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Abstract 

The correlation between pulp properties and operating conditions in high consistency (HC) 

refiners at Holmen Paper AB were studied. Two types of HC refiners were investigated: the 

Andritz RTS refiner at the Hallstavik Mill and the Sprout-Bauer Twin 60 refiner at the 

Braviken Mill. The objective of the study was to clarify the relationship between the pulp 

properties and refining conditions such as electrical energy input, housing- and feed- pressure 

and plate wear in high consistency refining.  

 

The results of this project show that worn segments reduce the operating energy maximum 

input and the pulp and handsheet properties in negative aspects such as lower tensile- and tear 

index, and shorter average fibre length. Energy input is an important factor in the refining 

process and influence Canadian Standard Freeness and the tensile index as evident from the 

probability residuals. Housing pressure and feed pressure influence the pulp quality and 

should be adjusted in order to optimise the refining process, although the effect is not as great 

as for energy input or plate wear. 

 

The results of the study indicate that Braviken Mill is operating at its optimum for the 

parameters measured in this project. Hallstaviks goal, to avoid fibre shortening and to obtain 

better tensile index, can be reached by making slight changes in pressure condition. 

 

KEYWORDS: thermomechanical pulping, mechanical pulping, high consistency 

refining, segment wear, housing pressure, feed pressure  
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Sammanfattning 

Det här projektet undersökte samverkan mellan pappersmassaegenskaper och 

parameterinställningarna i en högkoncentrerad (HC) raffinör på Holmen Paper AB. Två 

raffinörstyper undersöktes: Andritz RTS raffinör på Hallstaviks pappersbruk och Sprout-

Bauer Twin 60 raffinör på Bravikens pappersbruk. Målet med studien var att se hur 

pappersmassaegenskaper och raffinörsinställningar samverkar med varandra med avseende på 

energiinsats, hustryck, inloppstryck och segmentslitage.   

 

Resultatet visar att möjligheten till att bearbeta fibrerna minskar med slitna segment. Likaså 

minskar raffinörens arbetsintervall med avseende på energiinsats. Segmentslitage bidrar även 

till sämre massa och arkegenskaper i form av lägre dragindex och kortare medelfiberlängd. 

Energiinsatsen är en viktig faktor i raffineringsprocessen då den har en stor inverkan på 

Canadian Standard Freeness och dragindexet, vilket kan utläsas från residuala 

sannolikhetsberäkningar. Även hustryck och inloppstryck påverkar massakvaliteten och bör 

justeras för att optimera en raffineringsprocess, dock är deras inverkan inte lika stor som 

energiinsatsen eller segmentslitage. 

 

Resultaten visar även på att Bravikens pappersbruk arbetar vid sitt optimum för de i projektet 

undersökta parametrarna. Hallstaviks mål, att erhålla längre fibrer och högre dragindex, kan 

möjligtvis uppfyllas efter justeringar av bruksraffinörernas tryckförhållanden. 

 

NYCKELORD: termomekanisk pappersmassatillverkning, mekanisk 

pappersmassatillverkning, högkoncentrerad raffinering, segmentslitage, hustryck, 

inloppstryck  
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1 Introduction 

1.1 Background 

Due to the problem of high electrical energy consumption in wood refining, research is 

necessary to establish a way to reduce the consumption of energy. As a step towards a more 

energy and cost- effective refining process, Holmen Paper AB has invested in a new wood 

refining process at Holmen Paper Braviken. One of the steps in the process is high 

consistency (HC) refining.  

 

In order to investigate the correlation between pulp properties and HC refining conditions 

trials were made at Holmen Paper AB. The studied refiners were the Andritz RTS refiner at 

Hallstavik Mill and Sprout-Bauer Twin 60 at Braviken Mill. This study will also be an 

important reference material for the subsequent project in which new double disc HC refiners 

at Braviken will be studied.  

 

1.2 Goal 

The goal of the project was to investigate the relationship between pulp properties and 

refining conditions such as electrical energy input, fibre softening by heat treatment, 

consistency and production throughput in high consistency refining. Plate wear was another 

factor that was reckoned in the final result. The main focus was on the effect on pulp quality 

when varying pressure conditions in the high consistency refiner. 

  

The project results were also used for control in the daily production at both mills and to see 

how optimized the HC refiner were. Especially in the case of Hallstavik Mill, the study 

looked at possibilities in which the average fibre length can be increased without reducing 

other pulp- and handsheet- properties.   

 

1.3 Method 

A literature study has been made to gain knowledge about the current refining technology.  

Trials on high intensity refiners in Hallstavik mill and Braviken mill were made for 

experimental data. In order to gain knowledge about the current referred processes, mill 

guidance books were used. 

 

1.4 Delimitations 

Due to the complexity in the refining process this project focused on some earlier mentioned 

(1.2) refining conditions. It was also implicit that only spruce wood (Picea abies) was used 

during trial session. This was due to that the Hallstavik and Braviken paper mills were using 
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spruce wood in their daily production. The process type that was looked at was the TMP- 

refining process. The final product (for both of the mills) was newsprint paper. 

 

 

  



 

3 

 

2 Introduction to high consistency refining  
This session describes relevant parameters and methods needed to in generally describe wood 

refining, and thereby the high consistency (HC) refining. The goal of wood refining is to 

separate wood fibres and to break down the cell wall in a desired approach set by the required 

pulp properties. 

2.1 History and problematization of mechanical pulping 

The concept of mechanical pulping can be seen in the evolution of the grinding process, the 

first industrial mechanical pulping process. The principle of the process is that wood is 

grinded against a stone- cylinder. Groundwood pulp is characterized by low energy but low 

strength properties. (McDonald et al. 2004) 

 

In order to obtain adequate strength properties, groundwood pulp was, and can be combined 

with chemical pulp. Mechanical pulping often uses electrically driven refiners to process the 

wood.  With the introduction of refiners, stronger mechanical pulps could be produced and are 

now used for various types of paper products such as newsprint paper, Figure 1. (McDonald 

et al. 2004) 

Figure 1: Strength and energy relation for different refining systems. TMP is one of the most energy consuming 

processes. 

 

Reference:  Sundholm 1999, Mechanical pulping. 

The principle of the refining process is that wood chips are fed into a refiner. Inside of a 

single disc (SD) refiner two patterned discs (one rotating, the other stationary or both rotating) 

are then refining the chips into pulp. Following the refining process, called RMP (refiner 

mechanical pulp), trials with increasing refining temperature were made in order to reduce 

electric energy consumption. This was the start of what is now known as thermomechanical 

pulping (TMP). TMP is today the most common wood refining process. Nevertheless it 

proved to have the opposite effect on electrical energy consumption. High temperature 

refining requires more energy but produces a high- quality pulp (higher tensile strength, better 

printability etc.). The RTS process is similar to the TMP- process and is further discussed in 

Chapter 2.5.2. Current refining technology can not fully give us access to lower electrical 

Groundwood 

   RMP 

   TMP 

    RTS 

Strength 

Energy 
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energy consumption combined with fibres that develop required pulp properties. (McDonald 

et al. 2004, Jackson et al. 1988) 

 

Due to the tough market competition, environmental requirements and increasing electrical 

power/energy costs, it is of highest priority for companies and the society, to find a more 

energy efficient refining process. To illustrate the cost problem we can take a look at the 

electrical power consumption for Holmen Paper Braviken mill. The mill has an electrical 

energy consumption of 1,7 TWh/year (Jarl 2006), which can be compared to the electrical 

power consumption for Malmö City residential buildings (2,7 TWh/year) 

(www.malmo.se/miljohalsa 2008). For every electrical power cost percent increase the 

Braviken mill electrical power cost increases by 20 millions Swedish Kronor (Holmen Paper, 

Verksamhet och Resultatredovisning, 2006).  

 

Research has been made to reduce electrical energy consumption, in the mechanical pulping 

(MP) processes, without lowering the pulp quality. The key to longer, developed (more 

processed) fibres is being able to put more energy into the pulp without increasing the total 

electrical energy consumption.  

Examples of how it may be done are by: 

 softening the fibres by heat or chemical pre-treatment  

 increasing the refining intensity. 

 

 (McDonald et al. 2004, Kure et al. 1998) 

2.2 Rheological behaviour of wood 

To understand the complexity of the refining process, and how to obtain certain pulp 

properties, it is needed to understand the rheological behaviour of wood. Since wood is 

visoelastic (having viscous as well as elastic properties), natural polymeric material, its 

response to mechanical treatment is greatly affected by temperature, moisture and time under 

load (i.e. the time the fibre is processed by the refiner bars). (Sundholm 1999) 

 

During temperature changes the polymer can change from a stiff to a soft material (softening), 

which is of great importance. For example, refining stiff material would cause fibre cutting. 

The deformation of the material also depends on the force applied on the fibre, and on its 

duration. (Sundholm 1999) An example of a fibrillated fibre is shown in Figure 2. 

 

 

 

 

http://www.malmo.se/miljohalsa
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Figure 2: Illustration of a fibrillated fibre (left) and a not equally fibrillated fibre (right). 

 

  

Under MP conditions, the wood material contains more water than it has at full saturation, i.e. 

contains free water in lumen. These conditions are making the hemicelluloses and the 

amorphous cellulose to soften at 20ºC. This means that only the lignin softening plays a 

critical role in the mechanical pulp process. For example, the softening of water saturated 

spruce wood occurs at about 90ºC. (Sundholm 1999) 

 

2.2.1 The character of obtained fibres 

The character of obtained fibres is set by the 

separation of the fibres. The position of where the 

fraction between fibres takes place depends on the 

different characters of the cell wall layers 

building up the fibres, Figure 3. The main goal of 

the refining process is to:  

 Separate the wood fibres from each others. 

 Retain or reduce fibre length. 

 Make the fibres more flexible. 

 Fibrillate the secondary wal (external 

fibrillation, reduces cell wall thickness). 

 Create fines. 

 Make fibrilles protrude from the fibre 

surfice. 

 

The different cell wall layers shown in the figure are the Primary wall (P), three layers of the 

Secondary wall (S1-3) and the Middle Lamella (ML).   

 

Different refining processes operate differently. For processes operating at higher 

temperatures, such as thermomechanical pulping (TMP), the fraction zone is moved outward. 

That leads to higher amount of longer fibre content. Mechanical treatment of the separated 

fibres is essential in order to make the fibres more flexible. (Sundholm 1999) 

Figur 3 : Different cell layers building up the 

cell wall. Fraction positions for diferrent refining 
processes are illustrated . For example, the TMP 

process operates the fibre wall differentlly from a 

CTMP process. 

 

 

Reference: Sundholm 1999, Mechanical pulping 

figure 2, page 36.  
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2.2.2 Lignin polymer 

The viscoelastic characteristics of the lignin polymer in wood have a large influence on the 

behaviour of the wood in refining operations. Lignin is softening when the temperature is 

sufficient (about 90ºC). The lignin transition/softening temperature is related to the polymer 

structure. In the case of lignin it varies with origin.  

 

2.2.3 Chemical changes 

The structure of the lignin, plays a great role in its softening behaviour, and is naturally 

affected by chemical changes. Processes that include chemical treatment are 

chemithermomechanical pulps (CTMP) and chemimechanical pulps (CMP). For these 

processes sulfonation- or peroxide treatment- methods are applied on the wood/pulp. In both 

cases the result leads to a lowering of lignin transition/softening temperature, depending on 

the introduced amount of ionic groups. Naturally this chemical treatment leads to a necessary 

introduction of counter ion, for example sodium and calcium. The chemical treatment also 

affects the swelling of the wood. Increased swelling is due to increased amount of charged 

groups in lignin. (Sundholm 1999) 

 

2.2.4 Transition/softening temperature 

Since wood is visoelastic material, energy is lost and converted to heat in the deformation 

process. The energy loss has a maximum at the transition/softening temperature and its peak 

is used to define the point of wood softening. At higher temperatures the energy needed to 

deform the wood is reduced. For example fatigue of wood is more rapid at higher 

temperatures. The conclusion is that the higher temperature, the smaller amount of energy is 

needed to achieve a permanent mechanical change to wood structure. (Sundholm 1999) 

 

For water saturated wood, it has been shown that the elastic modules follow general time- 

temperature superposition principle (the WLFraquation). This makes it possible to calculate 

the properties of wood over a large range frequency- temperature interval. Thus the properties 

of wood can be estimated at refiner frequencies, Figure 4. (Sundholm 1999) 
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Figur 4: The temperature effect on fiber elasticy.  

 

Reference: Sundholm 1999, Mechanical pulping figure 3, page 37.  

 

2.3 Mechanisms in wood refining 

In the refining process wood is fed in chip form. The chips are defibrated and fibrillated in the 

refiners, where disc segments (refiner plates) process the chips. The most common process 

TMP means that the mechanical pulping system, with mechanical refiners, is pressurised. This 

pressurized state equals higher temperature and results in pre-heated chips. Process 

development has mainly occurred in new and large process units, and the knowledge of it is 

gained via testing. Therefore the knowledge of the process is of a qualitative rather then 

quantitative nature. (Sundholm 1999) 

 

The quantitative concepts of refining are the velocity, volume fraction, pressure and 

temperature of steam and fibre. The power dissipation (power distribution by different 

refining mechanisms) by different mechanisms is also included in the quantitative concept. 

Power dissipation mostly occurs in the water and fibre phase as well as in the steam phase 

(but it is negligible compared to the water and fibre phase). There is evident variation in 

values of these variables (velocity, volume fraction, pressure and temperature of steam and 

fibre) according to the position in the refiner plate gap. To gain a well controlled refining 

stage, it is necessary to know the values during entire passage of a fibre through the refiner. 

(Sundholm 1999) 

 

2.3.1 Description of refining inside the refiner 

For a SD refiner (and most of the other refiners, Chapter 2.4.2) the chips enter the centre of 

the refiner and hit the edge of breaker bars inside the refiner. Immediately the chip is broken 

down into coarse pulp and the refining of these pieces begins. What is called refining occurs 
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when the pieces hit each other and the refiner bar edges (rotor- and stator -segment bar edges). 

The centrifugal force drives this coarse wood and pulp through the plate gap and outward in 

radial direction. The collision between fibres and its surrounding, as well as friction, 

consumes a considerable amount of electrical energy. The electrical energy is transformed 

into heat which increases the water temperature and evaporates the water. An illustration of 

the pulp and steam flow is shown in Figure 5. (Sundholm 1999, Illikainen et al. 2007) 

 

 

 

 

Reference: Christer Sandberg, Oral presentation – Extern R&D evaluation 2007-11-22. 

The flow phenomena 

To explain the flow phenomena in a single disc refiner plate gap it is necessary to considers 

several parameters such as the fibre and steam velocity, temperature, pressure, dry content of 

pulp and power dissipation in the plate gap.  

 

The steam gained from the evaporated water has a flow pattern and velocity in between the 

refiner plates (inside the refiner). This flow can be pushed forward (outgoing, along the 

radius) or backward (to entering point). The point where this steam flow velocity is equal to 

zero is called stagnation point (Figure 5). Stagnation point is the position where temperature 

is considered to reach its maximum. Due to feed rate, local consistency, gap, plate wear and 

so on this position is not fixed. Considering backward steam flow, it is tenable that most of 

this steam condenses when encountering the chip and dilution water entering the refiner. 

(Berg 2003) For further discussion on the flow phenomena see Chapter 3.5. 

Chip 

Steam 

Stagnation point 

Water 

Figur 5: The pulp and steam flow inside the refiner (between two refiner plates/segments). Direction of 

steam and pulp flow is shown. Chips are refined and turned into pulp. Some backward steam and pulp 

flow can occur, the separation point of flow directions is called stagnation point. View from above the 

refiner.  
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2.3.2 Defibration and fibrillation of fibres 

The main mechanism in refining is defibration and fibrillation of fibres. They are partly 

determined by rheological properties of wood and fibres and partly by flow condition in the 

refiner. Refiner geometry and flow of steam determine the amount of steam and fibres that are 

generated in the refiner. The power dissipation mechanisms are when the fibres striking the 

bar edges, fibre- fibre collision and fibres gliding against segment surfaces. (Sundholm 1999) 

 

2.4 Description of the refining process 

The specific energy consumption (SEC) is one of the most important factors when describing 

the refining process. This is derived by calculating the motor power per produced ton of pulp, 

further explanation in Chapter 2.5. (Sundholm 1999) A brief explanation of the TMP refining 

process and its fundamentals is told in this chapter.  

 

2.4.1 Thermomechanical pulping 

A simplified flow sheet of a typical TMP plant is shown in Figure 6. The chips are steamed at 

ca 100 °C, after which they are washed in hot water. The warm and wet chips are fed, by a 

plug screw feeder, into a pre- heater. After the pre- heater the chips are fed into the first 

refiner. The first stage refiner operates at relatively high pressure and temperature (300-500 

kPa and temperature 143 °C-158 °C, which occurs at the pressure peak in the refiner). The 

coarse pulp is then blown to a steam separator from which the pulp is fed into the second 

refiner. The second refiner works similarly to the first refiner, and re- refines the pulp.  After 

second stage refining, the pulp continues to the second steam separator. The separator 

separates the fibres from  the steam, and the steam  is recovered and  used in the paper drying 

or dewatering stage. The pulp then falls down into a pulper or latency chest for removal of 

latency. Screening and reject refining (where not adequately refined pulp is re- refined) is to 

follow before final dewatering and storage stage. The dewatering step is partly powered by 

the previously produced steam. (Sundholm 1999) 
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Figure 6: A simple flow sheet of a TMP process. The steam is recovered and used in the paper machine (PM). 

 

Reference: Sundholm 1999, Mechanical pulping, figure 2, page 161. 

 

2.4.2 Different type of refiners 

The most common refiner designs are single disc refiner (SD), double disc refiner (DD), 

conical disc refiner (CD) and Twin- refiner. Schematically drawn refiner picture is shown in 

Figure 7. Every refiner is specific and produces a specific type of pulp. They are also 

different, in comparison, in the aspect of flow conditions and power dissipation mechanisms. 

In the aspect of gentle and harsh refining (for the TMP process), the CD refining process is 

the gentlest while DD process is the harshest. Harsher refining often leads to fibre length 

reduction and more fatigued fibres. (Sundholm 1999) 
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Figure 7: The common refiner types drawn with pulp inlet and flow directions. 

 

Reference: Christer Sandberg, Oral presentation – Extern R&D evaluation 2007-11-22. 

 

The Single Disc refiner  

The operational principle of all SD refiners in TMP production is the same. Chip feeds into 

the eye of the rotor disc through a ribbon- type screw. The rotor disc feeds the material into 

the gap between rotating and stationary discs. The motor load depends on the refiner gap 

clearance. Steam in HC- refining transports the pulp forward in the process. SD refiners 

usually have a lower production capacity. (Sundholm 1999) 

The Double Disc refiner  

The DD- refiner has two counter rotating discs which are driven by separate motors. Material 

is led into the refiner through openings in one of the discs. When refining to the same 

freeness, DD refining uses, at 1500 rpm, approximately 15 % less energy when compared to 

the standard SD 1500 rpm refiner (Miles et al. 1990). In that case the DD pulp has a bit shorter 

fibre length, the same tensile index and a higher light scattering. (Sundholm 1999) 

The Conical Disc refiner 

CD refiners operate similarly to the SD refiner, although they have a larger refining area due 

to the plate extension. This means that a CD refiner can obtain a larger refining area then a 

SD, with an equal diameter. It also has a longer retention time because of its extended plates. 

(Sundholm 1999) 

The Twin refiner 

The Twin refiner operates similar to a SD refiner. The refiner is fed from both sides of the 

rotor plate (the middle plate in the Twin refiner, stator is rotating in this case) and the stator is 

then hydraulically pressed towards the two rotor plates. (Åberg 2005) 

  SD  DD 

 CD Twin 
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2.4.3 Electric energy consumption 

90% - 99% of the energy production of TMP is not specifically used to separate and fibrillate 

the fibres. This seems to be a large amount of lost energy, but why is it like that? The answer 

could be explained by looking at the demands on the product. To gain desirable product the 

wood refining process and thereby the TMP process must, as told in part 2.2.1: 

 Separate the wood fibres from each others. 

 Retain or reduce fibre length. 

 The fibres must be delaminated (internal fibrillation). 

 The secondary wall must be fibrillated (external fibrillation). 

 Creation of fines must occur.  
(Sundholm 1999)  

 

For all this to take place, the disintegration of the wood must be directed to specific areas of 

the fibre wall. It is achieved by softening the wood and applying toughness on the fibre wall 

components. Softening can be made by increasing the temperature during defibration. 

However, the only way to disintegrate the fibres in certain areas is to use a fatiguing process 

(done by the refiner segments). The fatiguing process, in this case the refiner, consumes a 

great amount of electrical energy. (Sundholm 1999) (Illikainen et al. 2007) 

 

Electrical energy consumption (power consumption) is consumed differently in the first 

respectively second refining stage. Illikainen et al. presented this facts claiming that the power 

consumption is quite even in the first stage refiner. For the second stage refiner power 

consumption is increasing along the radius, being minor in the innermost part of the segment. 

 

2.5 Pulp properties from refiner operating conditions 

It is possible to look at the TMP process from two different angles, the fibre and the refiner. 

First, it is possible to have an effect on the way in which the refiner applies the energy on the 

fibre. Secondly, it is possible to affect the fibre itself so it changes its response on the forces 

applied by the process. The energy applied on the fibre is called specific energy (SE) and is 

calculated as in Formula 1: 

Formula 1: Specific energy calculated by dividing the motor load with the amount of pulp  

 

 

Reference: Sundholm 1999, Mechanical pulping. 
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As mentioned, varying the process parameters such as temperature, the moisture content or by 

adding chemicals, we can affect the wood raw material. We can also change the result of how 

the fibres and different parts of the fibre wall react to the refining. The two independent 

variables in TMP refining are therefore: 

 The amount of energy applied on the fibres in the refiner. 

 The intensity of de fiberization in the refiner (applied force in the refiner).  
 

Together with the process parameters the two independent variables will determinate the 

properties of the produced pulp. (Sundholm 1999) 

 

In the process, many of the refining variables can be adjusted. Closing pressure can be used to 

adjust the axial thrust of the plates (the plate gap). It is possible to control the production rate 

by using the rotational speed of the transporter- screw feeder to change the wood- chip feed 

rate. Finally, the dilution flow rate can be used to control the water intake and thereby the 

consistency. These variables are called basic variables. (Qian et al. 1995) 

 

The secondary variables are used to describe the operating conditions of a refining process. 

These variables are specific energy, consistency, intensity etc. Those variables can be 

calculated from the primary variables. (Qian et al. 1995) 

 

The performance of all refiners is influenced by different disturbances of the refining process. 

The major disturbance is variation in the wood supply (species, chip size, bulk density, and 

moisture content). In the chip pre- treatment process variation occurs (steam temperature, 

residence time etc.) and are seen as disturbance, but to a lesser extent. Disturbance can also 

occur when the condition of the refiner plates changes. For example as a consequence of plate 

wear. (Qian et al. 1995) 

 

The speed of the refining discs is a variable which has an effect on product quality and energy 

consumption, although most of the refiners have fixed rotational speed. Therefore the 

expression “passive variables” can be used. (Qian et al. 1995) 
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Figure 8: Variables affecting the pulp quality and the handsheet properties. 

 

Reference:  Qian et al., 1995, figure 2. 

 

2.5.1 The “fibre view” of the refining process 

Variables that have great influence on the pulp properties, directly affecting the fibre, will be 

discussed.  

 

Intensity 

For SD in HC refining, the steam and pulp can travel at different speed and in opposite 

direction, Figure 5. This means that the radial velocity of pulp through the plate gap in the 

refiner depends on the centrifugal force, the radial friction between pulp and disc and the drag 

force of steam developed during refining. The intensity, or the specific energy per impact, can 

be calculated from the residence time and the power input. (Sundholm 1999) 
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Formula 2: Intensity as a result of applied force on a certain amount of fibres during their residence time in the 

refiner. 

 

 

 

Reference: Miles 1991. 

 

Intensity is used to explain the energy transfer (to fibres) per impact (bars). It is the force 

applied on the fibre during its residence time in the refiner. In Formula 2 the applied force on 

the fibre is divided by the amount of pulp (fibres) during the pulps refiner plate passage.  

 

Figure 9 shows how the specific energy consumption and the refining intensity affect freeness 

and long fibre content at a certain mill. The suggestion is that the specific energy (SE) 

increase leads to a freeness drop and to a decrease of long fibre content. It is also possible to 

see that an intensity increase leads to shorter fibres. 

 

Figur 9: Relation between specific energy (SE) and intensity, and the two parameters affect on CSF and the long 
fibre content. 

 

Reference: Sundholm 1999, Mechnical pulping, figure 35, page 197. 

 

 

Refiner segments 

The refiner segment has a major affect on the refining intensity. In general, the intensity can 

be increased by using forward feed- type segment bars and grooves. They will feed the pulp 

and steam forward in the gap. The intensity of refining is increased when residence time of 

pulp and the refiner gap clearance is reduced. When designing segments a compromise 

between reducing the refining energy and maintaining the fibre length has to be made. 
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“Coarse” and “fine” are expressions used to describe the segments. A coarse segment is 

characterized by wide bars and grooves, while dense segment has narrow bars and grooves. 

The pulp and steam flow are important factors in controlling the radial speed of fibre. They 

are determined by the amount and height of dams and the open cross-sectional area. The dams 

forces the pulp to move from the grooves towards the impact zone located at the bars, Figure 

10.   

 

Figure 10: Left picture: The bars (gray colour) and the area between the bars (orange) illustrated from the centre 

of the segment in outgoing direction. Right picture: Figure rotated 90º. Between the bars there are dams that 

force the pulp to move out from the grooves on to the bars.  

 

 

 

 

 

Reference: Christer Sandberg, Oral presentation – Extern R&D evaluation 2007-11-22. 

 

Typical refiner segments are shown in Figure 11. Generally, there are two segment parts 

(discs) in a refiner, stator and rotor. In both the stator and rotor, the periphery segments (p –

segments) and centre segments (c- segments) are often separated. The centre plate is placed 

on the rotor side. The TDC hole (plate gap measurement device) is on the stator side.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Pulp going in radial direction 

dams 



 

17 

 

Figure 11: Stator and rotor plate with there segment part names. The rotor is rotating in a single disc refiner. 

 

Reference: To the left: United States Patent 6607153. To the right: Miles et al. 1982. 

 

In the double disc refiner there is no stator, both discs are rotating. The terms “in feed” and 

“control side” are used to describe the disc with openings for feeding, respectively the one for 

the plate gap control. For SD refining the term “breaker bar” is used for c- segment. 

(Sundholm 1999) The greatest power consumption for a first stage refiner is in the central 

parts of the segments, while second stage refining power consumption is mostly located in the 

periphery parts (Illikainen et al. 2007).   

 

Production rate 

The production rate of a TMP refiner has a significant effect on energy consumption and the 

pulp properties. With right production rate the refining process often gets more stable. This is 

due to even pulp flow which leads to even hydraulic pressure that adjusts the plate gap.   

 

Variation in production rate, either by manipulating the transfer- screw feeder speed or by 

shifting the chip bulk density, causes large difference in pulp and handsheet properties. (Qian 

et al. 1995) 

 

Refiner speed 

Trials with pilot refiners have shown that an increase in the refiner speed means lower energy 

consumption, lower tear strength, shorter fibre length but higher light scattering to a certain 

freeness level. The increasing refiner speed has an influence on the fibre length and strength 

properties, this is probably more contact between the bars and the fibres. (Sundholm et al. 

1987) (Sundholm 1999)  

 

Rotor 

Centre plate 

Stator 

p- segments 

 

c- segments 

 

TDC 



 

18 

 

Consistency 

The consistency depends on several parameters such as the production rate, chip moisture, 

dilution flow rate and seal- water flow rate. (Qian et al. 1995) It also affects the pulp quality 

in two ways. The moisture changes the visoelastic properties of wood. Moisture has also an 

effect on the wet mass of the fibre. Higher moisture content leads to a growth of wet mass 

which contributes to a growth of the centrifugal force acting on the fibre. This means shorter 

residence time and higher refining intensity, which results in shorter fibre length. Finally, 

consistency has an effect on the pressure in the gap. The dilution water reduces the gap 

clearance by reducing the steam volume in the gap. (Sundholm 1999) Mill trials have 

indicated that the energy consumption of TMP can be reduced by adjusting the refining 

consistency, see Figure 12.   

 

Figure 12: With optimal consistency SEC can be reduced. Therefore pulp consistency control is of great 

importance. Higher inlet consistency gives less energy input per impact, which can lead to less SEC but also to a 

less refined pulp. Segment size is also affecting the choice of inlet consistency.   

 

Reference: Sundholm 1999, Mechanical pulping figure 36, page 200.  

 

The conclusion is that all refiners have specific optimal consistency range, which gives the 

optimal centrifugal force. For most energy effective refining, with acceptable pulp properties, 

the refiner should be run at the lower limit of the consistency optimum. (Sundholm 1999) 

Energy consumption reductions achieved by optimising the consistency are rather small 

(<10%). (Sundholm et al. 1987).    

 

 

 

Refiner type 

SD, DD and CD can all be used for TMP production. The refiner type has a clear influence on 

the pulp properties. These differences can be explained by the fact that different refiners apply 

refining forces in different ways, and therefore different intensity.   
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DD has the highest refining intensity, therefore typical high intensity refining pulp quality 

outcome. The result is shorter fibre length and higher light scattering. The DD has the lowest 

specific energy consumption in comparison with SD and CD. (Sundholm 1999) In the CD 

refiners, the conical refining zone makes it possible to have a low thrust and a good control of 

the plate gap during high production levels.  

 

2.5.2 The “refining part” of the refining process 

Some of the process types used in modern refining facilities will be discussed. The two 

described ones are the most common for HC refining, and are therefore mentioned.  

 

The TMP process 

The TMP process is the most common refining process for mechanical pulping and is 

discussed in Chapter 2.4.1.   

 

 The RTS process (retention, elevated temperature, high speed)  

The process is a variant of the TMP process which combines high disc speed with elevated 

temperature. Atmospheric pre- steaming of chips and high temperature in the feeding system 

is followed by a low retention time in the refiner. A high- speed refiner processes the chips at 

2000- 2500 rpm. This process technology is successful in reducing the specific refining energy 

while obtaining the physical pulp properties. Much thanks to the softened secondary wall in 

the fibre that provides resilience to the high impacts of high speed refining. Pulp optical 

properties are well maintained in the RTS process and the result is good pulp brightness 

(higher specific light scattering coefficient, opacity, brightness and bleachability). All this is 

gained when the heating occurs in the fibre wall layers without heating the middle lamella. 

The middle lamella contains chromophoric compounds, if polymerization of these compounds 

occurs it can lead to darkening of the pulp. In the RTS process this not occurring according to 

the process developers. (Sundholm 1999) (Andritz RTS™ refining process description 2006)  

Due to the high rotation speed in RTS the refiner segments have a shorter plate life time then 

for SD in TMP.  

 

 

2.5.3 Pulp and handsheet properties 

In order to control that changes in the refining process truly are affecting the pulp and 

handsheet properties, pulp and handsheet tests are made. Tested pulp properties are freeness, 

fibre length and shive content. The interesting handsheet properties are for example tensile 

index, burst index, tear index and specific light- scattering coefficient. The scattering 
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coefficient is required for opacity, fibre length for strength and density for printability. 

(McDonald et al. 2004) 

 

Canadian Standard Freeness (CSF) 

CSF is a measurement for dewatering resistance and it explains how well the pulp has been 

refined. The freeness test is done by letting water run through the refined pulp and measure 

the flow- through time. A low CSF result means that the pulp has been well refined, which 

often means shorter fibre length. However, a low CSF value does not mean shorter fibre 

length; for example, gentle refining with lower energy input and long fibre residence time can 

give us low CSF values and long fibre length.   

 

Long fibre- and shive- content 

First, long fibre content is a measurement of long fibre content in the pulp. A normal length 

for mechanical pulp is 1.4-1.6 mm. This measurement is important as a parameter which 

indicates if the refiner is “refining” or “cutting” the fibres. If the refiner is cutting the fibres 

then, for example, the intensity (energy input) should be reduced, more fibre softening or 

another segment type should be applied etc. Long fibre content also indicates if the pulp 

strength properties are adequate. The parameter is often measured on-line, for example in a 

Kajaani MAP or PulpEye machine.  

 

If the shive content in a pulp is high, it can be problematic in further paper making stages. 

Shives often give rise to poorer printing and paper bonding quality.  Therefore it is of great 

importance to keep the shive content low after the refining process. This can be done by 

increasing the residue time of the pulp in the refiner gap etc. 

 

Tensile-, burst- and tear index 

These handsheet properties are set by pulling and tearing the handsheet. It is implicit that 

these measurements are machine made. All three parameter gives us a strength value of the 

handsheet.  

 

Specific light- scattering coefficient 

Opacity is of great importance for the paper making industry. Often, paper companies try to 

reduce the density and thickness of the paper without loosing the opacity in the handsheet. 

The specific light- scattering coefficient and the absorption coefficient give a opacity value of 

the produced handsheet.  



 

21 

 

3 High consistency refining 

The goal of HC refining is to create fibre surfaces with good bonding abilities, which directly 

contributes to the quality result of the finale pulp. A specific description of the HC refining 

step in the TMP process is presented in this chapter.  

 

3.1 The HC refiner 

The HC refiner stands for High Consistency refiner, which means that chips with a 

consistency of 25-55% are refined. HC refiners discussed in this project are used in a TMP 

process, and the rotational speed is often in the region of 1500-2300 rpm. Metso RGP 268 

single disc refiner is an example of a HC refiner and it is shown in Figure 13. The chip is fed 

through the stator segment and mostly refined in the peripheral areas of the segment (2.5.1 

refiner segments). A gap adjustment device (TDC) is used to measure the gap distance 

between the discs, and thereby be able to control it. The refiner is adjusting the gap 

hydraulically, with forces working in both horizontal directions. 

Figure 13: A typical SD refiner is shown. This particular refiner is called METSO RGP 268. Technical data is 

presented in Table 2.    

 

 

Reference: Product vault at  http://www.metsopaper.com/MP/marketing/Vault2MP.nsf/sets/web 

In order to understand the size of the refiner and its performance some technical data is 

presented in Table 1.   
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Table 1: The width of the refiner is 2,6m and it is almost 2,5m long. Refiner weight is 26 ton. 

 

Reference: Product vault at  http://www.metsopaper.com/MP/marketing/Vault2MP.nsf/sets/web 

3.2 HC refining system 

There are different types of HC refining systems. The most common system is a TMP 

process, which can be seen in Figure 14.  Historically, in the TMP system the chips were 

preheated during pressurised conditions in a pre-heater and moved forward in the system by 

various screws. Nowadays, the preheating is mostly done close to the refiner, for example 

after the plug screw. This can be done, as in Hallstavik, by having a pre- heater screw that 

enables the preheating of the chips. Following the HC refiner, the steam separator which often 

is some type of cyclone, separates the steam and the fibres. The steam is recovered and used 

for paper drying and chip preheating. High consistency systems do often include two (or 

more) refining steps. Those HC refining stages are often followed by a reject and/or low 

consistency stage.   

Figure 14: A HC refining system in a TMP process. Chips are refined into fibres and steam is recovered. Further 

refining is often to follow (2: nd stage refining, reject refining, low consistency refining).   

 

Reference: Christer Sandberg, Oral presentation – Extern R&D evaluation 2007-11-22. 
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3.2.1 Controlling the HC refining system 

The HC refining system has a limited number of controllable variables, although a small 

change of the variables can have a great impact on the finale pulp properties. As discussed in 

Chapter 2.5, the pulp properties are set by several variables. In reality, those variables are 

controlled by adjusting the: 

 plate gap (impact on intensity, specific energy consumption, etc). 

 production rate (impact on intensity, retention time of the fibre, fibre and steam flow 

etc). 

 feed- and housing pressure (feed pressure has an influence on temperature settings etc. 

/ housing pressure can change the refining temperature and the fibre and steam flow in 

the refining area). 

 dilution water flow (can affect the refining intensity by, for example, changing the 

consistency. Can contribute in a change of fibre and steam flow in the refiner). 

 

The question is how to operate a HC refining system? This is based on the target paper 

properties. Those properties set the demands on the pulp coming from the refining system (in 

this case TMP). The pulp must have adequate quality which is able to fulfil the paper property 

demands. To control the pulp quality, pulp and handsheet properties (paper making before the 

paper machine) are tested. Often made tests are CSF measurements, tensile- and tear- index, 

long fibre content, optical measurements and so on. Results of those tests often reflect the 

quality of the pulp. 

Now, to gain certain pulp properties the HC refiner operators can control:  

 

 Hydralic pressure – Low or high hydralic pressure gives wide or narrow plate gap. 

This affects freeness. Low hydralic pressure leads to wide plate gap and thereby rough 

pulp.  

 

 Dilution water – A increase of dilution water intake reduces the pulp consistency. 

When operating at undesirably high dilution water intake, there is a possibility of high 

pulp flow inside of the segments. This can lead to low pulp quality due to low 

intensity (short refining time inside the segments and low specific energy input). 

 

Decrease in dilution water intake gives higher consistency. This can lead to a lowering 

of intensity due to inadequate pulp flow between the segments, causing inadequate 

pulp quality and plugging of the segments. 

 

 Motor load – It is of greate importance to maintain stable motor load. Otherwise the 

specific energy input will vary and thereby the pulp quality.  

 

 Segment operating time –The operating time of the segements is affecting the pulp 

quality. Often, when operating with worn plates/segments the motor load must be 

raised to obtain adequate pulp quality. This is due to plate bar edge wear (Chapter 

3.4).  
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 Clean steam pipes – A operating refiner always produces a certain amount of steam 

that flows backwards. This steam can drag pulp into steam pipes and cause pipe 

plugging. Steam is essential for drying pulp in the paper machine, and therefore it is 

necessery to keep steam pipes clean. It also affects the refiner effect and thereby the 

plate gap.  

 

 Production volume – Right production volume stabilises the refiner, due to even in-

flow of chips and thereby even motor load and specific energy consumption. By 

varying the production volume it is possible to change freeness levels. Low production 

often gives lower freeness at equal amount of specific energy input due to higher 

intensity.  

 
(Åberg 2005) 

3.3 HC contribution to the wood refining process 

Why is HC refining an important step in the refining process? First of all, HC can induce a 

high amount of energy in to the refining process and developing the fibres, without large fibre 

length reduction. Assuming that the HC process is the first refining step, HC decides the fibre 

length through the whole process. An example of this is shown in Figure 15, where most of 

the length reduction has occurred in the first HC refining step. Next coming fatigue affects the 

freeness of the fibres to a greater extent then it does with the fibres length, Figure 16.  The 

conclusion is that the first refining step sets much of the finale pulp properties. (Härkönen et 

al 2003)  

Figure 15: First HC stage refining reduces the fibre length drastically compared to second HC refining stage. 

This is often due to high energy input in the first stage. Different fibre length trials (1,2,3) are shown in the 

figure. 

 

Reference: Esko Härkönen 2003, Fiber development in TMP main line figure 8, page 173.  
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Figure 16: CSF levels for first respectively second HC refining stage. It is clear that most CSF decrease occurs 

in the second refining stage. The fibres are more processed with lower energy input, therefore the fibre length is 

maintained while the freeness level is decreased.  Different freeness trials (1,2,3) are shown in the figure. 

 

Reference: Esko Härkönen 2003, Fiber development in TMP main line figure 6, page 173. 

 

3.4 Single disc vs. Double disc 

Single disc refiners are the most common once. However, recently the DD refiners are more 

used then before. Depending on which pulp properties and electric energy consumption 

criteria that are set, one of these two is better suited.   

 

The electric energy consumption is higher in SD refining than in DD refining. This is 

calculated by measuring electrical energy consumption for both refining types at same rate of 

rotation (refiner speed), for example both refiners operate at 1500 rpm. (Sundholm et al. 

1987).    

 

As for pulp properties, at a certain freeness level, SD has higher long fibre- and shive- content 

compared to DD. Results on handsheet properties indicates that SD has higher tear strength 

and lower specific light scattering coefficient then DD, while tensile strength is similar for the 

two refiner types. (Sundholm et al. 1987).  

   

3.4 The forces acting on the fibre 

As told in Chapter 2, fibres are affected by a fatigue process. Refiner bars/segments act on the 

fibre (defibration) and sets the pulp properties. It is the combined mechanical force gained 
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from three factors (intensity, the refiner segments and the refiner speed) that is applied on the 

fibres. These forces will now be discussed.  

 

The frequency of the oscillating forces acting on wood can be modified in two ways; either by 

changing the number of bars in the segment pattern or by changing the rotational speed 

(refiner speed). This frequency determinates how much the fibre will get refined (deformed). 

Some findings suggest that reducing deformation frequency should reduce power 

consumption in defibration of wood. (Sundholm et al. 1987)      

 

Two major forces are applied on the fibre flock when two bars are passing each other. Those 

forces are the normal force and the shear force. The shear force is a sum of friction and corner 

force (exists over the leading edge of a refiner bar during an impact). Normal forces 

contribute to internal fibrillation of the fibre wall through compression and bending of the 

fibres. Shear forces are causing external fibrillation, most likely fines are also generated by 

the shear forces. Both forces and their act on the fibre determines the pulp quality. For a 

schematic explanation of the bar passage view Figure 17. (Sanger et al. 2002)    

 

Figure 17: Forces are applied on the fibre, the normal force (N) and the shear force (Sc). The fibre flocks affect 

the pulp quality, higher grammage fibres length is often not dramatically reduced. 

 

Reference: Sanger et al. 2002, figure 5.    

 

The quality of pulp and power/energy consumption (in force acting aspect) is also affected by 

the pulp consistency and bar wear. Studied literature has shown that; when increasing pulp 

consistency to above ~35 % energy consumption is increased at a certain quality level. 

Lowering the consistency (~ 23-37 %) the energy consumption is constant to a given quality 

level. Finally, at consistencies below 23 % both energy consumption and quality is decreasing 

when consistency is decreasing. Sharpness of the bar edge influences the corner force (edge 

load), resulting in lower pulp quality as refiners bars wear down. (Sanger et al. 2002) 

N N 
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3.5 Aspects on parameters affecting the flow of pulp 

One of the keys to better control and understanding of the refining process is to predict the 

pulp flow. In Chapter 2.3.1 the model assumes that pulp flow takes place in the gap between 

the refiner plates. This model is concerning internal and frictional forces between pulp and 

segments and the drag force due to steam production (Sanger et al. 1998).    

 

Several publications have indicated that residence time is one important parameter for control 

and understanding of what happens inside the refiner. This is due to the fact that residence 

time determinate for how long time the fibres will be refined inside the refiner. It is possible 

to measure residence time by estimating the radial velocity of pulp (which includes radial 

velocity, pulp throughput and mass of pulp per unit area) in the refiner. It is found that an 

increase in rotational speed decreases the residence time and that the position of the 

stagnation point depends on it. However this theory of stagnation point position can not be 

applied for all types of pulp (for example kraft pulp). (Sanger et al. 2002) 

 

In many respects the plate gap determines the flow and velocity of steam and thereby the pulp 

flow and its residence time. The plate gap itself is affected by several parameters such as 

throughput, the density and elastic constants of the feed material, plate taper and plate pattern. 

So, all of these parameters indirectly affect the radial pulp velocity and the residence time for 

a given specific energy input. (Miles et al. 1990) 

 

Pulp consistency is also one parameter that gives an effect on pulp flow. This is mainly 

because of the residence time change due to consistency change. A higher pulp consistency is 

often giving longer residence time (other conditions unchanged). (Miles et al. 1990) 

 

A change in differential pressure across the refining zone changes the residence time, brought 

about by a change in the steam velocity through the plate gap. This velocity change differs 

from refiner to refiner. (Miles et al. 1990) 

 

3.6 Specific energy saving applications 

Optimizing the refining process can lead to great specific energy saving and thereby lower 

expenses and less pollution. Savings are not the only goal that can be reached, pulp and paper 

quality is to. By optimizing the refiner operating conditions (intensity, refiner speed, 

consistency etc) and the refining process itself all of those goals are possible.  
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For example, studies have shown that application of low specific energy at high intensity 

(pressurized first stage) followed by high specific energy and low intensity in the second 

stage, can produce equal pulp quality to two thirds of specific energy consumption as a 

conventional two stage TMP process. Alternatively, higher quality is gained at equal energy. 

(Stationwala et al. 1993) This result is confirmed by Su et al., as they investigated the 

adjustable-speed driver (ASD) effects on TMP specific energy consumption and pulp quality. 

By increasing the refiner speed (higher intensity) a total specific energy saving was achieved 

by 18% in the first refining step. (Su et al. 1994) 

 

It is of great importance to know exactly what effect a change (in the process) has on specific 

energy consumption and the pulp quality. For example when looking at refining intensity, it is 

shown that it only affects pulp quality when the level of specific energy applied exceeds some 

minimum value (depends on the refiner). This minimum value seams to be lower when the 

intensity is increased by higher rotation speed, as opposite to decreasing consistency. This is 

due to the fact that bar impact frequency is affected by the rotational speed, whereas 

consistency does not affect the frequency. (Stationwala et al. 1993) 

 

Stable production can contribute to stable motor effect, and thereby even specific energy 

input. This leads to more stable pulp quality. 
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4 Experimental 

The goal of these trials is to study how a SD RTS refiner and a SD Twin refiner (TMP 

process) operate during varying pressure and energy input values in a refining process. This 

following session describes the guide lines of these full scale trials.    

 

4.1 Trials  

During four occasions (F1, F2, F3 and F4) trials were made at Braviken mill and Hallstavik 

mill (two trial occasions each). The key parameters which were looked at were pressure 

(housing and feed) and energy input in full scale day to day production. Refiner plate wear 

and its effect on pulp quality were also measured. Further discussion on parameter values is 

found in part 4.1.1. The trials made are shown in Table 2a-b. Normal Probability plots are 

plotted in MiniTab. 

Table 2a: Basic description of the trials made for this project. 

Location Trial number Process type Production line Refiner place in 

process 

Refiner 

type 

Braviken F1 TMP S-line 1:st stage HC SD (Twin) 

Hallstavik F2 RTS RTS-line 6 1:st stage HC SD 

Braviken F3 TMP S-line 1:st stage HC SD (Twin) 

Hallstavik F4 RTS RTS- line 6 1:st stage HC SD 

 

Table 2b: Further basic information about the trials made for this project.  

 Segment type                     

(all Andritz segments ) 

Plate age       

(h) 

Production volume 

(t/h) 

F1 rotor 10095 RP 62 SH005 1842 13,9 

stator 10101 62 SH005 

F2 rotor 68 SA016 209 13,4 

stator 68 SA017 

F3 rotor 10095 RP 62 SH005 220 13,3 

stator 10101 62 SH005 

F4 rotor 68 SA016 800 - 

stator 68 SA017 
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To start with, two levels (for both housing and feed pressure) were set. The value levels were 

then combined with each other in four ways. For each of the four combined occasions four 

energy input levels (intensity) were set. That is 16 pulp measurements for each trial. Finally, 

plate wear effect was looked at by measuring, among other tings, the operating interval for 

energy input and strength properties. (Carlson et al 1984) A brief trial table for parameters 

previously referred to is shown in Table 3.   

 

Table 3: This is the general benchmark for each of the trials that were made. 

Parameters Housing pressure Feed pressure Energy input 

(Intensity) 

Plate wear 

Condition Normal (-) Normal (-) 4 different New/Worn-out 

Condition High (+) Normal (-) 4 different New/Worn-out 

Condition High (+) High (+) 4 different New/Worn-out 

Condition Normal (-) High (+) 4 different New/Worn-out 

 

The pressure condition “Normal/Normal” is the one used as reference. Those pressure 

conditions are used in day to day pulp production at each mill. The refining curves are then 

compared and evaluated, and the results are presented in Chapter 5. 

 

Due to plate wear the F4 trial (Hallstavik worn plates) did not give any trustworthy 

information, although it gave a hint on the process run- ability. At Braviken F1 trial (Braviken 

worn plates), worn plates imposed some adjustments on the plan. This lead to that three 

energy input levels were used instead of four; this gives 12 pulp measurements for trial F1.   

 

In order to gain the largest result differences, and thereby the easiest result measurement 

evaluation, the “data cube model” is used as experimental design. The effect of the different 

parameter values are exanimate in the corners of the cube. To indicate plate wear different 

colours of the cube are used. (Carlson et al 1984) A simple illustration of the data cube can be 

seen in Figure 18.  

 

The extreme values (-/-/- and +/+/+) are chosen in order to maintain the day to day production 

with adequate pulp quality. If the trials show any advantages caused by the changed pressure 

circumstances, there is a possibility to apply these changes in the production due to the 

extreme value choice. The data cube test is only applied on the Braviken mill data due to 

lacking Hallstavik data. 
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Figure 18: An illustration of data cube model. High and low values are found in the corners of the cube. All of 

the eight corners for each of the cubes are used for the trials at Braviken mill. 

 

 

 

 

As mentioned in Chapter 2, there are several parameter that effect the refining process and 

thereby the trial results. The fact that trials were made in order to investigate the pressure 

effect on the firs stage refining is because of: 

 The knowledge of pressure change and its impact on the pulp is not well known for 

the concerned mills.    

 Housing pressure and feed pressure affects the refiners operating conditions (part 

3.2.1) and the fibre itself (part 2.2.4). 
 

Further information on wood refining parameters is found in Chapter 2.5. Target refining 

conditions for trials made in this project are presented in part 4.1.1. 

 

4.1.1 Target refiner conditions 

Fact presentation and explanation of the refiner conditions during the trials is described in the 

following part. 

 

Production  

Production is regulated by the feeder screw and gives us an anticipation of the production 

volume, for the higher feeder screw rate gained, more pulp is fed into the refiner. The 

production can also be calculated by multiplication of pulp consistency (after the refining 

step) and pulp flow.    

Formula 3: Production calculation. The dry content is approximately 90%  (0,9).  

 

  

A,B,C = Parameters 

“+” = High value 

“-“ = Low value 

Gray = New plates 

 

- 

A 

C 

B 
+ 

+ 

- 
+ 

- 
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The production for the trials made are shown in Table 4. The production was not changed 

during the trials, although they affect the final pulp result. This issue is discussed in Chapter 

5. 

 

Table 4: Production volumes in ton per hour. Constant during trial. 

Trial Production (t/h) 

F1 13,9 

F2 13,4 

F3 13,3 

 

Consistency 

The consistency can be regulated by controlling the dilution water inflow. The greater water 

volumes inside the refiner, the lesser will the pulp consistency be. A consistency change 

influences the residence time of the fibre and thereby the energy consumption and pulp 

properties. The consistency value for the trials made is shown in Table 5.  

 

Table 5: Consistency for HC refiners is normally 25-45%. 

Trial Consistency (%) 

F1 40-45 

F2 43-48 

F3 39-46 

 

The consistency was not consciously changed; the dilution water intake was constant. The 

consistency variation is normal during pulp refining. Although, consistency have an impact on 

the trial results, as told in part 2.5.1. For Hallstavik mill the dilution water was injected into 

the feeder screw and not through the stator plate, as usual. Effects of this measure are 

discussed in Chapter 5. 

 

Housing- and feed- pressure 

Temperature can be adjusted by adjusting the feed- and housing- pressure. The feed pressure 

also affects the pulp refiner throughput. Housing pressure has furthermore effects on fibre 

flow in the plate gap.  For different processes pressure value can vary. For the trials made, 

two feed- and housing- pressure values are chosen and they represent the normal and the 

higher limit values for the refining process, view Table 6.  
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Table 6: Housing- and feed- pressure values for the trial interval limits. 

Trial Value Housing pressure (bar OP) Feed pressure (bar OP) 

F1 Normal 4 3 

High 4,3-4,4 4 

F2 Normal 5,5-5,8 4,5-4,7 

High 6,4-6,8 5,4-5,9 

F3 Normal 4 3 

High 4,4 4 

 

The changes in pressure value, for example housing pressure F2 High 6,4-6,8 bar (Hallstavik 

new segments), are due to the fact that the pressure is changing inside the refiner when the 

intensity (energy input) is changed etc. During operation this pressure is not 100% constant, 

although during the trials highest possible pressure was gained for each and every of the 

energy input levels. 

 

Energy input 

During the trials four intensity (energy input) levels were generally applied, except for F1 

(Braviken worn plates). The F1 trial was during circumstances where little room for energy 

input variation was allowed. A normal and a higher energy input limit (for each trial) was set 

and two additional levels were then set. Due to the goal of reducing electric energy 

consumption it is quite interesting to se if adequate pulp quality is possible with lower energy 

input and different pressure levels. The energy input levels are shown in Table 7. 

 

Table 7: The energy input and applied motor load for the two interval limits. 

Trial Value Energy input/Intensity (kWh/t) Motor load (MW) 

F1 Normal 1000-1050 ~14,5 

High 1120-1190 ~15,8 

F2 Normal 850-880 ~11,5 

High 1030-1240 ~15 

F3 Normal 1060-1090 ~14,3 

High 1210-1250 ~16,3 
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4.2 Measurement methods for pulp and handsheet properties  

Standard SCAN and ISO measurement methods are used for measurement of the used pulp 

and handsheet properties. All used measurement instruments are located at Braviken Paper 

Mill laboratory. Measurement methods are shown in Table 8.  

Table 8: Standard measurement methods used for analysing the pulp and handsheet properties for the trials 

made.  

Measurement Method Comment 

Pulp consistency ISO 4119:1995  

Hot disintegration SS-EN 2471  

Sheet basis weight SS-EN ISO 536  

Canadian Standard Freeness  ISO 5267-2  

Rapid Köhten ISO 5269-2 Handsheet making method 

Specific light scattering- and light 

absorption- coefficient 

SS-ISO 9416  

Opacity SS-EN 2471  

Tear and tensile index  

(all physical properties) 

SS-EN ISO 5270  

Paper conditioning ratio SS-EN 20187  

Long fibre- and shive content - Results of long fibre- and shive 
content in the pulp are gained by 

PQM- 1000 measurement. This is 

not a standard SCAN or ISO 

measurement method. References 

are available at Braviken paper 

mill laboratory. 
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5 Result and discussion 
In this chapter the results of the trials, at Braviken mill and Hallstavik mill with new and worn 

refiner plates, are presented and discussed. Different pressure (housing and feed) conditions 

are applied and the energy input level (intensity) is varied. Other parameters are kept constant. 

Standard measurement methods are used to analyze the result. For further trial and condition 

explanations se Chapter 4. Please notice that F4 (trial in Hallstavik with worn plates) is not 

presented due to the low run ability of the process during measured test parameter values.   

    

Nomenclature explanations for following tables are shown in Table 9.  

Table 9: Nomenclature for pressure conditions presented in tables, chapter 5. 

Abbreviation Housing pressure Feed pressure 

NN Normal Normal 

HN High Normal 

HH High High 

NH Normal High 

 

5.1 Freeness  
Figure 19: CSF measurement for Braviken mill (worn segments, F1). All pressure conditions have similar CSF 

values. Normal housing- /high feed- pressure (NH) seems to have the lowest CSF values. The normal housing- 

/normal feed pressure (NN) values are those during daily routine standards.  
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Figure 20: CSF measurement for Braviken mill (new segments, F3). The high housing- /normal feed- pressure 

(HN) curve has the highest CSF value probably due to occurred softening of the fibre. Normal housing- /high 

feed- pressure (NH) has the lowest. 

 

 

For Braviken mill trials Figure 19 and Figure 20 (F1 and F3, worn & new segments) the 

freeness levels are more or less the same for respective pressure condition. Generally, the 

pressure condition normal housing- /high feed- pressure (NH) gives lowest CSF levels in 

Braviken. The main effect on the CSF is caused by intensity, and is presented in Figure 21. 

Other parameters that affect the CSF values are housing pressure, and correlation between 

Housing pressure/Feed pressure/Intensity, Housing pressure/Feed pressure/Segment wear, 

Housing pressure/Segment wear/Intensity and Feed pressure/Segment wear/Intensity. Notable 

is that in all correlations that affect CSF non-normally, segment wear is included, are not 

showing non-normality as individual parameters. The normality line, (blue line in Figure 21), 

can also be drawn so that the normality includes more of the measurement points. If so, then 

energy input is the only parameter that majorly affects CSF, Figure 22. This result is expected 

when looking at Chapter 3.3 and 2.5.3.  
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Figure 21: Normal Probability Plot shows that the major effect on pulp CSF (at Braviken mill) is caused by the 

energy input (EI). 

 

 

 

 

 

 

 

 

 

 

Figure 22: Differently drawn normality line for parameters affecting Braviken mill CSF values. In this case only 

the energy input  is a major factor.  
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Figure 23: CSF measurement for Hallstavik mill (new segments). All pressure conditions lower the CSF value 

compared to normal daily routine (NN). Especially normal housing- /high feed- pressure (NH) decreases rapidly 

compared to the other pressure conditions. 

 

 

Looking at Hallstavik mill (new segments, F2), it is clear that almost every pressure change 

lowers the CSF value for respective pressure condition. Especially normal housing- /high 

feed- pressure (NH) lowers the CSF value substantially. This could be explained by the fact 

that higher temperature is gained in the feeder screw. That could lead to softened fibres that 

are easier processed (Chapter 2.2.4). The inflow speed of the chips is probably higher for NH 

then for normal housing- and feed- pressure (NN), which could lead to more damaged chips 

(when hitting the breaker bar) that are easier refined later on. A pressure condition like in the 

normal housing- /high feed- pressure (NH) could give a more processed pulp with lower 

electrical power consumption. However, this pressure condition causes some fibre length 

reduction problems which are presented in Chapter 5.2. The average fibre length is drastically 

reduced for energy input above 950 kWh/t, see Figure 28. It is important to control the energy 

input value when comparing pulp and handsheet properties. To much energy input can lead to 

fibre shortening if the refiner segments are far too greatly refining the fibres (Chapter 3.4). 
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5.2 Average fibre length 
Figure 24: Braviken mill measurements (worn segments, F1). Average fibre length in the pulp measured in 

millimetres. High housing- normal /feed- pressure (HN) condition seams to have the longest average fibres. For 

normal SEC levels (~1100 kWh/t) the fibre length is about 1,6 mm for all of the pressure conditions. 

 
 

Figure 25: Braviken mill (new segments). Both high housing- /high feed- pressure (HH) and high housing- 

/normal feed- pressure (HN) gives longer average fibres then for normal housing- / normal feed pressure (NN). 

The shortest average fibre lengths are gained by normal housing- /high feed- pressure (NH) conditions. There is 

no major difference in average fibre length at any pressure condition (new segments).   
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Average fibre length measurement (Figure 24 and Figure 25) indicates that Braviken mill 

generally has greater average length then the Hallstavik mill. This is normal due to the fact 

that Hallstavik uses a RTS refining process. The trend curve slope for new segments 

(Braviken trail, F3) is less decreasing then the trend curve slope of worn segments (Braviken 

trail, F1), Figure 26. Use of new segments is also affecting the average fibre length, where 

new segments contribute to longer fibres. This fact is confirmed by Figure 27.  

 

For F1 (Braviken worn segments) and F3 (Braviken new segments), the fibre shortening is 

reduced when higher housing pressure is introduced. Probably, softening of the fibre occurs 

which leads to more flexible fibres that are capable of maintaining structural form at high 

energy input levels. A change in pulp flow inside the refining area is probably occurring when 

the housing pressure is raised. This also contributes to development of pulp containing longer 

fibres. This is not confirmed by the normality plot due to a small fibre length change. It is 

surprising that only segment wear is affecting the average fibre length non-normally, and not 

housing pressure or feed pressure. Both pressure parameters should change the refining 

conditions inside of the refiner, and thereby the final result. None of the two parameters seem 

to greatly affect the final result. The effect is measured for each of the parameters (separately) 

when looking at the long fibre results for all Braviken mill trials (F1 and F3). 

 

Figure 26: A steeper trend curve is gained when measuring Average Fibre Length for worn segments compared 

to new segments (Braviken trials). 
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Figure 27: Normal Probability Plot (Braviken mill) shows only one parameter that is majorly affecting the 

average fibre length result. This parameter is refiner segments wear. 
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Figure 28: Hallstavik mill (new segments, F2) average fibre length. Pressure condition normal housing- /normal 

feed- pressure (NN) seems to be the best for higher energy input levels. Normal housing- /high feed (NH) 

shortens  the fibres.   

 

 

Three of four curves in F2 (Hallstavik mill, new segments) indicates that average fibre length 

starts at 1,55 mm (~870 kWh/t) and is then peaked at a energy input level about 950 kWh/t. 

Segment wear 
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The average fibre length is then reduces the more energy input. This means that less shortened 

fibres can be obtained by adjusting the energy input and applying high housing- /normal feed- 

pressure conditions (HN), Figure 28.  Add: During trials (F2) and working with high 

housing- /normal feed- pressure (HN)  conditions a large shive content in pulp for energy 

input levels over 1100 (kWh/t) was noticed, see Appendix 3. Probably, the refining area had 

been moved (inside of the refining zone) or the fibre residence time had been changed due to 

the changed temperature, pressure and fibre flow conditions, which affected the handsheet 

result.  

 

5.3 Tensile index 
Figure 29: Tensile index for Braviken mill (worn segments, F1). No specific notification, although worn 

segments contributes to lower tensile index (comparison to Braviken mill trial new segments, F3).  
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Figure 30: Braviken mill new segments (F3). Normal housing- / normal feed- pressure gives best tensile index. 

High housing pressure (for both HN and HH) contributes to low/lower tensile index.  

 

 

In F1 (Braviken worn segments) it is hard to say or predict the behaviour of the curve due to 

only three measurement data entries for each pressure condition. This is because of the plate 

wear that reduced the maximum possible energy input, Figure 29.  

 

F3 (Braviken new segments) indicates that higher pressure conditions do not increase the 

tensile index in comparison to the daily production (NN) processing data, Figure 30. The only 

conclusion is that tensile index is mainly affected by intensity, as shown in Figure 31.     
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Figure 31: The energy input is affecting the tensile index at higher degree then other measured parameters. 

Braviken mill data plotted. 
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Figure 32: Tensile index Hallstavik mill (F2). Highest tensile index is gained with normal housing- /high feed- 

pressure (NH). All pressure changes contribute to higher tensile index compared to normal housing- /normal 

feed pressure (NN). 

 

 

Energy input 
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Looking at Figure 32, it is easy to se that all of the pressure changes result in higher tensile 

index values. Especially normal housing- /high feed- pressure (NH) has a great impact on the 

tensile index. 

 

For both Braviken mill trails (F2 and F3), normal housing- /normal feed pressure (NN) and 

high housing- /high feed- pressure (HH) have more or less the same data point slope. For F2 

(Hallstavik new segments) the HH data points are located over the NN data points, while F3’s 

(Braviken new segments) HH data points are located below the NN data points.  

 

5.4 Tensile index/Average fiber length 
Figure 33: Tensile index/average fibre length comparison between Braviken mill trial F1 (worn segments) and 

F3 (new segments). The F3 results (new segments) gives more vertical results then for F1 (worn segments), 

which have horizontal results.   

 

 

Clearly, the F1 (Braviken worn segments) and F3 (Braviken new segments) trials indicate that 

higher tensile index and longer average fibre length can be obtained with new segments. No 

tensile strength increase is appearing when the segments are getting worn out. The average 

fibre length is also reduced, Figure 33. This hypotheses can be confirmed by looking at F2 

(Figure 34, Hallstavik new segments), where the curve slope is somewhere in between the 

two Braviken trial results. Segment age for Hallstavik is as well as the curve slope, in between 

the Braviken trials, view Table 2b. Notice that RTS plate endurance time is often shorter then 

for TMP, and can not directly be compared to TMP results. 
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In order to gain longer average fibres and higher tensile properties, Hallstavik should look at 

the high housing- /normal feed- pressure (HN) condition, view Figure 34. Normal housing- 

/high feed- pressure (NH) has also interesting results, but the problem is short average fibre 

lengths for higher energy inputs, Table 28. 

 

Table 34: Tensile index/Average fibre length for Hallstavik mill (new segments, F2). High housing- /normal 

feed- pressure (HN) condition gives the best tensile index with adequate average fibre length. 
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5.5 Tear index 
Figure 35: Tear index for Braviken mill (worn plates, F1). It is most likely to say that normal housing- /high 

feed- pressure (NH) gives the highest tear index.  

 

 

Figure 36: Tear index for Braviken mill F3 trial (new segments).  

 

 

When considering F1 (Braviken trial worn plates, Figure 35), there is no certain trend to 

follow. It is most likely to say that the tear index is higher at high housing- /normal feed- 
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pressure (HN) and normal housing- /high feed- pressure (NH), although this is not confirmed 

by the other Braviken trial (new segments, F3). For that matter, the tear index (in F3) is higher 

for NH then for NN at higher energy input levels, Figure 36. No significant notifications are 

seen in the normal probability plot, Figure 37.  

 

Figure 37: Normal Probability Plot on tear index response for Braviken mill trials. No specific notifications can 

be seen. 
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Figure 38: Hallstavik mill (new segments, F2) tear index results. No significant improvement is seen when 

applying new pressure conditions. 
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Hallstavik trial indicates no tear strength improvement when applying other pressure 

conditions. Mills often have the goal to get the adequate, rather than best tear strength. Results 

of Hallstavik mill tear index trials are shown in Figure 38. 

 

5.6 Brightness  (ISO R457) 

 

Figur 39: Normal housing- /normal feed – pressure (NN) gives the highest brightness values, although the there 

is little difference between the results. Trial at Braviken mill (worn segments, F1).                                                                 
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Figure 40: Brightness results for Braviken mill (new segments, F3). 

 

 

The brightness (ISO R457) value is generally higher for F1 (Braviken worn segments), due to 

its worn refiner plates. This means that less energy was put in to the fibres when the refiner 

was operating with worn plates/segments. The reason for higher ISO R457 value, in this case 

F1, is higher specific light scattering coefficient for F1 (compared to F3) while the absorption 

coefficient has equal values for both trials. Individually, none of the trials at Braviken mill 

shows any remarkable optical changes when applying higher pressure conditions, Figure 39-

40.  
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Figure 41: Hallstavik mill (new segments, F2) brightness results. Normal housing- /high feed- pressure (NH) 

gives best brightness at lower energy input levels.  

 

 

The only brightness improvements for Hallstavik trial (F2) is gained by increasing the feed 

pressure (NH pressure condition), see Figure 41. There are no significant brightness 

differences for the trials made. A slight light scattering coefficient value increase is seen and 

no change in the absorption coefficient value.  

5.7 Production  

During all trials, the production was kept at a constant level. It was noticed that the refiners 

operated more stable in conditions where the production (production rate and volume) was 

high. The explanation could be less pulp feed volume variance, which can cause variance in 

hydraulic pressure (that determines the refiner plat gap). By having a stable plate gap the 

refining process and the pulp quality should be easier to predict and control, the refiner gets 

thereby more stable.  

5.8 Consistency  

As mentioned in Chapters 2-3, the consistency is of great importance. Consistency variation 

can cause large SEC changes. Low consistency often leads to high steam production when the 

dilution water is vaporized. Generally, the dilution water is feed into the refiner through the 

stator plate. In Hallstavik this is done through the feeder screw. This could lead to a more 

unstable process due to steam production in the feeder screw, which could affect the pulp in- 

feed to the refiner. The steam production could also cause a pulp and steam flow change 

inside of the refiner plate gap, which affects the pulp and handsheet properties.  
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6 Conclusions 

6.1 General conclusions 

Segment wear 

It is clear that worn segments reduce the maximum energy input for the tested refiners. For 

example, the F4 trial (Hallstavik worn segments) was limited to a degree of where no 

lowering or increasing of energy input was allowed. It is also of great importance to control 

the condition of the segments due to the fact that they strongly affect the pulp and handsheet 

properties. Worn segments give lower tensile index, lower tear index, and shorter average 

fibre length. 

Housing- and feed pressure 

Both pressure parameter are affecting the pulp quality and should be adjusted at in order to 

optimise the refining process, however the affect is not as great as for energy input or segment 

wear. 

Energy input 

The energy input is majorly affecting CSF and the tensile index as evaluated from probability 

residuals. It is therefore of great importance to control the energy input when comparing 

experimental results with same pulp and handsheet properties.  

Brightness (ISO R457) 

Brightness is not greatly affected by different pressure conditions. The ISO R457 value 

difference is for most of the time less then 1%.  

6.2 Braviken mill recommendations 

The pulp results indicate that Braviken mill is operating at its optimum for the measured 

parameters in this project. However, the mill should consider making segment changes more 

often in order to gain better pulp quality over a longer period of time. 

6.3 Hallstavik mill recommendations 

Hallstaviks goal, to obtain longer fibres with better tensile index, can be reached by 

implementing high housing- /normal feed- pressure condition (HN). HN also results in higher 

tensile index value when looking at energy input as co- parameter. Although, normal pressure 

condition (NN) gives the best average fibre length when the energy input level is increased to 

above ~1050 kWh/t. A slight change in the pressure conditions should be made in order to 

gain better tensile strength. 
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7 Abbrevations 
 

TMP –Thermomechanical pulping 

CTMP – Chemomechanical pulping 

MP – Mechanical pulping 

TDC – True Disc Clearance. Plate gap measurement device 

RTS – Retention, elevated Temperature, high Speed refining process (a TMP process) 

HH – High housing- /high feed- pressure 

NN – Normal housing- /normal feed- pressure 

NH – Normal housing- /high feed- pressure  

HN– High housing- /normal feed- pressure 

CSF – Canadian Standard Freeness 

SEC – Specific energy consumption 

SE – Specific energy  

ISO R457 – Handsheet brightness 
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9 Appendices 
 

Appendix 1a 

Raw data Trial F1, Braviken mill. 

 

 

NN 1 NN 2  NN 3 HN 1 HN 2 HN 3 

       Consistency 41,7 41,6 42,4 39,5 42 44,2 

CSF 1 442,5 493 556 544 527 435 

CSF 2 461 487,5 561 570 529 450 

CSF 451,75 490,25 558,5 557 528 442,5 

SEC (kWh/t) 1189 1118 1045 1045 1115 1184 

Motor load 16 15,4 14,6 14,4 15,2 16,1 

Exact SEC (kWh/t) 1151,08 1107,91 1050,36 1035,97 1093,53 1158,27 

Tensile (kNm/kg) 28,2 30,2 28,9 27,7 27 31,2 

Tear (Nm**/kg) 7 6,85 6,94 7,5 6,75 7,11 

Long fiber (mm) 1,5 1,61 1,67 1,68 1,61 1,57 

ISO R457 (%) 60,45 60,49 60,16 59,95 59,2 60,51 

Light Scat. coef. 42,71 40,86 40,39 40,31 40,87 43,13 

Absorb. coef.  1,73 1,63 1,63 1,67 1,84 1,72 

 

 

HH 3 HH 2 HH 1 NH 1 NH 2 

 

     

Consistency 43,6 42 42,7 41,7 45,3 

CSF 1 470 612 550 490 451 

CSF 2 478 600 577 475,5 468 

CSF 474 606 563,5 482,75 459,5 

SEC (kWh/t) 1119 1039 1004 1098 1154 

Motor load 15,4 14,6 13,8 15,3 15,8 

Exact SEC (kWh/t) 1107,91 1050,36 992,81 1100,72 1136,69 

Tensile (kNm/kg) 30,8 27,6 29,8 30,4 29 

Tear (Nm**/kg) 7,4 6,73 6,7 7,24 7,51 

Long fiber (mm) 1,58 1,71 1,57 1,59 1,53 

ISO R457 (%) 60,3 59,85 59,87 60,29 60,49 

Light Scat. coef. 41,55 38,63 41,22 42,55 43,02 

Absorb. coef. 1,69 1,62 1,72 1,72 1,71 
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HN 3 HN 4 HH 1 HH 2 HH 3

47,5 39,5 46 45,4 44,1

423 335 523 459 364

427 345 538 466 381

425 340 530,5 462,5 372,5

1066 1115 871 938 1080,5

14,3 - 11,7 12,6 14,5

1067,2 - 873,1 940,3 1082,1

36,2 spetor 32 35,2 35,8

7,6 spertor 7,2 7,58 7,62

1,52 1,4 1,52 1,54 1,45

59,86 spetor 59,96 59,66 60,49

41,77 - 41,54 42,3 45,24

1,68 - 1,71 1,8 1,82

Consistency

CSF 1

CSF 2

CSF

SEC (KWh/t)

Motorload (MW)

Exact SEC (kWh/t)

Tensile (kNm/kg)

Tear (Nm**2/kg)

Long fiber (mm)

ISO R457 (%)

Light Scat. coef.

Absorb. coef.

Consistency

CSF 1

CSF 2

CSF

SEC (KWh/t)

Motorload (MW)

Exact SEC (kWh/t)

Tensile (kNm/kg)

Tear (Nm**2/kg)

Long fiber (mm)

ISO R457 (%)

Light Scat. coef.

Absorb. coef.

NH 1 NH2 NH3 NH4

44,3 46,1 45,3 44,1

549 485 338 265

558 488 336 263

553,5 486,5 337 264

859 930 1001 1031

11,5 12,5 13,4 13,85

858,2 932,8 1000,0 1033,6

32,66 33,95 36,4 40,14

7,07 7,57 7,72 7,58

1,58 1,52 1,46 1,38

59,62 60,08 60,84 61,79

42,27 42,62 46,09 48,76

1,79 1,74 1,78 1,76

Appendix 1b 

Raw data Trial F2, Hallstavik mill. 

 

 
NN 1 NN 2 NN 3 NN 4 HN 1 HN 2 

       Consistency 45,4 45,4 44,7 43,6 44,8 48,4 

CSF 1 567 539 433 277 567 496 

CSF 2 554 529 433 312 592 536 

CSF 560,5 534 433 294,5 579,5 516 

SEC (KWh/t) 854 957 1128 1240 882 953 

Motorload (MW) 11,4 12,8 15,1 16,6 11,85 
 Exact SEC (kWh/t) 850,7 955,2 1126,9 1238,8 884,3 
 Tensile (kNm/kg) 30 30,9 34,3 39 27,2 32,7 

Tear (Nm**/kg) 7,5 7,6 7,8 7,55 7 8,12 

Long fiber (mm) 1,55 1,59 1,52 1,38 1,6 1,62 

ISO R457 (%) 59,13 60,06 60,93 61,72 58,8 59,4 

Light Scat. coef. 41,97 42,38 44,38 47,17 38,7 40,95 

Absorb. coef. 1,9 1,76 1,72 1,74 1,71 1,73 
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HN 2 HN 3 HN 4 HH 1 HH 2 HH 3

39,2 42 42 39,1 44 41,6

522 483 461 541 528 501

515 492 467 543 535 500

518,5 487,5 464 542 531,5 500,5

1121 1199 1243 1041 1114 1153

15 15,8 16,4 14,3 15 15,5

1132,25 1192,63 1237,92 1079,41 1132,25 1169,99

30,23 28,82 31,13 29 28,67 31,6

7,79 7,57 7,75 7,31 7,3 8,26

1,67 1,66 1,62 1,69 1,68 1,69

59,87 60,01 59,87 59,62 59,82 59,5

40,58 41,29 40,67 39,8 40,98 39,33

1,69 1,68 1,7 1,71 1,7 1,68

Consistency

CSF 1

CSF 2

CSF

SEC (KWh/t)

Motorload (MW)

Exact SEC (kWh/t)

Tensile (kNm/kg)

Tear (Nm**2/kg)

Long fiber (mm)

ISO R457 (%)

Light Scat. coef.

Absorb. coef.

HH 4 NH 1 NH 2 NH 3 NH 4

39 39,6 44,1 46,4 42,6

460 537 514 482 438

452 544 514 491 439

456 540,5 514 486,5 438,5

1194 1061 1112 1155 1221

16 14,1 14,5 15,2 16,3

1207,73 1064,31 1094,50 1147,34 1230,37

32,7 28,51 30,39 31,9 34,76

7,84 7,04 7,49 7,89 9,28

1,66 1,65 1,65 1,64 1,65

59,43 59,91 59,56 59,72 59,74

40,21 39,83 40 40,9 41,77

1,75 1,61 1,68 1,74 1,74

Consistency

CSF 1

CSF 2

CSF

SEC (KWh/t)

Motorload (MW)

Exact SEC (kWh/t)

Tensile (kNm/kg)

Tear (Nm**2/kg)

Long fiber (mm)

ISO R457 (%)

Light Scat. coef.

Absorb. coef.

Appendix 1c 

Raw data Trial F3, Braviken mill. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NN 1 NN 2 NN 3 NN 4 HN 1 HN 2

Consistency 41 39,6 41 41,2 42,1 39,2

CSF 1 549 521 487 436 534 522

CSF 2 544 543 454 440 554 515

CSF 546,5 532 470,5 438 544 518,5

SEC (KWh/t) 1050 1098 1202 1231 1078 1121

Motorload (MW) 14,5 14,9 16,1 16,6 14,5 15

Exact SEC (kWh/t) 1094,50 1124,70 1215,28 1253,02 1094,50 1132,25

Tensile (kNm/kg) 29,49 31,23 34,57 34,19 27,93 30,23

Tear (Nm**/kg) 7,19 8,08 8,5 7,88 7,26 7,79

Long fiber (mm) 1,68 1,66 1,61 1,65 1,68 1,67

ISO R457 (%) 59,26 59,71 60,07 60,22 59,78 59,87

Light Scat. coef. 39,55 40,29 42,82 42,35 38,65 40,58

Absorb. coef. 1,71 1,66 1,74 1,72 1,64 1,69
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Factor

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Effekt

Tensile

CSF

Long fibre

Tear

Hous/Feed Hous/Seg Hous/Int Feed/Seg Feed/Int Seg/Int

1 1 1 1 1 1

-1 -1 -1 1 1 1

-1 1 1 -1 -1 1

1 -1 -1 -1 -1 1

1 -1 1 -1 1 -1

-1 1 -1 -1 1 -1

-1 -1 1 1 -1 -1

1 1 -1 1 -1 -1

1 1 -1 1 -1 -1

-1 -1 1 1 -1 -1

-1 1 -1 -1 1 -1

1 -1 1 -1 1 -1

1 -1 -1 -1 -1 1

-1 1 1 -1 -1 1

-1 -1 -1 1 1 1

1 1 1 1 1 1

0,30625 -1,14875 0,31875 -0,22125 -0,14375 1,93125

12,6875 -5,25 -3,6875 1,8125 13,625 -5,3125

0,00375 -0,01125 0,00875 0,02125 0,03625 0,02625

-0,30375 -0,15625 -0,24125 0,13625 0,36125 0,41375

Appendix 2 

Data Cube Model data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Factor Housing P Feed P Segment Intensity

1 -1 -1 -1 -1

2 1 -1 -1 -1

3 -1 1 -1 -1

4 1 1 -1 -1

5 -1 -1 1 -1

6 1 -1 1 -1

7 -1 1 1 -1

8 1 1 1 -1

9 -1 -1 -1 1

10 1 -1 -1 1

11 -1 1 -1 1

12 1 1 -1 1

13 -1 -1 1 1

14 1 -1 1 1

15 -1 1 1 1

16 1 1 1 1

Effekt

Tensile -0,39875 0,77875 1,46375 2,53125

CSF 15,875 -5,6875 -2,5 -88,8125

Long fibre 0,01625 -0,01625 0,07375 -0,05625

Tear -0,15125 0,21125 0,51875 0,57375

   SEC 
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Factor Hous/Feed/Seg Hous/Feed/Int Hous/Seg/Int Feed/Seg/Int Hous/Feed/Seg/Int

1 -1 -1 -1 -1 1

2 1 1 1 -1 -1

3 1 1 -1 1 -1

4 -1 -1 1 1 1

5 1 -1 1 1 -1

6 -1 1 -1 1 1

7 -1 1 1 -1 1

8 1 -1 -1 -1 -1

9 -1 1 1 1 -1

10 1 -1 -1 1 1

11 1 -1 1 -1 1

12 -1 1 -1 -1 -1

13 1 1 -1 -1 1

14 -1 -1 1 -1 -1

15 -1 -1 -1 1 -1

16 1 1 1 1 1

Effekt

Tensile 0,45625 -0,35625 -1,33125 0,65625 0,21625

CSF -13,8125 -8,875 14,8125 -13,5 5,75

Long fibre 0,01625 0,00125 -0,02375 -0,02125 -0,00125

Tear 0,02625 -0,07875 -0,23625 0,03625 -0,29875

Y= Tensile Freeness Long fibre Tear

1 28,9 558,5 1,67 6,94

2 27,7 557 1,68 7,5

3 30,4 482,75 1,59 7,24

4 29,8 563,5 1,57 6,7

5 29,49 546,5 1,68 7,19

6 27,93 544 1,68 7,26

7 28,51 540,5 1,65 7,04

8 29 542 1,69 7,31

9 28,2 451,75 1,5 7

10 31,2 442,5 1,57 7,11

11 29 459,5 1,53 7,51

12 30,8 474 1,58 7,4

13 34,19 438 1,65 7,88

14 31,13 464 1,62 7,75

15 34,76 438,5 1,65 9,28

16 32,7 456 1,66 7,84
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Appendix 3  

Handsheet for HN pressure condition (Hallstavik new segments, F2). Large shive content. 

 

 

 Large shives 


