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Effects of Paper Sludge Addition on
Formaldehyde Emission, and Physical and
Mechanical Properties of UF -Particleboard **

Dae-Jun Kim - Phil-Woo Lee*?

ABSTRACT

This research was carried out to investigate the effect of paper sludge addition on formaldehyde
emission, and physical and mechanical properties of UF-particleboard. In order to investigate the
effect of paper sludge addition to resin, particleboards were bonded with urea-formaldehvde resins
containing 5, 10, 15 % paper sludge powders of three types(A Type:—200 mesh, B Type: —100~
-+200 mesh. C Type: —50~-+100 mesh), based on weight of resin solid. Also the effect of paper
sludge addition to furnish was studied from particleboards fabricated with ratios of sludge to par-
ticle of 5:95, 10:90, 15:85 based on oven-dry weight. Tests were conducted on the manufactured
particleboards to determine formaldehyde emission, bending properties, internal bond strength and
thickness swelling,

The obtained results were summarized as follows :

The addition of paper sludge powder to resin yielded a higher pH of cured resin. Formaldehyde
emission decreased with the increase of paper sludge powder addition to resin and paper sludge
composition ratic to furnish. Particleboard bonded with urea-formaldehyde resin containing paper
sludge powder and particleboard mixed with paper siudge have similar bending properties(MOR,
MOE) and thickness swelling compared with control particleboard. Internal bond strength of
particleboards treated with paper sludge were lower than that of control particleboard. The use of
paper sludge as scavenger was achieved reduction of formaldehvde emission without depression of
physical and mechanical properties of particleboard. Also the use of paper sludge was able to
concluded that there is possibility of partial substitution of wood particle materials.

Keywords : UF particleboard, paper sludge, formaldehyde emission, scavenger, mechanical proper-
ties, physical properties
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Table 1. Moisture content and specific gravity

of tested board.
Board Type M.C.(%)* Sp. Gr.*®
Control 10.91 0.72
A 5%% 11.11 0.71
A 10% 10.87 0.73
A 15% 10.50 0.71
B 5%% 10.79 0.72
B 10% 10.30 0.76
B 15% 10.45 0.76
C 5%% 10.35 0.75
C 10% 10.61 0.81
C 15% 10.47 0.81
D 5%* 10.49 0.74
D 10% 10.21 0.76
D 15% 10.09 0.78

*: Based on oven-dry weight.
*2: Based on oven-dry volume,

* . Addition level of paper sludge powder(based on

weight of resin solid).

* . Composition ratio of paper sludge(based on oven-

dry weight of wood particle).
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Table 2. Influence of paper sludge addition to resin and furnish on properties of tested board.

Board F ormal_dehyde Static Bending Internal Bond Thickness
Type Emlsswn MOR MOE Strength Swelling
{mg /1) (kgf /cm?) tkgf /cm?) (kgf /cm?) {%)
Control 7.11 £ 0.10 A 137.3+ 153 A 20591 £ 1907 A 8.8 £ 0.80 A 28.3x26A
A 5%" 502 + 0.08 B 137.1 £ 18.2 A 20634 * 1571 A 841029 A 26.0 £ 4.3 A
A 10% 4.41 £ 0.21 BC 133.0 £ 123 A 19988 = 414 A 7.8+ 1.05B 28248 A
A 15% 401+ 061C 1338+ 71 A 19389 + 1178 A 78 +0.79B 26.6 £+ 3.8 A
Control 7.11 £ 0.10 A 137.3 + 15.3 A 20891 + 1907 A 8.8+ 080 A 28.3+26A
B 5%* 568 + 0.07 B 1331 £ 25.0 A 20410 + 1794 A 74 +020B 283+ 35A
B 10% 551 +£015C 138.1 £ 135 A 21328 £ 1013 A 74 064 B 276 £ 34 A
B 15% 471 £019D 1363+ 246 A 20104 = 1772 A 58+ 0.14 B 2831 35A
Control 7.11 £ 010 A 137.3 £ 15.3 A 20581 + 1607 A 8.8+ 0.80 A 283+264A
C 5%* 5.76 £ 0.07 B 138.1 £ 146 A 20857 + 795 A 7.74+0.35B 274+ 25 A
C 10% 5.46 £ 0.05C 140.3+ 62 A 21433 + 1176 A 6.8 + 0.86 BC 278 £52A
_C 15% 4.86 £ 0.18 D 136.2 £ 190 A 215644 ¥ 2141 A 69+041C 287 £ 34A
Control 7.11 £0.10 A 137.3 £ 15.3 A 20591 + 1907 A 3.8 £ 080 A 283+ 26 A
D 5%* 6.34 £ 0.09B 1355 £ 164 A 21411 + 1627 A 7.8 +0.87 AB 263 £ 36 A
D 10% 561 £0.13C 136.6 £ 14.1 A 20937 + 1659 A 7.9 £0.92 AB 263+ 29A
D 15% 5.11 £ 009D 130.3 £ 14.2 A 20153 £ 585 A 7.6 £ 0.48B 26.1+24A

-t : Addition level of paper sludge powder (based on wexght of resin sohd).
=2 : Composition ratio of paper sludge (based on oven-dry weight of wood particie).

% : Means with the same letter are not significantly different at the 5 % level from tukey’s test.

The letters

are assigned in descending order based on the relative magnitude of the mean, but invert order in formai-
dehyde emission and thickness swelling.

Table 3. Influence of added paper sludge powder type on properties of tested board at same
addition level,

Board Formaldehyde Static Bending Internal Bond Thickness
Type Emission MOR MOE Strength Swelling
(mg /1) (kgf /cm?) (kgf /cm?) (kgf /cm?) (%)
A 5% 5.02 + 0.08 B* 1371 £ 182 A 20634 £ 1571 A 8.4+029A 260 £ 43 A
B 5% 568 £ 0.07 A 133.1 £ 25.0 A 20410 £ 1794 A 7.4+ 020 B 283+ 35 A
C 5% 576 £ 0.07 A 138.1 £ 146 A 20857 £ 795 A 7.7£0.35B 274 £ 25 A
A 10%! 441 £021C 133.0 £ 123 A 19988 + 414 A 7.8 £ 1.05A 28.2 £+ 4.8 A
B 10% 551+ 0.15B 138.1 £ 135 A 21328 £ 1013 A 7.4 + 0.64 AB 276 £ 34 A
C 10% N 5.46 £ 0.05 A 140.3+ 6.2 A 21433 + 1176 A 6.8 + 0.8 B 278 £ 52 A
A 15%* 401 £ 061 B 1338+ 71A 19383 + 1178 A 7.8+ 079 A 26.6 £ 3.8 A
B 15% 471 £ 0.19 AB 136.3 £ 24.6 A 20104 £ 1772 A 6.8+ 014 B 283+ 35 A
C 15% 4.86 £ 0.18 A 136.2 + 19.0 A 21544 £ 2141 A 69+041B 28.7 £34 A
* : Addition level of paper sludge powder (based on weight of resin solid).

* : Means with the same letter are not significantly different at the 5 % level from tukey’s test.
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The letters

are assigned in descending order based on the relative magnitude of the mean, but invert order in formal-
dehyde emission and thickness swelling.
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