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Abstract: In this work, high chromium iron/mild steel bimetallic materials with different bonding temperatures were
prepared using the method of vacuum melt infiltration diffusion bonding. The microstructure of the bimetallic materials was
observed. Simultaneously, the interface shear strength and microhardness of the bimetallic materials were tested. The results
show that the microstructures of the interface of the bimetallic materials aresignificantly different at 1 010 °C, 1 030 °C and
1 050 °C. The interface shear strength of the bimetallic materials is 320 MPa at 1 030 °C, 298 MPa at 1 010 °C and
318 MPa at 1 050 °C. The thickness of the CuCr interlayer reaches 90 wm at 1 010 °C, indicating that the diffusion rate of
elements is slow at low temperature. At 1 050 °C, the CuCr interlayer softens obviously, and the diffusion layer is narrow
with intermetallic compounds and microscopic pores, which reduces the interface shear strength of bimetallic materials.
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Tab.1 Chemical composition of materials
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Tab.2 Element content at point A and point B in Fig.2(c)

. JLFE
A
C Fe Cr Cu
A 3.52 82.82 6.66 6.99
B 4.22 83.52 7.66 4.60
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Fig.1 Preparation of high chromium iron/mild steel composite:(a) high chromium iron/mild steel penetration diffusion connection
diagram; (b) schematic diagram of shear experiment
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Fig.2 Interface microstructure of high chromium iron/mild steel bimetal materialsat different temperatures: (a) 1 010 °C, (b) 1 030 °C,
(c) 1 050 °C, (d) EDS line scanning results in (b)
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Fig.3 Shear stress-strain curves of the high chromium iron/mild
steel bimetal interface at different temperatures

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

PR Loy K e AR RS Y, SECR
T AL PRV 22 i R AR A, X LU T 2(b) R i, o 8 5 A/
IR BR A0 XL 43 JB 76 1 030 °CHYZE A IR T S 448>
PL C . Fe .Cr.Cu iy EE U R MW A&, H A
TG W S OUL BB , DRI XL 4 i L T ik B e vy L iR N T
B I B RUR

R T EAE 1030 °C45 AR E R A4
J& BRI Ak G RS BIFSE T A JE A REEE
1 030 °CH5 G-I BE T 1 Sl folc i B2 Wb fRCReE 2 A L5 5
B B 0, DR T AT B R AR P A A A B 4
i 2% THT AR 2 A R U TR 4 Sy v A T A AL
4V 5 U ) 0 GIORE B AR 25 R R 4(b) T Ak R AR
FLRAT B UL 4(a), B S 80T MR 6 55 2k 2 AN
B 7 A A I 25 R H AT R B Ak 3
A0 e 25 AL S GO B (R S AN R, SRR R R
BEERTEARKEMN CriE, B EN Criiy
5 rh a2 CuCr & A ¥ BT 38 W A8 35 51 1y [ 1 Ak
POHOZ PR O O B T R Ak — I AR 1L
AN Bifi A5 P v A% 7 K — U B 1, XL Jis T
R R T, R R A B 252 HV T
F 1217 HV, R i ke, 7 ARmAR ) | bt %5
P CuCr/{IE Ak A9 5 Th0 95 8 A 38 0, tab folc s B 49 (L A
FETE 1200 HV 2247, Ud B AE 5 3 IRk 3K — ], CuCr/
R0 A T B Ak B 9 ARRAE o0, ELARBR 4K
TS AT R Ak U BRI e A B 8 i . R
FUETE 1200 HV A4,

http://www.cnki.net



(BB ARN03/2023 i

b ERRN/ERFESRNE R AR R SRR

«255.

[ 4 1030 °CH: G IR 25 58 55 BRI IR AW 0L 4 Jiss 7 T 4o foic et PR Y00 3K« () ol AR B X S T L U 0 (b) b Bkl B 1 5 2R
Fig.4 Microhardness test of the high chromium iron/mild steel interface at 1 030 °C: (a) interface morphology, (b) results of the
microhardness test

3 it

(1) 55 4% 55 R G A 4N WL 42 J& 7 1 010 .1 030,
1 050 °C3% 2 i B T 1 71 41 U1 5 B i A )
£ 1010 °C&5AIRE R CuCr i) )2 S B 3AF] 90 pum,
TR B RS TR Y W18 ¥ B 1 i B I
B HUZ 845 1030 CCHERERE T 1 A 4141 3220
JG# Cr.Fe . Cu JE R [ %44, 1 050 °CF CuCr H
] 2 A . A ST A e K SR a9 .

(2) 5 % 5 kG B AN OB 42 J& 7E 1 0101 030,
1 050 °Ci% $:5 FE T 1Y 5t 11 41 298 33 I 35 52 1 25 XL
SRS B VIR, 75 1030 °CRIZS S IRE T 5
IS8k 320 MPa,, 7£ 1 010 °CLL & 1 050 °CHyZE &
BT BT U158 B 4303 298 MPa il 318 MPa,,

()bt 5 45 A 1 B T, L4 T Bt T BY b5 i
oS LI E R R, B R H T AE 1030 °CHT, CuCr
Hia] )2 C Fe Cr,Cu 7t F 78 A0S A3 K 1 0l
NYTHGE BRI, 5 R T E L RS 5 4/ CuCr
T A K CuCr/S s 59 S 10 AL P B [ A, B T
X4 J ) ST 45 9 . B AR IR TR E 1050 °C,
CuCr "] 2346 B 8, 3 802 B8 HL e 11 i) 3 e
[ JE AT, B T AR T B K 4 JE TRk A W, 1R
& ) P AR AR 22  BRAR TS AR

S 30k

(1] /N0 TR, T 55 oo 5 5 R0 5 X0 XL 465 s T Y2
Tl B A e 5 4 5 3 (D). #7E L2011, 60(7): 632-634.
XIAO X F, ZHOU X G, YE S P, et al. High chromium cast
iron/carbon steel liquid composite liner by lost foam casting [J].
Foundry, 2011, 60(7): 632-634.

(2] FEAEIERAR i SCR. 2 A g 0 v B B R 0 1 A M
E S HT[)]. i HR 2004, 25(10): 756-758.
HUANG Z F, XING J D, GAO Y M. Preparation of semisolid hy-
pereutectic high chromium cast iron and quantitative analysis of
microstructure[J]. Foundry Technology, 2004, 25(10): 756-758.

[3] JANG H, KO K, KIM S J. The effect of metal fibers on the friction

performance of automotive brake friction materials [J]. Wear,

[4]

(5]

(6]

(7]

(8]

9]

[10]

(1]

[12]

[13]

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

2004, 256(3-4): 406-414.

gk B v SCIRE TR AR, A5 ik B/ 5 5 B 0L J A B R A
T LB MERE [1]. #5311 R 2005, 26 (11): 1006-1008,
1011.

ZHANG G S, GAO Y M, XING J D, et al. Processing andwear re-
sistance of carbon-steel/high-Cr-cast-iron biemetal composite[J].
Foundry Technology, 2005, 26(11): 1006-1008, 1011.

SUN L X, SONG X H, DONG Y T. Microstructure and strength of
diffusion bonded 304 stainless steel/tungsten joints using different
interlayers [J]. Journal of Manufacturing Processes, 2021, 65:
428-434.

SAKURAI I, MAEDONO H, MATSUO K, et al. Diffusion bonding
of high chromium cast iron to cast steel in air [J]. Journal of
Japan Foundry Engineering Society, 1996, 68(1): 43-48.

GAO X J, JIANG Z 'Y, WEI D B. Effects of temperature and strain
rate on microstructure and mechanical properties of high chromi-
um cast iron/low carbon steel bimetal prepared by hot diffu-
sion-compression bonding [J]. Materials & Design, 2014, 63:
650-657.

XIONG B W, CAI C C, HONG W, et al. Fabrication of high
chromium cast iron and medium carbon steel bimetal by lig-
uid-solid casting in electromagnetic induction field [J]. Materials
& Design, 2011, 32(5): 2978-2982.

A WL XSG A5 B N AR S B ST T
REFFE[J]. MORHRE2E 5 T2 ,2020, 28(1): 39-45.

LIY L, YANG H, LIU G P, et al. Microstructure and mechanical
properties of explosive welded joint of copper/steel [J]. Materials
Science and Technology, 2020, 28(1): 39-45.

WA, £ AR, . TA2/316L (2 3R H AR KHE 1 5 B i [J]).
1 AR ,2007, 28(4): 550-552.

HAN L Q, WANG Z D, SHEN X. Joint technique of TA2/316L
and its corrosion and protection[J]. Foundry Technology, 2007, 28
(4): 550-552.

KURT B, ORHAN N, HASCALIK A. Effect of high heating and
cooling rate on interface of diffusion bonded gray cast iron to
medium carbon steel[J]. Materials & Design, 2007, 28(7): 2229-
2233.

BIN AYOB F, BIN HUSSAIN P, BIN ABDULLAH A, et al. Un-
conventional approach in the study of diffusion welding of ma-
rine grades grey cast iron to low carbon steel[J]. Materials Today:
proceedings, 2020, 29:156-160.

DUBROVSKY V A, AMELICHEVA A, KALMYKOV E S. Re-

http://www.cnki.net



Vol.44 No.03

256+ FOUNDRY TECHNOLOGY Mar. 2023

search of electric resistance surfacing (welding-on) of cylindrical 81(3): 209-213.

steel and cast iron samples with low-carbon low-alloyed filler [15] #RB3 M. PLC 44 il A A5 12 10 25 % i ol AN L B2 M RE B0 52 i) [7]. 4%

wire [J]. IOP Conference Series: Materials Science and Engineer- WK, 2014, 35(12): 3011-3013, 3017.

ing, 2020, 971: 032006. LIN Y J. Effect of welding process based on PLC control on weld-
[14] NAKANO K, YASUNAKA T. Fracture toughness in the transition ability of high strength steel [J]. Foundry Technology, 2014, 35

region of a carbon steel and a ferritic nodular cast iron[J]. Tetsu (12):3011-3013, 3017.

To Hagane-journal of The Iron and Steel Institute of Japan, 1995,

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



