
ABSTRACT 
 
 
HUO, XIN.  Adhesive Contaminants (Stickies):  Characterization and Their Interaction 

with Papermaking Components during Paper Recycling.  (Under the direction of Dr. 

Richard Venditti and Dr. Hou-min Chang). 

 

The effect of individual paper components on the properties of an acrylate pressure-

sensitive adhesive (PSA) after laboratory high-consistency pulping was investigated.  The 

adhesive material was quantified by selectively dyeing the adhesive particles followed by 

image analysis.   It was found that some of the components of copy paper have a 

significant effect on the size and shape of PSA particles formed during pulping.  Further, 

some copy paper components were also found to have a significant effect on the tackiness 

and deposition of PSA particles after pulping.  

 

The stability of micro-stickies is of great concern to papermakers as these materials, 

when they agglomerate, can deposit on equipment and on the paper product.  In order to 

investigate, the charge demand of an acrylic microsphere adhesive emulsion (a model for 

micro-stickies), softwood market pulp and different starches were titrated by standard 

polymer solutions.  The effects of fibers, different cationic polymers and salts on the 

stability of the micro-stickies were investigated. The stability of the micro-stickies in 

water was evaluated using turbidity and a hemacytometer with microscope.   The 

agglomeration of micro-stickies with Poly-DADMAC occurred mainly via a 

neutralization mechanism.  In contrast, the agglomeration of micro-stickies with cationic 

starch does not correspond with neutralization mechanism.  Both Poly-DADMAC and 



cationic starch could stabilize the micro-stickies if they were charged to the system in 

excess.  The adhesive emulsion particles have a double layer and both salts and cationic 

polymers have an effect on the stability of micro-stickies. The stability with respect to 

salts with different valence obeyed the Shultz-Hardy rule.  Both the anionic fibers/fines 

and micro-stickies compete for the cationic polymer in the system.  

 

PSA particles, or stickies, will agglomerate in water with agitation.  Under certain 

conditions, some starches prevent this agglomeration.  Both cationic and neutral starches 

were found to adsorb onto the surface of the negatively charged stickies.  This was 

determined by infra-red spectroscopy, UV/visible spectroscopy, contact angle 

measurements and charge titration methods.   Cationic charge promotes the adsorption of 

starch onto the surface of stickies and cationic starches adsorbed on the PSA film do not 

desorb when exposed for 15 minutes to deionized water at room temperature.  Fibers 

compete with stickies for the cationic charge in the system.  Over the molecular weight 

(MW) range studied, MW has no effect on the stabilization of stickies. 

 

 
The cleanliness efficiencies of macro-stickies and micro-stickies in each operational unit 

of a recycling mill were qualitatively determined.   A deposition tester and a solvent 

extraction technique were used as complementary methods to analyze macro- and micro- 

stickies, respectively.  The primary coarse screen, secondary fine screen, tertiary fine 

screen, the cleaners and flotation were found to remove macro-stickies. In contrast, the 

primary fine screen was observed to have a net macro-stickies cleanliness efficiency of 

0%. The primary fine screen caused a significant amount of macro-stickies to change into 



a more “string-like” shape (like fibers). The deflaker was determined to produce a 

significant amount of micro-stickies.  
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Chapter 1   
 

General Introduction 
 
 

Over the past two decades, paper recycling has been increasing at a rapid pace in North 

America.  The percentage of domestic paper and paperboard consumption that is 

recovered for recycling has risen from about 28% annually in 1986 to a present rate that 

is about 50% [1, 2].  The increasing rate of recycling is caused not only by the public and 

political pressure to reduce the amount of used paper landfilled as waste and lessen the 

dependency on forest resources, but also by economic reasons.   

 

As the recycling rate increases, one of most important factors influencing the economics 

of the recycling operation is contaminant removal (e.g. ink removal), which essentially 

converts wastepaper into a reusable fiber suitable for producing recycled paper.   

Unsuccessful contaminant removal reduces paper or board machine efficiency and lowers 

product quality.   

 

Typical contaminants in paper recycling include sand, staples, ink, plastics, and 

adhesives.  Among them, adhesive contaminants, also called stickies, are believed to be 

one of the most difficult classes of contaminants to be removed due to their often soft and 

tacky nature.  These stickies can deposit anywhere in the papermaking system.  The 

deposits of stickies on a paper machine wire and felt can readily cause breaks of the paper 

web.  Current contaminant removal operations such as screening, centrifugal cleaning, 
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flotation, and washing cannot completely remove the stickies from the recycled fibers [3-

10].   

 

 

Sources of stickies 

Stickies can be divided into two classes, synthetic and natural materials.  The natural 

materials come from fatty acids or resin acids from wood and cause the familiar pitch 

problems as in virgin fiber processing.  The synthetic components originate from 

pressure-sensitive adhesives, hot-melt glues, coating binders, printing inks, waxes, and 

the like.  Pressure-sensitive adhesives are found mainly in labels, stamps and envelopes 

etc.  Hot-melt glues are often used in magazines in the binding or to attach commercial 

samples such as perfumes.  Coating binders are polymer dispersions or starch derivatives.  

Paper mills that process coated broke refer to the possible problem of tacky deposits from 

the coatings as white pitch.  For printing inks dried by infrared and ultraviolet radiation, 

various acrylate and hydroxyl polyester binders [11] have been used and they are possible 

tacky impurities.   Waxes were also found [12-13] to deposit on recycling systems due to 

their low surface energy and softening points. 

 

Control of stickies 

Many different approaches have been proposed and adopted to address stickies problems.   

General reviews of stickies control methods can be found in several published articles 

[14-20].  The following is a summary of these approaches. 

• Mechanical removal 
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• Chemical control by the use of additives 

• Use of environmentally benign adhesives (recyclable adhesives) 

• Control of waste paper quality 

• Physical adsorption 

• Others 

None of these are mutually exclusive, so a mixture of these approaches can be adopted.  

Each approach is briefly described below. 

 

Mechanical removal 

Mechanical unit operations in paper recycling include screening, centrifugal cleaning, 

deflaking, or dispersion.  Fine screening has been reported to be the most effective 

process to remove stickies,  but is not always efficient [21, 22].  However, this should not 

prevent considerable attention from being given to removal upstream in the process by 

coarse screens, including pulper dump screens.  The effective removal of large pieces of 

contaminants reduce the load on later cleaning stages and will make a significant 

contribution to effective stickies removal.  In general, the removal efficiency of stickies 

by screening depends on the stickies size distribution, the slot size of each screen, and the 

temperature and the pressure difference applied across the screen basket.  Certain stickies 

can pass through the slot of the screen at high pressure difference and temperature by 

deforming [10].  Centrifugal cleaning (removal of light weight contaminants) is also an 

effective unit operation to remove the stickies [7, 10, 21].  However, because the stickies 

have a similar density to fiber, the removal efficiency of stickies is not very high.   

Deflaking or dispersion utilize mechanical actions to reduce the size of the stickies but do 
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not remove them directly [10, 23].  If the stickies are broken into a sub-visible size the 

paper product appears better in quality.  It was actually found that deflaking could 

directly create colloidal sticky particles [10].  There have been reports stating that sticky 

problems decreased after the installation of dispersion units [23, 24].  Dispersion 

followed by dilution and flotation or washing may be a good combination method to 

remove micro-stickies (defined as passing through a 0.006 inch slotted laboratory screen) 

and colloidal particles [25] generated in dispersion.   

 

Chemical control 

It is clear that mechanical methods cannot remove all of the stickies in the system, 

especially those small and colloidal particles.  Chemical control therefore is used to 

reduce the stickies problem.  Many chemical additives have been reported, and they can 

be summarized as follows: 

• Talc [26-27] 

• Cationic and nonionic polymer [28, 29] 

• Surfactant [29, 30] 

• Synthetic fiber [31] 

• Zirconium compound [32] 

Although chemical additives can be very effective in some mills for stickies control, there 

is no general rule to follow in the selection of additives.  Many trials often must be 

performed in order to find suitable chemical additives and the optimum dosages.  If the 

method of stickies generation and the basic interactions between stickies and additives 
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were understood, then this information would help to better design trials in the mill.  

Mechanisms believed to be involved in control are discussed briefly below. 

Talc has been used to control pitch in pulp and newsprint production [33, 34], and its use 

in the control of stickies was an extension of this role [27].   A unique property of talc is 

its plate-like surface.  The plate surface is hydrophobic, while the edge surface is 

hydrophilic.  This unique property allows dispersion in a water system, while presenting 

the greatest area of hydrophobic surface available of any known mineral.  Talc’s 

hydrophobic surface has the ability to adsorb small stickies, and this allows the colloidal 

stickies and talc particles to be removed with the finished product.  Talc also can be 

adsorbed onto large stickies agglomerates thus detackifying the agglomerates.  However, 

the use of talc is limited by the acceptable level of ash content (and strength) of the paper.  

 

Cationic polymers also have been used to address stickies problems in two ways.  First, 

the hydrophobicity of the paper machine wire and felt can be reduced via adsorption of 

complexes of a cationic polymer associated with anionic species [28], thus reducing the 

tendency of the deposition of stickies.   Second, cationic polymers have been used to 

assist in the removal of micro-stickies in the white water that is circulated back into the 

process [35].  The combination of a cationic polymer and dissolved air flotation was 

shown to remove from about 30% to 90% of the micro-stickies in the white water of a 

paper mill with a highly closed wet end system [36]. 

 

Surfactants were shown to result in a reduction in deposition of acrylate stickies when 

added to a machine wire shower, but were not effective when added to a stock chest [30].  
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Adding surfactants to showers has become the most common treatment method to deter 

stickies deposition on wires and felts [37]. 

 

Synthetic fibers [31] have purported to be effective scavengers for stickies in 

papermaking systems.  At relatively low addition rates, the synthetic fibers with high 

surface area wrap and pacify sticky particles.  This prevents agglomeration and 

minimizes machine deposits.  Despite the effectiveness of this method, no recent reports 

utilizing this method have been offered. 

 

Zirconium salts also can reduce the deposition tendency of stickies [32].  It is believed 

that a steric effect created by zirconium salts prevents the deposition of stickies.  In 

aqueous solutions zirconium chemistry is dominated by polymeric species, and these 

create an effective barrier if adsorbed at the surface of the particle.  These salts have an 

affinity for hydroxyl groups on the surface, and the presence of the zirconium complex 

may lead to the development of a hydrous zirconium oxide layer at the surface.  

Laboratory studies showed that zirconium was most effective with acrylates and EVA-

based hot-melt adhesives [32, 38]. 

 

Use of environmentally benign adhesives (recyclable adhesives) 

The purpose of using environmentally benign adhesives is to provide an adhesive that is 

removed effectively during recycling causes a minimum of problems during the recycling 

process [39-41].  This method has been led by the United States Postal Service, the 

largest consumer of pressure-sensitive adhesive material.  The most widely followed 
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approach is to make the adhesives “screenable”. Another approach is to disperse or 

dissolve the adhesives in the aqueous phase during repulping and separate the dispersed 

or dissolved adhesives from the paper when water is removed.  Extensive trials have been 

carried out with 3M Post it  notes and shown that dispersion of adhesives did not cause 

difficulties during recycling [42-43].  However, dispersion or solution of adhesives is not 

a preferred approach for the paper recycler, since the dispersed or dissolved adhesives 

can agglomerate in white water and these agglomerated particles can deposit on the dryer 

can surface. 

 

Another approach is to design the adhesives to agglomerate during repulping so that the 

agglomerates of adhesives can be removed by a screening device [44].  However, 

because the surfaces of stickies are so easily modified, the agglomeration of stickies is 

not readily controlled.   

 

Control of waste paper quality 

Quality control of wastepaper [45, 46] could be a very effective method to solve the 

stickies problem, since stickies may be removed before they enter the pulping system.  

However, it is very difficult to evaluate the stickies content by visual inspection on 

conveyor belts supplying a pulper.  One partial remedy for the quality control of waste 

paper is to trace the stickies problem to specific suppliers or shipments.  If high 

concentrations of stickies are found for a supplier/shipment then the mill operators may  

reject further bales or try to modify the operations temporarily.  Modifications to the 

process might include using a bad batch processing system to bleed the highly 
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contaminated batch into the main pulp stream, increase the reject rate in certain separtion 

processes,  or add chemicals to try to treat the bad batch.   

 

Physical adsorption 

The adsorption of stickies at solid interfaces such as paper machine wires was initially 

used as a detection method of stickies [47, 48].  Recently,  the technique has become used 

as a new method for stickies removal [49].  This method includes submerging segments 

of paper machine wires or other hydrophobic solid surfaces into agitated tanks in the 

recycling/papermaking process. Stickies adsorb onto the surfaces and the surfaces are 

disposed of intermittently.   The adsorption of stickies has been found to depend on 

adsorption time, pH, temperature, and chemicals in the system.  

 

Others 

Some approaches which may not belong to any category listed above are discussed 

briefly below: 

 

One approach has been to use different paper machine wire types to reduce the amounts 

of stickies adhering to fabrics [50].  This approach is based on the same principle [51] 

that the tendency of deposition can be decreased if the surface energy of the paper 

machine wire can be decreased by any modification.   

 

Another approach is to  control the system charge to reduce stickies deposition [52].  It 

was found that optimum runnability occurred when the colloidal soluble charge was 
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anionic.  Therefore, anionic polymer can be added if the system was detected to be 

cationic in order to reduce the deposition of stickies.   

 

To summarize, stickies issues are of great concern in paper recycling and papermaking.  

There is no single, simple solution to this problem.  Combinations of these treatment 

strategies can be effective.  Further research is needed to understand and optimize these 

treatment methods for stickies. 
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Chapter 2 

Research Objectives 

 

As discussed in the previous chapter, extensive studies have been done on stickies control 

and removal methods.  Mechanical methods alone cannot remove 100% of the stickies 

from the system, especially those micro-stickies which can readily pass through screening 

devices.  Chemical control by the use of additives is an important alternative method to 

solve the stickies problem.   

 

Due to the diversity of stickies, some mills have had little success using chemical 

treatment controls [1, 2].  If methods of stickies generation and basic interactions among 

chemical additives, stickies and fibers were better understood, this would help guide the 

development of chemical control to solve the stickies problems.  Therefore, this study 

mainly focuses on the understanding of the generation and characterization of stickies 

and the interactions among paper-making components and stickies.  

   

The objectives of this study are to understand the effects of pulping conditions and 

papermaking components on the size, shape, tendency to agglomerate and tackiness of 

micro and macro stickies.    
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Chapter 3 
 

Effect of Papermaking Components on Adhesive Contaminant 
(Stickies) Characteristics after Pulping 

 
 

 
ABSTRACT 
 
The effect of individual paper components on the properties of an acrylate pressure- 

sensitive adhesive (PSA) after laboratory high-consistency pulping was investigated.  The 

adhesive material was quantified by selectively dyeing the adhesive particles, followed 

by image analysis.   It was found that some of the components of copy paper have a 

significant effect on the size and shape of PSA particles formed during pulping. Further, 

some copy paper components were also found to have a significant effect on the tackiness 

and deposition of PSA particles after pulping.  The results indicate that detackifying 

components prevent the agglomeration of adhesive particles and promote the dispersion 

in high-shear processes such as pulping.  

 
 
 
INTRODUCTION 
 
The amount of research involving new methods to remove and treat adhesive 

contaminants (stickies) in paper recycling operations has been increasing significantly in 

recent years.  A significant amount of this research has been performed in laboratories on 

model wastepaper systems.  It is therefore very important to understand whether these 

laboratory experiments realistically reflect the behavior of stickies in industrial settings.  

For example, some studies have involved the use of blotter paper or simply market pulp 
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as the paper component in a model study of adhesive behavior [1,2,3].  The use of blotter 

paper or simply market pulp has as an advantage that the pulp furnish is relatively pure 

with no or little additives, making interpretations of the results less complicated.  In one 

of these reports, however, it was found [3, 4] that the adhesive particles generated by 

pulping in the presence of blotter paper alone resulted in adhesive particles of large size.  

The adhesives were removed with a 100% efficiency level by slotted screening.  This 

result is not in agreement with observations that these types of pressure sensitive 

adhesives are known to be screenable at low efficiencies in an industrial process.  A 

question then arises as to whether the blotter paper is affecting the behavior of the 

stickies contaminants in a way different than would a complicated wastepaper furnish.  

 

Wastepaper furnishes contain many different types of additives, fillers, and contaminants, 

sometimes at very high levels.   These components can potentially interact with adhesive 

materials, changing the characteristics of the adhesive.   For example, it has been reported 

that stickies pick up toners and inks within a tightly managed water system [5].  This 

could have a dramatic effect on the size, shape, buoyancy, and surface tack of the 

adhesive-ink/toner agglomerate.   

 
In this study, the effect of papermaking components on the characteristics of adhesive 

contaminant particles produced in a laboratory high-consistency pulper has been 

evaluated.  It was found that some papermaking components do have a significant effect 

on the characteristics of the adhesive particles. The results of this study lead to practical 

considerations in the management of stickies in paper recycling operations. 
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EXPERIMENTAL 
 
Materials 
 
A description of the materials used as pulp furnish components can be found in 

Appendix 1.  The adhesive used in this study was a pressure-sensitive acrylate-based 

adhesive (supplied by Avery Dennison).  The adhesive sample was in film form, 

sandwiched between two release liners prior to use. To apply the adhesive to the paper or 

market pulp the following steps were performed.  First, the area of adhesive product 

needed to provide 2.0 grams of adhesive was determined and cut.   One of the release 

liners was peeled off and the adhesive was applied to the surface of either the paper or 

market pulp.  The other release liner was then peeled off.  The paper/adhesive/paper 

composite was then pressed using the standard TAPPI method.  The composite was then 

passed through a shredder, resulting in long strips that were 0.25 inches wide.  Enough 

paper or market pulp to make 400 grams of oven-dry solids was also weighed and 

shredded.   

 

Pulping 

An  Adirondack  Maelstrom Laboratory Pulper was operated at 12% consistency, 40°C, 

and a mixing speed of 415 Hz. The pulper temperature was maintained using a water 

jacket with an external temperature controller. Prior to pulping, the necessary amount of 

deionized water was preheated to 40°C and used to soak the shredded paper for two 

minutes.  All of the furnish and water were added immediately in the beginning of 

pulping.  The pulper contents were manually removed after 30 minutes of pulping, 
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without dilution.  For pulping experiments in which there was time-dependent sampling, 

approximately 200 grams of pulp stock was taken at 2, 4, 8, 16, 32 and 64 minutes. 

 
Dyeing and Image Analysis  
 
Handsheets (1.2 grams oven dry) were made with the standard TAPPI procedure except 

that pressing was omitted.  After drying overnight under TAPPI standard conditions, the 

handsheets were dyed to increase the contrast between the adhesive and the fibers by 

preferentially staining the adhesives blue.  The dyeing solution was made by adding 0.67 

grams of Morplas Blue to one liter of heptane, stirring overnight and then filtering the 

solution through Whatman Filter Paper #4. Each handsheet was immersed individually 

and swirled for 10 seconds in the dye solution. A 500-ml bath of the dye solution was 

used to dye 20 handsheets. The handsheet was then allowed to dry for 12 hours in a 

vacuum hood.  The handsheets were then washed individually by swirling in a heptane 

bath for 10 seconds. A 250-ml bath of the heptane was used to wash 10 handsheets.  The 

handsheets were washed twice in separate baths and then allowed to dry in a vacuum 

hood for at least 3 hours.  Image analysis of the handsheets was performed using the 

Apogee Spec*Scan program with a Hewlett Packard ScanJet 4C flat bed scanner.  Image 

analysis settings were:  600 DPI, 256 grayscale, grayscale value threshold of 80% of the 

average grayscale value, lowest particle size detected 0.04 mm2, and largest particle size 

category >5.0mm2.  For each sample, a six-inch diameter area was scanned on both sides 

of eight handsheets.  

Deposition 

The pulp furnishes for deposition testing were produced as described above in the 

pulping section. The deposition test was performed in a modified PIRA deposition tester.  
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All wetted parts of the apparatus were stainless steel.  The tester has four paddles, each 

containing a pre-weighed rectangular piece of polyester forming wire (supplied by 

Weavexx, 49x36 mesh, 0.33 and 0.38 mm diameter, single layer).  The paddles counter-

rotated at 0.37 Hz.  The deposition conditions were 40 oven-dry grams of pulp, 0.5% 

consistency, 50°C and 30 minutes.  Deionized water preheated to 50°C was used in the 

experiments.  After the deposition test, the wires were removed from the paddles and 

were rinsed carefully with cool tap water.  The wires were air-dried for 24 hours and then 

weighed.  

 
Paper Machine Wire Dyeing and Image Analysis 

The wires after deposition were dyed by swirling for 10 seconds in the same dyeing 

solution as described above for the handsheets.  A 500-ml dye solution was used to dye 

24 wires.  The wires were then air-dried for 12 hours.  The wires were then rinsed by 

swirling for 10 seconds in heptane.  A 500-ml bath of heptane was used to wash 12 wires.  

The wires were then placed in sealed clear plastic bags. Image analysis of the wires was 

performed with the Apogee Spec*Scan program with a Hewlett Packard ScanJet 4C flat 

bed scanner using the same conditions as described above for the handsheets. For each 

experiment, an approximately 2 by 4 inch rectangular area was scanned on both sides of 

the four wires. 

 

RESULTS AND DISCUSSION 
 
Effect of Paper Components on the Size and Shape of Sticky Particles after Pulping  
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The first part of this work involved determining whether the components in copy paper 

affected the size or shape of the adhesive particles after high-consistency laboratory 

pulping.  Image analysis was performed on dyed handsheet samples after pulping.  The 

parts per million (PPM) and average particle size of the stickies are shown in Figures 3-1 

and 3-2, respectively. The entire experiment (pulping, handsheet making, dyeing and 

image analysis) was performed in duplicate for each sample and the individual results 

(black and gray bars) are shown in Figures 3-1 and 3-2.  It was observed that the 

reproducibility of the results for individual pulps done in duplicate is satisfactory when 

compared with differences in the results between different pulps.  Blank experiments 

were performed with the market pulp, copy paper, and rosin-alum/starch-containing 

paper in which no adhesives were present. The blank experiments resulted in negligible 

values of PPM in the handsheets (data not shown).  

 

All of the pulps contained the same amount of adhesive (except for the blanks, which 

contained no adhesive) so it might be assumed a priori that the samples would all have 

the same PPM. As shown in Figure 3-1, this was not found to be the case.  In fact, the 

PPM of the rosin-sized paper and the copy paper were significantly higher than the other 

pulps.  The reason for this phenomenon will be discussed later.   

 

The average size of the sticky particles after pulping was observed to depend on the type 

of pulp, Figure 3-2.  It was found that the talc, starch, rosin-alum/starch  paper, and copy 

paper after pulping all had significantly smaller average size of the sticky particles than 

did the market pulp at the three pH values tested (pH=5.0, unadjusted pH=5.7, and 
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pH=9.5) and the market pulp containing CaCO3.  This finding has a very important 

consequence.  It is expected that the smaller adhesives generated will be more difficult to 

remove by screening. A practical application of this finding would be to avoid adding talc 

(or other detackifying agents) before any high-shear operation such as pulping if 

screening is to be used to remove the sticky particles.  Alternatively, adding a detackifier 

prior to dispersion or kneading may enhance the breakage of stickies particles in these 

types of equipment, if desired.   

 
The finding that papermaking components affect sticky particle size also has important 

implications concerning the evaluation of adhesives in lab-scale experiments.  Some 

researchers have analyzed sticky particles in the presence of clean market pulp or blotter 

paper and found that the resulting large adhesive particles were easy to screen, thus 

concluding that the adhesive is recyclable.   The results in Figures 3-1 and 3-2 show that 

the sticky particles are completely different when pulped in the presence of complicated 

pulp furnishes, like copy paper, for example. Thus, the evaluation of adhesives in the 

presence of market pulp alone may be misleading when evaluating adhesives for 

screenability.  The papermaking components also affected the shape and deposition 

behavior of the adhesives.  Table 3-1 lists qualitatively the relative size and shape of the 

stickies after pulping and making handsheets.  In general, the conditions that generated 

small stickies also produced stickies that had a large aspect ratio (length/width).  These 

small stickies were termed “string-like” and an example is shown in Figure 3-3.  Copy 

paper, rosin-alum/starch paper, talc and cationic starch produced these string-like 

adhesive particles.  



 23 

 

Figure 3-1.  Stickies PPM after pulping for various papermaking components 

 

 
Figure 3-2.  Average stickies size for various papermaking components 
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Figure 3-3. Pressure-sensitive adhesive 
particles generated by pulping in the 
presence of copy paper and deposited on a 
polyester papermaking forming wire 

Figure 3-4. Pressure sensitive adhesive 
particles generated by pulping in the 
presence of market pulp and deposited on a 
polyester papermaking forming wire 

 
 
          
Table 3-1.  Qualitative Adhesive Characteristics after Pulping  
 
Pulp Furnish Shape Size Deposition on Pulper Wall Tackiness 

Copy Paper String-like Small None Tacky 
Rosin-alum/Starch String like Small None No Tackiness 
     
Mkt Pulp + Starch String-like Small Yes Tacky 
Mkt Pulp + Talc String-like Small None No Tackiness 
Mkt Pulp + CaCO3 Spherical Large Yes Tacky 
Mkt Pulp + Clay Spherical Large Yes Tacky 
     
Market Pulp (pH=9.5) Spherical Large Yes, most deposition Most Tacky 
Market Pulp (pH=5.0) Spherical Large Yes Tacky 
Market Pulp Spherical Large Yes Tacky 
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Note that the string-like shape of the particles, in which only one dimension is large, 

would accommodate the passage of these particles through screens with either holes or 

slots.  This, in combination with the small size, should have a significant negative impact 

on the screening efficiency of the adhesives.   

 

The conditions that generated large stickies also produced stickies that were more 

spherical, having an aspect ratio closer to one.   An example is shown in Figure 3-4.  

This more three-dimensional nature should enhance screening with holes or slots.  The 

market pulp at various pH values and with clay or CaCO3 produced these large spherical 

particles.  Table 3-1 also shows that the large spherical particles were in general tackier 

than the string-like particles.  The qualitative judgment of tackiness in this case was 

based on handling the material, observations of deposits on the pulper wall (which in all 

cases was a small fraction of the total adhesive in the system) and screening some of the 

adhesive-containing material through a laboratory screen.   

 

The difference in the size and shape of the adhesive particles after pulping helps to 

explain why handsheets with the same amount of adhesive had different PPM levels of 

adhesives.  The more three-dimensional particles (large and round), when analyzed with a 

two-dimensional image analysis technique, are expected to result in less detected stickies 

area.  Conversely, the more numerous small, string-like particles that are more two-

dimensional are expected to result in higher detected stickies area.  The rosin-sized paper 

and the copy paper are examples in which string-like particles resulted in high PPM 

values.  
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Effect of Paper Components on the Deposition of Adhesives on a Paper Machine  
Wire 
 
It was of interest to obtain a more quantitative measure of the tackiness and the potential 

for deposition of the stickies after pulping with different papermaking components.  For 

this reason, the same pulp samples that were described in the above section were 

analyzed with a modified type of PIRA deposition tester.  The mass of stickies deposited, 

the PPM of the paper machine wire after deposition and the average size of stickies 

deposited are shown in Figures 3-5, 3-6, and 3-7, respectively.  Complete duplicates 

were performed for each test condition and the results (black and gray bars in figures) are 

observed to be reproducible.   In these tests it is known that the 50 grams of OD fiber 

contained 0.2 grams of adhesive.  As shown in Figure 3-5, the weight of adhesive 

deposits ranged from almost 0 to 100% of the total adhesive known to be in the system, 

depending on the component(s) present in the pulp.  This indicates that the deposition of 

adhesives is sensitive to the pulp components.  Blank experiments were performed with 

the market pulp, copy paper, and rosin-alum/starch-containing paper in which no 

adhesives were present. The blank experiments resulted in negligible deposition (data not 

shown).  

 

The talc and the rosin-alum/starch paper, which produced string-like particles after 

pulping, had significantly decreased deposition of the adhesives relative to the other 

samples, Figures 3-5 and 3-6.   However, the copy paper and the cationic starch samples, 

which also produced string-like particles, had significant deposition. This indicates that 

the string-like characteristic of the adhesive particles does not define whether or not a  
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Figure 3-5.  Stickies deposition (mass) for various papermaking components 

 
 

 
Figure 3-6.  Stickies deposition (PPM) for various papermaking components 
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Figure 3-7.  Average size of sticky deposits 
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Time-Dependent Pulping Experiments 
 
The general overlying theme that has developed from this work is that pulp furnishes that 

detackify the adhesive particles in the pulper will cause the adhesive to be smaller and 

have a string-like shape.  Conversely, adhesive particles that are found to be tacky form 

larger spherical particles during pulping. The reason behind this behavior is very 

important.  It can be hypothesized that the tacky particles agglomerate and form large 

spherical contaminants, whereas the non-tacky particles do not.  Further, the tacky 

particles may fold onto themselves, forming strong spherical contaminants that can resist 

shear without breaking.  Non-tacky particles may not fold, and remain extended in the 

shear field.  This extended state of the thin adhesive film is expected to be more 

susceptible to breakage from shear (or in general, mechanical forces).   To investigate 

these hypotheses, pulping experiments were performed in which samples were taken at 

several times over the course of pulping.   

 

The average size of the adhesive particles and the number of particles versus time for 

selected types of pulp furnishes are shown in Figures 3-8 and 3-9, respectively. The 

unrefined market pulp and the copy paper experiments were performed in duplicate and 

showed good reproducibility.  For the market pulp sample the average size decreased in 

the initial pulping period (<10 min.) and then increased (>10 min.). The increase in the 

average particle size for the market pulp samples after 10 minutes indicates an 

agglomeration of the stickies particles.  The number of sticky particles in the system with 

respect to time did not appear to be as sensitive a measure for the agglomeration 

phenomena, Figure 3-9.     
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There was a question as to whether the surface smoothness of the copy paper and the 

rosin-alum/starch paper to which the adhesive was attached was affecting the resulting 

adhesive particle size in the pulper.  The market pulp, in contrast, was unrefined and had 

a very rough surface.  It was hypothesized that the adhesive would be better bonded to 

the smoother surfaces and that this would affect the initial breakage of adhesives in 

pulping.  To investigate, the market pulp was refined and made into handsheets.  The 

adhesive was applied to the smooth side of the handsheets.  The results in Figure 3-8 and 

3-9 show that the refining of the fibers and the smoothness of the sheets was not a 

significant factor in the time-dependent break-up or agglomeration of the adhesive 

particles in the pulper.  There was a very slight decrease in size for the refined market 

pulp relative to the unrefined market pulp but this difference was minor, compared to the 

effect that the papermaking components had on the size of the adhesive particles.  

 

A steady decrease in average particle size and steady increase in number of particles were 

observed for the copy paper sample and the rosin-alum/starch sample, Figures 3-8 and 3-

9, respectively.   This suggests that the components in the copy paper and rosin-

alum/starch paper are interfering with the agglomeration of the adhesive particles and that 

the components are promoting the “extended state” of the adhesive particles and thus 

causing more shear-induced breakage of the particles.  Note that for the same mass of 

adhesive, pulping in the presence of the rosin-alum/starch paper generated significantly 

more sticky particles than with the copy paper and six times more sticky particles than 

with the market pulp.   
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Figure 3-8.  Average stickies particle size vs. pulping time 
 
 
 

 
Figure 3-9.  Number of particles vs. pulping time 
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Scanning Electron Microscope (SEM) Analysis on Stickies in the presence of 
Different Fillers 
 
 
The purpose of the SEM analysis was to investigate how the surfaces of stickies were 

modified by different fillers.  The SEM analysis was performed at the Analytical 

Instrumentation Facility (AIF) of North Carolina State University.  A Hitachi 

environmental SEM, model S-3200N, was used.  The instrument was operated with a 20 

kv beam voltage and a chamber pressure of 100 Pa.   

 

The stickies were pre-dyed by Morplus blue dyeing solution and pulped in a household 

blender with 3% consistency of softwood unrefined pulp in the presence of different 

fillers at room temperature.   After that, the stickies with blue color were analyzed by 

SEM.  The results are shown in Figures A2-1 – A2-5 (see Appendix 2). 

 

Figure A2-1 shows a control experiment with the SEM in which there was no filler 

pulped with stickies.  No deposition was observed on the surface of stickies for obvious 

reasons.  However, it was found that all fillers (ground CaCO3 (GCC), precipitated 

CaCO3 (PCC), talc and clay) deposited on the surfaces of stickies to some extent (Figure 

A2-2 – A2-5).  GCC deposited more on the stickies surfaces than PCC (Figure A2-2 – 

A2-3) and this suggests that GCC may prevent the agglomeration of stickies more 

effectively than PCC.  Figure 3-7 shows that talc was the most effective filler to prevent 

the agglomeration of sticky particles.  Figure A2-4 shows that talc deposited not only on 

the surface of stickies, but also went inside of sticky particles.  As we know, the plate 

surface of talc is hydrophobic, while the edge surface is hydrophilic [6].  That may 
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explain why talc can deposit on and mix well with the sticky particles.  Very small 

amounts of clay were found on the surfaces of stickies and this agrees with the results 

shown in Figure 3-7 that there is no effect of clay on the agglomeration of stickies.   

 

The elemental analysis was also performed by an ISIS EDS system to examine the 

elements of the substances deposited on the surfaces of stickies.  The purpose of the 

elemental analysis was to give extra evidence of filler deposition on stickies.  The 

analysis was performed on a selected deposited particle in the SEM image.  Elemental 

analysis was also performed on the dry filler materials as a comparison.  Figures A2-6 – 

2-13 show the results.  It was found that deposits agreed well with their pure form except 

the Ground Calcium Carbonate (GCC), which had some unaccounted peaks. 

 
 
 
CONCLUSIONS 
 
A common pressure-sensitive adhesive applied to market pulp was found to agglomerate 

during high-consistency laboratory pulping.  Some papermaking components were found 

to prevent the agglomeration of the adhesive particles during pulping.   The same 

papermaking components were found to detackify the adhesive particles and promote the 

breakage of the adhesive particles during pulping.  These detackified adhesive particles 

were found to be more “string-like” than the particles pulped in the presence of market 

pulp alone.   In particular, talc and the paper containing rosin-alum/starch were very 

effective in reducing the deposition of the adhesive particles on a papermachine forming 

wire.   These results demonstrate that the evaluation of the recyclability of adhesive 
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materials or the testing of recycling processes with respect to stickies removal or 

treatment methods should be conducted in the presence of realistic wastepaper furnishes, 

not simply market pulp. 
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Chapter 4 
 
Effect of Cationic Polymers, Salts and Fibers on the Stability of Model 

Micro-Stickies 
 
 
 
ABSTRACT 
 
The stability of micro-stickies is of great concern to papermakers as these materials, 

when they agglomerate, can deposit on equipment and on the paper product.  In order to 

investigate, the charge demand of an acrylic microsphere adhesive emulsion (a model for 

micro-stickies), softwood market pulp and different starches were titrated by standard 

polymer solutions.  The effects of fibers, different cationic polymers and salts on the 

stability of the micro-stickies were investigated. The stability of the micro-stickies in 

water was evaluated using turbidity and a hemacytometer with microscope.  Based on the 

results, it was concluded that the agglomeration of micro-stickies with Poly-DADMAC 

occurred mainly via a neutralization mechanism.  In contrast, the agglomeration of micro-

stickies with cationic starch does not correspond with neutralization mechanism.  Both 

Poly-DADMAC and cationic starch could stabilize the micro-stickies if they were 

charged to the system in excess.  The stability of the micro-stickies with respect to salts 

with different valence obeyed the Shultz-Hardy rule, indicating that there was an 

electrical double layer that affected their stability.  It was determined that common levels 

of Al3+ found in industrial papermaking processes were sufficient to precipitate the 

micro-stickies.   Common levels of Na+ and Ca2+ alone were not.  Both the anionic 

fibers/fines and micro-stickies compete for the cationic polymer in the system.  The more 

hydrophobic micro-stickies particles are more readily agglomerated than the fibrous fine 

material.   
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INTRODUCTION 
 
The removal and control of adhesive contaminants (stickies) has become more and more 

important as the use of adhesives has increased and paper recycling has grown in recent 

years.  Very small stickies that cannot be screened are a considerable problem.  Micro-

stickies have been described by several researchers as sticky particles that can pass 

through a laboratory-screening device with .006” slots.  Macro-stickies are defined as 

being stopped by a .006” slotted lab screen.  The accumulation of micro-stickies in the 

white water of a paper machine may cause the stickies to eventually precipitate from the 

suspension and cause a deposition problem on the machine.  This deposition problem 

may lead to paper web breaks or impart holes or spots to the paper sheet.  As mills 

attempt to close the water loops by increased water reuse, it is very important to 

understand the fundamental characteristics and behavior of micro-stickies.   

 

In our previous study [1], it was found that some papermaking components had a 

significant effect on the characteristics of macro-sticky adhesive particles after pulping.  

The current study focuses on the behavior of only the micro-stickies, using a model 

micro-stickies material.  Due to the difficulties of laboratory methods for the generation 

of micro-stickies and the lack of reliable measuring methods available for the micro-

stickies, studies on micro-stickies are less prevalent in the literature than for macro-

stickies.  Klein and Grossmann [2] discussed the difficulties encountered in the 

measurement of finely dispersed and colloidal stickies.  They reported the precipitation 

behavior of the stickies in the presence of highly charged cationic long chained polymers.   

They also [3] carried out adsorption tests of potential micro-stickies on a solid surface.  
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The results showed that the adsorption was affected by adsorption time, temperature, and 

pH of suspension as well as retention aid dosages and deinking chemical addition.  E. 

Gruber, et. al., [4] claimed that the detrimental potential of secondary stickies 

predominately depended on the ratio of the hydrophilic/hydrophobic nature of the particle 

surface.  A. Setter, et. al. [5] proposed that the removal of colloidal stickies could be 

performed by circuit water cleaning, i.e. by a specific chemical precipitation and 

flocculation of the disturbing substance from filtrates, followed by a microflotation of the 

precipitates.  The sticky interactions in a fiber-water system were investigated by 

Banerjee and coworkers [6].  A Britt jar was used to study the distribution of a model 

stickies material in a fiber-water system when the water was separated from the fiber 

through a 200-mesh screen.  The results showed that the stickies will agglomerate in pure 

water, but the agglomeration was inhibited by the fibrous network.  B. Carre, et. al. [7] 

found that the reduction of the cationic demand of the process water to zero would induce 

the formation of agglomerated secondary stickies, especially with the addition of 

polyethylene-imine.  However, in that study the charge demand of the micro-stickies 

themselves and the concentration of micro-stickies in the system were not measured 

quantitatively, which is important in the understanding of micro-stickies behavior.  Also 

in addition to the fiber-water system, the realistic paper stock suspension contains not 

only fibers, and water, but also chemicals, retention aids, filler, etc.  The understanding of 

interactions among micro-stickies, fiber and different papermaking components will be 

very helpful for stickies control and removal. 

 
The objective of this study was to evaluate the effect of common species present in 

papermaking on the stability of micro-stickies using a model micro-sticky. Of special 
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interest in this research is the role of charge on the destabilization of micro-stickies.  A 

model system using a Britt jar was used to investigate the interaction among the fibers, 

micro-stickies and different papermaking components.  Among other methods, a 

hemacytometer was used to determine the micro-stickies concentration by counting the 

number of sticky particles under a microscope. 

 

 
EXPERIMENTAL   
 
Materials 
 
The pulp used in the experiment was fully bleached southern pine softwood beaten to a 

CSF of 450 ml in a Valley Beater.  An emulsion (Provided by 3M and 22% solid content) 

of acrylic micro-spheres used as a paper adhesive was used as the “micro-stickies” in this 

work.  Standard polymer solutions for titration were 0.001N of polyvinyl sulfate 

potassium (PVSK) (anionic) and 0.001N of poly-diallyldimethylammonium chloride 

(poly-DADMAC) (cationic) from NALCO Company, Chicago, IL, USA. The cationic 

starch used in the research was Accosize® 72 synthetic size, a pregelatinized cationic 

starch derivative from Cytec, Inc, Princeton, NJ, USA. 

 
Charge Titration 
 
The charge demand value of adhesive emulsion, softwood market pulp, and different 

starches were measured by charge titration at room temperature (23 oC ± 3).  First, starch, 

adhesive emulsion, or fibers was mixed with 100 ml of deionized water. (The starch 

solution was heated to 88 oC for 20 min if the starch did not dissolve at room 

temperature.)  The standard polymer solution (10ml) was added and mixed for 30 min., 



 39 

and then the contents were filtered with a glass filter (Gelman Science, Lot No. 80486).  

Ten drops of indicator o-Toluidine Blue (TBO) were added to the filtrate and the filtrate 

was back-titrated to an end point. The cationic TBO turns from blue to pink at the neutral 

point.  Descriptions of the behavior of the indicator appear in the references [8, 9].  Using 

a spectrophotometer DR/2000 with wavelength 620nm, the reproducibility of the end-

point determination was satisfactory. 

 
 
Stability of Micro-stickies 
 
200 ml of a solution of cationic starch, poly-DADMAC, or salts with different valency 

were added into 200 ml of micro-stickies suspension (containing 5 grams of adhesive 

emulsion, 22% solid content) separately. The dosages were varied according to the 

calculation of the charge demand.  The charge ratio of cationic polymer to micro-stickies 

was increased from 0:1 to 3:1.  The stability of micro-stickies was evaluated by both 

measuring the turbidity of suspension after mixing and overnight, using a DRT100B 

Turbidity-meters (HF Scientific, inc., Fort Myers, FL, USA; Catalog No. 50027), and 

counting the number of particles per agglomerate under the microscope. 

 
Determination of Micro-stickies Concentration in a Hemacytometer with a 
Microscope 
 

A sample containing micro-stickies was placed in a hemacytometer (Hausser Scientific 

inc., Horsham, PA, USA; Catalog No. 1483) with a small pipet, and counted with the use 

of a microscope.  The sticky particles can be easily distinguished by their spherical shape 

and brilliance under transmitted light.  Since the stickies particles were counted in a 
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known volume of liquid, the micro-stickies particle concentration could be calculated 

with the following expression: 

 

Micro-stickies particle concentration =N/V 

 

Where 

N= number of particles inside the known volume 

V= volume of liquid inside the hemacytometer 

The volume of the hemacytometer was: 

1mm  x 1mm x 0.1mm=0.1 mm3=1.0x10-4 cm3 

 

Micro-stickies particle concentration =N/1.0x10-4 cm3 

 
Effect of Fibers on the Stability of Micro-stickies 
 
A Britt jar was used to investigate the interaction among fibers, micro-stickies and Poly-

DADMAC.  In calibration experiments, one liter of solution containing either 2, 4, 6, 8, 

or 10 grams of adhesive emulsion was prepared separately.  After mixing the deionized 

water and the adhesive emulsion, the turbidity and micro-stickies concentration was 

measured by the turbidity-meter and the hemacytometer separately.  For the experiments, 

5 grams of softwood pulp and 39 ml of poly-DADMAC were added to deionized water 

(amount to obtain one liter of suspension) and stirred for 5 minutes.  10 grams of 

adhesive emulsion was added to the prepared suspension and the suspension was poured 

into the Britt jar.  After stirring for 15 minutes at 500 rpm, 200 ml of filtrate was released 
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through the 200 Mesh screen of the Britt jar.  Photomicrographs of the filtrate were also 

taken for analysis.  

 
RESULTS AND DISCUSSION 
 
Charge Titrations of Model Micro-stickies 
 
The first part of the study involved measuring the charge demand of an adhesive 

emulsion, fibers, and a cationic starch.  The adhesive emulsion was chosen as a model for 

micro-stickies, since pictures taken using a  microscope showed their sizes varied 

between 1 µm and 50 µm, which is in the size range of micro-stickies (Figure 4-1).  The 

charge demand was determined using standard polymer solutions of poly-DADMAC 

(cationic) and PVSK (anionic).  Since the color change at the end-point was from blue to 

pink and often difficult to determine by the naked eye, a spectrophotometer was applied 

for the end-point determination.  The accuracy and reproducibility were satisfactory with 

the assistance of the spectrophotometer.  The results of the titrations are shown in the 

Table 4-1.  The blank experiments were carried out with deionized water before the 

titration of samples. 

The end-point was determined as the midpoint of line B from the titration curve as shown 

in Figure 4-2.  As shown in Table 4-1, the order of polymer addition is important.  

Repeated tests showed consistently that the test with Poly-DADMAC added first had a 

usage of 10.5µeq/g of PVSK to reach the end-point, while when PVSK is added first the 

resulting usage of poly-DADMAC to reach the end-point was 7.8 µeq/g.  This may be 

due to the cationic dye complexing irreversibly with the anionic PVSK, lessening its 

apparent charge demand relative to what is expected.   
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Figure 4-1. Picture of adhesive 
emulsion under the microscope 
(magnification 60) 

Figure 4-2. Charge titration for poly-
DADMAC with PVSK.  The endpoint was 
located at the midpoint of line B. 

                     
Table 4-1.     Titration Results of Polymers, Adhesive, and Fibers 
 

Experiment Initial Charge 
(poly-DADMAC) 

Titrant Charge 
( PVSK) 

  Average     Charge *    
   Demand 

Blank      10.0 µeq       10.4 µeq 
Blank      10.0 µeq       10.5 µeq 

 
 10.5 µeq 

 

0.5 gram of 22%  adhesive 
emul. 

     10.0 µeq         8.4 µeq 

0.5 gram of 22% adhesive 
emul. 

     10.0 µeq         8.6 µeq 

 
 
   8.5 µeq 

 
 
 -18 µeq/g 

0.5 OD grams of SW fibers      10.0 µeq         5.3 µeq 
0.5 OD grams of SW fibers      10.0 µeq         5.8 µeq 

 
 
   5.6 µeq 

 
 
 -10 µeq/g 

Experiment Initial Charge 
( PVSK) 

Titrant Charge 
(poly-DADMAC) 

  Average     Charge     
   Demand 

Blank      10.0 µeq         7.7 µeq 
Blank      10.0 µeq         7.8 µeq 

 
   7.8 µeq 

 

0.0147 gram of 90.4% cat.  
starch 

     10.0 µeq         4.8 µeq 

0.0147 gram of 90.4% cat.  
starch  

     10.0 µeq         5.0 µeq 

 
 
   4.9 µeq 

 
 
+218 µeq/g 

 
* Charge Demand=(Experimental Value-Blank Value)/OD grams of material 
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The results of the titration showed that fibers and the micro-stickies carried negative 

charges (Table 4-1).  In contrast, the cationic starch carried a charge of  +218 µeq/g.  In 

our previous studies [1], it was found that the cationic starch could assist in the dispersion 

of macro sticky particles into small particles in the pulper.   It was hypothesized that the 

starch coated the sticky particles, rendering them less tacky and preventing them from 

folding on themselves. The unfolded sticky particle in an extended state was more likely 

to be broken by mechanical action, causing smaller particles. The results of the titrations 

were used as the basis for the experiments that are discussed next. 

 
Effect of Cationic Polymers on the Stability of Micro-stickies 
 
The objective of this experiment was to understand how the concentration of the cationic 

polymer affects the stability of micro-stickies.  The dosages of cationic polymer were 

varied according to the calculation of the charge demand for the adhesive.  The charge 

ratio of cationic polymer to micro-stickies was varied from 0/1 to 3/1.  The results of the 

experiments are shown in Table 4-2 for poly-DADMAC and Table 4-3 for cationic 

starch. 
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Table 4-2: Stability of micro-stickies in the presence of  poly-DADMAC.   
 
The symbols * and *** indicate the appearance of a small amount and significantly larger 

amounts of precipitate, respectively.  

 
Dosage of poly-DADMAC After Mixing Overnight Agglomerates Average # inside
(charge ratio) (Turbidity/NTU) (Turbidity/NTU) floc(after mixing)
0 no precipitation(130) *(130) stirrer, irreversible 1
1/10 *(130) *(130) top, irreversible  very large
1/5 *(130) *(125) top, irreversible  very large
1/3 ***(125) No change(120) wall, irreversible  very large
2/3 ***(120) No change(100) top, irreversible  very large
3/3 ***(30) No change(30) top, irreversible  very large
4/3 ***(30) No change(30) top, irreversible  very large
5/3 ***(120) No change(105) top, irreversible  very large
9/3 ***(130) No change(120) top, irreversible very large
 
 
 
Table 4-3: Stability of micro-stickies in the presence of cationic starch.  
 
The symbols * and *** indicate the appearance of a small amount and significantly larger 

amounts of precipitate, respectively. 

 
Dosage of cationic starch After Mixing Overnight Agglomerates  Average Particles # 
(charge ratio) (Turbidity/NTU) (Turbidity/NTU) inside floc.(after mixing)
0 No precipitation(120) *(120) bottom, irreversible 1
1/10 *(120) no change(100) bottom, irreversible 1
1/7.5 ***(90) no change(85) top, irreversible very large
1/5 ***(120) no change(110) top, irreversible very large 
1/3 ***(130) no change(110) top, irreversible very large
2/3 ***(140) no change(105) top, reversible 188
3/3 ***(130) no change(120) top, reversible 174
4/3 ***(135) no change(120) bottom, reversible 67
5/3 ***(125) very clear (5) bottom, reversible 25
9/3 ***(130) clear (40) bottom, reversible 2
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It was observed that micro-stickies started to precipitate at the charge ratio of 1/3 for 

poly-DADMAC (Table 4-2). Table 4-2 shows that the turbidity decreases significantly 

from 100 NTU to 30 NTU as the charge ratio increased from 2/3 to 3/3.  The maximum 

precipitation of micro-stickies with poly-DADMAC occurred at the neutral point where 

the charge ratio is 3/3, as determined by turbidity measurements performed after mixing 

and overnight. This suggests that the flocculation of the micro-stickies with poly-

DADMAC was greatly assisted by charge neutralization.  However, if the charge ratio 

was raised to above 5/3, in other words if the suspension was overcharged with cationic 

polymer, the turbidity of the suspension increased, indicating that the sticky particles 

were somewhat restabilized by the excess polymer. However, the precipitated 

agglomerates produced at all levels of poly-DADMAC were large in particle number, 

strong and could not be dispersed again by shaking the suspension vigorously.   

 

In previous work we found that cationic starch promoted disintegration of macro-stickies 

in a pulper [1]. It was thus of interest to investigate the interactions of the micro-stickies 

and cationic starch.  Would the cationic starch cause the same effects as the poly-

DADMAC? The dosage of cationic starch was according to the calculated charge demand 

of the cationic starch and micro-stickies, Table 4-3. The turbidity of the suspension 

measured overnight for the cationic starch decreased from 125 NTU to 5 NTU as the 

charge ratio increased from 4/3 to 5/3.  Based on the turbidity overnight, the maximum 

precipitation occurred at a charge ratio of 5/3 for the cationic starch rather than the 

neutral point as for the poly-DADMAC.  The reason maybe that starch has a much higher 

molecular weight and lower charge density than starch which may prohibit the access of 
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sticky particles.  Similar to the poly-DADAMAC, the sticky particles treated with 

cationic starch could be restabilized by overcharging these particles at a charge ratio of 

9/3.  

        
It is worthy to note that the flocs precipitated by the cationic starch were different from 

those from poly-DADAMAC.  The average particles per floc for cationic starch became 

countable at a charge ratio over 2/3 and the average particles per floc decreased as the 

charge ratio increased. These flocs were also reversible, meaning that on vigorous 

shaking, the suspension became very turbid again.   This suggests that the forces that 

made the micro-stickies flocculate in the presence of cationic starch were weaker than 

those caused by the poly-DADMAC.  In fact, the differences in turbidity after mixing and 

after settling overnight for the cationic starch were attributed to reversible shear-induced 

breakage during mixing.  The results show that the cationic starch (more hydrophilic) is 

less effective in flocculating the micro-stickies.  It is likely that starch and poly-

DADMAC (or other cationic polymer) would compete for surface area of the micro-

sticky complicating the behavior of the micro-sticky in a mill system.  

 
 
The Effect of Salts on the Stability of Model Micro-stickies 
 
The objective of these experiments was to determine if the micro-sticky particles have a 

double layer that affects the stability of the particles.  NaCl, CaCl2 and alum 

(Al2(SO4)3•14H2O) were chosen as salts with +1, +2 and +3 valency, respectively.  The 

salts at different concentrations were mixed with the adhesive suspension and the 

turbidity was measured (Table 4-4). 
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For NaCl, the turbidity of the suspension decreased from 140 to 5 when the concentration 

of Na+ increased from 1.2M to 1.3M.  The Critical Coagulation Concentration (CCC) was 

defined as the salt concentration that caused the turbidity of the suspension to drop 

significantly, accompanied with a significant amount of precipitation.  The CCC assigned 

for Na+ was 1.3M.  If the sticky particles have an electrical double layer, according to the 

Schultz-Hardy rule, the CCC is proportional to the inverse of the six power of valency 

(CCC ∝  Z-6) [10].  Therefore, the calculated theoretical CCC for Ca2+ would be 2.0 E-2 

M. The observed CCC for Ca2+ was 1.7E-2 M, in very good agreement with the 

theoretical value.  Also, the observed CCC value for Al3+ of 1.3E-3 M was in close 

agreement with the theoretical value, 1.8E-3 M.  This data confirms that the electrical 

double layers associated with these micro-stickies affect their stability.  It is of interest to 

note that unlike the cationic polymers, “over-dosing” with the salts does not stabilize the 

micro-adhesives.  

 
These experiments also demonstrate the effects that common concentrations of dissolved 

salts found in a paper mill should have on the stability of the micro-stickies.  Table 4-5 

shows the analysis of headbox filtrates from fine paper mills using CaCO3 filler as 

reported in reference [11].  The level of soluble Ca2+ ranged from 95 to 270 ppm in the 

headbox filtrates of alkaline fine paper mills.  However, Table 4-4 shows that observed 

CCC of Ca2+ is 1.7E-2 M which corresponds to 659 ppm.  This result suggests that 

common concentrations of Ca2+ found in most mills would not by itself cause the 

destabilization of micro-stickies.  However, if a system using alum is considered, as 

shown in Table 4-6 [12], the aluminum concentration may exceed the observed CCC of 

Al3+ determined in this work, 36 ppm (Table 4-4).   It should be noted that the aluminum 
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concentration depends very strongly on the pH of the system [13].   The pH ranged from 

3.72 to 3.94 (Table 4-4) in these experiments.  If the papermaking system operates at a 

pH of 4.0-5.5, the CCC could be lowered by the formation of polynuclear species, which 

carry higher valency [13]. 

 

The finding that different salts and cationic polymers had significant effects on the 

stability of micro-stickies has important implications concerning the dosage of salts and 

cationic polymers applied in the mills.  Salts with high valency may cause precipitation 

of micro-stickies even at low concentrations. Also, the relationship of the amount of 

cationic polymer to micro-sticky stability is complicated, passing through a minimum. 

This non-linearity could complicate the understanding of deposit formations due to 

cationic polymers.  
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Table 4-4.  Effect of different salts on the stability of micro-stickies.  
 
The symbols * and *** indicate the appearance of a small amount and significantly larger 

amounts of precipitate.  

 

 
 
 
 
 
 
 
 

Salts 
(g/500g solution) 

            Na+             
Concentration 

          NaCl     M   ppm 

Turbidity 
  (NTU) 

Agglomerates Critical Coagulation  
Concentration (CCC) 

          0.75 2.6E-2   590      140 no precipitation  
          23.0 7.9E-1   18085      140 no precipitation  
          34.5 1.2   27128      140            *  
          37.0 1.3   29094         5           ***     1.3 M (observed) 
            Ca++ 

 Concentration 
          CaCl2     M   ppm 

   

          0.025 4.5E-4    18      140             *  
          0.075 1.4E-3    54      120           ***  
          0.125 2.3E-3    90      130           ***  
          0.250 4.5E-3    180      140           ***  
          0.375 6.8E-3    270      120           ***  
          0.75 1.4E-2    540      120           ***  
          0.92 1.7E-2    659       19           ***     1.7E-2 M (observed) 
          1.07 1.9E-2    770       15           ***     2.0E-2 M 

(theoretical) 
          1.39 2.5E-2   1000       5           ***  
          2.78 5.0E-2   2000       5           ***  

             Al3+ 
  Concentration 

          Alum as 
Al2(SO4)3•14H2O 
       pH 

    M   ppm 

   

 0.025     3.85 1.7E-4    5      348               *  
 0.050     3.89 3.4E-4    9      297               *  
 0.075     3.93 5.0E-4    14      316               *  
 0.150     3.93 1.0E-3    27      80             ***       
 0.200     3.94 1.3E-3    36      26             ***      1.3E-3 M (observed) 
 0.250     3.93 1.7E-3    45      12             ***      1.8E-3 M 

(theoretical) 
 0.750     3.72 5.1E-3    135      12             ***  
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Table 4-5. Analysis of headbox filtrates from fine paper mills using CaCO3 filler [11] 
 
 
Mill 

 
 pH 

Total  hardness,  
PPM  CaCO3 

Alkalinity, 
PPM CaCO3 

I 7.9        95     125 
II , a 7.7       100     185 
    , b 7.7       111     270 
III, a 7.5       118     168 
   ,  b 7.6       128     155 
IV, a 7.9       147     144 
    , b 7.9       152     148 
V 8.0       100     146 
VI, a 7.9       96     152 
    , b 7.9       98     133 
VII 7.8       174     155 
VIII 7.7       175     240 
Avg.        125     168 

 
 
Table 4-6.  Relationship between alum addition and aluminum concentration [10] 
 

Alum addition Aluminum concentration 
% lb/ton 

Pulp  
Consistency 

% 
M ppm 

1 20 0.3 1E-4 2.7 
1 20 3.0 1E-3 27.0 
2 40 0.3 2E-4 5.4 
2 40 3.0 2E-3 54.0 

 
 
Effect of Fibers on the Stability of Model Micro-stickies 
 
A Britt jar experiment was used to investigate the interaction among fibers, micro-

stickies and cationic polymers.  The concentration of micro-stickies particles was 

determined by counting the particle number in a hemacytometer with a microscope.  

Hemacytometers are commonly used to measure the concentration of blood cells.  The 

use of a hemacytometer has been reported for measurement of pitch concentration [14].  

Since the micro sticky particles used in this report were spherical and shiny under the 

microscope (transmitted light), they could be easily distinguished from fines or other 

debris in the system (Figure 4-3). 
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Figure 4-3. The micro sticky particles were spherical and shiny under 
the microscope and could be distinguished from the non-sticky debris. 
 
 
 
A calibration experiment for the hemacytometer was executed by preparing one-liter 

suspensions containing 2, 4, 6, 8, or 10 grams of the 22% adhesive emulsion.  After 

mixing for 15 minutes in a glass beaker, the turbidity and micro-stickies concentration 

was measured by a turbidity meter and using the hemacytometer. Both the turbidity and 

particle number/0.1µl were found to be linearly related to the known amount of added 

adhesive solid with high correlation. 

                                                     

The Britt jar set-up was initially developed to estimate the retention of a pulp slurry on a 

paper machine [15].  However, the apparatus was used here as a method to study the 

behavior of micro-stickies [6].  Different combinations of fibers, adhesives, poly-

DADMAC and deionized water were stirred in the Britt jar for 15 min.  The filtrate was 

 

Debris 

Micro sticky 
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collected through the 200-mesh screen (openings of 75 microns) in the bottom of the Britt 

jar. The stirrer was kept running during the release of filtrate in order to prevent the fibers 

from forming a mat and physically trapping the adhesives.   Note that the individual 

adhesive particles ranged from 1-50 µm in size and thus should pass through the 

openings of the screen.  The turbidity of the filtrate was measured by a turbidity meter 

and the micro-sticky particles in the filtrate were counted using the hemacytometer.  

Pictures were also taken of the fibers and the filtrate under the microscope. The results 

are shown in Table 4-7. 

 
Table 4-7. Results of Britt jar experiment for fibers, adhesive emulsion, and poly-
DADMAC.  
 
Experiment #1 #2 #3* #4* #5 #6** #7*** 
Fiber (5 gram od)  + +  + + + 
Adh. Emulsion  (10 g) + + + +   + 
poly-DADMAC   + +  + + 
Turbidity (filtrate) 170 136 54 4 60 23 7 
Turbidity (Jar) 0 min 244       
Turbidity (Jar) 15 min 243       
Adhes. Part.  #/ 0.1 µL 18 8 0 0 0 0 0 
 
*    Quantity of poly-DADMAC added to neutralize adhesive only. 
** Quantity of poly-DADMAC added to neutralize fibers only. 
*** Quantity of poly-DADMAC added to neutralize both adhesive and fibers.  
 
In experiment # 1, a small amount of the contents in the Britt jar were taken by syringe 

and the turbidity was measured for t=0 and t=15 min.  The turbidity remained constant 

through the 15 minutes of stirring.  However, when the filtrate was captured and tested, 

the turbidity decreased to 170 NTU.  This decrease is attributed to an amount of the 

adhesive depositing on the jar and screen.  The adhesive particle count in the filtrate 

using the hemacytometer was 18 adhesive particles per 0.1 µL.   When an amount of 

poly-DADMAC was added to the adhesive alone to neutralize the charge, the turbidity 
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decreased to 4 NTU and no adhesive particles were detected in the filtrate, experiment 

#4.  In this case large flocs of the adhesive were formed and trapped by the screen or 

attached to fibers. This is consistent with the result showing destabilization of the micro-

adhesive using poly-DADMAC alone.  

 

In experiment # 2, in which adhesive and fibers were present, the filtrate turbidity and 

adhesive particle number per 0.1 µL both decreased relative to experiment #1.  This 

suggests that some micro-stickies were attached to the fibers (or trapped by the fibers) 

that were retained on the screen.  This is despite both the fibers and the micro-stickies 

having a negative charge. (The fiber charge equals -10 µeq / gram and the micro-stickies 

charge equals -18µeq / gram.) 

 
In experiment # 3, flocculation and attachment of the micro-stickies to the fibers was 

caused by the poly-DADMAC (quantity to neutralize just the adhesive charge demand). 

This was reflected in lower turbidity and lower particle count relative to experiment #2.  

Flocs of the adhesive attached to the fibers were observed using a microscope. These 

flocs were not observed in the system if poly-DADMAC was not present, experiment #2.     

Further, for experiment #3 using the hemacytometer, it was determined that no adhesive 

particles could be detected in the filtrate.  There was, however, a significant amount of 

fiber debris observed.  Thus, the turbidity of the suspension in experiment #3 is attributed 

to the fibrous debris.  In fact, from experiment #5, with only fibers, it is known that 

fibrous debris causes the filtrate to be turbid, with a turbidity value equal to 60 NTU.  If 

Poly-DADMAC is added to the fiber suspension alone, then the filtrate turbidity is 
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decreased to 23 NTU, experiment #6. This indicates that the fibrous debris can be 

flocculated or attached to the fibers by poly-DADMAC.  

 

In experiment #7, when the amount of poly-DADMAC was increased for the adhesive 

and fiber system (quantity to neutralize both the adhesive and fiber charge demand) the 

turbidity of the filtrate decreased to a very low value.  Thus, by comparing experiments 

#3 and #7, it is known that increasing the amount of poly-DADMAC up to the neutral 

point of the system decreases the turbidity of the filtrate, improving fines retention. No 

adhesive was detected in the filtrate in experiments #3 and #7 but significant amounts of 

fibrous debris were present.  This suggests that the adhesive is more readily flocculated 

and retained than the fibrous debris.  This is confirmed by comparing the results of 

experiments #4 and #6, in which just enough poly-DADMAC was added to neutralize 

either the adhesive alone or the fibers alone, respectively. The poly-DADMAC was able 

to decrease the turbidity of the adhesive filtrate to 4 NTU whereas it was only able to 

decrease the turbidity of the fibrous debris to 23 NTU. It is reasonable for the adhesive to 

be more readily flocculated when considering that the adhesive is more hydrophobic than 

the fibrous debris.  

 
In this paper, poly-DADMAC and cationic starch behaved differently with respect to the 

agglomeration of micro-stickies. It was found herein that charge played an important role 

for both of these polymers but more research needs to be done to understand what other 

factors, such as chemical identity, molecular weight, molecular structure, and charge 

density, contribute to the differences in behavior. It is also of interest to investigate other 

common papermaking components such as fillers and sizing agents 
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on the stability of micro-stickies.  In addition, the model micro-stickies in this study are a 

single, special type of adhesive.  It is necessary to determine how applicable these results 

are to other adhesive products.   

 
 
CONCLUSIONS 
 
The stability of model micro-stickies in the size range of 1µm to 50µm was found to 

depend on salt concentration and dosage of cationic polymer.  The coagulation of the 

micro-stickies closely followed the Schultz-Hardy rule, indicative of particles whose 

stability behavior is affected by an electrical double layer.  The stability of the micro-

stickies versus the amount of cationic charge added was similar for poly-DADMAC and 

cationic starch.  Both showed a maximum amount of flocculation with respect to cationic 

polymer charged.  However, the poly-DADMAC generated large, strong, irreversible 

flocs, whereas the cationic starch generated small, weak flocs that could be readily 

broken with agitation.  At high dosage of either cationic polymer, the micro adhesive 

particles were restabilized.  In studies with fibers, adhesives and poly-DADMAC, it was 

observed that the micro-stickies were flocculated and attached to the fibers. Through the 

use of poly-DADMAC at a level necessary to neutralize the charge of the system, 

complete retention of the micro-stickies with the fibers was produced.  It was also found 

that the micro-stickies had a significantly larger propensity to flocculate than fibrous 

fines.  Overall retention of micro-stickies and fibrous fines with the fibers increased as 

the amount of cationic polymer added increased to the neutral charge point.  
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Chapter 5 
 

The Adsorption of Starches on Pressure-sensitive Adhesive Material 
and Its Impact on Agglomeration 

 
ABSTRACT 
 
Pressure sensitive adhesive (PSA) particles, or stickies, will self-agglomerate with 

agitation.  Under certain conditions, it was found that some starches and Poly-

Diallyldimethylammonium Chloride prevent this agglomeration.  Both cationic and 

neutral starches were found to adsorb onto the surface of the negatively charged stickies.  

This was determined by infra-red spectroscopy, UV spectroscopy, contact angle 

measurements and charge titration methods.   Cationic charge promotes the adsorption of 

starch onto the surface of stickies and cationic starches adsorbed on the PSA film do not 

desorb when exposed for 15 minutes to deionized water at room temperature.  Cationic 

starches were found to prevent the agglomeration of stickies at lower concentrations 

relative to neutral starches.  Stickies compete with fibers for the cationic charge in the 

system.  Over the molecular weight (MW) range studied, the MW of the starch has no 

effect on the prevention of agglomeration of stickies. 

 
INTRODUCTION 
 

In our previous study [1], it was found that during high consistency pulping cationic 

starch could assist in the dispersion of pressure sensitive adhesive (PSA) particles, or 

sticky particles.  Without the starch present the sticky particles were observed to 

agglomerate into large spherical particles. The cationic starch was shown to prevent 

agglomeration and cause the particles to form string-like shapes.  Pulping the PSA in 
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copy paper containing cationic starch also prevents the agglomeration. These results 

indicate that the surface property of the stickies has been changed by the cationic starch.  

Hence, the question needed to be answered is how does the cationic starch prevent the 

agglomeration of the stickies particles.  An immediate hypothesis is that cationic starch 

can adsorb onto the surface of the stickies and prevent agglomeration by either a charge 

effect and/or a steric effect. Another possibility is that the surface of the stickies becomes 

more hydrophilic and thus less tacky when the starch adsorbs on the stickies surface.  It is 

well known that hydrophobic material like stickies tends to agglomerate in order to 

minimize its surface area and the total surface energy.  Therefore the tendency of 

agglomeration is reduced if the stickies surface is more hydrophilic.  This hypothesis is 

based on previous studies [2-16] that have demonstrated the adsorption of cationic starch 

on fibers, fiber fines, toner and polyester paper machine wire.  The adsorption is believed 

to be mainly due to the electrostatic attraction force since the surface charge of fibers, 

fiber fines, and polyester wire is negative [14, 17].  Malton [2] found that the high surface 

area and charge of fibers contribute to high adsorption of cationic starch onto the fiber 

surface.  Van de Steeg [11] has shown that the increase in the adsorbed amount of starch 

with increased pH was strongly correlated with the increase in the negative surface 

charge, indicating a central role of electrostatic attraction between adsorbate and 

substrate.  

 

Similar to fibers and fines, colloidal sticky particles [18-20] were found to carry negative 

charges.  Therefore, cationic starch may also adsorb onto the surface of macroscopic 

stickies.   
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Objective of the Research 

The objective of this research was to understand the process of the stabilization of 

stickies (prevention of agglomeration) by cationic starch.  The stickies may be stabilized 

either by a steric effect, or charge effect, or by producing a more hydrophilic surface.  

Understanding these effects will help us to acquire better control strategies for stickies 

using chemical treatment methods.  In other words, cationic starch or another cationic 

polymer with specific molecular weight and charge may be chosen to prevent the 

agglomeration of stickies in recycling or paper-making operations.  In this research, 

experiments were designed to investigate the following issues: 

1. The adsorption of starch on stickies.  To what extent do cationic, anionic and 

neutral starches adsorb onto the stickies surface? Does charge facilitate the 

adsorption? 

2. How does starch affect the agglomeration of PSA particles in the presence of 

fibers. 

3. Does the molecular weight of the starch have a strong influence on the 

stabilization effect? 

 

EXPERIMENTAL 
 
Materials 
 
The pulp used in the experiment was a fully bleached southern pine softwood pulp 

without refining.  The adhesive was a pressure sensitive acrylate-based adhesive 
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(supplied by Avery Dennison) supplied in film form between two release liners. To apply 

the adhesive to the market pulp the following steps were performed.  First, the area of 

adhesive product needed to obtain 2.0 grams of adhesive was determined and cut.   One 

of the release liners was peeled off and the adhesive applied to the surface of the market 

pulp.  The other release liner was then peeled off and market pulp applied to the still 

exposed adhesive side.  The paper/adhesive/paper composite was then pressed using the 

standard TAPPI procedure (described in T-205).  The composite was then passed through 

a shredder resulting in long strips that were 0.25 inches wide.  Additional market pulp 

was shredded and added to make a total of 400 grams of oven dry material.   

Standard polymer solutions for titration were 0.001N of Polyvinyl Sulfate, Potassium salt 

(PVSK) (anionic polymer, Catalog No. 460-S5432) and 0.001N of Poly-  

Table 5-1.  Characteristics of Starches   

Starch Charge 
(µeq/gram) 

Degree of 
Substitution 

Molecular Weight 
(Calculated) (gram/mol) 

Type 

Accosize® 
72 

(Cationic) 

218 0.034 2.45E+07  Potato 

Pencat® 500 
(Cationic) 

135 0.021 4.62E+05  Corn 

Pencat® 600 
(Cationic) 

157 0.024 5.04E+05  Corn 

Pencat® 700 
(Cationic) 

277 0.043 2.86E+05  Corn 

Pearl®  
(Neutral 
starch) 

7 0.001 1.98E+07 1.52E+05 Corn 

Fisher 
(Neutral 
starch) 

0 0 6.10E+06 6.59E+04 Unknown 

Astro-X101 
(Cationic) 

172 0.027 3.74E+05  Potato 

Astro-X150 
(Cationic) 

142 0.022 6.05E+04  Potato 
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Diallyldimethylammonium Chloride (poly-DADMAC)(cationic polymer, Catalog No. 

460- S5430) from NALCO Company (Chicago, IL). The starches used in the research are 

listed in Table 5-1.  

 

The charges of the starch were measured by our previous charge titration method [18] 

and molecular weights were measured by the Department of Food Science and 

Technology, University of Nebraska Lincoln (see Appendix 2).  Pencat® 500, Pencat®  

600 and Pencat®700, Pearl, Astro-X101 and Astro-X105 were supplied by Penford 

Product Co. (Cedar Rapids, IA).  Accosize 72 starch was supplied by American 

Cyanimide and the Fisher starch was ordered from Fisher Scientific (Catalog no: S-516, 

Fair Lawn, N.J.). 

 

Contact angle 

The contact angles between PSA film surfaces and water were measured by a NRL angle 

goniometer made by Rame-Hart Inc. (Model 100-00, Mountain Lakes, N.J.).  The PSA 

sample was cut to a strip with 1.5 cm width before it was applied to the surface of a glass 

slide.  As control samples, PSA films (1.5cm×4.5cm) on the glass slides were coated with 

a 1.5 ml volume of a 0.25% starch solution.  The solution was spread evenly by the edge 

of another glass slide and air-dried for 24 hours.  The contact angle between a deionized 

water droplet (with a volume of 0.04 milliliters injected by a syringe) and the starch 

coated PSA film surface was measured. 
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A glass slide with the PSA film was immersed into 1000 ml of 0.25% by weight starch 

solution stirred by a magnetic mixing bar at the bottom of a glass beaker.  The glass slide 

with PSA was taken out after 15 minutes and was air-dried for 12 hours.  The contact 

angle between a deionized water droplet (with a volume of 0.04 milliliters injected by a 

syringe) and the PSA film surface was measured.  A control experiment was performed 

as above except that a glass slide with the PSA film was immersed in 1000 ml of 

deionized water. 

 
To measure if the contact angle of a sample treated with a starch solution would change 

when exposed to pure water (rinsing) the following was performed.  The dried PSA film 

with adsorbed starch was submerged in 1000 ml of deionized water for 15 minutes, 

stirred by a magnetic bar at the bottom.  The glass slide with PSA was then removed, air 

dried for 12 hours, and the contact angle was measured.  

 

Fourier Transform Infrared (FTIR) Spectroscopy 

FTIR spectra of PSA films and starch-coated films were recorded on a Perkin-Elmer FT-

IR Spectrometer (Model 16 PC).  The PSA was applied onto the surface of an overhead 

transparency (Item No. pp100C, from Apollo, a Division of Acco Brands, Inc., 

Ronkonkoma, NY) with an approximate width of 1.5 cm and length of 6 cm.  An 

attenuated total reflection (ATR) technique was applied since traditional FTIR 

spectroscopy using transmission mode could not provide a satisfactory spectrum due to 

the strong absorption of the sample.    

 

Agglomeration Experiments 
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An amount of 2 grams of PSA film was applied to the surface of 400 OD of market pulp 

(as above).  The pulp with PSA was presoaked for 2 minutes at 45oC in deionized water 

and then was pulped using a 450 H Pulper (Adirondack Machinery Corp., Queensbury, 

NY) at 45oC, 515 Hz for 5 minutes at 12% consistency.  The pulp was then treated in a 

high shear mixer (Mark II, Quantum Technologies, Twinsburg, OH) for 2 minutes at a 

rotor speed of 1800 rpm.  In the high shear mixer the initial temperature was 35oC and the 

final temperature was 50oC.  The pulp was stored at low temperature (2-10oC) for future 

use. 

 
1.  Agglomeration of Stickies Without Fibers 

 
A total amount of 333 grams (40 gram of OD fiber) of 12% consistency pulp was 

screened using a Pulmac Masterscreen with 0.006 inch slots (Pulmac Instruments 

International, Montpelier, Vermont) and the rejects were collected on a coarse filter paper 

(P8, Fisher Catalog No. 09-795G).   The rejects on the filter paper were rinsed with 

deionized water into a beaker.  Sticky particles were manually taken out and placed into 

another beaker with 1000 ml of deionized water.  The suspension at 45o C was stirred 

with a motorized agitator at 600 RPM for about 12 hours.  If a starch was used, 200 ml of 

0.25% starch solution was substituted for a portion of the water so that the total 

suspension volume was still 1000 ml.   

 
 
2.  Agglomeration of Stickies with Fibers 
 
A total amount of 100 grams of 12% consistency pulp with stickies was mixed with a 

pre-determined amount of a 0.25% starch solution to produce different final dosages of 

starch.   Deionized water was added to make the total weight of the suspension 1000 



 65 

grams.  The suspension at 45 o C was stirred with a motorized agitator at 600 RPM for 

about 12 hours.   

Handsheets (1.2 grams oven dry) were made with the standard TAPPI procedure (T-205) 

except that pressing was omitted.  After drying overnight under TAPPI standard 

conditions, the handsheets were dyed to increase the contrast between the adhesive and 

the fibers by preferentially staining the adhesives blue.  The dyeing solution was made by 

adding 0.67 grams of Morplas Blue (Sunbelt Corporation, Rockhill, SC) to one liter of 

Heptane, stirring overnight and then filtering the solution through Whatman coarse filter 

paper #4 (Fisher 09-825D). Each handsheet was immersed individually and swirled for 

10 seconds in the dye solution. A 500-ml bath of the dye solution was used to dye 20 

handsheets. The handsheets were allowed to dry for 12 hours in a vacuum hood.  Then 

the handsheets were washed individually by swirling in a heptane bath for 10 seconds. A 

250-ml bath of the heptane was used to wash 10 handsheets.  The handsheets were 

washed twice in separate baths and then allowed to dry in a vacuum hood for at least 3 

hours.  Image analysis of the handsheets was performed using the Apogee Spec*Scan 

program with a UMAX Powerlook III flat bed scanner.  Image analysis settings were:  

600 DPI, 256 grayscale, lowest particle size detected 0.04 mm2, and largest particle size 

category >5.0mm2.  The threshold for detection was set manually at 115 GSV.  For each 

sample, a six-inch diameter area was scanned on both sides of eight handsheets.   

 

 
Streaming Current and Charge Demand 
 
The streaming current was measured by an Electrokinetic Charge Analyzer 

(CHEMTRAC Inc., Model ECA 2000P, Norcross, GA).  An amount of 150 ml of 
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solution was added to a beaker and the Teflon apparatus was immersed into the beaker. 

The readout of the streaming current was taken after about 30 minutes to allow the 

fluctuations in readout to decay.  For the measurement of charge demand, standard 

polymer solutions with opposite charge were used to titrate the 150 ml solutions in the 

Electrokinetic Charge Analyzer.  The endpoint was defined as the point at which the 

streaming current equals zero.   

 
Degradation of Starch 

Pencat® 500 

An amount of 7.2 ml of 2% Pencat® 500 (Donated from Penford Products Co., cedar 

Rapids, IA) was added into a 50-1044 U tube viscometer and kept at 25oC for 10 minutes.  

The flow time as measured by a stopwatch was used to calculate the viscosity of the 

solution.  To produce a sample with decreased molecular weight,  six drops (equal to 

0.2418 grams) of 1% α-Amylase in deionized water (α-Amylase, SIGMA, lot number 

17H0220, made from Bacillus species) was added to 7.2 ml of a 2% Pencat® 500 

solution.  The mixture was kept at 25 o C for 15 minutes and then boiled at 100 o C for 10 

minutes in order to deactivate the enzyme.  The material was allowed to cool to room 

temperature in air.  The viscosity was measured at 25 oC as described above.  The 

enzyme solution was prepared by using deionized water. 

 

Pencat® 700 

An amount of 7.2 ml of 2% Pencat ® 700 was added to a 50-1044 U tube viscometer and 

kept at 25o C for 10 minutes.  The flow time as measured by a stopwatch was used to 

calculate the viscosity of the solution. To produce a sample with decreased molecular 
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weight, one drop (0.0403grams) of 0.1% α-Amylase in deionized water was added to 7.2 

ml of 2% Pencat® 700 solution.  The mixture was kept at 25 oC for 15 minutes and then 

kept at 100 oC for 10 minutes in order to deactivate the enzyme.  The material was 

allowed to cool to room temperature in air.  The viscosity was measured at 25 oC as 

described above.   

 

Starch Adsorption Experiments 

The adsorption of starch on PSA film was measured by determining the difference in 

starch concentration of a solution before and after exposure to a PSA film.  A UV 

spectrophotometer [14] (Model HP- 8453E, Waldbrown, Germany) was used to detect 

the starch concentration in the form of a complex with iodine. The absorbance of the 

solution was measured at 620 nm at which there is a maximum absorbance for the starch-

iodine solution.  

Different starch solutions  (0.25% by weight) were made by cooking the starch in 

deionized water for 20 minutes at 88o C in a glass beaker with a magnetic stirrer.  After 

cooking, deionized water was added to compensate for the evaporation of water.  The 

solution then was filtered through a filter paper (P4) (Fisher cat. No. 09-803-6E).  

 

Calibration Line for UV Absorbance vs. Starch Concentration 

Five aliquots of the 0.25% starch solution (1, 2, 3, 4, and 5 ml) were withdrawn and 

placed into 50-ml volumetric flasks.  To this was added 0.5 ml of I2 solution (0.025N, 

Fisher Catalog no. LC15620-1, Pittsburg, PA). Deionized water was added to make the 

total solution volume 50 ml and the absorbance was measured at 620 nm.  
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Blank Experiment  

Adsorption experiments were performed without any samples to determine the adsorption 

of starch on a polystyrene container used to hold the PSA film.  A 5-ml aliquot was 

withdrawn from the 0.25% of starch solution and placed into a 50-ml volumetric flask; to 

this was added 0.5 ml of I2 solution (0.025N), and the solution was diluted with deionized 

water to a total volume of 50 ml. The solution then was added to a polystyrene cell with 

cover (15.5 cm X 10.5 cm X 1.8 cm).  Aliquots were withdrawn at regular intervals and 

the absorbance was measured at 620 nm.   

  

Starch Adsorption on PSA film 

PSA films with dimension of 14.0 cm X 9.5 cm were applied to both sides of a 

transparency with dimension of 14.5 cm X 10.0 cm.  The coated transparency was 

immersed into 50 ml of a 0.025% starch solution in the same cell as for the blank 

experiment.  The absorbance of the solution was recorded in a manner similar to the 

blank experiment. 

 

Poly-diallyldimethylammonium Chloride (poly-DADMAC) Adsorption Experiment 

Charge titration was used to measure the amount of poly-DADMAC in solution [18].  In 

this procedure an indicator, Toluidine Blue-O (TBO) dye, is added and then an anionic 

polymer, Polyvinyl Sulfate, Potassium salt (PVSK), is used to titrate to a neutral point. 

The neutral point is detected using a UV spectrophotometer at 620 nm.  The amount of 
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poly-DADMAC adsorbed is determined by the difference in poly-DADMAC before and 

after exposure to the adsorbate.  

A blank experiment was performed in which no sample was used to determine the 

adsorption of the poly-DADMAC on the container in 15 minutes.   

PSA films with dimension of 14.0 X 9.5 cm were applied to both sides of a transparency 

with dimension of 14.5 X 10.0 cm.  The coated transparency was immersed into 50 ml of 

a 0.0002 N poly-DADMAC solution in the same container as the blank experiment.   

After 15 minutes, the PSA film was taken out and the solution was titrated by standard 

anionic polymer PVSK solution (0.001 N) in the presence of the TBO indicator.  A 

spectrophotometer DR/2000 was used to determine the end point of the titration [18].  

The difference between the blank experiment and the experiment with PSA film was used 

to calculate the amount of adsorption of poly-DADMAC on the PSA film surface. 

 

 
 
RESULTS AND DISCUSSIONS 
 
 
Agglomeration of Stickies without Fibers 
 
It was found in our previous research [1] that cationic starch aided in the dispersion of 

stickies and caused them to have a string-like shape.   In order to understand the 

mechanism of this phenomenon, an experiment was conducted in which no fibers were 

present and shearing due to agitation was minimal.  The purpose of this experiment was 

to examine the effect of cationic starch without the interference of high fluid forces or 

fibers.   When the stickies (0.2 grams) without fibers (collected from the rejects of a 

slotted screen) were stirred mildly at 45°C for eight hours in 1000 ml of deionized water 



 70 

(no starch added) two large agglomerated aggregates formed, Figure 5-1.  However, if 

the experiment was conducted with 1000 ml of 0.05% cationic starch (Pencat 700) 

solution (0.5 gram of starch per liter) instead of water then no agglomeration was 

observed, Figure 5-2.  

 Table 5-2.  Concentration and Charge of Cationic Polymers. 

 Pencat®  700 Poly-DADMAC 

Concentration (gram/liter) 0.5 6.44 X 10-5 

Charge (µeq/liter) 109 0.4 

Charge (µeq/gram of stickies) 545 2 

 

 

 

 

 

Figure 5-1.  PSA particles aggregates with 
no addition of starch. 

Figure 5-2.  PSA particles formed after 
stirring with starch present. 

 

This confirms that cationic starch can stabilize the sticky particles and prevent 

agglomeration.  It was noted that the shape of stickies did not change in the cationic 

starch solution under this mild agitation, indicating that a combination of cationic starch 

and shearing forces are necessary to produce the string-like shapes.    

Another experiment was performed to determine if poly-DADMAC could similarly 

prevent agglomeration. A poly-DADMAC solution (0.001 N) with different dosages (0.3, 
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0.4, 0.6, 0.9, 1.5 and 3.0 µeq per liter of suspension) was added to the stickies suspension.  

It was found that the stickies would agglomerate when 0.3 µeq of poly-DADMAC was 

added (sticky agglomerates similar to Figure 5-1) but agglomeration was prevented by 

the addition of 0.4 µeq of poly-DADMAC per liter or more (sticky particles similar to 

Figure 5-2).   Table 5-2 compares the concentration and charge between Pencat® 700 

and poly-DADMAC.  It can be seen that a much larger dosage of cationic starch was 

used in these experiments.  

  

 
Starch Adsorption 

The stickies agglomeration experiment suggests that starch may adsorb on the surface of 

stickies.  In order to investigate the adsorption of starch, three methods (Contact Angle, 

Infra-red and UV) were used to examine whether the starches adsorb on the stickies 

surface and how much starch can be adsorbed.   How does the charge density of the 

starch affect its adsorption?   

 

1. Contact Angle  

The hydrophilicity of starch was examined by measuring the contact angle of a water 

drop on the surface of a starch-coated PSA film in air, Table 5-3.  The contact angle of 

the starch coated PSA film for all of the starches examined was found to be about 50o 

which is much smaller than the PSA film alone (109o).  This indicates that the starch is 

more hydrophilic than the PSA film. Therefore, it is expected that the presence of 

adsorbed starch on a PSA film can be detected by a decreased contact angle. 
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Table 5-3.  Results of contact angle measurement in starch coated surface. 

 Contact Angle (Degree) Coat Weight (mg/cm2) 

Glass slide alone 17.0±2.9  

PSA film alone 109.1±0.3  

PSA+ Douglas Pearl  
(neutral starch) Coated 

46.8±0.5 0.58 

PSA+ Pencat 500 (cationic 
starch) Coated 

46.5±1.0 0.46 

PSA+ Pencat 700 (cationic 
starch) Coated 

50.0±0.8 0.53 

PSA+ Astro 150 (cationic 
starch) Coated 

48.3±0.3 0.56 

 

Adsorption experiments were then performed by immersing PSA films in different starch 

solutions for 15 minutes.  The films were removed and air-dried.  The contact angle 

between a water drop and the film was then measured in air.  A control experiment was 

performed in which the film was immersed in deionized water and then air-dried.  It was 

observed that immersion in water alone did not significantly change the contact angle of 

the PSA, Table 5-4.  

 

The results in Table 5-4 also show that all of the starches (cationic, anionic and neutral) 

adsorbed to some extent.  For neutral and anionic starches, exposing the treated films 

with deionized water (rinsing) increased the contact angle.  In contrast, rinsing did not 

increase the contact angle significantly for the cationic starch treated films, indicating 

that the adsorption is somewhat irreversible.  This suggests a lower affinity of neutral and 

anionic starch with PSA film. 
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Table 5-4.  Contact angle of water on PSA in air after immersed in different starch 
solutions. 
 

Type of Starch  Contact Angle± Std. 
PSA film Alone  109.1±0.0 

PSA film rinsed with 
deionized water 

 109.1±0.3 

No rinse 91.8±0.5 PSA+ Douglas Pearl  
(neutral starch)  With 

rinse 
101.3±0.5 

No rinse 97.1±0.3 PSA+ Pencat 500 (cationic 
starch)  With 

rinse 
97.5±0.6 

No rinse 82.1±0.3 PSA+ Pencat 700 (cationic 
starch)  With 

rinse 
85.8±0.5 

No rinse 98.4±0.5 PSA+ Astro 150 (cationic 
starch)  With 

rinse 
98.3±0.3 

No rinse 98.8±0.5 PSA+ Accosize  (cationic 
starch)  With 

rinse 
100.0±0.4 

No rinse 90.9±0.3 PSA+ Fisher (neutral starch)  
With 
rinse 

100.9±0.3 

No rinse 100.3±0.3 PSA+ Douglas 3060 
(anionic starch) 
 

With 
rinse 

106.9±0.3 

 

Similar results were found by Marton [7] regarding the reversibility of starch adsorption 

on fibers.  The adsorption of most non-ionic or anionic starches on a virgin fiber surface 

was found to be fairly reversible.  Over 80% of the adsorbed non-ionic or anionic starch 

could be removed simply by heating the aqueous suspension.  When cationic starch was 

adsorbed on the pulp fiber, the adsorption was virtually irreversible.  Over 85% of the 

adsorbed cationic starch remained on the fiber in hot water.  The cationic starch was 

found to desorb only with a strong acid wash.   
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The reversibility of starch adsorption may also depend on shearing force.  Tanaka [9] etc. 

found that cationic polyacrylamide could be transferred from pulp fibers to fines and 

fillers under hydrodynamic shearing force.  Therefore it is possible that adsorbed starch 

can be transferred to fibers, fine and fillers if high shearing force is present.  In our 

experiments with mild agitation, this phenomenon is not considered significant.  

 
Figure 5-3. Infrared spectra of transparency, PSA film alone and PSA film washed with 
deionized water. 
 

 

2. Infrared Spectra Analysis 

As a more direct method to verify starch adsorption, infrared spectra analysis on PSA 

films exposed to starch solutions was performed using an Attenuated Total Reflection 

(ATR) technique.  Fig. 5-3 shows three spectra of control experiments.  The background 

spectrum for these experiments was obtained by scanning the transparency alone.  This 
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spectrum was subtracted from all of the spectra presented.  The transparency spectrum 

was found to be featureless at wavelengths above 1000 cm-1, as expected. 

  

The PSA film applied on a transparency without any washing or starch shows a peak 

around 1720 cm-1 that indicates the carbonyl group in the PSA.  It was noted that there is 

no peak larger than 3000 cm-1.  The PSA film applied on transparency without starch, but 

washed with deionized water (rinsing) shows a similar spectrum to that of the PSA film 

without washing.  This indicates that washing with water alone does not affect the surface 

property of the PSA film. 

 

It was found for a Pencat® 500 cationic starch film on a transparency (formed by pouring 

a 2% starch solution on the transparency surface, weight of starch film was 26.5 mg/cm2) 

that there is a peak around 3200-3300 cm-1, typical for O-H stretching and consistent with 

the starch structure, Fig. 5-4.  Therefore the peak at 3200-3300 cm-1 can be used to 

indicate the presence of starch since there is no peak larger than 3000 cm-1 for PSA film 

alone (Fig. 5-4).   A peak around 3200-3300 cm-1 was found for a PSA film previously 

immersed in a Pencat® 500 starch solution (Fig. 5-4) which indicates the adsorption of 

starch.  Similar results were found for Pencat® 700 (cationic starch) and Douglas Pearl®  

(neutral starch) (see Appendix 4). 
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3. Quantification of the Extent of Starch and Poly-DADMAC Adsorption  

The results of contact angle measurements and infrared analysis have shown qualitatively 

the adsorption of starch on the stickies surface.  It was then of interest to quantify the 

amount of starch adsorbed on the PSA film.  How does the charge density of the starches 

affect the adsorption? 

PSA films with dimension of 14.0 cm X 9.5 cm were applied to both sides of a 

transparency with dimension of 14.5 cm X 10.0 cm.  The coated transparency was 

immersed into 50 ml of a 0.025% starch solution in the same cell as for the blank 

experiment.  The absorbance of the solution was recorded in a manner similar to the 

blank experiment. 

 

Figure 5-4. Infrared spectra of starch film, PSA film alone and PSA film exposed to 
Pencat® 500 starch solution. 
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Two cationic starches with different charge density and one neutral starch were selected 

for this experiment.  Also poly-DADMAC was evaluated as a comparison.  The amount 

of adsorption on PSA film was calculated by measuring the concentration of starches 

before and after adsorption in the solution.  The concentration of starch was measured by 

UV spectrophotometer as a starch-iodine complex.  The calibration experiment was 

performed twice and the results are shown in Figure 5-5.  A strong linear relationship 

was found between the UV absorption and starch concentration in the solution. 

   

 

Figure 5-5.  Calibration of starch adsorption using UV/visible. 
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Figure 5-6 shows the results of the adsorption experiments (done in duplicate) for Pencat 

500.  Curves for the total amount adsorbed (container and film), the amount adsorbed by 

the container in the blank experiment, and the amount calculated as adsorbed by the film 

are shown.  The reproducibility of the experiment was satisfactory. 

 

 

Figure 5-7 shows the adsorption of different starches and poly-DADMAC on the PSA 

film surface versus treatment time.  The neutral starch (slightly cationic DS=0.001) 

adsorbs on the PSA film even though almost no attractive electrostatic forces are present, 

 

Figure 5-6.  Adsorption of Pencat 500 vs time.  Duplicate experimental results are shown. 
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indicating that Van der Waals forces contribute to the adsorption of starch [6].  It was 

found that both cationic starches (Pencat® 500 and Pencat® 700) adsorbed more on PSA 

film than the neutral starch (Pearl) and the reasons for that will be discussed later in this 

section.   

 

 

Figure 5-7.  Adsorption of Starches and poly-DADMAC on a PSA Film Surface 
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absorption of cationic starch on fibers (at a charge of 2 and 5% on fiber) for different 

degrees of substitution (DS). He found that the % starch absorption increased with DS at 

low DS. The % starch absorption then decreased with further DS (see Figure 5-8), 

presumably due to the charge reversal of the surface preventing more absorption of the 

starch.  This is consistent with our findings in that the lower DS starch adsorbed more 

mass because it takes more mass of starch to cause charge reversal at the surface. 

 

Figure 5-8. Effect of the degree of substitution (DS) of the starch on its adsorption onto 
bleached sulphate pulp [5].  Cationic potato starch, pH=7. 
 

Poly-DADMAC has a much greater DS than do the starches and thus is expected to 

neutralize the surface at lower dosages, Figure 5-7.  However, poly-DADMAC shows a 

higher surface charge on the PSA surface than does the starches, Figure 5-9. This may be 

due to the high charge density of poly-DADMAC which is at least 20 times greater than 

any of the cationic starches. 
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Figure 5-9.  Surface charge of PSA film vs adsorption time. 

 

 

The Effect of Starch Stabilization on Agglomeration 
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 In order to investigate the effect of starch stabilization on stickies agglomeration, 

starches with different charge density and molecular weight were used.  The stickies 

agglomeration was evaluated by measuring the average particle size of PSA particles in 

handsheets (see procedure in Fig. 5-10).  All of the agglomeration experiments were 

performed under mild mixing conditions in order to eliminate the effect of fluid forces.   

 

 

 

 

 

 

 

Note that the dominant surface in these experiments is fiber.   The surface area of the 

fiber can be roughly estimated as 119 m2  ( 12 grams of fibers * 9.9 m2/gram) [17] and 

for the adhesive as 0.21 m2 (a maximum value assuming that the density of PSA is 0.85 

g/cm3 and the PSA  material was broken into 1 µm diameter spheres). 

 

The reproducibility of the experiment was examined by performing duplicate tests at a 

dosage of starch of about 2% of OD fibers for four different starches.  The results are 

 

Figure 5-10.  Procedure of agglomeration experiment with fibers 
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shown in Table 5-5.  The reproducibility is satisfactory in this experiment, i.e., % error 

less than 3%. 

 

Table 5-5.  Reproducibility of Cationic Starch  

Type of Starch Average particle size 
(mm2) 

% Error* 

 Exp. 1 Exp. 2  
No starch 3.31 3.27 1.2 

Pencat 700 1.52 1.56 2.6 
Pencat 500 2.25 2.23 0.9 
Astro 150 1.82 1.87 2.7 

Douglas Pearl  3.40 3.35 1.5 
 

*  %Error = %100
1.

|1.2.| ×−
Exp

ExpExp  

 
1. The effect of starch on the agglomeration of PSA particles in the presence of fiber  
 
 
Different starches were chosen to examine the effect of starch on the agglomeration of 

stickies in the presence of fiber.  The charge, molecular weight and type are listed in 

Table 5-1. Pencat® 700 has the highest charge density, 277 µeq/gram, which is about 

twice as high as Pencat® 500.  Poly-DADMAC and PVSK are highly charged polymers, 

DS=1.0, that are cationic and anionic, respectively.  

 

Figure 5-11 shows the average particle size vs. the dosage of polymer.  It was found at 

low dosage (below 2%), the neutral starch has no effect on the average particle size of the 

stickies.  However, the stickies particle size decreases as the dosage of starch increases.  

This suggests that steric effects may play a role on the stabilization of stickies since the 
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neutral starch carries almost no charge.  Another possibility is that adsorbed starch makes 

the stickies surface more hydrophilic and thus the tendency of agglomeration is reduced.  

The decrease in agglomeration with increasing dosage of neutral starch suggests that the 

adsorption of neutral starch on stickies depends on the concentration of starch.   

 

Both cationic starches (Pencat® 500 and Pencat® 700) prevent the agglomeration of PSA 

particles at lower dosages than the neutral starch (Fig. 5-11).  This is consistent with the 

adsorption experiments, in which the charged starches adsorbed more than the neutral 

starch.  Also, cationic starch has a higher affinity than neutral starch, as shown in the 

contact angle experiments.  If a starch is not permanently adsorbed to PSA and can attach 

and detach from the surface of the PSA, then there is more opportunity for the starch to 

adsorb to the fibers. There is also a possibility that if the adsorbed cationic starches cause 

a positive charge on the PSA particle surfaces then electrostatic repulsion might assist in 

the stabilization of the stickies particles.  

 

PVSK (anionic polymer) does not prevent the agglomeration of stickies, Figure 5-11 and 

Figure 5-12.  All of the cationic polymers do interfere with the agglomeration. This 

suggests that the surface of stickies is negatively charged and PVSK cannot adsorb on the 

surface of stickies.  This agrees with previous findings that colloidal stickies particles 

[18-20] carry negative charge.  
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 Pencat® 700 stabilizes the stickies particles more effectively than Pencat® 500 versus 

dosage (Figure 5-11).  For example, with 1% charge of Pencat® 700 the average particle 

size is 1.5 mm2 whereas for the same 1% charge of Pencat® 500 the average particle size 

is significantly higher, 2.5 mm2.  

 
Figure 5-11.  Average particle size of stickies vs. the dosage of polymers 
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more starch would adsorb on the fibers simply because there is more surface/charge 

demand.  However, it is known that starch adsorption on fibers becomes less effective as 

the amount of starch adsorbed on the fibers increases, as discussed by Lindstrom [5].  

Lindstrom states that the fibers after initially adsorbing cationic starch and having a more 

positive cationic character have less affinity for additional starch.  Thus, it appears in 

these agglomeration experiments that the PSA particles can compete favorably with the 

fibers after the fibers have had some of their charge neutralized. This reasoning explains 

why in Figure 5-11 the higher charged starch is more effective at a given dosage (e.g., 

1% dosage).  

  
Figure 5-12.  Average particle size of stickies vs. the charge of polymer per liter of 
suspension 
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The results for poly-DADMAC confirm this idea.  In contrast to Figure 5-11 where poly-

DADMAC is effective at much lower dosages than starch, Figure 5-12 shows that poly-

DADMAC has almost the same effectiveness when plotted versus cationic charge dosed 

into the system as the starches.   This is in agreement with the hypothesis that some of the 

charge of the fibers in the system must be neutralized for adsorption of the starch on the 

PSA particles. 

 

2. The effect of molecular weight on the agglomeration of stickies 

It was found in Figure 5-10 that neutral starch can also prevent the agglomeration of 

stickies.  This indicates the neutral starch may stabilize the stickies by steric effect.  The 

next question that was addressed is whether the molecular weight of the starch with a 

constant charge density has an effect on the agglomeration of stickies.  In order to 

investigate, two cationic starches were degraded by α-Amylase.  The degraded starch had 

the same charge density as the original starch but lower molecular weight.  The molecular 

weight was calculated using intrinsic viscosity measurements, discussed in Appendix 6 

in detail. 

 

Both the Pencat® 700 and Pencat® 500 molecular weight decreased significantly after 

the treatment of enzyme, Table 5-6.   

Table 5-6.  The molecular weight (MW) of cationic starches before and after the 
enzyme treatment. 
 

MW (gram)           Cationic 
Starch Untreated Enzyme Treated 

% Reduction* 

Pencat® 700 2.86E5 1.85E4 94 
Pencat® 500 4.62E5 1.16E5 75 
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* Percent Reduction: %100×−
Untreated

tedEnzymetreaUntreate  

 

Figures 5-13 shows that there is no significant difference in the effect of agglomeration 

between degraded and original starch.  This indicates that cationic starches can stabilize 

the stickies regardless of the molecular weight (MW) of the starches.  This also suggests 

that steric effects may be not an important factor in stabilization of PSA particles.  It is 

likely that hydrophilicity of the PSA particles contributes to the stabilization of these 

particles. 

 

 

 
 
 

 
Figure 5-13. Comparison of the average size of stickies with and without 
treatment of Enzyme for Pencat® 500 and Pencat® 700.  
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Correlation Between Streaming Current and Agglomeration 
 
The filtrate of the agglomeration experiment was also collected in order to determine if 

there was a correlation between the streaming current and average particle size (or 

equivalently, agglomeration), see Figure 5-10 for schematic of procedure.   

 

 
Figure 5-14. Streaming current and average particle size vs. dosage of starch for 
Pencat® 500 
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Figure 5-15. Streaming current and average particle size vs. dosage of starch for 
Pencat® 700 
 
 
 
It was found that at low starch dosages, with streaming currents of the filtrate less than 

zero, increases in starch dosage decreased the particle size, Figures 5-14 and 5-15.  It 

was found that at the starch dosage in which the average particle size started to level off, 

the streaming current was close to zero, Figures 5-14 and 5-15.  These results indicate 

that even before the total system charge was neutralized, the starch has begun to interfere 

with agglomeration.  This suggests that the stickies can compete with the fibers for the 

starch in the system.   
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CONCLUSIONS 
 

• Stickies particles were found to be negatively charged and will self-agglomerate if 

there is no starch present in the system.  Cationic starch and poly-DADMAC were 

able to prevent agglomeration whereas PVSK, an anionic polymer was not.  

• Both cationic and neutral starches were found to be able to adsorb onto the 

surface of stickies, but the affinity was greater for the cationic starches.   

• The molecular weight of the starch does not affect the agglomeration of stickies in 

the range of molecular weights studied herein.  

• Polymers with different cationic charge densities showed different agglomeration 

effects versus the amount of polymer charged as measured by mass.  However, 

the different cationic polymers showed similar agglomeration effects versus the 

amount of cationic charge added to the system. 

• Cationic starch was able to deter agglomeration at levels in which the system 

filtrate still showed a cationic demand.  This suggests that the PSA particles can 

compete with the fibers in the system to adsorb starch.   
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Chapter 6 
 

Use of Deposition and Extraction Techniques to Track Adhesive 
Contaminants (Stickies) in a Papermill 

 
 

ABSTRACT 
 
The cleanliness efficiencies of macro-stickies and micro-stickies in each operational unit 

of a recycling mill were qualitatively determined.   A deposition tester and a solvent 

extraction technique were used as complementary methods to analyze macro- and micro- 

stickies, respectively.  The primary coarse screen, secondary fine screen, tertiary fine 

screen, the cleaners and flotation were found to remove macro-stickies. In contrast, the 

primary fine screen was observed to have a net macro-stickies cleanliness efficiency of 

0%. The primary fine screen caused a significant amount of macro-stickies to change into 

a more “string-like” shape (like fibers). The deflaker was determined to produce a 

significant amount of micro-stickies.  

 
 
INTRODUCTION 
 
One of the obstacles of secondary fiber recycling is the problem associated with adhesive 

contaminants, or stickies [1].  If these adhesive contaminants are not removed in the 

process, the stickies can cause a deposition problem on machinery that often affects the 

production and quality of paper.  Stickies can be classified into two categories: macro-

stickies and micro-stickies [2].  Macro-stickies are defined as those stickies that can be 

rejected using a lab-scale 0.006 inch (0.15 mm) slotted screen. Common lab screens with 

these size openings have been observed to reject pressure sensitive adhesives 

contaminants at an efficiency of great than 97% [3].  However, in industrial screens with 
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high temperature, shear and pressure gradients, some large macro-stickies can pass 

through the screens. Micro-stickies are defined as those stickies that can pass through a 

lab-scale 0.006 inch (0.15 mm) slotted screen. Accordingly, micro-stickies are not 

expected to be removed by screening.  If allowed to accumulate in the water system, 

micro-stickies can potentially cause deposition outbreaks.   

 
It is of importance to track both macro- and micro- stickies in an industrial environment. 

There is a strong need in the industry for analytical tools that enable papermakers to 

evaluate the stickies cleanliness efficiency of each operational unit. A need also exists to 

develop methods to study the effectiveness of chemicals on stickies detackification.  

Many quantification methods for macro-stickie and micro-stickies have been developed 

during recent years [4].   Laboratory screening followed by some method to detect tack 

and softness to identify stickies has been demonstrated [5, 6].  Some of these 

quantification methods detect the deposition of the stickies on a hydrophobic surface [7, 

8].  These deposition methods depend on the tacky nature of the stickies.  TAPPI 277 

utilizes a lab screen followed by the transfer of stickies onto a coated paper for detection 

by image analysis.  Also shown useful is to selectively dye adhesives in handsheets and 

perform image analysis [9, 10].  For different situations and objectives, some methods are 

more convenient and sensitive than others, resulting in many proposed methods.   

 
In this research, a deposition tester and solvent extraction method were applied as 

analytical tools in a recycling mill producing recycled newsprint from old newsprint and 

old magazine to track macro- and micro- stickies, respectively. The deposition tester is 

based on the device first developed by Pira [11].  Carre has used the deposition tester also 
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to track adhesives in the lab and industrial settings [12].  Several reports from this 

research group have also demonstrated the utility of the deposition tester [7, 13,14,15]. 

Modifications to the deposition testing apparatus and procedure used in this laboratory to 

improve the sensitivity have included:  the use of four paddles instead of two, an increase 

in the consistency of the pulp suspension and the use of post-deposition dyeing of the 

adhesives with a stickies sensitive dye.  

 
Micro-stickies can be measured by determining the amount of solvent-extractable 

material in a filtrate.  The use of the extraction method has been reported [16, 17].  The 

extraction method has been used herein to determine not only the concentration of micro-

stickies but also a material balance of the micro-stickies around each operation.   

 
The overall goal of this research was to evaluate the tools of deposition and extraction 

together to track adhesives through an industrial recycling process.   

 

 
EXPERIMENTAL 
 
 
Sampling 
 
The paper mill investigated recycled old newsprint and old magazines for products such 

as newsprint, newspaper fliers, food packaging, and governmental forms.  Sampling 

points are shown in the process flow diagram, Figure 6-1.   Typically, a volume of two 

quarts (1.89 liters) of pulp slurry was taken every 15 minutes until a volume of eight 

quarts (7.57 liters) was collected.  Large volumes of sample were taken to meet the 

demand of experiments if the consistency of pulp slurry was lower than 1%. 
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Deposition Procedure 
 
The deposition tester included a stainless steel holding frame that held four samples of a 

polyester paper machine wire (Weavexx, 49X36 Mesh, 0.33 and 0.38 diameter, single 

layer).  The frame and wires counter-rotated at 0.75 Hz in a 1.0 % pulp stock (8000 ml) 

for 30 minutes at 55°C.  If the original pulp stock consistency was greater than 1%, the 

pulp would be diluted with municipal tap water.   If the pulp consistency was less than 

1%, 80 grams of OD fiber was collected by a 200-mesh screen in a Britt Jar with 

agitation and then diluted with municipal tap water.  After the deposition of the stickies, 

the wires were removed and rinsed cautiously with cool tap water. From experience, high 

velocity water can separate the stickies from the wire surface.  Then the wires were dried 

at 105°C for 30 minutes and weighed.  The stickies attached to wire were not found hairy 

and fibers attached to stickies could affect the test results. 

 
The deposition tester, while adsorbing both micro- and macro- stickies, has been used in 

this study as a measure of the macro-stickies.  Only when macro-stickies deposits were 

observed on the wires were there any meaningful weight gains; when no macro-stickies 

were observed (i.e., only micro-stickies or no stickies on the wire) the weight gain of the 

wires was undetectable. 
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Extraction Experiment  
 
The extraction experiment was carried out in order to quantify the micro-stickies content.  

The pulp slurry was filtered by a 200-mesh screen on the bottom of a Britt jar.  The 

filtrate was then passed through a filter paper, pore size approximately 20 microns (P8 

Fisher Brand, Cat. No 09-795D). The solvent used in the extraction was chloroform. An 

amount of 150 ml of the filtrate of each sample was extracted by chloroform (Aldrich, 

HPLC grade).  An amount of 100 ml of the filtrate sample and 100 ml of the chloroform 

were shaken 50 times in a separator funnel and then separated.  This process was repeated 

again with 50 ml of chloroform.  The two batches of chloroform and extract were mixed 

and then dried.  The resulting solid residue was then weighed.   

Sample denotation is as following: 
 
1. Pulper     21. Secondary Flotation Feed    
2. Dump Chest    22. Secondary Flotation Accepts 
3. Primary Coarse Screen Feed  23. Secondary Flotation Rejects 
4. Primary Coarse Screen Accepts  24. Flotation White Water 
5. Secondary Coarse Screen Feed  25. Primary Tricleaner Feed 
6. Secondary Coarse Screen Accepts 26. Primary Tricleaner Accepts 
7. Secondary Coarse Screen Rejects  27. Primary Tricleaner Rejects 
8. Primary Fine Screen Feed   28. Primary Tricleaner Bleed 
9. Primary Fine Screen Accepts  29. Secondary Tricleaner Feed 
10. Primary Fine Screen Rejects  30. Secondary Tricleaner Accepts 
11. Secondary Fine Screen Accepts  31. Secondary Tricleaner Rejects 
12. Secondary Fine Screen Rejects  32. Secondary Tricleaner Bleed 
13. Tertiary Fine Screen Feed   33. Tertiary Tricleaner Feed 
14. Tertiary Fine Screen Accepts  34. Tertiary Tricleaner Accepts 
15. Tertiary Fine Screen Rejects  35. Tertiary Tricleaner Rejects 
16. Deflaker Feed    36. Tertiary Tricleaner Bleed 
17. Deflaker Accepts    37. Quaternary Tricleaner Feed 
18. Primary Flotation Feed (Bank C)  38. Quaternary Tricleaner Accepts 
19. Primary Flotation Accepts  39. Quaternary Tricleaner Rejects 
20. Primary Flotation Rejects   40. Quaternary Tricleaner Bleed 
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Figure 1  Flow Diagram and Sampling Points 
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RESULTS AND DISCUSSION 
 
Precision of Deposition Test and Extraction 

 
The precision of the deposition test was examined by repeating the deposition test on 

mother samples of the primary flotation cell feed, accept and reject. Mother samples were 

divided into thirds and the deposition test was performed on each third.  The results are 

shown in Table 6-1.   

 
Table 6-1.  Repeatability of the deposition test 

 
 1st  2nd  3rd  Average 

(85%*) 
Average 
(95%*) 

Primary flotation Feed 
(gram) 

0.003 0.005 0.005 0.004±0.001 0.004±0.002 

Primary flotation Accepts 
(gram) 

0.003 0.002 0.003 0.003±0.001 0.003±0.001 

Primary flotation Rejects 
(gram) 

0.008 0.006 0.005 0.006±0.001 0.006±0.003 

 
Note: * Confidence level for the stated confidence interval.  

 
The +/- confidence intervals indicate that if the sampling and testing has a normal, 

random variability that 85% or 95% of the data is expected to fall within the range stated 

in Table 6-1.  For the 85% and 95 % confidence levels it appears that the range is 

approximately 50% and 100% of the average measured value.  It is important to 

understand that this type of variability exists in the measurement.  Limited available time 

and resources did not permit the execution of more experiments. 

 
An indication of the accuracy of the deposition tester to detect all of the stickies in a 

furnish has been presented in a previous paper  [13].  In that study, a known amount of a 

single type of pressure sensitive adhesive was added to the deposition tester in the 



 101 

presence of various papermaking furnishes.  The amount deposited on the wire was 

dependent on the type of furnish.  For typical furnishes, 75-100 % of the stickies present 

in the experiment were deposited on the papermachine wire and detected. For furnishes 

with talc or an excess cationic starch that detackified the adhesive, less than 25% of the 

adhesive deposited.  It is important to realize that for these mill trials, it is expected that 

less than 100% of the adhesives present will deposit in the test and be detected.  

  
Further error in measurements may arise from fluctuations in the process (including the 

furnish). The deposition test was performed on pulps obtained from the same sampling 

points on three consecutive days when the mill was using the same type of furnish. The 

results are shown in Table 6-2. Variability in the results shown in Table 6-2 is affected 

by both the repeatability of the measurement and the fluctuation of the process. Note that 

the confidence intervals have increased relative to Table 6-1, as expected. In Table 6-2, 

for the 85% and 95 % confidence levels the range is approximately 100% and 200% of 

the average measured value.  This level of variability in measurement with respect to 

time is an important aspect in the interpretation of data.  

 
Table 6-2.  Results of Deposition Test on Samples Collected on Consecutive Days 

 
 1st  2nd  3rd  Average (85%*) Average (95%*) 

Primary flotation Feed 
(gram) 

0.006 0.003 0.002 0.004±0.002 0.004±0.004 

Primary flotation Accept 
(gram) 

0.004 0.000 0.002 0.002±0.002 0.002±0.003 

Primary flotation Reject 
(gram) 

0.006 0.002 0.006 0.005±0.002 0.005±0.004 

Note: * Confidence level for the stated confidence interval. 
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For the detection of micro-stickies, an extraction method was used.  All of the extraction 

measurements were run in duplicate on each sample.   From these duplicate runs for the 

flotation stages [18], it was found that the range of the two measurements was 

approximately 6% of the average value.  Thus, the precision of the extraction 

measurements was significantly better than that of the deposition, circa 50%. 

 
 

Example of a Material Balance Calculation on Micro-Stickies 
 

The micro-stickies cleanliness efficiency was defined as [19]: 
 
                    SA 
Cleanliness efficiency      Ec  = ( 1-                )   X  100 % 
of Micro-stickies                        SF              
 
Where   SI = % extractable stickies by weight, calculated as the mass of extractable 
                    stickies divided by the corresponding mass of oven dry solids in the 
                    stream, where I= A (accepts) or F (feed). 
 
The results for the micro-stickies balance for the primary cleaning operation is shown in 

Table 6-3.  This balance is an example demonstrating the general steps used for all of the 

operations analyzed for micro-stickies.   For the primary cleaning operation, there is a 

feed, an accept stream, a reject stream, and a reject bleed stream. Each of these streams 

was analyzed for their micro-stickies concentration and the results are shown in Table 6-

3.  The mill computer system provided a flowrate for the accepts stream.  The flowrates 

for the rejects and bleed streams were measured manually for one cleaner body and this 

value times the known number of cleaner bodies provided the total rejects and bleed 

flowrates.  The feed flowrate was calculated using a mass balance. Consistencies were 

measured for all streams, allowing for the oven-dry fiber flowrates to be determined.  A 

total amount of micro-stickies of 289.5 grams entered the cleaners and the total amount 
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of micro-stickies leaving the cleaner was 306.7 grams.  The difference between entering 

and leaving was only 6% of the entering value, indicating an adequate balance.  The 

result indicated a micro-stickies cleanliness efficiency of about 14%.  The bleed removed 

significantly more micro-stickies than did the reject stream.    

 
Table 6-3.  Micro-stickies Primary Cleaner Balance.  Basis: one minute.  

 
 K% Fiber 

(Kg) 
Liquor 
(Kg) 

Liquor 
(m3) 

Stickies 
concentration 
(gram/ m3) 

Stickies 
(gram) 

Input 
      

Feed #25 
0.43 245 57,200 57.1 5.07 289.5 

Total input  245 57,200 57.1  289.5 

Output 
      

Accept #26 
0.44 204 46,700 46.6 4.44 206.9 

Reject #27 2.47 41 1,620 1.6 9.51 15.2 
Bleed #28 0.17 15 8,890 8.9 9.51 84.6 

Total output  260 57,200 57.1  306.7 
 

 
 

Macro- and Micro- Stickies Cleanliness efficiencies of Recycling Operations 
 
The recycling operations of the mill can be divided into four main areas: screening, 

deflaking, deinking and cleaning stages.  In addition to the micro-stickies cleanliness 

efficiency described above, a macro-stickies cleanliness efficiency was also determined 

for the individual operations based on the deposition tester and the following equation: 

 
                             Mass of Deposits of Accepts 
Cleanliness efficiency  =  1   -                                                     X    100 % 
of Macro-stickies                Mass of Deposits of Feed 
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Where the deposits are measured in grams based on testing 80 grams of oven dry pulp in 

the deposition tester.  

 
The micro- and macro-stickies cleanliness efficiencies for different recycling operations 

are shown in Table 6-4.  Considering the established variability of the test methods (50-

100%) plus the variability from the process, the test results here are a qualitative 

indication of process efficiency.  The coarse and fine screens had cleanliness efficiencies 

that ranged from –300% to 67% for the macro-stickies.  This range is an indication of the 

difficulty encountered in the proper sampling and analysis of adhesive contaminants.     

The negative cleanliness efficiency seen in the secondary coarse screen indicates the 

generation of stickies.  Recent work in this group [3, 15] and by others [20] has indicated 

that the breakage of pressure sensitive adhesive particles is a significant factor in the low 

screening efficiency of adhesives in an industrial environment. It is possible that this 

phenomenon is contributing to the observed net 0% cleanliness efficiency in the primary 

fine screen for macro-stickies.   

Micro-stickies are not expected to be rejected by screens. The origin of the positive 

cleanliness efficiency of micro-stickies (i.e., the formation of micro-stickies) in the coarse 

screens is not expected and not understood.  The low micro-stickies cleanliness efficiency 

in the primary fine screen and the negative efficiencies in the secondary and tertiary fine 

screens is thought to be due to the shear and mechanical forces and the breakage of 

stickies in the fine screens.   Others have reported low screening efficiencies [3, 21, 22] 

of adhesive materials in pressure screens.  
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The results from the deflaker indicate that a substantial amount of micro-stickies is 

formed in this process (Table 6-4).  The concentration of macro-stickies does not change 

in the deflaker significantly.  The deflaker’s purpose is to break fiber bundles and release 

contaminants from the fibers using mechanical forces.  Thus, a compromise must be 

made by the mill, balancing the intended result (breaking fiber bundles) and unintended 

result (generation of micro-stickies) of the deflaker.   

 
Table 6-4.  Efficiency of Macro- and Micro-stickies Removal in Each Unit  

 
Recycling Operation:  Macro-stickies 

Cleanliness efficiency 
Micro-stickies 

Cleanliness efficiency 
Coarse Screen    

 ---primary, holes, 1.5 mm 
  

            ---secondary, holes, 1.1mm
   

 
 

67% 
 

-300% 

 
 

18% 
 

46% 

Fine Screen 
 ---primary, slots, 0.10 mm

    
 ---secondary, slots, 0.10 mm

    
 ---tertiary, slots, 0.10 mm

    

 
0% 

 
33% 

 
44% 

 
11% 

 
-112% 

 
-48% 

 
Deflaker   

  
17% -96% 

Flotation Cell 
 ---primary  

  
 ---secondary  

  

 
45% 

 
17% 

 
-4% 

 
-18% 

Tricleaner 
 ---primary  

  
 ---secondary  

  
 ---tertiary  

  
 ---quaternary   

 
67% 

 
75% 

 
50% 

 
50% 

 
14% 

 
N/A 

 
N/A 

 
N/A 
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The flotation processes had small positive cleanliness efficiencies for macro-stickies and 

relatively insignificant negative cleanliness efficiencies for micro- stickies (Table 6-4).  

In particular, the primary flotation stage had a relatively significant cleanliness efficiency 

of the macro-stickies. However, the cleanliness efficiency of the macro- and micro- 

stickies was much less than the dirt contaminant cleanliness efficiency, which was about 

87% (data not shown here)[18].  The brightness increased from 52% to 64% across the 

primary flotation cell (data not shown here)[18].  This significant brightness gain 

indicates that small dirt/ink particles were being removed.  These observations indicate 

that the flotation process is more effective in removing all contaminants that contribute to 

higher dirt count and lower brightness than for stickies specifically.  

 
 

Shape of stickies particles 
 

It has been suspected that sticky contaminants such as pressure sensitive adhesives can 

deform and pass through pressurized screens.  Recent results have also shown that 

screens can break stickies particles [3, 15, 20].  This breakage increases with higher 

consistency [20, 23].  To investigate, a pulp slurry containing 80 grams of oven dry solids 

was collected in each stage of the recycling mill and screened using a laboratory, 

atmospheric, slotted screen (0.15 mm width). Qualitative observations of the rejects are 

listed in Table 6-5.  No adhesive particles with fibers attached were observed in these 

measurements.     
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Table 6-5.  Qualitative Observations on the Shape of the Stickies Contaminants 
 

 Existence of String-like Stickies 
 Feed Accepts Rejects Bleed 

Primary Coarse Screen No No No N/A 
Secondary Coarse Screen No No No N/A 

     
Primary Fine Screen No Yes Yes N/A 

Secondary Fine Screen Yes Yes Yes N/A 
Tertiary Fine Screen Yes Yes Yes N/A 

     
Deflaker Yes Yes Yes N/A 

     
Primary Flotation Yes Yes Yes N/A 

     
Primary Tri-cleaner Yes Yes Yes Yes (a large 

amount) 
 

The results show that a significant amount of  string-like stickies particles are first 

detected after the primary fine screen (Figures 6-2 and 6-3).   This indicates that the 

stickies were exposed to considerable forces and deformed in the primary screen.  This 

deformation of the stickies may have contributed to the low net observed cleanliness 

efficiency of the primary screen for macro-stickies (about 0 %).  It should be noted that 

the primary fine screen and laboratory flat screen have similar slot sizes (0.10 mm and 

0.15mm, respectively), but that the laboratory flat screen does not have the high 

temperature, shear, and pressure gradients that does the industrial screen. The string-like 

shape of the stickies particles remains detectable throughout the remainder of the process 

after the primary fine screen.  The primary tri-cleaner bleed had a particularly high 

concentration of the string-like shaped stickies. 

   
The string like shape of the stickies has been observed in other studies [13, 20] and is 

expected to be an important factor in stickies removal in subsequent operations.  
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Figure 6-2: Shape of Stickies in Primary 
Fine Screen Feed 

Figure 6-3: Shape of Stickies in Primary 
Fine Screen Accepts 

 
    

 
 

Effect of Chemicals at the Wet End of the Paper Machine on Macro-Stickies 
Deposition 

 
The use of the deposition tester for determining the effect of chemicals used on the wet-

end of the paper machine on the propensity of macro-stickies to deposit on a paper 

machine wire was investigated.  Pulp from the machine chest before paper making 

chemicals were added was collected.  To enhance the response of the experiment, a 

laboratory flat screen with 0.006" (0.15 mm) slots was used to enrich the amount of 

macro-stickies in the pulp. (The original pulp stickies concentration was very low).   A 

quantity of 240 grams oven dry fiber was screened and the rejects were collected. The 

rejects were then mixed with an unscreened sample of pulp (80 OD grams) from the 

machine chest. In theory, this treatment causes the macro-stickies concentration to be 

1 cm 

1 cm  
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four times its natural concentration.  The deposition tests were run on the mixture in the 

presence of several chemicals.  

 
The papermachine operation utilized a cationic polyamine flocculant, a cationic 

polyacrylamide retention aid, a defoamer and a stickies detackification agent (surfactant-

based).  These materials were charged to the deposition tester at three times the normal 

dosage in the mill.    

 

The results of the deposition test are shown in Table 6-6.  The deposition tester was able 

to distinguish differences in deposition due to the different chemicals.  The system of the 

flocculant and retention aid alone was found to be the most effective in reducing the 

adhesive deposits at the concentrations studied.  Both of these materials are cationic and 

thus can promote the attachment of the adhesives to fibers. Also a possibility is that the 

cationic additives sterically stabilize the adhesives in a way that is similar to a reported 

stabilization of adhesives with cationic starch at high dosage [13].   In related research 

with toner agglomeration, cationic starches have also been shown to stabilize the 

hydrophobic toner materials preventing toner-toner agglomeration [24, 25, 26].  The 

defoamer at the concentrations studied had no effect on the measured amount of stickies 

deposited.   Surprisingly, the stickies detackification agent (a mixture of cationic polymer 

and surfactant, supplied by Versa Chem Inc., Oakviller, ON, Canada) alone or in 

combination with the other chemicals did not provide a reduced amount of deposition 

relative to the retention aid plus flocculant system.  It should be noted that only one 

concentration level was investigated and no cost/performance evaluation was made.  



 110 

These results are mainly useful in that they demonstrate a sensitive method to evaluate 

the effect of papermaking chemicals on the deposition of stickies with real pulp.    

 
Table 6-6. The Effect of Papermaking Chemicals on the Deposition of Macro-
Stickies and Micro-Stickies  

 
Treatment Deposition Weight Gained 

(gram) 
Pulp from Machine Chest (control) 0.006 

Pulp + flocculant (6 lb/T)  
        + retention aid (1.5 lb/T) 

0.001 

Pulp + defoamer (4.5 lb/T) 0.007 
Pulp + detackification agent (750 gram/T) 0.003 

Pulp + flocculant (6 lb/T)  
        + retention aid (1.5 lb/T) 

        + defoamer (4.5 lb/T) 
        + detackification agent (750 gram/T) 

0.003 
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CONCLUSIONS 
 
The cleanliness efficiencies of macro-stickies and micro-stickies in each operational unit 

of a recycling mill were evaluated qualitatively by a deposition tester and a solvent 

extraction technique, respectively. The primary coarse screen, the secondary fine screen, 

the tertiary fine screen, the cleaners and the flotation cells were found to remove the 

macro-stickies. The primary fine screen was observed have a 0% net removal of macro-

stickies. A significant amount of macro-stickies changed to a “string-like” shape after 

passing through the primary fine screen.  The deflaker was observed to produce a 

significant amount of micro-stickies. The tendency of the stickies to deposit on a paper 

machine wire was also studied using the deposition tester.  A deposition method was 

demonstrated to be sensitive to the effect that paper-making chemicals have on the 

deposition of stickies on papermachine wires.    
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Chapter 7 
 

Overall Conclusions 
 
 
Talc and cationic starch can cause pressure sensitive adhesives to have a reduced size and 

a string-like shape after pulping.  Without these materials present the pressure sensitive 

adhesives are larger and more spherical.  Both talc and cationic starch prevented the 

deposition of pressure sensitive adhesive particles on a papermachine wire.  The results 

indicate that detackifying components prevent the agglomeration of adhesive particles 

and promote dispersion in high-shear processes such as pulping.  

 

For a micro-stickies model system, it was found that cationic polymers could flocculate 

the microstickies at certain dosages.  Overdosing of the cationic polymer could restabilize 

the microstickies.  The coagulation of the micro-stickies closely followed the Schultz-

Hardy rule, indicative of particles whose stability behavior is affected by an electrical 

double layer.  Both the anionic fibers/fines and micro-stickies compete for the cationic 

polymer in the system.  The more hydrophobic micro-stickies particles are more readily 

agglomerated than the fibrous fine material.   

 

Both neutral and cationic starches and poly-DADMAC can adsorb onto the surface of 

PSA and prevent the agglomeration of stickies.  Cationic starches are more effective in 

preventing agglomeration than neutral starches versus amount dosed. Cationic charge 

promotes the adsorption of starch on the surface of stickies.  In a system with fibers, the 

prevention of agglomeration of PSA particles by cationic polymers depended more on the 

charge added to the system rather than the amount of polymer by weight dosed.  The PSA 
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particles, despite having a significantly smaller total surface area relative to the fibers, 

were able to compete for the cationic polymer. 

 

A solvent extraction and a deposition technique were able to qualitatively track the 

stickies removal efficiencies across unit operations in an industrial recycle mill.  The high 

shearing forces in the deflaking process of an industrial recycle mill can generate micro-

stickies in the system.  Stickies are deformed by the screening operations of an industrial 

recycle mill, causing the stickies to be more “string-like” in shape.   
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Chapter 8 
 

Suggestions for Future Work 
 

In this research, talc and cationic starches were found to affect stickies size, shape and 

tackiness after pulping.  It is of interest to investigate if there is a combined effect of talc 

and starch on the stickies properties and behavior.    

 

Interaction between talc and micro-stickies is of interest to investigate since micro-

stickies may be carried with paper if they can adsorb onto the talc surface.  Therefore, the 

accumulation of micro-stickies in white water may be alleviated.  Retention studies using 

a Britt Jar of the adhesives in the presence of talc and other papermaking components and 

conditions would be beneficial. 

 

It was found that poly-DADMAC and starches can prevent the agglomeration of stickies.  

However, it is unknown how the tackiness of the stickies correlates with the dosage of  

these polymers.  Experiments should be conducted to determine the relationship between 

the amount of adsorbed cationic polymer on pressure sensitive adhesive particles/films 

and their tackiness by using a suitable tack tester.   

 

Fernandez [1] found that adding sufficient electrolyte to collapse the particle double layer 

could show whether the steric repulsion contributes to maintain stability of ink particles.  

Therefore, if sufficient electrolyte is added in an  agglomeration experiment of pressure 

sensitive adhesive particles, the contribution of steric effects alone can be determined 
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It was found in this study that stickies competed with fibers for cationic charge.  The 

fibers used are softwood market pulp that contains only small amount of fines and no 

fillers.  In wastepaper, there are significant amounts of fillers and fines in the system.  

Most of these fillers and fines are negatively charged and have greater surface areas 

relative to the fibers.  They will also compete for the cationic charge in the system.  

Therefore, in future research, the effect of fines and fillers should also be investigated.   

 

Reference: 

1. E. O. Fernandez.  Steric Stability of Flexographic Newsprint Deinking 

Deipersions.  4th Research Forum on Recycling,  129-132, 1997. 
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Appendix 1 
 

Description of Furnish Components Used in Chapter 3: Effect of 
Papermaking Components on Adhesive Contaminant (Stickies) 

Characteristics after Pulping 
 

Market Pulp: Fully bleached, southern pine softwood pulp.  The material was used 
unbeaten and beaten.  The beaten pulp was beaten to a CSF of 450 in a Valley Beater and 
handsheets were made using standard TAPPI Procedure (T-205).  The pH of market pulp 
dispersed in deionized water was 5.7. 
 
Market Pulp (pH=5.0):  The pH adjusted by adding 2 N HCL solution. 
 
Market Pulp (pH=9.5):  The pH adjusted by adding 10% weight/volume NaOH 
solution. 
 
Copy Paper:  Weyerhaeuser Husky Xerocopy Paper.  The paper had a pH of 8.  The ash 
content (CaCO3) was measured to be 11% using a furnace at 525oC for 30 minutes. 
 
Rosin-alum/Starch Paper:  This paper (lightweight Bristol) was made on the North 
Carolina State University pilot paper machine.  The paper contained 80% softwood and 
20 hardwood fully bleached market pulps refined to 225-275 CSF.  The approximate 
addition levels of additives on oven-dry fiber were 2% rosin and 3 % alum.  A size press 
finish of cationic starch (Penford Gum200 Cationic starch) was applied at 8% on oven 
dry fiber. 
 
Cationic Starch + Market Pulp:  Accosize 72 synthetic size, American Cyanimide, a 
cationic starch derivative, added at 1.5% on above market pulp with no pH adjustment. 
 
 
CaCO3+ Market Pulp: Hydrocarb 90, Pluoss-Staufor, added at 11.1% on above market 
pulp with no pH adjustment (MSDS attached). 
 
Talc+ Market Pulp: Mistron 100, Luzenac America, added at 11.1% on above market 
pulp with no pH adjustment. 
 
Clay+ Market Pulp: J.M. Huber Corp., added at 11.1% on above market pulp with no 
pH adjustment (MSDS attached) 
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 Appendix 2 

Scanning Electronic Microscope (SEM) Analysis of Fillers on Adhesives 

 

The purpose of the SEM analysis was to investigate how the surface of stickies was 

modified by of different fillers.  The SEM analysis was performed at Analytical 

Instrumentation Facility (AIF) of North Carolina State University (NCSU).  The AIF is 

located in EGRC building of Centennial Campus of NCSU.  Mr. Roberto Garcia 

provided assistance in measuring all samples.  The instrument is a Hitachi S-3200N 

Environmental SEM and the instrument was operated with a 20 kv beam voltage and a 

chamber pressure of 100 Pa. 

The stickies were pre-dyed by Morplus blue dyeing solution and pulped in a house hold 

blender with 3% consistency in the presence of different fillers at room temperature.  

Then the stickies with blue color were analyzed by SEM.  The results are shown in 

Figures A2-1 – A2-5. 

 

The elemental analysis was also performed by an ISIS EDS system to examine the 

elements of the substances deposited on the surfaces of stickies.  The purpose of the 

elemental analysis was to give extra evidence of filler deposition on stickies.  The 

analysis was performed on a selected deposited particle in the SEM image.  Elemental 

analysis was also performed on the dry filler materials as a comparison.  Figures A2-6 – 

2-13 show the results.  It was found that deposits agreed well with their pure form except 

the Ground Calcium Carbonate (GCC), which had some unaccounted peaks. 
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Figure A2-1. Control with no filler on stickies surface (Scale on bottom of figure 
indicates that each interval is 20 µm) 

 

Figure A2-2. Ground CaCO3 on stickies surface (Scale on bottom of figure indicates that 
each interval is 5 µm) 
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Figure A2-3.   Precipitated CaCO3 on stickies surface (Scale on bottom of figure 
indicates that each interval is 5 µm) 

 

Figure A2-4.   Talc on stickies surface (Scale on bottom of figure indicates that each 
interval is 5 µm) 
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Figure A2-5.  Clay on stickies surface (Scale on bottom of figure indicates that each 
interval is 5 µm) 
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Elemental Analysis of Particles on Stickies Surface 

 
Figure A2-6.  Elemental analysis of precipitated CaCO3 

 
Figure A2-7.  Elemental analysis of precipitated CaCO3 on stickies surface 
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Figure A2-8.   Elemental analysis of talc 

 
Figure A2-9.   Elemental analysis of talc on stickies surface 
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Figure A2-10.   Elemental analysis of clay 

 
Figure A2-11.   Elemental analysis of clay on stickies surface 
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Figure A2-12.   Elemental analysis of ground CaCO3 

 
Figure A2-13.  Elemental analysis of ground CaCO3 on stickies surface 
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Appendix 3 

Data on Starch Materials Used in Chapter 5:  The Adsorption of 
Starches on Pressure-sensitive Adhesive Material and Its Impact on 

Agglomeration 
 

The molecular weight of starches was measured at Department of Food Science and 

Technology, University of Nebraska Lincoln (see attached sheets for cost and contact 

information).  A code was used in each starch measurement and listed as following: 

Code  Starch 

F00  Fisher neutral starch 

P00  Pearl neutral starch (MSDS attached) 

A-72  Accosize 72 cationic starch 

AX-101 Astro-X101 cationic starch (MSDS attached) 

AX-150 Astro-X150 cationic starch 

P-500  Pencat® 500 cationic starch (MSDS attached) 

P-600  Pencat® 600 cationic starch (MSDS attached) 

P-700  Pencat® 700 cationic starch (MSDS attached) 

Contents: 

• Starch data for MW determination 

• Pullulan Standards Refractive Index Detector Response 

• Calibration line 

• MSDS information for starches 
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Appendix 4 
 

Infrared Spectra Taken on PSA Treated with Starches 
 

FTIR spectra of PSA film and starch-coated film were recorded on Perkin-Elmer FT-IR 

Spectrometer (16 PC).  The PSA was applied onto the surface of transparency with a 

width of 1.5 cm and length of 6 cm approximately.  Transparencies were made by 

Apollo, (a division of Acco Brands, inc., 60 trade Zone Court, Ronkonkoma, NY 11779) 

and the item number is pp100C.  Attenuated Total Reflection (ATR) technique was 

applied since traditional FTIR spectroscopy using transmission sampling technique 

cannot obtain satisfactory spectrum due to the strong absorption of transparency.    
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Table A4-1 Description of Infra-red Figures 

Fig A4-1. Transparency only, no starch and PSA applied 

Fig A4-2. PSA film without starch 

Fig A4-3. PSA film immersed in deionized water without starch 

Fig A4-4. PSA film immersed in neutral starch (Pearl) solution (0.25%) 

Fig A4-5. PSA film immersed in neutral starch (Pearl) solution (0.25%) and rinsed 
with deionized water. 

Fig A4-6. PSA film immersed in cationic starch (Pencat 500) solution (0.25%) 

Fig A4-7. PSA film immersed in cationic starch (Pencat 500) solution (0.25%) and 
rinsed with deionized water. 

Fig A4-8. PSA film immersed in cationic starch (Pencat 700) solution (0.25%) 

Fig A4-9. PSA film immersed in cationic starch (Pencat 700) solution (0.25%) and 
rinsed with deionized water. 

Fig A4-10. Neutral starch (Pearl) coated (2% starch solution) on transparency and no 
PSA film 

Fig A4-11. Cationic starch (Pencat 500) coated (2% starch solution) on transparency 
and no PSA film 

Fig A4-12. Cationic starch (Pencat 700) coated (2% starch solution) on transparency 
and no PSA film 
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Appendix 5 
Flotation of Micro-stickies Experiment 

 
 
 
Objective: 
 
Flotation experiment was carried out to find possible removal methods for micro-stickies.  

 

Experimental Procedure: 

An amount of 3500 ml of deionized water and 15 grams of acrylic adhesive emulsion 

(Provided by 3M company and solid content is 22%) were added to a flotation cell 

(Wemco) and mixed at a speed of 800 rpm with an air flowing rate of 10 l/min.  The 

turbidity of the suspension was measured after 5, 10, 20, 30, 45, and 60 minutes by a 

DRT100B Turbidity-meter (HF Scientific, inc. Catalog No. 50027).  The sample was 

taken by syringe below the surface of the liquid.  An amount of 100 ml of 0.001N poly-

DADMAC was added after the 60 minutes of flotation and the turbidity of suspension 

was also measured (Figure A5-1).  The same experiment with an addition of poly-

DADMAC at the beginning with adhesive emulsion was also performed (Figure A5-2). 

It was noted that foam appeared even no surfactant (small amount of surfactant may be 

present in the adhesive emulsion).  No rejects were scraped away during the flotation.  

Agglomerates were found to accumulate on the surface of the flotation cell.    
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Results and Discussion: 
 
Figure A5-1 shows that without the addition of poly-DADMAC the turbidity of micro-

stickies decreased from 135 NTU to 45 NTU and leveled off.  This indicates that some 

micro-stickies can be removed by the flotation without poly-DADMAC.  The reason of 

leveling off of turbidity is that the flotation may only remove large sticky particles or at 

low concentration the sticky particles get fewer chance to collide and agglomerate.  After 

the addition of poly-DADMAC, the turbidity decreased to almost zero within 20 minutes.  

This suggests that the poly-DADMAC may absorb the sticky particles onto its surface 

and thus promotes the agglomeration of micro-stickies.  Figure A5-2 also confirms that 

poly-DADMAC enhances agglomeration and flotation of micro-stickies 

 
 
 
 
 

  
Figure A5-1.  Turbidity vs flotation time 
(Poly-DADMAC was added after 60 minutes).  

Figure A5-2.   Turbidity vs flotation time 
(Poly-DADMAC was added at the beginning). 
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Appendix 6 
Calculation of Molecular Weight of Degraded Starches 

 
 

Intrinsic Viscosity of Starch 

Since the intrinsic viscosity was defined by following formula [1].  

)(lim][
0 c

sp

c

η
η

→
=     (1) 

Where ηsp=[(η-ηs)/ ηs]  and η and ηs are the viscosities of the solution and the 

solvent, respectively.  C is the concentration of solution. 

Fuoss and Strauss [2] (1948) proposed an empirical expression: 

)1(
][

2/1Bcc
sp

+
= ηη

 

Where B is a constant.  By plotting (c/ηsp) vs c1/2 a linear relation was found with an 

intercept, 1/[η].   

During the measurement of intrinsic viscosity, 2% of solution of starch was serially 

diluted to final concentrations of 0.25%.  The intrinsic viscosity was measured for both 

enzyme treated and untreated starch. 

 

The molecular weight of degraded starch was estimated by Mark-Houwink equation [3]. 

[η]= KMa 

Where K and a are constants at a specific temperature for a given polymer –solvent 

system.   

The measured intrinsic viscosity of two cationic starches was listed on Table A6-1.  If a 

value of constant a was set, the K value can be calculated since the molecular weight of 
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untreated starch is known.  Finally the molecular weight of degraded starch can be 

calculated.  The a value was set to 0.68 [4] found in a polymer handbook because this 

value was obtained in a similar system to our experiment.  The solvent used is also water 

and temperature is 20oC which is also close to our temperature condition 25oC. 

 

For untreated Pencat® 700,  

K=[η]/Ma=238/(2.86×105)0.68=0.0464 

If the K and a didn’t change during the treatment of enzyme, the estimated molecular 

weight of degraded starch is,  

37=0.0464(Mdegraded)0.68 

Mdegraded=1.85×104 

 

For untreated Pencat® 500,  

K=[η]/Ma=46/(4.62×105)0.68=0.00646 

If the K and a didn’t change during the treatment of enzyme, the estimated molecular 

weight of degraded starch is,  

18=0.00646(Mdegraded)0.68 

Mdegraded=1.16×105 

 
Table A6-1.  The intrinsic viscosity of cationic starch before and after the enzyme 
treatment. 
 

Intrinsic Viscosity (ml g-1)           Cationic Starch 
Untreated Enzyme Treated 

Pencat® 700 238 37 
Pencat® 500 46 18 

 



 163 

Reference: 

1.  P. J. Flory.  Principle of Polymer Chemistry.  Cornell University  Press, Ithaca, New 
York, 308-314, 1953. 
 
2.  E.K. Chamberlain, M.A. Rao.  Effect of concentration on rheological properties of 
acid-hydrolyzed amylopectin solution.  Food Hydrocolloids, 14:163-171, 2000. 
 
3.  P.E. Slade.  Polymer Molecular Weight.  Marcel Dekker, Inc. New York, 387-
389,1975. 
 
4.  J. Brandrup, E.H. Immergut and E.A. Grulke.  Polymer Handbook.  Fourth Edition. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


