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ABSTRACT

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 metal salts in wood blocks.
Therefore, it is speculated that okara-based wood preservatives can effectively protect wood
against fungal attack as CuAz and that the preservatives are sufficient to use as an alternative

wood preservative of CCA, ACQ and CuAz
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Table 1. Decay resistance” of leached wood specimens treated with okara-based preservatives and
CuAZ’ against brown-rot fungus Postia placenta

Hydrolysis 25°C 80°C
conditions 0% 1% 25% 5% 0% 1% 25% 5%
Cs* 032 -
CS/OK! 028 138 004 007 606 0 0 0
CS/B° 0 -
CS/B/OK 029 002 0 0 0 0 0 0
CuAz 0 -
Control 2038 -

 Decay resistance means the percent weight loss after exposing wood blocks to the brown-rot fungus, P, placenta, for 12 weeks.
b Wood blocks were treated with CuAzB (28%), which is composed of copper (961%) and azole as tebuconazole (39%).

€ CS: copper sulfate (CuSOj - SH0O).
4 OK: okara hydrolyzates.
€ B: sodium borate (NazB:O; + 10H,0).

Fig. 1. Features of (A) Control and (B) wood
blocks treated with CuSOs + 5H.O/
Okara hydrolyzates (CS/OK). The wood
blocks treated with CS/OK were sub-
jected to leach at 70°C 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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Table 2. Decay resistance” of leached wood specimens treated with okara-based preservatives and
CuAZ against brown-rot fungus Gloeophyllum trabeum

Hydrolysis 25°C 80°C
conditions 0% 1% 25% 5% 0% 1% 25% 5%
Cs* 0
CS/OK! 093 046 011 014 173 095 018 002
CS/B° 0
CS/B/OK 097 001 0 033 0 0 0 0
CuAz 0
Control 13.08

* Decay resistance means the percent weight loss after exposing specimens to the brown-rot fungus, G trabeum, for 12 weeks.
b Wood blocks were treated with CuAzB (28%), which is composed of copper (961%) and azole as tebuconazole (39%).

€ CS: copper sulfate (CuSOj - SHO).
4 OK: okara hydrolyzates.
¢ B: Sodium borate (Na,B,O; - 10HO).

Fig. 2. Features of (A) Control and (B) wood
blocks treated with CuSOs + 5H.O/
Okara hydrolyzates (CS/OK). The wood
blocks treated with CS/OK were sub-
jected to leach at 70°C 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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CuSOs + 5H,0 (CS)

NazB4O7 10H20 - (B)

CS/B
Fig. 3. Scanning electron microscopy images of each component and its mixtures used for for-
mulating okara-based wood preservatives. The length of bar in each image means 10 um.
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Fig. 4. Scanning electron microscopy image of
wood specimen treated with CuSQOj *
5H.O and subjected to leach at 70°C
water for 72 hours. The length of bar
in the image above means 20 um.

Fig. 5. Results of SEM-EDS map analysis of
the wood specimen treated with
CuSO0; + 5H,0O/0kara hydrolyzates (A:
SEM image, B: total map analysis im-
age, C: copper-map analysis image).
The length of bar in the image A
stands for 10 um.
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Fig. 6. Results of SEM-EDS map analysis of
the wood specimen treated with CuSO4
° 5H20/NazB407 * 10H20/okara hy-
drolyzates (A: SEM image, B: total
map analysis image, C: copper-map
analysis image). The length of bar in
the image A stands for 10 um.
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