AR th 42, w4 AT
HFR PRI 3, B 0.2 s SR MR EEE, AR
PRI YA B2 5t ey sl 5 i BN I ] AL 10
ALLE L, WAE SRS N AR EE 6632 °C,
2.1 s AU RRE RN 607.3 °C, SR ARR IO
AR 7.7 °Co Ik, iR DA A A AR B
RICK, (RIS AR R, AU B Fr 2k
BEAG, CRUET OB RS e, e KPR SR
A RICAZAER, AR SRS .

800
2.1
70016632 |
607.3 _JL___"7ee
600 f T e Nees

000000

Temperature/'C
w A
()
S

* — Entrance temperature
o— Exit temperature

0 2 4 6 8 10
Time/s
10 JA4RTE PN DR O AL 3R A5 4k ih 2

Fig. 10 Change profiles of melt temperature at entrance and

exit of cooling channel

3) i A% 1) 26 =M oR U 3 U A A2 BE 1K) B E o U
o MR RSP I S i SR, AREDE B AR
A, RBRERINA UG A B X L
PR A2 E T o AEAR LI, WA T A s A
HIRE . FE AR K FUASR IR POE . 101
R AL PR BE R ERCEE T, iR
e 1G G A BRI X R, B & S S A
iR, FELEERMNR RN, W R, TR
AR ) A PSS AR AL TR, KR

% o

LTSI P i 1B S 5 VAT R R E RS
R AEAERKAIIT, B R L v B T
Wi, ST ICRIER . B AR IIRET, ok
PAIURS L AN TR R SE (1 o e £, R B (3 i
JR gL, AR R g R T
IR o SR TR T 8 A by MRS i 1t
PUFRIRER, EARRSE, AR R ke b 52 .
DI, ~PAT T S B A TSI AR R R 2 550
4. LEE SEUKIBTAURNT, ok BB AR T 05
WS AN WORL B A o AR LR, R[]
PR AR BT AR A B S BE N 8], KK
DT IREERS OV T . BRI, AHAR SRR B L)
WU P ARMER AL, BT AR, (AR A K AR Rk
5k, S AEARSI T, SR DR
—OEI, RIS AN R BB S E VA
BRI LR, 8K T USRI i
Mok, AT AR SIS, VRO P A R MR
PV HEA AR, b s A H B B 11 s
N U BURE A B 150 IS G4 2 e [V e v 1 1.
TS BB Z. s 1 FTRUE R, 3R
e IR LN U AR PR AU et R
1 PR AL BE TR B i 5 28 7 KO B
I ELERL I e ] 52 o

0

@v
g :?“'-
B. ‘:{

3*;1"3‘:. el
4 ‘{:&A’& vyl 5=~

¥ Sl

e

11 Fa R R K

Fig. 11 Grain growth on surface of cooling channel
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(a) Concentration field of single grain in liquid flow; (b) Final

grain growth morphology under liquid shear
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