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Abstract: To enhance the service life of plywood with preservative treatments, blends of borax, glyoxal, and
elycerol were employed. Response surface methodology (RSM) was used to optimize preparation techniques for
preserved plywood produced from poplar which had undergone soaking with preservative solution pretreatments
bonded with phenol formaldehyde resin. To verify the predicted optimum point, six pieces of plywood were
prepared using optimum manufacturing techniques. Results showed that the preservative solution should contain
6% borax (wt.), 1% glycerol (wt.), and some glyoxal. The optimum manufacturing techniques were as fol-
lows: 3.0% weight content of glyoxal in the preservative, 70 °C drying temperature, and 5 h drying time. Re-
sultant bonding strength of the response variables was 1.43 MPa, and the retention rate of boron was 50.63%.
To verify the predicted optimum point, optimum manufacturing techniques of 1.46 MPa average bonding
strength and 49.38% retention rate were used on 6 pieces of plywood resulting in no significant difference (P =
0.01) from the predicted response variables. The test for interior antiseptic properties of preserved plywood
prepared from the optimum manufacturing techniques showed a weight loss of 2.98%. Thus, the low weight
loss met the high-level, antisepticised requirement for weight loss of less than 10% ; thereby revealing the
feasibility of these preservatives and manufacturing techniques for preserving plywood. The regression model for
the manufacturing techniques of preserved poplar plywood was satisfactory and accurate and could be used to

navigate the experimental design space. [Ch, 6 fig. 5 tab. 13 ref. ]
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Table 1 Component ratio of the 3 kinds of preservative solutions

i D 5 4k 5y B/ % LB B/ % N L 53550 %
1 6 2 1
2 6 3 1
3 6 4 1
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Table 2 Code and level of factors chosen for the trial

K oy B3 T T 2 T 11 5 ) K % 2 TR 2 /C 5 TR I ] /h
-1 2 65 4

0 3 70 5

1 4 75 6
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Table 3 Experimental designs and results

= % % 3 WA IRRI% ) KA REMPa  y, TR FER/%
1 0(3) 1(75) 1(6) 4.83 1.27 43.142 5
2 0(3) -1(65) -1(4) 6.45 1.30 48.880 6
3 -1(2) -1(65) 0(5) 6.09 1.39 43.259 5
4 0(3) 0(70) 0(5) 5.83 1.48 52.597 9
5 1(4) 1(75) 0(5) 542 1.44 39.040 4
6 -1(2) 0(70) 1(6) 493 1.23 40.222 2
7 -1(2) 1(75) 0(5) 5.42 1.28 39.104 4
8 0(3) 0(70) 0(5) 5.81 1.43 51.897 9
9 0(3) -1(65) 1(6) 5.08 1.32 48.005 9
10 0(3) 0(70) 0(5) 5.89 1.44 49.097 9
11 0(3) 0(70) 0(5) 5.88 1.42 49.077 8
12 0(3) 1(75) -1(4) 5.99 1.35 48.849 2
13 0(3) 0(70) 0(5) 591 1.43 50.099 7
14 -1(2) 0(70) -1(4) 6.31 1.33 40.292 8
15 1(4) -1(65) 0(5) 5.52 1.27 30.673 3
16 1(4) 0(70) -1(4) 6.38 1.36 38.571 8
17 1(4) 0(70) 1(6) 492 1.42 38.021 5
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Table 4 Analysis of variance for regression equation of the bonding strength

i H SF-J5 Al ShiElEs 27 FAE P e .
Ho Ay 0.083 956 9 0.009 328 9.673 929 0.003 4 o
Xy 0.008 450 1 0.008 450 8.762 963 0.021 1 *
X 0.000 450 1 0.000 450 0.466 667 0.516 5
X3 0.001 250 1 0.001 250 1.296 296 0.292 4
X1 %> 0.019 600 1 0.019 600 20.325 930 0.002 8 oK
Xy X3 0.006 400 1 0.006 400 6.637 037 0.036 7 *
X X3 0.002 500 1 0.002 500 2.592 593 0.151 4
X 0.005 158 1 0.005 158 5.348 928 0.054 0
X 0.015 158 1 0.015 158 15.719 300 0.005 4 o
x5 0.020 632 1 0.020 632 21.395 710 0.002 4 o
W7 0.006 750 7 0.000 964
S 4835 0.004 550 3 0.001 517 2.757 576 0.176 0
iR 2% 0.002 200 4 0.000 550
RiRE 0.090 706 16
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HRAEA TR ) 22 Jie 45 5o 2 e o gt v e (D 1~3) o L 1 S TR R FE O K SF, RIVFE [ 5 T8 B[]
S5h T, B £ I A 0T 43 BSORN T AR R e gl AN A R . B LRI, BRI &
TRER B RS TR R S AR R . TR R G I, B TR T, G R R
THRREE N 75 CHE, B TR IR B R s Y THRE T — 2, THRIEREE R 75 CHE, BEE B & 1%
JT i BRI R, R T, AR R BRSO R EE AT DR TR L N L
5RO Z2 1) S5 7 A S0 5 4 e VX 50, 5553 B 5 T R AR I 22 T ) A AR R, o T T R RE I, K
ANKE G SR EE AR . & 2 S TRIRBEAE O K P, BRAEE & TR EE 70 CRA&MET, BT &
T P SO SR T ] g 7 TR AR Rk . BRI 2 AT SRR RMRTE, IR Rt =
T (14 G St 4 ORI T A5 ) ) 25 5 A AR 0 35 . B B A VA h & RS T R A BRI R, I REREZ |
Th, S ZEERTRTECH 4%, A R IR B R . X T REE O & By TR 2 AR LS R Bk
5, AR RGE R, AT DA B SORME . B BB AR I A A S O R B AR, AR T I A AR
5 AR M Z BB Ak 25, 3R A s s o 1 3 D B R W b & A T 43 BCPE O 7K, BT [ b7 I
W RO 3% RIS, TR B T e R A e Rt i R AR A L 3 T, TR
5 TR R A 52 AR AL, B W & R BT o0 80— 2 I, BEE TR R R G, A vk R
R, AS5ShutikslmRE, MGR NEGH. TR H THE THRER A ER, k™4 22 TP 658
M, AR ARG, 25 W ARG, e A e AR R SIS, TR TS A R S PRI
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Figure 1  Response surface of the effects of glyoxal mass

concentrations and drying temperature on the

bonding strength
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Figure 2 Response surface of the effects of glyoxal mass

concentrations and drying time on the bonding

strength
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Table 5 Analysis of variance for regression

equation of the retention rate of boron

it H RE F B ¥ 75 FAH PE M
IR 574.040 10 9 63.782 24 12.822 20 0.001 4 ok
X 34.328 34 1 34.328 34 6.901 06 0.034 1 #
% 0.058 28 1 0.058 28 0.011 72 0.916 8
X 6.484 08 1 6.484 08 1.303 50 0.291 1
X1 % 39.201 37 1 39.201 37 7.880 69 0.026 2 i
X1 % 0.057 52 1 0.057 52 0.011 56 0917 4
X, %3 5.837 06 1 5.837 06 1.173 43 0314 6
X 441.389 60 1 441.389 60 88.732 95 < 0.000 1 o
X 22.199 89 1 22.199 89 4.462 86 0.072 5
P 4.541 01 1 4.541 01 0.912 88 03712
B2 34.820 51 7 4.974 36
Je 15 24.331 14 3 8.110 38 3.092 80 0.152 0
iR 7= 10.489 38 4 2.622 34
BiRZE 608.860 60 16
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Figure 3 Response surface of the effects of drying
temperature and drying time on the bonding

strength
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Figure 5 Response surface of the effects of glyoxal mass

concentrations and drying time on the retention

rate of boron
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