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Abstract 

ñStickiesò are tacky species, present in recycled paper and coated broke, derived from coating 

formulations, adhesives etc. They impact negatively on paper quality and cause web runnability 

problems by deposit build-up. To sustain recycling, stickies are controlled by adsorbing them 

onto minerals added to the recycled stock. We report isotherms for a fatty acid ester defoamer 

and an acrylic acid ester copolymer adsorbing from colloidal suspension onto talcs and modified 

calcium carbonates. We used commercial preparations of the fatty acid ester defoamer and 

acrylic acid ester copolymer as model systems for the study of more complex systems. The 

modified calcium carbonates are hydrophilic with anionic and cationic sites present. Adsorption 

isotherms for the low surface area modified calcium carbonate conform to the Langmuir model, 

while those for the high surface area modified calcium carbonate reflected a two stage process 

involving the formation of a monolayer over the mineral surface and subsequent partial 
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aggregation. Talc platelets display hydrophilic edges and hydrophobic surfaces. Adsorption onto 

them appears to involve three stages; specifically, a hydrophilic interaction between hydrophilic 

groups on the molecules and the talc edges, followed by hydrophobic interactions between the 

molecules and the talc surfaces, and finally by formation of multilayers.  
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1. Introduction  

There continues to be considerable environmental pressure to increase the use of recycled paper, 

but its use is not without complications. Some of the most difficult problems result from the 

presence of adhesives, arising from hot melt glues, binders and other thermoplastic materials, for 

example from book-backs and adhesive tape or from silicone based defoamers. They tend to be 

pliable organic materials, such as styrene-butadiene and styrene acrylic latex binders, rubber, 

vinyl acrylates, polyisoprene, polybutadiene and hot melts [1-4]. Under certain conditions, these 

compounds can become tacky and deposit as óstickiesô in the paper machine. Stickies have 

multiple effects on paper quality such as sheet indentations, sheet structural defects, web breaks 

and discolouration (e.g. black spots) [5-7]. The correction or neglect of these faults increases 

production costs. 

Once stickies are released by the pulping process, they can accumulate in the white water system 

of the recycled fibre section of a paper recycling mill. Similarly, fibre stock containing recycled 

fibre can suffer from a build-up of stickies on the paper making machine. As paper mills are 

continuing to reduce their fresh water usage to minimise costs, white water recycling is 
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becoming more prevalent, increasing the concentration of stickies and thus making them even 

more problematic. 

Studies of stickies that have been reported in the literature are mainly concerned with how the 

effects of these compounds may be reduced in paper mills [5;8], or the development of 

alternative paper additives that have less of a detrimental effect during paper recycling [8;9]. 

Some studies focus on the removal of stickies and pitch from the recycled fibre system by, for 

example, screening [10-12], flotation [11;13;14] and adsorption [15-17], or from the white water 

in the paper mill [18;19]. 

To remove stickies from the white water system, it is possible to adsorb them onto a mineral 

surface, and then incorporate the mineral and adsorbate into the paper structure, thus transporting 

the stickies out of the machine within the final product. The aim of this investigation was to 

define the extent and nature of adsorption of stickies onto various contrasting mineral surfaces. 

Because of the colloidal nature of the adsorbent and inexact knowledge of the commercially-

supplied model stickies and surfactants, the isotherms and other measurements all refer to 

operationally defined conditions.  

The adsorption measurements presented involve colloidal species with hydrophilic and 

hydrophobic regions, stabilised in aqueous solution by unknown quantities of surfactant, 

adsorbing onto hydrophilic and hydrophobic mineral surfaces. The adsorption conditions of the 

experiment allow more than one adsorption mechanism to exist. In order to understand the 

processes that occurred, it was decided to fit the experimental data with simple Langmuir gas-

adsorption isotherms relating to these operationally-defined colloidal conditions. Langmuir 
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isotherms assume single layer, localised adsorption with identical interaction energies for each 

adsorbed molecule [20]. 

1.1.  Mineral and sticky structures 

Talc, Mg3Si4O10(OH)2, is a phyllosilicate consisting of a magnesium hydroxide layer (MgO
.
H2O) 

sandwiched by two silicate layers (SiO2) forming a three layer structure. Van der Waals forces 

hold the adjacent layers together weakly, giving talc a platy and readily delaminating 

morphology. The edges of the talc are predominantly hydrophilic hydroxide groups [21], 

whereas the talc faces are largely silicate. The absence of surface charge on the silicate layers 

renders the surface more attractive to air than to water, and it is the retention of a suspected air 

layer [22] when suspended in water that allows the platelet surface to undergo hydrophobic 

interactions [23]. The chemical structure of talc, shown in Figure 1, illustrates the hydrophobic 

surfaces and hydrophilic magnesium hydroxide edges that control adsorption behaviour in 

aqueous suspension [21;23]. 
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Figure 1. Schematic of the chemical structure of talc. The top and bottom layers are silicates, 

and the middle is magnesium hydroxide. 

We define óaspect ratioô as the ratio of the largest dimension of the mineral particle relative to 

the smallest dimension. In the case of a platelet, such as found in talc, the largest axis is the 

diametrical dimension, related to the platelet planar surface, and the smallest that of the platelet 

edge thickness. The aspect ratio varies for different grades of talc, and the larger the aspect ratio, 

the greater the ratio of hydrophobic to hydrophilic surface area. 

Modified calcium carbonates [24] (MCC) are formed from calcium carbonate treated with 

phosphoric acid, citric acid or a combination of similar acids to provide an in-situ surface re-

precipitation of a chosen structure. MCC is a product technology of Omya Development AG. In 

this investigation, two grades of modified natural calcium carbonate were used; LSA MCC 

(lower surface area) and HSA MCC (higher surface area). A scanning electron microscope 
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(SEM) image of freeze-dried LSA MCC is shown in Figure 2 at 2 500 x and 10 000 x 

magnifications.  

 

Figure 2a. SEM image of LSA MCC. 

 

Figure 2b. SEM image of LSA MCC 

An SEM image of freeze-dried HSA MCC is shown in Figure 3 at the same two magnifications.  

The MCCs employed have hydrophilic surfaces, and each material exhibits both calcium 

phosphate and carbonate crystal structure as determined by X-ray powder diffraction. Mercury 

porosimetry of the MCC samples revealed that both have a peak in pore size at 510 nm, but that 

the LSA MCC is bimodal with a second peak at 91 nm. 
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Figure 3a.  SEM image of HSA MCC. 

 

Figure 3b. SEM image of HSA MCC. 

 

Stickies are classified by size and how they are introduced into the system, as defined in 

Table 1 [25]. 
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Table 1. Classification of stickies. 

Sticky formation method Microstickies Macrostickies 

Introduced by pulping 

chemically or mechanically at 

start of recycling process. 

Primary microstickies smaller 

than 100 or 150 µm. Not 

removed by screening through 

100 or 150 µm screen. 

 

Primary macrostickies, larger 

than 100 or 150 µm, removed 

by screening during recycling. 

Introduced by changing 

physical or chemical conditions 

during recycling process. 

Secondary microstickies smaller 

than 100 or 150 µm, formed by 

aggregation of colloidal 

particles, or breakup of larger 

particles. 

Secondary macrostickies, 

formed by aggregation of 

microstickies. Sometimes 

removed by screening, 

dependent on paper recycling 

stage when formed. 

2. Materials 

2.1.  Minerals 

The minerals used in this investigation were talc and modified calcium carbonate, in forms that 

have been used in paper manufacture either as a paper coating or filler, and that are 

commercially available. Mondo Minerals Oy, Finland, supplied undispersed talc (Finntalc PO5) 

ïi.e. as a powder without surfactant. The feedstock for Finntalc PO5 was then processed by 

delaminating and grinding to give an additional talc grade, with different surface areas measured 

by nitrogen adsorption on a Micromeritics Gemini 2360 (Micromeritics Instrument Corp. 

USA) [26] (Table 2). The unprocessed talc is referred to as low surface area (LSA) talc and the 

processed talc is referred to as high surface area (HSA) talc. The method of preparation gave 

talcs of different aspect ratios ï the HSA talc having a significantly higher aspect ratio than LSA 

talc. The particle size distribution was obtained in aqueous suspension using static light 

scattering measured by a Malvern Mastersizer 2000 (Malvern Instruments Ltd, UK.). The talc 

(refractive index (RI): 1.59, absorption value: 0.01) was dispersed into suspension for the size 

measurement using polyacrylate. The results were then interpreted with Mie theory [27] to obtain 
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the weight-averaged particle size distribution (Table 2). The mineral samples were dispersed 

using either water (RI: 1.33) or polyacrylate (RI: 1.49). The d10, d50 and d90 represent values 

where 10 %, 50 % or 90 % of the material weight is found below this particle size. 

The MCC grades (RI: 1.59, absorption value: 0.1), LSA MCC and HSA MCC, were obtained 

from Omya Development AG, Switzerland. HSA MCC is a natural calcium carbonate marble 

treated with 20 % phosphoric acid and 5 % citric acid, which creates a surface rugosity with no 

significant internal pore volume. It is supplied as a dispersed product, where the dispersant once 

again is polyacrylate, rendering the surface anionic. The LSA MCC is a natural calcium 

carbonate chalk treated with phosphoric acid to give micro- and macro-porosity coupled with 

some surface rugosity. When dry, the substance acts as a porous system, with fine intra-particle 

and coarser inter-particle porosity. However, when in suspension, as in this study, the effect of 

the inter-particle porosity disappears and the substance acts as a system of porous suspended 

particles. The LSA MCC is supplied as an undispersed product. 

Table 2. Details of minerals used in this investigation.  

Name 
Specific surface 

area (m
2 
g

-1
) 

Particle Size-Weight 

Distribution (µm) 

d10 d50 d90 

Low surface area talc 

(LSA talc) 
7.13 2.24 4.50 10.1 

High surface area talc 

(HSA talc) 
45.3 1.56 5.02 21.0 

Low surface area modified 

calcium carbonate (LSA MCC) 
36.1 2.55 5.49 9.85 

High surface area modified 

calcium carbonate (HSA MCC) 
113.0 1.82 4.26 9.37 
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2.2.  Stickies 

The two stickies selected for the present study were supplied by BASF and are commercially 

available analogues of typical stickies found in a paper mill. The first was an acrylic acid ester 

copolymer (AAEC), product name Acronal V 212, and the second was a fatty acid ester 

defoamer (FAED) named Afranil RS. Their solid contents of 68.3 % and 30.3 %, respectively, 

were measured by evaporating a known weight of sticky suspension at 130°C until constant 

weight was achieved. It was assumed that no volatile organic carbons were lost in the 

measurement of solid content. 

3. Experimental Methods 

Data were derived using two analytical techniques for initial concentrations of model stickies 

covering the range 0.005 ï 0.5 g dm
-3

; namely dissolved organic carbon analysis and elemental 

analysis. 

3.1.  Sticky Preparation 

All experiments were undertaken at room temperature (20.5 ± 1.5°C). Both stickies were 

prepared to form colloidally stable suspensions in Millipore Milli -Q water with an initial dry 

weight concentration of 0.5 g dm
-3

. The initial pH was between 7 and 7.5 and initial conductivity 

was in the range of 1 000 to 1 500 µS cm
-1

. They were adjusted to these ranges where necessary 

using dilute analytical grade hydrochloric acid, analytical grade sodium hydroxide and laboratory 

grade sodium chloride (all supplied by Thermo Fisher Scientific UK).  

These sticky suspensions were then diluted in Milli -Q water to 0.1, 0.05, 0.01 and 0.005 g dm
-3

. 

Minerals were added to the sticky suspensions as slurries (solid contents 8 ï 10 %) to give a 
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concentration of 1.93 ï 2.22 g dm
-3

. The pH and conductivity were not controlled during the 

experiments. 

Resulting suspensions were agitated for 30 min at 150 min
-1

 on an orbital shaker before minerals 

with adsorbed stickies were removed by centrifuging at 2 000 g for 15 min. The mineral with 

adsorbed sticky collected after centrifuging was freeze-dried for two days, then transferred to air 

tight bags for storage (under desiccation) prior to analysis.  

3.2.  Dissolved organic carbon analysis [28;29] 

A glass filter apparatus was acid washed and heated to 450 °C prior to use. Supernatants were 

then filtered through 0.7 µm glass fibre filters which had been previously heated to 450 °C for 

four hours to remove organic residues.  Filtrates were acidified with 10 µl of 50 % v/v 

phosphoric acid per 10 cm
3
 of sample and sparged with high purity oxygen to remove inorganic 

carbon. Dissolved organic carbon (DOC) analysis was then performed with a Shimadzu TOC-

5000A total organic carbon analyser coupled to a Shimadzu ASI-5000 autosampler (Shimadzu 

Corp. Japan). 

Organic carbon standards (up to 600 µmol dm
-3

) were prepared from analytical grade glycine 

and potassium hydrogen phthalate sourced from Thermo Fisher Scientific UK. Accuracy was 

checked against a certified reference material (CRM) which reflected this instrumentôs normal 

use for marine applications; namely sea water collected at a depth of 700 m from the Florida 

Strait from Hansell Laboratory, University of Miami. Analysis of the CRM gave results within 

the acceptable error range of the CRM (± 2 standard deviations).  
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3.3.  Elemental Analysis 

The elemental analysis was performed on a Carlo Erba EA-1110 CHNS elemental analyser 

(Thermo Fisher Scientific, USA). Approximately 2 ï 4 mg of sample was weighed into a tin cup 

which was then combusted with 10 cm
3
 of high purity oxygen. The carbon dioxide concentration 

was measured using a thermal conductivity detector at 65°C. Analysis of a reference marine 

sediment, PACS-1 (NRC, Canada), certified for carbon, was also analysed and revealed results 

that were within the acceptable error range. 

3.4.  Turbidity  

The turbidity of the sticky suspensions, mineral suspensions and sticky and mineral suspensions 

were measured on a Hach DR/890 Colorimeter (Hach Company, USA). Turbidity is a measure 

of light scattering by particles in suspension. The particle size distribution of the scattering 

particles is a key factor in altering the turbidity of the suspension [30]. The turbidity (Ű) is 

proportionally related to the numerical particle concentration ( )c'  and volume ( )v  of the 

scattering particles, Equation 1.  

( )2v c' vc' vt´ =           (1) 

If species aggregate, the volume v  of the individual aggregates will increase while the number 

concentration ( )c'  of the aggregates will decrease proportionally. Therefore, the term ( )vc'  

remains constant, and the turbidity Ű is directly proportional to the volume of the aggregates.  

3.5.  Zeta Potential 

The zeta potential of the 0.5 g dm
-3

 sticky suspensions was measured on a Zetasizer Nano 

(Malvern Instruments Ltd, UK.) before the mineral was added, and after the mineral with 
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adsorbate was removed. The zeta potential gave a measure of the Coulombic stability of the 

colloidal suspensions, and how the stability of the remaining suspension changed because of the 

adsorption of sticky onto mineral surfaces. A change in magnitude of the zeta potential was also 

useful in determining if cationic or anionic species were adsorbed preferentially [31]. 

3.6.  Data presentation and analysis 

Dissolved organic carbon analysis gave the carbon content remaining in solution after adsorption 

of the sticky had occurred and the mineral had been removed by centrifuging. The equilibrium 

carbon concentration on the surface of the mineral was determined by elemental analysis. The 

elemental analysis results were normalised to allow for the change in mass encountered because 

of adsorption of the fatty acid ester defoamer and acrylic acid ester copolymer. The elemental 

analysis results have also been corrected for the carbon content found in the minerals themselves. 

The values are obtained using two techniques which are independent of each other.  It is also 

possible to convert the carbon values into absolute values of sticky concentration using a 

calibration series of dissolved organic carbon data, and then using mass balance calculations for 

the concentrations of the species adsorbed onto the surfaces.  However, once presented in this 

way, the variables are no longer independent of each other, so we have not used this method of 

data analysis in this work. 

4. Results 

Each of the individual samples was analysed in triplicate, and the resulting data used to generate 

error bars showing two standard deviations. As can be seen in the Figures 4 ï 9 the error bars are 

typically small for the techniques, indicating consistent and reproducible results. The three-stage 

fitting of adsorption isotherms is discussed below.  
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Figure 4. Adsorption of the fatty acid ester defoamer onto LSA and HSA talc.  


