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Formula Optimization on RE-N-C-S-V-Nb Multi—elements Penetrating for H13 Steel

PANG Zu-gao, SHAN Zhao-jun, WEI Fu-dan

(School of Materials Science and Engineering, Guangxi University, Nanning 530004)

Abstract: A new RE-N-C-S-V-Nb multi-elements salt penetrating method was carried out to improve the surface
properties of H13 steel. High - performance vanadium and niobium carbonitride composite coatings were formed on the
surface. Thickness and microhardness of RE-N~-C-S-V~-Nb multi-elements penetrating infiltration layer for H13 steel
samples were analyzed by orthogonal experiment method. According to the effect of various levels of factors on the indi-
ces, optimum composition in borax salt — bath is obtained, that is 5% RE, 6% V,0; and 6% Nb,O;, in salt - bath
tempering, with 1% RE and 34 % CNO". The microstructure and composition of the composite coatings were analyzed by
means of scanning electron microscopy and X-ray diffraction. The results show that high—performance NbN, VN, NbC, V; C;
phases and organizations are prepared in the infiltration layer. The thickness of permeation layer is up to 100~120 pm and the
microstructure shows compact and diffuse distribution. Its high—temperature oxidation rate of weight gain is 0. 25 times slower
than that of the conventional nitrided sample, and micro—cracks appear in more than 2 000 times thermal fatigue cycles.

Key words: H13 steel; multi—elements penetrating; orthogonal experiment; formula optimization
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Table 1 Factors and levels table of orthogonal experiment (w/ %)

K A-ilwd B-wlled C-#lar D-ihix E-Ehimml
7 M2
#Hi RE iV #B% Nb Bl RE k CNO~

1 1 2 2 0.5 32
2 3 4 4 1 34
3 5 6 6 1.5 36
4 7 8 8 2 38

R2EXHEER

Table 2 Results of orthogonal experiment

EizR
®E¥E A B C D E BEE Bz BN
/pm i g/ HV
1 1 2 2 0.5 32 76 757
2 1 4 4 1 34 82 828
3 1 6 6 1.5 36 86 860
4 1 8 8 2 38 60 624
5 3 2 4 1.5 38 93 833
6 3 4 2 2 36 87 890
7 3 6 8 0.5 34 103 938
8 3 8 6 1 32 89 970
9 5 2 6 2 34 115 1163
10 5 4 8 1.5 32 123 971
11 5 6 2 1 38 97 1232
12 5 8 4 0.5 36 116 1157
13 7 2 8 1 36 108 954
14 7 4 6 0.5 38 101 1082
15 76 4 2 32 94 1145
16 78 2 1.5 34 114 943
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Table 3 Analysis of orthogonal experiment

A B C D E
1 76 98 93. 50 99 95. 50
] 93 98. 25 96. 25 94 103. 50
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11 1130. 75 1043. 75 1018. 75 901.75 965. 25
I\l 1031 923. 50 871.75 955. 50 942. 75
BE B E/HV 2= 363. 50 120. 25 147 94. 25 25.25
B 296306.20  38987.19 48811. 19 21035. 69 1548. 19
ERi )i 3 3 3 3 3
F i 191. 39 25.18 31.53 13.59 1
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Fig. 2 Microstructure (a) and X-ray diffraction pattern (b) of infiltration layer after formula optimization
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