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Retention aids can affect papermaking process efficiency and product quality.  

The efficiency of these polyelectrolyte treatments may be affected by conditions 

of flow before and during sheet formation.  Four contrasting retention aid systems 

were compared.  Hydrodynamic shear before dewatering decreased the retention 

efficiency of very-high-mass acrylamide copolymers, consistent with irreversible 

breakdown of polymeric bridges.  Such shear had little effect in the case of a 

moderately high-mass ethyleneimine copolymer.  The relative effectiveness and 

responses to flow conditions of different polymeric treatments were consistent 

with concepts of charge neutralization, charged patches, and two types of 

polymeric bridges.  Flow velocity pulsations normal to the plane of the forming 

screen lowered the retention efficiency for all of the retention aid systems, though 

not as much as the application of uniform time-averaged shear stress to the 

suspension during dewatering. 
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Starting with Brecht [1], many researchers have considered how polymeric retention aids 

function during papermaking [2-10].  Brecht proposed that both mechanical (sieving by 

the fibre mat) and colloidal (adhesion to fibres, etc.) factors contribute to the retention of 

particles too small to be individually retained by the forming fabric.  During the 1940’s 

there was substantial progress in understanding the electrical double-layer and dispersion 

force contributions to colloidal adhesion between particles in aqueous suspensions [11, 

12].  Such forces largely determine whether inter-particle collisions, brought about either 

by flow or by random thermal motions, result in inter-particle adhesion.  But systems 

containing water-soluble polyelectrolytes of very high molecular mass generally cannot 

be explained by just the electrical and dispersion contributions of force between solid 

surfaces in solution [8, 13-15].  For example, in cases considered by La Mer and Skelly 

[16] and by Gregory [17], a new concept of polymer bridging between surfaces was used 

to account for rates of flocculation.  Part 1 of this series [18] also considered such a case. 

 

There has been strong interest to find out whether polymer-induced attachments among 

solid surfaces in a suspension will form again if they are torn apart by intense 

hydrodynamic shear forces in the unit operations leading up to the formation of paper [4, 

10, 19].  The degree of reversibility has a bearing on decisions of where in the process, 

and in what order to add different retention aid components [20].   
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Reversible flocculation has been expected when attachments between suspended particles 

are brought about mainly by neutralization of the surface charges [12].  In such cases the 

forces of interaction between the surfaces after shearing are expected to be basically the 

same as those acting moments earlier, before the surfaces were torn apart.  This explains 

why optimum retention aid performance, due to various papermaking additives, often has 

been found when the zeta potentials were near zero or slightly negative [21-23].  Not all 

papermaking operations show a clear cause-and-effect relationship with zeta potential, 

especially if very-high-mass polymers are used for retention [14].  Poly-

diallyldimethylammonium chloride (poly-DADMAC) [24, 25] is an example of an 

additive that can neutralize negative surface charges. 

 

Another mechanism to explain reversible flocculation by polymers involves the 

formation of charged patches or mosaics of charge on the solid surfaces in a suspension 

[7, 17, 26].  The adsorbed polyelectrolyte may reverse the net electrical charge in the 

covered areas, and these areas become electrically attracted to uncovered areas on 

adjacent surfaces.  Gregory [17] observed the fastest flocculation when the adsorbed 

polymers covered approximately half of the available surface.  Also, adsorbed 

polyelectrolyte of moderate mass on a particle surface can result in much stronger 

attachment to an oppositely charged solid surface, compared to mere neutralization of 

like charges [8].  The charged patch model seems to apply best in cases of moderately 

high-mass, high-charge density polyelectrolytes, often having a highly branched structure 

[14].  For example, the strongest flocculation with a polyethyleneimine product having a 

molecular mass in the neighborhood of 2 million was reported at an intermediate dosage 
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of the polymer [27].  The effect also could be reversed by application of alternating high 

and low hydrodynamic shear conditions [28, 29]. 

 

In other cases, once the flocculant-induced bonds are broken, they do not form again with 

the same strength [10, 30, 31].  Long-chain retention aid polymers may be torn apart 

when contacts between the surfaces are broken [26].  Polymer bridging implies that the 

long-chain molecules adsorb in a three-dimensional conformation, with long loops and 

tails of polyelectrolyte extending into the solution.  Such loops and tails helps to explain 

observations of very high rates of flocculation, exceeding the predicted maximum rates 

based on the numbers and sizes of suspended particles [32].  The presence of highly 

extended retention aid polymers at fibre surfaces is supported by Nanko and Pan [33].   

 

Britt found the strongest flocculation following sequential addition of high-charge 

cationic additive followed by high-mass anionic polymer [2].  Such “dual” retention aid 

treatments already were known in the 1940’s [34], and they continue to be widely used 

[35-40].  The cationic additive is expected to form anchoring sites for the long-chain 

anionic polymer.  The strong flocculating ability of such systems has been attributed to 

(a) complexation between segments of the anionic polymer with the cationic adsorbed 

material, (b) an expectation that the anionic polymer will not lie down flat on adjacent, 

uncovered areas of the solid surfaces – assuming that the surface charge is negative, and 

(c) the fact that anionic polymers are not neutralized by anionic colloids in the pulp 

suspension.  Strong, stable complexation has been confirmed recently in studies of 

multiple alternating layers of oppositely charged polyelectrolytes [41, 42]. 
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In part 1 of this series the effect of a cationic acrylamide copolymer on retention was 

evaluated with respect to changes in the flow environment before and during formation of 

a fibre mat, using a new apparatus [18, 43].  Shearing of the fibre suspension before 

dewatering had a negative effect on fine-particle retention, even when the fibre mat was 

subjected to vigorous, well-defined flow pulsations during the drainage process.  Results 

were interpreted with reference to the concept of macromolecular bridges [26].   

 

The present article concerns experiments with three additional types of retention aid 

treatments.  First, a high-charge cationic polymer was followed by high-mass anionic 

polymer (“dual-polymer bridging”).  The second treatment was with a moderately high-

mass, high charge cationic polymer (“charged patches”).  The third treatment involved 

sufficient medium-mass, high-charge cationic polymer to convert the zeta potential of the 

fibre fines in the suspension to near zero (“charge neutralization”).   

 

While the mechanisms of retention aids have been studied [2-4,19-20,22-23,26,35-40], 

important questions still remain.  For example, how do different chemical treatments 

compare in the presence of different idealized flow conditions during forming, including 

simple filtration vs. dewatering in the presence of flow pulsations?  Which retention aid 

systems are affected by flow conditions before sheet formation (See Part 1 [18])?  Does 

the rank order of effectiveness of different flocculant systems change when different 

sequences of idealized flow conditions are compared? 
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EXPERIMENTAL SYSTEM 
 
Materials 
 
The fibre furnish was the same as for Part 1 of this series [18].  Briefly stated, bleached 

hardwood kraft pulp was refined to 400 CSF, fractionated with a 200-mesh screen, and 

the fractions were recombined such that the relative amount of fines was increased by a 

factor of approximately three from the original.  Precipitated calcium carbonate (PCC) 

was added, resulting in a mixture having a dry content of approximately 45% fibre 

fraction, 25% fibre fines, and 30% PCC.  The consistency was adjusted to 0.5%, and the 

conductivity was adjusted to 1000 µS/cm, using Na2SO4.  The pH was 9.3. 

 

The polyelectrolytes are listed in Table 1.  The poly-diallyldimethylammonium chloride 

(poly-DADMAC) was Alcofix® 169, a product of Ciba Specialty Chemicals having 

essentially 100% charged monomeric groups and a molecular mass of about 300,000 

Daltons.  The ethyleneimine copolymer was Polymin® SKA from the BASF corporation, 

a high-charge, somewhat branched macromolecule having a molecular mass of about 2 

million Daltons.  The charge density has been estimated at 8 meq/g [44] based on 

evaluations in which the amine groups were mostly in their protonated, charged forms.  

The cationic acrylamide copolymer was Percol® 455, a dry-bead product having a charge 

density of approximately 3% on a monomer basis and a mass of in the range of 

approximately 4-10 million Daltons.  The anionic flocculant was Floerger AN 910 BPM, 

an emulsion product having a 10% charge density and a molecular mass of approximately 

4 million Daltons. 
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Apparatus and Procedures 
 
The apparatus and most of the procedures used in the experiments were described in Part 

1 [18].  Further details are provided below. 

 

Microelectrophoresis tests, carried out in preliminary experiments to aid in selection of 

polymer dosages, were with a Charge Analyzer II device from SKS Associates.  These 

tests involved optional polymeric treatment of 500 ml samples of the default fibre slurry 

during continuous stirring at 200 r/min, which was continued for 3 minutes after chemical 

addition.  Samples were passed through a 200-mesh screen to obtain filtrate.  The 

electrophoretic mobility was determined for at least nine randomly selected particles in 

the plane of focus within fifteen minutes of sampling, and the results were averaged.  

 

Further tests, related to dosages required for charge neutralization, were obtained by the 

fibre-pad streaming potential method [45, 46], using a Lab Zeta Data instrument from 

Paper Chemistry Lab, Inc.  This method was used for tests involving the ethyleneimine 

copolymer, since such additives are known to be effective dewatering aids and the 

method provides relative information about drainage rates.  

 

The dosage of poly-DADMAC to neutralize the negative zeta potential of the furnish 

solids was approximately 0.1%, mass basis.  As noted in Table 1, the treatment 

conditions labeled “charge neutralization” involved this addition level.  Twice this 

amount of poly-DADMAC was used in the system called “dual polymer” treatment to 

ensure an ample supply of anchoring sites of the subsequent anionic polymer.  The 
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dosage level of cationic acrylamide copolymer required to achieve an average zeta 

potential of zero was 0.2%; note that the dosage level of this additive in Part 1 of this 

study was approximately half of the value required for neutralization.  Finally, 1.1% of 

ethyleneimine copolymer was required to neutralize the zeta potential, and this amount 

was used for the treatment condition called “charged patch.”  The relatively high dosage 

requirement, to achieve zero zeta potential, is consistent with the pH-dependency of 

dissociation of amine groups [47]. 

 

The treatment conditions shown in Table 1 were used to represent different archetypical 

retention aid programs.  The default furnish was stirred at 200 r/min during polymer 

addition, using a 75 mm diameter impeller blade.   Mixing was continued for 30 seconds 

after treatments involving either cationic acrylamide copolymer (single-polymer 

bridging) and the combination treatment with poly-DADMAC followed by anionic 

acrylamide copolymer (dual-polymer treatment).  Mixing was continued for 3 minutes 

after treatments involving either poly-DADMAC alone (for charge neutralization) or 

ethyleneimine copolymer (for the charged patch retention system).  The longer mixing 

time was used for more uniform distribution of the polymers onto the solids; preliminary 

tests showed that the shorter mixing time resulted in a very wide range of electrophoretic 

mobilities of particles. 

 

Flow conditions used for pre-shearing the fibrous slurries (after optional chemical 

treatment) and for dewatering were exactly the same as described in Part 1 [18]. 
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RESULTS AND DISCUSSION 
 
Treatment levels corresponding to charge neutralization 
 
Figure 1 shows that the zeta potential of the solid particles in filtrate became less negative 

with increased addition of the highly cationic polymer to the fibre suspension.  The 

neutral point was reached at an addition level of approximately 0.1% on slurry solids, 

dry-mass basis.  The filtrate turbidity went through a minimum as the dosage of cationic 

polymer treatment was increased, an observation consistent with a charge neutralization 

mechanism [5, 21-23, 48].   

Poly-DADMAC (% on dry mass)

-20

-15

-10

-5

0

5

10

0.00 0.05 0.10 0.15 0.20 0.25 0.30

Ze
ta

 P
ot

en
tia

l (
m

v)

0

50

100

150

200

250

300

Fi
ltr

at
e 

Tu
rb

id
ity

 (N
TU

)

 

Fig. 1.  Results of microelectrophoresis and 
turbidity tests of filtrate obtained after 
treatment of the default furnish with 
different levels of poly-DADMAC 
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Fig. 2.  Results of fibre-pad streaming 
potential analysis of default furnish 
suspension treated with increasing 
amounts of ethyleneimine copolymer 
  

 

Figure 2 shows corresponding data for treatment of the furnish with a copolymer of 

ethyleneimine, using the fibre-pad streaming potential method [45,46].  As shown, 

approximately 1.1% of the polymer, by mass on slurry solids, was required to reach 

neutrality.  Though this value is high, relative to commercial practices with such 

polymers, the results are consistent with the high pH of the furnish.  The charge density 
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of ethyleneimine products fall with increasing pH [49-50], so a higher amount of the 

polymer is needed to neutralize a given amount of negative surface charges in the system.  

The existence of a maximum dewatering rate agrees with other studies [27]. 

 

Simple filtration 

As shown in Figure 3, simple filtration tests, with no stirring or pulsations, revealed 

different behavior of the four retention aid systems studied.  The Y axis shows the 

turbidity of the filtrate collected during each experiment.  Within each pair of histogram 

bars, the first corresponds to tests in which the furnish was mixed at 500 r/min after 

addition of the retention chemicals (“low” condition), and the second corresponds to 

stronger pre-shearing in a blender (minimum setting, 30 seconds). 

 

Considering first the “low” condition of pre-shearing, Figure 3 shows that the two 

treatment conditions involving acrylamide copolymers (“bridging” systems) were the 

most effective in reducing the turbidity of the filtrate.  Treatment with ethyleneimine 

copolymer (“charged patch”) also yielded a marked decrease in turbidity.  However, 

results corresponding to charge neutralization with poly-DADMAC were not 

significantly different from the control.  Ineffectiveness of charge neutralization usually 

is explained by saying that elimination of electrostatic repulsive forces allows van der 

Waals dispersion forces to coagulate suspended materials together, but that the latter 

forces are weak [36, 51].  However, as noted by Pelton [52], such an explanation may not 

fully account for the observed weakness of coagulation in cellulosic fibre suspensions, 

even at high salt levels.  Rather, the idealized “two planes” and “sphere and wall” models 
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usually used to estimate colloidal forces [53, 54], may be inappropriate in the presence of 

water-loving loops and tails of polymeric materials at fibre surfaces. 

 

Evidence of irreversible breakdown in polymer-induced attachments can be seen by 

comparing turbidity values between low and high shear for different treatment conditions 

in Figure 3.  Both conditions involving very-high-mass acrylamide copolymers 

(“bridging” systems) showed increased turbidity with increased intensity of shear before 

dewatering.  By contrast, no such effect was apparent in the case of “charged patch” or in 

the case of the untreated suspension.  The apparent difference in the case of the “charge 

neutralization” condition was not statistically significant. 
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Fig. 3.  Filtrate turbidity resulting from 
chemical treatments, exposure to different 
levels of pre-shearing, and then filtration in 
the absence of stirring or flow pulsations 
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Fig. 4.  Filtrate turbidity results as in Fig. 
3, except for velocity pulsations (2 Hz, 
full stroke) normal to the plane of the 
forming screen during dewatering 
  

 

Pulsating flow 

The next set of results to be considered was obtained under identical chemical and 

procedural circumstances, with the exception that the bellows pump was used to produce 
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a pulsating component of flow.   The results, shown in Figure 4, generally mirrored 

Figure 3, except that the resulting values of filtrate turbidity were higher.  Again, at the 

low condition of pre-shearing, the two “bridging” chemical treatment conditions were 

very effective.  These two chemical conditions also were sensitive to pre-shearing, 

whereas the other retention chemical systems appeared unaffected by pre-shearing. 

 

The rank order of the results in Figure 4 changed, if one compares the “low” vs. “high” 

levels of pre-shearing.  In particular, the lowest filtrate turbidity after the low-shear 

condition was associated with high-mass acrylamide copolymers, i.e. polymer bridging.  

By contrast, the lowest filtrate turbidity after application of a “high” level of pre-shearing 

was associated with the ethylene-imine copolymer, i.e “charged patch” treatment.  This 

means that a sufficiently high hydrodynamic shear stress after addition of an acrylamide-

type retention aid can cause an irreversible breakdown, so that the retention aid may 

compares unfavorably to treatment with a lower-mass, high-charge cationic additive.   

 

To compare these results to practical situations, the rotational rate of the blender, at the 

selected setting, was 11,700 RPM (tip speed ca. 40 m/s).  Based on estimates given by 

Tam Doo et al. [55], one expects shear stress of the order of 10,000 Pa, which is similar 

to the shear stress that a fibre surface encounters as it passes through pressure screens and 

fan pumps.   

 

Before leaving the discussion of Figures 3 and 4, it is notable that filtrate turbidity was 

markedly increased by flow pulsations even in the case of the untreated furnish.  This 
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finding is consistent with the “washing” effect described by Räisänen and coworkers 

[56].  In other words, the pulsating component of flow makes the fibre mat less effective 

as a filtering medium. 

 

Uniform time-averaged shear above the forming screen 

The next set of tests was carried out without any component of flow pulsations normal to 

the forming fabric; however the specialized rotor (PPJ rotor) was run at 500 r/min during 

dewatering.  As noted earlier [18], the calculated average shear stress within the fibre 

suspension attributable to using the PPJ rotor at this speed was approximately 5 Pa. 

 

Figure 5 shows yet higher values of filtrate turbidity for most of the chemical treatments, 

relative to Figures 3 and 4, both at the low and high levels of pre-shearing after addition 

of the chemicals.  As was noted earlier [18], results with the PPJ rotor are consistent with 

interference of formation of a contiguous mat of fibres on the screen.  As a result, there is 

less entrapment of fibre fines within the mat, so one expects more fibre fines to pass into 

the filtrate.   However, the rank order of the effectiveness of different chemical treatments 

remained about the same, compared to Figures 3 and 4. 

 

Only in the case of the cationic acrylamide copolymer did pre-shearing increase the 

filtrate turbidity when using the PPJ rotor.   This observation suggests that the fibre-to-

fines contacts resulting from treatment with the cationic acrylamide copolymer were 

weak enough to be broken down by the “high” condition of pre-shearing, but generally 

strong enough to resist the “low” condition of pre-shearing and the subsequent exposure 
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to the uniform shear condition during dewatering.  By contrast, the “dual-polymer 

bridging” system, which showed no effect of pre-shearing intensity in Figure 5, would 

have been expected to form stronger bridges [2]; it is reasonable to suppose that such 

bridges survived the “high” condition of pre-shearing.  In general the vigorous action of 

the PPJ rotor tended to obscure effects of preceding chemical and hydrodynamic 

treatments. 
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Fig. 5.  Filtrate turbidity results as in Fig. 3, 
except that uniform time-averaged shear 
was applied to the suspension during 
dewatering 
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Fig. 6.  Filtrate turbidity results as in Fig. 
3, except that the suspension was exposed 
to gentle stirring with an impeller during 
dewatering 
  

 

Gentle impeller stirring 

The final flow condition was similar to that just described, including the same rotation 

rate, except that an impeller was used.  As was shown earlier [43], the effect of impeller 

stirring was much gentler, compared to the PPJ rotor at the same speed.  As shown in 

Figure 6, the filtrate turbidity results for impeller stirring were remarkably similar to 

those in Figure 3, i.e. simple filtration.  It appears likely that the “impeller” condition 
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used in these tests was too gentle to have a measurable effect on fine-particle retention, at 

least for the chemical conditions considered in this work.   

Two contrasting chemical systems compared 

Since the bridging and charged patch treatment conditions showed contrasting behavior 

in Figures 1-4, it is worth looking more closely at results of two of these systems.  As 

shown in Figure 7, the dual-polymer bridging system was sensitive to conditions of 

preshearing under all of the idealized forming conditions, with the exception of the PPJ 

rotor during mat formation.  In all other cases the high condition of pre-shearing yielded 

increased filtrate turbidity, even in cases where the pre-shearing was followed by various 

different conditions of pulsating flow during dewatering.   

 

Figure 7 shows that shearing in the blender after dual-polymer treatment had a distinct 

effect on filtrate turbidity in the case of simple filtration (first pair of histogram bars).  

One hypothesis to account for this involves detachment of individual filler particles from 

the surfaces of fibres and fibre fines.  Whereas the fibre mat is expected to be effective as 

a filter to trap fibre fines [57-59], the much smaller filler particles would be more likely 

to pass through without becoming trapped.  A follow-up study is under way to address 

this point, including separate analysis of filler and fibre-fines retention efficiencies. 

When comparing the results in Figure 7 to those presented earlier for a single-polymer 

bridging treatment [18], almost all of the observed turbidity values were lower, and the 

effect of pre-shearing was more distinct.  In other words, the dual system tended to be 

more potent but less reversible. 
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Fig. 7.  Results of sequential treatment with 
poly-DADMAC, followed by very-high-
mass anionic acrylamide copolymer 
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Fig. 8.  Results of treatment with 
ethyleneimine copolymer, following by 
different pre-shearing levels and different 
flow conditions during dewatering 
  

 

As shown in Figure 8, the ethyleneimine copolymer treatment showed no signs of 

irreversible breakdown due to pre-shearing, regardless of the type of idealized forming 

condition used in subsequent dewatering.  Since the kind of attachments formed by such 

polymers are generally not as strong as those formed by very-high-mass acrylamide 

copolymers [2, 8, 60, 61], these results are attributed to reestablishment of fine-particle-

to-fibre attachments [30, 54] once intense hydrodynamic shear is ended.  Similarly 

reversible flocculation effects, after high-shear conditions were removed, have been 

reported by Horn [50] for systems treated with an ethyleneimine product.  In contrast, 

Ditter et al. [28] reported bridge-like flocculation behavior following treatment with a 

similar copolymer under similar pH conditions. 

 

It is notable that filtrate turbidity in the case of the ethyleneimine copolymer remained 

low even when the furnish was subjected to intense pulsations of flow during dewatering.  

This observation suggests that the chemical-induced attachments between fine particles 



Tripattharanan et al.: Bridging, Charge Neutralization, Charged Patch                   Page 17 

and fibres were generally strong enough to withstand the applied hydrodynamic shear 

stresses associated with that type of forming condition.  To place these results in context, 

Figure 9 shows corresponding results for a system in which the zeta potential was 

reduced to near zero by poly-DADMAC of much lower molecular mass.  Though the 

results shown in Figures 8 and 9 were similar in terms of showing no effect of pre-

shearing the samples before dewatering, it is apparent that charge neutralization alone 

cannot explain the beneficial effect of the ethyleneimine copolymer on retention.  This 

fact tends to support the charged patch mechanism. 
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Fig. 9.  Results following treatment with 
sufficient poly-DADMAC to neutralize the 
net surface charges 
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Fig. 10.  Relationship between filtrate 
turbidity values from two contrasting flow 
conditions during dewatering, based on 
results from different chemical treatments 
(see text) and levels of pre-shearing. 
Filled symbols correspond to the “low” 
condition of pre-shearing. 
 

 

Effects due to Flow Condition During Dewatering 

A general observation, based on comparing results in Figures 3 to 9 is that whereas 

different retention aid systems responded differently to application of hydrodynamic 
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shear before dewatering, different flow conditions during dewatering usually did not 

affect the rank order of effectiveness of the chemical treatments.  However, it was not 

clear whether different flow conditions during dewatering affected all of the chemical 

systems in the same proportion.  To explore this issue, selected results were replotted in 

Figure 10.  The horizontal axis corresponds to the filtrate turbidity for a variety of 

different chemical treatments and pre-shearing conditions followed by simple filtration.  

The vertical axis corresponds to the filtrate turbidity values obtained from the same 

conditions, except that dewatering was accompanied by pressure pulsations (2 Hz, full 

stroke). 

 

The symbols in Figure 10 represent the following conditions: Triangles refer to the 

control set of experiments; circles represent treatment with cationic acrylamide 

copolymer alone; squares indicate sequential treatment with poly-DADMAC and anionic 

acrylamide copolymer; stars indicate the charge neutralization with poly-DADMAC; and 

diamonds represent ethyleneimine copolymer treatment. The filled and unfilled symbols 

refer to application of low and high shear application before dewatering, respectively. 

The dashed line represents 45-degrees.   To a first approximation, the results showed a 

proportional increase in filtrate turbidity due to pulsations, as indicated by the fact that 

the regression line through the data had an intercept close to zero.  If one considers only 

the data corresponding to the low level of pre-shearing (filled symbols), then the 

proportional rule appears to fit especially well.  With the exception of the data 

corresponding to the untreated furnish (triangles) and the charge neutralization treatment 

(stars), the application of a high shear to the furnish samples (unfilled symbols) 
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consistently moved the results closer to the dashed line representing a slope of one; in 

other words the subsequent flow conditions did not make as large a relative difference in 

the case of samples that already had been exposed to stronger hydrodynamic shear 

conditions before dewatering. 

 

CONCLUSIONS 

1. Four contrasting retention aid treatments differed in their ability to reduce the 

turbidity of filtrate collected during lab-scale tests carried out under various 

conditions of flow.  The most effective retention aid programs, among those tested, 

belonged to the categories of dual-polymer and single-polymer bridging. 

2. Intense hydrodynamic shear applied to the fibre suspensions after chemical treatment, 

but before dewatering, decreased the effectiveness of both of the treatment programs 

that involved very-high-mass acrylamide copolymer products, i.e. the treatment 

recipes associated with an expected bridging mechanism of flocculation.  In this 

respect, those two systems behaved in an irreversible manner with respect to 

hydrodynamic shear history of the fibre suspension.  For the first time it was shown 

that the effects of pre-shearing were not obscured by subsequent application of 

vigorous pulsating flows during dewatering. 

3. By contrast, treatment of the suspension with a moderately high-mass, high charge 

density copolymer of ethyleneimine yielded retention improvements that were not 

affected to a significant extent by application of different levels of shear after the 

chemical treatment.  These results are consistent with the use of a charged patch 

mechanism. 
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4. Pulsating flow of known velocity and frequency, normal to the plane of the forming 

screen, increased the filtrate turbidity in all cases, relative to simple filtration of an 

unstirred suspension under matched conditions of chemical treatment and pre-

shearing.  The fact that pulsating flow increased the filtrate turbidity substantially in 

the case of the untreated furnish (control condition) supports the notion that flow 

pulsations interfere with entrapment of fine particles in the fibre mat.   
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TABLES 
 

 
Table 1 – Chemical treatment conditions 
Archetypal 
System 

Chemical 
Component 

Brand 
Name 

Source Approx. 
Mass 

Approx. 
Charge 

Amount 
Added 
(% dry) 

Single-
Polymer 
Bridging 

Cationic 
acrylamide 
copolymer 

Percol® 
455 

Ciba 
Spec. 
Chem. 

Very high 3 mole 
% 

0.1% 

Poly-
DADMAC 

Alcofix® 
169 

Ciba 
Spec. 
Chem. 

300 000 
Daltons 

100% 0.2% Dual-
Polymer 
Bridging 

Anionic 
acrylamide 
copolymer 

Floerger 
AN 910 
BPM 

SNF 
Floerger

4 million 
Daltons 

low 0.05% 

Charged-
Patch 
Treatment 

Ethylene-
imine 
copolymer 

Polymin® 
SKA 

BASF 2 million 
Daltons 

High 1.1% 

Charge 
Neutrali-
zation 

Poly-
DADMAC 

Alcofix® 
169 

Ciba 
Spec. 
Chem. 

300 000 
Daltons 

100% 0.1% 

 
 
 
 
 


