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ABSTRACT 
The zeta potential is the electric potential near the surface of a 
particle in suspension. It is a way of quantifying the loading of the 
fibers, indicating the adsorption capacity of the fiber and if the 
additive was really adsorbed. Thus, one can predict stability of 
colloidal suspensions. The best retention of colloidal particles in a 
papermaking occurs when the zeta potential is near zero. Paper 
recycling is the use of waste paper to produce new roles, and has 
important environmental and social contribution. The objective is 
to form sheets with different percentages of recycled fiber and 
control the zeta potential to check its influence on the physical 
and mechanical properties. Sheets were formed using short fiber 
(Eucalyptus) and recycled (paper) and the zeta potential was 
controlled with the use of aluminum polychloride. Sheets were 
obtained in laboratory former, and kept in a controlled 
environment for realization of physical-mechanical tests. Tests for 
burst and tensile index showed better formation and resistance 
with the control of zeta potential and increased significantly with 
higher recycled paper. Tear index not followed a trend presenting 
distinct behavior with the use of aluminum polychloride. The 
zeta-potential have influence on the physico-mechanical 
properties of the paper, since it retains the colloidal particles, and 
these in turn, improve sheet formation. 
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1. INTRODUCTION 
The fiber suspension to papermaking consists of a large number of 
components which differ from each other in various respects such 
as size, shape, surface area, surface roughness and electrical 
charge (Figure 1). The suspension of fibers and fine contains 
mineral filler and additives which aim at improving the process of 
papermaking and their properties. The fibrous material when 
dispersed in aqueous medium develops surface charge due to the 
presence of ionizable functional groups such as the hydroxyl and 
carbonyl. Which results in the inefficiency in the retention of 
particles of colloidal nature (such as fines and fillers) [10, 11, 14]. 
The cellulosic fibers normally carry a negative charge when 
suspended in water due to the presence of ionisable acidic groups 
in the hemicelluloses and lignin. The charge of fibers is a complex 
function of the chemical composition, state of ionization of the 
acid groups, and the nature and amount of additional substances 
adsorbed on the fiber surface. The population of ionisable groups 
depends on the origin of the fibers and on the chemical treatments 
such as pulping and bleaching. The characteristics of any 
particular fiber surface also depend greatly on the degree of 
mechanical treatment [4,7]. The number of charged groups 

present depends on the particular origin of the fibers and their 
charge distribution is expected to vary with changes in fiber 
morphology [2]. 

 

 

 

 

 

 

 

 

 

 

 

Over a third of the paper produced worldwide is produced from 
recycled pulp and due to increasing environmental pressures, the 
paper mills are forced to higher levels of shutdown system, in 
other words, reuse the fibers coming from waste paper. However, 
there is a limitation in recycling paper. With each recycling, the 
quality of pulp deteriorates making with the recycled fibers have a 
higher drainage resistance due to their positions on repeated 
processes of pulping and drying [3]. 

The ionization of acid groups on cellulosic fibers forms loads that 
influence the formation of the paper. The supplied chemical 
interactions are complex. The load in papermaking systems plays 
an important factor in determining the aggregation of particles and 
the effect of different additives. The control of retention of fines 
and fillers in the papermaking process is needed for technical and 
economic reasons, for it depends the improvement of refining, the 
preservation the solids content after pressing and lower steam 
consumption. The hydrodynamic factors play an important role in 
the process of retention along with the colloidal interaction forces. 
In order to improve retention and drainage are typically added to 
pulp, soluble water flocculants polymeric. These include natural 
polymers (starch, carboxymethyl cellulose and gums) and 
synthetic flocculants (polyacrylamides, amines, polyamines, 
polyamides, polyethylene oxide) [5, 3]. 

Many techniques for determining characteristics load's fibers and 
chemical additives in papermaking are discussed in the literature. 
Among the techniques available the zeta potential was postulated 

Figure 1. Constituents of fiber suspension. Adapted 
from [14]. 
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as the control parameter. However, the information available in 
the literature about retention and drainage on recycled fibers and 
the influence of zeta potential is very limited. There is a strong 
need for understanding more quantitative of effects of different 
chemicals to control the zeta potential to improve retention and 
drainage recycled fiber, which could result in higher production 
rates and improved quality [3]. 

1.1 Zeta potential 
The zeta potential analysis is a well-established technique for 
characterization of particle surface charge from the viewpoint of 
classical theory of colloidal stability and has more than three 
decades of application in the paper industry. The zeta potential 
represents the electrostatic charge density induced near the surface 
of a particle by the action of ions and polymers in suspension. The 
magnitude and sign of the charge is derived from the 
measurement of particle motion applied in an electromagnetic 
field. Since these movements could be strong or weak and 
depends on the composition of the surface of the particles may 
occur zeta potential distributions (since not all particles share the 
same charge). This occurs when more than one type of material is 
present in the solution (mineral filler and fines) and when it has a 
high mechanical shearing after mixing. Thus, both the average of 
zeta potential as the shape of the distribution is important [11]. 

The development of an electrostatic charge occurs when the solids 
are dispersed in water. In papermaking systems, this load may 
come from dissociated carboxylic groups, sulfonic acid groups 
and adsorption of substances such as hemicelluloses, lignin 
dissolved, retention agents and cationic starches on the particle 
surface (generally the fiber). Mineral fillers, such as kaolin and 
titanium dioxide also develop surface charge throughout 
ionization interface particle/ water and for adsorption of other 
charged substances.  

 
 

 

 

 

 

 

 

 

 

 

 

The electric potential of the surface is determined by the type and 
surface density of charged groups. The particles present in 
papermaking are usually anionic in nature. Therefore the Figure 2 
was performed with negatively charged surface. We can observe 
that the representation of the double layer occurs  over the surface 
of hydrophobic particles suspended in water, being the zeta 
potential (ζ) potential as measured between the plane of shear and 
the layer of ions of opposite charge (positive) strongly adsorbed 
over the particle negative (electrostatic forces and van der Waals 
interactions - the electrostatic forces are a result of the fact that the 
particle surfaces are charged while the van der Waals depend on 

the chemical nature of the solid phase). As moves away from the 
particle negative the electric potential tends to reduce, providing 
increased mobility to the particles. The term zeta potential applies 
to electrical loads that exist in the dispersions of nature colloidal. 
A colloidal particle (fines or load) suspended in the pulp is 
surrounded by a dense layer of ions having a specific electrical 
charge. This layer in turn is surrounded by another layer, more 
diffuse than the first which has its own electrical charge. The 
liquid in dispersion has its own electrical charge. The difference 
in the electrical charge between the dense layer of ions 
surrounding the particle and the suspending liquid medium is 
called zeta potential and is usually measured in mV [6, 12]. 

As a result of the movement of heat dependent and an increase in 
the dilution, an increasing proportion of these ions are located in 
the adjacent volume of liquid phase, where its concentration drops 
to zero with increasing distance from the surface. This part of the 
double layer electric is called the diffuse layer (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

 

The level of surface potential Ψ0 cannot be measured. Ψδ is the 
hypothetical potential in the outer layer of Stern. The potential of 
the cutting plane (which in the ideal case coincides with the outer 
edge of the Stern layer) along the diffuse layer facing the solution 
is called electrokinetic potential or zeta potential [16]. 
Thus the zeta potential is a way of quantifying the loading of the 
fibers. Does not depend on sample size and help predict how fast 
the suspension will agglomerate. It may be affected by pH, 
conductivity, temperature and ionic strength of the medium. The 
zeta-potential indicates the adsorption capacity of the fiber and if 
the additive was adsorbed. Thus, one can predict stability of 
colloidal suspensions [8]. 

1.2 Effects of utilization of secondary fibers in 
the papermaking process 
Recycling is the utilization of waste paper pulp fibers, papers 
culled during the manufacturing process and scrap for the 
production of new papers. Nearly all types of paper used can be 
availed. Technically, the fibers contained therein are likely to 
replace virgin fiber raw materials, such as chemical pulp, semi-
chemical or mechanical.  
Despite the paper recycling be a promising activity, there are 
technical problems and technology with the product at the end of 
the process, as a loss of quality and final properties of recycled 
paper in relation to the original product. As a result of these losses 
are generated limitations of quality of the cellulosic fibers in the 

Figure 2. Description of the double layer theory an 
arrangement of load. Adapted from [14]. 

Figure 3. Double layer electrochemical and course of 
potential at the interface. 
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successive recycling processes. To circumvent these problems the 
paper industry has several technical devices such as refining, 
adding virgin fibers and application of additives. All these 
contribute to complement the demand of potential of links 
interfibrillar lost with the recycling process [8]. 

1.3 Retention 
The fiber charge is an important factor in papermaking processes 
because many of the interactions between soluble and particulate 
fractions of papermaking furnishes are charge-induced. The 
effects of fiber charge on retention of additives at the wet end of 
paper machines are the main subject in many studies [15, 9, 2]. 
To measure the retention of fiber and additives on the screen of 
papermaking are used two parameters: global retention and 
retaining the first step. The global retention is the ratio between 
the total material (fibers, fillers, additives) that is being fed in the 
machine, and that is getting trapped in the dry sheet. This 
retention further includes the step of forming the stage of recovery 
of the fibers outside the machine, usually a flotation stage. While 
retaining first step is the ratio between the total material fed into 
the input box and what is retained on the screen. The first pass 
retention can also be measured or expressed in only one of the 
components of the mass, as the first step of retaining of fibers, 
fines or fillers. 
The economy in the use of various additives is concerned 
primarily with global retention, since the not retained in the sheet 
portion is lost with the residual white water system, however it is 
known that the recovery system seeks to close the circuits of 
machine system for reducing the volume and effluent and 
minimize losses. Several sheet's properties such as formation, 
opacity, brightness, porosity, strength and smoothness can be 
affected by the withholding agent (flocculant) [12]. Therefore this 
study will assess the sheet's resistance formed with recycled 
papers when the zeta potential is controlled, in order to verify the 
importance of retaining the physical and mechanical properties. 

1.4 Physical and mechanical properties 
The properties of paper are highly dependent on the properties of 
the pulp fibers. In addition to the specific surface area, the 
bonding ability of single fibers is highly relevant to the physical 
strength of the paper produced. Previous study suggests that fiber–
fiber bonding strength is affected by the electrokinetic properties 
of the fibers, especially those related to surface charge [1, 4]. 
The grammage is the determination of the mass in grams per 
square meter paper or paperboard. Most papers are bought and 
sold according to their grammage, so this property is very 
important for consumer and producer. The tear resistance is the 
force perpendicular to the plane of the paper required to tear one 
or more sheets of paper through a specified distance. The fiber 
length is an important aspect in the development of resistance to 
tearing. The burst strength is defined as the pressure needed to 
produce the burst of the material while applying pressure 
uniformly increasing, transmitted by an elastic diaphragm, of a 
circular area equal to 962 mm2. Pulps with lower levels of fines 
and longer fibers generally produce papers with improved 
resistance to burst. Tensile strength is the maximum tensile force 
per unit width of the paper or card can support before breaking 
under defined conditions. The interfibrillar connections occurring 
in the formation of the paper will be critical to discuss this 
property. 

2. EXPERIMENTAL 
2.1 Materials 
The industrial Eucalyptus pulp unbleached was kindly donated by 
Klabin Monte Alegre (Telemaco Borba, Parana, Brazil) (Figure 
4). This pulp is obtained by cooking the wood chips into the 
digester with the addition of white liquor, which comprises 
sodium hydroxide and sodium sulphide. The withholding agent 
used to lower the zeta potential was the aluminum polychloride 
that was purchased from Stalge Sunrise (Brazil). To obtain pulp of 
recycled paper were used old newspapers. 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Preparation of pulps 
The industrial pulp, consistently around 4%, were washed (due to 
residual alkali contained in the pulp), dewatering, air dried, and 
packed in plastic bags. 

The newspaper sheets were disaggregated in a laboratory pulper, 
without addition of chemicals and using water at 50°C, air dried 
and packed in plastic bags. 

2.3 Formation of the paperboard sheets to the 
physic-mechanical 
The sheets were obtained in laboratory type trainer Tappi, 200 
g/m2 ± 5 in accordance with standard TAPPI 205 om-81. They 
were stored in air-conditioned environment with temperature of 
23 ± 1°C and relative humidity of 50 ± 2% to achieve the physical 
and mechanical tests. Were prepared ten sheets with 0, 50 and 
100% recycled fiber and ten sheets with the same compositions 
but with adjustment of the zeta potential. 

2.4 Determination of charge 
Determination of zeta potential was measured after the addition of 
aluminum polychloride in the pulp with a consistency of 0.5%. 
The determination was performed with the equipment Mutek 
SZP-06 manufactured by BTG (Figure 5). 

 

 

 

 

 

Figure 4. Industrial Eucalyptus pulp unbleached. 
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The fiber potential analyzer is designed to determine the zeta 
potential of fibers according to the Helmholtz-Smoluchowski 
equation by simultaneously measuring conductivity, pressure and 
the streaming current potential. The measuring principle is based 
on the streaming current potential measuring method in a fiber 
plug. 

2.5 Physic-mechanical tests 
2.5.1 Grammage 
It is the determination the mass in grams per square meter paper 
or paperboard. The weight is obtained by Equation 1 where the 
forming area used is 201 cm2. 

)(
)(
2mareaingmfor

gweightsheet
Grammage    (1) 

2.5.1.1 Tear Resistance 
The tear resistance is measured in equipment Elmendorf 
Pendulum SE 009 and it is the force perpendicular to the paper 
required to tear one or more sheets of paper through a specific 
distance (43 +/-0.5 mm). The fiber length is an important 
dimension in the development of resistance to tearing. It also said 
that intrinsic resistance of the fibers, related to the thick cell wall, 
is proving influential in the development of resistance to tearing, 
these features were more significant in long fibers.  

2.5.1.2 Burst Resistance 
The burst resistance test runs on equipment Bursting Strength 
Tester and is defined as the pressure required to produce the burst 
of the material, by applying a uniformly increasing pressure, 
transmitted by an elastic diaphragm, a circular area equal to 962 
mm2. Pulps with lower levels of fines and longer fibers in general, 
produce papers with higher resistance to burst. 

2.5.1.3 Tensile Resistance 
Tensile strength is the maximum traction force per unit width of 
the paper or card supports before they break, under defined 
conditions. It is in direct tension force needed to break the paper, 
when applied longitudinally or transversely. The paper sample is 
pulled to rupture in the equipment Tensile Tester L & W - SE 
062/064. The interfibrillar connections occurred in the formation 
of the role will be critical to discuss this property.. 

3.  RESULTS AND DISCUSSION 
The results of the behavior of sheets with different percentages of 
addition of recycled fibers exhibited gradual gains for nearly all 
physical and mechanical properties. Table 1 shows the values 
obtained by analysis of short fiber sheets with different 
compositions of recycled fibers as well as the values of the zeta 
potential: 

Table 1. Results of physical tests 

Composition 
of recycled 
paper (%) 

Tensile 
Index 

(Nm/g) 

Burst 
Index 
(kPa. 
m2/g) 

Tear 
Index  
(mN. 
m2/g) 

Zeta 
Potential  

 (mV) 

0 25.31 1.34 6.85 -183.00 

50 21.99 1.33 8.02 -202.90 

100 29.48 1.54 4.10 -139.60 
 

For calculation purposes, we use the following equations: 

Tensile Index = 1000
)/(

)/(
2 

mggrammage
mkNTensile

               (2) 

Burst Index= 
)/(

)(
2mggrammage

kPaBurst
                                 (3) 

Tear Index = 
)/(

)(
2mggrammage

mNTear
                                  (4) 

As you cannot precisely control the grammage of the sheet formed 
it used the calculation of the index. Thus we can compare the tests 
because they are adjusted according to the weight of each sheet. 

As seen to best retention of particles occurs when the potential is 
near zero. To this, it was added aluminum polychloride mass. 
Table 2 shows the results obtained with zeta potential close to 
zero: 

Table 2. Results of physical tests 
Composition 
of recycled 
paper (%) 

Tensile 
Index 

(Nm/g) 

Burst Index 
(kPa. m2/g) 

Tear Index  
(mN. m2/g) 

0 18.79 0.95 8.03 

50 25.79 1.19 11.72 

100 33.14 1.90 9.32 
 

Figure 6 shows a comparison of the tensile index: 

 

 

 

 

 

 

 

Figure 5. Measuring zeta potential - Mütek SZP-06. 
(Source: Google Images). 
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It is observed that the tensile index increases as increasing the 
recycled fiber composition. It is possible to observe the influence 
of zeta potential on the formation of sheets. For maintaining the 
zeta potential close to zero gave better performance in tests 
obtained. 

Figure 7 shows a comparison of burst index: 

 

 

 

 

 

 

 

 

 

 

 

 

It is observed that the burst index increases as increasing the 
recycled fiber composition. But with control of zeta potential this 
increase is more pronounced. 

Figure 8 shows a comparison of tear index: 

 

 

 

 

 

 

 

 

 

 

 

It is observed that the tear index follows a parabolic trend. Up to 
50% recycled fiber had an increase, but with 100% recycled fiber 
been a sharp decline. The work required to tear a sheet is made of 
two major contributions: i) the work to cut the fibers, ii) the work 
needed to separate the fibers do not "cut" of its neighboring links. 
Therefore the increased tear index can be explained by the 

increase in strength, because with better retention (zeta potential = 
0) at fiber-fiber connection is greater. 

As can be observed zeta potential influences the physical-
mechanical properties of the paper. Therefore it retains the 
colloidal particles, and these in turn, improve sheet formation. 
According to the analysis obtained we can emphasize that the use 
of recycled fibers may contribute to the improvement of physico-
mechanical paper. Note that each point of the graphs is the 
average reading of ten analyzes.  

4. CONCLUSION 
The zeta potential is a very important factor in the manufacture of 
paper. It was observed that the sheets formed with zeta potential 
close to zero had a tendency better. The use of recycled paper 
actually increased the physical-mechanical properties of the paper. 
We observe that with increasing percentage of recycled paper in 
the sheet the properties increases. It is because recycled pulp 
fibers have the function to fill the empty spaces of intertwining 
short fiber pulp causing better paper formation.  

5. SYMBOLS USED 
ζ    zeta potential (mV) 

Ψ  surface potential (mV) 
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