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Effect of CO, Content on the Growth and Corrosion Characteristics of
the Compound Layers in Gaseous Nitrocarburized Carbon Steels

Y. H. Kim, S. D. Kim and H. J. Yoon
Division of Metallurgical and Materials, Chemical Engineering, Dong-A University, Busan 604-714

Abstract This study has been performed to investigate the effect of CO, content on the growth characteristics of
the compound layer, porous layer and corrosion characteristics of carbon steels after gaseous nitrocarburizing in
70%NH,-CO,-N, at 580°C for 2.5 hrs. The results obtained from the experiment were the thickness of the compound
and porous layers increased with increasing CO, contents. At the same fixed gas composition the thickness of the
compound and porous layer increased with increasing carbon content of the specimens. X-ray diffraction analysis
showed that compound layer was mainly consisted of e-Fe, 4(N,C) and y'-Fe,N as the increased with CO, contents in
atmosphere, compound layer was chiefly consisted of e-Fe, ,(N,C) phase. With increasing CO, content and total flow
rate in gaseous nitrocarburizing, the amount of e-Fe, 4(N,C) phase in the compound layer was increased. The cur-
rent density of passivity decreased with increasing CO, content due to the development of porous layer at the out-

most surface of e-Fe, 4(N,C).

(Received July 18, 2002)

Key words: Gaseous nitrocarburizing, CO, content, Total flow rate, e-Fe,(N,C), y-Fe,(N,C), Compound layer,

Porous layer, Current density of passivity
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Table 1. Chemical composition of steels (wt.%)

C Si Mn P S
SM10C | 0.08 0.18 0.40 0.012 | 0.010
SM20C | 0.23 0.19 0.49 0.014 | 0.006
SM45C | 0.46 0.21 0.71 0.016 | 0.027
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(a)| &
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Toral flow rate : 1.0m*Mhr. Toral flow rate : 20m®hr.

Fig. 1. SEM showing the effect of CO, contents on the compound layer thickness of nitrocarburised SM10C; (a) 5%CO,,
(b) 10%CO,, (c)20%CO,,.
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Toral flow rate : 1.0m%hr. Toral flow rate : 20m%hr.

Fig. 2. SEM showing the effect of CO, contents on the compound layer thickness of nitrocarburised SM45C; (a) 5%CO,,
(b) 10%CO0,, (c) 20%CO,.
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Fig. 3. XRD patterns of steels after gas nitrocarburising in
the various CO, contents at total flow rate of 2.0 m%hr; (a)
SM10C, (b) SM20C, (c) SM45C.

3.1.2. 3RMES AR

Fig. 39] (@), ) ¥ (o= 2.0m%hre] FH3olA
CO,8He wslshar 7l Askealst SM10C,
SM20C ¥ SM45C7HE XA A s 2gEA 3t
HEFE T2 e-Fe ;(N,CYSTH v-Fe, (NCYES EFY
o8 FARe Ak SM10C7Ee] XRD AHE HH
CO,8Hdol 7kl wet 20 kol oF 44?1 e-Fe,,

5% CO2
2000 { (B)
2 €
5 1500
o
£ 100 v
= ef £ Y e
50 N i) €
0 =
2500
10% CO2
2000 1 ¢
>
£1500 ,
c Y
£ 100 £
£ £ £
@ N1
0
2500
2000 | € 20% CO2
% 1500 .
g Y
£ 100 £
SRR X
20 30 40 50 80 70 80
20
2500
2000 4 (€) 5% COz

Intensi
N
- O

0N O O
o O o
m

&S

)

3

e 2

E

— (1)

¥

rm

2500
10% CO2
2000 1 €
2
% 1500 .
c Y
2 1004 €
£ . .
50 1 € Y € ¥ €
vphe " ey g - o, WO
0
2500 z
2000 4 20% COz
%1500 1 v
c
8 100 { €
£ € e
50 1 ‘ Y
LMWM‘J ! A A 8
0 - i
20 30 40 50 60 70 80

Fig. 3. Continued.



224 fioe S L A

(N,Cyde] 3w EotAal oF 48°9) y-Fe,(N,CYd<
HAgEE ol ofs COHEe] FVsl net
WS- (33 (4)9) Hadvieibgoll o8l CORxige)
Z71 4 Agbgo] Zold o} sgheFg Ceeol
FORREE e-Fe, ,(N,Crdel B4o] F3=) oz
AzbAnt, Fig. 32 ()¢} (ops SM20CSF SM45C74-S
XA FHEAIEE AHEA FFEEFLS FE eFe,
SNV y-Fe,(N,CYdel Efpdos pA=Eglon
SM10CZ Y v 2 FY7IAE F CO530] 5
Vg eFe, (NCYES BAZEE FHOA|IL v-
Fe (N,CYde] Hazzs volHt).

oldollM e-Fe, ,(N,CYd 2] Z71} y-Fe (NCYd
Hae] A2 RE FUKS F COHH0] ¥ 39,
3SR AL FE eFe, (NCOYIULS U &
At

3.1.3. #%E% FApast

Fig. 4= FU7IAE 5 CO,EH 7l ue
HFR7| ZFEARUoH7IEe) WMilE RaFe Ifo)
o} CO 3| 715 HEy] ARUEYolgho]
Foprlom, o= COEe Skt 7 w2 3y
(9)2] 5437 2Rkgol 93] H,08-21e] o] F718}7]
Fo 2 Alg g

Fig. 5= 1.0 % 2.0m%hre] FFaola 7k As)
A CO 5 wsll ule 3lghEFe] FAE
AEHo R vepd Aotk 1gelA AMde FHEE
LOmYhro 2 3 X231 wf AT S3HES)

55

-8 1.0m%hr
—a&— 1.5m%hr

3
50 —&— 2.0m"/hr

45 A

40 -

35 4

Apparent residual ammonia {vol.,%)

30

0 5 10 15 20 25
CO; content (vol., %)

Fig. 4. Variation of apparent residual ammonia during the
nitrocarburising as a function of CO, contents.
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