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ABSTRACT

In 509%NH;+ Air+ N, atmospheres, the effect of air additions on the growth characteristics of the com-
pound layer during oxynitriding at 570°C for 2hr in carbon and alloy steels has been investigated.

The ammount of apparent residual ammonia during oxynitriding has shown to be increased with air
additions(9~36 Vol.%) and X —ray diffraction analysis of case oxynitreded has shown that the compound
layer consist of e—Fe; 4(N, C) phase and ' —Fe,(N,C) phase.

In the case of carbon steels, the thickness of oxide layer, compound layer and porous layer and the
amount of ¢ —Fe,_3(N,C) phase in the compound layer were increased with additions of air in 50%NH,+N,
atmospheres.

At the same gas composition, the thickenss of oxide layer, compound layer and porous layer in alloy
steels showed slightly thin layer thickness compared to those of carbon steels and the r’ —Fe(N,C) phase
in the compound layer of alloy steels was found barely.

Therefore, the most obvious effect of air addition in the gas nitriding atmosphere has been found to in-
crease further kinetics of nitriding reaction.
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Fig. 1 Schematic diagram of experimental appara-
tus for gas oxynitriding treatment
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Fig. 2 Heat treatment cycle.
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Fig. 3 Optical micrographs showing the effect of air
additions on the thickness of compound layer
of SM45C steel oxynitrided at 570°C for 2hrs
in various 50 % NH;+ Air N; atmosphere ;

() 9% air (b) 27 % air (c) 36% air
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Fig. 4 Apparent residual ammonia content in 50%
NH;+N. atmosphere with various additions
of air : oxynitriding at 570C
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Fig. 7 X-ray diffraction patterns of steels SM20C
and SM45C oxynitrided at 570C for 2hrs in
50%NH;+36 % Air+14 % N, atmosphere.
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Fig. 8. SEM showing compound layer structure of
(a) SM20C and (b)SM45C oxynitrided at 570
‘C' for 2hrs in 50%NH, +36%Air+14%N.
atmosphere.

Fig. 9 SEM showing dompound layer thickness of
steel SM20C oxynitrided at 570°C for 2hrs
in 50%NH,+ Air +N, armosphere with vari
ous additions of air.

(@) 9% (b) 27% (c)}5%
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Fig. 10 SEM showing the thickness of compound
layer of (a) SM45C (b) SCr4 and (e¢) SCM4
oxynitrided at 570°C for 2hrs in 50%NH;+ 36
% Air + 14 % N, atmosphere.
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Fig. 11 Variation of compound layer thickness in
various steels oxynitrided in 50%NH;+N;
atmosphere at 570°C for 2hrs with various
additions of air.
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Fig. 12 Variation of compound layer thickness in
various steels with the contents of apparent

residual ammonia during oxynitriding at 570°C
for 2hrs in various 50%NH;+ Air+ N, atmos-

pheres.
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Fig. 13 Oxide layer thickness of various steels
oxynitrided at 570°C for 2hrs in 50%NH;
+N, atmospheres as a function of air
additions.
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Fig. 14 SEM showing the effect of air additions on
the thickness of porous layer of SM20C
steel after oxynitriding at 570°C for 2hrs in
various 50 % NH;+ Air N, atmospheres.

(@) 18% air (b) 36 % air (c)45% air
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Fig. 15 Variation of porous layer thickness in vari-
ous steels with the contents of apparent
residual ammonia during oxynitriding at
570°C for 2hrs in various 50%NH,+ Air+
N, atmospheres.
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Fig. 16 Porous layer thickness of various steels
oxynitrided at 570°C for 2hrs in 50% NH,+
N. atmospheres with various additions of
air.
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Table. 2 Effect of air additions on oxynitriding. (Layer thickness . um)
Gas 5
Composition NH SM45C SC20C SCr4 SCM4 SCr22 SCM22
3A R .
. o E
NH, — Air ) (%) O.L|CL|PL|OL|CL|PL|OL|CL|PL|OL|CL|PL|OL|CL|PL|OL|CL{PL!
(%) (%)
0 17.8
9 19.3 [3.3(93(23135(|80(20(|25:82|14|23|53(1.123|78|1324|5.7|1.3
- i
18 20.9 | 4.6 115.9]4.1 |5.2114.0]/2.9 |35 |14.8/3.3 3.2 |12.6/2.5 3.1 (12.0.2.4|3.3(11.8]24
50 :
27 22.3 |5.9 194151 |6.5|15.8|3.9 | 4.9 |155]3.5 | 4.2 |14.8| 3.2 | 4.0 [13.513.0 | 4.3 12.9] 2.9
36 24.7 179 123.3 6.8 8.1 |20.9/5.4 | 6.8 |17.5{4.2 | 6.4 |15.7| 3.9 6.2 |16.4| 4.2 { 6.6 {14.5] 4.0
i *NH,, » =apparent residual ammonia
C. L.=compound layer
P. L.=porous layer
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