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Extended 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, CT Scan, SPR, QCM and AFM techniqués, along
with conventional techniques to measure flocculation, surface potential and hydr;jphobicity. Results
obtained using these techniques will be discussed along with possible new appiiéations.

Surfactant Adsorption
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 conformation of the adsorbed layer can be controlled. Manipulation of the

adsorbed layers for desired performance will be discussed in this talk.
In surfactant systems, in addition to solid-surfactant interactions, surfactant has the tendency

to form two dimensional aggregates called solloids (surface 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 ethoxy! 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 surfactants show unexpected selective adsorption behavior, opposite to that
shown by nonionic 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
adsorption process. Since mixtures of surfactants are wildly used commercially, the behavior of
mixtures on the adsorption/conformation have practical implications.

Polymer Adsorption

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
surfactant, 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 flocculants 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.

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 reconformation 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 same 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 facilitate 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 observation of coated particles showed full monolayer coverage of
nanoparticles on core particles confirming 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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- Elucidate mechanisms of interfacial effects as a fuaction of

STRUCTURE of surfactants aad polymers for various
solids and medis. — Structure-property relationships.

.

Modify surface active ageats with funetional groups to
enhance and coatrol bebavior.

- Design more efficieat agents for optimum performance.

» Devise processing schemes for desired product properties.

- Investigate and develop environmentally benign surfactants.
- Better commercis! products and processes.
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Introduction
The importance of configuration of adsorbed

species
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Surfactant Adsorption
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* Mechunisny Charge patch neutralization ussisied by bridging
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Effect of Solids Loading on Conformation of PAA
Adsorbed on AKP-50 Alumina .
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. PM molecules become more extended as solids loading

Aggregation of Hydhphoblcally Modified

and Comb - Like Polymers

and P. S daran

C. Maltesh, Qua Xu, K. Sivad

Langmuir Center for Calloids and Interfaces
Columbia University, New York.

e @
*  Effect of Hydruphbic Modilication of Water-
Soluble Polymers on their Solution Behavior

»  Aggregation behavior of Comb-like Polymers

o Interacticns of the Modified Pulymers with
Surfactaats and Inorganics
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Hydrophobically Modified Copolymers
+ Polymers and surfactants are widely used in (« CH, - CH(OR) - CH(COO]{) - CH(COOH) _)”
industrinl processes as, for example, stfl‘bﬁjizers, a4 <

flocculants and rheological modiﬁer§.' ‘ R = CH, => Poly(malcic anhydride methyl vinyl ether), PMAMVE

« tiydrophobic” modification may. be used to impart

llahle surf: tivity to polymers R= C,H,, => Poly (maleic anhydride octy! vinyl ether), PMAOVE
controllable surtace acti . N

« Combinations of polymers and surfactants may yield
uscful properties nut exhibited by either individual
component.

Cylindrical Vi
HELICAL STRUCTURE OF Octyl-PMAVE MOLECULES Yindrical View of A Octyl-PMAVE Molecule

Helical strueturs festures a lower structeral emergy as s resslt of staggered
cunformation betwees adjacent carbea growps,

-HYDROPHOBICALLY MODIFIED POLYMERS:

AGCREGATION BEHAVIOR OF DAPRAL IN

Molecular structure and schematic representation of DAPRAL AQUEOUS SOLUTION
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DAPRAL CONC., ppm
e

(less thao 10 ppm).

e

shield the charge.

No effect of pH: iogization of -COOH groups daes not
impede aggregation, The ethylene oxide chains possibly

DAPRAL aggregates in solution at very low conceatrations



Polarky Parscnster (3} )
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0. On Alumina Suﬂuc/? !

/ /In Solution 1
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The polarily parameter increases as increase n
DAPRAL concentration ing polymer molocules
_associate due to nmm.
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ﬁemtmmmulm\m surface than in the
0N,

Hydrophilic Side Chains L\ Y
Hydrophobic Side Chains ﬁ \

%Wt of Graphite Settled

. EFFECT OF DAPRAL GE202 ON THE
DISPERSION OF GRAPHITE POWDER IN
. AQUEOUS SYSTEM
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DAPRAL Causes Dispersion of Graphe, Like the
Anionic/Nononic  Surfactant Mixture
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Hydrophobic Flocculation & Electrostatic and Steric
Electrostatic Stabilization Stabilizstion

Influence of DAPRAL on the Stability of Alumina Suspension
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Deposition, Nanocomposites, etc
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A Novel Scheme for Particle
Deposition/Detachment under
Unfavorable Conditions; Role of
Reconformation of Tethers

A. Camphell, J. Adler', 8. Shrotri, K. P. Ananth and P.
Sumasundaran

NSF Industry/University Cooperative Center in Novel Surfactants

Langmuir Center for Colluids and Inierfaces, Columbla University
“ERC in Particle Science and Technology, UF

Motivation
It was observed that
-+
Streptococcus
sanguis

“ollow-up caperiments rescaled impurtance of haies (fimbriac) ...
Aetimmnees viscosus (Purent and mutant strainsi
P e —

Depuosition-on

EEEE k. wp
=D Lm0l Surface
Actinomyces

naeslundii AP e

et e e ettt
H
]

| »; - ST ]' e J
S. sanpwis
Hydr'ﬁ;pmu l ® ‘

- unmnlionldeposilh;n © = no Inieraction

AFM Measurements of Particle-Surface

.
Interaction
LN — I . . s
{ Anionic  Zwitterionic
% Repulsion 25572
F A Aninnie Late v/ Glass C o & @
g g & d Qe
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3o g .. 8
S Zwitterionic Lutey'Glass SR
. cHeS
§""-‘ fun Attraction 1
| [ S A
4 R [ the 1 [ Cha
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Scparstion {Nviancy (nm)
+ Note that anionic latex particles (of the same net negative zeta
potential) experience only repulsion, whereas the zwitterionic
latex purticles expericnce an attraction.

Use strategies learned from nature to
develop particles capable of
facilitating/preventing deposition as desired.

DEPOSITION FROM 250 mM (7%) SDS USING

CATION {feoM POLYMER

> Anfoﬁlc

Cationic

Zwitterionic

Magnification
400¢

Preparation Procedure for Multilayer Nanocomposite
Particles

m e, 2. Residual
Palymer Removal
3. Shell
5 Polymet Nanoparacie
! Adsurprion Coating

o i o
> o o
2 A ¥
awn @ =
4 Remdual Shell © o5 2 @

Nanoparticie
Removal

Mudilayer nanccompoite particies

l Afer repeat of sieps 2~5¢




Mixture of Nanotek alumina
and AKP-13 particles
- no polymer

Nanotek atuming costed ARE-
1R compusite pasticles

- with palymers

pacticles with grainy surface feature were observed.

© ARter the coaling process, componite
sign of interactions between them.

* Mixture of core and shell particles show no

Effect of Com pression Pressure on Green Homogeneity of AKP-13/Nanotek Hematite

Density of Compaosite Compacts

»
. |
L]
“ P2
z . :
-
= »
3 f .
- s
se ; oo
g i3
§ ‘ PAA MWY: 150000
oot pH 4,15 0.03 M NH,NO,
§ L] Sobids Loading: 18 vors
© . Nate High Solids Loadig
[ - Vs « Na
- AKP-15
@ 8 AKP-18Nanotek Mistury

60 1% 120

Compression Pressure, MPa

20 LY 80

+ In contrast to components tindividoal or
avived ), nanocompasites vield a linear
celationship of green density with compression
pressure. This suggests flexibility of the

NIOUCOIM POSITE SIructures,

(a) Nanoecomposites and (b) Mixtures.
Munitored using EDS Measurements

038 o e e e i
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.

""  (a) Nanocomposite

Magninesnen. 1

Fe/Al Ratio

(b) Compaone

nt mixture

ees o

+ The nanocomposite disks resuit in
better component distribution,

Potential Applications of the
controlled polymer adsorption process

Buls niinocamposites

Nanocompusite fitm

Nanocompusite cousting

B

o

Foamy
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