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Abstract: The design of efficient screw extruder biomass briquetting machines is important for the utilization of loose biomass 
materials from wood and agricultural wastes for the production of solid fuel.  In this study, the effects of geometrical 
parameters (channel depth and helix angle) and operational parameters (friction coefficient, mass flow rate and speed) on the 
performance and design of the briquetting machine were investigated using a pressure model based on the plug flow theory.  
An analytical model, which utilizes the pressure model, was also developed from Archard’s wear law to investigate screw wear 
of biomass briquetting machines.  The study on the pressure model showed that a shallow screw channel and small helix angle 
resulted in rapid pressure build-up along the screw extruder biomass briquetting machine.  High friction at the barrel-material 
interface, low friction at the screw-material interface, high screw speed and high mass flow rate also resulted in rapid pressure 
build-up along the screw extruder biomass briquetting machine.  The geometrical and operational parameters which resulted in 
rapid pressure build-up required shorter screw length for the briquetting machine.  The wear model developed predicted the 
screw wear satisfactorily and showed that the screw speed and the choice of material for screw affected the screw wear.  The 
wear volume increased exponentially towards the end of the screw where pressure is the highest.  Redesigning the screw to 
select optimum geometry and speed with appropriate choice of material could improve the screw life and performance of the 
biomass briquetting machine. 
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1  Introduction  

The densification of loose biomass materials is 
necessary for biomass logistics involving handling and 
transportation. Densification improves handling of 
biomass materials and also reduces the cost of 
transportation of biomass (Singh et al., 2010; Tumuluru et 
al., 2010). Densification also improves the fuel properties 
of biomass materials to give high energy density, 
hydrophobicity and good combustion properties. 
Technologies which have been developed for biomass 
densification include the piston presses, screw presses, 
roller presses and the pelleting machines. The screw press 
technologies are known to produce high quality briquettes 
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which are suitable for use in gasifiers and other combustion 
technologies (Tumuluru et al., 2010; Antwi-Boasiako and 
Acheampong, 2016). The screw press biomass briquetting 
machines work on the principle of extrusion with heated 
dies and do not require the use of binders. 

However, the screw extruder biomass briquetting 
machine has problems of rapid screw wear and high 
power consumption. The rapid screw wear has been 
attributed to the high screw speed, which reaches up to 
600 rpm (RERIC, 2003). Babu and Yuvaraj (2001) also 
stated that the problems of the screw press biomass 
briquetting machine are partly due to poor design. With 
respect to poor design of extruders, Gabrielle et al. (2001) 
and Talaśka et al. (2016) opined that extruders need to be 
designed optimally before adaptation to new applications. 
Chen et al. (2009) also revealed that there is a 
considerable scope for design improvements which will 
lead to extended life of wearing parts and reduce energy 
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consumption for briquetting of agro-residues. 
Matúš and Križan (2012) have suggested that the 

movement of the material, the compression, the rate of 
wear and the stress distribution depend primarily on the 
chosen geometry of the screw. Tumuluru et al. (2010) 
also noted that there is a need to optimize the screw press 
briquetting machine to improve its performance. 

Few studies have theoretically investigated the design 
of screw extruders for biomass briquetting with a view to 
improving its performance and design. Matúš et al. (2011) 
analysed the force on the screw of the briquetting 
machine with the aim to design new pressing screws to 
eliminate the problems of existing biomass briquetting 
machines. Wen et al. (2013) also investigated the force 
and motion of screw-type extrusion machines for biomass 
moulding and observed that the constriction region of the 
screw head was the region with the highest concentration 
of stress. The study suggested that due to the 
concentration of stress, the screw head was prone to rapid 
wear. It was suggested that the screw can be divided into 
two parts for easy replacement. Orisaleye and Ojolo 
(2017) also carried out a parametric study on a straight 
screw extruder for solids compaction investigating the 
effects of design parameters on the pressure developed in 
straight screws. 

Theoretical investigations have recommended that 
tapered screws are preferred to the straight screws for 
biomass compaction due to higher pressure generated. 
Zhong (1991) investigated the compaction process in a 
tapered screw press theoretically and experimentally and 
observed that the measured pressures from experimental 
results agree with predicted pressures. Ojolo et al. (2015) 
also investigated the tapered screw using the plug flow 
theory and stated that the tapered screw generated higher 
pressures than the straight screw. The study also showed 
a procedure for determining the optimum taper angle of 
the screw extruder. 

A few studies have investigated the screw wear of the 
screw extruder biomass briquetting machine despite being 
widely reported in previous researches (Wang and Zhao, 
2014; Ghimire and Shrestha, 2014). Ghimire and 
Shrestha (2014) carried out experiments and determined 
the change in dimensions of the screw channel depth and 
flight thickness before and after use. They discovered that 

the briquette screw wears out after four to five hours of 
production of briquettes. 

Preheating of the biomass materials had been carried 
out to soften the feed before being fed into the screw 
extruder and this has enhanced screw life. It has been 
noted by RERIC (2003) that the quality of rice husk 
briquettes without pre-heating is generally better than that 
with pre-heating perhaps because pre-heating reduces the 
moisture content below the optimum requirement. Singh 
(2010) investigated different types of electrodes which 
were used in welding and hard facing of the screw while 
briquetting rice husk and concluded that tungsten carbide 
and austenitic electrodes can double the working hours of 
the screw. 

Ali et al. (2004) and RERIC (2003) attributed the 
screw wear of the briquetting machine to the high speed 
of the screw and also to the abrasive nature of feed 
containing high silica materials. Theoretical study is yet 
to be carried out to investigate the wear of the screw of 
the biomass briquetting machine which would lead to 
proffering solutions to the screw wear. 

The aim of this work is to develop a mathematical 
model to investigate the screw wear of the biomass 
briquetting machine. 

2  Mathematical models 

The mathematical models developed by Ojolo et al. 
(2015) were utilized in this study. The models are based 
on the understanding of the traction and retardation 
mechanism of friction for plug movement in screw 
extruders. The plug flow theory used in the development 
of the models considers two extremes of motion in a 
screw extruder. The first extreme involves the assumption 
that the screw is moving in the down-channel direction 
with the plug attached to it but the barrel is made 
stationary. The second extreme assumes that the plug is 
moving down-channel, attached to the barrel, but the 
screw is held stationary. 

Other assumptions made in the development of the 
models include that the material flowing in the screw 
channel behaves as a solid plug; screw is always filled 
with material; Coulomb frictional conditions exist at the 
contact interfaces; the friction coefficients acting at 
contact surfaces are constant; effects of gravity, 
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centripetal and Coriolis acceleration are negligible; and 
pressures developed within the plug are non-isotropic. A 
schematic of the tapered screw is shown in Figure 1. 

 
Figure 1  Schematic of the tapered screw with geometric 

description 

2.1  Pressure model 
The force diagram on an elemental slice flowing 

through the screw channel, shown in Figure 2, was 
obtained from the considerations of the traction and 
retardation mechanism described by Ojolo et al. (2015). 
Based on the force balance on the element, the pressure 
build-up along the tapered screw extruder biomass 

briquetting machine was determined. The pressure acting 
along the screw was obtained by integrating the 
differential pressure acting on the element over the length 
of screw channel. The model for pressure build-up is: 

 

(1)

 
where, Pz is the pressure along the length of the screw in 
MPa; Po is the pressure at the entry section into the screw 
beneath the hopper in MPa; κ is the stress transmission 
coefficient; Zs is the distance along the length of the 
screw in mm; h is the channel depth in mm; w is the 
channel width in mm;  is the helix angle; ϑ  is the 

taper angle of the screw; α is the solids conveying angle; 
μB is the friction coefficient at the barrel interface; while 
μS and μf are the friction coefficients at the screw and 
flight respectively. 

 
Figure 2  Forces acting on elemental slice of plug in inclined channel (Ojolo et al., 2015) 

 

2.2  Required screw length 
The maximum pressure Pmax from Equation (1) is 

reached when ZS=LS. Therefore, the required screw length 
is expressed as (Ojolo et al. 2015): 

 
(2) 

Therefore, for a particular extrusion pressure, Pmax   

and specified geometrical and operational parameters, the 
minimum screw length, LS, required for the screw 
extruder biomass briquetting machine can be determined 
from Equation (2). 
2.3  Throughput model 

From the velocity diagram of the plug flowing in the 
screw channel, shown in Figure 3, the volumetric flow 
rate was obtained as the product of the flow area and the 
velocity of the plug. The mass flow rate was obtained as 
the product of the density of material and the volumetric 
flow rate at the inlet. The expression for the mass flow 
rate is (Ojolo et al., 2015): 
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(3)

 
where, ρo is the bulk density of material being processed 
by the screw; DS is the screw root diameter in mm; N is 
the screw speed in rpm; LS is the length of the screw in 
mm; ZS is distance measured along the screw; e is the 
thickness of the screw flight in mm; and δ is the clearance 
between the screw flight and the barrel. 

 
Figure 3   Velocities of the plug flowing through a tapered screw 

extruder channel (Ojolo et al., 2015) 
 

Ojolo et al. (2015) stated that the density change of 
the biomass material in the screw channel should match 
the geometric change of the screw to prevent operational 
problems. Hence, the constant mass flow rate at the inlet 
and outlet was the basis for the determination of the 
optimum taper angle. 
2.4  Solids conveying angle 

Equations (1) and (3) are coupled by the solids 
conveying angle. Ojolo et al. (2015) assumed a fixed 
value for the solids conveying angle based on the study 
from Weert et al. (2001) which specified it to be less than 
5°. However, for this study, the solids conveying angle 
can be determined from Equation (3) and substituted into 
Equation 1 to determine the pressure and into Equation (2) 
to determine the required screw length. The solids 
conveying angle is expressed as: 

(4) 
2.5  Wear analysis 

The conventional Archard’s law of wear (Archard,  

1953) is well-established and is commonly utilized in the 
study of wear at a macroscopic scale (Molinari et al., 
2001; Juvinall and Marshek, 2012; Garleanu et al., 2008). 
Different mechanisms of wear, such as delamination, 
abrasion, adhesion and oxidation, can be described by 
Archard’s wear law (Flodin, 2000), but the wear of the 
screw in the briquetting machine is largely abrasive in 
nature (Singh, 2010). The Archard’s wear law of abrasion 
predicts the wear volume of an abraded material as a 
function of sliding distance in terms of a wear coefficient, 
the applied normal load and the material hardness 
(Siniawski et al., 2007). 

From the Archard’s wear equation, the wear rate is: 

 w w

w

δ K
Wear rate PV

t H
= =          (5) 

From Equation (5), δw is the wear depth in m; t is the 
time in seconds; Kw is the dimensionless coefficient of 
wear; Hw is the surface hardness of the material in MPa; 
P is the surface interface pressure in MPa and V is the 
sliding velocity in m/s. An alternative form of the 
Archard’s wear law is: 

w

w
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=                (6) 

From Equation (6), W is the volume of material worn 
away in m3; F is the compressive force between the 
surfaces in N and S is the total rubbing distance in m. The 
compressive force term in Equation (6) can be expressed 
in terms of the pressure and the area of contact. The total 
rubbing distance can also be written in terms of the 
velocity and time such that Equation (6) becomes: 

w

w

K
W PAVt

H
=               (7) 

The area of flight normal to the radial pressure is the 
product of the flight thickness and the length of screw 
channel. The area of flight normal to radial pressure is 
expressed as (Orisaleye, 2016): 

                
(8)

 
The volume of material worn away can, therefore, be 

expressed as: 

              
(9)

 
Given the number of flights, n, the screw length is n 

multiples of the screw pitch, λ, such that Ls=nλ. The wear 
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volume per pitch can then be written in terms of the 
screw pitch as: 

              
(10)

 
The pressure build-up in the screw extruder biomass 

briquetting machine is expressed in Equation (1). Also, 
the velocity of the edge of the screw flight (πDN) can be 
substituted for the velocity term. This gives the volume of 
material worn per pitch as: 

(11) 
Equation (11) is used together with the solids 

conveying angle in Equation (4) to determine the wear 
depth profile of the screw. 

4  Results and discussion 

4.1  Effect of geometrical and operational parameters 
on pressure build-up 

The effects of geometrical and operational parameters 
on the pressure build-up and screw design were 

investigated using the presented models. The geometrical 
parameters considered were the channel depth and the 
helix angle. The operational parameters were the friction 
coefficients at the screw and barrel interfaces, the screw 
speed and the mass flow rate. The stress transmission 
coefficient was estimated, based on angle of internal 
friction of 45°, to be 0.17. Table 1 shows the parameters 
used in the investigation of the pressure build-up of the 
screw extruder biomass briquetting machine. The effects 
of geometrical and operational parameters on the pressure 
build-up in the screw extruder biomass briquetting 
machine is summarized in Table 2. 

 

Table 1  Parameters used in the investigation of the pressure 
build-up in the screw extruder biomass briquetting machine 

Parameter Value 

Taper angle,  2° 

Screw root diameter, DS 50 mm 

Flight thickness, e 10 mm 

Screw flight clearance from barrel, δ 5 mm 

Pressure at the screw entry, Po 0.1 MPa 

Pressure at the screw exit, Pmax 150 MPa 

Bulk density of biomass material, ρo 150 kg h-1 

Stress transmission coefficient, κ 0.17 

Channel depth at end of screw, h 10-30 mm 

Helix angle,  8°-30° 

Friction coefficient at barrel, μB 0.3-0.6 

Friction coefficient at the screw, μS  0.1-0.25 

Screw speed, N 200-600 rpm 

Mass flow rate, m  70-100 kg h-1 
 

 

Table 2  Effects of geometric and operational parameters on pressure build-up and required screw length 

Parameter Effect on pressure Effect on required screw length 

μB 

High friction coefficient at the barrel interface results in a rapid pressure 
build-up in the screw extruder briquetting machine while the pressure 
build-up is slower when the friction coefficient at the barrel-biomass 
interface is lower. 

A longer screw of specified channel geometry is required to attain a particular 
pressure at the exit of the screw when the friction coefficient is small but as 
the friction coefficient is increased, the required length of screw decreases. 

ΜS 
Pressure build-up is rapid when the friction coefficient is lower at the screw 
interface and much slower as the friction coefficient increases. 

The required screw length for any pressure increases with increase in the 
friction coefficient at the screw surface. 

h The pressure build-up is rapid for a shallow screw channel than for a deeper 
channel.  

For a specified pressure, the required length of the screw for the screw 
extruder briquetting machine increases with increase in the channel depth. 

 
The pressure build-up is rapid for a screw with a smaller helix angle, or 
narrow pitch, but slower with a wide-pitch screw which has a larger helix 
angle. 

The required screw length for specified parameters increases with increase in 
the helix angle. There is a minimum helix angle below which the screw 
extruder briquetting machine will fail to operate properly. 

N 
The pressure build-up is more rapid for a screw operating at high speed than 
for a screw operating at a low speed. 

A longer screw is required at a lower speed. The screw length decreases with 
an increase in the screw speed. It was observed that the required screw length 
is almost constant at very high screw speeds (>250 rpm). 

m  There is a reduction in the pressure build-up along the screw length for an 
increased mass flow rate for a given screw configuration.  

For specified parameters and pressure, the required screw length increases 
with increase in the mass flow rate. 

 

4.1.1  Effect of friction coefficient at barrel 
It is shown in Table 2 that high friction coefficient at 

the barrel interface is beneficial for high pressure 
applications such as the briquetting. In the field of 
polymer and food extrusion, grooves are machined on the 

surface of barrels to achieve an increase in the pressure at 
the solids conveying zone of the screw extruders (Pan et 
al., 2012; Tadmor and Gogos, 2006) and also to prevent 
the plug of material in the solids conveying zone from 
rotating with the screw. Chung (2000) has also stated that 
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a high rubbing force at the barrel resulting from grooved 
barrel surface is a preferred condition for compaction and 
high conveying rate of solid bed. Rauwendaal (2001) 
stated that grooved feeding is used to improve feeding of 
low bulk density materials. 
4.1.2  Effect of friction coefficient at screw-material 
interface 

From Table 2, it is shown that for high pressure 
briquetting of biomass, low friction coefficient at the 
screw interface is required. Chung (2000) stated that low 
friction on the surface of the screw is a preferred 
condition for compaction. Polished screws are generally 
used in polymer processing (Tadmor and Gogos, 2006). 
4.1.3  Effect of channel depth 

As shown in Table 2, a screw extruder with shallow 
channel is required for biomass briquetting. However, 
caution should be taken in selection of the channel depth 
as the flow of material in the screw extruder can be 
hindered by excessively shallow channels. 
4.1.4  Effect of helix angle 

The helix angle determines the pitch of the screw with 
a large helix angle giving a wide pitch screw and vice 
versa. A smaller helix angle, or narrow pitch, is desired 
for high pressure densification of biomass. However, as 
highlighted for the channel depth, there is a minimum 
helix angle below which the screw extruder briquetting 
machine will fail to operate properly. A helix angle of 
about 17.66° is commonly used in standard screw 
extruders (Tadmor and Gogos, 2006). Studies from 
RERIC (2003) utilized a wide-pitch screw and a 
close-pitch screw and noted that the production capacity 
of a close-pitch screw was higher than for a wide-pitch 
screw. A close-pitch screw generates more pressure than 
a wide-pitch screw which will overcome the back 
pressure from the die constriction and result in higher 
productivity. The lower pressure build-up by the wider 
pitch screws with a larger helix angle will not easily 
overcome the constriction. In food extrusion, Yacu (2012) 
has stated screw pumping generally improves with 
reducing screw pitch and short pitch screws are used in 
the extruder metering section to generate necessary 
pressure in relatively short distance. 
4.1.5  Effect of screw speed 

High screw speeds are able to generate high pressures 
required during briquetting with the screw extruder. 

Although, a high screw speed increases the pressure 
build-up, it reduces the screw life (RERIC, 2003). To 
generate sufficient pressure while maintaining a reduced 
speed, the screw length required would be increased. 
Studies from RERIC (2003) also showed that the 
production rate increases with an increase of screw speed. 
In relation to this work, if the production rate was fixed to 
a particular value which requires providing a higher 
restriction at the end of the screw, the result would be a 
higher pressure for a given screw length. A nearly 
constant screw length is required for the extruder at 
speeds greater than 250 rpm which is less than half of 
speeds reported by Tumuluru et al. (2010). Existing screw 
press briquetting machines use short screws which 
require high speeds. However, the alteration of screw 
length would reduce the required speed and could 
probably reduce the screw wear. 
4.1.6  Effect of mass flow rate 

The mass flow rate of the screw extruder can be 
varied by increasing or relaxing the restriction caused by 
the die constriction at the end of the screw. Relating 
findings from RERIC (2003) to this study, a greater 
constriction placed at the end of the screw will result in a 
decreased mass flow rate and a high pressure. Figure 4 
shows a plot of the mass throughput and the pressure 
difference across the extruder. Since the pressure at the 
beginning of the screw is approximately that exerted by 
material in the hopper, it is seen that the throughput 
decreases with increase in the pressure of the extruder. 
The extruder characteristics from studies in polymer and 
food extrusion, which is a plot of the pressure difference 
with the throughput, show a similar trend (Tadmor and 
Gogos, 2006; Heldman and Lund, 2007; Rauwendaal, 
1986). 

 
Figure 4  Plot of the mass flow rate with pressure difference of a 

tapered screw extruder biomass briquetting machine. 
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4.1.7  Comparison of models with other experimental 
studies 

The models developed for the study of the pressure 
build-up in a screw extruder biomass briquetting machine 
are compared with experimental results from Zhong 
(1991). Whilst Zhong (1991) did not produce briquettes 
in his study, he determined the throughput of the tapered 
screw and the pressure build-up along the screw channel. 
The models were compared with the experimental data 
for sawdust which were provided in Zhong’s study (1991). 
Figure 5(a) shows the plots for the pressure build-up 
when sawdust is processed at a speed of 70 rpm while 
Figure 5(b) shows the plots for the pressure build-up 
when sawdust is processed at a speed of 58 rpm. It is seen 
that the model fits quite well with the experimental 
results and the model predicts the trend of the pressure 
build-up along the screw. The pressure build-up when the 
screw rotates at 70 rpm is observed to be higher than 
when it operates at 58 rpm. 

 
(a) 70 rpm 

 
(b) 58 rpm 

Figure 5   Plot comparing experimental data of pressure build-up 
along tapered screw from Zhong (1991) with current model for a 

screw speed of 60 rpm and 58 rpm 
 

4.2  Investigation of wear of screw extruder 
briquetting machine 

Figure 6 shows the plot which compares the results  

obtained from the mathematical model with the 
experimental results from the study by Ghimire and 
Shrestha (2014). Juvinall and Marshek (2012) stated that 
the best way to obtain values of the wear coefficient Kw 
was from experimental data for the same combination of 
materials operating under essentially the same conditions. 
For simulation of the model, the wear coefficient was 
estimated to be 1.2×10-6 for an assumed hardness of  
1500 MPa for low carbon steel. Low carbon steel is 
commonly used as the base metal for construction of 
briquetting screws. 

 
Figure 6   Comparison of the predicted screw wear of the 

briquetting machine from analytical model with experimental 
results from Ghimire and Shrestha (2014). 

 

Figure 6 shows, in line with observations from 
Ghimire and Shrestha (2014), that the worn volume per 
pitch for a given combination of materials of screw and 
biomass depends on the position along the screw. This is 
because wear is dependent on the pressure which, as 
earlier shown, depends on the position along the screw 
extruder. Singh (2010) also stated that wearing takes 
place mainly at the first three flights of the screw where 
the pressure is highest. 

Juvinall and Marshek (2012) stated that the wear 
coefficient is typically over a range of a quotient or 
product of four. Figure 6, therefore, shows the scatter 
plotted over the specified range. A good correlation 
(r=0.67) is, therefore, observed between the model and 
experiments as the experimental points fall within the 
scatter. 

Apart from the wear rate of the screw being strongly 
dependent on pressure, the nature of material being 
processed is also important in determining the wear 
coefficient and consequently the wear rate. From 
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assertions by Ghimire and Shrestha (2014), the silica 
content in the biomass material determines the rate of 
wear with a higher silica content resulting in higher wear 
rates. Since rice husk had high silica content, it was 
mixed with other materials such as Sal leaves and 
sawdust which reportedly resulted in the extension of life 
of the screw. 

The material of the screw is also an important 
consideration in design of screw extruder biomass 
briquetting machine. Most screws have been reported 
from literature to be made of mild steel and some part 
heat-treated by hard-facing using welding rods (Ali et al., 
2004; Singh, 2013; Moral, 2000). Wang and Zhao (2014) 
proposed the use of ceramic wear resistant materials for 
the screw and stated that it had only one-tenth the wear of 
conventional alloys. There is yet to be a wide test using 
variety of materials for the screw and limited 
experimental data from screw extruder biomass briquettes 
as it regards wear. It had been noted that the reduction of 
the screw speed of a screw press briquetting machine 
resulted in an increase in the screw life (RERIC, 2003). 

From the model developed, speed is seen to be an 
important factor. Considering the pressure model, the 
screw speed had been shown to be related to the 
minimum required screw length of the screw extruder 
biomass briquetting machine. Noting also that the 
existing machines have just two to three working flights 
embedded in the barrel or die, the screws can be said to 
be short screws. Figure 7 shows the effect of the 
reduction of screw speed on the worn volume per pitch of 
the screw considering the first three flights from the exit 
of the screw extruder. As observed, the worn volume per 
pitch reduces with a reduction in speed. From Table 2, it 
was stated that a shorter screw length requires the screw 
to rotate at a higher speed. Tumuluru et al. (2010) and 
RERIC (2003) have noted that the screw speeds of 
existing briquetting machines reach up to 600 rpm. It was 
observed that longer screws could operate at about 
one-third of the speeds of existing machines. Redesign of 
the screw extruder briquetting machines should, therefore, 
be explored alongside adequate choice of material of the 
screw and the modification of properties of biomass 
materials. 

 
Figure 7   Relationship between the screw speed and wear 

volume of the screw extruder biomass briquetting machine for the 
first three flights from the briquetting die. 

 

The choice of material for the screw of the biomass 
briquetting machine also contributes to the wear and 
screw life of the machine. Figure 8 shows the influence of 
the use of different materials for the screw on the worn 
volume of the screw along the length of the screw. Table 
3 shows the influence of the use of different materials on 
the screw life of the biomass briquetting machine. 
Different materials have a range of wear coefficient as 
shown from the Ashby’s chart of normalized wear rate 
with hardness (Ashby, 2005). It is observed that materials 
with lower wear coefficient will give a better 
performance against wear. Ceramics appeared to give the 
best results in line with observations by Wang and Zhao 
(2014) who claimed that ceramic material used had only 
one-tenth of the wear of conventional alloys. As observed 
from Table 3, ceramics produce the highest screw life and 
could reach up to ten times the values obtained for alloy 
steels and tool steel in line with assertions made from 
experimental observations by Wang and Zhao (2014). 
From the results, it is obvious that redesigning the screw 
extruder with good choice of materials is essential for the 
improvement of screw life of the biomass briquetting 
machine. 

Table 3  Screw life of the extruder for different materials of 
fabrication 

Screw material Screw life (hours) 

Low carbon steels 1.6-4.2 

Medium carbon steels 3.3-16.5 

Stainless steels 3.6-16.5 

Low alloy steels 10.9-65.9 

Tool Steels 21.9-94.1 

Ceramics 33.0-1099.5 
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Figure 8  Influence of material of screw on the worn volume of 

the screw of a biomass briquetting machine 

5  Conclusion 

The screw extruder biomass briquetting machine has 
a high potential for the conversion of loose biomass 
materials from wood and agricultural wastes into solid 
fuel. The design of efficient screw extruder biomass 
briquetting machines is important to limit the existing 
problems of screw wear and power consumption. The 
effects of geometrical and operational parameters on the 
performance and design of the briquetting machine were 
investigated using a pressure model developed using the 
plug flow theory. The geometrical parameters considered 
were the screw channel depth and the helix angle. The 
operational parameters were the friction coefficient at the 
screw and barrel interfaces, screw speed and mass flow 
rate. The study showed that a shallow screw channel and 
small helix angle resulted in rapid pressure build-up along 
the screw extruder biomass briquetting machine. High 
friction at the barrel-material interface, low friction at the 
screw-material interface, high screw speed and reduced 
mass flow rate also increased the pressure build-up along 
the screw extruder biomass briquetting machine. The 
geometrical and operational parameters also determined 
the required screw length for the briquetting machine. 
The plug flow models predicted the trend of experimental 
data closely. 

The wear of the screw of the biomass briquetting 
machine has also been investigated using a mathematical 
model developed from the Archard’s abrasive wear law. 
The mathematical model predicted the wear of the screw 
within acceptable limits. It was shown, in line with 
experimental results, that the screw wear is highest at the 
screw end close to the die. High screw speeds were found 

to increase the wear rate. The wear rate also depended on 
the material of the screw. The life of the screws of the 
biomass briquetting machines can be improved by 
redesigning the screw with appropriate selection of material. 
In addition, instead of the use of abrasive biomass materials, 
the use of composite materials comprising of a less abrasive 
material can be used to modify the wear coefficient at the 
interface of the screw and biomass material. 
 

Appendix 
The effect of the friction coefficient between the 

barrel and the biomass material on the pressure build-up 
in the screw extruder is shown in Figure A1(a). Figure 
A1(b) which shows how the length required for the screw 
extruder biomass briquetting machine decreases with 
increase in the friction coefficient at the interface between 
biomass and barrel. 

The effect of the friction coefficient at the 
screw-material interface is shown in Figure A2(a). Figure 
A2(b), shows how the required screw length for different 
pressure increases with increase in the friction coefficient 
at the screw surface. 

The effect of channel depth on the pressure build-up 
in the screw extruder biomass briquetting machine is 
shown in Figure A3(a). The effect of the channel depth in 
the determination of the required screw length is shown 
in Figure A3b. 

Figure A4(a) shows the effect of helix angle on the 
pressure build-up in the screw extruder biomass 
briquetting machine. Figure A4(b) shows how the 
required screw length for a screw extruder biomass 
briquetting machine varies with the helix angle for 
specified design parameters.  

The effect of the screw speed on pressure build-up in 
the screw extruder biomass briquetting machine is shown 
in Figure A5(a). For specified exit pressure and screw 
design parameters, the effect of screw speed on the choice 
of the required length of the screw extruder biomass 
briquetting machine is shown in Figure A5(b).  

Figure A6(a) shows the effect of varying mass flow 
rate on the pressure build-up in the screw extruder 
biomass briquetting machine. Figure A6(b) shows the 
effect of the mass flow rate for given parameters and 
pressure on the design choice of length for the screw of 
the briquetting machine. 



April, 2019    Pressure build-up and wear analysis of tapered screw extruder biomass briquetting machines     Vol. 21, No. 1   131 

 

 
(a)  (b) 

 

Figure A1   Effect of friction coefficient at the barrel-material interface on: (a) pressure build-up; (b) required screw length 

 
(a)  (b) 

 

 Figure A2  Effect of friction coefficient at the screw-material interface on: (a) pressure build-up; (b) required screw length 

 
(a)  (b) 

 

Figure A3  Effect of the channel depth on: (a) pressure build-up; (b) required screw length 

 
(a)  (b) 

 

Figure A4  Effect of the helix angle on: (a) pressure build-up; (b) required screw length 
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(a)  (b) 

 

Figure A5  Effect of screw speed on: (a) pressure build-up; (b) required screw length 

 
(a)  (b) 

 

Figure A6  Effect of mass flow rate on: (a) pressure build-up; (b) required screw length 
 
 

Notation 
A  area of flight normal to radial pressure, mm2 
DS  screw root diameter, mm 
e  flight thickness, mm 
F  compressive force between surfaces, N 
h  channel/flight depth, mm 
Hw  surface hardness, MPa 
Kw  dimensionless wear coefficient 
LS  screw length, mm 
m   mass flow rate, kg h-1 

n  number of screw flights 
N  screw speed, rpm 
P  pressure, MPa 
Po  entry pressure, MPa 
S  total rubbing distance, mm 
t  time, s 
V  sliding velocity, m s-1 
w  channel width, mm 
W  wear volume, m3 
ZS  distance along screw, mm 
α  solids conveying angle, deg 
δ  flight clearance, mm 

δw  wear depth, mm 
ϑ   screw taper angle, deg 

κ  stress transmission coefficient 
λ  screw pitch, m 
μB  friction coefficient at barrel 
μf  friction coefficient at flight 
μS  friction coefficient at screw root 
ρo  bulk density, kg m-3 

  helix angle of screw, deg 
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