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Interface Structure and Adhension of Chromium Carbide Film
Formed by (C,Cr) Combined Diffusion Treatment on 2 1/4 Cr-1Mo Alloy Steel

Toshivo Anraku and Hivoshi Treranishi

Synopsis :

In order to form thick and hard chromium carbide film on 2 1/4 Cr-1Mo alloy steel, (C,Cr) combined diffusion treatment

which was composed of carburizing treatment and chromizing treatment was proposed. Thick chromium carbide film

(>30 um) could be obtained by selecting carburizing and chromizing conditions.

The formed surface was composed

of chromium carbide film on the substrate and precipitated chromium carbide particles below the film. Furthermore,

the obtained film consisted of fine (about 0.5 gm) Cr,;Cs and Cr;C; particles.
particles below the film mainly consisted of Cr;;Cs.

The precipitated chromium carbide

The distribution of these Cr,;Cs particles gradually decreased in

proportion to the distance from the boundary between the film and the substrate. The film showed excellent adhesion
to the substrate under thermal cyclic condition from 400°C up to 700°C. It was thought that the chromium carbide film
which partly penetrated into the grain boundary of the substrate acted as an anchoring effect and the precipitated

chromium carbide particles below the film acted as a thermal expansion relief layer.

hardness over Hv 1000.

The obtained film showed high
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Table 1. Chemical composition. (mass%)

C Si Mn} P S Ccr | Mo

STBA24 | 0.09 0.21 0.39 10.026 0.012 | 2.15 0.93

PR 54E6 H16H 2 P 5 FE11H128F# (Received on June 16, 1993 ; Accepted on Nov. 12, 1993)
*  HERAETE R S MIFRAT (Iron & Steel Research Laboratories, Sumitomo Metal Industories, Ltd., 1-8 Fuso-cho Amagasaki 660)
* 2 ERETE T M) MBS (Technical Planning & Administration Department, Sumitomo Metal Industories, Ltd.)
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Fig. 1. Profile of C content in carburized layer.
carburizing time : 10 min

56

VBB FRIEEE S T Ak 74’)7‘50Fig 2 \TIRRIBE &
21 WHEEGR LRI B DI A 12 THEEIRT,
RROHEEDEL L BIEET b B%’Fﬁﬁﬁ@ﬁ?ﬁ?(ﬁfﬂ;
fri'é'im’i‘ 203 E, ERINLEIRIZEL ko, [E—ZK
WEORBM T, 27 v 2HVQEEE SRl
o T, WIHIEAREL L s BT H - 12, 12771, 1050°C
DI ET I DIE A ORI TR L 72, BB ORI
LT SAMSE BB % Fig. 3 CRT.NE LAV D 2 BiEE»
67 AR ST S 112, 2 DIMB IS0 mFLE DJE A%
ETsbELRH—RBTHY, WBREFA Ay FTHEL
L 12, EPMALC & % R IR O JE R TS R # Fig. 4
2, o ERE OXRREITAER £ Fig. 5 (2R T, EPMAD#HH
OO LS CAEOAL R s B, CrkC
DB HELTOIR, 36 ZDELBIR 2B SN,
BB ECr) vy FORTH Y, NBIXC) v FORTH-12,
Fig. 5 OXMOXEEHHER L AbY THF L5 L, &MNER
CrosCo P HEMET B2 H—34 FThH Y NECr,C, 2 £k ¢
TA2H—NAFNTHsEHEZLNL,Fig.6421%, /4> 3
YV U NET 7 m bk —o5 4 NEOHERER 2Bk L TEMIZ

Carburizing temperature
€ g0} O 1050°C
= A 1000°C
1S
= O 950°C
g 40
£
g o
5 /
12}
g 20 . /d B
s o
E -
[} .
1 1 Il L

..
900 1000 1100
Chromizing temperature (°C)

Fig. 2. Effects of carburizing and chromizing tem-

perature on thickness of carbon layer.
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Fig. 3. Cross section of (C, Cr) combined diffusion

layer.
carburizing treatment : 1050°C X 10min
chromizing treatment : 1050°C X 10h
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Fig. 6. TEM photograph and electron diffraction pattern of boundary between chromium carbide layer and
substrate.
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Fig. 7. Optical microphotograph of the boundary between chromium carbide and substrate.
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Fig. 8. SEM photograph of chromium carbide film
observed from direction of substrate.

Fig. 9. TEM photograph of precipitated chromium
carbide below chromium carbide film."
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Fig.10. Electron diffraction pattern of chromium carbide below chromium carbide film.
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Fig.11. Profile of hardness on (C, Cr) diffusion layer.
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Fig.12. Resistance of chromium carbide film to ther-
mal cyclic test.
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Fig.13. Schematic diagram of the boundary between
chromium carbide film and substrate.
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