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ABSTRACT 
In the papermaking industries spots in the finished product is a recurring problem. Billerud 

Korsnäs have in earlier studies identified poorly optimized retention systems as one of the 

reasons for these spots. Poorly optimized retention systems will allow for detrimental 

substances to flow freely in the system, which may cause agglomeration into larger 

particles that could end up as darker spots in the finished product. The aim of this thesis is 

to investigate a number of retention systems, consisting of a retention polymer and 

retention microparticles, and characterize the polymers. 

 

The retention aid systems task is to flocculate fibres, fines and fillers along with the 

colloidal material to improve process parameters. To investigate the retention systems 

three different retention polymers with different charge densities have been investigated 

alongside one microparticle. The parameters investigated in this thesis were the retention 

systems effect on drainage time, turbidity, charge demand and zeta potential. Pulp and 

white water from PM4 was used to imitate mill conditions.  

 

The results showed that the drainage time and turbidity was most effected by the retention 

aid systems. The polymer with the highest charge yielded the best results. Only minor 

effects could be detected on charge demand and zeta potential.  

 

Keywords: Retention, retention polymers, retention microparticle, dewatering, turbidity 
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 INTRODUCTION 
 Background 

 

Spots in the finished product is a recurring problem in the papermaking industry. In earlier 

studies BillerudKorsnäs has identified poorly optimized retention systems as one of the 

reasons for these spots. A decrease in retention will allow detrimental substances and 

added chemicals as AKD (alkyl ketene dimers), rosin and starch to flow freely in the 

system which might agglomerate into larger particles that could end up on the paper as 

darker spots in the finished product. The dark spots are visible to the naked eye and causes 

problems with the printing. Spots on the paper is one of the major causes for complaints 

from customers, which is both costly and time consuming for the company to handle. If 

the spots are detected in the process, the paper reel can be rewinded and the affected areas 

removed manually. If the spots aren’t detected during production, but are detected by the 

customer they will have to be compensated. The spots are mostly visible in the bleached 

top layer where they affect printability, a big problem for the customer. There are many 

different kinds of spots that can occur, but the ones deriving from poor retention has been 

identified as a mixture of AKD, starch and rosin. 

 

 Aim 

 

The aim of the thesis was to characterize a number of retention chemicals and investigate 

how they affect the retention of fines, fillers and colloidal material. Three cationic 

retention polymers and one anionic microparticle was investigated. Charge titration was 

used to characterize the chemicals. Retention chemicals were used to flocculate fines, 

fillers and colloidal material to the fibres, thereby increasing the retention of these in the 

paper, and decreasing their concentration in the recirculated process water.  The aim was 

also to understand and optimize the paper forming process better in regards to retention. 

Improved retention correlates to a reduced dewatering time and turbidity. A final aim was 

to determine what combination of retention polymer and retention particle would give the 

best retention in laboratory experiments.  

  

1.2.1 Limitations 

Bleached pulp from top ply PM4 together with white water, recirculated water from the 

paper making process, from PM4 will be used in the laboratory trials to imitate mill 

conditions. The bleached pulp is made up of white fibres from a mixture of softwood and 

hardwood. White water is reused process water, used in forming. A total of three retention 

polymers from two suppliers will be investigated, along with one retention particles from 

one of the suppliers. The characterizations were performed with a Particle Charge Detector 

(PCD) to measure the polymer charge as well as fibre charge through indirect 

polyelectrolyte titration. Their effect on retention were measured with Drainage Freeness 

Retention (DFR), Turbidimeter, PCD, System Zeta Potential (SZP). The DFR measures 

drainage time, the time for the pulp to dewater on a specified wire, the turbidimeter 

measures turbidity, the amount of particles in the filtrate. PCD measures the charge 

demand in the filtrate and SZP measures the fibre charge. The turbidity can be used as a 
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measurement of retention as it shows how much of the fines, fillers and colloidal material 

is present in the white water. 

 

 Billerud Korsnäs 

 

Billerud Korsnäs was established in 2012, through the merger of Billerud and Korsnäs, 

who combined have over 150 years of experience in the papermaking and wood industry. 

The BillerudKorsnäs motto is to “challenge conventional packaging for a sustainable 

future”. Their three main production areas are board, paper and solution. The area board 

incorporates liquid packaging board and cardboard as well as corrugated materials such as 

lining and fluting. Paper consists of kraft and sack paper for diverse areas such as medical 

applications, construction materials and dry foods. The last area, solutions offers services 

primarily to brand owners and focuses on innovative packaging solutions. There are 6 

production units located in Sweden, Finland and the United Kingdom, and a total of 16 

Customer Service Centres around the world (BillerudKorsnäs, 2020).  

Gävle Mill, located in Gävle has its roots in a Korsnäs Sågverks Aktiebolag, a company 

founded in Korsnäs, Dalarna in 1855. 1899 the company was relocated from Korsnäs to 

Gävle, where pulp production was initiated in 1920 and the first paper machine was built 

in 1925 (Back, 2016). The mill has two paper machines, PM4 and PM5. PM4 produces 

two ply carton with a top ply of bleached soft- and hard wood pulp, and a bottom ply of 

unbleached softwood. PM5 produces three ply carton, a bleached top layer of soft- and 

hardwood, and unbleached middle and bottom ply from softwood. Gävle Mill has about 

900 employees, with an annual production capacity of 740 000 tonnes. Gävle Mill is a 

world leading producer of liquid carton for beverage- and food containers. Every day 

material for about 200 million single portion beverage containers are produced, meaning a 

quarter of the beverage containers in the world contains carton made at the Gävle Mill 

(BillerudKorsnäs, 2020). 

 THEORY 
 Introduction to paper 

There is no strict definition of paper, but paper is always made up of mainly fibrous 

materials, usually plant fibres, and can be described as a uniform layered construction, 

made up of fibres that have been somewhat flattened. Small fibre fragments, called fines 

are usually present along with fillers and paper chemicals such as retention aids and 

strength chemicals. The fillers are mainly naturally occurring minerals such as kaolin, and 

they enhance the papers optical properties and printability.  

Paper is formed when a fibre suspension is filtered through a wire, where the fibres, fillers 

and chemicals bind to one another to form a sheet.  

Wood fibres are the most common to be used in paper production, softwood from conifers 

such as pine or fir, and hardwood from floriferous such as birch, aspen and eucalyptus. 

The softwood fibres are long and strong producing a strong paper, whereas the hardwood 

fibres are shorter and narrower, with good formation which results in surfaces with good 

printability. A combination of softwood and hardwood is utilized for the optimal paper  

(Fellers & Norman, 1996). 
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The history of paper is old, and dates back 2000 years when it was invented in China. The 

art was developed and introduced in Europe around year 1000, the sheets were made by 

hand on a weaved wire made from copper or brass. By the time of the French revolution 

the need for paper increased. Nicholas Louis Robert constructed a paper machine in 1798, 

where the stock was dewatered on an endless wire, the first paper machine able to produce 

a continuous strip of paper (Hubbe & Bowden, 2009). The paper machines developed and 

the Fourdrier machine was invented in the early 1800s (Fellers & Norman, 1996). 

 The papermaking process 

The first step in making paper is the pre-treatment of the wood. This is done by debarking 

the pulpwood in large drums and then chipping it in a chipper. The chips are then added to 

a pressure cooker where they are cooked under high pressure and temperatures along with 

chemicals, white liquor, which is highly alkaline, to separate the fibres and remove 

unwanted elements.  

In the refining step the cooked pulp is cleaned and bleached to the desired brightness. The 

pulp is transferred to the paper mill where the fibres are mixed with water and refined to 

make fibrils by roughen the surface of the fibres. The fibres become more hydrophilic by 

creating internal and external fibrillation, which allows for swelling in order to improve 

formation and their bonding. In this stage the chemicals and fillers are added. (Persson, 

Papperstillverkning, 1996).  

The stock is further diluted with water to a concentration below 1% and cleaned in cyclone 

cleaners to remove unwanted parts, before entering the wet end and passing through the 

head box that distributes the stock evenly on to a continuous plastic screen called a wire. 

Depending on the paper machines design there can be one or more wires, resulting in a 

multi-layered paper in the finished product. At this stage the sheet is formed and the stock 

is dewatered on the wire and the layers are couched together.  

The sheet then travels through the pressing section on felt belts where the water is pressed 

from the sheet by pressuring rolls. The paper is transferred to the drying section where it’s 

dried between steam heated cylinders. The sheet is additionally treated with surface 

finishes to improve printability before the reels are cut and packaged, ready to be delivered 

to the customer (SkogsSverige, 2017). An overview of the Gävle Mill production can be 

seen in Figure 1 and a schematic of a paper machine can be seen in Figure 2. 
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Figure 1. An overview of the Gävle Mill process. (BillerudKorsnäs, 2020)  

 

 
 
Figure 2. Schematic illustration of a paper machine where a) is the wet section with forming board, 
b) the press section, c) the drying section, d) coating section and e) winding section 
(BillerudKorsnäs, 2020).  

 

 Paper retention 

The pulp stock is collected on the wire. The space between the filaments in the woven wire 

is designed to be small enough to prevent fibres from passing through. The small 

dimension of fines and other particles such as fillers enables them to pass through the wire, 

and enter the white water system of the short circulation, where the water is recycled in a 

closed system. The accumulation of unwanted trash in the white water system might cause 

build-ups which can detach and end up in the paper. Retention aid are added to the system 

to prevent fines and fillers to end up in the white water system, but instead to end up in the 

paper. 

   

a 

b 

c 

d 
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Paper formation and retention of fillers and fines are vital parameters in paper making, 

where the paper formation is important for quality, and the filler retention for the 

productivity and the wet end stability of the paper machine. The definition of retention is 

defined as “a component present in the original mixture that remains in the mixture at 

some stage of its process or in the final product” (Fellers & Norman, 1996). 

There are several advantages to high retention. High retention reduces the material in the 

white water thus resulting in a more constant quality of the product. There is reduced 

build-up of dirt, and the machine responds faster to changes in the process (Norman, 

1989). 

The retention for the short circulation can be calculated through Equation 1. Only the short 

circulation will be reviewed in this thesis.   

 

The short circulation retention is given by Eq 1:  

 

𝑅𝑠 =
𝑄1𝑐1 − 𝑄2𝑐2

𝑄1𝑐1
 

 

Where RS is the short circulation retention, Q1 is the flow rate in the head box, from which 

the pulp suspension is evenly distributed onto the wire, C1 the concentration of the 

component, Q2 the white water flow rate and C2 the concentration of the compound in 

question in the white water (Fellers & Norman, 1996). The process is illustrated in Figure 

3.  

 
Figure 3. Schematic illustration of the short circulation retention. The pulp suspension arrives at the 
head box and is evenly distributed onto the wire. The sheet is formed, and the pulp is dewatered 
on the wire. The drained water, white water, is recirculated in the short circulation.   

 

 

The development and mechanisms for retention aids has been reviewed by Fellers and 

Norman (1996), and they say that “the retention of a substance in a systems is the ability of 

the system to retain the substance within the system limits”. A higher retention reduces the 

amount of material circulating in the short circulation, and may be seen as an internal 

“water purification”.  

 

The retention is affected by many variables in the machine, such as stock composition and 

wire construction. As the stock concentration is fixed for the production of a given paper, 

it is not changed to improve retention. High grammage paper often produce a higher 

[Eq. 1] 
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retention, as the filtrating fibre layer is rather thick. The wire section is developed to 

ensure sufficient dewatering within the first meters, as a too long wire section is 

uneconomical.  

The two basic retention mechanisms that can be seen are: 

 

1. Mechanical retention (or filtration).  

2. Agglomeration or flocculation 

2.3.1 Mechanical retention 

The sheet forming process can be regarded as a filtration process. The wire, as mentioned 

previously, is dimensioned to ensure full fibre retention, first it captures the largest 

particles, those who cannot pass the wire (fibres), and the sheets is starting to build up. The 

fibres can then capture progressively smaller particles as the pore opening decreases. The 

end result is a sheet with a rough structure at the bottom and a fine structure at the top 

(Eklund & Lindström, 1991). Flocs, clusters of fibres, can be formed by entanglement due 

to shear forces and colloidal forces (Wågberg, 1987). Flocculation of fines and filler to the 

fibre is desired, but the formation of strong fibre flocs is not, as this leads to unevenness in 

the paper. This can be avoided by reducing the stock concentration. The disadvantage of 

diluting the stock to much is that it leads to lower retention (Eklund & Lindström, 1991). 

2.3.2 Agglomeration or flocculation through retention aids 

Physiochemical interaction between the surfaces of the particles induced by chemicals is 

achieved by the addition of retention aids. The most commonly used retention aids are a 

cationic polymer followed by an anionic microparticle. The retention aids cause the fine 

material to aggregate to larger units which are bound to the fibre (Eklund & Lindström, 

1991). Typical retention aids such as cationic poly acrylamide polymers binds colloidal 

material and fines to the fibre surface, thus forming micro flocs.  

 

 Surface charges  

The fine material (fines, fillers and fibres) develop an electric charge when dispersed in 

water, due to dissociation of their ionic groups, isomorphous substitution and absorption of 

ions (Van Olphen, 1977), resulting in what’s called an electrostatic double layer. The 

dispersed materials surface charge attracts counter ions at the surface of these particles. 

The system needs to be charge neutral, and a charge balance between the surface charges 

and the surrounding ions in the solution occurs.  

 

The electrostatic double layer describes the electrical potential variation at the particle 

surface in a solution. As the name suggests the electrostatic double layer is made up of two 

layers, with the Stern layer closest to the particle, and the Gouy layer (diffusion layer) 

adjacent to this. The Stern layer is made up of counter ions, while the Gouy layer is made 

up of counter ions in a higher concentration than the solvent. The ions are dependent on 

electrostatic attraction and thermal movement (Eklund & Lindström, 1991). The 

electrostatic double layer can be seen in Figure 4. 
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Figure 4. Electrostatic double layer (BTG, September 2017). 

 

At short distances particles with the same charge repel each other, but can by van der 

Waals forces attract each other over longer distances (Carlsson, 2020). There is no 

absolute limit between the layers, but as the Stern layer stems from intermolecular forces 

that act only over short distances this layer is usually rather thin. The Stern layer is 

separated from the Gouy layer by a plane called the Helmholtz plane, where the 

electrostatic forces and the thermal movement balance each other out and the 

concentration of counter ions decreases until the mean value in the solution is reached 

(Eklund & Lindström, 1991). 

 

 Flocculation 

Retention aids are added to the stock to improve retention by flocculating the fine particles 

to fibres, or flocculate the fine particles together. This improves the dewatering on the 

wire. The system is often categorized according to the polymers charge, and cationic 

polymers are the most commonly used. Polyelectrolytes often absorb strongly to the 

particle surface. Addition of polymers often lead to flocculation, and there are two 

mechanisms for this, illustrated in Figure 5 (Eklund & Lindström, 1991). 

 

 
Figure. 5 Schematic illustrations of possible flocculation mechanisms, a) patch flocculation, b) 
bridging. (Horn & Linhart, 1991) 
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2.5.1 Patch flocculation 

Patch flocculation occurs when the polymer form cationic “patches” on the anionic particle 

surface, which in turn attract oppositely charged particles (Figure 5a). The strength of the 

flocs are higher with patch flocculation than with charge neutralization, as the van der 

Waal’s forces work in combination with electrostatic attraction. The adsorbed cationic 

patches creates a partial charge neutralization. Patch flocculation is typical for polymers 

with high charge density and low to medium molecular mass. For patch flocculation to 

occur the zeta potential cannot be zero (Eklund & Lindström, 1991).  The patch needs to 

be thicker than the electrostatic double layer. If the patch is to thin an electrolyte need to 

be added to reduce the electrostatic double layer thickness. If, on the other hand the 

electrolyte concentration is too high the polymer might desorb, thus reducing the 

flocculation (Fellers & Norman, 1996). 

 

2.5.2 Bridging 

When the polymer acts as a bridge between particles bridging occurs (Figure 5b). The 

polymer first adsorbs to the particle surface, and forms tails or loops which adsorbs to 

other particles, acting as a bridge (Eklund & Lindström, 1991). The molecular weight of 

the polymer is important in bridging, as polymers with low molecular weight doesn’t 

extend beyond the range of charge repulsion (Lindström, et al., 1976). 

2.5.3 Amphoteric polymers 

Amphoteric polymers display both positively and negatively charged groups, and have 

been found to be as effective as cationic polymers in studies (Lu, et al., 2001). The 

amphoteric polymers can attach to both negatively and positively charged surfaces, which 

allows them to function under different circumstances. Findings by Lu et al show that an 

amphoteric polymer with a cationic degree of 20% or above is more efficient than the 

cationic polymer used.  

2.5.4 Two-component flocculant systems 

Retention systems can be made up of two (or more) electrolytes. This thesis will only 

review two-component systems. Two-component systems are often made up of two 

polyelectrolytes with opposite charge. The two components are added in sequence, and 

often result in synergetic effects. Microparticle in combination with a cationic polymer is 

referred to as a microparticle retention aid.  

Some of the advantages to the microparticle retention aid systems are that they allow for 

reflocculation after being exposed to shear forces, they demonstrate more rapid dewatering 

and a higher porosity in the dried paper. The retention polymer is added, followed by the 

microparticle. The polymer adsorbs onto the particle surface, and the subsequent 

microparticle adsorbs onto the protruding tails. The bridging is most effective at 50% 

surface coverage, and higher surface coverage reduces the flocculation (Solberg, 2003).  

Flocculation can occur between the cationic polymer and the anionic fibre surface, or 

between the cationic polymer and the anionic microparticle, as can be seen in Figure 6  
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(Swerin, 1995). It is assumed that the microparticle doesn’t adsorb to the fibre surface due 

to electrostatic repulsion. If the microparticle dosage exceeds optimal all the cationic 

polymer sites will be saturated with microparticle and the flocculation will decrease (Cho 

& et, 2006).  

 
 

Figure 6. Schematic illustration of flocculation in a two-component system where flocculation 
occurs either by: a) polymer and microparticle, or b) between polymer and fibre surface (Swerin, 
1995). 

One of the advantages to the microparticle system is that the system can reflocculate, due 

to the fact that polymer chain cleavage can be avoided, since it is suggested that the 

bridging occurs primarily between the polymer and the microparticle. The larger flocs are 

broken down, but reflocculates as smaller flocs. It is also suggested that polymer and 

microparticle complexes formed in the stock might act as flocculants (Swerin, et al., 

1993). Reflocculation can also occur in the sheet, resulting in improved dewatering due to 

increased porosity (Eklund & Lindström, 1991). 

 

 Charge determination 

Most materials dispersed in water carry an electrical charge, and that charge can be 

measured by polyelectrolyte adsorption of an opposite charged high molecular weight 

polyelectrolyte, using streaming potential measurement as indicator. A given amount of 

the sample in question is placed in a measuring cell where a piston moves back and forth, 

as pictured in Figure 7.  

 

 
Figure 7. Schematic picture of the set-up, display (1), electronics (2), electrodes (3 and 4), 
measuring cell (4), oscillating piston (5) and motor (6) (BTG, September 2017). 
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The colloidal material in the sample will by van der Waals forces adhere to the plastic 

surface of the measuring cell and the piston. When the piston oscillates in the measuring 

cell the counter ions of the diffuse layer will be sheared from the adsorbed particles, thus 

creating an electrical current that can be measured and converted into a streaming potential 

value.  

The sample is titrated with an oppositely charged polyelectrolyte until the charges of the 

sample is neutralized and the streaming potential has reached zero (0 mV). The added 

titrant in ml is used to calculate the samples charge demand in eq/l by the formula in Eq 2. 

 

 

𝑞 =
𝑉 ∗ 𝑐

𝑚
 

 

Where q is the specific charge density (eq/g) and V is the consumed volume of titrant (l), c 

is the concentration of the titrant (eq/l), and m is the weight of the sample (g) (BTG, 

September 2017). 

 

Indirect polyelectrolyte titration can be used to determine the fibre charge according to 

Horvath and colleges (Horvath & Lindström, 2007) (Horvath, et al., 2006). A cationic 

polyelectrolyte is added in excess and adsorption takes place. The solution is filtered and 

the filtrate is titrated to determine the fibre surface charge.  

 

The material dissolved in the white water consists of inorganic and low molecular weight 

organic salts, anionic organic compounds with medium weigh, as well as the anionic 

colloidal material. These substances affect polymer adsorption in different ways. High salt 

concentrations increases the conductivity in the white water, and acts as shields for 

electrostatic interactions and altering polymer conformation to a more coiled 

conformation, thus lowering the polymer effect. This can be overcome by adding a 

polymer with a higher charge density, as this regains the electrostatic attraction. High salt 

concentrations lowers flocculation in both single polymer systems and microparticle 

systems. The single polymer system is more sensitive to high salt concentrations than the 

microparticle one. The higher weight compounds together with colloid material can form 

polyelectrolyte complexes, which reduces the polymer charge. This can be compensated 

with higher polymer addition. A high concentration of particles in the white water is to 

prefer, as it contributes to higher collision frequency, which is a factor that favours 

bridging over patching (Norell, et al., 1999).  

 

Fibres are highly porous, thus allowing the lower molecular weight polymer to enter into 

pores in the fibre walls, leading to a somewhat misleading result. The presence of fines is 

another factor that influence the polyelectrolyte adsorption to fibres. Fines have a large 

surface area and will therefore adsorb a high amount of polyelectrolyte even at lower 

amounts (Wågberg, 2000). Kŭna et al found that a single component polymer retention 

system showed negligible effect on the charge demand, while a two or three component 

system decreased the charge demand (Kuňa, et al., 2016). 

 

[Eq. 2] 
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 Zeta potential  

Zeta potential is a semi-quantitative way to determine the surface charge of fibres. Studies 

have shown that a zeta potential value close to zero gives the best conditions for paper 

making (Bhardwaj, et al., 2005). The streaming potential is measured when the counter 

ions are sheared off. The sample is placed in a beaker and vacuum sucks the pulp solids 

into the measuring cell there a plug of fibres and fines are formed on a screen, the pulp 

plug being a stationary phase. After the pulp plug is stabilized a set pressure variation is 

applied and the white water is oscillated through the plug, pictured in Figure 8. The 

moving liquid shears off the counter ions of the stern layer which can be measured as a 

streaming potential. This value can then be calculated into the zeta potential (BTG, 2016). 

The particle speed is dependent upon the shear plane between liquid and particle, and this 

potential is the zeta potential.  

 
Figure 8. Schematic of zeta potential measurement ( (BTG, 2016).  

 

In laboratory studies it have been shown that optimum papermaking can be achieved when 

the zeta potential is close to zero. Bhardwaj et al found in a study of cationic polymer 

influence on zeta potential that addition of cationic chemicals resulted in a decrease in zeta 

potential, the dosages ranging from 0.05% to 0.3%  of dry pulp. This translates to 500 g/t 

to 3 kg/ton. At 0.5% dose level the zeta potential was -1.3 mV. There are no absolute 

numbers given for the lower dosages, but looking at the figures it is estimated that the 

0.05% addition of polymer results in zeta potential ranging from -18 to about -12 mV, with 

a reference of -20 (Bhardwaj, et al., 2005).  

In other studies it has been shown that when it comes to bridging the zeta potential can 

remain negative as the polymer only has to expand through the combined electrostatic 

double layers of the of the particles (Lindström, et al., 1976) (Hubbe, 2005). Microparticle 

retention systems mainly flocculate through bridging, thus the zeta potential value need 

not be zero, but can remain negative (Solberg, 2003). This corresponds with Kŭna et als 

findings that the effect on zeta potential was negligible, and remained negative even when 

flocculation was detected in other measurements (Kuňa, et al., 2016). 
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 Drainage measurements 

 To determine the drainage time the pulp suspension is stirred in a stirring chamber. After 

addition of chemicals the suspension is exposed to shear forces, imitating mill conditions. 

The suspension is then filtered through a screen. The time for collecting 800 ml of water is 

noted and used to determine the drainage time (BTG, 2016). The procedure is pictured in 

Figure 9.  

 

Bhardwaj et al. (2005) studied the drainage time for a number of retention polymers at 

different dosages. At 0.05% dosage the results were found to improve, i.e. decrease,  

drainage times with a with a maximum 52% reduction. With addition of 0.5% the drainage 

time was improved with 82% (Bhardwaj, et al., 2005). Kŭna et al showed that the drainage 

time is improved by using a two component system. The best results were obtained in a 

three-component system (Kuňa, et al., 2016). 

 

 
Figure 9. Schematic of drainage time measurement (BTG, 2016). 
 

 Turbidity 

Turbidity can be used as a measurement of retention. Turbidity is a measurement of 

colloidal matter suspended in water, and can be used to assess the amount of such material 

present in a sample. The light-transmitting properties of water is prevented by the colloidal 

matter that either scatters or absorbs the light, and thus preventing transmission. Turbidity 

values were recorded in nephelometric turbidity units (NTU) (Wong & al, 2006). Kŭna et 

al found that turbidity was increased using a two or three component system (Kuňa, et al., 

2016). 
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 EXPERIMENTAL 
 

 Material 

A total of 3 cationic retention polymers from two different companies were used in this 

thesis, polymer A, B and C. One anionic retention microparticle from one of the suppliers 

was also used. No specified information about the polymer were given by the suppliers, 

but as far as we know polymer A and B are cationic polyacrylamides (C-PAM), and 

polymer C is a amphoteric polyacrylamide (amph-PAM). The microparticle used was a 

colloidal silica, silica-sol, but no specifications on particle size was presented, though it is 

presumed to be small.  

Pulp was obtained from after the machine chest on PM4, Gävle Mill. The pulp used was 

bleached mixture of hardwood and softwood. White water (process water) from PM4 was 

also used in the experiments. Calcined clay was obtained from the mill, and the AKD used 

was provided by Kemira Kemi AB. Calcined clay (or metakaolin) (Al2O3 * 2·SiO2 * 2 

H2O) is added in the process because of its relative high brightness (92.5 %) which 

improves opacity and it gives a visually smoother surface to the paper.  

Charge determinations were performed on a Mütek™ PCD-05 Smart from BTG. For the 

charge determinations the cationic polyelectrolyte used was polydimethyl diallyl 

ammonium chloride (poly-DADMAC), 0.01 N and the anionic polyelectrolyte was sodium 

polyethylene sulphonate (PES-Na), 0.01 N from BTG. 

Zeta potential measurements were performed on a Mütek™ SZP-10 Standard from BTG.  

Drainage measurements were performed on a Mütek™  DFR-05 (BTG). The 60 mesh 

screen was used, and the parameters set to simulate mill processes. 

Turbidity was measured on a Turbiquant Turbidimeter from Merck. 

The average of three measurements for each sample was used to calculate the average 

values for all measurements but the drainage, where only a single measurement was 

performed.  

Testing was carried out at a constant room temperature of about 22 ◦C. 

 

 Preparation of chemicals and pulp 

Stock solutions of the polymers were prepared (1%). Polymer A and B that arrived in a 

liquid form, were diluted with tap water, while polymer C, a granulate, was dissolved and 

diluted with deionized water per the manufacturer’s instructions. The polymers were 

stirred for a minimum of 24 hours before further dilution to 0.1%, and stirred for an 

additional 2 hours before testing. The calcined clay and AKD was diluted to suitable 

concentrations (0.1%) with tap water.   

The pulp was diluted with white water to 0.2%. The white water was sampled from the 

short circulation of PM4 and consists of recirculated process water with fines, fillers and 

colloidal material from the production. Calcined clay was added to the pulp mixture at a 

dosage level corresponding to that of the mill. A new pulp batch was prepared for each 

experiment. Important to notice is that the white water is perishable goods, and this will 

affect turbidity and charge demand for the different batches.  
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 Pulp charges and water used for dilution 

An investigation of how the pulp charge varies with tap water respectively white water 

was performed. Pulp from after the machine chest was diluted with tap water and white 

water respectively, and charge demand and zeta potential was measured.  

 

 Characterization of polymers   

The polymers charge was determined using charge determination according to the 

principle in Section 2.6 with opposite polyelectrolyte. Depending on their charge dilutions 

had to be performed to obtain a qualitative measurement.  

 

 Characterization of fibres 

Fibre surface charge was determined according to the principle of indirect titration 

described in Section 2.6.  Two determinations were made, with pulps extracted at two 

different occasions. The pulp was thoroughly washed with deionized water three times and 

diluted to a concentration around 0.5%. One determination with unwashed pulp was also 

performed to get an estimate of the colloidal materials contribution.  

 

 Pre-study: Polymer and microparticle behaviour 

In order to investigate the effect of polymer and polymer and microparticle addition to the 

pulp, and to fine tune the settings a series of measurements were performed. Polymer B 

was used in this pre-study as its charge was presumed to be in the mid-range. The effect 

was evaluated with dewatering time, charge determination, zeta potential and turbidimeter.  

 

 Retention study 

A fresh pulp batch was prepared for each polymer. Calcined clay was added to the pulp 

suspension at mill dosage. A sample was extracted from the batch and transferred to the 

DFR for measurement. AKD, retention polymer and retention microparticle was added at 

set time and speed intervals to simulate mill processes. The AKD was fixed at 

corresponding mill dosage while the retention polymer and retention microparticle dosage 

was varied between 200, 400 and 600 g/t as pictured in Table 1. The dosage points were 

chosen in an interval overlapping the current mill dosage. 

 
Table 1. Trial planning for retention study.  

  AKD Polymer Microparticle 

 (g/t) (g/t) (g/t) 

Ref  1.7 0 0 

P2MP2 1.7 200 200 

P4MP2 1.7 400 200 

P6MP2 1.7 600 200 

P2MP4 1.7 200 400 

P4MP4 1.7 400 400 

P6MP4 1.7 600 400 

P2MP6 1.7 200 600 

P4MP6 1.7 400 600 

P6MP6 1.7 600 600 
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 RESULTS AND DISCUSSION 
The results from the trials will be presented and discussed in separate sections. The 

complete datasets from the measurements is found in Appendix 1. Charge demand is 

referred to as ”charge” in this section.   

 

 Pulp charges and water used for dilution 

The results from the measurements are shown in Table 2.  

The tap water carries a slight positive charge, thus rendering the charge of  pulp 

suspension close to zero when added. This value was deemed too low to carry out 

experiments, as the polymers, carrying a positive charge might overcharge the system even 

at lower dosages, rendering the charge positive. If the system is positively charged the 

cationic polymer can’t adsorb to the then cationic fibre surface. The white water carries a 

negative charge, within a region where the polymers will not be likely to overcharge the 

system and the fibre surface remains anionic.  

 
Table 2. Fibre surface charge in tap water and white water. 

Sample Surface charge  Z-potential 

  (µeq/g) (mV) 

Tap water 0.05 - 

White water -39 - 

Fibres in tap water -9 -10.5 

Fibres in white water  -61 -18.1 

 

 Characterization of polymers and fibres 

4.2.1 Polymer characterization 

The results, shown in Table 3. The polymers provided by the manufacturer was defined as: 

A: Medium charge and medium molecular weight 

B: High charge and low molecular weight 

C: Highly charged and amphoteric 

In a previous study (Seo, et al., 2016) molecular weighs and charge densities were stated. 

Polymer A and B can be defined as a low charge density polymers and polymer C as a 

low-medium charge density polymer. The exact weights aren’t known for any of the 

polymers, but polymer A is stated as a medium weight polymer (7-9 Mg/mol) and polymer 

B as a low molecular weight polymer ( <6 Mg/mol). The molecular weight for polymer C 

is unknown.  

The results for polymer A and B isn’t in accordance with the stated specifications from the 

manufacturer. Polymer A shows a higher charge than polymer B, despite information that 

the relationship should be reversed. Polymer C shows the highest charge of all the tested 

polymers, indicating it contains a high cationic degree.  

 
 



 

 

 

4-20 

 

 

Table 3. Surface charge for polymers.  

Polymer Surface charge 

 (µeq/g) 

A 533 

B 227 

C 856 

 

4.2.2 Characterization of fibres 

The fibres where characterized washed and one sample unwashed. The results are 

presented in Table 4. The difference between the samples was 12%. The results indicate 

that the charge varies somewhat over time, and that the contribution from the colloidal 

material (8%) might be neglected due to the fibre charge variation. X and Y stands for 

samples taken at different days.  

 
Table 4. Surface charge for fibres.  

Sample 
Surface 
charge  

  (µeq/g) 

Washed, X  4.95 

Washed, Y 4.43 
Unwashed, 
Y 4.86 
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 Pre-study: Polymer and microparticle behaviour 

4.3.1 Drainage time  

In the pre-studies polymer B, and polymer B and microparticle was added to a pulp 

suspension of pulp and white water without AKD and calcined clay. A reference sample 

consisting of pulp and white water was also tested. The results for drainage time are 

presented in Figure 10 and Figure 11. With only the polymer added the drainage time was 

more or less constant even when polymer dosage was increased 8 times. These results 

contradicts the earlier findings by both Swerin et al (1993) and Bhardwaj et al (2005), that 

concluded that addition of only cationic polymers resulted in increased flocculation and 

improved drainage time.  

 

With the addition of the microparticle the drainage time was lowered with a maximum 

23% compared to reference. The results suggest that flocculation occurs by a microparticle 

and polymer bridge, thus improving drainage times. This result is in conclusion with 

Swerin et al (1993) and Kŭna et al (2016) findings. The results indicate that the optimum 

dosage is found at 400 g/t microparticle and 600 g/t polymer. With higher additions the 

drainage time increase again, which implies that the system is saturated and flocculation 

decreases. 

 

  
Figure 10. Drainage time with only polymer added. 
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Figure 11. Drainage time with polymer and microparticle added.  
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4.3.2 Turbidity 

Addition of polymer show a decrease in turbidity, Figure 12, meaning that the polymer 

improves the retention of fines and colloidal material. The results are almost linear with 

polymer dosage (R=0.97). This suggests that flocculation has occurred, and that the 

colloidal materials can adsorb to the polymer. This is in conclusion with earlier findings by 

Bhardwaj (2005) and Swerin (1993).  

 

After addition of the microparticle, Figure 13, an initial reduction can also be noted, but 

here the relationship is the reverse, the lowest turbidity is seen at the lower polymer dosage 

points, while the higher polymer dosage produces higher turbidity than the reference. This 

suggests that the microparticle impairs the flocculation and that either microparticle and/or 

colloidal material can’t adsorb to the polymer resulting in higher turbidity at higher 

microparticle dosages. This may be explained with the polymer configuration. The 

improvement is in accordance with the findings of Kŭna et al (2016). As previously 

mentioned white water is perishable goods, and therefore variations in the turbidity can be 

seen between the batches. 

 

  
Figure 12. Turbidity when only polymer added. Relative standard deviations can be found in 
Appendix section, Table 10.   
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Figure 13. Turbidity with polymer and microparticle added. Relative standard deviations can be 
found in Appendix section, Table 12.   
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4.3.3 Charge demand  

Addition of polymer by itself had little to no effect on the suspensions charge demand, 

implicating that the anionic material in suspension is not adsorbed onto the fibres. The 

addition of polymer and microparticle produced a surface charge reduction compared to 

the reference. This effect is believed to be due to flocculation, which allows for some of 

the colloidal material in solution to be adsorbed. These results are supported by the 

findings of Kŭna et al (2016). The results can be seen in Figure 14 and Figure 15. 

    
Figure 14. Charge demand with only polymer added. 
 

  
Figure 15. Charge demand with polymer and microparticle added. Relative standard deviations can 
be found in Appendix section, Table 13.   
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4.3.4 Z-potential 

The zeta potential for polymer and polymer and microparticle are very similar, shown in 

Figure 16 and Figure 17. They show a slight reduction in zeta potential with added 

polymer. The polymer on the fibre surface adsorbs cationic colloidal material rendering 

the surface a slightly more positive charge. There microparticle appear to have a minimal 

impact on the zeta potential. This is in conclusion with Bhardwaj et al (2005), thought the 

zeta potential is not affected in the same degree, this might be to the polymer used. Also 

Kŭna et al (2016) found that the effect on zeta potential was negligible.  

 

    
Figure 16. Z-potential when only polymer added. Relative standard deviations can be found in 
Appendix section, Table 11.   
 

 

  
Figure 17. Z-potential with both polymer and microparticle added. Relative standard deviations can 
be found in Appendix section, Table 13.   
 

 

-25

-20

-15

-10

-5

0

0 200 400 600 800 1000 1200

Z
-p

o
te

n
ti

al
 (

m
V

)

Polymer dosage (g/t)

Polymer B

-25

-20

-15

-10

-5

0

0 200 400 600 800

Z
-p

o
te

n
ti

al
 (

m
V

)

Polymer dosage (g/t)

Ref MP200 MP400 MP600



 

 

 

4-27 

 

 

The effects on drainage and turbidity from the pre study is shown in Table 5 (single 

component system) and Table 6 (microparticle system). The drainage time for the single 

polymer system shows an increase in drainage time, while the microparticle system shows 

a maximum improvement of 23%. The turbidity for the single polymer system shows a 

maximum 37% improvement, while the microparticle system show a maximum 21% 

improvement.  
 
Table 5. Effect of polymer dosage for polymer B in the pre study. 

Dose 
polymer 

Improvement in 
drainage  

Improvement in 
turbidity 

(g/t) (%) (%) 

200 -3% 7% 

400 -10% 19% 

600 -3% 24% 

1000 -6% 37% 

 
Table 6. Effect of polymer and microparticle dosage for polymer B in the pre study. 

Dose 
polymer Dose microparticle  

Improvement in 
drainage  

Improvement in 
turbidity 

(g/t) (g/t) (%) (%) 

200 200 23% 21% 

400 200 19% 12% 

600 200 2% 0% 

200 400 16% 18% 

400 400 21% 15% 

600 400 23% 3% 

200 600 21% 14% 

400 600 11% 11% 

600 600 5% -14% 
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 Retention study 

For the retention study mill conditions were imitated by addition of AKD and calcined 

clay. 

4.4.1 Drainage 

Polymer A displays an inconsistency, but the indications are that the drainage time 

decreases with microparticle dosage. The fact that the drainage time for polymer dosage 

200g/t at microparticle dosage of 600g/t is higher than the reference might be explained 

with inconsistencies in the pulp mixture. Results shown in Figure 18. 

The results for polymer B also indicates reduction of drainage time with an increased 

polymer and microparticle dosage. The higher value for polymer dosage 600 g/t at 

microparticle dosage of 600 g/t indicates that the maximum dosage have been exceeded 

and the high amount of microparticle prevents flocculation due to saturation of the 

polymer, thus reducing the drainage time. It is difficult to explain why the improvement 

decreases at 400 g/t polymer and 200 g/t microparticle is used. Results shown in Figure 19.  

 For polymer C it is evident that the polymer dosage improves the drainage time and that 

microparticle dosage improves drainage time up to 400 g/t, after that the effect is 

diminished and the drainage time starts to increase. This is again explained with over 

dosage of microparticle and saturation of the polymer adsorption sites. The peak at 400g/t 

polymer and 600 g/t microparticle might be explained with inconsistencies in the pulp 

mixture, as it can be seen in turbidity and charge demand as well. Results shown in Figure 

20. 

The improved drainage times corresponds to the Bhardwaj and Kŭna studies, with polymer 

C showing results in line with 0.5% addition of polymer. 

A drop in drainage time can be seen for all polymers. Polymer A displayed a maximum 

decrease of 38%, polymer B 31% and polymer C 68%. Polymer C shows the highest 

improvement of drainage time at all polymer dosages, but for all polymers the optimal 

dosage seems to be found at 400g/t microparticle. The results are displayed in Table 7, 8 

and 9. 
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Figure 18. Drainage time for polymer A. 

 

  
Figure 19. Drainage time for polymer B. 
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Figure 20. Drainage time for polymer C. 
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4.4.2 Turbidity  

The turbidity for polymer A is improved, i.e. reduced with increased polymer dosage, 

compared to the reference, displayed in Figure 21. The reduced turbidity suggests that the 

polymer induced flocculation of the colloidal material to the fibres. The outliers at polymer 

dosage 200 g/t and microparticle 600 g/t cannot be explained. At polymer 600 g/t and 

microparticle 600 g/t the results show higher turbidity than the reference, which may be 

due to inconsistencies in the pulp suspension as this is also visible in drainage time. With 

exception for the outliers the turbidity appears stable with a slight decrease with added 

polymer, indicating that the added polymer contributes to flocculation, thus adsorbing 

colloidal material. 

The polymer B results, shown in Figure 22, indicate that the polymers low charge isn’t 

sufficient to induce major flocculation at low dosages. The turbidity improves with 

increased polymer and microparticle dosage up to 400 g/t after that it starts to increase. 

This might be due to an over charge of the system, where the microparticles has saturated 

the polymer, resulting in higher turbidity. There is no explanation for the outlier at 

polymer dosage 400 g/t, micro particle dosage 600 g/t.  

The efficiency of polymer C is impressive, even at lower dosages, displayed in Figure 23. 

The turbidity decreases with increasing polymer addition, indicating efficient flocculation. 

The turbidity also decreases with increasing microparticle addition up to 400 g/t 

microparticle. The decrease with increasing microparticle addition indicate that the 

microparticle induce flocculation, increasing the retention by binding the compounds 

together. At 600 g/t microparticle the system has reached its maximum and an increase in 

turbidity can be seen. The outlier at 400 g/t polymer, 600 g/t micro particle is also visible 

in drainage time and charge demand, and might be explained with inconsistencies in the 

pulp mixture.  

A drop in drainage time can be seen for all polymers. Polymer A displayed a maximum 

decrease of 42%, polymer B 26%, and polymer C 77%. For all polymers the maximum is 

found at a polymer dosage of 600 g/t and microparticle dosage of 400 g/t. The results 

correspond well with the findings of Kŭna et al. 
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Figure 21. Turbidity for polymer A. Relative standard deviations can be found in Appendix section, 
Table 14.   
 

 

  
Figure 22. Turbidity for polymer B. Relative standard deviations can be found in Appendix section, 
Table 16.   
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Figure 23. Turbidity for polymer C. Relative standard deviations can be found in Appendix section, 
Table 18.   
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4.4.3 Charge demand 

The charge for polymer A is slightly higher than reference for microparticle dosage 200 g/t 

and after that decreases with microparticle dosage, the detected effect of the polymer is 

very small. The results indicate that the microparticle is present in the water phase at 

dosages higher than 200 g/t, rather than adsorbed to the fibres. The outlier for polymer 

dosage 600 g/t and microparticle 400 g/t cannot be explained. The results can be seen in 

Figure 24.  

Polymer B demonstrates similar results as for polymer A, but with a higher impact on the 

charge, more of the anionic microparticle is present in the water phase. This is logical as 

polymer B is less charged than polymer A. The outlier present at polymer 200 g/t and 

microparticle 600 g/t cannot be explained. Results shown in Figure 25. 

The same trend as for polymer A and B can also be seen for polymer C. The charge 

decreases with microparticle dosage, indicating that the anionic microparticle can be found 

in the water phase. The results are shown in Figure 26. 

The charge demand correlates to microparticle dosage, rather than polymer dosage.  

 

  
Figure 24. Charge demand for polymer A. Relative standard deviations can be found in Appendix 
section, Table 15.   
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Figure 25. Charge demand for polymer B. Relative standard deviations can be found in Appendix 
section, Table 17.   
 

 

  
Figure 26. Charge demand for polymer C. Relative standard deviations can be found in Appendix 
section, Table 19.   
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4.4.4 Zeta potential 

Polymer A, Figure 27, with a relatively high charge show an increase in zeta potential at 

the highest dosage point for 200 and 400 g/t microparticle, while it decreases at 600 g/t, 

this might be due to the high amount of microparticle present.  

For polymer B, Figure 28, the least charged polymer, the increased dosage of polymer or 

microparticle show no effect, but remain constant over all dosage points.  

Polymer C, Figure 29, which have the highest charge of all polymers show a decrease in 

zeta potential with increasing polymer dosage. This might be due to more microparticle 

being able to adsorb with more polymer on the fibre surface. This trend is not seen with 

the other polymers and might be explained with polymer C being more cationic.  

The zeta potential is lowered compared to the reference for all polymers, though the effect 

is more significant the higher the polymer charge is. It appears as though the polymer 

flocculates the microparticle to fibre surface, thus rendering it more negative.  

 

  
Figure 27. Zeta potential for polymer A. Relative standard deviations can be found in Appendix 
section, Table 15.   
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Figure 28. Zeta potential for polymer B. Relative standard deviations can be found in Appendix 
section, Table 17.   
 

 

  
Figure 29. Zeta potential for polymer C. Relative standard deviations can be found in Appendix 
section, Table 19.   
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4.4.5 Effects of polymer and particle dosage 

For polymer C a linear dependence for drainage and turbidity was found, shown in Figure 

30. Decreased turbidity is directly related to decreased drainage time. This suggests that 

the effective flocculation of polymer C is able to adsorb a large amount of the fine material 

to the fibres, thus reducing both drainage time and turbidity. This relationship is expected 

for all microparticle retention systems (Kuňa, et al., 2016). This relationship was not as 

strong for polymer A, and not found for polymer B, Figure 31 and 32. If the outlier is 

removed for polymer A the dependence is improved (R2 = 0.81).  

 

 
Figure 30. Dependence between drainage time and turbidity for polymer C for all polymer and 
microparticle dosages. 
 

  
Figure 31. Dependence between drainage time and turbidity for polymer A for all polymer and 
microparticle dosages. 
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Figure 32. Dependence between drainage time and turbidity for polymer B for all polymer and 
microparticle dosages. 

 

The effects of the retention study for turbidity and drainage is given in Table 7 for polymer 

A, Table 8 for polymer B and Table 9 for polymer C. As mentioned earlier the best results 

for both drainage time and turbidity was given by polymer C. 

 

Table 7. Effect of polymer and microparticle dosage for polymer A.  
Dose 

polymer Dose microparticle 
Improvement in 

drainage 
Improvement in 

turbidity 

(g/t) (g/t)   
200 200 31% 29% 

400 200 24% 39% 

600 200 24% -4% 

200 400 14% 29% 

400 400 34% 37% 

600 400 31% 42% 

200 600 -7% -6% 

400 600 21% 33% 

600 600 38% 42% 
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Table 8. Effect of polymer and microparticle dosage for polymer B.  
Dose 
polymer Dose microparticle  

Improvement in 
drainage  

Improvement in 
turbidity 

(g/t) (g/t)   
200 200 20% 9% 

400 200 8% 18% 

600 200 24% 22% 

200 400 4% -15% 

400 400 24% 14% 

600 400 31% 26% 

200 600 16% -5% 

400 600 20% -31% 

600 600 10% 20% 

 

 

 
Table 9. Effect of polymer and microparticle dosage for polymer C.  

Dose 
polymer Dose microparticle 

Improvement in 
drainage 

Improvement in 
turbidity 

(g/t) (g/t)   
200 200 -8% 35% 

400 200 57% 68% 

600 200 57% 73% 

200 400 41% 61% 

400 400 62% 72% 

600 400 68% 77% 

200 600 30% 52% 

400 600 5% 47% 

600 600 54% 68% 
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 Summary  

Addition of a single component retention polymer system doesn´t affect drainage time, 

charge demand or zeta potential, as shown in the pre study. It is first when a two 

component microparticle retention system is used that an effect can be seen. The drainage 

time show a decrease in the two component system. This was also observed by Kuňa et al 

(2016). The flocculation appears most effective when the polymers can bridge with the 

microparticle, creating bigger flocs that results in a decreased drainage time. Flocculation 

occurs in the single component system, this is evident in turbidity measurements, where a 

decrease can be seen. For the single component system the effect is almost linear with 

polymer dosage, while in the two component system the relationship is reversed, the 

turbidity is lower at lower dosages of polymer and increases with polymer dosage. The 

effect of the microparticle is very small. This suggests that the polymer by itself has the 

ability to flocculate the fine material, but not efficient enough to affect drainage, while the 

addition of a microparticle affect the floc size, thus reducing drainage time. There is no 

significant effect on either charge demand or zeta potential in the two systems and their 

behaviour is very equivalent.  

In the retention study it is shown that a higher charge is more effective when it comes to 

drainage time. Polymer C, with the highest charge show a decrease in drainage time with 

68% compared to 38% for polymer A and 31% for polymer B. The polymer charge affects 

flocculation by adsorbing fine material, thus decreasing drainage time. There is also an 

effect from the microparticle, showing a decrease with microparticle dosage, up to 400 g/t. 

At 600 g/t the effect is instead an increase for polymer B and C, which suggest that the 

systems have been saturated, as suggested by Cho et al (2006). 

A linear dependency for drainage time and turbidity is evident for polymer C, but also for 

polymer B after removal of an outlier. This is as expected, as the retention system is able 

to flocculate the fine material to the fibre surface, and this will affect both drainage time, 

making the dewatering easier, and turbidity as the fine material is adsorbed to the fibre 

surface. This relationship, as drainage and turbidity, is dependent on the polymer charge. 

The higher charged polymer can more efficiently bridge the fibre and particles together. 

Polymer B displays a linear dependency for microparticle dosage 200 and 400 g/t with an 

outlier removed, Figure 33, indicating that the system is more easily saturated than the 

systems consisting of polymers with higher charge.  
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Figure 33. Dependence between drainage time and turbidity for polymer B for all polymer dosage 
and microparticle dosages 200 and 400 g/t with outlier removed. 

 

The charge demand, measured on the filtrate, show a decrease with microparticle dosage 

for all three polymers. This suggests that a portion of the added microparticle is present in 

the water phase. As the retention systems show a decreased drainage time while the single 

component polymer system in the pre study did not it is evident that the microparticle is 

indeed responsible for this effect, but the polymer isn’t able to adsorb all of the 

microparticle added.  

The zeta potential for all three polymers show an initial decrease, suggesting that the 

microparticle have been adsorbed onto the fibres rendering it more anionic. But the 

subsequent addition of higher dosage of microparticle doesn’t show any further decrease, 

suggesting that the polymers doesn’t adsorb any additional microparticle. This is supported 

by the findings in the charge demand measurements, where the filtrate is rendered more 

negative with every microparticle dosage.  

In this study the formation hasn’t been investigated, as it is nearly impossible to 

investigate the effects on a laboratory scale. Most of the effects will only be seen on a mill 

scale (Carlsson 2020). Instead the focus has been to find the polymer that show the best 

retention. The chosen way to investigate retention was through turbidity, as this shows the 

retention systems effectiveness of remove fine material from the white water, and by 

measuring drainage time. Reduced drainage time suggests that a high degree of the fine 

material has been flocculated to the fibres. Polymer C has proven to be the most promising 

candidate. These results seem to stem from polymer C high charge. If the results can be 

related to the fact that it is an amphoteric polymer is hard to know. Lu et al (2001) reported 

that an amphoteric polymer is more effective than a cationic polymer, and that the anionic 

and cationic parts can function under different circumstances, but as polymer A and B are 

less charged this effect cannot be investigated. Saturation of polymer sites occurred with 

the higher microparticle dosage, suggesting that a microparticle dosage of 400 g/t or lower 

will be sufficient. 
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CONCLUSION 

 Principle findings 

 

The objective of this study was to investigate how different polymers affected retention. 

From the laboratory trials the following conclusions could be drawn: 

 

 Retention polymer addition affects drainage time and turbidity. The magnitude of 

the effect is dependent on the polymer charge.  

 

  The charge demand is not affected by addition of a retention polymer to any great 

extent, but strongly dependent on addition of the retention microparticle.  

 

 The zeta potential of the fibres decreases in the polymer/microparticle system. 

Higher charged polymer gives a larger change with increase in polymer dosage.   
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 Future work 

Future work could be to expand the laboratory trials to include additional retention 

polymers. It would also be interesting to study the effect of different retention 

microparticles as different microparticles size and charge interacts differently with the 

polymer hence displaying differences in flocculation characteristics. A three component 

retention system could also be one way to continue.  

It would be interesting to examine the effects of polymer C at mill scale. Since the 

laboratory trials proved polymer C to effectively improve drainage time and turbidity it 

would it would be of great value to explore if this is true also on a mill scale, and if it 

effects the runnability.  
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 APPENDIX 

 
Table 10. Drainage time and turbidity from pre study with polymer B alone. 

Dose 
polymer Dose microparticle  

Drainage 
time   Turbidity 

(g/t) (g/t) (s) (NTU) 

      Mean value  ± 

0 0 31 61.2 0.5 

200 0 32 56.7 1.9 

400 0 34 49.6 1.0 

600 0 32 46.2 0.2 

1000 0 33 38.9 0.5 

 
Table 11. Charge demand. Zeta potential and conductivity from pre study with polymer B alone. 

Dose 
polymer Dose microparticle  Charge demand Zeta potential Conductivity  

(g/t) (g/t) (µeq/g) (mV) (S/m) 

    Mean value  ± Mean value  ± Mean value  ± 

0 0 -99.7 3.8 -16.3 0.1 0.892 0.002 

200 0 -97.7 4.2 -16.3 0.2 0.879 0.004 

400 0 -94.7 6.7 -16.2 0.2 0.874 0.004 

600 0 -103.0 5.0 -15.6 0.1 0.859 0.008 

1000 0 -101.7 2.1 -15.2 0.1 0.851 0.003 
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Table 12. Drainage time and turbidity from pre study with polymer B. 

Dose 
polymer Dose microparticle  

Drainage 
time   Turbidity 

(g/t) (g/t) (s) (NTU) 

      Mean value  ± 

0 0 57 37,9 0,3 

       

200 200 44 29,8 0,6 

400 200 46 33,2 0,4 

600 200 56 37,8 1,6 

       

200 400 48 31,0 0,4 

400 400 45 32,0 0,3 

600 400 44 36,9 0,9 

       

200 600 45 32,7 0,3 

400 600 51 33,6 0,8 

600 600 54 43,0 1,0 
 

 
Table 13. Charge demand. Zeta potential and conductivity from pre study with polymer B. 

Dose 
polymer Dose microparticle  Charge demand Zeta potential Conductivity  

(g/t) (g/t) (µeq/g) (mV) (S/m) 

    Mean value  ± Mean value  ± Mean value  ± 

0 0 -77.7 2.1 -16.9 0.1 1.008 0.008 

          

200 200 -73.3 1.2 -16.9 0.2 0.988 0.005 

400 200 -71.0 1.7 -16.6 0.1 0.969 0.002 

600 200 -74.0 2.6 -15.7 0.3 0.916 0.004 

          

200 400 -69.0 1.0 -17.1 0.3 0.986 0.002 

400 400 -68.7 2.1 -16.4 0.1 0.951 0.001 

600 400 -77.0 3.8 -15.8 0.3 0.903 0.006 

          

200 600 -71.0 4.6 -17.1 0.2 0.969 0.009 

400 600 -72.7 2.6 -16.6 0.1 0.947 0.008 

600 600 -75.7 2.1 -16.0 0.1 0.900 0.006 
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Table 14. Drainage time and turbidity from laboratory trial with polymer A. 

Dose 
polymer Dose microparticle  

Drainage 
time   Turbidity 

(g/t) (g/t) (s) (NTU) 

      Mean value  ± 

0 0 29 28.2 1.2 

      
200 200 20 20.0 0.3 

400 200 22 17.3 0.3 

600 200 22 29.4 1.9 

      
200 400 25 19.9 0.6 

400 400 19 17.8 0.6 

600 400 20 16.3 0.2 

      
200 600 31 29.8 0.4 

400 600 23 19.0 0.2 

600 600 18 16.5 0.5 

 
Table 15. Charge demand. Zeta potential and conductivity from laboratory trial with polymer A. 

Dose 
polymer Dose microparticle  Charge demand Zeta potential Conductivity  

(g/t) (g/t) (µeq/g) (mV) (S/m) 

    Mean value  ± Mean value  ± Mean value  ± 

0 0 -57.7 3.1 -13.1 0.1 1.482 0.010 

          

200 200 -53.0 2.6 -17.5 0.1 1.484 0.005 

400 200 -59.0 1.2 -17.8 0.1 1.481 0.001 

600 200 -56.7 7.5 -16.6 0.1 1.461 0.002 

          

200 400 -86.3 1.0 -18.1 0.2 1.492 0.004 

400 400 -89.3 4.2 -18.6 0.1 1.482 0.003 

600 400 -42.3 3.1 -16.8 0.2 1.452 0.003 

          

200 600 -105.3 5.8 -17.3 0.1 1.501 0.001 

400 600 -108.7 1.5 -18.5 0.1 1.482 0.006 

600 600 -103.3 3.2 -19.1 0.2 1.483 0.006 
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Table 16. Drainage time and turbidity from laboratory trial with polymer B. 

Dose 
polymer Dose microparticle  

Drainage 
time   Turbidity 

(g/t) (g/t) (s) (NTU) 

      Mean value  ± 

0 0 49 35.1 1.3 

      
200 200 39 32.1 0.6 

400 200 45 28.7 2.0 

600 200 37 27.3 0.8 

      
200 400 47 40.3 0.8 

400 400 37 30.2 0.2 

600 400 34 26.0 1.1 

      
200 600 41 36.9 1.3 

400 600 39 46.0 0.8 

600 600 44 28.2 1.3 

 
Table 17. Charge demand. Zeta potential and conductivity from laboratory trial with polymer B. 

Dose 
polymer Dose microparticle  Charge demand Zeta potential Conductivity  

(g/t) (g/t) (µeq/g) (mV) (S/m) 

    Mean value  ± Mean value  ± Mean value  ± 

0 0 -27.7 3.5 -14.5 0.2 1.360 0.005 

          

200 200 -63.3 1.5 -16.5 0.2 1.352 0.005 

400 200 -60.3 3.2 -16.5 0.1 1.347 0.008 

600 200 -68.0 1.0 -16.3 0.1 1.342 0.008 

          

200 400 -95.3 2.1 -16.6 0.1 1.354 0.005 

400 400 -91.7 2.1 -16.6 0.2 1.343 0.008 

600 400 -93.7 2.3 -16.5 0.1 1.347 0.006 

          

200 600 -85.0 5.0 -17.0 0.2 1.369 0.006 

400 600 -116.7 2.3 -16.3 0.1 1.348 0.009 

600 600 -111.0 1.0 -16.2 0.1 1.332 0.008 
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Table 18. Drainage time and turbidity from laboratory trial with polymer C. 

Dose 
polymer Dose microparticle  

Drainage 
time   Turbidity 

(g/t) (g/t) (s) (NTU) 

      Mean value  ± 

0 0 37 43.3 2.1 

      
200 200 40 28.1 1.1 

400 200 16 14.0 1.0 

600 200 16 11.8 0.2 

      
200 400 22 17.0 0.9 

400 400 14 12.2 0.1 

600 400 12 10.1 1.6 

      
200 600 26 21.0 0.6 

400 600 35 22.8 0.2 

600 600 17 13.7 0.5 

 
Table 19. Charge demand. Zeta potential and conductivity from laboratory trial with polymer C. 

Dose 
polymer Dose microparticle  Charge demand Zeta potential Conductivity  

(g/t) (g/t) (µeq/g) (mV) (S/m) 

    Mean value  ± Mean value  ± Mean value  ± 

0 0 -23.7 2.9 -14.4 0.2 1.246 0.004 

          

200 200 -64.0 1.0 -17.8 0.1 1.254 0.020 

400 200 -65.7 1.2 -18.7 0.2 1.227 0.002 

600 200 -65.0 3.2 -18.7 0.1 1.214 0.005 

          

200 400 -89.3 3.1 -18.6 0.2 1.352 0.008 

400 400 -88.3 1.5 -19.6 0.1 1.355 0.008 

600 400 -88.0 4.6 -19.9 0.1 1.353 0.006 

          

200 600 -94.3 1.0 -18.4 0.2 1.352 0.008 

400 600 -120.3 1.7 -18.7 0.3 1.361 0.010 

600 600 -120.3 0.6 -20.7 0.2 1.370 0.005 

 

 


