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Deformation rule of steel/aluminum metal-laminate material during
hot roll bonding

LI Min-quan, JIANG Fu-lin, ZHANG Hui, LI Luo-xing

(College of Materials Science and Engineering, Hunan University, Changsha 410082, China)

Abstract: The effects of rolling temperature and reductions on the bonding strength, interface and distribution of
thickness ratio of the steel/aluminum metal-laminate materials, which were prepared by hot-rolling process, were studied
by using bending tests and metallographic microscopy and scanning electron microscopy. The results indicate that the
number of bending increases with increasing rolling temperatures below 400 ‘C, whereas decreases after that. The
maximum bond strength is obtained at 400 “C. With increasing the rolling temperature, the rolling reduction of the
aluminum layer increases while the steel layer decreases. At a given total rolling reduction, this leads the difference of
reduction between aluminum and steel layer increasing. The number of bending and the bond strength increase with
increasing the total rolling reduction. The increment of the number of bending is quite small when the total rolling
reduction is ranged from 20% to 30%, but extremely large when the total rolling reduction exceeds 30%. The rolling
reductions of both layers increase in direct proportion with the total rolling reduction, and the difference between them
gradually diminishes and even towards a leveling.
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Fig.2 SEM images of interface of metal laminates at different

rolling temperatures: (a) 300 C; (b) 400 C; (¢) 500 'C
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Fig.3 Distribution curves of thickness ratio of components at

different rolling temperatures
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Fig.4 Bending strength of metal laminates with different

rolling reductions
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Fig.5 SEM images of interface of metal laminates with

different rolling reductions: (a) 20%; (b) 30%; (c) 40%

BRo MR EN 20% 6, Hgia i A 2
SURVINIYZER T s RN 30%A1 40% I, JL45 &
SO, AiaRE. e e, &)
FRLZ TR SN 53 A 3 AT B P 1) YA
B 2) HEMRMAEGE: 3) AR ASEEEN.
2 [ AR UG 75 72 5L R AR RHIR s & 5l
SN e 1A S 1R 5 0 5 e AT DI Il B 1 5 5
BLEBI, Rk, O TSRS R LR £, A
<o e A T S B As 21 51 18] 51 3 (K4 IS FE A )
W L i S ST AN AR AP LRSS S AR A 2
1 2 FEHNI, TR IIRIR, AR
IR N vl DR PN A LT DA P
LINDANNS ¢ NP N = S O E T D) A Ty o
JE A P B LA, R i T < i Y
%, PHLLTOFTE R AR I LRI OR, AT A Py f
e 2 [ 4 A N R A AR K 45 5 s
222 AFHR X K 5

K 6 B i s MR SATUE P RRR. A
6 FIHL A LITTH N EAMAICH T R ] R b
KA, B MEER, S4ok FREBE KA. h
THBA AL PG, Fril R bR e KT
T (EUEBEE R R AT, KRR R AR
(¥R T A G SN R I TREAL ARG, AR SEAR T
AR (RSB N A, TR R K TN R
PrEAER S TAE B i TAEAL, RN el T80 )2 )5
A 0.5 mm 5402 (LS mm)AHLLIR /DN, BRIk, B
F IS NI, )2 A LA R SN R A
<, BEAE RIS MR, —F TR ZEER,
AN A E T8, XWARNTIFEER,
IR AR AR

46
) /
38

34}
30+

o— Al
=— S8

Single rolling reduction/%

20 25 30 35 40
Total rolling reduction/%
El6 LA NESACENEKKA

Fig.6 Relationship between total and single rolling reductions



648 hEA SRR

2009 “F 4 H

=

3 g

1) HLAEREEMRT 400 CHE, 25 Mk Bt 5L
MRS TGN, 205 OB D FLTR LR 400
C I ENER 5GBS 1 455 o B B K

2) Bt FLHRELE 38 n, B82 MR R g, X
JAE RN, SO R T R,
FUHIREL R o] DA VR E A TERR S, AR TR A
BRI T

3) AR EBEE LR T RGN, 455
SHHFISE Ao AF s R R N 20%~30% M), 25 i
DB N BN 228 R TR T 30%
I, 25 R SRt e P88 i RO K

4) B SR R RGN, 8. 2R T R AR
IELOCRIE N, (HZLI0 R T ) 25 B R A )1
Kifighohs, T8, GHTEELE.

REFERENCES

(11 WR. FEaBMREM] bt mE Tk, 1993:
1-3.
TAN Shu-song. Non-ferrous metal materialsfM]. Beijing:
Metallurgical Industry Press, 1993: 1-3.

[2]  RME. ANEWNARE AN 2RSS S RERT
D], K¥b: HHEgR2, 2000: 1-5.
Zhu Xu-xia. Hot roll bonding and properties of stainless
steel/aluminum alloy/stainless steel multi-layer composites[D].
Changsha: Central South University, 2000: 1-5.

[3] MES, B, RER. LEROBIEEAR S KIEEH].
GBI T2, 2003(2): 19-22.
SUN De-qin, XIE Jian-xin, WU Chun-jing. The forming
technology and developing trend of clad plate[J]. Metal Forming
Technology, 2003(2): 19-22.

[4]  TIUHL, TRAE, R SR. FLIRIE N S AR A 45 A v
HM]. RACRAEAR, 1995, 16(5): 491-494.
YU Jiu-ming, YU Chang sheng, ZHU Quan. Effect of rolling

temperature on bonding strength of clad plates[J]. Journal of

[3]

(6]

(7]

(8]

9]

(10]

(1]

(12]

[13]

[14]

[15]

Northeastern University, 1995, 16(5): 491-494.

LEEJE, BAED H, CHUNG W S, KIM K H, LEEJ H, CHO Y
R. Effects of annealing on the mechanical and interface
properties of  stainless clad-metal
sheets[J]. Materials Processing Technology, 2007, 188: 546—549.

DANESH MANESH H, KARIMI TAHERI A. Bond strength

steel/aluminum/copper

and formability of an aluminum-clad steel sheet[J]. Alloys and
Compounds, 2003, 361: 138—143.

DANESH MANESH H, KARIMI TAHERI A. The effect of
annealing treatment on mechanical properties of aluminum-clad
steel sheet[J]. Materials and Design, 2003, 24: 617-622.
DANESH MANESH H, KARIMI TAHERI A. Theoretical and
experimental investigation of cold rolling of tri-layer strip[J].
Materials Processing Technology, 2005, 166: 163—172.

Fogkah, ERER, BV, &8 250 R KRR
PIBIEFTLT]. R ok R 2l HARBEA IR, 2002, 31(3):
264-266.

WEI Jia-hong, WANG Hui-min, GAN Wei-ping. Study on the
clad ratio and length ratio of metal roll bonding[J]. Journal of
Central South University Technology: Natural Science Edition,
2002, 31(3): 264-266.

JINDAL V, SRIVASTAVA V C. Growth of intermetallic layer at
roll bonded IF-steel/aluminum interface[J]. Materials Processing
Technology, 2007, 10: 118—122.

DANIELEWSKI M, WIERZBA B. Mechano-chemistry
diffusion in multiocomponent compressible mixtures[J]. Physica
A, 2008, 387: 745-756.

YU H C, YEON D H, VANDER V A, THORNTON K.
Substitutional diffusion and Krikendall effect in binary
crystalline solids containing discrete vacancy sources and
sinks[J]. Acta Materialia, 2007, 55: 6690—6704.

PENG X K, HENESS G, YEUNG W Y. Effect of rolling
temperature on interface and bond strength development of roll
bonded metal laminates[J]. Materials Science, 1999, 34(2):
277-281.

DYBKOY V I. Interaction of 18-Cr-10Ni stainless steel with
liquid aluminium[J]. Materials Science, 1990, 25: 3615-3621.
WANG De-qing, SHI Zi-yuan, QI Ruo-bin. Cladding of stainless
steel on aluminum and carbon steel by interlayer diffusion

bonding[J]. Scripta Materiakia, 2007, 56: 369—372.

(w8 35E)



