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Metallurgical Factors Affecting the Fluting Resistance of Continuous Annealed Tinplate
Kuniaki Maruoka

Synopsis :

Effects of annealing temperature and primary cooling rate in continuous annealing on the fluting resistance of soft

temper tinplate were experimentally investigated. Based on its result, the influence of grain size, solute carbon and
carbide morphology affecting the fluting resistance was studied. Main results are the following:

The more rapid the cooling rate is and the higher the annealing temperature is, the better the fluting resistance is
improved. However, the dependency of the fluting resistance on cooling rate becomes small with the annealing
temperature. Therefore, high temperature annealing is most effective and rapid cooling is second most effective to keep
the fluting resistance acceptable under the normal reduction rate of temper rolling. These results mean that coarsening
of grains is most effective, and the reduction of solute carbon is second most effective especially in the case of
insufficient grain coarsening. Materials with fine and dispersed morphology of carbide show better fluting resistance
than those with aggregated carbide on grain boundaries even if the grain size and solute carbon content are the same

with each other.
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Table 1. Chemical

composition of hot

RS AR D 7 v — 7 4 > 2R HET 2 BENR T

rolled sample (mass%).

C Si Mn P

S Al N N as AIN

0.019 0.02 0.16 0.005

0.004 0.037 0.0035 0.0030

Table 2. Experimental procedure and conditions.

Hot rolling Reheating temperature: 1083°C ( 1356K )
Finishing temperature : 905°C ( 1178K )
Coiling temperature : 745°C ( 1018K )

Cold rolling (mill) Thickness : 4.01 — 0.80mm
Reduction : 80.05%

Cold rolling (Laboratory) Thickness : 0.80 — 0.30mm
Overall reduction : 92.52%

Annealing Infrared furnace
Annealing temperature : 710, 730, 750, 800C

( 983, 1003, 1023, 1073K )
Annealing time : 60s
Retard cooling : -10°C/s to 700°C
(-10K/s t0 923K )

Primary cooling rate : -20, -100, -1000C/s
Overaging : 400°C (673K ) - 120s

Temper rolling Reduction 1.3%

Heat treatment simulating 2107 - 30min (483K - 1800s )

baking
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Fig. 1. Effect of primary cooling rate on the fluting
resistance. (Annealed at 710°C).
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Fig. 2. Effect of primary cooling rate on the fluting
resistance. (Annealed at 750°C).
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Fig. 3. Effect of primary cooling rate and anneal-
ing temperature on the internal friction

coefficient.
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Fig. 4. Summary of the effect of primary cooling
rate and annealing temperature on the flut-
ing resistance.

Er bFs I LyRVIRATHY, RCHIEE L LW
BILEDEMTHE I bbb,

4. EE

4.1 FESMEELEEC

PR OBEENEREE L 510D, RERDT
TOREHZO VT, W7 Vv—TF 4 > 27 L FEEEHRDOQ™?
max & DBMR %Y, HRRERSTREHL 227 6R LK
Fig.5T® %, Fig. 376 b» 5 & 512, REROFHGR
BB G2 F55400°C-120sD 1 7K#ED A) TiEQ 'maxDE
ALH/NE {, 2O AL DT, Fig. 524, @
B L ER 414 % 300°C (573K) -60, 120, 240s3s & 1F400°C-60,
2408t T 52 L2k o TQ 'maxZ/REEH &L ¢ 17—
RpAbETRLIZ, 36O, FEHOIEEILL
o 1ok SbE R 511,070 L12. 0D A O EEBRFE OO



N:Grain size No.

N=11.0~12.0

Fluting rate

1 10 “ 100
1/Qmax (X107)

Fig. 5. Dependency of fluting resistance on the
internal friction coefficient and grain size.
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Table 3. Experimental procedure and conditions.

Annealing Infrared furnace
Annealing temperature : 650, 800°C
(923, 1073K)
Annealing time : 60s
Retard cooling : -5C/s to 700'C
(-5K/s to 923K)

Primary cooling rate : -20°C/s, water quench

(water quench= -1000~-2000"C/s)
Overaging : 300 - 450°C (573 - 723K)

0-1320s

Reduction : 1.0%

Temper rolling

Heat treatment simulating | 210°C - 30min (483K - 1800s)

baking

Fig. 6. Typical four types of carbide morphology.
(a)Annealed at 650°C, water-quenched. (b)
Annealed at 800°C, water-quenched. (c)An-
nealed at 650°C, cooled slowly(—20°C/s).
(d) Annealed at 800°C, cooled slowly(—
20°C/s).
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Fig. 7. Influence of internal friction coefficient and
grain size on the fluting resistance in the
case of intergranular carbide.
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Fig. 8. Influence of internal friction coefficient and
grain size on the fluting resistance in the
case of innergranular carbide.
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Grain size No.=10.5
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Fig. 9. Influence of internal friction coefficient and
carbide morphology on the fluting resist-
ance in the case of grain size No.=10.5 with
residual undissolved cementite.
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Fig. 10. Influence of internal friction coefficient
and carbide morphology on the fluting
resistance in the case of grain size No.=8.5
without residual undissolved cementite.
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Fig. 11. A transmission microscopic photograph of
the temper rolled sheet(annealing tempera-
ture=750°C, cooling rate= —100°C/s, over-
aging=400°C—120s, temper reduction=
1.3%).
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