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Technology development of environmentally friendly
anti-termite and water-repellent preservatives of wood
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SUMMARY

Woods used for traditional royal places and houses were treated with perilla oil,
so-called Danchung (traditional Korean pigments) to improve their durability and to
protect them, which was not being used in these days. There is a need to develop water
repellents in a scientific manner based on traditional methods. Therefore, this study
attempted to develop environmentally friendly water repellents for wood by combining
a traditional technologies with polymer chemistry principles using natural oils in
soaking at high temperature, which also had a similar effect as a drying process. At the
same time, the methods of evaluating water repellency of developed water repellents in
this study.

Most of water repellents used in Korea were being imported, reaching 6 millions
won in 1996. Due to the increase of landscape equipment price, the amount of water
repellent sales in the market was estimated to be over 10 billion won. Thus, there is a

urgent need to develop the water repellents suitable to various situations in Korea.

However, methods of evaluating water repellents were not established yet. Most of
water repellents imported are being used under inappropriate situations, which require
to investigate suitability in Korea. It is important to establish evaluation methods for
water repellents, which certainly will contribute in screening water repellents being

imported.

This research employed vartous methods of evaluating water repellents developed
for wood using natural oil such as moisture adsorption, water absorption, and contact
angle measurement. The contact angle measurement showed that both castor and
linseed oil had good results. In the water absorption test, natural oil-treated woods
showed good results of water repellency at the beginning of test time. The caster oil

and linseed oil showed good water repellency.

Water repellents-treated wood showed better dimensional stability than those of
untreated samples. In particular, paraffin wax mixed with natural oil resulted in better
water repellency when used as additives. Also, alkyd resin was good result as an

additive for water repellents .

The efficacy of IPBC and Imidaclorprid as fungicide and insecticide showed

_17_



excellent against fungi and termite, respectively. The addition of Imidaclorprid into
water repellents showed the best resistance to termite. Based on these results, water
repellents were developed using preservatives. These water repellents and technology

developed will be transferred to industries after obtaining patents or trade names.

In another methods of water repellent treatment called as "High temperature
soaking—heating method; , the inner temperature of wood increased to 100C after the
soaking-heating at 150C for 6 hours, resulting in very active generation of water
vapor. The percentage of oil permeation was about 20% at the distance of 10cm from
the surface. The depth of oil penetration from the surface was about 4mm ~ 10mn. The
moisture content of treated wood decreased with increasing the temperature, and the
deviation was small. The treatment at 150°C produced an appropriate moisture content

of wood for uses.

Since the high temperature treatment for woods may change their physical
properties, strength properties were determined in order to investigate any reduction in
strengths of woods. The difference in strengths between treated and untreated woods
was not statistically significant when treated in oil at 150°C. The incising method using
drill to make holes was effective to reduce internal stress developed in the wood after

the high temperature soaking—heating treatment.

The results of water repellent efficacy indicated that the oil-treat wood at high
temperature produce good results in the water absorption and contact angle

measurements. The oil-treated wood at 150C also showed good anti-fungi efficacy.

In long term perspectives, a pilot system of treating wood with oil was developed
for the treatment of wood on sites, which could reduce internal checks and control the
temperature of liquid. The results obtained with the use of the pilot system were

summarized as follows:

The penetration depths of oil in treated woods showed differences depending
on wood grain directions, and the cross section had the greatest depth in all
directions. Th moisture content (MC) of treated wood at high temperature for 40
hours was about 2.2% at around cross section, and 159% at the center. The MC
of incised and treated wood was below 5% at the distance of 45cm from the
surface. When treated for 70 hours, the MC of the specimens in longitudinal

direction was about 071%, which was very close to oven dry state.

._18_



The 70-hour treatment in high temperature soaking-heating resulted in below
15% MC. Since the increase of treatment time above 70 hours was certainly reduce
the MC below 15%, which would not cause any physical problems, the 70-hour

treatment was appeared to be appropriate.

The log treated at 150C for 40 hours showed checks in the cross section, but
there was no checks at the distance of 40cm from the surface. When incised, the
occurrence of checks were observed, but their lengths were greatly reduced. There

was no defects at the distance of 70cm from the cross section.

When increased treatment time of high temperature soaking-heating at greater
than 70C, there were slight surface and internal checks, but no ring checks were
observed. The samples at the distance of 40cm from the cross section was almost

sound wood without surface, internal and ring checks.

The observation of samples using electronic microscopy showed that the oil
permeated was located in cell lumen, and there was no occurrence of cell wall

collapses and degradations.

Large diameter logs have been being used for building traditional construction
in Korea. Drying these logs takes from a few months to years, and it takes a
month to dry these log in kiln dryer. At the same time, the drying process causes
lot of defects such as checking, warping, and twisting. The high temperature
soaking— heating treatment in natural oil could save drying process and reduce
drying time as well as the reduction of defects occurrences. Also, it i1s important to
combine drying and preservative treatment into a process. The soaking in high
temperature water repellent oil could develop a new method of wood modification
with anti-decay, anti-insect, and water repellency. This new method of modifying
wood could be used to treat large diameter log for the construction of wood

building, especially cultural properties.

Since there was no established method of evaluating the quality of water
repellent, varieties of water repellents were being imported in the market. Most of
water repellents being imported from FEuropean countries are not effective to
prevent termite attacks. Thus, restrictive measure of quality evaluation could

exclude the importation of disqualified water repellent products.
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As the cost of water repellent is high, most of woods are not treated with
enough amount of water repellent. This situation could be a cause of reducing
anti-decay efficacy. Therefore, the development of evaluation method of water
repellents is important, and the establishment of evaluation criteria is presently
urgent issue. This study attempted to introduce biological test method to evaluate
water repellent efficacy, and to review the evaluation method of coating materials
of Korea Standard (KS), American Wood Preservation Association (AWPA)

standard, and the method of Japanese Wood Preservation Association.
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X40(L)ym 7|5 ko] ARE-3)
o) FA kA

Aol AFEE FAAE £ 13 Zo] 24t Ao AHgE g

1L A 2%

T 20% 50% 809 100%

# oil acetone oil acetone o1l acetone il  acetone
e 20 8 50 50 & 200 100 0
S EH 20 80 50 50 80 20 100 0
ofnfel & 20 8 50 50 8 20 100 0
FNE 20 8 50 50 & 20 100 0
€715 20 8 50 5 8 20 100 0
sutebz1NZlE 20 80 50 50 80 20 100 0

) BAFF

Wl g AP AMES FAFTE 999 7E EAREATAY BRS
Q'  Aspergillus niger, Tricoderma viride, Aureobasidium pullulans,
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E 2 FAF HEAAY Fro] WE Ax dAngAss
Fx Aupaf g FE omls a:f; £7)8
0% MAH(AE) 8.31 8.06 18.66 16.60 12.30  13.31
P &(%) 1040 1085 2059  20.20 14.74  14.59
0% AIHAE) 4.84 1055 11.94 15.08 8.77 11.11
HegAa&(%) 726 1471 1427  18.76 18.37  14.98
80% AZHAE) 7.89  11.52  13.30 17.67 9.00 11.73
PEZAE(%) 1240 1493 1474  21.36 15.35 16.16
L00% A AHAE) 1050 1259  14.18 13.47 14.88  14.55
HEAL&(®) 1759 17.08  17.44  19.03 19.98  19.06

T2 o] MIHAE) = 13.09, 4042 8% = 17.64%
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LAY 2492 3F 37 Zow, 7 % 200ge wiste] b 4ES b
ot T FEg o] Eo|A magnetic stirrer® A A 8] wRISFHA 2A17HE¢H 714E
slo wh&--8 A A A}
% 3. 2eAe =4
A 73w Zulj A A7t (g)
ofwlol H- o] A 5} + Cu napthenate 1g
2g
4g
+ Zn napthenate 1g
2g
4g
= =i 2) H 2 Zuf 2| (+Ph)
(F2=F 7159 %d7h | A 7159 %3 7h
+NI 0.19 0
0.05%
0.2% 0
0.05%
0.5% 0
0.05%
+Mn 0.1% 0
0.05%
0.2% 0
0.05%
0.5% 0
0.05%
+Co 0.1% 0
0.05%
0.29% 0
0.05%
0.5% 0
0.05%
RN 23} | +Maleic eleostearic acid ®A%# 2] 10%
acid eleostearic acid X2 20%
eleostearic acid ¥2F&2] 30%
W) 8 f9 22 54
FAFE F FARAFS W3E FA37] 93 /A2 HIME S35
Sr. #3219 7 3}7Hsaponification value [mg KOH/g saponifiable lipid 1)@
A 1ge &A3] HFFA7IE o B3 KOHY mgl® ol o] viet
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mL of N KOH— mlL of N HC|
S.V. = X561 Weight of sample(g)

webd szt fA9) ArEARe A= whld BAC) U7 o)F ol
stol A9 FREARZYo] s

(D) BeEd 8 IFHA 4L AEE 718U SEL, AFdbg
5

(2) 475g NBEE H&gslA Aste] FHatx, 50mL alcoholic KOHE #7}3k

o

(3) air condenser 94 % 1Az AE 7}93to] A3)sio)

(4) 2% STHSTZE condenser® Ao} el 1ImL2 A AJekS 713 v 05
N HCIZ & A 3cH(pink color A41)

FHFAE X AHS dFES A 2359 %3%74%@71
(SEO-300A)E AF&3}o] sessile drop oz A&=7tS =AYt BW

o B F 027 AHRE el BLE B, image anlyzerS ALETo]
YA B2 A5 vlasgc

b FEHA AA Y o o8 AM WMa=
FTEHAE TXI AES UVES AXE UVARIA oF 140042 =42

~la =
Hell BN RBAT A3 LEAD F AHE HwHA
o FEHA AR FEABE TR 25 SE
AE7 NP B 14 YT FRAAE AFANES Bl A 1S

of Hold 74, sFsrE AAst
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Hh) Wax 9 d4dsn A4 Ag

Wax® $FE, $EEZ FA% F ARl Y0+ 10g/m) L5l
A5y A8 Bohol MY 948 waxER, 28 1433

A #AY AREE Y AP

- o R
i, s S F Aldel dAF110+10g/m)=E8t] 1

= Bt gt HEHE Ve FEE AR B ¥ ol
waxst R3] H4 APE Bk g e BFEHE e RS

A skalt

obh) WAl A A Y

54 AEAQ Imidacloprid(CoH oCINsO2)E  dichloromethane(CH2Cly)
S EWMER o] 02%% FASo] dugRAEA e ol HAFH
IPBCP(A712.22 @ 324 SAERADe 3o we wa ok
IPBCY] HE¥: 025%°)H, 222383 A(CP)Y X 1%I ).

#A9) AzTPeld KX REFAPAY oFATe] T/15Y Aas) w
S AAFFE B A A%E 4L GND Ko Dol ) @
8717} F7h0) HaF el Aol freldeg AT AR AL A

A2 AH7s e AR EEA ok

A WA W FAY neAEHIHIE BE
o] WSIITE FIHORE AUACE | %e RN M, F §
* N

| ZAAFabske] 71 A vk 7T falEtuZ dAukse] 7149 o)t
oy FAHE EAEE I % vFA 9 4 33E (cyclic monomers), H]
345 A & (noncyclic monomers) o]Z4 Y ArEA E(dimers and trimers),
LEASFEES LY EL Sl
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900

890

880

870

860

850

840

830

820

810

800

L-Cu 2 L-Cu 3 L-Zn 1 L-Zn 2 L-Zn 3

T% 23 F% APAR FHRA BAY FFALSHA 4L ofrielf

Ni(+Ph)=&EFHAE o] &t TEHFA FAFS 19 249 Jebdigich &
FEAFEFHAZE JAND S G502 AMEs 399 YANDT F(Pb)
(Zsuﬂ AzxA, Bx FujA 92 FH5049 17109 = JA7hS £33

= ), P el &) FAFo] A BAFATHEIRIFY BAE

o o

T FA 28 0.15%, 030% = 060%S E3rslgon, BZEZu)
B F A /109 FE2 st BMn)S A

f
ﬂ
s oft
e
PN
2
dl .
2
A <)

Are ZEE(Co)RT hilxl‘:&, APE 7 Al EE F453] JYyH=

Mn(+Pb)F&Fu A& o] &3 FHAA BAFS 17 250 ek 3
ZHMn)& A FujAZ o] &3 Fx19 B 1 Hrteko] F
A ZAastgon, REEAAQA YPh)e Edto] BAo] TAEE= AT
R

IH 262 Co+Ph)yEEFMAE o] &3 FERAY BAFE ved Ao
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oprilfFA g By HAX7E o FA debkth 3 M Afele FA
FA G A 2ol E YEhfA esto v gbrt AA vebs T IHE(Co)Y A
T AAE 7 A debeteh 23 @A A J(Ph)E HeAdxAE A
7V A BE LY garx 2 xolE JENR] 4gtoy gbrl FolE A
o2 Kol YPh)e H7E AF UV°ﬂ 93t yellowingdAlo] Eoj=E Ao
Z B a8y g(Pb)e AE FEAEAER AFS AT AT A
stojof & Zlojt,

ol A Fgste] 2w o|4s, FAAAY FA7F oherelfruch W
Mg v oL oy FUE(C) AYFAE Ay JE AL A5

= AYed & B vs) BAFEs} A §A6 o)
AEH) AP ARG & 5 vk THEE BRAe] UVARA

m

o)
125

(color cﬁfl?erence) AL oa Ab

ke 18.59 11.18 6.71 13.26
linseed oil 28.52 19.44 14.38 1512
Cu-napthenate 21.33 12.81 11.98 12.15
Zn-napthenate 23.58 13.87 11.76 15.02
Mn 21.72 1547 13.48 7.11
Mn,Pb 23.23 18.43 14.06 1.56

Ni 25.58 16.39 13.45 14.31
Ni,Pb 22.09 15.11 12.94 9.61

Co 18.82 14.10 11.72 4.29
Co,Pb 24.98 19.73 14.92 3.46
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Az 29 405 P f49 BEI 10%Y W DM OE AEHEH
PR A A b 2 2R YRR, 1% R0 Wel
A
124

& RUECOT SATUE HAL VY wEHT) @ dow e
RGN A 106749 196549 Wl Aot 29 Fe 0
W TAECOY AF 15%F BRI/ bR W BT Fol o AA
debdeh SR A9t esle shAase %S F47F O FL UHA
5 el

99 ZHE FRANR W TUVECOZ FEH FAF 2FAY 24
AR A MY 5T BEEE 0T F UL Aoz BAG

_72._



40 r

Linseed Co Mn tung oil M 10 M20 control
oil

5 Wax® AAsr AFAH

71E LAFAEAA TAME vbe] BE9 BFA o] AFEE waxe paraffin
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7} 73t 1 bees wax-> 1.04, micro waxi= 05%FE7FA] wvtel &7t

A gkt
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SAAE A9 39 429 2o 54 AES FAR Ay A4 %Y
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IY 43 Waxh #4019 FEFHL A 5

1" 432 F54 ARe EdE 44 gae £A9 v524 A 5574
AR Adoltt. ¥ AR AFshs $AM gX £ FA4 dE A
Aol vlel RS Hrhe AT FFEAEYel e, G429 vt
TS ¥ ATYS veddth =8 FWE(Co) T ¥HMn) FE
Ao FedeRtr ¢ d3E Yeiglth £4 9 429 vEE FF
g AR AHY {FABHA SaEE 1%, FAFE 5-10%14 A 5w

7) Imidacloprid®} Wel&s #H7}

Imidacloprid(CeH oCINsO2)&  dichloromethane(CH:Cly)2 £WHEZR 3o
0.2%%2 ZASt] oAvpFEAZA W] Fgo] HFH IPBCP(H71L2= <l
SREA EATFAYG e 9S8 6w 33tk IPBCY FE+ 0.25%°]9,
SEEIIACP)Y F2& 1%

Imidacloprid®} 2] &3 7 43, 29 o]F v AFE&o] 97%° &
stom, 3 olF 99%, THolFed= 100%e] =gstith Ml AlE s
IPBCP¥} vl watglSw, A7ha] Al FA2ZA I a8 22 AL &F
Rt
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—e—Imidacloprid 19 97 99 100
@ IPBCP 9% 99 100 100
NEEEIC)
1% 44 . Imidacloprid®] ®e] a8 #H7}

l:ﬂ- 2= Z’“ xﬂ

ojde AFAAE ufFoR 3}o,
Z A= Imidacloprid® 181

ofupl fofl A A Z A= [PBC, AEA)
wha= M= SAA] 7] 7] 918t " bAl A Alkyd

resin? Paraffin wax& H7}sto] SWlES EaAA BFAF Az
E 5. Az deAe] A8 2 g

=% No. A-1 No. B-1 No. B-2 No. C-1
WA i : i i
IPBC 1.05 1.05 182 1.05
Imidacloprid 0.53 1.05 I0.00 2.10
Solvent A 8.00 8.50 10'00 9.50
Linseed oil 13.00 13.00 5'00 13.00
Alkyd resin 8.50 8.50 1'00 8.50
Paraffin wax 1.50 1.50 10'00 1.50
Solvent B 67.42 66.40 61.90 64.35
Al 100.00 100.00 100.00 100.00
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Z4

w2 No. D-1 No. D-2 No. E-1 No. F-1

IPBC 0.26 (1)32 0.53 1.05

Imidacloprid 1.05 10'00 1.05 1.05

Solvent A 7.50 10'00 8.00 8.50

Linseed oil 13.00 5'00 13.00 13.00

Alkyd resin 8.50 1'00 8.50 8.50

Paraffin wax 1.50 10'00 1.50 1.50

Solvent B 68.19 62.69 67.42 66.40
A 100.00 100.00 100.00 100.00
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agar 2g5 &3 ZDol T2FALE XA @ FAA2x10x10(m),
Fig. 298] b)E 7FEAg e 1 Fdods TATS FAFeAT ML Es
21T 2471 Wi F #Ate] ARl FHaHE Bkt ¥
A L dPdTE EAREAFAY WA 5% Aspergillus niger,
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versicolor, Serpula lacrymansS ©]£3}% v}
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9 WAt tjete] &
Q1 Tricoderma viridex
A A HE A9 Agsts v, ol A 459 WA WA
< AEAEH wys FRAAA Hejald A2 B 229 A2bA] o

daady

A(#)  Aspergillus  nigerFRI  20131), (%) Aureobasidium
pullulans(FRI 20142), 3H(&) Rhizopus nigricans(FRI 20952), 3H-%)
Tricoderma viride(FRI 21052)

AeE A3 02 Paajanen ¥} Ritschkoff(2002)= olviQl 7} WA E S
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AR SHAIRE ol fE FIT g o] §3 AFNAE M AlHA
of wAre} Aol obtd AFANS vehiA gon, A A7 A
7t FAEASoNE Foll g3 AEe] S¥RA7E ek Frha s
oo olEst AHEL obIFE AYd HAZE 7o A delM Bd s
B 547142 dEdAE dEs v

o
¥
i)
22
=
!
1o
ey

>~
>
=2
o
%
At
2
1o

AET WAHTAIZE Foto] dojubr] Wi HJEY vy g 22 9
AElE & FAle 971 Ft v WA anrt dE Aew ¢EA
foH, AYAAZ AR A X 4% MNFES o] FUE ofnt
AR FFgo=w Add

9 AEfA &AM HA WEa

T&H2 43S 80C 2 150ToNAM 2z Heldk A gAY Yray
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d
FE HA23H7] Asto], ol 22U WA on 7tE AW LdEs I
< 24 A olF 29x® u¥dte] B ECZN AT ZA YF9 2%
7 dEes S AHESRH ol BAUY F8Ad 2EAE QA &
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E % 60 dEhidch AeAzte] 617 AAA A mEA 4.5cm
Zolo M= EAgFEo] 18% Ao Bt 2& 90cmFE AFFAE §5

ol 30%-FE ok HA e AfFrt dF EAEe AeE FAH

SN

of Ak A AREE 9AZHA] At EF oA 45emF A= HA
gl 10%0]sh2 ek oH, W4 90cm FE5 6A1ZF A WRt
R Frego] vrobal 193%E yehdidtt Z1ey 135eme) kER 2 RE =
FFael Zol7t 641 A mel & zkelsk glodnt ol el Al

=

o 2N 7HA A &= Felk & Wt glleu, Agalzte] 404
o A¥td Aol T FFEol FASA worxlon, HAY
135ecm7bA] g0 10%°18+E Wehglon, o 243 18.0cm
M E FFfo]l 12%E Ueds T A or A i J3e5E

= YERRSIY.

o
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ofg] i RN AEHE BAY Ygo] 10%elsteld FA
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6. L2FALE A ARt} S sHORRY o i

Frying Moisture content (%)
Surface <
4.5¢cm 9.0cm 13.5¢cm
18.0 31.5 29.2
9.7 19.3 29.6
22 9.7 32.2 28.9
40 4.3 5.1 8.6
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Ry glith Ty Qateld AHelg goz A Feo] FeA AfEsA
SR 1B FFEY FEE depgdon, 7043 HelrMe dolt

m F99 FF3 0% Fr&S veEpdoh 18y 75em
e 35%9 FF&E ve A

O e e

U
ofk

HH2ZHEH 135cm ZHojolA = <lAlelA o] #Ale] 4047 HEEE
o] AfFart FESHA wAUsEA 3 Aol oy, T0A7 AR
st FOoR 75%°l3tY g FS Stk = E¥eIRH 18m
HAME 4047 A RE FPE FE9 olFo] dojux] Agton,
0A7 A E FoR 15%0]5] FrES etk AR
A R R AlgA] gego] Fase A Zo] A,
o] 15%°]st7t = HAAEeA B A EAH AA HAFNAE &
Aoz waHo] HHAE T0A% FEE e o] AFF o= A}

e 48 -z
>

ol
o
A o

o
s
=
-
X
N
M ¥

tlo

b
et
St

£ 7. okl AP A Holsh AR, 1
o] RE W FFHAMTEY ZoE & B

- Depih from ‘ Lrhom {hl )F»H
theisurface '

cmy) : 73
4.5 B 40 272 9.9 139

40 after incising 3.9 4.9 4.1

70 0 0 1.0

8.8 40 8.6 30.2 364

40 after incising 18.4 25.4 227

70 4 0 3.5

13.3 40 19.3 397 353
40 afler incising 29.1 : 310 36.8

70 3.7 7.4 4.3

18.0 40 29.6 34.2 333
49 after incising 27.9 259 28.2

70 7.3 14.2 14.2
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STANDARD METHOD OF TESTING WATER
REPELLENCY OF PRESSURE TREATED WOOD E4-78

1. Scope

1.1 This method is designed to measure the dimensional stability of wod

which has been pressure treated with a water-repellent preservative.

2. Test Material

2.1 Wood specimens. Wafers measuring 025 in. x 1 in. x 2 in. (0.64 cm
X 25 cm x 50 cm) in the longitudinal, radial and tangenitial
directions, respectively, shall be cut from clear straight grained, flat
sawn, kiln-dried, ponderaosa pine, southern yellow pine or Doulas~fir
sapwood. Only wood which exhibits a minium swelling of 0.060
inches (0.152cm) or more, when the untreated wafers are tested in

accordance with procedure, shall be used.

2.2 Water-Repellent preservative solution. The solution used for treating

test specimens shall be the commercial solution used for pressure

treatment.
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3. Apparatus

3.1 Conditioning room or chamber having a controlled temperature of &
0°F+26.7C) and a controlled relative humidity of 65%. This room or
chamber shall be used for establishing a uniform moisture content in

the test specimes.
3.2 Balance sensitive to at least 0.01 gram.

3.3 Device capable of measuring to 0.001 inch (0.00254 c¢m) shall be used

for all measurements.

4. Procedureres

4.1 Preparation of specimens for treatment. For each treatment, three
wafers each from three different boards shall be prepared. One wafer
from each board shall also be prepared for use as an untreated
control. prior to treatment, all wafers shall be conditioned to a

constant weight in accordance with 3.1.

4.2 Treating. The test specimens shall be treated by the vacuum method
in accordance with sections 3.7 and 94 of AWPA Standard E10
(formerly AWPA Standard M10). A vacuum of 28in. Hg shall be

used.

4.3 Conditioning. All the treated wafers and the untreated controls shall
be conditioned to an equilibrium moisture content of 11.8 £ I1percent
before testing. For the treated wafers, the conditioning shall be

continued until all the solvent has evaporated.

4.4 Water-repellency test
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441 Water immersion test. Immediately after treating and conditioning,
the water-repellency is determined by comparing the tangential
swelling of the treated wafers after each has been immersed in
distilled wafers after each has been immersed in distilled water at
a temperature of 751t5°F(23.9%+28T)for 30 minutes. Either the
swellometer or a caliper measurement of the wafers can be used to
determine the dimensional changes to the nearest 0.001 inches.
Measurement shall be made immediately after removing from the
water. Fresh distilled water shall be used for each individual test

which cna include as many wafers as desired.

5. Computations

5.1 The water-repellency dfficiency is calulated by the following

equation:

_S1— 82
E= 2= x 100

Where: E = percent water-repellency efficiency

S1

it

Swelling of untreated control

52

Swelling of treated specimen

The average of the samples from all three boards in used to arrive

at the effectiveness of the water-repellent solution.

6. Interpretation

6.1 For most outdoor applications a minium average water—repellent
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efficiency of 75 percent has been found to be necessary for

water-repellent effectiveness.
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STANDARD METHOD OF TESTING TO DETERMINE
WATER REPELLENTS IN PRESSURE TREATED
LUMBER E13-92

1.Scope

1.1 This method is designed to determine an acceptable level of water
repellency in CCA pressure treated lumber that has not been placed

in service.

2. Test Material

2.1 Wood specimens. Three wafers measuring approximately 0.25 inches
in thickness shall be cut from the 2 x 6, or 5/4 x 6 boards which
are to be tested. The sample board shall be as close to flat sawn as
possible and the wafers shall be cut approximately 2feet from the
end of the board being careful to avoid all knots and defects. The

wafer shall be cut from southern yellow pine sapwood.

3. Apparatus

3.1 An oven that maintains a controlled temperature of 100°F(38°C) shall

be used provide a uniforrm moisture content in the test specimens.

3.2 A swellometer or similar device capable of measuring to 0.001 inch
(0.0254 mm) while under submersion shall be used for all

measurements.
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4, Sample Preparation

4.1 Preparation of samples for testing. For each test three wafers should
be taken from the representative board chosen for the test. Prior to
testing it is critical that the wafers be conditioned to a constant

welght in accordance with 3.1 and 4.2.

4.2 Conditioning. All of the wafers shall be conditioned to constant
weight by placing in an oven at 100E£5TF(38%2.8T), and cooled to

room temperature in a desiccator prior to testing.

5. Water Repellency Test

5.1 Immediately after conditioning, the width of the wafer(s) is measured
in the center of the wafer. The wafer is placed in the swellometer
and an imtial reading is taken. The apparatus is then placed in water
at a temperature of 75E5F(239 =£28C) for 5 minutes. After
submersion for 5 minutes, a final reading is taken before removal
from the water. The difference between the initial reading and the
final reading is the amount of swelling.(Measurements should be

taken to the nearest 0.001 inch.)

6. Computations
6.1 The precent swelling is calculated as follows:

Swelling (in)
Initialwidth (in)

% Swelling = 100

The average of the percent swelling from the three samples is used
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to determine if water repellency exists.

7. Interpretation

7.1 For classification as a water repellent Southern vellow pine must not

swell more than 1.09 in 5 minutes submersion.
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The evaluation of water repellent effectiveness
of natural oil treated wood®

Dong-Hub Lee’ - Hyung-Min Oh® - Chang-Ho Kangz-‘-
Dong-Won Son” - Jong-In Kim?
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ABSTRACT

This research was carried out to investigate water repellent effectiveness of natural oil
treated wood. Linseed oil, castor oil, olive oil, bean oil, perilla oil and sunflower oil were
used in this test.

For evaluation of water repellent of natural oil treated wood, moisture absorption test,
water-drop contact angle test and color difference test of accelerated decomposition by UV
and water were used. k
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KEAYA 21Q2)%. 20029 97

The moisture absorption amount of natural oil treated wood was less than untreated
wood until 3 hours, but it was increased with time, there was no big difference with oil

treated wood and untreated wood after 48hours.

Oil treated wood and untreated wood showed big difference on contact angle test. It was
no big difference by kind and oil concentration. Natural oil treated wood did not showed
stability on the weather aging test. Contact angle test could be used on evaluation of wood

surface status treated with natural oil.

Keywords : water repellent effectiveness, natural oil, moisture absorption test, contact angle
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Table 1. Formulation of natural oils.
ontent%(w/w) 20% 50% 80% 100%
QOils oil acetone  oil  acetone  oil  acetone  oil acetone
Castor Oil 20 80 50 50 80 20 100 0
Olive Oil 20 80 50 50 80 20 100 0
Bean Oil 20 80 50 50 80 20 100 0
Linseed Qil 20 80 50 50 80 20 100 [¢]
Sunflower Qil 20 80 50 50 80 20 100 0
Perilla Oil 20 8u 50 50 80 20 0

100

- 171 -



HEAA 21(2)%. 20024 9H

6 A Qstol 9@ 2A F4AH
Az7t wsh 23

2 AN Re 2AGRHANGI NN UVEA
& SgTh @ WY MDY BATE 24}

3lo], 2o Hele FANIIHE A e
279 AWA F54, AEANHE vias
Yok

7 ZAGRA o B5AAS A} AAEA

AIYE AHeEgd EHAUS FALGSA
dolel A&t W FRA o3 I3z
x %3‘7—}78152 AMAAZ FF3 A

249318 7]+ Xenon weather-Ometer
(ATLAS Ci 3000+)2 A}g3lga, 230935+
Schedule ¥ Lamp2] #Z22 thg3 Zc}

M G264 (FRET T BEAY
FZAMAIZH/ AIZE ¢ 42min/hr
FREZAIZ/ A7 18min/hr
EFZ2AY3AI7T : 9dhr
Lamp FAFF : 340nm, 0.35w/m’
AMZA = Hunterd] AAE AMESRLL,
EF2 g3 o MAF L a b gog ¥
gsgon, 484 e B

A AH AE)= ALab=[( AL)*+(Aa)+(Ab)?
W=t 8(Yd) = [(Lyeaw-Lyas)/Layaa]x100

3 gejste] SRl e st
A EAq FEA4Y WstE F354 Fig 1
o etk 718 F MY 2 5%
E RAe Anparigeldch. FrE§L 74

29} 713 23S E6%F S 8oy O g
o] #Hutelr] 71EelAdTt UL Ay B
Ae FAY9} vimstd B of =59 F43
= Fe Aoy 2iFer 2 F471 9
A=A gk ol EAd fFAZ A
ale 6}711 HE, FAAHE @AV e
EAEE oAzt JAWo] ¢kdsE zZ=HdA
3 OMOW AN =E2HARNY A3
B2 F484 sle Aoz gddd. oA
o7 FEE 20%2 AMIH F&4 AE
S AR AL F MR e E58L &
al‘ﬂ Ageldey, a1 tigol FUEIA
(Fig2). T2l /A F68E B Re
otnlelf oAtk FIIEAE 20% 7R 34
stdx E&5S9 Ade 100% +A9 2 &
ol ey 47A7A BEs £ AT
100% HAA2)0e FAG RGeS HAL

32. BEAxEwe B2 H&Z

Nl wE HEze) Fag 134402 4
gol HejAs BA A 42 PrE
vimste] Fig. 301 Yehigich Hd 299
T gestd NPy 2A4 BU S
We 4d WHE HEF WEE o)§itd
AESYYG. F2ze 1A FHe LA
(wettability)& UElE HZ2A, diRrE ¥

g Bedl o8 239 e 3aze
¥ HEAH(AF4, hydrophili)g, ¥ A
Zzte e LA (444, hydrophobic)2
vhehdoh(at S, 1999).

FE4 AEL g7l Fo wohe L
o3 BA WsE EHSE Ao, W5
Age BEx Eo] AF BuS Wy wey
¢ #rhsle Reg, FH54 AgIe ¥t
s - E&d 9ol Zolrt Qlth %ﬁ

4 ARANE FazI0N FAY 2l
29 Folzt Gepste} Alzte] A¢4E A
o £Azle Anr} & Aolg HolRE
steh. Zeju JE7e A AzAs £H2



Water adsorption rate(%)
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Table 2, Color difference of oil treated panels.

QOils Caster

Soybean Linseed Perilla

Concentration oil Olive oil oil oil Sunflower oil oil
20 A(AE) 831 8.06 18.66 16.60 12.30 13.31

' B(%) 10.40 10.85 2059 20.20 14.74 1459

50 A{AE) 4.84 10.55 11.94 15.08 8.77 1111
B(%) 7.26 14.71 14.27 18.76 18.37 14.98

80 A(NE) 7.89 11.52 13.30 17.67 9.00 11.73
B(%) 12.40 14.93 14.74 21.36 15.35 16.16

100 A(AE) 10.50 12.59 14.18 1347 14.88 14.55
B(%} 17.59 17.08 17.44 19.03 19.98 19.06

*A: Color difference, B:Decrease rate of brightness
Control : Color difference(AE) = 13.09, Decrease rate of brightness = 17.64%
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HAAGA AFLdA 9 F FYAE B4

LY - o)FF - EFY AT
(ddd+d EA7LEH)

1. NE

2H5gs ZAE HY 40 nLoz 24 F9 FY WA BAFSEE A
Aol 77k s 23T + Yok o PP HUF Az P 29 AT
Az ABe BALE Y & JT B9 A4UY oA EFE Jomz AEY
3 gde AWy 4 Utk BE 449 24 % Age) wah ¥R PFEY % W5
2AE BA6 2e 4 Ut SAE Utk a9z E dPAAE 2URAY $43
2& ezae FHA 2857 Aol n@see] AAE opdfE &4 Sd

Aestn AL he A BAH B4 WHE FHRYL

2. A8 2 94y
<FANAE>

SNEL AU (Pinus densiflora)d A2 7 HAZE AAE Aoz A - AAQ9 T
glo] AtRsigon, gy AN FALS Hs) 4T WAL t
% X FAE olvidf(inseed oi)E AHE8tAT. HgexEd I5E FH ANE
ARREE AR ol A= 7]E 60X120%X450me) W, BT AP AREE Al AT 30X
30x500mm At}

=

<A g >
ANHEE 74zt 80, 120, 150T Y] ojvlelf &xFo £&xYdln ¥R FHHFL
AL E A8t A A G AL 6AeE Fgen Ay F Froz 4
A A9 FFHE A MY FFPLEL vy

EAUREEASE 24387 Yt AR 2me =& AlEsle EFHORTE
Aol 45mztAoZ WEE I ol 30my FHELE L& F GERVIEA
(YOKOGAWA, Model ¢#R1000 Recoder)E Abg£3lo] Aeld 2x¥ists 7153t

EQRFE FR2 FFZE FHIY] Astd 150TE 6A1% HEld EAE 23t
Aoy Adsiin dHed Jeld Fx9 dx¥g TAAKOIZUMI, Model KP-90N)&
Zste] ANHENE dA 3 YT A E SH3I¥H

T 2 7MEAEE 7] gEo] oz U AERL X E A Astd 80,
150TE 6217 Mg AHe HAEE Z2ANUY. FAEY F4L2 B52EATY
(Hounsfield, Model HS0K-S)& AM&3l9 stz 5000kgf, % 10.000mm/min, span
Aol 400.0m= ALY FA4g AR T80 85205%7F HEE 2As F
EE&H o ALgskgTh :
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28] st EREY AHFET F2 AHEHY, WFHol
o) golete] 948 =2 422 ol AEHE AAFA oI T TN
g 4, 23U, 940l Qe WEY BT 2R 2P ANV
A w3 ojulel o) L ATHREM oW FUE] ¥3 AIF YA e
Bert Azdel FE@ S Utk TP ol BAFel AW 2540l
= AENe] 398 4 glonz ATy ¥PAEA 98
g % gtk 2ens BAe 9FEEZ AESHY] AL ZA Qo) ofvial
%ol FYY & At AR FHo was
QA RIY THARA AFAHel oA FYHE T4, NME 60x120%450 mm]
Zag olgd 2o ojuidf Al YR LEWES P4 W ¥ FEUE
zRsgom, 12 ofutdg A 5 A¥E v ngch ¥ AFlAE A
FaE AAA D okl g AINAE LS Aol A Ae] W e
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2.4 2 %

7h auR dEe dee W
(1) TAA=

A7 20~40cm, Aol ¢ 2me AU F(Pinus densiflora S. et Z) AYEE Ax %A
g 93 F7dg dgEer 3y 2 ud Wow ogd I & YAEH F NS
FAAZ BT LEFA LAY E AT FARE olviAFE AHEIA e, 129
olviel froll FES AAFr] Ao YEL FdolA 27t 50em L 150cme] Zo]2
Ag &, gyt on o EAe Id4E SH AbEsd o W FAAY &
2 90~120%2] ol U

(2) 2 HA L&A=

Agagoz AR AYrizie A F(¢35x60cm) oz ol f AFBIAZFH
obp}el o] o]&o] s E AAstdth A7 30(x2cm)el AEE 150+5T 9 otvbdd
Froll 258 Jlete AlFBogRE Z7 6, 9, 22, 4042 AYsden, M F d5
Folrgel duoA BA mHozRE Zold g FEE FAHIAUC

ob¢] Mg 7|71E T4 MAdEeR2 Halx st heating coils FAsATh A
35(£2cm)e] FHlE A2UF Y28 150+5ToA 40417 st oy, ETFHOZRE
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7+t 20, 40, 75cm ¥-919 dAgAaz Ry d4E EXE AU Y. Fr-E&d
Poz ARt
(3) @vj7 o )
AYAe Fad 2 WAGAL FAAAFUHHITACH S-3500N)& o838t a2
=
(4) AAe) A A g
A WEe €2 wx 2 AZRZE ML Y39 ArelA HAE }A
6mmEY L o] g3l BExHozRE B 50m7tE, 66mmzol 2 F 232 E
F (29 F9F wgoz HEsd FAAAYe] ¥IAE ¢ F-& WUGE
At
U, 2R 8 AAY T - HREA
(1) IANAE
60x120x450 mmE AAY 24T A4S 713H2)9 Wy ez 80T 2 150TeA A
g AlHE FAARR A
2 “e‘?’“”

2HA2E AHYA LFAF Hit
1.5cm »‘;:—vﬂi A Astd (Fig. 29 a) &=
Holl 3t AA A

2
Al

ruN'

[
Bl ol
Sl o onl
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s
ol

7t

O
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H
2 rlr

AUAE YR Aol =3
AFZAKS F 22049 =R F+%F 4

‘1.8.

[e>

}

(3) g7 5=
A F71(ZE 9 MgSOs 2g, KHoPO4 Sg, glucose 25¢, malt extract 10g, peptone
5g, agar 2g& £&3 Ao ZEHFALL A ¥ X8 A(2x10x10(mm), Fig. 24

bE A Fu FFAE FATE DFHRD, FARS YYATY FAREA
A9l Aspergillus niger(FRI 20131), Penicillium funiculosum(FRI 20745), Rhizopus
nigricans(FRI 20952), Aureobasidium pullulans(FRI 20142), Tricoderma viride(FRI
21052)e] WA e A 5F 3 3F 9 BFF Tyromyces palustris(FRI 21055), Trametes
versicolor(FRI 20256), Serpula lacrymans(FRI 20975)& ©] &34 wid2% 27T

SIS HEE LR VB E SEEE XL

(4) ¥R EY
FANALE 30x30x30mme] 712 A KS M 17019] T2 wE o] wrR g e
B U, o Estel ANSAT. B PR Ar)e s AR Fol A F
2717h¢ 20092 Qs AN AL

3.7 ¢ &

b avbE A2 g5E W
229 ojstelfo] AAAYGE do] Blem £UF A% 7] FHEES BT 100%
S gelzon, Azl F BAEe BTE Table 14 2ol et Azl F74E

FA3 RobAt 2AAA T AYNRE 5

3T

H
of et BARAY G5 32 A= A7)
290 Pigol RepAE Gk 2%e) F5ee ol FWFINA 2F7) ANME
HeAe 92 ARl T Aoz BUHE HAAS AN oD ARFE

Aol I Tl A



do] 150cm AuF 5o g 40A¢ AMe F FFEo BEE Table 29 2o
)

Z7RAMY ol P BA FRCLVE WALl Lolo| BE P4E RES b
HRE. AR 01T A2 AE ST 3 SARdesid /13 2d o

A B9 dFge o BUAA FE £ YAh % a71e A2¢ s 70470/m’
o Mmy we YEZ ATAYT A2 ASolE 40479 ZME ZHNR &
F&2 o 30%7HA FFEd ERsuct d8e m%% o) g+ E 7AA ¥EI Y
A AT YEE Bolt W AYAS AFsE Filol 2Y Fof Uk

#3122 7 30cm, Zo] 150cmeld, 71 F5&0] 50% A2UHFAEL 704 A F
A% AAYE o] 8F 58 FAE 5% olUz Yehdth Table 2001 vebtEo]
A2 §4EL 5% o= WiE AL EA9 24 - 3y Wyo] gloje EIs
stk meel ofuiAfe] F7)zk Astel o F ZANe 33ty W w=E Fig. 10-11
M B F Eo] 271z opulds A Ad 24 W F5E obniARrt BAY 5
Bol% @i% Aate, g4 —ﬁ—zw A A AT WRe FEo] 9Bz whx
Uex] 28 A%} 502 2t ofuld 4 o] &3 A2 YA L dete ATAx W
Aste dan gy dxe §58 2ol Wed Hoz Hudd

Table 1. Moisture content of specimens(length 0.5m) according to
the depth from the wood surface after treatment

Moisture content(%6)

e w———
Surface<--~-~-------- ——————————— >Pith
6hour 18.0 315 29.2 339
9hour 9.7 19.3 29.6 29.3
22hour 9.7 32.2 28.9 33.3

Table 2. Moisture content of specimens(length 1.5m) according to
the depth from the wood surface after 40 hour treatment

Moisture content(%)
Distance from the edge of the specimen(cm)

Depth from the

surface(cm) 2 40 75
45 2.2 99 159
9.0 8.6 302 36.4
135 195 397 35.3
18.0 296 34.3 335
oo aeRALs AAe g dAs Ao
(1) g%
e e & 4

FATE T4 ¥ L FI349 HENY F54 A48S e dss H
o] H£7ZF 4% (Kazayawoko, 1987)¢]4 %%@ Aol o A
YERY 7] W el S-S g bl
TRl 5217 7“:]7‘]7‘13] gk *]Eg} FrEe FA A vt
2=
=

124 ko] e B dthFig. 1). FAE 54T

=
. T
A0 ¥ S o e okdAgAME &
€ W 42 ez deAd k. B3] olvidfE FUFE FAE ob9el 2071€
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2 4FdA MHAY Fr&ES 20% vt -‘?—11317}]011 vja) ol AHe Fwd
€ JEdon, 657197 fAF A¥HAAME —‘?’—" A 20-100%2] FFRss B
vt oubelf A AE 20-40%2 He 4P W3 ‘—}E}‘:“_ Rnow BI3m Yo}
(Paajanen. P. and AC. Ritschkoff., 2002). © %o} J-\_%Zl%%ﬂahﬂ% A Wi
4mmo)G7tA] olelf7t AT E Aegolng A7zt kALl T A FrE
WalE 719 9le Aow FAHT Fig 2-32 meoiulgl{ Ao EUHozHH
SmmZoldld AHE A8 ARFAIAD A Aot R olF 2 % €9 A
247 He dEEY e "”‘}v*ﬂi 2 AEYZo] ouAfFE FAHA US
< #A2E 5 Aok A%} "‘b E4eS Jeue 998 ojxNY 78 F-8 B
& FE oln oprilfrol WFA7 BEQL Rez woAT

& 1800

£

5 1600 T "
T 1400 : !
L H i
5 1200 - i i
g 1000 ;
el )
& 800 H
S s00 i
g . i
2 400 !
£ 200 r i

Liquid dried specimen Control

Fig. 1. Amount of water absorption of treated
specimens(a) by heated linseed oil and controls(b).
Error bars represent standard deviation.

Fig. 2. SEM micrograph of Fig. 3. SEM micrograph of
cross section of specimen radial section of specimen
that was treated by high that was treated by high
temperature linseed oil. temperature linseed oil.
(2) o8y
8Fe TFO WY neAALE AYA FFEY FrHAA opvlAlf AiAE B

8ol g Ao Vel E}“} 3F9 REF WA HAMF T virides TA7F
AANAE A9 n ARsts dbd o] 2 AMYF 4F 9 HA AT FAE M AR
I e REOA HEAE =z Agdx gr 54e dEedld. fAR d¥e=
Paajanen ¥} Ritschkoff(2002)= o}vbgl 7} AR I F T persicolore 77 o]
35-37%% AadF#HE 719, Coniophora puteana ¢+ Poria placenta®) Aol % # 3

(‘E:
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HE& Jebd S Hastdd. A opnied 8 £ AU LTE o] 48 AYPQAe
el AlHo] FALY o] o}F A A AL JeuA] ggton, HMAlA Y2 FAL
HEIRSAE Tl 23 AlH FFERA7 SR o LHEIAt o st
HAFAELE ool FE Mg BAV T A3 doiA] FHAT EHFE JERY
Ay S8 vebdo, waFo] FAbd 9§ 2R 5= FAFAZE B39 U
i}zl W&o HAEY vy 2 HIAANIYE 3 BEAE @7 B #wAT 4
of 37t Q& Ao LA dou, HAAYZ AF APgA B 4% AYFL
Ede 48 olvidf9 dsko g dddd,

3 HREy

7z} 80C ¥ 150TCoA A3k A dHe) w2 gy Ane Fig. 49 2o 80TAA A
25 NFgHe 2A v T palustrisel Wstd 19.19%, T. versicolorol W)
124%<] &£3< Jehid, 150Co A 247 49.0%, 69.0%9 &3& Yehyo] 150CT
A A7t BFdol &3 e @ #2 ASE Jehyng ol AuAe #5494 #
Axojd Aoz AUdEY. F, REEFoly AAAMAFE AFPFE ol 4¥ F Qe A
o2 ¢#A glo], B 28 AL 48 o 15% vty 150CH AT &Y
Ago] oy ¢y, olurl: T4 o 25%2 80T HAr 7Hwr] A998 Few
BT} ZolE veldlE XA REATE BRI 27 WA Y] FE£E o] %
Fe AlH s Re BEFHR Aew gadd

70 v
60 W Tyromyces palustris
50 [ Trametes versicolor

40 +
30 |

Weight loss{%)

20 F
10 -

0

180T Control

Fig. 4. Weight loss of treated specimens after exposure to T,
palustris and T, versicolor. Values of graph are mean of 40
replicates and error bars represent standard deviation.

4. A%

B 4ge F3H08 UPRY wrAe € £3 Axe 42 FAS AN A4y
. 37 30cmeld, ol 160em AF A AANDGS A 0AE ZHsHeiol 3
o, AeAE WATO} REFe U ZEH AL AL gout AR
e % WTFH B4 JUE & Qe Aew B

2 Agel Adke ophafne FYT Aoz o] FYYEe} AXYEE Loy
7 e etk BAl Ul fxle AR ¥ETY AKE AT 5 e Lol I
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Ao A HE 2FAs 2rEs JPE §AFS A9 =XE FE &9, ¥TA 52
2 FAED o] W wAd ALHE fAE $FHTE e FLU AAEA 53
TR FEAE ubel w57)zte] Wl xolFo] vehdt aejng wede] E #7
o] HAE FadA¢ oz e FAFxodA HdFe] 2rHE M 5 YRR F
FAE o Wio] A=EHR U

durgog Tgd ALHE FAHANE FY 59 AIE A =289 x4, =¥
T4 5 384, 283 42& FAAN & ALIT AAFA FAAH ok o
g FARYG BEFel $5ge AFAE 8 7] 2ExFA ¥ Yok o=
Aol bA BX3do] §F3 Moz mgd ALHM T FTANE H4nE
EF4stan o - 588 dEAol A& U A EJE WAddd ae
2 olulRlfE Aol M UFAHY FH FUELR oluARE oNF ke FTEAE
& F ols Al opridf B mAE IS FoprRgITh :
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7F FAAR

- FA AL FAFRE olntdFE ALEE

~ FA%F¥E: Cu-Napthenate, Zn—napthenate, Co(Cobalt(IDacetate tetrahydrate,
Mn{Manganese ahloride), Ni(Nickel Sulfate, 6-hydrate), Pb(Lead Monoxide}

o Ay

1) 49 5% :
b A 200go] Wistd E 13 o] M7 F magnetic stirrer® AHFSHA 2A17HE
¢t AAdEte g A FA

@ 8% 549 Ax 54

A28 2 E Brookfield 2= A& A}£8lo] spindle £5& 60pmo® 39 HAEE
A e AN FA 2EF 25205To A

3) T3 HA B2AH A

FAEY F FARAE] 93 237 H8) F3e A3 Nsaponification value [
mg KOH/g saponifiable lipid D& 243899 #A Asnd 44 1 g& €313 4
F3A71E b Fad KOHY AR ZFH(mg)o2A ofzlie} o] Jepd 4 gith

ml, of N KOH—mL of N HCI
Weight of sample(g)

SV. = x561

webd dEtel fxle WErAge A wuE DA X olF olFstel #x19
RFEAAEAC FHsai
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E 1. SARXY x4

XHelgd = O X Sample name
o1& B + Cu papthenate 1g, 2g, 4g A.8,C,
+ Zn napthenate ig, 2¢. 4g D,E.F

Wi RAUASXE2 0.015%
N FEXE 0.015% + Pb = ROMS! 1/10
Hi FUEXES 0.03%
i RSN 0.03% + Pb F ZOHMS 1/10
Hi FUEXE2 0.06%
Hi RASXEO 0.06% + Pb = SUAA 1/10
Hin RXEXES 0.015%
Hin RXEXS 0.015% + Pb = S0HHS 1/10
W SXEXES 0.03%
Hh XX 0.03% + Pb = S0HHS 1/10
Hn RS2 0.06%
Hin SXIEX22] 0.06% + Pb T WA 1/10
o RAEXAES 0.015%
+Ho RAUEXZS 0.015% + Pb = E0HHS 1/10
+Co RAS LS 0.03%
00 RAEXES 0.03% + Pb = S0HMS 1/10
0o RUEXES 0.06%
+o RANEXES 0.06% + Pb = F0HAIS 1/10

i
-

O

>l <|Cl DO V|OIZ| B | R~ | T

@ FgHA A=A HE4 Y
ZH4AE SEY AU F4EE SASA 2] F2245787)(SEO-300A)E A
£3t¢] sessile drop B Z HEZHL ZAsAT BWgo] dojd F 3027 BHH
2 o] 94E FY, image analyzer® AMgslo] AYAQEE HEA4E vlEsd.
(5) 2854 FHAY UVeZd o8 A4 Hz2A
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COMPARISON OF PROPOSED METHODS
OF ESTIMATING WATER REPELLENT EFFICACY

Hyung- Min Oh, Dong-heub Lee, Dong-Won Son
Department of Forest Products and Technology, Korea Forest Research Institute, KOREA

SUMMARY

This study attempted to compare methods of estimating the efficacy of different water repelients. Methods used in
this study were hygroscopicity test, water absorption test of soaking treatment, and contact angle measurement.
Among these methods, hygroscopicity test measures the ability of absorbing the moisture in vapor state. Both
absorption test and contact angle measurement estimate water repelient efficiency for liquid state water. As the
result, the efficacy of water repellent was highly dependent on the composition and content of material that had
hydrophobic properties to the vapor state moisture. However, the efficacy of the repellent to liquid water depended
on the quantity of hydrophobic material.

Keywords: water repellent efficacy, hygroscopicity test, water absorption test, contact angle

1. INTRODUCTION
1.1 The necessity of water repellent estimation method

Water repellents are wood finishes that improve the durability of wood by enabling wood to repel liquid water.
The ability of repelling water is imparted with the use of wax, oil, or a similar water-repelling substance. By
blocking the penetration of water, water repellents provide wood with the resistance to deterioration and
discoloration due to with wood-decay fungi, which needs moisture to live.

An authorized method of estimating water repellent's performance in the Republic of Korea is to measure
hygroscopicity only. The hygroscopicity examination measures about absorption condition in vapor state that had
no direct contact with water. But, there is direct contact with liquid water as well as vapor state moisture in
practices. Therefore, we need to develop more efficient estimation method than hygroscopicity examination to
include the effect of liquid state water.

In this study, we conducted water absorption test of soaking treatment and contact angle measurement as well as
hygroscopicity test. The water absorption test measures the ability of repelling liquid water. This is more
aggressive method than hygroscopicity test. The contact angle measurement is very simple method, and provides
information about physicochemical energy change on wood surface treated with water repellents.

1.2 Water repellent estimation methods by moisture state

In general, wood is exposed to moisture that is either in liquid or vapor state when it is in service. The
measurement of wood hygroscopicity is a traditional method of evaluating the efficacy of water repellents for
wood. This method measures the amount of moisture in vapor absorbed into wood. Water absorption and contact
angle measurements were selected to estimate the efficacy of water repellent for treating wood. The contact angle
measurement is an easy and simple method to measure physical energy change on wood surface. Both methods of
water absorption and hygroscopicity measurement are similar, while water absorption method measures the change
of weight and dimensions of samples after the soaking in water. Thus, the water absorption method is more
practical than hygroscopicity test. In this study, three measurement methods such as hygroscopicity, absorption,
and contact angle were employed to compare and analyze the efficacy of different water repellents.

1.3 Typical composition of water repellent

Both drying oil and paraffin wax have hydrophobic property. The most common drying oils are linseed and tung.
Their compostion is shown in Table 1.
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Table 1 Composition of typical water repellents

Ingredieni Approximate composition (%wt)
Resin or drying oil 10
Paraffin wax 0.5~1
Solvent (turpentine, mineral spirits, or paint thinner) 89

2. MATERIALS AND METHODS

2.1 Materials

2.1.1 Formulations of agents

A water repellent may be used as a natural finish. This type of finish contains a small amount of wax {or similar

hydrocarbon as a water repellent), a resin or drying oil, and a solvent such as turpentine, mineral spirits, or
paraffinic oil. Formulations of these agents used for this study were shown in Table 2.

Table 2 Formulations of agents

Linseed oil (%) Paraffin wax (%) Solvent (%)
L? 10 . 90
p ) . 1 99
M° 10 i 89

a: Linseed oil; b: Paraffin wax; ¢: Mixture of linseed oil and paraffin wax

2.1.2 Specimens preparation and treatment of specimens

A softwood lumber (Pinus densiflora) was sawn into small specimens for this study, The specimen dimension of
hygroscopicity test was Smm (thickness) x 20mm (width) x 40mm (length), and that of water absorption test was
10mm (thickness) x 50mm (width) x 50mm (length). The specimen surface for the contact angle test was cut
with sliding microtom to reduce the variations of other factors, and the size was 10mm x 10mm x 20mm. The
cross section of the specimen was sealed with epoxy resin to prevent the penetration of water and treated oils.
Water repellents for the specimen were applied by brushing with a target amount of 110£10 g/m? for all three
methods, and then dried at room temperature for 10 days in dark room.

2.2 Methods
2.2.1 Hygroscopicity test
The untreated and treated specimens were conditioned to at 97% relative humidity in a desiccator with potassium

sulfate saturated solution. And then, the change of specimen weight was measured after 48 hours following the
equation (1) below:

szuxmo ) l o

Wo

where W, is moisture absorption percentage, W, the wood weight after the moisture absorption treatment, and Wy
ovendry weight of wood.

2.2.2 Water absorption treatment
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The treated and untreated samples were soaked for five hours in a container filled distilled water, and plastic grids
were put between samples to allow space for the samples for swelling. After the treatment, all specimens were
measured the weight, thickness and width, and then water absorption percentage and thickness swelling were
calculated using the equiations (2) and (3), respectively.

w,. — W,
W, =—+—2x100 )
Wo
where W\ is liquid water absorption percentage, W the wood weight after the soaking treatment, and W, ovendry
weight of wood.

L —-L
L, = AL % x 100 3)

(

where Ly is thickness swelling percentage after the treatment, L, thickness after the treatment, and Lo thickness
before the treatment.

2.2.3 Contact angle measurement

The contact angle was measured by sessile drop method using a contact angle analyzer (SEO 300A, Korea). A
drop of distilled water was applied to the sample surface, and thirty-one images of the sessile drop were taken in
every two seconds for one minute just right after the drop.

3. RESULTS AND DISCUSSION
3.1 Hygroscopicity test

The result of the hygroscopicity test was shown in Fig. 1. The hygrocopicity test measures the ability of repelling
vapor state water for a sample. The moisture absorption percentage obtained from the hygroscopicity test was
14.0% for the wood samples treated with 10% linseed oil solution, while it was 5.2% when treated with 1%
paraffin wax. When treated with the mixture of 10% linseed oil and 1% paraffin wax, the moisture absorption
percentage was 9.9%. This result means that the moisture absorption percentage was less when treated with the
mixture than when treated with linseed oil only. When treated with the mixture of 10% linseed oil and 1%
paraffin wax, the moisture absorption percentage was greater that the treatment of 1% paraffin wax only. The
moisture absorption percentage of samples treated with linseed oil was still smaller than that of the control, but it
was much greater than that of the paraffin wax treatment.

These results might be explained by the nature different chemical structures of linseed oil and paraffin wax. In
another words, the oil molecule is consisted of three fatty acids and one glycerol. Fatty acids have a carboxylic
group in carbon chain. But, the polar group does not exist in the molecules of paraffin wax.. This is consisted of
carbon and hydrogenous long chain only. In this manner, Therefore, the differences in the efficacy of water
repellents could be explained by the nature of their compositions. Thus, the use of polymerized oil or the increased
amount of hydrophobic ingredients is important to improve water repelling ability against vapor state water.
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Fig. 1. Moisture absorption percentage of vapor state water.
L; linseed oil, P; paraffin wax, M; mixture of linseed oil and paraffin wax

3.2 Water absorption treatment

Figs. 2 and 3 show the thickness swelling after the water absorption treatment. The thickness swelling percentages
of the case of linseed oil treated wood after the soaking treatment were 2.5% in tangential direction and 1.2% in
radial direction, respectively. When treated with paraffin wax, the thickness swelling percentages were 2.6% in
tangential direction and 0.9% in radial direction. In contrast to the results of the hygroscopicity test, there was no
difference in water repellent efficiency between linseed oil- and paraffin wax-treated wood samples. Also, the
samples treated with the mixture of linseed oil and paraffin wax showed the highest water repellent efficiency
(tangential direction swelling rate 2.1%, radial direction swelling rate 0.9%), This result was in agreement with the
result of moisture content (MC) measurement. In fact, both MC of linseed oil- and paraffin wax-treated wood
samples were 18.8% and 19.0% after the soaking treatment. But, the treatment with the mixture of linseed oil and
paraffin wax showed a MC of 14.7%.

These results indicated that the efficacy of water repellents depends on number of factors such as chemical
structure, ingredient composition, and efficient treatment of water repellents. Increasing the amount of water
repelling ingredient, and homogeneous treatment could improve the efficacy of water repellents. Thus it is
important to increase the concentration or ampunt of water repellent for the products, like decks and roofs, which
could be exposed to liquid water for extended time, and to increase the number of treatments.

swelling (%)
nN

[ P M control

Fig. 2 Thickness swelling percentage.
L; linseed oil, P; paraffin wax, M; mixture of linseed oil and paraffin wax
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Fig. 3 Liquid water absorption percentage
L; linseed oil, P; paraffin wax, M; mixture of linseed oil and paraffin wax

3.3 Contact angle measurement

Fig. 4 shows the results of the change of contact angle as a function of measuring time. The change of contact
angle was related to the rate of penetration and spreading of the liquid on the solid surface. The average contact
angle value of control samples was initially 65.9° and then gradually decreased to 48.6° after 60 seconds. For
linseed oil-treated samples, the contact angle value changed from 68.2° to 67.2°, whose values were not much
different at the initial stage, but considerably changed to 18.5° after 60 seconds compared with the control.
Paraffin wax-treated samples displayed much greater differences in the contact angle of 112.2° at first and 111.1°
after 60 seconds. These effects can be interpreted as a result of changes of surface free energy by coating the
repellents. In other words, hydrophobic paraffin wax treated surface resulted in great contact angle value since it
had a low free energy, while less hydrophobic linseed oil exhibited smaller contact angle value because it had
greater free energy than that of paraffin wax.

A gradual decrease in the contact angle of the untreated wood could be explained as following. As soon as the drop
was put on the surface, the liquid is spreading over and penetrating into on the surface. The spread of the liquid
goes into cell lumens and then moves along the lumens. The spreading and penetration are continuously repeated
to reach a relatively stable state for a certain time. The decrease of the contact angle is continued until the sum of
liquid-vapor surface’s free energy and liquid-solid surface’s free energy becomes the same with solid-vapor
surface’s energy.

The contact angle of the sample treated with the mixture of linseed oil and paraffin wax was initially 103.3° and
then decreased to 96.3° after 60 seconds. At first time, this result might be attributed to low surface energy of the
mixture of paraffin wax and linseed oil. Although the state of the water used in the contact angle measurement was
liquid, the results were similar to those of the hygroscopicity test.
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Fig. 4 The changes of contact angle depending on the elapsed time.
A: non-treated wood surface; B: linseed oil treated wood surface;
C: paraffin wax treated wood surface D: mixture linseed oil and paraffin wax treated wood surface.

4. CONCLUSIONS

As the use of water repellents for treating wood increases in recent years, the cost of water repellents imported
went up to one millien dollars. However, most of water repellents were being imported without going through a
proper quality evaluation because there were no established methods of evaluating the quality of water repelients
in national and international points. Therefore, the establishment of the method of quality evaluation for water
repellents is very important. This study tried to explore a feasibility of establishing methods of estimating water
repellent’s efficacy for future.

The efficacy of water repellents used in this study depended on three measurement methods employed. Both
hygroscopicity test and contact angle measurement showed that the result depended on the surface chemical
property of treated wood samples. The efficacy of water repellents measured with water absorption test of
soaking in water was improved as the quantity of water repellent ingredients increased. Since this result showed a
little difference in the efficacy, the reliability could be improved with other tests such as UV radiation and
accelerated weathering test. Also specific conditions used to treat wood must be included in comparison with three
different methods of estimating the efficacy of water repellents. The result of this study suggested that the
formulations of water repellents could be adjusted to deal with various conditions of practical environment. For
example, large quantitiesof water repellents must be used for decks and/or roofs in wooden buildings, which could
be exposed to liquid water for long time. ’
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