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~x~ended Abstract

Introduction

Polymers, surfactants and their mixtures are widely used in many important industrial

processes such as dispersion/flocculation, selective flocculation, flotation, rheological control,

deposition/coating, detergency, oil recovery and materials processing in general. In these processes,

interfacial behavior of particulates is determined by the adsorption of polymers/surfactants and,

equally importantly. by the nature of micro- and nano-structures of the adsorbed layers. Monitoring

and controlling of the adsorption, particularly conformation, orientation and association of adsorbed

species, can improve the efficiency of these processes and enable design of new processing schemes

and reagents.

Our efforts to explore and control the adsorbed layer depend on a multi-pronged approach

involving the use of fluorescence, ESR, NMR, cr Scan, SPR, QCM and AFM techniques, along
,

with conventional techniques to measure flocculation, surface potential and hydrophobicity. Results

'.
obtained using these techniques will be discussed along with possible new applications.

Surfactant Adsomtion

Adsorption can be considered as selective partitioning of the reagents into the interfacial

region, resulting from the more energetically favorable interactions between the adsorbate and the

solid than those between the former and the species in the bulk solution. Interactions leading to

adsorption include chemical bonding, electrostatic interaction, desolvation of the surfactant polar

group and the mineral surface species, hydrogen bonding, van de Waals interactions, etc. By

changing the nature of solid surface, solution conditions or structure of the surfactants/polymers,
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adsorption as well as confoffilation of the adsorbed layer can be controlled. Manipulation of the

adSorbed layers for desired perfonnance will be discussed in this talk.

In surfactant systems, in addition to solid-surfactant interactions, surfactant has the tendency

to Conn two dimensional aggregates called solloids ~urface colloids) or hemi-micelles due to the

association of surfactant hydrophobic chains. This self association not only increases the adsorption,

but also changes the conformation of the adsorption layer and consequently the interfacial processes

involved.

The adsorbed layer can be affected by the structural modification of the surfactants such as

chain length variation, branching, aryl, alkyl and ethoxyl additions. Even the position of the

functional groups on the aromatic ring of a xylene sulfonate was found to measurably affect their

adsorption. Changes in the nature of the functional group also affect the adsorption; for example,

sugar-based nonionic ~urfactants show unexpected selective adsorption behavior, opposite to that

shown bynonionic ethoxylated surfactants. These surfactants are particularly attractive since they

are environmentally benign. Another way to change adsorption/conformation is by adding a second

surfactant. The synergistic or competitive effects between two surfactants can drastically affect the

Since mixtures of surfactants are wildly used commercially, the behavior ofadsorption process

mixtures on the adsorption/conformation have practical implications.

Pol~er Adsomtion

Polymers are also used in mineral and material processing and their conformation can be

manipulated by changing solutions conditions such as pH, addition of a second polymer or

surfactan4 by polymer hydrophobization or even by the order of addition. Such manipulation can

lead to flocculation or dispersion even at the SAME adsorption density. Even the so called low
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molecular weight dispersants can act as good tlocculants under appropriate dosage conditions

Hydrophobic modification of polymers have the powerful ability to impart controllable

surface activity to polymers. Such combination of polymers and surfactants may yield useful

properties not exhibited by either individual component. For example. these polymers can be used

to obtain flocculation or dispersion in aqueous or non-aqueous systems of hydrophobic or

hydrophilic solids!

There are many approaches to control the polymer conformation. For example, pH shift of

a suspension can change coiling of the adsorbed polymer to yield better flocculation or dispersion.

DeRQsition and NanocomRQsite

It was recently observed that deposition of particles can be achieved even under unfavorable

conditions by incorporating appropriate tethers (hairs)on the particles. We propose such deposition

to be due to reconfonnation of the hairs on the particle with the complimentary groups reaching out

to tether and the antagonistic ones retracting. AFM experiments show that the zwitterionic particles

of net negative charge to exhibit attraction as they are brought close to a negative glass surface while

anionic particles of the ~ negative potential experience only repulsion

Control of the adsorption and conformation of polymers and their mixtures have important

future applications in many processes. Thus a layer-by-layer deposition process has been developed

to prepare core-shell nanocomposite particles using controlled polymer adsorption. Ceramics

constituted by such nanosize granules show enhanced properties in various applications. Submicron

size alumina particles chosen as starting core particles are first dispersed in this process by pH

control and then modified by adsorption of anionic polyacrylic acid to faci1itate subsequent

deposition of nanoparticles on them. A key step in the processing involved removal of excess
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polymer in the supernatant after the adsorption by controlled washing so that the added nanoparticles

do not self flocculate among themselves. Coating of nanosize particles was indicated by the charge

reversal of the micronsize composite particles. The isoelectric point of the composite particle was

found to be close to that of nanosize particles under both low and high coverage conditions.

Scanning electron microscopic observ'ation of coated particles showed full monolayer coverage of

nanoparticles on core particles conflnIling the efficiency of the coating scheme discussed here. The

compacts prepared using this technique exhibited improved flexibility and green density. This work

revealed the feasibility of coating nanoparticles onto micronsize core particles using controlled

polymer bridging for preparation of multilayer nanocomposite powders.

Other applications will be illustrated with examples from the biomaterials area.
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Which polymer conformation is better for aggregation.
dispersion, adhesion and deposition?
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bul al"1 "" il5 conformation .nd orl~nlMlion .llhe inl~rf.ce.

Prllbl4:m:

Lack or l!:!l!! teehniquu to detenuine
. thc conformation and orientation at solid/liquid interface.
. cllanges in them. dynamics involved
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R = CHJ => Poly(malcic anhydride nlethyl vinyl ether), PMAM;VE

R- Ca".7 => Poly (maleic anhydride octyl vinyl ether), PMAQ\'E
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A Novel Scheme for Particle
DepositionlDetachment under

Unfavorable Col1ditions; Role of
Reconfolomation of Tethers

Use strategies learned from nature to
develop particles capable of

facilitating/preventing deposition as desired.
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