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Abstract

This thesis presents experimental studies of polyelectrolyte adsorption on
oppositely charged surfaces, where substrates of both silica and bleached
softwood kraft pulp were used. A major aim of this research was to characterise
the conformation of adsorbed layers of cationic polyacrylamide (CPAM), in
comparison to cationic dextran (Cdextran), and relate this information to the
binding capacity of colloidal silica. A second aim in this thesis was to study the
kinetics of the sequential adsorption of polyamide epichlorohydrine (PAE) and
carboxymethyl cellulose (CMC) on pulp fibres, and to determine the adsorption
isotherms for the layer-by-layer deposition of polyelectrolytes on pulp fibres.

The adsorption of CPAM on silica surfaces was studied using stagnation
point adsorption reflectometry and quartz crystal microgravimetry to
determine its adsorption kinetics as well as the dependencies of polyelectrolyte
charge densities, pH, and NaCl concentration on saturation adsorption. The
conformation of adsorbed layers of CPAM and Cdextran, analysed in terms of
amount of water and layer thickness, was determined both before and after the
secondary adsorption of colloidal silica (CS), and the adsorption of CS was also
quantified as a function of the surface coverage of the polyelectrolyte.

Results indicate that the charge density of CPAM controlled the amount
of the polyelectrolyte adsorbed on silica surfaces at low NaCl concentrations.
The adsorption of both CPAM and Cdextran on silica was shown to be effective
at up to 1 M NaCl concentrations, which indicates that non-ionic interactions
between the polyelectrolytes and silica contribute significantly. CS adsorption
was higher on pre-adsorbed CPAM than on Cdextran. The conformation of the
adsorbed layer after CS addition was seen to expand significantly in CPAM-
based layers, while the Cdextran layer appeared to restore its conformation
after a temporary expansion at low salt concentrations.

In the second part of the thesis, the sequential adsorption of PAE and CMC
on pulp fibres was determined using the polyelectrolyte titration technique.
Layer-by-layer adsorption isotherms derived on fractionated pulp showed that
PAE adsorbed in higher amounts than CMC did, both in terms of adsorbed
mass and adsorbed charge. The adsorption of PAE was significantly slower
compared to CMC, and the adsorption times required to reach 90% of the
saturation adsorption were 3 and 1 min, respectively. The zeta potential of
pulp fines was determined for the adsorption of the two first polyelectrolyte
layers, and data indicated that the fines recharge within one minute after the
polyelectrolyte additions. Reflectometry experiments regarding the sequential
adsorption of PAE and CMC on silica indicated that the low-molecular-weight
fraction of PAE disturbed the formation of polyelectrolyte multilayers.
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