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Inspection about the corrosion of metallic
archaeological artifacts in ground

Takashi Honda®, and Shingo Yamaguchi®

Abstract

In general, it is very difficult to evaluate the residual state of metallic iron and
the original shape of iron-base archaeclogical artifacts, as these are covered by thick
oxide films formed in the ground during over several hundred years. The purpose of
this research is to quantify the corrosion of an artifact such as base, knife, and
nail, which was digeged out of the relics about 500-1,000 years old.

(1) The outer oxide film layer and the inner metallic iron canbe quantitatively divided
by using X-ray CT method. Furthermore, the original surfaces of artifacts can be
estimated from the obtained images, even if the metallic iron has corroded
completely. The X-ray CT images were also compared with those obtained by X-ray
transmission inspection.

(2) The corrosion amounts and rates were evaluated on the basis of thicknesses,
densities, and iron concentrations of oxide films.

(3) The characteristic differences between ancient iron and modern carbon steel were
evaluated by analyzing the ancient iron slag.

This work was performed by Hitachi Engineering Co., Ltd under contact with Japan Nuc|ear
Cycle Development |nstitute.
JNC Liaison : Barrier Performance Group, Waste Isolation Research Division,
Waste Management and Fuel Cycle Research Center, Tokai Works
¥ : Hitachi Engineering Co.,Ltd
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x1 RAEHME—E
;ﬁgg gg Fe O{OH) |Fe O :EZ 20043 «Fe, 0, Si O, “géagﬁ‘}t#sﬁi
No. 7 | 1-8 O O ©
No.14 | 1-15 © O O
No. 2 1-3 © O
No.10 | 1-11 © O
g (E3R) | 1-2a O © @ O
LE (Geith) | 2-1a O (@) O A O O
%2 V—oHE
gﬁgg gg Fe O (OH) | Fe O qugé?oda aFe,0,]| Si 0, ’;;éa&'\{::%‘
No.7 | 1-8 | 2981 2676 12722
No.14  |1-15| 4566 1016 1411
No. 2 1-3 21925 8726
No.10 | 1-11 8463 5206
Sz (L3R |1-2a| 429 6748 1594 395
S (fth) |2-Ta| 636 | 4780 | 1929 657 1220
£33 E—IHEELL
gﬁ;g gg Fe O (OH) | Fe O ':;?9 20043 aFe, 0, Si 0, Nq%éaéa;l[{#;i
No. 7 1-8 16 15 69
No.14 | 1-15 65 15 20
No.2 | 1-3 72 28
No.10 | 1-11 62 38
8 (EFR) | 1-2a 74 17 4
S (i) | 2-1a 52 21 7 13
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kx FEEBIFER

k%

T# &™ao-+> 8 #H % B#

1 STP GP31

t#a— K
HvO1
(BExFEHE)

LtOl
(BHEE)

NaO1l

Mg01

No.1-8

No.

OO o~ QY O b 0 BN =

[

W00~ O O b LN

37

$1., ARY MUE~ D OME LR
BTN E T No., i — 8

-E—éﬁﬁmw> X #% 58 B (kcps) ARY B

15,
16.
17.
18.
22.
25.
51.
57.
62.
86.

45.
46.
47
50.
2.
56.
58.
60.
G3.
72.
75.
83.
89,
101.
109.
124.
131.
142,
144.

55,

45,

61
46
58
46

51.

15

53
98
15

17
48

.36

66
57
36
22
02
41
96
75
27
42
32
06
80
70
27
79

20

28

78

2.652 Rh-KB1 .
4,468 Rh-KB1 -COMPTON
13.366 » Rh-EKA
13.340 Rh-KA -COMPTON
0.431 Eg Zr-KA
0.600 Sr-KA
57.408 Fe-KBI1
314.060 Fe~-KA
0.285 §§ Mn-KA
0.241 Ti-KA -%
3.072. O ca-ka
0.306 K -KB1
0.639
2.214 O K -xa
4.245 :
0.160 " Rh-LB2
0.202 Rh-LB3
1.164 ~ Rh-LB1
2.556 . Rh-LA
0.039
1 0.230 O s -xa
0.186 <
0.214 O P -ka
0.196 Si-KB1
7.521 O si-xa
0.035 .
0.028
0.144 .
1.719 O aA1-Ka
0.010 O Na-Ka
0.037 O Mg-Ka
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Hv01
(ExRE)

Lto1
(558 H)

Mg01

Hookok

k%

B &
No.1-15

No.

Q=1 O b OO

—
S WUk DD

b b pd b et et pk
00 ~1 N U1 i G DD b

i

7

B#
38

Hedgeok

&2,

¥— 7 1 E (deg)

15.
16.
17.
18.
1.
57.
62.
86.

45,
47,
50.
52.
56.
58.
60.
63.
73.
75b.
83.
89.
101.
108.
109.
124,
142.
144.

45,

59
43
58
46
77
53
98
17

17
37
66
57
37
23
00
40
03
75
27
45
29
20
06
62
29
79

18

—152—

PrTFIWEL: No.

X %58 B (xeps)
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10.400
5.479
77.385
385.810
0.100
0.104

580
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.486
617
. 045
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dokk D AF sk RS, AR NVE-VORELRE

% FEBIWE R x BUTINVE I N, 1 — 2 a
T# ¥™37"a-p B OB % Bit '
3 STP GP31 No.1-2a 39
R = F No. = E— 2 (deg) . X #% 5 B (kcps) ARY bW
HvO01 1 15.58 3,107 Rh-KB1 .
2 16.44 6.172 Rh-KB1 -COMPTON
(BEx&HE) 3 17.58 14.151 . Rh-KA
4 18.49 20.688 Rh-KA -COMPTON
5 21.14 1 0.287 .
6 22.54 0.747 O zr-xa
7 23.70 0.237 :
8 23.98 0.224 .
9 25.12 0.441 O . sr-xa
10 26.79 0.233
11 51.77 57.381 Fe-KB1
12 57.53 304.957 Fe-KA
13 62.97 .0.551 Mn-KA
14 69.30 0.082 Cr-KA
15 76.97 0.152 Vv -KA
16 77.23 0.183 . Ti-KBl
17 86.15 0.792 € Ti-KaA
Lt01 1 45.17 2.929 O ca~-ka
: 2 47.38 0.775
(BTHRE) 3 50.67 1.419 QO K -EA
. 4 52.58 4.111
5 56.38 0.340 Rh-LB2
6 58.23 0.426 Rh-LB3
7 59.98 1.748 Rh-LB1
8 63.41 3.451 Rh~LA
9 68.34 0.039. Rh-LN
10 - 73,25 0.065 Rh-LL
11 75.76 0.082 O s -Ka
12 83.22 0.211 .
13 89.46 0.632 O P -xaA
14 101,31 0.122 Si~KB1
15 102.53 0.036
16 109.06 4.843 - O si-KA
17 124.63 0.039
18 131.90. 0.021 .
19 142.17 0.092
20 144.78 1.265 O al-xra
Mg01 1 45.28 0.033 O Mg-Xa
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1

o
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40

¥— 2 1B (deg)

15.
16.
17.
18.
22.
45.
48.
51.
57,
62.
69.
77.
86

45.
47.
50,
52.
5@.
58,
59,
63.
70.
73.
75.
77.
83.
89.
101
108.
109.
118.
124,
131.
141,
142.
144,

45

59
48
58
47
56
02
68
77
53
g8
26
26

.15

17
37
67
57
34
24
99
42
G9
18
74
93
28
45

.29

18
06
99
71
74
29
23
77

.21

Aok
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¥ W4 : No, =2 —

X ¥k 08 B
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14.711
18.7956
1.036
-0.085
0.082
59.926
308.467
.372
. 305
.510
.571

D= OO

.931
.822
.835
.343
.376
. 467
.957
.401
.074
.053
.106
.268
.201
.382
172
.672
.410
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.026
.070
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.308
.906
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Mn~KA
¥ -KB1
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Ca-KA

O 0O 0O 00O

K -XA

Rh-LB2
Rh-LB3
Rh-LB1
Rh-LA

Rh-LL
S -KA

o O

Si~-KBl

QO si-ka

Al-KB1

O a1-ka

O Mg-Ka

P ~KA

1 a
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T# ™37 a- B OB %

5 STP GP31 No

AR — F No.

Hv01l
(BEx%HE)

[=0e cRE B o I3 5 I NN JU B N I )

Lto1
(EFE)

Mgo1l 1

Rk i

15.
16.
16,
17.
18,
20,
22,
bl.
57.
62,
69.
77.
86.

485,
47 .
50.
b2,
56,
58.
59,
63.
69.
73.
75 .
77.
83.
89.
98.

101.

"104.

108.

109.

124.

141,

142.

144,

45

B#
.1-2Db 41

58
37
59
57
38
05
56
77
53
98
32
00
16

17
38
68
87
39
19
99
42

92

16
71
88
25
46
93
27
55
20
07
67
10

31

78

L2

s ok RE. ART M WE - OBELRE

BUFIWELE I No, 1 — =2 b

¥— 2 K (deg) X ¥ B8 B (kcps) ANy b

2.058 Rh-EKB1

0.952 -

0.829 Rh-KB1 -COMPTON

9.859 Rh-KA

2.121 Rh~KA -COMPTON

0.216 Zr-KB1

1.395 O zr-xa
76.073 Fe-KB1
391.618 Fe-KA

0.716 Mn-KA

0.354 - Cr-KA

0.665 V -KA

3.403 Ti-KA -x%

2.524 O ca-xa

0.761

0.424 O K -ka

5.347 ,

0.213 Rh-1B2

0.250 Rh-LB3

1.314 Rh-LB1

2.386 Rh-LA

0.039 ,

0.049 Rh-LL

0.054 O s -ka

0.120

0.262

0.437 - O P -&Ka

0.036

0.113 Si-KB1

0.036

0.333 .

3.172 QO si-xa

0.038

0.064

0.056

0.809 (O Al-EKA

0.075 O Mg-Ka
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kx B RE OB AT & R

T# $ 373~} &
6 STP GP31

m#FEa—F
Hv01
(ErHFHE)

Lto1
(B H#E)

Mg0ol .

sk ke

Aok

B £
No.2-1b

Na.

bt st
B O 00~ OO b DO

003 ~1 3G bk LMD =

B DN = b et bk ped el d b et B
NHOWREIDMU AWNFOD

1

7

B#
42

¥k

F6., ARYRNUE -7 QRE LR

v FIWE:No.

¥— 7 4 F (deg) X 8 5 & (keps)

15.58
16.42
17.587
18.40
22.55
51.78
57.53
62.97
69.26
77.04
77.28
86.16

45.17
47.37
60,65
52.58
56.37
58.22
60.00
63.43
70.11
73.10
75.77
77.92
83.23
89.43
101.30
102.51
108.14
109.06
124.79
131,66
142.17
144.77

45.22

2.292
1.7565
11.008
4.117
0.653
67.474
372.537
0.420
0.206
0.900
1.128
5.543

.297
721
. 269
977
.232
.317
610
.963
. 057
.0b9
204
.191
.252
L2279
143
.025
.543
.367
.038
.060
0.230
3.870

.
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2 — 1 b

ANT b

Rh-KB1
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Rh-KA
Rh—-KA
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K -KA
Rh-1B2
Rh-1LB3
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Rh-1L
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O si-ka
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1., SFEE: BESH HBRLH)
2. SHAY  BREEL KR 24
8. HHHE: ARER RAXKRISTEE Sys3270E
4., HERH
X B B iWERERREI-For BHELIHEH:MLE
FIMEE B#H:50kV—50mA AUy h&R#E:a—-X (B) AU R

X # & B:E=Z a2 A Z:20mmfE
(REWMIRBRAY » k)

Jt # BuaF(F~Ca) EA#R(TiIi~U)
% K & TAP PET LiF

A F—PC SC

£ B 42 ~ 146° 5 ~ 90°
LEAF v T 0. 05° 0. 05°

B O OB M 0. 4 sec 0. 2 sec

5. BEPIUEE
(1) BiRORXUTHEBEUEBEIBARIRINIIOS L, BaRE (A1 ~Ca)
DARI PIVEHLI~1~2, B (Na) OARI MVEHZ2 -1,
Bk (Mg) OXAXRZRWERS-1~21, ERFEH (T1i~U) OR
R2REH4L4-1~2KRLE.
BART PO EE., SNERELIBLOATAHA(ID2/(20)%
mrL. HEEREERLTWS,
£ - JOHEEBOMNBEIOREBECEIRAFOHEHAL., BXXROEHERE—J
OHEHILRLE.

(2) H1l1~4kpbHar— 2 ELREEREZFLDODTRI~2LRLE,
BEZLEZRHOD L, RhidBAXBREEGEILREELEDDTH S,

(3) Z3RRETHLEERatio: FER)ERLEDOT, HERRI OTRE
VEHUEETH . HERHET 22D OBERE Master Sensitivity) i,
HETHOBE., C - J0HERVEREZRLAWV., EO0REEIDTFOHRDT
BWELODTHB. foT., 22 HDHRDELE(ERLE. AL XKREE
TREZhEZEBONEGEE2RLELDOTHS.

(4) iR, HEREBURLELBUTSHS.
2ok
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# 3. Detected Element and Ratio

51—4a 51—40 E

E'EQQQ“ITfﬁéllé_g'EEQQ"ITEEQEES'5
Mg | 0.03610.00151  0.02310.0010!
"Q;'gh'"B"BZBZBTBBIEE """" |
";I‘}“"Iféééé5?512%@”’5?51&'5“5655;
"él"}"’Q"EQIE6’6%5%5""2"355 0.0397;
P i 0.94010.00891  0.16410.0016!
'é""g""'BTIIQEBTSSBEE“__BTQQQ 0.00131
R L ;"';?;;;'a“a;a;;
K 1 2.34810.0165! 1.44110.0102]
'é;‘5""5'251'5'51235_“'5T15é 0.0090:
T 0.245) 8“56555"’5?151'5"562£5
“ﬁé“%"'_8'885:6"55555"‘5T155 0.0007.]
“Fe | 358.1341 6’588;;“5%&’65&;6'31555
Zn 1 o.111i0.00021 e
sr i 0.33500.00011 N
zr 1 0.30210.00081 N
7 (Relative Int.y

(Ratio) = ——mwmemmme e
SUM (Rglative Int.)

(Relative Int.)

= (Peak Int.)i
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8
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(BrHEE) 3
4

5

6
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9
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13

14

15

16

17

18

19

20

Nall 1
Mg01 1

po il

B#
12

Y- U f4 [ (deg)

15.
16.
17,
18,
22,
25.
41.
51.
- b7,
62.
865.

42.
45.
46.
47.
50.
52,
56.
58,
60.
63.
73.
75.
83.
89.

101,

102.

109.

124,

142.

144.

55.

45,

58
47
58
48
48
11
82
77
53
97
13

72
20
53
38
68
60
43
26
04
43
18
78
25
48
38
30
09
64
22
82

16

27

e sfe sk

R1. AR NVE~-7OMELBE

EﬁVTWﬁ:No.

X %58 & (keps)

— 175~

2.477
4.648
13.150
15.099
6.302
0.335
0.111
68.611
358.134
6.609
0.245

.368
.431
. 579
.921
. 348
. 706
.203
.285
.4b9
.119
.052
.118
.249
. 940
.184
.050
.781
. 039
. 098
.558

HOO-OOoOOO0OQoOW— OO hAMNMOODWD

(=]

.010

.0.036

Rh-KB1
Rh-KB1
Rh-KA
Rh~KA
Zr-KA
Sr-XKA
Zn-KA
Fe-KB1
Fe—-KA
Mn-KA
Ti~-KA"~

Ca-KA
K -KB1

O O GO0 COO

K -Ka
¥ Rh-LB2
Rh-LB3
Rh-LB1
Rh-LA
Rh-LL

O s -ka
O P -kKA

5i-KB1

O si-xa
O Al-ERA

() Na-Ka

O Mg-Ka

1 — 4 a

ARYI M

~COMPTON

-COMPTON
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8.3.5 {L2HFHER (RFRANER)
LIS, FMATRELEEEZBYORTRARERCLZEEIHOLTF—4

ERT,

21 (LPAFER (TR (wt. %)
XD I . ]
SuEs HHES Fe Al Ti Si
No. 7 1-8 35. 7 . 2.0 0. 09 g, 67
No. 15 115 46. 8 1. 20 0. 03 5. 91
-~ 1-2 %8 4.2 3. 73 422 4 31
S 64. 2 0. 86 1. 99 .77
- -1 BB 51. 4 1. 76 0. 95 6. 08

HRE | o 56. 4 2. 65 2. 81 225

£2 BOSEER (EFRAEEE)

FIXFD I Fe ik %I
gegs | PoeS (g) (g) (e/cr)
o 3 1-4a 0.175 0. 50 0,19

(57%) 1-db 0. 202 0. 49 018 -
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TRLF—HEAXBOWNEE EMAX—~-5770 (BH&HE; Cc~U)
BT
n—~%Y% 2 CHE%, CHE
. SRR
*M#EERE :20kV
* £ D1
*Cond Lends: 9

ABORRFEEZ S EMBEL, SEREILIUEMESHTE Lz, REFTO,
Al, 31, Ti, Fel2WTHFITZ L, HFLEBLITLUTOL 3 ITxRT
60

X1 No. 1—2bEMSITERE
B2 No. 1—2bESHER
<3 No. 2—1bEHSHESR
X4 No. 2—1bEHSITRER

SHORRE, No. 1—-2b, No. 2—1b3#icO, Si, FeX<Hiah
TW3, Fofh, C, Mg, Al, Ca, TiZbL@DoOh, EOWOER, 45D
BNZOMML 5 L TWAEFBBEINT-, DLEOBRLY, BN FEETS L
Ebihd,
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(FHRI7 %)

SR X C T4 (No. 20KSB. T FSI-13])
- EBRUVERSOBELMEZ S HYDHBREES
E B 0 8(cm2) x 4(g/cm®) x 0.4 = 136 (g)

B R AR AT
+E  ££RE:0. 8om?

::J]ﬁﬂ 0. 3cm?

BELE @B hOBEEE
2CiRER - 0 3(cm2) x 7.8(g/cmd) = 236 (g)
S E
miE | #Rg
(em?) | EE(g) L =
& B | 08 138 SEREICHY
s | 03 035 | BRITTEOEEEMKDAETEICLLA

FI2{EWELCL\DEHETESND

YrRevYy2QBEEHE 1¢8



