
Polyvinylamine (PVAm) is a water-soluble polymer 
having a positive charge, the magnitude of which 
depends on the pH of the solution [1]. Following 

the scale-up of methods for commercial synthesis of PVAm 
[2-3], it has been increasingly considered for various ap-
plications in papermaking [4-9]. For example, PVAm has 
been considered as a dry-strength additive [4-5], for achiev-
ing wet adhesion between cellulose surfaces [6], for anti-
bacterial effects [7], and in studies related to fiber floccula-
tion and the usage of nanofibrillated cellulose in 
papermaking [8-9]. In addition, papermaking applications 
have also been considered for a copolymer of PVAm hav-
ing carboxylate groups [10].

Another reason to be interested in the performance of 
PVAm as a papermaking additive is its similarity to chito-
san, which has received a lot of attention in papermaking 
research recently [11-14]. As in the case of PVAm, the nitro-
gen-based groups in chitosan are primary amine groups, 
the charge of which depends on pH.

One reason why there is interest in cationic polymer ad-
ditives for papermaking systems is the net negative charge of 
typical fibers after pulping operations. As shown in Fig. 1, 
the negative charge of the fibers can be attributed to car-
boxylic acid groups [15-16]. In the case of bleached pulps, 
the major portion of these groups are associated with the 
hemicellulose component of the fibers. Due to attraction 
between charges having opposite signs, it is reasonable to 

expect effective retention of cationic additives on the fiber 
surfaces [17].

It is known that the positive charge of amines (with the 
exception of quaternary amines) falls as the pH is increased 
in a range of about 4 to about 10, after which a neutral 
charge is shown [18]. Only limited research has been car-
ried out to determine the effects of pH on the performance 
of papermaking additives based on primary amines, and 
some important questions remain. In particular, evidence 
has been presented suggesting that a bridging mechanism 
of interaction between surfaces in papermaking furnish 
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ABSTRACT: The effects of polyvinylamine (PVAm) on papermaking process attributes and handsheet quality 
were evaluated for a recycled copy paper furnish in a near neutral-to-alkaline pH range. The degree of protonation of 
primary amine groups, such as those in PVAm, is known to decrease with increasing pH. Streaming potential tests 
surprisingly showed that a high treatment level of PVAm on the copy paper furnish was able to maintain a net posi-
tive zeta potential up to pH of about 11, whereas charge demand titrations indicated that PVAm maintained its posi-
tive charge character up to about pH 10. Favorable dewatering was observed when the furnish had been pretreated 
with 1% polyacrylate dispersant prior to treatment with PVAm at the 0.5% level, and the mass of filtrate increased 
slightly with increasing pH. First-pass retention tests showed poor retention efficiency in systems where the furnish 
had been treated with the dispersant, then PVAm, in an unfavorable pH range of about 9 to 9.5. Higher retention was 
achieved both at pH 8.2 and at pH 10 or higher. Handsheets showed superior breaking length results in the systems 
where the stock had been pretreated with the dispersant, though strength decreased strongly with increasing pH. 
Differences in filler content, as indicated by ash analysis, were not large enough to account for the observed 
strength differences. Formation uniformity was substantially increased by the pretreatment with dispersant, even in 
the presence of PVAm and throughout the studied pH range.

	 Application: Due to its high cationic charge density and pH sensitivity, it is meaningful to test the performance 
characteristics of PVAm in a papermaking process. This work also sheds light on some unexpected interactions 
when PVAm was added to papermaking stock that had been intentionally contaminated with anionic dispersant.

1. Representation of a cellulosic fiber, emphasizing the 
importance of carboxylic acid groups as an explanation for their 
predominantly negative charge within the usual pH range for 
papermaking.
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becomes dominant when these polyelectrolytes are used 
at neutral or higher pH values [11,19]. Most notably, the dry 
strength contribution of chitosan was found to be greater 
under alkaline conditions of papermaking (pH 8.5) [11]. In 
other words, conditions that would be expected to lead to 
a lower effective positive charge of the chitosan have led to 
more effective retention and strength effects. Some earlier 
studies had likewise shown that cationic polymers having 
a relatively low density of positively charged groups tended 
to be more effective for bridging flocculation [20] and for 
microparticle-type drainage and retention treatments [21] 
for papermaking. 

The present research focused on alkaline papermaking 
conditions in which PVAm was used either alone or in com-
bination with other additives. The key variable considered 
was the pH of the fiber suspension. Because of the pres-
ence of calcium carbonate filler in the recycled copy paper 
furnish that was used, most of the tests were constrained 
to pH values of about 8 and higher. As a further challenge 
to be addressed by the teams of undergraduate students 
carrying out the work, some of the furnish had been delib-
erately pretreated with an anionic dispersant (sodium poly-
acrylate) at a relatively high level. The purpose was to rep-
resent a high level of contamination, i.e., “anionic trash” or 
“dissolved and colloidal anionic materials.” Such conditions 
can test the tolerance and robustness of various chemical 
additives systems for papermaking. Tested variables in-
cluded zeta potential, charge demand, retention efficiency, 
drainage rates, degree of fiber flocculation, and resulting 
paper properties. 

EXPERIMENTAL
Chemicals and materials

The chemical additives used in this work are listed in  
Table I, along with a general description and source infor-
mation. The chemicals were diluted to 1% solids before use 
in the experiments. For purposes of calculations, the dry 
product was regarded as having 100% solids content. Fur-
ther details regarding the chemicals, their preparation, and 
the experimental procedures were provided in a compan-
ion article [22].

Pulp preparation
Boise Aspen Recycled Multi-Use Paper (Packaging Corpo-
ration of America; Lake Forest, IL, USA), having 100% re-

covered fiber content, was used to make a 0.5% consistency 
pulp suspension. Based on 900°C ash analysis, the content 
of CaCO3 in the paper was about 22.7% [22]. Sodium sulfate 
solution was added until the conductivity reached 1 mS/cm 
to simulate the typical salt buildup of some paper mill op-
erations. Some of the default furnish, when noted in the 
results section, was pretreated at the 1% level (solid mass 
of additive on furnish solids) with the sodium polyacrylate 
dispersant.

Dewatering tests
A modified Schopper-Riegler test was used to measure the 
gravity-induced dewatering rates of pulp slurries under 
various conditions. A 200-mesh or 100-mesh screen was 
used to filter out fibers. The change to a coarser screen 
(100-mesh) was made in an effort to remove any influence 
of screen contamination on observed drainage rates. In fu-
ture work of this type, the coarser screen is recommended 
for dewatering tests. The mass of fluid that had left the de-
vice was measured at 5 s, 10 s, 20 s, 40 s, and 60 s to ob-
serve how the dewatering rate changed over time.

Retention tests
Retention was measured using a Britt jar fitted with a 200-
mesh screen. The slurry was mixed at 600 rpm. The slurry 
was sampled by removing the clamp at the bottom orifice. 
The first 10–20 mL of filtrate collected was dumped back 
into the Britt jar. A second sample was collected and di-
luted by a factor of 10. The turbidity of the diluted second 
sample was measured ten times. The system was assumed, 
as a first approximation, to follow the Beer-Lambert law, 
such that turbidity is proportional to the solids present in 
the suspension [23-24]. The turbidity of the slurry was cal-
culated as ten times the average turbidity of the diluted 
filtrate samples.

Flocculation tests
In this test, 500 mL of stirred stock solution was pumped 
through a 6-mm inner diameter Tygon® tube (Saint-Gobain; 
Courbevoie, France) at a rate of 50 mL/min. A “low-gain” 
photometric dispersion analyzer (PDA) from Rank Brothers 
(Newbury, England) measured the amount of flocculation 
in the slurry. The root-mean-square (RMS) values were re-
corded with the “Filter” mode selected, with the gain con-
stants both set at 1.000. 

Brand Name Supplier Description

Hercobond 6350 Solenis1 Polyvinylamine (PVAm) dry strength technology

Sokalan PA 40 BASF2 Sodium polyacrylate, dispersant

 1. Solenis LLC (Wilmington, DE, USA)

 2. BASF (Ludwigshafen, Germany)

I. Chemicals used in the experiments.
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Streaming potential tests
In this test, a vacuum was applied through a 100-mesh 
screen to separate filtrate from stirred stock. A millivoltme-
ter measured the change in voltage (potential) across the 
fiber pad. The zeta potential (ζ) was found by comparing 
the voltage versus the change in applied pressure and using 
the Helmholtz-Smoluchowski equation [25-26], as follows:

   ζ = 4π ΔE ηλ / (ΔP ε)

where ΔE is the measured difference in voltage between 
the probes, η is the viscosity, λ is the electrical conduc-
tivity, ΔP is the applied vacuum, and ε is the dielectric 
constant. For convenience, the following form of the 
equation, with temperature corrections for viscosity of 
water and electrical conductivity (relative to 25°C calibra-
tion), was used:

    ζ (mV) = 12.27 ΔE (mV) * [λ (μS/cm) / ΔP (mm Hg)] *  
   [1+(25-θ)/44.74)]/ [1+(25-θ)/223.7)]

Charge demand titrations
An emtec CAS touch! streaming current detector (emtec 
Electronic; Leipzig, Germany) was used to measure the 
charge demand, and 0.001 N solut ions of 
poly(diallyldimethylammonium chloride) and poly(vinyl 
sulfate) were used as titrants.

Handsheet formation and testing
Handsheets were made and tested using TAPPI Standard 
Test Methods T 205 “Forming handsheets for physical tests 
of pulp” and TAPPI T 220 “Physical testing of pulp hand-
sheets,” respectively. 

Tensile testing
Tensile testing was conducted following TAPPI Methods T 
494 “Tensile properties of paper and paperboard (using 
constant rate of elongation apparatus)” and TAPPI T 220. A 
15-mm-wide strip of paper was cut from the center of the 
handsheet. It was set in the jaws of the tensile tester, which 
were 100 mm apart. The device pulled the strip apart, and 
the strength data from the machine were collected.

Air permeability
A manual Gurley densometer was used to measure the air 
permeability of the handsheets following TAPPI T 460 “Air 
resistance of paper (Gurley method).” The inner cylinder 
was raised until it was supported by the latch at the top of 
the device. A handsheet was inserted into the device and 
secured. Then, the catch holding the inner cylinder was 
released, and the time for 100 cm3 of air to flow through 
the handsheet was recorded. 

Formation uniformity
The Paper PerFect Formation Analyzer (OpTest Equipment; 

Hawkesbury, ON, Canada) was used to measure the aver-
age floc size of the handsheets. Testing focused on two floc 
size ranges, C7 (6.7–13 mm) and C9 (18.5–31 nmm). 

Ash content
The ash content of the handsheets was tested. As described 
in TAPPI T 413 “Ash in wood, pulp, paper and paperboard: 
combustion at 900°C,” the handsheets were weighed and 
put in a 900°C oven for 1 h, then removed and weighed 
again after cooling. The handsheets were assumed to have 
a 10% moisture content going into the oven (air dry). The 
percentage of ash content was calculated as follows:

  Ash (%) = [Ash weight (g) / (0.9 *  
  Oven-dry paper weight (g))] * 100% 

RESULTS
Zeta potentials

The effects of pH on the zeta potential of a furnish treated 
with 1% on solids PVAm are shown in Fig. 2. The rela-
tively large scatter in measured results is attributed to the 
realistic amount of salinity (1 mS/cm) of the furnish, which 
repressed the signal. The dotted line indicates the main 
trend. The zeta potential of the furnish was positive 
throughout the entire range tested, from an acidic to basic 
pH range. Especially at the lower end of the pH range, such 
findings are consistent with the cationic nature and high 
charge density of PVAm. However, in the light of previous 
findings [18], it was surprising that the zeta potential re-
mained positive in the higher pH range, especially above 
a pH of 10. A possible explanation may lie in the high den-
sity of amine groups within PVAm. Thus, even if only a 
small fraction of them remain protonated at a certain high 
pH value, it might still be enough to outnumber the nega-
tively charged carboxylate groups present on the fibers. 

Charge demand properties
The results of the cationic demand testing of PVAm alone 
in water are shown in Fig. 3. The cationic charge of the 
polymer solution generally decreased with increasing pH. 
The values dropped rapidly to zero as the pH reached 
about 10. The results are consistent with what is expected 
for the deprotonation of primary amine groups with in-
creasing pH [17].

Figure 4 shows corresponding cationic demand results 
for the default furnish. In an untreated pulp furnish at neu-
tral to basic conditions, the cationic demand of the filtrate 
was net positive due to the negative carboxyl groups on the 
surfaces of fibers, as well as colloidal material from the fi-
bers. With the addition of highly cationic PVAm, the cat-
ionic demand was made either less positive or more nega-
tive. The PVAm was able to neutralize the cationic demand 
of the furnish at a higher pH of around 10.2, although there 
was a large error in the default furnish results at the high-
est tested pH value. 
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2. Effects of pH on zeta potential of a 1% on solids polyvinylamine (PVAm) treated furnish.

3. Effects of pH on the colloidal charge of PVAm in aqueous solution.

4. Effects of pH on cationic demand on an untreated furnish and a furnish with the addition of 0.5% on solids PVAm.
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A surprising aspect of the results for the 0.5% PVAm 
condition in Fig. 4 was that positive values for cationic de-
mand (meaning a net-negative charge of the filtrate) were 
observed under conditions where the corresponding zeta 
potential results in Fig. 3 showed net positive fiber surfaces. 
Here, it is important to note that the two tests measure dif-
ferent things. The streaming potential tests (Fig. 3) show 
information about the fiber surface. The charge demand 
titration results (Fig. 4) show information about dissolved 
and colloidal material in the filtrate. In theory, one would 
expect that processes of mixing and adsorption would 
cause the fiber surfaces to become negative whenever the 
cationic demand is positive. Further work may be needed 
in order to explain these findings.

Dewatering rate testing
The two curves shown in Fig. 5, having to do with dewa-
tering, need to be considered separately, since the corre-
sponding tests were carried out with different screens. A 
finer 200-mesh screen was used just for the tests with the 
default furnish, but it was replaced by a coarser 100-mesh 
screen for the remaining tests. 

The lower curve corresponds to treatment of the default 
furnish with 0.5% PVAm. There were two peaks correspond-
ing to higher drainage. Such higher dewatering rates were 
observed at the default pH (8.2) and also in furnish pH ad-
justed to a high pH of 10.5 before the PVAm addition. Slow-
er drainage was observed in the intermediate pH range.

The upper curve reveals something that has not been 
reported in previous work. Relative to the data reported 
by Putney et al. [22], it shows that pretreatment of the fur-
nish with polyacrylate dispersant at a relatively high level 
(1%) yielded favorable dewatering upon addition of the 
0.5% PVAm. The effect was persistent over a wide pH range 
(all “alkaline papermaking” conditions). 

Retention efficiency
Results of the retention tests are shown in Fig. 6. Lower 
turbidity values of the filtrate indicate higher retention of 
fine particles. Error bars are shown only in cases where the 
95% confidence limits were larger than the corresponding 
plotted point. It was found that while changes in pH under 
ordinary alkaline papermaking conditions did not affect 
the retention performance of PVAm, it was very effective 
at the highest pH level tested. Past researchers have argued 
that such results (often observed with chitosan) are due to 
the polymer exhibiting a bridging mechanism [11,19].

Unexpected results were shown by the upper curve, 
where polyacrylate dispersant had been added to the fur-
nish. The deeper red of the diamond symbols reminds us 
that the polyacrylate dispersant makes the system more 
anionic. High retention was obtained near pH = 8.2, which 
is typical for alkaline papermaking conditions. This might 
be attributed to polyelectrolyte complexation between the 
polyacrylate (1%) and the PVAm (0.5%). High retention 
achieved at the highest pH values would support the state-
ments made earlier regarding a possible bridging mecha-
nism. 

In an attempt to understand the results just described, 
a pair of working hypotheses will be proposed and tested. 
First, it would be expected that in the presence of disper-
sant, the PVAm would be become less effective as a reten-
tion agent with increasing pH due to the decreasing positive 
colloidal charge of the amine groups. This concept is sup-
ported by the increasing turbidity of the filtrate as the pH 
was increased from 8.2 to 9.5. To account for the subsequent 
improvement in retention, with further increase in pH, it is 
initially proposed that this is due to increased ionic strength. 
It is well known that an increased ionic strength will sup-
press the range and strength of electrostatic repulsive forc-
es between like-charged objects in a suspension [27]. On 

5. Mass of filtrate drained after 40 s at varying pH levels for 0.5% PVAm treated furnish. Red diamond symbols correspond to furnish 
pretreated with 1% dispersant. Pink circles correspond to the default furnish.
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6. Turbidity measurement of a PVAm treated furnish with and without the addition of 1% polyacrylate.

7. Flocculation measurement of a PVAm treated furnish with and without the addition of 1% on solids polyacrylate dispersant. The 
black square corresponds to the untreated blank (RMS: root mean square).

that basis, adding sufficient sodium hydroxide (NaOH), and 
thereby increasing the ionic strength, would be expected 
to increase the retention of fine particles onto fiber sur-
faces. In the present case, however, this second hypothesis 
can be rejected. The reason is that the process water al-
ready had been treated with sodium sulfate at a sufficient-
ly high level that a pH of 10 or 10.5 would have only a minor 
relative effect on the ionic strength.

Fiber flocculation
Figure 7 compares the flocculation of two stock suspen-
sions following treatment with 0.5% PVAm. One of the sus-
pensions had been pretreated with the dispersant, while 

the other had not. The tests were conducted over a pH 
range from near-neutral to highly alkaline. Results showed 
a high level of flocculation of the PVAm systems at the high-
est reported pH. Though this observation has not been re-
ported before, it seems consistent with earlier theories of 
bridging flocculation by amine-type polymers at high pH 
values [11,19]. 

The findings for flocculation in systems where PVAm 
was added last can be regarded as generally favorable. The 
pretreatment with polyacrylate dispersant, which seemed 
favorable for both drainage and retention (when PVAm was 
used), did not produce excessive flocculation, especially at 
typical pH for alkaline papermaking, e.g., pH = 8.2.
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Handsheet properties  
Figure 8 shows the results of breaking length tests. As 
indicated, the addition of polyacrylate dispersant to the 
default furnish greatly increased the breaking length. This 
effect can be best shown at a pH of 8.2, where the addition 
of the dispersant alone increased the breaking length to 
over 7 km (from the control value of 1 km). The addition 
of PVAm alone did not appear to significantly affect the 
breaking length of the handsheets. The combination of the 

dispersant and PVAm increased the breaking length be-
yond that of the control at the lower ranges of pH’s tested 
(8.2–9), but not to the same extent as using the dispersant 
alone. Increasing the pH decreased the breaking length of 
handsheets dosed with PVAm and anionic dispersant.

Results for air permeability and ash tests are shown in 
Table II. The addition of 0.5% PVAm significantly in-
creased the ash content of the handsheets across the entire 
neutral-to-basic pH range tested, with slight increases in 
air permeability (although not significantly different from 

8. Results of breaking length testing on handsheets.

pH
Dispersant,  

%
PVAm,  

%

Gurley Densometer,  
s/100 cm3

900°C Ash,  
%

Mean St. Dev. Mean St. Dev.

8.2 0 0 12.7 1.31 3.5 0.26

8.2 0 0.5 11.2 3.08 9.5 0.33

9 0 0.5 9.9 0.59 9.1 0.34

9.5 0 0.5 10.8 0.91 8.9 0.24

10 0 0.5 8.8 0.99 10.4 1.97

10.5 0 0.5 10.3 1.19 9.3 0.41

8.2 1 0 6.2 5.53 3.3 0.09

10 1 0 4.6 1.34 - -

8.2 1 0.5 1.6 0.28 5.9 0.35

9 1 0.5 5.6 0.63 6.2 0.24

9.5 1 0.5 5.2 1.33 5.6 0.35

10 1 0.5 4.0 2.05 6.2 0.65

10.5 1 0.5 3.0 1.98 6.2 0.48

II. Air permeability and percent ash content of handsheets (PVAm: polyvinylamine).
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the control). The addition of the 1% dispersant significant-
ly increased the air permeability of the handsheets, with 
a small decrease in ash content. The combination of the 
dispersant and PVAm greatly increased the air permeabil-
ity of the handsheets (lower Gurley seconds). This effect 
was greatest at a pH of 8.2, where the permeability was 
over ten times greater than that of the control. At higher 
pH values, the effects of the additives were less pro-
nounced, with air permeability being only two to three 
times greater than that of the control handsheets. The 
relatively high air permeability of sheets from stock that 
had been pretreated with anionic dispersant is in agree-
ment with the relatively high dewatering rates shown ear-
lier in Fig. 4 for those same conditions. 

The results of formation uniformity testing are shown 
in Table III, with higher values indicating more uniform 
formation. Increasing the pH decreased the uniformity of 
the control and PVAm-treated handsheets, with this effect 
being less pronounced on handsheets that had been pre-
treated with the polyacrylate dispersant. In general, the 
addition of PVAm decreased the uniformity of the hand-
sheets. Addition of the polyacrylate dispersant at the 1% 
level on solids in the absence of other additives greatly 
increased the uniformity of the handsheets. When the dis-
persant was used in combination with PVAm, it was able 
to counteract the decrease in formation uniformity caused 
by PVAm. Thus, a high uniformity was maintained across 
the entire neutral-to-basic pH range tested when the sys-
tem had been pretreated with the dispersant.

DISCUSSION
Though laboratory testing of papermaking systems is inher-
ently simpler than what happens on a commercial paper 
machine, this study included some features aimed towards 
making conditions more realistic. The furnish, which was 
prepared from 100% recycled copy paper, can be expected 
to contain a range of fibers, cellulosic fines, filler particles, 
and a baseline of chemical additives that had been employed 
during the initial production cycle. In addition, the tests 
were carried out in the presence of water that had been ad-
justed to a realistic electrical conductivity level of 1000 μS/cm 
by the addition of sodium sulfate. In an attempt to observe 
some effects related to contamination with anionic colloidal 
material (sometimes called anionic trash), some batches of 
the default furnish were pretreated at the 1% level (by solids) 
with an anionic dispersant. On the other hand, with an aim 
to clearly reveal effects of chemical treatments, the dosage 
levels used in the present work were often large in com-
parison to common commercial practices.

When evaluating effects in the default furnish, the de-
watering rate effects showed some agreement with earlier 
work that had indicated different mechanisms acting at 
different ranges of pH [11,19]. Accordingly, a significantly 
higher dewatering rate at the highest pH considered (about 
10.5) of the untreated stock seems consistent with a bridg-
ing mechanism of flocculation by the PVAm, due to its low 
cationic charge at that pH. By contrast, a charge neutral-
ization mechanism is reasonable as a way to explain in-
creases in drainage rates at the lowest pH level considered 

III. Results of formation uniformity testing Paper PerFect formation analyzer.

pH
Dispersant,  

%
PVAm,  

%
C7 Mean

Standard 
Deviation

C9 Mean
Standard  
Deviation

8.2 0 0 18.3 2.07 29.1 4.14

10 0 0 12.3 0.05 21.2 0.90

8.2 0 0.5 14.5 0.99 25.5 1.78

9 0 0.5 12.0 0.57 21.1 1.29

9.5 0 0.5 11.0 0.15 18.4 0.32

10 0 0.5 10.8 0.15 18.4 0.15

10.5 0 0.5 10.5 0.59 17.8 0.92

8.2 1 0 20.6 1.19 40.5 2.10

8.2 1 0.5 20.1 0.26 39.4 0.64

9 1 0.5 19.7 0.15 38.7 0.55

9.5 1 0.5 19.5 0.13 39.7 0.34

10 1 0.5 19.4 0.06 39.5 0.39

10.5 1 0.5 19.5 0.24 39.5 0.19
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(about 8.2), corresponding to the self-buffered pH of the 
default furnish. Notably, the highest pH values also led to 
higher levels of flocculation and retention efficiency in the 
present work.

As already mentioned in a companion article [28], the 
observed effects due to the addition of the polyacrylate dis-
persant at the 1% level based on solids appear to fall outside 
of the range of conventional papermaking, and the authors 
are not aware of other studies showing apparent high de-
watering rates following such treatment. Though the results 
shown in Fig. 5 suggest a positive effect on drainage, these 
results are not consistent with those reported earlier, when 
evaluating a range of tissue additives in the same type of 
furnish [22]. The mesh screen used on the modified Schop-
per-Reigler device was periodically removed for scrubbing 
with soap and water, and/or replaced, due to gradual ac-
cumulation of fine material in the course of multiple ex-
periments. In particular, tests involving pretreatment with 
the dispersant were always done on different days and by 
different experimenters from those who studied the furnish 
in the absence of dispersant. 

A question that might be considered in future work is 
whether or not a combination of treatment with a cationic 
polymer, followed by an anionic dispersant, at optimized 
levels, might achieve drainage benefits analogous to com-
binations of cationic polymers such as retention aids, fol-
lowed by colloidal silica or bentonite [29]. The present ex-
periments were not sufficient to shed light on that 
possibility. Earlier work, which led to commercial prod-
ucts, showed that such effects can be achieved with certain 
highly crosslinked anionic polyelectrolytes being used in 
place of the negatively charged nanoparticles or micropar-
ticles [21]. However, questions remain regarding the rang-
es of material that can be employed to achieve drainage 
benefits by related sequential combinations of oppositely 
charged additives.

When considering the retention results, certain aspects 
of the pH-related results were once again in apparent agree-
ment with earlier findings [11,19]. Thus, it might be pro-
posed that, in the systems pretreated by dispersant, it 
would be reasonable to expect poor results in a pH range 
that was too high for the PVAm to be effective as a charge 
neutralizing agent, but too low for it to have its best effect 
as a bridging flocculant. Such a mechanism is also consis-
tent with the nature of the polyacrylate dispersant. Its 
charge density would be expected to become increasingly 
anionic with increasing pH over a range from about 3 to 
neutral pH, and then to remain steady over the range con-
sidered in this study. 

Availability of equipment allowed for some key observa-
tions regarding formation uniformity that had not been 
considered in two companion articles [22,28]. The results 
showed relatively large numerical improvements in forma-
tion uniformity upon pretreatment of the furnish with the 
anionic dispersant, and much lesser decreases in formation 

uniformity with subsequent PVam addition, regardless of 
pH level. For many papermakers, utilization of dispersants 
would be regarded as undesirable, not only due to the 
added expense, but also due to strong interferences with 
the action of retention aids. Nevertheless, the present re-
sults suggest that PVAm might be a suitable choice of agent 
for dispersant-treated furnish as a way to achieve accept-
able retention results, good drainage, good formation uni-
formity, and favorable strength.

CONCLUSIONS
Effects of polyvinylamine, alone and in combination with 
other papermaking additives, were evaluated when it was 
added to furnish prepared from recycled copy paper. To 
simulate a highly contaminated system, some of the furnish 
had been pretreated at a high level with anionic dispersant. 
Operational outcomes such as drainage rates, retention ef-
ficiency, and flocculation tendency were tested, in addition 
to tensile, strength, porosity, formation uniformity, and ash 
content of the resulting paper. 

Many of the effects of PVAm addition could be explained 
based on its cationic charge, in addition to the pH-depen-
dency of that charge. The zeta potential of the fibers treat-
ed by PVAm at a suitable level remained positive up to a 
pH of 11, which is higher than was expected based on the 
literature. Charge demand titrations showed decreasing 
cationic charge with increasing pH, reaching a zero value 
at about pH 10. 

Adding sodium polyacrylate dispersant at a 1.0% level 
to the furnish (based on solids) led to high strength char-
acteristics of the paper, in addition to favorable drainage. 
These results appeared to be associated with very uniform 
formation, as well as lower filler content of the resulting 
sheets. Addition of PVAm at the 0.5% level in such systems 
was able to improve the retention of filler, while still achiev-
ing relatively high strength, as well as good dewatering and 
favorable uniformity.

In the typical pH range for alkaline papermaking, in the 
absence of dispersant, the effects of PVAm addition were 
generally consistent with charge-related mechanisms, such 
as charge neutralization or polyelectrolyte complexation. 
The retention performance of PVAm was independent of 
pH within a pH range from about neutral to about 9.5. At 
yet higher pH values, its effects on retention and drainage 
increased. These results, though they seem to be in agree-
ment with some earlier reported findings, have not yet been 
fully explained. Notably, however, the unexplained behav-
iors were seen only for pH conditions outside of the pH 
range commonly used in paper mills.
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