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SEM-EDX 9] Aupeld, (L8] 19 nhu]d ALt fARE B 0= Ca, K, Mg 5°] #4+
o7 glelw it

- I | |

_— I| -'I || |

| 9 l | | |

- I Ia L_E - = II II:

A L-—L’u'ﬁ- Y ,_._t____ = ] |I:...TT.. ; — I,:____ "?“-:_I_.-._.' L N

a8 2 LR 224 SEM-EDX 2M(A0[E 2008) 1 3. 3F SES Mkl £2E IR SEM-EDXEH
(X0 2006)

4> g o] FRg AYLAR M, 1 Fptufe] 28 At
5) AR 5] §7] 0SS5 YA AR WEL 22, A2 BA]A o] e

6) A =] T o] Axwn]4 o] 7ol Al vl A X incident beam)7H 3551 B Azl Eel4) 11429 &
A% 70 ool $it0l 14, 0] 2 9 B4 XA ol NI oluf o] Fold EDX 44 W)
detoctingte] 112 o A 9 shie] EA\o ek o 54 K412 ol 4] A 2 | 2 s dolol

o] o] &) g Abdlo] ) Axlofal WnkT}e] B ghahchzsho] AHE AR HHOE AN WU 53

o= Aok,

[L>“

23 ®40=(2007) 417



CE Do Akl BDXAEA 2 mo A Ao yepd B2 7 3)9] 35 &4
A =R SA 24 S vael e O gejel At vl fARE A 5 3
Aol A ZhobE 4= I E Fed} SO &H7-& HiStel 74 2ol d Cat KO ghtol TA3]
Ak, = A9} g egol Haol < 7

g o dukAel Aupefa g 4= A
kil

=]

]
i
ol
o
=
o
o
Y
Jo
Rl
ok
i
=
ill#
HL
o
rir
v

17} of]A Sfojch, Aol Al AdkolgiA L A2) ol 2 4
G Feh S& iR ol S0 Aol AEA AAH AL SUE A0R B,

ECEES HX HS A 7|Z S FEH%)

1 8 0 49.5

2 14 Si 25.8

3 13 Al 7.56
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8 12 Mg 1.93
o All%) 97.91%

LR Q] MRt Gl A 71 2 Tt Eofo] AAlehAL Qled, B MRS & 2olA
3]

Y Zeba 4 (Clarke number)? 2 YR 4= Qlck o] & AbaE Al9)Eh Si) Al Fe %9 &
o2 YepUL Qe o] gt Fel A 4= dubz|el BEoko) B AL Galalct Eoko] YA &

A AT e daBo] FRolu ) G 2)9f go] B RS Adukzlog O Si, Al
Fe, Ca, Mg, Na, K7} A412) 97.91%2 JetYaL 9t} o] 2 Fel= 4 7% 497 2 2o i
ole] | Fol| A HAE A] ¢k u]FU AR TN, P, Mn, S, C1 50] 1% 0|7he & E3rg]o] gloh(xA%
2] 2000).

4 o) kA TF 51597 ¢ o apehRA 3k o8 )2t Ak 1bkm 1 5o g o
95%, IRt 4%, A9Y0.75%, A& 0.26%= o] o] Hukal 71 Ag] 7

418 RSNHATRA  hitp://www.nrich.go kr



SEIO=I ol 25 |l Mol 2eto] / M

—— o] J A A4z 2]e) EQFAIZ| gt SEM-
i EDX 24 oAs BoFe] 489l Si, Al, Fe,

g K9] glifol w11 Mg9) o2 wolkoh (v g
s 2006) EFF (17 49] = Hols AGA EF

i 1 o] =9l om o||sk Eokol| M)} A7k
pebele e A B0 Y B W 27129 93 383
Weke A0 2 A2

st
Jo
ol
o
N
o2
i
X
=
A
Ruj
S0
=
e,
rE
i)
r o]
HTI
o
1o
BN
)
=
B
N

=

H
s
&

el

o

ok

Jo

ol

s

ok
o
=2,
o -l
5 R
T m H
2 =
=
0y Hg o
[e2
oo o7
_11‘, b
5 lo
o 1o
; N,
rolv ﬂ.f'[i
S
(o2}
5o
> mfn
R
L)
o I
lo o o
XX
lo o
i SN
oo
i o
£
o
& ot
S ox
o
NS
2o
ook il
2 ox
)
N~ B
ol” jg“

SL
=L
it
o
r\l
lo
Hu

o, S wiA) o] e} el &
o)efd B SR} M AN DR A RegTte] 28 e
W ok (A5 9 1889

M
Tkl AlkAdo] 9l o Ak o] HZo] FHbEla) oke

)
o_>|1: ox m-‘ml
e
m 2R o
. 2 rr
o = i
o O
m o doo ffr
Ak S M
Q2 rle
rir o
= S
= )
2 >
lo o
o ot
ES
@ o
= 1o
2, gl
OO
el
St 4B
X oy =
= %0
2 5o W
s ~
:‘é =
=

f
e
By
i
1=
=
lo
oH.
H
rr
i)
ook
B
o3

[
T

o
tlo

LElo] 9lom], S V% e, 4l
v} ZfofjAd L}: L5 (I i e

l 2
5o UL, 5ol o] fash by o)l ol Se ol el
) e

x
1>
2
Shid
L
»
L o2
>~
0,

!
2
Y
f=}
£
s
1o
ol
oh
o

- ok
. H
U
Rl
oo
=
m
T
rC
oo
12
rie

rCoy
ox
=i
=
s
°
s
m
T
[
o3
.
o
>
[HE
o
1
=
)

Fo

=
)

N
g 2
=

HT ok

10O

é

© oz
2l o3

R
Ol
-
2

>
el
©

o X
ox

B 20 o
Q ox

oft £

s, o ¥
LR e X mx 5 I
o w
o,
or

O,
N
Moo
o
Il
=5
=

e

=2

il

o

rd

i
1o

jotcd
c
ol

s
rr
}ﬂno
L v
T
,Mi”
)
e
c Y
%1
agﬁ
o
OPO_FE
)
M o
ﬁ;«:j
-
‘Omi.
B
2
™~ ooX
—
=,k
el
gfo
o L=
i
> rr
o=
~ HI
>
oo
i
o 32 S
o &
LAl =
[
o

11
It
=

=
=z
i

w =

oL
ro
i?‘_',
ek
-
lo
ol
N
o
-
S
:(!D\:
it
=
0,
iy
S
[
i
RV
AL
o
[\N)
N
X~
B3
ku
i
=
)
=
i
N
o
-
FIL o
:(!D\:
i}
=
0,
re
T
)
e
ro
e
P

o
2
]
m
AL BL

@ -
(A A

¢
I

Lo
. O

S~

>

1

shuju] o} A3l AHCaesalpinia spinosa ol 4] A 7]+

olol AA epdolu) ZARS wtes o) Fagt 87wk SR U (Castanea sativa) 2}
=~(Quercus prinug ol A 7H: A 2o F QstA ARREE] VhaE el 4x o= ehdo] AR
CEmblo| ks 284 RS v, AHoE WORE 950 St raleA] s EE

r'w‘—TlrLi

2 ooy
m
—r
T

okl
1y
g ™~

rrl
T2
ﬁ

i

o I

Looft My i omd O
i

el 2l JlAle] 4= a4} e} 8| =R A7 A et 9k, 5 8 SR AR V)Tl

©

=,

i

o

=

o *=
o
==

ik

o

25 M40&(2007) 419



A, olz B 54 W

=r

A RBP4 AT o] o

B ol (

L

oz WA g

=
T

S A
T 1

S
S
S

Eftd o] Fed} 97

2 A~

/\HO]
o) Ant UL

of JaAlx AR RE AR

i

fLe

L

1

5

7| o

A

=z=
T

o]
=

Aol

L

A Aggel A% 4T o, 54

= WA =

il

5

Al Eof= Al 9871wzl L 2k ok B A Al gtk (Al

O AFAF el of A
/\_]1-]
Zla) 2 o) 2 U)o

5

4

T
T
i
)

T

;A_'IE
i
]
Lo
B
o

dLnO

7go] i

1.

7]“0‘

‘o]

Ego] oft]e} by 2452

Pz =gt s

g4

9§15

[¢)

77} v
o2}

13} 0] 4 o]5o0] AT}

L

1

=)

o
)

=

o, ole]
2 Aol
| H7{0]
ble} o] 74

]

o]

a) il

ak-
ol
(s
)

—
o

3 9) 187}

e
=

5]

J)
N
i
%
]
o

il

o4

L

1

q), EDTA

[e]

A 7

U &

RS
Q0
i

0]

=

712
VA7 A F) 2 0 0l ol 11 2,

-

[e]
T

M4 e

e,

LR AL A ) = = A2

-

1

a1

2}

Felll EDTAS] Z¢ o]
FHATA  hitp://www.nrich.go.kr

L

1
—
2]

T

Uxp 7o) Aol A g

&]o] E(chelate)

Fe?] A|7]
ojgfol 7=l EAR,
420 =3

10)

7]




SR D=0 25 KA1 M HHOl TS / Y

EDTA-2Na, EDTA-3Na, EDTA-4Na7} AR %1 9ok (Smith 2003; Rodgers 2004), 4%
arE ] ol HA Y] Eelf s HE ) el 1% = 2% EDTA-2NatE ARE-51H(0]-&-3)
1997; kA7 2] 2004), &3 1EA S EDTA x{mﬂﬁ G BAE BAHT:3)@F EDTAS e A&
8F7] I gt (0]-8-5] 9] 2000; =# F-ol 3 ¢4 2001; -3 2004).

EDTA: F8F4jo] O H N0, 0.2 o dllcfolql HE g} of4 EAHEthylene Diamine Tetra
Acetic acidyo|gtilte sfar, LA A4 B g =32 2400 ), o tigh 88flee 2279
= 100meel] 0.2go| wom, ofgtE, ofd| 2 ol = 54 =t AY e wdolRi) P 4

B4 A olEE e, EDTA BAF72A & oS 2},
HOOCCH, chzcouH
%
Hﬁ*EHchEQm
HOOCCH, CH,COOH

EDTA+= th& i} Zo] 69 = o] & 3ls5he),
o17) A Yi= EDTAY] £4 8k 4742 ofA| EAto| 4] T & A9 3F Y A& yeb it
H,Y = H + H,Y (pK1=0.0)
H,Y- = Ht + H,Y2 (pK2=1.5)
HoY2™ = HY + HY?™ (pK3=2.0)
HY3™ = Hf + Y4 (pK4=2.26)
H.Y'T = H + H,Y (pK5=6.16)
HeY2" = H" + HY' (pK6=10,24)

EDTA -8 2= EDTA AA| st ofgjet & 7714] ke s o

1o
m&‘

O
f
Bl
el
i
ix

(HeY* HH Y H H, Y+ H Y I+ H Y2 HHYS H Y5 1=Cl

2o A70) 7o FhEE Al oF AR} S| 5t Ho| i alA]ul 97 o)kl ok aFSo] tiat Aotk
374 4Fe) Slef Ho] Hyel Ab e Abatelch. 89 % 919) 57b 8] 5z gole) pHOY
whel A4 ==, pH 10014 = HYH €F Y4 7} 64, 5%9} 95552 AA| . U 4| Shape
719 FAE Aol ok EDTA o2 V4 &= el ada ARt 719 He gfol (M) 119
L(mole)d] 2 HFS-5lo] o1& 3 215} 5128 ulE o)

[LO
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4 EDTA 22 9 A5 K e b8 ol et B4 998 4 ot

Mot 4 Y4, > Myn% K[:

i 3. 34-EDTA Z0|E & &%

Ion log K¢ Ion logK;

Na' 1.66 Mn3* 25.3(25%7)

K 0.8 Fet 25.1
Mg+ 8.79 Co3t 41.425C)

Ca2t 10.69 Cu?t 18.80
Mn?* 13.87 TR 21.3(25C)

Fet 14.32 Zn?* 16.50

Co?t 16.31 Ca?* 16.46

Ni2+ 18.62 ARt 16.3

G &34 -EDTA 229 A4 KB depdl 2ol Ki= EDTA S81% 3 Y49 g4
o] 21} o) Whgof thaf AJolgt Aolct, K iz s/t o & 5o 2445 v & A3 Uehdoh

FoflA & 4= 5ol bogK ] ol 2475 480 &ollA EDTASF Zelo| E5 §4 Hwrt A,
Ti3*, Co™*, Mn* 2] logK ffo] A YepuARE, =QF tlofl 1% uleho]il S o &4 gheh

st efte 719] A ds Aot wf EDTAE Fe® of Ad|o|E5 AT 7k /ol - &

IV. EDTAE 0|83t +&n=x10] s34 HA |

2005\ A $8 5 DR TEEA UMK U A ok e) BAlgEo] 2E Y
k. 5 RO SR HEGE sUHES AY ) AR R ARE-elgE, o5 A8 A& 5C
ol A 60 22 27wk
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SR 9] 342 Ao E sk & Hh-A] A 23151 7] 8 ethylene diamine tetra acetic
acid @) UE 595 AME-aF=t Na®] =71 204 491 24 o] 8-5ko] 7ol 21851900k, AR+
EDTAYS disodium Salt hydrate( M - W : 372.2, GAFS}8} AJ2F2)  trisodium salt hydrate
(M- W: 358.19, thAs}tal AJokE) W tetrasodium salt( M- W : 416.2, st Alekg)olct,

2. 24 2 23y

EY Ul Frle 23 S doliy] 8 SA 2R Y 8 L TR WY
= AFEEL, 120CoAA 15417 ¢ A2A 7 & 7R oA L000TE 1A ¢ 21SHIk(b)
to] f718S AABIT, 200 HA(mesh) 2 AR 2& ARZ sto] XAG A 7|(XRFY:

X-ray Fluorescence Spectroscopy, PAN alytical PW2400, Netherlandg & #4alict, &
o] FEEAHL A n 5 120TC A 15AIE 59 AX A7 & TG-DTA(Thermo Gravimetry —
Differential Thermal Analysis, TA 5000/SAT 2960, Japan)= 2F 5007C)| A4 3|3}sto] EDX
(Energy Dispersive X—ray Spectroscopy, Jeol JSM 5610, Japan)2 AA| 53tk &A] A&
ol S Sl Ao m AEE G579 5 SA5] Sl AR 1gE 100m2) 6N-HClo
120rpm® & & 24A7F 5o B8l 5lo] Fe 9hi-d 4 5k8iet,

EDTA YEF A9 F7ek sieol W o5& 2leket29 374 57445 vlasl7] $Jef EDTA-nNa
(m=2~4)5 27} 0.05~0.4wi% &0 2 2A|5}3ic), N NLE ARESLo] HRE 54 AR
10g& HAAZ & 30~T2A1F] HfollA Wg-A17IH 72410 5¢F 9% (A o= Alns
AHstelom, &% G&0l0 e AT R EEA(AAS Atomic Absorption
Spectrophotometer, Shimadzu AA-6710F, Japan)s AME-3to] 4otk 899 pHe
pH meter(Model: Metrohm 713, Swiss)2 <74 a3t}
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I 4. 34 $818 1272 732 EY XRF 24
o A (%)
1 NasO 0.575
2 MgO 1,116
3 Al9O4g 18.64
4 SiO2 67.841
5 P2O5 0.194
6 805 0.135
7 K50 2.136
8 Ca0 0.317
9 TiOq 0.896
10 Mn N.D.*
11 FeqOx 8.097
* N.D.: not detected
[ T T T |
Fe
Fa
L | || |
|l | |
)l
B o _1'= B p——T

ke

# 5 4 $64F 1B EE SA EDX &t

H A = & (%) & Xt (%)
Mg 5.50 9.45
Al 4.47 6.92
Si 7.32 10.89
S 10.93 14.25
Ca 16.16 16.85
Mn 2.46 1.87
Fe 53.15 39.77

Totals(% 100.00

424 2SI TA  hitp://www.nrich.go .kr

(% 5) W CE 5% Lol Fe, Ca, S, Si

FOR A W] B/1% 99 % Feol
50wi%7h Y 4215 Uehelc,

G5t €19 59 2058 5ok
=

et qlek, Al EAo] g5 Fedl
s 6N HOLe & 843 27} 70ppm e &
UERdth EDTA-2Na 0.4 wt%e] 49 Xt)
A7} 60ppmeol| 7HAAL 48AI7F o] % dAJgE
o4& Yetl= ol 5 WE7HA
EDTA®] ko] m|x]2] Eab7| fjEo =
AV, Q" T2 EDTA-3Nad) $&
Aol t} pHi= T~8% S0l ™, EDTAL)
Fedl 3t &E 3 Ao A EAsts=
[Fe’" (H,O)EDTA% Tub &zhe] o oof| A
EAoR= [Fe3(OH )EDTA+ 15 E| 2 §/g0]
Bol8hA] Jakil, Feo o235} 9A] A= 2]
oA Yoo 7HY WE BAANE Uehd
Ao R AZHE (18] 8) HA] Yo
Feill EDTA-4Na%}e] 25tek2 sm g o
Efdll Aolch, I ko] Aof S yiF-¢]
Fe/b Saf w2 Zgon pH/F F7heko]
whe Fe(OH)s®) A/dol 7143k Al s a7t
"ol Zl Ao w Azt

-§-0ff Z2of] £A51= Fe-EDTAL= pHoll 2J5)
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Abstract I

A study on the Investigation and Removal
the Cause of Blacken Effect of Waterlogged archaeological woods

Yang Seok-jin

(Gaya national research institute of cultural heritage)

This study analyzed the foreign substances in waterlogged archaeological woods and
compounds in soil where waterlogged archaeological wood was buried, in order to examine
the relationship between burial environment and foreign substances in waterlogged
archaeological wood,

The XRF(X-ray Fluorescence Spectroscopy) and EDX(Energy Dispersive X-ray)
analysis were conducted to examine the effect of iron(Fe) to blacken the waterlogged
wood, The XRF results showed that investigated soil contained Si, Al, and Fe, Wood
ash contained more sulfur and Fe than any other dements in the EDX amnalysis, Cellulose
and hemicellulose were significantly reduced at the surface of wood, which is the
blackened part of waterlogged wood. Foreign substances changed the surface color,
These problems could be solved by removal of foreign substances in waterlogged
archaeological wood using EDTA(Ethylene Diamine Tetra Acetic acid). The optimum
condition to remove Fe from waterlogged wood by EDTA was investigated. To do this,
the concentration of Fe removed was measured with various concentration of EDTA-
2Na, The optimum pH of EDTA-2Na was figured to be 4.1 to 4.3, As the concentration
of EDTA increased, the extracted concentration of Fe also increased. In the case of
0.4 wt% of EDTA-2Na, about 60ppm of Fe was eliminated and was stabilized after 48
hours Inthe case of EDTA-3Na, the optimum pH was 7 to 8, and about 10 ppm of Fe
was eliminated at 0.4 wt% of KDTA-3Na. In the case of EDTA-4Na, the optimum pH
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was 10 to 11, and about 20 ppm of Fe was eliminated at 0.4 wt% of EDTA-4Na, In
conclusion, the iron(Fe) in waterlogged archaeological wood was removed by EDTA

treatment and it increased the whiteness of the surface,

Keywords © waerlogged achaedogica wood, EDTA, blacken effect, burial environment,
removal Fe
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