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W9Mo3Cr4V high speed steel is treated by composite technology of laser hardening and nitriding. The
austenite, Fe;N, Cr;C;, and M, C phases. Laser hardening obviously increases the depth of the nitrided layer, as a

microstructure and properties of the sample after the composite treatment are investigated by means of X-ray

diffraction, scanning electron microscopy, electron probe micro-analyzer, Vickers hardness tester, and friction wear

result of grain refinement, as well as production of high concentration microscopic defects. Compared to laser
hardness and wear resistance of the high speed steel.
OCIS codes
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testing machine. The results show that the surface modification layer consists of tempered martensite, retained

160.3380; 140.3535; 160.3900
=

hardening and nitriding technologies, respectively, the composite treatment technology can effectively increase the
laser technique; laser hardening; nitriding; W9Mo3Cr4V high speed steel; microstructure
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Table 1 Chemical composition of W9Mo3Cr4V high speed steel (mass fraction, %)
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Fig. 1 XRD patterns of sample surfaces before
and after laser hardening
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Fig. 2 Cross-section morphology of laser hardening layer. (a) Surface; (b) subsurface;

AR (PG AR B AT 5 vm IR B VAR [e] kS B AR A
AP Rt =N TIPS A A G L NI R T
SAA WL I A2 RS B R s e, H 2 2R A )2 TR
) 18 T 28 34 ] [ oK EQ AR+ i fb 4 . Il ok 5 B iR+
A B IRAR i b i AR A 2L LI 2( D

g S R e

4 -# AT

e nd

() F 10 (b)) WM ; (o) ¥ X5 () etk

(¢) transition region; (d) substrate

3.2 BRAENHLEXL+SRESRERERMEA
AER> T
3 i B R)E oL+ B /WA AR
B2 X SR a g . I 3 A B RIZHA E
B ]k R B AR B G AR (Fe; N M; C.Cr, C,
MM, C TR, MEALEIZEREAAGS MC
T Al AR 6 I A7 Bk 0, HL Cr, €, A1 ML, C BB AL 9 i
SpF U iR B A PR s R A BT IR 55 L X PR 4 R B
1S Ak 3 5 O R Ak AR e £k A 1 i i N R
PG AR I 1 AN BE AT 56
Pt

/“ composite
Baborybmga o W < s

o, | . ) . 1’5“—0897 M,C

L | . 36-1482 Cr,C,

| 83-0877 Fe,N

‘ | ' 06-0696 martensite

Intensity

781990 M.C
L B3-05 3y Fe
1 1 1 1l 1 1
20 30 40 50 60 70 80 90 100
20/()

B3 BAESHOUEANE AL G 4 BLFE SR
X G AT 4 1613
Fig. 3 XRD of sample surface obtained by nitriding and
composite technology of laser hardening and
nitriding
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Fig. 4 Cross-section morphology of sample treated by nitriding and composite technology of laser hardening+ nitriding. (a)

Nitrided layer surface; (b) nitrided layer subsurface; (c¢) layer surface of composite treatment; (d) layer subsurface

of composite treatment
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Fig. 5 Distribution curves of N and Fe elements along the depth of modification layers.

(a) Nitriding sample; (b) composite treatment sample
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Fig. 6 Microhardness curves of the cross-section of the
modification layers obtained at three kinds of

techniques
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Fig. 7 Worn morphologies of the modification layers obtained at three kinds of technologies, respectively.

(a) Laser hardening; (b) nitriding; (c) laser hardening+nitriding
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