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Wear Resistance and Resistance to Surface Roughening of Newly Developed Material for
Piercing Roll with High Carbon and Low Hardness

Shoitsu SEO, Satoshi MATSUOKA, Taro KANAYAMA and Akira YORIFUII

Synopsis : Piercer roll in the pipe manufacturing mills requests the wear resistance and bite efficiency. Usually, low carbon alloyed cast steels are applied

to the piercer roll, but have low wear resistance. In order to improve the wear resistance of piecer roll, three tests samples with high carbon

content and low hardness are investigated. The most suitable carbon level was determined by using the high temperature wear simulator. The

main results obtained are as follows; (1) Microstructure of new piecier roll material consists of ferrite and spheroidal carbide. (2) The car-

bides except spheroidal carbide cause to heat cracks by thermal shocks to decrease wear resistance and resistance to surface roughness. (3) In

case of high temperature wear testing, the micro-structure of matrix consisting much of ferrite structure shows the good wear resistance than

the matrix of pearlite structure contained. (4) Ferrite structure is worn by abrasion mechanism and pearlite causes to fatigue cracking and

pealing off. (5) The excellent wear resistance of low hardness roll consists of the spheroidal carbide and ferrite, which is gripping carbide and

is worn keeping the effective surface roughness.

Key words: piercer roll; low hardness; wear resistance; bite efficiency; crack propagation rate; fatigue crack.
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Table 1. Chemical composition of conventional roll and test samples (mass%).

C Si Mn Ni Cr \ Mo Hardness(Hs) |
Conventional roli 0.8 0.6 0.7 0.7 1.0 103 36
Test sample,1),4) |1.13 1047 (067 |065 |1.24 go.ze 1)=82.5 4)=29.0
Test sample,2),5) |1.34 |0.48 |0.61 |062 |[1.31 1033 |2)=335 5)=325
Test sample,3),6) |1.56 [0.42 [060 [050 [1.45 [0.27 [3)=33.5 6)=31.5
Test sample,7) 1.34 0.48 0.61 0.62 1.31 0.33 41
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Fig. 1. Schematic diagram of high temperature wear tester
used for hot rolling simulation.
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Fig. 2. Microstructure of test samples.

Table 2. Average size and area fraction of carbide for samples.

Sample No. Spherical Pearlite Average Eutectic Hardness
carbide (%) particle Carbide (Hs)
(%) size(4m) (%)
1. (1.13%C) 143 39.8 1.35 0.2 325
2. (1.34%C) 26.5 125 1.10 0.8 33.5
3. (1.56%C) 28.0 19.2 1.40 3.8 33.5
4. (1.13%C) 27.0 0 1.38 0.2 29.0
5. (1.34%C) 33.7 0 1.13 1.0 325
6. (1.56%C) 34.8 0 1.37 4.0 315
7. (1.34%C) 8.4 911~ 2.32 0.5 41.0
Conventional 0 90.3 0 0 36.0
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Fig. 3. Comparison of wear loss to conventional roll mate-
rial and higher hardness test samples.
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Fig. 4. Comparison of wear loss to conventional roll mate-
rial and lower hardness test samples.
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Fig. 5. Relationship between surface roughness and revo-
lution number.
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Fig. 7. Influence of carbon content and hardness on sur-
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Fig. 10. Typical SEM structure of surface damage of samples tested at high temperature. A) Sample 4, Carbide dropped from fer-
rite matrix making dimples and metal flowed ferrite structure. B) Sample 1, A fatigue crack starts at carbide surface in
pearlite matrix. C) Cast sample, A fatigue crack is initiated at rolled surface and causes to peeling.
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Fig. '14. Effects of carbon content and matrix microstruc-
ture on fatigue crack propagation rate.
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