$31% A1
2019 4E2 A

SR S R
SCIENCES OF CONSERVATION AND ARCHAEOLOGY

Vol. 31, No. 1
Feb,2019

B 421005 - 1538(2019)01 —0041 — 09

—MET AR IS IE R R

a8 -RETRERZ®E

P8 7Kk AR J5r 3T 4 i 7k RE B Ry F HR RO B 3R

ES
CHTCA Y FiyiAT 310013)

WE: T UER K AR BT K E BB PRI 5 TR AR R L SR R 22 e, AR5 LR L 3t ik 9]
BRRPE BT E AT L8k B0 3 B AR K AR R Sy SR B, BEAT T LK P MR SR DU AR I5E I ( AMD) RN — 24 Bk ik
WEE R (NVP) Sy RS PI ) BRI S — Vo UR THRIK T BT TS o 1 S KR 2 B O [R] LE 4 9 AML T NVP 77K
R TR A P R G AR YRS AR BUE LR RITE £ 5% LA MARHEES TR G IR R IR E . SRS R S
T FRAFBER AR AR XS 3 FE AR BEAT IR K E RLALBE, G 7E SR A F rh AM HINVP /5t - B a A = T 7.
5% I, 2 RIR G — Vo UR TSI TIE AL B AU ) RS AR AL A T PR A = 5% LAY, 18 31 B A A9 Jd 7K B A9 2

R

HESHES: K876.6 XEfFRIREG . A

0 51 &

NI R I 39135 T 047 9 B B35 v ) TR
Jeb ] 1% o T LR A 3 T O A L 3 2 1
SREQREST , T LIRS T A& e R TR . o,
ABHE NI M TR —, R0
sk R £ T R oy A A KA 1 A
2%, W05 L B IR L A A S A At
AR L 14 A R T BT B A s ok
I SCH R TR R MG, 32 B G L Tk
LA A 400 0 B o, (A5 A B AR (9 2T 4 2 2T
Ue SR B, S BOR M 54 BT B A , B 3
1%, Fr K R4 TR T K AR S . i HAg K
SRS A R AR R FUA TR (2, 1k
AR SCH H 5 R SR BT A A48 £ K 43k
b 2B AR AME NS AR A 35 B 4 S T
B HA £ T R SR

TR AR 55 SC 490 BB AR A 4k B0 35 36 31 I ok
18 7 SIS 4 < BE S 7E (R 40 JB0 T o Sl
BB IR AN S KRR SR S
P L A, S S A 00 A TR A A
X S PIHEATIE  0 0E L E RT f JBA E Ry

Wichi FI09:2017 — 10 =205 & (5] 1 41 :2018 01 — 04

R PRRG — R R T BRI HIE ; AP R M AOR 5 S0 s I K e 7

ERECHLLTFIL : AR TR W ROREs"
FRRAE WA TRENET R EE T %
BR T B SRR FAB ) SR T ik 3 22 B 5 IR R
P, 2 A Ak FHL A GRS 45 455 T 70 79 F) 95 32 i [ R
B L BRIE A B IR . RER T R IR 5T A
PRI G VLR 2 45 K S AR A HLE R, Bl an £
Bk LSS O S PRI R A7 R 22 4By 3 2
K (RIS A b e AR BRI A — E 1Y
fEFENE. TR T IRBUAR IR KRR 2 4N
RO W, TR TR0 T BOR, (#5501
BOTHIAEA KA &5 P 8 2 RIAR RS T/ N 735058
B . WU THRIE RIS FK 2 TR R ARG HA%
THE R I B BEAT B 7K, R LAAT 280 47 R 1l 7K A 30
(ESR IR i — MU e 70 1R i i A5 T I R
I, L2232 2 T U MR R R

ASHTTE SR A SR 5 05 1) 1o P D, 4% LA
IKIAE BRI CAMD) RN — 205 325 i gt o
(NVP) RS R IR E A7 10K A T SO B4 s B
o TR AP IR FH L 25 8 R 08 14 57325 8 o 0 BB Bk 114
AR, LABNIR AR K A S5t S i 7K i B R 5 B
Ji A RE TRUARCR | TR S, B B R 22 5 B 0F 5T
e

EHEFA T R(1982—) , 20,2011 AR o Bl T Hp [ 7 27 e AL FER BIF 2 B, WF 58 07 15 A 6 7K 38 K 25 SCHER (R P BB 52

E — mail; tinainzj@ 163. com



42 SR S5 AR

$31 &

1 SR fn A5 2%

1.1 HRUREZRF

AR YA FE X} G2 S F Lyt bk | Y] G 36 32k uk R
LLigst bk () 1 3 FRK AR AR

K AL 2F 50 R s A al AM 30 [ K
FomiRH Ak Tk 713 99% 46 BE il NVP Il [ | ifg
BTRL T A AR A BR A W) 598% 4l E ) 2,27 -
A2 - (2 - pkms -2 - 3 - ) ke | thR £k
(VA -044) g A b5t B RERHE A RAF. BF5gh
TR IR 10 ws AR 4tk .
1.2 RIGUER

FET 20l e 90 s A0 5 gt ik S - A
IR (R 45 7K il 3 Select — Horn %1 1 150 °C
B IR D b M E AR R A . RAYIRIEL
S AE DHG — 9140A 7Y A #0755 X4 46 v fin
PGERL . B BRI G — VA UR TR S TP ARk AR
AR K A B i A E 5T DURR R AR AT FR A R A
FE LGY = 10C PUSRE VR T IERALSE L
1.3 XBLE
1.3.1 RMARER M KA TS & KR
BRI, 6 AR 7K A B A i DA 22 T 22 R A LS B 3
AN B AT HUORE . HURE S5 U 4RI B T 1Y)
H K, IR T AR . AR RS E T
(103 £2) CHy SR T4, 909 3 d PEFTRREE, B
R E<0.3% ik, BT IRIEE S AR
JFc S5 AR K B B AT A 2 L4 X K R A
AR R SR A AR (1) mat
(2) Fim

my, —

M 100% (1)

w =

2w SR K AR 1 26 5% 55 K 385 my SR LK AR B
AR 4 S s m, SRR R B2+ i

-x,

x
0
R, =

x 100% (2)

Xo

AR R, il 2 b BRSBTS 2
R swg AALPEAT Y B ROTSF W IR BUE s &, Dy 4b
P A T RN A5 R

AAAPTh A F R b vfiE GB/T 16734—1997
CriFE S BEARM 24 FK) T R X iy R HEAT = D) T
(97K AT 9 5 ATV o R OV 1) i
FIEZ TR 10 A% WA T WS, A2 )T 7 50 7% 2
(DEVE- N
1.3.2 #HALRRZFTRES -AKTREA L W

TR A — Vo R T 106 FH 3 2 3 o R BN [) o
PR AM F NVP, DL R PR SRR 1Y 1% 1Y
VA - 044 fERGI &R, Fe & 15 4L A [R] e B 1) 7K %
W, A e 50 mL i B BEAE T e SRR ROV
AR R A B KRR = B o SRE K Bk R A
VETOICE A 45 C R fETR/K IS b f TR A, SO B[]
5 ho N JE KBS CE 24 hoid sk N R
REFERREE, LR BB 0 CHY
R T AT R 8 h 24y, FRUGE SRR R e s
TN SR 2 A R — SR P AT, R
B FIVA VR 5 119 B N7 A4 2R Y THT o B A8 Ak 3 5 (R R AR
R —2ny, Ha b8 05 W= (2) , 3 DL /E R
iR R G - B R TIRIKHENRE R RN S
%,

TEI = AN [F) 5 5 43 20 AM Al NVP SR G4
(LhAM x% - NVP y% [fig 20 m , Hrp x% F1 y%
SRR AM T NVP B LE F R A 2R v ) o f 43
#0) :AM 5.0% — NVP 0% .AM 5.0% — NVP 2.5%
FTAM 0% — NVP 5. 0% 43517 50 °C Fl 100 °C )4t
FETOMIA 30 d XFEATHIT RS,

e P 0L gt ik | o7 0 9 35t Bk RSP 1L st bk
(A K A B 43 ) 8 O AR e, 2 5 AM 5. 0% -
NVP 0% . AM 0% - NVP 5.0% . AM 0% -
NVP 20.0% . AM 5.0% - NVP2.5% AM 2.5% -
NVP 2. 5% iX 5 414 RIEAT T 1K AR B K e Al
(S8 o R st S A A AR R (4 R e 4 B TE 5
HRA RN 237 d J5 A 45 CHY
fHIRKB TR A S he Bl & 4 R
B 5 R AR R 10 0 R B Wi o & A A
0 CHFAE FHITR 8 h 247 . ARG H AR A
FAVRURTIRARHEA TR R T4 24 h Aoy R B
HASEA M RIAE - 35 °C,10 Pa ZEA TR
S SRR HEA TR RO R & A aC sk, JF HLAAK
(2) M TR R AR TR

2 gPR5The

2.1 REVERSELUERMR

2.1.1 RAWRAZIFE T SEBUE MK AR 3
W5t 7K s U 7 P 2 A v 8 4 A SR A, T Ak E 2
B AR D RIR 2 4 H Y, e B — R A
KV PR AR R A — Vo R T 8 B R vk R AT WIF 5%
AM FI NVP {5 R —Fid 0L A KM T R4 sk, R
BT I 5 TR 965 Tk e ( PAMD) 1SR 2 A ik gt 26 )
(PVP) B 1z N T Tolb4uidak, Jo H 2 PVP A4/



514

TR RUKIE M EARR S - VO UR TR T AR K R B S I K S B TR IS 43

PR 2 K 2] B AR, A, R
e TG, T LA B AT T WK G B it A p
X ARLK A BT SO 3 1 pHL AL | FL 1 4 2 P o 1 5
M BEAb, 5T H R A — PR i RN
SRR S W H AT 2 E S T RE
Tidio AWFSERA T KBS KK VA - 044, B 1
HE LN 44 C, BIERREE LT 4 CLL L
B, 51 & A R R LA 5 & T T A
P LA S AR R R Pl B B AM 53 NVP 3
S FEA1 53T 256 v B B ik DU & A= Jin B s 1, I
AR IS W B A — S AT A B TS R AT
5N A BAR GRS fin BT A5 5 4 T AE G
BLE TR [ 30 e A e LT, R A
RVA 21k o

I RIF, ARL K A J5 ST I 7K E TR0 T A S
FEAL PRI A€ 25 AR SH A AR 1k A 32 2 4 A

WibsifE . ASBIESE R 9 AM 20 NVP 47 Lk
RE - WHRT BRI E AT IR FOC 5K E
RURIE I, H E S0 0 PR AL A FRR B 18 BRI R
B RUR R TR 4 DRAPIR . MR SIE W
REVUALA IR R ORI L R, 25 R A
(LR AV G P B i - Wi XU W & N
SO s BEARG, X P 0 R 5 R A 2 i R A Wi e
Rl H MR A AT RE S (AR Y REH R R AR B AL i
Wbt PRI, ARSI AR 2 38 45 A% R TS (AR
AR PERAE £5% Z WA IR R AR Z —

WMk PR, Bk 15 HRIVIARIR G R
ATIKE]97% LI L, BERIFI T VA - 044 FE/K R Z iP5
S AM Hl NVP 457 A i 431 1 SO Je: B R ie
(4 T H ISR SO ) 2 AU R A 2R i B 42 il 7
44°C DL BIAT Sl AT R B8 7 ik S — Al g 2
AR R 1 SR T

R1 AFMEDTREERERS BRI LGT

Table 1 Changes in height of different polymerization systems after polymerization and freezing (%)
2531 FR > S Ry Ry
1 AM 5.0% - NVP 0% L 98.3 1.90 2.86
2 AM 7.5% —NVP 0% L 98.7 1.96 -3.92
3 AM 10.0% —NVP 0% S 99.2 9.57 -2.61
4 AM 20.0% —NVP 0% S 98.7 1.87 -3.74
5 AM 0% - NVP 5.0% L 97.3 -1.92 0.96
6 AM 0% - NVP 10. 0% L 98.6 2.61 -1.74
7 AM 0% - NVP 20. 0% L 98.1 1.87 -1.87
8 AM 0% - NVP 30. 0% S 98.0 0. 00 -2.88
9 AM 2.5% - NVP 2.5% L 98.6 -0.87 -4.35
10 AM 2.5% - NVP 5. 0% L 98.1 1.94 -3.88
11 AM 2.5% - NVP 10. 0% L 99.3 4.84 0.81
12 AM 2.5% - NVP 15. 0% S 98.4 0.00 -5.71
13 AM 2.5% - NVP 20. 0% S 98.8 0.00 -8.26
14 AM 5.0% - NVP 2.5% L 97.7 -1.85 -4.63
15 AM 5.0% - NVP 5.0% S 98.9 2.59 -0.86
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Table 2  Absolute moisture content, mass change rate and material identification of three waterlogged woods

B Y% 5K % AR % M 5E
F 92 L 3 bk 901 90. 02 WiRLRE A (Aphananthe sp. )
T i 761 86. 86 TR LA ( Camphorwood sp. ) 7!
Zilthk 436 81.35 FA TR RERL ( Pinus sp. )
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Fig.2 Photographs of the samples treated under different conditions
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Table 3 Changes in weight and size of three wood samples treated with drying and polymerization — freeze drying (%)
wihk 2 RF& Ry Ry, Ry Ry
T-0 T FET R 84.30 68. 44 31.87 24.52
T-1 AM 5.0% - NVP 0% 82.73 -1.37 -0.04 -0.69
211 T-2 AM 0% - NVP 5.0% 80.61 0.90 1.22 -0.56
ik T-3 AM 0% - NVP 20.0% 73.91 1.33 6.36 1.03
T-4 AM 5.0% - NVP 2.5% 80.39 -0.07 -2.83 4.00
T-5 AM 2.5% - NVP 2.5% 82.68 4.47 2.97 2.28
H-0 ToHTE TR 84.24 28.58 66.28 20.22
H-1 AM 5.0% - NVP 0% 80.01 2.10 3.99 1.52
TR H-2 AM 0% - NVP 5.0% 81.04 0.08 0.22 2.84
fiietla H-3 AM 0% - NVP 20.0% 75.74 5.50 -1.41 0.54
H-4 AM 5.0% - NVP2.5% 81.67 2.31 -1.51 3.92
H-5 AM 2.5% - NVP 2.5% 82.51 0.79 2.82 0.70
M-0 TEHUFE T4 83.16 24.19 11.08 13.74
M-1 AM 5.0% - NVP 0% 72.99 2.43 2.47 2.28
1 M -2 AM 0% - NVP 5.0% 73.19 0.48 1.24 3.40
fieila M-3 AM 0% - NVP 20.0% 65.21 1.56 2.97 4.44
M -4 AM 5.0% - NVP 2.5% 68.36 3.40 0.60 4.57
M-5 AM 2.5% - NVP 2.5% 71.07 0.11 0.68 3.96
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Fig.3 Microphotographs of the samples treated with drying and water — soluble monomer

polymerization — freeze drying respectively
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Dehydration conservation for waterlogged wooden cultural relics using water — soluble
monomer polymerization — freeze drying

WANG Fei
( Zhejiang Museum , Hangzhou 310013, China)

Abstract; To improve operating times, conservation effects and environmental protection when using dehydration
for conservation of waterlogged wooden cultural relics, we studied a new method, namely, polymerization — freeze
drying with water — soluble monomers such as acrylamide (AM) and N - Vinyl — 2 — pyrrolidone ( NVP). The
waterlogged wood samples treated were from the Tianluoshan, Hemudu and Maoshan Liangzhu Culture Sites. The
monomers at different concentrations were polymerized in water. The optimal polymerization systems were then
selected on the basis of volume change rate after polymerization and freezing. Five polymerization systems with
change rates controlled within £5% were finally chosen for research on dehydration conservation. When the total
concentrations of AM and NVP in monomer polymerization — freeze drying system were equal to or less than 7. 5% ,
the size change rates of the samples could be controlled within +5%.

Key words: Monomer polymerization — freeze drying; Water — soluble monomer; Waterlogged wooden cultural

relics; Dehydration conservation
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