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Metallurglcal Invest1gat1on into Anc1ent Iron Wares

Kazuo HorikAwA and Yoshmobu UMEZAWA

SynopSLS S TP :
After having carried out the “Metallurglcal Invest1gat1on into Ancient Iron Nails’’ (Tetsu-
to-Hagané 48 (1962), No.1, pp. 44~49), the authors have made aetallurgical investigation

successively into the ancient iron wares such as clamps, rivets, ornamental fittings used in

“H66do”” (main hall) of ‘““Byddé-in’’ temple, three-storied pagoda of “Meits@iji”’ temple and
- five-storied pagoda of “Dazgo i temple Results obtalned are summarized as follows
(‘1) Manufacturing process, :
Chemical compositions, nonmetallic 1nc1us1ons and hardness are almost the same as those
of the ancient nails; excepting two or: three specimens’ made in a Iater period which have
~ shown high P content. :
~ (2) As to the cast iron product, the C content is somewhat higher and the P is somewhat
less than cast iron used at present. The Si, Mn and S are noticeably low.
(3)  Correlation of the quality of spec1mens and the age -of their manufactire could ‘not

- be grasped clearly, because there were a .considerable dispersion - of data between specimens

manufactured in the -same age. Nevertheless it seemed reliable that the older the manufa-

ctured age, the hlgher the purlty 1s
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_Photo. 1. . Outside appearance of the ancient iron wares.
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Table 1. Chemiical composition and hardness of the specimens.
: : : . . e Age of Chemical composition (%)
- Buliding Spelfllmen Kind of manu- , e ;
R 0- wares: - | facture | C Si Mn P | S Cu Ni
B-1 - Clamp - 1053 0°83 0°014 | 0°005° 0°023 0*003 0°10 0°043
B-2 4 4 0*26 0°024 tr . 0°013 0*002 — .0°017
.B-3 7. 1180~1200| 0°39 0121 0°010 0-014 0°044 | 0°012 0030
) 1 B-4 4 1670 0°35 . 0°021 tr 0°073 0+003 — 0013
Byodo-in |: B-5 3 4 0°02 0°142 0°010 0258 0°007 0°012 | 0060
. B-6 4 1906 0°02 0154 |, 0*010 0489 0+047 0°007 0°007
“B-7 - Rivet 1670 0°07 0°049 | 0°010.| 0°040 | - — 0°012 { 0°039
B-8 4 4 — —_— = —_ —_ —_ =
B-9 4 4 0°05 0°039 |  ‘tr 0°047 | 0°009 0005 |- 0*001
M-1 Clamp 1450 0°65 ~0°020 0006 0°021 0°004 0*012 0019
M-2 v 1450~ 0°22 0°026 | ~0°009 0019 0004 0°010 0022
M-3 4 7 0°33 0:008 0°*008 | 0*013 | '0°006 0006 | 0+017
M-4 7 N 007 0009 0°008 0°076 0°004 0°012:] 0021
Meitsu-ii M-5 Decoratwe 2 <O 10 0°021 | 0°007 . 0°058 0°005 0°008 |: 0°015
I M-6-A ﬁttlng 7 0°08 0°052 0°006 0085 0°011 | " 0*009 0°019
' ' ‘M-6-B 7 <0°10 0°047 0°013 | 0085 0°013°] 0°018 0°024
- M-7 ’ // ' 1701 « .1<0*10 ~ 0123 0°012 | 0°*049 — 0010 | —
- M-8 - . 1450 460 0°059 |- 0°033 0°132 0022 0°018 0*016
M-9 4 1450~ 4°*13 0°*051 0030 |  0°207 0°033.| 0°079+ 0°010
: Doizo:ji D-1 v 007 0030 | .0*012 | 0°041 | 0°004 | 0°Oll g 0025
e R D=2 v - 0°08 0*140. | 0°016 0°082 0+004 0009 | - 0°015
' Age of | Chemical composition - (%) *¥ Hard-
s s Specimen Kind of | 28 ¢ , ° Non . | ness
Buliding No _wares Fotin : ' me}:all}c (Vic
; NQ. : % j|inclusions =
P facture | Cr | Ti Al | .N o CaSions| pers)
S B-1. Clamp ©1053. | 0°035§ 0°009 0°010 —_ — 0°26 -|132~251
B-2 4 C— 0°002 0°053 | 0°008 | 0°0056 0°23 1°62 94~152
B-3 7 1180~1200 0°017 0°017 0°017 — -_— 2°58 . 112~167
) B-4 Y - 1670 0°004 0°055 | -0°007 | 0°0067 0°18 “1*72 " {105~188
Byodo-in| B-5 7 4 0°026 tr 0°*013 | 0°0035 0122 | .2°23 |118~160
' . B-6 7 1906 0+043 | . 0008 0°037 | 0*0050 0°408 4°92 (147
B-7 Rivet 1670 OV‘OOS tr 0°001 —_— — . 0°67 |128~239
- B-8 7 v — = =] = — | 0°50 | 92~102
B-9 4 B 0*002.| - 0°035 , 0°014 — Lo— | 1+84 . —
M-1 -~ Clamp 1450 _ 0017 | . — —_ — 0°87  {153~274
M-2- L 1450~ — 0°016 — — —_ 0492 {124~158
M-3 K 7 — 0*017 — — 091 110~172
) M-4 4 4 —_ 0°020 0°004 | 0°0039 0*20 - 3*38 |117~274"
Meitsu-ii| M-5 Decorative ” — 0036 | — —_ —_ 0°94 |103~257
SU-ll M-6-A fitting ” — 0013 | — - — 1+03- |110~135
: ’ M-6-B 7 % - tr | — — — | — [110~157
- M-7 ” 1701 — —_ T = T e — | 3°55 | 97~104
M-8 4 1450 | — .0°020 — v — | == 11502~509
"M-9 4 1450~ —_ 0°*010 _ —_ — . 494~540
S D-1 4 0*005 | 0°008 — — —_ _ —
Doizo-ji | p.p v 0°005 | 0006 | — — = = —

* Vacuum fu>sik0n method, ** .'JIS—point-couvntin'g. fnethod
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Fig. 1. Carbon distribution'of longitudinal and cross section of the specimen.
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2. Typical microscopic
X100 (2/3)
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Photo. 3. " Typical" m1crograph of nonmetallic inclusions
in the specimen. 100 (2/3)
Table 2. Results of chemical analysis of

nonmetallic inclusions in the specimen
(%) -(Hot nitric acid method).

Si0; Ahog} | MnO | Ti0: | Total
B-21| 0°054 | 0°012 | O* 037 tr 0*004. | 0*120
B-4 { 0°054 | -0°011 | 0°044 4 .0*014 0°131
B-510°049 | 0°019 | 0°032 o tr 0°100
"B-6 | 0°048 | 0025 | 0°034 7o) tr 0107
M-4 0022 | 0°003 | 0005 4 0°005°| 0*035
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