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Microstructure investigation of iron artifacts excavated from
Sungseonsa Temple in Chungju city
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Jae Eun Y u, Hyeong Sun Go and Jae Seong Yi*

ABSTRACT

Sungseonsa Temple site in Chungju city in Chungcheongbuk-do
Province is written in "Goryeosa" as a building for Queen
Sinmyeongsunseong, the mother of Gwangjong in AD 954 in Goryeo
Dynasty. The museum in Chungcheong University takes charge of the
excavation for 3 times from 2000 to 2002 and identified that its
construction was carried out till Joseon Dynasty.

Among the iron artifacts from the first excavation such as a weeding
hoe, a hand knife, a lock, two nails and a plow which had conservation
treatments, the sample was collected. Its micro-structure and method of
manufacture were investigated. Excavation report for those artifacts has
not published yet, therefore, the date of each artifacts is not clearly
confirmed. The samples were collected from each part of the objects
and then embedded in epoxy resin and etched with nitric acid. The
examination of its microstructure is carried out under the microscope
and the hardness values were measured by Vickers hardness tester.

From the results, some artifacts show different manufacture methods
in the each parts. The forming processes of the iron weeding hoe and
the iron sickle are similar but the blade of iron weeding hoe was
strengthened by carbonization whereas the blade of the iron sickle was
done by quenching. The hand knife and the nails were produced
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through almost same methods and shows similar microstructures. The
hand knife seems to be made by repeated beating and folding in low
temperature resulting in fine crystallization, but the nail shows large
crystallization due to processes in high temperature. Lock is made of
white cast iron, that does not show any heat treatment.

[.H 2l

(il

9131

FFA0 sl SAARKE e 3F 51 (954) E50) A S
A= 7] 2o] TEpgs Fol 9o 20000 5] 20031d71A] 3xtol] Ax] Z=FH o)

Lo

Pt

oA WEEARS AAIBIAIATE A A3 o] AR A o] F 1TA17] T

)

7 WMol el | vt Abol o] SR1E AT
TE = T 1A 2l 2R wE5aes e R BEATT AAEI L
ol A7loM AlHE AFst wE nAlEAE ZA8H o= F o

= T
o] 71HE getslr] 93k Ao 2 At FEL AAEH 13, Hy 1", =X

b

A

12} A

M
2

&

vy

S
v,

-
—_

A= 14, 24 24, B5H 1doluh

Wil Az B A9E 4eE A0 §2 Rl B AlEe) Aol

1A%
1. AlE HI=

ABE FSRE 3 7 HeaE AHSES sttt vlo| 22 AEE o] g3te] A

AL AT AlE AR Al FA] A2 A 2T, AvER] (#100~#4000) <} 1]




s

3

A

Photo 1.

37 #59) v)4 2%

Anlslal Nital 3% Ao =

18913
o]-g-5}o]

[e)

=

ATt

o}

)

] (Etching)

o

] Oﬂz

b 2

AelrE (Diamond Susening 3um, 1um)

e

Tl Y =

on _Zﬁ J —

T oy 4 S u B

RGN 5= o 0

NS o %!

£ o X T AT .

o E A X o)

o NP oo R

o M X >

< \@ & B ol

=1 J (@) O# ‘_ﬂﬂ

LoE e =5

oD N

o N T

o > K o = —

= = o R . X

.ﬂlv.. o) o] 8o ﬂ ,@I w

m = ~o oy \H_OI 0 < .

@] X M ]ﬂ

§ = I R

m - B = WP o 10

S £ % I Hr

SO L Wo o o

B A

B = 3 LR T
|__MA|_w _Wuo Clﬁ ﬂ.O' HuO - wﬂ 1|ﬂ» ,ME
1 o < Doy o o
H L= C Hﬁ@.
i DN~ ~) of o
# % T N ) AR
p — ; KR
B ey g § LETEC

NI on —_ 0
O T 8 Frall
K4 = w9 } wl il K
o =W o = - N

7N o g

Hr|=o|

=




o] A7 HA N AlHlEte| E7}

2

t}. th3F- Photo 49} 22 Helo]E (Pearlite) 2 ©]Fo1 521 Photo

29] 9 22 2t Aol Photo 304 Kol

1) £%o] 52 (Photo 12] A)
A

ol
MK

)
—_
o
2
pig

[e)

o= Belrt

51 7

A A

=
=

(&r23HF 0.77 C%)ell 7V7¢

122k
222HV, t}

]

7S
=

°] 0.77%1%1 &217l 7V7he dHl=

Ao Ko}

R

-

7ol LRy

Photo 7oA Heol= wAlgk 2 o] Heke]|E(Ferrite) 7 = E3EshH L5

295.6HV AEw UeRdC) o
2) AF 221 (Photo 1] B)

© 131HV A

i
il
i

s

]
=

A3 2481190

3

2E3)

I

1Hol

ISl
=

]
=]
=

=

gl o)t 4
pzs

R

2=

ol i Fees A HgelA &

Al LT A4

1

.

]_

R

)

-

=4
9=

=

F= o

slafoles} won npgow

o] Ael
[}

=

h=

Q]

]

X

20 YRR A AR A woke] Aage] 7
o)A

bsich.
3

o

o
) A

[¢)
e HAEE TR

3) & B9 (Photo 12] C)
H o] BRIt} FH2 7A

3T
ar

Frel
2 et AR 212 o} FFEEE URE AoE wolv]

ol
A7

-

o

Al




191 | 3% 54941 32 4732 )4 27 34

Photo 2.

YR EZ|(x50)

Photo 3.
Photo 22| 22% MtH(x400)

Photo 4.
Photo 29| of2iZ 7F2HIF&2
(x400)




F243 1192

Photo 5.

Photo 6.

o

(x400)

-

Photo 52| 21%

Photo 52| 2% &tTH(x400)




A9 A7l ke 249 s ol AEAE AN Aoz nelk. vl

4) 5 %] (Photo 12] D)

IS A5 T RN A5 R PAH) 9] P s} of

2 Hefolest @uol Y. ol RE-E s1etle} wRio) okzre] o)z} gl
heul FetolE Alolo] Qi Hefol =7t
Ajolel Htol= Aol EAlai Hol Ml F TS w wol Uehlt

.{

e vl ERan B e vz Gau e

FA7¥0) A=ghe 265HV, Photo 139] #l2to]E A=zhe 140HVo |tk

B A 9,5 9], 2 97 A AR PlAEAE e Qe A
o) Ul TR el ol sgte|E7h won] HHe vhaghae] 347
o 717he: Hefel £t gel @AFo] gtk Enli= AhEE Bl GelE A2k
3 FHE W F QY Rl AekY S AAlsle] 841715 Sick. e Ak
oz PaA el zojshl A4 AARL vAAA Pekel wnE o
341715 glom olule] gLt vro} nAje A4 Ao e,

et ezke] Hgle] Ul whagtare] e Bl AV Q1Y) ¥hea g




2z}

32431194

Photo 8.

=0l xX| (x50)

Photo 9.
Photo 82| 724|(x200)

Photo 10.
Photo 82| 02H(x 200)




195 | 55 542 25 QA 739 o4 23] 54

Photo 11.

£ 59| 77(x50)

Photo 12.
Photo 112 #1Z(x400)

Photo 13.
Photo 112] 7F2E(x400)




PEREE

32431196

Photo 14.
Photo 112 0f2(x400)

Photo 15.

"t

T

2. 8w

Helo] 7 A GElE 2ol FPhe ghkat Zale] FEE saL glom el
o] glrh. Ul Flof o] 7h= nle] T Q) YA thE Pl ule
A Holth, ARsl o] AA)E AFE Fo] 1he Wels} dolslel
wolelA] 7 A Aol AP Fele] GHe Azbgelt £ Helw el e
A Pe] PR o)wt). & Helo] Hdo] o} glo] HA| £3tol % 719) AbgF
A% o 5 Qiek. AAo] 19.4em, ' 9] Aol 19.4em, 5 9] F71 0.7em,




197 | 3
ERBCR
212 5 E A

W—‘%g] u]4
il

1)y EXH

ot 1__/| 1
ET 0 =
e mﬁ Yo Bt
—:A o
TN wmli 5 mﬂ‘_ sl
m = X w i !
o oy A il o 2 _,% o b
ol o Gy o X il iy TR
s o 0 = ol = i
. ,élA o v o o e pEE 2 % ﬂu !
qﬁﬁ%,w %Eﬂﬂowy}mg "
w oy W ) = — " o W Mo~ B D ~
o el T oW T £ T o v
—_— O# OT 0 = ﬂ% Wﬂ ~ NIl = N ) =
= T r o8 7 Boo T X u o= ST j5
i .mi?tﬁ; 3
A LT sz owd tHzd -
A % C N o S oo 3 um S
o o T W ] 0 o R o F & 70
T K m o] — s oF ~ by T 6N dl ha
G T w Lo ES i [ oA &
%ﬂﬂ%%% ﬂuEL.MHw ;Y 9
= T kL O =) il
% " JJ L Mo o n N 4 T :
-~ o - ok e - NG =~ ~ RO n oF
% 0 W iy H_Al P o ~ N SR B e
100 I~ = N~ o SO 0 o ol o+
X o R T = SN R N ] o A
w9 o o oy G T ™ & 9 . G W
HT )0 = ZT W_w ﬂ.m o Y — o ‘ulw_ Lm ﬂmo i) H;I OE PL
= 5 K < a o S won A e 9@ o gl =
° o 0 3, e A N =
g_ggix SR iv,igar.% <
ko X dp Cl wMﬁW%HgH%ﬂW% o o
CLE R =2 AT = o T it
%ﬂﬁzﬂ@ mzﬂwﬂ%%w@ofoﬂo T
- | .o —_ E! = M]M A )| > R Lm 1;._ ) —~
oy wooo= & b oo ™ o = A <= N
= 5 R s = - W o= T = 9 SEESN 70 2, iy
—_ > i ) I =0 oo Q o 1H 0
° N %HT%%ﬂquﬂﬁ
- H 0 A ol Ry 2 4 F
x NI s ~n il (i T A" NO N
o 3 5 M ° Loz W 2
N ~ - = T ok o ™ ) 0
o N T X ) ) 2 o lo ﬂE
T T o A =0 T ¥ = s
T oW y o B E LH =
e e w0 K ~ = A|m
o N 2 = = L
K il ®l £
oy R . ali
w

131 )
A

o]

]

1=

X

9] 7+s-d9 ¢

==

[¢)

T

=]

]

A
vl

L

H| =

H| Zo
] 3.3Cm‘ /1\_]1'?— = O

2 (.8cm~

2.2¢cm

<=

j=1

2 =490

2=

=

o}
. Zo] 14.4em




NEH

32431198

Photo 16.
ol = 5£2/(x50)

Photo 17.
Photo162] 2% ZH(x400)

Photo 18.
Photo162] o2tz 7 k24|
(x400)




199 | 55 542 25 BA 73 w4 23] 54

Photo 19.

& 529 22(x400)

Photo 20.
Photo192| 212 £& itk
(x400)

Photo 21.
Photo192] 222 sirj
(x400)




v
X

Eskad 3

247 1200

Photo 22.
HHTXt

1) 9] 2291 (Photo 222] A)

AAH oz v 2 Yo deto]|Ee) Helo|Evl 2 A
ol o8 AN NAEC] BEE L Photo 230 Hol: 7t2 R P4
Photo 240 ®.ol= ZIA ¢ #gfe]|Es} Hefo|EV} &Es o] EAstaL e 2]
o} A3 154HVE Sioh,

2) & %21 (Photo 222] B)

T H9w ) mA A o] ulA|g A Yol wHEte|Ex} HefolEVl FE
a1 ek FHlel A 2 5 YW ¥ Ao - =H Photo 267} 270] o]z}
Wt} Photo 269] 7-¢- Heto|E7F A9 glar s|gte| Exte] #hate] =t o]2]g vt
& Aol MAEH A2l FARHA ek =l i 7heeks Aol EE Rt
13 HA] YR 2 Sol7baA] A7 d4Fe 2 welth Photo 269 4%+ €3]




2011 3% 2497 32 Bl H39) o427 34

Photo 23.

5 25 (x50)

Photo 24.

Photo 25.
Photo 239] 0172 #&
(x400)

Photo 239] #2 F=(x400)



ESakedF 243 202

Photo 26.

S FE(X50)

Photo 27.
Photo 262] 222(x400)

Photo 28.
Photo 262| of2fi 7F24|(x400)




3 34

0759 o4 %

=

R03 | 35 54~ 3

Photo 29.

BH X224

Photo 30.

H x=22

4

)

ek, AA 2ol 29.3em, 2 6.6¢m.

J]

el A A

defo] 7} it 7}

i
=

Fefolu] oj3E: weol 2o

o

J)
g
o

7 SrobH|aL it

g 1

oA Eeto] XY=t =l

I

e X o F
.____....._...._”.\...._... 1
LY




NEIsdF 247 | 204

Photo 31.
Photo 302] 21%(x400)

Photo 32.
Photo 302] 7F2E(x400)

Photo 33.
Photo 302 222 (x400)




205 | ¥ s~ 3= BAl539 vjH 27 34

017} 9l
5248

A 2ol 11.6eme] A3 oz & Hoj= okt
AZFslo] FolA] ekal FrgA] ot EEE A st FEHE e v ARz}

Golth, % vlelo] 7he oA Al A

——— Photo 34.
S

23

A A oz sletol 2o} Helol £} A9 wsatA T2

[¢)

B Qov el 27
5 &

Y2 Ao vAlskaL wEsh vl e A "ol A ekl e

sto} gere] Aasl 21 ok 5 girk. UjFol AN A Ee] wAw=E A T
Sl A4S Faje] @E Aol gk

AR Ao] 9.1me] £ Foz v ARSIt ¥ el dE

A1) eha T FHE BT % vy £ FRow




FEEEEE

247 | 206

Photo 35.
2H(x50)

Photo 36.
Photo 352] 7F2E(% 200)

Photo 37.
Photo 352] ¢ F&(X200)

f:ﬁﬁ R
{ ?; A"h ':l'}-:';:i ; i
ﬁJ.J




Photo 38.
23

FAet.

207 | % 5414 $2 B £3 o422 $4
[¢)

2] nhs ofel 2915} 2 %9lol] 7k oA A3

1) 3 2] o}ZH( Photo 382] A)
“d=le] lth(Photo 40). -tk

o

I
N

Hzlol E
57} 103

1

R

)

pu

7k A9l 8l

2] ol B/ = THAE o]

e,
o] ZUAl QA B4S WolEr) gk

=

=

Aol

=

to] of2] W Ha T Az ot

Is]

W2 91HVE
A+

=

=

T

-

-
st

e

e}

T g
pZs

al

%

WF7F 161HYV,
h=]

[e)

o] 107HVe| k.

A

2) 5 E H29]( Photo 382] B)

o} A=k

= Yehlaz Qo
HV,

Z7F A2l AA 9@




2EF)skedF 247 | 208

Photo 39.
x Hf2| Z2|(X50)

Photo 40.
Photo 392| 7F2E(x400)

Photo 41.
Photo 392] 2F-2(x400)




209 | 3

Photo 42.

Photo 43.

Photo 42 0f2(x400)

Photo 44.

=(x400)

olgHd
=

Photo 429




o] 19.8cm, +7] 0.6cmo] T},

=
T

Lol A AQH = At A

7.85H™

ol
TR

A=l 7]Fo] Belth(Photo 46). Photo 472]

[}

13 244 210

Y

3)-o:
Bl

23

Photo 45.
L]

HepolE &= 302HVe|th

A5

=

=Ed

=

1

=

o}, AJdlElo|E A= 867THVO| AL
%

L
TS

al

o1
oo =z FaAALA of A

=]
IV.




R11| 3% 34941 35 94532 424 34

Photo 46.

25 #H(x50)

Photo 47.

=(x400)

[e]1=1=]
=

Photo 462

faet ches 2tk

J|

Froll whet e

=
= 5

= gl o

= vAIEE A

38 A4

3

ollA =7

@




A3 249212

.5;!_

2E3)

)

o] AAH Aoz Heolt}y 1L}

Fé]

L
=

!

A

-
o

SEEE RIS

£

Eny
| .

pul

& nAEA e e

B o R ARl om AL

'04

%l

A E2Fe} AL

=

I5d

3|

= A

ol

A A 2 347 e A

E dV&

=
= gt} v are A el

44

43=)
2}

of up A

\=]
RN

]

= o
i

1o]w o714

IR

9|

of A7 A W3 ArA B4 A7k AN




Rk

315 | 3% 54941 3=

FA e}

[l
of

I Aol B3k A

]
AL 17,

o~
=

—17]

Z
=

Farard) o7l

hud

, 2002, Lty
1, 2000, &

Tl

=

-
a

3.

gl N R U e or
= 7O ol E B ofo
Eﬂo < A X nE N
< i =
B = T
oy . T o i3 =
T WX oy me iy o
22 = x5 L W@
TIT FE f oz 7%
= w T G il ™ Bl
= 5 ¥ Iy I o G
oo N A W) zb
= %N ] /T = =
v s o8 K = 03
R R o a
i N ) MM X B
T oo I o oF " Sl
< dyomh B T < = A W
Fow = ® % T D
<Py N T o = R oq o X
- 9p] .o ~ T
= 7 T B o7 a1 w s
S H = 5 2 v 2 & SUNIN
S Jr K s 8 S5 ® I+ w
N ol N T O =S N 1 | E
o T 2 oL m om — o o
o N o VN XN T T
X0 o W N ® T <
a = SR o o o X
7= T oy = ©° w0 T I
. by . ) . 1] . 1rU
~o = ™ o_ 0 d 0 | X
N T T -~ o R Mo
LI B R =
w o~ o N B! oM D ol 38
N X N N p X
. Xﬁ R O#E . E B HL N X N
TR oo o oo L o 7o Mo g
o X T oOF T T T T o wP
MoOR oE W ook N oF mR R om R
< o) © o~ o) o

i, 1994,

ii

5]

i

k)
yul

10. H.Schumann #,
11. William F. Smith #,






