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Table 1 Material composition of carbon steel ( mass fraction) %
A C Si Mn Cr Ni Cu
25% 4 0.22% ~0.29% 0.17% ~0.37% 0.50% ~0.80% <0.25% <0.30% <0.25%
3574 0.32% ~0.40% 0.17% ~0.37% 0.50% ~0.80% <0.25% <0.25% <0.25%
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Fig.1 Diffusion of tin atoms to the surface

of carbon steel
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Fig.4 Fe element content curves in diffusion layer

Interface microstructure of 25 steel and tin
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Fig.5 Thickness of diffusion layer versus time
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Table 2 The diffusion quantity and diffusion coefficient of tin atoms diffusion into carbon steel surface

ANTRIY i ) T A AR i/ mol

WA D

5 min 10 min 15 min 20 min
25% 4 0.1237 x10 3 0.160 8 x10 3 0.1917 x10 3 0.216 x10 3 6.6x107°
35%4N 0.0680 %103 0.0866 x10 73 0.1113x1073 0.1299 x10 73 3.446 x107°
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Effects of carbon content in carbon steel on the surface diffusion of tin
LI Haibin', XU Huiting', YAN Yuetao’, CHEN Xuan', SHUAI Meirong' , WANG Qiang'
(1. Heavy Machinery Engineering Research Center of Education Ministry, Taiyuan University of Science and Technology,
Taiyuan 030024, China;

2. School of Mechanical Engineering, Taiyuan University of Science and Technology, Taiyuan 030024, China)
Abstract: The close combination of Babbitt alloy and bearings ( carbon steel) is crucial for the efficiency of bearing
operation, and currently iron-tin compounds are mainly used as intermediate materials to improve bearing life. At
present, there is no report in relevant literature on the effect of carbon atom content in carbon steel on the diffusion
of tin atoms into iron. A series of experiments concerning hot-tin plating on the surfaces of 25 and 35 steel matrix
have been carried in this paper. The key indicators involving Fe —Sn equilibrium time diffusion coefficient of Sn
atoms and diffusion thickness have also been analyzed, which could be used to estimate the binding quality during
the reaction process at 310 “C. The results indicate that the distance from tin atoms diffused into the surface of
carbon steel increases with the increasing of holding time, and the diffusion coefficient of tin atoms entering 25 steel
is 6.6 x 10™?, which is about twice that of 35 steel at 310 °C. The diffusion distance ratio of carbon atoms is
inversely proportional to the square root of the carbon concentration quotient in the surfaces of 25 and 35 steel. In
addition, the calculated bonding energy of Fe,C is —133 eV/atom, while the bonding energies of FeSn and Fe;Sn,
are only —7.4 and —6.9 eV/atom, respectively. It is obvious that carbon atoms are easily combined with iron
atoms, that is, the high carbon content would hinder tin atoms to diffuse into the steel. This is the fundamental
reason why tin atoms are easily diffused towards the surface of 25 steel. As a result, the matrix material of 25 steel
is identified as an ideal babbitt alloy bearing material.

Key words: Babbitt alloy; bearing; Iron-tin compounds; carbon steel; tin atom; diffusion distance; diffusion
coefficient ; bonding energy

e o  a a  /
s =1 41 T V4= ]
KERT R BFERNRK

AT H 3 B IR BTIE R A A TS B — AR R S S AT B S LASK , 1 AR B R ] v A A R A
W R P I L, 8 ad 2 4 5 | 90 BB BT, $HE Sl e st A D IR] , 7675 8 i S R T4 il XU — R 51
RARHT R B B 9 PSR A =0 B BT IRE AY 2 4.

FURT, 7R e BUR i T e 2 0 B e~ W B RIMERS - R0 DU T- 0 i A E 7 B I kst .+
VUL LA , SR TR 2000 /207 W, FE GE PSR 33k 1. S AC I, 55 5 BORT B T S 20 W U b, A7
1 B B B AT S Ry o BeAh, FRIETT 20 S L 7 DR A S B R SR, 4 ] ¢ R 365 7
DLIED T [ AR HR R 0 DAt (9 D DA AR SR SRR P T 5 B U PR PR

N2, ARG URHS ] M R A SRR S S N KA 7 il 3 ST A A D B R B 5 SR
BEEH IR, B SRR T A AT K 2R G B AT A, 3 3T — R
R R B GEIIE D, g P it [ 5K RE TR BT 48 4 (8 kX I 5 o it e A R it ik 0 4 o

(BERRIE A B a Rk



