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The Reduction of Formaldehyde Emission in Particleboard by the Addition
of Bamboo Charcoal Powder
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ABSTRACT

Bamboo charcoal was used as bio-scavenger for formaldehyde releasing in wood
particleboard to minimize the emission. The adding 5, 10 and 15 percent of powdered bamboo
charcoal based on the weight of urea formaldehyde resin revealed that particleboard could decreased
the formaldehyde emission only 10 percent (by mass). The advantage of bamboo charcoal as
bio-scavenger is its availability and uncomplicated accessibility. The addition of powdered bamboo
charcoal can decrease formaldehyde emission but it will decrease internal bonding strength of
particleboard. Therefore, the use of powdered bamboo charcoal to reduce formaldehyde emission
still need to improve the production process and optimize the amount of applying bamboo charcoal.
Finally, it could not affect other particleboard properties.
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Table 1 Major properties of collected data for various charcoals.

Properties
Type AD MC Ash VM FC GHCC Reference
(g/em’) (%) (%) (%) (%)  (Callg)
Eucalyptus Char 0.51 5.33 2.88 15.26 76.46 7,162  Chotikhun and
Laemsak (2009);
Bamboo Char 0.65 7.0 3.97 11.07 85.02 5,777  Mingjie (2004);
Pohan et al.
(2010)
Remarks: AD = Apparent Density, MC = Moisture Content, VM = Volatile Matter,
FM = Fixed Carbon, GHCC = Gross Heat Combustion
Table 2 Physical properties of collected data for various charcoals.
Properties
Type BET surfac Total pore Description Reference
area volume
(m*/g) (em*/g)
Eucalyptus Char 387 1.044 Continuous Furnace  Villegas et al., 2006;
Bamboo Char 836-971 - - Asada et al., 2002;

Hsieh et al., 2007
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Figure 1 Frequency of pores per area of wood charcoal of different plant species (Howe-Grant,

1992).
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Table 3 Collected data for particleboard with various additives (Eom et al., 2006).

Properties>
Type MOR MOE 1B TS WA
(MPa) (GPa) (MPa) (%) (%)
No Treatment 6.86 not report 1.27 14 35
Tannin Added 8.62 not report 1.66 52 36
Rice Husk Added 6.66 not report 1.56 42 41
Wood Charcoal Added 6.27 not report 1.56 79 56
Experiment! 8.17 1.16 0.54 491 11.37

Remarks: ! Density = 0.67 g/cm?

2 MOR = Modulus of Rupture, MOE = Modulus of Elasticity, IB = Internal Bond Strength,
TS = Thickness Swelling, WA = Water Absorption

3 Average values

Table 4 Collected data for particleboard with various additives (Eom et al., 2006).

Properties!
Type Desiccator Small chamber Flask Souce
method method method
(mg/l) (mg/m?h) (mg/kg)
No Treatment 0.95 0.043 - Eom et al., 2006
Tannin Added 0.84 0.037 - Eom et al., 2006
Rice Husk Added 0.65 0.038 - Eom et al., 2006
Charcoal Added 0.38 0.037 - Eom et al., 2006
Charcoal Added - - 2.46 Experiment

Remark: ! Average values
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Table 5 Experimental design of powdered bamboo charcoal adding in particleboard as additives.

Panel Code Bamboo Charcoal Content
A 0%
B 5%
C 10 %
D 15%

Remarks:
Resin system
- Surface resin content = 10 %
- Core resin content = 8 %
- Surface and core wax content =3 %
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Hot press system

- Pressing temperature = 160 °C
- Press closing time = 30 seconds
- Press time = 3 minutes
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Figure 2 Cutting diagram for properties testing of particleboard
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Table 6 The properties of particleboard mixed with bamboo charcoal powder.

. Bending FE
Panel Density IB TS WA ———F—
Code Value MOR MOE Flask Value
g/cm? MPa MPa MPa % % mg/kg
A Ave. 0.62 7.514  1024.554  0.63A 5.69A 12.864 4.484
Std. 0.06 3.37 360.55 0.12 1.36 0.98 0.80
n 5 5 5 5 5 5 6
B Ave. 0.68 7474 1079.594  0.564 4,784 11.154 3.994
Std. 0.04 1.00 161.72 0.08 0.48 2.61 0.43
n 5 5 5 5 5 5 6
C Ave. 0.67 8.704  1209.60%  0.47A 4.954 10.524 3.534
Std. 0.04 2.21 214.12 0.20 0.51 1.61 0.23
n 5 5 5 5 5 5 6
D Ave. 0.65 8.994  1315.73A4  0.50% 4.238 10.944 3.54B
Std. 0.04 1.50 149.67 0.18 0.67 2.22 0.26
n 5 5 5 5 5 5 6

Remarks: Averages in the same column followed by the same letter are not significantly different at the

0.05 proability level,

Ave. = Average, Std.= Standard deviation, n = Sample size,
MOR = Modulus of Rupture, MOE = Modulus of Elasticity, IB = Internal Bond Strength, TS

= Thickness Swelling,

WA = Water Absorption, FE = Formaldehyde Emission, Target density: 0.65 g/cm’,

Face resin content 10 %, Core resin content: 8%, Face wax content: 3 %, Core wax content:

3%, Shell Ratio = 40:60 (Face:Core)
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Figure 3 Schematic diagrams of adhesion between rice husk, charcoal and tannin with UF
adhesive (Kim et al., 2006).
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Figure 4 Strength and stiffness of particleboard with varied content of bamboo charcoal as
Additives.
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Figure 5 Internal bonding properties of particleboard with varied content of bamboo charcoal as

Additives.
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Figure 6 Water absorption and thickness swelling of particleboard with varied content of

bamboo charcoal as additives.
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Table 7 Comparison of method to evaluation of formaldehyde emission in particleboard.

Detail
Method i
Standard Sample loading Class Germs;m Souce
factor Regulations
Chamber EN 717-1 1 m*m? El <0.1 ppm Roffael, 2006
Gas analysis EN 717-2 0.4x0.05m El <3.5 mg/h*m?
Flask method EN 717-3 0.025x 0.025m, E1 no official limit or Sundman et al., 2007
20g 4 mg/kg dry board
Desiccator JIS A 1460 0.18 m? F** < 1.5 mg/l (average) Roffael, 2006 and
2.1 mg/l (maximum) Eom et al., 2006
Perforator EN 120 0.025x0.025m, El <6.5mg/100g Roffael, 2006 and
110 g Eom et al., 2006
CARB (Phase IT) ASTM E1333 or- - 0.09 ppm for PB Salem et al., 2012
ASTM D6007
Remarks: AD = Apparent Density, MC = Moisture Content
8.0
10% UF resin at content surface layer
8% UF resin content at core layer
7.0 1 5% wax content
6.0 -
=]
Ss 50
u =
% g 4.0 N 3.99 Average line=338% oo El
= I
=
E E 3.0
20 { - - - ---- S - - - - - -
1.0
0.0

1] 5 10 15
Amount of Bamboo Charcoal (%)

Figure 7 Formaldehyde emission of particleboard with varied content of bamboo charcoal as
Additives.
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