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To apply carbonized organics to solid—carburizing compounds, a low carbon steel, S15C substrate, was solid—carburized at
1223 K for 18.0 ks in air with various carbonized organics in nitrogen atmosphere. Each organic changed to the black carbonized
matter after carbonizing at 723 K, whereas almost organics kept a shape during carbonizing. X-ray diffraction (XRD) results
show that Ca;(PO,)3(OH), both KCl and KHCOs3, BaCO; and CaCO;5 were identified on the surface of carbonized meat and bone
meal which is organic animal products, carbonized potato, pumpkin and eggplant which are organic plant products, commercial
solid—carburizing powder and milled egg shell powder, respectively. As a result of cross—sectional morphology, the martensitic
structure was clearly observed on the surface region of each solid—carburized S15C sample after quenching. Hardened layer depth
of most samples solid—carburized with various carbonized organics were comparable to the sample treated with commercial solid—
carburizing powder, or more. These results indicate that the carbonate in solid—carburizing compounds acts as energizer for
solid—carburizing process and carbonized organics and milled egg shell powder can also be used as compounds and energizer for
solid—carburizing process, respectively.
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Fig. 1 Schematic diagram of apparatus for carbonizing
process.
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Fig. 2 Appearance of carbonized organics in N, atmosphere at 723 K for 14.4 ks.
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Fig. 3 X-ray diffraction pattern of solid—carburizing compounds.
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Fig. 4 SEI and EDX analysis of carbonized meat and bone
meal.
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Fig. 5 X-ray diffraction pattern of solid—carburized S15C samples after quenching.
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Fig. 6 Cross—sectional microstructure of solid—carburized S15C samples after quenching.
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Fig. 7 Hardness distribution from surface of solid—carburized S15C samples after quenching.

B 54+ —ATF A P NOEZROEMBILITREAEIE LK
EVEINTVWALZDTHASD. Lch-T, 1223K O
W ORI 35\ T RACAEE M O PRBERFE T f#, ER
L 7o i 2 R IR R ORI IC L A LR S ~OMEL )
TWEEZBND. Fiz, BMRERYTH L5REH ORI
AVERRHIZ BIN DB K R L 725 CALEE L 7230kHE,

RACVABER L 72 A BB O AT IREA & LTRSS L L
T, BlEBEI P KREWER L - 72, Thid Fig. 31TR
L7c& D12, BINOBB K TIIKRIE Th 5 CaCO; 12 HD
AR SN TS &0, RERICER S hc22m)

SN 57— F 7 KISORHAEFERIC I Z T, CaCO;z 7282
RIGER & L TIER L/ EE 2 BN S.

4. #

il

BRI & B AR AR 3 ARG ANC# A 45 C
L HE LT, ARREMICK L TRRBEANUE 2TV,
FEHRFAL TIC TRACALE % s L 7= S A B DR RFFPEIC
FIEFTHEBICOWTHAL /2. XBEIRBROBE, BK
BEANAUI A ffg L 723N W d, IRFBEOEEIFIE 7K T



158 Bk & & %

BBHNVT VT A T ()26 OEPFHFRAB S N7z, Wi
MBI ZEOR R, IOl W TLRIAFHICTIVT
VA TS URRICBE S N, BB S IO G R
BRA 7 A TR L 72308 LIRS, &2 2 LOfEzR
L7c. UEDORRED, HEMIEFEEY O RICAAB M I3HE FiE
BRALEZ 350 DIREG-FN O R & U TEA$ 5 C LA ATHE
THHI bW brbinoi.

X ik

1) Y. Ohtsu, H. Nagata, I. Satowaki, Y. Ohi, Y. Ohi and M.
Fujiyama: Bull. Nagasaki Agricul. Forest. Tech. Dev. Center 2
(2011) 63-78.

2) Q. Wang, P. Aparu and T. Nozaka: Rep. Compr. Open Innov.
Center, Saitama Univ. 1(2008) 117-119.

3) S. H. Beis, 0. Onay and O. M. Kockar: Renew. Energy 26
(2002) 21-32.

4) N. Whitely, R. Ozao, Y. Cao and W. P. Pan: Energy & Fuels 20
(2006) 2666-2671.

5) X. Zhang, M. Xu, R. Sun and L. Sun: J. Eng. Gas Turb. Pow.
128(2006) 493-496.

6) H.Makiand K. Watanabe: Jpn. J. Soil Sci. Plant Nutr. 75(2004)
439-444.

7) Y. Urano, M. Yamada, T. Takahashi and M. Suzuki: Bull.
Gunma Anim. Husb. Exp. Stn. 6(2000) 107-110.

8) H. Tsunoda, T. Yagasaki, Y. Kimura and T. Sato: Proc. JSMS
Ann. Meeting 54 (2005) 440-441.

9) M. Tsutiya, T. Yagasaki and Y. Kimura: Proc. JSMS Ann.
Meeting 52 (2003) 182-183.

% 7£(2013)

w7 &

10) K. Nagatsuka, A. Nishimoto and K. Akamatsu: Surf. Coat.
Technol. 205 (2010) S295-S299.

11) E. De Las Heras, D. A. Egidi, P. Corengia, D. Gonzalez-
Santamaria, A. Garcia-Luis, M. Brizuela, G. A. Lopez and M.
Flores Martinez: Surf. Coat. Technol. 202(2008) 2945-2954.

12) A. Miyata, A. Nishimoto and K. Akamatsu: J. Japan Inst.
Metals 75(2011) 469-473.

13) Y. Hoshiyama, X. Li, H. Dong and A. Nishimoto: Mater. Trans.
53(2012) 1090-1093.

14) H. Nii and A. Nishimoto: J. Phys. Conf. Ser. 379(2012) 012052.

15) N. Egami, T. Kagaya, N. Inoue, H. Takeshita and H. Mizutani:
Trans. Jpn. Soc. Mech. Eng. 66(2000) 118-124.

16) A. Hultgren: J. Iron Steel Inst. 168 (1951) 245-259.

17) T. Asaka: J. Jpn. Soc. Heat Treat. 19(1979) 221-224.

18) C. Dawes and D. F. Tranter: Heat Treat. Metals 1(1974) 121-
130.

19) N. Y. Pehlivanturk, O. T. Inal and K. Ozbaysal: Surf. Coat.
Technol. 35(1988) 309-320.

20) M. Okumiya, Y. Tsunekawa, I. Niimi and K. Sakakibara: Mater.
Trans., JIM 35(1994) 351-355.

21) M. Okumiya, Y. Tsunekawa, I. Niimi, T. Matsumoto and K.
Tanaka: J. Japan Inst. Metals 60(1996) 225-230.

22) S. Sarkar and G. S. Gupta: Metall. Mater. Trans. A 39A(2008)
2424-2434.

23) D. U. 1. Ogo, A. O. Ette and A. I. Iyorchir: ISIJ Int. 35(1995)
203-209.

24) D. U.I. Ogo, Terver-Ause and E. J. Ibanga: ISIJ Int. 44 (2004)
865-868.

25) 0. Takagi: TREND TOAGOSEI 2(1999) 11-19.

26) H. Kurabe: Tetsu-to-Hagene 9(1973) 45-54.

27) C. Ohki: Tetsu-to—Hagene 93(2007) 20-27.

28) C. Ohki: Tetsu-to—Hagene 93(2007) 44-48.

29) T. B. Massalski: Binary Alloy Phase Diagrams, 2, (ASM
International, Ohio, 1990) pp. 1728-1729.



