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ABSTRACT

This study has been performed to investigate into the internal oxidation characteristics of low carbon steel with
respect to the added amount of air in nitrogen—propane atmosphere after gas carburizing for various times at 930
°C.

The results obtained from the experiment are as follows .

(1) Optical micrographs have shown that the internal oxidation is unlikely to occur in the gas atmosphere without
air and that oxidized zone in the outer surface layer is formed in the gas atmosphere with air revealing that the
depth of oxidized zone increases with increasing the added amount of air.

(2) The formation of internally oxidized zone in the outer surface layer has been found to be inhibited as Ni content
increases, i, e, the amount of alloying element increases.

(3) The depth of oxidation has been measured to increase with almost parabolically gas carburizing time of up to 6

hours.
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Table 1. Chemical Composition of Specimens, wt.%

Steel C Si Mn | Ni Cr | Mo Al

A 0.20 [ 0.30 | 0.70 | 0.46 | 0.48 | 0.17 | 0.036

B 0.21]0.20 [ 0.61 | 0.97 | 0.47 | 0.25 | 0.026

C 0.1810.17 [ 0.61 | 1.95 ] 0.53 | 0.25 | 0.028
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Fig. 1. Schematic representation of the four modes of
internal/external oxidation.
(a) internal oxidation .  (b) development of
healing layer at internal oxide/alloy inter-
face . (c) development of external oxide
layer in absence of internal oxidation .  (d)
intergranular oxidation.
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Fig. 2. Variation of carbon potential and C0:% with
the amount of air for carburizing condition of
930°C and 2 hours.
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Fig. 4. Scanning electron micrographs of steel A gas
-carburized at 930°C for 6 hours in the gas
atmosphere of 76.4% nitrogen-5.69% propane
-189% air.
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Fig. 3. Optical micrographs of steel A, B and C gas carburized at 930°C for 2 hours in an atmosphere
with 18% of air.

(a) Steel A (b) Steel B (c) Steel C.
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Fig. 5. Oxidized zones in steel A atter gas carburizing for 6 hours at 930°C in the gas atmosphere with

varying amounts of air.
(@) Air 0% (b) Air 18% (c) Air 30%

Fig. 6. Oxidized zones in steel A after gas carburizing for various treatment times in an atmosphere
with 18% of air.
(a) 2hr. (b) 4hr (c) 6hr.
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Fig. 7. Oxidized zones in steel A, B and C after gas carburizing for 6 hours at 930°C in an atmo sphere

with 309 of air.
(a) Steel A (b) Steel B (c) Steel C.
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ized at 930°C for 6 hours.
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Fig. 9. Variation of internal oxidation depth with com-
position parameter Si + Mn + Cr (in wt.%).
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Fig. 10. Relationship between internal oxidation depth
and carburizing time at 930°C in the gas atmo-
sphere with air 18% in steel A, B and C.
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