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Production of High Quality Extra Heavy Plates with New Casting Equipment
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Abstract

The newly casting equipment has been established in 1996 at Nippon Steel Corp. Nagoya Works has
theadvantage both ingot casting and continuous casting. Thisequipment hasthree characteristics. No.1:
the thickness of casting slab is generally changeable from 245mm to 400mm(maximum 600mm). No.2:
manufactured slab is high quality for reduced inclusion and segregation with vertical casting and con-
trolling solidification.No.3:this equipment will be able to manufacture high quality extra heavy plates
for boiler and pressure vessel, mobile offshore structure and so on, likely continuous casting process.
With thisprocess, maximum plate thicknessis 200mm for high quality extra heavy stedl plate and 330mm
for general mild extra heavy steel plate. In thisreport, we will describe the outline of newly casting
equipment and example of manufacturing results of extra heavy plates.
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Ingot Casting

Continuous Casting

v-segrigation

Outline
Traditional
Casting

Process

Floating Inclusion

Trapped
Inclusion

/ Small

Crack

Center
segrigation
I

OAdvantage QOAdvantage
Inclusion float easily Efficient productivity
Applicable to many kinds of size (Accelerated cooling,
Applicable to small lot of order omission of slabbing process)
Characteristics ODisadvantage QODisadvantage

Inefficient productivity

Trapping inclusion

Center segregation

Almost constant size of slab
Not applicable to small lot of
order
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Comparison of characteristics between ingot casting and continuous casting
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I| Tun dish

Floating

Mold

inclusion

Slab

Casting

direction

\4

Thickness of slab=245~400mm
Length of machine=9.1m
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Outline of new steel casting process
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Comparison of ordinary casting process and new steel casting
process

Items Ingot casting |Continuous casting| New steel casting process
Non-metallicinclusion O O O
Segregation o o O
Applicablefor size O O o
Applicablefor lot O X O
Productivity X O o

Note: The symbol means relative evaluation (poor — x OO 0o OO - excellent).
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: COMPRESSION STRESS
IN THICKNESS OIRECTION

I: STICKING T, : CONSTRAINED YIELD STRESS
T : CCMPRESSION 0, : COMPRESSION STRESS
E: TENSION IN ROLLING DIRECTICN
(2) STRESS CONDITION (b) DISTRIBUTION OF COMPRESSICN
IN RGLL GAP STRESS IN THICKNESS DIRECTICE
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Schematic drawings of stress distribution during rolling
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Relations between shape factor and ratio of compression zone
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Pass schedule of plate rolling and shape factor (ex. thickness of
slab is 400 mm)

_ CaseA CaeB
Pass of rolling Thickness | Shape factor | Thickness | Shape factor
360 370
1 340 0.31 350 0.30
2 310 0.41 320 0.40
3 280 0.45 290 0.44
4 250 0.51 260 0.49
5 220 0.57 220 0.65

* final thickness of rough mill
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Manufacturing size ability of normalized or normalized and tem-
pered plate for boiler and pressure vessel

oo-0004oKO0O0OO00ODOOOODO
Manufacturing size ability of general use carbon steel plate

including extra heavy plate (mild steel example JIS SS400) (mm)

4500

Width of plate
Thickness of
plate
50
100
150
200
250
300
330
350
380

1600 | 2200 | 2800 | 3400 | 4000
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Widith of plate 1600 | 2200 | 2800 | 3400 | 4000 | 4500 000000000000 1401/2t0000000000000
Thickness of JISG080100000000000MUSTONMONNDNnnD
plate
50
100 Newly steel Plate rolling with high
150 LD-refining {—{RH-d ing :aff':f 400mmt_8hape foctorcontrol | |\ ormai ing
200 hick. Slab)
250 00000SB4800000000
300 Manufacturing process for extra heavy plate of SB480
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Chemical composition and maximum shape factor
C Si Mn P S Cu Ni Cr Mo
Actua value 0.27 0.23 111 | 0012 | 0.004 | 0.16 | 0.20 | 0.15 | 0.09
Specification [10.30(0.13-0.33|J 1.15| [0 0.035| [0 0.035| O O g |
Maximum shape factor 0.52
gooseB48o0 0 0oonon
Mechanical properties of SB480 extra heavy plate
Items Location of thickness Test results Test piece heat treatment
U YP(MPa) | TS(MPa) | EL(%)
, Specification 0265 | 480620 | 018
Tensletest at 355 549 34 | SR 625°Cx 3.45h
1/2t 354 544 32 * 4 times
Min.(J) | Ave(J)
Charpy impact test (0 °C) 1/4t 71 80
1/2t 49 70
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Hardness distribution of through thickness
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Microstructure of SB480

jooooooooood
Test result of UST
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Specification of UST | UST result
JISG0801 | Sensitivity Acceptable
V15-2.8: 50% LD-refining[—| RH-degassing] ] N:%E:s:ge' _::‘Zfe'gﬂ'zfr"vciz:tt'oﬁh— Normalizingsx | | Tempering
Frequency: 2MHz
Medium: Water 0000D0A387-22-20 000000
Manufacturing process for extra heavy plate of A387-22-2
*400mm thick slab(*Accelerate cooling
O00A387-22-20 0000000000000
Chemical composition and maximum shape factor of A387-22-2 extra heavy plate
C Si Mn P S Cu Ni Cr Mo
Actual value 0.14 0.14 0.54 0.007 | 0.002 | 0.03 0.03 2.20 0.97
Specification 0.05-0.15| J 0.50 {0.30-0.60| 0 0.035/0 0.035| 0O O 2.00-2.50| 0.90-1.10
Maximum shape factor 0.81

O00A387-22-20 000000
Mechanical properties of A387-22-2 extra heavy plate

Items Location of thickness Test results Test piece heat treatment
Specification YP(MPa) | TS(MPa) | EL(%) RA (%)

. (0310 | 515-690 018 045

Tensletest 14t 455 501 31 76
12t 439 573 30 76 SR: 680°Cx 10.4h
. Min(Q) | Ave()

Char;:y impact test Vit 195 210
(40°C) 12t 260 280
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Hardness distribution of through thickne

SS

possso00000000000O0CCOOOOODOOOOOOOO
goboooobooooobosobooooboooooooooooo
gooo
oooooooooooooooobobOoboooooooooo
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Newly steel
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process*

Plate rofling with high|
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shape factor control Quenching empering
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Chemical composition and maximum shape factor of HT780 extra heavy plate

011000HT7800 000000
Manufacturing process for extra heavy plate of HT780
*400mm thick. slab

C S Mn P S Cu | Ni Cr | Mo | V
Actua vaue 0.11 | 0.26 | 1.11 |0.004|0.001| 0.23 | 2.47 | 0.56 | 0.53 | 0.04
Maximum shape factor 0.63
goodT7800 000000
Mechanical properties of HT780 extra heavy plate
Items Location of thickness Test results Test piece heat treatment
YP(M TS(MPa) | EL(% RA (%
Specification PMPa) | TSMPa) | EL(6) C6)
Tensile test 690 | 793-965 015 -
ensile
14t 871 930 23 68
V2t 795 873 20 51 Non
. Min(J) | Ave(J)
Charpy impact test
275’3(': s U4t 142 152
(2r°C) 12t 57 67

1/4t

1/2t

012000HT7800 00000

Microstructure of HT780 extra heavy plate

g1Boo0gHT7800 00000
Macrostructure of HT780 extra heavy plate

LD-refining +—

RH-degassing

Newly steel
casting

process(400mmt}—]Plate rolling
hick. Slab)

gl14000ss4000000000
Manufacturing process for extra heavy plate of SS400

gi1o0ss4000 000000
Chemical composition of extra heavy plate of SS400

C Si Mn P S
Actua value | 0.17 0.24 1.07 0.013 | 0.005
Specification - - - [J0.050| 0 0.050
0550
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gligoogss4000 000000
Mechanical properties of SS400 extra heavy plate

Items Location of thickness Test results
Specification YP(Mpa) | TS(MPa) | EL(%)
. 0215 | 400-510 023
Tensletest 14t 240 448 25
2t 222 426 24
Min.(J) | Ave(J)
Charpy impact test(0°C) V4t 21 32
2t 12 15
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