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Measurements of Residual Stress in Nitrocarburised
Layer Formed in Hot Work Tool Steel

Do-Won Oh, Ki-Won Park, Jun-Boum Lee and Sang-Yun Lee
Department of Metallurical Engineering, Dong-A University, Pusan 604-714

ABSTRACT

“This study has been performed to investigate into some effects of various amounts of CO: and
CO gas added to the 50%NH:-N: based gas atmosphere on microstructure, hardness, chemical
analysis and residual stress in the compound and diffusion layer of AISI H13 treated by gaseous
nitrocarburising process.

The compound layer formed in the surface is composed of mainly €-Fes(N.C) and small amount
of v '-FeN and cementite. The maximum hardness value obtainable from Hl1: steel is shown to be
1200 Hv and the effecvtive hardening depth increases with increasing CO content from 1% to
4%. In the case of CO content over 4%, however, it decreases with increasing CO content. The
composition profiles of nitrogen and carbon are found to be within the €-phase field located above
the €+7’ phase field in the Fe-N-C diagram. It is shown that the maximum value of compressive
residual stress of H13 steel treated in atmospheres of 509%NHi-(2.4)%CQ0:-N2-CO gas mixture is
48kg/md and the depth to which residual stress is in Compressive state is 90um for the atmosphere
5096 NH:-45%N2-426C0:-1%CO gas mixture., It is consequently important to control the maximum
value and size of compressive residual stress region in order to obtain desirable mechanical
properties,
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Table 2. Measuring conditions for X-ray
residual stress analyser.

focus-to-sample distance : 110mm

goniometer | filter(for K)# : Ni

datum point : 28 =170°, ¥=30"
target . Cu

X-ray tube | output : max. 30Kv, 10mA

effective focus : 4 X4mm

26 feed speed : 64'/min

¥ presetting : 0°~45" in step of 15°

tube voltage : 30Kv

tube current : 95mA
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X-ray generator
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Fig. 1 Optical micrographs of AISI 1045 steel nitrocarburised for 2 hours at 570°C in the

following atmospheres.
(a) 50%NH3-4%CO-46%N:
(c¢) 50%NH:~4%C0:-1%C0-45%N:
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Fig. 2 Optical micrographs of AISI H13 steel nitrocarburised for 2 hours at 570C in the
following atmospheres.
(a) 50%NH:-4%CO-46%N: (b) 50%NH:-4%CO0:-46%N:
(c¢) 502%NH;:-49%C0:-1%C0-45%N: (d) 50% NH:-4%C0:-4%C0-42%N:

Fig. 3 Scanning electron micrographs of compound layer formed during gas
nitrocarburising for 2 hours at 570 in the gas atmosphere of
509% NH:-4%CO0:-4%C0O-42% N2 (a) AISI 1045 (b) AISI H13
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Fig. 4 Hardness profiles of AISI H13 steel
nitrocarburised for 2 hours at 570C
In various gas atmospheres.
(a) 50%NHs+2%CO0: based gas mixtures
(b) 50%NH:+4%CO: based gas mixtures
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Fig. 5 X-ray diffraction patterns of AISI 1045 steel nitrocarburised for 2 hours at 570C In

the following atmospheres.
(a) 50%NH:-4%CO0:-46%N:
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(a)

Fig. 6 Isotherm of the Fe-N-C system
overlaid with the compositions
obtained from GDS through
compound layers for H13 steels
nitrocarburised for 2 hours at 570C
in the following atmospheres.

{a) 50%NHs-4%CO0:-1%C0-45%N:
(b) 50%NHi1-4%C0:-4%C0O-42%N:
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Fig. 7 Depth-concentration profiles of
nitrogen, carbon and oxygen
obtained by GDS for H13 steel
nitrocarburised for 2hours at 570C
in the following atmospheres.

(a) 50%NH1-4%C0:-1%C0O-45%N:
(b) 50%NH:»-4%C0:-4%C0-42%N:

SHZIAE AMA HIFY Bast KA B
E2W 033l TAHZ U Aoz AzEC

315 RSUEE

NHs-Ne-CO: EjF7t2] 4§t %o CO7t~g
A7tgel wel YA M| HI3Re BHE
Yo &HAAE Fig. 8o Jehfidon (a)=
50%NH3-2%C0:-N:98] Eg7t~ 9719 1%
P 4% COZtAgE AH7AAA HEds Hag
PEE S ES ] HAFAAMRE Zlo] ¥



$oz LY@ NFFAS LEAZH HEAN
o gRzARe oa EHFAGD ot XA

HElol7k 5L BHe| A% V¥, M3
§h gt Eol7t Ass @9 Fic o] §
o2 g ZAosy Azech i ‘=1°l s 5}
FEZo HANAME= viwH & UYH2HS
Ja e Jelliy 3423 ih%‘tﬂ—ri g9
52 Ogte Aasel HEANM 62um¥-2ol
A |tg A -’:Mm °M,Wv Yoo Mgy
o] vepdrt ES I JAHeAM Yehd gt
AFSHUS ﬂhhsﬂ Eol7t 844z A9 A
AL Atole] QY UA2AM HAL FIIAFIIL €
dogel Wl Ao ofg Ao BF
Ho g FLdtd AFAFSTHE MY #FY
2999 AgHEYG S Z}C—ﬂoM” N4
o] EAdte] UAFVFITYIN YL o7 US
< Y F Aok olFA v 3{?‘;’;91 d&2H
S8 H2e, ey 5 /A HEg ¥
AA71E F2 AR FALd (b)) AL (a)
o] via] COZtAE 2%NA 4%2 F7HAA Ael
@ AaizM PFHAYS T g 48kg/mlS
2 A9 oy ARBHFSHAA AARAFLTH
oge] HEHLE (b)o] 7T 0mE (a)Brt 28
mm O S7HEE 4 5 Aok gepM 50% N Ha+
196CO+N2E G 7h20] FUZUNA COE W3}
AlZE 9 (c)ol Jebdnlst o] A@FP A
£ 2% CO:0 734 70mo|R 4%CO:7t 27t 7}
@ A% 90mo|n} 20m © F7EUch

B2 PESFY $AFT9 AFBHEH
Hdigkst gl 2719 FHE A Hejxde
ZHol T8ty Azt

4 8 8

AISI HI137 3 104528 S0%NHs-N:2| &§7tA
¥ 9710l CO. COZEAE H7HIAA 7E2A A
Mg A ¥ dujg PP, ATAE, X-A
3MAE, A @ ARIHANEE B8t o
b e dwad duch
1) 509%NH-4%CO:-N:9| EH7EA $ 9710l A

= SARPY ML 1175, AW 1998/313

1% 2] CO# #A7této] 104678 7H2A A a3t A
2]t A g US> A3 S oy A
a0 BeHE R o] i ST0°ColAl 2417 A el gt
A3 15mojch sHgHEEel X-A 3444 A4
FReFes(NC) 42%9 7 -FaN W Alullglo)
Eg FAdde] gk

Fig. 8 Residual stress distributions of
AISI H13 steel nirtocarburised for 2
hours at 570C in various
atmospheres.
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