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ABSTRACT 
 

Knowledge of the physical properties of biofilter media mixtures is necessary for calculating 
wall loads in biofilters. The objective of this study was to determine the physical properties of 
biofilter media consisting of mixtures of woodchips and compost in various proportions. 
Porosities, bulk densities, angles of repose, and coefficients of friction of 100:0, 80:20, and 60:40 
woodchip:compost mixtures at moisture contents of 40, 60, and 80% were measured. Porosity 
decreased, but bulk density, angle of repose, and coefficient of friction all increased with 
increasing moisture content of the woodchip:compost mixtures.  
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1. INTRODUCTION 
 

Although biofiltration is recognized to be an effective odor control technology, there are a 
number of factors to be considered in the design of a biofilter. For example, knowledge of the 
physical properties of biofilter media is necessary to study the loads created on the walls of the 
biofilter structure. Thus, the objective of this study was to determine the porosity, bulk density, 
angle of repose, and coefficient of friction of three typical woodchip:compost mixtures (i.e., 
100:0, 80:20, and 60:40 by mass). 
 
 

2. MATERIALS AND METHODS 
 

2.1 Woodchips and Compost 
 
Materials used in this study consisted of woodchips and compost. Woodchips and compost are 
both readily available and their mixtures have proven to be efficient in biofilter operations, 
especially in the agricultural industry (Hong and Park, 2004). For this study, the compost was 
purchased from a garden center located in Winnipeg, Manitoba. Details of the composting 
process were not available, but the compost did not have any unpleasant odor. As such, it was 
assumed that the compost had reached maturity. The woodchips were also obtained from a local 
supplier in Winnipeg, Manitoba, and consisted of chipped lumber. The length of the woodchips 
varied according to the following distribution (determined by sieving and expressed as a 
percentage of total wet mass): <2 mm (4.9%); 2 to 2.4 mm (2.5%); 2.4 to 3.4 mm (4.5%); 3.4 to 
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6.7 mm (14.2%); 6.7 to 19 mm (49.9%); 19 to 25 mm (9.5%); > 25 mm (14.4%). Three mixtures 
were created by adding woodchips and compost in the following ratios (mass basis): 100% 
woodchips and 0% compost (100:0), 80% woodchips and 20% compost (80:20), and 60% 
woodchips and 40% compost (60:40). The initial moisture contents of woodchips and compost 
before mixing were 15.3 and 61.5%, respectively. Moisture contents were determined by the 
oven dry method (ASAE, 2003; Bundalli and Martinez, 1982) and expressed on a wet mass 
basis. 
 
2.2 Porosity 
 
Porosity is the ratio of the pore space to the total volume occupied by the material. The “five-
gallon pail method” (Rosen et al., 2000) was used to determine the porosity of the media 
mixtures. Five gallons of water was placed into a pail and its level was marked on the inside of 
the pail. After emptying the water, media was placed into the pail until it was about one-third 
full. The pail was dropped 10 times from a height of 15 cm onto the floor. Media was added to 
fill the pail two-thirds full and the pail was dropped 10 times from a height of 15 cm onto the 
floor. Media was added to the “full line” mark that was previously made on the pail and the pail 
was dropped 10 times from a height of 15 cm onto the floor. Media was finally added to fill the 
pail to the “full line” mark. Water was added to the pail to the “full line” mark. The volume of 
water added was recorded. The porosity of the media was calculated using the equation provided 
in Rosen et al. (2000) as follows: 

100*
5
VP =  

Where, P = Porosity (%), V = Volume of water added (gallons). Six replications were 
completed. 
 
2.3 Bulk Density 
 
Bulk density refers to the mass per unit volume of a given material. To measure bulk density of 
the mixture of woodchips and compost, an empty 20 L pail was weighed on a scale and the mass 
was recorded. The container was then filled to the top with the test material and the mass of the 
material was recorded. Bulk density was calculated by dividing the mass of the material by the 
volume of the material (Asoegwu, et al, 2006; Pechon et al, 2007). Six replications were 
completed and the average value was recorded. 
 
2.4 Angle of Repose  
 
Angle of repose can be defined as the maximum angle from horizontal at which a given material 
will rest on a given surface without sliding or rolling. In other words, it is the angle between the 
edge of a pile of material poured onto a floor and the horizontal surface under zero normal 
pressure. The filling angle of repose was determined by measuring the angle of slope of a pile of 
the test material poured into a rectangular box (Masoumi et al, 2003). The box was 122 cm long, 
79 cm high and 10 cm wide (Fig. 1). The sides of the box representing the width and the back 
were made of plywood. The front side of the box was made of transparent acrylic material to 
enable measurement. A hopper located at the top of the box has an adjustable opening at its base 
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through which the material is poured into the box. The base of the box consists of a removable 
flat metal plate, which also provides a cover to a bottom hopper located beneath the rectangular 
box. The bottom hopper allows for easy emptying of the material at the end of the test. During 
testing, the flat metal plate was put in place to cover the bottom hopper and to hold the material 
inside the box, thereby avoiding spilling of the material onto the floor. After testing, the flat plate 
is gradually removed to empty the material through the bottom hopper. 
 

 
 

 
 
To run a test, the test material was poured into the box. The height of the pile (measured from the 
base of the box) and the horizontal distance of spread of the material (measured from the center 
of the box) were recorded. The angle the pile makes with the horizontal surface is the angle of 
repose of the material (Muir and Sinha, 1988) and it was calculated using the equation: 

L
H

=φtan  

Where, φ  = angle of repose (º), H = height of pile of material (cm), and L = horizontal distance 
of spread of the material (cm). Six replications were carried out. 
 
2.5 Coefficient of Friction  
 
Coefficient of friction is the ratio of the limiting frictional force to the corresponding normal 
force. The coefficients of friction of the media mixtures on a plywood test bed surface were 
determined using a laboratory slope meter apparatus (Tabatabaeefar et al., 2003) (Fig. 2). The 
apparatus consisted of a tilt indicator and a pivoted test bed, which was capable of inclining or 
declining. The tilt indicator had a compass which was capable of turning counter-clockwise or 
clockwise as the test bed inclined or declined, respectively. A motor was used to control the 
direction of movement of the test bed. 
 
 
 
 

Fig.1. Apparatus for measuring angle of repose  

Bottom hopper  

Top hopper 

Removable metal plate  

Rectangular box  
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To measure the angle of slope of the media mixtures, a 46 cm x 33 cm wooden frame placed on 
the test bed was filled with the test material while the slope meter was level (i.e., angle = 0). The 
test bed was raised gradually until the wooden frame containing the material began to move. The 
angle of slope at which the wooden frame started to move was read from the tilt indicator and 
recorded. The coefficient of friction was determined by taking the tangent of the recorded angle 
of slope as follows: 

 
θμ 1tan −=  

 
Where, μ  and θ  are coefficient of friction and angle of friction (º), respectively. The test was 
repeated six times and the average value was calculated. 
 
2.6 Data Analysis 
 
Data were analyzed using the analysis of variance subprogram (ANOVA) of the Statistical 
Analysis System (SAS 9.1) computer package. A further analysis of the results was performed 
using Duncan’s multiple-range test for comparison of means. The confidence level was kept 
constant at 5% throughout the analysis. 
 
 

 
3. RESULTS AND DISCUSSION 

 
3.1 Porosity 
 
Porosities ranged from 40 to 63% (Tables 1-3). The 100:0 mixture was the most porous while the 
60:40 mixture was the least porous of all the media mixtures at all moisture levels. Duncan’s 
means comparison test indicates that significant differences (P < 0.05) exist between the 

Fig.2. Slope meter apparatus  
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Tilt indicator  
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porosities of the different media mixtures at all moisture contents tested. Generally, porosity 
declined as the proportion of compost in the media increased. This suggests that a higher 
proportion of woodchips and less compost in the mixture improves the porosity of the media. 
Improving the porosity of the media, in turn, leads to increased airflow through the media which 
is necessary for effective biofilter operation. For optimum operation of the biofilter and to reduce 
the rate of compaction, Sadaka et al. (2002) recommended an 80:20 media mixture. The mean 
porosities obtained in this study compare well with those obtained by Sadaka et al. (2002); they 
reported porosities ranging between 48 and 62% for mixtures of woodchips and compost (100:0, 
80:20, and 60:40) at a moisture content of approximately 50%. 
 
3.2 Bulk Density 
 
Material bulk densities ranged from 286 to 529 kg/m3 (Tables 1-3). As expected, bulk density 
increased with increasing moisture content (Jekayinfa, 2006) and with increasing proportion of 
compost in the mixture. Sadaka et al. (2002) reported bulk densities ranging between 301 and 
481 kg/m3 for mixtures of woodchips and compost (100:0, 80:20, and 60:40) at a moisture 
content of approximately 50%. 
 

Table 1. Mean porosities, bulk densities, angles of repose, and coefficients of friction of 
woodchips and compost at 40% moisture content (n = 6)[1] 

Media mixture Porosity 
 

Bulk density 
 

Angle of repose 
 

Coefficient of 
friction 

 % kg/m3 °  
100:0 
80:20 
60:40 

   [2]63a ± 1.3 
57b ± 1.7 
47c ± 1.9 

286c ± 1.7 
357b ± 1.8 
478a ± 2.1 

38a ± 1.6 
35b ± 0.8 
32c± 1.3 

0.51b ± 0.02 
0.55a ± 0.03 
0.56a ± 0.04 

[1] n = number of replications 
[2] In each of tables 1-3, superscripts (a-c) beside the mean values represent Duncan’s multiple-
range means comparison test results. Means for media types in individual physical property 
having the same letters are not significantly different at the 5% level of confidence. 
 

Table 2. Mean porosities, bulk densities, angles of repose, and coefficients of friction of 
woodchips and compost at 60% moisture content (n = 6) [1] 

Media mixture Porosity 
 

Bulk density 
 

Angle of repose 
 

Coefficient of 
friction 

 % kg/m3 °  
100:0 
80:20 
60:40 

    [2]61a ± 1.4 
54b ± 1.4 
43c ± 1.0 

299c ± 2.5 
370b ± 2.6 
497a ± 2.1 

39a ± 1.4 
37a ± 1.2 
33b ± 1.4 

0.53b ± 0.04 
0.59a ± 0.04 
0.63a ± 0.03 
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Table 3. Mean porosities, bulk densities, angles of repose, and coefficients of friction of 
woodchips and compost at 80% moisture content (n = 6) [1] 

Media mixture Porosity 
 

Bulk density 
 

Angle of repose 
 

Coefficient of 
friction 

 % kg/m3 °  
100:0 
80:20 
60:40 

    [2]60a ± 1.2 
52b ± 1.5 
40c ± 1.6 

314c ± 2.4 
392b ± 1.9 
529a ± 1.4 

41a ± 2.1 
39b ± 0.9 
37b ± 1.6 

0.53c ± 0.03 
0.62b ± 0.03 
0.68a ± 0.02 

 
3.3 Angle of Repose 
 
Angles of repose ranged from 32 to 41º (Tables 1-3). The angle of repose of the 100:0 media 
mixture was the greatest while that of the 60:40 media mixture was the least at all moisture 
levels tested. Duncan’s means comparison test indicates differences (P < 0.05) in angles of 
repose between the media mixtures at different moisture levels. Generally, the angle of repose at 
a specific moisture level decreased as porosity decreased and as the bulk density increased. 
However, angle of repose for the different media mixtures increased as the moisture content 
increased. Muir and Sinha (1988) and Masoumi et al. (2003) also observed increases in the mean 
angles of repose for cereal crops and garlic, respectively, as moisture content increased.  
 
3.4 Coefficient of Friction 
 
Coefficients of friction ranged from 0.51 to 0.68 (Tables 1-3). The friction coefficient of the 
60:40 media mixture was the greatest while that of the 100:0 media mixture was the least at all 
moisture levels tested. Duncan’s means comparison test indicates differences (P < 0.05) in 
friction coefficient between the media mixtures at different moisture levels. In general, the 
friction coefficient at any specific moisture content tested increased as porosity and angle of 
repose decreased, but increased as the bulk density increased. The results also indicate that 
friction coefficient increased for the different media mixtures as moisture content increased. This 
result is similar to that obtained by Muir and Sinha (1988) and Masoumi et al. (2003) for cereal 
crops and garlic, respectively.  
 
 

4. CONCLUSIONS 
 
In this study, methods used to determine the physical properties of mixtures (100:0, 80:20; and 
60:40% by mass) of woodchips and compost were described. The properties measured include 
porosity, bulk density, angle of repose, and coefficient of friction; the three moisture contents 
tested were 40, 60, and 80%. Porosity decreased, but bulk density, angle of repose, and 
coefficient of friction all increased with increasing moisture content of the woodchip:compost 
mixtures. Understanding the physical properties of woodchips and compost is vital when 
designing a biofilter that utilizes woodchips and compost as media materials. Therefore, the 
results from this study can be used by a design engineer to determine the structural load caused 
by the biofilter media on the walls of the biofilter structure.  
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