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Graphite Pollusion Mechanism at the Surface of Steel Sheet
on Annealing
Takayuki NAKAMURA and Motoo SATO
Synopsis :

Graphite can occur on the steel surface when the cold rolled steel sheets are batch-annealed under non-
oxidizing atmosphere. The mechanism of graphite formation was studied by examining the influence of
annealing atmosphere and temperature on graphitization reaction and the main results are summarized as
follows. ( 1) Oxygen present on the steel surface plays the most important role and is indispensable to
the graphite formation. (2 ) CO gas generated by the reaction with the solute carbon in steel and the
oxygen in oxide film on the surface is decomposed into graphite and CO2 gas. ( 3 ) The graphite formed in
a carburizing atmosphere with some extent of CO gas shows the same morphology of the graphite formed in
non-oxidized atmosphere, and CO gas in an annealing atmosphere requires the critical partial pressure, 0.1
atm, for the graphite formation on steel sheet. (4) The dependency of oxide film thickness on crystallo-
graphic orientation of iron may be responsible for the orientation dependence of graphite formation.

Key words : graphite pollution; sheet surface; annealing atmosphere ; oxide film; orientation preference of

graphite.
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Table 1. Chemical composition of the cold rolled
steel sheets (wt% ).

Sample No. o} Si Mn P S Ni Cr
1 0.041 0.001 0.27 <0.005 0.008 0.016 0.009
2 0.055 0.002 0.29 0.006 0.013 0.014 0.044
3 0.056 0.001 0.26 0.006 0.015 0.016 0.010
4 0.044 0.001 0.25 <0.005 0.007 0.015 0.010
5 0.046 0.001 0.28 <0.005 0.013 0.015 0.046
6 0.039 0.001 0.25 0.007 0.014 0.011 0.009

600 -720°C 675°C

50%
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(a) In non-oxidizing atmosphere

(b) In carburizing atmosphere
Fig. 1. Annealing cycles for the graphite forma-

tion.
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- Fig. 3. Variation in the reflection intensity of
(002) plane of graphite for the specimens annealed
at 700°C for 5h in Hz-N; mixture gas atmosphere.
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Fig. 4. Variation in the reflection intensity of
(002) plane of graphite for the samples annealed
at 675°C for 5h in 8%H,-N, following in H:
atmosphere.
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Fig. 5. Dependence of annealing temperature of
the variation on the reflection intensity of (002)
plane of graphite for the specimens at various
temperature for 5h in 8%H;-N; atmosphere.
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(a) Chemical polished sample (b) Degreased sample

Photo. 1. Photomicrographs of graphite formed
on the surface of steel sheet annealed at 675°C for
5 h in S%Hz‘Ng .
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Fig. 6. Relation between the reflection intensity
of (002) plane of graphite and the density of CO in
8%H-N, for samples annealed at 675°C for 3 h.
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Photo. 2. Graphite morphology formed on the surface of steel sheet annealed at 675°C for
5h in various atmosphere.

(c) In 8%Hz-N2

(d) In vacuum (e) In 1%CO-8%H;-Nz (f) In H
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(a)(b) Annealed after chemical polishing (c)(d) Annealed after degreasing
(a)(c) Annealed in vacuum (b)(d) Annealed in 8%H2-N3

Photo. 3. Graphite morphology formed on the surface of steel sheet annealed at 675°C
for 5h in vacuum or 8%H;-N- .
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(a) At 600°C (b) At 650°C (c) At 700°C

Effect of annealing temperature on
graphite morphology formed on the surface of steel
sheet annealed for 5h in 8%H:-N- .

Photo. 5.
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Photo. 6. Graphite morphology formed on the
surface of steel sheet annealed at 700°C for 5h
In vacuum.

Photo. 7. Morphology of the formed graphite and
its substratum, surface of steel sheet, annealed at

675°C for 5h in 8%H>-Nz.
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annealed at 675°C for 5 h in 8%Hz-N2 atmosphere

Fig. 7. Relation between the thickness of oxidized
film and the coverage of graphite on sheet surface
after annealing at 675°C for 5h in 8%H,-N.
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Fig. 8. Schematic figure of the graphitization
mechanism on the surface of steel sheet.
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