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Table 1 Determination of anions content in solution (mg/L)
Fema S B 0] AE SRS p%fé iy _
Cl™ ¥ Cl™ e NO; ¥ SO~ WE
0 0.005mol/L. NaOH 7K 7AW <0.2
1941 -1-1 — KR 1h 30.24 32.5120 0.7924 2.1480
1941 -1-2 — YK 2h 52.52 58.3379 0.9766 2.7489
1941 -1-3 — K2 3h 70.77 76. 4654 0.9642 3.1429
1941 -1 -4 — IR 4h 86.89 94.2906 1.0815 3.7011
1941 -1-5 — IR 5h 92.03 102.5235 1.0832 4.3708
1941 -1-6 — K2 6h 102. 65 112. 0665 1.1604 4.1172
194 -1-7 — K Th 115.81 123.5078 1.1744 4.5586
1941 -1-8 — K 8h 128.42 136.7250 1.2480 4.4703
194 -1-9 — KR 24h 190.90 204.2683 1.5099 5.8441
1941 -2-1 TR 1h 3.23
1941 -2 -2 TR 2h 5.82
1941 -2-3 TR 3h 9.05
1941 -2 -4 TIREML 4h 9.95
1941 -2 -5 TR 5h 13.43
1941 -2 -6 KR 6h 17.15
19 41 -2 -7 TR 23h 44.91
19 i1 -2 -8 KR 25h 51.36
19 41 -2 -9 ZIKIZ 27h 54.11
19 1 -2 -10 WL 29h 58.30
19 1 -2 11 TR 48h 84.43 85.5919 0.1533 3.7680
1941 -3 -1 =R 2h 0.73
1941 -3 -2 =R 3h 1.00
19 41 -3 -3 =R 4h 3.38
19 41 -3 -4 =R 5h 5.32
19 41 -3 -5 =R 6h 8.56
1941 -3 -6 =R 230 28.40
19 41 -3 -7 =R 25h 31.87
19 4 -3 -8 =KL 27h 37.55
19 4 -3 -9 =R 29h 41.37
19 41 -3 -10 ZIKIR 31h 42.94
19 41 -3 -11 ZIKIR I 48h 55.33
1941 -3-12 =W 52h 59.62 61.7380 N/A 3.1417
19 41 -4 -1 PUIK =i 3h 8.88
19 41 -4 -2 PRI 6h 17.80
19 4p1 -4 -3 DUV I 22h 38.40
19 1 -4 -4 DUV IR 24h 40.15
19 41 -4 -5 YR 30h 44.91
19 41 -4 -6 DU YR 47h 52.13

19 41 -4 -7 PR i 54h 55.75
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19 41 -4 -8 PP L 119h 84.43 94.4779 0.0157 3.8949
194 -5-1 TR Th 1.00

19 41 -5-2 FKIR D 24h 5.56

19 1 -5 -3 FLRIRL, 79h 22.78

1941 -5 -4 FLIR 103k 24.77

19 4p1 -5 -5 FKIZ 173h 77.40 104. 2480 3.8227 17.4475
194 -6-1 NIKIR L 48h 8.72

1941 -6 -2 AU 96h 16.52

1941 -6-3 SR 156h 25.03 1.5295 N/A 0.2107
194 -7 -1 LRI 2 K 12.46 9.7195 N/A 1.8842
194 -8 -1 JNIREL S K 10.92

19 44 -8 -2 IR 8 K 16.69 16.5856 N/A 2.4907
1941 -9-1 JUKRIE S K 16.38 12. 1050 N/A 2.7197
1941 -10 -1 FIREL T K 13.59 9.5443 0.0551 2.7320
194 -11 -1 F— RS K 10.47 8.0755 0.0348 2.5351
19 1 —12 -1 RS K 6.76 4.1948 N/A 1.6448
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Table 2 Chloride ion concentration in the last time

soaking liquid (mg/L)

Bivys 35 45 75 115 195 205 265 345

Cl~- 0.51 1.72 2.63 2.30 4.19 4.54 5.38 3.40

4 SUEIRIETE K

Fig.4 Pitting corrosion marks disappear
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Table 3 The conductivity value of wood blocks (ps/cm)
- ANTR] Ak BT 5 9 A HRAE AN [7] P[] B3R 9 W ) HiL 5 5
I [A]
1% AC33 2% AC33 3% AC33 1% BA—-154 2% BA-154 3% BA-154 I AR JEAR
%21 3h 22.4 22.2 37.4 35.9 35.4 43.0 655.0 13.2
V211 24h 32.7 32.1 52.8 43.8 42.7 52.5 754.0 16.9
V21 47h 34.8 34.1 57.4 45.7 44.9 55.2 812.0 19.2
=210 144h 38.5 38.5 62.9 47.5 48.0 56.7 832.0 21.4
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J R g (HAR2ZEAN K,
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R R BB AT i [ B 1, UAH RGP Y2 & g
1, BCRH 2% i . gk, 2% AC33 1Y
pH (B} 6.86,2% BA — 154 [ty pH {H} 4. 81,2%
AC33 H 23 T rh o, BCBE 2% AC33 i 5 1
[ 751
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Fig.6 2% AC33 reinforcement
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Table 4 Determination of chloride ion content in soaking liquid
of unreinforced and reinforced sword section by ISE (mg/L)

ENITE] i

FE S ULEH AR TREE FE U A BT R
1R R 204. 45 1 RE2 R 125.12
2 K4 K 138.74 2 iR 4 K 93. 14
3N 3 K 85.47 3R 3 K 72.94
4 KB 3R 51.19 4 IR 3 K 51.19
5 WIEHL 4 K 65.19 5 KL 4 K 69. 64
6 WL 5 K 52.69 6 WIS K 64.34
7 WL 6 K 48.77 7 WIR 6 K 63.07
8 WIZifL3 KX 20.51 8 Wi 3 K 28.02
9 WL 3 K 19.94 9 Wi 3 K 45.57
10 Wi 2 R 6.86 10 iR 2 X 12.75
11 k2 K 2.63 11 RiEH2 K 9.35
12 M3 R 7.50 12 ]2 3 K 17.55
13 R 2 K 5.43 13 W2 X 12.75
14 kg2 K 6.86 14 Wi 2 X 7.84
15 Wil 3 K 2.19 15 Wi 3 K 8.19

16 iR 2 K 2.88
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Fig.7 Desalination by NaOH solution

T R R

3) T JE S, SR T R A
TN B S8, H SR T e A W RE AR AR i
2% AC33 TN R F A B T i A e df i th .
Ja— UG ER R T S B T S AR 3mg/L LR,
BB ER ZR

6 AUEMER

JRER T, SEH 2% AC33 X 8 Bz 45 25 Wy A 7

[, A E AU R 5 1= 1 AE 0. 005mol/L NaOH ¥ i
Hh B B R 245 AR BRI SRR v
AR AR WP AR S EE T AR TibR 2 4%
KAy, B SIS P A EE T R BRI B R R
MO LIk EL B . 4O TR, R T AR B
éﬂﬁ’ﬁﬁﬁﬁ )N AT R A B T AR e (
o PR T TG B AR R B, FIRFESR Y
%%Eﬁﬂétﬁéﬁ,z%é?*ﬂﬁm RS AR, B ) —
TR R RE KN RS IR T gk v B0 it
TSR G PRI A I GBS 7, IEATERER . 28 1 K

B8 4K TS
Fig.8 Pulp after drying



84 SR S5 E AR

529 %

JR R 5 BRI R TGN Hh R SRR o B 2 YO
A RIBR AR T EEREM D, 46 )
R JR AR P S T R 2R A R
JLE (1" 256" 55 M B ERUCE) o

Y RN E 4
Fig.9 Silver nitrate titration

Ji Ak B AR AT L, AR S BRI R T AR T
HAFRIILEESEHECEN9) . AT, 12 405 £k
A RE b, Bk A% 52 B B0 IE AR D IR ARIRAR L b1
il TR AR AR E PEA I B, 22— YU
HhJE A0SR R AR R T S T U s, U
ARIKACARNRRE L L RES IR R kas haynl i dh o 40
JIE AR RIOR R, AH AN 0 4 38 3 12 1 R i
SR, 0 TANH R A Bk g , 40 I -t e — 4>
AR TTE

A

1) GZABR A v i 7 78 28 X K B S 16 R
HWICHENAFAE T, ERE SRS aAs o s
EER. ZiE, gkash @S raEtdEE L,
F5e JE VR 1A 00 VS T 20 e A B P A T AR R I
T A S T i & R BT LA 2 5, e Ak
TMERZOR . BRI T AR 4 iR

2) BRI AR T AR P R A
A SRR T MR AR B, A T RAS ARSIt ]

3) WA MEESE RS, 25 2% Primal AC33 i
[, B9 20 TARGF AR NS BT B, 3¢
YA AT AR o Tt S AN 5 e S T 1
S TR A R ISR T4

4) YA ML ER VR AN B 4 v vk R TS,
EXT TSR B ) 22— AR ik

Brift: A0 FE S U A /AR T A R A 1
IINT SR AT R R SRR A TAE S R AR S R
I R O R/ N PR DA S R A e A D TR £ 4 )
B I SIS R 2 K0 2 A WA B 1 (3 20 A 1 iy 6
Bt B0 s A e B B 2 vl E S i S A g 7 A 4
FEPLE R TAEA DL

B &3k -
(1] SBfRWE,MZHE, B R PRRIBLA I A gk M/

PR . duat Bl At 20130114 — 117

Guo Jun —feng, Hao Su—mei, Fang Zhen. Jinan weijiazhuang ar-
chaeology major harvest[ M]// Ji’ nan Archaeology. Beijing: Sci-
ence Press,2013. 114 —117.

(2] SRerat. TrmaBRZ sl b - 8k &I i 5 4l s [ M1 //3C
PIRPE B SRR —— S AR Z M Ut Bl L,
2014 .1 —24.

ZHANG Hong — yan. The preliminary study on the corrosion of iron
relics excavated from weijiazhuang site in Jinan city[ M ]// Theory

The

and practice of protection and restoration of cultural relics
road of epigrapHy craftsmen. Beijing: Science Press, 2014 :1 —24.

(3] B/bR BRI B 3, %8, GRS 1 R b A 00 5 A A e

BiEhm AR TR AT, SO R 5% R4, 2010,22
(3):10 - 14.
CHENG Xiao — lin, CHEN Shu - ying, HAN Ying,et al. Measuring
chloride ion concentration in alkaline solutions by chloride specific
ion electrode during treatment of corroded iron objects[ J]. Sci Con-
serv Archaeol, 2010,22(3) :10 — 14.

(4] #/Vbk, & V8. BRBTCHA & B0 BR BOR B Bt SE 3

[Cl//iE SR BRI 225 T EAR AR 28 SCAR. JEnt:
Bhaf A ,2008 ;186 —189.
YANG Xiao —lin, Xu xu. The periodic experimental study on desal-
ting treatment of iron relics[ C]// The Fifth Symposium on China
Association for Preservation Technology of Cultural Relics. Beijing:
Science Press, 2008 186 —189.

(5] Thifmk, TR, AR BRBUCH I EARIM]. dbat. Bl
HiRR AL, 2011 .78 — 105.

MA Qing — lin, SHEN Da —wa, YONG Xin — qun. The iron relics
protection technology[ M ]. Beijing: Science Press,2011.78 —105.

(6] Hi/NAK, Bk K. B 8 VAT s 7K B v U £ k™ (B —
FeOOH) AP GMIBLER DT TE [ T]. SCHIRIP 5 2% Bl , 2016,
28(1):1-6.

CHENG Xiao — lin,ZHANG Ran. Study on the removal of chloride
from Akaganeite( 3 — FeOOH) [ J]. Sci Conserv Archaeol, 2016,
28(1):1-6.

(7] B, A . BRSBTS v e [T ] SC fdr
5% B2£,1995,7(1) .10 — 14.

ZHU Hong — fan, ZHOU Hao. Study of desalting treatment of exca-
vated iron antiquities[ J]. Sci Conserv Archaeol, 1995,7(1) .10 —
14.

[8] North N A, Pearson C. Washing methods for chloride removal from
marine iron artifacts[ J]. Studi Conserv, 1978, 23(4) ;174 —186.

[9] EZEICW R SH 2SRl sk I R
WIM]. dest . Scy i, 2011 :39.

The Museum and Social cultural relics department of State Cultural
Relics Bureau. The handbook of the museum iron relics protection
technology[ M]. Beijing: Cultural Relics Press,2011:39.

[10] North N A, Macleod I D. Conversation of metals, conservation of
marine archaeological objects[ M]. London: Butterworths, 1987 .
214 -219.

[11] Carlin W, Keith D, Rodriguez J. Less is more; measure of chlo-
ride removal rate from wrought iron artifacts during electrolysis

[J]. Stud Conserv, 2001 ,46 .68 —76.



F1H TRLT AT BRSBTS B R Ak PR ST 85

Study on the desalination of iron relics excavated from the Weijiazhuang site

ZHANG Hong — yan, WANG Hao — tian

( The Conservation and Research Center of Cultural Heritage, The Institute of Archaeology, Chinese Academy of Social Sciences, Beijing 100710, China)

Abstract: Iron relics excavated from the Weijiazhuang site contained high content of harmful chlorine salts, which
threatened the safety of these cultural relics. After a series of experiments, 0. 005 mol/L NaOH solution was select-
ed for desalination. Direct immersion combined with alternating cooling and heating and ultrasonic treatment were

used for container — shaped iron relics. A 2% Primal AC33 solution was used for reinforcing iron weapons with

sheath before desalination, and wood pulp was also used to remove salt in iron relics having traces of paint. As a
result, the chlorine content of the iron was greatly reduced after desalination. The results were very satisfactory.

Key words: Iron relics; Desalting; Chlorine ion
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