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Current Research Trends in Wood Preservative for Enhanced
Durability : A Literature Review on Copper Based
Preservatives™!
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ABSTRACT

Current research trends in wood preservatives for enhancing durability was reviewed. Due to
leaching of recent Copper-Based Preservatives commonly used as chemicals for pressure
treatment; they have been a growing concern, especially in improving the fixation of the copper
as alkyl ammonium quat. and azol in wood and preventing the leaching of active ingredients.
With the appearance of emulsion type chemicals using micronized and nano-sized wood
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preservatives, researchs on characteristics of Copper-Based Preservatives regarding penetration
and fixation in wood are debatable. Moreover, unlike the case of CCA, the recent alkyl
ammonium quat. and azol bear a serious threat in the decrease of antimicrobial effectiveness
against wood destroying fungi with copper tolerance. Therefore, development and research of

co-biocide is needed.

Keywords : copper based wood preservative, copper tolerent fungi, micronized & nano-sized

wood preservative
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oA ZFEe] AFg 3] ol &l gtk rAlE = H
2 A ‘Et AR QA Z st m A= 38}
Az} A AL Ao R o =51 ¢t}
(Craciun et al., 2009). webA, &5 Exf B EA] o
A= Bt 34 ZE}HO]”*H gstlEe oig
wHo] $3 750l 874 FHel fle sl
g A

2 AT E & TS AT AT =
ANBEA] AT F FolA 7HE A= wol AE-
= Q= el 7wk okAl o] FE (584, WAIYA
e =g §A48 oA 5)E FR ol 2 1
EA e tiste] ZALEIAY. A AAIA o R el A
7M. BARZAAGA N 7 WA ARl
WA O HA L2 FH ALEATE 7] AoR B
E I Qo] ko BT AL A HEA & 3
A AReRA FE Zlolge d5E s A
(Craciun et al., 2009). wabA], 7]&2] -] 7]49k oF
Aol gt F8 o]fFES o|dfgh= A ApAT] HA)
BEA dS 7les 98l 7ot $08 o8 %
WET EXREA] JEorA T AHE Fa

,=A Aol Fele] A& 7] o8, T
157 2 Fake] #HA s, AeEAe] U4
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Table 1. Summary of copper-containing formulations and AWPA retentions (Ref. Freeman and

Meclntyre, 2008)

AWPA Retention kg/m’

Preservative Co-biocide Above ground Ground Contact
(UCI-UC3B) UC4A UC4B
ACC 40 80

ACQA, B, D DDAC or DDA-Carb 40 64 26

ACQC ADBAC 40 64 926

ACZA 7inc, Arsenic 40 64 96

CCAC Arsenic 40 64 96
Copper-Azole (CA-B) Triazole 17 33 50
Copper HDO (CX-A) HDO, boric acid 33 - -
CuNap-Water Borne 11° 18" -

CuNap-Oil Borne 06" 1024

Oxine Cu-Oil Borne 01* - -

*Copper as metal
etentions vary based on species and use
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7], FA), HAd AT 9F 22 ke Alold] 3}
dE NS E T A wEtA SA4 YA et
Fste] whg & 4= 9l k19 b el HE
< HAsg} s AY MFAE = JE Fag JE
7] MR B4 vk F, 54 WA w543
3ehikS 58 B F dkg7)9k FEo] 9 Fo
ofs AA G W=tk Aolth, He e vut
obA|o| A &= CCA9L frALSE 78] 42 AAES A&
T WA e HYEA AT T A
N F=gttha £ 4= dvh(Freeman and Mclntyre,

2008; Craciun et al., 2009).

of el ol A ¢} A gES FAdstanA) she
EAE drYol olvlF 5& A& AlHlEC] Q)
tH(Xie et al., 1995; Zhang and Kamdem, 2000:
Kamdem and Zhang, 2000). AH24F CCA o A kA
24 At 100] A7k Bl A9 AEo] wiAlE g 4
S5 714 7)9ke] kA 2= Copper amine &

Copper ammonia quat, Copper amine triazoles,

Copper-HDO amine 5= € 4 Ut} olE°] 7I¢&
TEA FAREARZ AL FRE o|F2 U ¥

Ir

A FAMORE AMREL Qe F8 BEAREAE
Table 1o] vtERA wpe} o] tjfito] 2] 7]g5ko|
co-biocide®=A] o}lolt} ammonia quat., triazoles
58 AMgSE dAEC T (Freeman & Mclntyre,

2008). A& Al#El7} & quaternary ammonium

salts®] A-F, 54 U o249 71254 2157
sl ab7lshel AH714 Qe ol e mato]
o3l o] Qo3 IS 32 E quaternary am-

N o

monium salts & FA] F2 E2 f Fo] g vt
S7] ol 9JFe] W AoE By Jri(Lou-
binoux and Malek, 1992; Loubinoux et al., 1992).
a3d A U 9-87] = dEo] 9la e o
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Cellulose and hemicelluloses: Ry—monosaccharide repeating unit; Rz—OH or CH;0H.

Ry H_oH
R:
o
i + CUQ) cu(In
H OH H,0/NH,OH
OH H

Oxidation of hemiacetals by copper (Il) to carboxyls

OH

O—__ CU

Copper (Il) carboxylate complex

Fig. 1. Oxidation of cellulose and hemicelluloses by copper.

2CU(Iny
—_

H,0/NH,OH +elib
OCH; OCH3
M )
Guaicyl lignin; R = lignin Quinone methide of guaicyl lignin; R = lignin
R
cun
,0/MNH,0H
HCH;
O—_ cu
Copper(ll) quinone methide complex; R = lignin
Fig. 2. Oxidation of guaicyl lignin by copper.
23} quaternary ammonium salts7} 5870l thal o] FEhbSo] Y Al&sA dojdths AL vyt
AEEE AHE 2% 27t e, Tascioglu upeta] Jofite] vt SR ool ThsAdel =
5(2005) ACQ AHelolA Fo]2RY dEFEYH = AAFEEGTE. olg gk o2 ] i div]
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o] quaternary ammonium saltsoﬂ o =
UEo2A T 89S AN F UvhE AL A
o1&}l

:[Lg] /\]__ELako] Wl 7(4;1-0] z o]-ﬂ 7(:)]_?_’ QE)
2 g Ui At 2 BH A 5o EAVE oF]
HAY, T2 WAdTte] EAZE o] ool uigk A
et A 53 #EE AFE0] o5 Atk (Evans,
2009: Li et al., 2009: Pankras et al., 2009: Woo
and Morris, 2010; Stirling and Morris, 2010).
Pankras 5 (2009)2 ACQ9IA Didecyl dimethyl am-
monium carbonatedl] gt 4tsle] ] B &S 2 ¢
101,122 ¥Fo=2x g Ao 875+ ’\]
kol @5HAa, T Yk 4TS BHiss]
o 53] ACQEE 1%% 1.5%Y o, 0.6%Y wjr o}
I 237 Hoke AE Bustdr. Li 5(2009)
2 amin¥} ammonia 7]9FC.2 & CulAz3} ACQ2L] +
2] A& Bl Aol ammmonia”]¥ke]  oFA|7}
aminoll H]a 2] GHAgo] ot Erhe ARE B
23Rk, Humar 5 (2005)<2 ethanolamine”|®F -
Y3 & «] BARE Ndste o 7H2EES ol &
st S ARSI o5 SAE 72240
A7r "—F"—Hoﬂ AR Agets o TEo &8
E=Zgn o]¥ g &3+ 72l/ethano-
lamine¥} FAf 7+ 4= k-3 dg pH Aej=2 W
stE Aol T 124 N 2= A &
e v i els] HA = gleh wEgt
Chen (2010)> &2 729 &4 W 425 57t
Al7171 $13 Amine AH8-3Fo] Borate-Amin-Copper
FEAE 12 49 BV E A|xste] Ry &2
A& NS A7 5% ER AR e B4 R w4
ol Al HAF=AE cellulose} hemicellulose?] W]
obAlgtel AtstE AYAH copper carboxylates, &
o]l 2|3 guaicyls 2F8loll €]& copper quinone
methides®] 7h2H Y7 St H4&ol2 AFo] F
7Far o] 2 Qg &9 Aol FUME NS S i
aFAtH(Figs. 134 2). o] A%, F2lok A4
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Effect of additives on Cu-leaching

~ Cu-refention = 1.4 kgim°, room lemperatura fixation -

a00 Standard Cu-amine

—
Modified Cu-amine A

Modified Cu-amine B

Cu loss [wt. %]

. 000 100.00 200,00 300.00 400,00
time [min]

Fig. 3. Copper leaching from Cu-MEA treated
wood, at 1.4 kg/m3 retention as a func-
tion of formulation matrix (composition)
(Ref.: Craciun et al., 2009).

o} co-biocideZ A o} 1A B4& AMEste A9, of
WA 5 S W AA AHE FF, A
<%, %, FYSFE FH, o] £
W Fele] vl g, FrEf/opnl g-9e] pH o«l A
Hh= Ao g ¥ A th(Zhang and Kamdem, 1999:
Jiang and Ruddick, 2000; Lucas and Ruddick,
2002: Ung and Cooper, 2005).

gk, A ol 78 JAE dEks] AsiA T
ol vhg & F Qe ooy BAEF e
YUHERA TS 93 2L g1 F5S EYet
v 88 F4 59 o] Arh(Zhang and Ka-
mdem, 1999: Thomason and Pasek, 1997: Cracium,
2006: Zhang and Kamdem, 2000: Chen, 2010). =,
LA A 8] whg-7]ol] efFo] of 1L, 7 Al E
ol-g3to] ] olo] FAH 9}% 7HEEA 71
721 55 Al AAI7]E o]Ee]t). Craciun
5(2009)2 Cu-ethanol amine, 1.4 kg/m’©.& 2]
H SAE controlZ 8taL, F 7 (AS B) o2 3}
FAE B §E9xAE At & Fe S v
W A Fig. 39 VERA wie} o], 513 #214
Cu-ethanol aminex ¥ EAjo A 2] &&o] 20
~30% ZAEN7 S-S Bttt g Humar
S (201DE oA 9 B JF A9 copper
ethanol amine®] 5AS 7§418}7] $13] ammonia,
ethylene glycol, DMSO, formic acid 2 triethanol-

— 216 —



_Q__Q] LH:rL)ﬂ 6(}:)\ % 6

sl

Si0,
Fig. 4. Sketches of the copper grafted to
sol-gel (Ref. Feci, 2009).

5741 H& mlAE Alge Aol A for-
mic acid 2 triethanolamine©] 7} &34 o] o}

A el Sl Srkehs Adke skl e A

amine &

EAREA] T A FF
Z N ATE Y FQ Ao R HuEHAT o]9
o = N-methylols (Lesar and Humar, 2008), tal-
low-alkyls (2HT) (Mitsuhashi et al., 2007), octanoic
acid (Humar et al., 2003; Humar et al., 2005) 5¢] 3}
F=5 ol &g 7 A s A7 Eol AE A
Alkoxysilanesol| 4] &@et A2]7} sol-geldl 7]z
g A~EE FHE SRS F710F2E W)Y
243t 95 7HA & F vk ®asta vk
Fig. 49 A A1¥ vfe} o] o]ejgk Al 2~gle g7}
71288 AFE A encapsulateHHA T &
2 2o 29E 7 E Aeg 2/E A (Feci et
al., 2009).

Fangli 5(2009)& F=o| A Al-gwko] Be div}

Table 2. Compressin strength parallel to grain of ACQ-D treated Chinese fir and Mongolian Scots
pine Stakes installed in Chengdu and Guangzhou after 20 months of outdoor exposure

(Ref. Yu et al., 2010)
Compression strength parallel to grain/Mpa
Shec ACQD Post- 20 month field test
pecies conc/%  treatment Control Above-ground In-ground
Chengdu  Guangzhou Chengdu  Guangzhou
4358 (288) 4395 (290) 4158 (241) * %
05 AD 4435 (159) 3231 (1749 4511 (068) 3215 (075) 4376 (114
HC 4438 (226) 4468 (111) 44.82 (141) 4440 (1.02)
DO 4468 (138) 3207 (116) 4444 (08%) 2821 (128)
. . HW 3745 (120) 3821 (131) 3755 (16D 3836 (2.20)
Chinese fir
11 AD 4495 (355) 3900 (109) 3226 (137) 3605 (099) 3502 (0.70)
HC 4134 (069) 3975 (150) 3982 (077) 3093 (129)
DO 3200 (146) 4093 (209) 3436 (097) 3053 (14D
HW 3874 (137)  3172.(328) 3719 (114 3290 (2149)
5705 (170) 4536 (318) 2337 (222) * *
05 AD 5760 (159) 5071 (122) 45606 (111) 4734 (060) 4113 (226)
HC 5047 (105) 4899 142) 4750 (063) 4656 (134)
DO 4783 (17D 4188 (165) 4662 (086) 3748 (150)
Mongolian HW 4842 (100) 5564 (100) 4832 (108) 5274 (062)
Scots pine 11 AD 5610 (124) 3831 (150) 4090 (216) 3860 (177) 3930 (116)
HC 4714 (127) 4971 (151) 4014 (087) 4854 (140)
DO 4880 (168) 2296 (068) 4631 (067) 2318 (093)
HW 4894 (146) 4591 (255) 4784 (117) 4559 (069)

Note: *samples destroyed completely after 20 month exposure; Values in parentheses are standard deviations.
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Fig. 5. Average leaching of copper from the five samples of three different preservative types with

different fixation environments (Ref. Evans, 2009).
Fix a: 85% RH and temperature 20C in 48 hours
Fix b: 60C in 48 hours and the samples dried during this warning
Fix ¢ 60°C wrapped in Al-foil to prevent drying in 48 hours

o] M-S W8] 18] 2] o237} propico-
nazol®l chitosans =<3}, chitosan copper 23}

HE(CCC) 3 chitosan copper complexE /o=
gt AES skt 2 A3, ACQ 2 CuAzel H]
I 53 dads Jeidle 2ex Bastyrt
ACQE Penicillan citrinumell thair < 3o
Trichoderma viride 2 Aspergillus niger®l] t3ajA

= E97) A waas

ol
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B e
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A= T2 7]k kAl A
42 e] BAlol gk RuEL WUt F

AlZH(Boone et al., 1995; Ung
and Cooper, 2005; Humara et al., 2006), &%
(Pasek, 2003; Ung and Cooper, 2005; Cao and Yu,
2007), b4l (Lucas and Ruddick, 2002; Ruddick,
2003; Ung and Cooper, 2005), =] =% (Ung and
Cooper, 2005; Humara et al., 2007), #AFE
(Chen et al., 1994: Yu et al., 2009) <14, Yu 5

(2009)2 =8 FAFE, 37 38 o] A

7Hg F83% AxkEE AL wE

Yu 5(2010)2 F=r¢] chinese fir®} mongolian
scots pines W2 ACQAE HA1Y 44 a9=
B7] A%k S8 v A (oF 20 3h) el A =2
2L 9} PAFE(T0°C, 80%) el A 24413t %A

I #Fe 2] 2"A] 15417 FASE HA17) 71
(1719) == 1EA42(110°C, 24r7H ] Ax3 3

gem LA Sl M %9 WA (R

~—

I-

o] & o= Vel ACQAE F A9 A A HA)
TS Zé"% w30l 21 w747 FA85k= Aol F
831t ol AATE AT (Table 2). E3F o] 9 72
A & ¥+= Evans (2009) 2] 04?01]/‘1 FAYeE A3
5 E At dAxA0R 25 IAFE, ARt
o t2A 2Fste], T2 718k 37 kAl (ACQ,

CBHDO, CuAz)oll tisf #-&atx AA 271¢] w2
AAEL] 7] S ES A A7, Fig. 5ol
YEld uhe} 7] Preservative B9} Preservative C
o] Aol 85%2 A 21k 274 (20°C,
48A17) oIt oFAl A - BATTES At e S
W 2% 271(60°C, 48A17H) 9] FAZE A

%
g g0l P S Bt (Evans, 2009). ©
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29 Y BIE AT B

S Aol 2AN ACQe L el s)ue] of
AN A2l F s g Az BT g &
52 ol g8 E3 YAl THsstrhs Aol A4

=t

4. =M 3t #7272l Wd

Freeman¥} Mclntyre (2008)2} Mclntyre 5 (2009)
2 789 fungioll dg 547 WAEES A7) 9
3 g ] FeE F R £/ 2 5 UdSS
sk ok FEE AlEe] HEHEHWE 27100 o]
kel o) AlEE HFEH I, *ﬂ.Lﬂl"é*év‘f— 7}e] H]
Eo]% "kg-o) 93| fungi EAF FEHOR = 45]
= 540 9‘3}~ Aot} Fung1 /‘1]*011/‘1 2t 2

idi‘r@ g o] gy} A A o] g4
°l tE F9Ee] Avtar asfEt. 2] o)t
& 35° 9 9 71“511011/‘1 4°Cr T} 3u)7t

+ fungigoll we} b
= ﬂ°ﬂ sl ohekst affinity S
ATk, FEl o AEdS fungie] &
Fol affinityS 7FA =1}ol u}et
P§‘r°ﬂ o ghuld g 4,

PrEOMD oo omo o X O
i)

g FE]7F AE el Aggeid G g45
YA AZE F502 o7 i 4g dr)
= Zo]th(Archer and Preston, 2006). &1} 2]

N

F ela == 345 23} v A (Ethylene-diamine-
tetra-acetic acid®} 2-2)oF HdE A4 o] §=H
TEEdo] gAE + o] fungiol g FddE
7198H7] ol#l9] WS YEldthE o] Zolth,
2y FlAd el Aol ACQAIAM F7hE o
Hyol 2 Ao gl FAA o] At
o] Ay a1, o] ddo] oxalic acid A& A3k
th= Bt vk (Ruddick and Xie, 1994; Humar
et al., 2005). 7-2] A= A=E A=A A ox-

AREAL] HZ AT 5

alic acid”} ¥A}(hyphae) 5ol copper oxalateZ
AR FEE zYehs o=
H 31 (Sutter et al., 1983: Murphy and Levy, 1983)
31 9031, Wolfiporia cocos$t Poria placenta®t 2%
2 fungi™ oxalic acid® AAHgo =N 8] WS
vehdths Was 9 th(Sutter et al., 1983; Clau-
sen et al., 2000: Woodward and De Groot, 1999).
A 52 Ul A= (acidity) 7} oA 8 S0 W
opzithE= Aol of 2] oA W E U=, Clausen
7} Green (2003)2 2|7} ¥ ACQ, Copper cit-
rate, CCAY A&t ZAE A FT R/ 2577 =&
ANAE w AF oxalic acid =7} T2 Aol H]s)
66~93% =i Aow Wuste] FEAl Y
stz ete] FiAde gl

Vesentini 5(2006a; 2006b)> 2] Wil <1
OB EUE ofE S A RS Tt
Al A2 S FEA sta 7oA ¢ AAEA (Etxra-

cellular Mucilaginous material, ECMM) Z7}A17]
= 715 s FEevhe Aotk Tt w A el N-
acetyl glucosamines S 7FA17]1 L chitinA3Ad & 31
st wAbAle] W xAdF(Peripheral Growth Unit,
PGU)& AAAZI I AEZEFA S-S et A
T8 WS YERA gthe o] Eoltt

o]} o] 2|9} fungi (He| thgg gHgolEo =
FE FEE 1 R 52 A oY TR/
W AE 2 5o AeS Adehe 2AR o] &5
Tk n| ko] el AolglE Ml Bydgow 2
|8 FE Ades (Woo and Morris,
2010). Woo2} Morris (2010) agar®i#|ol +-2]% %<
£ 0.024, 0.072, 0.12, 0.24, 0.72, 1.2 2 2.4 mM=Z
2% & 2 AT (A o2 dEF Fomitop-
sis palustrise} E#} wolo] QoM E T8 WAdol
v Ao g &R Oligoporus placentus®] EALE
HEsta wodds AEs A + o5 BT T
o] #Ha wol oA FEE 0.12~0.72 mME O,
placentus®] 3 ol F. palustris
oF fFASHA W Sl SRl i}, o
7 ol o3 l?—jr%] EAEE s 249

Eis =l

agar vl <] ol

sk BRE

1A R
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Table 3. Agar copper assay results for O. placentus and F.

mination (Ref. Woo and Morris, 2010)

palustris mycelium growth and spore ger-

Mycelium Spores
[Cu] (mM) O placentus E palustris O placentus E palustris

0 + + + +
0024 + + + +
0072 + + + +
012 + + + +
024 + + 50% +
072 + + 17% 17%
12 + +

24 + +

7.2 50% 33%

12 50% 17%

40 50% 17%

1) + indicates that growth/germination was observed for all 6 replicates.
2) - indicates that there was no growth/germination observed for all replicates.
3) % indicates how many of the 6 replicates showed growth on the copper amended media.

Table 3o YEF wle} o] F1] 5% 7.2~40 mM
ol M A WH50] 17~50% A= YEl+= A3
& 29, 0. placentus®} F. palustris®] WA=
a] Widol 2] T2 Wiigdel vsl = 4wl mohe
AAbetA T 58] ] e Ak Ty

o= o]l tiall Choi 5(2002)2 2] WA
EIAEL oxalic acidE AR gom =z
g gk o] FAA R Ui AS &3
A4 fungic= =4 Wl 2 &
%“ ] o A5Ha, e f’]*@
LM E ZA4o ] =1
gi }g OE]

£3] Serpula

)t (Freeman and Mclntyre, 2008).
%53} Poria %ol Fate 22 52 78 WA
Ao® Hauwa glar, 2 wjitel] -2 7]wke] HAy
HEAE vrEA] FEUYd ] ok & A5l
of & FaAo] dd&or 7% rt(Nicholas and
Schultz, 1997).

F2 A& i At S A G g o]

WA= fungi®= Wolfiporia cocos, Poria placenta,

bls
KR
=

o\ _J

B N

Fomitopsis palustris, Oligoporus placentus, Me-
Serpula
lacrymans 5°|1, Ag]EA W ECMMZ7Fe PGU
a2 T8 WA F5F2= Trametes versicolorst
Gloeophyllum trabeum 5 2.2 R 1% At}

ol¢} 22 T A wrel tis F49 CCAE HlA&
dito] o] WS oAehE AEs g lor &
34}4 0L, B A7) v AlE ] T]uke] B R EA
= olE UdetS Aolslr] fAske] 1Al B oFA|
(co-biocide) & THE B4 H77) B asithe
z2% 1 Jth(Steenkher Hastrup et al., 2005).
vhell 2] uiidate] obd BhA|ukekA o] WA
A= fungiBZA] MAE 5ol 2753 T}, Glio-
cladium roseum<- DDACE #3l35}aL(DuBois and
Ruddick, 1998), 3% Q] Epicoccum purpurascens
AU311-162 A5 % (1.56~15.6 pg/cm’)oll A pro-
piconazole¥} tebuconazoleS #AaAZ = USS W
118+ o (Stirling and Morris, 2010).
harziauum, Chaetomium globoxum, Meruliporia

ruliporia incrassata, Antrodia vallantii,

Ze]

o]

o]

Trichoderma

incrassata 2 Pseudomonas fluorescens= Tebu-
conazole (Obanda and Shupe, 2009)°] 283}, =
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Table 4. MSU E18 ground proximity test results (Ref. Freeman and Mclntyre, 2008)

) . . Rating at
Fomula Retention, Hilo, Saucier, - -
kg/m’ Hawaii Miss. I‘IllO,. . Sauger,
Hawaii Miss.
Test 1 12 months
Micro CA 16 10 10
24 10 10
CA-B 080 10 10
16 10 10
24 10 10
Micro CQ 16 10 10
48 10 10
ACQD 16 10 10
40 10 10
48 10 10
UNT 91 93
Test 2 15 months 27 months
Micro CA 0.80 10 10 10 10
16 10 10 10 10
24 10 10 10 10
CA-B 0.80 10 10 10 10
16 10 10 10 10
24 10 10 10 10
Controls 7 99 12 94

A F-ZF 5+ Trametes versicolor®t Tyromyces pal-
ustriss =4 ol A tebuconazole(Woo et al., 2010)

& waeke A
gaiol A4

5. Oj=22st= F2| (Micronized
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B s gl

At

Coppen Al 2|2l §4

@] Feshet=
A 7= F e
AR BAREAZ o

SARZA] Eopl A AT EE

A % shtolt,

THE
< et o #AAE
formulation) ©]t}. ©]
3t7] $18k 7% woke

AA(
1€

27]e] 537 525 o
obA Fejolut, wiEshE FE] e AgH w37

SR,

o] 77

har, AA 83k of

ool thgt o) el

=]

©:

B galate= thalel
ol

2

o] =
DA

2 B4Eed 248 B2 F 90%7F 1,000 nmE-th
28 QA= Al o] Qlar, oF 1~25,000 nmyE 9 <]
HHAE E3st= AoR A% 9tk (Freeman
and Mclntyre, 2008: Mclntyre et al., 2009). &3]
28 AR TP BAAE gl vEA A
7o) A2 = g2 FEEY gz Al okAl=
MCQ (Micronized Copper Quat.), MCA (Micronized
Copper Azol.)o]T}.

MCAH FAlA 7HF T8 2 v gar 27]e
zAolth, JAE AW Axe A FAZ A 09
AT o] WA At B 9] kAl S5 Walst
T %S stnE v gA 7] Aol wig- Fa3)
th 52 24 olFv FES AXE T3 A
FoleldH BE A £A3F 2 membrane open-
ings 2718 A o= °F 400~600 nm) ¥ HFE

(window pit, 10,000 nm)®.t} Ztow Zz Yz 9
AFET} 7bsaltte AAR o] 89 § e AlA ot
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HAH S
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“J/‘H"r*ﬂ_‘-jﬁ] THW G F
27t AEH 2Rtk F71

A ‘:‘“5314 ojzgh B

FEAT FARET AL B 9~/\L-Eﬂ AEE el 25
A Eals Ao 84 Tl oA v Mol
371tk Mastunaga 5(2010: 201D)<& & o} 2 A
oA FElR PA7} YieApolz® Aol 79, sou-
thern pine®] H23}HA] 2% FAHE HiEsol=
AEF7F 7bsshg HAstE e Al AREe
EbFs vk 295 Eastdh ek {9
A HEZAE T EF 20 Yie=7]9 FE9fAtEel
ol #¥3} gt o}, &+ Zahora (2011)
ACQ-Dtyped} MCQS} MCAE AH&-3le] XRFE
o] g3sto] g H 23k A3} A southern
pine A2l E A4 MAQSF MCASIA &= x| 22

\=]
e

[e)

=

2

_'_1_7_
O

=0

=

0] o o
I UAeE

L

L

A=} =
"_:IL_E

FA T} WAMFA Eo = U3 BEXE B o
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YrLrt =4 eSS &11ste] M 74] ok ]
AE TAE @8] =2 diidde] s
o4z o] MCA FAle] HFEAG 4 EZH ]
o] B¥o AHE AGE0o] & U= southern pine
S ez o)Fojx =1 o] £Fe H9 24 A
A A2 Wl pore Z7]7F EF el vl E HoR

MCA oAl mlg AL 771 e =l mlel] &oleh
o7 siMstar Aok HEF 3 A= (Mclntyre et

Py

al., 2009)l ¢Js}A pH 5.09014 48] 837} 1,400
mg/ ¢, pH 7.0014 1 mg/ ¢ & ehf = EXo] 9le=

H| southern pine®] pHe 4.7~4.75Z A 54 W
o Ae] MCA F214=F &3l & 54 72l (mobile
copper) A3/3¢] 7Hs/d ol glol ald FFo MCA °F
Al x”l«] A& AAbsta 9l

T4 e HE sl disl Stirling
(2008)'\__‘ ESEM (Environmental Scanning Electron
Microscopy) 2} EDS (Energy Dispersive X-Ray Spec-
trometry) & o83 A Aol =84 it
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o A2 we] Fe7F EAFE e oL ~
gEAeA FeEE FHe mAgRE] 5‘45‘43]
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3l Wang2} Kamdem (2011)9] oA % &
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= (beech) ol &= ACQSF MCQ
95 By, AdsadAe
Ao Wis] JA]
2] MCA| A7} A7
7¥stA el

=

_1_4

A

— 222 —



29 Y BIE AT B

%3 decking

284 0] ko

screwell talA= ACQo Hl&l HH-

o talk Aol A ol == st
H = -
= A ARAAS UrEPLH‘”

1}, Bright nailel 4

o, TR ol il P FEol et
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3H MCQe &2 EAd th3+ A (Cooper and
Ung, 2009)°ll4 ACQET F+8]-8g°] val, DDAC
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7H8 oFAI R Hol AFRE I Qe HY A 7]
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ACQY CuAz 59 7 A% MAd 2 FaEAdwo
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