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Abstract Associating polymers are hydrophilic long-chain
molecules containing a small amount of hydrophobic
groups. The aqueous solutions show viscoelastic responses
above some critical concentrations because a three-dimen-
sional structure is formed by association of hydrophobic
groups. When the associating polymers are added to silica
suspensions at low concentrations, the flocculation is
induced by bridging mechanisms, and the flow of suspen-
sions become shear-thinning. For suspensions prepared with
polymer solutions in which the associating network is
developed, the viscosity decreases, shows a minimum, and
then increases with increasing particle concentration. The
viscosity decrease may arise from the breakdown of
associating network due to adsorption of polymer chains
onto the silica surfaces. As the particle concentration is
increased, the polymer concentration in solution is de-
creased, and finally, all polymer chains are adsorbed on the
surfaces. Beyond this point, the partial coverage of particle
surfaces takes place and strong interactions are generated
between particles by polymer bridging. Since the stable
suspensions are converted to highly flocculated systems, the
viscosity is increased and the flow becomes shear-thinning.
The concentration effect of silica particles on the viscosity
behavior of suspensions can be explained by a combination
of viscosity decrease in solution due to polymer adsorption
and viscosity increase due to flocculation.
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Introduction

Water-soluble long chains carrying a small fraction of
hydrophobic groups (hydrophobes) are known as associat-
ing polymers. In aqueous solution, the hydrophobes can
aggregate by associating interactions in the same manner as
surfactant molecules form micelles. The associating poly-
mers in which the hydrophobes are incorporated as terminal
groups form flowerlike micelles beyond a critical micellar
concentration [1–3]. When the polymer concentration is
increased, two flowerlike micelles are connected by
bridging, and eventually, a three-dimensional structure of
transient network is constructed over the system. Due to
interchain associations, the aqueous solutions of associating
polymers exhibit unique rheological properties including
shear-thickening flow and high elasticity at large strains [4–
9]. The associating polymers can give rise to high viscosity
with Newtonian flow profiles over a wide range of shear
rates for water-borne latex suspensions, in contrast to
traditional thickeners such as cellulose polymers. Therefore,
they have received increasing interests as thickeners for
paints and coatings [10–13]. For accurate control of
suspension rheology in application to coating and printing
technology, it is essential to understand the adsorption
behavior of polymer onto particle surfaces and resultant
interactions between particles [10, 14, 15].

Since the hydrophobes can adsorb onto the hydrophobic
surfaces, the associating polymers act as flocculants in latex
suspensions, and their effects on suspension rheology are
extensively studied by various authors [16–20]. In previous
papers [21–23], we have studied the rheological properties
of latex suspensions flocculated by bridging of associating
polymers. From a fact that the rheological values such as
viscosity, elasticity, and relaxation time are not given by a
simple function of polymer concentration, two bridging
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models are proposed. One is the direct bridging of a single
chain in which two hydrophobes are adsorbed onto
different particles to bind them together. The other is the
multichain bridging in which the particles are connected by
linkage of interchain associations. The mechanical proper-
ties of a bridge as a unit bond are strongly affected by the
particle and polymer concentrations.

The adsorption conformation of associating polymer and
flocculation mechanisms vary depending on the surface
chemistry of the particles [24]. We have also studied the
viscosity behavior of silica suspensions in the presence of
associating polymers [25]. In the adsorption of associating
polymers onto silica particles, the chain adopts a confor-
mation with the water-soluble backbone attached to the
particle surfaces. The flocculation can be induced by
association interactions of hydrophobes extending from
the chains adsorbed onto different particles. As a result, the
suspensions show high viscosity with shear-thinning pro-
files. The addition of surfactant to silica suspensions
flocculated by associating polymer causes a viscosity
increase. This can be attributed to the enhancement of
particle–particle bonds by association with surfactant
molecules.

Both hydrophilic and hydrophobic particles are floccu-
lated by associating polymer, and the flow of suspensions
becomes shear-thinning. In many cases, the primarily
responsible factors controlling the suspension rheology are
the flocculated structures and, in turn, the particle–particle
interactions. But in aqueous solutions of associating
polymers, the micellar bridging between polymer chains
through association of hydrophobes strongly influences the
solution viscosity. Therefore, the rheological properties of
suspensions in solutions of associating polymers are
determined by a dynamic equilibrium between hydrophobe
adsorption onto particle surfaces and hydrophobe associa-
tion in the suspension medium. In the present paper, the
polymer adsorption and rheology are studied for suspen-
sions of silica particles dispersed in associating polymer
solutions. The attention is focused to the relation between
floc formation of particles and network formation of
polymer chains.

Materials and methods

Materials

The suspensions were composed of silica, associating
polymer, and water. The silica particles (Silica Micro Bead
P-500) were manufactured by Catalysts and Chemicals
Industries (Japan), the diameter and density of which were
1.3 μm and 2.1×103 kg m−3, respectively. The degree of
polydispersity which is given as the ratio of standard

deviation to the average diameter was 0.25. The associating
polymer was hydrophobically modified ethoxylated ure-
thane (HEUR; RM-825 from Rohm and Haas), the
molecular weight of which was about 25,000. The hydro-
phobes are incorporated on the ends of molecule as terminal
groups. The suspensions were prepared at particle concen-
trations up to 30% by weight. The polymer concentration
was in the range of 0–2.0% by weight based on the water.
The rheological measurements were carried out after the
suspensions were stored at room temperature under gentle
shear on a rolling device for about 2 h.

Methods

Shear rate dependence of viscosity was measured using a
coaxial cylinder geometry on a stress-controlled rheometer
(Haake Rheo-Stress RS75). The diameters of the bob and
cup were 20 and 22 mm, respectively. The immersion
length of bob was 30 mm. The viscosity measurements
were carried out in the procedure that the shear rate was
stepwise increased and decreased in the range of 0.3 and
300 s−1 in a measuring time of 30 s at each shear rate. The
total measuring time for one sample was about 20 min.
Significant differences were not observed between the up-
curve and down-curve. Neither sedimentation of particles
nor time dependence such as thixotropy was detected in the
timescale of viscosity measurements. The measuring
temperature was 25 °C for all runs.

Prior to the systematic rheological measurements, the
effect of wall slip was examined because highly flocculated
suspensions often cause slip at solid boundaries in
rheometers. The errors due to wall slip can be corrected
by a technique proposed by Yoshimura and Prud’homme
[26]. Their technique involves two measurements on a
parallel plate geometry with different gap settings. In this
study, the shear rate dependence of viscosity was measured
in parallel plate and coaxial cylinder geometries for
suspension with the highest viscosity at low shear rates. A
slight wall slip was observed, which could result in an error
of about 40% in viscosity values at low shear rates less than
1 s−1. Thus, the results at shear rates where the wall slip
was not detected are presented.

Adsorption of polymer on the particle surface was
determined by the sedimentation experiments. To calculate
the concentration of non-adsorbed polymer, the particles or
flocs were separated by centrifugation at 3,000×g for 1 h
and by gravitational sedimentation at rest for more than
24 h. The amounts of polymer adsorbed on the particles
were calculated from the residual polymer concentrations
which were determined through the viscosity measure-
ments. The particle separation was carried out under
different conditions, but the adsorbance of polymer was
not influenced by the sedimentation procedures.
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The destabilization process of suspensions was moni-
tored by the use of an optical instrument (Turbican
manufactured by Formul Action) which was developed
for evaluation of colloidal stability.

This technology is based on multiple light scattering
concept. In a dense scattering medium, the incident light
undergoes several scattering events before transmission
through the sample or backscattering. On the basis of the
diffusion approximation, the characteristic lengths involved
in multiple light scattering phenomena can be related to the
physical features of disperse system (mean diameter and
particle volume fraction). The detection head which moves
up and down along a test tube uses LED emitting in the
near infrared (850 nm), transmission light detector, and
backscattering light detector located at 135° from the
incident light direction. The Turbiscan allows the charac-
terization of suspensions in a wide range of particle volume
fraction (0% to 60%) and particle diameter (0.01 to
1,000 mm). In the present study, during the gravitational
sedimentation at rest, the light scattering properties of
suspensions were measured as a function of time by
scanning the entire length of the sample in a test tube.
The time dependence of intensity profile can be connected
with the size changes due to flocculation and concentration
changes due to sedimentation [27, 28].

Results and discussion

Suspension rheology and polymer adsorption behavior

Figure 1 shows the shear rate dependence of viscosity for
30 wt.% suspensions in HEUR solutions at different
concentrations. The suspension consisting of silica particles
and water is Newtonian with viscosity of 2.2 mPa s. The
addition of associating polymer leads to a striking increase
in viscosity, and the overall flow profile becomes shear-
thinning. The shear-thinning flow of suspensions is often
explained by the progressive breakdown of flocculated
structures in shear fields. The suspensions may be highly
flocculated in the presence of associating polymer. The
viscosity increases with increasing polymer concentration
and looks likely to approach a constant level above 1.0 wt.%.

Figure 2 shows the shear rate dependence of viscosity
for 20 wt.% suspensions in HEUR solutions at different
concentrations. The viscosity of suspensions is remarkably
increased by associating polymer. The flocculating ability
of associating polymer is regarded as considerably high. In
many suspensions flocculated by non-associating polymers,
the viscosity as a manifestation of degree of flocculation
increases with increasing polymer concentration and rea-
ches the saturation. However, the viscosity level of sample
suspensions increases, shows a maximum, and decreases as

the polymer concentration is increased. The effect of
associating polymer on the viscosity behavior of silica
suspensions is very complicated. This implies that the
colloidal interactions between two particles vary depending
on the polymer concentration.

Figure 3 shows the effect of particle concentration on the
viscosity behavior of suspensions prepared with a 2.0 wt.%
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Fig. 1 Shear rate dependence of viscosity for 30 wt.% suspensions at
different polymer concentrations: 0 (circle); 0.5 (square); 1.0
(diamond); 1.5 (triangle); 2.0 wt.% (inverted triangle)
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Fig. 2 Shear rate dependence of viscosity for 20wt% suspensions at
different polymer concentrations: 0 (circle); 0.5 (square); 0.75 (ex);
1.0 (diamond); 1.5 (triangle); 2.0 wt.% (inverted triangle)
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HEUR solution. The medium and suspensions up to 20 wt.
% are Newtonian over the entire range of shear rates
studied, while more concentrated suspensions are strikingly
shear-thinning. There exists a critical particle concentration
where the sudden change of flow profile occurs. With
increasing particle concentration, the viscosity decreases,
shows a minimum, and then increases. It must be stressed
that the Newtonian viscosity for suspensions at particle
concentrations below 20 wt.% is lower than that of
medium. Generally, the increase in particle concentration
gives rise to the enhancement of suspension viscosity if the
particle–particle interactions were independent of concen-
tration. According to Einstein theory of suspension rheol-
ogy for non-interacting particles, the increase in viscosity is
attributed to the distortion of the velocity field in the
vicinity of each particle. The addition of particles inevitably
causes a viscosity increase of the liquid. It seems difficult to
explain the reduction of suspension viscosity by the
previously established mechanisms such as hydrodynamic
interactions and floc formation by colloidal forces.

The flow profiles of silica suspensions in aqueous
solutions of associating polymer drastically change from
Newtonian to shear-thinning at some particle concentra-
tions. A diagram showing the regions of different flow
profiles is given in Fig. 4. The Newtonian flow is observed
for suspensions at low particle concentrations prepared with
solutions at relatively high polymer concentrations. The
adsorbance of associating polymer on the silica particles
was determined to be about 77 mg/g particles from the

viscosity measurement of supernatant solutions. For in-
stance, this value corresponds to about 1.9 wt.% polymer in
20 wt.% suspensions. Therefore, all polymer chains may be
adsorbed on the particle surfaces in the suspensions at
higher particle concentrations or those prepared with
solutions at lower polymer concentrations. The solid line
in Fig. 4 shows the boundary at which the full coverage of
particle surfaces with polymer takes place. In suspensions
with compositions below the boundary line, non-adsorbing
polymer chains remain in solution phase. It is of interest to
note that the transition from Newtonian to shear-thinning
profiles occurs in the vicinity of this boundary line. The
suspensions under the full coverage conditions are New-
tonian, whereas those under partial coverage conditions are
shear-thinning.

For a better understanding of the flow mechanism of
Newtonian systems, the comparison of viscosity between
suspensions and their supernatant solutions is summarized
in Fig. 5. In contrast to ordinary suspensions, the viscosity
decreases with increasing particle concentration. The
concentration-dependent curves of viscosity for suspen-
sions and supernatant solutions are very similar, indicating
that the primary factor controlling the suspension viscosity
is the viscosity of the medium. The viscosity for suspension
of non-interacting spherical particles can be calculated
through Einstein theory. For example, the particle concen-
tration of 20 wt.% in sample suspensions corresponds to
10.5 vol.%, and the relative viscosity which is defined as the
viscosity of the suspension divided by that of the medium is
estimated to be 1.26. The values experimentally obtained at
polymer concentrations of 2.0 wt.% is about 4.4. The relative
viscosity is slightly higher than the theoretical prediction for
non-interacting particles. The weak interactions between
particles may contribute to the increase in suspension
viscosity. However, this effect is relatively weak compared
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Fig. 3 Effect of particle concentration on the viscosity behavior for
suspensions in a 2.0 wt.% HEUR solution: 0 (open circle); 5 (filled
circle); 10 (open square); 15 (filled square); 20 (diamond); 25
(triangle); 30 wt.% (filled triangle)
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Fig. 4 A diagram showing the regions of different flow profiles:
Newtonian flow (circle); shear-thinning flow (square); saturation
coverage boundary (solid line)
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with hydrodynamic forces from the medium. Therefore, the
suspensions in which the full coverage of particle surfaces
with polymer takes place are regarded as well-dispersed
systems.

Relation between sedimentation behavior and bridging
conformation

The suspensions in which the adsorbance of polymer chain
does not reach the saturation, but the partial coverage of
particle surfaces takes place, are shear-thinning. The
viscosity change induced by polymer may directly reflect
the change in the flocculation structures of silica particles.
To provide more insight into the particle–particle interac-
tions and flocculation structure, the sedimentation behavior
is optically analyzed. In the present study, the intensities of
lights transmitted across the sample and scattered backward
by the sample were simultaneously monitored for 24 h by
vertically scanning the test tube with an accuracy of 40 µm.

Figure 6a,b shows the height dependence of transmission
and backscattering intensities, respectively, in percent
relative to the initial stage right after the sample preparation
for 10 wt.% suspension in a 0.5 wt.% HEUR solution.
Because of limitation of instruments and experimental
conditions, both intensities are given in the range of about
−30% to 60%. The transmission intensity shows a rapid
increase at heights of about 60 mm. The top region with
high transmission is almost transparent and is expanded
with time. The sharp change in transmission intensity

corresponds to the boundary between turbid suspension
and supernatant liquid. This effect is due to clarification,
and the particles may be concentrated in suspension phase
below the settling front. In suspensions, the increase in
particle concentration can be observed as an increase in
backscattering intensity, even though the change of transmis-
sion is not detected. Therefore, the backscattering intensity is
expected to increase in the whole region of turbid layer during
sedimentation. However, another boundary can be seen at
heights of 5–15 mm, below which the sediment with higher
particle concentrations is formed and above the dilution
proceeds by settling. The suspension phase consists of two
layers with different particle concentrations.

Figure 7a,b shows the height dependence of transmission
and backscattering intensities, respectively, for 10 wt.%
suspension in a 1.0 wt.% HEUR solution. From the
transmission curves, the height of boundary line between
turbid suspension and supernatant liquid rapidly decreases
with time. In addition, the sediment is rapidly formed at the
bottom of suspension phase. The transmission shows a
sharp increase at heights where the backscattering begins to
decrease in the upper part of turbid suspensions. Because
the particle concentration in the intermediate turbid layer is
kept constant, the concentration reduction in supernatant
solution and the concentration increase in the sediments
should balance each other. The most interesting feature is
that the sedimentation process is completed in 3 h and the
final system consists of solid-like sediment and transparent
supernatant liquid, whereas the suspension prepared with
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Fig. 5 Particle concentration dependence of viscosity for Newtonian
suspensions (filled symbols) and their supernatant solutions (open
symbols) prepared with HEUR solutions at different concentrations:
1.0 (open diamond, filled diamond); 1.5 (open triangle, filled
triangle); 2.0 wt.% (inverted triangle, filled inverted triangle)
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Fig. 6 Height dependence of transmission (a) and backscattering
intensities (b) for 10 wt.% suspension in a 0.5 wt.% HEUR solution at
different sedimentation periods: 0, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20,
22, and 24 h in the direction of arrow

Colloid Polym Sci (2008) 286:1537–1544 1541



0.5 wt.% HEUR solution consists of three layers even after
the sedimentation period of 24 h.

For 10 wt.% suspension in a 2.0 wt.% HEUR solution, it
is confirmed that the transmission is kept constant and
independent of time. The backscattering shows a very little
change near the surface (about 2 mm in depth). The
suspensions containing sufficient HEUR beyond the full
coverage exhibit very high stability against sedimentation.

The additions of small amounts of associating polymer
cause the viscosity increase of silica suspensions. The
intrinsic mechanism is the flocculation by polymer bridg-
ing. When the non-associating polymers such as polyethylene
glycol are added to silica suspensions, the viscosity is
increased to a great extent and flow becomes shear-thinning
in a wide range of shear rates. The similar effects of polymers
on the suspension rheology imply that under the condition of
partial coverage, the hydrophobes at the ends of associating
polymers do not significantly influence the bridging confor-
mation. In adsorption of non-associating polymer on the silica
surfaces, not all the segments of a polymer coil are in contact
with the surface, but each polymer chain is attached in
sequence separated by segments which extend into solution.
Since the long loops extending from particles with adsorbed
layers come into contact with surface of bare particles,
flocculation occurs by a bridging mechanism [29, 30]. In
general, polymer adsorption is essentially irreversible be-
cause the polymer chain may attach to the surface at several
points and may not be able to desorb simultaneously from all

sites. The bridges between particles are not broken in a
quiescent state, but progressively broken in shear fields. As a
result, the flow of flocculated suspensions is shear-thinning.
The shear-thinning profiles observed for suspension contain-
ing HEUR at low concentrations can be explained by the
irreversible bridging. In the limit of zero shear rates, the
sedimentation processes are very slow due to the geometrical
hindrance of large flocs developed over the system. When
the particles are fully covered with thick layers of adsorbed
polymer, the suspensions are often stabilized by steric effects
of polymer chains. Slightly below the full coverage, the
suspensions consist of large flocs and isolated particles.
Hence, the three layers are formed in a test tube during
sedimentation experiments.

The suspensions containing HEUR at concentrations
slightly above the full coverage show Newtonian flow with
low viscosity. This is a typical flow profile for suspensions
in highly dispersed states. But the sedimentation rate is very
high, indicating the existence of flocs. In these suspensions,
the excess polymer chains can remain as non-adsorbed coils
in solution phase. Although the adsorption sites on the
silica surfaces may be fully occupied by segments of
hydrophilic backbone, the chain adopts a conformation
with the hydrophobes extending into solution. The dangling
ends of the adsorbed chain can make aggregation by
associating interactions with hydrophobes of non-adsorbed
chains. Thus, the particles can be connected by the
multichain bridging. Because of weak associating interac-
tions, the particle–particle bonds are forming, breaking, and
reforming by thermal energy. Since the dynamic structures
of flocs are not influenced by shear rate, the flow is
Newtonian. In the absence of shear fields, the cooperative
rearrangements of particles can occur in flocs. Presumably,
all particles are collected in huge flocs, and hence, the
sedimentation rate is strikingly increased. The weak and
reversible bridging may be responsible for Newtonian flow
and rapid sedimentation.

The suspensions containing sufficient HEUR beyond the
full coverage show Newtonian flow and high stability
against sedimentation. In concentrated HEUR solutions, the
association of hydrophobes causes micellar bridging and
eventually results in the formation of three-dimensional
network of unbounded micelles. The viscosity slowly
increases at first and the increase is accelerated [31]. From
the viscosity behavior, the critical polymer concentration at
the onset of association network is estimated to be 0.7 wt.%
[25]. Because the polymer concentration in supernatant
solution for 10 wt.% suspension in a 2.0 wt.% HEUR
solution was 1.12 wt.% from centrifugation experiments,
the association network can be developed over the system.

The suspensions containing sufficient HEUR beyond the
network formation boundary show Newtonian flow and
high stability against sedimentation. Because the associa-
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Fig. 7 Height dependence oftransmission (a) and backscattering
intensities (b) for 10 wt.% suspension in a 1.0 wt.% HEUR solution
at different sedimentation periods: 0, 0:10, 0:20, 0:30, 0:40, 0:50, 1 h,
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tion network can be developed over the system, the
medium is regarded as a viscoelastic liquid. The high
stability against sedimentation is attributed to the formation
of transient network by association interactions of hydro-
phobes in continuous medium. Figure 8 shows the bridging
models to understand the change in the particle–particle
interactions with polymer concentration. The bridging con-
formation can be of three types: (a) irreversible bridging at low
polymer concentrations, (b) weak reversible bridging slightly
above the saturation coverage, and (c) stabilized particles in
the associating network of polymer.

Now consider the concentration dependence of suspen-
sion viscosity. The viscosity of silica suspensions in HEUE
solutions is governed by three factors: volumetric effect of
primary particles, floc formation, and adsorption of poly-
mer on the particle surfaces. When the silica particles are
dispersed at low concentrations in HEUR solutions whose
concentration is beyond the critical value for formation of
association network, the viscosity of the solution is
drastically decreased by the breakdown of associating
network. The suspensions of nanoparticles dispersed in
solutions of non-associating polymers often show the
viscosity reduction [32, 33]. The gross molecular structure
is represented by a flexible coil with a radius of gyration

which is much larger than nanoparticles. Many particles can
be connected by one polymer chain with coil conformation.
The decrease in polymer coils by intrachain bridging can
cause the viscosity reduction. But the silica particles are of
the order of millimeters. The coil size reduction is not
acceptable as a mechanism for explanation of the results.
The viscosity decrease observed in the present study may
be coupled by reduction of network density due to
adsorption of polymer onto the particle surfaces. Under
the conditions where the particle surfaces are fully covered
with adsorbed polymer, the colloidal interactions between
particles are very weak. Since the viscosity decrease of
solution dominates the volumetric effect of particles, the
viscosity of suspensions decreases with increasing particle
concentration. The increase in particle concentration brings
about the decrease in the polymer concentration, and
finally, all polymer chains are adsorbed onto the particle
surfaces. At this concentration, the minimum viscosity is
achieved. Further additions of particles lead to the changes in
conformation of adsorbed chains. Because the system does
not have sufficient chains for full coverage of particle
surfaces, the strong interactions are generated between
particles by polymer bridging. Therefore, the viscosity is
increased and the profile becomes shear-thinning. The
effects of particle concentration on the viscosity behavior
of suspensions prepared with HUER solutions in which the
association network is developed can be explained by a
combination of viscosity decrease in solution due to polymer
adsorption and viscosity increase due to flocculation.

As far as the rheology control of suspension is
concerned, the most important aspect is that the flow
profile of suspensions shows a drastic change from New-
tonian to shear-thinning at some particle concentrations.
The flocculated structures in ordinary suspensions are not
broken down by thermal energy. The application of shear
fields gives rise to rupture of structures. It is generally
accepted for the flow curves of flocculated suspensions that
with increasing degree of flocculation, the viscosity
increases and the shear-thinning tendency becomes striking.
In suspensions flocculated by associating polymers, the
particle–particle interactions vary depending on the balance
between the particle and polymer concentrations. The
associating polymers can cause the changes in viscosity
level and flow profile of suspensions. Therefore, this
technique has great potential to formulate the suspensions
in which the viscosity level and flow profile are indepen-
dently controlled.

Conclusions

The associating polymers form a three-dimensional struc-
ture of transient network by association of hydrophobes

ParticlePolymera

b

c

Fig. 8 Conformation models of bridging flocculation induced by
associating polymer: a irreversible bridging at low polymer concen-
trations; b weak reversible bridging slightly above the saturation
coverage; c stabilized particles in the associating network of polymer
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above some critical concentrations. When the silica
particles are dispersed in such polymer solutions, the viscosity
decreases, passes through a minimum, and then increases with
increasing particle concentration. The reduction of network
density due to adsorption of polymer onto the particle surfaces
is primarily responsible for viscosity decrease in suspensions.
As the particle concentration is increased, the polymer
concentration in solution is decreased, and finally, all polymer
chains are adsorbed on the surfaces. Beyond this point, the
strong interactions between particles are generated by polymer
bridging. The shear-thinning profiles can be attributed to the
flocculation of particles. The particle concentration influences
the viscosity behavior in two opposing ways, depending on
the HEUR concentration.

References

1. Wang Y, Winnik MA (1990) Langmuir 6:1437
2. Abrahmsén-Alami S, Alami E, François J (1996) J Colloid

Interface Sci 179:20
3. Pham QT, Russel WB, Thibeault JC, Lau W (1999) Macro-

molecules 32:5139
4. Lundberg DJ, Glass JE, Eley RR (1991) J Rheol 35:1255
5. Jenkins RD, Silebi CA, El-Aasser MS (1991) ACS Symp Ser

462:222
6. Wang L, Tiu C, Liu TJ (1996) Colloid Polym Sci 274:138
7. Tan H, Tam KC, Jenkins RD (2000) Langmuir 16:5600
8. Jimenez-Regalado E, Selb J, Candau F (2000) Langmuir 16:8611
9. English RJ, Laurer JH, Spontak RJ, Khan SA (2002) Ind Eng

Chem Res 41:6425

10. Sperry PR, Thibeault JC, Kastanek EC (1987) Adv Org Coatings
Sci Technol 9:1

11. Huldén M (1994) Colloids Surf 88:207
12. Pham QT, Russel WB, Lau W (1998) J Rheol 42:159
13. Antunes FE, Thuresson K, Lindman B, Miguel MG (2003)

Colloids Surf A 215:87
14. Santore MM, Russel WB, Prud’homme RK (1990) Macro-

molecules 23:3821
15. Santore MM, Russel WB, Prud’homme RK (1990) Faraday

Discuss Chem Soc 90:323
16. Belzung B, Lequeux F, Vermant J, Mewis J (2000) J Colloid

Interface Sci 224:179
17. Glass JE (1999) Ad Colloid Interface Sci 79:123
18. Svanholm T, Molenaar F, Toussaint A (1997) Prog Org Coating

30:159
19. Poncet-Legrand C, Lafuma F, Audebert R (1999) Colloids Surf A

152:251
20. Meng X, Russel WB (2006) J Rheol 50:169
21. Horigome M, Otsubo Y (2002) Langmuir 18:1968
22. Otsubo Y, Horigome M (2003) Korea-Aust Rheol J 15:27
23. Otsubo Y, Horigome M (2003) Korea-Aust Rheol J 15:179
24. Berglund KD, Truong MT, Przybycien TM, Tilton RD, Walker

LM (2004) Rheol Acta 43:50
25. Kamibayashi M, Ogura H, Otsubo Y (2005) J Colloid Interface

Sci 290:592
26. Yoshimura AS, Prud'homme RK (1988) J Rheol 32:53
27. Mengual O, Meunier G, Cayre I, Puech K, Snabre P (1999)

Colloids Surf A 152:111
28. Balastre M, Argillier JF, Allain C, Foissy A (2002) Colloids Surf

A 211:145
29. Fleer GJ, Lyklema J (1974) J Colloid Interface Sci 46:1
30. Iler RK (1971) J Colloid Interface Sci 37:364
31. Annable T, Buscall R, Ettelaie R, Whittletone D (1993) J Rheol

37:695
32. Otsubo Y, Umeya K (1984) J Rheol 28:95
33. Otsubo Y, Watanabe K (1990) Colloids Surf 50:341

1544 Colloid Polym Sci (2008) 286:1537–1544


	Rheological behavior of silica suspensions in aqueous solutions of associating polymer
	Abstract
	Introduction
	Materials and methods
	Materials
	Methods

	Results and discussion
	Suspension rheology and polymer adsorption behavior
	Relation between sedimentation behavior and bridging conformation

	Conclusions
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


