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Formation Mechanism of a White Spot Defect on the Tin Plate Steel Produced
by Continuous Cast Slab

Akihiko KusaNo, Norio SAT0 and Mayumi OKIMORI

Synopsis : In order to get high productivity on continuous casting process, slab must be cast on higher speed. But high speed cast slab has caused de-

fects on cold rolled sheet owing to the powder used in the mold. In case of producing tin plate sheet by slabs cast under the condition of high

speed, the defect which contain composition of the mold powder has been found and named as white spot defect.

In this paper, formation mechanism of white spot defect is discussed based on an analysis of this defect and investigation of the operational

conditions. White spot defects reappear in the laboratory experiment and formation mechanism presumed in this paper proves to be right.

The results are summarized as follows;

(1) White spot defects on tin plate sheet are consisted of inclusions which include the mold powder of continuous casting process.

(2) The formation mechanism is corrosion of tin plate sheet caused by NaOH. This NaOH is formed by chemical reaction between Na of

mold powder and water which invaded into the inclusion during tin plating process.

(3) White spot defect can be decreased by using mold powder containing less amount of Na on continuous casting process.

Key words : inclusion; continuous casting; tin plate sheet; continuous casting powder; surface defect; casting speed.

1. ¥E

HGEshEE (GESsER) Ik, #EEp s 4 — (DT
v & — LHEY) ISR L SR DR DR, BWHMD X
HRLPIE, $RNIZE T 3SR ERRINEOER &
REEL>TNB, —F, BGEOsER s ELxE5F
B LT, BEghENEmIhTELL, hEERED LA
Loy —BRORBRKEAEML 220, ZOFKE
X, SEEREOMMICEVSRINOBRIESE L, HID
ALREREIZL DN T —DEZAABRELR T L
57:0TH 52, 200, MMllkIEEBITEDHHEL
ZA3DIERACRERT Y FHME T, BE/ ALOBR
DEE « ArH ZDBGARBEZED /Y 4 — B EAANE
Ao, F-MEETIE, FRAOBRMRESICETIS
SDOMEREEIATEREY, LirL, ZThoELDOHEIC
b, [y F—BEAL| OFBEITEZHR
Xhd, ThoBIIHL T, KEHFHERELREBS
ENTVBDOREETH S, FEHIZ, ThETHEHOD
EHSERERICRIEE £33y ¥ —BEAXRBD 1DOTH
570 %K (E02~03mm) © [HLUAHE] I2DO0WT
REWMEATH->CE -, ZOMR, ALAOREREHEZ
RT3 &L 312, ZOBHIENRICONWT, BRO AR
BohDTHRET S,

2. BLABEORERRE

7 B 8B BYESAT S = B0 TR 0 iEHh AL g1 Tl X
=, ZUVERHTZLIFLFHICE T 58 L AROREES
KORERBIZOVTHENRS,

2.1 FEOHE

Fig. | IJEONBEER AR Y, K& &id3~10mm DFEM
RTHy, BIZABGTKEERD [LA] ICRASIEHR
5, ALABEERL TS, LA THET 2 L £E&
oy FOESEDESIZRA DS, FFMIcERT s ehR
HiZ01~03mmDKRKEXDXSIZEVWERBDOY Y A D
3, Thia~rRoenL, sy PREETSHED
LizaEENnS,

2.2 EOSMBEFHRPE

WOREREREEAT -0, 7Y FRoOEE (8D
FECHEY, UTLmEEEEY) s XOEm (B0 THEME
Y OMTFHEEEET) ISENRDEIH Y T LEZNER2
ARV, NS IUEREEADOHEIZHEETIML,
ZoWm (LUFC Wmeugs) #SAMScko#AEL =,
ZDREBE% Fig. 1 1R, LEMISEYX S 54V T
2, WTFRENBRAFRTH D, WHICIESBIEDS
Rohs, —F, FEDMIZHAESH Yy bTHD, Wrmic
NEBEIR NG, o7, ZOMR, LEDOFRBPIZH S

FRI1E2AIHRN FR 1241 A 6 HRFE (Received on Feb. 9, 1999; Accepted on Jan. 6, 2000)
s JUNBHABEE (BR) SETEEAT (O © 7 H A8 (#)) (Kyushu Refractories Corp., 1-9-9 Yaesu Chuo-ku Tokyo 1030028, formerly Nippon Steel Corp.)

% 2 B B AR (BK) /\RERIRIF AR (80
* 3 ¥ HASUE (BR) FeiEiiBf 2838 (Hikari R & D Lab., Nippon Steel Corp.)

31

315 I



. 316

% & $8 Vol. 86 (2000) No. 5

b) Cross section

a) External

Fig. 1. Appearance of white spot defect on tin plate sheet.
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Fig. 2. Size distribution of inclusions.
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Table 1. Compositions of inclusions analyzed by CMA.
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Table 2. Compositions of inclusions analyzed by CMA.

T
Sﬁ;ple | Position Composi tion(mass¥)
) { ) C0 | Si0, [ALO; | MO | NaO | F
a 1 382 | Tr | 409 | 24 |11.2 1.2
2 3.4 | Tr | 496 | 40 | 4T 7.4
I

b | 3 38.1 Tr | 46.7 | 3.8 | 43 7.1
| 4 %7 Tr | 502 49 | 33 5.0
| 5 6.7 Tr | 496 | 43 | 3.2 6.1

a) Small inclusion b) Large inclusion

Fig. 3. Locations of quantitative analysis of inclusions.

Fig. 4. Locations of qualitative analysis of white spot de-
fects by AES.
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Fig. 5. Results of analysis of defects by AES.

Table 3. Specifications of continuous caster in Yawata

Works.
(1) Mechine type Bonding type
(2) Radius of curvature (m) 10.5
(3) Machine length (m) 3.5
(4) Wold length ( 900
(5) Casting size () | 250 X800~2100
(6) Casting speed (w/min) | 1.0~1.8

Table 4. Chemical compositions of cast steel.
(mass¥)
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Fig. 6. Transition of occurrence rate of white spot defects.
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Fig. 8. Transition of occurrence rate of white spot defects
after 20 days in hothouse. :
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Fig. 9. Relation between the occurrence rate of defects and
thickness of tin plate.
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Fig. 10. Relation between occurrence rate of defects and
casting speed.
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Table 5. Chemical compositions and physical properties of

powder.
Neme Composition (massX) Ca0/Si0, | MP. | Viscosity
at 1300°C
T.C Cad 3101 Man lﬂ Na F (nc) (Pa " S)
L |52 3 2 6 Tr 10 1 1.02 120 0.18
%29 36 3 6 Tr 6 5 0,98 1145 0.34
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Fig. 11. Relation between occurrence rate of defects and
the quantity of Na in powder.
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Fig. 12. Relation between number of white spot defects

and MT defects in tin plate sheet.
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Table 6. Chemical compositions of materials contacted

with molten steel.
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Table 7. Characteristics of test powder.

Name Content (mass¥) Basicity | Viscosity |Melting
(Ca0/Si0;) | at 1300°C | point
Na Si0, Al,0, Ca0 F (Pa - S) (DC)
A 0.5 41.3 | 8. 42.1 8.3 1.02 0.52 1253
B 2.2 402 | 1.8 40,9 | 8.1 1.02 0.45 1203
C 5.3 385 | 1.4 393 L7 1.02 0.40 1148
D 1.6 3.1 1.2 3.8 | 1.4 1.02 0.31 1115
E 10.1 35.7 | 6.9 36.4 1.2 1.02 0.21 1035
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Fig. 13. Transition of quantity of absorbed water in pow-
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Table 8. Quantity of Sn in powder.

Powder name A B C D E
Sn Initial 0.07{0.06 | 0.05 | 0.05 | 0.05
(mass¥)
After | 168hr |0.10{0.12/0.16|0.13 (3.2
672hr {0.15(0.180.27|0.2T| —
Contact]
et A T B [ C | E

168 ||

336

672

1008

Fig. 15. Changes in appearance of white spot defects in
laboratory experiment.
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