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The Added Carbon Content Effect on the Hardness and
Wear Characteristics in Ion-Nitriding

Hei Song Kim, Kyu Sik Cho and Myung Scon Kang

Abstract

This paper deals with hardness and wear characteristics of ion-nitrided metal, and with ion-

nitride processing which is concerned with the effects of added carbon content in gas atmosphere.

A small optimal amount of carbon content in gas atmosphere increase compound layer thick-

ness, as well as to increase diffusion layer thickness and hardness, and reduces wear rate when

the applied wear load is small.

It is found in the analysis that under small applied wear load, the critical depth where voids

and cracks may be created and propagated is located at the compound laver, so that the abrasive

wear where hardness is an important factor, is created and the existence of compound layer
reduces the amount of wear. When the load becomes large, the critical depth is located below
the compound layer and delamination, which may explained by surface deformation, crack

nucleation and propagation, is created and the existence of compound layer increase wear rate.
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Fig. 1 A surface 1 resting on a surface 2 under a
normal load w. contact occurs only at a few
asperities, a,,a,, and a;.
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Table 1 The relation between wear type and wear characteristics,

Type
- h h External Internal
Condition —<0.001 T <1 T> 1 friction friction
No. of wear n=o00 1<n<co n—] n=oc0 n=1
Deformation Elastic Plastic . . Subsurface
characteristics deformation deformation Abrasion Adhesion fracture
Fatigue Fatigue Abrasive Adhesive Adhesive
Wear type wear wear wear wear wear
1 .., AW
5= @
w
4 (D 4 @4 |
dVv _ 24W T 3 (—
R g DN >
14 W tanf o
= % ® al
@ $3uhz @ by O

SAvtRE AW E5she) A4 ASPA Y Fabo
2 Qs g ABA tlEd ABE FEo] oA
FomA WAPH £ Zeln o]’ vk by
W F5te —ZM] a4 AgE €
Fig. 3ell4 wizAtelwe] Z=09

[o]
'LTXOL

}shAAk gt
AN A g

A 2 Y] AR 45 0, vE ol g AxE
Hza 2}, st433 2854 4s E7] §7ute]

AFHo] glon] nale] E77k 2¥ vhrd o9 A

e NS 4
T “‘?:__d_s____j

Fig. 2 A hard conical asperity ploughing through
a soft metal.
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Fig. 3 A flat surface approaching another with
conical asperities.

Fig. 4 Schematic representation of a conical asperity
being deformed and worn by a flat surface.
(a) flat surface approaching; (b) deformation
of the conical asperity; (c) flat surface has
slid past the area of contact producing wear
debris.
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Reference plane on the rough surface

Fig. 5 An idealised rough surface being penetrated
by a flat surface.
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Fig. 6 The asperity contact during sliding, (a)Initial
contact; (b) Maximum deformation.
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Fig. 7 The model used for the derivation of a wear
law.
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Table 2 The chemical composition of specimens.

W C Si Mn P S l Ni Cr ‘ Mo
Specimens (%) (%) (%) (%) | (%) | (%) (%) (%)
SCM 22 0.18~0.23 | 0.15~0.35 | 0.60~0.85 [ 0.03 [ 0.03 | 0.25 | 0.90~1.20 } 0.15~0. 30
SCM 3 0.33~0.38 | 0.15~0.35 | 0.60~0.85 | 0.03 | 0.03 | 0.25 | 0.90~1.20 | 0.15~0.30
SCM 5 | 0.43~0.48 | 0.15~0.35 | 0.60~0.85 | 0.03 [ 0.03 | 0.25 | 0.90~1.20 ‘ 0.15~0.30
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Fig. 8 The Ion-nitriding equipment.
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Fig. 9 Relation between hardness and added carbon
atom % (Load 200, 500°C, 5 Torr, SCM 3).

Fig. 10 Compound layer and diffusion layer thick-
ness as a function of added carbon atom%

in mixture gas (500°C, 5 Torr, 3 hrs SCM 3).
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