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ABSTRACT 

For this thesis project, a method to analyze the dewatering time for the drainage process 

during laboratory sheet making on a Finnish sheet former was developed. The resulting 

method proved to deliver very reliable information about the dewatering time and the 

transient speed of the sheet making process.  

The method was then used for two studies to find how fiber types, refining and/or slower 

dewatering conditions affects sheet properties, like formation and tensile strength.  

The first study compared the difference in formation and strength between softwood and 

hardwood fibers at three different drainage restrictions. The second study was performed to 

understand the effect of refining on dewatering time and the connection to resulting sheet 

properties.  

The results of both studies showed that at low grammages, the fiber web that was formed did 

not affect the dewatering time and speed regardless of the type of fibers or refining level. This 

meant that the drainage for low grammages sheets was solely controlled by the drainage 

restriction of the draining pipe on the sheet former. In addition, tensile strength and formation 

of the sheets did not vary significantly between the different dewatering speeds tested and the 

differences where more related to fiber properties than to the modified conditions of the 

dewatering of the sheet making process.  

.  
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1 INTRODUCTION 

1.1 Background 

 

The formation and grammage are very important characteristics related to the quality of a 

paper product. While grammage defines the weight per area, giving information on how much 

mass of fibers and fillers a sheet has, the formation indicates how even fibers are distributed 

in the sheet, thus a “good formation” means a low variation in local grammage, and a “bad 

formation” a high variation in local grammage (Bristow & Kolseth, 1986). 

Different methods to measure formation exist, where the fastest but not the most accurate one 

is a simple view of the sheet against a light source. To accurately measure formation to obtain 

quantitative information, beta radiation methods are used since the optical properties of the 

sample do not affect the absorption of radiation. An example of this type of measurement is 

the STFI formation number(Johansson & Norman, 1996; Norman, 2009). The STFI formation 

number results can be divided into small scale and large scale formation numbers, these scales 

are related to the size of the flocks on the sheet. In this sense, the small scale formation 

includes the smaller set of flocks in the sheet which wavelengths from 0.3 to 3 mm. On the 

other hand, the large scale of formation involves the bigger flocks in the sheet and covers 

wavelengths from 3 to 30 mm. It is important, that for this method, a higher formation number 

can be interpreted as a worse formation in the sheet.  

Parameters that have to be considered to avoid bad formation on sheets are related to the 

ability that fibers have to flocculate. To avoid this issue, the fiber suspension needs to have a 

good uniformity and be able to give the fibers a good mobility. The main way to control these 

parameters is to have a dilute fiber suspension, which for example in headbox are within the 

range of 0.5-1% (Kerekes & Schell, 1992). However, the dilution of the fibers by itself will 

not guarantee a good formation, it is also necessary to take into consideration the length of the 

fibers that are used. A greater length of the fibers will reduce the uniformity of the suspension 

(Jokinen & Ebeling, 1985; Kerekes & Schell, 1995). 

In addition, several studies have demonstrated a phenomenon in where the formation has 

improved with increasing grammage until a point in where the forming concentration is too 

high that the resulting formation deteriorates. The explanation for this phenomena was 

defined firstly as localized dewatering effects by Wrist (1962), which means that the 

dewatering process can decrease the variations on a local area by an increase in the local 

drainage in areas with low resistance to the drainage. Further studies have validated this fact 

and introduce the term self-healing to name the phenomena in where the formation improves 

with an increasing grammage. To demonstrate this, the formation of random sheet was 

compared with a laboratory sheet, resulting that the laboratory sheet showed better formation 

than the random sheet. Moreover, the above described effects also help to improve the tensile 

strength index of a paper sheet ( Norman et al., 1995).  
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1.2 Purpose 

 

The main goal of this project was to understand previous results regarding the STFI formation 

number reported by Tysen & Vomhoff 2014 (see Figure 1).  

In these results (shown in Figure 1), the STFI formation numbers were acquired for sheets 

made with good and intentionally bad formation, where the bad formation was achieved by 

letting the fiber suspension sediment before the suspension was dewatered. The sheets with 

good formation got an improvement on the formation number in all the scales when 

grammage was increased. Regarding the sheets with bad formation, an improvement on the 

small scale of formation was observed, while the total and large scale formation became 

worse with increased grammage. Thus, the main difference between the samples with good or 

bad formation appeared in the large scale formation, while small scale formation behaved 

surprisingly similar.  

In addition, these results raised the attention, since, even though the forming concentration 

increased with increasing grammage, the formation number was improved in all the scales for 

those sheets made with good formation and also improved in the small scale for the badly 

formed sheets. These results are not in concordance with what has previously been in 

literature, where an increase in the forming concentration should reduce fiber mobility and 

enhance the formation of flocks, which leads to poor formation (Kerekes & Schell, 1992). 

Also, it is assumed that an increase in grammage will increase the dewatering time and speed, 

which brings up a main question, which is purpose of this project.  

Therefore, the main goal of this project is to investigate how the sheet properties, such as 

formation and strength are affected by an increase in grammage and a predefined slower 

dewatering of the forming fiber suspension.  

To fulfil the aim of this project and with a special focus on low grammage webs, a set of 

specific objectives were defined and listed below.  

- Explain the effect of different grammage and fiber characteristics (softwood and 

hardwood) on the dewatering speed and how these influence sheet properties like 

strength and formation.  

- Evaluate the effect of fines and grammage in the dewatering speed of the forming 

process and the effect of these parameters on the sheet strength.  
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Figure 1 (Left) Formation number as a function of grammage for samples with good formation. The three lines 

represent different size-scale of formation. (Right) Formation number as a function of grammage for samples 

with bad formation. The three lines represent different size-scale of formation (Tysen & Vomhoff 2014). 

 

To achieve the goals proposed above, the work was divided into three steps. All three steps 

included both literature review and laboratory work with its respective data analysis. 

The first step was the method development. During this step, an ultrasonic sensor was used to 

measure with accuracy the speed of the water column during the drainage in the sheet 

formation process. In addition, methodology to analyze the data with the use of MATLAB is 

also included in this step.  

Steps two and three were two different studies.  

The first study (Study A) was a comparison of the sheet properties and their corresponding 

dewatering parameters for two different bleached chemical pulps, one softwood and one 

hardwood pulp.  

The second study (Study B) was performed to evaluate the effect of fines in the draining 

velocity of the handmade sheets and investigate the effect of these fines in the properties of 

the sheets. For this study, a hardwood bleached pulp was used with three different grades of 

refining.   

The specific procedures and details of how these studies were performed are explained in 

detail in the following chapter.  



2 METHODS AND MATERIALS 

2.1 Methods  

 

In this section, a description of the different experimental procedures and equipment used 

during the project is explained in detail.  

 

2.1.1 Measuring the dewatering speed 

A method was developed to obtain the dewatering speed and dewatering time of the sheet 

making process in where the height of the water pillar is measured in real time until all the 

water is drained from the Finnish former and just a paper sheet is left in the wire. The term 

“dewatering speed” is refereed as the speed that the fiber suspension has when draining from 

the sheet former, it is measured in [m/s] and takes into account the whole time that the 

draining process last. This time will be called “dewatering time” and it is measured in 

seconds. Another term obtained from this methodology is the “maximum dewatering speed”, 

which is the highest speed achieved during the whole draining process. 

To measure these parameter, an ultrasonic sensor UC500-L2-U-V15 from Pepperl-Fuchs was 

attached to the top part of the Finnish former, as shown in the equipment setup on Figure 2. 

 

 

Figure 2: Equipment layout for the sheet making process and measurement of the dewatering speed. 
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The ultrasonic sensor obtained a data point every 0.035 seconds. The voltage signal obtained 

from the sensor was correlated to the distance to the surface of the water pillar in the lab 

former. To calibrate the sensor, the voltage output was examined for several known distances, 

thus a calibration curve was created. All the data was collected with a LabJack U12 data 

acquisition unit and the DAQFactory express software which was programed to convert the 

voltage output from the ultrasonic sensor into the distance in meters, using the calibration 

curve. Afterwards, the distance data from the distance measurements was normalized, so that 

the initial water height corresponds to 0 distance. 

 

2.1.2 Sheet making process 

For the two studies mentioned above, sheets were made in four different grammages, 15, 25, 

35 and 60 g/m2 and three different dewatering speeds were used. The sheets were made in a 

standard Finnish former, were every sheet had an area of 272,25 cm2. 

The stock preparation as well as the paper sheets for the different grammages was made 

according to the procedure “Preparation of laboratory sheets for physical testing” (ISO 

5269-1:2005) to obtain sheets without shrinkage.  

A variation of this standard procedure was performed in order to obtain slower dewatering 

speeds. To enable this, rubber cones (see Figure 3) were used to constrict the Finnish former 

drainage, two sizes of rubber cones were used to obtain two slower speeds named “Slow 1”, 

and “Slow 2”. Table 1 shows the openings of the drainage pipe for the three different 

dewatering speeds tested. 

 

 

Figure 3: Drainage restriction rubber cone 1 for speed “Slow 1” and cone 2 for speed “slow 2”. 
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Table 1: Size of the drainage pipe for the three dewatering speeds investigated. 

Restriction type/name Drainage pipe opening in mm 

Normal speed (no restriction) 40 

Slow 1 23 

Slow 2 20 

 

The rest of the procedure for the slower dewatering speeds is according to the ISO standard 

protocol mentioned above, which also includes the stock preparation, pressing and drying of 

the sheets. 

 

2.1.3 Sheet strength 

Tensile strength of the sheets was measured using different equipment and in triplicate. For 

the higher grammage sheets (35 and 60 g/m2) an Alwetron TH 1 drag tester was used to 

obtain the tensile strength for the handmade sheet samples of 15 mm wide. In the case of the 

lower grammage webs (15 and 25 g/m2), a L&W Tensile Tester device was used with sheet 

stripes of 50 mm wide mm in triplicate per sample. The strength of the sheets is reported as 

“Tensile index”, this is, the tensile strength divided by the grammage. This is made in order to 

normalize the results.  

 

2.1.4 Formation number 

In order to evaluate the difference in formation, the STFI formation numbers were determined 

for the different sheets of the study A in order to compare the influence of the dewatering 

speed and fines among the different pulps and grammage used. The STFI formation number 

method utilizes a source of beta radiation and Fast Fourier Transform (FFT) to calculate the 

formation number, this process uses the wavelength of the FFT to separate the different scales 

which were later divided into small scale and large of formation. To simply understand the 

STFI formation number, a higher formation number is interpreted as worse formation (Bo 

Norman, 2009).  

 

2.1.5 Fiber properties 

To study the fiber properties of the pulps used during this project two different methods were 

applied. In the first place, the drain-ability of the studied pulps was calculated using the 

Schopper-Riegler freeness (SR) method according to the standard ISO 5267-1-1999. Second, 

a fiber analysis was performed using Lorentzen & Wettre Fiber Tester equipment by means of 

a “whole pulp” method.  
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2.2 Materials 

 

Two different bleached chemical pulps were selected for the first study, one softwood and one 

hardwood. The softwood pulp used was Södra Black from spruce thinning’s while the 

hardwood pulp was a eucalyptus pulp from UPM. During this report, the Södra Black pulp 

will be referred as HW while the eucalyptus pulp will be named SW. 

For the second study, Södra Birch pulp was used with three different levels of refining; first 

unrefined pulp as a control sample was used, followed by a slightly refined pulp at 23 

kwh/tonne and a heavily refined pulp at 298 kwh/tonne. To differentiate the different refining 

levels, the pulps will be named R0 for the unrefined pulp, R23 the slightly refined pulp and 

R198 the heavily refined pulp. The pulps where refined with a VOITH Laboratory refiner LR 

40, with a refining segment 2/3-1.46-40.   
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3 RESULTS AND DISCUSION 

3.1 Equipment Development 

 

In the first steps of the method development, the equipment was prepare to be able to obtain 

the dewatering time and speed of the sheet making process. The ultrasonic sensor used 

delivers a signal in volts that is correlated to the distance from the sensor to a certain object, 

which in this case is the surface of the water pillar in the sheet former and the wire after the 

drainage is finished. To proceed with the calibration, voltage output signals were obtained at 

known distances from the sensor and with this values, a calibration curve is constructed. 

The following graphic (Figure 4) shows the calibration curve that was used to obtain the 

equation needed to relate the voltage delivered by the ultrasonic sensor into the corresponding 

distance in meters. The obtained equation was: 

y =  0,0458x +  0,0469        (1) 

Equation (1) corresponds to a linear approximation of the curve.  

 

 

Figure 4: Calibration curve with the equation: y = 0,0458x + 0,0469. It was used for the calculation of the 

conversion necessary to obtain the distance between the top of the water column and the wire in the standard 

Finnish hand sheet former. 
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3.1.1 Data analysis 

The data obtained from the Ultrasonic sensor with the DAQFactory express software was 

analyzed with MATLAB in order to calculate dewatering speed, automatize the process of 

finding the dewatering time and also to smooth the results of the dewatering speed. The 

smoothing was performed because of lateral movement of the water induced by the agitation 

process, before opening the valve to drain the water. The lateral movement made the water 

surface move unevenly which introduced a pulse in the distance measurement. Even a very 

small pulsating behavior of the distance as a function of time results in high noise in the speed 

calculation. An example of how the speed results look before and after the smoothing process 

is shown below in Figure 5 and it is clearly seen how the raw data is unstable and the 

smoothing procedure is necessary to more accurately describe the true dewatering speed of 

the experiments. 

 

Figure 5: Example of the use of MATLAB for smoothing the raw data. In this figure is shown the dewatering 

speed for a sheet of 15 g/m2 of Södra Black pulp without any drainage restriction. The raw data plot corresponds 

to the blue line while the smoothed data is plotted in red.   

From the data analysis, not only the dewatering time is acquired, also the maximum 

dewatering speed, and the dewatering speed, which correspond to the first derivative of the 

dewatering time. This last value is obtained when plotting the total high of the water pillar 

versus time, and where the top of the water column correspond to time zero. An example of 

this type of graphic is shown in Figure 6 using the same sample as the one from above.   
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Figure 6: Example of the use of MATLAB obtaining the total dewatering time. In this figure is shown the 

dewatering profile for a sheet of 15 g/m2 of Södra Black pulp without any drainage restriction 

3.2 Study A results 

 

Study A was the comparison between softwood (HW) and hardwood (HW) in respect to the 

dewatering time and speed as well as sheet strength and formation number and the correlation 

amongst these parameters. 

 

3.2.1 Dewatering time and speed comparison 

Figure 7 shows the results of the dewatering time for both pulps SW and HW with increasing 

grammage and with the three different drainage restriction in comparison with the values for 

water without fibers.  
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Figure 7: Results of dewatering time for sheets of SW and HW pulps with 15, 25, 35 and 60 g/m2 and water for 

the three different drainage restrictions, “Normal”, “Slow 1” and “Slow 2”.  

 

The dewatering time for only water increases when restriction is increased with the rubber 

plugs. For the two types of fibers there is no significant difference in the dewatering time for 

every grammage and between the different drainage restrictions. Therefore, the main source 

of the delay in the dewatering time correspond to the effect of the restrictions plugs for the 

drainage. However, some of the samples that show some difference in relation to the others 

are mainly because the starting point of the water pillar was higher for those samples. 

The dewatering time values for water and each individual sample are shown in Table 4 and 

Table 5 in the Appendix section.  

A plot for all the drainage conditions for water and the two pulps at 15 g/m2 is shown in 

Figure 8. 
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Figure 8: Water pillar height as a function of time for sheets of SW and HW pulps for 15 g/m2 and water for the 

three different drainage restrictions, “Normal”, “Slow 1” and “Slow 2”. 

 

Three groups can be identified and they correspond to the different dewatering restrictions. It 

is clearly seen that for the two fastest dewatering groups, the curve for only water is very 

similar to both pulp curves. The effect of such a low amount of fibers in respect to the 

dewatering time, is apparently negligible. However for the highest dewatering restriction 

(“Slow 2”) the influence of the fibers can be seen but interestingly there is no apparent 

difference between the two pulps.   

A comparison of the maximum dewatering speeds is shown in the graphic below (Figure 9). 
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Figure 9: Results of dewatering speed for sheets of SW and HW pulps for 15, 25, 35 and 60 g/m2 and water for 

the three different drainage restrictions, “Normal”, “Slow 1” and “Slow 2”. 

 

Regarding the maximum speed of dewatering reached by the samples, all samples behave 

similar and, as expected, they show a maximum speed similar to the one presented by the 

water with no fibers. For these grammages, the maximum dewatering speed was controlled 

solely by the drainage restriction plugs.   

In addition, dewatering speed profile for the lowest grammage (15 g/m2) and all drainage 

restrictions for both pulps and in comparison with water is shown in Figure 10. 
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Figure 10: Dewatering speeds profile as a function of time for sheets of SW and HW pulps for 15 g/m2 and water 

for the three different drainage restrictions, “Normal”, “Slow 1” and “Slow 2”. 

 

In the image above it can be seen how the dewatering speed decreases smoothly along the whole dewatering 

whole dewatering process and at a same rate as the speed of the water and that there is no differences in the 

differences in the deceleration between the different type of pulp. Therefore, the decrease in speed is only related 

speed is only related to the reduction of the water pillar in time and this one is controlled by the different 

the different drainage restriction plugs used. The whole list of maximum dewatering speeds is shown in  

shown in  

 

 

 

 

 

 

 

Table 6 in the Appendix section.  
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3.2.2 Sheet tensile index 

Mean results for the triplicates for the tensile index of the sheets for both pulps and all 

different grammages and dewatering speeds are shown in Figure 11. 

 

Figure 11: Tensile strength results as a function of grammage for sheets of SW and HW pulps for the three 

different drainage restrictions, “Normal”, “Slow 1” and “Slow 2”. 

 

The results show very equal tensile strength between both pulps at a given grammage, without any effect of the 

any effect of the dewatering speed into this property. Therefore, giving more time to the sheet to be formed by 

to be formed by increasing the dewatering time did not influence the strength properties’ of the webs at any 

the webs at any grammage and the small differences found can be related to the different fiber properties that 

properties that softwood has against hardwood. The individual values are presented in the Appendix,  

Appendix,  

Table 7.  

 

3.2.3 STFI formation number results 

The formation number results presented in the following figures are expressed in a normalized 

manner with respect to a reference grammage, which in this case is 60 g/m2. Figure 12 

presents the formation number results for softwood in relation with grammage and for the 

extremes of the dewatering speeds studied (Normal and Slow 2). The dewatering speed Slow 

1 was not analyzed because the costs of this technique are extremely high.  

A summary with all the results for every wavelength and sheet analyzed can be found in the 

Appendix section in Tables 8 and 9.  
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Figure 12: STFI formation number results for softwood for different grammages and two different dewatering 

speeds. The results are presented normalized using 60 g/m2 as a grammage of reference. 

 

As it can be seen in Figure 12 the formation number improved as the grammage increases for 

both dewatering speeds. Also, the better formation number were found within the large 

formation scale in the same way as Tysen & Vomhoff, 2014 mentioned. In addition, there was 

no significant difference between each type of dewatering speed results and the different 

scales of formation; therefore, the dewatering speed is not controlling the formation of the 

sheets.  

The study results for the formation of sheets made with hardwood are shown in the following 

graphic (Figure 13). 
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Figure 13: STFI formation number results for hardwood for different grammages and two different dewatering 

speeds. The results are presented normalized using 60 g/m2 as a grammage of reference. 

 

STFI formation number results for eucalyptus show the same tendency as the ones presented 

before for spruce in where the formation improves while increasing the grammage without a 

major effect of the different dewatering speeds on the formation. 

When comparing the results of the two types of pulps, hardwood shows, as expected for 

shorter fibers, better formation results than the ones obtained with the longer fibers of the 

spruce of Södra Black pulp.  

Additionally, the correlation between the tensile strength and the formation number is very 

direct, since an increase in grammage means also an increase in the tensile strength. 

Therefore, an increase in the tensile strength properties of the sheet will also be translated as 

an improvement of the formation.  

 

3.2.4 Fiber properties results  

Fiber properties results for the both pulps under Study A are presented in Table 2 for the 

freeness analysis with the Schopper-Riegler method and also a whole examination of the fiber 

characteristics such as length and width. 

Table 2: Result summary for the two different fiber sources, Schopper-Riegler (SR) and Fiber Tester results for 

mean length and width of the fibers. 

Fiber properties for the softwood and hardwood used 

 SR Mean length [mm] Mean width [µm] 

Södra Black spruce 11 1,837 27,6 

UPM eucalyptus 14,8 0,623 18,2 
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The results shown in the table above are coherent with the properties known for these types of 

pulps, in where softwood presents longer fiber than hardwood and thus, the water retention 

values (SR value) is less than the corresponding for the eucalyptus fibers. These results are 

also in relation with those for the dewatering time of the sheet making process for the two 

highest grammages, in which HW sheets took longer times to dewater than those from SW. In 

the case of the lower grammages, it was previously stated that the low amount of fiber was 

not sufficient to modify in a significant manner the dewatering time in comparison with only 

water, thus, for these low grammages, the fiber specific characteristics does not influence the 

dewatering speed and time.  

3.3 Study B results 

 

3.3.1 Dewatering time and speed comparison 

The figure below (Figure 14) shows the results of the dewatering time as a function of 

grammage for Södra birch pulp at different levels of refining and with the three different 

drainage restriction in comparison with the values for water with. 

 

 

Figure 14: Results of dewatering time for sheets of Södra birch pulp at different refining levels with 15, 25, 35 

and 60 g/m2 and water for the three different drainage restrictions, “Normal”, “Slow 1” and “Slow 2”.  
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The dewatering time for only water increases when restriction is increased with the rubber 

plugs. In this picture, the effects of refining can be clearly noticed. No differences were 

identified between the unrefined (R0) and slightly refined (R23) fibers, and the delay of the 

drainage is completely caused by the restrictions plugs. On the contrary, the heavily refined 

pulp (R198) do limit the dewatering time with an increasing grammage with a more 

exponential behavior rather than linear and where the drainage restrictions plugs loose the 

control of the dewatering as long as the grammage increases. The dewatering time values for 

water and each individual sample are shown in tables 4 and 10 in the Appendix section.  

Furthermore, a plot for all the drainage conditions for water and the three levels of refining at 

15 g/m2 is shown in Figure 15. 

 

 

Figure 15: Water pillar height as a function of time for sheets of Södra birch pulp at different refining levels for 

15 g/m2 and water for the three different drainage restrictions, “Normal”, “Slow 1” and “Slow 2”. 

 

The graphic above, shows clearly the separation between the drainage restrictions used, and 

also that there is no significant difference in the dewatering time for the several refining levels 

and the water at 15 g/m2. Only at grammages higher than 25 g/m2 the heavily refined pulp 

showed a significant slower dewatering time that the rest of the pulps, meaning, that at this 

grammage and high refining level, is the pulp the one that is controlling the dewatering rather 

than the restriction plugs. These times can be revised in Table 10 on the Appendix section.  
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In Figure 16 the maximum dewatering speed as a function of grammage for the several levels 

of refining of the pulp is shown and compared with the maximum dewatering speed of water. 

 

 

Figure 16: Results of dewatering speed for sheets of Södra birch pulp at different refining levels for 15, 25, 35 

and 60 g/m2 and water for the three different drainage restrictions, “Normal”, “Slow 1” and “Slow 2”. 

 

In the same way as the results presented for Study A, the maximum dewatering speed was 

solely controlled by the drainage restrictions plugs and no difference was found between the 

maximum speeds of water and the pulp at any level of refining. Table 11 in the Appendix 

section shows all the individual values for the maximum dewatering speed obtained for the 
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To have a deeper look into the dewatering speed, the dewatering speed profile for 15 and 60 
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Figure 17: Dewatering speeds profile as a function of time for sheets of Södra birch pulp at different refining 

levels for 15 and 60 g/m2 and water for drainage restrictions: “Normal”. 

 

The image shows how there is no difference between the two lowest refining levels of pulp 

and the water at the lowest of the grammages tested. In the same way, these two refining 

levels will have no difference between them, at a higher grammage. Nevertheless, when 

comparing these curves (R0 and R23 lines) with the red curves that represents the highest of 

the refining levels of the pulp, it can be seen clearly how the deceleration of the dewatering 

speed profile is more pronounced for R198 at both grammages, so, the effect of the refining 

level start to control the dewatering behavior increasingly with a raise in the grammage.  

 

3.3.2 Sheet tensile index 

Tensile strength as a function of grammage is shown in Figure 18 for sheets with several 

refining levels and different dewatering speeds. 
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Figure 18: Tensile index results as a function of grammage for sheets of Södra birch pulp at different refining 

levels for the three different drainage restrictions, “Normal”, “Slow 1” and “Slow 2”. 

 

Results show that there is no significant variations between the different dewatering speeds at 

the moment of evaluate the tensile index for a specific level of refining. Nevertheless and as 

expected, the strength of the sheets increases with the grammage and also with an increment 

on the refining level, and where the heavily refined pulp exhibited the highest values.   

 

3.3.3 Fiber properties results: Schopper-Riegler and Fiber tester  

Fiber properties results for all the refining levels of Södra birch pulp used under the Study B 

are presented in Table 3 which includes freeness analysis with the Schopper-Riegler method 

and also fiber characteristics such as length and width. 

Table 3: Result summary for Södra birch with the three levels of refining studied, the results correspond to 

Schopper-Riegler (SR) and Fiber Tester for mean length and width of the fibers. 

Fiber properties for Södra birch with different levels of refining 

 SR Mean length [mm] Mean width [µm] 

R0 16,2 0,832 21,3 

R23 18,1 0,798 21,9 

R198 61,3 0,569 24,3 
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Results of the fiber mean length demonstrate to be coherent and the fiber length decreases 

while increasing the refining level. These reductions on the fiber length can be appreciated 

when evaluating the water retention values of the SR test, in which the R198 pulp shows a 

great difference in comparison with other two pulps that have very similar fiber length. In 

addition, the refining also increases the fiber width, which can also influence the water 

retention properties of the pulp. All these results are in line with the fact that the R198 pulp 

had longer dewatering times than the other two less refined fibers.  
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4 CONCLUSIONS 

 

Regarding to equipment development, it can be concluded that the developed methodology, 

proved to be very reliable, and yielded useful results which showed that the equipment will be 

of importance for future studies. Furthermore, the data analysis procedures will also be 

helpful for future research that involves the ultrasonic sensor data. 

In respect to the Study A, no difference was found between the lower grammages of softwood 

and hardwood regarding their influence on the dewatering speed, dewatering time and their 

effect in sheet properties studied (formation number and tensile strength). In the case of 

formation, eucalyptus sheets showed a better formation numbers than the spruce sheets. These 

results were also expected given the nature of the fibers. This being said, giving more time to 

dewatering to happen will not improve self-healing effect and thus, the formation number will 

not improve. 

In addition, tensile strength increases as expected with increasing grammage, and the shorter 

fibers presented slightly higher values than the longer ones. Nevertheless, there was no 

difference concerning tensile strength results between the sheets of the different drainage 

restrictions.  

In Study B, the dewatering time and speed was not affected by the level of refining of the 

pulps at low grammages and it appeared solely controlled by the restrictions plugs, but at 

higher grammages than 15 g/m2 the heavier refining pulp modified the behavior of the 

dewatering. Also, the tensile strength of the sheets did not differ with the different drainage 

restriction plugs used, and it is more related to an increase in grammage and refining level.  

Overall, the low grammages tested did not modify the dewatering speed regardless of the type 

of fibers and the level of refining, and the dewatering time was controlled only by the 

restriction plugs.  
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5 FUTURE WORK 

Considering the conclusions from this project, some suggestion can be made for further 

studies and also to improve the methodology and equipment. 

To obtain less variations in the data acquisition procedure, an automatic system could be 

mounted so the filling of the water column and the start of the draining process will be always 

similar and thus, reducing the “human error” factor.   

A set of grammages closer to 15 g/2 could be studied in a similar way (effect of fiber type and 

refining level) with the improvements suggested above to see if differences can be found.  

Study with variation of grammage maintaining the same forming concentration in the sheet 

former and vice versa to see how the forming consistency affects the formation and sheet 

strength.  

Study and compare the industrial dewatering speed for tissue paper grades with the speed 

from the present work to see if there is any differences and how big this ones can be.  

Another level of refining between S1 and S2 pulps should be study to verify if the results 

founded maintain a linear or more exponential behavior.  
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8 APPENDIX 

8.1 Tables with individual results 

8.1.1 Results resume for the equipment development process 

 

Table 4: Results of dewatering time and maximum dewatering speed for the equipment tested with three 

drainage restrictions with water.  

Results for the equipment with water and wire 

Drainage restriction Dewatering time [s] Dewatering maximum speed [m/s] 

Normal 3,59 ±0,11 0,112 ±0,001 

Slow 1 5,08 ±0,10 0,076 ±0,002 

Slow 2 6,50 ±0,02 0,058 ±0,001 

 

8.1.2 Results resume for study A 

 

Table 5: Results of dewatering time for all the grammages and drainage restrictions for softwood and hardwood. 

 

Dewatering time [s] 

Södra Black (SW) UPM eucalyptus (HW) 

Drainage restriction Drainage restriction 

Grammage Normal Slow 1 Slow 2 Normal Slow 1 Slow 2 

15 3,83 ±0,23 5,20 ±0,04 7,51 ±0,81 3,82 ±0,03 4,92 ±0,11 7,06 ±0,08 

25 3,78 ±0,03 5,50 ±0,32 7,48 ±0,02 3,86 ±0,16 5,34 ±0,24 6,85 ±0,17 

35 3,72 ±0,05 5,20 ±0,08 7,02 ±0,02 4,09 ±0,13 5,41 ±0,04 7,00 ±0,15 

60 3,95 ±0,13 5,19 ±0,20 7,33 ±0,02 4,59 ±0,05 5,46 ±0,06 7,46 ±0,19 
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Table 6: Results of maximum dewatering speed for all the grammages and drainage restrictions for softwood and 

hardwood. 

 

Maximum dewatering speed [m/s] 

Södra Black (SW) UPM eucalyptus (HW) 

Drainage restriction Drainage restriction 

Grammage Normal Slow 1 Slow 2 Normal Slow 1 Slow 2 

15 0,111 ±0,001 0,080 ±0,002 0,054 ±0,007 0,113 ±0,001 0,083 ±0,001 0,061 ±0,008 

25 0,114 ±0,003 0,076 ±0,001 0,054 ±0,001 0,112 ±0,000 0,079 ±0,002 0,061 ±0,002 

35 0,112 ±0,002 0,079 ±0,001 0,059 ±0,001 0,111 ±0,002 0,077 ±0,001 0,059 ±0,001 

60 0,111 ±0,001 0,081 ±0,000 0,055 ±0,002 0,109 ±0,000 0,083 ±0,001 0,058 ±0,001 

 

Table 7: Tensile strength results for the sheets of all the grammages studied for both softwood and hardwood. 

 

Sheet tensile strength [N/m] 

Södra Black (SW) UPM eucalyptus (HW) 

Drainage restriction Drainage restriction 

Grammage Normal Slow 1 Slow 2 Normal Slow 1 Slow 2 

15 161 ±3,6 156 ±2,5 178 ±4,9 183 ±12,7 190 ±11,1 200 ±9,3 

25 492 ±8,0 488 ±25,5 413 ±48,6 591 ±49,2 611 ±22,0 554 ±56,0 

35 1225 ±37,1 1016 ±77,8 1270 ±51,5 1032 ±18,6 1055 ±48,0 1039 ±29,1 

60 1628 ±32,6 1658 ±60,3 1596 ±58,7 1658 ±42,2 1672 ±39,9 1620 ±64,5 

 

Table 8: STFI formation number results for the sheets made out of Södra Black pulp (SW).  

Södra Black  

Sample Grammage 

Small scale Large scale Total 

0.30 - 3 3 - 30 0.30 - 30 

Normal 

dewatering 

15 11,13 6,392 12,84 

25 11,32 6,411 13,01 

35 10,37 6,11 12,04 

60 9,217 5,722 10,85 

Södra Black 

Slow 2 

dewatering 

15 11,6 6,346 13,22 

25 11,17 5,959 12,66 

35 10,35 5,748 11,83 

60 9,492 5,38 10,91 
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Table 9: STFI formation number results for the sheets made out of UPM pulp (HW). 

UPM eucalyptus 

Sample Grammage 

Small scale Large scale Total 

0.30 - 3 3 - 30 0.30 - 30 

Normal 

dewatering 

15 7,016 3,235 7,726 

25 6,309 3,044 7,005 

35 5,877 2,924 6,564 

60 5,507 2,916 6,231 

UPM eucalyptus 

Slow 2 

dewatering 

15 6,866 3,212 7,58 

25 6,173 2,857 6,802 

35 6,051 2,957 6,735 

60 5,747 3,095 6,528 
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8.1.3 Results resume for study B 

 

Table 10: Results of dewatering time for all the grammages and drainage restrictions for all the different levels 

of refining tested with Södra birch pulp. 

Dewatering time [s] for Södra birch 

Grammage 

Unrefined pulp (R0) 

Drainage restriction 

Normal Slow 1 Slow 2 

15 3,73±0,12 5,02±0,08 6,35±0,20 

25 3,85±0,03 5,30±0,10 6,36±0,25 

35 3,93±0,12 5,34±0,32 6,46±0,16 

60 4,60±0,18 5,50±0,18 6,79±0,23 

Grammage 

Slightly refined pulp (R23) 

Drainage restriction 

Normal Slow 1 Slow 2 

15 3,76±0,07 5,09±0,20 7,09±0,39 

25 3,89±0,16 5,21±0,12 7,24±031 

35 4,12±0,13 5,51±0,14 7,23±0,26 

60 4,78±0,11 5,95±0,03 7,66±0,12 

Grammage 

Heavily refined pulp (R198) 

Drainage restriction 

Normal Slow 1 Slow 2 

15 3,98±0,09 5,15±0,11 6,91±0,30 

25 5,18±0,09 6,33±0,07 7,43±0,42 

35 8,03±0,48 8,10±0,31 9,63±0,12 

60 19,85±2,10 18,88±1,02 20,00±0,74 
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Table 11: Results of maximum dewatering speed for all the grammages and drainage restrictions for all the 

different levels of refining tested with Södra birch pulp. 

Maximum dewatering speed [m/s] for Södra birch 

Grammage 

Unrefined pulp (R0) 

Drainage restriction 

Normal Slow 1 Slow 2 

15 0,112±0,001 0,081±0,002 0,063±0,002 

25 0,113±0,001 0,079±0,001 0,063±0,003 

35 0,110±0,001 0,080±0,002 0,063±0,003 

60 0,108±0,001 0,081±0,002 0,061±0,002 

Grammage 

Slightly refined pulp (R23) 

Drainage restriction 

Normal Slow 1 Slow 2 

15 0,112±0,001 0,080±0,002 0,055±0,003 

25 0,111±0,001 0,079±0,003 0,058±0,000 

35 0,109±0,001 0,075±0,002 0,057±0,006 

60 0,108±0,002 0,078±0,001 0,056±0,001 

Grammage 

Heavily refined pulp (R198) 

Drainage restriction 

Normal Slow 1 Slow 2 

15 0,112±0,001 0,082±0,002 0,062±0,002 

25 0,108±0,001 0,080±0,002 0,060±0,003 

35 0,107±0,001 0,081±0,002 0,059±0,003 

60 0,103±0,001 0,080±0,001 0,058±0,001 
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Table 12: Tensile strength results for the sheets of all the grammages studied for all the different levels of 

refining evaluated with Södra birch pulp. 

Sheet tensile strength [N/m] for Södra birch 

Grammage 

Unrefined pulp (R0) 

Drainage restriction 

Normal Slow 1 Slow 2 

15 476 ±34,5 368 ±12,5 409 ±4,6 

25 1153 ±15,3 966 ±23,7 1090 ±26,5 

35 1856 ±106,2 1892 ±71,4 1944 ±55,9 

60 3208 ±151,4 3409 ±35,3 3387 ±83,5 

Grammage 

Slightly refined pulp (R23) 

Drainage restriction 

Normal Slow 1 Slow 2 

15 606 ±53,3 774 ±34,8 632 ±16,5 

25 1287 ±5,8 1473 ±64,3 1367 ±15,3 

35 2374 ±126,9 2446 ±146,3 2374 ±105,8 

60 3964 ±222,9 4380 ±150,6 3965 ±134,8 

Grammage 

Heavily refined pulp (R198) 

Drainage restriction 

Normal Slow 1 Slow 2 

15 827 ±22,3 779 ±93,1 789 ±31,8 

25 1720 ±55,7 1757 ±90,7 1683 ±23,1 

35 3214 ±157,3 2944 ±349,9 2837 ±107,6 

60 6198 ±242,5 5488 ±195,9 5683 ±289,6 

 

 


