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Distinguishable Procedure for Ancient Iron-making Slag by Using Major Elements

Takehaya MATSUMOTO

Synopsis

: To 1dentify the process of iron production, some ndicators are proposed by using the chemical components of excavated slag Especially, the

ratio of Ti/Fe and V/Fe are useful for this purpose All indicators, however, are not always appropriate for the distinguishable procedure be-

tween bowl-shaped slag and other slag It 1s not yet fundamentally explained that major elements of iron-making slag caused from any mate-

nals

In this article, ten major elements which are constituent of wron-making slag as Silicon (Si), Iron (Fe), Aluminium (Al), Titanium (T),

Manganese (Mn), Magnesium (Mg), Calcium (Ca), Sodium (Na), Potasstum (K) and Phosphorus (P) are considered by using the released an-

alytical data Every element has been normalized against Si, and the correlation diagrams are plotted The correlation diagram with S1 can be

distinguished as 3 groups

(1) Elements Al, Ca, Na, K and P have positive correlation with Si

(2) Elements Ti, Mn, and Mg do not correlate with Si
(3) Fe has negative correlation with St

Elements of group (1) as Ca, Na, K and P increase the content 1n any slag during the smelting, refining and forging processes Thus, 1t 1s

obvious that these four elements can not be utilized for the distinguishable procedure of ancient iron-making slag

On the other hand, elements of group (2) as T1, Mn and Mg are appropriate to be indicators for the distinguishable procedure of two types

slag between forging slag (sometimes in refining process) and other slag (normally 1 smelting process) On the basis of concentration of the

3 elements, 1t 1s indicated that bowl-shaped slag 1s formed n forging (sometimes 1n refining), and other slag 1s done in smelting

As the result of this study, the ratio of element as Mn/T1, Mn/S1, Mg/T1 and Mg/S1 are suggested to be useful as indicators for the distin-

guishable procedure between bowl-shaped slag and other slag
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1. (FUBHIC

H RO EFED g4 FEE A 5 i U 220 b a5 ic
DWW EOEREEOMED, ThE TS EHE
NTE7%, LT, TEHTVFe & V/IFe L OMEBIIZ & 53
BIDPBEDBIAZEAENTH B VMM T B, ZOHK
RILSREDE BB ZRE L B HEOBESHE —305

BEANL G, M, BEOEHCBREDERIZ, Ca®PD
ﬁﬁ%ﬁﬁ?éi%ﬁbéo_hbwﬁmﬁ%@%ﬁw%
HEMPES I L AEREREE BT, RN S
FHFREICE DS QD LI E L ZBEFREZMT I &Itk
5, LALENLINETOEZ A, gHEQEREREDE
%'ﬁbtm IZBT Ak R ahz L iFE W Ihik

o TNFHOHSMENBFREIIE U THIEDLER S
%MEL,Tﬂﬂﬁgﬁéhfhé@ﬁﬁﬁfbb,ﬁﬁ
DEESTE (LT TRFETLHKLET) TT5, ZOW
KOMUMEIEZNEVWSTRE SRR E NS,

& ZATHIERMLZED BT TR, HREMK T 2TTED I 5,
W=tV M —=F—TEHERHENDTLE s THEITLE TS,
MR DOALER TS, %EATRTIRY , FHETRST T
IF100% L x5, 2LT, WAREHBKT 254D KEED
FlbFk s, FETROBRIMOER % & L TEKRT
B5ZENTE, ZOMREKUEBNEDOHEE % E1FH
LTWnd, Blo T8FOFEETRAEAL D L, IR
DFEFLRER[MUTH S, LN T, SEHED T
LRI, FETZOBLMOERE% L L TER
THIENTE, DWTISKFEDEBBFEDOHEEIZFIH T
E53TTH 5B,

ZITARBTIR, ARBEIPELS LR S ha L
MICTERE A X N - gD FEITLROMBIZER L, 8%
DFFANFHETE SR ERE Lz, ZLT, ZOTLHE
ffioT, BEDHRNEITS -D0EEELZ L & LT,

SR 1694 H 26 FI R A

SR 1618 Fl 11 H 3B (Received on Apr 26, 2004, Accepted on Aug 11, 2004)

*  SRETE T A SE (Tsukuba College of Technology, Amakubo 4-3—15 Tsukuba 305-0005)

55

55 S



I 56

$k& ¢ Tetsu-to-Hagane Vol 91(2005) No 1

2. ERT3T—2LERFE

2.1 FRAYST—4

FRILE, EyERREEMETZRE D (LT T
MG LK) ICBlRIhi7F— g 20k, Sfsh
ZRAEHE, BACHE S 2 SR & A & TO KA S rittaT

DB, 6L, B4 5, IEmEE6 S, IO
3, JPEEORT, Rt S, M NSBIUBER2A

DEFHNIETH B,

am e TEARLITHMICT 372000, ik R EE

U7zo WALI KU ERI A TREM & h B 8k oG, Al

HRFEOTHHEA*ZEORHETH S, LD -T, Tn

crustal average
14 @ wonsand za‘"s" 20 T T i T T T
W Q fow-titanium iron sand T T W ~
< wonore C g
12( ¥ bowlshapedsiag X '
X non-bowl shaped slag A / .
O low-ttanum non-bowl shaped slag o 15 L 353K _partilly reduced iron sand J
10| 4 tuyere or fumace wall -« - O Ar’;/( on furl"tacewall
O pottery average X la ;5 ; DAK
LS . - ’ A o
Al : z i
% RS
F - A&
¢ <% =
N A v
aboo . A v ¢
h K black rust
2 i M v on fumace wall
\ 'Y oy
0 L 1 L L T o‘ﬂ%m_v_n_
o H 10 15 s 20 25 30 5 10 15 s 23.57% 5lsustal a?l(e)ra;v‘exas
1
1. 3.
5
‘:v?x T T T T T T w:sx T T T T T wex L— '!\* T T T —“'j
0.7 = < - - - -4
g Ak Lo X ol S 1
X . B rtially reduced iron sand on furnace wall
X x < X, -
0.5 7.%‘ ) : i - o ) 3 - - X - 3t - N |
° - X KX v’ @
Mn : . N
04 L - 3 X">b>< .. . 1 Mg X% X tuyere with slag Ca o o _
e . - R Ty AREL 4 v 2
03 e i&t‘éb S 2 i< & DS o T X e %’xx *®
~ [m} p 0.25% ’%‘X 4 §X IR oK @“QD
vy : a *® X v S5 % .o
SRR R £ . AV TR Yl
X% 1 2 ’ T wXa T v x L K o pottery : 7%
E g s PRY LR e e
01 LS 2O . .. 009% vX',, v N ?@ ®X AV TNy aerage AT,
o A p : . ' : )
AN ANINE Vo BN )t A B 1A S
L f f L s — by - -
° 0 S 10 15 20 25 30 35 o 5 10 15 20 25 30 35 0 S 10 15 . 20 25 30 M:S
St crustal average wex S wex Si
5. 6.
— 12 —
:" T T T {a— T zwi‘ T Iv T T T 2 T T T
0 @ 1L - |
25 |+ ¢ 4 A B )
zr A
pottery average ®
1.45% X os L o ' |
¢y N v, (A 1 . ! B
¥ o - g X SR v
X L ey ¥ . (51/‘\@_ Na [ 4 X @ ® Portey o6 | ! i
15 & L 3 kL 4 A ® % A avbra . :
v« @ . e @ otk ' v %
' vvx;( Aa® e we - Ny el ° YT @ |
T EE Y e g SR s 4 SRR
he § v A@ ‘ ' X A _J P )(vv g 3( O
» ' S v LA v, X . . B
oS XX - o @ T ) ; 02 - vy 'Y%X’ ©7 crystalaveragé
vy XKy A t ata 2 )4 - A, 0105%
;' v A XA J . © Ya. *A‘_'T
0 ulg(. 2 i @. () 1 . 0 i ; L A AA
/] 5 10 15 20 25 30 35 /] 5 10 15 20 25 30 35 o] 5 10 15 20 25 30 Mis
Si . wex S wex St
7. 8. 9.

Fig 1. Correlation diagrams for the Al, Fe, T1i, Mn, Mg, Ca, K, Na, P vs S1 1n ancient ron-making slags, and 1ron sand excavated

from eastern and Kinki-district in Japan.
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Fig. 3 Correlation diagrams using indicators for identifi-
cation of bowl-shaped slags “wanngata-sai” and
other materials. 1 Mn/S1t vs Mg/T1 2. Mg/S1 vs
Mg/Ti
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