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A Study on Wear Resistance and Surface Hardening of 3%Cr-Mo-V
Steel by Two-step Gas Nitriding

G. B. Jung’

Defense Agency for technology and Quality(DTAQ), Changwon Center, Changwon 641-160, Korea
Dept. of Materials Engineering, Changwon National University, Gyeongnam 641-773, Korea

Abstract The two-step gas nitriding was adopted to increase the depth of surface hardening in 3%Cr-Mo-V
steel. The two-step gas nitriding consisted of Step |; 520°C x 20 hrs and Step Il; 550°C x 70 hrs. The layer of two-
step gas nitriding showed better uniformity and deeper nitriding layer than one-step gas-nitriding layer. The max-
imum surface hardness showed the value of 850 Hv. The maximum depth of nitrogen permeation showed
750 pum (350 Hv). X-ray diffraction analysis showed that compound layer was mainly consisted of CrN and e-Fe;N
phases. These phases were presumed contributing to surface hardening and wear resistance. However, the cor-
rosion resistance of gas-nitrided Cr-Mo-V steel were not improved in the solution of 1 N HCI and NaOH. There-
fore, it is necessary that the continuous study for improvement of corrosion resistance hereafter.
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Table 1. Chemical composition of tested steel (wt%)
Material C Si Mn P S Cr Mo \%
Cr-Mo-V 0.35 0.24 0.54 0.009 0.003 2.78 0.85 0.27

Table 2. Mechanical properties of as received specimen

Material Y.S T.S El RA Impact value Hardness
(kg/mm?) (kg/mm?) (%) (%) (-40°C, ] (HRC)
Cr-Mo-V 89 105.5 21.5 68.5 52.0 31.6
Table 3. Heat treatment condition of specimen
Heat treatment condition .
o T - SRA Hardness Microstructure
Process Quenching empering .R.
920°C x4 hr, 630°C x 8 hr, 580°C x4 hr, HRC 32 Tempered
Oil quenching Air cooling Air cooling martensite

*S.R.A: Stress Relief Annealing

A= 7N 3%Cr-Mo-VAd< ARg3te] o] 22s]e] STEP2

A 22010 0.5 mmE FE3}aA} 2 71~EsA STEPT 550°C

2E A8stozN e 1 Axe] Al AT 30C 520C 60°C(FC)

AslE Zo)E ZUA o ZMN WTFHEE A7) Bhrs 20hrs  30min _ 70hrs T2hrs

14 Siglom, 0% Slo) EPAsF W=
4, AERE, WA 2 upkey 5 EUSgE)
= sk,

=13~

2. Yy

oo

B A AbgE AlEE ERES AAQ
3%Cr-Mo-V7, @40 mmx10 mm $HE-S ARE-31
o ARgAle) ] SlekRAdw VA1E AR
Table 13} 20 e AT, T3, &4 71 ZdEl<]
A2 0S Table 30 YERNITE Y= (Grain
sizey’} WINE@GE FAie] Fito] gol5hr] wiol
ASTM Grain size No 8~95FS Aehalict.

Fig. 10 Ixjg] AlolE-S Yehd nle} o] 2tk
71da A s AAES7|04 NHE 1 kg/mm®
FAEAA Step 19141 520°C %20 hrsE A3}
a1, Step 29 A= 550°Cx70hrs A& Z Y
(Furnace cooling)d}S3th. o] HZAT1E H& )]
7} Ko LeRAE HAssl] Wl B o
U3z} 2 Azl gol2 FUAA. Fig. 20 G
g A =S Yepliitt

At B Az e U] 22ms) 2

Fig. 1. Schematic diagram of a heat cycle for two-step
gas nitriding.

THERMOCOUPLE

0000000

GAS INLET

000000000000

L:E

HEATER

0000000000000000000000000

COOoOoOOoOOoOOCOOoOO0O0 OO

Fig. 2. Schematic diagram of gas nitriding.
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Fig. 3. XRD patterns of gas nitrided Cr-Mo-V steel.
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Fig. 4. Cross-sectional SEM images of Cr-Mo-V steel
after gas nitriding (a) cross-section of nitriding depth (b)
viewed section of A area at high magnification.
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Fig. 6. TEM micrograph of surface layer after gas-

nitrided.
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Fig. 8. Hardness as a function of depth below the
surface after nitrogen permeation in Cr-Mo-V steel.
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Fig. 7. EDS point patterns of cross-sectional layer after gas nitriding of Cr-Mo-V steel.
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Fig. 9. Friction coefficients of Cr-Mo-V steel at measured (a) room temperature and (b) 450°C.

Fig. 10 Wear trace of Cr-Mo-V steel (a)Non-nitriding at room temperature (b)non-nitriding at 450°C, (c)gas nitriding
at room temperature (d) gas nitriding at 450°C.
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Fig. 11. Potentio-dynamic polarization curves of Cr-Mo-
V steel in a solution of 1 N; (a) NaOH and (b) HCI.
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