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Development of Revolutional Continuous Castings Technology for Thick Plate at Kashima Works
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Abstract

Kashima Works manufactured high-grade steel plate such as steel for large heat input welding,
high-tensile steel, and 9% Ni steel. In some steel grades, transverse cracks occur on the surface of
the slab, which demand extra processes such as a slab inspection and grinding, and cause yield
loss. Moreover, the center porosity of the slab becomes a problem in plates which require high slab
inner quality, such as a plate whose product thickness exceeds 100 mm. To overcome these tasks,
SSC (Surface Structure Control cooling) and PCCS (Porosity Control of Casting Slab) technologies
were developed and adopted to No.2 CC. It was also made possible to cast 9% Ni steel, which is
austenite single phase and also crack sensitive. As a result, it has become possible to manufacture
high-grade steel plates under high productivity.
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-development of SSC
Surface Structure Control cooling

elimination of transverse cracks
with rapid cooling to control
surface texture

1
Application of new casting technology, No.2 CC, Kashima Works
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- slab reduction at near crater end

-development of PCCS
Porosity Control of Casting Slab
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Status of transverse cracking during slab bending test

2.3 HREREEI N DOBALEXNE

SSCIZ L 2 EINBH IR R A HERT H 72012, B
TERE TS LS ISP EA RN S L, #OOEIR
DISHEIRPZ AT L 729 150x600mm DWiTH % A 9 4 &
R R EFE R85 151 T 2.5ton OEHIZ AL T4m D
SR xS, AR T ICERE LT o — s &
V) FERRO MG R A 9 5 IR 10mR ORIIFEA
B TEEE 2104 1/s DEAFTH G- L 770 Wikt o 2
7 ¥ P& T RBEBIC BB T 2 3iE L, FrE Ol
JBESESN TN L 2L,

R ORMMEED 170K THITRE 2T o2 &0,
A O EREED 300 x400 mm DFEIFIZFEA: L 7-RE OO
FNORESZE 6 IIRT . REHTIIR TR TOV
RICENDEELTBY), MOUENR 2 ERENICHBT
&7z THIUTH LT, SSC TIEF iR THAICFE U
LEAEZFG L2 hb o TENIRD b Nk h o7z,
R RETOI 7 uilfEERAE L L 2 BEHITIE T«
WLIRT 25 A4 MR L TV 72Dk LT SSC TIIARL
LTBLT, $EBHO I 7 TR X 2k
BRAEMRTET,

24 BRREII 7 OMEBE OIS

BIR D £ 9 125 E1 & SSC & Ty FRICZLIZFAD b
AT ERPD, SSCIZED I 7 uffZ bt y—a—y ZHE
WZBED y FAEEOBHILITER $ 2 b O Tld % v, EfiHis



BEB SRR I & 1) 3 SIRERAER SRS RN DR

Mild cooling
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No. of slab 28 20 24 21

235mm. thickness 300mm thickness
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Effect of SSC on the elimination of transverse cracking
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Example of center porosity observed in conventional slab
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Feature of PCCS at No.2 CC, Kashima Works
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PCCS applying conditions

Item Value
C content 0.09—-0.15mass%
(400, 500, 600 MPa class)
Slab size 300mm (t) x2 300 mm (w)

0.55-0.60 m/min
Approximately 10 mm

Casting speed

Reduction amount
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flaw detection x 104 (cm?3/g)
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porosity volume from density measurement
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Comparison of porosity volume measured with density and
ultrasonic flaw detection

0.5 1.0 20 25

VAEFTIE R 74 OFEIZIZEAE LW LIZEH
L. AT 7T DERPLIRDEE p &, 1/AIEEDEE p, %
JEA 7mm xiF 100mm x £ & 50mm > 7V CillEL,
(1) Z W TR O ZEARLHO A ERSH /2D O
ROy T A RBEERLAENTL2FETH L, b, WWE
W5E 5503 J1S 78807 DFER LA A 1IZAI Y, K
THET 5 FEE 72,

B ERH-)ORa L T A B =1p-1p, (1)
ARFEAMG )5 % R A A O] UALE 2 SERILL 724> 7
WVORE WS (UST) 12X 2 5Fl & OMGEERZR 11 12
RY . B, BEHEEG I, M shzRo L 71 offl 4
DU EWTTHFE 2> 5 3K D 72 P U E DO ERILARFR IR F L 72
ROy F A OB EY IV ERETHR LM EESH
DOFETY T RERFHE L 720 F ORI
B ARa s 74 GHMliEE LTHHTE S 2 E 2R L
720

F7o, FEOIATTIIRE T, FEEBDOBMIZOWT
bREFKOFETRO Y T4 2 TE 5 2 L 2R L
720 72720, FRIEMIZOWTIE, MlESNh/-Rad 711K
Br 2zl 0L 747 L— NICHE LG %
1572

3.4 PCCS ZNEA#ER

(1) 2AF 7 OHLLAET Y T 4 OIRJFE)F

BEEIZEGHE X ) RO 72 A5 T T REOIE AL [ AH
RO T ARFOMEHREEZR A2 1R T, FOEAH
#(0.80~0.95 DFIPHOBEIE 2 FE F4&b% & 572 PCCS %
WL 728E AT 7R3 IR T L) okl Ra s 71
AR BEHEAT T LB LT, WINoOMEDLH 1/3
VRIS 5 K& R BN,

(2) PCCS #EI2 & B A5 7 WHEE T AR OMEE

14 o~ raxy FEfflL 7z AT THEE - 7 VT,
BT Lo THE LA (K74 SNV R) 25
BB E LT, PCCSEEIC L ZMET#BEH L2257 D



BB SRR IC & | 3 SIRERAEHAERSHSR N ORF

2.5
. I
~ level of conventional process
20 frTTTTTTIIIIII I .
S |
T 15 | PCCS :
A optimum solid fraction at reduction A
i 1
210 ]
x |
£ A '
5 05 | |
o Ll
>
Z 00 ' ' |
S 080 085 090 095 1.00
o

solid fraction of slab center at reduction (-)

12 ETHOPOEERE RO 7 1« OB

Relationship between center solid fraction at reduction and

porosity volume

observed

[0

i)

[}

©

s

=

>

(7]

©

[

o

©

=

c

@

(8]

[} N

ke .

§ white band

© W

b=

>

o o "
E i conventional

_Pplane _Zrcasting
| ﬂ" I/direction

PCCS conven-
tional

conven- PCCS

tional
400MPa 500MPa 600MPa

PCCS conven-
tional

porosity volume X 104 (cm?3/g)

13 PCCS &EICL 230 AROY T 1 EBIR
Effect of PCCS on porosity volume

5.0

e

80 e e

il e

inner reduction ratio (%)

upper
surface side FeRimal pant

14 AEBET R n OAREE
Verification of internal reduction ratio n

L FEEME L RO OTIHDIERIZOWT, BRIE T % L
WHE AT Th5DOEREALZ RONEE T2 EH L7,

PCCSEZBH L2 AT 7 TP .LEa Tldfl 3%, Lk
KIS TIER 0.7% DE T HE 2 ) HULEEOE T A3E
TN AR T 2 T A AR BV THERIE T RIE AT R
W EPHERRE N,

(3) FERER ShOH AR T 3 7 1 )

400 MPa MRSl DOWT, R OIEERFOE T I & bR
OY747L—FORMBRER15I1ZRT, fERkTHNIL,
FSMEORO Y 74 7L — REEDLI21E, FEETIES
HET, 2T 750mm EOKWIRIOHER (£ > T b)
PO OBIENNTETH Do — 7, PCCS Tl FFH 1 Liug,
300mm JED AT 75 HEHEE T I 2 #25 C 150 mm /5
FRDOBENTREL 72 72 (K 16),

] 8 peccee—————
3 O Acceptable quality
: | ® Rejectable quality
-% Ultrasonic testing
F 9 Conventional + Rolling
R TR e L L SRR
%
= PCCS process + Rolling
§ Acceptable line
& | e TUTu) Sem—— p—
S — — — — — —
S
=
< \QC&CF‘
0 A 2 2 :
1 2 3 4 5

Reduction ratio in rolling process[—]

15 FEBFOETHEROS 71 J L — KORBMR
Relationship between reduction ratio at rolling and porosity
grade

B A& # g B W #4145 (2019)



BB BUSKRR IC & | 2 SARERAEHAERSHSRAN O F

| ultra thick plate production process |

Large cross section

semifinished product
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CC (conventional) slab strong reduction plate mill
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Casting conditions of 9%Ni steel

Slab thickness (mm) 235 250 300
Slab width (mm) 2260 2260 2300
Casting speed (m/min) 1.0 0.9 0.7
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Temperature [°C]

17 9%Ni X T 7T DEBEMEEENICRIFTT [%AI] X
[%N] DFE

Effect of [%Al] X [%N] value on hot ductility in 9%Ni steel
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Surface temperature of 9%Ni steel slab
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Effect of [%AI] X [%N] value on surface quality index of
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