
 

 

LAPPEENRANTA-LAHTI UNIVERSITY OF TECHNOLOGY LUT 

School of Engineering Science 

Chemical Engineering and Water Treatment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Taru Mankinen 

 

IMPACTS OF REJECT LINES INTEGRATION ON PRESSURE GROUNDWOOD 

PULP QUALITY 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Examiners: Prof. Satu-Pia Reinikainen, D.Sc. 

 Prof. Tuomas Koiranen, D.Sc. 

  



 

 

ABSTRACT 

 

Lappeenranta-Lahti University of Technology LUT 

School of Engineering Science 

Chemical Engineering and Water Treatment 

 

Taru Mankinen 

Impacts of reject lines integration on pressure groundwood pulp quality 

Master’s thesis 2021 

92 pages, 52 figures, 11 tables, 1 appendix 

Examiners: Prof. Satu-Pia Reinikainen, Prof. Tuomas Koiranen 

 

Keywords: pressure groundwood pulp, reject refining, pressure screening, Galileo 

grindstone 

 

The reject lines of groundwood mill were combined in Anjala paper mill due to the 

increased amount of Galileo grindstones. The grinding surface of a Galileo stone consists 

of diamond-coated steel segments which produces more uniform pulp compared to 

traditional ceramic grindstone. Uniform pulp production means that Galileo grindstone 

reduces the reject fraction production. This led to the situation that maintaining several 

reject lines is not economically or qualitatively sensible since the capacity of one reject 

line is sufficient to meet the pulp production requirements for both paper machines. 

 

In this study, the quality of groundwood pulp was investigated before and after the 

integration. The goal for the quality of the final pulp was at least to remain at the same 

level or possibly to improve it. The pulp quality was determined principally by freeness 

and tensile index. The study was carried out with test runs in the grinding line. The quality 

of the pulp was first determined before the process change to see the current pulp quality 

level. After the integration three test runs were performed to discover the quality changes. 

The samples were analyzed in the laboratory to measure the pulp consistency, freeness, 

tensile index and fibre length. 

 

The results showed that combining the rejects had an effect on the quality of the final 

pulp but did not systematically improve it. Only one test run achieved a better tensile 

strength level than the other tests. In that test run, the specific energy consumption (SEC) 

of the reject refiner was the highest. The starting freeness level of the other tests was 

higher than the reference test, which had a negative effect on the quality of the final pulp 

as well as the freeness and tensile strength of the reject line. However, tear index which 

correlates with paper binding ability increased after the rejects integration. The increase 

effects especially to book papers dustiness by decreasing it. In the last test, it was observed 

that the recirculation of the pulp back to reject refiner on reject line did not occur as much 

as in the reference test. It makes possible to increase the mass reject rates of the screen 

which would increase the pulp quality since the screening selectivity increases. Other 

observed way to increase the quality of the pulp is to increase the SEC of the reject refiner.  
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Anjalan paperitehtaan hiomolla yhdistettiin paperiosahiomoiden rejektilinjat 

lisääntyneiden Galileo-hiomakivien myötä. Galileokivien hiontapinta koostuu 

timanttipinnoitetuista terässegmenteistä, joilla saadaan hiottua tasalaatuisempaa hioketta 

verrattuna perinteiseen keraamiseen hiomakiveen. Tällöin rejektiin menevä hiokkeen 

määrä vähenee. Tämä on johtanut siihen, että useamman rejektilinjan ylläpitäminen ei ole 

taloudellista ja laadullisesti järkevää, vaan yhden rejektilinjan kapasiteetti riittää 

vastaamaan molempien paperikoneiden massatarpeisiin. 

Tässä tutkimuksessa selvitettiin hiokkeen laatu ennen ja jälkeen rejektilinjojen 

yhdistämisen. Tavoitteena oli, että valmiin massan laatu, kuten vetolujuus ja CSF-arvo 

säilyvät prosessimuutoksen jälkeen samoina tai jopa parempina. Tutkimus suoritettiin 

osahiomalinjan koeajoilla, joissa kerättiin hioketta näyteämpäreihin hiomalinjan eri 

vaiheilta. Ensin selvitettiin hiokkeen laatu ennen prosessimuutosta, jonka jälkeen 

tutkittiin laatua muutoksen jälkeen. Näytteet analysoitiin laboratoriossa, joista mitattiin 

muun muassa sakeus, freeness, veto- ja repäisyindeksi sekä kuidunpituus.  

Tutkimuksen tulokset osoittivat, että rejektien yhdistämisellä oli vaikutusta valmiin 

hiokkeen laatuun, mutta se ei systemaattisesti parantanut sitä. Vain yhdessä koeajossa 

saavutettiin parempi vetoindeksitaso, kuin referenssikoeajossa. Tällöin rejektijauhimen 

energian ominaiskulutus (EOK) oli tehdyistä koeajoista suurin. Muiden koeajojen 

lähtöfreeness-taso oli referenssimittausta korkeampi, mikä vaikutti negatiivisesti niin 

valmiin hiokkeen laatuun, että rejektilinjan freeneksiin sekä vetolujuuksiin. Kuitenkin 

repäisyindeksi, joka korreloi paperin sitoutumiskyvyn kanssa, kasvoi rejektien 

yhdistämisen myötä. Repäisylujuuden nousu vaikuttaa erityisesti kirjapaperin 

pölyämiseen vähentämällä sitä. Viimeisessä koeajossa havaittiin myös, että rejektilinjalla 

tapahtuvaa hiokkeen kierrätystä takaisin jauhimen läpi ei tapahdu enää yhtä paljon, kuin 

referenssikoeajossa. Tämä mahdollistaa sen, että massarejektisuhteita nostamalla on 

rejektinjauhatuksen ja -lajittelun hiokkeen laatua mahdollista parantaa, sillä lajittimien 

lajittelutarkkuus paranee. Toinen vaihtoehto laadun parantamiseksi on nostaa 

rejektijauhimen EOK-tasoa. 
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PGW  Pressure groundwood pulp 

TMP  Thermo-mechanical pulp 
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MC  Medium consistency 
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DNA  Dynamic Network of Applications 
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V̇R   Volumetric flow rate of the reject, m3/s  

RRv   Volumetric reject rate 

RRm  Mass reject rate 

ṁR  Mass flow rate of the reject, kg/s 

ṁF  Mass flow rate of the feed, kg/s 

ṁA  Mass flow rate of the accept, kg/s 
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LITERATURE REVIEW 

 

1 Introduction 

Along with the development of mankind, there has been an ever-increasing demand for 

printing and writing materials. The demand for these papers is over 100 million tonnes 

per year. (Walker, 2006) Mechanical pulping is a method to produce high quality pulp 

for papermaking with an extremely high yield, up to 98%. To produce mechanical pulp, 

the wood goes through a process where absorbed mechanical energy is used to break 

down the composition of wood. Fibres are extracted from the wood and each other in a 

way that produces flexible and uncut fibres. Ideally, the paper made from mechanical 

pulp has low grammage, smoothness, high opacity, brightness, bulk and suitable pore 

structure. (Blechschmidt & Heinemann, 2006; Sundholm, 2009) 

Grindstone is the most important single element of the groundwood process. However, 

the development of grindstones over the history has not been very fast. The first 

grindstones were cut from sandstones and in 1920s ceramic grindstones became 

industrial. Since then, ceramic grindstones have been used even though the process 

production capacity and quality demands have increased significantly. It is well known 

that the energy efficiency of grinding process is very low. Average energy consumption 

ranges between 0.6 MWht-1 and 2.0 MWht-1 (Blechschmidt & Heinemann, 2006). In 2010 

Valmet introduced new grinding technology called Galileo. It is based on a steel core that 

has industrial diamond-coated segments bolted to it. With Galileo technology, it has been 

possible to increase the pulp production, achieve energy savings and to produce more 

uniform pulp quality. In addition, homogenous pulp quality has resulted a major decrease 

in the amount of reject that comes from grinding. (Karojärvi et al., 2009; Valmet, 2015b) 

In the end of the grinding process, the pulp still contains impurities that must be extracted. 

Impurities can lead quality changes and runnability problems in paper machine. Poorly 

grinded fibres are extracted in screening. Screens separate the feed pulp into accept which 

goes to paper machine and reject which goes to further treatment to fill the requirements 

for the end-product. (Husaari et al., 2009)  
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1.1 Aim and structure of the study 

This master’s thesis was done in collaboration with Stora Enso Anjala paper mill. During 

the thesis the groundwood mill combined two of the reject lines R1 and R3 together so 

that R3 treats the pulp from both grinding lines H1 and H3. The main reason for the 

integration was that the reject production has decreased significantly during the past few 

years. It is due to increased number of Galileo grindstones. Energy savings were achieved 

because the R1 line was taken out of use. This study investigated the quality changes 

before and after the reject lines integration. The target was to keep the quality at least the 

same as before or possibly to improve it. The quality of the pulp was mainly measured by 

Canadian Standard Freeness (CSF) and tensile indexes. 

The thesis is divided into two sections: literature review and experimental section. 

Literature review looks into the main characteristics of wood and mechanical pulp, as 

well as, the groundwood pulp manufacturing process. Grinding, screening and reject 

refining were studied more detailed. Also, the factors affecting groundwood pulp quality 

are considered. The experimental section investigated the quality changes in reject lines 

integration in Anjala paper mill.  
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2 Mechanical pulp 

Pulping is a process where the wood is defibrated either chemically or mechanically. In 

chemical pulping the fibres separation is accomplished by using chemicals. The yield of 

chemical pulping is only 40–45% because components of wood such as lignin and 

hemicellulose are dissolved in chemicals. In mechanical pulping, the pulp is produced by 

mechanical grinding without chemical addition. Approximately 20–25% of the world’s 

paper pulp production is done mechanically and it is expected to increase because of its 

high yield, 90–98%. The wood source that is used in mechanical pulping is typically 

softwood such as spruce or pine and they are used to produce printing papers, for example, 

newsprint, books and magazines. (Höglund et al., 2009; Biermann, 1996)  

 

The key advantages of paper made of mechanical pulps are good opacity, which is the 

paper’s ability to hide what is behind it, and good printability. In addition, high yield, low 

capital costs, relatively simple technology, high light-scattering ability and high bulk are 

advantages comparing to chemical pulping. However, the disadvantage of using 

mechanical pulp is that it has a tendency of yellowing as it is exposed to light and high 

energy consumption during production. (Haarla, 2000 pp.24; Sundholm, 2009)  

 

2.1 Wood structure 

Pulp consists of fibres, usually obtained from wood. The composition of wood is 

microscopically and macroscopically very complex. Each structural component affects 

the wood in a specific way. To make the wood suitable for papermaking, the fibre must 

be made flexible and to get a fibrillated binding prone surface. Since fibres create the 

basic composition of a paper, they certainly have a remarkable effect to pulp sheet 

properties. (Varhimo et al., 2009; Brännvall, 2009a)  

Cellulose, hemicelluloses and lignin are the main components of wood (Area & Popa, 

2014). Dry matter of softwood, spruce or pine, typically contains 40–45% of cellulose, 

25–30% of hemicelluloses and 25–30% of lignin. The main cell type for softwoods are 

tracheids and in mechanical pulping process they are separated into long and well bonding 

fibres. (Laine, 2007) 
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The cell wall of the wood consists of multi-layered structure in which crystalline cellulose 

molecules are combined in a matrix of amorphous hemicelluloses and lignin. The cell 

wall of the fibre comprises of layers called primary and secondary walls. Secondary wall 

consists of sub-layers S1, S2 and S3. Figure 1 shows that different cell wall layers have 

different distribution of cellulose, hemicellulose and lignin. The middle lamella which is 

rich in lignin is between the fibres and its function is to bind the fibres together. Lignin 

gives mechanically produced pulp their unique character. In papermaking, the pulp must 

be fibrous, which in order to be achieved, requires fibre separation either chemically or 

mechanically. (Alén, 2000; Laine, 2007)  

 

Figure 1. Distribution of components of fibre cell wall. (Höglund et al., 2009) 
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2.2 Characteristics 

The properties of mechanical pulp have an influence on the pulp quality. Fibre fractions, 

fire length, freeness, tensile and tearing strength give a good understanding of the 

produced pulp quality. These are tested continuously in the mill to ensure a stable pulp 

quality for the customer. (Brännvall, 2009b) Although there are many characteristics that 

have an influence on pulp properties, this chapter presents the main ones. 

 

2.2.1 Fibre fractions 

A mixture of fibres, fibre fragments and smaller material called fines are produced in the 

mechanical process (Figure 2). They give the produced pulp wide distribution of size 

fractions. The fractions on their own would not make a usable paper but together as a mix 

they produce a suitable pulp. (Höglund et al., 2009)  

 

 

 

Figure 2. The mixture of fibre fractions in mechanical pulp. (Höglund et al., 2009, modified: 

texts added.)  

 

The pulp fraction distribution differs a lot with different production methods as seen in 

Figure 3. Fibre properties of mechanical pulp, stone groundwood pulp (SGW), pressure 

groundwood pulp (PGW) and thermo-mechanical pulp (TMP) differ significantly from 

Fibres 

Fibre fragment 

Fibres 

Fines 



 13   

 

 

those of chemical pulp (BSK). Chemical pulps consist mainly of unbroken long fibres, 

where mechanical pulps constitute of a wide range of different fibre sizes. For example, 

in pressure grinding approximately one-third of the pulp becomes fines, one-third 

becomes the middle fraction and one-third remains as long fibres. (Levlin & Söderhjelm, 

1999; Sundholm, 2009). 

 

Figure 3. Pulp fraction distribution of different pulps. SGW=stone groundwood pulp, PGW= 

pressure groundwood pulp, TMP= thermomechanical pulp, CTMP=chemi-

thermomechanical pulp, DIP= deinked pulp, BSK=bleached softwood kraft. 

(Sundholm, 2009) 

 

Unbroken and unfractured fibres of mechanical pulp form the fibre matrix of the sheet 

where the fines are jammed in. However, mechanically produced paper has low strength 

because the unbroken fibres are relatively short, and their bonding capacity is poor due 

to the lignin that is contained in them. Low strength also contributes to low tear index, 

which is why, in order to produce sufficient paper, mechanical pulp must contain large 

amounts of fines. Fines are formed from broken fibres and fibre walls during mechanical 
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grinding. Typically, fines are defined as particles smaller than 200 μm. They fill holes 

between fibres which makes the surface smoother and enhances light-scattering ability. 

Light-scattering makes a large contribution to sheet opacity and is an important quality 

factor of the pulp. (Walker, 2006; Höglund et al., 2009) 

  

However, mechanical pulp is typically mixed with a certain amount of chemical pulp, 

which is more flexible, to increase the bonding strength in the paper sheet. (Walker, 2006; 

Höglund et al., 2009) Brännvall (2009a) describes that paper for newsprints and books 

must be strong enough to withstand folding and browsing and to last for decades. Table I 

presents the main characteristics of mechanical pulp. 

 

Table I.  Main characteristics of mechanical pulp. (Brännvall, 2009c) 

Character Mechanical pulp 

Pulp yield 90-95% 

Lignin content in pulp 20-28% 

Fibre character Short, weak, uncollapsed, stiff 

Sheet density Low 

Porosity High 

Fines content in pulp 20-30% 

Pulp strength Low 

Light scattering ability High 

Yellowing and ageing High 

 

 

2.2.2 Tensile and tearing strength. 

Tensile and tearing strengths are good indicators for the quality of mechanical pulps and 

they affect significantly on the runnability of the paper. Tensile strength is a basic strength 

property and it illustrates the maximum longitudinal stress towards a fibre without 

breaking it. It is typically tested on pulp and paper. Dividing tensile strength with the 

basis weight of the sheet gives the tensile index (Nm/g). 
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Tensile strength mainly depends on the bonding between fibres but fibre length and 

strength has an impact on it as well.  If bonding increases, it increases the pulp tensile 

strength. Refining may decrease fibre length and strength but the dominating effect on 

tensile strength is increased bonding. Increasing fibre length typically results stronger 

paper but in mechanical pulps, it has been found that shorter fibre fractions give higher 

tensile strength than the long fractions. It is mainly because long fibres are stiffer which 

decreases bonding of the fibres. The strength of individual fibre affects on the formed 

strength of the paper web. (Levlin & Söderhjelm, 1999; Brännvall et al., 2009; Nazhad & 

Kerekes, 2000).  

Another basic parameter for strength is tearing strength. Tearing strength presents the 

paper’s ability to resist cracks. It is a crucial parameter for papermaking process in order 

to keep the paper machine running. Fibre length, strength and the degree of bonding 

between fibres effect on tearing strength (Levlin & Söderhjelm, 1999). It is known that 

the tear strength is higher for longer fibres due to its naturally higher amount of bonding 

points and because they have longer average distance within the fibre sheet. (Brännvall 

et al., 2009) 

 

2.2.3 Fibre length 

Fibre length is a parameter to measure the fibre quality for paper and packaging products. 

Fibre length is the key characteristic that correlates with paper tear strength. The longer 

the fibres are the better are the strength properties. On the other hand, too long fibres 

effect negatively on paper strength because longer fibres entangle to each other. The 

average fibre length for softwood such as spruce is 3 mm. (Brännvall et al., 2009b)  

 

The challenge of fibre length modification in grinding is that a single size fraction cannot 

selectively be affected. For example, the quantity of shives cannot be reduced without 

reducing the number of long fibres and increasing the amount of fines too. The defibration 

process produces high amount of fines to achieve light-scattering properties and to 

provide bonding. Still, the process should maintain high average length and fibrillation in 

long fibre fractions in order to withstand tearing. The form of fibre size distribution can 

be influenced by process conditions such as temperature. In higher temperatures lignin is 

softened and fibres are released from the wood more easily. (Salminen et al. 2014) 
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2.2.4 Drainability 

Canadian Standard freeness (CSF) is developed as a measure of groundwood pulp quality. 

It is a parameter to express how fast water is drained from a dilute pulp suspension. CSF 

is measured in millilitres and numbers from 80 to 120 ml are typical for various paper 

grades. (Karojärvi et al., 2009). Drainability associates to the fibre swelling and surface 

conditions and it forms a valuable index of how well the pulp has been refined. For 

example, the dewatering ability increases with higher freeness values which indicates to 

faster draining. (ISO 5267-2:2001) Mechanical pulps with higher freeness values are 

called coarse groundwoods and pulps with lower freeness values are called fine 

groundwoods (Blechschmidt & Heinemann, 2006). Freeness can accurately describe the 

amount of fine fraction in pulp. If the amount of fines in the pulp increases it leads to 

difficulties in dewatering. (Höglund et al., 2009) 

The drainage resistance for pulp can be measured with a freeness test. The test is done by 

filtering water through a fibre mat and measured the rate that builds up on the screen 

plate. (Figure 4). (Höglund et al., 2009) 

 

Figure 4.  Freeness test. (Höglund et al., 2009) 

 

2.2.5 Density and bulk 

Apparent density (kg/m3) is an important structural property of mechanical pulp due to 

its impact on other properties. Higher density implies to better bonding in the paper sheet 
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and thus, it can be used for measure of the bonding degree. Typically, the density of the 

end-use of paper is wanted to be as low as possible because producers and customers 

usually choose to use bulk for the characteristic for the paper density. (Levlin & 

Södejhelm, 1999) Bulk (m3/kg) is the inverse of apparent density which is presented in 

Eq (1). High bulk is advantageous for some paper grades because bulky paper has better 

opacity, and it is more adsorbent than non-bulky paper. (Bränvall et al., 2009b) 

𝐵𝑢𝑙𝑘 =
1

𝑑𝑒𝑛𝑠𝑖𝑡𝑦
 (1)  
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3 Groundwood pulp production process 

Mechanical pulping process aims to separate fibres from the wood to make it suitable for 

papermaking. Ideally, the paper made from mechanical pulp composes of low grammage, 

smoothness, high opacity, brightness, bulk and suitable pore structure. (Sundholm, 2009) 

There are two industrial processes to produce mechanical pulp, grinding and refining. In 

refining, the most used process is thermo-mechanical process (TMP) where the wood 

chips are treated to pulp in various types of disc refiners. (Höglund et al., 2009) Grinding 

is a process where logs are pressed against a rotating grindstone to produce pulp. 

(Blechschmidt & Heinemann, 2006) The process is presented in the following chapter. 

The steps for groundwood process are: 1) wood handling, 2) grinding, 3) screening and 

reject refining, 4) thickening and 5) bleaching. (Tienvieri, 2009) 

 

3.1 Grinding process 

Grinding process is the oldest of mechanical pulping processes. The overall process is 

that absorbed mechanical energy is used to break down the composition of fibrous 

material. Fibres are extracted from the wood and each other in a way that yields flexible 

and uncut fibres. (Salmén et al., 2009; Blechschmidt & Heinemann, 2006) A general 

concept of the pressure groundwood process (PGW) can be seen in Figure 5 and the Table 

II presents the typical properties of mechanical pulps for printing papers in PGW process. 

(Heikkurinen et al., 2009) The subprocesses in the flowsheet are belt conveyors, pressure 

grinders, shredders, screening and reject refining and pulp thickening in a disc filter. The 

refined reject can be led back to the feed as it is in the Figure 5 or it can be directed 

straight to the thickening (dashed line in the figure). However, if the reject is led back to 

the feed the disadvantage is that all developed long fibres will not be accepted which 

affect the pulp strength properties. (Tienvieri, 2009)  
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Figure 5. Flowsheet of pressure groundwood process. (Tienvieri, 2009, modified: texts of 

reject, reject refining and dashed line to thickening included.) 

 

Table II.  Mechanical pulp properties. (Heikkurinen et al., 2009) 

Parameter PGW 

Coarse fibres, % 3 

Long fibres, % 22 

Fines, % 33 

Fibre length, mm 0.85 

Tensile index, Nm/g 43 

Tear index, mNm2/g 4.2 

 

Two-pocket grinders are commonly used in atmospheric and pressurized groundwood 

process (Figure 6). The grinder has two separate grinder pockets which are operated as 

batch-wise. On top of the grinder there are feeding gates from where logs are dropped 

into the grinder pockets. For PGW process, there is also pressure equalization chamber 

needed, so upper log feeding gates are located as well. As the pocket is empty, the 

pressure shoe retracts. On top of the pusher shoe is a feed gate which opens rapidly and 

the logs above the gate drop into the grinding chamber. The gate closes and the piston 

shoe begins to push the logs against the rotating stone. The sequence of the feed is 

Reject Reject 

Reject refining 

Refined reject 

Screening Thickening 

PGW grinders 
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completely automatic and for modern grinders the charging time can be completed in 30 

seconds. One batch can be grinded in 5 ̶ 15 minutes depending on the wood species. The 

grindstone is cooled and cleaned with four shower pipes. The pressure for cleaning the 

stone surface is approximately 8–10 bars. A scraper is placed between the pockets to 

remove fibres from the stone surface in order to block fibres from entering next pocket 

and being reground.  (Karojärvi et al., 2009) 

The pulp yield in PGW process is approximately 98.5%. The grinding is done by adding 

of pressurized air. This results to higher boiling point and the temperature of shower water 

can be increased. For example, 2 bar pressure increases boiling point to 132oC which 

prevents evaporation of water from wood matrix and from the critical grinding zone. 

(Karojärvi et al., 2009) 

 

 

 

 

Figure 6. Two-pocket grinder for PGW process. (Karojärvi et al., 2009, modified: texts 

added.) 
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3.1.1 Fibre softening, peeling and defibration 

Grinding mechanism can be divided in three parts: 1) softening and breaking the fibre 

composition, 2) peeling the fibre from the wood in grinding zone and 3) removal of the 

separated fibre material from the grinding zone. These parts overlap each other. 

(Blechschmidt & Heinemann, 2006)  

 

In the first part, fibre softening, the debarked logs are pressed against a rotating grindstone 

applying 3–5 bars pressure. The grindstone is continuously cooled and cleaned by shower 

water. Figure 7 presents the groundwood process where logs are treated in grinders. 

(Höglund et al., 2009)  

 

 

Figure 7.  Grinding principle. 1. Pulp stone; 2. grinder pit: 3. weir; 4. shower water pipe; 5. wood 

magazine; 6. finger plate; 7. pulp stone sharpener; 8. sharpening roll; 9. wood logs. 

(Blechschmidt & Heinemann, 2006) 

 

The stone grits tear fibre fragments and fibres from the wood. As the torn fibres and 

fragments arrive at the boundary area between rotating stone surfaces, the peeling of the 

fibres from outer layer of softened wood occurs. The peeling is the part where the fines 

are produced. The separation of fibres in the wood is caused by pressure pulses. (Höglund 
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et al., 2009) Blechschmidt and Heinemann (2006) describe that the loosening and peeling 

of the fibre starts from the end of a fibre which can be seen in Figure 8. During the process, 

the surface of the fibre is fibrillated, and the primary wall opened. Lastly, the fibre from 

the fibre compound is deliberated and the whole process is done within 20–40 ms.  

During grinding, intermolecular bonding between fibres and intramolecular bonding 

inside a fibre are broken down. Also, deformation contributes the absorption of water in 

lignin. (Blechschmidt & Heinemann, 2006) Since the wood is viscoelastic material, it 

absorbs the mechanical energy and transforms it into heat in deformation process 

(Tuovinen et al., 2013).  

 

Figure 8. Loosening and peeling of the fibres during grinding process. (Höglund et al., 2009) 

   

3.1.2 Grindstones 

Grindstone is the most important single component of the groundwood process. The 

grindstone surface characteristics affect on the produced pulp quality such as strength and 

drainage properties (Smook, 2016). Nowadays, the most commonly used grindstones are 

ceramic grindstones. (Karojärvi et al., 2009) However, Valmet has created new industrial 

grindstone called Galileo grindstone which contains industrial diamonds in its surface. 

(Valmet, 2015a) 
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3.1.2.1 Ceramic grindstone 

Nowadays mostly ceramic grindstones are used. (Karojärvi et al., 2009) The stones 

consist of a steel-reinforced core where ceramic segments with grits of silicon carbide or 

aluminium oxide are attached with anchor screws. Between the segments there are spaces 

that have a filling of elastic joint material. The structure of ceramic grindstone is presented 

in Figure 9. (Blechschmidt & Heinemann, 2006) In the grindstone surface there is a model 

of grooves and land areas that adjust the contact area of the stone and the wood. (Höglund 

et al., 2009) 

 

 

Figure 9. Structure of ceramic grindstone. (Blechschmidt & Heinemann, 2006) 

 

Grit particle size is a critical parameter to control the pulp quality. Typically, their size 

differ between 0.15–0.45 mm depending on different paper grades. For example, small 

particle size grits are used for low freeness pulps and large particle size grits are used for 

higher freeness pulps. (Höglund et al., 2009) However, there are challenges considering 

ceramic grindstones. Tuovinen and Fardim (2015) describe that even though the grit sizes 

are specified, the real contact area with the grit and wood fibres varies a lot. For example, 

the grits can vary from a pointed grit edge to a half of a grit in the boundary of the wood. 

The grits are on different level to the wood which leads to defibration pulses with different 

intensities. For example, some pulses are light and they are only transferred into heat 
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without causing any defibration. Some pulses are strong and cause destruction to the 

wood. (Tuovinen & Fardim, 2015) 

The grindstone is cleaned and sharpened when it has been used a certain amount of time. 

Typically, sharpening is needed when the grits are rounded or clogged by debris. The 

pulp quality changes during the sharpening-cycle since the grits are either sharp or 

rounded. The quality variations can be minimized when the surface is cleaned with high 

pressure nozzles with water. (Höglund et al., 2009) 

 

3.1.2.2 Galileo grindstone 

In 2010, a new development in the field of grindstones was made by Valmet. The 

invention is called “Galileo grindstone”. Galileo grindstone replaces ceramic stone 

surfaces by a technology where steel segments, which are coated with industrial 

diamonds, are bolted onto a steel core. The construction is presented in Figure 10. The 

diamonds are set in with a certain, specified pattern depending on the conditions of the 

process, wood species and desired pulp quality. Depending on the width, the grinder can 

have 120, 150 or 180 Galileo segments. Each of the segments contain over 60,000 

diamonds which are all attached to a desired position. (Valmet, 2015a)  
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Figure 10. Construction of single layer coated grinding surface. (Tuovinen & Fardim, 2015) 

 

The benefits of Galileo stone are that it reduces production costs, increases pulp 

production by 10–20% and produces more homogenous quality for groundwood pulp 

compared to ceramic grindstone because of following reasons. Homogenous pulp quality 

leads to fewer amount of reject which may result to energy savings in reject refining.  

Figure 11 shows the fibre distribution of Galileo grindstone and ceramic grindstone. 

Ceramic grindstone produces wide fibre distribution which leads to a lot of waste of 

energy by heating of wood. Galileo grindstone, on the other hand, produces fibre 

distribution which is in the range of efficient defibration. (Valmet, 2015b)  
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Figure 11. Use of energy in wood grinding, ceramic grindstone and Galileo grindstone. 

(Valmet, 2015b) 

 

The benefits are also that CSF values have only slight variations during the lifetime of 

the surface and the specific energy consumption is considerably lower than with ceramic 

grindstone with nearly the same freeness values. Figure 12 shows the typical operating 

point of Galileo stone and conventional ceramic stone. The surface does not require any 

treatment during usage. The lifetime of the Galileo segments is typically 6–12 months. 

The surface needs to be replaced when the grinding pressure or power will not reach to 

the production speed or freeness. The surface can be damaged from matter such as metal 

or stones that have got into the grinder. (Valmet, 2015b) 
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Figure 12. Specific energy consumption and freeness with ceramic grindstone and Galileo 

grindstone (Valmet, 2015b) 

 

3.1.3 Energy consumption 

It is well known that the energy efficiency of grinding process is very low. Typically, 0.6 

MWht-1 and 2.0 MWht-1 are average values for energy consumption in grinding process 

(Blechschmidt & Heinemann, 2006). In addition, several studies indicate that only 5 to 

20% of primary electrical energy is being used beneficially in mechanical pulping 

processes and the rest is being converted to heat in defibration processes. It is a problem 

since increasing the mean intensity leads to fibre length loss if the variations in pressure 

pulses from the grits cannot be reduced as well. The pulses from the highest grits will 

break the fibre strength. The most energy beneficial way to produce mechanical pulp with 

a ceramic grindstone is continuous grinding that has highly stabilized stone surface. That 

way the mean values of defibration pulses are able to be increased by increasing wood 

pressure which will not affect on fibre length. (Tuovinen et al., 2008) 



 28   

 

 

By using Galileo grindstones energy savings of more than 300–500 kWh/t can be 

achieved. Since the same capacity can be achieved with fewer machines, overall energy 

consumption as well as maintenance costs can be saved. Studies from over 20 PGW 

grinders have shown that Galileo has achieved 25–35% lower specific energy 

consumption than with ceramic grindstone. (Valmet, 2015a) 

 

3.2 Screening and reject refining 

In the end of the grinding process, the pulp still consists impurities that must be removed 

because they can cause quality changes and runnability problems in paper machine. 

Figure 13 presents a flowsheet of typical pressure groundwood pulp screening and reject 

refining. Poorly grinded fibres are extracted in screening. Screens separate the feed pulp 

into accept which goes to paper machine and reject which goes to further treatment to fill 

the requirements for the end-product. Mechanical refining involves screening, pre-

thickening and thickening, refining and latency removal. (Husaari et al., 2009)  

 

Figure 13. Flowsheet of PGW process screening and reject refining. (Modified: Tienvieri, 

2009; texts modified) 
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The purpose of reject refining is, firstly, to treat the shive fraction that comes from 

screening so it can be returned to main pulp stream in acceptable form. It improves the 

process yield as well. Secondly, the purpose is to treat the coarse, oversized and stiff 

fibres to improve the homogeneity of the papermaking stock so that they will not cause 

problems at papermaking. Thirdly, the aim is to improve the strength properties of pulp 

because the reject fraction has the highest strength of the pulp. In addition, the reject 

refining allows to lower the papermaking costs because the better the reject handling, the 

less the chemically produced pulp must be added to maintain good runnability of paper 

machine and good printability of the paper. The reject handling needs to have treatment 

systems for successful treatment to eliminate oversized particles and to increase the 

homogeneity of the stock. This is done by mechanically separating the rejects followed 

by dewatering and feeding the pulp to the reject refiners. (Huusari et al., 2009) 

Fines are known to have large specific surface which is why they are important for the 

quality of mechanical pulp. The amount and quality of fines affect on the pulp quality 

significantly. Fines are increased in reject refining by gradual external fibrillation and 

shortening of fibres. The produced fines in refining consist of longer fibrillar particles 

than the fines that have been directed to accept after grinding. The long fibrillar fines are 

enhancing the sheet bonding which increases pulp strength. (Huusari et al., 2009) 

 

3.2.1 Screening 

In the end of the grinding process, the pulp still consists contaminants such as shives, 

fibre bundles, sand and even bark. They must be removed because they can cause quality 

changes and runnability problems in paper machine. Pressure screens are the most 

commonly used machines in screening. Screens separate the feed pulp into accept which 

goes to paper machine and reject which is processed in reject refining. (Smook, 2016; 

Blechschmidt & Heinemann, 2006; Hautala et al., 2009) A typical pressure screen is 

presented in Figure 14.  
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Figure 14. Working principle of traditional pressure screen. (Smook, 2016) 

 

Advantages of pressure screens are, for example, high capacity per unit, small space and 

flexibility when it comes to their location. Pressure screens have a screening element, 

typically cylindrical screen basket and a concentric placed rotor which keeps the basket 

clean by pressure pulses and maintains a rotational flow field. The function of the screen 

basket is to separate shives before slot screening and to lead them to reject refining. 

Screen baskets are determined by their aperture shape, holed or slotted and their surface, 

smooth or profiled. Holed screens are used as first-stage screens with a diameter between 

1.2–3 mm and slotted screens are used for finer screening with slot width of 0.1–0.25 

mm. (Hautala et al., 2009) 

The pulp is fed tangentially or axially from above and the flow is operated centrifugally 

or centripetally. The reject rate must be maintained at optimum level to achieve stable 

and efficient operation. Slot screening determines the final quality of the pulp and it can 

be followed by hydrocyclone cleaners for sand and other impurities removal.  However, 
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the biggest problem in screening is the optimization. Screens are designed to extract 

shives and other impurities from the pulp which will result in a compromise of the 

efficiency. For example, if the reject ratio in the screening is high, a lot of undesired 

particles and long fibres that increase pulp strength are removed. Also, if the target is to 

retain the long-fibre fraction as high as possible, it will lead to increased dirtiness and 

shive content in the fraction accepted. (Smook, 2016; Blechschmidt & Heinemann, 2006; 

Hautala et al., 2009; Tienvieri, 2009)  

 

3.2.2 Pre-thickening and thickening 

Before going to the refiner, the reject is thickened in two steps. First, the reject is 

thickened in a pre-thickener, usually with bow screen, which increases pulp consistency 

to 3–5%. Then the pulp is transferred to the regular thickener with centrifugal pump and 

the filtrate from pre-filtering is directed to latency removal or to the main screening feed 

line. After pre-thickening the pulp consistency is increased to 30% in a regular thickener. 

(Husaari et al., 2009) 

 

3.2.2.1 Bow screen 

Bow screens are usually used in pre-thickening. The pulp is fed through a nozzle and as 

the suspension flows along a screen plate, screen bars slice off layers of water. Fibres that 

are longer than the slot width are retained on the screen surface and as the consistency is 

3–5% they are directed to the discharge. Furthermore, bow screens remove fines from the 

reject which increases the reject’s freeness. Increased freeness helps the pulp to be 

dewatered in main thickening. The fines extraction enhances the reject refiner loadability 

which results to more efficient coarse fibres treatment. (Husaari et al., 2009).  

 

3.2.2.2 Screw press 

There are three kinds of industrial thickeners: twin-roll press, twin-wire press and screw 

press (Figure 15). Screw press has highest energy consumption, but it is the cheapest 

thickener which is why it is the most used. The pulp is fed into press with pressure to 

achieve dewatering and at the same time the first segment of the press is filled. As screw 
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shaft rotates the pulp is compressed and dewatered through a screen basket in the shell. 

As the feeding screw part ends, the dry pulp cake is pressed against friction along the 

length of the shaft as it passes through the conical outer shell. However, the homogeneity 

of the pulp is not the best with screw press. After thickening the pulp is directed to reject 

refiners. (Husaari et al., 2009) 

 

 

Figure 15. Typical screw press. (Andritz, 2021 Modified: texts added.)  

 

3.2.3 Mechanical refining and refiners 

The design of reject systems is defined by the prioritized objectives. It can be done at low 

consistency (LC, 3–5%), medium consistency (MC, 10–15%) or high consistency (HC, 

30–50%). Low consistency is used to remove shive and coarse fractions whereas MC and 

HC are used to optimize strength and maintain long fibre fragment. Of all the three 

systems, HC is the most used even though it is the most expensive. The reason why it is 

commonly used is that it produces the desired change in the size and properties of the 

fibres in single-stage refining. (Huusari et al., 2009) 

In reject refining, single disc (SD) refiners are normally used. Typical SD refiner is 

presented in Figure 16. There is one disc revolving and other is stationary. The pulp is 

Feed 

Water discharge 
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fed into a gap that is between segments of the refiner disc with a screw feeder. The refined 

pulp goes to refiner casing. From there it is blown with steam that is produced during the 

refining to a cyclone or mechanical separator. In the inlet of the refiner, the pulp is 

revolving by rotor wings and with the help of centrifugal forces. From the gap, the refined 

pulp goes to refiner casing followed by a cyclone or mechanical separator where the steam 

and the pulp are extracted from each other. (Husaari et al., 2009)  

 

Figure 16. Single disc refiner. (Husaari et al., 2009) 

 

The reduction of fibre length is controlled by refiner intensity. Higher intensity allows 

fibre length to be reduced in refining. However, in the beginning of refining, long-fibre 

content may increase because the shives are broken down to long-fibres and some of the 

curled existing long-fibres are straightened. Figure 17 shows that the bonding ability of 

long fibres increases as specific energy consumption increases. Up to a certain point tear 

strength increases with increasing SEC but stops at higher SEC because the strength of 

single fibre is reduced. Strength properties of the whole reject pulp acts the same way as 

long-fibre fraction. The quality of the refined reject is controlled by online drainage 

measurements. In an optimum situation, the reject volume from the screens is so large 

that the reject refiners must operate at nearly full capacity. The drainage of the reject is 

the same as in the accept line. (Husaari et al., 2009)   
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Figure 17. The development of tensile and tearing strength with increasing SEC. (Husaari et 

al., 2009) 

 

3.2.4 Latency removal 

The refined pulp is directed to latency removal because the fibres are curled and twisted 

during the refining process. The curled fibres are removed because they decrease the pulp 

and paper properties for example by lowering tensile and tearing strength and increasing 

freeness. At latency removal, the fibres are straightened which leads to shives and coarse 

fractions to be more efficient. (Gao et al., 2013) Latency is typically removed in large 

latency removal chests. There the pulp slurry is agitated at low consistency and high 

temperature. In laboratory procedures, hot disintegration is a part of routine and produced 
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at 80–90oC. However, latency removal cannot always be done which leads to some 

refined pulp loss. (Heikkurinen et al., 2009)  
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4 Factors affecting mechanical pulp quality 

In order to have a high quality pulp there are many things to consider that can affect the 

pulp quality. These are for example raw material such as the wood moisture or seasonal 

variations as well as machine variables in grinding and reject refining. (Karojärvi et al., 

2009; Hautala et al., 2009) This chapter goes through the main factors that affect 

groundwood pulp quality. 

 

4.1 Raw material 

Considering mechanical pulping, the raw material is a crucial parameter that has on 

impact on the pulp and paper quality. The parameters of wood quality are: species and 

quality, moisture, density, and debarking state. (Blechschmidt & Heinemann, 2006) 

 

4.1.1 Wood species and quality 

Wood species is the most important quality factor for mechanical pulping and for its 

quality. It is known that species from spruce family, especially Norway spruce (Picea 

abies), provides the best properties for papermaking. For example, spruce has sufficient 

fibre properties such as microfibril structure, fibre length and wall thickness that are ideal 

for many paper grades. The extractives content is low and initial brightness of the wood 

is relatively high. Pressure groundwood pulp that is made from spruce shows high long-

fibre content, high tear and tensile strengths and good brightness and light-scattering 

ability. Therefore, it is ideal for papermaking. (Varhimo et al., 2009)  

Even at same wood species there are variations in, for example, wood density, 

summerwood and springwood content, the extractives proportion and the content in 

sapwood and heartwood. These all have an influence in grinding result. Heartwood is in 

the wood cross-section, where the fibre lumens do not contain water. Sapwood is around 

the heartwood and it transports water from roots to the top of the tree. Heartwood may 

consist of pure juvenile wood, but it may contain increasing amounts of mature wood as 

well. Studies have shown that sapwood produces better quality pulp than heartwood 

because it has higher moisture content and lower amount of extractives. (Varhimo et al., 

2009) 
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4.1.2 Seasonal variations 

Seasonal variations such as climatic conditions and annual changes affect the properties 

of the wood. For example, the brightness and moisture content of the logs are highest at 

the winter and lowest during summertime. In order to reach the right brightness level 

during summertime, more bleaching chemicals must be added. However, winter affects 

the wood properties negatively. For example, pulp strength suffers from frozen logs 

which has a negative impact on paper machine runnability. Also, Figure 18 shows that 

frozen logs lead to difficulties in debarking because the logs may become more tightly 

bonded to the wood as the temperature decreases. This leads to higher bark content which 

increases the content of extractives. The figure shows that the moisture content affects on 

pulp debarking ability too. If the log dries during storage, the barking becomes more 

difficult. (Varhimo et al., 2009; Brännvall, 2009c) 

 

Figure 18. The retention time of debarking the wood in the winter and in the summer. 

(Brännvall, 2009c) 
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4.1.3 Wood moisture 

Wood moisture content is critical when it comes to the quality of the pulp because high-

quality pulp can be produced from moist wood at a lower specific energy consumption. 

The moisture should be as high as possible, at least 30% to surpass the fibre saturation 

point. Figure 19 shows that the higher the wood moisture is, the better the tensile index 

will be. Groundwood that is made of logs with high moisture content has higher strength 

properties, higher long-fibre content with high-quality fines and higher brightness. If the 

moisture content decreases, the longer fibres content decreases which leads to lower 

strength properties. Wood moisture content and temperature are two parameters to have 

a great impact when it comes to softening the lignin. (Varhimo et al., 2009; Blechschmidt 

& Heinemann, 2006) 

 

 

Figure 19. Effect of wood moisture content on tensile index vs. freeness for groundwood 

pulps made from Norway spruce. (Varhimo et al., 2009) 

 

High moisture and temperature contribute to improved lignin softening in the wood 

matrix resulting in significantly increased fibre length for the pulp from PGW compared 

to SGW (Höglund et al., 2009). For example, Karojärvi et al. (2009) describe that using 

fresh logs in the grinding process with 60 ml freeness level, long-fibre content in PGW 
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pulp was 24.4% and for SGW pulp it was 14.9%. In addition, using very dry logs still 

resulted PGW pulp long-fibre content as 14.5% and for SGW it was only 2.3%. 

 

4.1.4 Debarking  

Before grinding process, the bark of the wood should be entirely removed because it will 

affect the pulp quality by causing dirty points in the paper and reduces the quality. Also, 

the fibre content in the bark is very low and it contains high amount of extractives. There 

may be sand or other impurities embedded in the bark which can cause damage to the 

equipment. In addition, if wood is stored as barked, the tannins fund there will enter into 

the wood and colour it. (Blechschmidt & Heinemann, 2006; Brännvall, 2009c)  

 

4.2 Grinding related factors 

There are many variables that effect the pulp quality in grinding process. They can be 

divided into variables concerning to grinder and to the wood variables. Wood variables 

were presented in previous part. The grinder variables are for example, grindstone surface 

sharpness, shower water flow, grinding zone temperature, the pressure of grinding and 

surface velocity of the grindstone. (Karojärvi et al., 2009) 

The quality of the produced paper is the variable that determines the used grindstone type. 

It can be said that a grindstone that has rough surface makes high freeness pulp which 

means that the pulp is coarse. The shower water temperature affects the grinding 

temperature and on the pulp freeness as well. However, mostly it regulates the strength 

and optical properties of the pulp.  Higher temperature produces higher pulp strength and 

produces lower optical properties. (Björkqvist & Tuovinen, 2009)  

Wood grinding control has the challenge that it has many control variables such as 

machine variables but it has to control the characteristics of the pulp quality too. The 

grinding process is successfully controlled when the desired pulp quality and maximized 

production are achieved. Also, optimized process includes that the process can be 

controlled in terms of pulp production and quality, equipment and specific energy 

consumption (SEC). (Karojärvi et al., 2009)    
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4.2.1 Stone sharpening 

Grindstone sharpening has a great effect on pulp quality. Traditionally it has been done 

by metallic burrs. Burr sharpening makes a spiral pattern where grooves and land areas 

are alternately in the grindstone surface as seen in Figure 20. As the stone is sharpened, 

the grooves are created and land areas that are in contact to the wood are reduced. With 

sharpening, it is possible to adapt the operation window by controlling the active contact 

area between the grindstone and the wood. Sharpening exposes the new abrasive grits and 

extracts the contaminants that have been formed into the grindstone pores and surface. 

The required pulp freeness determines the sharpening pattern depth and the type of used 

burr. Typically, depths of 0.2–0.1mm are used for paper-grade pulps.  (Karojärvi et al., 

2009) 

 

 

Figure 20. The cross-section of grindstone pattern. (Karojärvi et al., 2009) 

 

However, with the conventional method, grindstone surface is difficult to control, and 

repeatability is quite difficult to accomplish. During the sharpening cycle, the surface 

conditions will change from sharp to dull which is presented in Figure 21. It leads to large 

changes in freeness and the quality changes of the pulp. Some amount of production is 

typically lost as well. When the new sharpening cycle is starting, the power of the grinder 

is reduced because otherwise it would produce too coarse pulp. In the end of a cycle the 

production is relatively low since the grindstone has gone dull. (Karojärvi et al., 2009) 
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Figure 21. The change of freeness during sharpening cycle and the used power. (Karojärvi et 

al., 2009)  

 

4.2.2 Water jet treatment 

Other alternative methods have been created for burr sharpening due to its repeatability 

and controllability difficulties. For example, a method called water jet conditioning that 

utilizes sprayed ultrahigh pressure water on grindstone surface has been developed. Water 

jet conditioning is controlled by changing the pressure of the water. The treatment is, in 

fact, based on the idea that wear of the sharpening pattern does not cause the grindstone 

dulling. It is expected that the grooves and porous surfaces of the land are clogged because 

of resins and fines. The grooves that are situated between the lands will be filled as well 

which leads to the decreased fibre and water transfer capacity of the grindstone. The 

grindstone surface is purified by extracting the extra material in a way that the 

grindstone’s specific sharpness and condition are not changed. The difference of burr 

sharpening and water jet treatment in the grindstone surface is presented in Figure 22. 

(Karojärvi et al., 2009) 
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Figure 22. The difference of burr sharpening pattern and water jet conditioning. (Karojärvi et 

al., 2009) 

 

The studies have shown that using water jet conditioning, the grinding process is more 

stabilized. For example, the changes in surface sharpness of grindstone can be lowered 

by 60 % and SEC by 80 %. In addition, the production rate can be increased up to 50 % 

and freeness variations is decreased by 24–32% as well as variations in shive content and 

fibre fractions are decreased. (Puurunen, 1998) 

 

4.3 Reject refining and screening related factors 

The purpose for screening and reject refining is to remove solid impurities from the pulp, 

improve the process yield, increase the pulp strength properties and to obtain a clean final 

product. To achieve sufficient end-product, there are many variables such as equipment, 

flowrates and refining or screening intensity that need to be controlled. Controlling these 

parameters is difficult and unexpected changes in them will affect on pulp quality.  

(Krotcheck, 2006; Husaari, 2009) 

 

4.3.1 Factors affecting pulp quality in screening 

Factors that affect the pulp quality in screening and can be divided into equipment-

specific parameters, operating parameters and furnish parameters. Some of the parameters 
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can be adjusted whereas other are fixed. Equipment-specific parameters are for example 

dimension of the equipment such as the size of the machine and the rotor, the screen type 

and the geometry of the screen basket. For example, Hautala et al. (2009) describe that 

using smooth holes rather than profiled slots result higher shive removal and higher fibre 

length fractionation in pressure screening. (Krotcheck, 2006; Hautala et al., 2009) 

The operating parameters in screening depend on the process operating requirements such 

as flow rate, feed consistency, and velocity in aperture and reject rate. For example, 

increasing the aperture velocity results to reduction of screening efficiency but higher 

aperture velocity, on the other hand, increases the accept consistency which leads to better 

production rate. The flows are required to be known in order to maintain sufficient 

screening and constant reject rates for a consistent pulp quality. The furnish parameters 

consist of fibre length distribution, the temperature, pH and the viscosity of the fluid. For 

example, if the freeness in the feed pulp increases, it leads to higher mass reject rates and 

reject thickening at unchanged screening conditions. (Krotcheck, 2006; Hautala et al., 

2009) 

Reject rate is the most important operating parameter of pressure screens. It is the ratio 

between the feeding mass flow and the mass flow directed to the reject. High reject rate 

improves screening efficiency and at the same time it affects the separation efficiency. 

The amount of reject thickening that occurs during screening is usually controlled by 

varying a few factors. The first factor is the relative flow rate between the feed (V̇F) and 

the reject (V̇R). The ratio between the two flow rates is referred as the volumetric reject 

rate (RRv).  Reject rate can be calculated either from mass or volume flows as seen in 

Eq.(2) and Eq.(3). Volumetric reject rate RRV is defined as the ratio between the 

volumetric flow rates of the reject and the feed flow. (Krotcheck, 2006)  

𝑅𝑅𝑣 =
�̇�𝑅

�̇�𝐹

 (2) 

  

where V̇R  volumetric flow rate of the reject, m3/s 

 V̇F volumetric flow rate of the feed, m3/s  
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The second factor in reject thickening controlling is the feed consistency. At high feed 

consistencies, the consistency near the reject end may increase dramatically and cause 

blocking of the screen. The consistency of the pulp is a part of calculating the mass reject 

rate. The mass reject rate, RRm, is defined as the ratio of the mass flow rates (Eq. (3)): 

𝑅𝑅𝑚 =
ṁ𝑅

ṁ𝐹
=

𝑐𝑅�̇�𝑅

𝑐𝐹�̇�𝐹

 (3) 

where ṁR mass flow rate of the reject, kg/s 

 ṁF mass flow rate of the feed, kg/s 

 cR consistency of the reject pulp, kg/m3 

 cF consistency of the feed pulp, kg/m3 

 

However, large reject rates will lead to higher operating and investment costs because the 

higher the reject rate is, the higher the subsequent screening stages will be. The mass 

reject rates differ from the paper grade. For example, the reject rate for newsprint pulp is 

typically 20–40% when light weight coated (LWC) paper may have mass reject of up to 

60%. If the reject rate is decreased, more pulp goes to accept and less goes to reject. It 

decreases the separation efficiency of the screen which will negatively affect the pulp 

quality. In addition, too low reject rate can lead to excessive thickening of the reject and 

clogging the screen. If the pulp freeness is increased it leads to higher mass reject rates 

and higher reject thickening if screening conditions are kept constant. (Krotcheck, 2006; 

Hautala et al., 2009; Huusari et al., 2009) 

 

4.3.2 Factors affecting pulp quality in reject refining 

The main control variables in reject refining are refining intensity, properties of the feed 

and specific energy consumption. However, the key variable is specific energy 

consumption (SEC) because if SEC has large variations per refiner pass, the pulp quality 

will have large variations as well. It is why the throughput of reject refiner must be kept 

as constant as possible. In most of the refiners, the amount of refined pulp is adjusted by 
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moving the rotor disc place in relation to the stator disc. As the refining energy increases, 

it results to lower freeness and enhanced fibre bonding ability. (Husaari et al., 2009) 

However, in normal mill conditions, it is not possible to keep all the variables stable. 

Uncontrolled variations are caused by refining consistency, pressure, throughput, and the 

condition of refiner segments. These disturbances will affect on other refining properties. 

For example, changes in main-line refining leads to changes in screening conditions 

which further will cause changes in the reject rate and changes in throughput of the reject 

refiner. Throughput and refining consistency are influenced by poor function of 

thickening equipment. It is difficult to keep the main variables under control if both the 

feed pulp flow and refining consistency are changing.  Refining intensity has an influence 

of strength properties because too high intensity leads to decomposition of fibres and 

shives into smaller particles that have poor bonding ability. (Huusari et al., 2009) 

The refiner segments condition affect directly on the pulp quality because they are in 

charge of treating the fibres. Typically, the lifetime of a segment is 2000–3000 hours but 

if the feed contains sand or fillers, they must be changed to new because otherwise the 

pulp quality is reduced. (Husaari et al., 2009)  
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EXPERIMENTAL PART 

 

5 Introduction to the experimental section 

Stora Enso Anjala paper mill consists of two debarking lines, pressure groundwood mill 

with 12 pressure grinders, thermomechanical pulp plant, power plant and two paper 

machines (Figure 23). Paper machines produce book paper, magazine paper and 

improved newsprint. PGW mill has four grinding lines H1, H2, H3 and H4 of which three 

are for paper machines (H1, H2 and H3) and one is for cartonboard mill (H4). This study 

focused on the H1 and H3 grinding lines and their reject lines integration. The block 

diagrams of H1 and H3 are presented in Figures 24 and 25.  

 

Figure 23. Plain figure of the composition of Anjala paper mill. 

 

The mill has replaced ceramic grindstones with Galileo stones, which had decreased the 

amount reject by making the pulp more homogenous. As a result the reject line R3 had 

unused capacity that enabled handling also reject from H1 in addition to the reject from 

H3. That is the reason why the reject lines were combined and R1 was taken out of use. 

A massive benefit of the reject lines combination was that it led to energy savings since 

the R1 line was disabled. Furthermore, the main purpose was to maintain the pulp quality, 

such has tensile strength, at least at the same level or preferably to improve it.  
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The purpose of the experimental section was to find out what was the effect of rejects 

integration in pulp quality. The target for the pulp quality was to at least remain the same 

level as before or possibly to improve it. The most important quality parameters were 

freeness (CSF) and tensile index. The quality was measured with five tests of H1 and H3 

lines. Two of the tests (one for each grinding line) were done before the rejects integration 

to find out the current pulp quality. The last three were made after the integration to see 

how the pulp quality had changed. However, because some problems occurred during the 

rejects integration it was decided to left out the quality measurements in H1 line. 

 

5.1 Grinding lines H3 and H1  

H3 line consists of four pressure grinders E441, E442, E451, E452 and E431 from H1 

can be used as well. From the grinders the pulp goes to pressure screening. From pressure 

screens 1A.1 F221 and 1A.2 F222 the accept is directed to screens 1B.1, F223 and 1B.2 

F224, and the reject is directed to reject refining. From the pressure screens 1B the accept 

is directed to thickening in disc filters F334 and F335 and reject goes to a pressure screen 

2A F226. From the disc filters the pulp is dewatered to bleaching consistency in roller 

presses F342 and F343. From there the dried pulp is transported to bleaching tower, G578, 

by chemical mixers G311 and G312. From there the pulp is stored in storage tower before 

going to paper machine. The reject from the pressure screen 2A F226 goes to pre-

thickening where centrifugal cleaner F155 and bow screens F364, F365 are used to 

thicken the pulp. Before going to the reject refiner G318, the reject is thickened in screw 

presses F366, F357, F368. After refining the pulp goes through pressure screens 3A F266, 

3B F267 and 4A F268 from where the reject is recycled back to pre-thickening and accept 

is combined to the main line. 
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Figure 24. Block diagram of H3 grinding line in groundwood mill. 

 

H1 has similar basic structure as H3, but it differs slightly. For example, there are 

additional unit operations for reject refiners, G304 and G305, and centrifugal cleaners 

F145, F146 and F156 after the reject screens 3A, 3B and 4A from where the pulp goes 

back to main line. Difference is also that after the disc filters F330 and F331 the pulp goes 

to two-stage bleaching where twin-wire presses F360 and F361 are used to thicken the 

pulp before going to a chemical mixer, G317. In the mixer the bleaching chemicals and 

the pulp are mixed together and from there the solution goes to bleaching tower G516 

where the bleaching is operated. Before going to storage tower and paper machine, the 

pulp is thickened again with twin-wire presses F362 and F363.  
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Figure 25. Block diagram of H1 grinding line in groundwood mill. 

 

5.2 Reject lines combination 

Reject line 1 (R1) and reject line 3 (R3) were integrated during the thesis and R1 line was 

taken out of use. R1 is still occasionally used for example when the storage tower of H3 

is full and grinding needs to be stopped for a while.  

R1 and R3 were integrated in a way that both of the lines still have own main line pressure 

screening, 1A, 1B, 2A, but same reject refining in R3. The reject from screening is 

directed to R3 pre-thickening, thickening, reject refining and screening. From the 

screening, accept of the reject line is divided to both H1 and H3 main lines. Figure 26 

presents a schematic diagram of the reject lines combination. Reject from H1 is shown in 

red dashed line. 
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Figure 26. H3 diagram of rejects combination. Dashed red lines show where the H1 reject 

goes and from where it is returned back. 

 

6 Materials and methods 

The quality of the pulp in H3 line was measured with four tests. First test was made before 

the reject lines combination and the last three were made after the integration as presented 

in Figure 27. In laboratory, tensile and tearing indexes, shives fraction, fibre length, stock 

consistency, freeness, and fibre fractions were measured. 
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Figure 27. Test execution of before and after reject lines integration. 

 

6.1 Execution of reference tests 

Before the rejects were integrated, the quality of the pulp was determined. The first test 

was done for H3. It was called reference tests (Reference test) and acted as the current 

quality of the pulp from each line. The used grindstones were chosen by process 

operators.  

There were 22 sampling sites the H3 line which are presented in Figure 28 and explained 

in Table III. Three sampling campaigns were required to ensure consistent pulp quality. 

In each campaign 1/3 of the sample bucket was filled and the next started immediately 

after one had ended. Samples were taken from the sampling valve by placing a hose at 

the valve orifice. As the valve was opened, pulp was drained into a canal for a few seconds 

to make sure that the sample was decent enough. After draining the hose was directed 

into the sampling bucket. After one sample round, prints of used grindstones, screening, 

reject thickening and refining and bleaching tower were taken from the process 

controlling system, dynamic network of applications (DNA). From the prints some 

important parameters, for example, feed, accept and reject flows were able to be seen and 

used for further calculations. After the three sample campaigns the buckets were taken to 

laboratory for further analysing.   
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Figure 28. Sample points in Reference test from the H3 line. 

 

 

  

H3 
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Table III.  Sampling sites of Reference test and the explanation of the sample place. 

No. Sample name Description 

1.1 1A.1 screen feed Pressure thickener feed to pressure screen 1A F221  

1.2 1A.2 screen feed Pressure thickener feed to pressure screen 1A F222 

2.1 1A.1 screen reject Reject from pressure screen 1A F221 to bow screens 

F364/F365 

2.2 1A.2 screen reject Reject from pressure screen 1A F222 to bow screens 

F364/F365 

3 1A.1 screen accept Accept from pressure screen 1A F221 to pressure screen 1B 

F223/F224 

4 1A.2 screen accept Accept from pressure screen 1A F222 to pressure screen 1B 

F223/F224 

5 1B.1 screen accept Accept from pressure screen 1B F223 to disc filters 

F334/F335 

6 1B.2 screen accept Accept from pressure screen 1B F224 to disc filters 

7 2A screen feed Feed from pressure screens 1B to pressure screen 2A F226 

8 2A screen accept Accept from pressure screen 2A F226 to disc filter 

9 2A screen reject Reject from pressure screen 2A F226 to centrifugal cleaner 

F144  

10 Screw presses feed Feed from bow screens F364/F365 to screw presses 

F366/F367/F368  

11 3A screen feed Feed from reject refiner to pressure screen 3A F266 

12 3A screen accept Accept from screen 3A F266 to 3B F267 

13 4A screen feed Feed from screen 3B F267 to 4A F268  

14 3B screen accept Accept from screen 3B F267 to disc filters  

15 4A screen reject Reject from pressure screen 4A F268 to bow screens  

16 4A screen accept Accept from pressure screen 4A F268 to disc filters  

17 Reject screening 

accept  
Overall accept of reject screening  

18 Main screening accept Accept from main screening line 

19 Roller presses’ feed Feed from disc filters to roller presses F342/F343  

20 Storage tower feed Feed from bleaching tower G578 to storage tower 

G513/G514 

 

6.2 Execution of the tests after reject integration 

After the current pulp quality was known, the reject lines R1 and R3 were integrated. All 

in all three test rounds were done considering the pulp quality. However, during the 

integration some problems with water balance occurred which is why first two tests were 

relatively short. Piping changes to fix the water balance were done between tests 2 and 3. 

The first test (Test 1) was targeted to the quality of screening and reject refining and the 
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second and the third test (Test 2 and Test 3) were targeted to the quality of H3 line. Test 

2 was in slightly smaller scale than Reference test but Test 3 was executed the same way 

as Reference test. 

 

6.2.1 Problem with water balance 

As the rejects were integrated and first tests were made, some problems with water 

balance occurred. Turned out that it was a designing error in piping of water balance. 

Once the rejects were combined and the reject from H1 was transferred to R3, the pulp 

was wanted to be relatively dewatered. However, after the treatment in R3, the pulp was 

then returned to H1 much more diluted which caused water losses in H3. In H1 the pulp 

was returned to disc filters and from there the filtrate went to warm water tank. The plan 

was to replace the water imbalance of H3 by taking white water from paper machine to 

H3 warm water tank. It did not work and since the H1 warm water tank is relatively small, 

it pours over the excess water that comes from returning the accept to disc filters. This 

led to water shortage of white water of the paper machine. It is why it was not possible to 

combine the reject lines together for a long time when the tests were done. Piping changes 

from H1 warm water tank to H3 warm water tank were required to be done to fix the 

problem. During the thesis, the piping changes were made between test 2 and test 3.  

 

6.2.2 Test 1 

The Test 1 was executed the same way as the reference tests but in smaller scale. Figure 

29 presents the 9 sampling sites of Test 1 inside the red circles (10–17 and 20) and the 

sample places are explained in Table IV. As the rejects were combined to R3, the process 

required more or less an hour to get balanced. In addition, only one sampling round to fill 

the sampling buckets was done because of the imbalance in water circulation. After the 

campaign, pictures of used grindstones, reject thickening, refining and reject sorting from 

the DNA were printed for the calculations of flows and mass reject rates. The samples 

were taken to laboratory after the sample round was finished. Stock consistency, freeness 

and shives fraction were analyzed from all the samples and from some of the samples 

fibre length, fibre fractions, latency, tensile and tear index were analyzed as well. 
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Figure 29. Sample points of Test 1 that targeted reject refining, screening and final pulp. 

 

Table IV.  Sampling sites of Test 1 and the explanation of sample place. 

No. Sample name Description 

10 Screw presses feed Feed from bow screens to screw presses 

F366/F367/F368 

11 3A screen feed Feed from reject refiner to pressure screen 3A 

F266 

12 3A screen accept Accept from screen 3A F266 to 3B F267 

13 4A screen feed Feed from screen 3B F267 to 4A F268  

14 3B screen accept Accept from screen 3B F267 to disc filters  

15 4A screen reject Reject from pressure screen 4A F268 to bow 

screens  

16 4A screen accept Accept from pressure screen 4A F268 to disc 

filters  

17 Reject screening accept  Overall accept of reject screening  

20 Storage tower feed Feed from bleaching tower to storage tower  

 

6.2.3 Test 2 

The second test (Test 2) included both lines, H1 and H3. However, because there was not 

enough time to delve into H1, the results are not presented in this thesis. Because of the 

water balance problem, the process required an hour to get balanced so after the rejects 

H3 
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were combined, an hour was waited. The test was made in one sampling campaign. Some 

of the sampling sites that were in the reference tests were excluded because the laboratory 

would have been too overloaded. Table V presents the sampling sites applied. 

Table V. Sampling sites of Test 2 and explanation of the sample places. 

No. Sample place Description 

1 1A.1 screen feed Pressure thickener feed to pressure screen 

2 1A.1 screen reject Reject from pressure screen to bow screens 

5 1B.1 screen accept Accept from pressure screen to disc filters 

6 1B.2 screen accept Accept from pressure screen to disc filters 

8 2A screen accept Accept from pressure screen to disc filter 

10 Screw presses feed Feed from bow screens to screw presses 

11 3A screen feed Feed from reject refiner to pressure screen 3A F266 

12 3A screen accept Accept from screen 3A F266 to 3B F267 

13 4A screen feed Feed from screen 3B F267 to 4A F268 

14 3B screen accept Accept from screen 3B F267 to disc filters 

15 4A screen reject 
Reject from pressure screen 4A F268 to bow 

screens 

16 4A screen accept Accept from pressure screen 4A F268 to disc filters 

17 Reject screening accept Overall accept of reject screening 

18 Main screening accept Accept from main screening line 

19 Roller presses’ feed Feed from disc filters to roller presses 

20 Storage tower feed Feed from bleaching tower to storage tower 

 

6.2.4 Test 3 

Before executing the Test 3, piping changes were made to fix the water balance problem. 

Rejects were combined the day before the test so that all the samples would be reliable.  

Test 3 was targeted to H3 line with the same 22 sampling sites and execution as in 

Reference H3. The target SEC for reject refiner was 500 kWh/t. 
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6.3 Analyses 

The samples were analysed in laboratory immediately after the tests were done. 

Parameters such as freeness (CSF), consistency, fibre fractions, shives content, fibre 

length and tensile and tearing indexes were analysed. 

 

6.3.1 Determination of CSF 

To test the drainability of a pulp suspension, Canadian Standard Freeness test is typically 

used for mechanical pulps. Figure 30 presents the freeness test equipment. To measure 

the freeness of the pulp 3g abs. of well mixed slurry sample is taken and diluted to 1000 

ml. The sample is then poured into the upper chamber of the freeness tester and as the 

vent valve is unlocked, the stock is filtered through a screen plate. The drainage water is 

collected into a measuring glass through the side orifice outlet in the bottom and it 

represents the freeness value. (Bajpai, 2018; Hiltunen, 1999) 

If the draining slows down fast, it is due to fibre mat accumulation on the screen plate 

and it gives smaller CSF number. The temperature is measured from pulp that is left in 

the dewatering chamber and it must be within +/- 5oC of 20oC. The testing result depends 

strongly of the fines content and the compressibility of the pulp. (Bajpai, 2018; Hiltunen, 

1999) 
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Figure 30. Freeness test equipment. (Hiltunen, 1999) 

 

6.3.2 Determination of stock consistency and calculation of mass reject rate 

Consistency is the relation of the mass of the material filtered from a stock sample to the 

mass of the unfiltered sample. The slurry is filtered onto a paper using a Büchner funnel. 

The weight of the dry pulp can be measured from the dry pulp left on top of the paper. If 

the consistency of the pulp is high, obtaining representative sample may be difficult due 

to filtering problems (Levlin, 1999). Consistency can be calculated by Eq. (4) 

Consistency (%) =
weight of dry pulp (g)

weight of the sample (g)
 (4) 

 

As the consistency of the samples was known, the shives content, mass reject rate and the 

physical characteristics could be calculated as well. 
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Mass reject rate was calculated with Eq.(3) presented in part 4.3.1. If the flow or 

consistency of reject was not measured, mass reject rate was calculated from accept rate 

by Eq.(5). 

𝑅𝑅𝑚 = 1 −
ṁ𝐴

ṁ𝐹
= 1 −

𝑐𝐴�̇�𝐴

𝑐𝐹�̇�𝐹

 (5) 

where ṁA mass flow rate of the accept, kg/s 

 cA consistency of the accept pulp, kg/m3 

 

 

6.3.3 Determination of fibre characteristics 

Fibre dimensions, fibre length, fines content and fibre curliness are analyzed by Valmet 

FS5 fibre image analyzer (Figure 31). The machine analyzes the length of the fibres in 

the range of 0.2–7.0mm. Approximately 10 ml of pulp suspension is mixed to 300 ml of 

water and placed on top on platform. The machine measures fibre properties of the pulp 

suspension as it passes through a glass interface. High resolution grey-scale images are 

taken from individual fibres that can be seen from the screen of the machine. (Valmet, 

2021) For example, fibre fractions, fibres and fines, shives, curls, fibre length and width 

are shown in the screen which are presented in Figure 32. 
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Figure 31. Valmet FS5 fibre image analyzer that was used to analyze fibre length, shives, 

fibre fractions, curls. 

   

 

Figure 32. Image from Valmet FS5 analyzer where different parts of fibres are shown. 

(Valmet, 2021)  

Platform 

Screen 
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6.3.4 Determination of physical characteristics 

To determine the physical parameters such as tensile and tearing strength of the pulp, 

sheets has to be prepared first. They are formed with laboratory sheet former which is 

presented in Figure 33. A certain amount of stock is added to the sheet former, diluted 

with water and stirred. After stirring a drainage valve is opened so that the water may 

leave the wire screen. Then the sheet is rolled gently with a couch roll to separate water. 

The sheet is then separated from the wire. 3 sheets are produced from each sample and 

they are layered on top of each other with blotting paper between them. They are pressed 

for 4 minutes to remove the excess water and then put to a dryer for 2 hours. Then they 

are left in a conditioning cabinet for 30 minutes and after that the determination of 

physical properties could start. (Hiltunen, 1999; SFS-EN ISO 5269-1, 2005) 

 

Figure 33. Laboratory sheet former to prepare sheets from the pulp. (Hiltunen, 1999) 

 

The produced sheets were cut to the size of 15 cm x 15 cm (0.0225 m2) because the basis 

weight is required to be determined in order to calculate the tensile and tearing index. 

Basis weight is calculated by Eq.(6). (Hiltunen, 1999) 

Basis weight (
g

m2
) =

sheet weight (g)

sheet area (m2)
  /sheet amount  (6) 
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Tensile strength is determined with L&W tensile tester. Laboratory sheet is fed into the 

machine and then it calculates tensile strength by stretching it to the point where the 

rupture happened. As tensile strength is known, tensile index can be calculated by Eq.(7). 

(Hiltunen, 1999) 

Tensile index (
Nm

g
) =

tensile strenght (
N
m)

basis weight (
g

m2)
 (7) 

 

Tear strength can be determined with a device called L&W pendulum device. It is a 

physical pendulum that applies the tearing force by moving the pendulum in a plane 

perpendicular to the initial plane of the test piece (Levlin, 1999). The device gives tear 

strength (N) from where tear index (Nm2/kg) can be calculated with Eq.(8) 

 

Tear index (
Nm2

kg
) =

tearing strength (N)

basis weight (
g

m2)
(8) 
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7 Results  

Book paper were manufactured in the paper machine during the tests. Specific energy 

consumption (SEC) of reject refiner was measured during the tests. SEC values were 

taken from the DNA of the process. Equation that the software uses to calculate SEC is:  

SEC =
Energy used (kW)

Pulp production (
t
h

)
 (9) 

 

Table VI presents the used grindstones in every test and whether the stones were Galileos 

or ceramics. Galileo stones produce more homogenous pulp than ceramic stones (Valmet, 

2015a). Galileo grindstones were used in all of the tests so it can be said that the mill 

produces pulp for H3 line mainly with Galileo stones. All of the tests for H3 line were 

done nearly with the same three Galileo grindstones. Only one stone, E432, in Test 1 was 

different than the in the other tests, E431. However, it had the same surface than E431 so 

the stone functioning should be the same.  

 

Table VI. Used grindstones in tests and whether they were ceramics or Galileos. 

Test Grindstones Galileo/Ceramic 

Reference H3  E431, E441, E442 Galileos 

Test 1 E432, E441, E442 Galileos 

Test 2  E431, E441, E442 Galileos 

Test 3  E431, E441, E442 Galileos 

 

Table VII presents the specific energy consumption values of grinding in H3 and R3 lines. 

There was no target for SEC in H3 grinding but for R3 line the target was 500 kWh/t. In 

Test 2 the target SEC was not achieved because during the rejects combination, the 

process did not have enough time to get balanced which is why SEC was approximately 

50 kWh/t lower. All of the other tests had SEC over 500 kWh/t. 
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Table VII. SEC of grinding in H3 and R3 lines in the tests. 

Test H3 grinding SEC, kWh/t   R3 grinding SEC, kWh/t 

Reference H3 733 517 

Test 1  758 537 

Test 2  745 453 

Test 3  744 511 

 

 

7.1 Freeness 

Freeness (CSF) was one of the main parameters to express the pulp quality changes. It is 

a measure of how fast water can drain from a fibre mat. The freeness of the pulp decreases 

in refining process which makes it a very good measurable index when pulp quality is 

measured. (Karojärvi et al., 2009) CSF from the main pulping line and reject line are 

presented in Figures 34 and 35. Feeds and accepts were studied in these figures. Since 

Test 1 considered only R3 line, there are no results in main line figure.  

 

 

Figure 34. CSF in main line for Reference test, Test 2 and Test 3. 
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In Reference test the pulp that comes from the grindstones to 1A.1 screen feed has 

considerably lower freeness (CSF) than in Test 2 and 3. Low CSF level from the 

beginning of the line in Reference test has an effect through the whole main line which 

shows as the lowest CSF in final pulp as well. Typically, the main cause in variation of 

CSF is higher production volume. It leads to coarser pulp due to the constant speed of 

grindstones (that is independent from the load and volume flow). Coarser pulp means that 

the freeness is higher because the stone does not have enough time to do the defibration 

process properly. During the tests, the production volume for Reference test was 16.6 t/h, 

for Test 2 was 13.7 t/h and for Test 3 was 17.7 t/h. Freeness variations in 1A screen feed 

in Reference test and Test 3 may be due to production volume differences but for Test 2 

the explaining factor is not in the production volume. Test 2 should have the lowest CSF 

because it had the lowest production volume but its CSF is nearly the same as in Test 3.  

Larger increase in CSF occurs from roller presses feed to storage tower feed in Test 3. 

Pulp CSF increases from 140 ml to 171 ml and the same phenomenon can be seen in 

every test. It is due to latency that is produced in bleaching. The pulp is dewatered before 

going to bleaching which produces curled fibres. H3 line does not have latency removal 

which is why the CSF in storage feed tower is higher than it should be. 
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Figure 35. CSF in reject line for the tests.   

CSF values of reject line in Figure 35 shows the importance of reject refiner intensity. 

For example, in Test 2 where specific energy consumption was the lowest, 453 kWh/t, it 

led to the highest CSF numbers of all the tests. In 1A screen feed where Test 2 and 3 had 

nearly the same CSF values. However, in reject line Test 3 has lower CSF due to higher 

SEC of reject refiner. The importance of SEC also shows in Reference test and Test 1 

where CSF of the tests were the lowest while the two tests had the highest SEC. 

The figures and Table VIII show the CSF comparison of different tests. It can be 

concluded that the quality of the pulp is produced in the grindstones and reject refining 

has only small effect on the final pulp. Lower pulp freeness indicates that the pulp is well 

refined (Karojärvi et al., 2009). If the pulp is not well refined in the grindstones, the 

freeness will be high in the beginning of the grinding line as well as in the final pulp. For 

example, in Test 3 the pulp CSF was high in 1A screen feed (179 ml) and despite the well 

refined pulp in reject line (110 ml) the freeness of roller presses feed, before latency was 

produced, was high as well (140 ml).  
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Table VIII. CSF comparison of Reference test and Test 3. 

 Reference test Test 3 

Place CSF, ml CSF, ml 

1A.1 screen feed 136 179 

Main screening accept 98 136 

Reject screening accept 107 110 

Roller presses feed 110 140 

 

Storage tower feed in Test 1 and Test 2 are not comparable to Reference test and Test 3 

because of the short testing times. The delay from the grinders to storage tower is 

approximately two hours and the samples were taken an hour after the rejects were 

combined. 

 

7.2 Freeness balance 

Balance calculations for freeness of R3 were made with an Excel-tool that was made for 

the grinding lines. The tool calculates the reject screening freeness, flow and consistency 

when parameters such as freeness of 3A, 3B and 4A screens, consistency and mass reject 

rate are changed. Investigation whether the calculative CSF of reject screening accept is 

equal to the measured CSF was made. If the calculative CSF balance is correct, it would 

be possible to predict the reject screening freeness. Figure 36 and Table IX presents the 

balance in Reference test in reject screening. The values that are coloured red in the figure 

are the parameters that were changeable and the values inside the red circle are for reject 

screening accept.   

   

  Table IX. Measured values for Reference test. 

Sample place Consistency, % CSF, ml Flow, l/s 

3A screen feed 1.42 132 158.9 

3B screen accept 1.19 100 146.3 

4A screen accept 1.10 136 41 

Reject screening accept 1.13 107 146.3 
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Figure 36. CSF balance for Reference test. 

The changeable parameters that were got from the test were put to the balance calculation 

tool and it calculated the reject screening accept. Figure shows that calculated reject 

screening accept freeness is 111 ml and consistency 1.2%. The measured freeness for the 

accept was 107 ml and consistency was 1.13%. The calculated freeness is close to the 

measured freeness. Since freeness balance was the target, flows as variables were not 

included in the calculations. Although it can be said that because production amount 

(bone dry tons of pulp BDTP) in 3A feed was kept constant, the flows of feeds and accepts 

are higher than what they were in the test.  

The same parameters to the tool were changed for Test 1 balance. Table X presents the 

measured values and Figure 37 presents the calculative values. 

 Table X. Measured values for Test 1. 

Sample place Consistency, % CSF, ml Flow, l/s 

3A screen feed 1.34 143 259.4 

3B screen accept 1.12 108 179 

4A screen accept 1.04 132 61 

Reject screening accept 1.14 115 240 

Reject screening accept 
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Figure 37. CSF balance for Test 1. 

 

Figure shows that the calculative freeness for reject screening accept is 114 ml and 

consistency 1.1%. Table X shows that measured freeness for the accept was 115 ml and 

consistency was 1.14%. The calculative values for CSF were correct again. It can be 

stated that the CSF balance-tool gives predictable freeness of reject screening accept 

when the mass reject rates, consistency and CSF of some screens are known.   

However, the balance-tool can be used to notice errors in tests as well. Table XI presents 

the measured values for reject screening accept in Test 3 and Figure 38 the calculated 

balance. 

Table XI. Measured values for Test 3. 

Sample place Consistency, % CSF, ml Flow, l/s 

3A screen feed 1.23 158 245 

3B screen accept 1.18 135 170 

4A screen accept 0.93 117 57 

Reject screening accept 0.53 110 227 

    

 

Reject screening accept 
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Figure 38. CSF balance for Test 3. 

 

Unlike in other tests where calculative freeness and consistency are nearly the same, in 

Test 3 the difference is notable. Calculative CSF is 131 ml and consistency 1.1%. 

Measured value for CSF is 110 ml and consistency 0.53%. Calculations show that there 

is an error in the test. The correct CSF would be close to 131 ml as the calculative method 

shows. The accept from 3B is 135 ml and from 4A 117 ml which shows that the reject 

screening accept cannot be lower than them since reject screening accept is the 

combination of them. The mistake could have happened in the laboratory testing or during 

the sampling. However, it is not excluded that the error is in reject screening accept. It 

may be in 3B accept or 4A accept. For example, by changing the CSF number of 3B to 

108 ml, the reject screening accept CSF decreases to 110 ml which is the measured 

freeness value. 

 

7.3 Mass reject rate 

Reject rate is the most important operating parameter of pressure screens. High reject rate 

improves screening efficiency and at the same time it affects the separation efficiency. 

Too high reject rate, on the other hand, will lead to higher operating and investment costs 

Reject screening accept 
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because the higher the reject rate is, the higher the subsequent screening stages will be. 

Too low reject rate decreases separation efficiency and decrease pulp quality. (Krotcheck, 

2006; Hautala et al., 2009)  

The mass reject rate is the ratio of the mass flow rates between feed and reject. Figure 39 

presents the mass reject rates of reject line in every test. The reject rates are calculated by 

Eq.(3) and Eq.(5).  

 

 

Figure 39. Mass reject rate for reject line in the tests. 

In the reject line, 3A screen function is to remove shives and to protect the other screens 

from device damages. The mass reject rate of 3A is, therefore, the lowest intentionally. 

4A screen is the most selective screen due to its highest mass reject rate. The mass reject 

rate has increased considerably during the last two tests which has improved separation 

efficiency that can be seen as lower CSF of 4A in Figure 35. 

Reject screening accept presents the overall reject screening when the circulation from 

3A and 4A rejects to reject refiner are considered as well. Comparing to other tests, in 

Test 3 the reject rate of reject screening accept has decreased which means that more pulp 

goes to accept than to reject. In other words, 3A, 3B and 4A screens did not have to do 

that much screening than in other tests. Reject rate decrease for reject screening accept in 

Test 3 means that reject circulation back to reject refiner has not occurred as much as in 
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other tests. Normally, in reject line the volume from the screens has to be kept so large 

that the refiner functions at nearly full capacity to achieve maximum quality and to keep 

the refiner functioning (Huusari et al., 2009). Now that the rejects were integrated from 

H1 and H3 lines to R3, the circulation in vain is not necessary which means that the 

quality of the pulp can be increased by increasing mass reject rates. Mass reject rates of 

Test 3 referred that the rates can be increased which would lead to lower CSF due to 

increased selectivity.  

 

7.4 Tensile and tear index 

Tensile index was measured in laboratory with Valmet FS5 fibre image analyser. Along 

with CSF, tensile index was an important quality parameter of the pulp and key attribute 

considering the improvement of pulp quality. Tensile indexes for main line in Reference 

test, Test 2 and Test 3 are presented in Figure 40. However, because Test 2 (yellow bar) 

sampling sites were reduced, not all tensile index values were measured.  

 

Figure 40. Tensile index in main line. 
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Increased fibre bonding is the dominating effect that increases tensile strength. During 

grinding fibre length is reduced which increases fibre bonding ability. (Huusari et al., 

2009) Figure 40 shows that Reference test had through the whole main line relatively 

good tensile index which may be due to lower production volume, than in Test 3, and 

therefore lower CSF. Test 2 had the highest tensile strength in 1A screen feed, 27.07 

Nm/g, but the screening has not been as successful as in other tests because the tensile 

index development does not show in main screening accept. Also, the storage tower feed 

is not comparable to the other tests due to short testing time. In Test 3, on the other hand, 

tensile index was the lowest in the beginning of the line, 23.85 Nm/g. It also had the 

highest CSF and highest production volume of the three tests. Screening increases tensile 

index of Test 3 by 3 Nm/g but because the CSF of storage tower feed was 171 ml, tensile 

index decreases to 19.97 Nm/g. The main reason for that is latency that is formed in 

bleaching.    

Tensile indexes of the four tests in R3-line is presented in Figure 41. In Test 1 only 3A 

screen feed, 3B screen accept, 4A screen accept and storage tower feed was measured. 
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Figure 41. Tensile index in reject line. 

The figure 41 shows the importance of refining intensity. For example, the SEC of reject 

refiner in Test 2 was the lowest, 453 kWh/t which appears as the lowest tensile index 

values of all the tests. Accordingly, in Test 1, the SEC for reject refiner was the highest, 

537 kWh/t, which can be seen the highest tensile index values. In Reference test and Test 

3, SEC of refiner was nearly the same, 517 kWh/t in Reference test and 511 kWh/t in Test 

3. The difference in their tensile index values comes from the CSF in main line where 

Reference test had lower freeness, finer pulp and Test 3 had coarser pulp. It leads to lower 

tensile index for Test 3 than Reference test because the bonding between fibres is poorer. 

The same conclusion that can also be concluded from Figure 38 and 39 (figures of CSF) 

is that the main pulp quality is produced from the pressure grinders and reject refining 

has only small effect on the final pulp. If only reject line and its pulp quality is considered, 

increasing SEC of the refiner would improve the pulp quality. More bonding of the fibres 

would occur which would increase tensile index in reject line. Increasing SEC in this case 

is possible because the decrease of mass reject rates prove that the screens can treat more 

pulp.  
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Figure 42 presents tear indexes in 1A screen feed, reject line and storage tower feed. Two 

of the sampling points from Test 1 are lacking because they were not measured. 

 

Figure 42. Tear indexes for the tests. 

It can be seen that despite tear index values the 1A screen feed, the tear strength in reject 

line has increased in all the tests compared to Reference test. For Test 1 the tear index 

values are significantly higher than Reference test but because 1A screen feed was not 

measured it is not known what the starting level for tear strength was. Test 2 also had 

high tearing index measurements even though the SEC of reject refiner was the lowest. 

Tear strength correlates with the pulp binding ability. If the tear strength increases the 

binding ability increases as well which results to less dustiness in paper. Decreasing the 

paper dustiness is desirable and therefore, in terms of increasing pulp quality, the tear 

index values show promising results. 

 

7.5 Parameters effect on tensile index 

Matlab was used to study the variables, CSF, consistency, shives and fibre length 

affection to tensile index. MODDE Pro-software was used to find the optimal spot of 
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tensile index 30 Nm/g. MODDE is a Design of Experiments (DOE) software that can be 

used to design experiments and to increase productivity.  

 

7.5.1 Variables effect 

The investigation of variables effect on tensile index was made with Matlab. In addition, 

the predicted tensile index and determined tensile index values and how well they 

correspond to each other were studied. Screen feeds and accepts were included to the 

investigation as well as the overall main line accept, reject line accept and storage tower 

feed (final pulp). The data was treated with cross-validation and auto-scaling and two 

PLS (partial least square) components were used. In auto-scaling the mean value of each 

variable is set to zero and standard deviation to one. The aim to give equal importance for 

variables in modelling procedure. 

Figure 43A presents how significant the effect of each variable, consistency (CON), 

freeness (CSF), shives (SHI) and fibre length (FIB) has to tensile index in reference test. 

Figure 43B presents the predicted vs. determined values for the tensile strength. Y-axis 

expresses the predicted value for the sampling sites and x-axis expresses the determined 

values. The closer the dots are to the orange line, the better the fit is.  
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Figure 43A. Consistency, CSF, shives and fibre length effect on tensile index in Reference test. 

Figure 43B. Predicted and determined tensile index values for Reference test. The goodness of fit 

R2=71.06%. 

Figure 43A shows that the fibre length and CSF have the largest blue bar which means 

that they have the biggest effect on tensile strength. It is known that fibre length is the 

key characteristic that correlates with paper strength properties. Longer fibres give better 

strength properties. (Brännvall et al., 2009b) Therefore, fibre length rightfully affects the 

most to tensile strength. CSF number on the other hand expresses how well the pulp has 

been refined (ISO 5267-2:2001) which will affect on tensile strength as well. Based on 

the figure, consistency and shives have the smallest effect on tensile index.  

A 

B 
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Figure 43B shows that the predicted vs. determined values for tensile index do not settle 

well on the line. For example, screen feeds and accepts in main screening line (1A, 1B, 

2A) are predicted wrong since they are farthest from the line. If the figure is plotted with 

3 PLS components the predicted values settle better on the line. However, two 

components were used in this case. 

 

Next the target was to figure out if the variables effect on tensile index had changed after 

rejects integration. Test 2 and 3 were taken into the analysis because they had sufficient 

amount of measuring points. Figure 44A presents the variables effect on tensile index 

after the rejects integration and 44B the goodness of the tensile strength prediction. 
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Figure 44A. Consistency, CSF, shives and fibre length effect on tensile index in Test 2. Figure 

44B. Predicted and determined tensile index values for Test 2. R2=90.11%. 

Figure 44A shows that in Test 2 the effect of CSF has decreased. Anyhow, consistency 

and shives affection to tensile strength have increased significantly. Fibre length still 

remains as the parameter that has largest impact on tensile index. Figure 44B, on the other 

hand, shows that the dots settle better around the line and only roller presses feed is far 

A 

B 
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from the line. Using 2 PLS components gives a good fit. However, there were less 

sampling sites in Test 2 than in Reference test. 

Figure 45A presents the variables affection to tensile index in Test 3. 

 

Figure 45A. Consistency, CSF, shives and fibre length effect on tensile index in Test 3. Figure 

45B. Predicted and determined tensile index values for Test 3. R2=86.53% 

B 

A 
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In the Figure 45A CSF effect on tensile strength has increased but consistency and shives 

affection has decreased compared to Reference test. Nevertheless, the graph is more 

similar to Reference test than to Test 2. Figure 45B presents the predicted vs. determined 

graph for Test 3. Figure shows that 2 PLS components give a sufficient fit to the data. 

The values for determined and predicted points are close to the line. Again, roller presses 

feed is the dot that is farthest from the line. 

Identical to all the tests, fibre length effects the most to tensile strength. Figures show that 

the significance of the parameters has changed after the rejects integration. Fibre length 

remains through the integration as the largest factor to affect tensile index but variations 

in consistency, CSF and shives have occurred. Test 2, on the other hand, had less sampling 

sites than Test 3 and Reference test and therefore can have an impact on the results. All 

in all, based on the predicted vs. determined figures it can be seen that after the integration 

the prediction of the sampling points has increased. For reference test, 3 PLS components 

would have given better fit but because using 2 components for tests after integration 

gave better fit, 2 components were chosen to be used.  

 

7.5.2 Optimal condition for target tensile index 

As the effect of the variables on tensile index were researched, the best conditions for 

tensile index to be 30 Nm/g was investigated as well as maximizing the tensile index. 

MODDE was used to create the contour plots. They were used to find the best conditions 

for a desired parameter. For the investigation of optimized conditions, MODDE optimizer 

was used. Figures 46, 47 and 48 show the contour plots of Reference test, Test 2 and Test 

3. Figures are presented fibre length against freeness. Consistency and shives were held 

as constant. The redder the colour in the figure goes, the better tensile index will be 

achieved.  
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Figure 46. Optimal conditions of tensile index at 30 Nm/g for Reference test. 

Figure shows that the best conditions to achieve tensile index of 30 Nm/g is when CSF= 

121 ml, fibre length=0.78 mm, consistency=5.6% and shives=0.97%. The optimizer gives 

several variations from the parameters to achieve the 30 Nm/g tensile strength. The result 

that had higher consistency was chosen because the conditions were wanted to be as close 

to the final pulp conditions as possible. Higher consistency was chosed because the pulp 

is thickened in the end of the process increases the consistency.  

If the tensile index is wanted to be maximized, longer fibres maximizes the highest values. 

The higher the CSF is, the longer fibres are required but when the CSF gets lower, the 

required fibre length is lower as well. Lower CSF reflects that the pulp is well refined 

which increases the bonding ability and tensile strength. Because of the improved 

flexibility and bonding ability of long fibres, the sheet consolidation will be improved. 

(Huusari et al., 2009) 
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Figure 47. Optimal conditions of tensile index at 30 Nm/g for Test 2. 

Figure 47 shows that the optimal conditions for tensile index 30 Nm/g in Test 2 differs 

from Reference test. For Test 2, the optimal CSF=108 ml, fibre length=0.87 mm, 

consistency=6.7% and shives=2.4%. Compared to Reference test lower CSF, higher fibre 

length, consistency and shives give the best condition for optimal tensile index. For the 

maximization of tensile strength, fibre length > 0.92 mm and CSF<160 ml are required. 

However, the highest tensile index in Test 2 goes to 35 Nm/g when in Reference test it 

went up to 40 Nm/g. Figure 47 shows that as high tensile index cannot be achieved in 

Test 2 as in Reference test. It is possibly due to lower SEC value of reject refiner which 

makes the bonding between fibres poorer. Bonding ability of long fibres increases as 

specific energy consumption increases (Huusari et al., 2009).  
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Figure 48. Optimal conditions of tensile index at 30 Nm/g for Test 3. 

Figure 48 shows that the optimal spot of tensile index 30 Nm/g is when CSF=108 ml, 

fibre length=0.87 mm, consistency=4.8% and shives=0.78%. The CSF and fibre length 

are the same as in Test 2 but consistency and shives amount are lower. Compared to 

Reference test higher fibre length and shives amount and lower CSF and consistency 

values give the optimal conditions for tensile strength. Maximum level will be achieved 

when CSF<80 ml and fibre length >0.94 mm. Comparing Reference test to the tests after 

integration, Reference will have the same tensile index as Test 3 but with wider CSF and 

fibre length range.  
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8 Conclusions 

Anjala Paper mill integrated reject lines of R1 and R3 to only one line, R3 because the 

amount of reject decreased and one reject line has the capacity to treat both lines rejects. 

Galileo grindstones produce more uniform pulp which reduces the reject production. 

Also, energy savings are achieved when one reject line is taken out of use. The purpose 

for this study was to discover the quality changes in the pulp after the rejects integration. 

The goal was to keep the pulp quality in reject line at least the same as before integration 

or possibly to improve it. The pulp quality was determined principally by freeness and 

tensile index. By improving pulp quality, mainly increasing tensile strength and 

decreasing freeness is meant. The relation between tensile index and other parameters 

such as fibre length and CSF were investigated and if their relation has changed during 

the integration. The purpose was also to optimize the reject rates to produce as high 

quality pulp as possible. However, because the water balance problem delayed the 

schedule, the optimization was not possible. 

The research question was: what was the reject integration effect on pulp quality? 

Comparing to Reference test the effect was lower pulp quality in terms of freeness and 

tensile strength. However, tear index, which correlates with paper binding ability, 

increased in every test after the integration. Increasing binding ability decreases 

especially book papers dustiness. Therefore, in terms of increasing paper quality the 

results were promising for tear strength. When it comes to CSF and tensile strength, tests 

after the integration showed that the pulp freeness was higher already from the 

grindstones than in Reference test which is the main reason for not achieving the desired 

result. Typically, the variations in freeness comes from production volume. If the 

production volume is high, the grindstone which is rotating at constant speed cannot grind 

the pulp as fine as it would be with lower production volume. Consequently, if the CSF 

from the grindstones is high it will be higher in reject refining and in the final pulp. It can 

be concluded that the pulp quality is produced in the grindstones and reject refining and 

screening has only small effect on the final pulp. 

The parameters such as CSF, fibre length, consistency and shives effect to tensile index 

showed that the fibre length affects the most to tensile index. The other parameters effect 
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varies depending on the test. Contour plots showed that longer fibres and lower CSF 

maximizes the tensile index. Compared to Reference test, Test 2 and 3 require lower CSF 

and higher fibre length to achieve the target tensile index, 30 Nm/g.  

Promising results from freeness balance calculation tool was achieved. Calculative and 

measured freeness values for reject screening accept were converging which makes the 

CSF of reject screening accept predictable when certain parameters are known. Some 

promising results from reject line were also got from the tests after integration. Tensile 

index in reject line is possible to be increased if the specific energy consumption of reject 

refiner is increased. The highest tensile index values were got from Test 1 where SEC 

was the highest, 537 kWh/t and tensile indexes were 2–5 Nm/g higher comparing to 

Reference test. The pulp quality, meaning the pulp CSF and tensile index can also be 

increased by increasing mass reject rate of the pressure screens. Results showed that mass 

reject rates decreased during the tests and were lowest at Test 3. It means that the 

separation efficiency of the pressure screens is possible to be increased which will lead 

to higher pulp quality. The suggestions for quality improvement in reject line are 1) 

increasing SEC of reject refiner or 2) increase mass reject rate in reject screening. 
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APPENDICES 

APPENDIX 1 Test results 

 

Figure A49. Reference test results on consistency, CSF, shives, fibre length, fibre fractions, 

tensile and tear index, feed flows from DNA and calculated mass reject rates. 

 

 

Figure A50. Test 1 results on consistency, CSF, shives, fibre length, fibre fractions, tensile and 

tear index, feed flows from DNA and calculated mass reject rates. 

 

No. Sample place
Consistenc

y %

CSF, 

ml

Shives 

%

Fibre 

length, 

mm

f1(l) 

[%]

f2(l) 

[%]

f3(l) 

[%]

f4(l) 

[%]

f5(l) 

[%]

f6(l) 

[%]

Tensile 

ind. 

Nm/g

Tear.In

d 

Nm
2
/kg

Feed 

flow, 

l/s

Mass 

reject 

rate

1.1 1A.1 screen feed 1,41 136 1,84 0,83 35,60 33,10 18,40 8,20 3,90 0,80 24,70 3,71 192,40

1.2 1A.2 screen feed 1,42 138 1,02 0,79 35,60 33,00 19,80 7,80 3,10 0,70 25,93 3,36 192,23

2.1 1A.1 screen reject 1,32 157 13,32 20,23

2.2 1A.2 screen reject 1,33 149 14,58 20,07

3 1A.1 screen accept 1,34 128 0,68 10 %

4 1A.2 screen accept 1,34 129 0,76 10 %

5 1B.1 screen accept 1,30 120 0,20 0,78 36,30 33,60 18,60 8,10 2,70 0,70 27,24 3,23 112,17 37 %

6 1B.2 screen accept 0,94 69 0,14 0,70 40,50 34,40 17,30 5,60 2,00 0,30 25,96 2,82 112,17 54 %

7 2A screen feed 1,12 182 1,62 149

8 2A screen accept 0,86 106 0,04 0,77 36,60 33,80 18,40 7,90 2,80 0,60 27,92 3,33 67 %

9 2A screen reject 1,29 245 2,50 86,3

10 Screw presses feed 2,90 349 21,02

11 3A screen feed 1,42 132 1,54 0,84 29,60 33,70 22,00 10,40 3,50 0,90 32,35 4,43 158,93

12 3A screen accept 1,31 119 1,54 0,84 28,40 34,30 22,20 10,10 4,30 0,70 35,32 4,57 146,33 15 %

13 3B screen accept 1,43 169 2,54 52,5

14 4A screen feed 1,19 100 0,24 0,80 29,50 34,30 22,90 9,70 2,90 0,70 36,26 4,39 105,33 35 %

15 4A screen reject 1,63 259 7,32 11,5

16 4A screen accept 1,10 136 0,48 0,86 26,40 33,70 23,40 11,20 4,70 0,60 35,13 4,96 41 40 %

17 Reject screening accept 1,13 107 0,26 0,82 29,40 34,00 22,00 10,70 3,80 0,30 36,64 4,63 23 %

18 Main screening accept 1,15 98 0,06 0,72 38,30 34,60 18,00 6,70 2,20 0,30 28,39 3,11 30 %

19 Roller presses' feed 7,03 110 0,02 0,74 34,80 35,00 19,60 7,70 2,80 0,20 29,20 3,74

20 Storage tower feed 3,94 147 0,02 0,73 35,70 35,10 19,50 7,20 2,30 0,30 23,20 3,40
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[%]
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/

kg

Feed 

flow, 

l/s

Mass 

reject 

rate

10 Screw presses feed 3,30 359 11,12 1,07 23,4 29,6 22,1 13,7 8,6 2,6

11 3A screen feed 1,34 143 1,70 0,92 28,9 31,4 21,8 11,5 5,3 1,1 37,15 5,27 259

12 3A screen accept 1,22 128 1,82 0,94 27,6 30,5 22,4 12,5 5,7 1,3 245 14 %

13 3B screen accept 1,33 173 4,76 78,1

14 4A screen feed 1,12 108 0,66 0,97 28,5 30,4 21,0 12,4 6,1 1,5 38,43 5,33 179 33 %

15 4A screen reject 1,70 289 13,80 17,1

16 4A screen accept 1,04 132 0,50 0,97 26,1 30,1 23,1 12,8 6,7 1,2 38,35 5,86 61 39 %

17 Reject screening accept 1,14 115 0,60 0,94 28,3 30,6 21,4 13,1 5,5 1,1 22 %

20 Storage tower feed 3,72 148 27,8 4
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Figure A51. Test 2 results on consistency, CSF, shives, fibre length, fibre fractions, tensile and 

tear index, feed flows from DNA and calculated mass reject rates. 

 

 

Figure A52. Test 3 results on consistency, CSF, shives, fibre length, fibre fractions, tensile and 

tear index, feed flows from DNA and calculated mass reject rates. 

 

 

 

 

 

 

No. Sample place
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ind. 

Nm/g
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d 
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flow, 

l/s

Mass 

reject 

rate

1 1A.1 screen feed 1,45 171 3,58 0,860 32,80 32,60 19,50 9,70 4,60 0,80 27,07 3,81 152

2 1A.1 screen reject 1,33 213 15,04 9

5 1B.1 screen accept 1,22 148 110

6 1B.2 screen accept 0,91 93 110

8 2A screen accept 0,74 95 55,6

10 Screw presses feed 2,96 442 16,14 0,912 29,00 34,00 19,80 10,00 5,90 1,40 17,74 4,79

11 3A screen feed 1,33 186 4,18 0,924 28,10 32,00 21,90 11,10 5,30 1,50 30,11 5,63 236,1

12 3A screen accept 1,24 177 4,14 0,922 27,50 30,60 23,60 11,80 5,50 0,90 29,56 5,40 223 12 %

13 3B screen accept 1,50 248 10,06 70,5

14 4A screen feed 1,17 160 1,08 0,951 27,90 31,30 21,00 12,40 6,10 1,30 32,93 4,80 164 31 %

15 4A screen reject 2,30 424 23,46 15,5

16 4A screen accept 1,06 170 0,92 0,978 26,00 31,00 22,60 12,50 6,40 1,60 32,79 5,57 55 45 %

17 Reject screening accept 1,08 164 0,82 0,934 27,60 31,50 22,10 11,90 5,50 1,40 32,93 5,50 23 %

18 Main screening accept 1,10 138 0,12 0,789 35,50 32,90 19,80 8,20 2,80 0,70 28,07 3,49

19 Roller presses' feed 6,61 146 0,36 0,807 32,60 35,00 19,20 9,00 3,30 0,90 28,72 4,03

20 Storage tower feed 4,14 158 0,04 0,713 34,30 36,70 19,50 6,80 2,30 0,30 23,00 3,40
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flow, 
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rate

1.1 1A.1 screen feed 1,48 179 1,6 0,816 33,1 33,6 20 9 4 0,4 23,85 3,45 176,5

1.2 1A.2 screen feed 1,39 163 0,9 0,804 33,9 33,5 20,1 8,4 3,6 0,6 23,17 3,63 176,5

2.1 1A.1 screen reject 1,41 205 11,84 10,5

2.2 1A.2 screen reject 1,34 193 16 10,5

3 1A.1 screen accept 1,33 163 0,28 6 %

4 1A.2 screen accept 1,37 166 0,26 6 %

5 1B.1 screen accept 1,27 146 0,16 0,794 34,6 33,7 19,2 8,8 3,3 0,4 26,71 3,44 132 25 %

6 1B.2 screen accept 0,977 98 0 0,722 37,3 34,6 18,1 7,9 1,9 0,2 27,14 3,11 132 42 %

7 2A screen feed 1,32 242 2,36 89

8 2A screen accept 0,765 86 0 0,698 36,9 36 18,3 6,8 1,6 0,4 26,39 2,98 57 %

9 2A screen reject 2,2 396 3,84 30,2

10 Screw presses feed 2,94 392 9,8 1,022 23,6 30,8 22 14,4 7,5 1,7 18,81 6,08

11 3A screen feed 1,23 158 1,5 0,931 28,7 30,7 22,5 11,5 5,5 1,1 31,19 4,01 245

12 3A screen accept 1,22 147 1,66 0,91 28,7 31,9 20,8 12,7 5 0,9 32,33 5,28 231 6 %

13 3B screen accept 1,35 195 4,58 73,2

14 4A screen feed 1,18 135 0,18 0,934 28 31,1 22,2 11,7 5,9 1 34,01 5,38 170 29 %

15 4A screen reject 1,77 319 13 16,2

16 4A screen accept 0,927 117 0,08 0,899 29 31,6 21,7 12,1 4,8 0,8 34,97 5,04 57 47 %

17 Reject screening accept 0,534 110 0,44 0,922 30,2 31,3 20,8 10,8 5,8 1 32,42 4,72 16 %

18 Main screening accept 1,18 136 0,16 0,787 34,9 33,5 19,4 8,6 3,2 0,4 26,39 3,48 19 %

19 Roller presses' feed 5,88 140 0,18 0,766 35 34,2 19,9 7,5 3 0,5 26,56 3,76

20 Storage tower feed 3,92 171 0,1 0,794 34,7 34,2 18,9 8 3,6 0,6 19,97 3,47


