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BUIR ;2 G R (EDTA) 5 8k 8 I8 iiAs e 1) 2
B BE DT A P Rk, g H A AL
o7 5 P AR K AR TR SCHIAF RO A . A9 1 A
5% 3 FpEE 43 EDTA —2Na EDTAHO (EDTA —2Na il
H,0, ik 5]) F1 NaH,PO, - 2H,0 [9 B £h 35 5%,
VP A7 i S AR
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1.1 &

1.1.1  Hoaml A se R INAAAR 45 5807 By 5 43

Wk H 3 :2019 —09 — 17 ;& 6] H 151:2019 - 11 - 28
HEWH  EK A RPEI ) (31971585)

PR R Bk, o0 S AR RHE AR AP AR e bR
PR B JEC AR S I A5 3 o7 R A T HBORE , R UE S [ A o
FHAE DA 3 AR A B, 3 12 AR, T UER
T,
L1.2 A snids 7ERBREES FBUE 3
JF R 20 mm x 20 mm x 20 mm FYRE S 2T 20,
TR X S5
1.2 &F

TG PR UEA TS 2 4 04 SR i 6 1 3 A fk#
IR AR (2 1), B EDTA - 2Na EDTAHO &
BCHA#HAT NaH, PO, - 2H,0 ¥, HAE I HLBE y 2
AR

EDTA - 2Na ¥ : /& 1 000 mL, f&RFH 534k
$70.4% .

EDTAHO % %i: 1 000 mL A& £ 4 %% 0.4%
EDTA -2Na 5 11 g 30% H,0, FIR &V -

NaH, PO, - 2H,0 % R FH 4 1 000 mL, fA
IHCH 0.4% .
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%1 EDTA -2Na EDTAHO NaH,PO, - 2H, O F#+F %] Lt
Table 1 Comparison of the characteristics of EDTA —2Na, EDTAHO and NaH, PO, - 2H,0
R AR Rt ik pH fH
RRE A R s BB 5 s ARG
EDTA -2Na 25 by 7 5.56
FEs R LR W R BB R A 1
i RRE A RPEE s BB 5 s ARG
EDTAHO & Bt bt H 175 Y i 4.75
=AW oR BRI AEN BT K P 22 25 L s X R i
cEE , IR ARG 2R
NaH, PO, - 2H,0 16 Sl R P TR, R AR G R s b 5 A2 3043 5 31

et AR S AL A 25 s W IR fE 5

1.3 {4z§

1.3.1 X H&A74 3 (XRD) 947 4 X P 4A
SHUH H AR S 2= AR A B A
M S et PR INEI S ¢ FE i R AL JE B Ok
FER o M5 4544 : Cu B0 H 0 B B 2°/min; 20 494
T 15° ~90° ;2558 0. 02°; & Hipeds (DS) 1°; 421k
P48 (RS) 0. 3 mm; By B Be e (SS) 1°; 4 AR L
iy

1.3.2 X H& & Tk (EDS) otk X4t
LT REE (AR H 7 A A S - 3400N AU, )L
5 mm x5 mm x 0.5 mm & E-AAL, 28 B K i+
PRIGFRIAME 4, 7R R 10 KV g, H SEM -
EDS PEAK4. 1 ZfF/3 4 ab B2 -1
1.3.3 RFBMEEZ(AAS) Mk BT E 5
TR GHE4Y K PerkinElmer PinAAcle q007 . FR i
BRACHR JeE MR SRR AR £ 0.2 go K
I AL (T 3 AU e Al B AT BR 2 W) A7)
iR BeE Bk ER N 0.5.1.2.3.4.5 mg/L
BRARUERE o RO o 00 AR Ot V0 o 9, R DU Ak S Uk
g

1.3.4 & 240 RAEHEE (AL HP -
2136) PERE & 3 ANVIHBER Loa b {6, H AE™ =
[(AL™)? + (Aa™)? + (Ab" ) 1 ISt 2 (T4 T

i,
2 XEE LRSI ZE

2.1 XRD o4& R

R A BT 3R P i He 49 bl s = ARAR R Si
Ca S Fe Al (1. 2) , i TAHNBERIFEHE
HBRA0S , FT LABR ) e AT 45 R T SE P & 1
DAL TS R AL S, T EER o
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Fig.1 XRD pattern of external samples of the
ship’ s side plate

&2 XRD pHradi
Table 2 Results of XRD analysis

FER Y5 HUREL (oL iES
1 yAs 810, ,Ca, Si0,4 , CaFeO; ,Cay Al, O ,CaSO, ,Na, SO, , CaFe, O, ,Ca, Fe, Os
B CaS0, ,CaCO; ,Ca,Si0, ,Ca(OH), ,Cas ( (Si,P,S)0,);(F,0H,Cl),Ca;SiO5,Cas (SiO, ), CO;,
2 AREAR Na, S0, ,Al, 05 ,Ca, Fe, Os
3 FE MR CaC04,Si0, ,CaS0, ,Ca,Si0, ,Ca; Al, O4 , Ca, Fe, O
4 [ERE R Si0, ,CaC0;,Caz Al, O4 ,CaAl,Si, Og - 4H, 0, Ca, Fe, 05, Cas (Si0O, ), CO;4

2.2 EDS &R

454 XRD 704, KB 12 ARG A 11 A4
FRRER, Ho S A B Al WLEROCER T
OPAR T RER AL (3 3) , ¥ r L FeS, JE 3 B

(F4) FEMEFEIRAL LR 3P AL AR S RHEAR) A
i

X e B RE S IR AT 22 A0 URE RS I, L BT HR Ak
FAEETIR AN R ICER 734, 45 R N 5 .
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Table 3 X - ray energy dispersive spectrometry (EDS) of salt contents in wood samples from the ship hull (%)
R AT TR oy Bk
e &K (DA Sio, MgO Al 0, FeS, Fe irkfr CaCO;  MAD-10 KA #iKA  KC
S1 7N AR 80. 84 2.82 3.93 0.94 4.42 7.05 — — — —
S2 A2 BHEA 13.01 16.16 37.50 0.08 0.61 3.89 39.62 0.23 — —
S3 A3 AR 56.20 0.54 4.68 1.76 4.04 4.09 25.81 2.72 0.18 —
4 AN 1 Je& 78.09 4.50 0.92 0.54 3.44 9.66 — 0.43 1.77 0.65
S5 AL 2 i 94.14 0.95 — — — 1.72 — — 1.46 1.03
S6 A 3 ffe A 60.49 2.31 3.33 — 1.36 3.83 26.28 0.92 1.33 —
ST FEE1 MRIEM 85.46 1.46 — — 3.40 9.68 — — — —
S8 i 2 HE AR 55.81 0.59 3.73 — 2.04 1.45 34.15 1.25 0.33 0.19
S9 i3 HE AR 38.90 0.22 0.71 — 0.71 0.63 58.36 0.19 0.11 0.17
S10 WA 1 5 ity Hg 58.55 0.79 4.45 0.11 1.69 2.97 29.52 1.48 0.44 —
S11 WA 2 5 ity Hg 86.22 1.42 — — 3.02 6.75 — — — —
S12 WA 3 3 it B 88.17 1.30 0.79 — 3.18 6.56 — — — —

R4 RRETRAL FeS, MBITR TR PT 4 HH

Table 4 Proportions of FeS, and iron content in different

parts of the ship hull (%)
FER TS R FeS, HLfl Fe L. £
Sl AR 0.94 4.42
2 RHEAR 0.08 0.61
s3 AR 1.76 4.04
S4 A=y 0.54 3.44
S5 Jei — —
S6 [ — 1.36
S7 el — 3.40
S8 etk — 2.04
S9 e reAR — 0.71
S10 R A b 0.11 1.69
S11 FRAE Al — 3.02
S12 PR Al — 3.18

&S5 EDS Kl BT R U [ LA T 2 L

Table 5 Mass percentage and atomic percentage of iron

detected by EDS (%)
JEURE o7 Fe TEFR AL Fe mERTH ML
ETHRAE 1 3.43 1.13
ETHRAL 2 4.42 2.98
JRETHR AR 1 1.75 0.56
JRETHR AL 2 1.91 0.66

A ILERET AR AR BROCER 5 i B B R T AL
AR R ER EEORIE THRET .
2.3 AAS oWER

M6 LA AN RO S B AN ] o ki
HI R Z /NI R (S B AU O 0 B (BERR ) A% AR

(AR Fafe e (A ) AR AR ( i fi) o TS IR AR
i R T R AR S g S o T
R 6 MIEHARE RN AN B TS
Table 6 Concentrations of iron ion from wood powder of the

original sample of the ancient ship

B B FEE R g Fe &5/ (mg - L7")
FRAC B (AT ) 0.209 12.86
F I () 0.206 50.00
AEREAR (F2A) 0.203 14.12
AR AR () 0.208 2.75

3 MERERMLBRACRI g

RR G 25 58 ] oK i S kb & DL
TRy FeS, , b4 A8 By gk AE T 57, A BE 5T A
EDTA —2Na EDTAHO Fl NaH, PO, - 2H,0""'3 Fjijg
TR ULTE L BRAA YR 25 -, ¥R 3 Fhb L 25 B
PO S LB e TS A T A B R
kL,

3.1 EDTA -2Na 1 EDTAHO £k %t Eb 5236

B 3 H:20 mm x20 mm x 20 mm ££5, F & alik
(9K AL ELIX3) whisk . 854 i 23 A 5 H
PR, HBEESR FEAMIS, 53— E RN IR

NEEHFE S AR AL, FF AR B R I Z A R =it ™
A RBRERE M, 1 d J5,EDTAHO 12k 4k
2, EDTA - 2Na #iX}525E . 7 d J5,EDTAHO &
ARk S B i, B 22, 21 d J5, EDTAHO {231
FEREA D i A AR B IR IR B R IR (K 2) .
W, BB A EDTAHO fi4 52 3 %R 5
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R pH EHRZ @i/, Hor: EDTAHO #2
Wik pH {E7E 30 d N 7. 02 Y3 3. 62; EDTA —2Na
6. 99 Jdi/NE) 5.98, A il EDTA — 2Na 2 5t K A9
pH {EAZAE/IN , X A B AR AR X

S 21 d i R AR IO T 2K e, 5B
RIMESY), AR T K5 AR R 9+
Ao Hop EDTA - 2Na I ¥0A¢ T 40 12 B BOK, Il it
W2 (R T) o IR A IR 8 A
BIFIE 500, HEAT e T A i 0 B g ok E o i

: = [RIRE TS5, o3 i — 2L PR e AR B R 24T 4 S H i
() 7 d (@) gig21d ik S5, A I i IR R T (R 7)) o

(a) Bl d (b) B¥2d

(43K E T . 4% EDTAHO, 45 EDTA —2Na) Al LLE H EDTA - 2Na A 18+ 1

2 EDTAHO 1 EDTA — 2Na 2350 254k, EDTAHO E{Ut: 2 ,EDTA - 2Na 23t i H 8k 1

Fig.2 Changes of EDTAHO and EDTA —2Na impregnation W i, AT B R S e R I R S R
solutions KRR EDTAHO 47 (% 7)

®7 21d 44 H EDTA -2Na il EDTAHO JB£E /5 K Sh A8 b S IR BT B TR I

Table 7 Sample mass changes and iron ion concentrations of impregnation solutions after EDTA —2Na and EDTAHO desalination

(21 B FEfh Fe (21 dBHE) AR Fe (4 1 B00) B
R %1'1 Y LT A sy /
P B 7 B E R T/ mg - L T g L Fo T g L
EDTA —2Na fiiidh -5.6398 4.68 6. 46 9.65
EDTAHO i3k -4.1254 2.96 3.78 6. 10
e 3 iR, 285 120 d i) pH {EAI , EDTA — 4 WS B 25575 18 EDTA - 2Na A

2Na IZBURLAL/N, EANESSE , XA LF 4 i) PR3P A

A, EDTA — HO 251 Ay pH (A2 — 8 8 H 8K 0 BRI
JERRAR , R AL ™ H, WA I ) 4 A%, 52 10 3 5) v i3 3L 8 e
SR WK A% K, AR5 25 d ~ 46 d BEATRE B TOOr /
2 7 N 4
B, 55 46 d B THE , BUEAUK RS2 B ek, 7% 1& )
SR ARSI AR 55 A B 4 )
XAl RS2 e ] R EDTA - 2Na 380 B4 t/d
B3 AR I B A 8 PR 7 21 e EOTA SR e EDTATOR
XA 22 (R 8) o 3 BEALTE 4 4169 EDTA ~2Na Al EDTAHO JBih
AT RS LY, 2355 R i 2L R -5 8 6 1) (5 HAZ ORI pH (A (Ll 2k
2 %P EDTA —2Na [ R 4y o R (K 4) , Fig.3 pH curves of impregnation solutions after EDTA —2Na
F9R EDTAHO 40 F 5 4 £6 22 /N (H A R SCH iy 22 and EDTAHO desalination for 4 months
F8 HAERENIEL 21 d HiJE X
Table 8 Comparison of chromaticity of hull samples before and after desalination for 21 days
. N EDTA -2Na EDTAHO AE1 AE2
HE b FER (L 0/h) eI B (L/a/D) BLRR (L0 T P
It 55.4 14.4 21.5 43.1 7.9 20.0 47.2 12.0 21.7
RIS 5% 68.2 11.6 19.4 43.1 7.5 15.1 46.2 11.3 15.1 19.99 18. 88
(Fh) .
7% 74.5 7.8 25.9 55.2 8.8 20.1 49.2 11.3 23.3
N i 52.1 17.1 26.5 39.7 8.5 16.2 49.7 14.1 27.3
i
() 5% 58.4 10.0 19.2 52.5 9.1 20.5 54.9 15.4 25.0 9.65 8.98

= 49.9 14.5 23.9 49.5 10.0 23.3 63.7 12.1 27.0




AR R R A SR R ORI 5 Al

3
(5:%8)
EDTA -2Na EDTAHO AE1 AE2
BOREGIE DI FileEht (L/asb) \ ‘
5485 R (L/a/b) Wi R (L/a/b) T P
e i 48.9 13.0 22.4 40.6 14.9 30.9 43.1 15.0 30.9
(TJE*’:EJ) % 58.9 10.5 31.3 59.2 11.7 35.0 60.8 14.3 33.7 9.21 8.38
- (= 67.8 8.0 34.6 61.8 14.2 26.7 69.1 10.0 25.1

TE: AEL Jy EDTA - 2Na it 3 J5 A8 bl FUHT 6 44 (022 ; AE2 Dy EDTAHO Wik Jo R dh R efA4 (.22

N

(a) SRIEHAETHERE

“

(b) FRARHREHE S

(c) EI IR
(BEskIE v AZ 2470 EDTA - 2Na iR #EAL EDTAHO [R5 RE S J5tth B I8 TERRE S STEER 4 ()
P AR el 5L €5 T R R L

Fig.4 Comparison of color before and after decolorization of hull samples
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Infrared spectra of samples desalinated by EDTAHO and EDTA -2Na



42 SR S5 AR $33 %

3.2 EDTA -2Na #1 NaH,PO, - 2H,0 R £k %t bt AR IR TR R SR AR 14 ~25 d T
X T, 2R A/ INT 5% |, DR I T 480 75 R P e A2 s i) T

W— 2R R AR e B B P e 5 AE LUEHREPIR S o TR iR B L AL i BE /0N, S
i) EDTA - 2Na fil NaH,PO, « 2H,0 G #EAT  FRE (7))  XEREF 4RI E RN
H}EEX‘T tti%\o 25001

AILA H EDTA - 2Na (O BLERACR KRR o] e
NaH, PO, 25,0, PHER MRS R B O
®
3
(%9), 3% 1000}
%9 HEh5 EDTA -2Na 11 NaH, PO, - 2H,0 filith g 500l
95 d JE R BIR B B T L ol , , . . . .
Table 9 Iron ion concentrations of impregnation solutions 2 7 14 21 25 38 95
after EDTA —2Na and NaH,PO, - 2H,0 desalination — Nail,pO, - 2H20§ﬁ;§/d—q:ﬂaNaH2P04 « 21, ORI
for 95 days ( mg/L) ===EDTA-2NaiZ{# ik e P ED TA-2Najs i
SR BB Tk pH fi B 7 F£& EDTA —2Na il NaH, PO, - 2H,0 &5 K1
EDTA -2Na 3.63 o LSRR H
Fig.7 Comparison of conductivity values of EDTA —2Na and
EDTA -2Na 3.27 —
NaH, PO, - 2H,0 impregnation solutions
NaH, PO, - 2H,0 0.441 el
NaH2P04 . 2H20 0.575 . NaH2P04 ° 2H20 Hﬁ%%ﬁ%%é@fi@ﬁ*ﬁﬂﬂ H
2NaH,PO, - 2H,0 +2FeX —
Bt 5t R ) [ B 165 I, 3= i W pH (i TR FeH, PO, + FeHPO, +2NaX +2H,0 (1)
FE(F6) . A AR — R S Bk B R A S O T B
\ BtilpHIE FEAAYER , FeH, PO, I FeHPO, B a2 54
[ —— EDTA - 2Na BB 70052 LR
T, B D N CyoH 4N, Na, Oy + FeX —
——ep—
2 C,oH,,N,04FeNa, + H,X (2)
O T2 4 7 11 21 25 35 a8 73 9 17 CyoH4N;Na, Og + FeX ’
t/d
o R e C,H,N,0.Fe + Na,X + H, 1 (3)
—o—  Jith-BHER EM-EM-HpH —e= JH#h-EDTA-2Na-i21i-#HpH C,oHy, N,OgFe h %4 4k, 1 EDTA - 2Na )
6 Fff EDTA —2Na F1 NaH, PO, - 2H,0 Eﬁ.%ﬁgj{%*ﬁ 4 , IEJ%FH% E"Jﬂﬁﬂ‘ﬁ(?‘fﬂ , EDTA -2Na
BRI pH {HX H J % f 2k B 1 % - £ F NaH,PO, - 2H,0, K it,
Fig.6 Comparison of pH values of EDTA —2Na and EDTA - 2Na B i& S5 A H AE bR
NaH, PO, - 2H,0 impregnation solutions B0 21 d % iR AE 6,22 DL 3k 10,

R0 AR 21 d BTJS QUEEXTEE

Table 10  Comparison of chromaticity of samples before and after desalination for 21 days

EDTA -2Na NaH, PO, - 2H,0 EDTA -2Na( fi%) NaH, PO, - 2H,0 AEl  AE2  AE3  AEA
(L/a/b) (L/a/b) (L/a/b) (B (L/asb) SERE EIE CERIE

B 216 1.8 6.3 19.8 0.4 44 21.1 0.4 3.7 229 2.8 5.9

#% 297 89 11.6 40.8 2.8 153 351 3.4 13.0 37.3 4.7 15.8

#  40.3 4.6 20.7 44.2 2.4 187 357 4.7 14.4 39.7 5.7

B 457 8.1 16.3 38.0 52 153 442 89 19.2 37.5 6.3 16.2

# 556 7.5 14.8 57.2 6.7 204 583 7.1 19.0 56.7 9.4 19.0

# 522 101 21.2 50.5 8.1 16.7 546 10.7 17.5 53.3 9.1 18.1

1: AE1 g EDTA —2Na [l £5 508 50 I A4 109 (0,25 s AE2 Sy vk EDTA — 2Na JIi 25 J5 0% 5 RIS 6 44 19 (0,25 ; AE3 g NaH, PO, - 2H,0 Jiidh
JEAE S AV EER (19 .22 s AE4 Dy Ptk NaH, PO, « 2H, O Jlt £k J5 46 b AT B 41 1 122

I}

16.54 15.12 19.47 18.23
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FRAE R P ) s S I PR AR B 5 43

L5407  WPPE EDTA —2Na Ji (a0 [ NaH, PO, -
2H,0 47 (10 FIA 8)

(a) *lﬁﬁ%ﬂﬁ?ﬂﬂinn
(BEP . BEEAMKK N EDTA - 2Na fiidh |

(b) PR
NaH, PO, + 2H,0 Bk S ARE S JEUA 198 THRRES: fHebt (o)
8 EDTA —2Na fil NaH, PO, - 2H,0 ik )5
WA AR R b 8 L

Fig.8 Comparison of colors between samples desalinated

by EDTA —2Na and NaH, PO, - 2H,0

I DA X EE, AT DA S fe 2 M AR 1R Sy b bk
EDTA -2Na,
3.3 EDTA -2Na )i i xf b 5218
£I %} EDTA - 2Na 32304l , 4 4 A
EIN AL T B G R N
A LB — R I L B B S B e, B kiR
TR B YRR | mg/L IR (3R 11) . A

— B

XS £R TR R S R BR B /D5 2 44 d Y EFTE], 7
Ui B LAk S Uk FE R AR S 1 mg/L DI
F 11 F§ EDTA - 2Na [l 5 B2k S Tk

Table 11

Iron ion concentrations of impregnation solutions
after EDTA —2Na desalination

A& belielid Bih K&/ d  Fe B FHRE/ (mg « L)
¥  EDTA -2Na 110 6.46
W  EDTA -2Na 30 0.44

@R I, KB EDTA - 2Na — Kl ()5
PREBCHTSERRAR 22, — U 0 RCR B4 o A
(P9 e 12) , i A Sy B4 3 i JEURE AR €8, S ]
REAA R — U R AT ], e PSRRI , 428 il B vz 5
138

HZE 47Kk EDTA - 2Na — 3k ik \EDTA - 2Na
— UL SRR AR FAR TR AR
9 ik EDTA - 2Na —UBEER itk
TR S5 A BT X L
Fig.9 Comparison of sample colors after the first and the
second desalination with neutral EDTA —2Na

R 12 A PIROBLER ATS GRS T

Table 12 Chromaticity comparison of samples before and after the first and the second desalination

EDTA —2Na( F14%) EDTA -2Na( #44:) , AE1 AE2
o . o HibiERt (L/a/b)

—WMiER (L/a/b) ZWRIBER (L/asb) FHIE SF-HE
Iy 21.6 1.8 6.3 19.8 0.4 4.4 22.9 2.8 5.9
% 29.7 8.9 11.6 40.8 2.8 15.3 37.3 4.7 15.8
% 40.3 4.6 20.7 44.2 2.4 18.7 39.7 5.7 7.9

7.02 7.44

iy 46.9 8.4 11.6 45.5 5.2 13.3 37.5 6.3 16.2
i 55.6 6.6 11.0 53.7 6.3 17.4 56.7 9.4 19.0
1% 51.8 9.4 15.4 63.1 8.8 21.6 53.3 9.1 18.1

TE: AEL JyhPEf) EDTA - 2Na — JBEER 5 HE il BT SR ) (0,22 s AE2 Sy Fr PR 5 A o RUH B A Y (225

SHR 6 5t 6 A BRORSAS: ot £ 4 B 52 00, 6 AR o A
T PIUR £ Ak LA K AN [R) e JEE f) EDTA — 2Na

X AR B LN He oA (1 10 AT TL) o

AT LA Y, EDTA —2Na {179 Y056 £k X A 2T 28 1
SN K (T 10) |, AN R XHAE i 27 248 B 2 0 s A
R 11).
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Study of the effects on removal of insoluble salts from an ancient ship
at Banjing River in Taicang

YUAN Yu', PAN Biao’, CHEN Xiaoli®
(1. Advanced Analysis and Testing Center, Nanjing Forestry University, Nanjing 210037, China;
2. College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China;
3. Nanjing Museum, Nanjing 210016, China)

Abstract: An ancient Banjing — river ship was excavated in an offshore river channel in Taicang. Desalination
treatments are usually required before conservation and restoration work is carried out. In order to fully understand
the salt content of the ship’s wood, the types and amounts of salts in samples from different parts and of different
tree species were tested and analyzed. The results show that the insoluble salts contained in ship wood were
represented by sulfur and iron compounds, with some containing FeS, (pyrite). The darkening of the ship wood is
related to the iron ions in ship materials. The iron ions mainly come from iron nails on the ship and metal chelators
are used to chelate and remove them. Through a comparative study of the effects of EDTAHO ( EDTA —2Na and
H,0, compound reagent) , EDTA — 2Na and NaH,PO, - 2H,0 soaking methods, the comprehensive effect of
desalination using a 1 000 mL 0. 4% neutral EDTA —2Na solution was the best. The iron ion concentration could
be controlled within 1 mg/L after desalination twice in 44 days. Calculation of color difference (AE) using the L,
a and b values of the samples obtained by a portable colorimeter after desalination showed the proximity to that of
healthy material. The damage caused to synthetic cellulose and lignin was the least. In the end, EDTA —2Na was
selected as the insoluble salt removal reagent for the ancient ship. The results of this study could provide favorable
conditions for subsequent preservation work.

Key words: Offshore river channel; Ancient ship in Taicang; Insoluble salt removal ; Chelation reaction; Bleaching
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