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Effect of flake geometry on properties of cement-bonded 
particleboard from mixed tropical hardwoods 
S. O. O. Badejo, Ibadan,  Nigeria 

Summary. Laboratory scale cement-bonded particleboards were made from mixed particles of 
three tropical hardwoods. Boards were three-layered comprising of 2 mm thick sawdust face and 
4 mm thick core layers made from flakes of three lengths - 12.5 mm, 25.0 mm and 37.5 mm and 
two thicknesses of 0.25 mm and 0.50 mm. The panels were fabricated at three density levels of 
1,050 kg/m 3, 1,125 kg/m 3 and 1,200 kg/m 3. From the statistical factorial analysis carried out, 
flake length, flake thickness and board density had significant effects at i % level of propability 
on the properties of the tested panels. Mean MOR ranged from 5.22 to 11.15 N/mm2; MOE 
-2,420 to 4,820 N/ram2; water absorption and thickness swelling following 144 hours soak in 
water, 32.95 to 46.00% and 0.35 to 5.47% respectively. The longer and thinner the flakes, the 
stronger, stiffer and more dimensionally stable the experimental cement-bonded particleboards. 
Similarly, the higher density panels generally exhibited higher strength values in terms of MOR 
and MOE and were more dimensionally stable. MOR, MOE, water absorption and thickness 
swelling were found to be highly correlated with flake length, flake thickness and panel density. 
Correlation coefficients (R) for these relationships were 0.888 to 0.986 for the combined vari- 
ables; and 0.574 to 0.992 for the individual factors. In all the cases tested, the regression 
relationships were linear. 

Introduction 

Particle geometry relates to size dimensions of  particles used for the product ion of  
par t ic leboard.  Repor ted  l i terature abound  on its effects on propert ies  of  resin-bonded 
par t ic leboards  (Post 1958, 1961; Turner 1954; Brumbaugh 1960; Gatchell ,  Heebink 
1964; Gatchell  et al. 1966; Lehmann 1974; Moslemi 1974; Shuler, Kelly 1976; Malo-  
ney 1977; Vital et al. 1980). Results from most  of  these studies have established that  
flexural and stiffness in bending as well as dimensional  stabili ty of  boards  improve 
with increase in flake length used for board  product ion.  Similarly, unlike the wood- 
wool  cement boards  where adequate  studies have been repor ted  on wood raw mate- 
rials screening, suitabil i ty tests and consequent  follow-up board  manufacture from 
different wood raw mater ial  types (Sandermann et al. 1960; Kol lmann  1963; Sander- 
mann,  Kohler  1964; Pinion 1968; Das,  George 1969; Wong, Ong 1982; Raczkowski  
et al. 1983; Schubert,  Wienhaus  1984; Hofs t rand  et al. 1984; Moslemi,  Lim 1984; Lee 
1984, 1985; Lange, Simatupang 1985; Zhengtian,  Moslemi 1985), only limited pub- 
lished studies have been found on cement-bonded par t ic leboards  in general (Vermaas 
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1974; Prestemon 1976; Kawamura et al. 1979; Xia 1982) and in particular the effect 
of particle dimensions on properties of such boards (Iida, Yamagishi 1983). 

Furthermore, most of the available informations on cement-bonded particle- 
boards are those obtainable in technical literature (Bison 1981; Elten 1981; Canali 
1981) and most of these are based on use of temperate wood raw materials. Commer- 
cial wood-cement board production in general is less preferred from tropical hard- 
woods due to presence of chemical substances inhibitory to the setting of the cement 
binder. These have been identified as sugars and wood extractives mostly phenolic 
and other water soluble substances (Sandermann et al. 1960; Davis 1966; Weather- 
wax, Tarkow 1967; Biblis, Lo 1968; Zhengtian, Moslemi 1985). Panels made from 
such woods usually crumble into bits immediately following removal from the press. 
Also for this similar reason, commercial board production is generally not made from 
mixed wood raw materials. Only species which have been tested and found suitable 
are used. Unlike the wood-wool cement boards however, production of cement- 
bonded particleboards offers a lot of advantage with regard to raw materials require- 
ment. Ligno-cellulosic raw materials ranging from roundlogs, small size timbers and 
logging wastes (Sandermann 1970; Chittenden et al. 1975; Simatupang et al. 1978; 
Bison 198t; Elten 1981); manufacturing wastes such as slab wastes from sawmill, 
peeler cores from veneer and match factories (Badejo 1983, 1986); and agricultural 
residues such as bagasse (Sandermann 1970; Canali 1981) have been indicated as 
possible raw materials. Production of cement-bonded particleboard is therefore possi- 
ble in areas of depleted wood resource but where large volume of industrial wood 
wastes are produced, as well as areas of limited wood resource but which generate 
large volume of agricultural residues like bagasse and cotton stalk. In Nigeria for 
example, sawmill sizes are relatively very small and slab wastes from these small size 
mills are lumped together during sawnwood processing. Because of the increasing 
scarce wood raw material supply in recent years, there has been an increasing 
emphasis on wood wastes utilisation in the country. In a situation similar to that 
of Nigeria therefore, problems will no doubt be encountered with sorting and 
segregation of these wastes if they were to be used for wood-cement board production. 
Within the past seven years, the Forestry Research Institute of Nigeria has con- 
centrated research efforts on use of mixed tropical hardwood species found in the 
country for production of cement-bonded particleboards. 

Based on the above reasons, this study was initiated to provide baseline informa- 
tion on strength properties of cement-bonded particleboard manufactured on a labo- 
ratory scale from mixed particles of three tropical hardwood species; as well as how 
such properties are related to the geometry of the particles used. 

Experimental 

The three tropical hardwood species used for this investigation are Triplochiton sclero- 
xylon K. Schum, Khaya ivorensis A. Chev. and Terminalia superba Eng. and Diels. 
Both the coarse sawdust and slab wastes of these species were collected from a local 
sawmill operating a horizontal CD-6 headrig machine. After collection, the coarse 
sawdust of each species was sieved with a 2-mm mesh sieve in order to remove too 
fine materials which were not appropriate for board production. The wood particles 
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which collected on the 2-mm mesh were again sieved with a 6-mm mesh in order to 
remove oversize and bark inclusions. The wood materials which finally passed out of 
the 6-mm mesh sieve were finally used for the surface layer of the experimental panels. 
These were blended together in equal proportion from the three hardwood species. 
The sawdust mix was then pre-treated with hot water at a temperature of 50 ~ and 
air dried to a moisture content of about 12% prior to use. 

On the other hand, the slab wastes from each of the three hardwoods were 
debarked and cut on a circular saw into small lumber sizes measuring 60 cm in length 
and 50 mm in width for proper handling on the machine used for flake production. 
They were then fed through a tenoning machine used at the woodworking laboratory 
of the Forestry Research Institute of Nigeria, Ibadan. The tenoning machine carried 
scoring knives which produced uniform flakes of pre-determined length and thick- 
ness. Flakes from the three hardwood species were then blended together in equal 
proportion, pre-treated with hot water at a temperature of 50 ~ and thereafter air 
dried to a moisture content of 12% prior to use. 

The following production variables at the indicated levels were used for the 
production of the experimental cement-bonded particleboard: 

1. Board core flake thickness 0.25 mm and 0.50 mm. 
2. Board core flake length 12.5 ram, 25 mm and 37.5 mm. 
3. Board densities at levels of 1,050 kg/m 3, 1,125 kg/m 3 and 1,200 kg/m 3 (oven- 

dry basis). 
The above experimental design was therefore a 2 x 3 x 3 factorial layout. Six 

panels of flake length and thickness were produced for each of the three board density 
levels applied in the study. Other production factors were held constant for each 
panel. These were the wood particles' moisture content of 12%, cement to wood 
particles mixing ratio of 2.5:1.0, hot water pretreatment of the wood particles at a 
temperature of 50 ~ and additive concentration from calcium chloride applied at 3 % 
of the cement weight in the board. 

For panel fabrication, the quantity of wood required to make a panel was weighed 
out and manually mixed in a container with the needed amount of water into which 
had been dissolved the quantity of chemical additive required for the mixing. The 
amount of water used was based on the formula proposed by Simatupang (1979). 
After ensuring that the wood particles were well coated with the additive solution, the 
required quantity of cement was slowly added while mixing continued until a homoge- 
nous wood-water-cement mix was formed. These mixing procedures were separately 
carried out for the sawdust and flake core layers of the fabricated panels. The 
wood-cement mixes were then hand formed into mats with the flake-cement mix 
forming the central core layers of the boards and half of the sawdust-cement mix 
comprising each side of the two face layers. The formed panels were thereafter pressed 
cold on a hydraulic press to the required thicknesses of 6 mm and sizes of 
30 cm x 30 cm with a pressure of 1.23 N/mm 2 for a 24-hour period. The quantity of 
raw material requirements for board formation were calculated in such a way that 
following pressing the core and the two surface layers thicknesses were at a ratio of 
2 : 1. This procedure was followed in line with two other previous studies where it was 
shown that increased proportion of flakes in cement-bonded particleboard panels 
manifested in improved panel properties relating to modulus of rupture and modulus 
of elasticity (Badejo 1987 a, 1987 b). 
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Fol lowing the 24-hour pressing cycle, the panels were str ipped off the caul plates 
and kept  inside polythene bags for 48 hours and thereafter t r immed and cut to the 
required test specimen sizes in accordance with the A S T M  Standard  D 1937-78. They 
were then put  back in the bags for another  20 days in order  to allow for full curing 
of  the cement binder. Thereafter,  they were removed from the bags and condit ioned 
under a temperature of  70 _+ 2 ~ and relative humidi ty  of  6 0 _  2% for at least three 
weeks pr ior  to testing. The bending strength test was carried out  on a Tensometer 
machine while the water soak tests were done following prolonged soaking in water 
for 144 hours. The prolonged soaking in water  was considered essential in the study 
in view of  the exterior use to which wood-cement  boards  are put  most,  especially for 
roofing and wall cladding. 

Results and discussion 

The compiled averages of  the test results for each of  the 18 experimental  treatments 
are listed in Table 1. Also the test results as evaluated in a 2 x 3 x 3 factorial  analysis 
of  variance with four replications are presented in Table 2. 

As Table 1 shows, moduli  of  rupture and elasticity for the 18 experimental  treat- 
ment  combinat ions used in the study ranged from 5.22 to 11.15 N / m m  2 and 2,420 to 

Table 1. Compiled averages for mechanical and dimensional stability tests performed on 
cement-bonded particleboards made from three mixed tropical hardwood species. WA=water 
absorption; TS = thickness swelling 

Flake Flake Planned Estimated Static bending Dimensional 
length thickness board board stability b 
mm mm density density a MOR MOE 

kg/m 3 kg/m 3 N/mm z N/mm 2 WA % TS % 

12.5 0.25 1,050 1,025 6.57 2,920 43.00 3.02 
25.0 0.25 1,050 1,032 7.69 3,540 37.80 1.20 
37.5 0.25 1,050 1,028 9.40 3,960 34.60 0.88 
12.5 0.25 1,125 1,055 8.18 3,400 42.70 2.49 
25.0 0.25 1,125 1,070 9,27 3,740 37.10 1.12 
37.5 0.25 1,125 1,074 9.83 4,350 33.80 0.69 
12.5 0.25 1,200 1,250 9.18 3,660 40.20 1.56 
25.0 0.25 1,200 1,238 10.24 4,010 36.40 0.50 
37.5 0.25 1,200 1,150 11.15 4,820 32.95 0.35 
12.5 0.50 1,050 1,000 5.22 2,420 46.00 5.47 
25.0 0.50 1,050 1,040 7.13 2,810 44.30 2.12 
37.5 0.50 1,050 1,020 8.46 3,160 42.65 1.16 
12.5 0.50 1,125 1,060 6.41 2,740 44.55 3.91 
25.0 0.50 1,125 1,068 8.68 3,090 40.85 1.33 
37.5 0.50 1,125 1,134 9.76 3,520 39.85 1.10 
12.5 0.50 1,200 1,245 7.11 3,150 43.00 2.40 
25.0 0.50 1,200 1,185 9.78 3,290 37.30 0.90 
37.5 0.50 1,200 1,174 10.75 3,930 36.90 0.75 

" Based on 4 samples per treatment combination 
b Estimated after 144 hours soak in cold water 
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Table 2. Factorial analysis of variance for testing the effects of flake length, flake thickness and 
panel density on properties of cement-bonded particleboards made from mixed particles of three 
tropical hardwoods 

Source of variation Degrees of Mean Square Values (MS) 
freedom MOR MOE 

WA TS 

Flake length (L) 2 47.08 b 5.014 b 2.59 b 37.25 b 
Flake thickness (T) 1 14.98 b 8.792 b 3.02 b 11.94 U 
Board density (D) 2 31.60 b 2.734 b 0.78 b 9.16 b 
L x T 2 3.02 0.121 0.19 2.60 b 
L X D 4 0.33 0.066 0.01 1.73 b 
T X D 2 0.05 0.002 0.17 0.76 b 
L X T x D 4 0.31 0.011 0.04 0.043 
Error 54 2.04 0.331 0.21 0.12 

b Significant at 1% level of probability 
For purposes of factorial analysis of variance, the MOE data in Table 1 were reduced by a factor 
of 1,000 while the water absorption was reduced by a factor of 10 in order to reduce the 
magnitudes of MS values shown above 

4,820 N / m m  2 respectively. These mean modulus  of  rupture (MOR)  and modulus of  
elasticity (MOE) values obtained for the study conform quite favourably  to figures 
repor ted in past  studies. F r o m  his studies on 18 m m  thick cement-bonded particle- 
boards  produced f rom selected softwood species, Dinwoodie  (1978) reported mean 
M O R  of  11.3 N / m m  2 and M O E  of  4,900 N /mm z. F r o m  data  taken from Bison 
technical literature, M O R  range values of  8.8 to 12.7 N / m m  2 and M O E  mean value 
of  2,940 N / m m  z were repor ted for 18 mm thick cement-bonded par t ic leboards  made 
from varying number  of  wood raw materials.  The maximum mean M O R  of  
11.5 N/ ram 2 and M O E  of  4,820 N / m m  2 obtained in this study originated from panels 
made with the longest flake length of  37.5 mm and the smaller thickness of  0.25 mm. 

As listed in Table 2, the levels at which the flake length, flake thickness and board  
density were used in the study experiment had significant effects on M O R  and MOE. 
N o  two-way or three-way significant interactions were found between and among 
these three variables used for board  product ion.  The use of  longer flakes manifested 
in product ion  of  s tronger and stiffer panels in static bending. Similarly, M O R  and 
M O E  increased as panel density increased. On the other hand however, boards  made 
with thicker flakes were found to be inferior to those made f rom thinner flakes. These 
results conform with previously published studies on resin-bonded par t ic leboards  
(Post 1958; Brumbaugh 1960; Shuler, Kelly 1976). These results were graphically 
i l lustrated in Figs. 1 and 2. 

As shown in Table 1, variat ions existed between the p lanned and est imated densi- 
ties of  the experimental  panels. Measured  variat ions in mean density of  treatments 
belonging to the same density class ranged from 1.0 to 4.8% for those panels fabri- 
cated with p lanned density of  1,050 kg/m 3, 0.8 to 4.4% for those that  originated from 
the density level of  1,125 kg/m 3 and 3.2 to 7.1% for the 1,200 kg/m 3 dense panels. One 
probable  cause of  variat ion could be at t r ibuted to the human error  introduced during 
the mat  formation.  Since at this format ion  stage the wood-cement-water  mixes were 
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Fig. 1. Influence of flake geometry and panel density on modulus of rupture of cement-bonded 
particleboards fabricated from mixed particles of three tropical hardwood species 
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particleboards fabricated from mixed particles of three tropical hardwood species 
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manually spread, it was not technically possible to ensure evenly distributed materials 
which consequently led to production of panels of non-uniform thickness. These 
variations not withstanding however, it was statistically possible to establish regres- 
sion relationship for the static bending data. 

Regression analyses were performed to determine relationship between the signif- 
icant factors and the moduli of rupture and elasticity. Flake length, board density and 
flake thickness were highly correlated with M a R  and MOE of the experimental 
cement-bonded particleboards. Flake length and board density were positively corre- 
lated with M a R  and MOE and these relationships were linear as shown in Figs. 3 and 
4. Flake thickness on the other hand, was negatively and linearly correlated with 
M a R  and MOE (Fig. 5). The equation that relates M a R  to the three production 
variables used in the study experiment is shown below with R value of 0.971: 

Y =  -9.954-3.618 X I  +0.111 X2+0.152 X3; R=0.97 l ,  

where Y represents the dependent variable, M a R  and X 1, X2 and X 3 represent the 
independent variables of flake thickness, flake length and board density respectively. 
Similarly, the multiple regression analysis performed on the study data also shows 
that MOE is related to the three factors from the equation given below, with R value 
of 0.986: 

Y = - 1,449.72-2,795.56 X 1 + 36.33 X 2 + 4.5 X 3; R = 0.986, 
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where Y is the dependent variable, MOE and X 1, X 2 and X 3 represent flake thick- 
ness, flake length and board density respectively. For the two cases of MOR and 
MOE, the multiple regression performed were highly significant at 1% level of proba- 
bility (Table 3). 

As shown in Table 1, the compiled averages for the water absorption and thickness 
swelling tests ranged from 32.95 to 46.00% and 0.35 to 5.47% respectively following 
prolonged soak in water for 144 hours. Prestemon (1976) reported mean water ab- 
sorption range values of 28.08 to 65.77% for 25 mm thick cement-bonded particle- 
boards made from sawdust of two temperate wood species (oak and elm) following 
24 hours soak in cold water. Mean thickness swelling range values of 0.67 to 3.60% 
were similarly reported in the same study. Also, Dinwoodie (1978) reported average 
thickness swelling value of 0.75% for 18 mm thick cement-bonded particleboard 
made from selected softwood species which were tested only after 24 hours soak in 
water. When the prolonged soaking for 144 hours used in this study is therefore taken 
into consideration, the water absorption and thickness swelling results appeared to 
have performed satisfactorily. 

As listed in Table 2, the factorial analysis of variance performed on the water 
absorption test data showed that flake length and flake thickness were significant 
factors at 1% level of probability, while the board density was only significant at 5 %. 
No significant interaction was found between and among the three production vari- 
ables used. As illustrated in Fig. 6, mean water absorption values decreased with 
longer flakes. Similarly, the ability of the fabricated panels to take up moisture under 
prolonged soak in water decreased with increased panel density. On the other hand 
however, water absorption increased with thicker flakes. These findings tend to follow 
previously published studies for resin-bonded particleboards (Brumbaugh 1960; Vital 
et al. 1980). Regression analysis showed that water absorption was correlated with the 
three production variables. Flake length and board density were negatively correlated 
with water absorption while flake thickness was positively correlated. The multiple 
regression equation that relates water absorption with the three production variables 
is shown below with R value of 0.945: 

Y=66 .972+ 16.388 X1-0.258 X2-0.024 X3; R=0.947, 

where Y is the dependent variable water absorption, and X 1, X2 and X 3 represent 
flake thickness, flake length and board density respectively. The regression was highly 
significant at 1% level of probability. 

The pattern followed by the factorial analysis of variance of the thickness swelling 
data was different from the other three tests. Flake length, flake thickness, panel 

Table 3. Regression analysis to show the correlation of board properties with flake length, flake 
thickness and board density 

Source of variation Degrees of Mean Square Values (MS) 
freedom MOR MOE 

WA TS 

Regression 3 14.15 b 20.13 • 105 b 79.71 b 7.89 b 

Residual 14 0.18 12.15 x 103 1.97 0.45 

b Significant at 1% level of probability 
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density and three two-way interactions involving flake length and thickness; flake 
length and density; and flake thickness and density were found significant at 1% level 
of probability. Thickness swelling mean values decreased with longer flakes and at 
higher panel density but increased with thinner flakes. It means in effect that the 
longer and thinner the flakes used for production of the experimental cement-bonded 
particleboard panels, the more dimensionally stable these boards produced from 
them. This result simularly tend to follow previously published data on resin-bonded 
particleboard (Brumbaugh 1960; Gatchell et al. 1966; Vital et al. 1980). As shown in 
Fig, 7, both flake length and panel density were positively correlated with thickness 
swelling while flake thickness was negatively correlated. The multiple regression 
equation that related thickness swelling with the three production variables is given 
as follows with R value of 0.888: 

Y = 12.055 + 3.258 X 1-0.093 X 2-0.008 X 3, R = 0.888, 
where Y is the dependent variable thickness swelling, and X 1, X 2 and X 3 represent 
flake thickness, flake length and board density respectively. The regression was highly 
significant at ~ % level of probability (Table 3). 
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From the study's experimental data, the most favourable panel in terms of 
strength, stiffness, water absorption and thickness swelling are those fabricated with 
wood particle flakes having a length of 37.5 ram, a thickness of 0.25 mm and bonded 
to a panel density level of 1,200 kg/m 3. 

Conclusion 

From the limited data collected in this study and the consequent statistical analysis 
made, the following conclusions are drawn: 

1. It was technically feasible on a laboratory scale to fabricate cement-bonded 
particleboards from mixed flake particles (for core layer) and sawdust (for face layer) 
of the three tropical hardwood species used in the study. These are Triplochiton 
scleroxylon, Khaya ivorensis and Terminalia superba. 

2. Panels fabricated at increasing board density were generally stronger, stiffer and 
more dimensionally stable under prolonged soak in water for 144 hours. 

3. Use of longer flakes significantly increased M a R  and MOE in static bending 
and improved dimensional stability relating to water absorption and thickness swell- 
ing. 

4. M a R  and MOE in static bending were significantly reduced by the use of 
thicker flakes. Use of thicker flakes also manifested in significantly increased water 
absorption and thickness swelling of the experimental hoards. 

5. The longer and thinner the flakes, the stronger, stiffer and more dimensionally 
stable the cement-bonded particleboards produced from them. 

6. There was a high degree of correlation between M a R ,  MOE, water absorption 
and thickness swelling and each of the the three production factors (flake length, flake 
thickness and panel density) used for experimental investigation. 

7. More research studies on cement-bonded particleboard production from mixed 
hardwood species in general and tropical woods in particular are however recom- 
mended. 
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