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Abstract: The aluminum/low carbon steel clad plate were fabricated by liquid-solid twin-roll casting, after annea-
ling at 450 °C for 1.5 h and rolled for three passes. After each pass rolling treatment, the reduction rate of the clad
plates reaches 25% , 35% and 45% , respectively. The microstructure was observed and the element distribution
of the interface was analyzed by SEM and EDS. The failure process of the clad plates was observed by in-situ ten-
sion, and the tensile strength and elongation were tested. The results indicate that there exists a continuous diffu-
sion layer at the interface of the annealed clad plates, and the diffusion layer is broken into blocks under the pres-
sure of the twin roll. Moreover, the greater the reduction rate is, the thinner the diffusion layer is, and the smal-
ler the blocks is. Obvious gaps and holes are observed at the interface with the reduction rate of 25% and 35%,
which disappear when reduction rate reaches 45%. The main cracks on the A356 side of annealed clad plates are o-
riginated from eutectic silicon particles and segregated eutectic silicon particles, and that of clad plates with reduc-
tion rate of 45% are formed by the rapid propagation of small cracks in the aluminum matrix. The clad plates with
reduction rate of 45% exhibit the optimal bonding strength of interface and desirable ability of coordinated de-

formation, where the tensile strength reaches 441 MPa, and the elongation is 3.03%.
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Fig.1 Schematic diagram of liquid-solid twin-roll
casting process
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Fig.2 Dimensions of specimens for SEM in-situ tensile test
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Microstructures and linear scanning results of interfacial region in clad plates under different conditions
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Tab.2 Diffusion factors D, and activity energy Q of Fe
and Al elements

TTFE Do/(m? « s~ 1) Q/(J + mol™ )
Al 1.7X10 * 1.42X10°
Fe 4.8X10°3 2.50X10°
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Fig.6 SEM morphologies of annealed A356 alloy clad plates during in-situ tensile process
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Fig.7 SEM morphologies of clad plates under 45% reduction rate during in-situ tensile process
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Fig.8 SEM morphologies of tensile fractures of clad plates at Al/steel interface under different conditions

25% JE T A5 A W A BT 25 5 XTI B R Y

JET 53 BB RH R T 1B K25 52 i FE T B 1T B Y

088 Mk R FIF 2 B AR M A AN TR AR A 92 L LT
692

8b. 3% A ER K O 7] 18 UL i i A v 45 A TR TP AR
RAEREC AL VE BRI, (045 F 25 & TEREFEAR . TEHr
f i e rp R G R A VT IR REY R S 20l By = B



ATV EL ) AT 3R /40 5 o A 5 T e W o B B

A

4507 EA R 7155
—=— CafEK = z; 150
255 145
{40
= L
% 400 135 ¢
s L 130
% 375 12s %
= 3s0) 120 =
{15
25t {10
W {05
300 0

BAE ETE25% JETES% JETES%
TEHREEER

B9 FRERES LA MR IR E o b K F
Fig.9 Ultimate tensile strength and elongation of

clad plates under different conditions

SN TR RSCR 13 5 AP KRR 2.71% . BT
PIom B RGN E] 362 MPa,

35% KT A A M W 115 T 45 A IXORT L B A )
FEIRYHUZ  HEET 25% JE T R A0, L X P )2 4]
5 G BT RAR T, BOOR S A AR T N IR 1 T ) A
/b W RCE ) AR — 20 LR 8, fH LK
RENIEINE] 3.24% . X TS NN AE S 8 K EL T
TR e B 1 5 TR (] Ak 0 28 A /D S R R A 5 3
20 AL Kb vl 526 B i B I AE B T T BES RN Y 1
P fol L 25 6 S 1S B — 0 BRORE A [R) A B O R B
PLESHE BR & 455 SIME AN E RS G2, B
N T TR S R R R R Y R ORI R A S e o ¢ T E N[
1 5 10 BE 6 7 S5 PHL LR 2 80 i L (45 52 A B A T P BE AR
FNEE & B AE I TAE A /R P AR R AH I 25% &
SRR, TR 5 H O F] 404 MPa,

45% JE T R A B W 05 A g5 A X LF AR TEALE
V) B 2 B %) /0N TR 58 4 R A FE A L B TET N S A A
P B HUR B HIOZ L 40 0 9 2 0 BRI &5 A L 1T 24 1 7 ()
— i, WE 8d. Q235 KX W 1 LA M B If o 32 AR
fiE s A356 #1442 W0 11 LI 240 o EZLRRAE, T LA 2
MOELDAMEPEWT 2y T2 Wi R 750, 45% K N R E Ak
(PR BE R 5, o 441 MPa, X 35% & T 2y fili K
REFEARZ N 3.03% ., X ] A= Pk 76 59 18 4L i A1
Xof 52 A5 ARk AR AT T A Ak B AH 224 i e R] 3R [R] B L A
T AR A B A A AR A A TR KB B HOR AR
BB ) 4 8 Ak & P, T AL A A R Y . Ay
B it ,45% N 32 G M BAT S0 i S 45 A .
R 1 DR AR T BE ) B dee i T b s

3 & #®n

(1B k& A356/Q235 B & A A A 1 &b mT WL )= fig
297 8.3 pm WYELSCRY BUZ Y HUZ E LR T R0
BT U /N 545 % T R R B B, 29 3.3 pm,

()i kB FELH A A356/Q235 & A H Fe Al Al

43 AE BT R S A B AR AR AL YT UR A AR T
B G B E 4 & E 5. L EZ R Fe, Al

(3)A356/Q235 #I 5 A M e 5L J1 i/ T % 2L
™ HIOZ B W B HRAR . TR SRR R, Btk BORE R i
INL25% N R AEAEL 3 pm BYFLIA . 35% & T 3R A
FEAEZT 1 pm BYFLIR L 45 % JE R Zmk L3R W 2% .

(4)25% JE T #& A356/Q235 ¥ 5 & M Ik 11 iy St
M45A XA Z R B S, 35% K T R E A Rl
11 1 45 A DX AT UL B G 1 A R U L 45 % JE R %
S AR T TS A X LT ASFEAE T BR 48 9 P )2
TC B b 25 5 7 — e .

(5)45% JE TR 1 A356/Q235 P& A M H A7 fie i
) B 1T 5 A 0T L RO P R AR D BB T, B 5 B GA
441 MPa, HAR K2R 3.03%,

2 £ x M

[1] HOSSEINI M. MANESH H D. Bond strength optimization of Ti/
Cu/Ti clad composites produced by roll-bonding[J]. Materials &
Design, 2015, 81: 122-132.

(2] wRERIR,5K/NE, 280, 5. SRR E & bR 50 42 s W Ak & 9 i
S BRI ] MR T4 . 2019, A33(4): 1 198-1 205.

(3] BRTeum. okuh . 8 0h, 45, 2 T & I HLEE O il & 6061 4R 4 4 /304
ANEWZRE AR AL I ERELT]. MR F IR, 2021, 35(6):
6 167-6 173.

(4] ZEFH, 20K, Bttt A, 5. Zn vp 8] )2 A0 08 7 T B X A356/2024
BEREAMEI A TAL KR W] s EREas 48,
2018, 38(12): 1 352-1 357.

[5] LIUY, BIAN X F, ZHANG K, et al. Interfacial microstructures
and properties of aluminum alloys/galvanized low-carbon steel un-
der high-pressure torsion[ J]. Materials & Design, 2014, 64 287-
293.

[6] LIUN, CHEN L, FU Y. et al. Interfacial characteristic of multi-
pass caliber-rolled Mg/ Al compound castings[ J]. Journal of Materi-
als Processing Technology, 2019, 267. 196-204.

[7] LI B, SHEN Y F, LUO L, et al. Effects of processing variables
and heat treatments on Al/Ti-6Al-4V interface microstructure of
bimetal clad-plate fabricated via a novel route employing friction
stir lap welding[J]. Journal of Alloys and Compounds, 2016, 658
904-913.

[8] YANG M, MA H H. SHEN Z W, et al. Application of colloid wa-
ter covering on explosive welding of AA1060 foil to Q235 steel
plate[ J]. Propellants Explosives Pyrotechnics, 2020, 45: 1-11.

[9] MYKHAILO S, OLEXANDR G, MIRKO S. Manufacturing and
characterization of twin-roll cast aluminum-steel clad strips[]]. Ad-
vanced Engineering Materials, 2018, 21(4): 1 800 454,

[10] GRYDIN O, GERSTEIN G, NUERNBERGER F, et al. Twin-
roll casting of aluminum-steel clad strips[J]. Journal of Manufac-
turing Processes, 2013, 15(4); 501-507.

[11] CHEN G, LI J T, YU H L, et al. Investigation on bonding
strength of steel/aluminum clad sheet processed by horizontal
twin-roll casting, annealing and cold rolling[J]. Materials & De-
sign, 2016, 112 263-274.

C12]  PACM , Q0T . 2 55 4. 85 5L 40 2 6 i A T et A8 AL AR O 5 (0.
MESR, 2019, 33(10); 111-114.

[13] CHEN G, LIJ R, XU G M. Bonding process and interfacial reac-
tion in horizontal twin-roll casting of steel/aluminum clad sheet
[J]. Journal of Materials Processing Technology,2017,246:1-12.

693



Jun. 2022 Fefh s oA s & T8 -2REESR
Vol. 42 No. 6 SPECIAL CASTING & NONFERROUS ALLOYS ## % Rz R

SINIBLFXMFEREHAAUNTARER

FEEFE' BmINE' HEiEE B HAFR' BB
(A REILXRFHHHFE IRZFR; 2AREIRFMAAHAFE TLFR)

 E BEASHEASMESMMERE. B N TR E AR DL R R AU, R B IR T 0 e e 2 BRI T
Hik—B 0 & RS0 . 05 SR ANk i 7 Ik Re % W R S B A S S U RE L A I F IR S pLMIN L. &R TR X FHEA
& AR AN BRI 1) K R B AN IR T X B A A M RL AN I S I T BRIR T30 A Ok 56 45 B8 1 BE A 4 R A0 Ak B 1Y R R R )
HOWR BT 8 T A I oR, X85 6 4 SR 4 Ak 1 S i SR WL B S L BR R T i 1 A KR T TE R SR BE A A e AN AT 1 v L O
itk — A TR IR B R e A A A AR AL B R AR S

XKBERE BEA SRR GURR T Al ke

RESEES TG146.2;TB331 XHEFRER A

DO1:10.15980/j.1222.2022.06.006 FR R (RIERS )RR (OSID) :

Research Progress in Microstructure Refinement of Magnesium Alloys
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2.School of Materials Science and Engineering, Taiyuan University of Technology)
Abstract: Magnesium alloys are widely used in the fields of automobiles, aerospace, and electronic communica-
tions due to the various excellent properties. However, the further development and application are limited owing
to the poor mechanical properties at room temperature. The performances of the magnesium alloy can be signifi-
cantly improved by virtue of grain refinement, which is beneficial to subsequent machining. Therefore, the recent
development of the grain refinement theory on magnesium alloys as well as the influence of external particles on
the grain refinement of magnesium alloys were reviewed. Firstly, the development and problems of traditional
magnesium alloy grain refinement theory were expounded. Secondly, the influence and mechanism of external
particles commonly used on the grain refinement of magnesium alloy were summarized. Finally, the future poten-
tial of high-content nanoparticles in the field of magnesium alloy grain refinement were prospected, providing a
reference for further research and development of new and efficient magnesium alloy grain refinement technology.
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