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Study on Modifying Starch Adhesive for Plywood Manufacturing
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Abstract: A chemical modification by oxidation experiment was designed to improve the water

resistance of starch adhesive. The theory and technology of the process, and optimum level of

concentration determined by orthogonal experimentation, are described in this paper. The starch

adhesive was modified with 100 g. of maize starch, 30 mL sodium hypochlorite, 4 g. polyvinyl

alcohol, 24 g. acrylamide, and 10% toluylene diisocyanate based on the weight of the polymeric

starch adhesive. The test results showed that its wet bond strength for plywood was able to meet the

requirements for type- I plywood in the National Standard GB 9846. 4-88. Moreover, the cost of

modified starch adhesive was comparable to common UF resin adhesive. This study provided an

approach to manufacturing plywood without formaldehyde emission.
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Tab. 1 Procedure and results of orthogonal experiment
b
, A B C D
MPa
R /mL /g /g /% /MPa
1 20(1) 3(D 24(1) 15(D 1. 06
2 20(1) 1(2) 28(2) 102 0.73
3 20(1) 5(3) 32(3) 5(3) 0. 44
2.1 4 30(2) 31 28(2) 5()  0.58
5 30(2) 4(2) 32(3) 15C1) 1.57
,100 >=99.5%, 6 30(2) 5(3) 24(1) 10(2) 1.34
7 40(3) 3(D) 32(3) 10(2) 0. 85
’ ’ 8 40(3) 4(2) 24(1) 5(3) 0. 50
300 mm X 300 mm X 1.3 mm, 8% ~10%, 9 40(3) 5(3) 28(2) 15(D) 1.27
(NH()CI) , , K, 0.74 0.83 0.97 1. 30
o K, 1.16 0.93 0. 86 0.97
2.8%0 ; (PVA). K; 0.87 1.02 0.95 0.51
1799 ; R 0.42 0.19 0.11 0.79
(TDD, s 2.4
. 2,
2.2 2
Tab. 2 Variance analysis of the bond
. strength of the sample plywood
[a]’ PVA s
0.277 2 0.139 13.9 *
L6-73, 0. 052 2 0.026 2.6
0. 020 2 0.010 1
b
0. 954 2 0.477 47.7 * %
[8.9]
TDI o ’ 1.303 8
’ ’ 2 Fo.05(2,2)=19, Fo.10(2,2)=9; % * 0. 05 s %
0.10 o
) : D<( )
) I ) ) Al )
2.3 :D>A>B>C,
s 2.4. 1
. 2 s o
PVA, TDI s s
Ly(3Y) s 1 ) s
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2.8%) 35% H (H)
’ ’ ’ ’ ~R—N=C=0 + H R, ——~R—N—C R,
s s . TDI
’ ’ ’ 5%’\’15% ’ )
30 mL, , —NCO
2.4.2 PVA PVA ,
s PVA )
. sPVA TDI . TDI
TDI . . TDI 0% . ,
PVA 3%~5%. TDI 10%.,
» PVA ’ : TDI :
PVA s —NCO
s TDI ~NCO
° ’ 2.4.5 s
PVA ’ :A2B2C1D2 [} 100 g
° ) PVA s B 30 mI,,
PVA 4g, 24 g, TDI
’ ’ TDI ’ 10%,
s o ,PVA
o ’ 4 g 3
2.4.3
’ . . 3. 3.
’ 3
ol ° ’ Tab.3 The results of the verification test
o ’ b 1 2 3 :
/% 35.4 33.4 35.1 34.6 55.0~67.0
’ /(mPa +s,20 C) 865 832 869 855 250~1 000
’ ’ /(s,100 C) 56.7 53.8 55.5 55.3 <50
s . (20 O 1.187 1.175 1.183 1.182
pH 8.14 8.72 8.26 8.37 7.0~8.5
° /% 0 <1.0
’ (— /MPa 1.37' 1.33!' 1.34' 1.35
CONH,) s s . 3
o 2. GB/T 14732-1993¢ UF,PF,
s , by UF (NQTRH)
24 g 3 ’
2.4.4 TDI NQTRH s
, TDI o
(—NCO), 1. 35 MPa, GB 9846-88 I
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—=0. 80 MPa . .
s 1 2)
3 , 100 g, 30 mL, 4g,
’ ) 1) ° 24 g
10%, .
4 GB 9846. 4-88 I o
, 3) ,
b b ’
( , N ) o
) 4, 4) ;
4 ’
Tab.4 Economic analysis
Y b
/C et /kg /
100 120 ) °
1200 ;
72* 86. 4
500 32 16
13000 4 52 1] ) . .
2900 24 60 . 1999.1-4.
20000 40 800
[2] L1l ,1999,27(4):50-
240 i
512 1134. 4 oz
(3] M. : .
* 72 kg 35% 45%.
2001,194-296.
¢ [4] M) :
( 2.5 /t, 1999, 30-198.
) , UF C 0.2 Jt, (5] (7. ,2000,15
) , (2):32-34.
[6] . PVA (1l ,1998
' ’ (3):154-155.
° [7] [Jl. ,2002,23
(1):26-27.
5 [8] . [M]. .1998,12-22.
D R s [9] (7. ,2000,9
(4):21-25.
Y A b
I UF o]
’ [l ,1991,1(1):17-18.
S S O
( 4 ) [2] [N]. ,2003-12-29
; (05).
[3] ¢2003 IR
; 2003,12.
, [4] . [N]. ,2004-01-
08(B2).
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