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Abstract

Excavated archaeological iron artifacts are usually conducted the conservation treatment for removal of
chloride ions in the corrosion products. However, some iron artifacts are corroded again even after the con-
servation treatment due to unremoved chloride ions. Therefore, it is important to prevent desalinized artifacts
from the occurrence of corrosion after the treatment. In this paper, we investigated the characteristics of
corrosion products on salinized iron artifacts and evaluated the variety of desalination methods such as auto-
clave, intensive washing and NaOH. It was also found that $-FeOOH (Akaganeite) played an important role
on the occurrence of corrosion and the treatment for removal of chloride ions. The extents of desalination
were compared between the desalination methods. Results showed that the auto-clave method represented
the highest efficiency for desalination while the intensive washing method was the lowest.
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Table 1. Corrosion products formed on archaeological
iron artifacts”

Compound N{i}gl:;a’lllg?gl)e Color
o-FeOOH Goethite Red-brown
B-FeOOH Akaganeite Light red-brown
«é_lgzgg}:l Lepldo_crocne Red-brown
Fe;0, Magnetite Black
FeCl, Lawrencite Pale green
FeCl, Molysite(?) Orangy-brown
FeOCl -
Fey(PO,), - 8H,O Vivianite Blue
FePOQ, - 2H,0 Strengite White
FeS Pyrrhotine
FeCO; Chatybite Yellow-brown
| —— Fe(OH), — PO,

white rust wuestits
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Fig. 1. Transformation of corrosion products on
archaeological iron artifacts®.
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Fig. 2. E-pH diagram of iron-water-chloride system.
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2Fe” + 4CI (aq) + 2H,0
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2FeOOH(s) + 4H(aq) + 4CI(aq)

9] vhgAlS HE Cl o] 22 718k ukg
de Fostx] @om gdo] Azt JaFs
FA . 28y FARYE a8 AHde A
CI' o] 2o 38 AHd9 &dox] Akt E43}
A Brid Cr oj2o] A3 & 7 987 3
%Mol ‘acid regeneration cycle’ BFg-2 WA = 3l
e daEe] 37l
H wE&3 o] A At e
o

.
T

-

ZF =&

1 wkgo] Al zgHo] FeOOH7} 4
A5 44 FFS oFA dtod 4

=

-
ITH
A

&

2148448121 FeOOH 313t 71l a-FeOOHE=
AR o g 7hg A S FeOOHOIW y-FeOOH
a-FeOOHR U= @ P S dolx|t oflef =
# Holup mE 4tsirt Fd F2A HolM =
LAEC B-FeOOHE "3 Aejoide & wyst
A oy dad & ¥ Fo =¥ 29Xz
% 7] fEAME 5 A", 8y
UAA] AT B-FeOOHE CI” ©]£-9]
Fgst F2E FA3T. ETFH
o-FeOOH?} B-FeOOHE 72 (yellow-brown)2-,
y-FeOOH+= orangeX] S Yehlly Azo=z A
® FeOOH®] A2 QJzre] m7Y Bl uhg) o
&gk M(yellow, orange, red, browny2 JEPE
At} Refait?} Genin*2 F4<l FeCl, &0l X
CI" o] 28] o] BOH(SF 2-3.6M) B-FeOOH7} &
AEZ Clole9] ol Hom o-FeOOH, y-FeOOH,
T Fe;07F AAEE Busidnh BAANE &
o} a-FeOOH &£ y-FeOOH7} 41&3H FeOOHY]
e Ferl AAsks #y9 3u) Fxsoz R
259 FHrt FUtslo] RAAGE FFo] A
A =i o]E FEE b9 579 Y US
AA R FEY A E Us S
2AE 29 Furt oA 22)e) AP b
’dol AEA oA E ol AL 1)
v 23t fEo AFAe] Ay
= ‘weeping’# ‘B-FeOOH’] EAo]t}. Weeping©]

W2
ol
?
f:
il
-



A T wEd) 498 7] §2 uw
Egol wagshy A ¥-Ao] dojube @

2]
sh=H|, weeping®] ¢ LAY

HA77E ol FojH ot FEs A )=
W3 A2 kO™ weepingo]l WA= H AT
FEL obF &A Eata o) AR Z71dE=
FeCLol 98ta] #e E-S FENS) weepingo] ¥
Aot Aoz g H L North'”9l Knight'Ve] <
Tl MEW o] e Euhge wj$ We pHZk(1-
3)E VAW WS & XY Fe, Ol o]&o] &
Adte AeZ Histth Weepingol 2% &
o AR AP gk 7 FYE 1A
EZo] AAFA Vvt TurgooseE o8 AL
< O & olsly] Yt FeCl, €99 A4S %
ARSI EH FeCl, &MellA & AASHH FeCl, -
4H,0 F=E FeCl, - 2H,0% ZAAo] A==y 2
ARE AAEuF e gelsha 1y 37 2ol
ElL} weeping & AjF-2]o] a3 HE Aejola wA
A A FAEE sk 7o BdE #gole £ gl
AT, o]2 ThA] XRDE EA1S 1A a-FeOOH
9} y-FeOOH7} A H o™ CI" o] &o] ol
B-FeOOHE AdES &g 4 A} o4, B-
FeOOH7} A=At At Al7ko] AU o
< OFY T A0l a-FeOOHE AH3E goy=
S & 5 Yt B-FeOOHE FEo] wiA®E A
ANM= 2 BAEHA gort di o]0 v g
H 72 AN = FF A4EH a-FeOOHS} 72
o] M (yellow-brown)S Wt} B-FeOOH7} B4
ol o] T EAshe BN FF ¢4 He o
= B-FeOOH7} o]0 oJste] & P47
FHE FAT 5 7] gEolth wEE Hr| &
ol o8] /1A g9 Wy e A8t e
Haole] AA7E AEA o] FoA K] kS H$-

fr ox 2 i
o

I

e rjo nQ

O

Fig. 3. SEM micrograph of the hollow shells of weeping
iron on a piece of wrought iron (X 100)'.
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Table 2. Chemical composition of cast iron. (wt%)

Fe C Si Mn P Cu S

Bal. | 354 | 022 | 0.08 | 0.368 | 0.49 | 0.039
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Fig. 5. (a) Surface morphology, (b) SEM micrograph of casting iron before cutting.
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Fig. 6. (a) Surface morphology, (b) SEM micrograph of casting iron after cutting.
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Table 3. Procedures of salinized archaeological iron artifacts (1 cycle)

Method Test solution Test procedure
I 3M NaCl
Il 1M FeCl; + 6H,0
(pH 0.8)
i 1M FeCl, + 6H,0
{pH 0.8)
e
NBe ANSGT olg ol TrRE exelA A B gelo Fe ARPA=T g S, 1042
A3tE olfE FE AR VG 2 IFL WA SRen B Tl 247 FAR F A
£ B-FeOOHZ} 7HE & FAH= 255 BRI S AAGE FLole&E= Z747](Orion lonplus
gglojr}. olgsk M7IA A Alde)] gk Z-zte] chloride meter)E ©] &3l &l &&E 9
IS ¥ 30 ekt ol go] Fst pHE 2433},
olgfgt AI7A] W Foll Al FHe B-FeOOH Intensive washing®< 80°Ce] S-FF oA EH&
b7 R BAEE P ofE PHAAE el ANN IAT L8 A5 Aste] gex
S mR A1 AHE 1Y erE ArkRINE £ olgste] g ANslalch so°cel 2 89
AVE7) S13ke] XRDE Bakel AAE BAFe) o] A7 AXSe wEe AAF F RS 7Y
B R4 AAES BAST. B4 4R B8 o) Aee] SRS 1607 B AAHAT B
gL Bk ArR(OM) FAF AR (SEM) golo] oko. AlHEA Y sui, 1R &om 80°C
& Sate) BT o g9 Fgolol AR AT daolen
ZR712 ol&3le] FEAYd &8 daole
=

St W 27102 AN oAF
NaOHY, Intensive washing¥!, Auto-

claved# 22 &9 WS o)&st] 22t 104 &

YA EE VA

0

M NaOH =& ojlA] 244]

%
7 Eg B AASAL dAT REE fHE

=
7] Slgte] gexE olfste FHES AT

Table 4. Desalination and neutralization procedures

Case Desalination Neutralization
1 NaOH (60°C) .
2 NaOH (60°C) deionized water(60°C)
3 NaOH (60°C) 0.1M Na,B,0; (60°C)
4 NaOH (60°C) 0.1M Na,B40; (120°C)
5 |Intensive washing (80°C)

s=9F pHE SA s

Auto-clave® = Digestion bomb (Parr Instrument
Company 4748 Large Capacity Bomb, 125m/)&
ol-gato] 120°Cell A AAIBIGATE Al FAle] S,
108)2) A3 g5 A3} Digestion bombe] il
Oveng °lg3le] 120°C8] %8 FAI8kTh 120°C
ovenoll A 8A17F FAITH F 16A17FE <t Ad2ollA
Agt F FaoleTE 5
o §&€ 4

o

41 FYAIZ] QAL #7| RE AIE MFH

4.1.1 AYG AEAz W9 19 Z23GM NaCl,
Auto-clave(150°C-150°C))

28 (@) (b)E 150°C 3M NaCl 8ol A
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Fig. 7. (a) XRD data of corrosion products, (b) surface
corrosion products formed in 3M NaCl aqueous
solution at 150°C.
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Fig. 9. (a) XRD data of corrosion products formed in

1M FeCl; - 6H,0 agueous solution at 80, 90,
110 and 130°C, (b) XRD data of (301) peaks at
20=26.5°.
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Fig. 11. Variation of chloride concentration in corrosion

products formed in 1M FeCl; - 6H,0 aqueous
solution at 110°C with increasing time.
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Fig. 12. (a) Variation of chloride ion concentration, (b)
pH after desalination process in 0.1M NaOH
solution at 80°C with increasing time.
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NaOH solution at 60°C.
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Fig. 14. (a) Variation of chloride ion concentration, (b)
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of Intensive washing with increasing time.
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Fig. 16. (a) Variation of chloride ion concentration, (b)

pH after desalination process of Auto-clave at
120°C with increasing time.
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Fig. 19. log chloride concentration vs. time depending
upon the amount of solution (5, 10 times of
weight of specimen) according to (a) NaOH,
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