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On Sliding Wear of Ultra-high Carbon-Chromium Steels

Hisakichi SUNADA, Hisashi 1zumi, and Imao TAMURA

Synopsis:

The sliding wear performance of high carbon-chromium steels has been investigated. The specimens
were prepared by hot forging and isothermal rolling in order that the sizes of grains and size, shape
and distributed carbide particles were varied. The wear tests were carried out by changing contact

load, hardness of specimen and contact ring without lubricant.

by weight loss after 100 h sliding.
The results obtained were as follows:

The wear resistance was determined

1) The wear loss of quenched and tempered structure increased with increasing the contact load,

decreasing the hardness of specimen and decreasing the ring hardness.
2) For as-worked structure, forged or pearlite structure had more improved wear resistance than

rolled or ferritic structure.

While wear resistance of rolled structure was better than that of forged
one in the case of quenched-and-tempered structure.

3) As-forged structure which consisted of pearlite showed as much waer resistance as quenched

structure.

4) Wear surface was flat in the case of hard specimen against hard ring, whereas combination of
soft-soft tended to become rough. The thickness of wear damaged layer was almost constant in spite

of hardness or structure.
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Table 1. Chemical composition of the specimens
(Wt%).
C Si Mn P S Cr
0.89%C 0.89 020 0.25 0008 0007 0.25
1.56%C 1.56  0.14 0.33 0.004 0.005 0.03

1.43%C-1.88%Cr 1.43 0.15 0.32  0.004 0.006 1. 88
1.86%C-1.62%Cr 1.86 0.14 0.30  0.004 0.007 1.62
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Photo. 1.
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Microstructure of 1.439,C-1.889,Cr steel (a) as-forged, (b) as-rolled, (c) as-

quenched for forged steel (1023k 15min), (d) as-quenched for rolled steel (1 023k 15 min).
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Fig. 1. Schematic diagrams for (a) forging and
(b) isothermal rolling and heat treatment.
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Table 2. The grain size and the diameter, spacing
and volume fraction of carbide in steels. Brancket
indicates standard deviation.

Forged . Rolled
As-forged quenched As-rolled quenched
Y 0.89%C — — 2.6(0.9) 3.3(0.7)
e 1.56%C — — 3.0(0.5) 3.3(L.1)
B 1.43%C-1.88%Cr 10.1(3.7) 26.8 (95) 4.0(0.5) 3.5(1.2)
O 1.86%C-1.62%Cr 10.4(3.6) 30.2(136) 1.6(0.6) 3.2(1.0)
G E 0.89%C — — 0.6(0.1) 0.9(0.3)
8y 1.56%C — — 0.8(0.2) 0.5(0.1)
k2
gﬂE 1.43%C-1.88%Cr 1.0(0.5) 0.9(0.4) 0.5(0.2) 0.2(0.1)
2% 1.86%C1.62%Cr 1.4(0.8) 1.1(0.9) 0.5(0.1) 0.2(0.1)
SE 0.89%C — — 0.8(0.4) 1.8(1L.1)
2 1.56%C — — 1.1¢0.7) 1.5(0.8)
CE 1.43%C-1.88%Cr  — — 0.6(0.3) 0.6(0.2)
& 1.86%C-1.62%Cr  — — 0.5¢0.2) 0.8(0.4)
0.89%C — — 0.19 0.01
v
5_5 1.56%C — — 0.36 0.04
§§ 1.43%C-1.88%Cr ~ — 0.05 0.29 0.02
~ 1.86%C-1.62%Cr ~ — 0. 07 0.21 0.03
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Fig. 2. Relationship between the quenching tem-
perature and the retained austenite, the quenched
hardness.
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Fig. 3. Relationship between tempering tempera-
ture and hardness.

Fig. 4. Sketch of a specimen-on ring sliding wear
test.
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Fig. 5. Correlation of wear loss with contact load
for (a) 1.439,C-1.889Cr steel and (b) 1.86
2,C-1.569,Cr steel. Solid lines are rolled steel,
dotted lines are forged one.
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Fig. 6. Correlation of wear loss with specimen
hardness for (a)1.439,C-1.889Cr steel and (b)
1.869,C-1.569;,Cr steel. Arrows indicate as-quench-
ed hardness. p=pearlite, f—ferrite.
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Fig. 8. Relationship between wear loss and
carbon content.
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Fig. 9. Variation of wear loss with
(a) mean diameter of carbide, (b) spacing of car-
bide, (c) volume fraction of carbide.
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Photo. 2. Wear surface of 1.439,C-1.889,Cr steel (HV specimen-HV ring).
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Photo. 3. Wear surface (a), (b) and metallographic cross section (c), (d) of quenched
structure for 1.439,C-1.889,Cr as-forged steel after sliding wear against HV 450.
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Fig. 10. Tempering temperature versus the thick-
ness of wear damaged layer and deformed layer.
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