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SUMMARY

Within the pulp and paper industry, the recycling of
process water to reduce water consumption leads to
accumulation of colloidal Material in this water and
greater risk of deposition. A major factor in the colloidal
stability of these substances, which arise from the wood
extractives, is the presence of mnatural polymers
originating from the wood as well as salts that
accumulate in the process water as a result of increased
system closure. This work explores the factors that
affect the stability of wood extractive colloids under
varying conditions of ionic strength, ionic valency,
shear, pH, mixtures of cations and wood polymers
released from pinus radiata thermomechanical pulp.

Coagulation of a colloidal wood extractive
solution by a single salt was found to follow the
Schultz-Hardy rule, with the critical salt coagulation
concentration (CCC) strongly influenced by salt valency
(z). Changes to both pH and shear experienced by the
colloid, were observed to affect the concentration of salt
required to destabilise the colloid.  However, on
addition of a second salt to the solution, the CCC
decreased for calcium + sodium in comparison to when
only a single salt was present.

Addition of wood polymers to an aqueous
dispersion of wood extractives caused two stages of
destabilization of the wood extractive colloids, which
were separated by an apparently stable region. The
behaviour was typical of aggregation by polymers in
which polymer bridging at low polymer additions caused
firstly colloid destabilization, followed by steric
stabilisation of the colloids at medium concentration of
the polymer, then depletion flocculation followed finally
by depletion stabilization at higher polymer
concentrations.
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INTRODUCTION

White water in the pulp and paper process is a
complex mixture of naturally occurring substances
leached from the wood, additives used to stabilize these
substances, inorganic  chemicals arising from
brightening the pulp and fillers added to the paper. The
lipophilic wood extractives that are released from the
wood during pulping form soft colloidal substances
which are known to deposit throughout the paper mill.
To control these naturally occurring substances, it is
essential to develop an understanding of the effect that
the other components have on the colloids.

The stability of colloidal wood extractives is
very dependent on the attractive and repulsive forces
that exist between the colloidal particles. Stability is
achieved when the repulsive forces are greater than the
attractive forces while destabilization and aggregation
of the colloids occurs when the repulsive forces are
reduced sufficiently for the attractive forces to
dominate. The repulsive forces arise from the negative
charge on the particles and the resulting redistribution of
the ions in solution that form an electrical double layer.
The charge on wood extractive colloids comes about
from the presence of carboxylic acid groups which will
deprotonate and so ionize the colloid as pH is increased
(1).

There are several factors that affect the
colloidal stability of the wood extractive particles and
their aggregation. One of the main factors is the
presence of electrolytes.  Electrolytes in solution
influence the electrical double layer and in some cases,
the surface charge. At high electrolyte concentration,
the thickness of the electrical double layer is
compressed (2). A critical electrolyte concentration,
know as the critical coagulation concentration (CCC),
exists at which the colloid is completely destabilized.
Numerous studies have been undertaken to determine
the CCC for a range of salts for wood extractive colloids
(3-5). Although there are some differences between the
reported values, generally the CCC is highly dependent
on the valency of the destabilizing electrolyte (2, 6). An
understanding of the effect of increasing salt levels on
wood extractive colloidal stability is essential,
particularly when most mills are undertaking increased
recycling of process water in order to reduce water
usage.

Another important factor found to influence the
colloidal stability of wood extractives is the presence of
dissolved polysaccharides originating from the wood.
These polysaccharides have been shown to interact with
the wood extractives and significantly affect colloidal
stability by stablizing them in solution (7-11). Other
factors that influence aggregation and colloidal stability
include shear, presence of other additives such as
polymers and the chemical composition of the material
in the colloids.

Aggregation of wood extractive colloids has
been studied in a number of different ways, including
direct deposition measurements (/2-16), and counting
of pitch particles (15, 17). The kinetics of aggregation
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of colloidal particles such as wood extractives, under
dynamic shear conditions, has also been investigated
using a Photometric Dispersion Analyzer (PDA) (18-
25). Use of a PDA makes it possible to look at both the
growth and distribution of colloid sizes (22).

This paper explores the factors that affect the
aggregation of wood extractive colloids from pinus
radiata. The effect of various salts, shear, pH and
polysaccharides are investigated using a PDA to study
the aggregation kinetics, stability factor and the CCC of
different electrolytes. The effect of multiple salts is also
investigated in order to better understand the effect of
mixtures of cations that are present in a typical mill
situation along with polysaccharides and other
substances, all competing and interacting with each
other and the wood extractives. A basic understanding
of the interactions between all the factors is needed in
order to allow the mill to develop strategies to deal with
increased wood extractives and other substances that
affect their stability with reduced water usage and
increased system closure.

EXPERIMENTAL
Materials

All electrolytes used were dissolved in distilled
water as stock solutions. Constant volumes were added
to the PDA solution with desired concentration of stock
solutions, such that the final volume (300 mL) had the
required concentration of salt. Salts of CaCl, and KNO,
were purchased from BDH at 99.8% purity. NaCl and
AlL(SO,); (99.8%), were obtained from Merck.

A thermomechanical pulp (TMP) from pinus
radiata was collected from the primary refiners at
Norske Skog, Boyer, Tasmania.

Preparation of wood extractives

TMP was freeze dried and soxhlet extracted
with hexane. The hexane was removed by rotary
evaporation to obtain the neat wood extractives (stored
at -4°C until needed). The composition of the wood
extractives is shown in Table 1.

Table 1: Composition of wood extractives from pinus
radiata (mg/g of dry pulp)

remove acetone. The wash water, containing 1 mM
KNO; adjusted to pH 5.5, was changed every hour for
the first 5 hours. Due to sample loss during dialysis
final concentration of extractives is in the region of 100
mg/L.

Preparation of extracted wood polymers

Extracted wood polymers were obtained by
soxhlet extraction of pinus radiata TMP following the
procedure of Johnsen (26). The pulp was disintegrated
in water at 2% consistency at 60°C for 3 hours, repeating
this process up to 5 times after filtering the wet wood
fibre. The solution was then concentrated through air
drying. This dispersion was dialysed for 24 hours in 1
mM KNO; with pH adjusted to 5.5 to remove unwanted
material. Dialysis was conducted using a cellulose
membrane tubing (Sigma D-9402, 76mm wide, >12,000
MW).

The chemical composition of the wood
polymers is shown in Table 2.

Table 2: Chemical Analysis of wood polymers

143 = 03
Carbohydrate mg/g  dry

pulp

1.14 + 0.03
Lignin mg/g  dry

pulp

108 = 1.5
total sugars mg/g  dry

pulp
Cationic Demand mmol/g equiv charge | 0.42
galactose: glucose: mannose 04:1:2.4

Fatty Acid Resin Acid Triglycerides

1.44 6.17 5.89

Aqueous wood extractive dispersions were
prepared by dissolving 500 mg of wood extractives in
50 mL acetone (99.5% purity, Chem.- Supply) and
adding this to 1500 mL distilled water containing 1 mM
KNO; with pH adjusted to 5.5 (with 0.5 M HNOs;,
BDH). The dispersion was dialysed for 24 hours using
cellulose membrane tubing with a molecular mass cut
off of 12,000 amu (Sigma-Aldrich D9402-100FT) to

Methods

PDA Wood Extractive Aggregation

A Photometric Dispersion Analyzer (PDA
2000, Rank Brothers, Cambridge, UK) was used to
monitor the changes in aggregation of the wood
extractive colloidal dispersions. The 200 mL solutions
were stirred at 500 RPM in a Britt Jar fitted with a 4 cm
diameter flat impeller rotor. A peristaltic pump was
used to recirculate the dispersions through the PDA at a
flow rate of 70 mL/min.

The instrument was initially calibrated with
distilled water and the DC gain control was adjusted to
give a DC value of 10 V (22, 27). The turbidity
fluctuations of a flowing suspension under controlled
shear conditions were recorded by the PDA. The ratio of
the root mean square (RMS) of the AC voltage to the
DC voltage was monitored as a function of time. Three
replicates were measured for each condition. The PDA
signal was smoothed using a 40-point moving average.
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RESULTS AND DISCUSSION
Critical Coagulation Concentration

The effect of salt concentration and the salt
itself (NaCl, CaCl, and Al,(SO,);) on the aggregation of
wood extractive dispersions was studied using a PDA.
At the on-set of aggregation with salt addition, there is a
linear increase in the PDA output as shown in Figure 1
before the signal stabilizes. This initial PDA slope of
aggregation is related to the coagulation constant or
stability ratio (W) (28). The stability ratio (W) is
determined from the experimental results of the
aggregation kinetics by the relationship,

W=~

fast
k.
' (Eq. 1)

where k; is the slope orf a particular salt and
K, 18 the fastest response to the addition of a salt.

13 1 -
1.25 - * e x
12 1 5 e, ¥y
| x > b
ol ol o
o 117 ., *;:u’if‘w: ¥a 250 MM
105 v 0y aF Y
’.s"’ 500 mM
1 - * S
E ..M,{;gx 750mM
0.95 - . o
09 . ;
0 500 1000
Time (sec)

Figure 1: The response of wood extractives to the
addition of various concentrations of NaCl.

Figure 2 shows the stability curves for the three
salts studied. These are obtained by plotting log W as a
function of salt concentration (logarithmic scale).
Sigmoidal curves with three distinct regions are
observed:

1. an initial flat region at low salt concentration
(a stability zone),

2. aregion in which Log W decreases rapidly (a
transition zone of colloidal instability); and

3. aregion in which Log W is O at higher salt
concentration (complete aggregation of the
colloid).

The critical salt concentrations, (CCC), for
each salt, determined by extrapolating the slope of the
linear transition to the x-axis, are summarized in Table
3.
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Figure 2: Wood extractive stability curves under
dynamic conditions for various electrolytes (pH 5.5,
23°C).

Table 3: Wood extractive Critical Coagulation
Concentration (CCC) under dynamic conditions for
different electrolytes at pH 5.5.

Salt CCC (mM)
Na*' 720
Ca* 7.8
Al 0.065

The results in Figure 2 and Table 3 show a
strong dependence on the salt valency. The transition in
the curves and the CCC values for the monovalent
electrolytes occurs at a concentration around two orders
of magnitude higher than that of divalent salts and
similarly for the trivalent ions compared to divalent
ions. A linear relationship between the CCC and cation
valency was obtained as shown in Figure 3. The Shultz-
Hardy rule predicts the critical coagulation
concentration (CCC) to vary inversely with the sixth
power of the cation valency (z) (2). The slope for the
line of best fit shown in Figure 3 is -8.3. It is debatable
whether or not the slope of the relationship in Figure 3
fully supports the Shultz-Hardy’s rule that predicts a
slope of —6. However, given that the effect of metal
ions can be influenced by other side reactions within the
solvent not accounted for by the Shultz-Hardy rule, the
resulting CCCs appear to fit reasonably with this theory.
Further it can be argued that the discrepancy falls well
within experimental error due to the complexity of a
non-ideal industrial suspension that is heterogeneous in
size, composition and contaminants. The result for the
trivalent aluminium ions is a little surprising, given that
at the pH investigated, these ions should exist in a
number of hydrated forms of varying charge and not
strictly in a trivalent form (29, 30).
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Figure 3: Effect of salt valency on the wood extractives
critical coagulation concentration (CCC); pH 5.5 at
23°C and 500 RPM.

It is important for a paper mill to understand
where its system is on the stability salt curves. Are they
in a region of stability, in a transition region or in a
region of complete instability? This information is
needed in order to understand how process changes,
particularly related to salt concentration, will affect the
colloidal stability of the wood extractives. at the Norske
Skog Albury mill where water consumption is about
10m® per tonne of product cations in white water
streams can be around 13 mM for Na*, and 3 mM for
Ca*,. AI** concentrations, at the Tasman mill (where
water consumption is > 20 m*/tonne of product) can be
around 0.06 mM. Although the level of sodium ions is
well below its CCC, levels for the divalent and trivalent
metal ions are within the transition region of the
stability curves shown in Figure 2. This means that the
paper mills are operating in critical regions for salt
induced coagulation of the wood extractive colloids.
Any changes to shear, pH and/or the temperature could
induce coagulation and lead to wood extractive
deposition.

Factors affecting the CCC

The CCC values obtained in Table 3 appear to
be higher for sodium salts than that reported by
Sundberg (4), Sihvonen (3) and Mosbye (5), while the
calcium value appears to be slightly lower than values
reported in the literature and summarized in Table 4. It
is noted that the experimental conditions and procedures
used in the work reported here are different to those in
the cited references and that other factors such as pH
and shear may also affect the CCC values. The surface
charge and composition of wood extractives may also
affect the CCC values for different salts. Pinus radiata
wood extractives are higher in resin acids than Spruce
wood extractives. Sihvonen (3) found that adding
dehydroabietic acid to a model Spruce wood extractive
dispersion to increase the amount of resin acids present
resulted in an increase in surface charge of the wood
extractives and increased the stability of the wood
extractive colloids.

Table 4: Summary of wood extractive Critical
Coagulation Concentrations (CCC) reported for various
electrolytes and pH.

pH | NaCl CaCl, Al(SO,); | Reference
(mM) (mM) | (mM)

5 150 25 (3)
200 10 0.02 (4)

5.5 | 100 (5)

6.4 | 600 (5)

8 500 25 (3)

To investigate the effect of shear on the CCC, a series of
experiments were undertaken in which the salt- induced
aggregation kinetics was measured for wood extractive
colloids stirred at two different shear rates. Figure 4
shows the effect of increasing the shear rate of the
stirred colloidal dispersion from 350 RPM to 500 RPM
and the resulting stability curves and CCC values for
NaCl. The CCC decreased from 1040 mM at 350 RPM
to 720 mM at 500 RPM. The 500 RPM shear condition
used in the Britt Jar to agitate the wood extractive
dispersions can be equated to a shear force of 2 x 10° 5™
(31) which is equivalent to the shear forces experienced
in the pressure screens and wet end of a modern paper
machine.

The effect of shear on the CCC, as observed in
Figure 4, may explain the differences in CCC for
sodium salts reported by Sundberg et al (4) and
Sihvonen et al (3) as different sample agitation methods
were reported. When the samples underwent agitation
for a short period of time before concentration
determination, the CCC for sodium was found to be 200
mM. By contrast, the CCC for wood extractive colloids
subjected to continued agitation was found to be 150
mM for sodium.

Coagulation requires two conditions:

1) collision among colloids, and

2) high probability of aggregation upon

collision.
Increasing shear will increase the rate of collision and
so increase the number of collisions occurring in a set
time. This will cause an increase in aggregation rate
and higher probability of aggregation at lower salt
concentrations as the shear is increased.
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Figure 4: Wood extractive stability curves for various
shear rates of sodium (pH 5.5, 23°C).
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The effect of pH on colloidal stability at a
constant shear was studied using CaCl, as the
destabilizing salt. The results in Figure 5 show that as
the pH is increased, the stability curve for the wood
extractives shifts to the right, indicating greater stability
in solution. In turn the critical coagulation concentration
for CaCl, increases, from 1.7 mM at pH 3, to 7.8 mM at
pH 5.5 and then to 12.1 mM at pH 8. These results
indicate that at higher pH’s more salt can be present in
the process water before complete destabilization of the
wood extractive colloids occurs. Part of the reason for
the behaviour is that as the pH increases the solubility
and charge of the colloidal components also increase
and this in turn increases the colloidal stability.

——pH 3.0
—=-pH55
——pHB8.0

10 20 30

[CaCl2]

Figure 5: The effect of pH on the stability curve for the
effect of CaCl,.

Effect of multiple salts present in solution

A number of different salts exist in mill white
water, all of which will affect the stability of the colloid.
Although the monovalent salts may dominate, the
presence of a small amount of divalent and trivalent
salts will have a large impact on the colloidal stability as
these salts have much lower CCC values as shown in
Figure 2 and Table 3. Most studies are based on
investigating the effect of a single salt. The effect of a
second salt (sodium) on the CCC of a calcium salt was
investigated and the results are shown in Figure 6.
Several points can be observed from the results. The
first is that as the concentration of the second salt
(sodium) is increased the minimum in Log W,
representing the CCC decreases. The second
observation is that the colloids undergo re-stabilization
as the concentrations of both salts increase, indicating
that the colloid stability behaviour with multiple salts is
complex. The effect of the second salt (sodium) on the
CCC of calcium is presented in Table 4.
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Figure 6: Wood extractive stability curves under
dynamic conditions for various concentrations of second
electrolyte added to calcium (pH 5.5, 230C and 500
RPM).

Table 4: Calcium critical coagulation concentrations at
different sodium concentrations for wood extractive
colloids.

[Na] mM CCC [Ca] (mM) | Ionic Strength
(mM)
0 7'8 22.8
50 6.03 68.1
150 2.96 159
300 2.03 306
400 0.92 403
722 0 722

The results indicate that for a paper mill, in which a
number of different salts are present in the white water,
the critical salt levels at which the colloids will
coagulate exhibit a complex relationship and are not
strictly additive for the individual salts or based simply
on ionic strength. The non linear effect on the CCC due
to the second salt is shown in Figure 7.

83
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Figure 7: Calcium critical coagulation concentrations in
a wood extractive solution with different sodium
concentrations.

Effect of other stabilizing substances in solution
Literature indicates that the addition of
naturally occurring wood polymers to solution stabilizes
the wood extractive colloids (7-11). The effect of
dissolved wood polymers from pinus radiata TMP on
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the colloidal stability of pinus radiata wood extractives
colloids was studied.

Figure 8 shows that at low wood polymer
addition (1-10mg/L), destabilization of the colloids
occurred. At additions of 10-80mg/L wood polymers,
stabilization of the colloids was observed.  This
behaviour is typical of low polymer additions to solution
with destabilization and aggregation of the colloids via
bridging flocculation, followed by steric stabilization
with polymers anchored to the colloidal surface and at
full polymer coverage of the surface (/). At wood
polymer  additions of 100-400mg/L.  further
destabilization of the colloids occurred followed by a re-
stabilization at additions above 400mg/L. Again this
behaviour is typical of depletion flocculation and
depletion stabilization of synthetic polymers (7). The
results indicate that the previously reported (7-11)
stabilization of wood extractives by wood polymers is
more complicated and very much dependent on the level
of wood polymers present. It also indicates that
increased accumulation of the wood polymers in
papermaking process water may be detrimental to the
stability of wood extractives at a particular concentration
range of 100-400mg/L.
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Figure 8: Effect of extracted wood polymers
concentration on colloidal wood extractive stability.

CONCLUSIONS

Colloidal stability of wood extractives is
affected by many variables in the paper making process.
The critical coagulation concentration (CCC) for wood
extractives from pinus radiata was found to be slightly
higher for sodium salts (612mM) and lower for calcium
salts (6.6mM) and aluminium salts (0.ImM) than
reported in the literature for Spruce extractives.

Both shear and pH were shown to affect the
CCC value. Increasing the amount of shear lowered the
CCC due to the effect of shear on increasing the rate of
collision and aggregation kinetics. Increasing the pH
increased the CCC due to increased solubility and
surface charge of the colloids increasing colloidal
stability.

The presence of a second salt was found to have
a greater effect on lowering the CCC and showed that
the relationship was not a simple additive one but more
complex. The results highlight the importance for
papermakers to have a detailed knowledge of all the salt
concentrations in the process water and the combined

effect on colloidal stability. An important finding of the
results in relation to increased water closure and build up
of salts in solution, was the re-stabilization of the wood
colloids at high salt levels.

The effect of wood polymers on colloidal
stability of the wood extractives was dependent on the
concentration of the wood polymers. The wood polymers
were found to act like synthetic polymers in regards to
their ability to both stabilize and destabilize the wood
extractive colloids.

For paper mills planning to increase system
closure a detailed understanding on the potential increase
in levels of dissolved salts and wood polymers and the
complex effect they have on wood extractives colloidal
stability is essential in order to develop strategies to
reduce increased deposition problems.

REFERENCES

1. Hunter, R.J., Chapter 2 Microscopic Colloidal
Behaviour, in Introduction to Modern Colloid
Science. 1993, Oxford University Press: Oxford. p.
32-56.

2. Shaw, D.., Chapter 8 Colloid stability, in
Introduction to colloid and surface chemistry.
1992, Butterworth-Heinemann: Oxford. p. 211-
243.

3. Sihvonen, A.L., Sundberg, K., Sundberg, A., and
Holmbom, B., Stability and Deposition Tendency
of Colloidal Wood Resin. Nordic Pulp and Paper
Research Journal. 13(1): 64-67 (1998).

4.  Sundberg, K., Pettersson, C., Eckerman, C., and
Holmbom, B., Preparation and properties of a
model dispersion of colloidal wood resin from
Norway spruce. Journal of Pulp & Paper Science.
22(7): J 248-J 252 (1996).

5. Mosbye, J., Laine, J., and Moe, S., The effect of
dissolved substances on the adsorption of colloidal
extractives to fines in mechanical pulp. Nordic
Pulp and Paper Research Journal. 18(1): 63-68
(2003).

6. Reerink, H. and Overbeek, J.T.G., The rate of
coagulation as a measure of the stability of silver
iodide sols. Discussions of Faraday Society: 74-84
(1954).

7. Otero, D., Sundberg, K., Blanco, A., Negro, C.,
Tijero, J., and Holmbom, B., Effects of wood
polysaccharides on pitch deposition. Nordic Pulp
and Paper Research Journal. 15(5): 607-613
(2000).

8.  Sundberg, K., Thornton, J., Ekman, R., and
Holmbom, B., Interactions between simple
electrolytes and dissolved and colloidal substances
in mechanical pulp. Nordic Pulp and Paper
Research Journal. 9(2): 125-8 (1994).

9. Sundberg, K., Thornton, J., Pettersson, C.,
Holmbom, B., and Ekman, R., Calcium-Induced
Aggregation of Dissolved and Colloidal
Substances in Mechanical Pulp Suspensions.
Journal of Pulp and Paper Science. 20(11): J317-
J322 (1994).

Appita 2011 - 196



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Johnsen, I., Lenes, M., and Magnusson, L.,
Stabilisation of colloidal wood resin by dissolved
material from TMP and DIP. Nordic Pulp and
paper Research Journal. 19(1): 22-28 (2004).
Welkener, U., Hassler, T., and McDermott, M.,
The effect of furnish components on depositability
of pitch and stickies. Nordic Pulp and Paper
Research Journal. 8(1): 223-225 & 232 (1993).
Vincent, D.L., Studies on Pitch Deposition. Pulp
and Paper Magazine of Canada: 150-156 (1957).
Dykstra, G.M., Hoekstra, P.M., and Suzuki, T. A
new method for measuring depositable pitch and
stickies and evaluating control agents. Proc.
Proceedings Tappi Papermakers Conference.
Chicago: 1988.

Negro, C., Blanco, A., Monte, M., Otero, D., and
Tijero, J., Deposibility character of disturbing
substances. Paper Technology: 29-34 (1999).
Allen, L.H., Mechanisms and control of pitch
deposition in newsprint mills. TAPPI Journal.
63(2): 81-87 (1980).

Stack, K.R., Stevens, E.A., Richardson, D.E.,
Parsons, T., and Jenkins, S. Factors affecting the
deposition of pitch in process waters and model
dispersions. Proc. 52" Appita Annual General
Conference Proceedings. Brisbane, Australia:
1998.

Dubeski, C.V., Branion, R.M.R., and Lo, K.V.,
Biological treatment of pulp mill wastewater using
sequencing  batch  reactors.  Journal  of
Environmental Science & Health Part A-
Toxic/Hazardous Substances <& Environmental
Engineering. 36(7): 1245-1255 (2001).

Zouboulis, A. and Traskas, G., Comparable
evaluation of various commercially available
aluminium-based coagulants for the treatment of
surface water and for the post-treatment of urban
wastewater. J. Chem. Technol. Biotechnol. 80:
1136-1147 (2005).

Burgess, M., Curley, J., Wiseman, N., and Xiao,
H., On-line optical determination of floc size. Part
1: Principles and Techniques. Journal Pulp and
Paper Science. 28(2): 63-65 (2002).

Kang, L. and Cleasby, J., Temperature effects on
flocculation kinetics using Fe(III) Coagulant. J.
Env. Eng. 121(12): 893-901 (1995).

Xiao, H. and Cezar, N., Organo-modified cationic
silica nanoparticles/anionic polymer as flocculants.
Journal of Colloid and Interface Science. 267:
343-351 (2003).

Hopkins, C. and Ducoste, J., Characterising
flocculation under heterogeneous turbulence.
Journal of Colloid and Interface Science. 264:
184-194 (2003).

Ching, H.-W., Tanaka, T., and Elimelech, M.,
Dynamics of Coagulation of Kaolin Particles with
Ferric Chloride. Water Resource. 28(3): 559-569
(1994).

Poraj-Kozminski, A., Hill, R.J., and Van de Ven,
T.G.M., Flocculation of starch-coated solidified

Appita 2011 - 197

25.

26.

27.

28.

29.

30.

31.

Peer Reviewed

emulsion droplets and calcium carbonate particles.
Journal of Colloid and Interface Science. 309: 99-
105 (2007).

Fernandes, R., Gonzalez, G., and Lucas, E.,
Evaluation of polymeric flocculants for oily water
systems using a Photometric dispersion analyser.
Colloid Polym. Sci. 283: 219-224 (2004).

Gerli, A., Keiser, B., and Strand, M., The use of a
flocculation sensor as a predictive tool for paper
machine retention program performance. Tappi J.,
(2000).

Johnsen, 1., The impact of dissolved hemicellulose
on adsorption of wood resin to TMP fines, in
Department of Chemical Engineering. 2007,
Norwegian University of Science and Technology:
Trondheim. p. 53.

Gregory, J., Turbidity Fluctuations in Flowing
Suspensions. Journal of colloid and interface
science. 105(2): 357-371 (1985).

Pacewska, B., Keshr, M., and Klukl, O., Influence
of aluminium precursor on physico-chemical
properties of aluminium hydroxides and oxides
Part 1. AICI3.6H20, . J. Thermal analysis and
calorimetry. 86: 351-359 (20006).

Pacewska, B., Kluk-Ploskonska, O., and
Szychowski, D., Influence of alumnium precursor
on physico-chemical properties of aluminium
hydroxides and oxides Part II. Al(C104)3, 9H20.
J.Thermal Analysis and Calorimetry. 86: 751-760
(2006).

Tam Doo, P.A., Kerekes, R.J., and Pelton, R.H.,
Estimates of maximum hydrodynamic shear
stresses on fibre surfaces in papermaking. Journal
Pulp Paper Science. 10: J80-J88 (1984).





