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Metallurglcal Investigation 1nto Ancient Iron Nalls.

- Synopsis:

Kazuo HOoRIRAWA and Yoshinobu UMEZAWA

Metallurgical 1nvest1gat1on has been carried out on 28 specimens of ancient iron mnails used '

'in the famous old Weoden‘ buﬂpmgs in Japan such as ‘“Kondo”

(sanctuary) of ‘“Horyu-ji”

temple, “Hoodo’’ (main hall) of “Byodo-in’’, three-storied pagoda of “Meitsu-ji’’, five-storied

pagoda of ‘“Daigo-ji”’ and “Haiden” (oratory) of ‘“Otonashi” shrine.

The age when these

specimens were manufactured are -presumed to lie in the years from 607 down to 1800 A.D.

Results obtained are summarized as follows.

(1) In general Mn, S and Cu content in steel is very low and probably these ancient
nails were manufactured from wrought iron which had been produced from sand iron.
(2) There are a few specimens with nearly the same content of Mn and S as those in

.steel used at present.
.1ron )

Presumably ‘they have been produced from iron ore, not from sand

(3) Even in the same specimen, C content is remarkably different depending upon the

position.

Consequently, unevenness in hardness is also noticeable.

From these facts it is

presumed that these specimens were made by forging several: pleces of crude iron which had

contalned respectively different C contents.

(4) The content of alloying elements are extremely shght therein but the content of iron

slag is very high.
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‘Table 1. Chemical composmon and hardness of the spec1men -
o ; ‘ Non. #* Hard-
=) : ) .
2 é . ﬁxgiuo—f , Chemical composition (/0) metallicl ness
5 | 82 ifacture ’ i , I Cu i T ox finclu: | (Vic-
5 e C .Sl Mn . £ ‘S Cu Ni Cr Ti A.l N O |sions(%)| kers)
~ |H-1] 607 010 0*004| tr.| 0+033| 0+004| 0°008| 0+008| tr. <0°0100°0100*0035| 0°014 1°72 |104~169
. [H-2| 1283 [0°09| 0°013| # | 0*027| 0°003| tr. | 0014 # 0°010/0*0050°0056| 0°076] 2°90 [113~310
& |H-3 7 — = = = - _ — — | — | =] .= |106~180
& (H-4] 1603 - |0°25 0°008/0°23 0-018| 0*063| 0*062( 0°016| 0*025/<0*010{0°006/0*0058| 0*009| 0°34 |142~199
ke H—5}16% orf — | — | —| — | — — = | = = — | — — 7| 0'86 [131~317
» 1750 or|. . .
Hfé e | = — o —| — | — - | = = | = —_—f = ] = 0°75 |117~140
B-1] 1053 [0*38| 0°039/0°01] 0+030 0+003| 0+007 0°010 0*008| tr. [0°006/0°0063| 0°043| 1°46 [109~120
B-2 - 7  |0°42 0°091/0°01] 0°037| 0°003| 0*007| 0043 0°008/ 0%075(0*018] — | — 1°64 |111~212
B-3 7 |0°19 0°098/0°01| 0009 - tr.. | 0°012| 0030 0°008 .tr. |0°009/0°0048| 0°147| 0°91 [110~171
S |B-4 7 |0°28| 0°017| tr.| 0°020] 0003 0*014| 0°009! 0*004| 0°009/0°018[0°0040 0°210| 1°45 {120~169
S |B-5 7  |0°20] 0°082| 7 | 0°014] 0°003 0°018/ — | 0°001| 0°145[0°018{0°0057| 0*220| 1°77 |125~310
B B-6| 7 |0°21 0°043] # | 0026 0°003) 0°059 0°022| 0*003| 0°040] — |0°0055| 0°230| 1°40 [105~177
>|B-7| 7  [0°21) 0°051| # | 0007| 0*003| 0°014 0*004| 0°001| 0°047| — | — | 0240/ 1°50 [145~188
M B-g ~ # |0°20 0°054| # | 0+074| 0+004| 0*019| 0°004 0*004| 0+171] — [0°0056] — 2°05 |[120~173
B-9 7 045 0°023| 7 | 0°027| 0°002| 0°011| — | 0°002] 0°059, — | — — 0°80 |145~204
B-10| 1670 [0°30| 0°036| # | 0°030| 0*002| 0*018| 0*007| 0°009| 0°044/0°003[0°0053| 0190 1°49 | 80~243
2 IM-1]1450~- |0°08| 0*123[0°*01] 0049 — | 0°010] — — — — - — —  |130~161
£ M-2| 7 |0°08| 0°147(0*03| 0*174 0-017| 0-085| 0*068] — .| 0°016f — | — — 358 [117~175
=1 : : ; '
D-1| 953 |0°24| 0°050| tr.| 0*013 0°009| tr. | tr. | tr. | tr. — | — — — —
. |D-2| 7 |0°26| 0°070| # | 07019 0*001| 0°020, # | 7 07090 — | — — — —
S D—31764’1‘;720-37f01050 7 | 0-012| 0%004 0°030| 0°020, # | 0-040| — | — | — — —
S |D-4) # 020/ 0%030| 7 | 0°012| 0*006 0*010 tr. | # | 0°040, — | — | — — _
R1iD-s| # |o-16 0006 # | 0*038 0001 0°029| 0°016 0°002] 0+025| — [0°0039| 0°012| 1+54 —
D-6|  #  |0°45| 0°046| # | 0°059| 0*003 — | 0*001| 0003 0°061| -— [0*0049( — 1963 |110~263

*  Vacuum-fusion method.
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*k JIS point-counting method.
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Photo. 8. Typical micrograph of nonmetallic mclusmns
in the specimen. X100 (2/3)

Results of chemical analysis of
nonmetallic inclusions in the specimen. .
(Hot nitric-acid method)

- Seecimen | gi0, |A1,0; | FeO [MnO | Ti0; | Total
H-1 0°059| 0°014| 0°003| . tr. | 0*001| 0*077
) B-1 0°027| 0°005/ O*015, - # —_— 0047
B-4 0°*025] 0°009| 0*047| 7 -0°026| 0°125
B-5 0*081| 0*019| 0*046] 7 0°018| 0°202
B- IO 0°030] 0°006| 0°049| 7 0006 0°094
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