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ABSTRACT 

Dissolved and Colloidal substances (DisCo) and metals are released from wood 

during thermomechanical pulp (TMP) production. The mechanical treatment 

causes that these components have a tendency to accumulate in process waters, as 

the water circulation systems in integrated paper mills are being closed. 

Disturbances such as pitch depositions on the paper machine (pitch problems), 

specks in the paper, decreased wet and dry strength, interference with cationic 

process chemicals, and impaired sheet brightness and friction properties appear in 

the presence of DisCo substances. The presence of transition metal ions such as 

manganese results in higher consumption of bleaching chemicals (hydrogen 

peroxide) and lowers the optical quality of the final product, and addition of 

complexing agents, such as EDTA or DTPA, to prevent this is needed. The never 

ending trends to decrease water consumption and increase process efficiency in 

pulp and paper production stress that it is very important both to know the effects 

of wood substances on pulping and papermaking and to be able to remove them in 

an efficient way. 

 

Carried out investigations presented in this thesis show that the lipophilic 

extractives can be removed from TMP press water to high extent. A 90% decrease 

in turbidity and a 91% removal of lipophilic extractives from TMP press water can 

be obtained by addition of a cationic surfactant as foaming agent during flotation. 

Additionally, fibres located in TMP press water are not removed with the foam 

fraction but purified. A retained concentration of hydrophilic extractives in the 

process water indicates that the flotation is selective. Moreover, by introduction of 

a new recoverable surface active complexing agent, a chelating surfactant, 

manganese ions in the form of chelates can be successfully removed from the pulp 

fibres and separated from the process water in the same flotation process.  
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The findings presented above indicate new possibilities for internal water cleaning 

and decreased emissions to water if flotation technology is applied in an integrated 

mechanical pulp mill.  

 

 

 

Keywords: Flotation, Foaming agents, Chelating surfactant, TMP process water, 

Pitch control, Internal cleaning stage 



iv 

SAMMANFATTNING 

Upplösta och kolloidala substanser (DisCo) och metaller frigörs från veden vid 

termomekanisk massatillverkning (TMP). Den mekaniska bearbetningen gör att 

substanserna tenderar till att ackumuleras i processvattnet då slutningsgraden av 

vattencirkulationen i ett integrerat massa- och pappersbruk ökar. Process- och 

kvalitetesstörningar som avsättningar på pappersmaskinen (pitch problem), 

minskad våt- och torrstyrka, ökad förbrukning av katjoniska processkemikalier, 

försämrade optiska egenskaper samt försämrade friktionsegenskaper uppstår på 

grund av detta. Närvaron av metalljoner orsakar högre konsumtion av 

blekningskemikalier (väteperoxid) och minskar ljusheten på slutprodukten och 

problemet löses därför genom att komplexbildare som EDTA eller DTPA tillsätts. 

Kontinuerliga krav på att minska vattenkonsumtionen och öka 

processeffektiviteten i massa- och pappersproduktion gör att det är väldigt viktigt 

att känna till såväl effekter av frigjorda vedsubstanser på massa- och 

papperstillverkningen som att kunna avlägsna dem på ett effektivt sätt. 

 

De studier som ligger till grund för denna avhandling visar att hydrofoba ämnen 

som löses ut från veden kan avlägsnas från TMP pressvatten i stor utsträckning. 

Med hjälp av flotation tillsammans med katjonisk skumbildare har en minskning 

av vattengrumligheten med 90% och en borttagning av hydrofoba ämnen från 

TMP pressvatten på 91% uppnås. Fibrer som finns i TMP pressvattnet tas inte bort 

med skumfraktion utan rengörs. Hydrofila extraktivämnen finns kvar i 

processvattnet efter behandlingen och indikerar att flotationen är selektiv. 

Dessutom, med hjälp av en ny typ av ytaktiv och separerbar komplexbildare kan 

manganjoner i komplexbunden form avlägsnas från massafibrer och 

metallkomplexen kan sedan återvinnas från processvattnet i samma 

flotationsprocess. De ovan beskrivna resultaten indikerar nya möjligheter för 

intern vattenrening och möjliggör minskade utsläpp till vatten vid om flotation av 

processvatten tillämpas i ett integrerat massa- och pappersbruk. 
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1. INTRODUCTION 

Our climate is always changing. The global warming is either due to increased heat 

let into the Earth or a decrease in the amount of heat that is let out of the 

atmosphere. Various factors are said to influence Earth’s climate. An increased 

release of carbon dioxide to atmosphere causes a greenhouse effect. Forest fires 

and volcanic eruptions are sending CO2 and ash particles into atmosphere that 

affect the temperature on Earth. The human activities use huge quantities of fuels 

that release carbon dioxide and more greenhouse gases are produced than 

consumed, contributing to global warming. Another greenhouse gas called nitrous 

oxide (N2O) is produced when nitrate and ammonium in human-produced 

fertilizers breakdown in the soil. 

 

We can decrease the amount of greenhouse gases that we release into the 

atmosphere by stopping using fossil fuel to power all parts of our lives and by 

changing our way of thinking and investigating in green renewable sources of 

energy. Wind and solar energy are the fastest-growing sources of power on the 

planet. In the same time biomass has won more adherents appreciating this way of 

receiving the green energy where a main component is a wood material.  

 

Sweden has Europe’s second biggest afforested area after Russia. Approximately 

66% of the whole land area is covered with forests which correspond to about 23 

million hectares. The forestry business is therefore of importance for the Swedish 

national economy. It is more important than in any other EU country, apart from 

Finland (www.nordicforesty.com). 

 

Water is an inseparable factor in pulp and paper industry. It is known that pulp 

and paper mills consume large amount of water. Our environmental awareness 

about influences of industries on nature has resulted in increased demands on 

what and how much can be released in waste streams. With the development of 

new techniques and other improvements the consumption of the fresh water has 

been decreased by closure of water systems in paper mills. With the reduction in 

fresh water consumption new disturbances have occurred. The main problem is 

correlated to accumulation of various substances released and added during pulp 

and paper production, having negative effects on both production process and 

final product properties. A smart method to remove these components from 

process water decreasing harmfulness of paper mills effluents and improving 

process efficiency is of great importance. Additionally, possible use of recovered 

material as a source for production of new chemicals or electricity can be a next 

http://www.nordicforesty.com/
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step in an effective exploitation of the biomass. 

 

1.1. Objective 

The goal of the work reported in this thesis was to investigate a new internal 

cleaning stage approach to purification of TMP process water before the bleaching 

stage. Especially the removal of lipophilic substances known to cause so called 

“pitch problems” in the papermaking process, was focused. The TMP water and 

water produced at the laboratory were investigated before and after flotations and 

at different conditions. 

 

2. BACKGROUND 

This section presents a general description of the structure and constituents of wood. More 

detailed information can be found in Back and Allen (2000), Sjöström (1993), Sjöström and 

Alen (1998) and Sundholm (1999). 

 

A tree is a complex material, having a seasonal growth pattern, which has a wide 

field of applications due to its unique properties. The properties of wood varies 

depending on wood species, i.e. in hardwoods and softwoods, depending on parts 

of the same tree, that is, stem, branches, roots, bark and depending on elements of 

the same part of the tree that is, pith, heartwood, sapwood, cambium. The main 

chemical components are cellulose, lignin and hemicelluloses that forms fibres 

glued together in the wood tissue. Figure 1 presents a layered cell wall 

construction: the primary wall (P), the three layers of the secondary wall (S1,S2,S3).   

 

The primary wall contains oriented cellulose fibrils whereas the secondary wall has 

different orientations of the cellulose fibrils. The thicknesses of the layer are 

different: S2 has the thickest wall and P and S3 the thinnest. The hollow centre 

inside the fibre is called lumen. Figure 2 illustrates an approximate distribution of 

the most important components in the different layers of softwood.  

 

Cellulose is the dominating cell wall components and comprises 40-45% of the 

wood. Cellulose is composed of β-D-glucopyranose units linked together by (1 → 

4) glycosidic bonds. The individual cellulose chains are arranged in form of 

microfibrils that are the building blocks of fibrils, which are the units of fibres. 
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Figure 1. A schematic illustration of the wood fibre, showing the primary wall (P), the 

secondary walllayers (S1, S2, S3) (Brändström 2002). 

 

 

 

Figure 2. A distriubuton of the most important components in the different layers of 

softwood woodfibre wall (Panshin, DeZeeuw 1970). 
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Hemicelluloses are heterogeneous polysaccharides which consist of following 

monomers; D-glucose, D-mannose, D-galactose, D-xylose, L-arabinose and L-

rhamnose and smaller amounts of the hexuronic acids, D-glucuronic acid, 4-O-

methyl-D-glucuronic acid and D-galacturonic acid. The amount of hemicelluloses 

is 20-30% and has similar supporting function to cellulose in the cell walls. The 

galactoglucomannan, arabinoglucuronoxylans and arabinoglucuronogalactans are 

the main hemicelluloses in softwood which are relatively easily hydrolyzed to their 

monomeric components by acid catalysis. 

 

Lignin is a complex high-molecular-weight polymer composed of the 

phenylpropane units, p-coumaryl alcohols, coniferyl alcohol and sinapyl alcohol. 

The amount of lignin in softwoods varies between 26% and 32%. This natural 

polymer gives stiffness to the cell walls, glues cells together, prevents attacks from 

micro-organisms and acts as a barrier to enzymatic degradation of the cell walls. 

The lignin is considered to be one of the main sources of color in wood and pulp. 

 

Extractives consist of lipophilic and hydrophilic components which are soluble in 

non-polar and polar solvents and water, respectively. The composition and 

amount varies between tree species, parts of the same tree and between elements 

of the same part. The lipophilic extractives comprise oleoresin, fats and waxes. A 

composition of lipophilic extractives from Norway spruce is presented in Figure 3.  

 

 

Figure 3. A composition of lipophilic extractives in Norway spruce (Picea abies) 

(adapted from “Extractives”, lecture notes, Åbo Akademi, Finland). 

 

The resin acids and terpenes are the main components of the oleoresin that are 

located in resin canals. The fats can be found in ray cell and consist of triglycerides, 
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fatty acids, sterols and sterylesters. Long-chain alcohols and their esters descend 

from a group called waxes. The hydrophilic, water-soluble extractives comprise 

phenols, polyphenols and sugars.  

The extractives have various functions in a tree. The fats are physiological food 

reserve whereas the resin acids and the phenolic substances are said to give both 

chemical and physical protection against attacks, e.g, by bacteria, fungi, and 

insects. 

 

Wood contains low amount of inorganic material, 0.1 – 1%. Calcium, potassium 

and magnesium give over 50% of the inorganic components. The metal 

concentration varies within a tree as well. Needles, leaves, branches and roots have 

different levels of metals and heartwood has higher metal content compared with 

sapwood. Up to about 100 mg/kg of manganese and trace amounts of other metal 

can be found in the wood. The mechanism of connection between metals and wood 

tissues is not completely understood. The metal ions are most likely bound to 

anionic sites such as carboxylates or phenolates in the wood structure, or are in 

strongly chelated complexes with e.g. phenolic moieties in lignin. 

 

3. EXTRACTIVES AND METAL IONS IN THE TMP PROCESS 

Mechanical pulping gives a high pulp yield of 85-95% compared to only about 45% 

obtained from chemical pulping. The process uses very little or no chemicals but is 

extremely energy intensive. The breaking down of the wood into fibres can be 

done by either grinding the logs against a stone which gives a Groundwood pulp 

or by passing wood chips between one rotating (rotor) and one stationary (stator) 

metal discs or two rotating discs. Heat can also be used in mechanical pulping to 

produce thermomechanical pulp (TMP). Mechanical pulps are characterized by 

high light-scattering ability, high smoothness, good formation and high bulk. The 

application range of mechanical pulps is very wide. Newsprint and uncoated (SC) 

and coated (LWC) printing paper are produced of mechanical pulp but also 

wallpaper, soft tissue and board paper (Miles, Karnis 1995; Sundholm 1999). 

 

The wood “detrimental substances” are released from wood by mechanical 

pretreatment and refining in TMP pulp production. The goal of pretreatment is to 

open up the wood structure to minimize variation in moisture content, maximize 

the removal of extractives, reduce variation in bulk density and reduce the energy 

consumption during subsequent refining whereas in the refining wood chips are 

separated into individual fibres. (Heikkurinen et al. 1993; Tanase et al. 2009). 
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During TMP production process Dissolved and Colloidal substances (DisCo) have 

an increased tendency to accumulate in the process water, as the water circulation 

systems in paper mills are being closed. (Sabourin 1998; Back, Allen 2000). The 

future pulp and paper industry tends to decrease water consumption and increase 

process efficiency in pulp and paper production. Therefore it is very important to 

know the effects of wood substances on pulping and papermaking. The most 

important, but not main compounds of DisCo, are lipophilic extractives which are 

said to cause significant technical and economic troubles in pulp and paper 

manufacture (Qin et al. 2003). The lipophilic part of the extractives is also called 

pitch. Disturbances such as pitch depositions on the paper machine (pitch 

problems), specks in the paper, odour, decreased paper strength, interference with 

cationic process chemicals, and impaired sheet brightness, and friction properties 

are caused by lipophilic substances (Holmback et al. 2008; Holmbom and Sundberg 

2003; Johnsen and Stenius 2007; Kokkonen et al. 2004; Lindström et al. 1977; 

Mclean et al. 2005; Otero et al 2000; Shevchenko, Duggirala 2009; Sundberg et al. 

2000; Vähäsalo and Holmbom 2006; Wang et al. 1995; Zhang and Sain 2002). Thus, 

removing detrimental substances from water system is a natural step to increase 

pulp and paper quality and process efficiency. The lipophilic extractives can be 

found in the production process in the form of a colloidal dispersion and can be 

adsorbed on the fibre surface and encapsulated in the fibres. 

 

The influence of the hydrophilic extractives is not so described as the influence of 

lipophilic extractives, but there are more and more publications describing their 

positive effects on the production process. Hemicelluloses in the process water are 

said to stabilize pitch dispersions sterically which may prevent formation of 

uncontrolled aggregations (Kokkonen at al 2002; Kokkonen et al 2004). 

 

With the development of new chlorine free bleaching techniques, such as hydrogen 

peroxide bleaching, new disturbances were noticed coming from metal ions bound 

to acidic groups in the fibre walls. To avoid this, complexing agents (chelating 

agents) were added to the pulp. The main task of a chelating agent is to form 

chelates by association to metal ions, especially transition metal ions such as 

manganese, copper and iron that negatively affect the bleaching efficiency due to 

catalysis of both the decomposition of the bleaching chemicals and the heat and 

light induced formation of chromophores (Bambrick 1985; Colodette et al. 1988; 

Kujala et al 2004; Norkus et al 2006). The process based on hydrogen peroxide 

(H2O2) is most widely used for both chemical and mechanical pulp due to its 

versatility. When the decomposition of the hydrogen peroxide takes place, the 

consumption of the H2O2 increases and the optical properties of the final product 

may be impaired. Chelating agents are commonly used in production of textiles, 
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rubbers, and polymers. They can also be found in soaps, cosmetics, detergents and 

in photographic process baths. 

 

Furthermore, all these substances released and added during the pulping process 

are not easily biodegradable (Hinck et al. 1997; Means et al. 1980; Nörtemann 2005; 

Sillaanpä 1996). This means that the residual non-adsorbed components may 

increase the toxicity of the effluent and may increase the risk of uncontrolled pitch 

aggregation and other disturbances(Lindberg et al. 2001; Martin 2003; Peng and 

Roberts 1999; Sillanpää and Oikari 1996; Sorvari and Sillanpää 1996; Werker and 

Hall 1999). On the other hand, the ability of chelates forming with high resistance 

to biodegradation is often necessary for the stability of various technical processes 

(The Dow Chemical Comp). Thus, the possessing of chelating agents being stable 

at various process conditions and having low impact on the environment is 

expected. Further, a selective removal of the colloidal substances from the process 

with the help of new methods, decreasing harmful effects both on paper properties 

and on the environment, is of great importance (Basta et al 2004; Holmbom and 

Sundberg 2003; Pirkanniemi et al 2007; World Health Organization 2008).  

 

3.1. Colloidal stability 

A key to successful pitch control is an understanding of the colloidal stability of the 

released substances. Increased closure of process water circuits in paper mill leads 

to accumulation of these components which in turn leads to occurrences of “pitch 

problems”. Since it is known that the pitch droplets have two layered construction 

with triglycerides and sterylicesters located in the core of the droplets and fatty 

and resin acids located in the outer layer, investigations of the influence of pH on 

the pitch droplet behavior become more complex (Nylund et al. 2007). Sundberg et 

al. (2009) and Strand et al. (2011) showed that the pH has a significant influence on 

the phase distribution of the fatty and resin acids in water solution. According to 

Sundberg et al. (2009) and Strand et al. (2011), the phase distribution of fatty and 

resin acid can be characterized by the parameter pKlw. pKlw is defined as the pH 

value where 50% of an acid is associated with lipophilic droplets (l) and 50% found 

in the water phase (w). At low pH most of these compounds are insoluble in water 

and a transition of resin and fatty acid between colloidal phase and water phase 

take place very fast at drastic pH changes. The lipophilic extractives can be found 

adsorbed on fibres surface, encapsulated in fibres and in the form of colloidal 

droplets in the size range 0.1 – 1 μm (Swerin et al. 1993). The latter form is the most 

detrimental since a delicate balance of attractive and repulsive interactions 

between particles is decisive whether the colloidal pitch dispersion remains stable 

or not. When attraction dominates, the particles will adhere and finally the entire 

dispersion may coagulate. When repulsion dominates, the system will be stable 
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and remain in a dispersed state. The attraction forces between colloidal particles 

are possible due to van der Waals forces and therefore, a colloidal dispersion will 

be stable only when the other repulsive interactions counteract the van der Waals 

forces (Back and Allen 2000; Sjöström and Alen 1998; Homberg et al 2002).  

 

A colloidal dispersion can be stabilized by three mechanisms: an electrostatic 

double layer (charge stabilization), adsorption of polymeric molecules (steric 

stabilization) and presence of a free polymer in the dispersion medium (depletion 

stabilization).  

 

A phenomenon giving a fundamental understanding of the electrostatic 

stabilization of colloids is based on so called Electric Double layer that surrounds a 

colloid and consists of ions adsorbed on the particle surface and a layer of 

countercharged ions as it is shown in Figure 4. (Attard et al. 1988; Seung-woo et al 

2002). 

 

The negative surface charges and the diffuse layer of counter ions appear after 

dissociation of fatty and resin acids at the surface of the pitch droplets. The diffuse 

layers give a protection in the case of particles collisions and counteract growth of 

aggregates and uncontrolled depositions. At pH below 5 the surface charge density 

decreases of the colloids by increased protonation of the carboxylic groups of the 

resin and fatty acids (Sundberg et al. 2000). The electrostatic stabilization is 

sensitive for an increase in the concentration of metal ions. 

 

 

Figure 4.  A schematic electrostatic stabilization of colloids (www.inkline.gr). 

 

Both steric stabilization and depletion are polymeric stabilizations of colloids as 

presented in Figure 5. It is not an unusual event when an electrostatic and steric 
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stabilization protect a system at the same time. This phenomenon is called as 

electrosteric stabilization. 

 

 

Figure 5.  Schematic steric and depletion stabilizations of colloids (www.substech.com). 

 

A destabilization of electrostatically stabilized colloids can take place at a relatively 

low electrolyte concentration (Sundberg et al. 1994b). Steric stabilization is due to 

adsorption of a soluble polymer on a pitch surface which gives an efficient 

protection even at high salt concentrations. In the TMP process colloids before 

bleaching stage are sterically stabilizated due to adsorption of dissolved 

hemicelluloses on the particles surfaces which prevents the colloids from 

aggregating (Dreisbach and Michalopoulos 1989; Lee et al. 2010). 

 

3.2. Behavior of pitch colloids 

After release during mechanical treatment of wood material, lipophilic extractives 

form a colloidal dispersion in the process water, which is both electrostatically and 

sterically stabilized. A schematic illustration of the path of pitch droplets in the 

TMP process is shown in Figure 6. 
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Figure 6.  A schematic path of colloids in TMP process. 

 

The behavior of pitch colloids in TMP mill depends on the location in the process. 

Before bleaching the pitch droplets have electrosteric stabilization. The electrostatic 

stabilization comes from partly dissociated resin and fatty acids located in the 

outer layer of the pitch droplet due to the pH of the process water that is within 5-

5.5. From earlier studies it is known that the pH where 50% of an acid is associated 

with lipophilic droplets and 50% found in the water phase for resin acids and fatty 

acids are 6.1 and 9.1, respectively (Sundberg et al. 2009; Strand et al. 2011). The 

steric stabilization is given by adsorbed hemicelluloses on the pitch droplets. O-

acetylgalactoglucomannan is the dominating hemicellulose in softwood and 

dissolved under refining.  

 

After the bleaching that is performed at alkaline conditions the colloids stability 

changes drastically. The steric stabilization disappears and the hemicellulose 

composition changes. Acetic acid is released due to deacetylation of O-

acetylglactoglucommanan and methanol appears due to demethylation of pectins. 

Only the electrostatic prevent against uncontrolled aggregating of the pitch that is 

sensitive for a presence of electrolytes in the system. The bleaching increases 

anionic load of both the water and fibres (Sundberg et al. 2000). Figures 7 and 8 

show a difference in behavior of colloids from unbleached TMP and from peroxide 

bleached TMP in a presence of different electrolytes.  
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Figure 7. A decrease in turbidity of colloidal substances from unbleached TMP after 

electrolytes addition (Sundberg et al. 1994b). 

 

 

Figure 8. A decrease in turbidity of colloidal substances from bleached TMP after 

electrolytes addition (Sundberg et al. 1994b). 

 

Only a slight decrease in the turbidity indicating aggregation of pitch colloids was 

observed after the electrolyte additions in the case of unbleached TMP whereas the 

pitch colloids from after peroxide bleached TMP was completely aggregated 
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(Saarimma et al. 2006). The higher valence of the cations of the electrolyte the lower 

concentration is needed to make the pitch colloids unstable (Sundberg et al. 1994b). 

 

3.3. Pitch control 

As mentioned earlier, the concentration of colloidal substances in the process water 

from closed water systems is higher than the concentration in process water from 

open systems. The development of pulp and paper production tends to decreases 

the fresh water consumption. 

Our consciousness of environmental risks being behind a release of these 

components to recipients has increased and new approaches of pitch control have 

been developed or are in the phase of tests. Nowadays, a pitch control relies on an 

adsorption of lipophilic extractives to fibre surfaces using fixation agents (Opedal 

et al. 2011). However, the results of Johnsen and Stenius (2007) show that only 

about 30% of the pitch can be retained in the paper and the residual pitch remains 

in the process water. Apart from fixing them to the paper web, lipophilic 

extractives can be removed by sedimentation, membrane filtration and flotation 

with flocculants (Opedal et al. 2011). The difference in density between solid 

particles and water is utilized in sedimentation. Thompson et al. (2001) showed 

that up to 80% of suspended material can be removed in the paper mill. Filtration 

as another way of removal of colloids from process waters may be inefficient for 

water with high concentration of colloids and fibres that may block the membrane 

filters (Ekman et al. 1990). Flotation proceeded by flocculation stage seems to be 

the most suitable method for removal of colloidal substances from process waters 

that is being used in an internal cleaning stage approach.  The choice of the 

purification method depends on the location in the production process and on the 

concentration of lipophilic extractives in process waters. 

 

An internal cleaning stage based on flotation is a relatively new and promising 

approach to purify process waters in a paper mill (Saarimaa et al. 2006). The 

flotation process has already been applied in the area of mining for over 80 years. 

In general, the flotation is based on the control of the surface hydrophobicity / 

hydrophilicity of dispersed materials in the water which has made it possible to 

rapidly transfer to the paper industry and to the deinking of waste paper and to an 

internal cleaning stage (Miranda et al. 2008; Nelsons 2003; Rutland and Pugh 1997; 

Saarimma et al. 2006). The concept of flotation relies on attachment of particles to 

air bubbles that can be generated by injection of air or by stirring. After flotation 

two fractions are received; the accept (cleaned water) and the reject (foam). Sizes of 

particles and air bubbles are main factors deciding if a flotation is efficient or not. 

As well an amount of foam fraction determines flotation efficiency. Turbidity 

measurement, focused beam reflectance measurements, chemical oxygen demand 
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(COD), GC analysis and total organic carbon (TOC) are usually used to determine 

the flotation efficiency. The use of flotation to remove lipophilic extractives is a 

challenge due to colloids’ small size. It is well known that flotation of small 

particles is inefficient. Thus, the lipophilic extractives in form of a colloidal 

dispersion should be aggregated before flotation (Basta et al. 2004; Wågberg and 

Ödberg 1991). Some successful flotations of lipophilic extractives have been carried 

out preceded by cationic polyelectrolyte flocculation. Common cationic chemicals 

used are polyacrylamide (C-PAM) and poly-(N-N-dimethyldiallyl-3-4-

ethylenpyrrolidonium)-chloride (poly-DADMAC). The molecular mass and the 

charge density of a polyelectrolyte are important for aggregation efficiency. The 

aggregation process is based on bridging flocculation where a single 

polyelectrolyte chain is adsorbed on more than one particle at the same time. 

Miranda et al. (2009) describes the application of the flotation to purify the process 

water from a paper mill producing newsprint from 100% recovered paper, where 

lipophilic extractives are aggregated with the help of cationic polyelectrolytes and 

thereafter removed in a flotation process. Negro et al. (2005) show that the 

aggregation of lipophilic extractives with a polyelectrolyte and flotation can be 

used successfully in the purification of eucalyptus process water as well. Process 

waters from a paper mill contain not only colloids but also fibre and fines material 

that are flocculated together with colloids using cationic polyelectrolytes. In this 

way additions of cationic polyelectrolytes may introduce limitations in the further 

utilization of the removed material due to the fact that polyelectrolyte adsorption 

is, in general, irreversible. 

 

3.4. Metal problems 

The concentration of metals in wood depends mainly on factors determined by the 

geographic location e.g. pH of the soil and climate, and of the surrounding 

industrialization. The uptake of metals takes place through the roots and then the 

metals are transported further into the tree (Young and Guinn 1966, Fossum et al. 

1972).   

 

The concentration of metals is different in leaves, needles, branches and roots. 

Heartwood has higher concentration of metals compared with sapwood and 

earlywood contains more metals than latewood. The binding mechanisms of metal 

ions to wood tissue are most likely based on metals ions and anionic sites 

interactions and on chelated complexes of metal ions with e.g. phenolic moieties in 

lignin (Gust and Suwalski 1994). Besides lignins, chelates of metal ions can be 

formed as well with cellulosic materials, hemicelluloses and tannins. Some metals 

can be presented as insoluble salts or oxides (Krutul 1996; Harju et al. 1997). 
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Transition metal ions such as manganese, iron, copper and other may negatively 

affect mechanical pulp process. They catalyze decomposition of bleaching agents 

such as hydrogen peroxide and dithionite giving radicals which results in 

decreased brightness of pulp (Colodette et al. 1988). An oxidation of some 

structural elements, e.g. phenolic groups to chrompohpores, takes place in a 

presence of transition metals (Gellerstedt and Pettersson 1980). This increases the 

rate of autoxidation of hydroquinones, catechols which may lead to discoloration. 

Cellulose degradation upon ageing may appear due to metal ions. Iron ions 

catalyze a cleavage of 1-4-β-glucosidic bond of cellulose, whereas the oxidation on 

the anhydroglucose ring can be caused by copper ions (Bicchieri and Pepa 1996). 

Various precipitates and scales may be formed during peroxide bleaching of 

mechanical pulp when sodium silicate interacts with Ca2+ and magnesium 

hydroxide cation (MgOH+) (Calvini and Gorassini 2002). 

 

The reason behind hydrogen peroxide decomposition under bleaching is not 

completely clear. Several mechanisms are usually proposed to account for the H2O2 

decomposition: a based-catalyzed ionic mechanism (Duke and Haas 1961); a base-

catalyzed free radical mechanism (Roberts et al. 1978); a transition metal reaction 

with perhydroxyl anions to form unstable peroxides (Kremer, Stein 1959) and a 

transition metal-catalyzed free radical mechanism (Isbell et al. 1975). Special 

attention is paid to the hydrogen peroxide decomposition catalyzed by manganese 

and iron, as these metals are present in relatively high amounts in wood fibres. A 

proposed four-step mechanism of transition metal-catalyzed H2O2 decomposition 

is presented in Figure 9. 

 

Mn+ + H2O2   → M(n+1) + HO• + HO
-
  [1] 

M(n+1) + HO2

-
 + HO

-  → Mn+ + O2
•-

 + H2O  [2] 

M(n+1) + O2
•- 

   → Mn+ + O2   [3] 

O2
•-

 + HO•
   → O2 + HO

-
   [4] 

Figure 9. Metal ions catalyzed free radical mechanism of peroxide decomposition 

(Colodette et al. 1988). 

 

As mentioned earlier, manganese ions decrease the efficiency of bleaching by 

decomposition of H2O2 which increases chemical consumption. Colodette et al. 

(1988) show that manganese ions are more detrimental then iron and copper in the 

pH range 9.8-10.3, which are typical conditions under hydrogen peroxide 

bleaching. Only 1 ppm of manganese is sufficient for complete decomposition of 

H2O2 as is shown in Figure 10. 
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Figure 10. Effect of pH on 0.1M H2O2 decomposition (Colodette et al. 1988). 

 

In this context an efficient removal of the transition metal is necessary to prevent 

hydrogen peroxide decomposition. There are two main methods used in industry 

today. The first one is based on an acid washing at pH 2.5 or less which is not 

preferable since a lot of alkali is then spent to reach and maintain the optimum pH-

value. The second method relies on a chelation of metal ions by using chelating 

agents. DTPA (diethylenetriaminepentaacetic acid) and EDTA 

(ethylenediaminetetraacetic acid) are the main chelating agents used in mechanical 

pulping. DTPA and EDTA forms water-solube chelates mainly with harmful 

manganese, iron and copper whereas magnesium and calcium are not bounded. 

The chelates are stable at oxidative conditions. Stability constants for DTPA and 

EDTA are comparable in a range of pH 5 to pH 7. At higher pH the stability 

constants for DTPA are higher than EDTA (The Dow Chemical Company 1974). 

 

The chelates of transition metals stay in process water which may increase toxicity 

of effluents from paper mills due to low DTPA biodegradation (Hinck et al. 1997; 

Means et al. 1980).  

 

4. MATERIALS 

4.1. Chemicals 

In this study influence of various chemicals on flotation efficiency was studied. In 

Table 1, the full names, the abbreviations and the suppliers of chemicals used in 

the all experiments are shown. 
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Table 1.  The abbreviations, full names and suppliers of used foaming agents (f.a.), 

cationic polyelectrolytes (c.p.) and complexing agents (c.a.). 

Abbreviations Name Supplier Type 

DDAO 
N,N-Dimetyl dodecylamin-N-oxid 

(amphoteric) 
SIGMA f.a. 

DoTAC 
Dodecyltrimetylammoniumchloride 

(cationic) 
FLUKA f.a. 

SDS Sodium dodecyl sulfate (anionic) CALBIOCHEM f.a. 

Fennopol K1384 Polyacrylamid KEMIRA c.p. 

Chitosan 
2-Amino-2-deoxy-(1→  4)-β-D-

glucopyranan 
SIGMA c.p. 

Fennofix 40 Polyacrylamid KEMIRA c.p. 

4-C12-DTPA 
4-dodecyl-3,6,9-tri(carboxymethyl) -

3,6,9-triazaundecane diacid 

MID SWEDEN 

UNIVERSITY 
c.a. 

DTPA Diethylenetriaminepentaacetic acid FLUKA c.a. 

 

4.2. Waters 

4.2.1. L-water (laboratory water) 

The laboratory water prepared using a method developed by Holmbom and Örså 

(1994) is called L-water in this study. 

 

4.2.2. O-water (TMP press water) 

TMP water called O-water in this study was taken from the pressing section before 

the bleaching stage at SCA Graphic Sundsvall, Ortviken mill, Sweden. 

 

4.2.3. P-water (TMP press water after pretreatment) 

The fibre fraction of TMP water (O-water) was removed by filtration through a 

plastic Büchner funnel equipped with a 100-µM mesh as a filter and the filtrate was 

diluted. 1:1 with distilled water. The water after pretreatment is called P-water in 

this study. 

 

The initial process parameters and chemical characteristics of studied waters are 

shown in Table 2.  
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Table 2.  Turbidity (NTU), total concentration of extractives (mg/L) and major group 

extractive concentrations (mg/L) of waters studied 

Analysis 
TMP water 

“O-water” 

TMP water after 

pretreatment 

 “P-water” 

Laboratory 

water “L-water” 

pH 5.0 5.5 5.5 

Turbidity (NTU) 2400 1060 204 

Fiber fraction (%) 1 - - 

Total concentration of 

extractives(mg/L) 
738 920 84 

Fatty and resin acids 

(mg/L) 
73 207 5.2 

Lignans (mg/L) 10 26 1.9 

Betasitosterols (mg/L) 11 4 0.8 

Sterylicesters (mg/L) 88 4 4.9 

Triglycerides (mg/L) 137 25 6 

Mn2+ (ppm) 11.2 47 1.4 

 

5. METHODS 

5.1. Flotations 

Flotation trials were carried out with both real industrial waters e.g. TMP press 

water called O-water and water produced from unbleached TMP called L-water in 

this study. TMP press water after pretreatment called as P-water was studied as 

well. 

 

The flotation of the water samples were carried out in two different flotation units: 

a 1 liter customized flotation cell and in a 20 L conventional Voith flotation cell. 

 

5.1.1. The 1 L customized flotation cell 

O-water and L-water were tested in the 1 L flotation cell. The flotation of L-water 

was continued until the formation of stable foam ended. The flotation time was 

found to correlate to the amount of added foaming agent and varied between 35 

min for the lowest additions and 70 min for the highest addition. For the O-water 

the flotation was continued to the end of the foam forming process as well. The 

flotation times for O-water were from 40 min at 80 ppm of DoTAC up to 240 min at 

400 ppm of the foaming agent concentration. 
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5.1.2. The Voith flotation cell 

Flotations of P-water and O-water were carried out in the Voith cell. The flotation 

time for P-water was 5 min. The flotation of O-water was proceeded until the 

formation of stable foam stopped The flotation times were from 60 min at 32 ppm 

of DoTAC up to 130 min at 180 ppm of DoTAC. 

 

5.2. Analysis 

5.2.1. Lipophilic extractives 

The lipophilic extractives were investigated by gas chromatography (GC) analysis 

using an Agilent 6980 instrument. The extraction of the water samples was 

performed according to the SCA-F W35-97 method and the measurements were 

carried out by using the SCA-F G15:95 method. 

 

5.2.2. Turbidity 

The turbidity was analyzed using a HACH RATIO/XR 43900 turbidimeter. TMP 

water contained fibres and fines material that influence the turbidity 

measurements significantly. The measurements of the water before and after 

flotation were carried out after 1 h of sedimentation. 

 

5.2.3. Residual foaming agent 

The residual foaming agent content in the water samples after flotation 

experiments were determined by mass spectrometry measurements on an ESI-MS 

Quattro II instrument equipped with software MasslyxTM 4.0. The following 

(instrument) parameters were used during measurements: source temperature 60 

oC, drying gas flow 250 L/h,  nebulising gas flow 10 L/h, capillary voltage 4.5 kV, 

HV Lens 0.5 kV and sample cone voltage 30 V. The fibres and fines from the water 

samples were removed by filtration through MILLEX®-GS filter 0.22 µm. The 

methanol was added to a concentration of 50% in the water samples; 3 standard 

solutions of DoTAC were prepared of concentrations 1.1 ppm, 2.2 ppm and 5.5 

ppm. The R-squared value of the chart equation was R2= 0.9968. The water 

samples were measured in ES+ mode and a strong signal at m/z 228.1 was 

obtained. 

 

5.2.4. Fibre distribution  

Optical measurements to determine the geometry of each fiber were made in the 

Metso Automation FiberLab™ equipped with a sampling carousel and software 

display. The measurements were made using two CCD cameras that measured the 

fibres in a 50-µm-wide chamber.  
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5.2.5. Metal ion contents 

The metal ion contents in waters before and after flotation were analyzed 

according to SCAN standard method CM 38:96 on a Varian ICP-OES 720 

inductively coupled plasma spectrometer and atomic absorption spectrometry. 

 

6. RESULTS AND DISCUSSION 

6.1. Flotation in a 1 L customized flotation cell (Paper I and II) 

In this study flotation trials of TMP water produced at laboratory (L-water) and 

TMP press water from the paper mill (O-water) was carried out in a customized 

flotation cell with a volume of 1 L, consisting of a plexiglass cylinder and a sintered 

glass frit mounted at the bottom of the cell. The rate of the foam was controlled by 

valve on the top of the cell. Flotations were proceeded until the formation of stable 

foam was stopped. 

The influence of a chelating surfactant, different foaming agents and cationic 

polyelectrolytes, pH value and temperature on the purification efficiency of the 

TMP waters mill has been studied. 

 

6.1.1. L-water (laboratory water) 

Two complexing agents in combination with various foaming agents were studied 

during flotation, which are DTPA, a usual complexing agent using in paper 

industry and a recoverable chelating surfactant, 4-C12-DTPA synthesized at Mid 

Sweden University. 4-C12-DTPA has surface active properties due to an 

introduction of a carbon chain to its structure and its affinity for metal ions is not 

affected. In Figure 11 the chemical structures of mentioned above complexing 

agents are shown.  Metal ions bound with 4-C12-DTPA can be easily removed in a 

simple flotation process by interactions of the chelating surfactant with the surface 

of air-bubbles.  

 

 

   

Figure 11.  Chemical structure of a) recoverable chelating surfactant (4-C12-DTPA) and 

b)  complexing agent (DTPA). 

 

As it was shown in Paper I, the chelating surfactant studied can be efficiently used 

as a complexing agent in the metal ion removal of the spruce thermomechanical 

a b 
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pulp (TMP) investigated prior to hydrogen peroxide bleaching. No significant 

differences in either the brightness development or the hydrogen peroxide 

consumption could be detected in comparison to pulps treated with the 

conventional complexing agent diethylenetriamine pentaacetic acid (DTPA) 

(Högberg et al. 2011; Högberg et al 2012). 

 

The results shown in Table 3 and Table 4 indicate that 4-C12-DTPA is more 

efficient in regard to the removal of manganese ions and the reduction in turbidity 

in L-water comparing with DTPA. The higher removal of Mn2+ ions after 

application of 4-C12-DTPA is correlated to the adsorption at air-water interfaces of 

the chelating surfactant which results in the efficient foam formation ability 

compared to usual DTPA. The flotations with both 4-C12-DTPA and DTPA in 

combination with DoTAC gave high reductions in turbidity. This phenomenon 

was not observed after additions of SDS and DDAO. A reason why DoTAC is more 

efficient in the removal of lipophilic extractives than other foaming agents is 

correlated to the chemical character of DoTAC. DoTAC is a cationic foaming agent 

that is most likely adsorbed on negatively charged double-layered pitch droplets 

and creates stronger interactions than both DDAO, which is a zwitterionic foaming 

agent, and SDS, which is an anionic foaming agent (Jönsson et al. 1998). 

 

Table 3.  The removal of Mn
2+

/4-C12-DTPA chelates (%), the decrease in turbidity (%) 

and the amount of foam fraction (wt%) of L-water at different foaming agents 

additions (pH 5.5, temp. 20 
o
C and flotation time 35-70 min.). 

  

The investigation of temperature and pH influence on the flotation efficiency has 

been carried out and the results shown in Table 5 and Table 6 indicate that these 

two parameters are extremely important for pitch controlling. It was shown that 

Foaming agent (ppm) 8 16 40 80 160 320 

DDAO 

Mn2+ (%) 48.1 53.1 68.7 73.9 81.5   

Turbidity (%) 12.5 13.1 15.1 19.0 19.0   

Foam Fraction (%) 1.2 1.3 4.0 2.8 3.5   

SDS 

Mn2+(%) 7.3 12.7 27.9 28.9 30.6   

Turbidity (%) 5.3 12.6 22.6 27.8 34.3   

Foam Fraction (%) 0.8 0.5 7.8 13.6 21.7   

DoTAC 

Mn2+ (%) 6.2 21.9 36.5 42.1 65.8 99.8 

Turbidity (%) 20.1 37.2 46.2 47.8 57.1 94.5 

Foam Fraction (%) 0.8 0.8 1.1 3.2 6.4 9.2 
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the influence of pH on the removal of pitch colloids that increase the turbidity is 

significant and depends on the colloids’ composition and structure.  

 

Table 4.  The removal of Mn
2+

/DTPA chelates (%), the decrease in turbidity (%) and the 

amount of foam fraction (wt%) of L-water at different foaming agents additions 

(pH 5.5, temp. 20 
o
C and flotation time 35-70 min.). 

Foaming agent (ppm) 8 16 40 80 160 320 

DDAO 

Mn2+ (%) 0.0 0.0 7.1 11.3 19.4   

Turbidity (%) 18.6 21.9 30.4 21.1 31.2   

Foam Fraction (%) 0.1 0.1 3.0 9.5 7.4   

SDS 

Mn2+ (%) 3.8 8.1 12.4 15.8 20.2   

Turbidity (%) 18.1 20.4 25.0 28.0 32.0   

Foam Fraction (%) 1.0 0.6 1.1 8.5 9.9   

DoTAC 

Mn2+ (%) 9.6 7.0 6.0 7.2 17.9 34.6 

Turbidity (%) 17.4 26.5 28.9 36.3 46.5 85.4 

Foam Fraction (%) 0.1 0.1 0.1 1.0 2.0 4.9 

 

Table 5.  Removal of Mn
2+

/4-C12-DTPA (%) and Mn
2+

/DTPA chelates (%), decrease in 

turbidity (%) and amount of foam fraction (wt%) of the L-water at various 

temperatures, DoTAC concentration 160 ppm (pH 5.5 and flotation time 60 

min.). 

 
4-C12-DTPA/DoTAC DTPA/DoTAC 

Temperature 

(oC) 

Mn2+ 

(%) 

Turbidity 

(%) 

Foam Fraction 

(wt%) 

Mn2+ 

(%) 

Turbidity 

(%) 

Foam Fraction 

(wt%) 

20 65.8 57.1 6.0 17.9 46.5 2.0 

50 73.4 93.9 6.2 37.0 82 2.9 

 

The removal efficiency of lipophilic extractives increases with decreasing pH value 

and with the increase of temperature as shown in Table 5 and Table 6.  

 

At pH 3 the flotation process was most efficient, with regards to the reduction of 

turbidity. Acidic groups of the resin and fatty acids located in the outer layer of the 

pitch droplet are dissociated at this pH; this facilitates the attachment of the 

DoTAC molecules to the pitch droplets and the partly dissociated resin and fatty 

acids are anchored by the tails in the pitch droplets. At pH 5 the dissociation 

degree of the acidic groups is most likely higher than at pH 3 which gives more 
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attachment places for DoTAC. At pH 8, resin and fatty acid are both probably 

released resulting in the decrease in the amount of sites that DoTAC can be 

attached; this lowers the removal of the lipophilic extractives from the O-water. 

 

At the same time, a high amount of the foam fraction was observed due to the 

release of resin and fatty acid into the water from the outer layer of the pitch 

droplets. The resin and fatty acids are natural foaming agents. The removal of the 

manganese ions increases as the pH value increases. With the increase in pH, 

increases an amount of potential attachment sides for metal ions in form of 

deprotonated carboxylic groups.  It can be noted that with the increase in 

temperature, the removal efficiency of Mn2+ and the decrease in turbidity increase 

for both 4-C12-DTPA and DTPA. 

 

Table 6.  Removal of Mn
2+

/4-C12-DTPA (%) and Mn
2+

/DTPA chelates (%),  decrease in 

turbidity (%) and amount of the foam fractions (wt%) during the flotation with 

L-water at various pH at DoTAC concentration 160 ppm (temp. 20 
o
C and 

flotation time 60 min.). 

 
4-C12-DTPA/DoTAC DTPA/DoTAC 

pH 
Mn2+ 

(%) 

Turbidity 

(%) 

Foam Fraction 

(wt%) 

Mn2+ 

(%) 

Turbidity 

(%) 

Foam Fraction 

(wt%) 

3 43.6 97.6 4.7 6.6 97.7 5.4 

5 65.8 57.1 6 17.9 46.5 2 

8 98.4 57.6 11.5 54.3 43.9 9.8 

 

6.1.2. O-water (TMP press water) 

There is a relatively large difference between L-water and O-water regarding 

chemical composition and concentration of lipophilic extractives. Additionally, O-

water contains 1% of fibres as well as DTPA, which introduces certain limitations 

for addition of 4-C12-DTPA to O-water. 

In Figure 12, a decrease in the turbidity (%) and a amount of the foam fraction 

(wt%) in O-water as a function of different DoTAC concentrations after flotation is 

shown. As it can be observed a 91% decrease in the turbidity of O-water was 

obtained and the amount of the foam fraction was within 20% at DoTAC 

concentration 320 ppm. Higher concentrations of DoTAC resulted only in 

increased amount of the foam fraction. This means that an optimal dose of DoTAC 

is important for the flotation efficiency with regards to both removal of colloids 

and amount of foam fraction.   
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Figure 12. The decrease in the turbidity (%) and the amount of the foam fraction (wt%) in 

O-water as a function of different DoTAC concentrations after flotation (pH 5, 

temp. 20 
o
C and flotation time 40-240 min.). 

 

An investigation of the effect of pH on the purification efficiency of O-water was 

carried as well and as shown in Figure 13, the results confirm that a change in pH 

significantly affects the amount of the foam fraction and the turbidity, as was seen 

in the case of L-water flotations. 
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Figure 13. The decrease in turbidity (%) and the amount of the foam fraction (wt%) in O-

water as a function of different pH values at a DoTAC concentration of 160 

ppm (temp. 20 
o
C and flotation time 160 min.). 
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Compared to L-water, a certain difference was noted at pH 3 where a lower 

relative decrease in turbidity was obtained after flotation. A large difference in 

chemical composition and amounts of colloids between L-water and O-water was 

observed, which may influence the colloids’ behaviour. A higher concentration of 

colloids, gives a higher number of potential attachment sites for DoTAC in the 

form of pitch charges which may decrease DoTAC/pitch interactions. 

 

The effect of temperature on the flotation of O-water was insignificant; the 

turbidity and the amount of foam fraction were not affected. Changes in 

temperature, pH value, or DoTAC concentration did not affect the Mn2+ ion 

removal. 

 

Another important parameter, which attention should be paid for, is the residual 

concentration of foaming agent in the water after flotation. Boonyasuwt et al. 

(2003) showed that a cationic surfactant (cetylpyridinium chloride) is easier to 

recover from water than an anionic surfactant (sodium dodecylsulfate) and further, 

it was more rapid in more turbulent conditions which resulted in an extremely 

high wetness of the foam fraction. 

 

At an initial concentration of 320 ppm of DoTAC before the flotation, only 2.6ppm 

was detected in the O-water after the flotation. This indicates that both detrimental 

substances and added chemicals can be successfully removed from the O-water. 

 

It is known that to increase the removal efficiency of colloids from process water, a 

flotation process should be preceded by an aggregation of colloids, using a cationic 

polyelectrolyte. In this study an initial comparison between application of cationic 

foaming agent (DoTAC) and different cationic polyelectrolytes (conventional and 

unconventional) in an internal cleaning stage based on flotation was performed. 

The results in Table 7 indicate that DoTAC can be successfully used in the 

purification of TMP water. Chitosan, an unconventional cationic polyelectrolyte in 

this context, gave slightly better removal of lipophilic extractives compared to 

DoTAC. Over 92% of all lipophilic extractives could be removed and a 91% 

decrease in turbidity could be obtained by addition of both chitosan and DoTAC 

The concentration of lignans was probably higher than is shown in Table 7 and this 

issue is more described and discussed in Paper II. 
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Table 7.  The decrease in turbidity (%), the decrease of both total concentration of 

extractives (mg/L) and major groups extractives concentrations (mg/L) in O-

water before and after flotation at different purification conditions (pH 5, temp. 

20 
o
C, flotation times for Chitosan/SDS and DoTAC were 15 min. and 200 

min. respectively). 

 

The ability of chitosan to form large and compact flocs facilitates the removal of 

disturbing substances from the TMP water. The cationic foaming agent can only be 

adsorbed onto individual pitch droplets and fibres, which changes their surface 

properties so that the lipophilic extractives are easily removed from the process 

waters by flotation. The difference in the behaviour of the cationic polyelectrolyte 

compared to DoTAC is shown in Figures 14 and 15. As can be noted, chitosan 

binds the pitch droplets together with the fibres in huge and tight flocs, which can 

lead to considerable fibre losses. The binding mechanism of fibres and pitch 

droplets is based on a bridging flocculation when a single chain of the 

polyelectrolyte is attached to several pitch droplets and fibres (Negro et al. 2005). 

Moreover, compared with a cationic foaming agent as DoTAC, the interaction 

between cationic polyelectrolyte and the lipophilic extractives are probably 

irreversible, which may introduce limitations in further use of the removed 

material. Small pitch aggregates can appear after DoTAC addition due to 

neutralization of the charges on the pitch droplets. 

 

The flotation trials with chitosan resulted in an extensive deposition of “dirt” on 

the equipment. The flocks adhered to the inner surface of the flotation unit were 

very tacky and formed a layer difficult to remove. After the trials with DoTAC the 

flotation unit was much cleaner. 

 

Analysis  O-water 
Chitosan/SDS 

150 ppm / 40 ppm 

DoTAC 

320 ppm 

Decrease in Turbidity (%) - 99 91 

Total concentration of 

extractives(mg/L) 
738 103 149 

Fatty and resin acids (mg/L) 73.1 2.9 2.8 

Lignans (mg/L) 10 3.5 9.3 

Betasitosterols (mg/L) 11.8 2.2 3.2 

Sterylicesters (mg/L) 88.2 2.4 7.6 

Triglycerides (mg/L) 137 0.1 7.7 
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Figure 14. Light microscope image of a foam fraction after flotation of TMP water with 

150 ppm Chitosan and 40 ppm SDS. Dark areas represent aggregates of 

pitch and fibres (pH 5, temp. 20 
o
C, flotation time 15 min.). 

 

 

Figure 15.  Light microscope image of a foam fraction after flotation of TMP water with 320 

ppm DoTAC. Dark areas represent aggregates of pitch and fibres (pH 5, 

temp. 20 
o
C, flotation time 200 min.). 

 

Suggested mechanisms of the DoTAC-pitch interactions and cationic 

polyelectrolyte-pitch interactions are shown in Figure 16.  
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Figure 16. Suggested scheme of the bridging flocculation mechanism between pitch 

droplets and cationic polyelectrolytes and, b) between a cationic foaming 

agent and pitch during flotation. 

 

6.1.3. Conclusions 

It can be concluded that DoTAC functions selectively. Up to 90% of the lipophilic 

part of extractives of L- and O-waters could be removed by flotation. The 

temperature and the pH value have significant influence on the flotation efficiency 

of the lipophilic extractives. A 99% removal of manganese ions from L-water can 

be obtained by introduction of 4-C12-DTPA (chelating surfactant) to the system. 

 

6.2. Flotation in a Voith flotation cell (paper III) 

Flotations of TMP press water (O-water) and TMP press water after pretreatment 

(P-water) were performed in a 20 L Voith flotation cell, equipped with a rotor-

based air dispersing system. The investigation of the influence of various foaming 

agents and complexing agent on the removal of both DisCo components and metal 

ions from P- and O-water were carried out. The flotation time for P-water was 5 

min. The flotation of the O-water was continued until the formation of stable foam 

ended. A comparison between the Voith cell and the 1 L cell was carried out as 

well due to a significant difference noticed in the influence of the cells on both the 

decrease in turbidity and the removal of extractives. The results from the 1 L cell 

investigation in the comparison of the cells refers to paper I. 

 

6.2.1. P-water (TMP press water after pretreatment) 

As mentioned before in Paper II, DoTAC can interact with the lipophilic part of 

extractives which may indicate a selective functioning of the foaming agents. The 

influence of various foaming agent on the removal of both lipophilic extractives 

and carbohydrates from P-water by flotation in the Voith cell are shown in Figures 

17 and 18. 

 

a

) 

b

) 
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Figure 17. The decrease in the turbidity in the P-water (%) as a function of different 

foaming agent concentrations (ppm) (pH 5.5, temp. 20 °C and flotation time 5 

min.). 

The results presented in the figures confirm that the chemical characteristics of the 

foaming agent are decisive for the foaming agent to interact efficiently with the 

dissolved and colloidal substances. DoTAC is more efficient in the removal of 

lipophilic extractives and carbohydrates due to its cationic character. It can be 

noted that the analysis of carbohydrates shows that DoTAC may associate as well 

with dissolved carbohydrates but not to such extent as with the lipophilic 

extractives. 
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Figure 18. The decrease in the content of carbohydrates (%) in the P-water as a function 

of different foaming agent concentration (ppm) (pH 5.5, temp. 20 °C and 

flotation time 5 min.). 
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6.2.2. O-water (TMP press water) 

The difference in froth generation of the Voith cell and the 1 L cell affects the 

removal efficiency of lipophilic extractives from O-water. The Voith cell delivers 

more turbulent conditions compared with the 1 L cell. In the Voith cell the air-

bubbles are formed and mixed into the solutions via an impeller, whereas in the 

customized 1 L cell the air-bubbles are generated only by direct injection of air 

through a glass filter. The outcome of a comparison between these two flotation 

cells are shown in Figure 19 and Table 6. A higher removal of the lipophilic 

extractives from O-water was received for the Voith flotation cell than for the 1 L 

cell. A 90% decrease in the turbidity of O-water could be obtained at lower DoTAC 

concentration and at shorter flotation time in the Voith flotation cell than in the 1 L 

cell. Additionally, the amount of the foam fraction within 5% of the initial volume 

indicated that the flotation process may be used successfully in the purification of 

the O-water.  

 

The turbidity, the total concentration of the extractives and the concentration of 

major groups of extractives in O-water before and after flotation in both Voith cell 

and 1 L cell are presented in Table 8. The results confirm that a flotation unit 

delivering more turbulent conditions is more efficient with regard to the shorter 

flotation times and lower foaming agent concentrations needed. 
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Figure 19. The decrease in turbidity (%) and the amount of foam fraction (wt%) in O-

water as a function of different DoTAC concentrations (ppm) after flotation in 

the Voith cell and in the 1 L cell ( pH 5.0, temp. 20 °C and flotation time for the 

Voith cell and the 1 L cell were 60-130 min. and 40-240 min. respectively). 
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No flotations with a cationic polyelectrolyte were carried out in the Voith cell due 

to a tacky character of flocs as mentioned in part 5.1. The formed dirt on cell 

elements, especially rotating parts, could be difficult to remove. L-water 

(laboratory water) was not tested in the Voith cell since the preparation procedure 

of sufficient amounts of L-water was too time-consuming. 

 

Table 8.  The decrease in turbidity (%), the decrease of both total concentration of 

extractives (mg/L) and concentrations of major groups of extractives (mg/L) in 

O-water before and after flotation in Voith cell and 1 L cell at different DoTAC 

concentrations (pH 5, temp. 20 °C and flotation times for the Voith cell and the 

1L cell were 110 min. and 200 min. respectively). 

Analysis  O-water 

Voith cell 

DoTAC  

160 ppm 

1 L cell 

DoTAC 

320 ppm 

Decrease in Turbidity (%) - 92 91 

Total concentration (mg/L) 738 114 149 

Fatty and resin acids (mg/L) 73.1 2.4 2.8 

Lignans (mg/L) 10 9.0 9.3 

Betasitosterols (mg/L) 11.8 2.8 3.2 

Sterylicesters (mg/L) 88.2 3.4 7.6 

Triglycerides (mg/L) 137 2.1 7.7 

 

Besides DisCo components, O-water contains fibres and fines in amounts of 0.5-

1%. During flotation only individual fibres were removed with the foam fraction. 

At the same time the fibre size distribution was changed as shown in Table 9. The 

higher amount of shorter fibres after flotation was received due to fibre cutting by 

the stirring/air dispersing system in the Voith cell. 

 

Table 9.  Distribution of the fibre material (%) in O-water before and after flotation at 

DoTAC concentration of 160 ppm (pH 5.0, temp. 20 °C and flotation time 110 

min.). 

length [mm] before [%] after [%] 

0.0 – 0.2 11 18 

0.2 – 0.5 28 43 

0.5 – 1.2 32 32 

1.2 – 2.0 17 5 

2.0 – 3.2 9 1 

3.2 – 7.6 3 1 
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From the ESI-MS analysis, the water after the finished flotation experiment in the 

Voith cell contained 0.8ppm of the initial addition of DoTAC (160 ppm). 

 

When fibre cutting takes place, the structure of fibres is being more opened which 

facilitates the foaming agent interactions. This gives opportunities to a removal of 

the lipophilic extractives encapsulated inside and adsorbed on the fines and fibres. 

GC results of DisCo components extracted from fibre fraction shown in Table 10 

indicate that the amount of extractives was decreased after flotation. 

 

Table 10.  Concentration of major groups of extractives (mg/L) and  total exctract 

concentration (%) in the fibres and fines from O-water before and after 

flotation at a DoTAC concentration of 160 ppm (pH 5.0, temp. 20 °C and 

flotation time 110 min.). 

Extractives Before After 

Fatty and resin acids (mg/kg) 15900 3110 

Lignans  (mg/kg) 698 781 

Betasitosterols (mg/kg) 1360 832 

Sterylicesters (mg/kg) 9060 5250 

Triglycerides (mg/kg) 15100 6720 

Extract concentration (%) 4.2 1.6 

 

As noted before in part 5.1. O-water contains already DTPA which introduce 

limitations in a chelating surfactant investigation. A study of a chelating surfactant, 

having surface active properties, on a removal of manganese ions from O-water 

was carried out by preparation and addition of a complex of 4-C12-DTPA and 

manganese ions. Additionally, DoTAC as a foaming agent was added before the 

flotation. The results shows that all manganese ions bound with 4-C12-DTPA 

could be removed with the foam fraction as shown in Table 11. 

 

Table 11.  The concentration of metal ions (mg/L) in O-water before flotation, after 

complex addition and after flotation at 80 ppm of DoTAC (pH 5.0,  20 °C and 

flotation time 60 min.). 

Samples 
Cu2+  

(mg/L) 

Fe3+  

(mg/L) 

Mn2+  

(mg/L) 

Zn2+  

(mg/L) 

Ca2+  

(mg/L) 

O-water 0.1 0.5 16 1.4 25.5 

After Mn2+/4-C12-

DTPA addition 
0.1 0.5 25 1.4 23.7 

After flotation 0.5 0.4 13 1.5 19.6 
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6.2.3. Conclusions 

It can be noted that by using the Voith cell a 90% decrease in the turbidity could be 

obtained at shorter flotation time and at lower concentration of foaming agent 

compared to the 1 L cell. Moreover, the lipophilic part of extractives was removed 

from during. The foam generation system of the Voith cell slightly cut fibres 

present in the TMP water. The latter probably opened up the fibre structure and 

facilitated the removal of extractives adsorbed on the fibre surface and 

encapsulated in the fibres. It can be found as well that the manganese ions chelated 

by 4-C12-DTPA could be successfully removed from O-water by flotation. 
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7. GENERAL CONCLUSIONS 

Accumulation of non-adsorbed lipophilic substances increases the risk of 

uncontrolled pitch aggregation and process disturbances. Johnsen and Stenius 

(2007) show that only about 30% of the pitch can be retained in the paper. From 

this perspective, treatment methods that reduce harmful effects of lipophilic 

substances in the process and decrease the emissions of chemicals and released 

wood substances to the environment are wishful. 

 

Flotation used as an approach to internal cleaning is a promising solution for 

purification of process waters in integrated pulp mills, giving opportunities to an 

efficient removal of pitch colloids. It was noted that a choice of equipment plays an 

important role for the efficiency of the flotation. Compared to the 1 L cell, a 

decrease in turbidity of 90% could be obtained in the Voith cell at shorter flotation 

time and at lower concentration of foaming agents. The application of a cationic 

foaming agent, DoTAC, gives a 91% removal of lipophilic extractives from O-water 

(TMP press water before bleaching). Probably reversible interaction between 

DoTAC and colloids may create opportunities to further investigation of the 

removed material. In the Voith flotation cell the fibres length distribution is slightly 

changed due to cutting of fibres by the rotor in the foam generation system.  

 

By introduction of a new separable complexing agent (4-C12-DTPA), manganese 

ion chelates could be removed successfully from L- and O-water in both the 1 L 

and the Voith flotation cells. A 98% removal of manganese ions could be obtained 

in both flotation units and the foam fraction was below 10%. 



34 

8. FURTHER PERSPECTIVES 

Since it is known that DoTAC can be successfully applied in purification of TMP 

press water before bleaching (O-water), a more extensive optimization of the 

flotation conditions and a deeper chemical analysis and characterization of the 

extractives removed and present in the water after the flotation should be carried 

out. 

 

A low residual concentration of DoTAC in waters after flotations indicates at good 

DoTAC separation but it should be noted that due to its cationic character, DoTAC 

can be expected to adsorb on fibres that have negative charges. Therefore, 

investigations of the adsorption of DoTAC on fibres should be carried out.  

 

Flotation with the cationic foaming agent changes the properties of the whole TMP 

water e.g. water and fibre fraction, which may influence both paper properties and 

production process. An investigation of both strength and optical properties of the 

final product is necessary to indicate the influence on paper manufacturing.  

 

Purification trials of TMP water after the bleaching stage will be carried out using 

the same method and the influence on paper properties and production process 

will be followed. 

 

An investigation of different protocols for recovery and purification of complexing 

agent, DisCo components and foaming agent is an inseparable part of further 

studies.  
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