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Abstract

Dust constitutes an environmental and human health menace in many regions of the world. The rate of soil desiccation is a significant determinant
of the availability of fine soil particles for entrainment in air as dust. Dust suppressants such as polymer solutions can reduce soil desiccation rate,
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hereby reducing dust emission factor. Herein, a dust emission estimation methodology that involves the integration of desiccation time curves to find
he average desiccation rate is formulated. This is combined with soil characteristics, stressor (environmental and possibly vehicle) characteristics
nd liquid content in soil to estimate potential emission factors. Using this methodology, the dust suppression potential of aqueous polyethylene oxide
PEO) solution was investigated experimentally with Na-montmorillonite (Na-mmt) as the model dust-generating material. PEO with a molecular
eight of 8 × 106 and at aqueous concentrations ranging from 0.5 to 10 g/L, was mixed with 10 g of Na-mmt (surface area = 31.82 ± 0.22 m2/g) and
esiccated for 700 h in a specially designed chamber at 25 ◦C and 30% relative humidity. The results show that generally, aqueous PEO is superior
o distilled water as a dust suppressant for Na-mmt at concentrations in the range of 0.5–2.0 g/L. The experimental data obtained are introduced
nto the formulated estimation methodology, and potential emissions of dust from PEO-admixed Na-mmt are determined.

2005 Elsevier B.V. All rights reserved.
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. Introduction

.1. Necessity for dust control

Dust is defined as fine soil that is transmitted to the atmo-
phere from ground sources. Soil-derived anthropodust can
ause health problems such as asthma and some forms of cancer,
specially if the dusts are laden with contaminants. Peters et al.
1] reported that human exposure to fine particles such as PM-
.5 could be the cause of frequent hospital admissions and visits
f people to the emergency room for heart and lung disease treat-
ent. Generally, fugitive dust comprises particles that primarily

all within the PM-10 range (particles of 10 �m or less in diame-
er), and can have very diverse mineralogy. Several studies [2–5]
ave been performed to characterize the geochemistry of dusts,
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often, with the objective of determining their source. Cancado
and Peres [5] found quartz, iron oxides and muscovite to be the
major mineral phases in dust generated by mining operations in
the Iron Quadrangle region of Brazil.

Fuel-derived lead (Pb), a legacy of industrial activities in
all countries and the use of leaded gasoline in many develop-
ing countries until the last decade or so, is commonly found in
dust. Lead fallout rates from dust in Raipur City, India ranged
from 0.0065 to 0.4304 kg km−2 yr−1 [6]. Particle size scaling
performed by Sullivan [7] indicates that dust particles cover
the range from clay to silt (0.01–100 �m, exceeding PM-10 in
coarseness) thereby presenting opportunities for the attachment
of contaminants to dust through a range of physico-chemical
phenomena. Among these phenomena are cation exchange on
clays, and adsorption on both silt and clay. Indeed, it is conceiv-
able that the finer particles of dust present the greater human
health risk as inhalable dust with respect to the presence of
adsorbed contaminants. An investigation of the mutagenicity
of urban particulate matter in Bologna, Italy by Pagano et al. [8]

304-3894/$ – see front matter © 2005 Elsevier B.V. All rights reserved.
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Fig. 1. An idealized schematic illustration of the binding action of polymer molecules on clay platelets within a clay clod.

indicated the existence of inverse proportionality between par-
ticle size and mutagenic activity in airborne particulate matter.

Fugitive dust can be generated by vehicular action on unpaved
roads, and wind action on the ground surface at sites that are
exposed to weather elements by agricultural, construction, and
mining operations. It is estimated that each year, as much as
1000–1500 metric tons of fugitive dust is entrained in the atmo-
sphere [9]. Dust storms are common in regions of dry climate,
exemplified by the southwestern areas of the United States,
where such storms frequently reduce visibility and cause auto-
mobile accidents.

1.2. The role of liquid retention in dust suppression

Liquids can be held as thin films in tension around soil parti-
cles. The greater the amount of liquid, the greater the thickness
of the films that surround the soil particles. These films can
bind soil particles together. Even when the thickness of these
liquid films is diminished by soil desiccation processes, dusts
may not be immediately generated if particle uplift forces are
inadequate. The forces of interaction among soil particles must
be overcome by uplift forces before entrainment of soil parti-
cles into the atmosphere as dust can occur. As the airflows over
exposed ground, tiny particles are dislodged and moved.

Experimental observations and models of dust generation
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pression is frequent wetting of the ground surface with liquids to
retard desiccation that would eventually powder the ground sur-
face, making soil particles readily available for entrainment into
the atmosphere as dust. In dry climates, water is usually used as
a dust suppressant. Unfortunately, many applications of water
may be required. The cost of energy and labor to frequently spray
water in rapid drying situations is quite high. Liquid binders such
as aqueous solutions of lime, and polymers can be effective in
reducing the drying rate of soil and thus requiring less frequent
application of suppressant on exposed surfaces. Even a small
reduction in drying rate can produce a very significant decrease
in the energy and labor costs of dust suppression over large areas
and long duration. However, any material selected must be non-
toxic, biodegradable and inexpensive.

Chemical dust suppressants reduce dust in a variety of ways:
surrounding and adhering to adjacent particles, thereby making it
more difficult to dislodge them; attracting and trapping moisture
from air to keep the surface moist; adhering to and cementing
soil particles; acting as a clay dispersant to make clay more plas-
tic; and producing heavy agglomerizations of fine particles. An
idealized, schematic illustration of this possible phenomenon is
presented in Fig. 1. The resulting agglomerates of soil particles
may become too heavy to be uplifted and entrained in the atmo-
sphere as dust. Chemical suppressants may provide long-lasting
retention of liquid and offer effective cohesion of soil particles.
Usually, they provide a durable water-resistant surface. Poly-
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ates [10–14] indicate that dust generation is favored by low liq-
id retention in soil, high content of clay and silt in soil, sparse
round coverage and high intensity of stressing processes such
s vehicular action, material processing operations and wind
ction. In another study [15], dust generation potential was found
o be related inversely to moisture and organic content of exposed
oil. Then a potentially successful approach to suppressing dust
eneration from the source material must be one that inhibits the
ccurrence of one or more of the conditions or processes that
avor dust release from trafficked and/or exposed ground sur-
aces or material piles. For exposed ground surfaces, which are
he focus of this paper, one of the practical options of dust sup-
ers suppress dust by cementation of soil particles and may
rovide some control against moisture change.

. Analytical approach

.1. The estimation of dust emission factors for unpaved
oadways

The entrainment of particles into the atmosphere may occur
hen the lift forces on the particles imposed by airflow exceeds

he adhesion force between particles and the surface that
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Table 1
Constant for a and b of Eqs. (1) and (2), which is provided by US EPA [16]

Constant Industrial roads (Eq. (1)) Public roads (Eq. (2))

PM-2.5 PM-10 PM-30 PM-2.5 PM-10 PM-30

k (lb/VMT) 0.23 1.5 4.9 0.27/0.26 1.8/1.7 6.0/6.4
a 0.9 0.9 0.7 1/0.8 1/0.8 1/1
b 0.45 0.45 0.45 NA NA NA
c NA NA NA 0.2/0.2 0.2/0.2 0.3/0.4
d NA NA NA 0.5/1 0.5/1 0.3/1

generates them. The airflow which imposes a bending moment
on the particle replaces the moment of adhesion force on the par-
ticles. Then, the particles roll and become airborne. Only when
uplift potential of particles is less than the adhesiveness can the
particles escape from the surface. While wind action alone can
generate the lift necessary to entrain particles in the atmosphere,
in some cases, vehicular action induces the lift forces. This is par-
ticularly the case on unsurfaced roads and other exposed ground
surfaces that are trafficked by vehicles.

Dust emission potential can be assessed through the use of Eq.
(1). This empirical equation is adapted from US EPA [16] and
produces estimates of dust emission in pounds of size-specific
particulate material from an unpaved source, per vehicle mile
traveled (VMT) as follows:

Ef = k

(
Ps

12

)a(
Wv

3

)b

(1)

where Ef is the emission factor (lb/VMT), k is particle size mul-
tiplier for particle size range and units of interest which is given
by US EPA, a and b are empirical constants, Ps is silt content
of surface material (%), and Wv is the weight of mean vehicle
(tons). Eq. (2), adapted from US EPA [16] is amenable to use
for estimating dust emission rates for traffic that is dominated
by light duty vehicles on publicly accessible roads
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Fig. 2. Schematic illustration of liquid retention during desiccation process.

dust generation rates. This analysis focuses on the methodology
for doing this and incorporating the results into a reformulated
dust emission model.

Eq. (3) represents the liquid loss pattern in a desiccating soil.
The liquid content, Pm (%), shows an exponential decrease dur-
ing the desiccation period

Pm = A e−Bt (3)

Herein, A is the slope of exponential curve, and B is the constant
when Eq. (3) is linearized. Pm can be considered to be the aver-
age liquid content during the desiccation period. The integral of
Pm divided by duration of soil drying experiment (tf − ti) pro-
vides the average liquid content, Pma (%), during the desiccation
period

Pma =
∫ tf
ti

Pm

(tf − ti)
=

∫ tf
ti

A e−Bt dt

(tf − ti)
= A

∫ tf
ti

e−Bt dt

(tf − ti)

= A[−e−Btf + e−Bti ]

B(tf − ti)
(4)

The constants A and B can be obtained from experimental data
plotted as liquid content (%) versus drying time of soil samples,
tf is the time at the end of the drying experiment (h), ti is the
time at the beginning of the experiment (h), Pmi represents liquid
content (%) at the initial time and Pmf is the liquid content (%)
at the end of the experiment (%) as illustrated in Fig. 2. When
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here Vv is the mean vehicle speed (mph), d is empirical con-
tant, and Pm is the moisture content of surface material (%).
he constants for a, b, c, d of Eqs. (1) and (2) are shown in
able 1. These numbers are specific to different aerodynamic
article sizes such as PM-10 and PM-2.5. The parameters of
s, Wv, and Pm are source characteristics and can be used for
djusting the emission estimates to local conditions.

.2. Analytical approach adopted in this research

From previous experimental work [17–20], it was noted that
igh liquid loss rates during soil desiccation processes can lead
o dust generation. However, for an extended time period of
esiccation in the field, it is important to use an average value
rom a liquid retention curve such as the one that is schematically
llustrated in Fig. 2. The average value can be estimated using Eq.
3) for introduction into Eq. (2) for use in computing potential
m given by Eq. (4), is substituted into Eq. (2), the final equation
or estimation of the emission factor is derived as Eq. (5)

f =
k
(

Ps
12

)a(
Vv
30

)d

(
A[−e−Btf+e−Bti ]

0.5B( tf−ti)

)c (5)

rom Eq. (5), three variables are the major parameters that
ontrol dust emission: silt content of surface material; weight
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of mean vehicle; and liquid content of surface material. Pos-
sible control options are vehicle restriction, surface improve-
ment, and surface treatment. The volume and type of vehicular
traffic on unpaved road or mean vehicle speed may alter emis-
sion rate but are difficult to enforce. For road surfaces that are
designed, silt content is dependent on soil mix design. Many
unpaved road surfaces are not designed. Consequently, control
of surface soil particle size distribution has limited potential
practically. Control of liquid content is more feasible than the
other two control approaches. Surface treatments can be divided
into two types: wet suppression and chemical stabilization.
Through watering or use of aqueous solutions or concentrated
liquids, road surfaces may be kept wet to control emissions.
Chemicals in solution or concentrated forms can produce desir-
able changes in the physical characteristics of the exposed soil
surface.

2.3. Estimation of liquid duration under environmental
conditions

In order to indicate how liquid loss is analyzed in this
paper, formulations for estimating rate constants from measured
parameters are presented as Eqs. (6)–(8). Liquid retention by
clay during desiccation processes can be determined as follows:
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at various levels under controlled environmental conditions, an
opportunity is provided to use this method to determine the liq-
uid retention value for each aqueous PEO concentration. The
impact of the liquid retention on dust emission can be estimated
using Eqs. (2)–(5). It should be noted that the purpose of the
experimental section of this paper is not to determine the pro-
portionality of liquid retention to PEO aqueous concentration at
various intermediate desiccation time instants. The focus herein
is to obtain desiccation trend lines for each concentration, cov-
ering the entire desiccation period for use in demonstrating the
assessment methodology developed and presented.

3.1. Experiment design and rationale

In order to control the environmental parameters that affect
liquid loss from wet soils, desiccation tests were performed in
a chamber in which temperature and relative humidity could be
controlled. Aqueous concentrations of PEO were produced at
the following concentrations: 0.5, 1, 2, 3, 4, 6, 8, 10 g/L. Free
liquid loss was determined through measurements of weight
loss during sample drying, under the controlled environmental
conditions. PEO solutions were also characterized through mea-
surements of their solution viscosities and dielectric constants
using procedures briefly outlined below.

3.2. Materials tested and justifications of their selection
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here Pl is the liquid retention by clay (%), Wt is the weight of
he wet solid (clay + liquid) at time t (g), and Ws is the weight
f dry solid (g).

If the plot of the natural log of the final quantity of PEO
olution versus time gives a straight line, then the desiccation is
nown to follow first-order kinetics. The rate constant, k′, and
alf-life (t1/2) can be determined from the plot of the natural log
f the final quantity of PEO solution versus desiccation time

n(Qt) = ln(Q0) − k′t (7)

n Eq. (7), Qt is the final quantity of liquid in the sample (g), Q0
s initial quantity of liquid in the sample (g), k′ is desiccation
ate constant (g/h), and t is the duration of the desiccation (h).
rom the slope of linear equation, the rate constant, k′, can be
btained. The half-life, which is the time required for half of the
EO solution to evaporate from the wet soil, can be calculated
rom the rate constant as follows:

1/2 = 0.693

k′ (8)

. Materials and methods

The use of this approach to estimate dust emission reduc-
ion is demonstrated herein, using the results of desiccation
xperiments on clay material with PEO at various concentra-
ions. These materials are used for illustrative purposes only.
he methodology is intended for use in evaluating any liquid dust
uppressant when once the desiccation rate that applies is known.
eing that the clay is expected to retain liquids introduced to it
Na-mmt was used in this research as the model soil although
t is recognized that real soils contain a wider distribution of

ineralogies and particle sizes. The use of Na-mmt was consid-
red necessary because it is common in soils and can produce
ignificant textural responses that can impact upon dust genera-
ion. Besides, as a clay material, its fine particles are amenable
o easy entrainment in air as dust. The Na-mmt that was used
n this research was obtained from the University of Missouri-
olumbia, Missouri Clay Minerals Repository. The repository

s the source of well-characterized clays that are frequently used
y researchers nation-wide. This provides the opportunity for
esearchers to compare the results of their investigations on the
ame materials. The Na-mmt consists of 62.9% SiO2, 19.6%
l2O3, 3.35% Fe2O3, 3.05% MgO, 1.68% CaO, 1.53% Na2O,
.53% K2O, 0.32% FeO, 0.111% F, 0.090% TiO2, 0.05% S,
.049% P2O5, 0.006% MnO, and the rest is loss on ignition.
he cation exchange capacity (CEC) is 76.4 meq/100 g. Sodium

Na+) with minor amounts of calcium (Ca2+) is the principal
xchange cation. The surface area (using nitrogen adsorption
ethod) was measured at 31.82 ± 0.22 m2/g as provided by the

endor.
PEO (–[–CH2CH2O–]n–) is a neutral polymer and is typi-

ally produced as a clear solid powder. It is a hard and waxy
ater-soluble polymer. PEO was supplied by Polysciences, Inc.

Warrington, PA) and has a molecular weight of 8,000,000.
he configuration of the PEO molecule indicates that hydro-
en bonding is likely the means of attachment of PEO onto clay.
t has been used as a retention aid for high-yield pulps. Distilled
ater was used in all the experiments as the solvent for this
olymer.
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3.3. Test protocols

3.3.1. Chamber tests
Ten grams of Na-mmt was mixed with 50 mL of PEO solution

and transferred to polystyrene tubes (22 mm internal diame-
ter × 145 mm height). Then, the tube was weighed with a balance
that is sensitive to 10−4 g and left at room temperature to hydrate
for 1 day. After 24 h of hydration, the samples were placed in
an environmental chamber (Watlow Series 922, designed by
Bryant Manufacturing Associates) that maintained temperature
at 25 ◦C and 30% relative humidity. Weight measurements were
then made at various time intervals until the cumulative loss of
liquid from each sample approached 100%. The measurements
were made at 1-day intervals and several times until the change
in weight became less than 0.0100 g. From these measurements,
the envelop of desiccation times to attain reasonably complete
liquid loss was found to be about 700 h although the rate of dry-
ing (desiccation rate) within this time-frame varied for various
concentrations as discussed in Section 4 of this paper.

3.3.2. Measurement of viscosity and dielectric constant
The viscosity of intergranular pore fluid in soil affects the

rate at which the fluid moves under various gradients. Being
that polymer solutions of different concentrations have differ-
ent viscosities, polymer solution viscosity was measured in this
research to index the effects of polymer concentration and the
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Fig. 3. Relationship between liquid content retained in Na-montmorillonite
amended with polyethylene oxide at various concentrations during a desiccation
period of 700 h.

observed at all aqueous concentrations of PEO. During a desic-
cation duration of 700 h, about 99% of the initial liquid content
was lost from Na-mmt samples. However, within this duration,
there were drying rate variations for various PEO concentrations.
Plots of liquid retention versus time are shown in Fig. 3 for vari-
ous PEO aqueous concentrations. The results show that Na-mmt
amended with PEO solutions, lost liquid exponentially. This is a
first-order reaction in which the quantity of PEO liquid decreases
exponentially at least, within the first 500 h. The rate constants
are determined from the plot of the relationship between the
natural logarithm of liquid quantity and time, t (Fig. 4). The
lowest slope of the plot is −0.0056 g/h for an aqueous PEO con-
centration of 2 g/L and the highest slope is −0.0081 g/h for an
aqueous PEO concentration of 8 g/L. Distilled water has a slope
of −0.0072 g/h. It is observed that the liquid loss is slower with
2 g/L solution than with distilled water within 500 h of desic-
cation. The rate constants that are obtained from the slopes of
the graphs are summarized in Table 2. The lowest rate constant
among various concentrations of PEO is 0.0056 g/h with 2 g/L
PEO while the control sample which involved drying of soil
with distilled water produces a value of 0.0072 g/h. The calcu-
lated half-lives of aqueous PEO desiccation from Na-mmt are
also summarized in Table 2. The corresponding half-lives of
various PEO concentrations are 96.2 h for distilled water while
2 g/L of PEO has 123.7 h. These results imply that the PEO con-
centration of 2 g/L was retained the most by Na-mmt although
t
d

G

esults. The viscosity of PEO solutions was measured using a
otational viscometer (Cole-Parmer, Vernon Hills, Illinois). For
ach test, an aliquot of 35 mL PEO solution was transferred into
polystyrene tube. The rotor was immersed in the PEO solution
p to the groove marked on the rotor shaft. The value of vis-
osity was taken on the display panel after 1 min to ensure that
tabilized readings were recorded. Capacitance measurements
ere performed to determine the dielectric constants of PEO

olutions. Solution dielectricity is an important parameter as
egards physico-chemical interactions between the solution and
oil solids that may influence the texture of the soil. In turn, soil
extural parameters such as porosity, pore size distribution and
ortuosity have impacts on desiccation rate. These tests were per-
ormed using a LCR (Inductance, Capacitance, and Resistance)

eter (Hewlett-Packard, Model 4261A) at a frequency of 1 kHz
nd a test signal of 1 V. A sample cell made of parallel plates
30 mm width × 0.9 mm length × 15 mm height) was filled with
EO solution. Then, the silver alloy-sided section was attached

o internal surfaces of the sample cell, and the other side was
ttached to electrodes that connected the sample cell to the LCR
eter. Before measuring the capacitance of the PEO solutions,

he capacitances of air and water were measured for calibration
f the measurements. The ratio of the capacitance of water to
hat of air was taken to be 78 at 25 ◦C.

. Results and discussion

.1. Desiccation test

The aqueous PEO concentrations presented were obtained
rom triplicate measurements of solution viscosity. This was
his observation is more obvious in the early (0–250 h) stages of
esiccation.

As shown in Fig. 3, soil drying rates change with time.
reankoplis [21] reported that the unsteady state adjustment
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Table 2
The linear equation of cumulative liquid loss (ln(Qt)) of PEO on Na-montmorillonite against time (t), rate constant, and half-lives obtained from the linear Eq. (7)

Concentration of polymer solutions (g/L) Linear equation R2 Rate constant (g/h) Half-life (h)

Distilled water ln(Qt) = −0.0072t + 3.8224 0.9701 0.0072 96.2
0.5 ln(Qt) = −0.0071t + 4.0097 0.9649 0.0071 97.6
1 ln(Qt) = −0.0065t + 3.7779 0.9887 0.0065 106.6
2 ln(Qt) = −0.0056t + 3.7390 0.9854 0.0056 123.7
3 ln(Qt) = −0.0074t + 4.0289 0.9559 0.0074 93.6
4 ln(Qt) = −0.0067t + 3.8404 0.9717 0.0067 103.4
6 ln(Qt) = −0.0060t + 3.8567 0.9768 0.0060 115.5
8 ln(Qt) = −0.0081t + 3.7588 0.9730 0.0081 85.5
10 ln(Qt) = −0.0079t + 3.6664 0.9621 0.0079 87.7

period is usually quite short relative to the other two stages. The
constant-rate period is shown in the middle of the desiccation
graph. Subsequent to constant-rate desiccation, the rate of des-
iccation falls more rapidly until the free liquid content equals
zero. Bae and Inyang [17] have identified distinctive desicca-
tion rate periods during the drying of aqueous polyethylenimine
(PEI) solutions from Na-mmt.

4.2. Emission factor (Ef)

Emission factors were computed using Eq. (5). Data on typi-
cal silt content, traffic and vehicular weight were obtained from
EPA AP-42 [16]. For computation of PM-10 and PM-2.5 emis-
sions, 0.01% and 20 mph were chosen as the silt content of
surface material and for mean vehicle speed, respectively. Only
the average liquid content is obtained from experimental data
using Eq. (7). The average liquid contents of PEO on samples
and computed emission factors are summarized in Table 3. The

F
r

average liquid contents vary from 15.2% with distilled water
to 77.0% with 1 g/L of PEO solutions. The concentration of
1 g/L PEO has the lowest emission factor for PM-10, (0.229 g/h)
while distilled water has 0.317 g/h. For PM-2.5, PEO 1 g/L has
the lowest emission factor, (0.0344 g/h) while distilled water
has 0.0475 g/L. These results indicate that PEO suppressant can
improves liquid retention in soil samples and potentially reduce
the emission rates of dusts. Fig. 5 shows the effect of polymer
concentration on reductions in emission factor. The concentra-
tion of 1 g/L of PEO solution has the highest average liquid
retention in soil, (77.0%), which is more than twice of that of
distilled water (control) during desiccation period. The corre-
sponding decrease in emission factor for PM-10 is from 0.317
to 0.229 g/h.

4.3. Practical applications of the results

In terms of practical application, the interest is to find the
minimum aqueous concentration of PEO that could be effective
in dust suppression. If flocculation is retarded through increase
in dielectric constant, then the pore size distribution in the dry-
ing clay is likely to be skewed toward smaller pores. Coupled
with the attachment of polymer molecules to pore walls, the
flow of liquid upward to the drying surface could be constrained
predominantly to the central section of the pores. This restric-
t
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ig. 4. Desiccation of PEO on Na-montmorillonite to determine the first-order
eaction.
ion improves liquid retention capacity and hence, delays dust
eneration processes that rely on clayey soil powdering: a phe-
omenon that is commonly induced by excessive liquid loss.
epending on the type of polymer and clay characteristics, high

able 3
mission factors of PM-10 and PM-2.5 as a function of polymer concentration
s dust suppressant

oncentration (g/L) Average liquid
content (%)

Emission factor (g/h)

PM-10 PM-2.5

istilled water 15.2 0.317 0.0475
.5 37.8 0.264 0.0396

77.0 0.229 0.0344
37.9 0.264 0.0396
37.4 0.265 0.0397
35.1 0.268 0.0402
40.2 0.261 0.0391
24.9 0.287 0.0430

0 24.0 0.289 0.0434
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Fig. 5. Emission factors for PM-10 and PM-2.5 as a function of polymer con-
centration which was obtained from experiment for 700 h.

aqueous concentrations of the polymer may also induce floccu-
lation of the clay thereby causing larger pore spaces that allow
intergranular liquid applied to dry out more easily. Testing at
various concentrations will enable the appropriate concentra-
tion range to be estimated. To satisfy the reader’s curiosity, the
cost-effective PEO solution would be applied using standard
dust-laying processes employed in construction. This involves
spraying of the liquid on ground surfaces from a tanker. Increase
in liquid retention implies that the number of applications per
unit area of the ground surface, and the cost of application
to attain a given dust control effectiveness would desirably
decrease.

5. Conclusions

Aqueous PEO liquid at a concentration range of about
0.5–2.0 g/L shows low liquid loss when the soil is exposed to
a temperature of 25 ◦C and relative humidity of 30%. This is
indicative of a liquid retention capacity that would minimize
the potential of dust release from exposed Na-mmt-rich soils in
the field. The PEO concentration of 1 g/L mixed with Na-mmt
gives the lower emission factor than control, which is with water.
Although it is recognized that in an actual soil, many other soil
minerals and soil textural forms would be represented, these
results provide a first-level indication of the reasonably good
potential of PEO, in low aqueous concentrations, as an effec-

tive dust suppressant. Subsequent field research/demonstration
is planned as a follow-up to this laboratory-based investigation.
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