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Abstract: Effect of liquid polarity on refining process. This work presents superiority of water as environment 
for refining in comparison with other liquids with lower polarity value. Results from research shows that 
properties of paper previously refined in water are far better that for samples refined in alcohols. Moreover, this 
results underline that water contributes significantly to internal fibrillation and reduces impact of fiber 
shortening. Therefore, it may be stated that water is not only a transport medium for pulp but plays an active role 
in the refining process of papermaking pulps. 
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INTRODUCTION  

Refining is one of the fundamental process operations in the production of paper[1-3].  
In this process occurs development papermaking potential of pulp[7]. In an industrial scale 
this process is conducted in the aquatic environment[4]. This allows swelling of the fibers 
which results in an increase in their elasticity and flexibility[5]. This work was decided to 
investigate the influence of environment in which refining process is carried out on the basic 
effects of refining i.e. internal and external fibrillation and shortening of fibers[6, 8]. This 
subject has been chosen in order to deepen basic knowledge of the refining process. This 
research are typically fundamental one, and can lead to in depth understanding of this process. 
There are still many unexplored issues in refining process. One of them is the effect of 
polarity liquid on a refining of pulp, which has been studied in this work[10]. In the future 
this may entailed the application of the results to increase the efficiency of the process. 
Specially for this work a detailed research methodology was developed. In the experimental 
part properties of paper and pulp were also tested, for samples subjected to refining in 
alcohols[9]. Based on these results it can be concluded that the polarity of liquid plays an 
important role in the process of pulp refining. It was confirmed in a scientific way that water 
as a liquid with high polarity is the best environment for the refining process. 
 
EXPERIMENTAL 

The research material used in the paper was bleached pine sulfate pulp delivered in 
sheets of dryness equal to 96%. In the pulp curves of refining for different times of refining in 
PFI mill in which a single batch was 22.5 b.d. pulp a concentration of 10%. On one point of 
execution three batches of the PFI mill were used. On PFI mill was performed refining during 
from 0.5 min to 4 min, refining in increments of 0.5 min. 0.5 min is 720 rpm in PFI mill. 
Before each refining, pulp was soaked in water for 24 hours. Unrefined pulp was also 
examined. After defibering and refining of pulp parallel samples were placed in mixers. After 
unification by mixing concentrations of pulps were determined by execution trial sheets on 
the apparatus type Rapid Koethen. The sheets were made according to PN-EN 20187:2000. 

Following research were performed pulp properties: 
• water retention value with fines  
• water retention value without fines 
• sliminess 
• fines content 
• fiber length 
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Pulp to determine the average fiber with fines was collected from the measurement of 
freeness, in which the water is recycled through once more by the Schopper-Riegler 
apparatus, to recover as much as possible of fines. The pulp to determine the average length 
of the fibers without fines was collected from HS apparatus, in which the pulp was subjected 
to screening for 20 minutes.  

After performing test sheets, they were conditioned for 24 hours in the conditions of 
23 ± 1 ° C and 50 ± 2% relative humidity. Performed following tests of the paper: 

• tear resistance 
• extensibility 
• roughness 
• volume. 

Then performed the same research for the pulp, which was soaked in alcohols 24h. 
The process of defiberisation and refining was performed in alcohols. 

Alcohols, which used for research were: 
• methanol 
• ethanol 
• propanol 
• butanol 

After refining pulp for 3 min in PFI mill in the alcohol, pulp underwent washing stage. 
In case of methanol, it was washed several times with warm water in order to remove all the 
remaining alcohol. In the case of butanol, it was washed in several steps, in the beginning 
washing was performed in methanol and after that stage washing was done with water. In 
order to speed up washing process, pulp container was placed for 30 minutes in a water bath 
at 50°C for each wash. After preparation of pulp, tests were performed all the aforesaid 
research pulp properties and paper. 
 
RESULT 
 
Tab. 1 Table of selected properties of paper and pupl 
Type of polar 

liquid 
Volume Load at break Average lengths of 

fibers with fines 
Average lengths of 
fibers without fines 

- cm3/g N mm mm 

water 0,675 87 1,66 1,74 

methanol 0,649 48 1,35 1,52 

ethanol 0,659 41 1,26 1,44 

propanol 0,596 30 1,08 1,31 

butanol 0,552 21 0,98 1,22 
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Fig.1 Plot the volume depending on the type of polar liquid 
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Fig. 2. Plot the load at break according to the type of polar liquid 
 
 CONCLUSIONS: 

Test sheets formed after refining in the less polarity liquids have an increasingly 
compact structure, this is caused by increased of the effect shortening the fibers in the refining 
process. It can be concluded that the decrease in polarity of liquid reduces swelling of fibers, 
and thus decrease of fibrillation effect. This results in improved the effect of shortening the 
fibers during the refining pulp. This may be caused, lesser interaction fibers with alcohols 
than when refining is carried out in aquatic environment. The study showed that water is 
irreplaceable in the process of preparation of pulp. Reducing polarity of liquid causes in 
addition to a reduction the content of fines of pulp and other properties of static tensile 
properties of paper. At the same time there is an increase of dynamic tensile properties. 
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Streszczenie: Wpływ polarności cieczy na proces mielenia. W pracy przedstawiono wpływ 
wody na proces mielenia oraz porównano ją z innymi cieczami o mniejszej polarności. 
Wyniki dla próbek zmielonych w wodzie wykazały zdecydowanie lepsze wyniki w zakresie 
właściwości papieru niż dla próbek mielonych w alkoholach. Wyniki te uwypuklają fakt,  
że działanie wody przyczynia się do fibrylacji wewnętrznej w włóknach natomiast ogranicza 
skracanie włókien w porównaniu z innymi cieczami o mniejszej polarności. Z tego też 
powodu, należy stwierdzić, że woda stanowi nie tylko medium, w którym masa włóknista jest 
transportowana w papierni, ale także odgrywa znaczącą rolę w procesie mielenia. 
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