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Current Research Trends in Wood Preservatives for
Enhancing Durability - A Literature Review on Non-Copper
Wood Preservatives -*!

Yeong-Suk Kim*?'
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ABSTRACT

Current research trends of non-copper wood preservatives for enhancing durability was re-
viewed; as a follow-up of the review in 2012 on copper-based wood preservatives. Main environ-
mental friendly non-copper wood preservatives studied by many scientists were boron-based
compounds, synthetic compounds from natural products, and pyrethroids family of chemicals, etc.
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The critical issue regarding treated woods with boron-based compounds used outdoors was the
leaching of boron. Many studies mainly focused on boron fixation improvement using variety
of polymers. Moreover, the studies showed notable increases in attempts to use natural products
used commonly in the medical fields as wood preservatives as well as outdoor use of chemical
modified such as acetylated wood developed in purpose of stabilizing dimension.

Keywords : non-copper wood preservative, boron, natural products, chemical modification, Acetylated

wood, Bifenthrin
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Fig. 1-1. Complexation of borate ions with
monoglyceride.
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Fig. 1-2. Complexation of borate ions with
polyvinyl alcohol.

A+ 54 LD50 3,450 mg/kg, Borax (Sodium tet-
raborate decahydrate) @4 Rat (male)°ll Tl LD50,
4,550 mg/kgS YERNE A 54 - o]tk (National
Pesticide information Center, 2013). o] Z&-& o=
EAREAY AL ZAN ul$- &8 A7} 2o
E4d F9] gv=E FH3=o] CCA (CuCr-As) F H|
2 (As)oll tAl AE 224 CCB (Cu-Cr-B)EH=
AFEE AU B2F B Borax 59 FEE ol BF
H kAl & shfolth

ol & SIFHE-S v A B AHEEE F2EA
& BEFH(Morris et al., 2011)E YER I, A
5= A2+ DOT (Disodium Octaborate tetra-
hydrate), &=+ Borax, 54t 22 AlFE50] gith.
w3 wERAY J EAd T 2

Aol BiL AHE A0 WA Aol w3 A

71234 B HEE Favt §EEE S A
371 918 4 B 50| wuslol g3, BAE
B o] o]FolA 1 A& ‘d¥elth(Mohareb et
al. 2009; Morris et al., 2011; McIntyre & Lake, 2011;

Terziev et al., 2009: Mohareb et al., 2010; Hirtner
et al., 2009; Lyon et al., 2009; Franich et al., 2011).
Aol Al 54 dde] §848s Fol7] A
LHE JATES OYE T s Ay a
ot B2d 7183 ES eAA E84 2se
P& #skAY HAol grafting reactionol 23]
27F 2o faAlE e AES A= B A
o] vt (Kartal et al., 2004; Cui & kamdem,
1999; Mohareb et al., 2010) 53] kartal et al.
(2004)-& allyl glycidyl ether (AGE)$} Methyl meth-
acryalte(MMA) 2] FZ3tol 9|3t 8}et42]8 o] &3}
o] 752 fnlo] & AFd ShHE Hatit.

1980, oA AFS wiAlg 7] vhEA
HEA o tigk ¥ 2 2FA 4] Polymeric Betaine & &2
<217 Didecyl polyoxyetly ammonium borate (DPAB)
7} W= 9= Hartner et al. (2009)2 ©]E2] 3}

>,

— o mE xo

g Eg 4, AEFa(aAR]) o] et g
Aol BEAS Bttt A 3 DPABE A4 Wt
Al ol AP A o2 AFEE o7l ol 24 1591 Alkyl
Ammonium Compounds (AAC) 9] #2414 S A4S
Helalr) el e Aow B el 3 &t
A Fig. 2-190 Jehd AsdE= SAd Azl
g BAFAAREY] veT)eF FAaERe] A9E A
2ty = o A Q). aEla WA v A
SGHA S ALESlY] B4 $E8S AT E HHER

B uE Ak (Katal et al., 2008: Temiz et al., 2008:
Mourant et al., 2009). A3, AF2A] Fol 254
£ Folsle wol AMgHE f-AEE sEEE
58 g4 3 4 §8S AXATIE HHY
o]tH(Mai & Militz, 2004a, 2004b: Terziev et al.,
2009). o1& F7]-AE =2 Edo] Ftol 23t /)3
£ WAt olEdo] MA RAMEH A
3} =31 Cellulose glucosepyronose ring®] 54717}
MzEE WA Fefshs Aoz deA] AUt o
£ £4 F9Al Alkyalalkoxysilanes®] -} arylalkox-
ysilanes o] A EAJolw FAHE S S {3 E
oA wol Mo Ew theketk alkylalkoxysilanes©]
NEH 7= 9k (Saka et al,. 1992; Ogiso and
Saka 1993). 12y 4% f7)-dgZ &4 Fol
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Fig. 2. Effect of polyvinyl alcohol on boron leachability from treated blocks (Mohareb et al.,

2010).
2/ TIFo] FEete] st 29 ¢
744 = A ATk 25 BASH] 9@
decyltrimehoxyslilane?} 2-heptadocafluoroocyltrime-
thoxysilane™ & 273t sI&ES £3fste] A&
371 = &tk 22y 71 chain®l silanes2 AH&E
A5 AEA o] Yol © 2 methytri-methoxysilane
oy} 19} FAFSE A EA} slilanesS 7o) AFEE=
AFEo] ANE AT (Saka and Ueno, 1997). &3k
A FAE I FA Wl aEAstE flaiA e

= = chlorosilanes¥} alkox-

x4 KR

1o
e UE

= o0
o

PN
T

L =
T ST

S 4= 94, °]% chlorosilanesi& &
HkS-3 . HAabE 2 HCLo] v 0}5’_ al-
w37 A&atA
HHA 2~37), = 2 Sk
, silanols®] EAFAES] 4

11:}1 dei#] At (Terziev et

2 5 9l 2

ysﬂanes% T
=271 {A
koxysilanes® acid7]gkell A} 7}
o] FolA i 3] ZF
o] IEAE AgE 2
24719} Z=3he 4

al., 2009)

Terziev et al. (2009)- Tetraethoxysilane (TEOS),
phenyl-triethoxysilane (PhTES), ¥ Methyltrie-
thoxysilane (MTES)S &4k 1—r1}°ﬂ silane 5—r1}7}
E]Ci zzﬂ—o]_o:] _Q_E]—/H ‘ﬂ 61—

of thal] A@stsivt. oL A¥ 1
A X7 EF BT 34l
TEOSE= 1970€ 7+e] S9A19

qul

(above ground)ell A}

S
MTES+ 44l
Ao E et
Mohareb et al. (2009)
A2 Monoglyceride®} H]o]-24]
+= polyvinyl alcohol (PVA)—% AHg-
fr&ol olg 245 ?%ﬂo}zl
OF 9~ 181 B Z-6
=¥ monoglyceride 1 745}6‘
Rt 523 Mohareb et al. (2010)~ PAVvE— 2.5~
4% F% =2 disodium ctaborate (DOT)oll A ] gL uf
W ge 9 3] i1 g9t e AeE B
1Y, B3 Hako] &A= Astol A furfuryl
alcohol®] 11 E-A}3}2 #)5h= A= (Baysal et al., 2004)
20131, N'-N-(1,8-naphthalyl) hydroxylamine
(NHA—Na)J/} hydroxynaphthalimide (NHA-H) o]&-%
H3g vb glo). (Kartal et al., 2004). Lyon et al.
(2009) 5 ‘ﬂ’\P Yol ¥ oleic acidE
7] Ammonium borate oleate (ABO)ell 93+ ¥
ool el B4 S-S WA ete] F5d o
= 295 st AT
&g 1*] 3l7] $134] Boratrane ¥
i7ﬂﬂ‘ii tH(Franich et al., 2011). Fig. 3
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S9 WA PIE AR BAREAS A2 AT B 0] FA NG FHoR-

2 FEs =PAEAS v FAgEAo]l FETE
2" 7 NdEE 23E Uetd A= o

F ’g’ AAAS AHgets BAA R SRR EF

: o e, _?/’ B o= A, ARl viAE 9F WA e4g

R AHEE R FHrehs 45 AHAEA gl wel th=u Akhter

: et al. (2010)2 Borax®} A4S 1112 £33to] 10%

O nese fir Msson o ne TEE EUUS W HHAAGLET) vha vebA AL, BE

Fig. 3-1. Weight loss of treated and untreat- Azl HAHS JeEhs AoZ nud uf 980

ed specimens in the decay resist- 7 2ol AEA 2o A% E%n 5o Folvt

ance test (Yu, 2009). 275 = Aer Bausa )l Glycerol boratest

. glyoxal#&] ¥H-g-ofl 7] %3+ polymoric network 34

1

e o]t} (Toussaint-

[

£ ] o 23 Bk BHAY

8 30 Dauvergne, et al., 2000: Moharb et al., 2002).

bl s . % o] "ol = protein boratesE FAAIA B47F &
o Hlt F e LB e oo ogl ool ~ o e
dHBEBEBFHHEHHE slol mhA .= A4S etshs W (Thevenon
2 g et al., 1997; Thevenon et al., 1998; Thevenon &
Chinese fir Masson pi ne piZZi, 2003), 011% O]—%—é‘}-cq %‘i%%ﬂgﬂé 1’1]6‘}‘"5_
Fig. 3-2. Weight loss of treated and untreat- ATE0] ArHHumar et al., 2010: Yildiz & Dizman,
ed specimens in termite tests (Yu, 2009). 2010; Tomak et al., 2010).

propanolamine®} &-4FS ©]-83}4] triethanolamine 3. id?j% 'IQI'EH %7[@ E"/g QFX-”
borate, W+ tri-n-propanolamine borate®} 72

boratrane At Al 2~€lS A Eto] W F By &g W CCAS}F 22 BAREAQ 5402 3 2l
& 283 A3} tri-n-propanolamine borateX.t} 9 sh7gdekAdo] digk 2l4le] io}x]”“ﬂ AR
triethanolamine borate”} AUl WHEEZ o] 53 A2 dAEl ek T o] w5 FolxliL o] &
I, 01%RT0E 1% 52 IS u AL AHF ] o 57443*}1]@ Ao Ag A ‘O] 5“1 3 57Pﬂ
H3.20 =EAIAS uff §24d0] Wol /A= o] ¢k 7 = AFglo]t}(Evans, 2003 preston, 2000).

@ o An‘
zo L=

W e YyAds vehdle oz HuEfdv EZHE CCAY tjAEdrter geo] £ EZHE
coupling agent® AF& = wAL&-2] AR poly- TAIE ofA] JLEA] gk Ao AEAQ] AAE
ethylene glycol borateE & A17]= ¥ (Ciezer et SAlnl IR F83 4 s vk vE5o] .
al., 1999, Weining and Kandem 1999), #l%& <A, H& dgolgt & 4 glrt. 58] the AAES ol
B A, 94 A o] JAA] BAaE EFetd 83to] o] DA F&, whe go}, n]e} 2 5
PB, LSL, OSB %ol 8838 A=k g o] Fo ANGst BES Aol AJAA | g 71% A 2E 7]
3 eH(Yu & Cao, 2009, 2011; Thevenon et al., 2011: o2 Al A (formulation) 2k &34 74 S
Fojutowski & Kropacz, 2011; Han et al., 2011; gt 2 Fx7F e fEck @ 4 Qi)

Scown & Creffield, 2009: Mouborik et al., 2009; Singh & Singh (2010)+= JAEZFH HARLE
Gao et al., 2009). Fig. 3o Wepdl v} 2ol sz A ML v F2g ol F HAE s
Aol 2+E T FEEFs A 5A7F B¢ I e BEAzRAC FaE Aok B4
3} B 7fulel tis] E a¥8 K= AoE By (Retention)©] L, Th2 sh}E= 15 oFAl|9 HA|d3}
AtHYu & Cao, 2009). X3} phenols=# ¢} 543} of W&t AlojrtsAoltt. T e 3 M E AA 7
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<< X% AA(formulation) AZ2E 23 84=
EA

AAES o] &8 7714 BEAL & gt
w8 /i, AR 2 AR 55 NAds] A8 A
7HA o] &5 AlEdt7|®E gt 1 Foll sty Rl
g BEAL HA 2o R e Sl Ak
o 714 kA& 7t AdFE F e REFAAS

ARg3lE= Aoltl, 1 ¢ & chitosan oligomers®} hex-
amethyl methylol melamine¥}2] wk3-of 2]3} chito-
T EF3+%5E (Condensation

san-melamine ¥ %Y

polymerisation) ¥H-8-& o]&Eoll Bl (Torr et al.,
2006)7F AaL, FrIAd kAol &2 BX] o] WA 7}
gyHolgl= Balx tH(Panov & Terziev, 2009).

UrEAR AMREE BAEE 584 £ 84
silica 719ke] AA|, wax 7]REAIA], resin acidsE& <l
= 4 Itk (Schultz et al., 2006: Singh & Singh,
Elgh
T <]
ed
radicals®= 3 At
Wi o]t} (Hirano et al., 2000;
Hammell et al., 2002). &3+ f-714 BEA A 24
A7) (chelator) & *g]8lo]
W E ARE AT S 54
chelatingA| 7} ©. 24 EZH
A7) WE I, Mabicka et al.,
2-HPNOE AR&-alA aAdol AdA 347}
=& Bag vl o

I R ES EE e e
AN wAbeE v Folt ZARS

:('5_‘_
o 1 fel 3 Free radicals<
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F7IRBEA ] A= HAATHELS AA
EE AAFEEL, 5522 YA (Essential oils),
S|4 o)X= Waxes 2 resins 5°] FHE ©|
Fi 9lvh, BAESAES Alolstr| Sl AlgaT
H AAERFY A7 ELY FTFHE Table 20 Ye}
YAtk AA B AAFEES T2 245 4]
AoA BAE = FEEC] SADAE] tisf &
S YetE 497 i 1 disEAQl oz
AR HuE g A dojak &) A AL
ol dotst ALg Ao E F3tE X ar Z U

71:!

%

. T

oltk( . 2004).
3t} T FEEUE o] &3 B2
o] 9t} H oq:rLoﬂ/q A A2 Teakel A

=4 4’5'-dihydroxy-oppiisoccatalponol,

OEHZ‘]

% ERE RS
PN
T

oM ox
=2 o
S Ho

wv

al
WEAAE S
tectoquinone, 2-(hydroxymethyl)anthraguinones:,
FEAEAdT BAgE &4
2-carboxylic acid, lapachol 2 1, 4naphthoquinone
& Z7hEkdtH(Niamke et al., 2011). X3+ Sirmah
et al. (2009) 5-& Prosopis juliflora A&l (-)-mes-
quitol g #E]3lal ol 50| FAFEFE % Fs)n W
Aol gl 9 (201002 =
ol A LH:rL”O] 2 %22 427 Cunninghamia
Lanceolata= 58 &vd vt & & fractions
A1 £ fractionS ZA8I] ZARSF 2 7
eFqtol =EAZ A3}, /N fractiondl] H]& E2

A & 1} W Ao Busygdr). E3F white
cypress pine®] AAFEE 5%
noids7F S wlel tf3] &S e
3] % th(Watanabe et al., 2005).

AEoA dolA= SUES 2
wol Agxo] o} EXREARS] A
=AY 2u H2 BEAS] SA4EA
11 =4 0] gAY 2 oAl E

%1'%9] A g-o] wol °4:rLE]J~ ALt AE
A1, ¢, G, S vhdk F9)elA
MQW o|Eo] HAHEAZA S EE
=702 BHu%ArH(Yang, 2009). £3] Table 191
vle} o] anise oil, lime oil, tangrine oil,
lemon, %t Z=ulg], AF A+, cinna-
mon oil, clove oil 5©] EX}V}OH:*EO] #3o] SOl
27 & AS®E WA tH(Matan and Matan,
2007, 2008; Ynag and Clausen, 2007). 53] linseed
0il 524 B+ silioondE A EAl A2 g
o2 EAW ®54 (Retention) & /A8t AL
2 BaE vk JtH(Lyon et al., 2007: Temiz et al.,
2008: Glassel and Mellema, 2006)

2] anthraquinone-

=
=

= ] sesquiterpe-
o
=

o

to

£

&

S/ T T
e (0 s o s
-1>

L 32 fo mr b |

o

53] A 2ol A dof A= o] 5 oilo = Sl e}
SARRE SE5 = 2AE 7]—%]_ o7 HilE o]
oo 3t A=A A So] HAE F-3 7714 2HA
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Table 1-1. Leaching rate of boron from wood treated with boron compounds (Yu & Cao, 2011)

Type of boron Concentration of boron B;O; retention before B:O;5 retention Leaching rate of
compounds compounds (%BAE) leaching (kg/mﬁ) after leaching (kg/mﬁ) boron (%)
BA 2 9.052 0.034 99.62
BX 2 8766 0.032 99.63
DOT 2 8.680 0.031 99.65

Note: BA-boric acid; BX-borax; DOT-disodium octaborate tetrahydrate.

Table 1-2. Results from the orthogonal experiments for wood treated with PFA modified boron
compounds (Yu & Cao, 2011)

Results
Treatment Type of boron Concentrations — Treating B,Os retention  BOj retention  Leaching rate of
No. compounds of PFA (%)  methods  before leaching  after leaching boron (%)
(kg/m’) (kg/m’)
PFA-1 BA 10 Two-step 412 130 6844
PFA-2 BA 15 Two-step 467 255 4533
PFA-3 BA 20 One-step 1044 372 6437
PFA-4 BX 10 Two-step 490 0.63 8714
PFA-5 BX 15 One-step 1025 225 7805
PFA-6 BX 20 Two-step 6.96 470 3247
PFA-7 DOT 10 One-step 1031 142 86.23
PFA-8 DOT 15 Two-step 580 293 49.48
PFA-9 DOT 20 Two-step 6.44 436 3230
Aol Fo o7k NE Aow WaAtHSingh w49 TWE sepgom Fasks ol
and Chittenden, 2008). el 7k = 1 F Y FES w17 A
o] ghell oA doJ A= waxtt resin®] 7 -l Zloltt, gl FxoA ExsII7F 1 JEE &
L= Table 10l b npe} 3ol B A sty ol ik T AR F' FA77 23S Bol &k A
9] e BAE vh Bas i 9lvk(Singh and o= FHsgEth
Singh, 2010). =249 3}st42lol= Etherdl, olxE 3, 2%
st FEFUS T oS FARol AE o
4. Blst AAO| QBF BXEE AT BARE FHAA 4 ol BsE 7)ol
L) o] oM sto]th(Rowell, 2005: Rowell et al.,
2219 g}8hH 2L BAlE B3] 918 ALE 1994). FA19] ol e shi= Fig. 49l AAIE vle} 2Eo]
s HAg e giAlH = 71Eolt). gehga] T3] Frit BAE SRSAIAA A4 O] 714
= WHAE A2g SR A= 54 5SS 7 o zelEste] Az FAel o zH=Z Aol 44
A A ot BAREANE 24 Gk BT ¥ ghgolar, AR R ZAbo] A H T of4 Z 3}
= 7Rokd Rl A = e 7ol & EAE obE o] E R S S dolvta,
T AT}, A EAE 1 AA 7L ujEAg A u Tk AL Hgo] haEm EAdsid Sl oigh A& o]
| SEEE A& gla ALE kde 9717t 7bs TUE e Ao d#HA AT Rowell, 2005: Larsson-
gk Aoz duA] Qlok(Pilgard et al., 2011). &A]A Brelid et al., 2000). 3 547 oz 598
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Fig. 4. Equilibrium of Polymeric Betaine (DPAB) in solution (Hartner et al., 2009).

of tigk X52tg43-& LER= ASE (Anti Shrinking/
Swelling Efficiency) 7} 80%7+4] St A5+ 7] A4
AR W3te 79 fitke Bk 0 tHRowell and
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