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Abstract: To obtain the optimal nitrocarburizing parameters for SKD11 steel, their specimens have been
plasma nitrocarburized at 530 C for different times in a mixed gas of NH; and CO, with and without rare earth
(RE).

were characterized using scanning electron microscopy (SEM), X-ray diffraction (XRD),

The microstructure, microhardness, and wear resistance of surface layers for the treated specimens
and microhardness
Results show that for SKD11, the optimal parameters for plasma nitrocarburi-

CO, ratio of 10 :

and wear testers, rcspcctivcly.
zing treatment are the time of 10 h, NH;-to— 1, and air pressure in the furnace of 500-700
Pa. Based on the optimal parameters, when adding lanthanum, the nitrocarburized layer becomes thicker and

more compact, the gradient of hardness gets smaller from the surface to the core, and the results of plasma ni-

trocarburizing treatment is better.
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Table 1 Experiments of orthogonal table (K and L for the

experiments of nitrocarburzing with rare earth)

Experiment Flow of NH;/ Ratio of Time/ Pressure/

number (mL » min~') NH;/CO, h Pa
A 15:1 4 200~400
B 60 10:1 6 500~700
C 5:1 8 800~1000
D 15:1 6  800~1000
E 60 10:1 8§ 200~400
F 5:1 4 500~700
G 15:1 8 500~700
H 60 10.1 4 800~1000
1 5:1 6 200~400
J 60 10:1 12 500~700

K(La) 60 10:1 10 500~700

L(La) 60 15:1 10 800~1000
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Fig. 1 Thickness of SKD11 nitrocarburizing layer for dif-

ferent time
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(a) Sample A: NH,/CO,=15:1, 4 h, 200-400 Pa
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(d) Sample D: NH,/CO,=15:1, 6 h, 800-1000 Pa

& 255 um

(j) Sample J: NH,/CO,=10:1, 12 h, 500-700 Pa

(b) Sample B: NH,/CO,=10:1, 6 h, 500-700 Pa

(e) Sample E: NH,/CO,=10:1, 8 h, 200-400 Pa

(k) Sample K: NH,/CO,=10:1, 10 h, 500-700 Pa

-
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(c) Sample C: NH,/CO,=5:1, 8 h, 800-1000 Pa

5225 [im,

() Sample F: NH,/CO,=5:1, 4 h, 500-700 Pa

25 im 25, 1im7

(1) Sample L: NH,/CO,=15:1, 10 h, 800-1000 Pa
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Fig. 2 Scanning electron micrographs of the diffusion layer from specimens for parameters A.B,C,D,E.F.J.K,L
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Fig. 3 Hardness gradient of SKD11 nitrocarburized speci-
mens for 6 h(B),8 h(E),12 h(]),10 h (K)
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Fig. 4 XRD diffraction patterns of nitrocarburized specimens with experimental time
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Table 2 Phase volume fraction of Fe; N and Fe, N for 6 h
(B), 8 h(E), 10 h(RE)(K) and 12 h(J) nitrocarburizing

Time / h Fe;N / % Fe,N /%
4 86. 8 13.2
8 82.4 17.6
12 79.5 20.5
10(RE) 77.9 22.1
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Pl 5 SKD11 4 i 5 U 48
Fig. 5 Wear morphology of SKD11
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Table 3 Wear weight of different treated SKD11 spcimens

. Optimal .
SKDI11 Spcimens  No-treated La addition
treated
Wear weight/mg 16.09 9. 80 7.73
Relative wear weight 1 1. 64 2.08
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