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Abstract 

One of the major cost factors in mechanical pulp production is the electrical 
energy input. Much of the research in this field has therefore been devoted to an 
understanding of the mechanisms in the refining process and, consequently, to 
find ways of reducing the electrical energy consumption. Shear and compression 
are probably the main types of fibre deformation occurring in refiners for collapsing 
and fibrillating the fibres into a suitable pulp. In current refiners, the repeated 
mechanical action of the bars on the fibres consumes large amounts of energy in 
a treatment of mechanical fibres that is almost random.  

Fundamental studies of the deformation of wood have indicated that a 
combination of shearing and compression forces is highly beneficial in terms of 
fibre deformation with a low energy demand. Pure compression is able to 
permanently deform the fibre but requires a substantial amount of work, while pure 
shearing, although being much less energy demanding, does not lead to any 
permanent deformations. A more suitable application of the shear and 
compression forces on the wood fibres during the refining process could be a way 
to develop fibres at a lower energy demand. These ideas have been studied in this 
work trying to find new ways of saving energy in the mechanical pulping process. 

The first paper in this thesis discusses the way of producing wood shavings and 
the introduction of shear/compression deformations in these, as well as the 
potential benefits of using them instead of wood chips as raw material for TMP 
production. With the shaving process, high deformations in the wood cells were 
achieved by the shear and compression forces. This led to energy savings of 
about 25% at a given tensile index, when compared to traditional chips. The 
quality of the pulp produced from wood shavings was found to be better than that 
of the pulp produced from wood chips, when it came to strength properties (except 
for tear index) and optical properties at comparable energy levels. 

Another way of reducing energy consumption in refining involving a limited shear 
combined with compression forces for the mechanical treatment of both wood 
chips and coarse fibres was also studied. This work shows that such a kind of 
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treatment resulted in a high degree of fibre collapse at low energy demands. The 
thick-walled transition fibres could even be permanently deformed. Furthermore, 
refining trials, utilising shear and compression pre-treated chips, showed that the 
strength properties, except for tear index, along with the optical properties of a 
TMP could be improved and the electrical energy consumed could be reduced by 
approx. 100 kWh/tonne, when compared to untreated chips. 

The results from the pilot trials described in this work could be used as a starting 
point for further implementation in the industry, in order to identify the most 
efficient way of producing mechanical pulp with a lower consumption of electrical 
energy. 

 

Key words: Shear, compression, pulses, wood chips, coarse fibre, mechanical pulping, 
wood cells 
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BACKGROUND 

High quality mechanical pulp requires a substantial degree of mechanical 
treatment and, consequently, high energy input during the refining process. 
Energy consumption is high for all mechanical pulping processes and TMP 
(thermomechanical pulping), the most frequently used process today, has an 
energy consumption of between 2.0 and 3.5 MWh/t for a freeness level of  
120-20 CSF. Due to the increasing costs of electrical energy, there is an urgent 
need to improve efficiency in the refining process for mechanical treatment and, 
thus, to reduce the energy demand.  

Shear and compression are probably the main types of fibre deformation occurring 
in refiners, when the repeated mechanical action of the bars acts on the wet wood 
material. The forces, however, act more or less randomly. Fundamental studies [1] 
[2] on the mechanical fatigue in wood under conditions simulating refining indicate 
that the mechanical deformation of wood chips caused by shear and compression 
forces, if controlled in an optimum way, might reduce energy consumption during 
the refining stage. The pre-deformation of wood might also be beneficial. 

Frazier and Williams [3] studied the effect of axial pre-compression on wood 
blocks and demonstrated a decrease in energy requirements in the production of 
pulps of given mechanical and optical properties. This is in line with results from 
laboratory deformation of wood blocks, [4], where large deformations across the 
fibre direction could be obtained by pressing a cutting tool at a suitable angle 
through the wood, producing some kinds of "chips" or wood shavings that requires 
less energy than conventional chips during refining. 

The refining of wood requires the presence of moisture for producing a pulp. The 
mechanics of water-saturated wood at a high temperature have been investigated 
at times, in order to discover the most energy efficient way of treating wood and 
fibres mechanically [2] [5] [6]. It has been shown that the first compression in the 
radial direction seems to be the most beneficial one for a permanent deformation 
of wood cells, [7], probably due to an initial buckling of the tangential walls in the 
first cycle, which leads to a typical "S" shaped deformation [6]. De Magistris and 
Salmén [2] compared deformation patterns under pure compression to that of a 
combined shear and compression load and showed that the latter case, where a 
typical permanent "brick" deformation shape was achieved, required less energy. 
Pre-treating chips prior to refining, in order to permanently deform the wood cells, 
might thus be a way of lowering the electrical energy demand during the refining 
process. Sabourin [8] and Kure et al. [9] showed that, only by pressurising the 
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compressive pre-treatment of chips, could the energy demand be reduced by 6% 
to 8% during the refining process. It seems clear that a mechanical pre-treatment, 
performed under controlled conditions, could be a way of reducing energy demand 
in mechanical pulping. 

AIM OF THE STUDY 

The aim of this work was to study the possibility of reducing the energy demand in 
the refining processes, while still producing a high qualitative mechanical pulp, by 
exploring the potential of the mechanical treatment of the wood fibres and wood 
chips using appropriate combinations of shear and compression forces. 

STRUCTURE AND PROPERTIES OF WOOD AND WOOD FIBRES 

Structural levels of wood 

Wood is an anisotropic biological material that consists of different kinds of cells 
that tend to the necessary functions of trees, such as mechanical support, 
transporting water and metabolism. Softwood and hardwood species are 
distinguished from each other, according to the types of woody cells and their 
distribution. Softwood cells consist mostly of woody fibres called tracheids. In 
hardwoods, a large variety of different cell types are present such as fibres, 
vessels, and parenchyma cells. Scandinavian Spruce, the wood used in this study, 
consists of about 90% tracheids (3-5 mm in length, 30 µm in diameter), with the 
remainder being ray tracheids and ray parenchyma cells [10].  

The distinction in the growth period of the tree, which depends on the climate, 
causes structural differences between the wood growing in the spring, also called 
earlywood, and the wood that grows in the late summer season, i.e. the latewood. 
The intensive growth period in the spring, when great amounts of water need to be 
transported by the wood cells, produces wood of an open structure with thin fibre 
walls. The latewood, in contrast, consists of smaller wood cells with thick fibre 
walls. The transition period between the two growing seasons is characterized by 
transition wood that consists of intermediate cells. Figure 1 illustrates the 
differences between the climate dependant wood types, here, a softwood.  
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Figure 1: Cross section of Picea abies at an earlywood – latewood border. 

Wood fibre structure 

The wood fibres that have a layered structure are mainly built up of approx. 40% 
cellulose, 30% hemicellulose and 30% lignin. The cell wall structure can be 
schematically described as consisting of parallel cellulose aggregates within a 
matrix of lignin and hemicelluloses [11] [12]. Cellulose is a highly oriented semi-
crystalline polymer; hemicellulose is a group of amorphous carbohydrates 
containing heterogeneous, hydrophilic groups, while lignin is a heterogeneous 
three-dimensional polymer with a lower polarity and a lower dispersive energy 
[13].   

Figure 2 illustrates the layered structure of a softwood fibre that consists of the 
primary (P) wall and the secondary wall, including 3 different layer structures, S1, 
S2 and S3. The primary wall (P) has irregularly oriented cellulose fibrils. The 
secondary wall has different orientations of the cellulose fibril aggregates, as well 
as differences in the polymer composition for each of the 3 layers.  The S1 layer 
consists of cellulose fibrils oriented at an angle of 70° to 90° to the tracheid 
longitudinal axis [14], the S2 layer is characterized by a fibril angle of 30° in 
juvenile earlywood, 10° in juvenile and 2°-5° in mature latewood [15], while the S3 
layer consists of microfibrils oriented at an angle of approx. 90° to the longitudinal 
axis. The S2 layer dominates the thickness of the cell wall. The different properties 
in the different layers of the fibre wall are derived from the differences in the fibril 
angle between the layers. The wood cells are linked together by the middle 
lamella (M) that contains about 10%-15% of the total lignin content [16]. The 
hollow area inside the cell is called the lumen. Wood and wood fibres have a 
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behaviour, similar to the behaviour of a fibre composite, reflecting the complex 
reinforced structure. 

 
Figure 2: Schematic illustration of a typical softwood tracheid [17]; M = middle 
lamella, P = primary wall, S1 = secondary wall 1, S2 = secondary wall 2, S3 = 
secondary wall 3, L= lumen. 

Rheological behaviour of wood 

The rheological aspects of the mechanical behaviour of wood, due to its polymeric 
character, are of great importance when it comes to the mechanical pulping 
process. The refining process is, therefore, strongly affected by temperature, 
moisture and duration of load.  

The transition temperature (the temperature at which a polymeric material goes 
from being stiff to soft) of the wood has been frequently studied in relation to the 
mechanical processes. The softening mechanism in mechanical pulping is 
dominated by the lignin and its glass transition temperature (Tg), close to 90°C for 
water-saturated spruce wood at low frequencies. At higher frequencies, this 
softening temperature increases so that, at the frequency of the mechanical 
pulping process, it is found to be around 120°C. Under these conditions, the 
carbohydrate polymers have a softening temperature below 0°C [18]. Hence, for 
proper fibre separation, temperatures as high as that of lignin softening are 
required if most of the damage to the fibres is to be avoided. However, at this 
temperature, energy consumption is quite high. Höglund et al. [19] took this into 
consideration when developing a refining process, where the refining temperature 
after the defibration stage in the second stage refiner could be increased to reach 
above the maximum of the viscoelastic losses and, in this way, reduce the energy 
demand. 

In addition, the fatigue properties of wood that occur during the mechanical 
treatment of refining are influenced by rheological parameters, such as strain 
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amplitude, frequency and temperature [20]. This means that higher temperatures 
and lower frequencies of the mechanical treatment are beneficial for energy 
efficient fibre development. The first deformation also causes the largest structural 
changes in the wood material [7].    

MECHANICAL PULPING 

In mechanical pulping, wood fibres suitable for papermaking must be separated 
from the wood matrix and from each other, as well as to be collapsed and 
fibrillated by an effective mechanical treatment. It is necessary to have a suitable 
temperature and moisture level, in order to soften the lignin and increase the 
degree of defibration in the treated wood material.  

Mechanical pulp can be produced using two possible different processes, viz. 
grinding or refining. The concept behind the grinding process is to expose the raw 
wood material in a wet environment to a rapidly revolving grinding stone, where 
the frictional and viscoelastic heat generated between the wood and the surface of 
the stone loosens the fibres from the wood.  

The thermomechanical refining process (TMP), which is the most common 
process today, is based on the defibration and refining of wood chips at high 
temperatures, 120°C – 160°C, in a refiner that usually consists of two plates (a 
narrow gap) with one plate or both plates rotating in different directions at a high 
speed, Figure 3.  

 
Figure 3. Disc refiner for the production of refined pulp [21]. 
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In a TMP refiner, wood chips are fed into the centre of the refiner. They are then 
broken down in the breaking bar zone into small wood pieces that are further 
mechanically treated by shear and compression forces until total defibration 
occurs, followed by an additional mechanical treatment that is necessary for the 
final fibrillation of the wood fibres.   

The refining processes consume high amounts of energy. Figure 4 shows the total 
electrical energy used per air dry metric ton (including the energy used for 
pumping, which is about 10% of the overall electrical energy consumption) in 
producing groundwood and refiner mechanical pulp for different end uses.  
The reason for the high energy consumption in mechanical pulping is, as stated 
above, due to the viscoelastic nature of wood. This results in that a large amount 
of work done on the fibres is converted into heat by the internal friction among the 
fibres in the wood [22]. The production of TMP is done at higher temperature than 
for GW or PGW, thus due to the high viscoelasticity of the wood, the TMP process 
consumes about 40% more electric energy than GW and PGW do. 

 
Figure 4. The total electric energy consumption for GW, PGW and TMP, as a function of 
freeness and end use. Norway spruce, Finnish mills [23].  
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WAYS OF SAVING ENERGY DURING REFINING 

It is still not fully clear how wood fibres behave during the refining process in 
mechanical pulping. It is known that the forces occurring in the refiner are mainly 
shear and compression forces. To find out how these forces act on the wood 
material is of great importance for understanding the behaviour of wood fibres in 
the refiners. The difference in the collapsibility of fibres, due to pure compression 
forces when compared to compression and shear forces, was studied by several 
researches [1] [2] [6] [7]. These studies of wood and wood fibres seem to indicate 
that the collapsing of wood fibres, using a low amount of electrical energy, may be 
possible if shear and compression forces are combined under suitable conditions. 
This work discusses several possibilities as to how such a mechanical treatment 
could be efficiently applied in the mechanical pulping processes. 

The first study deals with the possibility of introducing deformations in fibres at an 
early stage during production of the raw material. Using suitable cutting equipment 
for the chip preparation to produce small wood pieces, here called shavings, 
seems to be one way for reducing energy consumption during the refining 
process. 

The second and third studies emphasise the importance of using a suitable 
combination of shear and compression forces during the mechanical treatment of 
wood chips or coarse wood fibres, so as to save energy. The second study 
explored the potential of using such forces as a pre-treatment of wood chips, thus 
making it easier to save electrical energy during the subsequent refining process. 
This is possible due to the result of the much easier collapse of the fibres as a 
consequence of cell deformations introduced during the shear/compression pre-
treatment.  

The third study addressed another way of reducing energy during the production 
of TMP pulp, by increasing the collapsibility of coarse fibres with the use of an 
intermediate treatment after first stage refining.   

Wood shavings as raw material (Paper I) 

The raw material used in mechanical pulping is not the most optimal one as it is 
designed for the chemical pulping processes. The most suitable chips for refining 
conditions might well be chips of somewhat longer dimensions than those 
currently used for preserving fibre length and, considerably thinner, to facilitate 
more rapid heating.  
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The pre-treatment of raw wood material for saving electrical energy during refining 
has been explored by different researchers. A laboratory deformation of wood 
blocks [4] showed that large deformations across the fibre direction could be 
obtained by pressing a cutting tool through the wood at a suitable angle. Such 
deformations seem to positively affect the delamination between fibres in the 
compound middle lamella [24], making these wood shavings easier to defibrillate 
during a refining process. This promoted the thought that the refining of wood 
shavings might require less energy than the refining of conventional chips. 

In this work, the potential benefits of using wood shavings instead of wood chips 
as the raw material in TMP production was explored. Wood shavings of 2 mm in 
thickness were produced from the outer part of a fresh log of spruce, using 
a conventional metal lathe, Figure 5.  

Shaving

Rotational speed

Shaving

Rotational speed

   
     Cutting angle 

Figure 5. Schematic diagram of the wood shaving process. 

The cutting conditions were optimised in the way that the longest fibres containing 
a high amount of compressed fibres where produced at a cutting angle of 35°, a 
lathe rotation speed of 160 rpm and a feed length of 3.2 mm. These conditions 
were used to produce enough material for pilot plant trials. Figure 6 clearly 
illustrates the structural changes in the wood that occurred during the production 
of the wood shavings, compared to that of the wood chips. 

The wood shavings were refined in a two-stage TMP-process, using the STFI-
Packforsk pilot plant refiner, a Sunds Defibrator RPM300. 
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Cross-section from 
the edge of a shaving 

Cross-section from  
the middle of a shaving 

Cross-section from  
a conventional chip 

   
Figure 6. The structural differences of cross sections of wood pieces among fibres of 
chips and shavings observed with electron microscopy. 

Figure 7a, shows that, when compared to refining normal chips, wood shavings 
developed tensile index more quickly and at a lesser energy demand. At a tensile 
index of 30 kN/g, an energy saving of about 25% seems to be possible, when 
using shavings instead of chips, even when the energy required for the shaving 
process – ca. 0.5 kWh/tonne – [25] was included. At the same time, when using 
wood shavings, the light scattering coefficient was improved, when compared to 
results from chips, Figure 7b. The fibre deformation accomplished in the 
production of the shavings was assumed to be the main reason for this reduction 
in energy requirement. All strength properties, with the exception of the tear index, 
and the optical properties of pulps produced from wood shavings were better than 
those of pulps produced from wood chips at a given energy consumption. With 
a modified feeding of the shavings into the refiner as well as an optimisation of the 
refiner pattern and temperature profile, even greater energy savings may well be 
possible. 
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Figure 7. a) The tensile index as a function of specific energy and (b) the light scattering 
coefficient as a function of tensile index, for fibres from wood chips and wood shavings, 
where 1st and 2nd stage refining energy was combined.  

 

SHEAR/COMPRESSION FORCES FOR ENERGY SAVINGS  

Shear and compression equipment device 

In order to test the hypothesis that a controlled deformation of wood or fibres 
applying shear and compression forces could result in energy savings, a nip role 
device was constructed, Figure 8. This equipment consists of two rolls (a roll nip 
section), two independent motors, a load cell, an IR heater to adjust the 
temperature of the rolls, a steam nozzle to saturate the fibre-sheets and a 
supporting plate. It works by feeding wood pieces through a loaded nip, where 
shear forces are applied to the fibres by a differential speed between the rolls. The 
speeds could be varied with the help of variable frequency drive units. It was 
possible to apply a compression load of up to 100 kN/m. 
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   Load   

 
Figure 8. Schematic diagram of the laboratory equipment constructed for shear and 
compression studies. Differences in speeds between the rolls provided the shear forces. 

The unit is fitted with the following instruments: torque sensors, shaft encoders for 
speed measurements, vertical position sensors for measuring the sheet thickness 
in the nip and a temperature sensor for recording temperature in the nip.  

The total energy consumption, i.e. a summation of the shear and the compression 
forces, could be calculated in this unit from the values of the torque and speed for 
each cylinder, the applied loads, the measured thickness in the press nip and the 
period of application of the load.  

Shear/compression of chips prior to TMP refining (Paper II) 

The aim with this study was to test the hypothesis as to whether a proper pre-
treatment of chips prior to the refining stage could give a lowering of the electrical 
energy demand during the refining process.  

Suitable shear/compression conditions for mechanical treatment of the wood chips 
prior to refining were studied in a model experiment done on wood pieces of a 
thickness of about 2 mm, cut in the radial direction of a mature log of Norway 
spruce (Picea abies). Following the shear/compression treatment of the wood 
pieces at 90°C in a steam environment, it was found that the optimal deformation 
was reached at a speed of 10 mm/s and at a linear load of 60 MPa, Figure 9.  

The fact that the shear/compression treatment done at 10 mm/s gave a higher 
degree of total cell deformation than that at 30 mm/s is plausible, from a 
rheological point of view. In general, a material shows a higher degree of fatigue 
when it is treated at a low speed, below the softening point [18], and so the 
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material may be easier to deform, while using a low consumption of energy under 
these conditions. 
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Figure 9. Cell wall deformation (the maximum length divided with the minimum width of 
a wood cell) as a function of the torque (amount of shear) for different speeds of the 
rolls, at a loading of 60 MPa.  

When producing material for the refining trials, a shearing level of 4 Nm for the first 
6 passages, 8 Nm for the following two and 12 Nm for the last two passages were 
used. The increasing shear was used in order to slightly defibrate the wood. The 
energy consumed for the treatment of ten pulses was 5 kWh/t. The resulting 
deformations in the wood pieces are illustrated in Figure 10. 

Not 
deformed

One 
deformation

Five
deformations

Ten
deformations

 
Figure 10. The effect of the number of deformations on the wood, illustrated by inverted 
micrographs. 

Refining was done in a two-stage TMP process, using the STFI-Packforsk pilot 
plant refiner, a Sunds Defibrator RPM300. The runnability of the wood shavings 
compared to that of the wood chips was relatively good in spite of the somewhat 
higher compacting degree of the raw material in feeding to the refiner. 
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When comparing pulp properties from shear/compressed chips with those from 
normal chips, Figure 11a shows that the tensile index attained higher levels at a 
specific energy consumption. This improvement was also found for the light 
scattering coefficient, Figure 11b. The deformation of the fibres during the 
shear/compression pre-treatment of the chips seemed to be favourable for 
increasing the flexibility of the fibres during the second stage refining.  
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Figure 11. a) The tensile index as a function of the specific energy (1st plus 2nd stage 
refining combined) and b) the light scattering coefficient as a function of tensile index, 
for fibres from untreated chips and shear/compression pre-treated chips. 

The tear index was slightly lower for the pulps produced from shear/compression 
pre-treated chips than for pulps produced from untreated chips, at a certain 
specific energy. One explanation of this drop in tear index could be the shorter 
fibre length of the pulps produced from the shear/compression pre-treated chips, 
presumably due to the more accentuated cutting in the first-stage refining. 

This study indicated that slightly better strength properties, with the exception of 
the tear index, together with better optical properties could be achieved from pulps 
produced from shear/compression pre-treated chips. The lower tear index of the 
pulp produced from shear/compression treatment could probably be improved by 
an optimisation of the defibration process, in order to avoid too extensive fibre 
cutting. In any case, it was established that there was a reduction, on average, of 
approx. 100 kWh/tonne in the total electrical energy consumption, at a given 
tensile index. 
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Shear/compression forces for collapsing coarse TMP fibres (Paper III) 

This study was carried out in order to investigate the application of shear and 
compression forces for collapsing coarse mechanical pulp fibres. The aim was to 
improve strength properties in a more efficient way than done in the second stage 
refining.  

The collapsibility of the coarse TMP fibres, due to a proper shear/compression 
treatment, was studied in a pilot study, using an industrial 1st stage coarse spruce 
TMP (850 kWh/ton) as the raw material and the previously described (see above) 
shear/compression equipment.  
Material, consisting of latency treated and screened pulp without shives and fines, 
was used for preparing handmade sheets. These sheets, unpressed before the 
trial, were treated with shear and compression forces in the nip.  

The mechanically treated handmade sheets were then re-slushed and new 
handmade sheets were prepared for physical testing.  

The degree of collapse in the coarse fibres, due to the shear/compression 
treatment, was based on the assumption that a higher degree of contact between 
fibres would increase the inter-fibre joint formation and thus lead to an increase in 
tensile strength in such sheets. In this paper, the collapsibility of the fibres was 
expressed as the relative tensile index (TI treated / TI reference), so as to be able to 
compare the different batches of pulps used in the different experiments. 

The improvements in strength properties of the coarse fibres were related to the 
energy consumption used for the deformation, as exemplified in Figure 12. 
A higher tensile index was obtained when increasing the shear loading produced 
by the 1% to 3% differences in speed between the two rolls. Thus, fibres exposed 
to a combination of shear and compression forces developed a higher tensile 
strength, when compared with the pure compression treatment, at the same roll 
speed. At higher levels of applied shear and at higher levels of compression 
(above 3% shear and 35 MPa in compression), the positive effect of shear on the 
tensile index was significantly less.  
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Figure 12. The tensile index as a function of the applied energy in shear/compression 
loading at 20° C. The level of energy was mainly determined by the degree of 
compression. The curves in the graph are merely included as a guide to the eye and to 
separate shear/non-shear conditions (the line of 0% corresponding to only compression 
treatment). 

The effect of the roll speed was investigated between 10 and 50 mm/s. By 
increasing the speed, it was clear that the improvement in strength was reduced 
under pure compression conditions, as well as when shear forces were added, so 
that, at 50 mm/s, the improvements were very small. From a rheological point of 
view, the wood material is less brittle when treated at a low speed [26] and, 
therefore, it is most probably easier to permanently deform the material under 
these conditions.  

Figure 13 shows that, at a speed of 10 mm/s, the improvement in the strength was 
much faster at 90°C than at 20°C, both with compression by itself and with the 
addition of shear forces. This was in line with the fact that, at a higher 
temperature, the flexibility of the material was greater, since the treatment was 
then applied at a stage closer to the softening temperature of lignin [27]. For both 
these treatments, the fibre walls were fully saturated with water. The effects of 
additional water in the lumens, between the coarse fibre mats etc. (35% dry solids 
content in the coarse fibre mats treated at 20°C, compared to water saturated fibre 
mats treated at 90° C) should be negligible, due to the relatively low speed of the 
rolls used in these experiments [5]. 
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Figure 13. The relative tensile index as a function of the applied energy in the 
shear/compression loading, at a speed of 10 mm/s at temperatures of 20°C and 90°C, a) 
no additional shear, b) with 3% shear. 

Previous studies on wood [7] have shown that the first compression cycle 
produces the greatest number of structural changes in the cell walls and that those 
following this only marginally affect the structure. This hypothesis was tested by 
subjecting the fibre mats to multiple nips. Figure 14 shows that the tensile index 
was improved for up to four passages, to approximately an equal extent. This was 
probably due to the type of deformation each nip gave to the coarse fibre mats, 
viz. restructuring the fibre net every time it passed the cylinder nip.   
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Figure 14. The tensile index as a function of the number of nip passages at 2% shear, 
35 MPa, 30 mm/s and 20°C. 

The cross-sections of the original and compressed sheets (see Figure 15) show 
that, with compression alone, earlywood fibres were seen to be the most affected, 
leaving the transition wood fibres, the thick walled fibres of larger width, 

a) b) 



 

 17 

particularly unaffected. With the addition of shearing forces, transition wood fibres 
also seemed to have been distorted, rendering them more collapsed. It is of 
special interest that the shear/compression action particularly affects the transition 
wood fibres, since it has been shown that these fibres are specifically detrimental 
to the surface smoothness in the final paper sheets [28].  

Reference 
Latewood

Earlywood

Latewood

Earlywood

 
Compression only: 25 MPa. 

 

25 MPa compression with 3% shear added 

  

Figure 15. Structural changes in the wood fibres, viewed by ESEM on cross sections of 
the original handmade sheet and sheets subjected to different mechanical treatments. 

These measurements from the mechanical treatment of coarse fibres are in line 
with previous studies on fatigue in wood [26], where it was shown that the 
mechanical treatment of wood at low frequencies and high temperatures 
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contributes most favourably to the mechanical treatment of the wood structure to 
develop papermaking fibres.   

The common refining processes of wood are based on shear and compression 
forces, although they are applied randomly. The level of these compression and 
shear forces in the refining process are likely of the same magnitude as applied in 
this study [[29], [30]]. Thus, a further understanding of the fibre collapse 
phenomena, due to the shear and compression treatment, combined with 
information about loading patterns in refiners, may be a way of improving the TMP 
processes, with savings in electrical energy being a consequence. 

CONCLUSIONS AND FUTURE WORK 

This work is based on three set of experiments, in which shear/compression 
forces were applied to wood or coarse fibres in order to achieve electrical energy 
savings in mechanical pulp production. 

The first exploratory study showed that, by using wood shavings instead of 
traditional wood chips for the production of TMP, a considerable reduction in the 
electrical energy consumption could be reached without any loss of pulp 
properties. The potential for energy savings at a given tensile index, using wood 
shavings instead of the traditional chips, was estimated to be about 25% without 
any optimisation of the refining process.  

The second study emphasized the advantages of a shear/compression pre-
treatment of chips prior to refining. The results showed that the use of a small 
amount of shear combined with compression gave a permanent deformation of the 
wood cells, at a relatively low energy consumption. The largest effect of the 
shear/compression treatment was achieved with the use of a moderate shear, at a 
temperature above 90°C in a steam environment. Shear/compression pre-treated 
chips were found to produce a TMP with better strength properties, except for tear 
index, along with better optical properties, when compared to untreated chips. It 
was estimated that there would be a reduction, on average, of about 100 
kWh/tonne in the total electrical energy consumption, at a given tensile index.  

The third study showed that the strength properties of coarse fibres might be 
improved by using a shear compression action, resulting in fibre collapse. The 
collapsibility of the fibres, expressed here by the improvement in strength of the 
treated coarse fibre mats, was strongly influenced by the degree of shearing. 
Small amounts of shear, combined with compression, produced the best 
improvements in strength, with low energy consumption. Furthermore, the 
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rheology of the fibres greatly influenced their behaviour, producing the best 
improvement at the lowest speed of the treatment (10 mm/s) and at the highest 
temperature, 90°C. 

It can be concluded that the mechanical treatment of wood, based on an optimal 
combination between shear and compression forces, could be an important factor 
for reducing the amount of energy used in mechanical pulping. Parameters, such 
as temperature, moisture content and treatment speed, are significant for the final 
wood cell deformation. This is in line with previous fundamental studies, showing 
that the rheology of wood, which is a composite polymer, depends on the 
frequency of the mechanical treatment, the temperature and the moisture content. 
Thus, the optimal shear and compression treatment of a wood material for 
achieving permanent wood cell deformation, while using low amounts of energy, 
need, in each case, to take such factors into consideration. 
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