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Adhesion Performance of Plywoods Prepared with Different
Layering Methods of Thermoplastic Resin Films'
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ABSTRACT

This study was conducted to determine the adhesive performances of plywoods affected by layering direction and
the amounts of thermoplastic films. The face and back layers of veneer were hardwood species (Mixed light hardwood)
and core layer veneer was radiata pine (Pinus radiata D. Don). Thermoplastic film used as adhesive were polypropylene
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(PP) film and polyethylene (PE) film. Thermal analysis and tensile strength were investigated on each films. As a re-
sult, the melting temperature of PP and PE films were 163.4C and 109.77C, respectively, and the crystallization tem-

perature were 98.9C and 93.6C, respectively. Tensile strength and elongation of each films appeared higher on the

width direction than length direction. Considering the characteristics of the thermoplastic films, the test for the amount

of film used was carried out by layering film to the target thickness on veneer. The effecting of layering direction of

film on plywood manufacturing was conducted by laminating in the length and width directions of the film according
to the grain direction of veneer. Tensile-shear strength of plywood in wet condition was satisfied with the quality
standard (0.7 MPa) of KS F 3101 when the film was used over 0.05 mm of PP film and over 0.10 mm of PE film.
Tensile-shear strength of plywood after cyclic boiling exceeded the KS standard when PP film was used 0.20 mm
thickness. Furthermore, higher bonding strength was observed on a plywood made with width direction of film accord-

ing to grain direction of veneer than that of length direction of film. Based on microscopic analysis of the surface and

bonding line of plywood, interlocking between veneers by penetration of a thermoplastic film into inner and cracks

were observed.

Keywords : thermoplastic film, layering, target thickness, direction, adhesive performance, plywood
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Table 1. Species, Thickness, and Moisture Content of Veneers

Species Thickness of veneer (mm) MC (%)
MLH? 1.0 6.5
Radiata pine 2.0 6.2

* Mixed Light Hardwood
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Table 2. Assembly of Veneers in Plywood Manufacturing

==
25

Composition Species of veneer

Thickness of veneer (mm)

Ratio of thickness (%)

Face MLH* 1.0 22
Core Radiata pine 2.0 56
Back MLH 1.0 22

Thickness of plywood 4.6 100

* Mixed Light Hardwood

Table 3. Thickness and Density of Thermoplastic Films

Density (g/cm’)

Film Thickness (mm)

Range Ave.
PP 0.060 + 0.005 0.82~0.93 0.88
PE 0.04 + 0.01 0.80~0.91 0.84

Table 4. Composition of Adhesive Mixture

Formulation Composition (parts) Amount (g) Ratio (%)
UF (Solid content 50%, E1 grade) 60.0 53.2
MUF (Solid content 50%, El grade) 1000 40.0 35.6
Wheat flour (Solid content 98%, powder) 10.0 10.0 8.9
NH,Cl (Solid content 98%, powder) 2.5 2.5 2.2
UF + MUF Glue 112.5 100.0
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0.20
11.35
19.20

Manufacturing process of

Plywood bonded with

thermoplastic resin
Veneer drying

0.10
5.70
9.34

Target thickness of layered films (mm)
Veneer drying

Manufacturing process of

Plywood bonded with
thermosetting resin

0.05
2.83
3.37

PP film
PE film

Classification

Spread volume
(g/(23 x 23) cm?)

Table 5. Spread Volume of Thermoplastic Films depends on Target Thickness
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Table 6. Press Conditions of Plywood Manufacturing by Resin Types

Prepress Hot-press Cold-press
Resin Type Temp. Time  Pressure Temp. Time  Pressure Temp.  Time  Pressure
(¢)  (min)  (kgflem?) (C¢)  (min) (kgflem?) (C)  (min) (kgflcm?)
Thermo- PP film - - - 180 4 10 RT* 5 10
plastic PE film - - - 140 4 10 RT 5 10
Thermo- e 4 MUF - RT 30 10 120 25 10 - - -
setting

* RT: Room temperature

Mixed alignment

Wldthdlrechonofflm %‘////M%_ Length direction of film . _

= Width direction of film //’///

Length dlrecllon offilm —» _

Width direction of film =

Length dirﬁ}on of film —» e

Fig. 2. Assembly of veneers and thermoplastic film.
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Table 7. Thermal Properties of PP Film and PE Film

Well W gwel WAL

Melting Crystallization
. AT?
Film z‘:ﬂ To  ATw  AH;  AHftime z‘set T AT AH. AHfime ()
e () (ty (g  (AHs) (o) (o) (i) (AHR)
() ()
PP 152.5 163.4 16.8 42.1 0.31 106.6 98.9 26.7 59.5 1.68 64.5
PE 98.2 109.7 30.8 515 0.24 99.9 93.6 45.6 84.8 1.55 16.1
PAT =Ty - T
‘L%??Ié}ﬂ] Xé]é}—‘é—]'ﬁ . XJ/:]—Q /\]g'd% ]%%2‘(—1 7] * @1 0 Polypropylene film
% O]%?‘)‘]—OI] oF 100 A-/] —rﬂﬂi AU‘% %21,{)_1_ __.;: ] B QS_EIJAC“ —— Polyethylene film
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_ N T 12 / ’j A
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ssict. e S TN
3. Zo W mE -
7 T B
109.57°C 163.26°C
OIZ20|] X EA
3'1' PPQ" PE -Lé:'__l =1 = O-l 4 40 60 80 100 120 140 160 180 200

PP} PE HF9| DSC 24435 Fig. 4of Uet
Atk PP 59 &8 AF2EE 1525, HI2E
(To)= 163.47C, €525 HA(ATwE 168C, &
SA(AH)L 42.1 /g, £88(AHytime)o] 031 A
H/s@om, PE W29 2§ Azerl 9827, T
L 109.7C, ATwS 30.8C, AHe= 51.5 Jg, A7
B85 024 AH/SE Yeigth PE ZEol| B3|
PP T2 T,& 53707 =91, AT.d AH=
2otk & §8E82 PP ¥Fo| PE FEHET ¢
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°] PE #F Hrf= 52 2&0A o] =HAN ¢
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st
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Fig. 4. Differential scanning calorimetric curves of
thermoplastic films.
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Table 8. Plywood Samples for Tensile-shear Strength Test

Thickness

Plywood samples

of film
(mm) PP film

0.05

PE film

0.10

0.20
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