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A mathematical model is proposed to describe gas carburizing behaviors according to gas compositions. The

steel, S1ISCK, was carburized at 1173 and 1223K for times up to 14.4ks in a commercial furnace where RX gas

converted from butane was employed as carrier gas. Carbon profiles were determined by a succession of grindings

and emission spectrochemical analyses of the ground surfaces. Comparison between the calculated and the

experimental profiles revealed that the model was able to represent the gas carburizing behaviors precisely.

Carburizing rate was examined at 1173K in CO-H,-N, atmospheres. Gas flow of (CO+H,) and N, was

maintained at 3.33cm’/s; the ratio of CO to H, was varied within the range of 25 to 100. The uptake amount of

carbon by a specimen was measured by infrared absorptiometric method after combustion in the current of oxygen.

Flux of carbon was evaluated from dependence of the amount on carburizing time. The results of the flux

indicated that an addition of H, to CO extremely increased carburizing rate and the ratio CO:H,:N,=25:25:50

brought about the maximum rate.
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% 1 SR OLFERR (mass%)

Chemical compositions of steel used (mass%) .

No. Steel C Si Mn P S

—

SISCK | 0.17 | 0.19 | 0.53 | 0.008 | 0.021

N

SISCK | 0.16 | 022 | 042 | 0.024 | 0.017
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Schematic representation of specimens used.
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Block diagram of an apparatus for carburizing of steel.
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Values of Cs, M, xos3 and x,004 under various carburizing
conditions in RX gas converted from butane.

#Bqr| T Cr t Cs M Xos3 | X004
No. | (K) | (mass%) | (ks) | (mass%) [(mol/m®)| (mm) | (mm)
311 | 1173 0.8 1.8 0.60 0.6275 0.09 0.40
312 | 1173 0.8 3.6 0.64 0.7487 | 0.13 0.49
313 | 1173 0.8 7.2 0.71 1.374 0.28 0.73
314 | 1173 0.8 14.4 0.69 1.498 0.27 0.87
321 | 1223 0.8 1.8 0.54 0.5527 0.04 0.39
322 | 1223 0.8 3.6 0.59 0.8979 | 0.13 0.63
323 {1223 0.8 7.2 0.77 1.918 0.39 0.95
324 | 1223 0.8 14.4 0.67 1.864 0.33 1.14
331 | 1173 1.2 1.8 0.88 1.006 0.20 0.42
332 | 1173 1.2 3.6 1.06 1.531 0.28 0.56
333 | 1173 1.2 7.2 1.10 2.297 042 | 0.77
334 | 1173 1.2 14.4 1.17 3.547 0.65 1.07
341 | 1223 1.2 1.8 0.95 1.394 0.26 0.54
342 | 1223 1.2 36 1.00 1.835 0.34 0.70
343 | 1223 1.2 7.2 1.21 3.624 0.65 1.08
344 | 1223 1.2 14.4 1.21 4.565 0.82 1.48
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Carbon profiles calculated from eqgs. (4b) and (8); S15CK
was carburized at 1223K for 1.8ks in RX gas converted
from butane.
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Measured and calculated carbon profiles; S15CK was
carburized at 1173K in RX gas converted from butane.
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Relation between uptake amount of carbon and time of
carburizing at 1173K in 25%C0-75%H; atmosphere.
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Carbon profiles for SISCK carburized at 1173K in CO-H,—N; atmospheres.

SI5CK DEREFHAR L CO%DEIE

Relation between uptake amount of carbon
and CO%; S15CK was carburized at 1173K
in CO-H;~N; atmospheres.
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12K Cp=12mass% 1 .
HERH | R 24§
R o 0.9ks o6} CO0% H,% - C0% H;%
O 25 5 | wf 2 %z
. 09 — HAM . o 75 25 . | o 75 2
08 8 v 100 0 % v 100 0
g é 0.4 — HEM £ 06
S 0k S Iy
04Y¥g
0.4
02F
0.16} -~ --- V¥ 02
3:)26‘ _____ 0.i6
0 = = = . 1] d L L 0 k. d . L
0 0.2 0.4 0.6 0.8 1 0 0.1 0.2 0.3 04 0 0.2 04 0.6 08 1
x [ mm x / mm x / mm
8 CO-H,-N, REHKPTER L (a) 1=0.9ks (b) 1=7.2ks
SISCK MRFBRESMICETS 9 CO-H,-N, REHET P TR L7= SISCK DRKBES>RICHET
X (8) 12 & DAEHT AHUERROBXETFT N L BT

Carbon profiles calculated from eq. (8);
SISCK was carburized at 1173K in
CO-H;~-N, atmospheres.
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BLEZORB. —F, D& bARERDSEMFE
TiE CO:H,=50:50 DL &NH o & HIRRMEMNEL
BB EMRbMoT, 5L, ZOMERIE N, bED
=EBAREENS RS E CO:H,;:N,=25:25:50 THY,
CO:H,=50:50 (2 Y44 AMm e LTix, HlxiE
CO:H;:N,=30:30:40 DX 5T N, ZEDEIZIEL
2E DMABEDLENRTFETS. 4% N, DEOE(L
LEDLEBAKICB 2BREEDT — ¥ 24E/T 5
T I LA TE GICBELH RN D FTHEED 5 5.

4.FED

BHTHEROXBEEE LV ARROKREF L
EERR L, BB 173 BLU 1223K, FER 1.8~14.4ks,
Cp 0.8 BLU 1.2mass% DFEEFHTERZH L7= SI5CK
DRFIRE TS U THEFE1To72. FET NI
FOETNEVEELSBITTE S 5 2, FEKED
IZbRIETEDZ L 2#RER L. KRiZ, BE 1173K,
RFf 03~72ks & L, CO:H, DB Z2ELSE]
CO-H,-N, ZREHAKICHB W TEEATHER L BREED
BREFTH <. CO I H, #FMT B ik > TRE
HAEEITBHITHEKRL, CO50%D & X BAME T
Li=23, @R H, FMIcRAEELET S8,
IO LRELDIBRRIEN CO+H,=C+H,0 I

Carbon profiles calculated using a mathematical model for vacuum
carburizing ; S15CK was carburized at 1173K in CO—H;—N; atmospheres.
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