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Table 1 Porosity data of samples before desalination

R g 5 PRV, /mL 25 B V,/mL LB/ %

J-1 7.166 7 0.022 9 0.32

J-2 3.156 0 0.003 8 0.12

J-3 3.914 8 0.007 6 0.19

T-1 7.239 2 0.262 8 3.63

T-2 8.012 6 0.258 5 3.23

T-3 7.480 6 0.204 8 2.74

Z-1 12.568 2 2.246 2 17.87

Z-2 4.301 0 0.3650 8.49

Z-3 7.647 1 0.3545 4.64

R2 AR FLB RS
Table 2 Porosity data of samples after desalination
e TR fLBRH/ % B A fLERHR/ % B A2 fLBEHR/ %

J-4 0.33 T-4 5.71 Z-4 9.03
J-5 0.16 T-5 1.38 Z-5 0.13
J-6 0.49 T-6 3.04 Z-6 11.62
J-7 0.13 T-7 2.19 zZ-17 2.18
J-8 0.22 T-8 6.23 Z-8 13.31
J-9 0.38 T-9 1.19 Z-9 0.30
J-10 0.19 T-10 8.38 Z-10 0.20
J-11 0.58 T-11 4.07 Z-11 4.65
J-12 1.13 T-12 7.07 Z-12 0.28
J-13 0.40 T-13 1.69 Z-13 13.11
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REE] FLBR/ % RLELR] FLBR/ % REEE] FLBR %
J-14 0.49 T-14 1.70 Z-14 0.25
J-15 0.15 T-15 9.54 Z-15 9.48
J-16 0.17 T-16 9.01 Z-16 0.25
J-17 0.29 T-17 7.53 Z-11 8.93
J-18 0.12 T-18 9.64 Z-18 8.80
J-19 0.24 T-19 7.32 Z-19 9.23
J-20 0.16 T-20 6.77 Z-20 0.22
J-21 1.53 T-21 8.79 7 -21 2.67
J-22 0.42 T-22 9.84 7-22 0.11
J-23 0.33 T-23 6.68 7-23 6.31
J-24 0.40 T-24 1.20 7 -24 14.58
J-25 0.33 T-25 1.26 7-25 9.05
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Table 3  Groups of experimental samples
LIRSS FLHFE A
HWIRAR 16 kHz J-4,0-5T-4,T-57-4,2-5
HiR M 28 kHz 1-6,1-7,T-6,T-7,2-6,2-1
WU 40 kHz J-8,J-9,T-8,T-9,Z2-8,Z-9
B KR J-10,J-11,T-10,T-11,Z-10,Z - 11
N 40 C J-12,0-13,T-12,T-13,2-12,Z-13
Jin# 55 C J-14,)-15,T-14,T-15,2-14,Z-15
N 70 °C J-16,1-17,T-16,T-17,2-16,Z -17
TN — AU 40 °C - 16 kHz J-18,]-19,T-18,T-19,Z2-18,Z-19
TN — BRI 40 °C 40 kHz J-20,7-21,T-20,T-21,2-20,Z-21
T — A 70 °C - 16 kHz J=22,]-23,T-22,T-23,2-22,7-23
FA — BRI 70 °C 40 kHz J-24,J-25T-24,T-257-24,7-25
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HAo BETHR TG R P 4 Fig. 1 Conductivity change with time
FAEUIN, VT G AR TRGE R4 T of desalination ( sosking at ambient
ST 45 R TR TR temperature)
F4 FIRBERIE B EAW 360 h 5 384 h & 1A A
Table 4 Data of ion chromatography of desalination (soaking at ambient temperature) solutions after 360 h & 384 h  (mg/L)
FE i F- cl- Br- NO; P03~ S0%-
J-10-1 — 0.3536 — 0.1277 — 0.2900
J-10-2 — 0.3600 — 0.1291 — 0.3169
J-11-1 — 0.5239 — 0.1290 — 0.3037
J-11-2 — 0.5352 — 0.1274 — 0.3161
T-10-1 — 19. 0650 0.1276 — — 8.1915
T-10-2 — 20.0178 0.1254 — — 8.2190
T-11-1 0.0289 0.7428 — — — 2.9708
T-11-2 0.0293 0.7369 — — — 3.0116
Z-10-1 — 0.0980 — — — 0.2357
7-10-2 — 0.1050 — — — 0.2449
Z-11-1 0.0350 8.9771 0.1193 0.1156 — 1.8409
Z-11-2 — 9.5263 0.1244 0.1191 — 1.9213
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Table 5 Conductivity change with time of desalination (soaking in renewed water at ambient templerature)  (wS/cm)
t/h EN! 252 J-10 J-11 T-10 T-11 7 -10 Z-11
0 0.68 0.68 0.69 0.58 0.67 0.69 0.58 0.72
24 0.98 2.18 0.96 0.92 0.98 1.00 0.89 0.99
48 1.01 2.58 1.00 0.96 1.02 1.03 0.95 1.02
72 1.04 3.16 1.02 1.01 1.04 1.06 1.00 1.05
96 1.05 3.66 1.03 1.01 1.06 1.06 1.02 1.07
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Research on desalination of ceramics from the Nan’ao | shipwreck

XI Alei
( Guangdong Museum, Guangzhou 510623, China)

Abstract; In order to more effectively carry out desalination as a conservation treatment for a great number of
ceramic relics from the Ming Dynasty shipwreck, Nan’ ao 1 , samples from three different kiln systems of Nan’ ao
[ were selected as research objects. We tested and analyzed the clay bodies, and compared the results of four
different desalination methods ( soaking in still water at ambient temperature, soaking in heated still water, soaking
in water with ultrasonication and soaking in heated water with ultrasonication) with eleven parameters. It was found
that compared with desalination by soaking at normal temperature, the rate was greatly increased using the other
three methods that employed heating or ultrasonication. However, as the temperature rose or the ultrasonic frequency
increased, the desalination rate did not increase significantly. Furthermore, the ultrasonic waves had adverse
effects on the glaze surface and the clay body of these fragile cultural relics. Based on these observations, we
proposed desalination parameters for the ceramic relics from the three kiln systems, with the aim of providing
support for the safe and effective desalination of the more than 20,000 pieces of ceramic relics from Nan’ ao 1.
This work also provides a reference for the conservation of ceramic relics from other shipwrecks.

Key words: Nan’ao | ; Desalination; Ceramic; Underwater archaeological objects
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