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Decay Resistance of Wood Treated with Chitosan Metal Complex
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Abstract: Chitosan, a natural and renewable polymer without toxic and pollution to human beings and environment and the
deacetylated derivative of chitin that mainly exist in the crusts of crabs and shrimps , has many good characteristics and used into
many fields such as agriculture, medicine, chemistry, etc. Chitosan metal complex ( CMC) , one new potential wood
preservative , which produce from the chemical reaction between chitosan and some metal salts such as copper or zinc salts are
shown to be effective but lowtoxicity preservatives for wood . This paper reported the decay resistance of Pinus nussoniana and
Populus tonentosa treated with chitosan copper/zinc complex ( CCC and CZC) against the brown and white rot fungi . The results
showed that the decay resistance of CZC against brown rot fungi ( Poria placenta) treated to P. nussoniana wood were equivalent
with CCA, and remarkably better than that of only treated by relevant metal salts and chitosan, but CCC had little effectiveness
against brown rot fungus . The threshold retention of zinc ion in CZC treating solution was 0.780 kg* m™ > ( mass loss 1.18 %) ;
also decay resistance of CCC against white rot fungi ( Coriolous wesicolor) was equivalent with CCA, and re markably better than
that of only treated by relevant metal salts and chitosan, while the CZC against white rot fungi was not good. The threshold
retention of copper ion in CCC treating solution was 0. 824 kg* m™*( mass loss 2. 45 %) .
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CCA ( ,2002) . . .
( chitosan) , , ) )
D ,1996 ;2001 ; ,1996) .
( chitosan metal complex) ( CMC)
( o " R ) ,
, ( ,1996) . (1995)
( Cryptomeria japonica) , ,
.CCA ( Pinus mussoniana)
( Populus tonentosa) , CCA ,
1
1.1
1.1.1 , 2.0cmx2.0cmx1.0cm ( ) .
1.1.2 , 0.3 cmx2.0cmx2.0 cm,
1.1.3 ( Poria placenta) , ( Goriolous wersicolor) .
1.1.4 (CCO) (CZO) ( ccc
cu’’ 10.4 % ,CZC  Zn’" 7.36 %) ; ( Cu(l,*2H, 0) (ZnQl,)
) ; (CCA)
1.2
. . (
M(LY/ T 1283 - 1998)
1.2.1 (1)
) , 1 %
, . 1 . (2) ,
CuCl,*2H, 0, Zndl, .
2. (3)CCA (ASTM D1625 - 71) CCA
, A CCA, Cr0 .Cu0.As,Q 3 CCA. K, CrO, ,CuSO,*5H, O
1
Tab.1 Concentration of chitosarr metal complex solution
Cu®* Zn* "
Wood preservative  Concentration/ % Concentration of Cu>*/ % Wood preservative  Concentration/ % Concentration of Zn®*/ %
0.480 8 0. 050 0.339 7 0.025
0.721 2 0.075 0.679 3 0. 050
0.961 5 0.100 1.019 0 0.075
ccc 1.201 9 0.125 czc 1.358 7 0.100
1.442 3 0.150 1.698 4 0.125
1.682 7 0.175 2.038 0 0.150
1.923 1 0. 200 2.377 7 0.175
2.163 5 0.225 2.717 4 0.200

1) . ) ,2000
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2
Tab.2 Concentration of copper salt and zinc salt solution
Cudl,*2H, 0 '’ ZnCl, 7t
Wood Concentration of Concentration of Wood Concentration of Concentration of
preservative CuCl,*2H, Q % /% preservative ZnCl,/ % Zn’t ) %
0.134 0.050 0.052 0.025
0.201 0.075 0.104 0. 050
0.268 0.100 0.156 0.075
Cudl,*2H, 0 0.335 0.125 Znql, 0.208 0.100
0.402 0.150 0. 261 0.125
0.470 0.175 0.313 0.150
0.537 0.200 0.365 0.175
0.604 0.225 0.417 0.200
Na; AsQ,*7H, O , A CCA ( 3 CCA) .
Y CCA , 0.75% 1.50 %  3.00 % 3 ,
1.2.2 2
3 CCA
’ ’ ’ Tab.3 Specification and preparation of CCA
1.2.3 (1 CCA Standard CCA CCA Preparation for CCA
5 Component Contents/ % Component Contents/ %
1.03, 500 mL CrQ; 65.5 K, CrO, 45.1
CuO 18.1 CuSQO;*5H, 0 26.6
1 000 mL s 8.75 g,
As, O 16.4 Na; AsO,*7H, O 28.3
> 5 3 250
mL , , (0.1 MPa .21 C) 20 min, . (2)
N (20 ~ 30 ) - (20 ~30 ) 1:8.50150150( )
180 g 500 mL , ,
3 ( , ), 1.03 100 mL
, , (0.1 MPa 121 C) 1h, , ,
1.2.4 s S
, . 60 C 2h, 80 C 2h, (105 £2) C , ,
T . 6 ( 0.5g),
6 , R , R , 0.1 kPa
2h. , ( )
s 2~3cm s 4 h. s
s s T2 ° (1)
> ) ) s L °
W =1000(T- T)G/V (1)
W kgem U T, 2T 2:G
, %,V ,cm3 .
1.2.5 (1) , 5~
9dJ (27%2) C, (70 £5) %], (2) 9 cm ,
9 5 mL b b 9
,6 , 20 min( 0.1 MPa,121 C) . (3)
5~9d 2 s 1 cm s

1) s s .CCA . ,1989
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500 mL 3 , , [ (27 £2) T, (70 £
5) %1, ( 10 d, 12~14 d) .
) (
) ° 12 5 s b} 5> s T4 °
(2)
WL = (T, - T,)/ T, x 100 % (2)
: WL , %5 T , 85 T,
7g °©
2
4 . CMC .
2.1 CMC
2.1.1 CCC
5 , cce o’ 4
5 Tab.4 Grades of wood decay resistance
2
Grade Mass loss for softwoods/ %  Mass loss for hardwoods/ %
N . I Best 0~10 0~10
Cu2+ 0.175 % ccC 11 Better 11 ~20 11 ~30
il Good 21 ~30 31 ~50
’ ° IV Not good >30 >50
3 CCA s
2
, ccc CCA. , 5 , Cu”
b
5 CCC.CZC .CCA
Tab.5 Decay resistance for P. massoniana blocks treated with wood preservatives
Cu?” Zn2*
Wood Retention of Grade of Wood Retention of Grade of
. Mass loss / % . i Mass loss / % X
preservative Cu® "/ (kgem™?) decay resistance preservative Zn*" /(kge m™?) decay resistance
Control 0 35.65 v Control 0 54.00 v
0. 381 11.88 11 0.192 4.58 I
0.596 14.88 Il 0.388 4.25 [
0.782 13.86 I 0.598 3.30 I
0.987 13.69 I 0.780 1.18 I
CCC czc
1.190 12.99 I 0.978 3.94 I
1.387 9.07 I 1.195 4.23 [
1.573 10.67 I 1.308 4.42 I
1.804 14.69 I 1.485 4.85 I
0.381 12.70 Il 0.195 12.82 Il
0.578 11.35 I 0.377 10. 06 1I
0.793 9.96 1 0.567 10.05 1I
0.971 14.56 11 0.748 8.55 I
CuCl,*2H, O Zndl,
1.184 12.03 Il 0.927 7.57 [
1.357 14.07 I 1.167 8.06 I
1.578 15.38 I 1.375 8.17 I
1.715 11.85 I 1.502 10.01 II
0.381 4.71 I 0.381 4.71 [
0.768 4. 61 1 0.768 4. 61 I
CCA CCA
1.589 5.58 1 1.589 5.58 I
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2.1.2 CZC 5 ,  ZIn ,CZC
CCA , ,
0.1 %( 1.57 kgem ™, 0.41 kgem™’) ,
8.55%.
( ASTM D1413 - 76) , (%) CzC Zn’”
( 1. ,CZC Zn’"
( ) 0.780 kgem™( 1.18 %, Zn’’
0.100 %, Zn’" 0.693 kg*m™’) . CZC Zn’" , ,
, , czc CCA ,
, 5 ,CZC cCce , czc
Cu’’ Zn’” s ,
CCA. czc ( )
Zn’’ Zn’’ (
' ) ,
2.2 CMC
2.2.1 CCC 6
, CCA ,
12.00 9.00
g 10.00 | . g 700 ¢ *
i 8.00 | ¢ R £ ¢ .
g L4 § 5.00 |
" 6.00 o
K K 3.00 |
ﬁ 4.00 ﬁ
= 200} B 100 |
0.00 ! -1.00

CZC h4EEF R B4 ¥ Concentration of Zn** in CZC solution/%

1 CzZC
Fig. 1 Mass loss of P. mumssoniana wood blocks treated with CZC
AB: Mass loss by operation ;CD:
( ASTM DI 413 - 76) ,
2) . 2 ,CCC
( )
0.125 %, 0.775 kg*m™’) . CCC
) , cCcC
2.2.2 CZC 6 R

CCC 4857 i &4 B Concentration of Cu®* in CCC solution/%

2 CCC

Fig.2 Mass loss of P. tomentosa wood blocks treated with CCC

Total Mass loss by eperation and decay .
CCC o’ (
o
0.00 % ,Cu’"
o'’ , >
CCA

( %)

0.824 kg* m ’(

2+

Zn
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6 CCC.CZC .CCA
Tab.6 Decay resistance for P. tomentosa tested blocks treated with wood preservatives

c?” Zn2*
Wood Retention of Grade of . Retention of Grade of
preservative Cu® "/ (kgem™?) Mass loss / % decay resistance Wood preservative Zn* "/ (kgem™ ) Mass loss / % decay resistance
Control 0 54.00 v Control 0 54.00 v
0.319 4.70 1 0.163 45. 68 il
0.514 3.11 [ 0.319 43.20 1
0.657 1.14 1 0.486 36.47 il
ccc 0.824 0.00 1 czc 0.620 40. 65 il
0.970 0.84 I 0.814 34.56 il
1.075 0.41 [ 0.960 32.35 1
1.227 0.24 1 0.993 40. 09 il
1.383 0.05 1 1.116 34.39 il
0.318 4.96 I 0.171 50.36 v
0.493 2.70 [ 0.332 50.33 IV
0.658 1.02 1 0.494 44.50 il
Cul,*2H, 0 0.822 4.17 1 7nql, 0. 644 42. 68 il
0.979 2.22 I 0. 808 40. 44 il
1.124 1.37 [ 0.976 42. 46 1
1.301 1.11 1 1.121 40.10 il
1.388 1.06 I 1.310 45.29 il
0.323 11.72 Il 0.323 11.72 Il
0.648 3.40 1 0. 648 3.40 I
1.274 0.13 1 1.274 0.13 I
CCA 6.60 56.46 v CCA 7.96 57.05 v
7.98 52.36 IV 9.69 55.45 IV
9.39 51.36 v 11.24 57.99 v
9.94 55.66 v 12.98 55.83 v
10.92 51.58 v 13.97 53.32 v
3
CczC CCA , Zn’’ 0.780 kg* m™’(
1.18%) , CCC .CCC CCA et
0.824 kgem™°( 2.45%), CZC .
/ , ,
CCA, . . .
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