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Graphite Pollution Mechanism at the Steel Surface on Annealing of
Cold Rolled Open-coil

Takayuki NAKAMURA, Motoo SATO and Sumihiko TANAKA

Synopsis : .

On open-coil annealing of cold rolled steel sheet in HNX gas, the gas composition in the furnace are
analyzed. On heating, CO, CO; and hydrocarbons are generated in the atmosphere by combustion and
vaporization of the lubricant on the sheet surface. In order to simulate the open-coil annealing, a steel
sheet is annealed in CO-CO»-8%H;-N,. Then, the graphite and cementite are formed on the sheet surface.
The graphite pollution on the steel surface can be reproduced by the simulative annealing, because the mor-
phology of graphite by the simulative annealing is same as the formed by the open-coil annealing.
According to the addition of COz in CO-8%H,-N; atmosphere, the graphite increases incipiently and then
decreases, and more addition than the critical CO; content, which is affected with CO2/CO, suppresses the
formation of graphite perfectly. From these results, the graphite on steel surface by annealing in HNX gas
atmosphere are formed by the decomposition of CO, and the lubricant for cold rolling is one of the carbon
source.

Key words : graphite pollution; cementite by carbulization; cold rolled open-coil; annealing in HNX gas;

combustion and vaporization of lubricant; carbon source of graphite.
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4 Recirculating fan 9 Seal pot 2. Pt net
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4. Solid electrolyte of ZrO,
5. Ceramic cement
6. Electric furnace
7. Lead wire
8. Qualtz tube
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6 112 Fig. 2. Schematic diagram of
the oxygen sensor.
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Fig. 3. Change of gas composition and oxygen
content in annealing atmosphere of degreased coil.
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Fig. 4. Change of gas composition and oxygen
content in annealing atmosphere of non-degreased
coil.
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100F heating rate 2.5°C/min

o atmosphere 8%H2-N2 (dry)

o sample lubricant
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Fig. 6. Change of oxygen content on purging off
air in the furnace by N, gas.
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Fig. 5. Weight change of lublicant on heating in
8%H,-N, measured by the thermo-balance.
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for No. 2 sample annealed at 675°C and 700°C
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Fig. 9. Dependence of annealing temperature on
the quantity of graphite, increasing with the density
of CO, in 1%CO-8%H,-N, for No. 1 sample
annealed at 650°C and 700°C for 3h.
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a, ¢, e : In U. A. D. furnace.
b, d, f : In experimental furnace.

Photo. 1. Comparison of the
morphology of carbon pollution on
the steel surface formed at
annealing in U. A. D. furnace and
in experimental furnace.

a : From the the carbon pollution of photo. 1-a, b. b : From the carbon pollution of photo. 1-¢, d, e, f.
Photo. 2. Electron diffraction patterns from the carbon pollution on the steel surface.
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Fig. 10. Dependence of the quantity of graphite
and cementite, increasing with the density of CO;
in 5% CO-8%H,-N, for No. 1 sample annealed at
700°C for 3h.

Table 2. Comparison of lattice spacing of graphite
formed on the steel surface and from ASTM’s card.

From ASTM’s card From electron diffraction
hk1 d(A) hk1 d(A)
002 3.36 002 3.348
100 2.13 100 2.127
101 2.03 101 2.028
102 1.800
004 1.678 004 1.674
103 1.544
110 1.232 110 1.228
112 1.158 112 1.153
105 1.138
006 1.123 006 1.116
201 1.054
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Fig. 11. Change of oxygen content in atmosphere
with coil temperature on annealing of the degreased
coil.
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Fig. 12. Change of oxygen content in atmosphere
with coil temperature on annealing of the non-
degreased coil.
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Photo. 3. Morphology of the formed graphite and
cementite on the steel surface annealed 675°C for
3h in in 10% CO-8%H,-N,.
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