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Surface Modification of Carbon Steel and Tool Steel by Auminizing with
Powder Liquid Coating and Plasma Nitriding
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Synopsis : Powder hiquid coating

1s applied as an aluminization technique for carbon steel (IS S45C), and subsequent plasma nitriding for tool steel

(SKD61) In this process, Fe,Als forms mitially on S45C, and the mtermetallic compound decomposes nto o-Fe during heat treatment at

1273 K, excluding C atoms from the aluminized layer (a-Fe) to the substrate (y-Fe) Aluminized layer of a-Fe including vanadium carbide

particles 1s formed on SKD61 by heating at 1303 K, and the substrate transforms into martensite during N, gas flow cooling after heat treat-

ment By plasma nitriding of alummized SKD61, hardness of HV1200-1600 1s achieved at previously aluminized layer, exhibiting no de-

tectable alummium mtride but Fe;N, Fe,N, and highly strained a-Fe matrix n its surface XRD Although the hardening mechanism of the

modified layer 1s not clarified, 1t 1s suggested from XRD that the hardness 1s attributed to precipitation hardening by mtrides (e-Fe;N, y'-

Fe,N) as well as solid solution hardening by Al
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Fig 1 XRD and grain boundary map of S45C aluminized
under condition of (A)Al - Ti=4.6-1273K-0ks.
(a) X-ray diffraction profile (26-6 scan) of the
modified surface, (b) cross-sectional grain bound-
ary map.
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Fig. 2. Cross-sectional optical micrograph (a) and line
analysis (b) of S45C aluminized under condition of
(A)Al' T1=4:6-1273K-3.6ks.
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Fig 3 Ternary phase diagram of Fe—Al-C system at
1273K and schematic diffusion paths: path (1) dif-
fusion path for high purnity Fe, path (2) for carbon
steel, k¥ means Fe,AlC,s_, (.

3.2 SKD61

Fig 412, SKD61(A)AlALO,=3.7—1303K-3.6 ks {L ¥
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Fig. 4 Cross-sectional image quality map and area analy-
sis of SKD61 aluminized under condition of (A)
Al: ALO;=3.7-1303K-3.6ks: (a) image quality
map obtained by EBSP, (b) area analysis of Fe, (c)
C, (d) Cr, () V, and (f) Al by EPMA
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Fig. 5. Cross-sectional optical micrograph (a), hardness profile (b), and line analysis (c) of SKD61 aluminized and subsequently
nitrided under condition of (A) Al. Al,O,=3 7-1303K-3 6 ks—(N) 853K-14.4ks.
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Fig. 6 X-ray diffraction profiles for the surface of SKD61-
(a) alumimzed under condition of (A) Al-
Al,0;=3:7-1303K-3 6ks, (b) alummmzed and
subsequently nitrided under condition of (A)Al:
Al,O;=3"7-1303K-3 6 ks—(N) 853K-14 4 ks.
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