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Production of H90-steel-H90 clad coil by inversion solidification

LI Bao-mian, XU Guang-ming, CUI Jian-zhong
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Ministry of Education, Northeastern University, Shenyang 110004, China)

Abstract: The variation law of cladding thickness, the structures and properties of the clad strip produced by inversion
solidification were studied. The interface bonding mechanism was approached. The results show that the thickness of
H90 cladding goes sequentially through solidification growth stage, holding stage and remelting stage with the increase
of immersion time. The higher the preheating temperature of steel coil, the thicker the maximum cladding thickness
obtained. The microstructure of H90 clad layer is equiaxed grains. There is inter-diffusion of Cu and Fe near the interface
but there is not obvious diffusion of Zn. The diffusion layer is very thin and about 4 pm. The interface is firmly bonded,
and the mechanical properties of the as-clad coils can reach the requirements of GB5213—85 for F-grade deep-drawing
steel plate though there is slight difference of mechanical properties among the clad strips with different cladding
thickness.
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Fig.1 Schematic diagram of inversion solidification clad apparatus
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Fig.3 Micrograph of H90 clad layer
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Fig.4 Line-scan micrograph of clad interface
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Table 1 Mechanical properties of as-clad strip

Thickness Thickness

of H90/ of steel o/MPa  op,/MPa 0/%
mm strip/mm
0.32 1.2 191 306 41.2
0.52 1.2 179 298 40.8
0.75 1.2 173 288 40.2
1.16 1.2 161 281 394

3 g

31 EEREEEH

HHIE 2 AT40, 7E H90 A&l Wil E AN, HA
J2 00 JEL 55 B A 1D TR 85 L R B2 A B ) E A )
[i] 45 (10 K T 5 (1) 32 AT 3 B R ) T A8 A o IX A
HH, N TR BEE RN G, LGl
B T TR R B I G I TR S, sk T AR
REZEEN 0.75 mm A4 (LK 2), AT LURIEL
T LESH:

1) A PRI FE R 800 C, & 4 I a] 47 il
1.5~3.5s LI

2) HAETRAGRE 600 °C, HEA A HI A2
1si4.5s.

8%, 7E 600~800 CHNHy TR VL N, b7
WZ A RHA LS8 SLi bR, b T A
MBI AR, HREGTURE 2R, T8k
BRI e B i 2 A )2, RIPPEOGR, Rl
bt AT B RPN B B AR, Rl
SPAARE AR, R TR TR =B
BRSNS AR, RINAGE, RYRM™E, R

b TG o T L, AAERIE T il 2R T if 5 A R
P s€ I T 2S5 BONAE R 5 J2 Ak T D i e Be sl
(LRESTNEE

FEPEE R BB, R AR R, 2R
(10 J52 JEE S B2 A I TR R A AU, BRIV 5 IS 1) AR /N e 3
(AR 7 38 52 (19090 30 ) 2 3 B R A7 2 3 56 (1 TRl 2 38 30
WCT ZPEHIMEER AR AR B B2 IR
JER G A I IR, B IR R INE B AN 22 3
HERREN R, TSI N, B, 45
2% B G BRI T L 2RI S R, &
BN T EZSHNALR G2 AT FHARF I B XA
BXCEA, BETRNJE RS PR 2 W] 5 &
FE XN

32 FAHELHENE

— RNk, S B T A A,
HNEL 2 BT, SRS GRS WA B —a&
WA 5 W Ay - [ A A EAE I B, RIS
B o BT B 2 DB 1A 2 5 A
) [ — AR A TR B, B A I ia)>a, (OB BE.
T B [ A B A A I TR T, im0 — [ A AH
BRI S R T SR T g, DRI A R B At
IR R4 45 A TG AR, 55— B & St i i\
RES B UG 4 45 G ) W e PE OGS B

PR AR ELAE B BL, A O ANl (1 |
SR [ A B DA S SR RS T it e 4 A il
FREEMVEM . X H0 &4 08Al 44 FT k4 1)
WA RMS, M EEEAN 1100 CH, H90 &
S SE A REIE AN A U, HOO & &N 1 5
AR SR (] Y AR T ORI AR IR P B Ak, 31X
b HOO—N 42 fish S 110 (1) PRSI0 LA B 80 st 7 2 (1]
(FIAH Y B E T 564k, X Cu-Fe AHET %I, Cu
H1 Fe AH 4O FOW B BRIV S 1) [T 4, AT R
fatE& AR, 11 Zn FIAAAEA U] B Cu-Fe
A ke, FURAE Cu 1 Fe 2 [A) AR LR L
R WOHT B RX 2825 2T %00, 24 Cu(Zn)~ Fe
AHEAE I, FEEzfil A A AT et & JE Ak &4
U BGA E A 8] (R AN [ ALK s — AN 2 Fe 9] Cu(Zn)
Y ETIE RN Cu(Zn, Fe)lilwfk, 5—/M i Cus
Zn [i] Fe P HUITE I Fe (Cu, Zn)E¥E4A. B4
VAR 55 FE B T Cu(Zn) AT Fe 22 1) AH T A FH (1)
TEFERN ], A EAEF PR A AR, BB
G PR VP [T 3 DX 3 1 5 A o

AL, SR R B A A L2, ARSI
MR as A, e A — T BV 1 2 Ak ] ) >k 52 B0 5 1



ERVES PR

AR, S RINIEEEEE S HO0-40-H90 & & 509

IE7ZBEiEe 51 N 25 b ena Y WS SIS
SBHAETIA G, WAN PR AR, AT RE b+
Y[ R b TR R 1 AN RE S B R 2l 5. DAL,
AE I T g ] A2 45 125 AT e /N — [ B B 1] () 1)

XTI R A S, S < eI ] A
AR, D) I ) B A A I 1) P R AT S B, 52
o o T R S R B T, (L A S T PR i A A
AAEBR N SR, HAT SRR S 73R4T T A2
SeMRAH A GERR A BE RN A eSO, dit] DUESR, I
TR ) 53— ARSI i oz a2 D ki
IEIR . JEFH, W] DAEEER U N 1A A A TR e
I B R AR ], O TR R k50

Er
ty =ty exp(ﬁ) (D

A oy APHBIIEIR I 20 A5 5 A5 )48 S
W ENRERS: kW BCREG TARTIHRE

PRI, A2 B i)t 2 Ao R v, ARSI S R
EEi, NARIE a>ty, BT N I (DRV S K %
AN BRI TR, AR, H TR ANREXT AT Z
IR R E AT RS, I BEHSRSEifE . 1
4 7 (¥ G I 22 4714 4 B A RO BRI & R TR
WY, T HO0—4 S 1y Bt [ B2 i Ry &, HEEARAIE
HO0 &4 54N 404 0.5 s L L ffefih, BPnTses st
I FRIYR <45, IXAE HO0 & il KIS 1100 "CHY,
BT (AR T 600 “C RITAT SEHL

IAZAR I, WSRAUDOHS B g Bt [ 2 15 T 24
N SEDLF I B A — T B, i A S s
DB S AR L O 1 5 e L 2 i ok szal,
AE B i) i ] 52 25 rh B T A e /N [ 2 e s [1)
10

4 5

1) BERBE AN RREL, 56 E0EEZ L
SN0 T BB AR PEARRREE 3 AN B SFETAH
FEWY BRI AR A K. AR IR AR LA K
HAE AR R, 2SR I 2 S )2 R
JE I SR B

2) St S A, S g A I R ] o A i
] 2 ik T o] — [ Ak P A B B, 80— o B B R 2 11
I [ 2 ST 6 A5 SE IR 4 45 A I B DR 3%

3) 3 HO0 S i AE o 1 100 °C, Hs i
PR EE =T 600 CIN, Ftifi4h Cu Ml Fe A= TAHE A

HCH YOI B R AR A, RSB Zn ] B8
KA MV B SRR, T BUZ R, 290 4 pm.

NEEZEEARFIR, 600 e s A 7%
S, {HIAEEIE R GB5213—S85 FTE 1) F SR A AR
By ERE K, AT A T R

REFERENCES

(1] ZFEam, XN Wi, EEE. AN SR &
NN, MEFFIR, 2002, 16(2): 22-24.

LI Bao-mian, LI Xing-gang, XU Guang-ming, CUI Jian-zhong.
Study and application of Cu/steel clad metal[J]. Materials
Review, 2002, 16(2): 22-24.

[2] Rasgado M T A, Davey K, Clark L D. Bi-metallic dies for rapid
die casting[J]. Journal of Materials Processing Technology, 2006,
175: 109-116.

[B] By, lihs, B4 AN E S SR RHE i AE I T
RN ). BN TSR, 2002, 37(5): 9-11.

LU Zhan-zhu, LIU Shun-fu, ZHAO Fu-ling. Application of
explosively welded copper/steel clad material in EDM[J].
Electromachining & Mould, 2002, 37(5): 9—-11.

[4] YAN Hong-zhi, Lenard J] G. A study of warm and cold
roll-bonding of an aluminum alloy [J]. Materials Science and
Engineering A, 2004, 385: 419—428.

[5] Raghukandan K. Analysis of the explosive cladding of Cu-low
carbon steel plates[J]. Journal of Materials Processing
Technology, 2003, 139: 573577 .

[6] HUHESE, ZRgF, ZFNL SRESGHIN T ZMRIIRE K
B[], MEIF R ENH, 2006, 21(1): 40-43.

TIAN Ya-qin, QIN Jian-ping, LI Xiao-hong. Current state and
trend of metal clad sheet manufacture technology[J].
Development and Application of Materials, 2006, 21(1): 40—43.

[7] Manesha H D, Taherib A K. Theoretical and experimental
investigation of cold rolling of tri-layer strip[J]. Journal of
Materials Processing Technology, 2005, 166: 163—172.

[8] BR A, LpKEd. 4/ XUE A A AL S A LR A [T].
T 42J@, 2001, 25(4): 307-311.

WEI Wei, SHI Qing-nan. Bonding mechanism of Cu/steel clad
sheet in asymmetrical rolling of bimetal[J]. Chinese Journal of
Rare Metals, 2001, 25(4): 307-311.

[91 ZEoesds, FFoefl, & SR, IS BHXUE R v FL I 524
WEFT[T]. 8k, 1997, 32(4): 46-50.

LI Ying-hong, QI Ke-min, ZHU Quan. Study on cold-roll
bonding of steel/brass bi-metal[J]. Iron & Steel, 1997, 32(4):
46-50.

[10] Pleschiutschigg F P. Inversion casting—a new method for
producing near-net-shape cast strips[J]. Stahl und Eisen, 1994,
114(2): 47-53.

[11] Pleschiutschigg F P. Inversion casting of steel strip[J]. Steel



510 T EA G R AR 2007 44 H
Times, 1995, 223(6): 228-229. 33(1): 27-29.

[12] AR, Bk . S I dklhl 55 ANER A0 o F T 45 4 Ak ] 21 [16] LI Na, GUO Shou-ren, LU De-zhong. Technique of aluminum
FURFAE[T]. R LK Z2E . ARl S TR HAR, 2002, alloy composite by inversion casting[J]. Journal of Materials
25(1): 35-38. Science and Technology, 2002, 18(2): 187—-188.

NI Hong-wei, CHEN Hao. Inversion casting stainless steel [17] ZE54%. HO0-4M Jx In) it & & 1.2 KSR D). I &
composite strip: its characters of bonding and solidification 6K, 2004.

microstructure on interface[J]. Journal of Wuhan University of LI Bao-mian. Process and Theory Study on Inversion-cast
Technology: Transportation Science & Engineering, 2002, 25(1): Cladding of H90-Steel Strip[D]. Shenyang: Northeastern
35-38. University, 2004.

[13] LI Na, CHEN Yan-bo, MENG Xian-yun. Preparation of [18] Ishida T. Spreading kinetics of liquid metals on mild steel[J].
composite aluminum automobile radiator by inversion casting[J]. Mater Sci Tech, 1988, 4(9): 830—835.

Trans Nonferrous Met Soc China, 2001, 11(1): 138-140. [19] HHSEL, EHLE. S6S LM ITM]. K. ik

[14]  FNERZE, P, WA, B I 4/ 40 B 4= e AT TR (0], 94 AL, 2002: 44.

EHAR, 2004, 25(8): 607-609. TIAN Rong-zhang, WANG Zhu-tong. Handbook of Copper and
SUN Yue-jun, ZHONG Wei-shen, GAO Shun-li. Research on Copper Alloy[M]. Changsha: Central South University Press,
reversing solidification copper/steel electrical train wire[J]. 2002: 44.

Foundry Technology, 2004, 25(8): 607-609. [20] fAl5RZE, WHEDR. FeAbEE iR M. st HUR L H AR A,

[15] JriGese, sREEFD, RukTe. CUARAN 2 i AT S e e e 7 1986: 106-142.

B[], #2004, 33(1): 27-29.
FANG Xiao-ying, ZHANG Yan-li, WU Fa-yu. Numerical
simulation on process of liquid and solid inverted solidification

of Cu/Fe in copper clad steel [J]. Hot Working Technology, 2004,

HE Kang-sheng, CAO Xiong-fu. Welding of Dissimilar
Metals[M]. Beijing: China Machine Press, 1986: 106—142.

(%miE  #%0F)



	REFERENCES

