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ABSTRACT 
The mechanical properties of urea-formaldehyde particle boards obtainable 
from resins-sawdust filler compositions in terms of stress-strain relationships, 
percentage elongation (%E) vs. percentage composition (%C), Load vs 
Extension, Tensile Strength (TS) vs Percentage Composition (%C) and % 
Elongation (%E) vs Breaking Load were monitored, when the sawdust samples 
were treated with various resins concentrations: 22%, 24%, 26%, 28%, 30%, 
32% and 34% at 65-70ºC with 20 tons pressure. The samples were cut into sizes 
of dimensions: 100mm x 10mm x 5mm and their mechanical properties were 
analyzed. A gradual increase in mechanical properties was observed from 22% 
to 30% urea- formaldehyde resins concentration, but at 32% and 34% 
compositions, increase in resins concentrations in the sawdust did not 
significantly affect the mechanical properties of the particleboards obtained. A 
comparison between the various compositions showed that 30% urea- 
formaldehyde resins compositions have better mechanical properties.  
 

Keywords: particleboards, urea-formaldehyde, stress-strain relationships, resin 
composition, sawdust concentration, modulus of elasticity, tensile strength. 

________________________________________________________________ 

INTRODUCTION  

 
Particleboard is defined as a panel product 

manufactured from lingo cellulose materials, 

primarily in the form of discrete particles, 

combined with a synthetic resin or other suitable 

binder and bonded together under heat and 

pressure. The primary difference between 

particleboards and reconstituted wood products is 

the material or particles used in its production. 

Some manufacturers use timber mill by products 

such as chips, sawdust and planer shavings 

Lockwood and Cardamone (2002). 

Wood is a 3-dimentional polymer composite 

made up of mainly 50% cellulose and 20 – 30% 

lignin. These constituents are responsible for 

most of the physical and chemical properties of 

wood. Because of its strong physical strength and 

low processing cost, wood is the most preferred 

building material. But it has some troublesome 

inherent properties like changes in dimension 



Int. Jor. P. App. Scs., 2(2): 15-21, 2008_________________________________________www.ijpas.com 
 

 16

with time due to environmental modulation and 

structural degradation which result in loss of 

strength properties, Deka and Saikia (1999), 

Rowell (1983). 

The dimensional and structural changes due to 

atmospheric moisture can be minimized either by 

reducing water absorption and swelling by 

bulking the fibers to reduce water holding 

capacity or by cross linking the cellulose chains 

of the component fibers (Stamm, 1964; Mamza 

et al. 1995). These can be achieved by 

appropriate chemical treatment of wood. 

According to Deka and Saikia (1999), several 

methods have been devised to reduce the 

dimensional and structural changes of wood by 

treating with various etherifying and esterifying 

agents. 

The manufacture of wood-based panels has been 

brought about by the ever increasing cost of logs 

and timber, which in turn has caused managers of 

the world forest resources to investigate ways 

and means of using trees more efficiently. All 

sawmills produce a lot of residue in the form of 

chips, sawdust and slabs which can be utilized to 

manufacture many composites such as 

particleboards (Nemli, 2002). 

Growing social demands for wood-based panels 

results in the continuous need to find new wood 

resources as an alternative to forest wood (Nemli, 

2002). Environmental pressure have managed to 

prohibit forest harvesting resulting in wood 

shortages and the closing down of wood 

industries, in some countries (MacCleery, 1995). 

Agricultural residues are renewable resources 

that can be utilized as raw materials for 

particleboard manufacturing (Wang and Sun, 

2002). Research has been carried out on a wide 

variety of agricultural residues from many 

different regions of the world; wheat-cereals 

shrubs (Mosesson, 1980), bamboo (Rowell and 

Norimoto, 1988), Sunflower stalks (Khristova, 

1998), and maize husk and cob (Sam Pathrajen et 
al., 1992). 

Research was carried out on the effect of some 

manufacturing factors on the properties of 

particleboard. Lynam (1969) and Kolman (1975) 

reported that low particle moisture content 

decreased the mechanical properties of particle 

boards. Hus (1979) stated that dust and thin 

particles filled the holes and increased the 

connection between the particles. 

Akbulut (1995) reported that increasing the 

shelling ratio improved the physical and 

mechanical properties of particleboards. When 

acid-catalyzed resin was cross linked a 

proportional loss in mechanical strength was 

observed, but the alkaline cured polymer is more 

effective in this (Mamza et al., 1995). 

Deka and Saikia (1999) and Okino et al (1999) 

reported that the treatment of wood (sawdust) 

and other particles with a thermosetting resin 

increase the mechanical properties of 

particleboards. 

In this study, thermosetting resins was produced 

from condensation of urea and formaldehyde in 

an alkaline condition and filled with sawdust to 

produce a commercial viable particleboards 

whose mechanical properties was studied using a 

Monsanto Tensometer and compared for the end-

use application. 

 

MATERIALS AND METHOD 
 

This study was conducted in the polymer 

research laboratory of Ahmadu Bello University 

Zaria, Kaduna State, Nigeria between 1
st
 to 21

st
 

of Aug. 2007. 

The sawdust used in this study was obtained 

from a matured hard wood Doka (local name) 

grown in the rain forest zone of west Africa 

Southern part of Nigeria. 

The sawdust was obtained directly from a 

sawmill factory, dried at room temperature in 

open air to 6% moisture content. Before 

blending, wood particles were screened by hand-

picking to remove oversized (wood dust) 

particles. 

Preparation of the resins: A 300ml of 40% m/v 

formaldehyde solution (BDH) was poured into a 

1000ml beaker, standing on a thermostat hot 

plate. The solution was stirred vigorously in a 

fume cupboard for 5 min. and 150g of urea 

(BDH) was added gradually followed by 150ml 

of ammonia solution drop wise; the solution was 

stirred with a magnetic stirrer for 60 min. in a 

fume cupboard at a temperature of 65-70ºC. The 

solution obtained was then concentrated by 

heating the solution at a temperature slightly 

above 60ºC for about 5 hours to evaporate 60% 

of water, after which the concentrate was allowed 

to cool at room temperature to produce a viscous 

liquid. Thereafter 21.5ml, 24.0ml, 26.5ml, 
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29.3ml, 32.3ml, 36.0ml, and 38.8ml of the resins 

produced were thoroughly mixed with 75.0g of 

sawdust each to obtain the various compositions. 

 

The impregnated moisture material obtained after 

the thorough mixing were pressed between metal 

plates using a Hand press, at pressure of 20 tones 

and temperature of 165 – 170
o
c for 20 minutes.  

 
Testing of samples 

 
Mechanical Test: The Mechanical strength of 

the particles was determined using a Hounsefield 

Tensometer. The samples were measured and 

clamped into position and stressed. The breaking 

load was then recorded for each sample.  

 

RESULTS AND DISCUSSION 
 
The range of data in the modulus of elasticity 

was from 1308.57 NMM
-2

 to 2167.41 NMM
-2

. 

The modulus of elasticity requirements is 2000 

NMM
-2

 for general purpose boards. All the board 

types produced have the required level of 

modulus of elasticity. 

Tensile strength data ranged from 0.321 NMM
-2

  

to 0.411 NMM
-2

  the minimal requirement of 

tensile strength for general purpose boards of EN 

312-2 (1996) is 0.24 NMM
-2

 . All of the Particle 

boards produced were higher than the 

requirement for general purpose. But all the 

boards require additional treatment such as the 

coating of particular board surfaces with 

melamine-impregnated papers or laminates 

(Nemli, 2000) or high press temperature usage 

(Nemli, 2002) to become a more stable product. 

From table 1.0, tests showed that the tensile 

strength (TS), modules of elasticity (MOE), 

Eulogium at break and percentage elongation 

(%E) of the particle boards, increased with 

increase in resin concentration. But it was 

observed that a maximum was attained at 30% 

and 32%, but there was no increase at 34% with 

the highest resin concentration a significant drop 

was observed. The effects of the resins on the 

mechanical properties are similar to those 

reported earlier (Deka et al., 1999). 

This result suggest that actual volume increase of 

treated wood (sawdust) which was almost equal 

to the calculated volume of the resin added, 

increased with increase in the resin concentration 

to 30%, it  stabilized at 32% and dropped at 34% 

revealing that the volumetric swelling coefficient 

(VSC) of the wood was reached. This can be 

explained by the fact that the dust and thin 

particles filled the holes and increased their 

connection between the particles (Hus, 1979). 

Therefore wood dust usage decreased thickness 

swelling and improved tensile strength (internal 

bond properties). Beyond 30% and 32% resin 

concentrative, the resin loading did not affect the 

mechanical properties in relative to the volume of 

the resins added. This implies that at 30% to 32% 

resin level, the wood linens (holes) were fully 

bulked. 

The decreasing modulus of elasticity at 34% 

resin concentration may be due to the small 

dimensions of the wood dust (Kolman, 1975; 

molted, 1967). 

Figure 1.0 to 4.0 of the various stress-strength 

relationship curve’s revealed that the various 

compositions changed progressively from hard to 

brittle and breaks which confirm the presence of 

a thermosetting resin as  reflected  by the 

percentage elongation curve (figure 3.0) 

(Callister, 2000) 

This reveals that at 30% to 32% resins 

concentrations, better mechanical properties can 

be achieved. 

__________________________________________________________________________________________ 
    
TABLE 1.0: Result of mechanical properties 

% 
Composition 
of UF Resins 

TS (KPa) MOE 
(MPa) 

Elongation  at 
break (mm) 

% 
Elongation 

22.00 108.00 35.00 0.92 3.60 

24.00 108.00 61.00 1.38 5.50 

26.00 120.00 80.00 1.23 4.90 

28.00 120.00 84.00 1.55 6.20 

30.00 168.00 95.00 2.32 9.20 

32.00 168.00 103.00 1.38 5.50 

34.00 108.00 83.00 1.26 5.00 



Int. Jor. P. App. Scs., 2(2): 15-21, 2008_________________________________________www.ijpas.com 
 

 18

0

5000

10000

15000

20000

25000

30000

35000

40000

45000

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1

St
re

ss
(P

a)

Strain

Fig 1.0 PLOT OF STRESS(Pa)  VS STRAIN FOR UREA-FORMALDEHYDE PARTICLEBOARDS

22%UF

24%UF

26%UF

28%UF

30%UF

32%UF

34%UF

 

 

0 

5 

10 

15 

20 

25 

30 

35 

40 

45 

0 0.5 1 1.5 2 2.5 

L o a d ( N ) 

Extension(mm) 
Fig 2.0 PLOT OF LOAD(N) VS EXTENSION(m) FOR 
UREA 

- FORMALDEHYDE 
PARTICLEBOARD
S 

22%UF 
24%UF 
26%UF 
28%UF 
30%UF 
32%UF 
34%UF 

 



Int. Jor. P. App. Scs., 2(2): 15-21, 2008_________________________________________www.ijpas.com 
 

 19

 

 22       24      26     28    30         32        34    

 

 Fig 4.0: Plot of Percentage elongation Vs Breaking Load
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__________________________________________________________________________________________ 
 
CONCLUSION 

 

From the results obtained, this study revealed 

that mechanical properties of wood dust treated  

with urea-formaldehyde resins increase with 

increased resin concentration and at 30% to 32%, 

maximum mechanical properties can be 

achieved. 
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Therefore strong particleboards can be produced 

both for general purpose and for specific end-use 

applications since all the particleboards produced 

possessed the required minimum internal bond 

properties and modulus of elasticity. But more 

work will be done in order to establish it’s 

suitability in terms of moisture resistance, heat 

applications and durability test according to 

international standard to produce a commercial 

viable particle board. 
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