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ABSTRACT

The article presents results of the elimination of sticky impurities from recovered paper 
in laboratory f lotation of three pulp suspensions with different whiteness, obtained directly from 
the production line before entering flotation. A combination of commercial agents releasing  
undesirable substances from recovered paper and means for regulation and stabilization of froth 
and modified micronized bentonit was used. In the f lotation purification of pulp suspension 
with a whiteness of 53%, the combination of Prodeink Extra, Prodeink AS10 and Hydrocol 
OT reduced the macrostickies content by 58%, the ash content decreased from 18.5% to 4.5%, 
the whiteness increased from 53% to 56.4% and the residual color content was reduced from  
385 ppm to 294 ppm. The pulp suspension with a whiteness of 64% showed a reduction in the content 
of macrostickies by 66%, a reduction in the ash content by 23.2%, an increase in whiteness 
by 1.4% and a reduction in the residual color content from 245 ppm to 194 ppm. The pulp 
suspension with a whiteness of 68.3% showed a decrease in the content of macrostickies by 58.1%, 
the ash content decreased from 35.7% to 6.3%, the whiteness increased by 1.1% and the content 
of residual color decreased from 157 ppm to 117 ppm.

KEYWORDS: Macrostickies, f lotation, bentonit, whiteness, residual color, ash content, 
recovered paper, pulp suspension. 
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INTRODUCTION

New environmental challenges  arise in paper industry in recent years and new solutions 
must be applied, as: retention systems (Kuňa et al. 2016, Mayr et al. 2017), decarbonization 
(Griffin 2018) and heat recovery systems (Pažitný et al. 2015, 2017), upgraded alkaline cooking 
processes (Balberčák et al. 2017, 2018), processing of wasted materials (Ihnát et al. 2020,  
Mašura et al. 2019), etc. The use of recycled fibers has been growing rapidly. Methods  
of their reuse are also developing (Russ et al. 2013) but they are difficult to put into practice.

In waste paper processing, handling processes of recycled fiber are more complex than  
the primary fiber processing because waste paper consists of a mixture of different types 
of fibers or types of paper. Another reason is the presence of pollutants and harmful substances 
that can contribute to the formation of sticky impurities (Pulz 2000). In order to meet the quality 
requirements, the pollutants must be removed. The term "purity" is commonly used with respect 
to optical, chemical, colloidal, microbiological and processing aspects (Holik 2000). Impurities 
and contaminants are gradually removed using various separation criteria, such as particle size, 
shape and deformability, density and surface properties of particles. Sequence of operations 
depends mainly on properties of the raw material and the required properties of the final product 
(Engstrand and Johansson 2009). In processing of recovered paper, there are two main ways 
of handling stickies: removal and/or elimination of stickies in the process of sorting, cleaning, 
f lotation, and bleaching (Sarja et al. 2007, Kuňa et al. 2018) and prevention against deposit 
formation through dispersion, fixation and stickiness removal

Flotation
Flotation is one way of separating undesirable parts from waste paper. Numerous approaches 

which define usable f lotation models are defined in the literature. Mixed models of the f lotation 
process try to combine the ideas used in the so-called chemical kinetic models with probabilistic 
models. One generally accepted model describes the ability of a dye to f loat, as the change 
in a dye particle per unit time in a given volume. Such a change depends on the number 
of collisions between the particle and the bubble in a unit volume per unit time (represented  
by zc, np, nb, where zc is the rate constant, and np and nb are numbers of parts and bubbles), and  
on the already mentioned individual probabilities of interaction P(C), P(A), and P(R):

dnp / dt = - zc np nb P(C) P(A) P(R)      (-)                                                                                (1)
 

where: P(C) depends on particle and bubble size as well as on hydrodynamic conditions; P(A) 
depends on the ratio of colored particle and bubble size, hydrophobicity and contact time; 
and P(R) depends on particle weight, contact angle, consistency and flow hydrodynamics.  

Efficiency of the f lotation process is depended on the surface and colloidal chemistry  
of the system, as well as on the types of equipment used for air dispersion, mixing and foam 
separation. 

Flotation in deinking process
In flotation, a large range of particles is distributed based on their surface properties  

(Amand 1997, Engstrand 2005). Flotation provides a high fiber yield but poor physical properties 
of the fiber due to the fines content of the fibers (Shammas 2010). During flotation, air  
is introduced into the low consistency pulp (0.8% -1.5%) and the hydrophobic particles  
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are brought to the top surface after connection to the air bubbles. The pigment-containing 
froth that has formed in the process is mechanically removed at the top of the f lotation cell,  
by overflow or vacuum (Lassus 2000). As mentioned, f lotation is based on the surface properties 
of the particles. It removes larger hydrophobic particles as opposed to washing, which removes 
hydrophilic particles.

Several partial surface chemical processes take place during flotation decolorization.  
The separation of the ink from the fibers, its agglomeration, f lotation and foaming are  
the main steps. Re-bonding of the ink to the fiber is undesirable, but it occurs and is particularly 
a problem for water-based inks. Agglomeration of paint particles is necessary to achieve f lotation 
because small particles do not bind to bubbles due to hydrodynamic forces. Ability of moving  
of the small particles is too low and these will follow the f low line around the bubble, while  
the larger particles collide with it and, under favorable conditions, interact and bond with 
each other. Collectors, often calcium fatty acid soaps, are used to achieve agglomeration and 
further improve the chemical interactions between the paint particles and the air bubbles  
(Engstrand 2005). 

Theoretically, f lotation should contribute to the efficient removal of micro stickies, due  
to their hydrophobicity, which facilitates the attachment of sticky particles to air bubbles in  
a manner similar to paint particles. In addition, unwanted particles are removed in the size 
range (10-100 μm) due to sorting (Engstrand 2005). Amount of 81% of the micro stickies are 
removed in the first f lotation stage. Post-flotation is able to remove both macro and micro stickies  
(Lassus 2000, Delagoutte 2008).

Most micro stickies that have been introduced into the process in the sorting step after 
dispersion are removed in post-flotation (Delagoutte 2008). However, certain conditions 
during flotation may result in reduction of hydrophobicity of the adhesive particles, leading  
to lower separation efficiency. This may be due to the time dependence of the surface tension  
of the adhesive particles, which leads to a reduction of surface tension of the stickies after  
the addition of the chemicals used in the decolorization in the f lotation stage. Another reason 
may be the adsorption of surfactants on the surface of stickies (Holik 2000). Poor removal  
of stickies in a favorable size range can also occur due to the disk structure of adherent particles 
that are not removed by air bubbles (Holik 2000).

MATERIAL AND METHODS

Three suspensions of pulp (VL5, VL1 and VL0) were prepared for combinations of three 
chemicals (Prodeink Extra, Prodeink AS10 a Hydrocol OT/Bentonit 4). Chemical charges  
(kg.t-1) are shown in Tabs. 1-3. Composition of recovered paper of the suspensions was: (1) VL5 
suspension – 92.5% mix of newspapers and magazines + 7.5% broke from paper machine, (2) VL1 
suspension – 13% mix of newspapers and magazines + 79.5% white office waste + 7.5% broke 
from paper machine, and (3) VL0 suspension –2,5% mix of newspapers and magazines + 90% 
white office waste + 7,5% broke from paper machine. Two mixtures of surfactants and two types 
of bentonites were used for laboratory f lotation as: (a) Prodeink Extra (Makokem d.o.o., Zagreb, 
Croatia) – a mixture of surfactants to release unwanted substances from the recovered paper,  
(b) Prodeink AS10 (Makokem d.o.o., Zagreb, Croatia) –a mixture of surfactants to control 
the froth during flotation, (c) Hydrocol OT (HOT) (Süd Chemie AG, Moosburg, Germany) 
- alkalized micronized bentonit with an average particle size of 4 μm, and (d) Bentonit 4(B4) - 
alkalized micronized bentonit with an average particle size of 6 μm.
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Laboratory f lotation
Laboratory f lotation tests were performed in the f lotation cell shown in Fig. 1, according 

to the procedure below. The basic suspensions, at a concentration of 1.2%, were homogenized  
by stirring for 1 min. Chemical 1 (Prodeink EXTRA) was added to the homogenized suspension. 
The sample was mixed and the chemical was allowed to act for 30 min. The required amount 
of chemical 2 (Prodeink AS10) was added. The sample was mixed again and the chemical 
was allowed to act for 10 min. The required amount of chemical 3 (Hydrocol OT) was added, 
after mixing the chemical was allowed to act for 10 min. A total of 2.6 liters of sample was taken 
and transferred to a f lotation device. After starting the f lotation device, in addition to mixing,  
the air supply was switched on. The amount of air was adjusted to bubble gently. The floated froth 
was removed continuously. After 10 min of f lotation, both stirring and air supply were stopped. 
Laboratory sheets were made from the f loated suspension, from which the required parameters 
were determined.

Fig. 1: Laboratory flotation machine (Petrovskaya 2007): (1) flotation machine, (2) support,  (3) rotor, 
(4) air inlet, (5) stator, (6) feed inlet, (7) froth discharging area, (8) release of tailings.   

Determination of stickies
For the determination of sticky impurities, a sample of 30 g was used, which was sorted  

in a laboratory sorter Sommerville on a 150 µm slice plate under constant rinsing. Sorting time 
was 20 min. The material captured on the sorting plate was quantitatively transferred using  
a Rapid-Kothen sheet-cutter to a filter paper of 220 mm diameter so that it is distributed evenly 
over its entire surface. Filter paper with the sorted substance was allowed to dry freely in the air. 
Sheets of sorted and dried material were placed between two clean filter sheets with a diameter of 
220 mm. They were pressed in a press with heated plates at a temperature of 160°C and a pressure 
of 2.5 MPa for 4 min. After pressing and cooling, the sheets were separated from each other and 
impurities greater than 0.1 mm2 are counted, which were compressed or bonded to the filter 
paper. Evaluation of the number of sticky impurities is given in pcs.kg-1 substances.

Determination of ash content, whiteness and residual color in pulp suspensions
Whiteness and residual color were determined according to STN ISO 2470-1, ISO 3688, 

resp. Determination of ash content in pulp suspensions was performed according to ISO 1762.  
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RESULTS AND DISCUSSION

During laboratory tests of f lotation cleaning of recovered paper we applied a combination of 
three types of chemicals in order to improve its paper forming properties. The agent for releasing 
undesirable substances from the recovered paper Prodeink Extra, the agent for agglomerating 
undesirable substances and improving the sorting efficiency of Hydrocol OT, bentonit B4 and 
the agent for regulating the froth during flotation Prodeink AS. 

 Laboratory tests were performed on three types of pulp suspensions: the suspension 
VL5 with whiteness of 53% prepared from dark types of recovered paper, the suspension VL1  
with whiteness of 64% prepared from mix of dark and bright types of recovered paper and 
the suspension VL0 with whiteness of 68% prepared from bright types of recovered paper.  
In addition to determining the content of macrostickies, the ash content, whiteness and residual 
color in individual water bodies was determined as part of the evaluation of the quality of f lotation 
procedures. The results of laboratory research, applications of f lotation in the elimination  
of macrostickies, are presented in Tabs. 1-3 and in Figs. 2-5
Tab.1: The effect of flotation on the properties of VL5 suspension with whiteness 53%.

Sample Pro Extra 
(kg.t-1)

Pro AS10 
(kg.t-1)

Bentonit 
(kg.t-1)

Macrostickies  
(pc per kg) Ash (%) Whiteness ISO 

(%)
Residual color 

(ppm)

Primary* 0 0 0 450 18.5 53 385
F0 0 0 0 428 8.3 54.8 369
F1 2 0 0 412 5.1 55.2 351
F2 2 0.5 0 390 4.8 56 318
F3 2 1 0 316 4.6 56.1 306
F4 2 0.5 2 190 4.5 56.4 294
F5 1 0 0 420 5.6 54.8 369
F6 1 0.5 0 398 4.8 55.5 345
F7 1 1 0 326 4.6 56.3 307
F8 1 0.5 2 299 4.4 56 313
F9 1 0.5 4 230 4.6 56.5 287
F10 1 1 2 285 4.7 56.3 295
F11 1 1 4 224 5.2 55.8 321

* The sample without f lotation.
Tab.2: The effect of flotation on the properties of VL1 suspension with whiteness 64%.

Sample Pro Extra 
(kg.t-1)

Pro AS10 
(kg.t-1)

Bentonit 
(kg.t-1)

Macrostickies (pcs 
per kg) Ash(%) Whiteness ISO 

(%)
Residual color 

(ppm)

Primary* 0 0 0 900 29.3 64.0 245
F0 1 0 0 860 7.9 64.1 242
F1 1 0.5 0 620 7.3 64.5 227
F2 1 1 0 550 6.9 64.6 225
F3 1 0.5 2HOT 445 6.1 64.6 223
F4 1 0.5 4HOT 500 6.2 65.3 225
F5 1 1 2HOT 305 6.1 65.2 194
F6 1 1 4HOT 319 6.2 65.2 197
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F7 1 0.5 2B4 483 6.1 64.7 223
F8 1 0.5 4B4 480 6.4 64.7 224
F9 1 1 2B4 310 6.2 65.1 195
F10 1 1 4B4 318 6.3 65.0 198

* The sample without f lotation.
Tab.3: The effect of flotation on the properties of VL0 suspension with whiteness 68.3%.

Sample Pro Extra
(kg.t-1)

Pro AS10
(kg.t-1)

Bentonit
(kg.t-1)

Macrostickies
(pcs per kg)

Ash
(%)

Whiteness
ISO (%)

Residual color 
(ppm)

Primary* 0 0 0 1230 35.7 68.3 157
F0 1 0 0 1180 8.5 68.5 153
F1 1 0.5 0 845 7.3 68.8 137
F2 1 1 0 720 6.9 69.0 132
F3 1 0.5 2HOT 680 6.3 69.3 127
F4 1 0.5 4HOT 680 6.2 69.3 130
F5 1 1 2HOT 520 6.3 69.5 117
F6 1 1 4HOT 515 6.3 69.4 117
F7 1 0.5 2B4 695 6.3 69.2 120
F8 1 0.5 4B4 680 6.4 69.2 121
F9 1 1 2B4 540 6.1 69.2 119
F10 1 1 4B4 530 6.2 69.2 120

* The sample without f lotation.

The effect of f lotation procedures on the content of macrostickies
The best results of the elimination of macrostickies on the VL5 suspension were obtained  

by the F4 flotation procedure (Tab. 1). By applying this procedure, the content of macrostickies 
was reduced from 450 to 190 pcs.kg-1, which represents a decrease by 58%. For the VL1 
suspension, the best results in the elimination of macrostickies were obtained by the F5 procedure 
(Tab. 2). With this combination of chemicals a reduction in the content of macrostickies  
by 66% (decrease from 900 pcs.kg-1 to 305 pcs.kg-1) was achieved. With the VL0 suspension, 
the best macrostickies elimination results were obtained with the F6 combination (Tab. 3). 
This combination of chemicals reduced the content of macrostickies by 58.1% (decrease from  
1230 pcs.kg-1 to 515 pcs.kg-1). The results obtained are consistent with the results (Lassus 
2000 and Delagoutte 2008), which achieved flotation efficiency of up to 81% in eliminating 
macrostickies.

Fig. 2: The effect of flotation procedures on the content of macrostickies.
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The effect of f lotation procedures on whiteness
By applying the best working procedures for individual types of suspensions (Tabs. 1-3), 

an increase of whiteness by 3.4% was achieved for the VL5 suspension, by 1.3% for the VL1 
suspension, and by 1.1% in the VL0 suspension, as stated and (Fig. 3). The optical properties 
(whiteness or yellowness) of recycled paper are the focus of several authors (Jurič et al. 2018, Tutuş 
et al. 2013). Bleaching agents are present in suspensions for this purpose.

Fig. 3: Effect of flotation procedures on whiteness.

The effect of f lotation procedures on ash content
The ash in pulp consists of several different components, which can be mineral substances 

from the wood raw material, metallic residues from pipes and machinery parts or residues from 
chemicals used in the pulping process. Often the ash content is related to the filler content  
(e.g. calcium carbonate, clay) in pulp (Kirilova and Lindberg 2012). The effect of f lotation on ash 
content in the suspensions are shown in Fig. 4. Using the best working procedures according to 
Tabs.1-3, a reduction of the ash content was achieved for the VL5 suspension by 14.0%, for the 
VL1 suspension by 23.2%, and for the VL0 suspension by 29.4% (Fig. 4).  

Fig. 4: The effect of flotation procedures on ash content.

The effect of f lotation procedures on residual color content
The best working practices for individual suspensions (Tabs.1-3) allowed to reduce the 

residual color content from 385 ppm to 294 ppm for VL5 suspension, from 245 ppm to 194 ppm 
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for VL1 suspension and from 157 ppm to 117 ppm for VL0 suspension, as it is shown in (Fig. 5). 
According to some authors, it is possible to achieve up to 50% efficiency in f lotation in reducing 
residual color (Xiansheng et al. 1998, Imamoglu et al. 2013).

Fig. 5: The effect of flotation procedures on residual color content.

CONCLUSIONS

By a suitable combination of paper agents in the processing of recovered paper, it is possible  
to increase the efficiency of f lotation while eliminating macrostickies. The combination  
of Prodeink Extra intended to improve the release of undesirable substances from recovered 
paper, Hydrocol OT intended for agglomeration of stickies and Prodeink AS10 intended  
for stabilization of f lotation froth, a reduction of macrostickies contents in pulp suspensions VL5 
by 58%, in VL1 by 66% and in VL0 by 58.1% was achieved. The application of suitable chemicals 
has increased the f lotation efficiency in reducing the ash content, increasing the whiteness of pulp 
and reducing the residual color content, as well. Better quality of pulp suspension after f lotation 
creates better conditions at its quality in a line of recovered paper processing which has a positive 
effect on paper production as a whole.
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