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º £ ã" �Îÿ~ Û¢�¢�& ��F'öB ÂÆB ÆËj FÒ�OöB ÒÏB ê&î� º;~�
®Ú, �ö &� "�'� ªCj Û� ÆË~ Ïê¢ C&�V� ~&
. ÖF ��¾Ò¢ 
�� ÆË~ ö
;j dj"�, ÆË ��ö B�� ¦�b 56ö &� SEM-EDS ªC 5 XRD ªCj >¯~&
. ÆË~
�;ö ®Ú ê&î� º;~º � &Ë � ��j ®~ "�¦ª~ Þ� ��¾Ò ";öB BÒ>Ú ��
¦º j*� ç�� �ö>î
. .³�Þ~ �çj &V� Ö" �¾Òì� BB® ï'�Î "�ÆB� C
&r
. ¦�b~ Wªö²º Fe" O¢ "Wªb� � P, Si, Ca, S �b�B, "º �W z�bf quartz,
vivianite, goethite, akaganeite, lepidocrocite, hematite ��î
. �f ?f �W Wª
f FÒ~ B�öò�B
�
� ÆË �¦��~ ¦�b[öB Ï[ç�& jò öò� {�>î
º ©f ÆË� ÂÆB F'� F
ÒB�f &NB �Oæ&
º ©j rJ"º Ã�& F >º ®b¾, ÆË� FÒ Ï[ ê&î� ÒÏ>î

º Ã�& F >º ì
. 6� ÆË ÂÆ �� Öbæ nö �'>Ú ®~ FVb ¦�Æf Òî6Æ �j
�J� �� �
� ÆË~ ¦�b ;W�¶� ·Ï� ©b� " >ê ®
. V¢B ÆËf *;'� "�Æ
B� ê&î� ÒÏ>æº pf ©b� Ö�æj > ®
.

Abstract As the kettle excavated from a site in Hwangnam-dong, Gyeongju was presumed to have
been used as a melting crucible in a glass production workplace, we decided to prove its usage by scientific
analysis. First, we performed conservation treatment to find the original status of the kettle, and then
SEM-EDS and XRD analysis of the five corrosions created on the surface of the kettle. The fragment
of the spout, which played a crucial role for the kettle to be considered as a melting crucible, was discovered
during the conservation treatment. So the mouth rim of the kettle was restored to perfection. When we
observed the microstructure of the metal sample, it was proved to be cast iron gradually cooled without
heat treatment. In the corrosion products, the main components were Fe and O and other components
such as P, Si, Ca, and S were found. The main compounds were quartz, vivianite, goetheite, akaganite,
lepidocrocite, hematite, etc. Although these components were used as raw materials for making glass,
these were found not in the melting status but mere raw materials. This can be an evidence to show
these site where the kettle was excavated had been a glass production workplace. However, it is not
sure that the kettle was used as a melting crucible. Moreover, if we consider the organic mold and sand
clay accumulated in the well site when the kettle was excavated at first, we can see this as a formative
factor of the corrosions of the kettle. Therefore, we concluded that the kettle is a typical cast iron and
was not used as a melting crucible of glass. 
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I. B  �

1994j ÿ�&�v ã"Æ¢Ê ;b&öB B�� ã
§ ã"� �Îÿ 376®æ ¢&º Û¢�¢�& ��
F'b� >.F�f ê&î¢ j�� ôf 7º F�
f Fb� ÂÆ>î
. F'~ WÏf �Oæ 6º c
��J� B�Fb~ �&º A.D 7~9̂ V� º;>î
. 

2003j 2ú � ;b& ��"�
ö ��¾Ò& ~Ö
B ÆËf 1̂  C�;(O^é)öB ÂÆ(Photo 1, 2)B
©b� B��� Öböº �.ï~ Òî6Æf FVb
¦�Æ& �'>Ú ®î�, ÿ>ÂÆ Fb�º ê&î
Þ" î�;ÆVÞ, j( )Þ� ®î
. ÆËf ��¦
ãö "�(�ÿ)& ®�, � "�¢ 7�b� Ï[z"
FÒî rW�
� 
ï ¦O >Ú ®º ©b� �j
FÒ�OöB ÒÏ~~ ê&î Úæ �ö çw~º F
b� º;>î
.1)

�º ÂÆ �� ÆË �;" ¦�bj Gnb� &V
� ÚÖ Fº�Cb�, *Òræ {�B â��& �ê
~ ê&î& 100 ml �~~ Ï�j �j > ®º ² Ï
ï~ ÆB¢º ©j �J� " r ÆË� FÒ Ï[ ê
&î� ÒÏ>î
� �Vº ÚJ�
. V¢B ÖF �
�¾Ò¢ 
�� ÆË~ ö¾ ;�¢ dj"�, ÆËj
ê&î� º;~º � ®Ú Ö;'� ��j ~�®º
ÚÁ��~ 
·� ¦�bö &� "�'� ªCj Û
� ÆË~ Ïê¢ C&��¶ �
.

II. ��¾Ò

1. ¾Ò * ç�
B� ê ÿ�&�v ã"Æ¢Ê ;b&ö rzRö
�Î �&>Ú J
& � ;b&öB �> ç*ö ¶�
��B ç�� ��¦¢ ��� ÆË~ ç� ¦ªf �

² 2¶>Ú 2B� ªÒ>Ú ®î�, � � ��¦~ ¢

¦� ��º 2B~ ²Þ(¬#)� ®î
. ²Ö&�b�
¿f 2>(÷ù)¦ �ãf z'ò Îj ®îb�, 
�
�ãê ¦ª'b� Ö
>Ú ®î
. ÆË~ �¦��
f �" � �� b�B ��ï" '.ï~ �bî[�
*Ú'b� �� ®î�, Úã~ �ã�f òæVò �
ê ¦Bæº �.ï~ �C�C� �bî[� ~�ÚÖ
�� ;�� Ê�& ®î
. � ¦ª� Ï[zb� º
;>� ®º ¦ª�î
. Æ�f ¾ Îj®Ú �çÒ�
& .¢^ &�� ¦B^ ÚÒº "�®~ *;'� ¦
�·çf �~ ¾æ¾� ®æ p~
. ��¾ ¦�� ê
¯>� ®º ��¦ "æj j�� ¢¦ ��[� ;£
>Ú Æ�� ��¾ ®î
(Photo 3).

2. ¾Ò";
2.1. �bîB�
~"Ï ²ê�¢ �Ï� ��j vó² �� ®º �
bî[j Ú¶ ;ê B�� êö ;&&�ªÒV� ^
&~² B�~&
. ß® ��¦ j¾ ò&¢ �Â~º
� F~~&
. 6� Æ�� ¾ Îj®Vº ®b¾ �
¦ ��[� 
Æ®Ú ¦�[ B�� ��[� ¢¦ ;
£>Vê ~&
. Ï[zb� º;B Úã~ ~�ÚÖ
�� �bî[f �" b�B 6Æ[b� £� bÒ'
� O»b�ê £² B�& >î
. Ú¦~ �bî[j
B�~¶ ��¦f &¦ Úãb� ¦�[" ÊD� �
�~² �OB ÆÞ 2B& ��Ò
. �º 
Ö�� Æ
{ö ~� ��¦ ¢¦& ¦Bæ�B ~� 
ÚN Æ·
�" ÊD� �OB ©b� �&
. ��¦ãöB BÒ
B Þ(Photo 4)f "�� ��B ��¦~ Ö
B Þb
� C&r�, 6 
� Þ ~¾º vþ¾ 2��� ��

¦ Ö
¦*f ;{~² �æ pº ©b� �j 
�
Fb~ Þ� ©b� º;>î
. 

 

Photo 1. The first number of a well made of stone.1) Photo 2. The status of the kettle when first excavated.1)
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2.2. n;z
"�®�¾ Æ�� ¾ Îj®Ú ÖF £� ��b�
î"j �·� FÂ>º "z�N~ ;êö V¢ î"
�¦f î"��j :ÞV� ~�, b& 0.1 M Na2CO3Á

NaHCO3Á2H2O Ï�ö �'�B 60oC� &N~&
.

1¢ ê î"Ï�~ "z�Nj G;� � Ö" 5.62 ppm
�î
. V¢B 2²¦Vº î"Nê¢ 120oC� RJ ¦
z ;� ��b� :ÞÚ î"j 
�~&
. "z�N

~ 2² G;8f 58.2 ppm�îb�, 3² G;8f 22.9
ppm�î
. "z�N� jç > ppm �~� ÎÚææ

Photo 3. The status before the conservation treatment: (a) front (b) back (c) bottom (d) top (e) the seemingly oozed-out foreign
substances (f) the section of the mouth rim.
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º p~æò, ��[� ê³ ;£>Ú 0.1% Na2B4O7Á

10H2O Ï�ö �& 60oC� &N~º ©j îæïb�
î"j nºî
. î"� Fb~ *Ú'� ï�& ��
ïöB '.ïb� æ~&�, î"Ï�öBº F�êî
& �~² Ò
. �ê Ã~>� 3² îr¢Ò ¾Ò¢ ~
� 105oCöB 3¢* ��~&
.

2.3. ;z
20% paraloid NAD-10 Ï�ö ê���� ê ¶��
� ~&
.

2.4. 7� 5 �ö
ªÒ>Ú ®º ÆË~ ç�¦¢ ö��ê >æ[araldite

rapid type]� 7�~�, �bîB� 7 BÒ� ��¦Þ
j j�� ²Þ
ê 7�~&
. î"� ;£B ��[
f f��JÊê >æ[cemedine-C]ö ÏêBf nò¢
DÚ 7�~&
. Ö
B ��¦º ö��ê >æö Ï

êBf nò¢ DÚ �ö~&
(Photo 5). �ö ê 20%
paraloid NAD-10 Ï�b� Ò;z ¾Ò~&
.

3. ¾Ò ê ç�
��¾Ò ";öB BÒB Þb� �� "�� º;
>~ ¦ªf 2¶B ��¦ ¢¦�, Ï[zb� º;>
~ ¦ªf 6Æf �� b�B �bî[b� C&r

. V¢B 2>¦ ¢¦& 2¶B ©j B��
� Æ
Ëf ��¦f � j¾� 2*~ ò&¢ æò *;'�
Ë~ ;�¢ æî� ®î
(Photo 6).

Photo 4. The fragment discovered from the inner mouth rim.

Photo 5. The status of joining and restoration: (a) the joining of the discovered fragment (b) the restoration of the missing
parts (c) the joining of the small fragments come off (d) the restoration of the missing parts.



�� ¸�
 DÜ Ä=~ äh�/ 5  ��CK 27

III. ª  C

1. �ò
1.1. .³�Þ
��¦ ¢¦� ·f ÞöB �Þ(4Ü2Ü2 mm)j j
�~&
. ö��>æ� îÚ+� ê �îæ(SiC paper
#400~4,000)f �îÂ(diamond spray 3µm, 1µm)b
� �î~&
. Nital(HNO3 2 ml + C2H5OH 100 ml)
Ï�ö £ 1ª* ¦��Ê� rzR� ^¿ ��~
&
2). 

1.2. ¦�b
ÆËj ê&î� º;~º� 7º� ��j ~� ®
º FÒ Ï[z ¦ª" ÆË~ *�ö ¾æ¾� ®º
��ï � �j 4�öB j�~&
. 6� î" ê '
.ïb� æ� ¦�bê j�~� :�rö IÚ �&
~&
. Table 1ö �ò� j�� ¦�b~ ç�ö &�
¾æÚî
(Photo 7).

2. ªCO»
2.1. 7�*�ã &V
.³�Þj 7�*�ã(Olympus BS-60)b� 100V,

200V~ jN� �.~� .³�çj &V~&
. 

2.2. "Ò*¶*�ã-ö.æªÖª7ªC 5 XF².ªC
¦�b 56ö &�B "Ò*¶*�ã(Hitachi S-3500N,

Japan)-ö.æªÖª7V(Kevex Superdry, USA)� ;W
ªCj ~�, � ªCÖ"¢ ^�~� XF².ªCV
(Bruker GADDS, German)� z�bªCj ~&
. �
r XRD ªCöº �ò~ ¢¦¢ C'B ï¶ÒBö I
� ¡f �^� ªöj ÒÏ~&
. 

IV. Ö" 5 �V

�Þ~ .³�çj &V� � Ö"(Photo 8) W"Æ�
çj Væ� ~º >æç�ç�î
. �©f "Æ� B
B® ï'F r ¾æ¾º �çb� ÆËj "�� ê

Photo 6. The status after the conservation treatment: (a) front (b) back (c) bottom (d) top.
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�¾Òì� �V7öB ÂÂ® ï'�Î ©b� ��
.
¦�b 56ö &� SEM-EDS 5 XRD� ;WÁ;ï
ªC� Ö"(Fig. 1~2)º Table 2ö ¾æÚîº�, � Ö

"öB EDS ;ïf ;{ê& 
² ÎÚæº >;ïª
C�¢º 6j �J�¢ � ©�
. 

¦�b~ "Wªf Fe" O��, 10% �ç~ P, Si,
Ca, S �� ��>Ú ®î
. ÚÁ� ��~ Óï ¦�
b(sample-2,-4)öBº 10% �ç~ P& ¾f XRD� ª
C� � Ö" vivianite(Fe3(PO4)2Á8H2O)� C&r
.
vivianiteº Fb"æö FVb� �þ 
Ë>îj ãÖ

Photo 7. The sample of the corrosion products: (a) sample-1 (b) sample-2 (c) sample-3 (d) sample-4 (e) sample-5. 

Photo 8. The microstructure of the metal sample: (a) ×100 (b) ×200.

 
Table 1. Color and collect site of the corrosion products

Serial No. Collect site Color Remark

sample-1 outer surface White It includes twinkling particles

sample-2 outer surface Deep Blue -

sample-3 inner surface Yellowish Brown The parts assumed as the trace of melted glass

sample-4 inner surface Light Blue -

sample-5 outer surface Reddish Brown The corrosion product after dechlorination treatment
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¾æ¾º 7b� ÆË� ÂÆB Öbæ nö �þ �'
>Ú ®~ 
ï~ FVb ¦�Æ� �� B�B ©b�
��
. 6� ÿ¢ F'öB ÂÆB FÒ~ WªªC Ö
"¢ �� [B� Na�
 K� ôf Ú��b~ Ò¢

ÒÏ� ©b� ¾æÒº�,3) FVb� Òöº P& �F
>Ú ®
. ¯ FÒB�ö ÒÏB [Bf ÆË� �þ
a& vivianite¢ ;W� ©b� " >ê ®
. �f ?
f Ö"º ÆË� B�B æ�� FÒB�f &NB �

   
Table 2. Compounds and elemental compositions of the corrosion products

Sample
Component(Wt%)

Compound
Fe O Si Al P S K Ca Mn

sample-1 34.59 25.05  5.45 1.65  1.32 13.62 1.19 16.33 0.80 Quartz(SiO2), Potassium Iron Oxide(KFeO2)

sample-2 46.88 32.50  4.93 2.70 10.58  0.67 -  0.48 1.25 Vivianite(Fe3(PO4)2Á8H2O)

sample-3 42.12 29.73 24.10 1.77 -  1.18 -  1.11 - Amorphous substance 

sample-4 43.14 33.86  4.54 2.64 13.69  0.87 - - 1.26 Vivianite(Fe3(PO4)2Á8H2O)

sample-5 70.79 19.35  0.97 0.50  2.38  0.74 - - 5.27 Goethite(α-FeOOH), Akaganeite(β-FeOOH),  
Lepidocrocite(γ-FeOOH), Hematite(Fe2O3)

Fig. 1. The results of SEM-EDS analysis of the corrosion products: (a) sample-1 (b) sample-2 (c) sample-3 (d) sample-4
(e) sample-5.
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Oæ &
º Ã�& F >º ®b¾, ÆË� ê&î�
ÒÏ>î
� �º�º � êæ� >æ p~
.
��~ >��º �ï ¦�b(sample-1)f 5.5%~ Si
f 10%�ç~ Ca" S¢ �F~� ®îº�, XRDªC
Ö" C'(SiO2)� {�>î
. C' ��~ z�b�

C�(CaSO4)¾ C²(CaO)& .ç>îæò {�>æº
p~
. C'" C²º FÒB�� "Bf n;B� Ò
Ï>º ©b�, �� � F'� FÒB�f &NB �
Oæ&
º ©� C&ê ç�öB �� � �Ò& ¦¢
Ú ©f jî
. 
ò � ��~ Ï'� ÆË~ Ïêö

Fig. 2. The results of XRD analysis of corrosion products: (a) sample-1 (b) sample-2 (c) sample-4 (d) sample-5.
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.6j �ºÚ �� ��� FÒB· öò
� Ú¦&
jò �¦��ö �©ê Ï[z'� jò öò� ¦O
>Ú ®
º ©f 'Úê ÆË� ê&î� ÒÏ>æº
p~
º ©j ��"� ®
. �ö~� Ú¦ö FÒö

ò¢ IÚ Ï[�V
V �
º FÒöò& �þ 2a
& ¦�� ê¯B ©b� " > ®V r^�
.
Úã~ Ï[zb� º;>~ �.ï ¦�b(sample-3)
f �� ��¾Ò ";öB ¦�b" b�B 6Æ[�

Fig. 2. Continued.
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¢º ©� C&ræò, ¦ z ;{� Ö"¢ áV *�
ªCj 
�~&
. Ö"º Table 2ö ¾æÞ :f ?�
Si& 24%¾ ��B jÖ;î bî� ¾æÒ
. ¯ B�
�� Öbæ nö �'>Ú ®~ �.ï~ Òî6Æf
FVb ¦�Æ& ÆË��j ¦��B ;W� ¦�b[
b� ��
. 
6� î" ê '.ïb� æ� ¦�b(sample-5)f

goethite(α-FeOOH), akaganeite(β-FeOOH), lepidocrocite
(γ-FeOOH), hematite(Fe2O3) �� D� ÖzÆ� C&
r
. �º ÆË ��~ Wª
� î" �~ ¾Ò";
j Û� B�>�B jv' n;� ç�~ ÆÖzb�
æ� ©�¢ � > ®
. ß® î" � ÆË~ ï�&
'.ïb� æ� ©f ��ïj �²~º PWª� �

^¾zV r^��, F�êî& �~² Ò~ ©f SW
ª� ÏÂ>Ú ¾zV r^�
.

V. Ö  �

ã" �ÎÿöB ÂÆB ÆË~ Ïê¢ ê&î� º

;~� ®îº�, �º ÂÆ�� ÆË~ �;j Gnb
� &V~� áf º��î
. V¢B "�'� O»j
Û� Æº~ Ïê¢ ÚÚ�V� ~�, ��¾Ò 5 ;
W ªCj 
�~� j¾f ?f Ö"¢ áj > ®î
.

1. ��¾Ò
��¾Ò ";öB ê&î~ "�� º;>~ ¦ª~
Þ� BÒ>Ú ��¦º j*® �ö>î
. ¯ ÆË~
�;ö ®Ú ê&î� º;~º� &Ë � ��j ®~
"�º ÆË 
Ö�� Æ{ö ~� 2¶B ��¦~ ¢
¦� C&ê ©�
. 6� Ï[zb� º;>î~ ÆË
Úã~ �bî[f Wç" ãêö ®Ú Ï[z� jò
¦�b� b�B 6Æ[b� C&r
. �º 
r~ "
�' ªCj Û� áf Ö"fê ¢~~&
. 

2. ªC
ÆË~ .³�çj ÚÚ� Ö" �¾Ò ì� BB®

ï'�Î "�ÆB� C&r
. 6� ê&î� º;~
º � � ��j ®~ ��¦�bö &� SEM-EDS ª
CÖ" "Wªf Fe" O&b�, 
ï~ P, Si, Ca, S �
� ��>Ú ®º ©b� ¾æÒ
. ��� Ö"¢ ^

�� XRD� ªC� Ö" z�b� C'(sample-1)"
vivianite(sample-2,-4)& {�>î
. � z�b
f FÒ
öò� �Òf �bÒöB Vö� ©b� " >ê ®b
¾, ^Bº �
� ÆË ��~ ¦�b[öB �©ê Ï
[ç�& jò öò� {�>î
º ©�
. ¯ ���
Ö"º ÆË� ê&î� ÒÏ>î
V �
º ÆË�
ÂÆB F'� FÒB�f &NB �Oæ&
º ©j
{��B"º ©�î
. 6� Ï[zb� º;>~ ¦
�b[(sample-3)f Si& 
ï �FB jÖ;î bî�

C&r
. �©f ¦�b� b�B FVW 6Æ[öB
¾R > ®º Ö"� ��¾Ò ";öB C&ê ©"
?f Ö"¢ ��"î
. �Ò� î"¾Ò ê '.ïb
� æ� ¦�b(sample-5)f goethite, akaganeite, lepi-
docrocite, hematite �� D� ÖzÆ� {�>î
. 

�ç" ?� ÆËf B��� Öb nö �'>Ú ®
~ �.ï~ Òî6Æf FVb ¦�Æö ~� ���
¦�B *;'� "� ÆËb� ê&î� ÒÏB ©f
jî¢� Ö�æj > ®
. 
ò �Îÿ F'� FÒ
B�f &NB �Oæ&
º ©j �J��� FÒB�
ö ÒÏB öò
� ÆË" �þ 2a:
� " >º
®j ©�
.
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