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Influence of the Loading Ratio (Ironsand/Charcoal) on Productivity and Quality of the Products
by Tatara Ironmaking Process

Yoshihiro KuBo, Yutaka SATO, Yoshiyuki MURAKAWA and Kunichika KUBOTA

Synopsis

: The Japanese traditional steel making method which manufactures steel “Kera” or pig ron “Zuku” from iron sand and charcoal 1s so called

“Tatara” steel making process The influence of the loading ratio of iron sand to charcoal on the “Tatara” steel making was investigated In
the case of the loading ratio 1s equal to 1, high carbon steel “Kera” was produced at the high yield accompanied with viscous slag “Noro” In
the meantime, 1n the case of the loading ratio 1s equal to 1 5, the carbon content of the produced steel “Kera” was low at the low yield accom-
panied with a lot of low viscous slag “Noro” In the case of low loading ratio, so called “light charge”, iron sand was well deoxidized and car-
bonized in the furnace and became to high carbon steel “Kera” at the high efficiently In that case, the slag “Noro” became to viscous one be-
cause of the reduction of FeO content

On the contrary, in the case of high loading ratio, so called “heavy charge”, the deoxidization of ron sand was insufficient and most of 1ron
sand was discharged as a slag “Noro” to the outside of the furnace As the result, produced steel “Kera” yield lowered During the “heavy
charge” operation, the composition of the slag “Noro” became FeO-rich, and then the fluidity of the slag “Noro” increased It was clarified
that the controlling of the loading ratio was an important factor which affected both to the quality and productivity of steel “Kera” and the

fluidity of slag “Noro” on “Tatara” steel making process

Key words: iron sand, Tatara, loading ratio, Kera, Noro, Japanese sword

ws

Wk KRR CREIL LFPHE A ERET Sk 77 68
Frind, o BBRIEHAERORGAETHD, HE
EEOWBHEOFRIME NS & Z A T/NNRER 7272 GIRENT
bh, REPERE, ML &0ilE! M%E%ﬁﬁ%h
Tz, FRCRBE Wk s B8R 5 PEILLMIZ
ﬂnbmfﬁﬁ@k%%@%&i#&iﬁE@—kiEﬂ
Thote, ZDO7-08gkd , HIBELIE, KEAHEITHE
HERBMEEDOF AT, KEMIC3ETEEEL A, B2
RREBFIC, ETVHOEMEED -0EE--6L LT—
BEHELX 7=, R E LS ICZ2DKIIEA T3, &
T, BREMEETT () HAENIRIRAEHBZOEE
35 [HJMR=726] 2, BERTIOMETH % L% 4 2
T B 7-DIZEI~4ODFHEETEDATH S,

BIMRZ=Zz6Tik, 1R (e k) OBET, B0
FYARRKIION EHEBEL, 2~3 V0 (55) &I
ENEHEBOMAEEL T 5, BFEITITIHIM
(F9708ER) 2B UM T LMTh 3R T, ZORFIR
MR TESR AR U, FULAFIMT L &2 5 R OBRE L

TEIZED LS mﬁ BAE LT, 7=72681gkC

WTiE,»S [—1, , AT B, %iﬂﬂmé
REEOTE, £ L“(ﬁ’}ﬁ%@i%ﬁfa& CRERROTEHE
PEFNTHDE, LrL, MTOHINE, —FHEENICE
ABNTET2D, %@itﬁ&#m ﬁih{ué £
B, 77 08lgc W THELREIZRLBDEDR VR
%ﬁbmfﬁmu,#tb@%ﬁ%%iéémﬁééo_
D7=7= 5 WSO EASHM L S E D=2, ThET

LB DENLEINTERIZE22DETY, HTD
BEFMIZ OV TORM ARSI ShEr >/, 7275
BUSKIZ I BIRERT L Bk 4 h = X LA DFIRICIE, 3
SUAEEZBHILIZLDEI ZIFROBENELEHEIZIEL,
BELREIMFETELIEE LA L L TORIRiMNERE
NBEDLEZLI TS,

AR T, N2 F A FERL T, WANWALRE
SO PR TR (Bgk/ARK) ICEB L, Bty
BEORESRPCHMOBEL LIUSEEINIZED LS kf
BAEE LD EFN, FRERECRS, SEE RS
BBEDBROCERAEEFET B -0 DN T O — % @B
THZEERAT,

SER16%E4 H 26 H2+ SRR 1649 H 2 H 2B (Recetved on Apr 26, 2004, Accepted on Sep 2, 2004)

*  J)§#iE (Japanese Sword Smith, 495-5 Saijo-cho Osa Hibagun Hiroshima 729-5722)

% 2 FOSETH4AE (Wakou Museum)

*3 HYE&B (Bk) AEWIZEIT (Metallurgical Research Laboratory, Hitacht Metal Lid )

83 N



- 34

$% & 48 Tetsu-to-Hagane Vol 91 (2005) No 1

(a)

1290

2 Upper furnace

1010

®~® thermocouples <200 >

(b)

8 Middle furnace

® Lower furnace
P
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Table 1. Chemical compositions of iron sand and cray for
furnace construction. (mass%)

Cc $10. MnO P S NaO | Cr:03| K:0

Iron sand 0049 | 579 035 | 0074 | 0024 | 025 | 003 021
Cray for furnace 5556 | 0082 | 0032 [ 0007 | 225 142
Cal MgO | V:05 | TO: Cu ALO3 [T Fe | FeO | Fe:03| M-Fe
058 022 039 146 | <001 | 177 629 | 2581 | 6108 007
108 001 066 | 0005 [ 2763 | 188 | 027 | 239 <001
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Table 2. (a) Operating data of Ch. 1, (b) Ch 2

(a) Operating data of Ch. 1.
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Fig 3. Operating data of blasting air volume
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Fig. 4 Temperature changes in the furnace for (a) Ch 1
and (b) Ch 2
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Fig. 5 Cross-section “Kera” (Master ingot) for (a) Ch. 1
and (b) Ch. 2
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Fig 6 Optical micrographs of “Kera” for (a) Ch. 1 and (b)
Ch. 2.

Table 3. Chemical composition of “Kera” sampled from

Ch 1 and Ch. 2.
Ch | position | C St Mn |P S \ Co Cu Al Th
1 1 095 0007
2 178 0021
3 110 (<001 (<001 (00120006 (001 {<001}<001 |0003 00!
4 167 | <001 {<001 (0009 (0005 |003 |001 |<001 {0011 [001
5 100 0006
6 074 0008
2 1 017 0005
2 018 0003
3 066 0004
4 060 {001 {<001 (0014|0017 { <001 <001 [<001 {0007 [001
5 120 {025 (006 [0034}0005 |011 {<001 |<001 |032 |022
6 175 0005
7 103 0005
8 121 0006
Table 4. Total mass balances for Ch. 1 and Ch. 2.
Ch Iron | Charcoal | Feed Ratio | Kera | Yield | Slag C(%)
sand Iron sand/ | Weight Weight In Kera
(ke) (ke) Charcoal (ke) (%) (ke)
1 50 85 1 172 344 321 121
2 67 82 ~15 178 265 47 38 085

TEH5LEDTH o7,
3-3 IEHE

PN # Table 4128 T, 1RO W& IE 50kg,
JORKRERELZHEDOBRERIL172kg T, 2O
MO2kgld 8B LIRSS » TRk & MBHISTH 5, H
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HER32.1kg Th o7z, WEITHTI2H/OEHEIOIR
344% Th o7z, 2ROWEKFEAE67kg, HEEIT17.8kg
T, WO3SkgidRigh L WBHEEKTH - 7=, HMFEREIIRGHE
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Table 5. Chemical compositions of “Noro” (Slag) for (a)

Ch. 1 and Ch. 2.
(@) Ch1l
SlagNo | 810: | P | TiO: | ALO3 | T-Fe | FeQ | Fe:03 | M Fe | FeO/ | Slag
Operating S10: | output
time kg
®2 00 2782|1013 |243 |33 412 1508 |[153 062 183 |10
@2 40 2883|1011 221 {404 41 5007 | 249 032 174 1365
@326 2845101 225 | 431 421 | 5196|184 039 183 |27
@420 2952 |01 215 | 497 41 5029 | 217 038 170 |50
®500 |2808 0092|214 |435 |44 5368 | 252 055 191 |54
®5 40 2568 {009 (212 |442 463 [5578 | 367 041 217 |40
@6 15 2520|0093 |21 395 47 5622|529 036 219 |73
®6 30 2623 (0096225 {417 456 | 54551389 048 208 |305
(b)Ch.2
SlagNo | S10: P | TiO: | Al:O3 | T-Fe | FeO | Fe:03 | M Fe | FeO/ | Slag
Operating S10: | output
time kg
245 295 (014 |23 746 3887 {4954 | 001 035 168 | 106
@314 2951|013 |221 |791 3899|4976 | 001 035 169 |20
@345 2683 (012 |208 |737 |4263 (5398 (053 03 201 | 196
@4 16 2555 |01 193 | 698 4489|5644 (093 037 221 |33
®4 45 238801 193 | 662 4672 | 5874 [ 113 027 246 | 376
®5 15 2249 (009 [ 187 [623 |489 |60 252 05 267 |45
@546 |2183 (008 |18 604 |4974 | 6046 | 337 038 277 (396
®618 1985 [ 0073|169 | 554 {5227 6143|588 041 309 (58
@645 1849 | 0066 | 153 (509 (5422|6475 |5 039 35 366
®715 2187|0071 (162 (593 [5069 6093|422 038 279 |59
@7 45 1765 | 0074169 | 494 5423 | 6444 [ 548 031 365 | 386
@8 10 2157 (0097 (187 [604 [4986 5865|578 023 272 (276
@8 24 237 (012 | 187 (674 {4744 (5778 (327 024 244 |25
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KR IS8 2 RITT Y S10,, FeO, T Fe 5 DREFZAL %
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REGVAD /) TIZIEFe,0, i3 b TH UFEES, ¥
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Fig 7. Change of chemical compositions of Noro for (a)
Ch 1and (b) Ch. 2.

Fig. 8. Optical micrographs of Noro for (a) Ch. 1 @, (b)
Ch.1@,(c)Ch.2®and(d)Ch 2®
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Fig. 9. Changes of FeO/S10, ratio for Ch 1 and Ch 2
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ZESTHRESNTED, BRIK50%TEE D FeO IRIE 73 UE
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61T, WD Total Feld629% TH B4 6, 1K
5 Fe ARIZ3145kg ThH %, HML DRI E % TI9E
DI121%&T5HE, BFDFeRIZ1699kg TdH 5, Table 5
o/ uDEFeEAHBETALEL, 1415kgk kb, I
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Table 6. Total mass balances of Fe, TiO,, P in operation
for Ch 1and Ch 2

Ch Composition | Input (kg) Output(kg)
Kera® Noro@ TotalD+©@

1 Fe 3145 16 99 14 15 3114
TiO2 0 7300 00017 06956 06973

P 00370 00018 00313 00331

2 Fe 42 14 17 65 23 08 4073
Ti02 09782 00027 08570 08597

P 00496 00043 00430 00473

1316 99/31.45=54.02% TH %,

U WTEEBRICEI T 5 &, Fe ARIZ42 14kg &
55, BORFER085% LT 5L FeRIZ17.65kg T
b, s OPFeREIZ23.08kgk B3, Lo TFe AR
42 14kg, HEIZ17.65(88) +23.08(/ 1) =40 T3kg& %5 1),
2RICBVTEAHBIXITETH L 55, WEkicx¥ 5 )
DHHEDIZ265%TH D, FebE F I3 17.65/42.14=
4188% TH b, 1fATId, $8Fe&(169%g)>/ T Fe &
(14.15kg) TH %5 A%, 2K TIZ B Fe B (17 65kg)</ T Fe &
(23.08kg) Th B, "E—F v — UED2TIE, Wik
Feb DL H, o/ ailh-> THRMALAEZZ &M
brbd,

Table 67 5B H D TI0,13, SHPIZRDAEZIh B0
DINT (F03%), ZOIEFLEAER / ok LTHH SR
5T bbb,

Wmopid, 1R2RKEPDEEHZEDD, 10% LA
THAH/PIZHROAEH, 00%L iz os LT xR
5ZEnbnsd,

4.7 REEhIFIFEREOHST

BEINIFREERAREL -,

IfRIZBNT, B#kh 6 D S10, A B 50kgX5.79%=
2895kgThH %, 26D HABEICIHRML 72 1kgDIEMIZH
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B/ ol nE»P O ET5L8757kglik b, & T, IF
e o 7 o A8 7 10,838 7572 895-0.6=
5262kg& % B, 0.5556X=522THHDT, BRI NI
4 xidoankgk i s,

2fRTIE 11 24 kg DIFEEAR R S, 6245kg D $10, Ak
Wah=Zrizn s,

ZOEHE»S, 2ROABED ZIFRENRBI N T
TRZEHNMHE P E 57, BEILREHAIFREDR R 4 (T
THLDEELOLNE, " —F v —VUEILE /00D
WM, MESRREOMMATIZL 50 TIZEL, B L
MEIZLDIFRORAEL KLk, TNEL5TH
5, HOBES2ROAFNKRECI LY, FROBREIE
AT EERTEDTH S,
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