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Effect of Filler Types on Phenol-Formaldehyde Resin
Adhesive for Plywood™
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ABSTRACT

Residues such as walnut, pinenut and peanut shells were used as a filler in adhesive for bonding
radiata pine plywood. The nutshell residues were prepared by simply drying to 8% moisture content
and grinding the dry material using a laboratory Wiley mill with a 75 gm (200 mesh) screen. The
nutshells residues were compared to a commercial filler commonly used in adhesives by the structural
plywood and laminated veneer lumber industry in the United States. The adhesive mixes were made
by following the recommended procedure of Georgia-Pacific Resins, Inc., using phenol-formaldehyde
resin. For each filler type, three-ply plywoods, 6 mm nominal thickness and 30 by 30 cm in size,
were fabricated at two press times (4 and 5 min) and around 30 minute assembly time. Evaluations
of the nutshell residues were carried out by tension shear tests after cyclic boil tests on plywood.
The results of the performance test included tension shear strength and wood failure. All plywoods
made with the nutshell fillers were comparable to those made with the control filler. These results
indicate that nutshell residues would be suitable as filler for plywood adhesives.
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Table 1. Thz synthetic components of phenol-
formaldehyde resin

Ingredients Amount (moles)
Phenol (98%) 1.00
Formaldehyde (37%) 1.88
Sodium hydroxide (50%) 0.42
Water 8.40

Table 2. The physical properties of phenol-

formaldehyde resin

Properties Unit  Phenol-formaldehyde
resin
Nonvolatile solids content (%) 43
pH 11.5
Gel time (at 100°C) (min) 19.5
Specific gravity (25°C) 1.17
2.3 4H
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Table 3. Plywood adhesive mix composition

Adhesive mix ingredients Parts by weight
Water 578
Extender (Proteinaceous) 5.5
Filler (Lignocellulosic) 5.5
Phenol-formaldehyde resin 29.7
NaOH 1.5
Total mix 100.0
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Table 4. Wood failure of plywood shear specimens
after cyclic boil test for each filler type

(Unit : %)
Press Wood failure by filler type
time
(min) Lignoﬂex® Pinenut Walnut  Peanut
4 98* 99 96 95
5 98* 97 97 95
Average 98 98 97 95

* The values represent average wood failure percentage
of 4 panels (5 specimens per panel).
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Table 5. Tensile shear strength of plywood shear
specimens after cyclic boil test for each

filler type
(Unit : kPa)

Press Shear strength by filler type
time —
(min)  Lignoflex® Pinenut  Walnut  Peanut
4 1482* 2358 1434 2227
5 2220° 2393 1675 1606
Average 1851 2376 1555 1917

* The values represent average shear strength of 4
panels (5 specimens per panel).
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