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Construction and Operation of Fukuyama Iron Works, Nippon Kokan K.K.

Synopsis:

Hiroshi NAKANO

Construction of aﬂgiant iron works was planned by Nippon Kokan with a crude steel prodiction of
ten million tons as the final target, to cope with increasing competition in domestic and foreign markets.
for the future development of the steel industry of Japan. Another reason of this decision was the
fact that the crude steel production at the three iron works in Tokyo-Yokohama area was limited to-

five million tons because of the local restrictions.

Company policy for this construction was directed toward the adoption of largest and most highly
automated facilities and a layout permitting the most rational transportation. An area of 7-26 million
m? was selected from among many possible sites of construction within Japan at the coast of Fukuyama.
in compliance with this policy. Reclamation was launched in January 1962. The first period con-
struction was completed in summer 1966 with the production of sheets as objective. The crude steel
production has reached in June 1967 a level of two million tons. The second period construction is-
already underway, and a production system comprising hot and cold rolled sheets and wide plates cor-
responding to a crude steel production of four million tons will be established at the beginning of 1968..

(Received 7 Feb. 1968)
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Fig. 1. Fukuyama Iron Works and its surroundings.
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Photo. 1. Whole view of the Fukuyama Iron
Works.
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Fig. 2. Layout of Fukuyama Iron Works.
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Table 1. Specification of raw material berth.
N | Max. tonnage Handled Unloading
Description Water depth; Length receivable materials facilities
; i
B 16m 280m 100,000DW T Ore, imported 1500 t/hr Manstrolley
coal type X 2
i ; .
F 10m f 180m 18,000DW T Coal, .auxxl. i 300 t/hr level luffing
materials typex 2
! ! |
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Fig. 4. Layout of raw material facilities.
Table 2. Receiving and delivering facilities in the

yards.
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Table 3. Principal particulars of sintering

machine,

Sintering area 3m X 50m : 150m?

Main exhaust fan 13, 5000m3/ min -1200 mmAq,

3,900kwW

Cooler Cellular type; 9,000t/day

Blower : 13,000m3/ min

Dust collector 13,500m3/ min multi-cyclone;

dust content in clean gas:

0-2g/Nm?3

Row material yard

Loader
5 450 /v wheel looder

2nd crusher

3rd crusher
[]150™ hopper ‘
7 Service CSS 20

(R meverl )
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Fig. 5. Flowsheet of sizing plant.
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Fig. 6. Profile of No | blast furnace.
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Table 4. Principal particulars of No. 1 Blast

Furnace.
Raw materials binr Ore : 190m3 x 14;
Coke : 850m3x 2
Lifting conveyor 1600 mm wide, 100m/min
Inner volume 2,004m3
Hearth diameter 9-8m
Tuyere 27 tuyeres
Hot stove He;téng area : 47,000m3/each
Burner : mixed gas
56,000Nm3/hr
Electric precipitator 160, 000 Vm3/hr X 2;
dust content in clean gas:
0-01 g /Nm?
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Table 5. Principal particulars of coke and by-
products plants.

Coal bin 300t x4 tanks X3 raws

Coal crusher 250t/hr x 4

Coal mixer 600t/hr drum mixer X1

Coal tower 2,200t

13,760 mm X 4, 800 mm x 430

Coking chamber
mm (28°4m3 eflective)

Coke wharf 70m x 1

Coke cutter 160 t/hrx 1

Tar decanter [8:6m x6'0mx7-7m X2

Primary gas

3,000m?x 4
cooler
Blower 48, 000Nm3/hr,
2,200 mmAq x 2

Ammonium sulfatei . )
saturator 6'6m¢ xX3-5mx2

|
Final gas cooler l 4'7m ¢ X22m X 2

Light oil scrubber | 4°4m¢ X31°5m X2
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Photo. 5. Outer view of steelmaking plant.
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Fig. 9. Layout of steelmaking plant.
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Fig. 10. Layout of slabbing and hot strip mill.
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Table 6. Specification of soaking pit.

Heat exchange type top single

Type direction burning (Ishikawajima-
Armco)
Quantity 4 holes/unit x3; 160 t/hole
. 3,200 mm wide X 8,650 mm long
Hole size *%4,850 mm deep
Fuel C heavy oil

Spiral baffle burner for bloom/
Burner hole; Burner capacity : 8°5
million kcal/hr

170Nm3/ min;
a blower/hole

Combustion 110mmAqg;

air blower

Shack radiation typex2/hole;
Amount of air : 9,250 Nm?/hole;

Recuperator
Preheating temp. : 450°C

Detric structure
One/hole

Furnace rid
Rid remover

SELY e ZNTEUTFLAEREZT D X HEHEL .
IR D X5 A RO TV 5.
(1) ==7v—va %gb-AHETE
75 CP.C. v25rmwiRH L.

(2) TVOFT- ®BET — 7 VidEME — % —FKE &
L, KEBEOERMOEREZ 270, Tk FEe —
EFTR2 Y = —HiE#EEE 240mm/sec & F L L.

EVEXEZ T

(3) KFeo—NZF1ry-FT—/8— - 0—F—
- XTI EERA LK.

(4) AvTob-A—&KDEN-TTo—F - -F—
TN ETOAF —V Iy —H— « axRTEL
7o FRINTOMBIIAS v——TWHL, 27—
WE—EBILs ey T - Y= FDAr—b - By MUERK
T5.

(5) RIT - vv—MEFLREROIPLEHY «
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Table 7. Specification of slabbing mill facilities.

Maker i B.K.-Hitachi

Nominal roll H:
size V:

1,168 mm x 2,438 mm
965 mm X 2,210 mm

- H:2,250kW x2x2 0/40/80rpm
Main motors |y 1’ 500kwW <2 0/60/150rpm

500-975 mm thick X 600-2, 100 mm

Ingot size wide X 1,600-2,600 mm high; max.
weight : 30t
. | 90-500 mm thick % 500-1,950 mm
Slab size | widex 1,500-9,100 mm long
Max. shear size : 300 x 1,950 mm
Slab shear Shearing force : 2,000t

(1, 100kW x 2)
12 shears/min

Frequency :

Table 8. Specification of hot scarfer.

Slab size 355-6-2,176°5mm wide X
63-5-547°7 mm thick;

Min. length : 4,250 mm

Scarfing depth | 0-8-5mm

Scarfing speed | 20-60m /min

type HCSUZ9 8 units each upper

Scarfing uni . ,
g it and lower; 2 units on both sides

Photo. 6. Slabbing mill.
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BV, F¥BE2 R L. 5% Table 81z
%?-
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LT — 2 DRI
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T 80inch £H&ER+& v ~ - X I\ )y PRUVEFELR.
ATV 2 HAGHEID SERRFIC 2 WAETT — XV DAEEED
fixsbhsdZ &2 FHL, HEREEZTL27.

2.7-1  nEgE

250 t /hr DRENE BT HHEMIN IEYP 2% FHE L
7o. PRSI T CHERFAETH B, T DINEMFE LR DR
EEHLTVS.

(1) =zyvvrx—ROLrFaL—2—0DKMA
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(3) HBLRS 737\&%15\:@0)&“?1&5&135

(4) IEFLCICIDEAN, FRNEMR

A OBENE LR % Table 9Lm?~

272 Ky b REYsFIN

V.S.B. 13, MEZERES I, (L RERERT7 &, BN
BWIRELD LB HARROEERRI VTHD. H 1
T R-2, F-7 0225 FaAlLTHS. AR

OREIIRDEE Y TH 5.
(n ﬂf;’@%ﬁ@iﬁﬁ;%ﬂ:b‘if Yy b-arbao—jh
RERE L. OEBIGEERICAL > TR
Table 9. Specification of reheating furnace.
Type 5-zone continuous billet reheating
) furnace (Naigai Furnace Ind. Rust)
Capacity ‘ . Max. heating capacity :275t/hr/unit
Size 1 Effective length : 32,000 mm;
i length of soaking zone : 8,840 mm;
total length : 34,260 mm;
inner width : 9,800 mm
Slab size 170-250 mm % 6701, 900 mm x
7,9C0-9, 200 mm (or 3, 300-4, 400
. mm with.2-row charging)
' Fuel Heavy oil and mixed gas
:Recuperator Escher type X 2/furnace; amount

of air : 1,274Nm3/hr/unit;

« Air preheating temp. : 454°C
Exhaust gas temp. (entrance) :
1,121°C
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Table 10. Specification of 80inch hot strip mill.
(part built in the first period)

Maker Mesta-Mitsubishi Heavy Ind.-Toshiba

Product size 1:2-12'7 mm x 457-2-187%'6 mm, 1D 28-%'', OD 75"

V. S. B. b 45" % 20", 232fpm, AC 1,150kW x1, 450{fpm

R-1 48'' x 80", 232fpm, AC 3,750kW x 1, 450fpm

RE-3 33" x 14", 191/382fpm, DC 205/410kW x 2, 390/780rpm

R-3 3871760 x 80", 374fvm. AC 7.500kw x 1., 5l4rpm

RE-4 33" x 14", 255/510fpm, DC 205/410kW x 2, 390/780rpm

R-4 38''/60'' x 80", 524fpm, AC 7,500kW x1, 5l4rpm

RE-5 33" x 14", 344/682fpm, DC 205/410kW x 2, 390/780rpm

R-5 38''/60'' x 80", 680fpm, AC 7,500kW x 1, 5l4rpm

F-1 28-5''/60" x 80", 249/609fpm, DC 2x3,000kW x 1, 135/330rpm
F-2 28-5''/60"' x 80", 384/940fpm, DC 2x3,000kW x 1, 135/330rpm
F-3 4 553/1,353fpm, 4 , 7

F-4 4 746/ 1., 828fpm, ” , 100/245rpm
F-5 K4 1,007/2, 462fpm, 4 , 135/330rpm
F-6 ” 1,306/2,985{pm, ” , 175/400rpm
Down coiler 2 down coilers; mandrel dia. : 28°5"'

BRI RSB »D &0 b,

(2) SEBXEALC, iy, TEEEMNT -2 %
1&%43“53’96 V7 b TR T IR, —HD N~
o7 2B 5 U CRP R IIC X 2 BERER AT/ D
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Photo. 7.

Hot strip mill.
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Fig. 12. Flow-diagram of collecting system.
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Layout of cold rolling mill.
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Table 11. Specification of pickling line.

Maker Mitsubishi Heavy Ind.

Line speed 180m/ min at central portion

Hot coil size 1'6-6°0 mm x 610-1, 880 mm,

ID : 28°5"

Pickling coil ID: 24'7, 28-5'"'; OD : 80" max.;

Weight : 32t max.
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Table 12. Specification of 80'' cold strip mill.
Maker U.E.-Shibakyo-Mitsubishi Electric
Coil size

Entry 2°0-6'0 mm x 762-1,880 mm

Exit 0:3-3'2 mm X762 mm

Nominal roll
dia.

23!!/60” XSOH/78!I

Main motors
| No. 1

No.

No.

No.
No

O QD N

Tension r

Uncoiler :

190kW x 2,
250/1,000rpm
: 930kW X 2 x 2,
150/400rpm
1 1,300k W x 22,
225/564rpm
4 s 4
4 s ”
4 ”

eel : 370kW x 3% 2,
200/1, 000rpm

@ Gary TIBITE P KE Sh,

Z D% Youngstown

Sheet and Tube %t @ Indiana Harbor T3} Bethlehem

Steel #:¢> Burns Harbor T,

B <& tRIL T,

National Steel %@ Great Lakes T35, U. S. Steel #t
O Trvin T3 & BVWKVCRESNT X BT~ EE

Photo. 8. Cold strip mill.
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JEREEDERRZ Table 12 iR ¥ R ORFEEKD (5) MEKXBu—ns 70 HEEELZRTS.
BFEOITHD. (6) T2 ta—%—-32bho—LOUWHENILTH
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Table 13. Specification of annealing furnace.
Type Single-stack coil Multi-stack coil Open coil

annealing furnace

annealing furnace

annealing furnace

Weight of charged coil

Max. 90t/charge

Max. 360t/charge

Max. 84t/charge

Height of stacked coil

Max. 4, 150 mm

Max. 4,150 mm

Max. 3,430 mm

OD of coil

Max. 2,032 mm

Max. 2,032 mm

Max. 3,353 mm

Max. heat input

1,494, 000kcal/hr/f'ce

3, 150, 000kcal/hr/f'ce

2,500, 000kcal/hr/f'ce

Table 14. Specificaticn of temper rolling mill.

Maker

Shibakyo-Toshiba

Coil size

0-3-3-2mm x 762-1,880 mm, OD max. 2,160 mm, Weight

: 32t max.

Nominal roll size

23''/60'' < 80'' /78"

Motors

Uncoiler : 350kW x 2,
Entry tension roll : (350k\'\’x 1

175kW x 1
Stand : 550kW x 2
Exit tension roll : /600kW x 1
150kW x 2
Tension roll : 400kW x 3

165/745rpm

500/700rpm
.

400/1, 000rpm
500/700rpm
4

200/900rpm
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74 EE 457m/ min, TWAFEGE 20,000A OFEARE
FIAUIRNEH/EL. WOBEVTA M 223 mm
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Table 15. Specification of generators of Kyodo

Karyoku.
#1 #2
Output 35,000kW at 75,000kW at
generator generator
terminal terminal
Maker Mitsubishi Heavy| Hitachi
Ind.
Mitsubishi Ele-
ctric

Steam produced | 190t/hr max.

290t /hr max.
from boiler

At exit of 90-5 kg /cm?, 1301 kg /cm?,
superheater 513°C 541°C
Steam turbine Rating Rating
35, 000kW 75,000kW
Steam condition | 88 kg /cm?, 127 kg / cm?,
of turbine 510°C 538°C
Generator Rating Rating
43,750k VA 95,909k VA

DERAB

2:8-6 FEERK(H
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— %R L. EBROEEEOR ZIIKEE 12100N ms/hr,
WER+ A7 VT A4S 1200Nm3/hr, 2235 4000
Nm¥/hr TREEERTLEOREZRA L2 @ik
BHELT 500t REDOWEMR Y 7 1 EFOTWD.
BERT ¥ 2 &L — & —3ERFPLGHICEERE 1600m?,
BREN 25kg/cm?, FHENKANA 7 (IN AZEEHE) O
HOE 2FEFREL .

2.9-3 wEIFEEE

FEOES M L, BFHBORWI LI EOEBRIC X
VEFEAEIIARSFETRMNDTORLTHHEHR
L7z BRIk LB TH 5.

2-9-4 4 AEB{RERH
BEAABELT MAN & 10 Fm3, 00— 2FH X

Table 16. Specification of blast furnace blower.

Type Axial flow type; constant OD; full variable static blade

Maker Mitsui Shipyard; Toshiba

Max. flow rate of blast 4,270 N m3/ min

Max. blast pressure 3-0kg/cm?

Motor 18,000kW, 2P; synchronous motor
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Table 17. Progress of the first period construction.
Yeor 1961 1962 1963 1964 1965 1966
Voth 7~10~|~4~7~ 10~| 4 7 10 |1 4 710]|1 4 7 10| L4 7 10 Events
n 9 12|36 9 I2|~3~6~9 ~12|~3~6 ~9 ~12[~3 ~6~9 ~[2| ~3~6~9 ~I2
I
Lond reclamation 3
Route dredging S 2
Industriot  woter 10
supply ( Fukuyama Construction underway
city)
_ " 3
Incoming railway
Whorves 8 handling 12 7 Arrival of first carrier
facilities on May I8
Row materigls 10 7 Stort of delivery on
facilities July 29
4 L .
Sintering fociliies 8 /Clommq into operation on
ug. 6
3 10 Start of coal charging
Coke facilities on Juy 29 8 Odl. 15
Blost furnace <——6 ———>8 Fired in on Aug. 26
facilities ¢
. S 9 .
Steelmoking facilities -t Blown in on Sept. |
4 S i
Slobbing focilities iL‘:;’Ié’f operotion on
Hot strip mill 4 9 }
facilities g on Aug. 17
Cold strip mill 2 3 Temper mill coming into
facitities (1) < > operation on Mar. 30
Co!g _slrip mill Cold strip mill coming
focilities  (IT) info op. on June 29
Common welfore 10 EGL coming into operation
facilities on Dec. 25
Table 18. Completion of facilities.
March 1965 Temper rolling mill completed

May 17, 1966
June 29, 1966
July 15, 1966
July 29, 1966
August 17, 1966
August 26, 1966
September 1, 1966

First ore carrier arrived

Cold tandem mill started

Slabbing mill brought into operation
Coal charging into ¥l coke oven started
Hot strip mill started

£1 Blast Furnace fired in

Cenverter poured the first heat

FH & LC MAN # 5 Fm3, # 2 v % 550 mm
Aq OFNVF —ZFEE L. HABCKERET RS, R
WX 3 X OFEBEATCIE B 2, CH %24V

£ —JECEEL, EEWRIZE C #XAEXCRES A
(2500 kcal/Nm?3) ZE L CHAT 5.

2.9-5 THEF/KEXIE
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BB, TERNGEBEO@IFICY 722 THi 4 DEFAIER
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DITFHERDODEBDTH D

(L) F®_¥ixKERNCMS L, YLER/NRE DKL
Ao BRCER ORI T 5 BNERRII R

w4 B OTHHC 3 HEIL, £A5— - By b7
IKANERE i & L CRENMCFIR L 2.

(2) EFOENIFERALE 2 IR T—E0 T 7.

(3) EEPERAKCENDRBRF @SR T AL 7.

(4) FT_CEMNREL, bkl kXL
7o Lo 2 CHRI R O TORANE .

(5) BEHEHTILMTIHFAEL, REPLEE
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nsdxo5iIlyz.

(6) ¥EKOERILTTH EREMROLEL .

296 THIWVF— .t H—

7K, R, MRZE, AR DEMREE L L

TR, KRl ED
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Fig. 14. Operating results immediately after firing-in.
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Fig. 15 Operation of No 1
blast furnace.
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Table 19. Filling of Fukuyama No 1 blast furnace.

kg/ch
Number of Height Inner volume|Compression
stages (m) (m3) (%%) Ore
Coke | Bedded 1 ;
Sinter cdocd fump Total
ore
12 25 113'3 5 10-C00 12-400 6-100 18-500
1 2'5 124°9 6 4 10700 5-300 16°000
10 2:0 112-3 7 ” 9-0600 4-500 13-500
9 2:0 123-9 8 ” 7-700 3-800 11-500
8 2:0 136-1 9 ” 6-000 3-000 9-000
7 2:0 148-8 10 4 4-700 2-300 7-000
6 2-0 162-2 11 y 3-400 1-600 5-000
5 2-0 176-1 12 4 1-700 0-800 2-500
4 2-0 183-2 13 ” 0-300 0-200 0-500
3 2-0 180-8 14 % — — —
2 2-5 2027 15 ” — — —
1 5-0 3683 y
100000 - Coal charged per month gg r Tor yield
£ 80000 - 300
60000 |- sk
) Ammonium sulfate yield
g 160 HE = ——
> 4ol Pushed ovens per day ro |- /
2 09 -
§ 120 . 08 -
50
2 Working ratioc % 2 k- Crude light oil yield
150 |- (Pushed ©vens/oven numbers) 5L
e 130} # oof
110 |- « " Baottery B o8 |-
Moisture in far
180 - * Boattery B ro
. leof Coking time O';9 B
140} el
2120 b Nz in ammonium  sulfate
}g 700 |- Heat consumption 2110 |-
8§ ©600fF o 2100 |-
! L 1 i i ] ] H L ] s . . H
/5 9 10 U 1267 2 3 4 5 6 ; é SI) 0 o8ss - Specific gravity of crude light oil :
Fig. 17. Operation of coke ovens. 0880 - M’_/}_J\
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— Fig. 18. Operation of by-products plant.
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3-3 RUFTIH Table 20. Results of drying schedule.
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815

kg /ch
Pig iron | BF slag |Slag ratio | Basicity iri“szlga
Auxiliary materials Ore/coke (Cal/ &
(kg/ch) | (kg/ch) | (kg/ch) Si0y) (%)
Mn ore Silica Limestone | Ballas
0-200 0-900 1-100 0-900 1-85 12270 4980 405 1-11 15-2
0-200 0-800 1-100 1200 1-60 10640 4950 465 111 15-5
0-200 0-700 1100 1-400 1-35 8990 4863 541 1-11 15°5
0200 0650 1-050 1-800 1-15 7670 5020 654 110 155
— 0-600 1-000 1+900 0-90 6030 4810 798 1:05 155
— 0-500 0-900 2-900 0-70 4720 5485 1162 1-06 157
-— 0-500 0-900 2:500 0-50 3390 4910 1450 1-01 15-5
— 0-100 — 3:700 0-25 1757 4940 2810 0-94 18-2
— — 0-250 1800 0-05 416 2910 7000 0-89 19-9
— — 0-200 1-900 — 88 2940 33400 0-85 19-9
— — 0-200 1-400 — 81 2440 30100 079 257
3200 sleepers, 300 logs, 30 m3 woods and charcoal of 114 bags
% (Nov. 1966)
., 008}
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Fig. 19. Low carbon steel analysis. (NJ xI0° (%)
. . Fig. 20. Example of histogram on [N] in crude
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Operation of converter.
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Fig. 22. Operation results in slabbing mill.
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Fig. 23. Operation results of hot strip mill.

Il
Top

400 300 200 100 O 100 200 300 400K
Thickness deviation micron

Fig. 24. Deviation in thickness in longitudinal
direction of 1°5mm X 1070 mm strip.
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