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1.1 SEIEM RIS & iE 2

A S8 6 FH A R Q235 YA FLANAR AT A356 4R &
SREE, HALZER R 1 s, FESEE T S BUR
~129 100 mmX 100 mmX 1 mm [ Q235 AWM 1 gk
B, FHXHMACGR T AT R BEAR R E A0, H T 20
FEABR - BB - B TR — 0%

1 Q235 LRI S A356 FREE NIk 4Lk /)
Table 1 Chemical compositions of Q235 steel plate and A356

aluminum alloy

Mass fraction/%
Al Si Mg Fe Mn Zn Cu C
Q235 - 035 - Bal. 140 - 030 022
A356 Bal. 7.5 045 02 01 02 02 02

Alloy

B R AR PR E A E I Q235 ANHUI B 7E
FLBHAE Y, 7E 380 'C FT# 20 min. K@= A356
FRBETUEAE SG2-7.5-10 H- = 3 s BH Y 9 347 8 0%
FrEREE e a0 FLIR R 740 CH, R IS 4E4E i
1% R EO I CoCle X AT HE Ik BRiE R E
FREARTRUREE 2 B H % 5] 770, 740, 710 680, 650
F1 620 C, AR E BB L THE I Q235 Jabk |,
[ ENELHINL, WA G & — BRI, o
ITIRIE S5 5L, Bl G2 FLHIE B BE N 6 r/min, 4
HEPE AW B 3 mm(E A WUEE SREERE B A R]), FL
REAN 180 mm, FHAFLHIE 74 420 kN, FLiIT
a1 s,

El1 HAdEssE
Fig. 1 Schematic diagram of liquid-solid twin-roll casting
process
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Fig. 2 Dimension diagram of shear samples(a) and tensile

samples(b) (Unit: mm)
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Fig. 3 Interfacial microstructures of A356/Q235 clad plates at different A356 alloy covering temperatures: (a) 620 C; (b) 650 C;

() 680 C; (d) 710 C; (e) 740 °C; (f) 770 'C
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Fig. 4 BSE images((al)—(f1)) and line scan results((a2)—(f2)) of A356/Q235 clad plates interface at different A356 alloy covering
temperatures: (al), (a2) 620 C; (bl), (b2) 650 C; (cl), (¢2) 680 ‘C; (d1), (d2) 710 C; (el), (e2) 740 C; (f1), (f2) 770 C
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Fig. 5 Relationship between A356 alloy covering temperature

and diffusion layer thickness
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Fig. 6 Spot scan results of A356/Q235 clad plates interface at
different A356 alloy covering temperatures: (a) 710 C;
(b) 740 'C; (c) 770 C
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Fig. 7 XRD patterns of A356/Q235 clad plates interface at

different A356 alloy covering temperatures
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Fig. 8 Surface scanning maps of A356/Q235 clad plates interface at different A356 alloy covering temperatures: (al), (a2), (a3)
620 C; (bl), (b2), (b3) 650 C; (c1), (c2), (c3), 680 C; (d1), (d2), (d3) 710 C; (el), (e2), (€3) 740 C; (f1); (f2); (f3) 770 °C
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W, FHALER TG R MY BOR AR RS /N T 710 “CY
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AR TR AR T R Y O B, R B R
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2 Fe. AlJURY HUHE T Do MY MU E O
Table 2 Diffusion factors Dy and activity energy Q of Fe and

Al elements

Diffusion factor, Activity energy,
Element i -
emen Dy/(m*s™) 0/(J-mol ™)
Fe 48X107° 2.8%X10°
Al 1.7x107* 1.42X10°
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HE 4 1 8 4rtral 5, 24 A356 BEIREN
620 CHY, R ATaetftae B G IR, Friashi,
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RHE TR BMABE TR HRBRNH N E
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HIR. Ft, FTH 710 CH A HAFIEA M 3§ Hof
TE R R A S, AE AR PRI R 74 Hor
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i, Q235 ) SR A AE BT T B . IR DR T
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mRL AR AT PGS, SRR, b T A A A
fiKo T A356 F S ARAE B2 LU A, P ERE(E
74.35 HV. B A356 RAEREMIES, FimbEk
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FRTH PG A B AN /NIESE 0, o B R R
770 “CHF, FEi A O AMEE B, N 118.7 HV.
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Fig. 9 Microhardness of A356/Q235 clad plates at different

A356 alloy covering temperatures
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Fig. 10 Tensile and shear strength of A356/Q235 clad plates

at different A356 alloy covering temperatures
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Fig. 11 Interface zone diffusion layer model of A356/Q235 clad plates at different A356 alloy covering plate temperatures:

(a) 650 "C and 680°C; (b) 710 C; (c) 740 C and 770 C
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(VA 4 S L AR BSR4 1) R G 5 2k 6 S T Ak & ke
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1) A356 ZeE IR E N 620 CHY, HEWREEEHZE,
TEF AT WA BRI . BE R RE N, 28
WY T R4 m, BB mES EEAERY BUZEM
JERERIZEIE . MBI E N 770 CHE, ¥ EUZE
FERBIR)E, KLIN 4.8 pm.

2) 34 A356 WRAEIRIE N 710 C KL LLER, E&K
FI3 BUE 43 I i FesAl, FeAl. FeAl, . Fe,Als Fil FeAl,
XA & EEAEY, BEBEEDR & R
TR 4R ST £

3) A356 FRAEIEMKT 680 CHF, FHXANEIT
FAAEY HOLG: 4R EIRE ) 680 'C K LA LR, %k
Mg BT RmA RET B X TAE SRR EE R
AT ER, SHXEICR MY Hod s MY B Y
T ERITER

4) TE[R—PeEIRE T, WEEEM Q235 MIFEF
A0 100 pm 2 A356 MEE A0 FTH 100 pm JEH A
BN RE, (HEEME AR S TRE. BERER
FER iR, Q235 MR FEIZ#T /N, A356 % {4k
TR, TN 7435 HV. REIRE AN 770 CHE,
S AR T H i T e

5) 2 A356 BREILE N 710 CH, EEWRLEE
FVERe AR, BrhosREEABYYIRE 73 A 336.4 MPa
M1 137.6 MPa, 5 620 CHHAHEL 7> B3RS 13.11%F0
34.90%.
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Effect of A356 alloy covering temperature on microstructure and
mechanical properties of Al/low-carbon steel clad plates

MIAO Peng', LI Yuan-dong' 2, WANG Hui', ZHOU Hong-wei" % BI Guang-li"-*

(1. State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metals,
Lanzhou University of Technology, Lanzhou 730050, China;

2. Key Laboratory of Nonferrous Metal Alloys and Processing, Ministry of Education,
Lanzhou University of Technology, Lanzhou 730050, China)

Abstract: The hot-dip aluminizing-zinc process was used to pre-treat the low-carbon steel plates, and then the
aluminum/low-carbon steel clad plates were successfully fabricated by liquid-solid twin-roll casting (LSTRC). The
microstructure observation and interface combination of the clad plates were investigated by optical microscope (OM)
and scanning electrical microscope (SEM), and the phase composition was measured by energy dispersive spectrometer
(EDS) as well as X-ray diffractometer (XRD). In addition, with the mechanical properties of the clad plates were
characterized by microhardness, room temperature tensile and shear tests. The results show that the interface gaps of the
clad plates disappear and the overall trend of the thickness of the diffusion layer gradually increase when the covering
temperature increasing. In the LSTRC process, when the pouring temperature is 710 ‘C and above, Fe;Al, FeAl, FeAl,,
Fe,Als and FeAl; phases are formed at the interface. At the same covering temperature, the overall microhardness trend is
stable in the Q235 and A356 substrates, and the microhardness decreases continuously from Q235 side distance interface
center about 100 um to A356 side distance interface center about 100 um. The tensile strength and shear strength of the
clad plates increase firstly and decrease later. When the A356 covering temperatures is 710 °C, the tensile strength and
shear strength reach the highest value, which are 336.4 MPa and 137.6 MPa, respectively.

Key words: Al/low-carbon steel clad plates; liquid-solid twin-roll casting; interfacial microstructure; interfacial diffusion;

mechanical properties
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