. 228

5 g 3

$ & B Tetsuto-Hagané Vol. 90 (2004) Ne. 4

[ AR | O%EDH 2V I3k %E AU - RIS RUCHEE

KHE R *

Reaction Mechanisms of “Kakuro” for Pig Iron Making from Refining Slag or Iron Sand

Kazuhiro NAGATA

Synopsis : The Japanese traditional ironmaking “Tatara” was the unique process using iron sand and charcoal in the world. In the middle of Meiji peri-

od, Mr. Fuyukiti Obana and Mr. Masateru Kuroda improved the Tatara furnace and constructed “Kakuro” and “Maruro” furnaces to use

waste slag for refining of pig iron and/or iron sand as iron resources. Tatara furnace was a box type furnace with 1.2 m in height and recon-

structed every operation. The Kakuro furnace was raised about 3 m in height using firebricks to improve the productivity. The Maruro fur-
nace was resemble to a charcoal blast furnace. The Tatara had a fayalite slag including about 60% FeO and about 10% TiO, and the slag for
Kakuro had a few percentages of FeO and about 25% of TiO, using lime with less basicity of CaO/SiO, than 1. The component of TiO, in
these slags acts as a flux. The quality of steel made from pig iron produced by “Tatara”, “Kakuro” and “Maruro” was excellent in comparison

with imported steels. The steel was used as a special steel for roll and blade.

Key words: Tatara; slag; titanium oxide; pig iron making; Kakuro; charcoal; iron sand.
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Table 1. Data of Kakuro furnace operation (1894-1897 : FH& 26 -~29 4F).
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No | YM/ | Run Slag, Iron Lime | Charcoal Pig Produ | Ore | Fuel | Products of pig
D, | Time | (kg sand (kg) (kg) Iron | ctivity | Ratio | Ratio iron
Aa | (r) (kg) (kg) /day (kg)
1 94/ 19 2bars G.PIL
9/30
2 110/7 48 1 bar G.PI.
~750 Big bloom
3 | 10/14 54 71.25 G.PI.
4 | 11/15 75| 19,901 1,924 | 16,268 3,911 1,738 | 5.09| 3.58 | G.PI.
5 |12/3 146 | 22,601 4,205 35,055 7,725 | 1,270 | 2.93| 4.25| lstgrade 6,786
3rd grade 939
6 |12/13 | 336| 51,608 9,655 82,035 18,982 | 1,356 | 2.72| 4.20 | G.PL. 15,927
Piece 3,055
7 95/ 2.68 Non
1/10
8 {1/12 33D | 118,065 21,802 | 157,592 | 44,078 | 1,365| 2.66| 3.52 | G.PI. 34,415
(775) WPI 9,531
Fine 132
9 | 4/13 5D | 14,854 | 1,995 2,634 217,536 5582 | 1,145| 266| 4.53|G.PI. 2253
(117) (180) WPI. 3329
10 | 4/27 22D | 80,528 383 | 14,940} 121,113 | 32,466 | 1,522 | 2.48| 3.66 | 1stgrade 27,035
(512) Piece 5,431
11 | 9/21 5D | 13,388 2,481 24,911 4,526 | 1,025| 2.96| 5.01 | 1stgrade ,450
(106) Piece 1,076
12 | 10/5 8D | 21,611 4,005 35,154 7,482 | 1,015| 2.89| 4.40 | 1stgrade 6,680
77 | Piece 502
13 | 10/19 | 60D | 215,183 39,738 | 284,841 | 82,505 1,375| 2.61| 3.43 | 1stgrade 78,185
2nd grade 2,945
Piece 2,945
Fine 313
14 96/ | 21D | 77,966 14,447 | 109,758 { 30,731 | 1,463 | 2.54 | 3.48 | lstgrade 29,644
2/2 § ond grade 182
Piece 905
15 | 4/23 24D | 91,800 17,010 | 128,835 | 35,727 1,489 | 2.57| 3.533| lstgrade 30,276
2nd grade 990
Piece 4,461
16 | 11/15 | 30D | 115,388 21,889 | 168,509 | 42,129 | 1,404 | 2.74| 3.93 | 1stgrade 37,255
2nd grade 258
Piece 4,616
17 97/ | 56D | 231,660 | 1,500 | 22,893 172,395 | 83,716 ] 1,495| 2.77| 2.03 | lstgrade 76,205
1/10 2nd grade 3,091
Piece 4,352
18 | 512 27D | 97,373 17,858 1 134,946 | 37,757 | 1,398 | 2.58 | 3.50 | lstgrade 33,262
Piece 4,494
Note : Diday, * : Including charcoal for preheating, 2,250kg, $ : same, 2,813kg
G.PL: Grey pig iron(f#t), W.LP.: White pig iron(E §t)
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Table 2. Compositions of refine slags and iron sand as resources for Kakuro furnace (mass%).

Slag compositions T.Fe FeO | Fe:03 | Si02 | MnO | Al203 | CaO | MgO | P205 | TiOz | V203
Refine A 1L(Ref.13) 53.42 |63.17 [6.18 |[17.82 (063 |6.12 |1.74 |0.88 [0.19 |0.64 |0.09
s]ags' Tsugouyama
(K8 RO ERef.13) 48.02 |59.22 | 2.87 21.16 | 0.33 7.02 2.56 1.04 0.20 2.56 0.53
HiF) Sakanokaji

BN (Ref.13) 52.5 64.81 | 3.03 18.40 | 2.16 3.09 4.76 0.98 0.62
Ohsyu
&AL R# (Refd) | 50.81 | 51.09 | 14.89 | 18.62 | 0.46 5.86 1.72 0.84 0.263 | 2.09 0.07
Takemori Kakuro
BLAFEmWEE (Ref.d) 64.49 |20.02 |69.97 |4.88 0.42 1.53 0.52 0.39 0.106 | 1.49 0.09
Masa iron sand for Torigami
Kakuro
Note : #Iincluding 0.7mass%M.Fe
Si02
A (mass%)
Two Liquid.Z/
Refinery slag from
Ohkaji furnace
1707 —
Kakuro slag in
Ochiai works
3A1203-5103 Fig. 1. Slag composition of Kakuro slag

a CaAlz

~1850° in Ochiai works and a refinery

slag from Ohkaji furnace as a re-
source, shown on the CaO-

Si0,-Al,0, phase diagram.'”

£\A203

~1595¢

95+ 1400° ~17300 ~18500  ~2020°
3Ca0-Aig03  1455°  ~1605°  ~1750°  Cug.gaia03
12Ca0-7Ai 903 Ca0-Aig03 Ca0-24i503
Table 21213 [#RAIL] (BEUEHEHEEEAIL) & [ROEK
B (GRESEHHANR OKBEERBHED 2 7 7
at 1500°C

WAERL, KBABTRBEOWKEITH A, $hOHIZTi
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AT B LEBMILHEMAEICL, 10%(Ca0+Mg0)—67%Si0,~
23%ALO, D A 7 F M IZHE D < . Fig. 11289 CaO-
Si0,~ALO, RIREX VT H % &, ZOMKIZE BRI
1345°C DR FPUEEEIZH O, BRIIKO 2, Fig 2158F
912, KR EIX 1500°C T 1000P & O JEH ISR
MNEND, L7=d5 T, 1350°CTEE DK WRE TN
FhFEE DIRENATRIZ LS TH A5, /MERZ, Thic
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Fig. 2. Viscosity change of CaO-Si0,—Al,0; slags from
refinary of Ohkaji to Kakuro in Ochiai works.'?
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Table 3. Slag compositions for producing pig iron by Kakuro, Maruro, Tatara and Charcoal blast furnace and that by Finery fur-
nace (mass%). '

Slag TFe | MFe | FeO | Fe:0s | SiO: | MnO | AlLOs CaO MgO P205 TiOs
Torigami * 19.09 |15.54 |3.95 0.69 23.16 |1.93 9.19 6.50 2.25 0.040 20.23
Kakuro + 2.23 1.72 1.28 31.28 |1.54 9.91 24.09 |5.00 25.00
BLAR 1.92 2.76 Tr 28.00 !1.00 3.23 21.55 |3.69 25.45
Takemori Maruro | 2.02 0.52 1.78 0.17 37.92 | 1.42 10.43 29.41 |2.08 0.021 11.25
TrRRHUF *

Ataidani Tatara | 34.82 43,64 | 1.24 17.42 1192 5.32 0.54 0.71 0.21 19.08
BRI L e

Charcoal B.F. 3.0 — 4.30 52.5 1,86 20.17 17.0 4.57 0.32 S0.01

AR E AR (FEE)

Finery 50.4 33.6 8.16 4.65 2.60 0.54 0.25

Rl

Note : *:1935 (Ref.4) ; +:1979 (Ref.10) ; Charcoal B.F.:Charlcot(England), Cold blast, 1700-1792 (Ref.21, p.126)
; Finery : Sparke Forge(England), about 1770 (Ref.21, p.127)
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Fig. 3. Slag compositions of Kakuro and Maruro furnaces on the phase diagram of CaO-Si0,-TiO, system.'?¥
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Viscosities of Ca0-Si02-TiOz melts

Composition, mole fraction Viscosities (poise)
CaO SiO2 TiO2 | 1400°C | 1450°C | 1500°C | 1550°C
0.35 0.30 0.35 0.87 0.69 0.56 0.46

Maruro slag in Kakuro slag no adding

Takemori works lime in Torigami works Kakuro slag
30 adding lime in
70 Torigami works

N
at 1600°C 40 iscos/ity poise

NS 60 X
Vo~ aes
EVAVANLS S SAVANK

20
AVAVY

0 10 20 30 40 50 60 70 80 90
mass % TiQz—

Fig. 4. Viscosities of slags of Kakuro and Maruro furnaces
in CaO-SiO,~TiO, system'?; prefered value is
lower than contour measured by different re-
searcher (1 poise=0.1Pa-s).

233 IR



- 234

$ & 4@ Tetsu-to-Hagané Vol. 90 (2004) No. 4
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IZRT & DD, 24%Ca0-25%Si0,-31%Ti0,~10%A1,0,-
5%MgO THIL#IZ3%BEETHS 'Y, ZDZX IV %
30%(Ca0+MgO0)-37%- (Si0,+Al1,0,)-33%Ti0, & L T Fig. 3
DIKFER THE T & 1343°C O G H & D Tio, 240 L Z 0
BOEEIZH D, MBROMFD A5 7 LiFL AERCHKT
5, Fig 412& 5 & 1600°C DREMEREUT Z D 2 T 7K
EEETHR2PRE TH D IRERMFEALERET S L 1350°CT
WIPTH b, ChEEFRAIZEID/NEVETH 5,
TIO, A EL & B LML AL L EVAD LS
HUNEL R3S H 5. Thbb, FRHIGEE Wk
o 7-BA0E N, BETTIONDREARE L, Z
DTIO, IFEAI L L TEHL T1 5,
HEOREROAIFORETRELRDP LIRS L AT A
Wi B DIRKMESNKEL 55720 T, HRADRAE
S VIBAICEFEEICKI 572, BloRHRETERHIZ
DT LHEEHLTVS, BF, SEEFE-HIHWZSEAE
BEAEDIZLAEVE 2T 7 HEE > TUEWREAREE
IZABDICH L, WEkEME - ZBATRIXEOM, TO, $
BEN- DO THREIDLABG Th---Bbh b,
K & 1O IASIAF O A S TR Z 5 & OB SRR
CBERTF VU AEFMELTZROOBFKRERD TV
%, ZOEXRLAFICIHEL THOW S, BRILSIRE %
3% 2 L, JBEA1340°C & LTSk E 2 5 ZI0H T Sk
ENEAHET L5510 Yame kb, ZOBETE
TR ETET 54, RERNOBESAHIK S &
BizidsoTnkyy, —F, ZOBRETREELCOHN A

lam (V- # 4 3BREFEEH1X10 amTH S, LIz
HoT, ZOENERSET TIESIoKELAEETL
vy, 77, Si0,DOEITTEE ML ERINEE LD T, 7O
EEEAEKL 55 LEITTREHN X HITEL B, BHPOSI
EEMEL XN TAkIcE B, 220 TEPIDRIO
IREI31350°C T, BESERPIXI0 PamTH D, e
HENVZEBRENTIIEL kS, —F, BHFO LS I
EREL LD LBEIEREL 5B, /2, A FTE
BHAFORIZESENY, BOEBETHTOT, shgkic
SinIFEAEALTAKICL S,

HIJJR 72726 OF FAFBRKO AIFIRERRIZE S &,
LIE LIS [R7 — | IESURE(LF & VAR L
BEAREIZLEDT, BEFELLLOIETHS, Wik
R85 % S50 FTO 2 AP OAF RO SEERIIRA LT 723
FE/NBEE & SR EE LR E I N6 D
Tis(CN)N, & 2 WIE Ti o CN)N,TH B & L, iOfFRE S
DORERTERENF 2 v PERT S LR T 5, Zhid
FHEHSICEZN 2B LPCOTANFEFNE I LK
DEKT S,

4. KREEO T

BERICREHF TR A$E L 72B%, 2o cilEL 2
Hek (b$<) #HVBEHRELTLE -7, KEEER
(AR PEPEIC T 2 VERIL R E B, ZORXUT &I
Pt AR U Ll MR MASE (Rikdh) %
ERHC L CREIF sk a B ANETH B L LT1B Y, L
ML, Table dDBB 72725 8OMEART & DI, %726
FOBWEBESE T TORETIE, $tkhoFz eV
OV LEEIRINL - ARETHDEILI A, Lo
T, ZOKS LHsdshET 5 & TA%] 2k 5
BEAEL, BEAEIIE-TW5E, ZTOEBKES, FHE
2RV, R AL D IKIE TR L CREIMES D 5 < S

Table 4. Composition of pig iron from Kakuro, Maruro, Charcoal blast furnace and Tatara furnace, pig iron made in Sweden and

Coke blast furnace (mass%).

Works C Si Mn P S Ni Cr | V Cu Ti
Ochiai 2.332 | 0.512 [0.086 |0.479 |0.029 Nil. Kakuro®
EEIESET
Torigami 3.15 0.164 0.17 0.106 ] 0.019 Nil. 0.05 0.18 0.05 |0.08 Kakuro*
B EARmRSE |3.27 0.25 0.21 0.057 | 0.005 Nil. {0.01 0.12 Nil. _|0.08 Kakuro*
3.50 0.10 0.20 0.060 | 0.008 0.03 Nil. | 0.05
Ohgure 4.10 0.25 0.17 0.176 | 0.019 Nil. [0.05 0.07 0.03 0.160 | Maruro
KEABSE
Takemori | 3.73 0.196 [0.15 0.135 |0.019 Nil. |0.05 0.12 0.02 0.09 Charcoal
TrEEARIRSE B.F%
Twate 4.17 2.34 0.52 0.126 | 0.008 |0.002 |0.034 [0.067 [0.010 |0.251 |Charcoal
B FEARREE B.F
Ataidani 3.63 Tr. Tr. 0.10 0.003 Nil. Tr. Tr. Tatara&
HAET-7- b8t
Sweden 4.60 0.62 0.39 0.028 |0.004 Nil. Tr. ]0.08 Tr. |0.07 Charcaol
217 YR REE B.F.
Yawata 4.00 2.34 0.75 0.132 10.022 (0052 [0.010 [0011 [0.234 |0.047 |Coke
Nt B.F.

Note : # : Grey pig iron in Run No.8, Free C 1.900%, Compound C 0.432% (Analysis by Osaka Military Works for
Cannon; KR THEs#HT) ¢ + : (Ref.9), * : Use iron sand, temperature of pig iron was 1340°C (Ref.12)
. $ : Use iron sand ; % : Use refinery slag (Ref.10) ; & : Use iron sand (Ref.13) ; B.F. : blast furnace
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