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Studies on Bonding Characteristics of Plywood by Kraft Black Liquor
and Surface Activators *!

In Ju Chung’ - Phil Woo Lee"”

SUMMARY

This experiment was executed to investigate the effect of activation of veneer surface by
oxidizing agents, hydrogen peroxide and nitric acid, on bonding characteristics of Malas {Homalium
foetidum Benth) plywood, in which the effects of these oxidizing agents amount, pretreatment
time, and pressing time and temperatue on shear strength of the plywood were examined and
discussed.

In this research the activation of veneer surface by oxidants was effective in raising shear
strength but the difference in shear strength was not observed between hydrogen peroxide and
nitric acid treatment. Hydrogen peroxide treatment, however, seemed to be more profitable
to industrial application because of its lower concentration and easier handling than nitric acid.

The bonding method by lignin-phenol adhesive through surface activation revealed inferior
shear strength to phenol— and urea—formaldehyde adhesive but superior water resistance to urea-
formaldehyde adhesive and this bonding method, in addition, have the advantage of lower cost
compared with phenol-formaldehyde adhesive.

Therefore, this bonding method by lignin--phenol adhesive through surface activation seemed
to economical in manufacturing of water-resistant wood panel materials in future.

Key words: Malas (Homalium foetidum Benth) plywood, oxidizing agent, hydrogen peroxide,
nitric acid, lignin—phenol adhesive, shear strength, water—resistance, phenol— and

urea—formaldehyde adhesive.
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Tablc 1. Properties of lignin-phenol adhesives.

Irem ~ Value
M‘{L;x;‘rano( Yo) ! ‘ 42.8
ol 6.7
Viscosity(cP) ‘ 275.3°
Kraft lignin: Phenol 9:1

* Botype viscometer measurement (spindle NO. 3, 60 rpm)
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Table 2. Amount of surface activators,

T

Surface activators
] ~
Hdeug(n peroxide 1 3 ()U” f 004, 0.006, 0‘()08

Amount{g/ uﬂ )

Nitric acid 0.001, 0.002, 6.003, 0.004
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Table 3. Effects of hydrogen peroxide amount on shear strengthof plywood.

\ Shear strength Dry 60°C 3 hr. soak Cyclic boil
A (kg/cm?)

Amount (g/cm?) Mean | Std.Dev. | Mean Std. Dev. | Mean Std. Dev.

No Treatment 12.26 231 11.03 1.50 8.57 1.95
0.002 14.11 0.51 12.88 0.26 8.62 0.20
0.004 14.11 0.46 12.13 0.21 9.0] 0.27
0.0006 13.14 1.91 10.99 1.56 7.16 1.40
0.008 14.46 3.13 10.65 2.35 7.85 1.16

* Pretreatment time: O hr.
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Table 4. Effects of nitric acid amount on shear strength of plywood.

- Shear strength Dry 60°C 3 hr. soak Cyclic boil

‘\W,.__(B_%/_cmg ;

Amount (g/cm?®) S| Mean | Std Dev. | Mean Std. Dev. | Mean Std. Dev.,

No Treatment 12.26 2.31 11.03 1.50 8.57 195
0.001 15.12 1.65 14.15 291 7.52 1.50
0.002 18.86 0.90 15.56 1.53 9.54 1.00
0.003 16.35 109 12.39 2.80 8.61 2.53
0.004 13.23 1.54

11.i6 1.70 598 0.76

* Pretreatment time: O hr.
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Table 5. Effects of pretreatment time of hydrogen peroxide treated veneer on shear strength of

plywood.
Shear strength D 60°C 3 hr. soak Cyeclic boil
A\ (kg/em®) i d
Pretreatment Mean | Std.Dev. | Mean Std. Dev. | Mean Std. Dev.
time (hr.)
0 14.11  0.5] 12.88 0.26 8.62 195
2 1802 274 14.20 2.64 10.24 234
12 15.18 125 14.05 1.54 10.68 1.28
24 1754 334 16.88 2.35 11.49 1.06

*Amount of hydrogen peroxide: 0.002 g/cm®

Table 6. Effects of pretreatment time of nitric acid treatment veneer on shear strength of

plywood,
\_Shear strength o o
A (kg/cm?) Dry 60°C 3 hr. soak Cyclic boil
Pretrﬁg?&?:_) N Mean | Std.Dev. | Mean Std. Dev. | Mean Std. Dev.

18.86 0.90 15.56 1.53 9.54 1.00
13.89 1.30 12.09 1.96 5.50 1.01
12 14.14 097 16.64 0.72 6.64 1.32

24 13.23 2.30 10.86 0.73 8.58 0.38

* Amount of nitric acid: 0.002 g/ch
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Table 7. Effects of press time on shear strength of plywood,

'\;’f\.‘ . 2
*\ Shear strength (kg/em”) Dry 60°C 3 hr. soak Cyclic boil
. Press time (min.)
Surface activator Mean | Std.Dev.| Mean | Std. Dev. | Mean | Std.Dev.
5 11.74 1.63 .54 1.88 462 0.84
Hydrogen 11.38 0.56 9.81 0.58 528 091
peroxide 14.11 0.46 12.13 0.21 9.00 0.27
11 1793 143 16.53 1.22 11.08 093
13.67 1.15 11.04 1.34 6.68 0.86
Nitric 14.95 1.64 13.42 0.80 10.24 042
acid 18.86 090 15.56 1.53 9.54 1.00
11 16.53 131 15.34 1.51 1199 0.30
* Amount of surface activator: Hydrogen peroxlde 0.004g/cm?
Nitric acid 0.002g/cm?
Pretreatment time 0hr,
Press temperature 180°C
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Table 8. Effects of press temperature on shear strength of plywood.

\\ Shear strength (kg/cm®) Dry 60°C 3 hr. soak Cycle boil
\ Press temp. (°C)

E&m\ Mean | Std.Dev.| Mean | Std. Dev. | Mean | Std. Dev.

140 7.52 081 0.00 0.00 0.00 0.00

Hydrogen 160 13.75 0.36 993 1.63 572 234

peroxide 180 14.11 0.46 12.13 0.21 900 0.27

200 14.24 0.84 13.71 1.22 998 0.83

140 8.79 0.40 0.00 0.00 0.00 0.00

Nitric 160 12.75 1.01 10.81 0.60 668 134

acid 180 18.86 0.90 15.56 1.53 9.54 1.00

200 17.04 0.92 16.65 1.11 1103 0.79

* Amount of surface activator: Hydrogen peroxide : 0.004 g/cm?

SHEAR STRENGTH(kg /)

Nitric acid : 0.002 g/em?
Pretreatment time : Ohr.
Press time ¢ 9 min,
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Fig.5. Shear strength according to the press time. Fig.6. Shear strength according to the press temp,
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Table 9. Effects of surface activators on shear strength of plywood.
\\ Shear strength Dry 60°C 3hr. soak Cyclic boil
N (kgfem?)
Item Mean | Std.Dev. | Mean | Std.Dev. | Mean | Std. Dev.
No Treatment 12.26 2.31 11.03 1.50 8.57 1.95
Hydrogen peroxide 18.02 2.74 14.20 2.64 10.24 2.34
Nitric acid 18.86 0.90 15.56 1.53 .54 1.00
Phenol 26.68 1.83 2142 3.50 12.92 2.36
Urea 25.72 1.78 19.74 1.34 0.00 0.00
* Amount of hydrogen peroxide : 0.002 g/cm?
Pretreatment time : 2hr
Amount of nitric acid 0.002 g/cm?
Pretreatment time O hr.



BECHE - FET  adie damps REMCHE FED 5B BEEHM BY #E 15
_ 5. #
fjf; {3 No Treatment
B & H.0. .
3 & N, A EE S fTsted A e e P
146 g8 R RS R 4% &mtgmg fEmsl e
,’,)
12818 e L"‘x‘»‘a@? LOO2Z g /o, A 2] A 7o) 2
o 111 ARE e g AP e EERES heh A
o FH3EE Wy 2

>

AUUUUUNIINY
A

N
227

AN

N

Drv 60 3hr Cryelic boil

Fig 7. Ranes of shear strength for surtace activatos

treated plywood to control plywood.

WEbh Spok AcH #ES LA £
F ol e ol - RECRIRe)

LQ‘ F SL%h t}? P ek W] ul

9 ol
Sk R D e an /cnfoi B3] «
L -‘:&5—;7} Wabdoh e 30%9 W, E 2 u
= H A LA B0 BB LS A
B A A

hams W oAk
FZERRLAEE A *’1 &
nol i @ aFTE A

ilza}m} o

2 Az &

Afﬁi ¢} fi“é%“?i}g‘g}. phe-
“3 Hel BEEREE
Table 99‘} £k “r"ﬂ phenoi 4]
Hrol HEERRE el RHEEE LS
& o] EEEEE vlaustel Rl HTRELE
g A Gie] BEME S phenol 4 G
BAES of 70% Yws vehdd, oo
o] EE K] phenol TR Wlel Al 1 EH
Frol Held g oF 5 sladoh aeiy a4 s g
ol M Qohl= EHHESL HETAEEREE 8 A5

2 g

Byl gfou) WAEERE loide EES
& VER A B3 g A5 Mok $5 3 Ao

2 viebstoh

olgl Wi iRz B oo A= AL FiHso
A 7 E hgmn phenol BB FEEE LT A
B B Aol phenol RI9F 245 Mo
v o EEMEVE "ol Ay phenol ‘r*iﬂ ] &}
M 7hEel Mal, ek pA Brke dagdoel &
Fate] i RERES $hEskod Abgo] gk
Z Hog Yo},

20 Y R
5-gr0] 0,002 o, @A) Akl 021 kel
VF SRR S LR e

P
§ kAo mLE G R S aal

G e g Oua by, A EEGS
Wi g dad Zhg E ged vk

43 GiO»y\ Q,“ U}--—;
K;" e '“i

R 3’:%’;‘@ .

7} Ak}
h B

i) R

1 A
1807 o

R LA R Al shA] @ o Bt Absha)
e Fle R ee *w}u )3k g
ghel garwvh o] 7] SRS 'w A2 g A
Bhalx] e Hol Habgn & woldl YRV U
=5

6 FEmEBE dastrarE FHE SR
b B ARE (RS [;F:; A}o| o) e A AL
gl v 2 BEREE vehd o,
RS 20 AT R Qo] S AbalA T

e apol= 21 e 5 gloich

7 ugmn«phencl?%E%WQ? FEMLAE FIH
g G BEYEY ST phenol A
S AATAE q goko vk W E Ao Ae
8 FAAMEE LHehg vt

Somerr] B

1. Brink, D. L., M. L. Kou, W. E. Johns, M. J.
Birnbach, H. D. Layton, T. Nguyen, and T.
Breiner. 1983. Exterior particleboard bonded
with oxidative pretreatment and crosslinking
agent. Holzforschung Bd. 37 H.2: 69-78.

2. Dolenko, A, J. and M. R, Clarke. 1978. Resin
binders from kraft lignin. For. Prod. 1. 28(8):
41-46.

3. Forss, K. G. and A. Fuhrmann. 1979, Finnish
plywood, particleboard, and fiberboard made



16

B A6 3% 1983 99

. Murmanis, L. 1983.

with a lignin-base adhesive. For.Prod.J. 29
(7): 39-43.

. Johns, W. E. and J. K. Woo. 1978, Surface

treatments for high-density fiberboard. For.
Prod.J. 28(5): 42-48.

. Johns, W, E., H. D. Layton, T. Nguyen, and

J. K. Woo. 1978.
bonding of white fir flakeboard using nitric
acid, Holzforschung Bd. 32 H. 5: 17-23.

The nonconventional

. Linsell, HK. 1945. U.S. Patent No. 2, 388,

487.

Microscopy of acid-
activated bonding in wood. Wood and Fiber
Science 15(3): 203-211.

. Philippou, J. L., W. E. Johns, and T. Nguyen.

1982. Bonding wood by graft polymeriza-
tion. The effect of hydrogen peroxide con-
centration on the bonding and properties of
particleboard. Holzforschung Bd. 36 H. 1:
37-42,

. Philippou, J. L., E, Zavarin, W, E. Johns, and

T. Nguyen. 1982a. Bonding of particleboard
using hydrogen peroxide, lignosulfonates, and
furfuryl alcohol: effects of chemical com-
position of bonding materials. For. Prod.
J. 32(5): 55-61,

10.

11.

12.

14,

1s.

16.

Philippou, J. L., E. Zavarin, W, F. Johns, and
T. Nguyen. 1982b. Bonding of particleboard
using hydrogen peroxide, lignosulfonates, and
furfuryl alcohol: effects of process parame-
ters. For. Prod. J. 32(3): 27-32.

Shen, K. C. 1974. Modified powdered spent
sulfite liquor as binder for exterior wafer-
board. For. Prod. J. 24(2): 38-44.

Shen, K. C, 1977. Spent sulphite liqucr bin-
der for exterior waferboard. For, Prod. J.
27(5): 32-38.

. Tischer, F. V., 1939, U.S. Patent No. 2, 177,

160.

White, J. T. 1979. Growing dependency of
wood products on adhesives and other
chemicals. For. Prod. J. 29(11): 14-20.
Young, R. A, R. M. Rammon, §. S. Kelley,
and R, H. Gillespie. 1982. Bond formation
by wood surface reactions: Part 1. Surface
analysis by ESCA. Wood Sci. 14(3):110-119.
Young, R. A., M. Fujita, and B. H. River.
1985. New approaches to wood bonding; A

base-activated lignin adhesive system. Wood
Sci Tech, 19: 363-381.

. Korean Industrial Standard F3101.



