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Effect of Al Content on the Amount of Solute N in Hot Rolled Coils for the Continuous Annealed Tinplate

Kuniaki Maruvoka and Tsuyoshi Kawano

Synopsis

Key words :
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: Aiming at studying the possibility to keep the solute N in hot rolled sheets low enough by the addition of high Al content

instead of by low temperature slab reheating for the production of soft temper tinplate by continuous annealing from
low C Al-killed steel, the effect of total Al and total N on the amount of solute N in hot rolled sheets was experimentally
investigated. Main results were :

It is possible to keep the solute N in hot rolled sheets low enough by high Al content instead of by low temperature
slab reheating. For example, in the case of 40ppm of acid-soluble N and 1250°C of slab reheating temperature, Al
content larger than about 0.16295 can keep the solute N less than 15ppm.

The smaller the amount of total N is, the smaller the amount of solute N in hot rolled sheets.

A certain quantity of N would precipitate as AIN after the extraction from the reheating furnace till the end of the
coil cooling during the hot rolling process, even if at the lowest coiling temperature. According to the laboratory
experiment, its quantity was about 5 to 15ppm in the case of the steel with acid-soluble N=about 40ppm and with the
coiling treatment at 600°C and none.

The reason why high content of Al keeps the solute N low is considered that it increases the amount of N as AIN
during slab reheating.

The possibility is suggested to estimate the amount of total Al necessary to produce soft temper tinplate by
continuous annealing for the given acid-soluble N and slab reheating temperature.
low carbon steel ; cold rolled product ; tinplate ; continuous annealing ; nitrogen ; aluminum ; aluminum nitride ; solute
nitrogen ; hardness.
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Table 1. Chemical composition of _sanfple ingots
for the laboratory experiment on Al
(mass%)

Name C Si Mn P S Al N

RE-1 0.042 0.017 0.25 0.016 0.015 0.052 0.0036

RE-2 0.041 0.017 0.25 0.016 0.015 0.096 0.0054

RE-3 0.042 0.016 0.25 0.016 0.015 0.127 0.0039

RE4 0.041 0.016 0.25 . 0016 0.015 0.159  0.0046

RE-5 0.042 0.016 0.25 0.016 0.015 0.193 0.0042

RE-6 0.042 0.016 0.25 0.016 0.015 0.278 0.0038

ERDIRIE HIERERIA 2

600°CHIiTR L a3 2 &5 6, BHLY 41
W BRALEE B 12 600°CLlHE L T2,

A b M LB O VR IR R LT 2 T 2 LA
&0, BBUIAN I X CFAINOR 2 HIE Lf:oﬁﬁ;%a: For
TATE T AIEIEIANDEM T & LA, EE%o
AW@ﬁ&%@%c%%?%NMdeNTikh%ﬂ@
NTH5DT, 2 I TREEATENZRZE LI, 272, Lo

i b, Total NT a7k {, BEMIENIZ DV TIT I, AIND

SIFRRRF- AR ) — Iz L o 12, BIENEIL, BWiA

NE»GAINE UL THEAETANCLIFN as AIN) B#IK U 2
ZX bk,

2+2 Total AIE(D%E%#E%

Fig. 11%, FEC & 5 2 U THIE 3 e BEMREIEN - &
ET A 7THMBMEES L FAIROMEY RT, A5 7ﬁ
BRI S 1150°COEE, BIANIZAIOEME & b 121
ﬁﬁ%uﬁ?t,MZUM%m%utfumo&&acx
7 7 MBI 551200°C, 1250°COHA L, 1150°COHEHR
PHMBNEEDZ L THAM~ > 7 b 3R T2 R
T

DI EDPL, AIBZHNSIREZLIZL-T, 257
DIEIRFFIMBFAT D 2 { T, BEREEN R 2 KT

Table 2. Experimental process and conditions.

‘Vacuum melting 300kg Vacuum furnace

Cast into 6 ingots.

Hot rolling Reheating temperature: 1150, 1200, 1250°C
(1423, 1473, 1523K)
Reheating soaking time: 60min(3600s)
Finishing temperature: 893-919°C(1166-1192K)
mean=906.1°C(1179.1K)

Finishing thickness: 2.0mm

Heat treatment for coiling |600°C-60min(873K-3600s)
Furnace cooled

Analysis of N 'and AIN  |N: acid-soluble N, by wet chemical analysis
N as AIN: by wet chemical analysis

Solute N: defined as [N] - [N as AIN]
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Fig. 1. Effect of slab reheating temperature and Al
content on solute N in hot rolled sheets.
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Table 3. Chemical composition of sample ingots
for the laboratory experiment on N.
(mass%)

Name C Si Mn P S Al N

RF-1 0.043 0.019 0.24 0.015 0.016 0.054 0.0012

RF-2 0.043 0.019 0.24 0.015 0.016 0.054 0.0026

RF-3 0.043 0.019 0.24 0.015 0.016 0.054 0.0035

RF-4 0.043 0.019 0.24 0.015 0.016 0.054 0.0070

RF-5 0.043 0.019 024 - 0.015 0.016 0.054 0.0148

RF-6 0.043 0.019 0.24 0.015 0.016 0.054 0.0195

Table 4. Experimental process and conditions.

300kg Vacuum furnace
Cast into 6 ingots.

Vacuum melting

Reheating temperature: 1250 C(1523K)
Reheating soaking time: 60min(3600s)
Finishing temperature: 951-985C(1224-1258K)
Finishing thickness: 3.0mm

Air cooled after finishing

Hot rolling

Heat treatment for coiling | Temperature: none, 650, 700, 750°C
(923, 973, 1023K)
Holding time: 60min(3600s)
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Fig. 2. Effect of coiling temperature and acid-sol-
uble N on solute N.
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Fig. 3. Effect of coiling temperature and acid-sol-
uble N on AIN precipitation.
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Table 5. Estimated solute N during slab reheating
soaking from Leslie’s solubility product.

[Estimated solute N]/[analyzed acid-soluble N], in ppm

Slab reheating temperature

Total Al 1150°C 1200°C 1250°C
(1425K) (1475K) (1525K)
0.052% 37/40 41/41 49/49
0.096% 20/38 Casting failure 41/45
0.127% 15/38 22/37 31/43
0.159% 12/36 18/37 25/39
0.193% 10/36 14/34 20/37
0.278% 7/36 10/37 14/39

50 T T )
Reheating temperature=1200C
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Fig. 4. Comparison of experimental and theoretical
values of solute N in hot rolled sheets.
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Fig. 5. Al content required to keep solute N in hot
rolled sheets under 15ppm.
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