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Investigation of Oxide Film Grown over Japanese Nail Used at Bicchu-kokubun-j1 Temple

Yasuko FURUNUSHI

Synopsis : The ancient 1ron specimens are known to be highly corrosion resistant compared with the nowadays blast furnace 1ron In the case of Japa-

nese nail prepared by “Kaji”, the surface 1s covered by the oxide film which has grown at the forging

In this work, to make how Japanese natl keeps high corrosion resistance clear, the structure characterization of the oxide film grown over

the nail used at Bicchu-kokubun-j1 temple by electron diffraction method was attempted The blast furnace iron was also similarly examined

for comparison

The main results obtained as follows

(1) Japanese nail contained 1n quantity of non-metallic inclusion, mainly wustite (FeO) and silicate, was covered by dense and minute

poly-crystal oxide film which the thickness was about 4 yum,

(2) The crystal unit size of the FeO was about 10nm,

(3) While the FeO grown on the blast furnace iron was mono-crystal and the crystal unit size was about 3 ym

Key words: oxide film, corrosion resistance, Japanese nail, Tatara, Bicchu-kokubun-j1 temple

1. ¥&E

HROFS L EBRREFNU R TEOLHRMS 5 2 L &<
HEHTE 302220, {LFERMERCIESE T T
CHH A TWS, B, FHERVIEHE 7272567
OETE, “MEHT, “GAE LITh B EFERM, W
ERIHE A OSEE GRS (VS FILEE) |, Iron Bridge Museum
FOAFULAENRFLEHEEEIZEDENA L TOHBES,
5, BN E HE T S E RO A Z ORI L
LTWw3,

(1) CBREIZ0%EZEZhDTEIEEITE Y,
SIMniZ0 1% LIV AY, PIZ0 1%FEE & AR TSI
WARTE W, BRREEIZ0.7~1.26% EIEFEIZE N,

(2) KK & 223K DIE S B FEM A i AL 72
7 x4 MEET, IEEBNEDEY 22 4 b (FeO)R &
YT = FSI0)RTHY, WEINETH S,

—7, MIRKII2T o 7 2 LIBSOESAERTHD , Z
DPHCr, Cuk & & I3 M Rt A § - w8 & & &0
RTHBHIEIZEH L, 2 LU TEMS & FROR,
DEDFERVIMIC W TRE L RENERL, ZDRDOME
BEIELTHE 6D E LTS, |

AW TIIEHROMET AV T AR T, S@BEETAER
L7z TEDON - KETHER I NS AICEH L2, £ L
TZOMBEIZERT B HEIEIZ, KEPH»SEATEERME

WHEDN) YL BWBOMRY S 5D TREBEO»EF X
7Y, Z ZTHPESFAEERICHOS N T RNIETD
M BLAEI AR T SRR EE L IhB L TAB I LT L

7z i El 53 S IR LR AR T O H R LEFED EIZH D

XB4E (18214F) 25 KIR6F (18354F) I THE
N7 38 2m DILF IR IZ A DRI S B EHAD L
EHETHEY, ZOREBIZHOS R T E[Id iDL F
B HIDSTICIED 5 W A NEINDIFADET 1L, K
JETIIEERBPFETEILEDTH -7,

i { . i s O L TG 4 368 AT 02 1 B TR BT & A 7z RIET
B A B U - %, AISTICIR IR D BUE TR T4
TAEBIZIIED S ST ¥ 4 X 10nm T2 O
% AL FeO W ENEDORM L OBRIHFIET S L &
AL 72O TLTIZHET %,

2. &
2.1 ftEH

Table 1 (i ¥ [E 53 S5 RIET & BRI AL 5 il & VL e
RAFEHDET L i U TRd, BRI CIRENXIFS L
WRRER A V-, Fig. HZHETONE % RIEHIZAF L
gl EBITRT, MERE BICHEEEZEL, —SAE
HHEDOEND LDDHE I SPEBED 5 N IHBEOF
BERDEIZRD S NG o 7. XEEHFIZ & 5 T & FeO,

Kk 164-4 F 15 B2}

SERK 16410 [ 4 H 32 B (Received on Apr 15, 2004, Accepted on Oct 4, 2004)

% JFET & /Y% —F (B) M - FEMDESE TS (Analysis & Characterization Division, JFE Techno-research Corp , 1 Kawasaki-cho Chuo-ku Chiba 260-0835)

91

of I



. 92

$k&4H Tetsu-to-Hagane Vol 91 (2005) No 1

Table

1 Chemical composition of “Wa-kug1’ and blast furnace steel compared with “Edo-kugi”

(mass%)

C Si

Mn P S Co N1

Cr Cu Al Ca vV T1 [0 N

Wa-kugi 0037 0021 0007 0068 0017
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Fig 1. Photograph of “Wa-kugi (upper)”
(lower)”.

and “Kasugai

a-Fe,0,, Fe,0, & BAHETFE CHR T 5 FEIEH K T b 0 Kik
Lz S i 5 729,
ZOMEDMBIZI—% T = 74 MGk (¥ v H— 2
& 1 115~125) T, Fig 2o kA IEEB A EDE L
TERICED, ZOISBITEYNIRIEL & O FHbEs T
MR Eh, KEBIZIdFe b O FM B ETHDRALL M &,
FEIZTIE Fen A TR I RO H 2R S5
5, FHFHISILOEERDET AT ABRT 7 2ET
5, —h, BASIZIEMaS, 73, YUTF—1+ %
NEDHHENICBEI NS,
Hﬁﬁﬁ$%a&5&,ﬂu%cxa%&w%ﬁ%%ﬂ
WMES 772012, BLICK D CERPRITENRL 5,
%®tbm%&}L@%h6®$ﬁLtﬁéo&Fl@k
ZRAMEE TIIIEE BN EY AR S R iEE T, ILF
2, 3TIEFEHE D 7 A B FT 5 ZEEBA AP &, FeO
DAMNKEREA L7 & D BIEBNTEINTFAEL 2, Th
SILF R P HDETICIZNEAND S VDT 2B 5
400 um F2E D a-FeOOH, Fe,0,, y-FeOOH 2 & 7 2 JH IR D
SUBHERL T2,
2.2 RAHMOABRERFIRE
FET13 FeO, a-Fe,0;, Fe,0, 7 5k 3WALEIR TE LN T
W5 L AXBEETICKDEEL 2Y 2 Z TCUTOFIE
kDR AL BRI A R X7,
(1) WE6mm®D 7 KB K+ WFElH%, HRE08mm
IR RE,
PGSBS (800°Cx20%)) FEhEth, MEEEMEIC X
DEMIER L2y — VAR,
E BB TRRLALEL(700 °C X30 sec) & Fhii,

(2)

(3)

92

1% 5 N 7= BALIR O B IEHLA I FeO: 78%, Fe,0, 22%, a-
Fe,0;:04% TdH - 7=,
2.3 ERFEHSIVEE
A NEDOBEL L UKBOEESITEEER
Emmwm%muto%mﬁ®ﬁMW$ﬁﬂ®¢%uB
B FIB-2000 B R 4 o ¥ ¥ — 4N L ¥ E (FIB)IC
nOtoﬁ?%uwﬁm%ﬁﬁﬁ@ﬁem4ﬁ/1y%
xnmg& B AL A9 100 nm DEEIR & 7 B
kv, SIZHi A S BRRERIICIR DA A 72, REEMTIZIE
Hj%Hmmﬂﬁﬂ%%%wﬁ(Mﬁ%Emmw)é%u
7=

RBRELVEE

3.1 PHIUVBENIEVRHOHH

EHROFLEIHEM AR TRHEDO—DICPB LV ONIL
FERAMERBNZEND B, T I TCIhoTREI TP L
DEAFFET B 2R TH7-012, EFHR~I 07
F 749 — (LLFEPMA &309) #AWTHRUNE & %E
i U7z, Table 2{ZFISTICHEAE T 2 IEEB N TR - F
I B K OBMEOEPMAIC L 3 ERHERS b — 2 L D1k
FRE & R U TR Y, Fe, OLUSDTTEIZ DWW THEM
IZRBE, T, VIZREOY 24 4 MEIZ, Si, K, Ca, P, Al
RO T A BRH 5 ABEIZFIZFEL, BHESIZIIE
LAELLSENEWZ EBbh o, REMONTEYDE:
Be, INODHRES LIEFERMEARTAB L, L
FRMEIZE T B I NS IEEBN M ICHFEHET BITCHED
EENETENEMORIZEIVENTEEDTHBI LN
bhrd, EVRANL, ZhLDEAFVENI Z LT,
WNET BN HEDENLEZ NI LICk B, Zh& D EEtED
BEAERTEMEE T 2 54 F BHEABK s IEERB N
TMELTELI L TORELEL, L2 PIRES0.1%
A== LBE55ABRT I AEE2ELLDTHD L
EEA-R

FRRIEYT y 7 2 VO BRSSO i %, 1 ¥ F
DFY — B KO 19MLYFAIKE Y 7 — v = 7
ToNh—NIZHHEINHE, X5IZHFNBTIEA
EVAEIRDEDE ENS 19IEDOMEBED D & i L,
it B & 00 > TEHEIM IS BRI P A3 03~04% & & B &

‘ﬂﬁ%éﬁéﬁﬁ%bt#éLh&ut&ﬁéhfb
H, SEOKGREEDT 5. EitEMEO o3 MR iIIE



il b () S ST D ERAL B RS D

Fig. 2 EPMA 1mage of inclusion exist in Wa-kugi.

Table 2 Analytical result of each portion by EPMA com-
pared to total composition by chemical analysis
n “Wa-kug1”
Quantitative analysis by EPMA| By Chemical
element Inclusion Base analysis method
gramn texture -metal
Th 258 050 <001 0083
v 026 001 <001 0008
Fe 71 68 36 86 100 79 99 014
S1 013 12 49 <001 0021
Mn 014 025 <001 0007
K 001 235 <001 -
Ca 002 352 <001 0084
Mg 038 093 <0 01 0016
P <001 0 66 <001 0068
Al 067 488 <001 0088
O 26 03 36 38 104 0490
Total 101 90 98 83 101 83 99 879
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a. Bright field image 0

5um

b. Dark field image 0. 5um

Fig 4. TEM images of the scale oxidized over the “Wa-
kug1” at the forging
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i:lg 5. Sketch of oxide structure decided by diffraction patterns: Wa-kugt.
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Fig 7. Sketch of oxide structure decided by diffraction patterns b f. steel
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