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SUMMARY

I. Title

Development of environmentally friendly wood preservatives and adhesives

from protein—based materials

II. Purpose of our research

Okara is a residue produced from the manufacture of soymilk and tofu from
ground soybeans by water extraction, and most of okara has been discarded as
wastes. In our study, okara was used as raw materials of several products, such as
wood adhesives, preservatives, bio—ethanol etc., and thus the resultant products will
provide information and knowledge how okara is used as natural resources for the

manufacture of the products.

IMl. Scope of our research

First of all, the potential of okara as natural resources was identified by the
analysis of its physicochemical characteristics and chemical composition. The scheme
for securing okara was prepared, and then the basic data were provided for the
commercialization of each products based on its economical efficiency. Secondly,
environmentally friendly adhesives for wood panels, such as plywood, fancy veneer
bonded onto high—density fiberboard, medium—density fiberboard and particleboard,
was developed by the okara modified chemically and biologically. The adhesive
properties and formaldehyde emission of the wood panels were examined, and the
optimal producing conditions of the adhesives was provided from the results of this

study. Based on the data, the production process of the adhesives will be scaled up
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for the commercialization. Thirdly, the environmentally friendly wood preservatives
containing chemically/biologically modified okara and metal salts, such as copper
and/or boron, was developed, and the preservatives were applied into wood blocks.
Then, the treatability and leachability of the preservatives were determined. In
addition, the efficacy of the preservatives against brown and white rot fungi was
evaluated. The results showed that the preservatives have a good resistance against
the fungi. From the results, the field test of the preservatives has been executed. If
the test will be completed, the preservatives will be commercialized at once. Finally,
the potential of okara for producing bio—ethanol, functional sugars, corrugated paper
and wood—plastic composite was evaluated. With further researches, the

applicabilities of okara for the purposes seem to be possible.

IV. Contents of our research

1. Potential of soybean—curd dregs for wood adhesive applications

With an increased demand and price of petroleum—based adhesives, there has
extensively been a continuous search for materials to replace the petroleum—based
resins used as wood adhesives. Renewable resources, such as carbohydrate, protein,
lignin and tannin, have been studied for such alternatives. This study was
investigated to explore the potential use of soybean—curd dregs as constituents in
wood adhesives. Soybean—curd dregs are wastes disposed from the production of
tofu. Most of them are currently landfilled or incinerated, and thus readily get them
for nothing in large quantities in South Korea. First of all, the chemical composition
of five kinds of soybean—cured dregs was analyzed. On average, the soybean—curd
dregswere composed of 18.72% protein, 17.1% fiber, 55.66% sugars, 4.43% fat and
3.44% ash on dry weight basis. Subsequently, a new adhesive system formulated
with soybean—curd dregs, urea, phenol and formaldehyde is under investigation. Prior
to the formulation of the adhesive system, soybean—curd dregs were hydrolyzed by

sulfuric acid. The adhesive resins will be formulated with various molar ratios of
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each ingredient, used to bond wood veneer panels. The dry— and wet—shear
strengths, and wood failure of the panels applied with the resins then will be tested.
The major advantages of this resins is the lower cost and the lower formaldehyde
emissions. If this new adhesive system will successfully be developed, the
advantages might encourage the wood panel industry to consider the system viable
alternative, and furthermore a waste disposal problem of soybean—curd dregs might

be solved.

2. Development and Application of Okara—based Adhesives for Plywood Panels

Petroleum—based resin adhesives have extensively been used for the
production of wood panels. However, with the increase of manufacturing cost and the
environmental issue, such as the emission of volatile organic compounds, of the
adhesive resins, it is necessary to be developed new adhesive systems. In this study,
the potential of okara, which is a residue wasted from the production of tofu, for the
development of bio—based adhesives was investigated. At first, the physical and
chemical properties of okara were examined. After okara was hydrolyzed in acidic
and/or alkaline solutions, okara—based adhesive resins were formulated with the
mixtures of the okara hydrolyzates and phenol formaldehyde (PF) prepolymer. The
adhesive resinswere used for the fabrication of plywood panels, and then the adhesive
strength and formaldehyde emission of the plywood panels were measured to examine
the applicability of the resin adhesives for the production of plywood panels. The
solids content and pH of the okara used in this study were around 20% and weak
acidic state, respectively. In the analysis of its chemical composition, the content of
carbohydrate was the highest, and followed by protein. The shear strengths of
plywood fabricated with okara—based resin adhesives exceeded a minimum
requirement of KS standard for ordinary plywood, but its wood failure did not reach
the minimum requirement. In addition, the formaldehyde emissions of all plywood
panels were higher than that of E1 specified in the KS standard. Based on these

results, okara has the potential to be used as a raw material of environmentally
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friendly adhesive resin systems for the production of wood panels, but further
researches — biological hydrolysis of okara and various formulations of PF prepolymer
— are required to improve the adhesive strength and formaldehyde emission of

okara—based resin adhesives.

3. Evaluation of the Potential of Bio—ethanol Produced by Okara

The utilization of organic wastes for the practicable production of ethanol has
recently been investigated by several researchers. In our study, okara, which is an
organic waste from the production of tofu, was used as a substrate for the production
of ethanol. Okara was initially hydrolyzed by sulfuric acid with various conditions,
such as acid concentration (0.5, 1, 2 and 4%), okara dry weight (1, 2.5 and 5g),
hydrolysis temperature (105 and 121°C) and time (15, 30 and 60 min). Total sugar
yvield and monomeric sugar content of hydrolyzed okara were determined and
analyzed. Then, the sugar was fermented by Saccharomyces cerevisiae for ethanol
production. Total sugar yield was increased with increasing acid concentration and
hydrolysis temperature, but decreased with increasing okara dry weight. The effect
of hydrolysis time was different on the total sugar yield by the type of okara. The
hydrolysis of okara produced mainly monosaccharides of arabinose and galactose.
The glucose content increased with increasing okara dry weight, hydrolysis
temperature and time, but that of CJ okara decreased with increasing acid
concentration. The ethanol production was increased with the increases of okara dry
weight, cultivation time and autoclaving time. However, the ethanol production of 4
g/100ml incubated for 15 min and 60 min were decreased from the cultivation times
of 24 and 36 hours, respectively. Based on the results above, it seems that okara has
a potential to be used as a substrate for the production of ethanol, but it is required
to obtain the optimal hydrolysis conditions of okara for economically feasible

production of ethanol.
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4. Bonding Quality of Adhesives Formulated with Okara Hydrolyzates and
Phenol—formaldehyde Resins for Bonding Fancy Veneer onto High—density
fiberboard

In our study, the potential of okara as an ingredient of new bio—based
adhesives was investigated for the production of fancy—veneered flooring boards.
Okara was hydrolyzed by 1% sulfuric acid solution (AC)and 1% sodium hydroxide
solution (AK). Phenol formaldehyde (PF) prepolymers were prepared as a
cross—linker of okara hydrolyzates. Then, okara—based adhesive resins were
formulated with 35% AC, 35% AK and 30% PF prepolymer on solid content basis.
The adhesive resins were applied on high—density fiberboards (HDF) with the spread
rate of SOOg/mZ' After that, oak fancy veneers are covered on the HDF, and then
pressed with the pressure of 7 kg/m® at 120°C. The experimental variables were
three mole ratios of formaldehyde and phenol (1.8, 2.1, 2.4), three assembly time (0,
10, 20min), and two press time (90sec, 120sec), respectively. The fancy—veneered
high—density fiberboards were tested by dry tensile strength, glueline failure by
wetting and formaldehyde emission. Tensile strength of the boards exceeded the
requirement of KS standard. The formaldehyde emissions were approached at the EO
level specified in KS standard. on these results, okara can be used as an ingredient
of environmentally friendly adhesive resin systems for the production of flooring

boards.

5. Adhesives Formulated with Chemically Modified Okara and
Phenol—resorcinol—formaldehyde for Bonding Fancy Veneer onto High—density
fiberboard

With an abrupt increase of petrochemical prices and the critical environmental
issue related to the volatile organic compounds emitted from the adhesive resins, the
development of environmental friendly new adhesive systems is common issue.In our
study, the okara, which is a residue wasted from the production of tofu, was

introduced to develop competitive bio—based adhesives for the production of
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fancy—veneered flooring boards. Okara (AC and AK) was hydrolyzed with 1%
sulfuric acid solution and 1% sodium hydroxide solution. Phenol resorcinol
formaldehyde (PRF) prepolymer was prepared as a cross—linker of AC and AK.
Adhesive resins were formulated with AC, AK and PRF prepolymer. The adhesive
resins were used to fabricate flooring boards composed of oak veneers onto
high—density fiberboard. The experimental variables were three weight ratio of
AC/AK to PRF (45/45/10, 40/40/20, 35/35/30), three assembly time (0, 10, 20min), and
two press time (90sec, 120sec), respectively. The fancy—veneered high—density
fiberboards were prepared and subject to testing of the dry tensile strength, glueline
failure by wetting and formaldehyde emission. Dry tensile strengths of the boards
exceeded the requirement of KS standard. The formaldehyde emissions were satisfied
with the limitation specified in KS standard. on these results, okara has a potential to
be used as a renewable raw material of environmentally friendly adhesive resin
systems for production of flooring boards, but further researches, such as biological
hydrolysis of okara and various formulations of PRF prepolymer, are required to
improve the adhesive strength and to reduce formaldehyde emission of okara—based

adhesive resins.

6. Evaluation of the Potential of Wood Preservatives Formulated with Okara

The use of CCA as a wood preservative was recently inhibited due to its
environmental pollution and human harmfulness. Instead of CCA, copper azole
(CuAz) and alkaline copper quaternary (ACQ) have been used as alternative wood
preservatives, but the price of the preservatives is much more expensive than that of
CCA. As a substitute for high—priced CuAz and ACQ, environmentally friendly wood
preservatives were formulated with okara, which is an organic waste from the
production of tofu. Prior to formulating the preservatives, okara was hydrolyzed by
three levels of sulfuric acid concentration (1, 2.5 and 5%) to easily penetrate the
effective components of the preservatives into wood blocks. Final preservative

solutions were formulated with the hydrolyzed okara and metal salts, such as copper
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sulfate, copper chloride and borax. The preservatives were treated into wood blocks
by vacuum-—pressure method to measure the treatability of the preservatives, and the
treated wood blocks were placed in hot water for three days to measure the
leachability of the preservatives. The effective components of the preservatives might
be successfully penetrated into wood blocks through the uses of hydrolyzed okara and
ammonia water. However, the leached amount of effective components was increased
as the concentration of acid used for the hydrolysis of okara increased. The
treatability and leachability of the preservatives were not affected by hydrolysis
temperature but negatively affected by the addition of borax. Based on the results
above, the optimal conditions for formulating okara—based wood preservatives
cost—effectively and environmentally might be 1% acid hydrolysis of okara and the
use of CuCl, as a metal salt. In addition, the treatability and leachability of
okara—based wood preservatives were superior or no differences comparing with those
of CuAz. Therefore, it is concluded that okara—based wood preservatives might have

a potential to be used as an environmentally friendly wood preservative.

7. Efficacy of Wood Preservatives Formulated with Okara and its Microscopic

Analysis

As a substitute for CCA, which is inhibited due to its environmental pollution and
human harmfulness, and CuAz and ACQ with a high cost, okara—based wood
preservatives were formulated with okara hydrolyzates using copper sulfate and/or
borax as a metal salt. The efficacy of the preservatives and X—ray microanalysis of
wood specimens treated with the preservatives were examined to confirm the
potential of the okara—based wood preservatives. Most of the preservatives showed
excellent decay resistance against brown—rot fungi, Postia placenta and Gloeophyllum
trabeum. The efficacy was improved when the acid concentration and temperature
used for the hydrolysis of okara increased. In addition, when borax was added into
copper sulfate/okara hydrolyzates preservative formulations, any decay was not found
in the specimens. From the microscopic observation of the specimens treated with

okara—based wood preservatives, it seems that okara is contributed to the fixing of

_18_



metal salts in wood blocks. Therefore, it is speculated that okara—based wood
preservatives might be sufficient to use as an alternative wood preservative of CCA,

ACQ and CuAz.

8. Efficacy of Wood Preservatives Formulated from Okara with Copper and/or
Boron Salt

As a substitute for high—cost copper azole (CuAz) and alkaline copper
quaternary (ACQ), wood preservatives were formulated with okara, which isan
organic waste from the production of tofu, copper chloride and/or borax. Each
preservative was treated into wood blocks by vacuum—pressure method to measure its
treatability, and then the treated wood blocks were placed in hot water for three days
to examine the stability of the preservatives against hot—water leaching. The
preservatives were successfully penetrated into wood blocks, probably due to the use
of ammonium hydroxide as a dissociating agent. However, the stability of
okara—based preservatives was dropped down as the concentration of acid in the
solutions used for the hydrolysis of okara increased. The treatability and leachability
of the preservatives were not affected by hydrolysis temperature but negatively
affected by the addition of borax. Leached wood blocks treated with okara—based
preservatives and exposed to decay fungi Gloeophyllum trabeum and Postia placenta
over 12 weeks showed good decay resistances. In addition, okara—based wood
preservatives can protect wood against fungal attack as effectively as CuAz, and thus

might have a potential to be used as an environmentally friendly wood preservative.

9. Evaluation of the Potential of Wood Preservatives Formulated by
Enzymatic—hydrolyzates of Okara

As a substitute for alkaline copper quat— and copper azole—based wood
preservatives, new wood preservatives were formulated with okara, which is an

organic residue wasted from the production of tofu, copper chloride and/or borax.

_19_



Prior to formulating the preservatives, okara was hydrolyzed by three enzymes
(celluclast, pectinex and savinase) to easily penetrate the effective components of the
preservatives into wood blocks. The preservatives were treated into wood blocks with
vacuum—pressure method to measure the treatability of the preservatives, and the
treated wood blocks were placed in hot water for three days to measure the
leachability of the preservatives. The treatability and leachability of the preservatives
were affected by the enzyme, but negatively affected by the addition of borax. Based
on the results above, the optimal conditions for formulating okara—based wood
preservatives cost—effectively and environmentally might be 0.1ml/g celluclast, 1ml/g
pectinex and 1ml/g savinase for enzyme hydrolysis of okara. Leached wood blocks,
which weretreated with okara—based preservatives and then exposed to decay fungi
Gloeophyllum trabeum and Postia placenta over 12 weeks, showed good efficacy.
Despite hot water leaching, a number of copper—based structures in the cell lumen
were still found by SEM—EDS analysis. Therefore, okara might have a potential to be

used as a raw material of the environmentally friendly wood preservatives.

IV. Expected contribution

From the results of these studies, the applicabilities of okara for the
manufacturing processes of wood adhesives, wood preservatives and other products
were provided. Especially, the adhesives will significantly be improved the air quality
comparing with petroleum—based adhesives by means of reducing formaldehyde and
volatile organic compounds emission. In addition, the successful development of
okara—based wood preservatives will provide environmentally much more acceptable
wood preservatives comparing with conventional wood preservatives, such as CCA,
and consequently contribute to offer safety to human beings and nature.

For economic and industrial aspects, the re—utilization of okara as a raw
material of adhesives will provide the conservation of environments and the reduction
of carbon dioxide and crude oil imported from abroad. Importantly, the decrease of

the production cost for the natural adhesives alternating to petroleum—based adhesives
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will be accompanied with the reduction of the raw materials imported for the
production of petroleum—based adhesives. During the past 15 years, wood industries
have been engaged in a considerable research and development program to make
effective and environmentally more acceptable wood preservatives. As a result, alkyl
ammonium compounds and azoles have been used as wood preservatives since the
late 1990s. However, due to the high costs of the preservatives when compared with
CCA, new preservative systems. which is effective, environmentally benign, and
cost—competitive, have led to the use of renewable resources for the fixation of metal
salts in a wood structure. Okara was used as fixatives of copper and/or boron salts
In our new preservative system. The results of our study suggested that
okara—based wood preservatives had very good decay resistance against fungal decay

with reasonable producing cost.
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H 3% Jdigd sdde 3 2y

A 1A FHAEA QAL 7sA Hb

B Aol f7) 9718 FRUAZL B4 A, BAA RYRIEE GEHA, e A
Fol ARZA ol§ A5AE HAS] skl FRUAS oBIH AL 2 F, 1 A

Bz A4 % A 2A el ol ie-e s

EN

1. SRR olhehd 4 24 2 AR
hoAZ R B

A7 A - () 59 (T8, 4T, LEAF (7], 34D, ] (7], A=5AD, -

579 WA (LA} o A)E TR & 6 EF wAe] olsetH JAe 2AFT

(1) "9 o)ty 42

ols}atA A4 4l 4 A A3 Table 1o YeRlom AAFAE 7|22 ¢k H|A|
o] ARl BAANE Table 20 UERATE #2014 B i} o] nXE A ow A
AFA 71F02 57% BrakE, 20% 9d, 15% A, 4% A/QY a8lal 4% sEo®
dEo] Alen AR BE XA gpshEe] o] 7Y e Ao AT oE

5 (1996)9] A7 Axtel FA1819 21 Van der Riet 5 (1989)9] Ay-9b= th2 232 B
FA. =, 24T 3 (562.8-58.1%) 0] ©F3t=o] T (3.8-5.3%)) Hlal ¥ & A2
2 BRHAT oy e A= FRAL T Aol R 7)Q0E A o® AZEW 0'Toole (1999)¢]
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ATt (Figure 1). webA] 2 AFoA AzxE H2A 9 BHAE (55) ClolA T3 o] xH]X]
5 o]gslglon diid gefo] 7Y =2 A FA TS HIXE HluE e HEA L

Aol 4R AREE A

Table 1. Physico—chemical properties and chemical composition of Okara

2= g | AP E PR (%)
T @) | (%) [ ewma | 2w |aestE Awed] g | PO
=54 73.8 26.2 4.5 4.7 15.4 0.7 0.9 5.66
QWAE | 823 17.7 3.1 3.3 9.5 1.3 0.5 5.83
AFEd | 82.2 17.8 3.4 2.7 10.4 0.7 0.6 6.12
THAE | 674 32.6 7.7 4.3 16.4 2.7 1.3 5.29
CJ=1xF0]A]| 79.3 20.7 3.9 3.3 12.1 0.6 0.8 4.74
CJ—22A]| 79.5 20.5 4.3 1.9 13.1 0.4 0.8 6.02
o (=) 5.2 94.8 40.8 7.9 30.3 10.7 5.2
Table 2. Chemical composition of Okara based on oven dry weight (unit: %)
CRia el R Chr k= A/ 3]+
=74 17.20 17.95 58.61 2.69 3.55
LA E 17.50 18.68 53.62 7.10 3.10
A3 53 18.88 15.20 59.20 3.70 3.10
A= 23.69 13.30 50.61 8.40 4.00
CJ—1x}H] A 18.75 15.80 58.95 2.80 3.70
CJ—2x}H] A 21.06 9.20 63.84 1.90 4.00
o () 43.03 8.30 31.91 11.30 5.46
T+ 35.46

(2) HAe B A
QAZTE FHEE WAS G2 e PAe] QuzA ALEs] S8 e, 24
§ EE B4sEo] AAT gk B £E FANAY 7 AR50 AT Ak WIS

o] wZAYIE Aol Wasith webq Hehy mE ARe Ane) weS EE 7] 4
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As o 37| wWolth Thedlel Ake nixe] B g Wl wet Adeislor A=

Table 39 YERJA.

- ke 53] 0.5% Gtom A2 v A9 G T80l w
ARt HgE gao] HlEl Abe] BIX[e] @E STl a&Folehes AdE ¥s F UUTh
A A2A = A dERE HAE o835y flsiE ofitel ofF Thrdalrt aaF el
F2HEH Ao F& A A7 q4d YERNSIE.  galactose
7 AL Ee FHEFS HAoH thEOR arabinose’t W FOE ZALECL EAH 2 T
S 2% xylose, glucose, mannose o= ¥ FHTE  HEA/YHAL] dREN] THEEESA
AHEEE At Fel digh &9E Y] A8 0%, 1%, 2.5% 123l 5%9] AHE o]43te nAE
ZheRE o mat ZeREiA AFEE 25 auE 4] 98] A, 60°C, 80°CellA THE
& Ao a7kEEao] AREE Aol wE JEks B At ks o] &3 Thedal e

Aty A el ARl mix| e ThEEellee HHA/ LA Az o] &kl
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Table 3. Table 3. Sugar yield of okara in acid and enzyme(amylase/cellulase) hydrolysis

it
HI A &/ ah
0% 0.5% 1% 4%
=54 0.79% 13.79% 19.22% 27.63% 5.61%
QA 0.76% 12.51% 17.56% 18.78% 1.20%
R 1.01% 13.34% 17.75% 17.76% 7.49%
R 0.62% 13.38% 16.01% 24.01% 3.26%
CI—1xM] % 1.16% 14.35% 21.22% 22.76% 7.96%
CJ—2x}1] % 0.68% 13.80% 20.18% 27.85% 2.12%
Table 4. Sugar yield of okara by dilute sulphuric acid(4%) (unit:%)
Arabinose | Galactose | Glucose Xylose Mannose Total
=54 9.32 13.41 1.58 3.29 0.04 27.63
SHIAE 5.23 9.40 0.61 3.40 0.15 18.78
d3sd 5.16 8.81 0.68 2.75 0.36 17.76
T2 F 7.25 12.10 1.51 3.15 24.01
CJ—1xpH] % 5.73 11.88 1.69 3.18 0.27 22.76
CJ—2xp1] % 6.88 16.27 1.28 3.26 0.17 27.85
g5 (3H) 2.22 4.28 4.10 0.61 11.20
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FH|XE o] &3 HAA =A E© AF 4
7F AE L
718k vrel o] CJ-2x0A| & A&t YA H|X]= H2A|Z AFEs)7o] F-439)st
v 27 v e wAR A2 T mAsH daste] gk Azl FAAR A
= Aol Aztst Aoz AHr), CJ-2xA= 93] 27hs 7HA|aL A 2o ZHEaiAlAl
7eEalEe] AEAl Az At S 7 A 7] "zl ZhuAl 2 AskAlE o]8ske] A
AAS AZsGTE WA 1R FAS 7202 70%9) YK EEHEY 5% 84, 1ga
10%°] ekt gar 90°Coll A 47kt dahke shglor dahike § 50% NaOHE ©l-&8-3t
o F3E 3§ 15% XE2EHUS H7IS & 80°CollA 1AIZHESE o] xpikba-& AJAH HEAE A=
kol 1 Z3E  Table 5ol YERAQT
U 23 42 3%
(1) A8 A EA
A 2A 9] pHE 3.29-3.49% AL w1 Q9o 1 SFS 14.11-20.81%2 33|
wro otk HERAY HEs TRl ARE ko] Fol Ut SUMEE 7HASHSIh
dukx o7 uEPE o] e AbgoA A= ulg- mk7] wliEel] o] HEAl= TEAY T4
Aol AHE§lo] -y Y& dig HAAZA ALEE 7o AHgsiial Azt
Table 5. Characteristics of formulated adhesives
H2EA 57 I I 111 IV \Y% VI Control
Zes 23
ako] T (%) 1 2.5 5 1 2.5 5
25 (0) 25 25 25 80 80 80
A&EA A4
A% (centipoise) N N 4,810 N* 3,570 2,120 150
pH 3.44 3.31 3.29 3.49 3.34 3.27
R ek (%) | 14.85 | 14.25 | 20.81 14.11 14.28 | 18.48 | 66.20
WA (%) 51.96 | 29.69 | 18.90 | 48.80 | 28.90 | 24.25 | 68.30
4871
— 49 —




Table 5941 1= Hlsh o] WAF olgsfe] AxF WAL hEYe ArRAN A
He A BES L HeSE At 58 LENthe A ot Uil $el o B
o Qe Ttk webd Amel A 9L WA S FuE AAAZ A7) slais 4
gak 270l HAS AsRe vl o] WagEl 1 olfi E 2N TR
HAS RS RS B BskEe] Ma i mRe AAES A HE
sgo] ol Aoz A7 B Kuehlersh Stine (1974)9) FOIAE 2 A8 23} §A18 4
g wol Forh el o] HAAE BADL FsY W AnE Rfsol s dEEns =

& ARAT AGE] 99 FH ST AN SsRajsts Ao Badn webs

[}
7SR 230N AAE S gdlEe] aa Htes 5717 A 28A (coupling

off

agent)©] A7} Wasithn Azt webd EERee Agwsos Aed ARA6lE 5%
o Bmel A W WAL AWIERAES olgaglon] AT W2 WA AxE &
ELEE]

(2) H2A ] WA

A 2AE A ARk} o] xpukg-o] Al7b A o] WA Tte] AAE e
Aa] FAHZ 70% HIA A7 E (FFERe 27 1% HaSOs, 25°C), 5% .49 10% A ekAat
S WAl 90°Cell A UAHEE 1, 2, 3, 4AIRFEQE Al7IAL T AARES AbES FIAT F 156% X
80°CellA] 1/2, 1, 2AIRF&<E o] xk-& &t 7+ Wk

¥ g
ol ZAFIIG (Figure 2). AASo] A} AHA] he4tel o

AstEl HHA Y] A EE FEAI77] A8 HTbEE ThaA]l (84, AR AEEHA
(22T E HX 9] AWislEel H7kste] WS AlZlom 1 ThaA|leh AshAle] bk
Aste HHAS] e wAE 4] 98 ARAAWY] T 2 AsA FE ST A

o ORANE Ogn 2ok R E(H)/ 248 U)/AEHP)/E2TA(F) 7]
H]E= 100/0/0/0, 70/5/10/15, 60/7.5/12.5/20, 50/10/15/25 o]tk W= e] vlal A3} Figure 33}
2k AstE A A WA weel AREE Tt A oFo] SIS gl
= o] A= ThaAlel AshAle] Fo] FUHEE A3k HERAC B VtuAEE doA v
Aol sE Ao Al ek ey 60/7.5/12.5/203) 50/10/15/252] F-AM 2 Al ZH A 2
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gl g7t 0.2 Aol 7k EhA] eioker njx|e] 7kl (H-1: 25°C, H-2: 80°C)
o 71 7hieleell A7k ZhaAl 5 ASHA| el bl wE el deael flo] =

=l meh fALE P el Fch

Figure 2. Water resistance to reaction time in formulated adhesives

--o=H-1 --H-2

//‘4'/.
40 -
20 7

100/0 70/30 60/40 50/50

Water resistance (%)

Weight ratio (H/U-P-F, w/w)

Figure 3. Water resistance to component weight ratio in formulated adhesives [Acid
hydrolyzates(H), Urea(U), Phenol(P), Formalin(F)], [H—1: 25°C, H—2: 80°C]
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70% BIA AVFEEED 159 F2EUd] @49 Aekike] AN mE WAl A}
o] H7] fJate] QA9 AgHitke] FAMIE thEA HFA (H/U/P/F: 70/15/0/15, 70/10/5/15,
70/5/10/15, 70/0/15/15)5 A1z stolom 18 A AlzE 241 W5dS vkl (Figure 4).
HEA ] WAL AZA WellA 849] FiFo] fhasa Aekite] Fhiero] SUMEeE
Hou 2 FAMZE 70/5/10/158F 70/0/15/1591 HFANAM ] Wdoll= SASHA o7 Aol 7}
e Aow zAMEQLh webd H/UP/FE FARE 70/5/10/152 117383},

g 80

g 60 e —e
= f,/*

= 2

5 2

E 1 i 1

=

100/0 T70/30 60/40 50/50

Weight ratio (HH/U-P-F. w/w)

Figure 4. Water resistance to U/P weight ratio in formulated adhesives [Acid hydrolyzates
70%, Formalin 15%].

A718F vke} 7ho] H/U/P/FY FABE 70/5/10/15% 1A S Aejol A H]A|9] 7}ris)] &
To A&A ] WA BAE LolRy] f8 3FFY =% (25°C, 60°C, 80°C)ollA] ks o] &3

HAE 7R oM 1 AERHES o gd BAAS ARG T ey masiglon 1

A3he Figure 59 LERASIEh, H1A19] 7R ent AAA e 2 9% 74 wgko
W AR ess ugel Aholrh Uehieh 53] AbeRels g wA R 2AE A2
o 4ol 7P mgren kel Fwst Z7hgel wet ege BA8 AstEgied of Avke
QoI Aol S TR A0 FRR UuEs arshE ARl AFES &
AARTHE AohE T B IESACh WIS AEReE) e A ALSE HAA S
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5 20
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15/0 10/5 5/10 15/0

Resin tyvpe (U/P, wiw)

Figure 5. Water resistance to condition of hydrolysis(temperature, acid concentration)
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AW (HUPF)7F 70/5/10/159) ol 7hesiA] AR5 Atell w2 =] Apol& 2Als)
7] S1ete] kst ks o] &3t HjA ThEREEe] Al o] a4, AR xEUdEs wkE
AA AHAE A & Weds Hug i b Jkedser 24 AR dede
65.84%5 o A5t ThrRdER A HAAL] WA 448402 F THRAER =
A el A oR & AoR ARG EF FHAZE M BAE = b
A7t opd Al AlEE AL Sl 7R (I B7RE, @il 3R 35.46% HATA 7IE)E
1% Srko2 25°CollA] 7hafste] 1 7kriales ol gate] Al A FAle] WAdE 68.37%

= A AR MUF A2Ae] i et SASH o Aol7} gliz Ao® ZAMERl=H) ©f 2
HE ol & ATl ARE HAe wd FREE 1Y e e Ao uixE
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" A Wedes 2ARE A 43.92%%
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Y. Ag R 3y

(1) AR 2 TAEF

T AT AR A RS S (-, 7D (7)) CT (72, A&) A

Tw W2 FRHIAIE 70CoA 2443 o] xAZ] ¥ 40—-60 mesh®] A7]E e}

2
(.
ttio
oz

S~
ftllo
o
rob
e
1:0{.

.

AT Saccharomyces cerevisiae (ATCC 24858)
=2 = AYEHEAE (Korean Culture Center of Microorganisms) 236 &-Fulo}
YPD 3l *] (1% yeast extract, 2% peptone, 2% D—glucose, 1.5% agar/1 L S5F5)l
A 30CE wigaglon, Mg = F 4CelA ¥ Basiirt

(2) FRulAe] 4R A

A SRR S o] gdte] FRU|AZ @A AT 250 ml AHZHEElA=d] 0.5 %
H,S0: 100 mih #8& X 1 g (M1AFH)S Yol 105ToA 158 Ft 7Heials
AN B o R H,S0,9 % (0.5, 1, 2, 4%), 438 v =] 1A% (
2.5, 5g), 7FEEE €% (105C, 121°C) 2 A7k (155, 305, 1A17h) 58 Waia 7 717}
7tEsl g AAlsklTh

33t &S sy st Zhzbe]l hRE S 0.2 um  syringe filter

{1

O

(Minisart RC 15; Sartorius, Germany)% ¢ ¥}3}3. high performance anionic exchange
chromatograph (HPAEC) (ICS—2000 system; Dionex, USA)E o]&3to] ©diF A&
AAskdth. A# e CarboPac PA10 (Dionex, USA)S AR&3kalom, &7]=ED 50
pulsed amperometric detector (PAD) (Dionex, USA)E A}&-3}th. 3 mM NaOHE ©]
TAo s AFESte] 0.8 ml/mine F&Eo w2 FAEHY o™ galactose, glucose (Showa,

Japan), arabinose, xylose, mannose (Sigma—Aldrich, USA) & 5709 43dFE XFA =
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2 A BA% Ane AAFF] @ 7 9dRe wee NEes el

A ZbeEeel oF Bk &S Sl

(4) g 3 oeh2 Ak

{0

i

U A 2 5E o|et&S Aatslr] 98] 3.382 FUe HHo =z A s
o] galo] BEtNS A3t (27 1% HySO4 100 ml, &8k CJ H]A 4g (7170F
), 121°C, 154 & 60%). 7FrEdlds o3st 5, oo pH7F 100] HEF
Ca(OH)2 powderE ¥olFaL, 90°CollA 30 5ok WA AT 1% HCIE AHE3he] pH
552 ZH3gk §, 15,000g%= 30+ &+ HAEE st AAES AL dEE Hao|
o] &3}t

et wags 93t = 1|57 Y8 S cerevisiaeES YPD ®iA| (1% yeast

O

[

-

extract, 2% peptone, 2% D—glucose/1L THF5)olA 30CE 24A17F FoF wdA ] 5
HjFol-S 5,000 rpmO 2 10 &<k AAEE et AHE #F5 Erh

HAES A AT F3tel 100 mlol]l 1% yeast extract®} 2% peptone= 2o] 121TC
ol M 151 &k EHAIZT d27bx] ¥ZHAIA 0D600gke] 27F H=s ErlE d5E
pmo 2 gl shsith. 6, 12, 24, 36, 48A17tvich HE NG
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Table 6. Chemical composition of okara based on wet weight basis.

Type Moisture Protein Fiber Sugars Fat/oil Ash
Woochun 67.4 7.7 (23.7)]4.3 (13.3) |16.4 (50.6)| 2.7 (8.4) | 1.3 (4.0)

CJ 79.3 3.9 (18.8) 3.3 (15.8)[12.1 (58.9)| 0.6 (2.8) | 0.8 (3.7)
Soybean' 5.2 40.8 (43.0)] 7.9 (8.3) |30.3 (31.9)]10.7 (11.3)| 5.2 (5.5)

Numbers in parenthesis mean the content of each constituent on a dry weight basis.

' Soybean (cultivar name: Hwangkeum) was provided from Woochun Co. (Pochun, Kyungki).

00.5% E1% E2% m4%

Sugar vield (%)

Woochun

Okara type
Figure 6. Effect of acid concentrations used for the hydrolysis of okara on sugar

yield. Same letters above a column bar do not differ significantly at the 5% level
(Student's t—test).
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Figure 7. Effect of the amounts of okara (Woochun: Top & CJ: Bottom) added in
each acid solution of 100ml on sugar yield.
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Figure 8. Effect of the temperatures used for the hydrolysis of okara (Woochun: left
& CJ: right) on sugar yield.
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Table 7. Relative monosaccharide composition (% of fraction) of sugars separated
from okara hydrolyzates.

Okara type Woochun
Sugar’ Ara | Gal | Glu | Xyl | Man | Total’
— Acid concentration
0.5% 38.94 32.01 10.14 17.28 1.63 8.65
1% 31.60 34.80 10.53 20.30 2.77 10.43
2% 26.78 35.84 11.04 22.04 4.30 11.59
4% 23.84 36.03 11.86 22.76 5.51 12.17
— Dry weight of okara
1g 31.15 37.28 8.96 19.60 3.01 14.83
2.5¢g 27.94 33.51 12.17 22.21 4.17 10.23
bg 28.63 31.75 13.44 21.55 4.63 7.09
— Hydrolysis temperature
105°C 33.32 37.07 9.03 18.49 2.09 10.16
121°C 26.38 31.67 13.02 23.41 5.52 11.27
— Hydrolysis time
15 min 32.57 34.89 10.22 19.41 2.91 10.41
30 min 29.24 35.79 10.42 20.75 3.80 10.91
60 min 27.02 33.92 12.24 22.35 4.47 10.82
Okara type CJ
Sugar’ Ara | Gal | Glu | Xyl | Man [ Total’
— Acid concentration
0.5% 38.37 25.26 21.15 16.85 0.37 7.43
1% 33.07 29.19 16.80 20.16 0.78 8.30
2% 30.19 31.11 15.61 21.71 1.38 8.09
4% 27.55 31.67 16.38 21.69 2.71 9.17
— Dry weight of okara
1g 31.36 32.55 16.47 18.48 1.14 11.05
2.5g 31.41 27.10 17.82 22.16 1.51 8.25
bg 32.09 27.10 18.30 20.89 1.62 5.89
— Hydrolysis temperature
105°C 32.16 29.39 16.31 20.87 1.27 7.42
121°C 30.86 29.61 18.48 19.56 1.49 9.37
— Hydrolysis time
15 min 38.89 27.06 15.84 17.78 0.43 8.67
30 min 28.67 30.68 17.08 21.68 1.89 7.58
60 min 29.16 30.03 18.72 20.55 1.53 8.93

1 Ara: arabinose; Gal: galactose; Glu: glucose; Xyl: xylose; Man: mannose.
2 Total sugar content (weight %).
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Figure 9. Comparison of ethanol produced from okara by Saccharomyces cerevisiae.

_63_



—0.5% @ 1% 11-2% -0—4%

20 T
&
ie)
2
>
o)
(@)
-]
%)
4 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
0
15 min 30 min 60 min
Reaction time
|- 05% @ 1% [0—2% 0—4%
20

15 min 30 min 60 min
Reaction time

Figure 10. Interaction effect of reaction time and acid concentration used for the
hydrolysis of okara (Woochun: left & CJ: right) on sugar yield.
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(a) (b)

(c) (d)
Figure 12. Micrographs of okara—based resins penetration (a) Type 1, (b) Type 2, (c)

Type 3, and (d) edge profiles of lab—made plywoods.
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Table 9. Tensile shear strength of plywood panels produced with okara—based

adhesive resins.

Adhesive type | Tensile shear strength (N/mm?) COV* Wood failure(%)
Type 1 1.25 0.20 23
Type 2 0.95 0.26 9
Type 3 0.96 0.13 7

* Covariation

Table 10. Formaldehyde emission of plywood panels.

Type 1 Type 2 Type 3 |Standard (KS) — E1

Formaldehyde emission
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< Aol M= sl so] AAGEE Bl H= ZAeoltt (Lambuth, 1994).

2 A
Wehd wr)Be AAEE ARy dude 4R Alsd PRe A8AA BA T

g [EASTARE =S
< Arst WA SAs 71 A AHAE AeidEer dEAA ARged
e £2 238 42 5 S Aoinh. #@AU] v 184 AR dgsd &

metA] B AFE T HAE J2AAY d52 AFES] fElTRHAE 8
sk & sl Evl2 ZA¥E ds 4] (phenol—formaldehyde prepolymers)$} HH-&
AA HAZAE ZASEAL o] & EA-ufFI A Fo o]&slo] 1 o] & eSS EelstaA}
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A FEHA ] ] TheEsE (AK)= £l 8ki T

7t A 2 AFE%E PF prepolymersis Yang et al. (2006)9] Aol A AREd 4
WS sl Z2A59 =], 159 phenol¥® 1.8 9] formaldehydeE 75+2°Coll A 90E-7F
HESA] 7] 3 9542°Co A 60%-7F F7F4 0. &2 Hb-gA]A 1.8—PF& ZA|5 o, 2.1-PF%}
2.4-PFXk= Z}74e] 2.1, 2.49] F/P &H]& Zdsto] 1.8—-PFe] A3} FAsHA sho] A
3ttt AlZ%H PF prepolymerss= 2F 50%2] 118 E3 100 mPa'se] =S B3

FEAX HAAE R FHS 71FoR 35%9 AC, 35%2] AK, 18al 30%
o] PFE ol&3ate] ZAlstglon, F5uA 72 (AC/AK)Ol PFE H7FeE § 60°C
oA 104 F<t wwstel HaAle] 2AE gndgith olFA EAE HAAES A%
Ao 2 4,200-4,900 mPa-s2] A=} 5.8—6.59 pHE Ef3ta At 7 A= =
FE S o] 438 300 g/m’e] E¥ O R HDF| EXaich

FEE A A S HDFY X3 3 ALoA 08, 108 183 2059 7w
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Aol A dsS dotir] fste] FhHAT. & A5 A A A= 7 N 3

x 3 WA (factorial design) WS AR&SFGl=tl, AREH AAF (factor) ==

TR EUARE (90, 120%) 0l Al FF2 F/P =4] (1.8, 2.1, 2.4)9F Al 72| EHAIZE

(0, 10, 20)=2 T 9k, =AFE dHlolE]&= SAS (Statistical Analysis System,

2002) el o8 FAA LMol FHHACH, I AL 95%9 A1 ol A
&

ANSY. A4S EEAEHE W

>

of djgk 7z} QI JIFTFL FAHEA
, EAISHA 02 p<0.05 Faol A

GG WES AF t—testol A3 2 wlolEls] BitA ] Folh fol@A EAe

1%
of

o 23 R nF

(1) x5LHs|=s} sz =4 9F

AR A FHE &S flete] ARgE FRHIA A TS 2
FoHsl = Wakol] tiek 7} x50 @3S Analysis of Variance (ANOVA)E ©|-&
&to] B3 A= Table 113 2o}, F30]A 75E8E (o]5 OK)F 1.8, 2.1, 2.49]
F/P 282 #0]% PF (°]3} 1.8—PF, 2.1-PF, 2.4—PF)& ZA¥ F53u]A HZA (o]}
OK/PF)E olgato] e Fy&e] el a7t zh2h 1.33, 1.03, 0.76 N/mm”o]$}2.

w, EASAom F/pel Bul7h Z7heel whel WWRAEsl 2aste (p=0.01),
oleld A OK/PF &Ael Eapz aA7ld) ola 7da Aow Aeun gaa

PF prepolymers AHET A5 FF8[%] 7t =ae 7t 2 =7 o]
Aol Aol el wel AAAF AHEARE e FHEoR SR HAFEIF %
AsHA ke AdR FHEW, weba & § A= 2 AHd oig 3 2A
ol g dAnjd o ® FFste] olgg FES Eshe AU A Ao Aow A7

Hrt.
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Table 11. Analyses of variance for the adhesive strengths and formaldehyde emission
of fancy veneers bonded with okara—based adhesives onto high—density fiberboards

depending on PF mole ratio, assembly time and press time.

) o Formaldehyde
Dry tensile strength |Rate of delamination

Source ! DF emission
F Value | Pr > F | F Value | Pr > F | F Value | Pr > F

PF mole ratio| 2 54.19 <.0001 5.83 0.0042 521.72 <.0001

Assembly time| 2 0.02 0.9819 0.75 0.4762 576.33 <.0001

Press time 1 6.88 0.0094 14.29 0.0003 1.26 0.2771

PF x Assem | 4 3.90 0.0045 2.03 0.0972 45.99 <.0001

PF x Press 2 0.35 0.7032 0.16 0.8545 168.64 <.0001

Assem X
2 1.80 0.1673 8.54 0.0004 127.10 <.0001
Press

PF: phenol/formaldehyde mole ratio; Assem: assembly time; and Press: press time.
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Qs Aow AzZtelth. 3H 0K/2.1-PF¢ OK/2.4—PFeo] ¥ Ed3]= wWAaksk 2}
o= A3t Fxo] Aolo] &) 7hunkgo o] & A Xt fE EZFLd s =e] WAkeRe]

Aolo] o)k Ao FHHh wetA OKPFE o] §3te] HHAY FHZo)x] E5

Table 12. Rate of delamination (unit: %) of fancy veneers bonded with okara—based
adhesives onto high—density fiberboards.

90 sec! 120 sec’
F/P mole
ratio ) ) ) .
0 min® 10 min® 20 min® 0 min® 10 min® 20 min®
L8 62.5 26.1 29.2 28.8 53.9 79.2
' (26.2) (3.4) (10.2) (9.1) (32.7) (29.2)
51 23.9 25.2 28.7 61.7 30.1 27.3
' (5.9) (2.4) (8.9) (34.5) (11.3) (5.8)
04 54.2 37.4 26.7 29.9 63.1 80.1
' (33.2) (20.9) (7.5) (8.9) (35.2) (28.9)
{1 press time.

* open assembly time.

The rates of delamination for fancy veneers bonded with okara—based adhesives onto
high—density fiberboards were obtained after the specimens were soaked in 70 Cwater for 2
hours and then dried in 60C oven for 3 hours.

Number in parenthesis means the standard deviation for the value of each rate of
delamination.

(2) EHARe] 4

® Aol A OK/PFE A&e FH5 vwe) 8adss L8

FEFE A A B ASE ZAEAY (p=0.48). 2HY EELH = PabFS FAA
Zholl whel BA 82 Q1 Aol 7t A FE=Y (p=0.01), 032 E A A7t A 0.83mg/Le] &
3| =7F wakE HWEH 10829 FAAIZEA 0.91 mg/LE 7HY =2 X5 Lds| =0 W

AREY. 2y HAAES 20802 AFAHS H4F 0.77 mg/LE PG $e X5
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Figure 15. Interaction effect of press time and assembly time on the rate of
delamination of fancy veneers bonded with okara—based adhesives onto high—density
fiberboards. The adhesives used for this experiment were formulated with okara
hydrolyzates and 1.8—, 2.1— and 2.4—PF prepolymers.
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Table 13. Wet adhesive strength * ® of okara—based resins.

Press time 90 sec 120 sec
Assembly time 0 min 10 min 20 min 0 min 10 min 20 min
90/10 0/0/0/10 ¢| 0/0/0/10 | 0/0/0/10 | 0/0/0/10 | 0/0/0/10 | 0/0/0/10
80/20 0/0/0/10 0/0/3/7 0/0/2/8 0/0/1/9 0/1/4/5 0/1/2/7
70/30 1/2/3/4 1/1/3/5 1/0/3/6 2/3/4/1 2/2/4/2 2/3/2/3

* Specimens for the determination of wet adhesive strength were soaked in 70°C water for 2
hours, and then placed in 60°C oven for 3 hours.

* Wet bond quality of the specimens was visually checked by wood failure.

> The wood failures are judged by the determination of delaminated area between fancy
veneer and HDF, such as excellent (less than 10%), good (less than 30%), fair (less than
50%) and poor (more than 50%).

x/x/x/x means the number of specimens in which the state of delaminated area are

excellent, good, fair and poor, respectively.

o 23 2 3%

HIAA JHAA S Als-gEAm a4 &AL} A7 EallEs FANE 22
90/10, 80/20, 70/30 o & st FAAIA A xkArh. Hdd H2A S pHE 6
AEginh = AR A nUE A

O —1- M pu =

474 4w e,

gom mPR S 27-31%

AL
(1) WIAA GHA ] geh 3 %

Figure 182 PRFell gt wlgu] &, JAAZ 9 drztn 22 23 agle]
AA H2A ] g WA= FFE HolFa k. 1L
HAZ FUE5S A2 AdHe FHEd = PRF o] Z7igel wet S7tst
ATh (10%—20%: p= 0.01, 20%—30%: p= 0.01).
A2A7 PRE o] we njx A A aA w4 st
Res HER L Ao
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Figure 18. Effects of each experimental variable on the dry adhesive strength of

okara—based resins.
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Figure 19. Interaction effects of weight ratio of OK to PRF and assembly time (top)
and weight ratio of OK to PRF and press time (bottom) on the dry adhesive strength

of okara—based adhesive resins.
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Figure 20. Images of specimens prepared for the determination of wet wood failure —
excellent (top), good/fair (middle) and poor (bottom).
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A

Table 14. Formaldehyde emission® of flooring board bonded with okara—based adhesive

resins (unit: mg/L).
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Figure 22. Geometry of lap joint shear tensile test specimen (unit: mm).

Figure 23. Test configuration for measuring lap joint shear tensile strength.
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Figure 24. Lap shear tensile strength of modified adhesives.
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Table. 15. Comparison of dry/wet lap shear tensile strength of 90/10 formulated
adhesives.

Assembly time Dry strength Wet strength strength ratio
(min) (N/mm?) (N/mm?) (wet/dry)
5 1.786 1.667 0.93
10 1.811 1.680 0.93
20 1.823 1.600 0.88
2 r E 5min
2 10min
20min

N/mm:z

Adhesive type

A; 90/10(PF/okara) formulation B; 80/20(PF/okara) formulation
Figure 25. Lap shear tensile strength of modified adhesives.
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Fig. 26. Comparison of dry/wet lap shear tensile strength of 90/10 formulated
adhesives.
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prepolymer® A3 HZA|S o]&3fe] A %3 gdvho] AR E 2 Eulg-S 303psiet 64%

ghare] QA= B Huks (227psigh 45% )9l Hlel =3kom, 53] FadH (30% Ut 30+ 7F
el 49 AdFdE 2 BaEE 199 s&olA ZlEaet HAE o] &3 A
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Table 16. Adhesive gluebond properties of southern pine plywood bonded with
okara—based adhesive resins.

1% Acid + 1% Alkali 5% Acid + 5% Alkali
8 min 10 min 8 min 10 min
45cps PF
Dry shear strength (psi) 299 327 215 197
Dry wood failure (%) 74 50 47 59
Wet shear strength (psi) 143 120 93 82
Wet wood failure (%) 57 59 23 41
190cps PF
Dry shear strength (psi) 256 285 206 219
Dry wood failure (%) 63 63 45 49
Wet shear strength (psi) 102 110 77 91
Wet wood failure (%) 20 46 15 22
560cps PF
Dry shear strength (psi) 340 312 287 240
Dry wood failure (%) 70 66 31 37
Wet shear strength (psi) 65 116 58 131
Wet wood failure (%) 13 50 12 12
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Figure 27. Effect of PF prepolymer on the shear strength and wood failure of okara—based
adhesive resins.
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3oith (Table 17).

Table 17. Selected properties of medium—density fiberboard bonded with okara—based
adhesive resins.

Press time| Density MOR MOE 24}.1 2h boiling
(min) | Ga/md | P | ey | PP soaking g
[ 8 0.75 14.1 2,241
8 1/2 0.75 11.5 2.064
11 Fail to spray
11 9 0.75 15.6 1,937 280 8.88 88.67
10 0.75 15.5 2,086 250 7.67 62.71
v 15 0.73 11.4 2,032 190 6.21 76.65
16 0.71 12.3 1,746 180 6.79 75.21
ANSI A 208.2 - Interior 24.0 2,400 550 10.00 -

REAE ol g3te] AT HAAZ AN FAEMGW JAH FEsh ANSI
Aol mAA] Raht ol wFRe kol W WA B BAfel FiFlo] Qi Fio] gt
SN FR8) AASA Gob Af AFAN AA AP Qo gob WA Ao

2 A7 gel SRR AR e B TR 248 Q24 oled

HU

7 Sla nBEe) GFE ol Tl BAVE F5e AR 4AAE ATt 29F Re

Azt
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g Z22

US Product Standard 1-9504 %8 oz ALRH7] el SAtejolA Zahgo)
Ha 85%oldolofo gt et dAtellA AlE FEEA HHAE AEAT ] A
kg2 1 qtAd] wAA] FEkgloh wheba FEE[A] 7REREl], PR oprepolymer ZAlol] g
g 77 2o JloR 7S 7Rl PF prepolymer 9]l T 7hulAlE ARS8 W
ctolu} AstAls Hriste] AsA7He @Eehs et gt A Basiy Aoz Fin|

Az ZAT BAAE PG EE 948 el HgHE Aurks 98t WgE G A

==

l‘

4

B ool A AAG FRHA GHAE TR Fo AR eudn BaE ag
o AFEe AT 4A3] Sla AHER 2A0A ArRaAE 2 itk Hebd) At
DR ggo] W FRuA AGRARS olfsel 2AT FAAS AN FUnfRe
el sta@sge] wAsIglon Anx o BAAe) AR BA o} Wk A B

e 9 gtk gebl L8e 2aolA pRaE @ FRaAE olgd dale R}
obd BAVF Bt B WA Azl A ks ABS Ak et FruA

BAAEG BAVE LT BYAE Azl g G FRUAE AFH 204 AalE

H|ZJo] A3 (coupling agent)E H7FeH & 7MwA|S H2HAl Az vpx|ek Ao WHSAA H2)

AL AR A7 2ed Qo Az,
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1. FFHAE o83 54 ¥EAY A7 7L

7 A8

S vAE HdlzRE g4 I3 Y= Azt webs o1

3 g e Zo]7] 98 EAo WA alr Fadieh S@yeE 90% o] EAE 9

wol Al FYste] ARESEAL glo] Al WA dS 4-5v] 5 & = WEAHEYE 3t
2 =2 doks Hs et 2y 2 @ HARH AAACR 4 93 7 |

Aol T WA 2 ZF3te Chromated Copper Arsenate (CCA)Ol o3k a4 =gho]

2 1 AbshahE], A5 3AbEHE Y Bl A 53kgHE S o] &ete] AlxE =T H A
b e B W B Vles 7P Jdon aF9S vA 9 s 54 W

AN AHAIA JHFH R GEE= S A= 715S 7HAL Atk (Bland, 1963).
CCA=R AHeld JAl= Ap&dgte] dojxar Ha el Agd CCA: 4

AT CCA Az B F¢, 28]al CCA AA #H7A TAHE 34 o5 9 A

32
s
Q
o
rlr

H3S B v=re] 49 1980-90d ) 7 Wol Algdlo
AAFEC] CCA AHES REHOR A5
om A8 o RN ARES =eketal dtk (EPA, 2007). 4 A% 167=% wl=3 vzt
7FAE 200090 Zol CCAS] Aol tidk #3148 =& & F 2004d5FH CCA9 A
Z 2 AHgSs qrAE] AFA-Y (EU Commission, 2007).  $-gvete] A¢ 4 %

(2005)°] CCA WH-EA wjyx] 2o JEF2HE HARY £2 oleAdS HolFAe

i
4
o)
X,
i
)
o,
h
N
D)
o
o
(T
fols
o
rlo
OE

B, AFRS FAL W ABUM A=Y Hiel §32 RudAT. & %
(2005)& CCA A2 £AANA HEd wlish 22 48 Felstgion A
o CCA AM azto] MYt A4d EFode oAyt Aow Busgth
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of A& ;ZAst7] fal & S (2004)2 F7IdAY S} FAAHE T dA 2 A
S Tyromyces palustrise ©]-83lo] CCA ABAZFEH Ta5H5S adoz AAS
o e #HrjEe] AEA aAAd FEE AAY oYy unjEoRE Qs 1
A A= F o A A7 dask AAolnk oy g Aol g2y
ghell M= 2007 10€5-E CCA] A4t 2 fr&o] wx =A™ CCA A FAZ o
A Alkaline Copper Quaternary (ACQ) Y Copper azole (CuAz)o] AF&¥ 3L 9oy 714
o] CCAo°ll ®]3] a7}olmn 59 = fmoriy Fdstal do] Arkabel Anjat
REE WEAI71A] ekal Qe AAolthumebA 3 9 A S 7 CCAE
A e BASAQ A Y] o] At ofEel AA CCA thAl WAl

§¥3 9t 37ke ACQSH CudzZ HAIT F Gl we AATHE AR gEA

~

@)
=

1o
fl

al
A wl=S vEste] HA An7F B2 AZTelA s CCA tANFA=ZH &
7 4 EF (alkyl ammonium)3} ©}= (azole) 3%+, LOSP (Light Organic Solvent

Preservatives) 5ol thgF A7 @ks] A= a1 ) 21} (Nicholas and Schultz, 1994),
a7Fe] AxuLor AgstE ] A8XQ AF7F a3k At Ak HYEQ g

A
WA 7 E59 AME B (Postia placenta 'R Gloeophyllum trabeum)©l el W
_]

A BolFdth. webA o]5e] WAl Az AgE 7]xs}ko]

FHAE o] &3k Weks & AFrellA Al=stA = At
o

A= o F23 Ao AYE A ATt v, ofF, Az A FARE &

Q
< A AEE Ve et Adshd AlEe w2 B % 95 o 24
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Table 18. Formulations of okara—based preservatives and its treatability and
leachability.
Hydrolysis conditions of okara Metal salts Trea(t(aylb)ilityl Leac?;b)ilityz
Acid concentration ‘ Temperature (°C) ¢ ¢
- CuS0Oy 74.27 (24.98) 3.41 (0.30)
0% 25 98.26 (10.78) 3.10 (1.21)
1% 114.69 (14.09) | 4.37 (0.47)
2.5% 125.18 (15.77)| 2.87 (1.06)
5% 150.41 (19.09) | 4.88 (1.36)
0% 80 74.54 (9.92) 3.50 (0.37)
1% 111.53 (19.73) | 3.57 (1.23)
2.5% 135.13 (9.34) 452 (1.58)
5% 154.29 (34.45)| 4.35 (2.99)
- CuSO; + Borax | 66.70 (16.48) 3.69 (0.53)
0% 25 72.81 (12.62) 2.35 (1.17)
1% 79.82 (15.86) 3.36 (1.39)
2.5% 73.22 (14.93) 3.66 (0.76)
5% 112.95 (24.41)| 5.71 (1.35)
0% 80 62.89 (12.32) 412 (0.88)
1% 85.33 (10.95) 5.06 (0.85)
2.5% 109.71 (31.91)| 6.51 (1.82)
5% 110.75 (27.46) | 6.54 (1.63)
- CuCls 116.33 (19.56) | 3.18 (0.78)
0% 25 96.91 (10.22) 2.36 (1.33)
1% 133.70 (9.65) 4.10 (0.56)
2.5% 138.23 (14.37)| 2.72 (1.05)
5% 177.85 (19.26) 5.55 (1.26)
0% 80 81.51 (15.12) 2.74 (0.88)
1% 138.01 (5.68) 2.59 (1.43)
2.5% 148.08 (14.30) | 4.56 (1.01)
5% 154.89 (33.96)| 6.23 (1.85)
- CuCls; + Borax 89.30 (10.48) 3.75 (0.49)
0% 25 76.80 (13.55) 4.69 (0.73)
1% 89.11 (18.36) 4.79 (0.88)
2.5% 98.73 (27.24) 5.82 (1.38)
5% 124.22 (12.41)| 7.03 (0.69)
0% 80 70.05 (16.02) 3.79 (0.72)
1% 87.22 (10.00) 4.77 (0.48)
2.5% 110.51 (20.45)| 5.98 (1.18)
5% 132.86 (37.69)| 7.13 (1.19)
0% 80 - 64.92 (16.61) 3.06 (0.54)
1% 80 - 116.91 (22.17)| 3.54 (0.34)
CCA - 1.21 (0.19)
CuAz’ 114.23 (57.68) | 6.18 (2.31)

Treatability means the percentage of actual retention to the target retention.

? Leachability means the percentage preservative leached from treated specimens.

* CuAz—2 type.

Number in parenthesis, which is in the columns of treatability and leachability, is a standard

deviation of mean of each formulation.
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Figure 28. Image of treating vessel for the treatment of the wood preservatives

formulated with okara and metal salts.
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Figure 29. The image (left) and schematics (right) of the extraction apparatus for

studying leachability of wood preservatives.
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Figure 30. Effect of acid concentrations used for okara hydrolysis on treatability of
okara—based wood preservative formulations containing CuSOs—and/or Borax (1) and
CuCly and/or Borax (2). Same capital letters over each column are not significantly

different from each other at p=0.05 (Least Significance Difference test).
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Figure 31. Effect of hydrolysis temperatures on treatability of okara—based wood
preservative formulations. CS: copper sulfate; OH: okara hydrolyzates; B: borax; CC:
copper chloride. Same capital letters over each column are not significantly different

from each other at p=0.05 (Least Significance Difference test).
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Figure 32. Effect of acid concentrations used for okara hydrolysis on leachability of
okara—based wood preservative formulations containing CuSOs—and/or Borax (1) and
CuCly and/or Borax (2). Same capital letters over each column are not significantly

different from each other at p=0.05 (Least Significance Difference test).

(2) BHAe &2

Figure 3204 Hi= nje} o] CSREE AME3ste] ZAE WHAle] &€
CS/OH-05 Ahg&3ato] zAld Ao gebaks) A4 o= Zol7k At (p=0.41).
gk, Abo R JhEREg HIAE AFEste] 2AE WRAS] A9 CS B CS/OH-0%} H]
aake] geaFo] wektow (p=0.03), CS/OH-13} CS/OH—-2.5 & CS/OH—-2.59 CS/OH-5



o] el = TAITA o= Apol= fIdth (p=0.53, p=0.16). Figure 5-2% CCE &=
&0 R ALggh iAo egkS vlwgk A2 A CCo &9%¥ CC/OH-0 (p=0.14)
2 CC/OH-1 (p=0.08)9] & Abolel = FAIEA o= Aol 7h gl o, CC/OH-2.59]
S92 CC/OH-19] v&] @kor (p=0.04), 2] F=7t 5% S71e we 885
o] §43] FobAtt (p=0.01). ol¢} Zo] A F5ATS AbRste] Al WA <

Seredo] HX 9} A AR WEAQ g vlE AR v AY HE A
& otefe} 2 olfollA VilEvta AZHET AA, ¥R - 53] ks vjA -
g ol g3t AT WEAl AS FT ARE EdE g€e o fFaARel HA
Wz Fdudeon, 4, CS/OH %@ CC/OHY A5 €834 Fo ZAAH Wz FY

oo et HF AL 9ste] WEAHEHE EAAHAL] g FEFS A o,
Table 19%= 71 AE HoJFET (CS T COTHE o] 835lo] ZAE wEAe 2 AA
o] F7 FEZHS CS/OH 2 CC/OHZ ZA s wiAle] Fu) &gk vl & A3

Aolom o] At wel v x| e} S AIA 2AS HRA ] fEHo] FEA FEHEATS
Abgte] ZAEE WRAe] g8l vl -Fsithe ARE 4S5 AT
THEBR 9} FE A 354G Borax(B)E H7bste] Z2AlE WAl (CS/OH/B %
CC/OH/B)¢] &&%2 CS/OH % CC/OHel w®lsf @Wokth o] Ait= 49 Eo g
2 SRt olygt CS % CC7F B9 whgsto] CS H CCoF whgakA] &2 H] A9
Fol F7tEo] I Fol 1 uA 7} §EE Y Ayel AZbEh Table 1994
B ukel o] el FEFHo] CS/OHE CC/OHel H|E|CS/OH/B 2 CC/OH/BOl H]
af A2 Zlo] 99 T A S Bed s Ao A, &4 A a59%
BoraxiH& o] &3ate] ZAH WAl (CS/B % CC/B)9 &&3S CS/OH/B ¥ CC/OH/B
2 Ak o] Ay 9o detdld AFd upep o] FE Ei
Borax$} WhE-sFA] gk H]x] 9] <Fo] @olyloe] wel feFo] Sk Ao=m Aztd
wal Hx 9] 7p5Ea ALLE Ao w7} ol wEl fereko] Wolx|: O A
o] Fw7t F7bshel wek vjx)e] ExpeFe] Aok e @Ak H|X|7} &olstA &

ol & Aubebn Az,
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Table 19. Residual amounts of copper in leached wood blocks (unit: ppm).

0% 1% 2.5% 5%
CS 14.66
CS/OH 36.39 54.55 40.29 60.20
CS/B 8.95
CS/OH/B 7.17 23.15 21.23 27.39
CcC 38.59
CC/OH 41.80 30.62 43.95 74.10
CC/B 10.79
CC/OH/B 12.64 21.64 13.71 13.50
CuAz 16.90
CCA 5.70

* CS: copper sulfates; OH: okara acid hydrolyzates; B: borax; CC: copper chloride; CuAz:
CuAz—2 type; CCA: CCA—c type.

* Wood samples used in this experiment were treated with okara—based wood preservatives
containing okara, which was hydrolyzated at 25°C.
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rie

Ao A HIAE o] &alo] FAE WEAle ko uE SEFS
3 At o] WEANA o]zt gldth (Figure 33). 1@y CS/OH/BS] 4%
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o, A FEAe FHe A glol 5%9 Aty 25°ColM JpEEEd FRH|AES
o]-g3to] ZAG WHEAZE CuAzell BB HA] AlE o] Wo] FYHE Ao XAMH

. 28y CS = CS/BYHS ARE3Ro] ZAlSH W-Ale] 952 CuAzdl B8] W
Ao R YeEfon CC EE=CC/BRE AMEste Al WHAl F9%2 CuAzd il
SATH R Aol7t gl o & YERRth @ AbS o] 838A] @il 80°ColA T
s gt FHu]Ao] CS/B B CC/BE WhHeAIA ZAISH WH-Ale] 9% CuAzel Hl&)] w
& o AT wEhA] At sheRE o] o ol Agle] 25°¢4 REEAIZ] T
Ale} CS = CCE ol &ate] ZAS WHAZ Y5 SHAA H A flo] AT

Az AT 5 Qe Row A

Table 20. Comparison of treatabilities of okara—based wood preservatives and CuAz.

95°C 80°C
0% 1% | 25% | 5% 0% 1% | 25% | 5%
€S (p=0.01)
cson | NS NS NS + NS NS NS NS
(p=0.39)|(p=0.97)|(p=0.53)|(p=0.04)|[(p=0.05) [(p=0.88) |(p=0.23) |(p=0.06)
CS/B (p=0.04)
NS NS _ NS - NS NS NS
CS/OH/B | (520.06)|(p=0.10)|(p=0.02)|(p=0.94)| (p=0.01)|(p=0.11)|(p=0.83)|(p=0.84)
NS
cC (p=0.91)
(p=0.61)|(p=0.27)|(p=0.21) |(p=0.01)|(p=0.07) | (p=0.18)|(p=0.09) | (p=0.04)
NS
CC/B (p=0.17)
NS NS NS NS - NS NS NS
CCIOH/B | (,=0.06)|(p=0.11)|(p=0.49)|(p=0.60)| (p=0.03)| (p=0.13)|(p=0.83)|(p=0.36)

* Each value represents the average of 12 specimens.

* CS: copper sulfates; OH: okara acid hydrolyzates; B: borax; CC: copper chloride.

* — NS and + indicate that the treatability of okara—based wood preservatives is significantly
less than, no different, and more than that of CuAz—based preservatives at p = 0.05 (Least
Significance Difference test).

* The p—value means the probability of treatabilities for the effects of hydrolysis conditions
(temperature and acid concentration).
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Table 21. Comparison of leachabilities of okara—based wood preservatives and CuAz.

925°C 80°C
0% 1% 2.5% 5% 0% 1% 2.5% 5%
€S (p=0.01)
(p=0.01)|(p=0.02)|(p=0.01)|(p=0.17)|(p=0.01)|(p=0.02)|(p=0.05)|(p=0.21)
CS/B (p=0.01)
- - - NS - NS NS NS
CSIOH/B | (5=0.01)|(p=0.01)|(p=0.01)|(p=0.69)|(p=0.01)|(p=0.17)|(=0.69) | (p=0.81)
cC (p=0.01)
(p=0.01)|(p=0.03)|(p=0.01)|(p=0.51)|(p=0.01)|(p=0.01)|(p=0.12)|(p=0.75)
CC/B (p=0.01)
NS - NS NS - NS NS NS

CCIOH/B | (520.08)[(p=0.04)|(p=0.47)| (p=0.30)| (p=0.01)|(p=0.06)|(p=0.93)| (p=0.22)

Each value represents the average of 12 specimens.

CS: copper sulfates; OH: okara acid hydrolyzates; B: borax; CC: copper chloride.

— and NS indicate that the leachability of okara—based wood preservatives is significantly less
than and no different than that of CuAz—based preservatives at p = 0.05 (Least Significance
Difference test).

The p—value means the probability of leachabilities for the effects of hydrolysis conditions
(temperature and acid concentration).
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O25C m80°C

Leachability (%)’
OS]

CS/OH  CS/OW/B  CC/OH  CC/OH/B
Preservative formulation type

Figure 33. Effect of hydrolysis temperatures on leachability of okara—based wood
preservative formulations. CS: copper sulfate; OH: okara hydrolyzates; B: borax; CC:
copper chloride. Same capital letters over each column are not significantly different
from each other at p=0.05 (Least Significance Difference test).
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2. TRHA RA BRES L ANAE 24

7 A8

T BT e AF R 4] &Y FOo8 CCAY ARgo o] gk =iho] A
2 Aok (3 5, 2005). FHZ CCA AE9] 7= & 2= &4 o9 3 SIA
(& 5, 2005) &9 wmeo] thA] WHASkA} W] SRS A CCAS AME=
AR gAlshs A AbEel ALl FolE olFe] Wlen (EPA, 2007), FH4
3 1570=r% 2004355 CCAQl AxE FA8t7] Al&sltt (EU Commission, 2007).
gyt CCAE obd7HA] eF-ghd oA o ds] aapaQl S FA = A8 9l
= AAot.
=g B]Eete] Ao ARgo] @& AXI=olA 15 AFE 34 o]
CCAE oAty Sl s zIsA1 wRAe] Aol gk AF7F FE3] 7o
skom 1 Ay 47 4% E (alkyl ammonium)¥ ©}& (azole) 3}gHEo] 1990 t) Fuk
HE AR5 3 9t} (Nicholas and Schultz, 1994). $-guzke]l 49 20073 10€ 45
CCA9l Az % FEo FXHJow, hAFAZH Alkaline Copper Quaternary
(ACQ)$} Copper azole (CuAz)o] AF&E a1 9t} 18JvF ACQE CCA9l H]&le] 117}o]
W, ggo] gA Lot FA WHAR ARREH7| dHES 7HAAL A (o] &, 2000a).
&, CuAz®] 49 tiF& Y=o =25H Fdstal o] = W75 A 9 Azt

s BT WHATIA Repe dAeltt. mE ACQ B CuAz AZAE FFHEHMA

rr

( Tyromyces palustris) W&l 22 174 % 2L 8.7% 2 HATHITAES B om (9]
5=, 2000b), ACQE A g3 = vellow poplari= Gloeophyllum trabeum®l| U3l
2.6-11.3%°] FTFH27F dolwtrkal BaLskit (Shi ef al, 2007). weps] P50
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o] OKE 2 (25C)¥ 80CelA 7Hrisll& AAlslth (A 5, 2008). W o] FH
= 250g9] OK (4% &9)d] 10ge] CS Ti=/1g]al 5g¢] BE #H7tele] At on, A
A el R TS 492 AT o] Al AlE WEAS A AlHd F
Ystzlel kA 26mle] tEUYolsE FH7lste] F]jo] &olstes stk MR-l x|
of AH&¥ 0K+ (F) CJ (Ag, F2)olA Fos Fgwgton, CS¢ Be= Yitsls)
(771, &D)ellA F+dste] ARE-3H3AT
FAANREE T2 (Pinus sylvestris) S AF&sFE o, ZA14 24
X 2.54 x 2.54cm® A7) 9] A A @ F% (H, FE)A BRet e Adg Foky
S o] g3te] 7H7herH (500mmHg—30%, 12kgf/em’—30%) 0.2 F918t9lon, 7t wiiA) 9
FUeS Y FY AF Ax FAS AAY 27] Ax FAY Afeol2 -5t -
¥ S 350 mL/he] 52 $£3EE 70°C 25700l 72413 Bk &

I F A AE Az A 82 Fo AHe

OE
1
£
il
N}
1
N

%2
oy
oF

g T
2
>,
"

FU%5E 18.74-39.50kg/m’ 0.2 vl A FAE =], o]
A= 7 5 (2008)0 AT Ao A AT Eo] HFE A oA B S} T ur

X
dolde® 2 FUe 9oz F5Er. 8 FHE A gAlR A2 SAAH
= FH A A 2
AelE A AR FAIA AN R ok Fdel] of 7k B X9}
= AP em S tF o w BT Aow A4 (4 5, 2008).

£ei7k Aeol=

(2) %

Iz
ol
olr

Ao wRaE AFHH  Fste] AldElelth. FAATFE AMEIAR1 Postia
placenta (KCTC No. 6671)9} Gloeophyllum trabeum (KUC No. 8013)& = B4+ 3}sk]
meds R 247 Boptel AgHsh FAFE AFee WAN W

YT, FHRUAR 248 7 R PHA 2 Cuds® AYE FANAES L8 26+
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FHHA] BRA R Aelsta EEA & FFAZ EA4AHE] ) Yoon and
Kim (2008)°l <Ja ware W=z X vzkdsds Adsgit. S AHss gd &
A JHH|ZE o] &3t 55 stubdll & LAHAIZIAL WgE o]&3te] °f 20nm 77
2 sputter—coatings 3 %, AAWE FAPHAAEARE (Supra 55VP; Carl Zeiss,
Oberkochen, Germany)S ©]-83to] 7h&7dk 3kVelA HAAIH o Held w549
A FF W xRS dEEIT T3 EAF FelE Ao 28-S FARAA- N A ol
Aty oy x] BAE X-A 37 (EDS, XFlash 4000; Bruker AXS Microanalysis,
X—=Ae ZdolAl 35° 7]zl o] 1A H
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Figure 34. Features of Control  (left) and wood blocks treated with
CuSO4-5H50/Okara hydrolyzates (right). The wood blocks treated with CS/OK were
subjected to leach at 70C water for 72 hours. Both types of wood blocks were
exposed with the brown—rot fungus Postia placenta for 12 weeks.
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9. 2% 2 2%

(7V) Postia placenta®) tj3F WE-g 5
TR EA D CuAzs AHEd & A HA AE Postia placentadl
H-a59 A3 Table 229 2uh. vz AJHI CuSOs (o]dF CSHRHE 93
AlH o ST AEL 20.38%9 0.32% 2 ZAFE oW (Figure 34—left), CuAzz 2|3t
okth CSeF FHHIA (o]st OK) = ZAlE o
Fam o] A A= 1% Hele] T3FaAaES vebll=t (Figure 34-right), ©]2]g CS

% CS/OKZ A" WHFAY -3 a5 WA 5349 Fd& A3 Yo}

-

¢

2 g2l U3 AdAHS BadoerA Ve Adew A4HY, od &2 4 F

(2008)9] ATellA FHEA BRAE A § 2 R FFAZ SAAE Wello T
g]9] ZHF%S atomic absorption spectroscopy® 418t AxE Fa FA 9T 5 2

At

Table 22. Decay resistance® of leached wood specimens treated with okara—based

preservatives and CuAz’ against brown—rot fungus Postia placenta.

Hydrolysis 25C 80C
Conditions 0% | 1% | 25% | 5% 0% | 1% | 2.5% | 5%
c 0.32 B
€S (0.37)
. 0.28 1.38 0.04 0.07 6.06
CSIOR™ | (0.68) | (2.07) | (0.10) | (0.12) | (4.30) | ° 0 0
CS/B° 0 —
0.29 0.02
CS/B/OK 051) | (0.04) 0 0 0 0 0 0
CuAz 0 -
20.38
Control (7.47)

% Decay resistance means the percent weight loss after exposing wood blocks to the
brown—rot fungus, P. placenta, for 12 weeks.

> Wood blocks were treated with CuAz—B (2.8%), which is composed of copper (96.1%) and
azole as tebuconazole (3.9%).

¢ CS: copper sulfate (CuSO45H-0).

¢ OK: okara hydrolyzates.

¢ B: Sodium borate (NasB407-10H20).

Number in parenthesis means a standard deviation of average weight loss of each formulation.
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Figure 35. Features of Control (left) and wood blocks treated with
CuS04-5H,0/Okara hydrolyzates (right). The wood blocks treated with CS/OK were
subjected to leach at 70C water for 72 hours. Both types of wood blocks were

exposed with the brown—rot fungus Gloeophyllum trabeum for 12 weeks.
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CS/OKoll sodium borate (°]3} B)E H7lste] ZA3 #HEAS g3 AJHY
A, A B A2 1% AHS ol &3ste] T REAI vIR 2 ZA S WAl 2 A g
Sk AJH A 0.3% vTke] TR AVE BAst o 1 99 BE g3k WEAlR Ay

3 RE AHAE BEI37F A HAsHA &l o] ZA3= Johnson and Gutzmer
(1978)2] AFAlA] A33+ v} Fo] Be] 77y F5u[A] WA el WH g8 A &

A

A Aoz Az

o}

Table 23. Decay resistance® of leached wood specimens treated with okara—based
preservatives and CuAz’ against brown—rot fungus Gloeophyiium trabeum.

Hydrolysis 25¢C 80°C
Conditions 0% 1% 2.5% 5% 0% 1% 2.5% 5%
CS*
- 0.93 | 046 | 0.11 0.14 173 | 095 | 0.18 | 0.02

(1.45) | (0.57) | (0.18) | (0.27) | (1.38) | (2.35) | (0.34) | (0.06)
CS/B®

0.97 | 0.01 0.33
CS/BIOK | ey | 002y | @ | (083 | © 0 0 0
CuAz 0

13.08

Control (3.01)

a

Decay resistance means the percent weight loss after exposing wood blocks to the
brown—rot fungus, G. trabeum. for 12 weeks.

> Wood blocks were treated with CuAz—B (2.8%), which is composed of copper (96.1%) and
azole as tebuconazole (3.9%).

¢ CS: copper sulfate (CuSO4-5H,0).

4 OK: okara hydrolyzates.

¢ B: Sodium borate (NasB4O7-10H20).

Number in parenthesis means a standard deviation of average weight loss of each formulation.

(W) Gloeophyllum trabeum©l
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BAT (Figure 35). YA 02 G trabeum® 4L =) Wol A JAFata ¢ =
o FElddl YA AA Agks W] o] CS % CS/B= A gk Al A §-3
HEgsS Ho & Zoz AZAEY (DeGroot and Woodward, 1999). 18y} CS/OK
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OK/CS/B CS/B

Figure 36. Scanning electron microscopy images of each component and its mixtures
used for formulating okara—based wood preservatives.
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Figure 37. Scanning electron microscopy 1image of wood specimen treated with

CuS04:5H20 and subjected to leach at 70C water for 72 hours.
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0 kY WD B0 Y i

spot analysis of the wood specimen treated with

CuS04-5H,0/0kara hydrolyzates (left: SEM image, middle: map analysis image, right:

copper—spot analysis image).

El &8 GSeries unn, € norw. € Atom. € Error
[Wt.5] [wt.%] [at.x]  [%]
¢ 6 K-series 4.2 543 1648 Q.7
0 8§ K-geries 14.48 1,08 37,82 1.9
Cu 29 K-seriez 68.35 75.81 45.08 2.2
Pt 78 N=zeries 2,61 a.09 0.86 0,1

(masso0a) Apsuaid)

"

o N A A A Total: 90,16 100,00 100.00

-
a3 18 L5 i ] s 1 18 an as tLl

Energy (Key)

Figure 39. Results of SEM—EDS spot analysis of the wood specimen treated with
CuS04-5H20/Na2B4,07-10H,0/0kara hydrolyzates (A: SEM image, B: map analysis

image, C: copper—spot analysis image, D: spectrum, E: quantitative analysis).
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3. FRUA ] EAMFRAES o] §F ZALEA A 7HsA B

tefet ElstdEe] 84 SAYTAY AEoRE dATHo] gon, 1 ke
MAA o2 714 de] AFRE ZAS chromate—copper arsenate (CCA)olth. 18t H
CCA®] o] &2 H=r WellA L iAo E3E H| A4S SA g dnk T Aol
o8] 200395 FAGEe A2 AFHA T, 9 A% 16705% 20040 5-E CCA
o] ArgS  FAsH7] A1FEYE. Wb alkaline  copper  quat  (ACQ), copper
bis—(N—cyclohexyldiazeniumdioxy) (Cu—HDO or copper xyligen), amine—copper
formulations, copper—azole based preservatives)®} 7S Fg]& FAE o ® 3= CCA
A WRAEe] AdEogitt. 2y A7) A BEAES SA
CCAoll Hlal Z33s] W 89 §eo] dojur, Tajujiol A mwhx v}

B TRAEES A el R BAe9S dod 5 vk TheAdol AlviHa sl

ro 2
-
AC)
)
i

LSk oyl AREe g2 3 WHAETY FAE JMAHY F2E HA A
A7 dojd = Qi ol dAsty] et tgd HIMAE o] &5t A EE WA
= A= A7 AEE L Qe quaternary ammonium compounds®} 2 1d, B,

duge pEe] B AR FAAA Fa PRARA tEd d7v A4 A
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A FRH A o 20%] WAS Fietn gom23), o FFE Yang er al
(2006)9] AFo] AHEF TlFe] S kel Ak SFel Raps] Ado] Wasich w
A Ahn et al (2008)& AHE o] §3te] HlAe] o]BFH el AL AEsHA oL,

el A T AR ARG A el ohieke FelA FAFE w=Esn.

d = 9daL, TrEleh Tl Afe ol&ste AT 54 WA SsEd FHolth

AL JHA 4TS T FRUAS Dk AERAGD BrEse A
=

FHPY PohTe FANEFS WA YRAT ZARGOD, o DA ZAT W
A A el FAT F FYAA FUTR FYYS 2AFL B RERO G Y
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P
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I

5XL (pectinase)®} Savinase 16L Type EX (protease)ZE (5) KCIolA FAlo =z &3k
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W gso HIME 8 AFEE FAATE AAHFEI 42 Postia placenta
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Table 24. Formulations of okara—based preservatives and its treatability and

leachability.
hydrolysis conditions of okara
Metal salt enzyme loading® (ml/g) time () Treatability®(%) Leachability®(%)
Celluclast Pectinex  Savinase
0.1 0 0 12 57.04 (8.19) 7.84 (0.41)
0.1 0 0.1 24 58.24 (4.10) 8.09 (0.40)
0.1 0 0.2 24 67.17 (8.79) 8.30 (1.20)
0.1 0.1 0 24 72.20 (4.50) 9.19 (0.61)
0.1 0.1 0.1 36 90.99 (17.13) 9.91 (1.08)
cucl, 0.1 0.1 0.2 36 79.66 (4.50) 9.93 (0.37)
0.2 0 0 12 48.47 (4.18) 7.61 (0.44)
0.2 0 0.1 24 56.71 (5.99) 8.53 (0.46)
0.2 0 0.2 24 52.11 (3.71) 8.39 (0.61)
0.2 0.1 0 24 61.37  (12.59) 8.81 (0.44)
0.2 0.1 10 36 66.78 (5.19) 10.02 (1.03)
0.2 0.1 0.2 36 73.65 (6.82) 9.89 (0.76)
0.1 0 0 12 58.72 (9.81) 9.17 (0.73)
0.1 0 0.1 24 51.65 (5.39) 8.68 (0.80)
0.1 0 0.2 24 62.48 (2.11) 10.20 (0.73)
0.1 0.1 0 24 65.58 (4.46) 10.51 (0.69)
CuCly 0.1 0.1 0.1 36 84.15 (4.99) 12.91 (0.88)
+ 0.1 0.1 0.2 36 77.07 (3.93) 11.90 (0.76)
Na,B,07.10H,0 0.2 0 0 12 50.03 (4.72) 8.73 (0.69)
0.2 0 0.1 24 67.97 (3.86) 11.40 (0.87)
0.2 0 0.2 24 69.06 (10.71) 12.01 (0.75)
0.2 0.1 0 24 58.05 (4.35) 11.45 (0.60)
0.2 0.1 0.1 36 65.24 (5.31) 12.03 (0.78)
0.2 0.1 0.2 36 73.24 (5.91) 12.87 (0.90)

? Enzyme loading means the input of each enzyme (celluclast/pectinex/savinase) based on
okara weight.

> Treatability means the percentage of actual retention to the target retention.

¢ Leachability means the percentage preservative leached from treated specimens.

Number in parenthesis, which is in the columns of treatability and leachability, is a standard
deviation of mean of each formulation.

o A3 € 1@

FEHA] g4 VMRS EY F590R A WEAe TF 9 7z wEA
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Figure 40. Effects of enzyme type and loading volume for the hydrolysis of okara on
the treatability of okara—based wood preservatives. Same capital letters over each
column are not significantly different from each other at p=0.05 (Least Significance
Difference test).

aao Tl WE FYe zolE Hlugh Ay, FHE[A Y JfFS el ARE
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Figure 41. Effects of enzyme type and loading volume for the hydrolysis of okara and
treatment of sodium borate on the treatability of okara—based wood preservatives. (CC:
copper chloride, B: sodium borate)
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Figure 42. Effects of enzyme type and loading volume for the hydrolysis of okara on
the leachabilityof okara—based wood preservatives. Same capital letters over each
column are not significantly different from each other at p=0.05 (Least Significance

Difference test).
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Figure 43. Effects of enzyme type and loading volume for the hydrolysis of okara and
treatment of sodium borate on the leachability of okara—based wood preservatives.

(CC: copper chloride, B: sodium borate)
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Table 25. Decay resistance® of the leached wood specimens treated with okara—based

wood preservatives against brown—rot fungus Gloeophyllum trabeum.

Celluclast® 0.1 0.2

Pectinex” 0.0 0.1 0.0 0.1

Savinase” | 0.0 | 0.1 | 0.2 [ 0.0 | 0.1 | 0.2 [ 0.0 | 0.1 | 0.2 [ 0.0 | 0.1 | 0.2

CC/Ok* 0 0 0 [0.06] O 0 0 0 0 0 0 [0.65

CC/B/OK 0 0 0 0 0 0 0 0 0 0 0 0

CC/B® 0
CcC* 0
Control 12.01

? Decay resistance means the percent weight loss after exposing specimens to the brown—rot

fungus, Gloeophyllum trabeum, for 12 weeks.
> Loading amount of each enzyme (celluclast/pectinex/savinase) is based on okara dry weight.

¢ CC: copper chloride.
¢ OK: okara hydrolyzates.
¢ B: sodium borate.

I SEA B A|AS] Gloeophyllum
79 FH7AE0] 12.01%9 &3

(/3;]\
AR, o] TR RAC A T ATE dojubA] @gken], & Aol xAlE

7] WAl Borax® H7FINE A EE HA AWM HE T Aart dEEA
=]
B

okttt o]yt AER Ny FTEHIR| WRATY Gloeophyllum trabeum®| W3] WH-&
TS HAstal o, o] FHu|X] WAl Boraxe H7b= WHE @55 A SFAA
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Table 26. Decay resistance® of the leached wood specimens treated with okara—based

wood preservatives against brown—rot fungus Postia placenta.

Celluclast® 0.1 0.2

Pectinex” 0.0 0.1 0.0 0.1

Savinase” | 0.0 | 0.1 | 0.2 [ 0.0 | 0.1 | 0.2 [ 0.0 | 0.1 | 0.2 ] 0.0 | 0.1 | 0.2

CC/Ok* 0 0 0 0 0 0 0 0 0 0 0 |0.11

CC/B/OK 0 0 0 0 0 011} O 0 0 0 0 0

CC/B® 0
Ccce 0
Control 34.63

? Decay resistance means the percent weight loss after exposing specimens to the brown—rot
fungus, Postia placenta, for 12 weeks.

> oading amount of each enzyme (celluclast/pectinex/savinase) is based on okara dry weight.
¢ CC: copper chloride.

¢ OK: okara hydrolyzates.

¢ B: sodium borate.
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Figure 44. Scanning electron microscopy images of control wood specimens (left) and

the leached wood specimen treated with okara—based wood preservatives (right).

(4) SEM—EDS #4143

—
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Figure 45. Results of SEM—EDS map analysis of the leached wood specimen treated
with okara—based wood preservatives (Top: SEM image, Bottom: Spectrum and

quantitative analysis).
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Table 27. Formulations of okara—based preservatives and its treatability and
leachability.
hydrolysis conditions of okara
Metal salt enzyme loadinga (%) time (h)| Treatability’(%) | Leachability®(%)
Celluclast | Alcalase |Scourzyme
0 0 0 0 60.59 (5.23) 3.23 (0.47)
0 0 2 6 61.09 (5.11) 3.61 (0.55)
0 0 4 6 54.94 | (10.05) 3.00 (1.34)
0 2 0 6 64.98 (7.03) 3.40 (0.66)
0 2 2 12 61.34 (2.91) 3.27 (0.27)
CuCly 0 2 4 12 63.84 (4.46) 3.41 (0.39)
2 0 0 6 66.36 (5.35) 3.09 (0.40)
2 0 2 12 68.64 (5.07) 2.89 (0.73)
2 0 4 12 58.07 (7.03) 2.41 (0.30)
2 2 0 12 66.58 (8.02) 2.90 (0.50)
2 2 2 18 67.95 (5.38) 3.28 (0.64)
2 2 4 18 66.19 (6.89) 2.99 (0.59)
0 0 0 0 50.15 (3.13) 3.09 (0.37)
0 0 2 6 50.44 (3.35) 2.98 (0.40)
0 0 4 6 51.17 (2.96) 2.93 (0.37)
0 2 0 6 60.63 (3.12) 3.30 (0.64)
CuCl, 0 2 2 12 | 57.63 | (249) | 3.16 | (0.64)
+ 0 2 4 12 59.90 (5.57) 3.42 (0.93)
NazB4O7- 2 0 0 6 68.98 (2.18) 3.21 (0.31)
10H:0 2 0 2 12 66.07 | (2.71) | 3.32 | (0.72)
2 0 4 12 64.18 (2.85) 3.52 (0.48)
2 2 0 12 71.92 (5.25) 3.59 (0.71)
2 2 2 18 69.40 (6.33) 3.53 (0.54)
2 2 4 18 67.15 (6.92) 3.80 (0.49)

? Enzyme loading means the input of each enzyme (celluclast/alcalase/scourzyme) based on

okara weight.

b Treatability means the percentage of actual retention to the target retention.

¢ Leachability means the percentage preservative leached from treated specimens.
Number in parenthesis, which is in the columns of treatability and leachability, is a standard
deviation of mean of each formulation.
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Figure 46. Deacy resistances of wood preservatives formulated with okara hydrolyzed

enzymatically and metal salts against brown rot fungi, Fomitopsis plaustris.
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Figure 47. Deacy resistances of wood preservatives formulated with okara hydrolyzed
enzymatically and metal salts against white rot fungi, 7rametes versicolor.

LS 1O Fomitopsis plaustris (FPA)o| o3k FH-u]x] Wb Ao Wi g5
5.5%°04 14.86% Wl EAsFA Tt (Figure 46). WE-A Az o] Boraxe] #H7F o
Ho wE W §59] 2po]= 8.59%9) 8.67% % A o2 o]zt 1= (p=0.46),

Boraxel o3t WH TS S A8l Boraxel &=l thdt AJ S FEA7I71 HAst
of 8EAIZ EA AlH el Bol 7hed B2 el Borax7l A=sjof Zavt s Ao

2 dadct, a8y B A MR E 9 BoraxWte g FAE WEAR Agstal &
_1_?«

r
>,
Ny
I
2,

>

199 A 7BAee 17.82%% AXE HAo=w Hol Borax’} F
FidERTE CCY AFste] WHass LIlste ez dAddEg.  EI 2%

cellulase S FHHIA ] 7hpEialS flal Ab&ato] AT WRAle] A FaE2 8.30%

2 cellulaseE AFE3HA] &8 HEA 9 W g Fo] 8.96%% v nlshH =}ol7t Qe AL
=2 ZAE Y e (p=0.15), pectinase® 7L Y 0%l A 2% = S7FA A9 7.74%°9
A 8.53%= F7tsI o FASHH o2 folrt gl ASE YENT (p=0.16). 84



= e
0.01).

o]

k]

e Aow 2A4E (5

S

A

Els

%S AR A] FIIA B G A 9.62% = 2%2] pectinase S AME

s

A o Ao vl A =7}
2% AE3 A9 7.05%% AL

AHES

=
=

L} pectinase

A

i

HA %2 7

S

=
=

protease

Zek (p

A FPAC] o

—Z ']__:
T UO

&7 AdEs

0.01).

#13l cellulase

=

E3] wE-A A ZF 9]

[ ke e S B e

< B3t} (Figure 47).
7}

=

=]

=
=

FRH A 7R E 3 CCol Borax

1.02%—2.13%= FPA°l| tj3st u
1 13.74%0°l ¥ a3dto] 9=

o
1l

o, webd T

-
R

~
%

HH

XO

i)

)

A 7xs 7y 7)

F TRAO ©)st

g

=
*:'];(

5.64%% ¥ Ao A

}

°

1A

S

HEE

=

=

Al

7] 18l WHAl el Borax©]

=
=

743

=
=

I SR

33

S|
&

A7F

[e3)
-

H 520
T8 o=

2. 2E

b o] d3te 2 AT

-

=

1}
fo] mhEolxl Fo =M 10% el

°©

1 9l

Go Ao e

Eﬂo
- 160 -

LN

AnHow ¥

=
=

ol A Al&¥ FPAZ} &4



5. FRUIAL 4 AFRABE ZAT ZA PRANN WEE R FEY

AFeTY v A = A FAWEASQ  chromated copper arsenate (©]3}
CCA)= 1990 7HA] EHAYHA A1Ze] =75 o|FH Hxd= % =°H
%] Foll FRQIstA A& AT 1ejvt CCAdl X3 A7 9 vliet 22 5454
o] Aol fralist, CCA Ay WHHS #H7|ste HAGoA TAH= A7) e Ao
A Hze] W& Fol RuEA CCAS AFEHFHol B4 A SHelA Al 7te
WAk Aoz vis AN 200495 H W4T FhE SATAL] AR

i=]
B,
o=z FAEYon, &9 A (EU)AAE 200435 E CCAY Ax 2 ALS dHAO

3} H]2A (Arsenic pentoxide) % ©]Z 0.1% o] &+
H EAE 7Y Ax, 7Y, 18
Rgsol 438 Aoz wax Fyed ARy 313EA (alkaline copper quaternary,
olgt ACQ) B T eotE = HAWFA (copper azole, ©]3dt CuAz) s°] 7=,
A, Nyt T HZE o] A=A F2 AREEHIL Jou, F F
azrolw, oA FE2 AFEEI dE CuAze A$ HREES JozRy st
Aol ACQ Z CuAz®] thA] W-7Alel tigk A+ 2 7ol A Fsfo|t,

< CCAS tAMEFARA 424 el W &4 WshAe S8
Al Al a7kQl ACQ R CuAze] thAMRA=A WEAl Al ves dad 5 3l
BAAQ FARFAY] dEEMN FH5AF FUH7ES ol&ste A7 @EEtA o] Fo
Al ek o3k 995 7kl polyphenoll #tet=2] dFolH HA

=

PN
T

Fulol Qi e SEHoR Adstn owA AL B Telsh wgAA FGL
3] 3]

o

Ag
oL
1
EY
rlr



HA = A

°©

EN
EH

22 A

1t

2

==

AHow g Furt bsd A
e

i

=K

AATA 7102 27%2 Gwld 5399

)

A4tk ey o

&

2 ol A7 AvelA ¥

Ro.

)

R

K

fi’e)

!
o

o T34

ol

o

=
=

b 3

°©

==
=

/i oA 4
Tyromyces palustris

of A}

EE
shct.

Rl

bl 37 o

o=
T

°©

#7531 ok, wabd Fin) %)
S

71 9l
[eZ]

1A

°©

-

5

at7] sl

S

A Z

o3 o)

€} Al
=

=
=

71 HAPEE-A A
AA T 9= o 7y AgAow 7Aoo A

- 162 -

-
-

A gg Bt

= AR A

Qo=

=

=i
St

}

o
pul

o]&

[e)

-

A3 A
Trametes versicoloroll

=
=

=
=

]

o
1l

It
=

WA FRHA
53
A 5

L

A
[

A
s

uH
=L}

Y. Ag 2 3y

(1)

B FRux] e HA zAzds

T Az AN HAH A

A7 Haw ul )
WA e Al AR&-o] 7}
il R K S|

sl



 AFAA AFSE FHEHEIAE @ C) (AE, F2)dA4 382 HA & ALE-3)
Rom, FHRu[A e R F WA]st7] fJste] —4To|ste] W-saied ®Basih BHA =
L, 70C QEoA 244 7F Fot

2
[rt
do
ol
i
4
o
offt
t
r
i
-
dr
I
2

il
>
za
lo
=2
R
2
fi
>
)

A2 F, 448 23 9472 BAstn, 298 EEAZ AUl 60mesh o3k

WAl FAE A AR BAle AW 3% (Tsuga heterophylla)s AH-&st
=

71%= 2.1 X 2.1 X 23 cm (L, R, T)Y AS&HA mefoz AA

FHH A o A EA] ZAel Qlo] MR Ees Folsty] s HUtE doEs
As}t2] (copper chloride, CuCly) 9} B2HIEHE (sodium borate, NasBsO7¢10H.0)S A}
gstglon, A7) A4 gakstst (471, &<)olA T4kl ARE-sEal T

FHEA RS HRgsS gRlety] flete] Fedom ZAA Fegrgl
Tyromyces palustris (FFPRI 0507)%} WA X591 Trametes versicolor (FFPRI 1030)
= ARgstsi o, A7t Iy A (Mg, sUii) 3 aE ol (Mg, AE)ddA &

% Wi,

(2) FHHA LEA ]z

WA Yol iR ges Aleste A3 FHRHAY A EE BT H
st FRA]A] B (60mesh ©]dh) S FAF (H.S00) .2 7FEalstadt. 5, 200g9] F
FH)x] EES 350mle] Ak &olo] Wi, wnkr] g ZaaAle g AFeoA] 1A7F Bl i
HEALZTE 2F wre] ogk Thgie] AR AA FREA] BRAY F9E, 894 2
W Gl MA= FEFE AR fldte] Ak sRE 0%, 1%, 2%% At F
FH)x 9] ksl s AAElth

FEAA] WRAE TR A JhEREE (o]s OK), dsktE] (o]sk CC) T

/a8l AU ER (o] B)E WHEAIA A om, wiE vl &S a1y FFE 7
F0 2 1 partd OK, 1 part® CC, 0.5 part®] BE AT ZAA)H| AAZ 2 &
B Ede] A= 480mle] TRl OK, CC 18]a/EE B & 1yE 2

Ao, RN Yo F uFE FHFE 492 ZHIUT B AT =4
H g FRBR 9 Theide] AMEE AbEE (0%, 1%, 2%)9% A9 T/ (CC,
CC/B, B)el w} 9 T/ eH, OK7F &o17HA4 &2 -9 (CC, CC/B, B) 3¥R/ %= +

- 163 -



= T«
=

< (NH4OH)

1 20mle] R Yo}

of AHelstr] A

Folom, S Al

S

A7t

A A A o

H
T

, TFA] 202 %9 8kgf/cm®

Fopatol A Avlo] 24413}

ajo

5

_#O_H

desiccator©l

A=ie]
==

|

257

3 liter9]

=

= o
=

b2

A

Al

i

70C9 42 72A17F HoF 8¢

-
T

T2 3y

Ens
=

o Y31, 350mL/h®]

, 80C L&A 24A13F &<t

ajo

2.5%9 glucose, 1%2] malt extract, 0.5%%]

-
T

AR RS R

3

5|>,’|

peptone, 0.3% 2] potassium phosphate, 0.2% 2] magnesium sulfate®] NAF njj %]

S
=

boieh. el vje

S

R

?_]_,

= ZA

12cm>X9cm>x20cm (7}=, A=, =0 a8 2670 (7. palustris, T. versicolor Zt

°
T

- 164 -



ol g3to] 121C

=
=

< autoclave

mo

=
=

o Lo 5 T. palustris®¢ T. versicolor

A
~

]

= B3 =
& ©

o]

’

al

A7

0%

ol Tl Ahd

=
.El

24+£2C, 5% 75%9]

i

A

37 HA Al

ke
T

15

o

s}
s}

[e)
+E

<

Qo ml=
= T =

l

=18 =
& ©

ol

B

—_
file)

_iﬁ

o

—_
file)

—

-

‘mo
AL
00

~N

el

o
W

B

—_
file)

FHO 2442C, 5% 75%9]

(e]
o

Gl

s

|

o

w7

o]
B

brush=

==

=0

of = A}

==
1o

—_
file)

1%0
.Z:’
i

A

T
T

op

o
N
!

o7

o

~

A5

=
=

ol =428 (weight loss)S

J

T
i)

(6) &7

Analysis System programming

Statistical

she] 4]

package (version 9.1)& o]&

3lo] Least

ol o

Significant Difference testZ o] &3}

o 23 2 37

- 165 -



Table 28. Formulations of okara—based preservatives and their effectiveness against
brown—rot fungus (Tyromyceses palustris, FPA), white—rot fungus (7Zrametes

versicolor, TRA)

Weight loss” (%)

Acid
concentration Salt Treatability” (%)  Leachability? (%)
%) FPA TRA
no okara cc? 52.11 (5.76) 6.69 (0.50) 5.70 (1.68) 1.69 (0.26)
0 55.29 (5.07) 3.62 (0.46) 4.92 (2.18) 1.61 (0.35)
1 68.68 (7.68) 4.16 (0.54) 4.25 (0.88) 1.52 (0.66)
2 70.45 (5.99) 4.79 (0.56) 3.31 (1.00) 1.44 (0.29)
no okara cc/B? 47.34 (3.24) 6.15 (0.60) 5.92 (1.79) 1.49 (0.15)
0 54.50 (4.3 3.40 (0.44) 6.92 (3.05) 1.54 (0.58)
1 72.02 (10.80) 4.19 (0.54) 2.57 (1.32) 1.74 (0.63)
2 73.66 (7.49) 4.32 (0.31) 1.71 (0.37) 1.94 (0.34)
no okara B 48.26 (5.66) 9.76 (1.24) 21.33 (4.62) 1.37 0.27)
0 43.70 (6.02) 4.58 (0.70) 22.27 (8.17) 1.14 (0.15)
1 53.94 (8.63) 5.14 (0.88) 20.47 (6.42) 1.68 (0.89)
2 47.22 (6.99) 7.15 (0.83) 28.53 (3.73) 1.42 (0.30)
Control 24.66 (2.79) 13.74 (1.94)

Numbers in parentheses are standard deviations

1)Treatability means the percentage of actual retention to the target retention

2)Leachability means the percentage preservative leached from treated specimens

3)Weight loss means the percentage weight loss after exposing specimens to the brown-—rot
fungus and white—rot fungus for 12 weeks

YCopper chloride (CuCls)

?Sodium borate (NazB4O7+10H-0)

FH-H]A] e FRH]A] 9] AF 7Rl E (]38 OK), copper chloride (]38} CC)
/71830 sodium borate (|3 B)2 ZAl® WHEAY T/ 2 7 WHEAY YT =
4 A= Table 299 #th FHHA] BWEA ] Fd5 WAl Al glo] FHH]A
o H7b AR, FHu[A O AF peie] e aear FRHA e A HUkE 9 TR
(CC, CC/B, Bl o3l daks ®igkom, 1 W9l= 437
AA A A glo] FRH[A] HIE ofFo] wE FSlee vy,

A7 glol A3 CC 2 CC/BY F9%50] 52.11%9 47.34%<2 whd FxXujx ¢} 37 =
AE OK/CC 2 OK/CC/B2] 952 64.81%9 66.72% % FHH| A9} A %
Aol Fdso] BATHoR =2 Ao YRR} (p=0.01). A BES o] &35t =

HH ol FPs2 48.26% = FHHIAIS} A A OK/BO] Y591 48.29%% &
AstA 02 Apo)7} fli= AL R ZAME AT (p=0.48). o]¢} o] FHu x| WA F9]
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Figure 48. Effects of the acid concentration used for the hydrolysis of okara and salt
type on the treatability (fop) and leachability (bottom) of okara—based wood
preservatives. OK : okara (OK—0, —1, —2 : okara hydrolyzed by 0%, 1%, 2% sulfuric
acid), CC : Copper chloride (CuCly), B : Sodium borate (Na:BsO;¢10H.0). Different

number labeled on columns indicate sample number of the preservatives, respectively.
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Figure 49. Effects of the acid concentration used for the hydrolysis of okara and salt

type on the efficacy of okara—based wood preservatives against the brown—rot fungus

Tyromyces palustris (top), the white—rot fungus 7rametes versicolor (bottom).
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Figure 50. Interaction effect of the acid concentration used for the hydrolysis of okara
and the addition of copper/boron or copper salt in okara—based wood preservatives on

its preservative efficacy against the brown—rot fungus 7yromyces palustris.
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Figure 51. Pilot—scale reactor for the preparation of okara hydrolyzates in Iowa State
University (Ames, Iowa, U.S.A.).
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2, A3le], Borax® ZAE R 2z Al#A

El AN BSeries unn. C norm. C Ltom. C Error
[wt.%] [wt.3] [at.3] [%]

B 5 K-series 0.02 0.0 0.04 0.1
C 6 K-series 21.79 22.62 33.15 3.4
0 8 E-series 46.43 48.20 53.03 5.8
Wa 11 K-series 3.57 3,70 2.83 0.3
1] 13 E-geries 5.43 5.04  3.68 0.3
Cl 17 E-zeries 10.05 11.05 5.49 0.4
E 19 E-series 0.56 0.589 0.i6 0.0
Cu 9 K-series 4.04 4,20 1.16 0.2
Pt 78 M-zeries 3.84 3.89 0.36 0.2

Total: B96.35 100.00 100.00
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VL FREA A2A Aol B8 AAY 24

1. AlFE s
1) X8 A/7 A = 70/30

2) 1PE = 30% 7+

2. 718248
1) FHHA (80% <+ FHr): 380 kg (38,0009 — F&FA/&6H& £3H)
2) 7FalA] (phenol—formaldehyde prepolymer 7]<%)

— Phenol (90% 7]5): 28.8 kg (55,0009 — F44)

— Formaldehyde (37% 7]%): 60.6 2]F (25,0009 — &¥HE)

— NaOH (99% 71%): 9 kg (6,0009 — &H-&)

3. 998 An
1) 7t A$Al (PF) A8 wbs7] (QZ7]/aNbg A X])/2=A AA])
2) PF + 95 (uWHs Adx]) &317]

3) 7]€}: pH meter, =4 %

4. HFAA Az H]-& (HH] H]& A9)
1) F¥u)x = 38,000 + 55,000 + 25,000 + 6,000 = 124,000¢/=
2) 71 AFrsteA "AAY 714
— 82 FA]: 400,0009/%
— PF 4%]: 1,800,0004/=
— Aggl 7238 94252 700,0009/%
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VL FREA A2A Aol B8 AAY 24

1. AIFE AL (1,0008]g 71%)
1) FERA/FEA 3459 £+ Borax = 50/50
2) 1YF s+ 3% 71+

i

3) 500 m® ZA] g

2. 7|124s

1) F589A (80% =+ &7): 126 kg (12,6009 — EgF=A/&508 £3H)
2) FNG (FHA == FHA/EEA)

— CuCly: 77 kg (539,0009)

— CuSO4: 77 kg (377,1009)
— CuCly/Borax: 33.5/33.5 kg (254,600)
— CuSO4/Borax: 33.5/33.5 kg (97,150¥)

— Dissociating agent: ¢FE Yol (100 & H: 45,000¢)

3. 98 An

4. BRA Az €& (HH] ¥]& A9
1) F549]A] + CuCly, =12,600 + 539,000 = 596,6004/1000 =] €]
2) FHHA] + CuSO, = 12,600 + 377,100 = 389,700/1000 & &
3) F¥-H]#] + CuCly + Borax = 12,600 + 269,500 + 150,000 = 432,100%1/1000 ]¥]
4) F5H)A] + CuSO, + Borax = 12,600 + 188,550 + 150,000 = 351,150€/1000 2]
5) 71 WE-AY 714
— CCA: 2,200,0009/% (1%= 3|4ste] AE, 20073 79HEH AHE: 2 Az T4
— ACQ: CCA 7}72] 54
— CuAz: CCA 7}4 9] 3¥] (H% o2 )
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