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Mechanical property of AISI H13 with surface

modification of duplex treatment

Dong Goo Kang

Department of Environmental Engineering
Graduate School of Industry
Pukyong National University

Abstract

‘A duplex surface treatment technique based on plasma nitriding and TiN
coating was developed to improve the wear resistance and fatigue
properties of mould steel for severe environment. The duplex treatment of
plasma nitriding and TiN coating was performed on AISI HI3 steels. TiN
thin films were deposited on AISI H13 steel substrates by DC magne;cron

sputtering.. The properties of the duplex treatment were compared with

normally treated TiN coating. The process conditions of TiN coating for
AISI HI13 steel are working temperature of 530Cand treatment times of
6hr. 12hr and 24hr.  volume ratios of Ar:Ns was 3/2(ArNo=3:2). The base
pressure and working pressure was 7.4%<10 “Pa and 2.6%10 1Pa, respectively.
Effects of the duplex treatment on surface characteristics of AISI H13 have
been investigated using micro-hardness tester, scanning electron

microscope(SEM) and scratch tester. Microstructure and phase analysis



were performed using SEM and X-ray Diffraction Analysis(XRD). The
results of duplex treatment were excellent in terms of mechanical properties
when they were compared with the conventional TiN coating. The adhesion
between TiN coatings and AISI H13 substrate was increased by nitriding
the substrate surface prior to the TiN coating. The cross-sectional
hardness of the diffusion zone was increased proportionally with the
increased nitrogen concentration. The better performance of the
duplex-treated sample than that of the conventional TiN coating can be

attributed to the presence of a nitrided subsurface.

Key Words: Plasma nitriding(Z2t=vrt 23}), Duplex treatment(¥% # 2]),
surface modification(ZE® 7] 2)
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Qq NANVTT 2325 AE7)E ALt

Table 2. Parameters for the duplex TiN coating, TiN coating

Process pressure(Pa) 2.0x10™
Process time(min) 60
acceleration voltage(KeV) 1.0~2.0
discharge current(mA) 0.1

Temperature( C) 500~530
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Steel surface —

Fig. 4. Typical optical micrographs of cross-sections of AISI H13

hardened, tempered and plasma-nitrided for 12 h at 530 C

Fig. 5. Optical micrographs of hardened and tempered AISI H13
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(a)

(b)

Fig. 6. SEM (secondary electron) micrographs of H13 steel after

plasma-nitriding at 530 C for different durations showing porosity at

(a) 12 hr and (b) 24 hr.
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Fig. 7 Microhardness profiles of AISI HI13 steel after plasma
nitriding at 530°C for untreated, 6, 12 and 24h
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Fig. 8 Nitrogen concentration distribution of the nitrided AISI H13
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Fig. 9 Microhardness profiles of untreated AISI H13 steel, TiN

coating and duplex TiN coating
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Fig. 10. Microstructure of plasma nitrided H13 steel with white

layer'-Fe,N¢ 23§ EF3 435
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Fig. 11 XRD of plasma nitrided surface
(a) H13(plasma nitriding 530°C/12h, €),
(b) H13(plasma nitriding 530°C/24h, v'+€)
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Table 3 Critical loads LC1 and LC2

TiN coating |Duplex TiN coating
Lci(N) 25.5 36.6
CI(95%)(N) [22.3, 28.7] [34.5, 40.5]
Le2(N) 53.1 153.5
CI(95%)(N) [50.2, 55.8] [147.1, 157.2]
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Fig. 13 Micrograph of a scratch in the duplex-coated sample
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