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Polyethyleneimine Addition for Control of Dissolved and
Colloidal Substances: Effects on Wet-End Chemistry
Chun-jian Wang, Chen Chen, Hao Ren, Yi-qing Yang, and Hong-qi Dai *
Within the pulp and paper industry, the recycling of whitewater to reduce
fresh water consumption and effluent volume leads to an accumulation of
dissolved and colloidal substances (DCS) in the papermaking wet-end
system. DCS interacts with certain electrolytes and polyelectrolytes to
form non-ionic DCS interferents (pitch deposits and depositions), which
adversely affect papermaking. Polyethyleneimine (PEI), a fixing agent with
a low molecular weight and high cationic charge density, can control the
DCS in the wet-end system. The fixation efficiency of DCS simulacra and
the wet-end properties were explored under varying Ca2+ and PEI
concentrations in pulp. The fixation and retention efficiency of DCS
simulacra were improved, the zeta potential of pulp and drainage rate of
pulp increased, and the cationic demand of pulp filtrate decreased with
increasing PEI dosage. Ca2+ shielded the negatively charged ions on the
surface of the fibers and DCS simulacra, influenced the fixation efficiency
of PEI to DCS simulacra, and improved the drainage rate of pulp.
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INTRODUCTION
In the papermaking process it is difficult to solve problems related to dissolved and
colloidal substances (DCS) (Holmbom and Sundberg 2003; Zhang et al. 2007; Hubbe et
al. 2012). The DCS can interact with inorganic electrolytes such as Ca2+ and soluble
aluminum compounds in the wet-end system, leading to the formation of deposit-prone
substances. For some time now, low molecular weight and high cationic charge density
fixing agents (Zha et al. 2002; Xiao and Cezar 2005; Huang et al. 2006) have been widely
used in the papermaking industry. Fixing agents cause anionic DCS to adhere onto fibers.
The DCS can then be removed from the papermaking process water and be retained in the
product (Miao et al. 2012; Wang et al. 2013b).
Polyethyleneimine (PEI) has the properties of high positive charge density and
good solubility in water (Kobayashi et al.1990). Also, it is a relatively common retention
and drainage aid and strengthening agent, and it can provide good fixation effects when
used as an anionic trash fixing agent. It can also improve the papermaking wet-end
performance to a certain extent (Jing et al. 2002; Fuente et al. 2005). Studies have showed
that the PEI fixes DCS onto fiber through charge neutralization and charged patch
mechanisms (Shetty et al. 1994). Charge neutralization is a process in which
polyelectrolyte complexes will form by the mutual adsorption between DCS and fixing
agents (Chen and He 2000). Furthermore, when PEI is added into the pulp, the partial
anionic charge of DCS and fibers will be reversed locally to be cationic, forming a “charged
patch”. Such a distribution of positive and negative areas on the solid surfaces can be
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expected to promote the agglomeration between DCS and fibers which is based on the
charged patch mechanism (Pfau et al. 1999; Hubbe 2007).
In modern paper production processes, the process water is recirculated multiple
times (Vidal et al. 2001; Wu et al. 2014), and the DCS is constantly enriched and presents
a metastable state in the pulp system. DCS has intrinsically strong tendencies to aggregate
and precipitate, and inorganic electrolytes accumulate in the system. DCS reacts with Ca2+
and other polyvalent metal ions, then loses its stability and combines to form neutralized
complexes or “interferents”, which have a tendency to form agglomerates and deposits
within a paper machine system. In theory, once DCS has lost some of its negative charge
by means of its interactions with multivalent metal ions, it becomes difficult for PEI to fix
the DCS onto the fiber surfaces.
Thus, to prevent the DCS from becoming completely unstable, losing its negative
charge character and becoming unfixable by highly cationic fixing agents, appropriate Ca2+
concentrations should be applied during the experiment. In an earlier study the mechanism
of the aggregation process was studied for a DCS simulacra system, which included rosin
acid sodium, sodium stearate, and sodium polyacrylate (Chen et al. 2015). When the
concentration of Ca2+ in system reached 5 mmol/L, the DCS and Ca2+ interacted with each
other to form complexes having substantially neutralized surface charge. Therefore, in
order to prevent the loss of negative charge of the DCS (Li et al. 2002), the Ca2+
concentration in the system had to be kept under 5 mmol/L. The present study used the
early stage results on whitewater components to simulate the actual water in the factory
(Wang et al. 2013a; Chen et al. 2014). Rosin acid sodium and sodium stearate were selected
to simulate sodium resinate or fatty acid sodium gel material in whitewater, and sodium
polyacrylate was used to simulate the dissolved substances, which may come from a
pigment dispersant. These substances were mixed at a 1:1:1 ratio. The fixation effect of a
low-mass PEI product on DCS and its performance (Gill 1996) in papermaking wet-end
chemistry were determined under different Ca2+ concentrations. The results will provide
theoretical guidance for the control and elimination of DCS in the actual process of paper
production.

EXPERIMENTAL
Materials
Natural rosin was supplied by the Fengkai chemical factory (Guangdong, China)
with an acid value (in KOH) of 165.79 mg/g and a softening point of 80.50 °C. Stearic acid
was supplied by the Shanghai Lingfeng Chemical Reagent Co., Ltd. (Shanghai, China)
with an acid value (in KOH) of 196.09 mg/g and a melting point 69.60 °C. Pure polyacrylic
acid, sodium salt was purchased from Shanghai National Medicine Group Chemical
Reagent Co., Ltd. (Shanghai, China). The molecular mass of the polyacrylic acid (sodium
salt) was 3000 Daltons. Branched PEI was supplied by Shanghai Aladdin Chemicals Co.,
Ltd. (Shanghai, China). The molecular mass of the PEI was 1800 Daltons. Hydrochloric
acid and CaCl2 was supplied by Nanjing Chemical Reagent Co., Ltd. (Nanjing, China).
The pulp used in this study was fully bleached eucalyptus kraft pulp (Brazil) and
refined to 42.8°SR beating degree, as tested with a JDJY 100 Schopper-Riegler beating
degree tester (Shanxi University of Science & Technology, Xian China). Before the
experiment, the pulp samples were converted to completely protonated form by soaking
the pulp in HCl, then washing it with deionized water. The soaking and washing process
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were repeated four times until the metal ions had been substantially removed (Liu and Dai
2006).
Methods
Preparation of DCS simulacra objects
To prepare the sodium resinate solution, 0.400 g of rosin was accurately weighed,
placed in a four neck round bottom flask, and 500 mL deionized water was added. The
flask was put in a HH-S2 water-bath (Jinyi, Jintan, China). This was set at a constant 85 °C
and 250 rpm stirring speed, until the rosin melted. Then 300 mL of 0.012 mol/L NaOH
solution was added for saponification. After 4 h, 200 mL of deionized water was added to
make the solution volume 1 L. This process resulted in a clear amber sodium resinate
solution with a mass concentration of 0.4 g/L. The preparation of sodium stearate followed
the same process as the preparation of sodium resinate, except with 0.400 g stearic acid
and the saponification temperature at 75 °C. This resulted in a 0.4 g/L colorless sodium
stearate solution. Deionized water was used to dilute the polyacrylic acid sodium solution
to a mass concentration of 0.4 g/L. A 0.4 g/L mixture solution with deionized water, sodium
resinate solution, and sodium stearate solution, at a ratio of 1:1:1, acted as the DCS
simulacra solution.
Determination of charge neutralization point (Vth)
Different mass concentration and volume CaCl2 solutions were prepared with
deionized water. For each test, 60 mL of the DCS simulacra solution was used. A certain
amount of deionized water was added, and the solution pH value was adjusted to 7.5 using
a PB-10 pH meter (Sartorius, Gottingen, Germany). An amount of CaCl2 solution with a
certain concentration was added to bring the volume of the solution to 120 mL. The mass
concentration of DCS simulacra in the solution became 0.2 g/L. After mixing the above
solution, cationic demand was measured with a PCD-03 type particle charge detector
(Mütek, Aschaffenburg, Germany), and 0.001 N poly-diallyldimethylammonium chloride
(PDADMAC) was used as the standard cationic polymer. A 1 g/L PEI solution was
prepared with deionized water (Wang et al. 2013c). A specific amount of PEI solution was
diluted with deionized water to produce a 0.01 g/L mass concentration, and the solution
pH was adjusted to 7.5. The anionic demand was measured, and 0.001 N PES-Na was used
as the standard anionic polymer (Wang et al. 2014). According to the principle of charge,
the theoretical amount of PEI required to completely neutralize the negative charge of the
DCS simulacra was calculated, and recorded as Vth.
Determination of properties of wall sticking of DCS interferents
For each test, 200 mL of the DCS simulacra solution was used. The solution pH
was adjusted to 7.5, and the same volume of deionized water and CaCl2 solution was added
to make the total volume of the solution 400 mL. The mass concentration of the DCS
simulacra solution was 0.2 g/L. Ten mL of the above prepared DCS simulacra solution was
put into glass test tubes, and after 24 h of standing, each supernatant was drained. Pictures
were taken to record the appearance of material adhering to the glass.
Application of fixing agents to the pulp
First, metal-free deionized pulp was weighed (the equivalent of 5 g of dry pulp) and
put in a flask for defibering. The flask was kept at 45 °C and a 250 rpm stirring speed was
used in the water bath. DCS simulacra solution was added to adjust the pH to 7.5, and then
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CaCl2 solution was added. The Ca2+ concentration in the pulp suspension was adjusted in
the range from 0 to 2 mmol/L. Finally, a certain amount of 1 g/L PEI solution was added.
The 1000 mL pulp consistency was 0.5%. The DCS simulacra mass concentration was 0.2
g/L, and the PEI content was 0, 1/8 Vth, 2/8 Vth, 3/8 Vth, 4/8 Vth, 5/8 Vth, 1 Vth, and 9/8 Vth in
the paper stocks. The prepared paper stocks were stirred at 250 rpm, and the temperature
was kept at 45 °C for 20 min by a SHA-C type constant temperature oscillation device
(Guohua, Changzhou, China). The prepared paper stocks were put into the DFR-05 type
dynamic retention tester (Mütek, Aschaffenburg, Germany), which was equipped with a
150-mesh sieve. The stirring speed was set at 800 rpm, and it was run for 20 s. The filter
material and the filtrate were collected.
Measurement of fixation effect by PEI and filtrates properties
Filtrate turbidity was determined by using a 2100 N turbidity meter (Hach,
Colorado, USA). A stock suspension containing fibers, cellulosic fines, and DCS was
filtered using a 150-mesh screen. The mixture of fines and DCS that passed through the
screen in the dynamic filtering experiments was called the 150-mesh filtrate. After the 150mesh filtrate was separated from stock, it was allowed to stand in a 100 mL beaker for 5
min. The upper liquid was taken to be filtered using a 100 mL G3 fritted glass filter with
16 to 40 μm pore size to obtain a DCS-water mixture, which was called the DCS filtrate,
and then its turbidity was measured. The 150-mesh filtrate mainly contained cellulosic
fines and DCS, whereas the DCS filtrate mainly contained DCS. Therefore, the turbidity
difference between the 150-mesh filtrate the DCS filtrate could be considered to be caused
solely by cellulosic fines, and this turbidity difference could be used to obtain the
concentration of cellulosic matter drained through the 150-screen. Furthermore, the
concentrations and turbidities of these DCS filtrates and cellulosic fines suspensions were
highly correlated. The turbidity of DCS and the fines can characterize the mass
concentration of DCS and cellulosic fines in filtrates indirectly.
Based on the system described, the efficiency of DCS fixation by the addition of
PEI can be calculated by the turbidity of the DCS filtrate when comparing treated and
untreated stock. But the cellulosic fines matter retention cannot be calculated by turbidity
directly, because the turbidity of 5 g/L pulp is hard to measure, and the linear equation
between turbidity and concentration is not suitable at a high consistency of pulp. Therefore,
a linear equation based on Fig. 4 was used to calculate the concentration of cellulosic matter
that passed through the 150-screen by turbidity difference. Then the stock consistency was
used to calculate the cellulosic matter retention ratio indirectly. The equations used for
calculating the DCS fixation ratio and cellulosic fines matter retention ratio were as follows,
DCS fixation ratio (%) = [1 - TDCS / T(DCS, PEI=0)] × 100
Cellulosic fines retention ratio (%) = [1 - CDrained cellulosic fines/ CStock] ×100
CDrained cellulosic fines= [(T150-TDCS) + B]/ K

(1)
(2)
(3)

where TDCS is the turbidity contribution of the colloidal fraction in the filtrate from the G3
fritted glass filter (NTU), T(DCS, PEI=0) is the corresponding turbidity of DCS before adding
PEI to the stock (NTU), CDrained cellulosic fines can be calculated using Eq. 3, which is based on
the linear equation (y=586.6x-47.19) in Fig. 4, B and K are constants having values of 586.6
and 47.19, T150 is the turbidity of 150-mesh filtrate (NTU), and CStock is the consistency of
stock (g/L). The values of T(DCS, PEI=0) and CStocks were determined to be 60 NTU and 5 g/L.

Wang et al. (2016). “PEI, Ca2+, & DCS fixation,” BioResources 11(4), 9756-9770.

9759

bioresources.com

PEER-REVIEWED ARTICLE

In addition, the fixation of the DCS simulacra on the fibers was found to be uniform
for the entire system. Thus, based on the above mentioned analyses, the calculation
equation for the DCS simulacra retention ratio is as follows,
Retention ratio of DCS simulacra = Cellulosic fines retention ratio × DCS fixation ratio
(4)
Furthermore, the status of DCS simulacra fixation on fibers was observed using a
U-TV1X-2 type optical microscope (Olympus, Tokyo, Japan).
The drainage rate of stocks in the absence and presence of Ca2+ with different PEI
dosages was measured. The experiment of drainage rate measured the water volume that
passed through the 60-mesh filter screen with stirring at 800 rpm after 20 s of treatment in
the dynamic retention tester, as follows,
Filtering rate = VFiltrate / tDraining

(5)

where VFiltrate is the volume which passed through a 60-mesh filter screen (mL) and tDraining
is the filtrate time (s). The tDraining value was found to be constant at 20 s.
The cationic demand of the filtrate separated from stocks by 150-mesh screen was
measured in the absence and presence of Ca2+ with different PEI dosages, and the zeta
potential of the stocks with different PEI dosages was measured using a SZP06 Zeta
potential meter (Mütek, Aschaffenburg, Germany).

RESULTS AND DISCUSSION

-1
Cationic Demand (meq·g )

Study of Electric Charge Characteristics of DCS
Vth, the theoretical volume of PEI needed to react with DCS by charge
neutralization mechanism, was determined according to the method used to determine the
cationic demand. The charge neutralization point Vth of PEI for DCS simulacra was
calculated based on the stoichiometric relation of the electric charges and was used as a
reference standard for the amount of PEI added in subsequent experiments.
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Fig. 1. Cationic demand of DCS simulacra at different concentrations of Ca2+
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Table. 1. Charge Neutralization Point of Cationic PEI to Anionic DCS Simulacra
Material

Cation Demand (meq/g)

PEI (pH = 7.5)
DCS (pH = 7.5)

-9.100
3.867

Vth
(Fixing agent/DCS)(g/g)
0.425

Figure 1 shows that increasing of the Ca2+ concentration in the system reduced the
cationic demand of the solution after its chemical interaction with the DCS simulacra. This
result is explained by the ion exchange between the DCS simulacra and Ca2+, which
reduced the amount of pedant carboxylic group with negative charge in the DCS simulacra
and formed interferents; these were difficult to ionize. With the increase in Ca2+
concentration, more interferents were generated, and the negative charge character of the
DCS simulacra and the cationic demand were reduced.
Adhering Characteristics of Interferents
In this paper, the precipitation and adsorption of the DCS interferents in the paper
machine during papermaking was simulated by the interferents produced from the reaction
between the DCS simulacra and Ca2+ adhering to the tube walls. Figure 2 shows the
adhering characteristics of the DCS simulacra under different Ca2+ concentrations. With
increasing Ca2+ concentration, greater precipitation was produced, and the amount of
adhesive matter on the tube wall increased. This result indicated that during real production,
the DCS interferents would tend to adhere to and form a deposit layer on equipment
surfaces with a high surface energy, and some of the precipitants deposit in the tubes and
headbox, which severely affects the normal operation of the paper machine.

Fig. 2. Properties of wall sticking of DCS simulacra at different Ca2+ concentration. Ca2+
concentration of solutions from left to right is 0, 2, 4, 6, 8, and 10 mmol/L

Filtered PEI in DCS Simulacra
DCS simulacra suspensions and fiber suspensions with different concentrations
were prepared, and the concentration and turbidity of these DCS simulacra suspension and
fiber suspensions were highly correlated (Nylund et al. 2007), as shown in Figs. 3 and 4,
the R2 of the linear equation between concentration and turbidity of DCS was close to 1.
As PEI was added to the pulp system, the paper pulp was filtered through a 150mesh screen in a dynamic drainage jar. During draining, the DCS simulacra and fines fixed
on the fibers were retained on the screen, whereas the unfixed portion was drained into the
filtrate separated from stocks by the 150-mesh screen. The turbidity of the 150-mesh filtrate
Wang et al. (2016). “PEI, Ca2+, & DCS fixation,” BioResources 11(4), 9756-9770.

9761

bioresources.com

PEER-REVIEWED ARTICLE

indirectly represented its DCS simulacra and fines content, and thus indicated the fixation
efficiency of the PEI (Ravnjak et al. 2003).
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Fig. 3. The turbidity-concentration curve of
DCS simulacra solution at pH 7.5

Fig. 4. The turbidity-concentration curve of
fiber suspension at pH 7.5

The turbidity of the filtrate separated from stocks by 150-mesh screen was jointly
caused by the fines and the drained DCS. As shown in Fig. 5, when the PEI fixing agent
was added to the pulp system, dissociated or negatively charged DCS interferents were
fixed by the PEI onto the fiber surface through a charge neutralization or charged patch
mechanism (Holmbom and Sundberg 2003). As the amount of PEI was increased, more
DCS interferents were fixed onto the fibers, and the amount of drained DCS in the filtrate
decreased. The PEI also caused binding among the fines and between the fines and fibers,
which increased the retention ratio of the fines and reduced the turbidity of the 150-mesh
filtrate. With the same amount of fixing agent, the turbidity of the filtrate separated from
stocks by 150-mesh screen was higher when Ca2+ was present in the pulp.
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Fig. 5. Effect of PEI dosage on the turbidity of filtrate separated from stocks in the absence and
presence of Ca2+
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Ca2+ greatly affected the repulsive force among DCS particles (Sundberg et al.
1993), which caused the aggregation of particles and the formation of stickies and
precipitates that drained to the 150-mesh filtrate. This resulted in a higher filtrate turbidity.
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Fig. 6. Effect of PEI dosage on the turbidity of DCS filtrate (passing through the G3 fritted glass
filter) in the absence and presence of Ca2+

DCS Fixation and Retention (%)

The filtrate separated from stocks by 150-mesh screen was filtered using a G3
fritted glass filter. The turbidity of the obtained filtrate was mainly caused by the drained
DCS, which indirectly represented the PEI fixation efficiency on DCS. As shown in Fig.
6, as the amount of PEI was increased, the turbidity of the DCS filtrate decreased.
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Fig. 7. Effect of PEI dosage on the fixation efficiency of DCS simulacra in the absence and
presence of Ca2+

With Ca2+ present in the pulp, the turbidity of DCS filtrate was relatively high. This
was because the Ca2+ bonded with the carboxyl groups on the DCS simulacra and formed
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interferents that tended to precipitate and reduce the negative charge level of the DCS.
Furthermore, the “charge screening” effect of the Ca2+ reduced the negative charges on the
surface of fiber, and the effective contact point on the fiber where the PEI can fix DCS to
fiber was reduced. Thus, the PEI fixation efficiency decreased, and the amount of residual
DCS interferents in the pulp increased. Then the DCS interferents passed into the filtrate
and increased the turbidity of the DCS filtrate. This indicated that the presence of Ca2+ in
the pulp reduced the fixation efficiency of PEI on DCS.
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Fig. 8. Fixation of DCS simulacra on the fiber with varying condition of PEI (400x magnification).
The dosage of PEI in Fig. A1/B1~A8/B8 is 0 Vth, 1/8 Vth, 2/8 Vth, 3/8 Vth, 4/8 Vth, 5/8 Vth, 1Vth and
9/8 Vth, respectively.

The DCS fixation ratio and retention ratio was applied to carry out a suitable
assessment of the PEI chemical fixation efficiency. As shown in Fig. 7, under different
Ca2+ concentrations, the DCS fixation ratio and retention ratio increased with the amount
of PEI added. Without Ca2+ in the system, the fixation efficiency and retention efficiency
of the PEI on the DCS simulacra were better overall than those of the pulp system that
contained Ca2+. This was because interferents formed from the reaction between the Ca2+
and DCS reduced the negative surface charge. And the “charge screening” effect of the
Ca2+ reduced the negative charges on the surface of fiber, and the effective contact area on
the fiber where the PEI can fix DCS to fiber reduced. Thus, the PEI fixation efficiency was
reduced, as well as the DCS retention ratio and fixation ratio. These results are consistent
with the variation pattern for the turbidity of the DCS filtrate shown in Fig. 6.
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When PEI was employed to fix the DCS simulacra, the DCS in the solution existed
in the form of a dissociated colloid or dissolved matter in the pulp system with no Ca2+,
and the fibers were arranged in a cluttered way under the microscope. The DCS particles
in the samples had relatively small sizes and were present on fiber surfaces and in the
sample in a relatively scattered way (Figs. 8A1 through A4). As the amount of PEI added
increased, the DCS fixation efficiency increasingly improved, dissociated particles
aggregated to the fiber surface, the particle size increased, and the fixation efficiency
improved (Figs. 8A5 through A8).
With Ca2+ present in the pulp and no PEI added, the DCS simulacra reacted with
2+
the Ca to form insoluble interferents, which were dispersed in the pulp system in a
relatively even pattern (Fig. 8B1). With an increase in the amount of PEI added to the pulp
system, the size of the interferents formed from the reaction between the DCS simulacra
and Ca2+ increased. One possibility is that this was caused by the charged patch mechanism,
where the PEI acted as a patch to make the DCS particles aggregate, while simultaneously
being fixed on the fiber surface (Figs. 8B2 through B4). The stickies in the formed
interferents had a certain tackiness and were able to continue binding with other colloidal
substances, which caused the size of the particles fixed to the fiber surface to increase (Figs.
8B5 through B8).
Effect of PEI on Wet-end Properties in Pulp
As a result of the charge neutralization and because PEI is a fixing agent with a
high cationic charge density, the total charge amount of the DCS changed with an increase
in cations. As shown in Fig. 9, the cationic demand of the filtrate separated from stocks
decreased with increasing PEI.
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Fig. 9. Effect of PEI dosage on the cationic demand of filtrate separated from stocks by 150-mesh
screen in the absence and presence of Ca2+

When the amount of PEI added was approximately 5/8 Vth, the cationic demand of
the filtrate separated from stocks was 0, and the charge of the 150-mesh filtrate became
reversed to a positive sign. The change in the charge property of the 150-mesh filtrate did
not occur at the theoretical charge neutralization point. This was because the PEI fixed the
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DCS through both charge neutralization and the charged patch mechanism. When the
charged patch mechanism took effect, the local charges of the DCS adsorption were not
only neutralized, but reversed in a patch-wise pattern. This generated cationic patching and
mutual attraction with other particles’ anions through electrostatic attraction, during which
the amount of anions in the system decreased and caused a decrease in the actual cationic
demand as well.
The fixing agent added to the pulp not only neutralized the negative charge carried
by the DCS, but was also adsorbed onto the fiber surface, which affected the electric
potential of the pulp. Thus, the zeta potential change in the pulp was used to indirectly
explore the adsorption of PEI on fibers. As shown in Fig. 10, with no Ca2+ present in the
pulp, the zeta potential change in the pulp increased as the amount of PEI increased, and
the absolute value of the zeta potential under such a condition was much greater than in the
pulp system with Ca2+. This was because with no Ca2+ present in the pulp, there were some
anions on the fiber surface, which resulted in a relatively high negative charge strength on
the surface of the pulp. With the Ca2+ present in the pulp, the “charge screening” effect of
the Ca2+ on the charges of the fiber surface caused a relatively small absolute value for the
zeta potential.
0 mM Ca2+
2 mM Ca2+

Zeta Potential (mV)

0

-20

-40

-60

-80

-100

0

1/8

2/8

3/8

4/8

5/8

6/8

7/8

1

9/8

PEI Dosage (Vth)
Fig. 10. Effect of PEI dosage on the Zeta potential of stocks in the absence and presence of Ca2+

PEI can improve the drainage performance of stocks through fines aggregation.
However, the polyelectrolyte complex formed by the DCS and fixing agent decreases the
drainage performance of pulp (Dunhan et al. 2002). Thus, the competitive relation between
the two previously mentioned effects needs to be comprehensively considered when
studying the drainage rate of pulp under PEI chemical control. The influence of PEI on the
pulp drainage performance is shown in Fig. 11. With an increase in PEI usage, the drainage
rate slightly increased. This result indicates that fines formed dense aggregates after the
PEI acted on the pulp, which reduced the specific surface area of the fibers, as well as the
water-holding capacity of the solid content in the pulp. However, the drainage rate was to
some extent inhibited by the polyelectrolyte complex formed by the DCS and fixing agent
(Chen and Wang 2010). As shown by the comparison between the two effects in Fig. 11,
the fines aggregation was slightly greater. With the Ca2+ present in the pulp, the drainage
rate of pulp noticeably increased. This was because the increase in the Ca2+ concentration
compressed the electric double-layer of the suspended particles in the pulp (Yuan et al.
Wang et al. (2016). “PEI, Ca2+, & DCS fixation,” BioResources 11(4), 9756-9770.
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2011), which decreased the zeta potential of pulp, and decreased the water-holding capacity.
This was favorable for pulp dewatering. Studying the drainage rate of pulp under PEI
chemical control demonstrated that PEI had a certain filter aiding effect on the pulp.
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Fig.11. Effect of PEI dosage on the drainage rate of stocks in the absence and presence of Ca2+

CONCLUSIONS
1. When PEI was used to chemically control the DCS simulacra, at higher PEI dosages
the fixation ratio and retention ratio of the DCS simulacra both increased, the absolute
value of the zeta potential of pulp and the cationic demand of the stock filtrate passing
through a 150-mesh screen both decreased, and the drainage rate of pulp increased
slightly.
2. With Ca2+ present in the pulp, both the retention ratio and fixation ratio of the DCS
decreased. The Ca2+ screened the surface negative charges of the fibers and DCS
simulacra, which made the absolute value of the zeta potential of pulp and the cationic
demand of the filtrate through a 150-mesh screen lower than in a pulp system without
Ca2+. In addition, the drainage rate of pulp increased.
3. To achieve whitewater closure in papermaking, under the current neutral/alkaline
papermaking environment, the key to “controlling and eliminating DCS accumulation
in whitewater system” technology is to avoid excessively high concentration of calcium
ions, which will allow better outcomes to be achieved in the DCS chemical control.
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