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Effect of Acid Solve Al, N and Normalizing Condition on Graphite Precipitation in
B Added High Carbon Sheet Steel

Kiyoshi Fukul, Naomitsu Mizul and Masahiro ARAI

Synopsis : Graphitization in high carbon sheet steel, which reduces its tensile strength and increases its elongation, is expected to improve both forma-

bility and quench hardenability. However, it is examined to shorten annealing period for graphitization in recent investigation with B added
steel, clear and accurate mechanism had not been obtained. In this work, the effect of Al, N and microstructure, prior to annealing, on the re-
lationship between graphitization and annealing period was investigated.

0.65%C—0.2%Si-0.15%Mn—0.002%B steels, with Al ranging from 0.01 to 0.10%, and N ranging from 0.0 to 0.09%were provided. These
steels were varied its microstructure by normalizing at 900°C prior to cold rolling, then microscopic observation was conducted at various
period of annealing at 670°C.

Under the condition, a remarkable graphitization was brought in steel with higher Al content. On the other hand, N was found to be weekly
affected to the graphitization. However, steels, normalized prior to cold rolling, graphitization during annealing was promoted, exceeded ad-
dtion of Al inhibited its graphitization. BN, which becomes of nucleus of graphite precipitation, was reduced by exceedingly added Al.
Therefore, graphitization was thought to be inhibited insome condition of steels with exceedingly high Al and normalizing prior to cold

rolling and annealing,.
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Table 1. Chemical composition of steels.

Steel C Si_| Mn P S [ sol.Al B N
A 0.66 | 0:20 | 0.15 | 0.012 | 0.005 | 0.010 |0.0020 |0.0029
B 0.66 | 0.20 | 0.15 | 0.010 | 0.005 , 0.010  |0.0021 |0.0060
c 0.66 | 0.20 | 0.15 | 0.012 | 0.005 . 0.009 |0.0021 |0.0087
D 0.64 | 0.20 | 0.14 | 0.011 | 0.005 0.056 |0.0022 |0.003
E 0.63 | 0.20 | 0.14 | 0.011 | 0.005  0.054 |0.0021 |0.0064
F 0.64 | 0.20 | 0.15 | 0.013 | 0.005 | 0.053 |0.0021 |0.0094
d 0.63 | 0.20 | 0.14 | 0.009 | 0.005 0.110 0.0022 |0.0036
H 0.66 | 0.20 | 0.14 | 0.010 | 0.005 | 0.100  [0.0020 |0.0060

i 0.61 | 0,20 k 0.15 | 0.011 | 0.005  0.100  [0.0020 |0.0086
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Fig. 2. Optical microstructure of 0.05%Al-0.006%N steel after various soaking period of annealing. A=Without normalizing,
B=With normalizing prior to annealing. 1 =Soaked for 6 h, 2=Soaked for 12 h, 3=Soaked for 24 h.
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Fig. 3. Optical microstructure of 0.006%N steel after annealing for 48h.
A=without normalizing, B=Normalizing prior to annealing.
1=0.01%Al, 0.006%N 2=0.05%Al, 0.006%N 3=0.10% Al, 0.006%N.
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Fig. 4. Changes in graphite particle density during annealing in various steels.
A=Without normalizing, BvWith normalizing prior to cold rolling.
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Fig. 5. Changes in cementite particle density during annealing in various steels.
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Fig. 6. Changes in graphitization ratio during annealing in various steels.
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Fig. 8. Identification of BN in pearlite of normalized
0.05% Al steel prior to cold rolling by TEM and
diffraction analysis.
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Fig. 9. AES microanalysis of normalized 0.10% Al steel,
after annealing at 690°C for 6h.
BN crystal shows its acts as nucleus of graphite. A:
SEM image, B: Carbon C: Boron, D: Nitrogen.
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