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Inspection about the corrosion of metallic

archaeological artifacts in ground (O )

Takashi Honda", and Shingo Yamaguchi®

Abstract

The corrosion of iron-base archaeological artifacts, which were dug out in lyomai-7
(Chitose-shi, Hokkaido) and lzumo-Ooyashiro-Keidai (Taisha-machi, Shimane-ken)
sites, was investigated by using X-ray CT, XRD, atomic absorption spectroscopy and
EDX techniques.

While the artifacts such as swords in lyomai-7 site had been buried in the ground for
400-500 years, metallic iron remained in the swords and the corrosion amounts were
estimated to be 2-5mm. Several artifacts were investigated among a lot of iron rings
and nails buried beside huge pillars of the ancient shrine. Those artifacts had been in
ground for 730-750 years. The corrosion amounts were estimated to be 3-5mm. As
the both soil environments are supposed to be oxidizing, the outer oxide layers of all
speicies are composed of goethite and soil. Further, it was clarified that perfectly
corroded ones had hollow structures.

In this study, the sampling method of species, the corrosion environmental factors, and

the corrosion kinetic models were also evaluated.

This work was performed by Hitachi Engineering Co.,Ltd under contact with Japan
Nuclear Cycle Development Institute.
JNC LiaisonO Barrier Performance Group, Waste Isolation Research Division,
Waste Management and Fuel Cycle Research Center, Tokai Works
O O Hitachi Engineering Co.,Ltd
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() 20 20
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pH7 2.5 25 5| 5
(mg /kg)
m
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H,S
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4.1-1

No.

1-1 -1 2001 9 16

1-2 -2 2001 9 16

1-3 2001 9 16

1-4 -1-1 () 2001 9 16

1-5 -1-2 ( 2001 9 16

1-6 -1-3 2001 9 16

1-7 -2-1 () 2001 9 16

1-8 -2-2 ( 20010 9 16

1-9 -2-3 2001 9 16

No.

2-1 A/ 12 10 4 2000 10 1250 1270
2-2 c/ 12 10 4 2000 10 1250 1270
2-3 B/ 12 10 4 2000 10 1250 1270
2-4 / 12 2000 4 1250 1270
2-5 2000 4 1250 1270
2-6 B/ 12 10 5 2000 10 1250 1270
2-7 c/ 12 10 4 2000 10 1250 1270
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4.2.3-1

400 500
No. (mm) (mm)
1-1 4 2 2
1-2 3 12 2
1-3 1 4 1
1-4 3 7 2
1-5 3 5 2
1-6 7 22 5
1-7 3 13 2
1-8 2 35 5
1-9 6 13 4
50 wt
70 wt
1.8 g/cm? 3.8 g/cm®

54



4.2.4-1

150

5.8 19.7
) mg/kg 2
) mg/kg 4.0
&) mg/kg 230
" mg/kg 26.0
mg/kg 82.0
2 mg/kg 207
2 mg/kg 29.0
mg/kg 344
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4.3.3-1

730 750
No. (mm) (mm)
2-1 2 50 5
2-2 2 50 5
2-3 4 20 3
2-4 10 15 5
2-5 2 20 3
2-6 2 20 3
2-7 2 30 3
40 wt
70 wt
1.8 g/cm? 3.8 g/cm?
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Data Editor: L'AN —h

I (cps) kimu/82F 14608 [19]
400 — ; ; ]
——2.hyiousou E'?\—g
R L i

300 —

R N Y.S—a——A L
200 —--oo

150 oo

100 —

50

|

200 30.0 40.0 50.0

2 Theta (deg)

.....................................................

1 |
60.0 700 80.0 80.0

T AV
F—EK 5
Vahet 4 Vil

B4

AR —&4:

T —HZ{ERR A
N
—{RAI7T —4:

kimu/82F 14608

19

EF—%
2.hyousou
T.Kimura
2002/01/28 14:53
Example Condition
7L

XA TR

BRI

KE:

oA A—H:
EJIARA—H:
B RE:
B
AR

Bk

Cu

1.54056 A
RRAIT = A%
A

2L

40.0 kV

35.0 mA

A

1

7 —Z&iA:

D BEE
10.0200 ~ 90.0000 deg

5 —F B 4000

AXp
0 i F B

20/0
RRIEZRL

Y7V 7 0.0200 deg

A¥y B

2.000 deg/min

HE%: 0.00
AU b: 1.00 deg
BELAT >R 1.00 deg
ZAYwh: 0.15 mm

TS (Ver. 1.1.3)

Jan 28, 2002

page 1
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Material
Abnalysis and
Characterization

Data Management: 777

Intensity (cps)
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' | Material
‘ Analysis and
Characterization

Data Management: /37 A—# LR

77 AN /C=/home/mac/kimu/.82F14608.21
#ABl4: 2.hyousou
F—AfR: v -7
v—74%—F 10.0200 -- 90.0000
oy ik 25
LEVMAELRE: 3

2Theta d Int 1/1o FWHM 2Theta d Int 1/1o FWHM

11 12.3600 7. 1553 78 36.9 0.0000 19:  47. 3200 1.9194 43  20.3 0.0000
20 17.7800 4, 9844 68 32.2 0.0000 20:  50. 2000 1. 8158 53 25.1 0.0000
3. 20.0798 4.4184 81 38.3 0.0000 21:  51.0600 1. 7873 49  23.2 0.0000
4: 21.2200 4. 1836 211 100.0 0.5800 22: 52.8800 1. 7300 86 40.7 0.2800
h:  21.9400 4,0478 104 49.2 0.0600 23: 53.2000 1.7203 87 41.2 0.6200
6. 23.6800 3.7542 58 27.4 0.0000 24: 54,2200 1. 6903 61 28.9 0.0000
7. 26,6600 3. 3409 179 84.8 0.2800 2561 56.5800 1. 6253 53 25.1 0.0000
8: 28.0000 3. 1840 91 43.1 0. 3000 26: 59,1200 1.5614 82 38.8 0.3800
9:  30.3000 2.9473 66 31.2 0.2800 27: 61.5000 1. 5065 66 31.2 0.6800
10:  33.0800 2. 70567 110 52.1 0.6600 28: 62,4800 1. 4852 108 51.1 0.2800
11 34.9400 2. 5658 110 52.1 0.0000 29: 63,2200 1. 4696 52 24.6 0.0000
12:  36. 2600 2. 4754 152 72.0 0.2000 30: 64,0000 1, 4536 54 25.5 0.0000
13:  36.6800 2, 4480 189 89.5 0.4000 31: 65.8000 1. 4181 45 21.3 0.0000
14:  39.9600 2. 2543 79  37.4 0.0000 32:  68.2600 1. 3729 43  20.3 0.0000
15:  41. 3000 2.1842 74 35.0 0.0000 33:  69.4200 1. 3527 41 19.4 0.0000
16:  42.5000 2. 12563 46  21.8 0.0000 34: T71.6200 1. 3165 35 16.5 0.0000
17: 45,1800 2. 0052 41 19.4 0.0000 35:  82.3199 1. 1703 28 13.2 0.0000
18: 46. 7000 1.9434 40 18.9 0. 0000 36: 86. 2600 1. 1267 29 13.7 0.0000

Data Management (Ver.2.2.3) /C=/home/mac/kimu/.82F14608.21 Jan 29, 2002 page 2
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Material
‘ nalysis and
haracterization

Data Editor: L'7AR —h

[ (cps)
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kimu/82F14608 [1]

Ty AN
VAR £ X=2
7 — H R

A4
AR —F4:
val 1 2002/01/25 14:16

WE:
— AR -4

kimu/82F 14608
1

T —%
3.naisou
T.Kimura

Example Condition
el
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HE:

d=F A4
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B
HE H e
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A% il

0 h B

VAN
A%y L R EE
HE%
FHAY b
BELAY b
ZHAY

1.54056 A
RS = X — &
it

L

40.0 kV

35.0 mA

ik

D EEE

10.0200 ~ 90.0000 deg
4000

26/6

RIERL

1 0.0200 deg

: 2.000 deg/min

: 0.00

: 1.00 deg

: 1.00 deg

: 0.15 mm
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Material
Analysis and
Characterization

Data Management: 777

Intensity (cps)
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Mltﬂri‘ll 0 wm
A A Data Management: /3T A—HZ LEE R

Ty A% /C=/home/mac/kimu/.82F14608.1
AkH4: 3.naisou
F—hEW: ET—H
ANL—TF 0 10.0200 —— 90.0000
AHilE: 0.4000 (degree)
JA XV ~UAZR % 1.0000
7% —F: 10.0200 —— 90.0000

P B 25
LEVVERE: 3
2Theta d Int I/To  FWHM 2Theta d Int I/Io  FWHM
1: 17.7800 4, 9844 71 26.6 0.0000 Added | 13: 50.6599 1. 8004 46 17.2 0. 0000 Added
2: 21.2000  4.1874 266 100.0 0.4200 14: 53.2400  1.7191 100 37.5 0.7600
3: 26.6600  3.3409 137  51.5 0.2600 15: 57.0800  1.6122 41  15.4 0.0000 Added
4:  27.9400  3.1907 65 24.4 0.2800 16: 59.0800  1.5623 65 24.4 0.8800
5: 33.2800  2.6899 124 46.6 0.5400 171 61.3000  1.5110 61 22,9 0.4800
6: 34.8600  2.5715 104 39.0 0.0000 Added 18: 62.9800  1.4746 47 17.6 0.0000 Added
7: 35.6599  2.5157 105 39.4 0.0000 Added 19:  64.0200  1.4532 54 20.3 0.0000 Added
8: 36.6200  2.4519 198  74.4 0.5600 20: 68.4000  1.3704 44 16.5 0.0000 Added
9:  40.0600  2.2489 77 28.9 0.3200 210 71.3600  1.3207 39  14.6 0.0000 Added
10: 41,1200  2.1934 77 28.9 0.3400 22:  84.1600  1.1494 28 10.5 0.0000 Added
11: 45,1000  2.0086 38 14.2 0.0000 Added 23:  86.1200  1.1282 33 12.4 0.0000 Added
12:  47.1599  1.9256 42 15.7 0.0000 Added

Data Management (Ver.2.2.3) /C=/home/mac/kimu/.82f14608.1 Jan 28, 2002 page 2
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Material
nalysis and
haracterization

2T A—H—: BEK

(S B -1 F40%) 8 A HLGIEIE X

BREREAH
100 — 3.naisou
] J\\ /\f/ \
20 N S NV \\/\MJ\‘J\,\N—W'\"/ \\«/W w/“’“‘—"/\ \\WW,A/WWMwaw\“
100 — 1 46-1045: Si 02
60 1 1 29-0713: Fe O(OH)
1 ) I Tl 4y . ) ! 10-0393: Na ( Si3 Al) 08

20 | B . S N S N N S B I S 1
100 | + " .
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2 ¥_____4‘ * e o o N e . * . a. R N e "

8 100 - .
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40 3 \
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Materiel
‘ nalysis and
haracterization

Data Editor: L3~ — b

[ (cps)
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kimu/82F 14608 [2]

; E£7—4 ]
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

w
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wﬂuﬁ

i
30.0 40.0 50.0

2 Theta (deg)

kimu/82F14608

AN
T —F®KG: 2

7 —s

4 .hyousou
T.Kimura
2002/01/25 15:04

T —Z R
b4
FRU—&4:
7 —#{ERH:

: Example Condition

s 2L

XERR A A
FRIL:

BE:
d=FA—4:

T IurA—4:
A
BEIE:
BEM:

WE Tk

D WEE

T —HRiA:

T —F R

p & XL i [

0 il R

WV SINZ/ 4] 7]
Ry H P
HE%:
A v b
HBELAY b
ZHAY b

Cu

1.54056 A
BRI = A~ 5
i

2L

40.0 kV

35.0 mA

EHEE

10.0200 ~ 90.0000 deg
4000

20/6

RUERL

0.0200 deg

2.000 deg/min

0.00

1.00 deg

1.00 deg

0.15 mm

T — S (Ver. 1.1.3)

Jan 28, 2002

page 1
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Material
A%cﬁiﬂ?ﬂiﬁ;‘im Data Management: 7 77

Intensity (cps)
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Material
Abnalysis and
*haracterization

Data Management: /37 A—& Lk R

Ty A N4 /C=/home/mac/kimu/.82F14608.2
A4 4.hyousou
TR ET—F
ADL—TF e 10.0200 —- 90.0000
EqihlE: 0.4000 (degree)
J AR AR H: 1.0000
v —Z¥—F: 10.0200 —— 90.0000
Mo gk 25
LEVWMERE: 3
2Theta d Int /1o FWHM 2Theta d Int 1/1o FWHM
1:  10. 6000 8. 3390 97 2.5 0.0000 Added 24: 37.3200 2. 4075 89 2.3 0.0000 Added
2: 13,8400 6. 3930 117 3.0 0.2800 25:  39.4600 2. 2817 244 6.3 0.2600
3:  17.5400 5. 0520 94 2.4 0,3600 26: 40. 2800 2.2371 158 4.1 0.2600
4: 18.1000 4, 8970 71 1.8 0.0000 Added 27 42.4400 2.1282 299 7.8 0.2600
51  19.7000 4, 5027 264 6.9 0.3400 28: 43.2000 2.0924 71 1.8 0.0000 Added
6: 20.8400 4. 2689 919 24.0 0.2600 29: 45,2400 2. 0027 71 1.8 0.0000 Added
7 22.0000 4, 0370 170 4.4 0.2600 30: 45,8000 1. 9795 185 4.8 0.2800
8: 22.9600 3.8703 101 2.6 0.0000 Added 31: 48.0000 1. 8938 50 1.3 0.0000 Added
9:  23.5200 3.7794 170 4.4 0.0000 Added 32:  50.1200 1. 8186 429 11.2 0.2800
10:  23.6600 3.7573 173 4.5 0. 3400 33:  50.6200 1.8018 65 1.7 0.0000 Added
11 24,2000 3. 6747 142 3.7 0.3000 34: 51,3000 1. 7795 59 1.5 0.0000 Added
12:  25.3600 3. 5091 138 3.6 0.3200 35: 52,2800 1. 7484 47 1.2 0.0000 Added
13: 25,6800 3. 4662 121 3.1 0.0000 Added 36: 53.8200 1. 7019 65 1.7 0.0000 Added
14:  26.6200 3. 3458 3821 100.0 0.2600 37: 5H4.8600 1. 6721 182 4.7 0.2800
15 27.5200 3. 2385 342 8.9 0.2000 38: 57.4200 1. 6035 65 1.7 0.0000 Added
16: 27.9400 3. 1907 984 25.7 0,2400 39: 59,9200 1. 5424 265 6.9 0.3000
17 30.0200 2.9742 109 2.8 0.1800 40: 61.6800 1. 5026 68 1.7 0.0000 Added
18:  30. 4400 2.9341 148 3.8 0.2800 41: 62.8000 1. 4784 77 2.0 0.0000 Added
19:  32. 2800 2. 7709 65 1.7 0.0000 Added 42: 64. 0000 1. 4536 82 2.1 0.4000
20: 33.1800 2.6978 75 1.9 0.0000 Added 43: 65.8000 1. 4181 57 1.4 0.0000 Added
21:  34.7200 2. 5816 148 3.8 (.4600 44: 67.7200 1. 3825 190 4.9 0.2200
22 35.6599 2. 5157 188 4.9 0.3200 45: 68,1400 1. 3750 247 6.4 0.3400
23:  36.5400 2. 4571 318 8.3 0.2800 46: 68. 3000 1. 3722 247 6.4 0.0000 Added
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AV rebi Data Management: /X7 A—# L5 R

2Theta d Int 1/1o FWHM 2Theta d Int I/1o FWHM
47:  73.4800 1. 2877 90 2.3 0.3400 b1: 79.8600 1. 2001 100 2.6 0.3400
48: 74. 3400 1.2749 52 1.3 0.0000 Added 52: 81.1400 1. 1844 75 1.9 0.1800
49:  75.6400 1. 2562 113 2.9 0.4000 53: 81.4599 1. 1805 108 2.8 0.2800
50: 77.6200 1. 2290 61 1.5 0.3000 54: 83.8000 1.1534 53 1.3 0.5000
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? 41-1486; Ca AI2 Si2 08
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A%/‘:W:’:u‘i Data Editor: L'’ R —F

I (cps) kimu/82F 14608 [3] T ANK: kimu/82F 14608

F—2%5: 3
900 —+ ‘ ; ; _ 3 ] 7 — SR AT —H
<} —S.najsou i § £7—2 R84 . 5.naisou

; : ; .‘ ; : : F R —&4: T.Kimura

L SRR P e S P S S F—ZYERR H: 2002/01/25 16:06
| 5 3 ! 3 ! ! {i#£: Example Condition

—RFTT — & 72l

700 —

1 g g 1 ; | XIS HE:
600 - R IR A oo o o A P #I: Cu
| i i % | | i WE: 1.54056 A
3 | 5 ; i g ; d=FA—4: A= I A5
R e oo e R o oo . E/rar—5: HH
s i ! ! i 1 ! LR, L
: 3 : : ; ; ; HEIE: 40.0kV
400 —1 - T B b s S e | BHEN: 35.0 mA
| ‘ : | 5 | | BEHTh: Bk
‘ ; : ' ! _: | : : :@"n%’%’f
300 —-reroeeeeeen 1 U - S b b b b o] 7 — & iH: 10.0200 ~ 90.0000 deg
: e a z s 1 1 7 — IR 4000
| 3 : | g 3 g A¥pHl: 20/6
200 1 U N SRRSO b Leeeeecrnad N e 0 Wi BRERL
| ! | | : ‘ s Y7V 7R 0.0200 deg

| 5 ; : 3 ; : 3 A% ¢ EE: 2.000 deg/min
100 i RN A O O O O [ e HE&%: 0.00
‘ e . | i LAY vb: 1.00 deg
BELAY >k 1.00 deg
ZXAYwh: 0.15 mm

] i
40.0 50.0 60.0 70.0 80.0 90.0

2 Theta (deg)
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Data Management: 777
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Material
Analysis and
dharacterization

Data Management: /37 X—& Lk B

i

e

Ty AN%: /C=/home/mac/kimu/.82F14608.3
B4 5.naisou
F—ARR: £5—%
AD—T T 10.0200 —— 90.0000
AR 0.4000 (degree)
ARV ~OUAR S 1.0000
E—Z4%—F: 10.0200 -- 90.0000
Moy gk 25
LEVELREC 3
2Theta d Int 1/To FWHM 2Theta d Int 1/To FWHM
1:  13. 8400 6. 3932 59 8.4 0.0000 Added 24:. 45,0800 2. 0095 36 5.1 0.0000 Added
21 17.8000 4,.9788 81 11.6 0.4400 25:  46. 0800 1. 9682 56 8.0 0.2600
3: 19,6400 4,.5163 75 10.7 0.4600 26: 47.2800 1. 9209 44 6.3 0.3400
4:  20.8600 4. 2650 275 390.3 0.2000 27 48.5800 1. 8725 30 4,2 0.0000 Added
5:  21.2200 4. 1836 384 55.0 0.3000 28: 50.1400 1. 8179 86 12.3 0.2800
6: 22.0200 4, 0332 83 11.8 0, 1800 29:  50.6800 1. 7998 66 9.4 0.2600
7. 23.5000 3.7825 53 7.5 0.0000 Added 30: 51,3000 1. 7795 38 5.4 0.0000 Added
8: 24.1600 3. 6807 49 7.0 0.0000 Added 31: 53.2400 1. 7191 152  21.7 0.4000
9:  2b.2800 3.5201 52 7.8 0.0000 Added 32: 53.9800 1. 6973 81 11.6 0.2000
10: 26,6400 3. 3434 698 100.0 0.2600 33: 54.3200 1. 6875 67 9.5 0.2000
11:  27.5200 3. 2385 93 13.3 0. 2000 34:  54.9200 1.6704 48 6.8 0.0000 Added
120 27.9200 3. 1930 138 19.7 0.2400 35: 57.3800 1. 6045 46 6.5 0.3200
131 29,5600 3.0194 39 5.5 0.0000 Added 36: 59. 0800 1. 5623 88 12.6 0. 4600
14:  30. 4600 2.9322 50 7.1 0.0000 Added 37:  59.9400 1. 5420 72 10.3 0. 2800
15:  33.2000 2. 6962 166  23.7 0.3800 38: 60. 6800 1. 5249 39 5.5 0.0000 Added
16:  34.7400 2. 5802 136 19.4 0. 3800 39: 61.4000 1. 5088 82 11.7 0.4600
17:  35.5400 2. 5239 87 12.4 0.0000 Added 40: 64. 0600 1. 4524 72 10.3 0. 3000
18: 36,0200 2.4913 107 15.3 0.1200 41: 6b.8199 1. 4177 58 8.3 0.3000
19:  36.6800 2. 4480 331 47.4 0.3800 ! 421 67.0800 1. 3941 36 5.1 0.0000 Added
20:  39.5000 2.2795 79 11.3 0.2000 { 43:  67.7200 1. 3825 60 8.5 0.2400
217 40,0400 2. 2500 100 14.3 0. 4600 44: 68. 3199 1.3718 71 10.1 0. 3400
221 41,1200 2.1934 91 13.0 0. 4400 45:  69. 4200 1. 3527 44 6.3 0.0000 Added
231 42,4600 2.1272 61 8.7 0.2600 46: T71.6600 1. 3159 47 6.7 0.5200
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Materia
A A

Data Management: /X7 A—# LR

2Theta

FWHM

2Theta d Int 1/1o FWHM
47 73.4400 1. 2883 32 4.5 0.0000 Added
48: T77.6400 1. 2288 26 3.7 0.0000 Added
49:  80. 0200 1. 1981 33 4.7 0.5200

50:
51:
52:

81. 4200
84. 0200
86. 2200

4.2 0.0000 Added
4.0 0.0000 Added
4.5 0.0000 Added
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