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Fig.3 QB2

Fig.4 QB3

B, EDTA-2Na, FEMIRERE.

BRELBAETEEFMENF. 2 h BEEKT, 3#xt
BHREBEEGIE, LI ICP-AES(Inductively coupled plasma-
atomic emission spectrometry, H RS ESE FRE T4
KWk, 2 EEHFHREAN, KL F5EH 4, 8
182 h, BREWG, HHMPBURHEMB LR ICP-AES HIliR, 3
EFRHFSNHT T -RBHEITE.

1.2 ICP-AES #izt

ICP-AES Jlisl7e o B A % B b i 5 s IR 4 B B 2 BT
BREMELREHFT. A Thermo Electron /A & 4 7= i)
2HEKERBBREGESE TR ST,

WX &M TF. £ 0.38 m, J#} 52.6 grooves -
mm™', N¥BF 64.1°, 85454 21°, Al FHI M 175~1 050
nm, £ 8 2 B # (nm/mm) 4> 3 ¥ 200/0.52, 400/1.5
600/2.25. MK AES, WEHF: 0.5 L min ', BRE
1.99X10°Pa, E# RF & @l N 27.12 MHz, ¥ BHIh &
1150 W, {B4mHE): K (C>265 nm)10 s, 5K (<C265 nm)
10 s, #ME(CID) K 512X 512 J S KM BT,

2 GRS

EBBEREBTHEHYNAI L 1~2, GHBEHBEA
A5, Bt ey AR RR, 14QB2 2 HNO: R R
QB2 % HNO; B 2 h @@ M. iR A, Ni, P,
Zn, Ba, Cu, K S URAMER H B+ S ERM, THIBE
B, ELIR B A, AR LA AR [R50 3B s .
Na BRAERH B+ & BBALFHFAS B, {8 EDTA-2Na
—HPIERE, BT HARANEER, B EDTA-ZNa
FEA A Na B F X BURER TRAT M, B Na FEREE
AR AT AR OO 18R .

Table 1 Elemental composition in different cleaning agent solution of QB2(pg < g™')

R Al Fe Mg Na Ni P Zn Ba Cu K

QB2 2 HNO; 3.02 1.07 6.40 5.84 0.03 0.07 0.21 0.09 0.01 0. 41
QB2 2 HCI 3.36 0.77 6.57 6. 25 0.02 0.09 0.36 0.15 0.01 0. 37
QB2 2 R 1. 16 0.35 2.02 2. 90 0. 02 0.09 0.05 0.03 0.01 0.20
QR22EDTA-2Na 0.43 0.51 1.70 173.7 0.01 0.05 0.07 0.03 0.02 0.28
QB2 2 H:0; 0.03 0.01 0.88 6. 26 0.01 0.43 0.10 0.03 0.01 0.52
QB2 2 H;0 0.02 0. 00 0.50 8.12 0.01 0.04 0.02 0.01 0.01 0.51
QB2 4 HNO; 4.62 0. 37 8.63 5.19 0.03 0.09 0.15 0.06 0.02 0.29
QB2 4 HCl 3.32 0.26 7.45 4.77 0.03 0.18 0.13 0.08 0. 02 0.26
QB2 4 PR 1.52 0.25 2.52 1.59 0. 04 0. 08 0.45 0.02 0. 00 0.17
QB2 4 EDTA-2Na 0.81 0.25 1.92 158. 22 0.06 0.09 0.04 0.0t 0. 02 0.35
QB2 4 H,0; 0.03 0. 00 1.09 3.28 0.03 0.75 0.03 0.01 0.0 10. 20
QB2 4 H:0 0.01 0.01 0.62 3.36 0.03 0. 06 0.03 0.01 0.02 0.30
QB2 8 HNO; 7.67 0.52 12.85 2.68 0.04 0.11 0.13 0.06 0.02 0.12
QB2 8 HCl 5. 60 0. 68 9.84 1.92 0.04 0.13 0.14 0. 50 0. 02 0.21
QB2 8 FriEEk 1. 86 0.27 2.78 0. 83 0.03 0. 06 0.05 0.05 0.01 0.09
QB2 8 EDTA-2Na 1.42 0.34 1.36 158. 65 0.05 0.09 0.05 0.02 0.01 0.29
QB2 8 H; 0, 0. 02 0.00 0.82 1. 41 0.03 0. 61 0.03 0. 06 0. 02 0.10
QB2 8 H;0 0.03 0.01 0.65 1. 94 0.03 0.05 0.08 0.01 0.02 0.13
QB2 82 HNO, 15.24 3.95 19.63 2.93 0.06 0.20 0.09 0.13 0.03 0.20
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QB2 82 HCI 10. 62 0. 98 12.79 1.90 0. 06 0.18 0.09 0.10 0.03 0.20
QB2 82 FrHERE 5.45 0.43 6.51 0. 89 0. 04 0. 18 0.03 0.03 0.0 10. 16
QB2 82 EDTA-2Na 5. 14 0. 54 1.18 161. 10 0. 06 0.12 0.03 0.02 0.0 10. 32
QB2 82 H20; 0.01 0.00 1.16 1.49 0. 02 0. 49 0.01 0.00 0.02 0.16
QB2 82 H;0 0.01 0.01 0. 26 1.75 0. 05 0. 07 0.01 0.02 0.02 0.11
Table 2 Elemental composition in different cleaning agent solution of QB3(pg - g™1)

BEZK Al Fe Mg Na Ni P Zn Ba Cu K
QB3 2 HNO; 0.21 0.35 1.01 1.73 0. 04 0.05 0.23 0.09 0.02 0.19
QB3 2 HCI 0.10 0.16 0.57 1.18 0. 02 0.06 0.17 0.10 0.03 0.12
QB3 2 IFER 0.08 0.17 0. 37 1.53 0. 02 0. 10 0. 06 0.05 0. 00 0.19
QB3 2 EDTA-2Na 0. 05 0. 06 0. 61 142. 46 0.05 0. 09 0.22 0.05 0.02 0. 81
QB3 2 H,0; 0. 07 0.01 0. 56 2.58 0.01 0.83 0. 04 0.03 0.01 0.26
QB3 2 H,0 0. 00 0.00 0.12 2.57 0.01 0. 05 0. 04 0. 00 0.01 0.11
QB3 4 HNO; 0.18 0. 22 0. 90 1.61 0.06 0. 05 0. 29 0.08 0.02 0.18
QB3 4 HCI 0.09 0.07 0. 80 L7 0.03 0.08 0.14 0.12 0. 03 0.35
QB3 4 FrEERR 0. 04 0.12 0. 27 0. 60 0. 02 0.10 0.06 0.03 0.01 0.16
QB3 4 EDTA-2Na 0.02 0.03 0. 30 156. 85 0.05 0.07 0.06 0.02 0.0 10. 43
QB3 4 H; 0, 0.02 0. 00 0.84 .21 0.03 0.76 0.04 0.01 0.02 0.10
QB3 4 H,0 0.01 0.01 0.22 1.32 0.03 0. 05 0.05 0. 01 0.02 0.09
QB3 8 HNO; 0.15 0.18 1. 00 1.57 0.06 0.02 0.13 0.07 0.02 0.10
QB3 8 HCI 0.33 0.54 1.24 1.23 0.03 0.09 0.10 0.18 0.02 0.17
QB3 8 &M 0. 04 0.10 0. 22 0. 50 0.02 0.13 0.06 0.03 0. 00 0.14
QB3 8 EDTA-2Na 0.02 0.02 0.31 158.03 0.04 0.05 0.07 0.02 0.01 0. 48
QB3 8 Hp 02 0.02 0. 00 0.71 1. 40 0.03 0.71 0. 02 0.01 0.02 0.12
QB3 8 H,0 0.01 0. 00 0. 26 1. 06 0.03 0. 05 0.07 0.01 0.02 0.12
QB3 82 HNO; 0. 27 0.31 0.91 2.79 0. 05 0.07 0.10 0. 05 0.02 0.15
QB3 82 HC! 0.1¢0 0.10 0. 62 2.30 0. 04 0. 06 0.11 0. 07 0.04 0.14
QB3 82 R 0. 07 0. 06 0.33 1.47 0.04 0.11 0.03 0.02 0.01 0.19
QB3 82 EDTA-2Na 0.04 0.06 0. 31 143. 97 0.05 0.08 0. 04 0.03 0. 04 0.54
QB3 82 H,0; 0.02 0.00 0. 60 1.86 0.05 0.70 0.02 0.01 0.02 0.12
QB3 82 H,0 0.00 0. 00 0.03 1.18 0.03 0. 07 0. 00 0. 00 0.02 0.16

604

—— HNO;

b=

/(v g/g)

%)
S

T T T T d T T
0 20 40 60 80 100 0 20

T T 1 T T T T 1
60 80 100 0 20 60 80 100

40
EEAURF I/ /M) B ), CheD BRI/ (R
Fig.5 Concentration of aluminum Fig. 6 Concentration of iron ion Fig. 7 Concentration of magnesium
ion in the solution of QB2 in the solution of QB2 ion in the solution of QB2

Prigti, MERKEELRES. R L RBIERE
HHBBERART . BARRK L HYEEREN ALO;.
535k, Fe, O 71 MgO H1E K BRI ARG IR R LIET R
Bt A, R, FeOp B4ENE GRS MK M.
Hitt, B Al, Fe, Mg =R EERBERFENAIEN
iR, BB RIEFURIX MR RY A, HER S R
BERAVRYKFS, R LW REA KT Al Fe,

Mg &4, ATXS B &SR “RPHEHRG”. Bk Al
Fe, Mg =4 /MERHRIR, REFVIAR X T KRG,
& 5—F 10 Bi % B v B e, BEmhER=
PR R R LR .

R 1HE 2, HNO; B Al, Fe, Mg =45
HER. BT HNO; fsRME, HREBBHEE Na, Ni, P,
Zn, Ba, Cu # K &4 4>. HCl #93 k1 5 HNO, 2. #7



H3M

Kl S HHESH

775

BRI EDTA-2Na B9%5 i 88 1 393E & F HNO; & HCL, 3
FIERE LY P NE SRR T EDTA-2Na, XBR S
BRASHBREE X, H:O, 1 H,O MBENBFRE &R,
R, HEEEME, REZEFKOBLEIRS, #
EERE T Na, Mg, KZ4 4, B 5—E 7 &8, HHRAH
e IR 450 . HNO; >HCI> #5748 > EDTA-
2Na>H,0,>H,0. EAPRERY, BEMNFHMRABHE
FH#M. EDTA-2Na %, B, HREHRBHERER,
it PR A A 4R i R

RN QB3 Mm-S QB2 4L, B HNO; iy
R EEAEE, HClHE®K, HEBRE5RT EDTA-2Na, H,0;
HORELEE B SE. ARAME, FMHEFEREHE QB2

09 — HNO.
]

( 4.0 4 — HNO,
08 HCI

— Frhm e i g HC

0.7 EDTA-2Na 354 ;
H0. S

e

/

\ 2

0.6 HO
oo

y
/

‘/‘/

0.5
04
w03
0.2
0.1
0.0

KIE/(n g/g)
WIE/(n g/g)

e 1.0 4

— EDTA-2Na 1.1

5 o o
Pt
=
e 3
\
|
i

e 0.2

B, i Al, Mg, Fe S MBEER T QB3. X HLUIHF
YeikAxT QB3 74 RGBS, Tixt QB2 P A MBHE K.
WA 3ME 4 TR, QB2 REFRSEE, T QB3 RIFR
i, BARAZA . XiRW, BRI R &
ESHRFROAFEDHR, —BELT, REBRFHEY,
“RIFHEB"E /.

Fi5h, BATERB, BARFSN E T RN WA=
EMGERK, BFERR. EDTA-2Na Z5R A AR AR
MAE TR K ERH 96 DB, HETBHAN 5ER
ERE R C~6 DEHANHEME. Bit, ELRRP
HEF, NeEEREERA, FEERENEERELZS
HEZA.

1.0
g 0.9 -

0.8 4
0.7 4
0.6 /

).O

0.5 4

0.4 4 o
y
/

(ng/g)

0.3

g

N 0.1
0.0
- £

0.0

0 20 40 60 80 100 0 20

T
40 60 80 100 0 20 60 80

B (] (NP EEf A

Fig. 8 Concentration of aluminum ion
in the solution of QB3

3 &

(DRSNS T RER—ERENRE, &0
3. HNO; MM a4 Bk, HCl R, HH#mR
E EDTA-2Na 931 EE S5, H,O, F1 H, O BXHEE S R A
£5.

()WY B4R (7R e 5 B8 A5 2 RO AR AP IR UL A
%, BRSNS EBNEEN MY WESR, E5EIN
.

(DFH VRSN 96 h KW HHAE S 5IRBE 2~6 h H5E.

References

Fig. 9 Concentration of iron ion
in the solution of QB3

Fig. 10 Concentration of magnesium
ion in the solution of QB3

% RE BRI LR SCRP SRS, B ERERENSHE
BHRBEZR TRPREUSHERRARS YRR, ¥
AR, KRR IPIES, ML ARBIEMFELE
FI% MR A A AR H RIS B R B, T RE
RLFABHRIER KRS

(OFHERF . 0 H, O FRERT LAt — Rk P4
5r. BERBGHYKESBELE, EEFEKHE 100 X
AL WE/KEN, FAABIRIEA R, Bk, FHEXHKE A
HERBRIBRTIR L AE S SRS O, FATLUEER
PAMetE R R SR BB R FINARE . MK TAEDIRH
AL

(1]
L2]
[3]
(4]
£51

L6]
£71
(el
Le]
(10]
(1]
(1]

Robinson W S, International Journal of Nautical Archaeology, 1981, 10 (1): 3.

Norquest S. Anagpic, 2008, 12. 1.

Gheorghe S V. Museum Microclimates, 2007, 11: 31.

Casaletto M P, Ingo G M, Riccucci C, et al. Applied Physics A; Materials Science & Processing, 2008, 92; 35.

WANG Hui-zhen(T ¥ ). Science of Conservation Materials(SC¥{R P #12). Xi’an: Northwestern University Press(Pg4¢: itk
AR, 1995

ZHOU Shuang-lin(EMH#). Cultural Relics of Central China(sFJE3C#Hy), 1995, (02): 111,

WANG Hui-zhen( E ¥ #1). Science of Conservation(X#£#12%). Beijing: Cultural Relics Publishing House (4t 3T : X1 AREL) » 2009.
HU Dong-po, ZHANG Hong-yan(#j## , £ #). Science of Conservation and Archaeology (SCHIMREI 5 HF L), 2010, 22(1). 49.
LI Jian-an(ZERZ). International Museum(EERIEM1E ), 2008, (4): 106.

SUN Jian(3 #). China Cultural Heritage( E 32k 7). 2007, (4): 32.

LIU Yi(x] #). Huaxia Archaeology (6 ), 2003, (3) : 49.

ZHANG Fu-kang, ZHANG Zhi-gang (3B, HER]. Journal of the Chinese Ceramic Society(REE#£h2£4R), 1980, 8(1): 9.



776 Feitk2E S5 $£3vH

A Study on Quantitative Evaluation of Damage in Conservation of
Ceramics from Huaguangjiao | Shipwreck with ICP-AES

LI Wen-jing" 2, CHEN Yue''?, LI Nai-sheng®, LI Bin', LUO Wu-gan'* ?*

1. Key Lab of Vertebrate Evolution and Human Origin of Chinese Academy of Sciences, Institute of Vertebrate Paleontology and
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Abstract ICP-AES was used to determine the elemental composition of solutions in different conservation steps for understand-
ing the impact of cleaning agents on ceramics from Huaguangjiao [ shipwreck., The results showed that high content in solution
of Al, Fe, Mg ions, which can be indexes to reflect the damage in conservation of ceramics. According to these indexes, we dis-
covered that agents of strong cleaning ability bring more damage to ceramic samples. Meanwhile, the state of preservation of the
ceramics was closely related to the damage in conservation. Ceramics in an excellent state of preservation endure less damage
than that in bad state. We also found that each cleaning agent cause certain degree of damage on porcelains, even neutral rea-
gent, like deionized water. Moreover, moderate cleaning reagent, when using a long time, bring the same degree of damage as
the strong acid, Therefore, in actual protection procedure, for conservation ceramics safe and effective, damage of each cleaning

agents and cumulative damage should be considered.
Keywords Conservation of marine ceramics; Cleaning agents; Damage in conservation; Quantitative evaluation
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