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ABSTBACT  This paper focused on desalination method for the underwater archaeological ceramics. The desalination
method applied in this study takes additional conditions such as the amount of desalting water, temperature, and agitation
conditions and compares the effects of desalt process. The result of efficiency rate appears that the twenty-times of the
object weight of desalting water is more effective than that of ten-times one, but shows less economic compared to the
cost. In addition, the research shows that the efficiency rate has been improved around 20 to 30 %, yet such improvement
is not taken into account as an effective result considering the risk of damage from the physical and chemical impact
and the consumption of energy in applying additional method.
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Figure 1. Underwater archacological ceramics from Ma Island in Taean. (A) TM-1 Celadon, (B) TM-2 Earthenware,
(C) TM-3 Celadon, (D) TM-4 Celadon, (E) TM-5 Whiteware.
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Table 1. Experimental conditions.

Sample Weight Water ‘ Desalipation conditions Ceramic
(2) (ml) (hour, immersion method, temperature) type

a 33.95 340 336h, static, 25C

T™M-1 b 31.03 620 336h, static, 25°C Celadon
c 33.26 330 336h, static, 50C
a 30.13 300 336h, agitation, 25C

T™-2 b 30.02 300 336h, static, 25C Earthenware
c 30.03 300 336h, static, 50 C
a 22.23 220 336h, agitation, 25C

TM-3 b 28.48 280 336h, static, 25C Celadon
c 23.59 240 336h, static, 50 C
a 23.38 230 336h, agitation, 25C

TM-4 b 34.86 350 336h, static, 25°C Celadon
c 30.13 300 336h, static, 50 C
a 30.60 300 336h, agitation, 25C

TM-5 b 29.16 290 336h, static, 25°C Whiteware
c 29.99 300 336h, static, 50 C

TM-1, TM-4+& S22 0 2 23} I 5lEo] W7o 2 A
4 33, TM2+= RPN 02 U7 ZAfe
AAL 7], TM-32 =340 2 27kd0| AR A}, TM-5
= A0 2 o2 A EFo| gli= aixto|th(Figure 1).
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Table 2. Concentration of major elements in bodies of the desalination samples(wt.%).

Sample Si02 A1203 F6203 CaO MgO KzO MnO Na20 PzOs TiOz L.O.L
TM-1 7542  16.68 2.74 0.51 0.57 2.56 0.01 0.56 0.02 0.84 0.12
TM-2 7525 1631 3.31 0.29 0.66 2.31 0.01 0.93 0.04 0.88 0.18
TM-3 75.10 17.87 2.01 0.46 0.58 2.30 0.01 0.61 0.03 1.00 0.09
T™-4 7249  19.85 2.50 0.50 0.61 2.54 0.03 0.54 0.03 0.87 0.27
TM-5 5830 34.16 1.43 0.29 0.53 4.65 0.01 0.52 0.01 0.11 0.15
Intensity lD " M Table 3. Absorption, porosity of desalination samples.
“ @ Quan= Sample Absorption(%) Porosity(%)
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e | | TM-2 0.80 12.28
i | al ¢
‘w«'J W\,‘,"JL(U\JU K .,JLJ‘ N T™M-3 3.02 15.38
e TM-4 1.53 14.74
TM-5 2.56 12.71
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Figure 2. X-ray diffraction pattern of desalination samples.
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Figure 3. Pore size distribution of desalination samples.

th ol Kb EolA Seld Adqe] EHu
XRDEAZIE B3l v]RolE i 52 =4 24"
202 gt

71537] 443 TM-194 = 574/m2} 160nm, TM-2
o A& 576ume} 83nm, TM-39)| A= 837 um2} 89nm, TM-4
o M= 686ume}t 77nm, TM-59] A= 686ume} 751nme] 7]
o] EAstHHFigure 3). o]t 732 =A7] &4
Aol g U7t FUSH St T A9 BE U4
9ol o EAste] ADSEA] Eohe @4l HAE
& glom, Augom 284 dol AR 4 Y= F
5 AEETh 53] A e ulA] 7] L s
S84 950l AHBHNE A9l AU o3 &

0] &4E 3= ok

=& A

=7

—=

4.2,

4.2.1. \|2R2H|9 240l o 2
TM-1 A|22] a, b A]»j_% R )

29 g9 e AT Ade IS

Hees

Elot OITEE TAP|e] HBM HHEIE st TUTE HT / LA, U, Ysio|, BYE, ¥
0.004 0.008 - 0.005
§74um 387um
- 576 T™-2 ’
= T™-1 um T™-3
E 0.004
= 0.003 0.006 |-
c
]
g
= 0.003 -
=
S 0.002 0.004 | 88nm
=4
2 2834nm 0.002 -
g
o
£ 0.001 0.002 -
0.001 -
%\K 83nm
1000000 10000 100 1
0.012 0.008
e 686um 751nm Pore size diameter
-
% T™M-4 TM-5
] 0.006 |-
[}
£ 0.008|
E
.
% 0.004 |-
§
=3
o 868um
£ 0004r TM-1 : Celadon
0.002 |- TM-2 : Earthenware
77nm TM-3 : Celadon
TM-4 : Celadon
. ﬂ__/\ ) ) ) TM-5 : Whiteware
1000000 10000 100 1 1000000 10000 100 1

Pore size diameter

A|H a2] A= 33.95¢=2 Aeka] 104]¢] 13} 282 340
nlol ZHAR o, AlH b2 FA = 31.03g2 Au] 20
HiQl 1x}F F7<= 620me o]l JHA|A Clol 0] §&H3H
< gelstact.
=9 336A17HE % TM-1a0f A= Cl'o]20] 129.3 ppm,
TM-1boj A= 82.4 ppmo] & THTable 4). 1Lt
TM-1a®} TM-1be SEF2 A3 13} SH49] ol
A= gt o vlart o g7] e TM-1a8] 340mle]|
T F9 2wl 680ml 22| FHAE FEE Al 43 E
H| 23 Th TM-1a2] Sibses 64.7 ppm o2 ALt
At
ArE Aaghat vlwstd Ak 2080 AR
TM-1bo|A] 108o] FAAZ] TM-laBt} Cl'o]&o0] 17.7
ppm A &EH AL R, GE4 4§ 2uf F7ol wheh &
S&2 R 27.5%F e FFE AT
HEAG@FN A= 1A o] tizFa o] o] Fof
A7) W gl A7) 20u]) A2 theF 30% TEESHE 1L
o B2 & ¥ F7HE AeretA A=k 1007 Bt BA|
Al Aog worgr) ulebA o|%e] 2AY aHAPLS



138 | HE1EIS|X| Vol. 26, No.2, 2010

Table 4. Cl ion concentration depending on the amount of desalinating water(ppm).

Desalination time (hours)

Sample Amount of water 2 a3 7 % 163 240 336
TM-1a (ml/g)=x10 81.5 108.4 121.9 126.9 132.2 131.0 129.3
TM-1b (ml/g)=20 50.5 64.3 72.6 76.5 80.9 81.4 82.4

Table 5. Cl ion concentration depending on the immersion condition(ppm).

Desalination Desalination time (hours)

Sample

method 24 48 72 96 168 240 336
TM-2a agitation 15.4 19.1 25.8 26.3 269 28.8 31.1
TM-2b static 17.8 20.1 22.1 23.7 27.9 30.9 33.0
TM-3a agitation 579 100.4 130.1 148.8 180.4 188.5 188.8
TM-3b static 42.5 62.8 84.6 100.0 138.5 160.2 171.1
TM-4a agitation 32.8 46.3 59.9 68.4 86.1 86.4 86.7
TM-4b static 19.8 28.5 354 40.8 58.0 66.6 73.4
TM-5a agitation 54.5 61.6 69.5 73.1 84.8 91.8 100.5
TM-5b static 43.8 57.9 68.2 74.8 87.6 97.6 101.0
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Figure 4. The desalination effect depending on the immersion condition.

Table 6. Cl ion concentration depending on the temperature condition(ppm).

Desalination time (hours)

Sample Desalination

method 24 48 72 96 168 240 336
TM-1b 25T 81.5 108.4 121.9 126.9 132.2 131.0 129.3
TM-1c 50C 125.3 144.7 152.4 156.4 158.5 155.8 156.5
TM-2b 25T 17.8 20.1 22.1 23.7 27.9 30.9 33.0
TM-2¢ 50C 16.5 20.7 23.0 24.7 29.1 32.1 354
TM-3b 25C 42.5 62.8 84.6 100.0 139.0 160.0 171.1
TM-3¢ 50C 104.0 151.0 175.0 189.0 203.0 206.0 207.7
TM-4b 25T 19.8 28.5 354 40.8 58.0 66.6 73.4
TM-4c 50C 27.9 37.7 46.3 53.3 68.9 79.9 89.8
TM-5b 25T 438 57.9 68.2 74.8 87.6 97.6 101.0
TM-5¢ 50C 126.6 166.5 187.7 199.2 210.2 220.0 224.2
4.2.4. ErE1 SEZYY0 gt 0F A A 2EH =7 ARER AR T2 BT B4

S0 O

AR AE ANESS SHEE HYE v 2ol & ZA=th ARY F5E2 08~5.28%, 35BS 123~
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Figure 5. The desalination effect depending on the temperature condition.
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