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Effects of Polyethylene Addition in Particleboard™
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ABSTRACT

Low-density polyethylene (LDPE) powder was investigated as a hydrophobic additive component in
particleboard (PB). PBs were manufactured using southern pine particles with a liquid phenolic resin
binder at two press temperatures. LDPE at three application rates was used. PBs were tested for
physical properties and water soak dimensional stability per the procedure ASTM D 1037. The results
indicated that as the LDPE addition level and hot-press temperature were increased, the panel water
absorption and thickness swell values decreased. However, the panel's physical properties were affected
negatively by increased LDPE application rates. These results indicated that LDPE could be used only
in limited amounts to improve the panel's water soak dimensional properties.
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Table 1. Synthesis charges of phenol-formaldehyde
resin

Material ingredients Amount (moles)

Phenol 1.00
Sodium hydroxide 0.21
Water 10.65
Formaldehyde 2.10
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Table 2. Properties of low-density polyethylene
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Table 4. Properties of phenol-formaldehyde resin

used used
Properties Polyethylene Properties Unit PF resin
Density (g/m’) 0.925 Nonvolatile solids % 46.9
Melt index (g/10 min) 55 pH -- 99
Melting point (°C) 106 ~ 115 Specific gravity - 1.2
Particle size (¢m) <20 Gel time (100°C) min 317
Color White Free formaldehyde % 0.24

Table 3. Laboratory PB manufacturing parameters

45.7 by 45.7 by 0.64 cm
0, 1, 4, and 8%, based on
oven-dry wood weight
Resin load : 6%, based on oven-dry wood weight
Target board density : 801 kg/m3 objective
Hot press temperatures : 204, and 232°C
Hot press times : 4 minutes
Replication : 2 boards per condition
(total 16 boards)

Mat dimensions :
Polyethylene loads :

Table 5. Molecular weight characterization results
of the synthesized PF resin

Molecular weight PF resin MW distribution
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trange Area (%) Cumulative area (%)
5000 - 3000 0.00 0.00
3000 - 2000 0.48 0.48
2000 - 1000 7.62 8.10
1000 - 500 22,67 30.77
500 - 100 64.93 95.77
100 4.30 100.00
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Table 6. Test results of particleboards manufactured with polyethylene application rates and two press

temperatures
PB properties Polyethylene application rate (%)
by
Press temperature 0 1 4 8

204°C press temperature

Panel density (kg/m’) 671 767 790 Ly
Normalized IB (kPa) 1,538 1,190 1,152 878
Dry-MOR (MPa) 174 16.3 15.0 14.0
Wet-MOR (MPa) 10.7 8.7 8.9 5.8
MOR Strength Retention (%) 61 52 59 42
MOE (GPa) 2.6 29 3.0 29
2-h water absortion (%) 57 47 39 38
24-h water absortion (%) 66 56 49 48
48-h water absortion (%) 70 59 51 50
2-h thickness swell (%) 21 19 19 17
24-h thickness swell (%) 23 20 20 19
48-h thickness swell (%) 24 21 20 19

232°C press temperature

Panel density (kg/m’) 727 808 785 746
Normalized IB (kPa) 1,033 973 897 1,212
Dry-MOR (MPa) 124 17.1 14.8 14.1
Wet-MOR (MPa) 9.0 129 10.6 9.6
MOR Strength Retention (%) 69 76 72 68
MOE (GPa) 24 33 29 2.6
2-h water absortion (%) 63 40 36 33
24-h water absortion (%) 71 49 45 39
48-h water absortion (%) 76 52 46 43
2-h thickness swell (%) 19 15 13 13
24-h thickness swell (%) 20 16 14 14
48-h thickness swell (%) 22 17 15 15

Internal bond values are normalized to 801 kg/m3 density. None of the other values are normalized. Each value
of MOR, MOR strength retention, and MOE represents an average of 4 test specimens. Each value for
thickness swell and water absorption respresents an average of 4 test specimens.
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Table 7. Summary of average panel test data by press temperature

Press  Density Nor. Dry Wet MOR MOE Thickness swell Water absorption
temp IB MOR  MOR Str. Ret 2-h  24-h 48-h 2-h  24-h 48-h
(C) (kgm’) (kPa)  (kPa)  (MPa) (%) (GPa) == (%) - == (%) -

204 750 A 1190 A 15.7A 85A 53B 29A 19A 21A 22A 45A 55A S8A
232 766 A 1029A 146A 105A 71A  28A 15B 16B 17B 43A S1A 55A

Means with the same letter are not significantly different at the 5 percent level.
Abbreviation: Nor. IB = Normalized internal bond. Str. Ret. = strength retention.

Table 8. Summary of average panel test data by application rate

PE  Density Nor. Dry Wet MOR MOE Thickness swell Water absorption
rate IB MOR  MOR  Str. Ret 2-h 24-h  48-h 2-h  24-h  48-h
% (kgm’) (kPa) (kPa) (MPa) (%)  (GPa) - (%) - - (%)
0 699B 1286 A 149A 99A 66A 25A 20 22A 23A 60A 68A T73A
1 787A 1081A 167A 108A 64A 3.1A 17AB 18AB 19AB 4B 53B 56B
4 T87A 1024 A 149A 98A 66A 3.0A 16AB 17B 18B 38 BC 47BC 48C
8 759 A 1045A 141 A 77A S5A 27A I5B 16B 17B 36C 4C 47C

Means with the same letter are not significantly different at the 5 percent level.

Abbreviation: Nor. IB = Normalized internal bond. Str. Ret. = strength retention.
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