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Effect of N on the Softness of Continuous Annealed Tinplate
Kuniaki Marvoka, Tsuyoshi Kawano and Shirou Sanaci

Synopsis : Effect of the amount of total and solute nitrogen on the softness of continuous annealed tinplate was experimentally

investigated.

(1) Reduction of total N and lowering the slab reheating temperature are effective on softening.
(2) Hardness of soft temper tinplate does not depend on total N and slab reheating temperature but on solute N in
hot rolled sheets, if other conditions are the same. The smaller the amount of solute N is, the lower the hardness of

tinplate becomes.

(3) T-1 of temper degree requires to keep solute N in hot rolled sheets below about 15ppm.
(4) The phenomenon of softening due to the reduction of solute N in hot rolled sheets cannot be explained by the
reduction of its solution hardening, but by the reduction of its pinning effect to grain growth in annealing and by coarse

grain structure of annealed sheets.

Key words : low carbon steel; cold rolled product ; tinplate; continuous annealing ; nitrogen ; aluminum nitride ; solute nitrogen ;

hardness ; pinning ; grain growth ; grain refinement.
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Table 1. Chemical composition of samples (mass%).

C Si Mn P S Al N
0.018 0.015 0.20 0.004 0.004 0.053 0.0013
0.018 0.015 0.20 0.002 0.001 0.044 0.0024

0.018 0.015 0.20 0.004 0.001 0.052 0.0035

Table 2. Experimental procedure.

Vacuum melting 150kg Vacuum furnace
Ingot S0kg X 3
Hot rolling Reheating : 1250C (1523K)
1050C (1323K)
Finishing thickness: 2.7mm
Finishing temperature: 930°C (1203K)
Coiling treatment 650C (923K) - 60min (3600s)
Furnace cooling
Cold rolling Reduction 88%
Final thickness: 0.32mm
Annealing 720C (923K) - 50s (Annealing)
400°C (673K) - 120s (Overaging)
Temper rolling Reduction: 1.0%
Baking treatment 220C (493K) - 30min (1800s)
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Fig. 1. Effect of total N and slab reheating temper-
ature on the hardness.
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Fig. 2. Effect of total N and slab reheating temper-
ature on grain size of annealed sheets.
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Fig. 3. Effect of total N and slab reheating temper-

ature on the amount of solute N in hot
rolled sheets.
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Fig. 4. Effect of grain size and slab reheating tem-
perature on the hardness.
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Fig. 5. Relationship between yield strength and
d~"2 (Hall-Petch plotting).
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Fig. 6. Effect of solute N in hot rolled sheets and
slab reheating temperature on grain size.
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Fig. 8. Effect of solute N and slab reheating tem-

perature on the hardness.
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