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ABSTRACT

The use of CCA as a wood preservative was recently inhibited due to its environmental pollu-
tion 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, environ-
mentally 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, 25 and 5%) to easily penetrate the effective compo-
nents of the preservatives into wood blocks. Final preservative solutions were formulated with
the hydrolyzed okara and metal salts, such as copper sulfate, copper chloride and borax. The pres-
ervatives 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 am-
monia water. However, the leached amount of effective components was increased as the concen-
tration 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 pres-
ervatives were superior or no differences comparing with those of CuAz Therefore, it is con-
cluded that okara-based wood preservatives might have a potential to be used as an environ-
mentally friendly wood preservative.

Keywords: okara, wood preservatives, leachability, treatability, copper sulfate, copper chloride,
borax, copper azole
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Table 1. Formulations of okara-based preservatives and its treatability and leachability

Hydrolysis conditions of okara

Acid concentration (%) Temperature (°C) Metal salts Treatability' (%)  Leachability® (%)
- CuSOy4 7427 (2498) 341 (030)
25 9826 (10.78) 310 (12D
1 11469 (14.09) 437 (047)
25 12518 (1577) 287 (1.06)
5 15041 (1909) 488 (136)
80 7454 (992) 350 (037)
1 11153 (19.73) 357 (123)
25 13513 (934) 452 (158)
5 15429 (3445) 435 (299)
- CuSOy + Borax 66.70 (1648) 369 (033)
0 25 7281 (1262) 235 (117)
1 7982 (1586) 336 (139)
25 7322 (1493) 366 (076)
5 11295 (24.41) 571 (135)
0 80 6289 (1232) 412 (088)
1 8533 (1095) 506 (0.85)
25 10971 (3191) 651 (1.82)
5 110.75 (2746) 654 (163)
CuCl, 11633 (1956) 318 (0.78)
25 9691 (1022) 236 (133)
1 133.70 (965) 410 (056)
25 13823 (1437) 272 105
5 17785 (1926) 555 (126)
80 8151 (1512) 274 (088)
1 13801 (568) 259 (143)
25 14808 (1430) 456 (1.01)
5 15489 (3396) 623 (185)
- CuCl, + Borax 8930 (1048) 375 (049)
0 25 7680 (1355) 469 (073)
1 8911 (1836) 479 (0.88)
25 9873 (2724) 582 (138)
5 12422 (1241) 703 (069)
0 80 70.05 (1602) 379 (072)
1 87.22 (1000) 477 (048)
25 11051 (2045) 598 (118)
5 13286 (37.69) 713 (119)
0 80 - 6492 (1661) 306 (054)
1 80 - 11691 (2217) 354 (034)
CCA - 121 (0.19)
CuAz’ 11423 (57.68) 618 (231)

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

? Leachability means the percentage preservative leached from treated specimens.

3 CuAz2 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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Fig. 1. Image of treating vessel for the treat-
ment of the wood preservatives for-
mulated with okara and metal salts.
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Fig. 3. Effect of acid concentrations used for okara hydrolysis on treatability of okara-based wood
preservative formulations containing CuSOs-and/or Borax (1) and CuCl, 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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Fig. 4. Effect of hydrolysis temperatures on treatability of okara-based wood preservative for-
mulations. 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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Fig. 5. Effect of acid concentrations used for okara hydrolysis on leachability of okara-based wood
preservative formulations containing CuSOs-and/or Borax (1) and CuCl, 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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Table 2. Residual amounts of copper in leach-

ed wood blocks (unit: ppm)

0% 1% 25% 5%
CS 1466

CS/OH 3639 5455 4029 6020
CS/B 895

CS/OH/B 717 2315 2123 2739
CC 3859

CC/OH 4180 3062 4395 7410
CC/B 1079

CC/OH/B 1264 2164 1371 1350
CuAz 1690
CCA 570

* CS: copper sulfates; OH: okara acid hydrolyzates; B:
borax; CC: copper chloride; CuAz CuAz2 type,
CCA: CCA- type.

* Wood samples used in this experiment were treat-
ed with okara-based wood preservatives containing
okara, which was hydrolyzated at 25°C.
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Fig. 6. Effect of hydrolysis temperatures on leachability of okara-based wood preservative for-
mulations. 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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Table 3. Comparison of treatabilities of okara-based wood preservatives and CuAz

25°C 80°C
0% 1% 25% 0% 1% 25% 3%
&S (p = 00D
- NS NS NS NS NS NS NS
P=03) (p=097) (p=053) (p=004) (p=00 (p=08) (p=023 =000
CS/B o = 004)
‘ NS NS - - NS NS NS
S/OWB(, — 006) (p=010) (p=002) (p =094 (p=00D (p=01D) (p=08 (p= 08
NS
o (p = 09D)
cC/om NS NS NS NS NS NS +
(P =06D (p=027) (p=02D (p=00D (p=007) (p=018 (p=009 (p— 004
NS
/B (p=017)
conn N NS NS - NS NS NS

(b= 006) (p—01D) (p—049) (p—060) (p—003) (p—013) (p—08) (p— 030

* Each value represents the average of 12 specimens.

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

* —, NSand + indicate that the treatability of okara-based wood preservatives is significantly less than, no differ-
ent, and more than that of CuAz-based preservatives at p = 005 (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 4. Comparison of leachabilities of okara-based wood preservatives and CuAz

25°C 80°C
0% 1% 25% 5% 0% 1% 25% 5%
&S (p = 00D
CS/OH — - — NS - — NS NS
p=00D (p=002) (p=00D) (p=017) (P=00D (p=002 (p=00) (p=02D)
CS/B B

(p = 00D

- - - NS - NS NS NS
CS/OH/B () — 001 (p = 00D (p = 00D (p = 069) (p = 00D (p = 017) (p = 069) (p — 08D

CC

(P — 00D

- - - NS - - NS NS
GO —00) (= 008) = 00D (p = 05D (p = 00D (p = 00D (p — 012) (p =~ 075)
/B (p = 00D

CC/OH/B NS - NS NS - NS NS NS

(p = 008) (p =004 (p=047) (p=030) (=000 (p=006) (p=09% (p=02)

* Fach 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 dif-
ferent than that of CuAz-based preservatives at p = 005 (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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