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Abstract ; In order to study the method improving the thermal fatigue performance of 32Cr3Mol1V steel used in the casting roll
sleeve, the surface discrete chrome alloyed specimens were prepared by continuous Nd: YAG laser. The surface temperature and
distribution of the actual roller sleeve were simulated by laser scanning heating, and the thermal fatigue properties of the samples
were tested. In the in-situ observation of specimen, fatigue cracks were found to initiate and propagate at the oxide film pitting.
By means of SEM observation and EDAX analysis to the specimens, it was found in the base material by heat cycling 300 times
that the chrome elements had been exhausted and the fatigue cracks had been formed, while the microstructures of alloyed zone
and heat affected zone (HAZ) remains intact. By heat cycling 300 times the content of chrome is 10. 41% and the content of ox-
ygen is only 2. 8% of that of the base material in the alloyed zone, and the content of chrome is 3. 41% and the content of oxygen
is 7.2% of that of the base material in HAZ. Based on the theories of high-temperature oxidation and material fatigue, it is con-
sidered that high chrome content of material forms a kind of thin and compact oxide film on the surface of specimen, which sup-
presses the pitting of the oxide film and avoids the initiation of crack, while the combination of high chrome content and residual
compressive stress in the microstructures of HAZ blocks the propagation of fatigue crack and reduces the crack growth rate by
nearly one order of magnitude.
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Table 1  Chemical compositions of 32Cr3MolV (w/%)
Element C Si Mn P S Cr Ni Mo v Cu
0.28- 0. 20- 0. 20- 0- 0- 2.7- 0- 0. 90- 0.15- 0-
Content

0.36 0. 40 0.50 0.015

0.015 3.20 0.25 1.10 0.20 0.25
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Fig. 1 Surface and cross section morphologies of alloyed area
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Fig. 2  Hardness of alloyed area after annealing at 200 °C/2 h
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Fig. 3 Element content distribution of alloyed area
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Fig. 4 Sketch diagram of laser heating fatigue device
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Table 2 Numerical calculation parameters of 32Cr3MolV

Parameters Value
Thermal conductivity/( W-m™ +K™") 36. 06
Specific heat capacity/ (J-kg™' -K™") 460
Density/ (K-m™) 7830
Laser absorption rate 0. 655
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Fig. 5 Temperature distribution along laser scanning path
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Fig. 6 Temperature cyclic curve in center of laser scanning

path (x,y,z=6 mm,0 mm,0 mm)
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Fig. 7 Microsurface morphologies of discrete Cr alloyed thermal fatigue samples
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Fig. 8 Surface morphology of discrete Cr alloyed thermal fa-

tigue samples on whole Laser scanning path after 300 cycles
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Fig. 9 Fatigue crack relative growth length
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Fig. 10 SEM images of thermal fatigue specimens after
300 cycles
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Table 3 EDAX analysis data of the specimens (/%)

Element Cr Mo 0 Fe
Fig. 10(a) 10. 41 0.56 0. 60 87.49
Fig. 10(b) 3.41 0.56 1.55 94.07
Fig. 10(¢) 0 0 21.61 78.39
Fig. 10(d) 3.16 1.14 8.52 85.79
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Fig. 11 Schematic diagram of surface oxide film structure of

Fe-Cr alloy
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