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ABSTRACT  
 
Optimizing the interactivity of chemicals and process in the wet end has never been our own 
target. The technique of the bijective diagrams very well know in the low consistency refining 
process gives potential models. Beyond the process of idealization of these model 
developments, some simplifications have been carried out through judicious approximations 
based on the analyst’s understanding of the phenomenon, retaining only those features in the 
model expected to be most relevant (1). Among these features, pulp sampling is an operation 
that usually brings errors and then, misunderstandings. Fillers, chemical additives, rate of 
primary and secondary fines, fibrillation, fiber lengths, pulp grade, temperature and pH of the 
stock…, are parameters involved in the low consistency refining process and wet end 
performance. Freeness, drainage, retention, flocculation are other aspects of main interest. 
Freeness has no theoretical basis and consequently cannot be used in a model to predict 
drainage on the paper-machine. The specific filtration resistance should be preferably used but 
papermakers are so much conservative that it takes a very long time to convince them. The 
Dynamic Freeness Tester DFT3000 should be the tester that should meet the conservative 
requirements from most papermakers and innovative demands to optimize the interactivity of 
chemicals and process in the wet end. Only some aspects of this tester will be developed in 
this paper.   
   
 

INTRODUCTION 
 
Over the last 18 years, a major investigation has been achieved into the influence of most 
refining parameters with a particular emphasis on the optimization of paper characteristics 
versus pulp composition, chemical additives, wet end process, and net specific energy. 
Refining theories cannot work properly beyond their restrictive frames. The bijective diagram 
technique (2) has been applied from 1986 at industrial level but transposition of the results to 
an industrial refining unit was a new challenge. White water is a very important factor to be 
taken into consideration. Improvement of the technique mainly between 1986 to 1990 brought 
new understandings regarding most industrial parameters. Prior transposing pulp results, the 
industrial refining unit must be diagnosed and recycling white water must be analyzed. 
Investigations have been carried out within the frame of our pilot plant and sampling process 
was first reconsidered. Then, the concept of a dynamic freeness tester came true. High cost 
sensors and complex mechanisms have been ignored whenever a computerized physical 
model permits to reach the required parameter. Hardware is minimized to simple mechanical 
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or pneumatic actions and sophisticated software has been implemented to bring “self version 
mode process”. This means that the Dynamic Freeness Tester has not to be reconsidered upon 
implementation of new functions or further calculation procedures. Flocculation, specific 
filtration resistance, potential zeta, drainage characteristic, freeness, compressibility, porosity 
are the challenges to meet within short terms. Some of these parameters are already available, 
but many pulp samples must be analyzed and compared with classical techniques to check the 
reliability of the tester.  
 
 

FIBROLOGIC TECHNIQUE A FIRST STEP IN OPTIMISING 
THE WET END 
 
The refining process cannot be ignored when operating on the wet end and we propose to 
introduce some fundamental aspects. 
The technique of the “bijective diagrams” calculated through FRIBROLOGIC lies on some 
fundamental theoretical aspects from which hand sheet paper characteristics can be predicted 
versus plate patterns and specific energy consumption. In opposition to the classical theories, 
the dynamic aspect of rotor bar motion against the stator in the refiner is reconsidered. As a 
consequence, the specific edge load called “reference specific edge load” is given by the 
fundamental expression: 
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This formula is only valid for a simple disc refiner. For a double disc refiner the result is twice 
less. For a conical refiner the result must be multiply by ysin  where y  is half the angle of 
the cone. The determination of a Specific Edge Load is no longer dictated by empirical rules 
to determine the cutting length, which greatly depends on methods given by plate 
manufacturers. The reference Specific Edge Load could be considered as a universal principle 
that can be applied to any plate configuration even when the rotor pattern is different from the 
stator one. At this step, angular parameters and the direction of the rotation are not taken into 
account so ambiguous results are avoided. The effects of the angular parameters must be 
considered as another step. The cutting angle )( twg , which is a saw tooth function depends 
on the grinding and sector angles. The effective cutting angle, which is the root means square 
of the function )( twg  gives a good solution to integrate the angular parameters. Energy per 
crossing point is also a function of the effective cutting angle.  
In practice, the Reference Specific Edge Load and the effective cutting angle, which is more 
accurately represented by the star angle given by the formula: 
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play the main role in the determination of pulp characteristics. 
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In the formula, ba and stands for the rotor and stator grinding angles, q  is the sector 
angle. This formula is only valid for sectorial or pseudo-sectorial configurations. The 
extension of the reference specific edge load to the global specific edge load through the 
gamma star formula is not an analytic function and consequently can be achieved only 
through numerical processes beyond the frame of this paper. Nevertheless, prediction of hand 
sheet paper characteristics cannot be directly achieved through plate pattern parameters. Pulp 
characteristics must be first predetermined. Fiber length distribution versus the net specific 
energy is a rational function however is the plate pattern. As far as freeness or slowness are 
concerned, it is not possible to find such representation. Actually, freeness and slowness have 
no theoretical basis, so it is evident that model could not possibly be built up.    
The specific filtration resistance SFR is the main parameter to predetermine paper hand sheet 
characteristics. This theoretical concept is not yet accepted by most papermakers, so an 
approximate relation °SR(SFR) must be developed (3). 
Let us examine the situation in a Schopper-Riegler tester through the filtration equation that 
can be written: 
 

h
µ
k

v gr-=     (3) 

 
where v stands for the drainage flow rate per unit area  (m/s) , µ for the dynamic viscosity of 
the suspension, that is 310- Pa.s, r  for the specific mass of the suspension that is 1kg/dm3 , 
g = 9.81 m/s2 and h for the water height (m) above the wire of the tester. 
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From the filtration formula, k is the conductance factor that is reverse to the drainage  
resistance. 

We have at first approximation: gSFRr
k w +=
1

 in which wr  is the drainage resistance of the 

wire and g is the mass of the fiber web per unit surface of the wire in kg/m2. Let 1c  the pulp 
consistency in the drainage chamber. 
The mass conservation equation can be written (see the figure above): 
 
                            ( ) Shhcgs -= 01     (4) 

 
The fiber web on the wire have been ignored at first approximation. 

Thus (3) and (4) give:  
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The drainage flow rate can also be written: 
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At this step we can introduce non-dimensional parameter. 
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Let 0m  the initial mass of fibers that is 010 hScm =     (10)  
 
We can introduce another non-dimensional parameter: 
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By integration we obtain:  �� �
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Then  ( ) )ln()1(1 HRHT w+--=   (13) 
 
 
The drainage flow through the fiber web is decreasing with the time elapsed and vanishes to 
zero. At this moment, there is no more flow though the lateral opening but only a flow q in 
the calibrated opening. As a consequence we can write: vsq = . 
Let ithlim the relevant height of water at this moment. 
From (5) we can write: 
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Let us introduce the non-dimensional flow such as:  q
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The time elapsed to achieve the °SR measurement is given by (13) when itHH lim= . 
 
From (13) and (15) we have: 
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The flow q through the calibrated opening can be calculated according to Toricelli law, that 
is:   

   '2 hcq gs=    (17) 
 
where s  stands for the section of the calibrated opening and h’ the height of water above the 
calibrated opening. For the Shopper-Riegler tester we have : 26102.4 m-=s  , mh 31040' -=  
and c=1. We find q = 3.766 ml/s. 
The volume of water collected from the vessel below the calibrated opening is: 
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 ( ) ititF tqhhSv limlim0 --=  (18) 
 

Let us introduce the non-dimensional parameter  
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By definition we have )1(100 FVSR -=°       (21) 
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From the °SR formula we can determine the non-dimensional flow Q and an approximation of 
the specific filtration resistance.  
Reciprocally, the rational function SFR versus the net specific energy for any plate pattern can 
be turned at first approximation into a more complex function of the °SR versus the net 
specific energy. When a good laboratory operator is measuring the slowness (°SR) of a pulp 
sample and if he repeats this test 10 or 20 times, he will get a dispersion of 2 points as a 
minimum. For many reasons beyond the frame of this paper, slowness is not an accurate 
measure so the approximate equation (22) is acceptable to turn SFR into °SR within the 
frame of paper characteristic predetermination. To optimize the interactivity of chemicals 
or process in the wet end, accurate determination of the specific filtration resistance is a must. 
Actually, when the pulp is not refined, only primary fines lie in the stock. When the pulp is 
refined, secondary fines are produced. The secondary fines have a higher hydrodynamic 
specific surface  and consequently a larger negative effect on dewatering compared to primary 
fines. Fibrillation is also another factor to alter the hydrodynamic specific surface. Thus 
drainage characteristics greatly depend on the refining process, that is how and how much 
pulp has been refined. Now, drainage characteristic also depends on chemical additives. If a 
cationic flocculant is added to the stock, the hydrodynamic specific surface  of the secondary 
fines only could drop drastically (depending how the flocculant is added) whereas there is no 
appreciable action on the primary fines. Fines have also a high water sorption capacity and 
chemical consumption is increasing with fine production. On the other hand, fines improve 
printing and optical properties of the paper, so their retention must be optimized. Actually, the 
refining process is the first step in optimizing the interactivity of chemicals in the wet end. 
Under the same freeness level, the interactivity of chemicals could be very different 
depending on the rate of fibrillation and the rate of secondary fines produced by the shearing 
action of the refiner bars. These actions greatly depend on pulp composition. From the 
bijective diagram technique, stock characteristics (freeness, flocculation, fines production, 
fibrillation, ionic demand) can be anticipated, then chemical additives can be optimized 
versus required paper characteristics. We did some work directly for paper-mills, mainly for 
the production of tissue paper. Now, white water and stock temperature are parameters to be 
directly taken into consideration in a pilot plant. Actually, under the same effective power 
applied on a well determined refiner (plate patterns have been considered), the clearance 
(gap) depends on pulp viscosity that is temperature, consistency and chemical composition?     
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DESCRIPTION OF THE DYNAMIC FREENESS TESTER  
 
At this step, the process to measure the slowness can be described without so far mentioning 
the dynamic aspect of the results. From a great number of laboratory trials we learnt that a 
pulp sample is not very homogeneous and this can affect the result given by any tester. 
Actually if we consider a pulp sample in a vessel, the slowness of this pulp sample is the 
average slowness of smaller samples distributed within the vessel. To obtain accurate results, 
the involved volume of the sample to be analyzed should be one liter approximately. This 
sample must be permanently stirred in such a way to reach a good homogeneity. The velocity 
and the shape of the agitator have been determined to produce such homogeneity whatever is 
the pulp grade under any consistency ranging from 20 g/l to 50 g/l. The DFT 3000 cannot 
work properly beyond these values. The figure below shows the sampling chamber aside the 
dilution chamber.    

 
 
The principle consists in taking a pulp sample from the sampling chamber into the dilution 
chamber. This operation must be achieved to get a consistency of 2 g/l exactly in the dilution 
chamber whatever is the pulp consistency from 20 to 50 g/l. Expensive consistency sensor is 
not required. Actually the consistency of the pulp sample is supposed to be approximately 
known that is often the case in practice. To succeed in this difficult operation a pulp extractor 
must be implemented. This extractor looks like a syringe as depicted below. This syringe has 
been shaped to preserve the pulp consistency during the pulp transfer. This was a very 
difficult challenge and one understand that details cannot be unveiled in the frame of this 
paper. Actually through this challenge, we learnt much more about flocculation. There are 
some relationships between the shape of the syringe, the velocity of the piston, the pulp 
consistency and the rate of flocculation. From the main control program extraction of 2 pulp 
samples from the sampling chamber under different parameters is enough to determine an 
index links to the rate of flocculation of the pulp grade.  
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The stroke of the piston will be calculated by our control program versus pulp consistency in 
order to reach the targeted consistency of 2 g/l in the dilution chamber. In the same way the 
volume of water flowing inside the dilution chamber from the inlet pipe is calculated versus 
the volume of pulp sample in the syringe to reach one liter. This method gives good results 
but corrections must be anticipated. Actually the total volume in the dilution chamber ranges 

from 990 up to 1010 ml and pulp consistency from 1.90 up to 2.10 g/l. The corrections of the 
volume and the consistency is achieved through physical models based on the results given by 
some sensors. This solution sounds to be the best deal to avoid the implementation of a 
consistency sensor in the dilution chamber. A temperature sensor is located in the dilution 
chamber for correction through the main control program. When the pulp sample has been 
taken by the syringe, the later moves on to the dilution chamber to discharge the pulp sample 
meanwhile water is flowing from the inlet pipe. All along this cycle the pulp is strongly 
agitated by air stream coming from below. It is of upper importance to maintain this agitation 
long time enough to produce a good dispersion of the flocs. At this step, the slurry is poured 
down into the drainage chamber of the tester. The diluted sample must be free from air after 
agitation. When some chemical agents fix air bubbles mechanical agitation must be 
imperatively considered. 
The flow from the dilution chamber to the drainage chamber is also controlled.  
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This item is exactly similar to a classical tester except for the wire. Actually the system 
consists on a rotor on which lies 4 wires according to the standard TAPPI for °SR. The rotor 
is controlled by the main program from the integrated computer. A new wire, duly cleaned, is 
locked below the drainage chamber. Once the measurement process is finished, air under 

determined pressure is blowing on the fiber web during a time under control of the main 
program. Then, the wire is unlocked from the drainage chamber and rotor is moving along to 
position the new wire previously cleaned under the drainage chamber ready for the next test. 
Cleaning and calibration of the tester are automatic. Calibration is undertaken during cleaning 
operations. 
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Two vessels are located below the spreader cone to collect water. The volumes of water in 
each vessel are determined versus the time by weight sensors. The data from the sensors are 
treated through electronic input/output system and send to the main program in the integrated 
computer. At this level, the signal is filtrated and corrected versus inertia forces, temperature, 
volume of water and consistency. To manage this sophisticated process, the sensors must 
deliver various pieces of information. First, the volume of water in both vessels as a function 
of the time elapsed is delivered to a specific routine linked to the main program. The last drop 
of water pouring into the vessel below the calibrated opening is detected and then a signal is 
given to blow air into the drainage cylinder. The pressure of the air and the relevant duration 
of this operation is under the control of the main program. As a consequence, more water is 
pouring down into both vessels and the sensors send these data to the integrated computer for 
further treatment. These data will be necessary to bring the required corrections. Then, the 
wire is unlocked from the drainage chamber, the vessels are cleaned out from water and 
weight sensors are recalibrated. The relevant wire is moving away from the drainage chamber 
and fiber web can be collected or automatically taken out during the cleaning operations. 
Then, a water test is executed to control the system and to deliver more data to the main 
program for further processing. The drawing here below gives a general representation of the 
dynamic freeness tester. 
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In the lower stage we find, the weight sensors, the vessels and the pneumatic control box. On 
the next stage we can see the rotor with its four wires and its driving motor, the drainage 
chamber and the cone just below. On the next stage we can distinguish the sampling and 
dilution chamber in front and behind lies the electronic control box. Finally on the top stage 
we can see the syringe. The integrated computer that is not represented on this view is located 
on the top stage.  
 
 

THE DYNAMIC CHARACTERISTICS  
  
So far, the DFT3000 has been shown as an automatic tester. At this step we can guess how 
accurate and reliable are the results given from this apparatus. A first class operator could not 
reach this level of performance and efficiency with a classical laboratory tester. The DFT3000 
is independent of the handling operations, the results are automatically registered and could 
be processed by any private program or by integrated LABVIEW routines. The time involved 
to carry out a test is very short compared to classical testers, there is no long and tedious 
corrections to be brought about. Much more accuracy, much more reliability, time saving, self 
data processing are only a few assets of the DFT 3000. Actually, the DFT 3000 can meet 
many more requirements and open the door to many new research topics. This tester has been 
tailored first to measure the specific filtration resistance SFR and the rate of flocculation of 
any pulp composition. To meet this request, the slowness will be determined under different 
conditions. The first test will be done according to TAPPI standard, the second test will be 
carry out under specific driving conditions of the syringe. Let 1SR°  and 2SR° respectively the 
results given by the tester. When 21 SRSR °=° this means that there is no flocculation at all. 
When 2SR° =0 that cannot  arise in practice, it should mean that  the pulp sample is like a one 
big floc and consequently the flocculation is maximum. From these simple considerations, we 
define the rate of flocculation by: 
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At this step, the flow through the fiber web is assumed to be laminar and the pressure gradient 
across the mat and the SFR must remain constant according to restraints of Darcy’s filtration 
formula. The SFR also depends on the pressure gradient and pulp consistency (3). So far, the 
SFR has been determined in agreement with the standards for a Shopper-Riegler  meter. 
Without any material implementation, this standard can be modified through the main 
program. The pulp consistency can be altered and pressure gradient can be increased during 
the filtration process thanks to the air blowing pipe. A pressure sensor can determine the 
pressure gradient throughout the test. The factor k is also considered as a linear function of the 
specific filtration resistance related to the drainage resistance of the wire. Further physical 
relations can be developed thanks to the dynamic process. Let us proceed to some of the 
fundamental formulations from which new parameters an further corrections can be built up 
to maximize accuracy and reliability of the tester. 
Let us examine the figure on page 3. We can write (volume conservation) at any time t: 
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  or:  dtsv
c
dgsdeS

m
-=+  (25) 

 
where mc  is the density of the fiber web (g/cm3) and v is the drainage flow rate (cm/s). The 
density of the fiber web is considered as constant as long as the diluted pulp sample is 
homogeneous.  

We have also: 
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We can also write (mass conservation) at any time: 
 

 dttctvsdttgsdttecStgstecS )()()()()()( 011 ++++=+  (28) 
 

where 0c  stands for the consistency of the discharged flow from the wire. This discharged 
flow only contains some fines and this consistency is close to zero. 
From (29) we can write:    
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       taking into consideration that 10
cc <<<  

  
From this later expression, the density of the fiber web (kg/m3) can be determined. 
In fact, at the end of the measuring process of the slowness, it exists some residual water 
inside and above the fiber web. This residual water simply means that the function h(t) is 
decreasing to a minimum value called residual height hr measured from the bottom of the 
wire. If the fiber web is dried, its thickness should be lowered by the quantity of water 
extracted by the heating process and occupying a cylindrical volume of section s. This simply 
means that the relevant density gr of the fiber web is its mass m divided by the section s. 
Under these conditions, from (31) we can write:  
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The height 0h  is given by the total volume V divided by the section S. Under the Schopper-
Riegler standards, the volume V is supposed to be 1000 ml with S = 2105.1 -  m2 that gives 

0h = 68 310- m. From s = 210-  m2 the ratio S/s = 1.5. Under normal operations, the density of 

the fiber web should range from 25 up to 40 kg/m3. 
 
The consistency 1c  is the mass of the dried fiber web divided by the volume V. This 
consistency should be 2 g/l in keeping with the standards. 
Finally the residual height is given by the DFT3000, thus the density of the fiber web can be 
easily calculated. This density is delivered by the tester. 
The tester delivers also the dynamic characteristic given by: 
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from which g(t) and then h(t) can be plotted. 
 
The Darcy’s law can be written: 
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from which the filtration resistance 1/k(t) can be plotted. 
This differential equation is not analytic and consequently the dynamic freeness characteristic 
must be considered. 
Let us depict the process through an example. Let S1 a first sample of refined pulp analyzed 
by our dynamic freeness tester. The tester gives the dynamic drainage characteristic from 
which the °SR can be calculated. The dynamic volume of water is the second vessel is also 
delivered (the curve below). The slope of this latter characteristic should be 3.77 ml/s in 
keeping with Toricelli law and the diameter of the relevant calibrated opening.  
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the time required to get the dynamic characteristic for this sample is 160 sec. This time greatly 
depend on the drainage characteristic of the pulp sample. 
 

 
 

The final water volumes in each vessel are respectively 516 ml for the freeness and 395.4 ml 
in the second vessel. Then air is blowing from above the fiber wet under a calibrated pressure 
of 1 bar during 13 seconds. More water is pouring in both vessels and the tester delivers the 
new final volumes that are respectively 562.1 ml and 419.4 ml. The initial volume measured 
by the tester was 998 ml, so it means that 998 – ( 562.1 + 419.4) = 16.5 ml of water has not 
been extracted whereas (562.5 – 516) + (419.4 – 395.4) = 70.1 ml has been extracted during 
the blowing process. From the blown volume and the residual water, the residual height hr 
can be calculated. The tester gives hr = 5.17 mm. The tester also calculates the dry weight of 
the fiber web that is 1.97 gr in our example. Upon these considerations and applying the 
formula (33) we can determine the density of the fiber web.   
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Now by adding both dynamic characteristics and through (35) the characteristic g(t) can be 
plotted.  
We can easily demonstrate: 
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from which SFR can be determined. 
 

INTERACTIVITY OF STARCH IN THE  
WET END 
 
The strength of paper can be enhanced by optimizing the refining process, by raising the 
proportion of long fibers, by reducing the filler content, by improving the homogeneity of the 
web but also by adding dry-strength chemicals such as starch, carboxymethyl cellulose, 
synthetic polymers,… 
Nevertheless, the refining process should predominate as long as its negative effects 
depending on paper grade requirements can be avoided. From lack of good knowledge of this 
process, mainly at industrial level, most refining units are far from being optimized and 
chemical solution is generally a good issue. Actually, strength properties versus optical 
properties and porosity could be increased from 5 up to 30% depending on pulp composition 
and the state of the industrial refining units without altering the pulp composition. This extra 
saving potential is usually ignored by most papermakers. Actually, the refining process seems 
to be a deep mystery that everyone does not dare to unveil. Starch is the third most important 
additive in papermaking after fibers and fillers and is still the most widely used dry-strength 
additive (4). As a result of its charge, cationic starch improves dewatering. The more cationic 
the starch is, higher is the dewatering improvement. Nevertheless, the involved binding water 
action that depends on the degree of substitution (DS) of the cationic starch could surpass the 
effect of dewatering. We propose to analyze these features with our dynamic freeness tester. 
This very first example augurs well to achieve further investigations from which practical 
results can be determined to optimize the interactivity between chemicals. 
Let us consider a refined kraft softwood. The MorFi analysis gives a weighted average length 
amounting to 1.690 mm with a percentage of 20.3 % in length of fine elements. 
 
 

 
 
 
The dynamic freeness tester delivers the dynamic drainage characteristics given below. 
The final volumes in each vessel are respectively 516 and 395.4 ml. After air blowing during 
13 seconds, extra water is poured down into both vessels to reach respectively 562.5 and 
419.4 ml. 



 16 

As a consequence (562.5 – 516) + (419.4 – 395.4) = 70.1 ml has been extracted during the 
blowing process. The dry weight of the fiber web calculated by the tester is 1.97 gr. The 
slowness is 48.4 °SR. 

 
Then, the dynamic pressure characteristic shows during the air blowing process a rise of the 
pressure above the fiber wet from 0.2 to 0.53 bar as a maximum after 1 second. Then, the 
pressure is decreasing slowly while dewatering action has taken place. The pressure drops 
sharply first, to be stabilized after a total time of 6 seconds to 0.36 bar. The shape of this 
characteristic, the top and stabilized pressures are parameters of importance to analyze the 
drainage characteristics and the wet porosity of the fiber web. 
 

 
Now, let us add 1% of cationic starch to this refined pulp. 
We have used HICAT 260 with D.S. = 0.03. The starch has been duly diluted in clear water at 
25°C and then added to the pulp. The stock has been agitated to get a homogeneous 
composition. The final consistency of the pulp was 30 g/l. 
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The dynamic freeness tester delivers the dynamic drainage characteristics given below. 
The final volumes in each vessel are respectively 546.4 and 370.4 ml. After air blowing 
during 13 seconds, extra water is poured down into both vessels to reach respectively 584.0 
and 392.4 ml. 
As a consequence (584.0 – 546.4) + (392.4 – 370.4) = 59.6 ml has been extracted during the 
blowing process. The dry weight of the fiber web calculated by the tester is 2.01 gr. The 
slowness is 45.3 °SR. 

 
Then, the dynamic pressure characteristic shows during the air blowing process a rise of the 
pressure above the fiber wet from 0.2 to 0.56 bar as a maximum after 1.3 second. Then, the 
pressure is decreasing slowly while dewatering action has taken place. The pressure drops 
sharply first, then smoothly to be stabilized after a total time of 8 seconds to 0.38 bar. 

 
 
Now, let us add 2% of cationic starch to this refined pulp. 
The dynamic freeness tester delivers the dynamic drainage characteristics given below. 
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The final volumes in each vessel are respectively 557.7 and 361.0 ml. After air blowing 
during 13 seconds, extra water is poured down into both vessels to reach respectively 599.5 
and 381.4 ml. 
As a consequence (599.5 – 557.7) + (381.4 – 361.0) = 62.2 ml has been extracted during the 
blowing process. The dry weight of the fiber web calculated by the tester is 2.03 gr. The 
slowness is 43.8 °SR. 

 
Then, the dynamic pressure characteristic shows during the air blowing process a rise of the 
pressure above the fiber wet from 0.2 to 0.57 bar as a maximum after 1 second. Then, the 
pressure is decreasing while dewatering action has taken place. The pressure drops sharply 
first, then smoothly to be stabilized after a total time of 8 seconds to 0.42 bar. 
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Now, if we summarize the results given by the Dynamic Freeness Tester, we have: 
 
Slowness (°SR) 48.6 45.3 43.8 
Water extraction (ml) 70.1 59.6 62.2 
Residual pressure (bars) 0.36 0.38 0.42 
Mass of the dried web (g) 1.88 2.01 2.03 
Starch content (%) 0 1 2 
 
When cationic starch is added to a refined softwood pulp dewatering is improved and the 
slowness is decreasing. Anyhow, the drop of the slowness greatly depends on the pulp grade, 
fiber bonds and the rate of secondary fines among other parameters. Normally, the dosages of 
cationic starch ranges from 0.2 up to 2% of wet end solids. Under 1% of starch, absorption 
should be completed, then beyond this dosage absorption could be less than 100% depending 
on pulp composition. In this example, there are only fibers and fines so the absorption should 
be important even under a dosage of 2%. Water extraction during the air blown pressure is 
lowering when starch is added. Nevertheless water retention seems to be limited when the 
dosage reaches 1%. Starch binds the fibers and fines more tightly, the porosity of the paper is 
decreasing and as a consequence the residual pressure is increasing while starch is added to 
the stock. When adding starch, less water is captured by the syringe so the mass of the dried 
web is increasing. This means that starch has an action on flocculation. 
At the time this paper has been written, the accurate determination of the specific filtration 
resistance and the dynamic drainage characteristics of the fiber web during the blowing 
process was not yet available. It is evident that the results given from this very first 
experiment bring a lot of enthusiasm and should give birth to models regarding drainage, and 
retention versus chemical additives. 
Same trials have been carried out with the unrefined bleach softwood kraft pulp. 
We got the results depicted in the table below.   
 
Slowness (°SR) 14.6 14.4 14.4 
Water extraction (ml) 53.1 50.0 49.6 
Residual pressure (bars) 0.25 0.26 0.26 
Mass of the dried web (g) 2.04 2.05 2.05 
Starch content (%) 0 1 2 
 
There is no significant variation which means that the refining process is a main parameter. 
 

CONCLUSION 
 
The main purpose of this paper was to introduce the dynamic freeness tester as a laboratory 
apparatus from which further investigations can be carried out. Further implementations such 
as CSF standard tester that could be implemented aside the °SR standard tester, waveform 
pressure generator, agitation of the stock in the cylinder, Zeta potential sensor, … can be 
contemplated. 
Nevertheless, the dynamic drainage characteristics, the rate of flocculation, the specific 
filtration resistance, the dynamic discharge characteristic from air blowing action, the relevant 
dynamic pressure characteristic, the mass of the dried web versus chemical additive content 
should bring better understandings of the interactivity of chemicals in the wet end. The 
refining process (5) and pulp composition must be integrated in these investigations. We 
should be in a position by the end of this year to collect important results from which an on 
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line DFT3000 could meet a great number of requirements regarding the optimization of the 
wet end. 
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