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Effect of Isothermal Heat Treatment on the Semi-solid Microstruc-
ture of Light—Weight High Entropy Alloy AIMgLi,sZn,sCu,,
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(Key Laboratory of Advanced Materials for Vehicles & Laser Additive Manufacturing of Nanchang City, East China Jiaotong Univer-
sity, Nanchang 330013, China)

Abstract.The semi—solid billet of light—high entropy alloy AlMgl.izsZngsCug, was prepared by isothermal heat
treatment and the effects of holding temperature and holding time on the microstructure evolution of the light—
high entropy alloy AlMgLisZnysCug, were investigated. The results show that with the increase of holding tem-
perature, the average grain size of semi—solid light—weight high entropy alloy AlMgLiysZngsCug, decreases first
and then increases, while the roundness of the grains increases first and then decreases. With the prolongation of
holding time, the average grain size and roundness of the light—weight high entropy alloy AlMgl.iysZngsCuy, in-
crease. The best semi—solid microstructure of the light—weight high entropy alloy AlMglisZnysCug, was obtained
at 460 °C for 60 min, whose average grain size is about 41 pm, roundness is 0.82, and coarsest coefficient
K=20.95 pm?s.
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Fig.1 Microstructure of the light—weight high entropy
alloy AIMgLi,sZn,sCuy,

Ziﬂ[ 5 AlMgLio.SZﬂo.SCllo‘z %ﬁ%hﬁﬁ\ﬁ‘z\ 'flj ILH T ﬂi%ﬂ
AHLX S Li A6, BT EDS Tk Al J5 17 20
F 7 (e K ERIE Al-Li-Mg =04 4 A E 2 Hr,
AIHEWT Li REAFAHLC P, BEE AlMgLisZngs
Cup, BTG 4 E2H FCC HH Mgy (AlZn), Fl

a-Mg FHAL Y,

#1 %73 AIMgLiysZnCu,, BEREHEEHNTELH (R

FoH)

Tab.1 Elements distribution of as—cast AIMgli,sZn,sCu,,
light—weight high entropy alloy (atomic fraction)

%
Elements Al Mg Zn Cu
A 36.47 26.40 22.29 14.84
B 21.42 44.92 32.98 0.68
C 10.11 78.89 10.94 1.51
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Fig.2 XRD patterns of the AIMgLi,sZn,sCu,, light—weight
high entropy alloy
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Fig.3 DTA analysis of the AIMgLi,sZn,sCu,, light—weight
high entropy alloy
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Fig.4 Semi-solid microstructures of the AIMgLi,sZn,sCu,, light—weight high entropy alloy at different holding
temperatures for 40 min
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Fig.5 Grain size distribution of the AIMgLi,sZn,sCu,,
light—weight high entropy alloy held at different
temperatures for 40 min
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Fig.6 Average grain size and shape factor of the
AlMgLiysZn,sCu,, light—weight high entropy alloy held at

different temperatures for 40 min
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Fig.7 Microstructures of the AIMgLi,sZnysCu,, light—-weight high entropy alloy held at 460 °C for different time
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Fig.8 Grain size distribution of the AIMgLi,sZn,sCu,,
light—weight high entropy alloy held at 460 °C for different
time
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Fig.11 Element distribution of the AIMgLi,sZn,sCu,, light—weight high entropy alloy held at 460 °C for 60 min

25 FESHRAETHIE
M4 R 7 R, 7655 P 4b 3 0o 72 o
AlMgLiO,SZHO.SCUOAz %Dﬁ: E‘Jﬁé’ é‘z\ ﬂé [El ?S 5”3 ﬁ Eﬁﬂ 2H é/[:{
FTEAr E e T LAUR L RO HE Vst AR,
FELRTE A,V TR 5 B R A R R AR N AR Ak
I 5 A U W & AR 0 A AL ER T O Ao 3l R AR sl e
()3, 3 OB AR F AR B A A 7803 B T B
ARG IORL ;@ BRI R . B % O VL TRLJE S 1] (AN
VT4, T ST 5K 0 0 A AE DL SO 3 FCC A
BRAL (45 43 85 )5 i HOpR 0RL 2 7 8 T ROk IF B
(3R] 5 i 2% T A0 g O B YA D [ 3K 38— P A
BRAb L R AN [R] 55 B0 1 i 0 A 25 SOk g [
ARTURE 1) 11 2R 55 G 4 P04 1 22 R 1 O 3R 24
AT = 20TV (4)

" AH,
AT, Sy [ AH i 2848 fh 5 | Y A 4 T 0 a5 Y
Ak Ko O DR TE 5K 1, Nim T, o8 [ 5 1k
ST B K VO [T AR A EE R AR AR L/mol 5y
g [ B T iR AHL, TR B AR IR EE R K
& ,kJ/mol .

FRAE 3 (4) RTS8, ) AT, 8K - 1
F5 R T T ATk S 35 AR OB 25 gt Ak i A b
fil 23R K A 0 Al 1 AR L ERAR , B kL B T 5
KRGS, 2B T s sl B (B ZE 4 B, RCC AR S8R
2 HARK KK, X FEELE Ostwald ZULIEHTT , A
[F] {28 22 458 1) UKL 22 1] 23 T8 AT I | R ks oy
WA R T RE [ /0N it R4 B O /D T it R 32 U

sk 75 0F KRR S
4 i

1) 7E460°CHE R 60 min B, 2 [E 25 AIMgLi, 5
ZnosCuo, 52 0T S 0 6 & W S fE, 73 5ok
ReF20 41 pum, [AE£ 5 0.82,

2) TEAF IR F S FR b T A A IR
P BOR , AIMgLiosZnosCuo, 12 5T 51 405 & 45 1 AL AL %
K=20.68 pwm%s, ik T 586 4 ML 32

3) AlMgLioAszno,SClloAz %Dﬁ:%‘ & /E\ﬁﬂé ?(55”375{
M B AR 220 T 3 Ak R A B B Rk A
KK,

S Uk -

[1] CHEN Q S,LU Y P,DONG Y,et al. Effect of minor baddi-
tion on microstructure and properties of AlCoCrFeNi multi—
component alloy[J]. Transactions of Nonferrous Metals Soci-
ety of China,2015,25(9):2958-2964.

[2] B WIE , BEAREL , X KT, 55 FeCoCrNiAl/ALO, 4 & Wi %
IR EE AT FT() ] AR AR BT K %2R, 2021,38(3)
82-88.

ZHAO M J,XUE L W,ZHAO H P,et al. Gel injection,
olding of FeCoCrNiAl/ALO; cermet body|J]. Journal of East
China Jiaotong University,2021,38(3):82-88.

[3] B, 3B 0% Tk £, 55, SR AL IXT Mg-7Zn-0.3V &

GBS R AR R ()], b E A4 s 44,2018 ,28
(8):1516-1522.
HUANG X F,GUO F,ZHANG Y , et al. Effects of isother-
mal heat treatment on semi—solid microstructural evolution
of Mg—77Zn-0.3V alloy[J]. The Chinese Journal of Nonferrous
Metals,2018,28(8) : 1516-1522.

[4] LI R,GAO J,FAN K. Study to microstructure and mechani-



104 LR N ]

Jo

I 2022 4F:

cal properties of Mg containing high entropy alloys[J]. Materi-
als Science Forum,2010,650:265-271.

[S] HEO M,JIN C K,ROH ] S,et al. Investigating the micro—
structures of A356 semi—solids based on electromagnetic
stirring currents and crucible materials[J]. Journal of Mechan-
ical Science and Technology,2020,34:3807-3813.

[6] JIANG J F ,ZHANG Y H,LIU Y Z,et al. Research on Al-
Si7Mg alloy semi—solid billet fabricated by RAP[J]. Acta
Metallurgica Sinica,2021,57(4) :703-716.

[7] 9% 0, 258, T 5 5, 45 BE A e [ A RS R (D). M A
S JEAES T ,2019,48(7) :2379-2385.

PAN S,LI Q,YU B Y, et al. Research progress of Mg alloy
semisolid forming[J]. Rare Metal Materials and Engineering,
2019,48(7):2379-2385.

[8] WANG L,XIONG J,LIU J,et al. Effect of microstructures
and mechanical properties of large deformation high entropy
alloy CoCrCuFeNi in semi-solid isothermal heat treatment
[J]. Mechanical Engineering Science,2019,1(2):33-39.

[9] ZHANG L J,FAN J T,LIU D J,et al. The microstructural
evolution and hardness of the equiatomic CoCrCuFeNi
high—entropy alloy in the semi—solid state[J]. Journal of Al-
loys & Compounds,2018,745:75-83.

[10] ROGAL L. Semi-solid processing of the CoCrCuFeNi high

entropy alloy[J]. Materials & Design,2017,119:406-416.

[11] X058 3 , A A%, B0 550, A A8 IR B ) X ok A R

Mg,Si/Al 5 & M FHH U J1 A VERE R SZ R[], 43 )8 Ak 2
2019,44(8):158-165.
LIU X B,YANG M,ZHAO Y G,et al. Effect of isothermal
time on microstructure and mechanical properties of semi—
solid extruded Mg,Si/Al composites[J]. Heat Treatment of
Metals,2019,44(8) : 158-165.

[12] Bt 24 HE 2= MG, 2= 90, & A B 57 JE & AZS0A B4 4
[ S H LR [T]. 4 )R AL T, 2021,46(10) :39-44.
DUAN X W,LI P,LI K. Effect of isothermal treatment on
semi—solid microstructure of extruded AZ80A magnesium
alloy|J]. Heat Treatment of Metals,2021,46(10) :39-44.

[13] @ ek, ol gk, XU B 4% 4% i BF Al-Zn-Mg—Cu-Li &
G A SRR DR [). Fefh i AT (5542 ,2003(5) : 12-14.
ZHAO 7Z K,ZHOU T T,LIU P Y,et al. Phase in grain
boundary of Al-Zn-Mg—Cu-Li alloy containing high Zn[J].
Special Casting & Nonferrous Alloys,2003(5) :12-14.

[14] CHU C L,WU X Q,QIU S C,et al. Microstructure and
Gd-rich phase evolution of as—cast AZ31-xGd magnesium
alloys during semi—solid isothermal heat treatment|J]. Jour-
nal of Central South University,2021,28(1):1-15.

[15] KANG M K,KIM D Y,NONG M H. Ostwald ripening ki-

netics of angular grains dispersed in a liquid phase by 2-D

nucleation and abnormal grain growth[J]. Journal of the

European Ceramic Society,2002,22(5) :603-612.

BGEEE, BAEAY, oKk R AF . AR XS ZC61-0.3Cr BE

A S 2 AU AR B2 W [T, TR A O G

2018,28(10):1962-1971.

HUANG X F,MA Y J,ZHANG Y ,et al. Effects of isother-

mal heat treatment on microstructural evolution ZC61-0.3Cr

magnesium alloy[J]. The Chinese Journal of Nonferrous

Metals,2018,28(10) : 1962-1971.

[17] LI X L,CHEN S X,KANG M, et al. Effect of Holding time
on the microstructure of Mg—3Si—1.7Sn alloy during semisolid

isothermal heat treatment|J]. Advanced Materials Research,
2013,787.231-235.

[18] # 55 , ik 52, BRI 42 15 4 Me,Si/A356 & & # ok
42 ARBEFE[T]. #Un T 1.2 ,2021,50(12) : 80-83.

HU Y,WANG D H. Study on preparation technique of se-
mi—solid Mg,Si/A356 composites by sloping—plate method
[J]. Hot Working Technology,2021,50(12) :80-83.

[19] ATKINSON H V,LIU D. Microstructural coarsening of semi—
solid aluminum alloys[J]. Materials Science & Engineering
A,2008,496(1/2) :439-446.

[20] FhJ% , K 3E i, AU 0, 4. AZ80 BE & & 2 18 25 A5 iR Ak

HL B b R 2 SO AR ()] B4 R AR TR 2016,45

(2):404-408.

SUN B,ZHANG Y B,QUAN G F,et al. Microstructures

evolution of AZ80 magnesium alloy in semi-solid isothermal

treatment process|J|. Rare Metal Materials and Engineering,

2016,45(2) :404-408.

XIPE LR TR % Al-5Mg-2Si-Mn #3 4 4 JE#%

PRGE P [ 25 AR IR A 2L R[], WA & Jm MRS TR

2019(9) :2972-2980.

LIU Y,YANG G Y,ZHANG X D,et al. Semi-solid

isothermal heat treatment microstructure evolution of sie—

casting Al-5Mg-2Si—Mn alloy[J]. Rare Metal Materials and

Engineering,2019(9) :2972-2980.

TGy RN A A A IR AL PR X Mg—-Gd—Zn—Zir

Ak S LG ()], 4 Jm A AL B, 2020,45(2)

175-181.

YIN J,LU C H,XIE S K,et al. Effect of isothermal heat

treatment on semi—solid microstructure of Mg—-Gd—Zn-Zr

alloy[J]. Heat Treatment of Metals,2020,45(2):175-181.

DS HE BRSO B A f 3 A TR A A B XS Mg-

7Zn-1Cu-0.3V £ G 4 AR KL S AL SURSZ ()] MR T 4R

2020,34(14):14116-14121.

HUANG X F,WEI L L,YANG J Q,et al. Effect of semi—

solid isothermal heat treatment on non-dendritic structure

of Mg—7Zn-1Cu-0.3V magnesium alloy|J]|. Materials Re-

ports,2020,34(14) :14116-14121.

[24] HU Y,RAO L,NI X W. Effect of isothermal heat treatment
on semi—solid microstructure of AZ91D magnesium alloy
containing rare earth Gd[J]. China Foundry,2015,12(1):
20-25.

21

—

(22]

[23

—

E—1EE DMl (1982— ), L, PHIm , Wi+, W58 07 1) R % 4
KEGAME, E-mail : 286401853@qq.com.

BEMEE T (1982—), 59 24042 1+ Wl - pF 50 2 S0l i
FE RS A M HE A, E-mail :huyong@ecjtu.edu.cn,

(DA B X AR 24 )



