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A Study on the Zeta Potential Measurement and the Stability

Analysis of Nano Fluids using a Particle Image Processing System
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Abstract

Zeta potential measurements of colloid particles suspended in a liquid are performed by a Zeta
Meter developed. There are many applications of colloid stability in spray technology, paints,
wastewater treatment, and pharmaceuticalsc. Zeta potentials of charged particles are obtained by
measuring the electrophoretic velocities of the particles using video enhanced microscopy and
image analysis program. The values of zeta potential of polystyrene latex(PSL), silica(SiOy),
polyvinylidence difluoride(PVDF), silicon nitride, and alumina particles in deionized (DI} water
were measured to be -405, -31.9, -25.2, -15.1 and -10.1 nV, respectively. The particles having
high zeta potential less than -20 mV are stable in DI water, because the double layers of them
have strong repulsive forces mutually, and the particles having low zeta potential over -20mV are
unstable due to Van Der Waals forces. Silica(>20 nm), PSL, aluminum and PVDF particles were
found to be stable that would remain separate and well disperse, while silicon nitride and
alumina particles were found to be unstable that would gradually agglomerate in DI water.
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(a) Charged particles repel each other.
(Zeta potential: -40 mV)

(b) Uncharged particles are free to collide
and aggregate. (Zeta potential: 0 mV)
Fig. 1. Colloid behavior of charged and

uncharged particles.
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Table 1. Stability of charged particles
(ASTM DM D4187-82)

Stability .
. Zeta potential (mV)

characteristics

Strong agglomeration +51t0 -5

Incipient instability - 10 to - 30

Moderate stability - 31 to - 40

Good stability - 41 to - 60

Excellent stability - 6l and up
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Fig. 2. Electric double layer and zeta
potential of a charged particle.
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Fig. 3. Rectangular electrophoretic cell for

measuring zeta potential.
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Fig. 4. Schematic diagram for measuring zeta

potential with video enhanced microscopy.
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Fig. 5. Schematic diagram of particle velocity

profile in a rectangular electrophoresis cell.
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Table 2. Zeta potential values of various
particles suspended in DI water '

Particle type ¢ ng)
PSL spheres (1.07um):
with 0.1% Triton X-100 - 405
without surfactant - 370
Aluminum - 394
Arizona road dust - 261
Coal dust - 2710
Silicon dioxide (>20 nm) - 31.9
Silicon -~ 26.0
Silicon nitride (alpha type) - 15.1
Zinc - 288
Glass beads (2.04m) * - 388
Contaminants in tap water * - 170
Alumina (gamma-alpha type) - 101
Modified 0.762¢m PSL spheres ” + 30.3
PVDF (Polyvinylidence
. . - 252
difluoride)
Cellulose nitrate - 283
Note!
1 pH=7)

2 Measured by the video enhanced microscopy

3 From Donovan et al, Microcontarmination, March, 1990

4 From T. M. Riddick, Chemical Engineering, June 26, 1961
The values ranged from ~5 to -27 mV

5 Amidinated Positively charged hydrophobic latex: The only
surface functional group present on the particle is amidine.
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