1. & b ®» I

FREHERHOSETLRZES ULERE UTHEAI N, HERCBOTBELRER2E> T
CBHIBE L, EESTERIEEEOECESELN, ZhRETOTOEENEDZL, HE
FELEELR ECX > T, ZOHREREID DL EBTE 3 E, BRAPENFESED THRI
BRIIB, 2N THBOBEEPEORFALRIECH BEOIRETHSH,

PRERI R L RROEHOADPEEBRTHRTH D, L b RROBESH S —H 0By
HEThHY, REDPOLREVPRIDNIGBA D5 CERZ2EHCT ARTHBE O, 20k, BK
OHRIISEBITRCC ETH Y, LLHOBROSBOEARIE, STDOEICE > THTER
BAVERSN TSP o1zh, BINTOTIBE{ ELTH-72D LT, BERORRZEHET 5L
LEFIBOREEZ VL ETH B, G—ORFERNEYOMETH > T, HAGELLEHEN
BEE TR b&BRBCRTIN, BECL - TENOBRZBTCOIGEBEL O b, BE
& OFEETIHEL VEBORMBTREBLD L EOLEPOEITRIC Lcikh, BRTL->T
Ui h 3 nic  DUNBIHERBENEY E U THEET SR 5, Lo CTRHISRE LHheR
NEY L 2HBELTOH L DAHPEETN B, ZhBhsT USERZTRIZOC ETH S,

BELEEZERD 0B HPOSWARA VP BRI TE L 0HAIZL, ZhpbTE 310
ZLDOERZB B EBRD 6N, Ulcdio TIHEREN LFBUCHE 5t 5,

UG OHERETE, SROFMERECHELCELY, PEORMP 6 TE 3120 L OEH~
BAECLCHBLEYNE, FHCHOBATHZOT, ZOBRKTCRILEBOERD FiiL» THIR
gRoNeY oz iz b, BECEBEINHEONEIZ= » r APy 0 & TED TEL,
ERPBBULBEE LI LS, REERIR Y » REECICOBREDNTHEDIHUT,
FAURRCBEPN P BETRECAEIOETEITHIOCHD THELIN, 7oA T
AR T AL LR olz, 17 FOHEPEFTV—D4 X5 2FHEORECII OB S i OFFED,
FYR MU RAEERORBEESBEDOIPROBRCOOTOSREERHELTHFL 5 b,
R EESGCECELNM DL LR, HEI YV VI ABEORA Ub DR iziEit T
CEVSIREZEHEL LT, TRXAKUEL OBREED LD &8O,

BRAEK - T 0 MiATREFHEE



Ud U, BREBROSTEOOTERED TBOERUMBEAERTOEOL, BEL sHllEES
FHZCREEPRECo>HE S, TOBBEINIRBRE L TOROER, 60U DBH
Ullo THEBE LU, WLO»0REZMAIBTHELCETUIZWN,

2, AR ERE ‘
EDEH BT AFINTELTH 20O TOBREBELEENPEINTOALEEDA LSRG
T, MADPOFERZEALTO3-DRE{FRADES 5, REOTIRCEES O TOHEEE %

BFHE1 HPEAKSRERRE &Bbh 58k
NEll) & 2 DXIRBEBRBO)L & OCF L BON 38 HIRRAR(C), 1217 LR

(T BB UVERMAT

Photo 1. Iron plane blade, presumably before 200 BC, China. ( 4. 18)
(a) Outside view, (p) X-ray transmission image,
(¢) Copy of surface relief, letter-like pattern.
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Photo 2. Iron axe, excavated in Honan Province, Later Han and Wei Period,
China. > (&) Outside view, (1) Microscopic structure, composed

of spheroidal graphite, pearlite and ferrite phases.
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Table 1. Neutron flux and cadmium ratio of the irradiation facilities used for
the activation analysis,

Thermal Fast
Cadmium ratio
Irradiation facility (n.cx 2 sec” ) (n . co 2 sec_')
D,O thermal column 1.3x10" neghgslggl 4878
Pneumatic tube ( Pn—1) 1.9 x 10" 3.2 x10"? 6.85
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* *ok * *
o Sample Na | AL | Si | S | Ca | T | m
1 |Nail of ASUKA Period(7C) 8.8 | 46 39 | 24| 120 |[<10 | ND
Nail of Pagoda
2 HORYUJT Temple(8C) 23 293 48 21 14 | 365 160
Supporting Core Rod of
3 |GAKKO Bodhisattva at 8.4 | 140 63 19 41 | 256 106
YAKUSHIJI Temple (8C)
4 |Nail of KAMAKURA Period(13C) 18 | 450 | 230 | 31 | 120 | 160 | 240
Cast plate of KAMAKURA
5 Period (13C) <3 20 33 120 14 <25 6
¢ | Nail of KAITYUSANJI Temple 16 154 62
(13C)
Iron Rod of KAIJYUSANIJI
7 | Temple (130) 13 65 <30
Dog Iron of MUROMACHI
8 | Podod (150) 5.0 | 240 63 | 3 | 4 | 21 | ND
9 |Nail of HAKUSAN Shrine (16C) 21 115 79
10 | Dog Iron of HIMEJI Castle 7.8 45 | 31 25 |<10 7
(176)’
11 Nail of HIMEJI Castle 29| a1 49 xn 16 39 70
(17C)
12 |Dog Iron of KEICHO Period(17C) 2.9 1183 11.
13 |Nail of Early EDO Period(17C) 31 54 380 | 330 35 1< 80 84
14 | Nail of Middle EDO Period(18C) 3 207 | 120 | 31| 14 |60 | 340
Dog Iron of Middle EDO
15 period(18C) 5.2 {180 83 17 51 250 147
16 TAMAHAGANE(19C,Japanese 20
Foot-bellows steel making)
INDIAN Iron by Primitive
17 |Method,sent from Prof. <3 17 110 20 51 67 11
B.Prakash, BHU(20C)
18 |CHINESE Iron Plane Blade(BC3C) |«6 6. < 50
Rust of Iron Sword Found in
19| Dailaman, IRAN(BC10C) 52 | 58 <20
20 | Luristan Iron Sword(BC10C ?) 25 305 <70

%2 SHEGRGOSTHEE

Table 2. Analytical results of the ancient iron specimens




in wt. ppm

* % % * Elements detected in
Cr Mn Co Ni Cu Cu Ga As In W | non-metallic Inclusion

S

<3 10 17 46 80 19 14 [<0.8 4 |Fe

+

64 | 20 | 244 | 633 | 140 | 109 | 57 | 15 |<0.2]<10 FeT;f Vi o
2 }) ? 3

60 22 146 240 60 78 19 13 |<0.5|< 7 |Fe, Ti, Mn, Al

14 16 35 14 51 89 14 23 0.2 1.6
48 56 40 55 137 210 11 24 | <0.4 5
22 67 10 10 <0.4| <4
11 27 11 11 <0.5| <0.4|Fe, Al, Si

120 5.8 75 23 32 68 7.7 7.0(<0.6 2 |Fe

30 101 18 7.0|<0.5| <5
+ + =+
<3| 25| 72 | 102 | 200 | 140 | 79 | 56 |<o0.4 o TiT Ma v
> H 2
: * +
% | 15 %6 | 16 | 114 | 77 |157 8.9 |<0.4 Fe T Mo SiAl ,C:
5.4 49 9.8| 8.2|<0.3| 6.2
110 | 39 84 | 415 | 280 | 360 | 30 |20 |<o0.8] 1.5
10 | 2 8 | 152 | 45 | 70 | 20 2.0|<0.7| <6 |Fe, Ti
<3 | 43 7 | 25 | 46 | 67 | 13 4.0]<0.6| 2 |F,Ti
45 o4 57 | 14 |<0.6|<10
TR
0 6.8 i
<3 | & | 183 | 353 | 110 | 34 1.3 <2 K5 |poca Mmoo Ti
116 696 <7 | 0 |<2 7.4
47 <30 10 |<10 |<o0.3|15
388 5 <40 |<15 |<0.8l< 0.8 Fe,ALSi,Mn,Mg,CaK

% were obtained by Atomic Absorption Analysis,
sk . Analysis of S was cordialy performed by KAWASAKI STEELS,
others were obtained by Neutron Activation Analysis.
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Photo 3. Non-metallic inclusion in supporting iron core rod of GAKKO
Bodhisattva at YAKUSHIJI Temple.{ 7% 3)

(a) Composition image and curve of Ti Kg linear analysis,,
(b) Ti Ko image. (c) Al K image.
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Photo 4 Non-metallic inclusion in nail of Middle EDO Period (4 14),

Composition image and curve of Ti K¢ linear analysis.
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Photo 5. Upper : Luristan style iron sword, presumably 10 C. BC. ( 4 20) .

.

Lower : Heavily rusted iron sword, excavated at Dailaman Tomb,

Iran, ( # 19). Radio-Carbon Dating : ca. 1000 BC.
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Photo 6. Scanning secondary electron image of the fraeture surface of Luristan

Style Iron Sword,( % 20).
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Analysis of the Ancient Iron Specimens
Kenzo IGAKI and Minoru ISSHIKI

School of Engineering, Tohoku University, Sendai, 980 Japan

Ancient iron specimens were carefully examined and analysed by using recently
developed sensitive techniques. Efforts were made to obtain many informations, as
many as possible, from a limited amounts of specimen, for example several hundreds
milligram, mainly depending on non-destructive analytical methods. It is detected the
necessity to perform analysis separately, on metal matrix and non-metallic inclusions.
Neutron activation analysis and atomic absorption analysis were used to determine
the trace impurity elements in the specimens. Al, Ti, Cr and Mn are considered to
be mainly included in non-metallic inclusions, meanwhile Co, Ni and Cu are in
metal matrix. Concentration of Mn and S in the ancient iron specimens are very
low, only several tens of wt. ppm. Considerations are given for the big difference in
the corrosion resistant properties between the ancient iron and the modern technology

iron.



