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An Experimental Study on the Tatara-buki Ironmaking Process

—A Few Findings Obtained from Creative Techno-Craft—

Yoshinari Komatsu’, Shoji Goto” and Setsuo Aso’

Abstract

The arts of ironmaking “Tatara-buki process” were well known and practiced in ancient Japan.

The process in the ironmaking is unique among metallurgical processes, in which pig iron or steel

with lower phosphorus and sulfur contents is produced directly from iron sand as the raw material
and charcoal as the fuel. On the other hand, in the Department of Materials Science and Engineering
the education program of “Creative Techno-Craft” is prepared as an appropriate practice for well

understanding on “materials production process”. The principle of the Tatara-buki ironmaking

process was investigated for the technical education through metallographic examination for

undergraduate students. And also an optimum condition for making molten iron was discussed in

detail. In this experiment, iron bear (Kera) was obtained by this process in a 27 % yield. It was found

that the homogeneous temperature in furnace plays important role in the iron making process and it

should be kept continuously high enough to do reduction of the iron sand for obtaining the iron bear

in high yield.

1. [F L & Ic

EEORERIIHAE R ST TE -8
MTHd. TORKEICINIE, ¥ETENEFS
12m OFEHEDOEFZ BV, FRIZHEkZ#K 10t, R
BELTREREZRI0tHAWSEZ LIZL-T 825t
DEEBREFEBEHERET e hTEDZ LI TY
5. FOEETLRETIE, KEBHICENTRHEHL
T3RE, ML RRE 18ks THIZIFIZEA LK
I, FENMRRINTHEATERA R ETHRITS
n, Zhz 1R (VX)) EMATWE. LED-
TIRTEIFEEDRBIhIZRS o=, 17
DHTITIEBEROEE L REBED DI RK DB

2001 £ 7 A 23 H=HE

TRHERFTEZEEREEAM B L2R . Department of
Materials Science and Engineering, Faculty of Engineering
and Resource Science, Akita University.

W, Bik#EREDRDB DD REENESN TV EY
~OURL, ZOBBEICEIDERTIRERLD Y U
PAAVEFREDOVROWEEREEEETI I LN
TEEOD,

AREERTIZ I OREHM &2 MBI AR 3 EiRESE
PR LERIETIEEZD -RELTEDHIT-
HOTHD. FELRGOREERAE, HETI &
EHIT, EBIONSFERAEERL, kR
BT BIEICL>T, $ShBEHIVEHEELET
BRIZOWTHRELT, #heHET2ZL2EHK
L. B, KfRIFZo7ovRIcL>THE
SNWEHRBLTZ0ESEMMERETOI ZLICX
oC, LEBMOEBELRDZ “DDED” OIF®
POHEREED, ILIISRHEABENERERITS
CIE - THEEDODHMBIRINT 2 - BOHBEF
HIFBZZELEERE L.



Akita University

54 AMRFFRR - TRBRIEI -

Addition matenals

[ron sand (ron ore)
Charcoal

Lime stone (Shell)

Olivine sand
Oil can

Reducing reaction
of iron sand
(Removing oxygen)

1 3Fe,0,+CO

=2Fe;0,+CO,
Middle furnace —> Fe;0,+CO
=3Fe0+CO,
1100K
Lower furnace \ FeO+CO
=Fe+CO,

Burning reaction “Noro”

(Slag)

C+0, =CO, _Observation
C + CO, = 2C0 2 window
Thermocouple 77 *~Tuyere
V -
(No.1) éa"“‘:nf Thermocouple

1700k Pt (No.2)

TS ITOTIIVIS Fire brick
AN
Steel plate

Charcoal powder

Fig. 1
furnace".

Schematic view of a small type "Tatara-buki

2. =L HBORE

KREBREX B Z-D0ZEDWOL SFAIZR
EAENDZ L, ZRHADOBRIIRRERIGEL CO, &
BTCoOLird., bbb,

C+0,~>C0, — ()

CO,+C->2C0 — Q)
D2 DDORIGHHEIRNWTEZ D, £ L= CO HR
PHRRICBIT BB RSO ERERT. 22
T, CULZEERTIEZILSND D, FRIZBL
TIIARR A & BALERK F T BIFEAL L T W B DIFT
FaLl, FRBTELHIIHMEEREIToTVWED
T, BEERETIE CO HRITLDBETIZ L & RTESE
RIZDRNE D EHEREINS.

BV TH 2RO ARR TR EEME L
TiE, ETRADIIFBEBOEAZIT S THEKDL
BKBEEREN, THBIDIZONTEMLENS COWTL -
TERILSNTRBIERBR (LR, X5
Bz, Thbb, ROKIEHEZ 3.

Fig. 2 CO; gas spraying process for furnace wall.
3F6203 + C092F6304 + C02 - (3)
F6304 + CO—=>3FeO+ COZ - (4)
FeO+CO—>Fe+CO, — )

IhE5DORBOHAT (3) £ (4) @ COIZLBIET
IGIE 470K (FiED S88F D, FETHOK 1450K
DBREMETIEIFRTL, B (T 7)) ¥Eon 3.
—h, BAYE LU T—HIZEALERIKAIZH
ST0K (a6 04 5. bbb,
CaCOs;—>Ca0+CO, — (6)
DL HBRELRD, 100K ICBVWTELHEAIZS
FRLA1270K TET T35, TERELGIK (Ca0) &
B Lk DT WEER & E#5A LT Ca0—Si0, & F Ak
ST HEBEDNE (V0) BERTS.

3. = ER
31 o RSERIFOMESR

Fig. 1 [IAERBRTHEALAFOBGEERHKTOL
2O EXTH S FIXIBOHER L 2>THED,
L, B, TEBI FELEZ DT, KRERTEIELEFT
&, #0200 0T A NVEEEALED, 2054
£iZ 300mm, AE 210mm, & 360mm CTH 5. &
DEF-ERDRE, KEIZIX @210mm OREH T /=,
FOREBIHEFROSNTWVWEDT, HEEAERD
BEZIIFRETH o=,

FFORNEEL, —BBRIZIEM AL > AERIIM LT
EREDLTWBADPARERTRIA I 752,
CO, 7R RITL VR U= COREDORHIE(1)
FAFRODHWIEDIT L A EDLBER OO TR TR
BEIIRITTEDZ 2, (2) WM, WAMEIIED
CEMLFEOBRYR UFANAETHZ I RRE
BEFENSE. CO, 7Ot LlE, KHZ R (IFn

|




Akita University

727 HBIIHET A ERIKRG —AIELEERIVRONAZZZ0HME— 55

Openning for thermocouple

(highest temperature region) > //’///4

Fig. 3

Steel plate
(300 x 300 X 3mm) Charcoal powder

(thickness : 20~30mm)

%

VRS R

N

4 Fire brick (SK32)
- Steel plate
(900 X 900 X 6mm)

Concrete block

Fig. 4  Schematic view of ground part of furnace.
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i n sand + Shel powder

Fig. 5  Charging of iron sand and shell powder.
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Fig. 6  Temperature profile of furnace in the first operation of Tatara-buki.




kita University

727 H BRI A ERIME —BIETIEEFB LN B LN =0mE— 57
1800
E;hermocour;le Nfo@ ) / failure of thermocouple
opposite side of tuyere
_____ T ~ -

1500 T T~
X -~ ~«
h R
o 1200 P ; .
o beginning for addition of iron sand
3
§ ending for addtion of iron sand
2 thermocouple No@
g 900
E (bottom of fumace)
[l

600 -

/Ignit/'on
300 1 1 1 i 1 1
0 3.6 7.2 10.8 144 18.0 21.6 25.2
Time, t / ks

Fig. 7

+HBEMUEDL, BhORRZEBIL, FTEFEE
me T e Tony #BROHLT, KTHENE
ZhZEhOBEBEEZHIE LW,

4. EBERBIUEER

41 F-ERKIEE
H1EORECIBITZZLARFE L IFRNEEDRSE
"% Fig. 6 IZm L. KAND B 9.6ks BIZHF O
MO RRDPIBEHED, KROBEEDSEFREIZEL
EZEHHETHETE . Z2CTKDPS LIS
LD PHONEIIBIT 2FAEE (No.1) ¥ 1223K
EETERDP O DDMEREEAN L RIKIRES G
UFz. #BEBIED S 1.8ks BAFAEE I 1338K 125
U, BB SIS LARMRETELRSTR
RAEDESTFEBICHETLTWS Z LD HERT
E=. LU, FRHS 300s BICIIPONEHRDE
ERTHHRE 20, REEBEOHABRYIZL-T
BEOREEZXAD L LEIZ, / OHUIARETDH
MR L. REBMD S 4.8ks BICITFED
DBEFETHBEED, 51T 1.8ks BICIEPONMHE
DRZTIMNE LA RERPTERORIKE 2
7=, 51T 3.0ks HIWEKIREEHITITEL LR, %
AR BRIZIER 6kg, H7&¥? 600g, Rk 30kg T3H 213,
ChEhESNETZIEDITDH 100g BE CIEKZ
17%THo. B1RHBREOHESRFIGKT S &
(DPO/ELEYTRPSEEDICFRNEERY
Bl cEhro. (2) KANBDOFEADTE
LT3y, RRBBEOEHIREERME &
BENCLIZFRNEEE=S) VBT EYTH -

Temperature profile of furnace in the second operation of Tatara-buki.

7=. (3) —ELU b Ok : BB OEARDPFHED
BOBRBEENRBI TW I EDICHAICERDET
IhklpoizlrEdEFonsd, IS DREEIIEHE
HICEBRTZZETIED DD, HANICIZEZE L=
FRBRERZ#IEL, FAEIFEOBRBENEEIZL
HHETHHREEATLZIEHRYTH D LERS N
. RREARFEB LR K E LTHY, D8 (B
{t8% : Fe,0s+FeO) ZZETLTHEFZ L WO HER
MU= 588TH DD, ERICHEIER
UTHSKRERIToTAHADIEWVWII LI ADBES LT
FEBOEXLZORERIEZRLIZ2ERDS
7=.
42 FE_EKEE
—BIEOBREEREEEZ, E _REOBRETIE
MFoHZHELUTCERRIIEAE. (1))POAER
KD KEFAIZA UTERIZ 25° IZRBLH1I
BREL, TEHHEERIBWTETESFITEEDIY
BIZRBE51CUE. (2) kAN, FEREALTE
+o5RTEE L, BRICL DI RRREEEEREBHE
WBWTLEEEZEKRTI2EHVWRERER T
BLOENTE. (3)—EY D OREEHBRMOEAE
2D LT20g & LRRICEBMTSLIITLE.
Fig. 7 1355 2 RIEDREII BT 2FERHE L FARR
EOoBMBEERLEBDTHS. KANPSH 7.2ks
EBALEZADS, FEBOEE DL 1400K TE
ELTWAILBWERATERED, ZhD5 1.2ks
FIARRDRFERNEERELEELT, kL H#R
MEEALURSKBREEZRGBL-. IPS5HSPRE
S1Z 13.2ks HDRIBKBEII BT, FEBOEEZ



Akita University

58 INMRFEHL - HREEIE - FRAERR

Fig. 8  Over view of the iron bear (kera) lump
obtained in this experiment.
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Optical photomicrograph showing structure of gray cast iron in surface region of the iron bear (kera)
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: edebulite

Fig.10  Optical photomicrograph showing structure of white cast iron in central region of the iron bear (kera)

obtained.

Whlte cast iron

Fig.11  Optical photomicrograph showing structure of mottied cast iron in the iron bear (kera) obtained.
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