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Abstract 
Fines have a very important role in paper chemistry and are a determinant in retention, 
drainage and the properties of paper. The purpose of this project was to be able to label the 
fines with fluorophores and study their Brownian motion with fluorescence microscopy. 
When succeeded this could then be used to study fines, fibers and other additives in a 
suspension thus giving the fundamental knowledge of why fines have this important role. Due 
to aggregation of the fines no Brownian motion could be detected. Instead the fines were 
handled as a network system and small fluorescence labeled latex particles were then studied 
in this system. This approach yields information about the fines when the obstacle with 
sedimentation of the network is resolved. 

Sammanfattning 
Fines har en viktig roll i papperskemin och har en avgörande roll när det gäller retention, 
dränering och papprets egenskaper. Syftet med detta projekt var att kunna färga in fines med 
fluoroforer och sedan följa deras brownska rörelse med hjälp av ett fluorescensmikroskop. 
Denna metod skulle sedan kunna användas för att observera interaktionerna mellan fines, 
fibrer och andra additiver i en suspension. Det skulle göra de underliggande mekanismerna 
kända för varför fines utgör en så viktig del i processen. På grund av att fines aggregerade så 
fick man istället behandla dem som ett nätverk där man tillsatte redan fluorescerande prober 
vars rörelser studerades. Att studera fines indirekt på detta vis kommer att ge information när 
sedimenteringen av nätverket är löst.  
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1. Introduction 
If we understood more about fines and how to regulate their ability to decrease dewatering 
and therefore their resistance to air penetration, maybe we can make food containers more 
efficient and environment friendly. One example is replacing the aluminium sheets in juice 
containers with a barrier of fines. 

The term “fines” is hard to narrow down to a specific type of fiber. Fines are a wide-ranging 
term commonly used in papermaking. All particles that are smaller than wood fibers can be 
placed in this category. Some of these are mineral pigments, fillers, salt crystals and parts of 
wood cells. The fraction of fines, as in this study, that can pass through an opening with a 
diameter of 76 µm (200 mesh) narrows the interpretation of the term. All particles except the 
cellulosic fiber fraction are excluded [1-5]. 

Cellulosic fiber fractions have a very important role in paper chemistry because they influence 
the retention, drainage and the properties of paper and therefore also the profitability of the 
final product [10]. If the mechanisms in detail can be fully understood when making paper, 
the final product can be designed as desired. Another aspect is the sustainable development; if 
the process is well understood the impact on the environment can be minimized.  
Here are some of the characteristics of the fines’ fractions: 

• They help to fill the spaces between fibers in a paper sheet, thus make a denser, 
stronger and uniform product.  

• They have a large specific surface area which enhances the light scattering ability and 
opacity. This is more characterized for mechanical pulp fines. Chemical pulp fines are 
more flexible and bond easily to fibers thus losing their free surface that scatters light.  

They have a high water retention capacity that can slow down the manufacturing process, and 
more energy is necessary to remove the water [1, 2-4, 7].  

Pulp can be divided into mechanical and chemical pulp with different fractions of fines.  
• Mechanical pulp; fibrillar fines, approximately 1 nm in diameter and flake fines, stiff 

and compact flake-like particles.  
• Chemical pulp; primary fines, usually termed as “short” because their length-to-

thickness ratio is usually less than 5 units and secondary fines that are more slender 
and flexible.  

Secondary fines of chemical pulp were used in this study. 
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Both paper fibers and fines have a tendency to aggregate. Aggregation occurs at low shear 
rates and is probably due to mechanical entanglements of fibrillar fines. At high shear rates 
fines are present as individual particles, very small, thus difficult to observe. Labeling some of 
them with fluorophores makes them more distinct and individual fines can be studied. The 
aggregation of fines disturbs the observation of Brownian motion for individual fines. The 
aggregation problem must be solved before further studies can continue [1, 2, 5]. 
 
The purpose with this project, which was conducted during the year 2011, was to label the 
fines with fluorophores and study their Brownian motion with fluorescence microscopy. By 
studying their Brownian motion it is possible to determine their diffusion coefficient. If the 
fines interact with other particles in the suspension the diffusion coefficient will be altered. 
The labeling of fines was successful in the bachelor thesis “Determination of Distribution of 
Fines in a Paper Structure using Fluorescence Microscopy - an introduction” but no Brownian 
motion could be detected. The fines aggregated and another approach was needed [10]. In this 
study the fines are handled as a network system and the Brownian motion of small 
fluorescence labeled latex particles are studied. 

  

 
Figure 1: The pictures show the different kinds of chemical pulp fines [1]. 
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2. Theory 
Fines aggregate when water is removed and their ability to swell when rewetting are 
decreased, this is called hornification and prevents diffusion of fines. 

2.1. Hornification 
The properties of fibers change when they go from the wet state to the dry state. Micro fibrils 
adjacent to each other form hydrogen bonds when water is removed. Some of these bonds 
remain when rewetting, the fibers ability to swell will decrease. This will increase the 
dewatering rate and decrease the bonding strength between the fibers [8]. In Figure 2 the 
difference is shown when letting the fibers dry in air or by freeze drying in vacuum with 
liquid nitrogen. When drying in air slender fibrils connect the small aggregates by bonding to 
each other (figure 2 a and b) and this phenomenon is not observed when drying in liquid 
nitrogen where the fines are frozen instantly (figure 2 c and d). 

  
A C 

  
B D 

Figure 2: The SEM-pictures show examples of hornification. Fines that are dried in air (A and B) or in liquid nitrogen 
(C and D) appear different when observed. When drying in air slender fibrils connect the small aggregates by bonding to 

each other and this phenomenon is not observed when drying in liquid nitrogen where the fines are frozen instantly.   
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2.2. Diffusion 
Diffusion is a spontaneous process when particles in a gas or a liquid are evenly spread out in 
their surroundings. The diffusion is caused by a random motion called Brownian motion. This 
means that when a particle’s position is measured at regular intervals the motion of the 
particle has the same pattern independently of the time interval used. The motion arises with 
particles that are so small that there is a strong probability of fewer molecules in the 
surroundings that bump into one side of the particle then into the other side. The result of this 
is a push in the direction of the area with fewer molecules. 

Albert Einstein explained this phenomenon in 1905 [13]. Einstein showed that the average 
distance, λα, a particle moved during a certain time, t, in a fluid with the experimental 
diffusion coefficient D [Appendix 1] was given by: 

𝝀𝜶 = 𝟐𝒅𝑫𝒕  [Eq. 1] 

where d is the number of dimensions. 

In this thesis Eq. 1 was rewritten into Eq. 2, which was used when determining the 
experimental diffusion coefficient for the latex particles.  

𝑫 = 𝝀𝜶
𝟐

𝟐𝒅𝒕
  [Eq. 2] 

where d = 2 because the measurements were calculated for a plane and λα was the distance the 
particles moved during time t [9]. The theoretical diffusion constant was calculated by Stokes-
Einstein equation [Appendix 1]: 

𝑫 = 𝒌𝑩𝑻
𝟔𝝅𝜼𝒓

  [Eq. 3] 

where η is the viscosity and r the radius for the particle.    
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3. Experimental 
The experiments were performed at Karlstad University, Department of Chemistry and 
Biomedical Sciences. The purpose of the experiments was: 

• Modifying the labeling method from the bachelor thesis [10]. 
• Studying the motion of labeled latex particles when added to a suspension of fines. 

3.1. Equipment and Chemicals 
Instruments:  

• Zeiss Axioskop2 MOT microscope; HBO100 light source, LC Epiplan 50×/0.5 
objective. The digital camera for viewing the labeled fines was an Axiocam MRc and 
the image analysis software was AxioVision v. 4.8, both from Carl Zeiss 
MicroImaging GmbH. The digital camera for viewing the movements of the probes 
was an ORCA-ER and the image analysis software was AquaCosmos v. 2.0, from 
Hamamatsu. 

• Turbiscan MA 2000 (C R Hintze AB) 
Fluorophores:  

• N-methylisatoic anhydride (Cat. No. M-25 also named MIA, Invitrogen) 
• Fluorescein-5-thiosemicarbazide (Cat. No. F-121 also named F121, Invitrogen) 
• Carboxylate-Modified FluoSpheres: 

• F-8800 (ø 0,1 µm) (Lot: 85A1-1) 
• F-8820 (ø 0,2 µm) (Lot: 6991-1) 
• F-8809 (ø 1,0 µm) (Lot: 5491-4) 

Other equipment and chemicals used:  

• Sodium borate  
• Dimethyl sulfoxide  
• Sodium hydroxide  
• Distilled water, dH2O  
• 2-propanol 
• Sodium chloride 
• Calcium chloride 
• Whatman GF/A Glass microfiber filters (ø 25 mm), supplier VWR International AB 
• Raw bleached kraft pulp fines prepared at Stora Enso RCK (concentration 1.8 %) 
• Refined bleached kraft pulp fines prepared and washed with hydrochloric acid at Stora 

Enso RCK (concentration 1.5 %)  
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3.2. Methods 
The thesis can be divided into four different parts: 

• The fading of the fluorescence labeled fines. 
• Modification of the labeling method. 
• The motion of fluorescence labeled latex particles in a suspension of fines. 
• The sedimentation of the suspension of fines. 

3.2.1. The fading of the fluorescence labeled fines 
The following methods were used for the two fluorophores MIA and F121:  

MIA: 10 g of fines (1.8-% w/w) were mixed with 10 ml of 0.1 M sodium borate (pH 8). 20 
ml of DMSO was then added and the final concentration of fines was 5 mg/ml. The 
fluorophore was solved in DMSO so that its final concentration was about 10 mg/ml. The 
ratio was about 20 µmole fluorophore to 5 mg fines [11]. The fluorophore solution was added 
directly to the solution of fines which was then incubated at room temperature for 10 min. 80 
ml of 2-propanol was then added so the labeled fines would precipitate and could be filtered 
by vacuum suction. The precipitate was washed with 2-propanol and finally with distilled 
water. The precipitate was diluted about 10 times and then studied with a fluorescence 
microscope. MIA emits fluorescence at the wavelength of 446 nm. 

Fluorescein-5-thiosemicarbazide (F121): 10 g of fines (1.8-% w/w) were mixed with 10 ml 
of 0.1 M sodium borate (pH 8). 20 ml of DMSO was added. The final concentration of fines 
was 5 mg/ml. The fluorophore was solved in DMSO so that its final concentration was about 
10 mg/ml. The ratio was about 20 µmole fluorophore to 5 mg fines [11]. The fluorophore 
solution was added directly to the solution of fines which was then incubated at room 
temperature overnight on a shaker [12]. 80 ml of 2-propanol was then added so the labeled 
fines would precipitate and could be filtered by vacuum suction. The precipitate was washed 
with 2-propanol and finally with distilled water. The precipitate was diluted about 10 times 
and then studied with a fluorescence microscope. F121 emits fluorescence at the wavelength 
of 516 nm. 

To ensure that the fluorophores were stable a series of photos were taken at specific times and 
with the light on and off between the photos. 
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3.2.3. Modification of the labeling method 
The labeling method was modified to see if all the chemicals and all the steps in the method 
were necessary and to see if it was possible to get a solution without aggregated fines. A glass 
microfiber filter was used for filtration so the steps were reduced thus making 2-propanol 
unnecessary. First a mixture was prepared without fluorophores to study how the solution 
behaved.  

Solution Fines (g) dH2O (ml) Sodium borate (ml) DMSO (ml) 
1 5 15   
2 5 10 5  
3 5  5 10 

Table 1: Three solutions were composed in different ways without fluorophores. 

Three solutions were prepared and diluted to 0.5 %. Photos were taken and observed. 

Solution Fines (g) dH2O (ml) Sodium borate (ml) MIA (mg) DMSO (ml) 
1 5 15.18  1.8  
2 5 10 5 1.8 0.18 
3 5 15  1.8 0.18 

Table 2: Three solutions were composed in different ways with the fluorophore MIA. 

Then three different solutions with the stronger fluorophore, MIA, were prepared and then 
diluted to 0.5 %. Photos were taken and observed. 

3.2.4. The motion of fluorescence labeled latex particles in a 
suspension of fines  

In this method the fines were not labeled with fluorophores. They were instead seen as an 
entangled network where the motion of fluorophore labeled latex particles, i.e. probes, were 
observed. The properties of the probes are well known thus easier to understand their behavior 
in different matrices [13].  Before beginning these experiments new and more refined fines 
were prepared at Stora Enso Karlstad, Sweden, because the fines used in the bachelor thesis 
were not refined enough. 

 

  
A B 

Figure 3: The fines (A) were replaced with new more refined fines (B). The pictures (taken in normal light) show that the 
latter solution lack bigger fibers, which is more desirable. 
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A probe with diameter 0.2 µm was used. The tracking program was developed by Nyflött and 
is described in her master thesis [14]. By changing the electrolyte concentration we modified 
the electrical double layer [Appendix 1] and thereby the properties and the motion of the 
probe. This could give us information about how the network of fines affects the probe.  

Two different ion solutions were used, calcium chloride and sodium chloride. They were 
chosen because of their similar size and different charge. In papermaking, a common 
conductivity in the fiber suspension is 1000-2000 mS/cm. This was considered when deciding 
the experimental parameters. Because of the different charges of the ions they affect the 
electrical double layer differently at same concentrations, see Table 3. The electrolyte 
concentration (see table 3) was calculated from the amount of sodium chloride and calcium 
chloride respectively, the amount of hydrogen ions in the solutions was not taken into 
account.   

A primary stock solution of probe was prepared with 4 µl of probe (ø 0.2 µm) and 9996 µl 
dH2O. A second stock solution of probe was prepared, 6 ml of the primary stock solution 
together with 4 ml dH2O. 30 µl of the second stock solution was added to every sample in 
Table 3. 

 
Fines 
(mg) 

 
dH2O 
(µl) 

 
NaCl 
(µl) 

 
CaCl2 

(µl) 

 
Electrolyte 

concentration 
(mM) 

 
Size of electrical 

double layer 
(nm) 

 
Conductivity 

(mS/cm) 

 
 

pH 

 970       
  970  0.0372 50 21 4.25 
  970  3.72 5 474 5.12 
  970  11.61 2.83 1335 5.43 
   970 0.0124 50 4.3 4.5 
   970 1.24 5 171.6 5.31 
   970 7.74 2 950 5.45 

667 303       
667  303  0.0372 50 21 4.25 
667  303  3.72 5 474 5.12 
667  303  11.61 2.83 1335 5.43 
667   303 0.0124 50 4.3 4.5 
667   303 1.24 5 171.6 5.31 
667   303 7.74 2 950 5.45 

Table 3: A table of the different solutions that were used for the measurements. 30 µl of probe solution were added to a 
certain volume of electrolytes with different concentrations (the electrolytes were diluted with dH2O to obtain the different 
concentrations). The volume of electrolytes was different depending on if it was a blank or a sample with fines. The total 
amount was always 1 ml. 

The samples were mixed together with a vortex. The time was monitored and counted as zero 
when the vortex stopped. The solution was added to a small well, sealed with a cover glass 
and put under the microscope. After 1.5 minutes the solution a sequence was recorded for 6 
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seconds and two additional sequences were recorded at 6.5 minutes and 11.5 minutes 
respectively.  For the blank samples, only containing probes, sequences were only recorded at 
1.5 minutes. 6 replicates were made for each sample and 10 particles in each sequence were 
tracked by a tracking program using the Lucas Canade tracking method [14, Appendix 1]. All 
the data was compiled and the diffusion constant for every different sample was calculated 
[Appendix 1]. 

3.2.5. The sedimentation of the suspension of fines 
When recording a sequence in the microscope a focus change was needed for the second and 
third sequence. It appeared as if the fines sediment with time. Two methods to investigate the 
sedimentation were performed.  

First a turbiscan was used. 10 ml of a solution containing 1 % fines was added to a tube (10 
cm high). The turbiscan scanned the tube every 5 min for 3.5 hours starting 90 seconds after 
the mixture was prepared.  

The second method measured the distance in the z direction with the microscope. A snapshot 
was taken every 5 second, and the total time was 5 minutes. The distance in z direction was 
noted. This was performed 3 times and an average distance was calculated. 
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4. Results and Discussion 
The results from the four different parts are presented below. 

4.1. Labeling of Fines and Fading Monitoring 
The fines were labeled with two different fluorophores, MIA and F121. They were monitored 
in a fluorescence microscope to see how fast the fluorophores faded. The fading was quite 
different between the fluorophores, and the probe MIA was more stable and better defined 
than F121.  

F121  

   
A B C 

Figure 4: Fluorescence pictures of F121-probes taken at times: 1 min 20 s (A), 2 min 50 s (B) and 4 min 40 s (C) to 
monitor how they faded. 

The images of the fines labeled with F121 had very little contrast, see Figure 4. The light from 
the microscope was illuminating the sample between the images. The first image was taken 1 
min and 20 seconds after preparation, and it is difficult to see the fibers. After 2 minutes and 
50 seconds the fibers can hardly be seen at all and after 4 minutes and 40 seconds they were 
completely faded. A new series were therefore taken where the light was switched off 
between the images, see Figure 5.  

   
A B C 

Figure 5: Florescence pictures of F121-probes taken at times: 1 min 41 s (A), 6 min 41 s (B) and 21 min 41 s (C) to 
monitor how they faded. 
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After 1 minute and 41 seconds the contrast in the image is good. The flocks of fibers can be 
clearly observed. A fading can be seen between 1 minute and 41 seconds and 6 minutes and 
41 seconds, and even more fading occurs after 21 minutes and 41 seconds. When comparing 
Figure 4 and 5 it is clearly understood that the constant illumination, Figure 4, fades the 
probes drastically compared to when only illuminate the sample when taking an image, Figure 
5. If comparing the contrast after 21 minutes and 41 seconds in Figure 5 with the contrast 
after 1 minute and 40 seconds in Figure 4 – they are quite similar. 

MIA – light on between snapshots 

   
A B C 

Figure 6: Florescence pictures of MIA-probes taken at times: 1 min 25 s (A), 7 min 30 s (B) and 31 min (C) to monitor 
how they faded. 

After 1 minute and 25 seconds the contrast is good. The flock of fibers can clearly be 
observed against a dark background. There is no significant fading between 1 minute and 25 
seconds and 7 minutes and 30 seconds. It is the same interpretation between 7 minutes and 30 
seconds and 31 minutes. No fading occurred, and no new series needed to be taken with the 
light switched off between the images. 

The MIA-probes did not fade significantly during the 31 minutes of the experiment, even 
though the light was on between images. The results from F121 were not that satisfying. 
There is a significant difference between the contrast of the samples and the fading against 
time when the two probes were compared. MIA could be a good candidate to use if labeling 
the fines.  
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4.2. Labeling Modification 
Modifying the labeling method was necessary to decrease the number of chemicals and steps 
and to avoid aggregation. The chemicals were taken away one by one to study the aggregation 
of fines in normal light, without fluorophores. The results from the mixtures with no added 
fluorophores can be seen in Figure 7. Figure 7A shows the result before removing any 
chemicals, dH2O, sodium borate and DMSO were all used when preparing the sample. The 
fines aggregated with a crystalline structure and this crystallinity was not desired.  

   
A B C 

Figure 7: For the labeling modification different pictures were taken with normal light and they show solutions with 
different compositions: dH2O + sodium borate + DMSO (A), dH2O + sodium borate (B) and dH2O (C). 

The aggregation of the fines was affected when the chemicals were excluded. In figure 7B, 
the aggregation of fines is presented without adding DMSO. The crystalline character of the 
aggregated fines can no longer be observed. The aggregation however was still an issue. The 
next step was to remove the sodium borate when preparing the sample, see figure 7C. There is 
still some aggregation. Two possible explanations for the aggregation: 

1. The fines were already in an aggregated state when prepared, they were in their 
protonated state and it has been reported that this can cause aggregation. 

2. It has also been reported that fines have a tendency to aggregate in low shear rate [5]. 

The method when adding the fluorophore MIA was investigated. DMSO was now excluded in 
the samples due to the results in Figure 7. In the first experiment MIA were dissolved in 
distilled water and only distilled water was used in the sample. The labeling process was 
unsuccessful, see figure 8A. It was almost impossible to dissolve MIA in distilled water, so 
DMSO was used. The sample was then prepared with distilled water; the result can be seen in 
figure 8B. Even though MIA dissolved in DMSO the labeling process was again 
unsuccessful. One third of the distilled water used to prepare the sample was replaced with 
sodium borate; this makes the pH more stable during the process. The labeling process 
worked, see figure 8C. 
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A B C 

Figure 8: When modifying the labeling different pictures were taken with fluorescence light and they show solutions with 
different compositions: dH2O + MIA in dH2O (A), dH2O + MIA in DMSO (B) and dH2O + sodium borate + MIA in 

DMSO (C). 

It was clear that the method could be modified in a way that no DMSO was needed when 
preparing the sample, only a small amount of DMSO for dissolving MIA. The buffer was 
necessary to make the labeling work. Even though the labeling process seemed to work the 
aggregation of the fines made it impossible to track the Brownian motion of individual fines. 

4.3. Latex Particles and Fines 
Another way to study the fines in the wet state was needed. The fines were handled as a 
network system. Latex particles, already labeled with fluorophores, were added to the system. 
The motion of the latex particles was monitored during a specific time.  

4.3.1. Latex particles  
The motion of the latex particles without fines was monitored and compared to samples 
containing fines. The diffusion coefficients were determined and compiled in different tables 
and diagrams to get a clear overview, see Appendix 2. The theoretical diffusion coefficient for 
the labeled latex can be calculated. For the labeled latex used here the theoretical diffusion 
coefficient is 2.14·10-12 m2/s. The experimental diffusion coefficient for the labeled latex in 
the distilled water became very close to the theoretical value, figure 9B. Two different 
electrolytes were used, sodium chloride and calcium chloride. The diffusion coefficients 
without fines showed a trend with the highest value when the electrical double layer was 5 
nm, independent of the electrolyte, see figure 9A. An electrical double layer of 5 nm was 
obtained at 3.72 mM of sodium chloride and 1.24 mM for calcium chloride, for more 
information see table 3. When sodium chloride or calcium chloride was used the experimental 
diffusion coefficient became enhanced by approximately 0.4·10-12 m2/s when the electrical 
double layer was 5 nm, see figure 9C and 9D.



 

A B 

C D 
Figure 9: The diffusion coefficients, versus the concentration of electrolyte, for the latex particles. A, all presented 

together. B, distilled water. C, calcium chloride. D, sodium chloride. 
 

Even though the results showed some trends, the confidence intervals show that there is no 
significant difference. More experiments are needed to establish if there is a trend or not. 

4.3.2. Latex particles and fines 
Samples containing a network of fines were studied. Labeled latex particles were added to the 
samples and the diffusion coefficients were determined. After visual inspection it was obvious 
that the time after sample preparation were important. Three different times after sample 
preparation were chosen; 1.5, 6.5 and 11.5 minutes. One other important factor was that the 
focus of the microscope had to be adjusted with time. It appeared that the fines were 
sedimenting taking the latex particles with them. The samples were prepared using distilled 
water, sodium chloride solution and calcium chloride solution. The results are presented in 
Figure 10. 



 

 
A 

  
B C 

  
D E 

  
F G 

Figure 10: The diffusion coefficient versus time after sample preparation. A, distilled water. B, sodium chloride EDL 50 
nm. C, calcium chloride EDL 50 nm. D, sodium chloride EDL 5 nm. E, calcium chloride EDL 5 nm. F, sodium chloride 
EDL 2,83 nm. G, calcium chloride EDL 2 nm. The diagrams show how the different electrolytes with their different 
electrical double layers affect the diffusion constants for the latex particles.  
 
For the samples containing fines and labeled latex in distilled water, the diffusion coefficient 
became very high 1.5 minute after sample preparation, see figure 10A. Some labeled latexes 
could visually be seen to move like in a channel; the Brownian motion was disturbed. After 
6.5 and 11.5 minutes the movements of the probe were more Brownian, and the diffusion 
coefficient decreased and had a lower value than the theoretical diffusion coefficient. This 
was expected since the network of fines affects the motion of the labeled latexes. 
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Three different thicknesses of the electrical double layer were investigated; 50, 5 and 
approximately 2.5 nm for sodium chloride and calcium chloride. The trend for all samples 
was that the diffusion coefficient decreased with time after sample preparation. The thickness 
of the double layer was important. Independent of which electrolyte was used, the diffusion 
coefficient at 1.5 minutes after sample preparation decreased when the thickness of the 
electrical double layer decreased. There was also a difference between the two electrolytes. 
The samples containing calcium chloride resulted in a lower value of the diffusion coefficient 
than the samples containing sodium chloride independent of time after sample preparation. 
The presence of the two-valued calcium ions could give two different impacts of the diffusion 
coefficient depending on; interactions with the negatively charged labeled latex and/or 
interactions with the carboxyl groups on the fines. 

The significance of the trends can be discussed. Only 60 particles in each sample were used to 
determine one diffusion coefficient. These particles are chosen randomly from the large 
amount of particles seen on the screen. The selection process can affect the results. The 
confidence intervals sometimes overlap from one time after sample preparation to the next. 
One way to solve this problem is to enhance the number of particles used for each calculation, 
making the size of the confidence intervals smaller and the data more reliable. The electrical 
double layer may also be thinner than estimated due to the amount of hydrogen ions in the 
solutions. This was not taken into account when calculating the electrolyte concentration that 
determines the thickness of the electrical double layer. 

There is another way to compare the data. The results from the samples without fines were 
compared to the samples containing fines, see figure 11. 

 
Figure 11: The data shows a comparison between samples with and without fines after 1,5 minutes after preparation. 
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The diffusion coefficient becomes lower with increasing amount of electrolyte and even more 
with an electrolyte that has a larger ion charge. This means that the labeled latex behaves 
more like samples without fines. Calcium chloride is more efficient to do this than sodium 
chloride. When the electrical double layer is about 2-3 nm with sodium chloride and calcium 
chloride, the conductivity is very similar to that of a suspension in papermaking.  

Finally, the refined fines were washed with hydrochloric acid to remove electrolytes. The 
electrolytes were a variable in the study and the concentration had to be known. Fines were 
prepared in this way became uncharged, and started to aggregate. 
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4.4. Sedimentation 
The fines appeared to sediment with time and taking the latex particles with them; the z-
direction of the microscope had to be adjusted to keep the fozus at all time. 

Two methods were used to investigate the sedimentation with time. The first method was to 
use a turbiscan. The sample was scanned during a specific time. The other method was to 
measure the change of focus in the microscope.  

The resolution of the turbiscan was not enough to detect the sedimentation, see figure 12.  

 
Figure 12: The sedimentation measured by the turbiscanner. The resolution for the turbiscanner was not enough to 

detect the sedimentation experienced in the microscope. 

A sample was studied in the microscope. A snapshot was taken every 5 second, and the total 
time was 5 minutes. The fines sedimented, and the total change in z-direction was 17 µm. 
This gave a sedimentation velocity of 56.7 nm/s. The sedimentation problem is an obstacle 
that must be overcome because the determination of the diffusion coefficients is not accurate 
when the system is changing over time. One solution might be to let the fines sediment first 
and then add the probes.   



 
 

22 

5. Conclusion 
It was possible to label fines with both fluorophores: MIA (N-methylisatoic anhydride) and 
F121 (Fluorescein-5-thiosemicarbazide). They were both stable even when exposed to light 
for quite a long time but MIA was the best candidate. This approach must be investigated 
further to see if there are simpler methods that can be used due to chemicals that affect the 
aggregation. When the fines were in an aggregated state no Brownian motion of the individual 
fines could be detected. Also, the fines must not be neutralized because this will enhance their 
ability to aggregate.  
To think of the fines as a network system and add small amounts of fluorescence labeled latex 
particles that are observed is a more suitable approach. To calculate the diffusion coefficient 
of the probes without fines and then compare them with the diffusion coefficient with a 
network of fines will give information about the fines interactions with the probes. The 
diffusion coefficient decreased with time after sample preparation for all studied samples. For 
the samples prepared with distilled water the diffusion coefficient was enhanced with fines 
present in the sample compared to the result without fines. The electrical double layer of the 
labeled latex particles were altered using two electrolytes; sodium chloride and calcium 
chloride. The diffusion coefficient decreases with decreasing thickness of the electrical double 
layer. The samples containing calcium chloride resulted in a lower value of the diffusion 
coefficient than those with sodium chloride, for the same thickness of the electrical double 
layer. This might be because it is a divalent ion and interacts differently with other charged 
particles than the monovalent ion. Calcium has the ability to cross-link the carboxyl groups 
and therefore create a denser environment for the probes. [16] 

The fines sediment with time and the method used here have to deal with the changing 
morphology due to the sedimentation. 

6. Future Work 
The raw material for this thesis was fines, and it is crucial to know the properties. The 
properties are related to the process of preparing the fines. More research about the process of 
preparing fines is needed. 

A thorough characterization of the fines could give information about the interactions 
between fines and between fines and other substances in samples. It is important to know 
about these interactions to avoid aggregation of the fines. More research about sedimentation 
of fibers and fines will make it possible to develop a method to study the fines in the wet 
state.  

The aim of this thesis was to study the Brownian motion of individual fines; this was not 
possible due to aggregation of the fines. To find other fluorophores and other methods to label 
the fines could solve the problem with aggregation. One wish is to find fluorophores with 
different excitation wavelengths to label different fractions of fines. 
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9. Appendix 1 
 

Electrical Double Layer  

𝜿!𝟏 = 𝜺𝜺𝟎𝒌𝑩𝑻
𝟐𝑵𝑨𝒆𝟐І

 [15] 

The size of the double layer, κ-1, has already been decided. The variable that is calculated is 
the ionic strength, I, the amount electrolyte to add to a specific amount of distilled water. 

І =
𝜺𝜺𝟎𝒌𝑩𝑻
𝟐𝑵𝑨𝒆𝟐

∙
𝟏

(𝜿!𝟏)𝟐 

Variables: 

ε = relative permittivity of the electrolyte solution 

ε0 = permittivity of a vacuum 

kB = Boltzmann’s constant 

T = temperature in Kelvin 

NA = Avogadro’s constant 

e = electron charge 

Diffusion Constant 

Theoretical diffusion constant  

𝑫 =
𝒌𝑩𝑻
𝟔𝝅𝜼𝒓

  

  
η = viscosity 

r = radius for particle 

Two-dimensional experimental diffusion constant 

𝑫 =
𝝀𝜶

𝟐

𝟐𝒅𝒕
 

λα = distance from start position to end position 

t = time from start to end position 

d = 2 
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Lucas Canade Tracking Method 

The tracking program detected the particles change in position between every picture taken by 
the microscope. By calculating the difference in distance from the first picture and the last 
picture the variable λα is known. This was then used to calculate the diffusion coefficient. The 
tracking program is described in more detail in Nyflött’s master thesis [14]. 

 
Figure 13: A picture from the tracking program using the Lucas-kanade Tracking Method [14]. 
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10. Appendix 2 
Compiled data for the diffusion coefficient: 

Blanks EDL (nm) Conductivity (µS/cm) Diffusion Coefficient  
(x10-12m2/s) 

Conf. Interval  
(x10-12m2/s) 

Theoretical Value   2.14  
dH2O   2.21 0.44 
NaCl 50 21 2.10 0.44 
NaCl 5 474 2.58 0.68 
NaCl 2.83 1335 2.02 0.47 
CaCl2 50 4.3 2.10 0.48 
CaCl2 5 171.6 2.53 0.83 
CaCl2 2 950 1.92 0.42 

Table 4: The diffusion coefficients for the latex particles where no fines were added. 

 

Sample EDL (nm) Time (min)  Diffusion Coefficient 
(x10-12m2/s) 

 Conf. Interval 
(x10-12m2/s) 

 

dH2O  1.5 5.24  3.98  
dH2O  6.5 1.08  0.46  
dH2O  11.5 0.81  0.35  

NaCl 50 1.5 4.28  1.76  
NaCl 50 6.5 1.89  1.18  
NaCl 50 11.5 1.71  0.66  

NaCl 5 1.5 3.50  1.58  
NaCl 5 6.5 2.37  1.71  
NaCl 5 11.5 1.09  0.31  

NaCl 2.8 1.5 2.68  0.97  
NaCl 2.8 6.5 1.81  1.21  
NaCl 2.8 11.5 1.39  0.47  

CaCl2 50 1.5 3.12  1.16  
CaCl2 50 6.5 1.30  0.37  
CaCl2 50 11.5 1.66  0.62  

CaCl2 5 1.5 2.17  0.93  
CaCl2 5 6.5 0.93  0.45  
CaCl2 5 11.5 0.97  0.43  

CaCl2 2 1.5 1.84  0.92  
CaCl2 2 6.5 0.79  0.32  
CaCl2 2 11.5 0.88  0.73  

Table 5: The diffusion coefficients for the latex particles where fines were added. 

 


