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The electrical resistivity and collection efficiency were determined
for swine dust to investigate the use of electrostatic precipitation in
removing airborne dust from swine housing air. For comparison,
four other organic dusts were used in the resistivity and collection
experiments: flour, icing sugar, corn starch, and milk powder. The
electrical resistivity for each of the dusts was within the "medium"
resistivity range. An electrostatic precipitator collected the flour,
icing sugar, corn starch, milk powder, and swine housing dust with
mass collection efficiencies of: 92.5%, 23.9%, 71.0%, 45.7%, and
67.3%,respectively. Foreach of the fivedusts, the particleslessthan
1 urn, werecollected with less efficiency than particlesgreater than 1
|im.

Un appareil a precipitation Slectro-statique etait utilise pour en-
lever la poussiere aeroportee d'un grand pare de pores. Les essais
portaient sur la caracterisation de la poussiere (resistivite, suscepti
bility auxexplosions) et sur son tauxd'interception electro-statique.
Les essaisetaient repels avec quatre autres poussieres organiques
reconnues pour leur resistivite electronique moyenne: farine de ble,
sucre a glacer, poudre de lait, et fecule de mais. Les particules de
poussiere de plus de 1 um, provenantrespectivement de la farine de
ble, du sucre a glacer, de la poudre de lait, de la fecule de mais, et de
la porcherie, etaient interceptees au taux de 92,5%, 23.9%, 71.0%,
45.7%, et 67.3%. Les essais demontraient que la poussiere de por
cherie etait sensible aux explosions lorsqu'en contact avec un
appareil electrostatique.

INTRODUCTION

Airborne dust in swine confinement housing contributes to
wards respiratory disorders in stockpersons and animals, as
well as towards corrosion of equipment. The characteristics
of airborne swine housing dust which attribute to health
hazards include: 1) particle size in the respirable range; 2)
high protein concentration; 3) high bacterial and fungal
counts; 4)endotoxin activity; and5) adsorbed irritating gases
(Donham and Leininger 1984). Various studies have indi
cated that the total mass concentration for all particle sizes
ranged between 1.3 and 6.9 mg/m3 for mechanically venti
lated finishing barns (Heber et al. 1988). According to
Danish investigations, 70 percent of dust particles in finish
ing houses is less than 5 |im (Pedersen 1989). Most of the
particles greater than 5 jim is retained by a human's or
animal's upper respiratory tract. Particles less than 3 Jim tend
to deposit within the lower respiratory tract, including the
bronchi and alveoli (Curtis 1983).

In thepast,mechanical methods of removing dust from the
air of livestock houses were experimental and included the

use of fabric filters, wet scrubbers, ionization, and electro
static precipitation (Carpenter 1987). Electrostatic
precipitation may be the most feasible method if high collec
tion efficiencies can be achieved for respirable and larger
particle sizes and if an automatic cleaning mechanism can be
incorporated. Animal houses with recirculation ducts and
low dust generation rates may be more conducive to dust
removal by electrostatic precipitation.

The main characteristics of swine dust that were examined
in this report were resistivity and ease of collection by a
commercially-available electrostatic precipitator. This inves
tigation was conducted to determine how the characteristics
of swine housing dust affect the collection efficiency of an
electrostatic precipitator. Although several experiments have
been performed to determine the collection efficiency of air
ionizers and electrostatic precipitators, design of equipment
for swinedust removal usingindustrybaseddesignequations
was not considered (Veenhuizen and Bundy 1990; Bundy
1974; Bundy and Veenhuizen 1987). Industry-based design
equations utilize dust resistivity and particle size among
other environmental conditions to select optimum apparatus
sizing, operating voltage, applied current, and material selec
tion (Lloyd 1988).

BACKGROUND

Electrostatic precipitation uses a particle charging and parti
cle collection mechanism. The particle charging is achieved
by supplying a high voltage between a small-radius electrode
(wire) and a large-radius electrode (plate) (McDonald and
Dean 1982). As the particles collide with the electrons and
ions generated from the corona discharge around the dis
charge wire, they become charged and are attracted to the
collection electrode. The current between the discharge and
collection electrode flows through the dust layer via two
mechanisms: volume and surface conduction (McDonald and
Dean 1982). Volume conduction occurs primarily at tem
peratures greater than 150°C and represents the flow of
current through the thickness of dust, as a whole. Surface
conduction is prevalent at temperatures less than 80°C and
represents the flow of current over the surface of individual
dust particles. Current conduction increases with the mois
ture content of the dust since the water on the surface of the
dust particle has little resistance to current flow.

Electrical resistivity

Electrical resistivity is defined as the resistance to current

CANADIAN AGRICULTURAL ENGINEERING Vol. 37. No. 2, April/May/June 1995 97



flow, through a dust sample, 10 mm in thickness, when
exposed to anelectrical voltage equivalent to 85- 95 percent
ofthe "breakdown voltage" of the sample, applied uniformly
across two opposite faces of the volume (McDonald and
Dean 1982). The field strength which represents the force
that maintains the dust upon the collection electrode is deter
mined by Ohm's Law:

E = r»Id (1)

where:

E = strength of electric field (VDC per mm of dust),
r = resistivity of dust (Q»mm), and
Id = current density, A«mm" .

The three ranges of specific dust resistivity are: 0 to 105
Q»mm (low); 105 to 2«10n ii»mm (medium); and above
2«10n Q«mm (high) (Batel 1976).

The optimum operating voltage and current of an electro
staticprecipitatorfor a dust of "medium" electricalresistivity
is selected as 85 to 95% of that voltage at which "breakdown"
occurs. Breakdown (sparking or arcing) can either occur in
the air between the discharge and collection electrodes (inter-
electrode space) or in the dust layer (back-corona).

A dust with "low" electrical resistivity can impede dust
collection since it would require a larger current than could
be supplied bya powersupplyusedto providevoltagefor the
electrical field required to hold the dust onto the collection
plate. This higherthannormal currentmayresultin sparking
that can occur if the local current density is too high for a
specific inter-electrode spacing.

A dust with "high" electrical resistivity can impede dust
collectionby either producinganextremefield forceeffector
back-corona. The field strength within the inter-electrode
space is higher than normal and canresult in pockets of dust
accumulating upon the collection electrode. The dust layer
becomes uneven and can interfere with the supply of current.
Back-corona, a breakdown of the dust layer can also occur
due to an abnormally high field strengthwithin thedust layer.

A dust of "medium" resistivity is considered ideal since
the required current to supply an adequate electrical field to
hold the dust onto the collection electrode is high enough to
createa strong corona dischargeyet low enough to not cause
sparking or back-corona.

Determination of dust resistivity.

The standard technique for conducting laboratory resistivity
measurements was established in the Power Test Code 28
(PTC-28) published bythe American Society of Mechanical
Engineers (ASME) (McDonald and Dean 1982). This code
was established for the measurement of the bulk resistivity of
fly ash present in the flue gas in coal plants. The apparatus,
as shown in Fig. 1, wasdesigned for the experiment follow
ingtheguidelines established by the PTC-28.

METHODOLOGY

Experiment 1

Five organic dusts were used: 1) siftedflour, 2) icingsugar,
3) corn starch, 4) milk powder, and 5) swine housing dust.
These dusts appeared to have similar particle distributions.

98

Theparticle concentrations (particles-mL"1) for the particle
size ranges of greater than 0.5, 1, 2, 5, and 10 |um were
determined for each of the five dusts using the Climet 250
particle counter (Climet Instruments Co., Redlands, CA). A
statisticalpackagewas used to test the significanceof various
relationships under investigation.

This experiment focused on the bulk electrical resistivity
of the five organic dusts. Several tests were carried out to
determine: a) if thickness of the dust layer has an effect upon
bulk resistivity; b) if the difference in dust particle constitu
ents or size distribution of the five dusts has an effect upon
dust resistivity; and c) if the dust retains charge after the
potential across it has been reduced to zero.

The components of the bulk electrical resistivity apparatus
are shown in Fig. 1 and include: 1) a plexiglass casing; 2) a
dust cup with a 2580 mm2 smooth stainless steel base (bot
tom electrode); 3) a dust layer, 5 or 10 mm in thickness; 4) a
1452mm2 smoothstainless steel plate centred on top of the
dust layer (top electrode); and 5) a weight placed upon the top
plate to produce a total uniform pressure on the dust of 9.8
kPa. The top electrode was smaller than the bottom electrode
to reduce the chance of current passing along the edges of the
dust cup. A voltage potential between 0 and +6.3 kVDC was
applied to the bottom electrode to supply current flowing
through the dust layer. Both the bottom and top electrodes
were each connected to a chart recorder.

The experimentconsistedof a 5x2x3 experimentaldesign,
with five dust types, two thicknesses each tested over three
replicates, totalling 30 runs performed in random order. For
each run, two readings were taken one minute apart each for
a duration of 30 seconds. Each run consisted of the voltage
potential being slowly increased from zero until the maxi
mum voltage potential of +6.3 kVDC was achieved or
sparking occurred. Once either of these voltage levels was
achieved, that voltage was maintained constant for 30 sec
onds to allow for sufficient data to be recorded. The current
generally remained zero until sparking occurred at which
time it would peakandreturnto zero. Resistivity calculations

R1 =1006 ohms

Bottom Electrode
(2580 mm2)

N.B.: C.R. - Chart Recorder
H.V. - High Voltage

Plexiglass Casing

Weight

Top Electrode
(1452 mm2)

Dust Layer
(5 or 10 mm)

(0 to +6300VDC)

KV\)

Fig. 1. The bulk resistivity apparatus (Experiment 1).
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were determined by using Eqs. 2 and 3 and based on 85% of
both the voltage and current at the first incidence of sparking
as well as the thickness of the dust layer.

fl = W (2)

where:

R = resistance of dust layer (Q),
V = applied potential x 0.85 (VDC), and
/ = current conducted through dust layer x 0.85 (A).

r = R»ATl (3)

where:

A= contact areaofdustand topelectrode (1452 mm2), and
/ = thickness of dust layer (ii»mm).

Experiment 2

This experiment determined the effect of different particle
constituents and particle sizes on the efficiency of a commer
cially available electrostatic precipitator (Electro-Air Canada
Limited, Concord, ON) which consisted of two collection
cells. Each collection cell included an ionizing section con
sisting of 43 heavy-gauge aluminum plates alternately
grounded and charged with +6.2 kVDC as were the ionizing
wires. The dust particles were charged by the corona gener
ated between the ionizing wires and grounded plates
extruding from the collection section.

Five milliliters of dust was dropped through the electro
static precipitator (Fig. 2) over a one-minute period from a
horizontal plexiglass plate with an opening (25 x 60 mm)
mounted above the unit. The experimental design included
three replicates of each dust tested randomly, totalling 15
runs. The collection efficiency of the electrostatic precipita
tor was determined as:

T| = [(M,-M/,)»M,-1]» 100 (4)

where:

T| = mass collection efficiency (%),
Mi = mass of dust entering precipitator (g), and
Mp = mass of uncollected dust (g).

The uncollected dust which passed through the electro
static precipitator was collected on a tray beneath the unit.

+6.2 kVDC

Wire*-yQ7
-Grounded

Plates

-Plates

-12.5 mm

-22.5 mm

(a) FRONT VIEW

N.B.: The two outer grounded plates
are 120 mm long.

Grounded Plates

Discharge Wire

2 Ionizing Plates

-89 mm-

-104 mm-

-120 mm-

(b) SIDE VIEW

Fig. 2. Section of the electrostatic precipitator
(Experiment 2).

The particle number concentration was determined for five
size ranges of both the dust entering and leaving uncollected.
A ratio was determined for each size range to determine
whether a particular size was more efficiently collected than
another size.

RESULTS and DISCUSSION

Preliminary tests.

The tests performed included finding the moisture content
and the particle size distribution of each of the organic dusts
used in experiments 1 and 2. The moisture contents of the
dust, as found by measuring the difference in mass of a dust
sample after 18 hours in a precision gravity convection oven
(GCA Corporation, Chicago, IL), were: 6.04% (flour), 0.15%
(icing sugar), 3.47% (corn starch), 6.89% (milk powder), and
2.37% (swine housing dust). The percentages of particles less
than lm were 73.5% (flour), 76.0% (icing sugar), 85.9%
(corn starch), 96.9% (milk powder), and 59.4% (swine hous
ing dust). For all of the dusts, 89.5% of all particles were less
than 2 |im.

Experiment 1

A phenomenon called spiking, caused by breakdown of the
dust layer in the bulk resistivity apparatus, occurred in icing
sugar, milk powder, and swine housing dust each at a dust
thickness of 10 mm. Spiking was due to the formation of a
hollow column of dust which extended from the bottom to the
top electrode. The spike was formed due to the current find
ing a path of least resistance through the dust layer. Since the
current flowed through the air gap in the centre of the spike,
instead of along the surface of the individual particles or
through the bulk of the dust layer, a smaller voltage drop
occurred. This lower voltage drop resulted in a larger current
being conducted through the dust layer. Since the resistance
of the dust is represented by the ratio of applied voltage to
conducted current, a lower resistance occurs when the current
is propagated through the spike instead of through the dust
layer as in normal conduction (volume or surface conduction)
at either dust thickness. This spiking did not occur in all three
replicates for a dust, denoting that the current must find the
path of least resistance before the spike can occur. If the dust
is packed suchthat there is a slight air gap in the layera spike
may be more easily created.

In the instances where the resistivities were very high,
such as for icing sugar and milk powder, the current gener
ated thorough the dust layer was very low therefore creating
a larger ratio of applied voltage to conducted current. The
calculated values of resistivity are given in Table I.

The averageresistivity for flour at a dust layer thicknessof
5mm was 9.0» 109 Q»mm and 12.8* 109 fl«mm, for readings
1 and 2, respectively. For a dust layer thickness of 10 mm, the
resistivities were 20.1* 109 Q»mm and 18.8»109 Q»mm for
readings 1 and 2, respectively. There was no significant
difference (P < 0.95) attributed to dust layer thickness or to
the rest period between readings. This implies that the elec
tric field present within the charged dust is not changed by a
5 mm layer thickness increase and that no charge is stored
during the 1 min separating readings 1 and 2.

The average resistivity for icing sugar at a dust layer
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Table I: The bulk electrical resistivity of five organic
dusts

Dust Thickness Reading
(mm)

(109Q.mm)

Flour 5

10

Icing sugar 5

10

Corn starch 5

10

Milk powder 5

10

Swine 5

housing dust
10

Average
resistivity

Standard

deviation

(fl»mm) 10y (Q»mm) l(f

8.97

12.8

20.1

18.8

7.01

6.19

* 311

*624

6.60

6.41

41.37

14.68

1.39

2.57

*920

*920

5.17

5.82

2.53

3.95

2.91

11.5

19.0

16.9

0.92

0.71

155

439

1.38

0.65

53.4

14.1

0.12

1.23

763

763

1.67

0.82

0.78

1.08

Note: * - Dust of "high" resistivity, >2.10 Q» mm

thickness of 5 mm was 7.0»109Q»mm and 6.2«109 Q«mm
for readings 1 and 2, respectively. For a dust layer thickness
of 10 mm, the resistivities were 3.1»10n Q«mm and
6.2* 10n Q»mm. There was a large difference in resistivity
values due to spiking in replicate 1 and normal conduction in
both replicates 2 and 3 of dust thickness 10mm. This signifi
cance may be due to an increase of electric field due to charge
retention within the dust layer.

The resistivity values for corn starch at a thickness of 5
mm for readings 1and 2 were, 6.6»109 (i«mm and 6.4»109
Q»mm, respectively. For a dust thickness of 10 mm, the
resistivities were 41.8»108 Q»mm and 14.7»108Q»mm, for
readings 1 and2, respectively. Therewasa significant difference
(P > 0.95) between readings 1 and 2, for a dust thickness of
10 mm, which could be due to a higher current conducted
through the dust layer due to a retention of charge.

The resistivity values for a milk powder dust layer thick
ness of5 mm for readings 1and 2 were the same at9.2» 101'
fl»mm. There was a significant effect (P > 0.95) produced by
a difference in dust layer thickness on bulk resistivity. No
significant differences were found between readings 1 and 2
for either dust layer thickness, signifying that a charge reten
tion did not occur. A large standard deviation was denoted for
both readings 1 and 2 at a dust thickness of 10 mm. This was

100

due to a very low resistivity produced in replicate 1 in which
spiking occurred.

The resistivity values for the swine housing dust layer
thickness of 5 mmfor readings 1and 2 were 5.2«109 Q«mm
and 5.8»109 Q*mm, respectively. For a dust layerthickness
of 10 mm, the values for readings 1 and 2 were 2.5«109
il»mm and 3.9* 109 il»mm, respectively. These values were
significantly lower than those at a dust thickness of 5 mm.
These lower values were caused by spiking in three of the
replicates for a dust thickness of 10 mm. There was no
significant difference (P < 0.95) between the dust resistivities
for the different dust layer thicknesses and no significant
difference in the retention of charge caused by a change in the
electric field.

Experiment 2

An Electroair electrostatic precipitator collected the dusts
with the following efficiencies: 92.5% (flour), 23.9% (icing
sugar), 71.0% (corn starch), 45.7% (milk powder), and
67.3% (swine housing dust). Mean efficiencies and standard
deviations are given in Table II.

The particle number concentrations of the dust that passed
through the precipitator uncollected within the size range of
0.5 p.m to 1 ixm were: 97.4% (flour), 90.6% (icing sugar),
96.6% (corn starch), 99.1% (milk powder), and 61.1% (swine
housing dust). These concentrations were higher than the
concentrations of dust that entered the precipitator, implying
that the particles within the size range of 0.5 [im to 1 p:mwere
the least efficiently collected. The concentrations of the dust
entering and leaving the precipitator are each given in Table
III as well as the difference between the two for each size
range. A positive difference represents a surplus of particles

Table II: The mass collection efficiency of an
electrostatic precipitator

Dust

Flour

Icing sugar

Corn starch

Milk powder

Swine housing

dust

Replicate Collection

efficiency

(%)

90.2

92.5

94.8

30.9

15.4

25.4

73.6

74.1

65.4

52.7

45.0

39.4

65.2

72.3

64.6

Mean

efficiency

(%)

92.5

23.9

71.0

45.7

67.3

Standard

deviation

(%)

1.87

6.44

4.00

5.48

3.49
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Table III: Percentage of particles entering and leaving the precipitator
for five particle size ranges

Dust 0.5<d<lum l<d<2um 2<d<5um 5<d<10um d>10um

(%) (%) (%) (%) (%)

Flour L1 97 1 1 0 0.38

E2 74 21 4 1 0.66

L-E3 23 -20 -3 -1 -0.28

Icing sugar L 91 2 5 1 2

E 76 14 8 2 1

L-E 15 -12 -3 -1 1

Corn starch L 97 2 1 0 0

E 86 5 5 2 2

L-E 11 -3 -4 -2 -2

Milk powder L 99 0 0 0 0

E 97 2 0 0 0

L-E 2 -2 0 0 0 .

Swine housing L 61 38 1 0 0

dust E 59 38 2 0 0

L-E 2 0 -1 0 0

E Percentage of the total particles within a specific size range entering the precipitator.
L Percentage of the total particles within a specific size range leaving the precipitator.
L-E The difference in percentage of the total particles within a specific size range
leaving and entering the precipitator.

within a size range leaving uncollected, as compared to those
entering the precipitator. A negative difference represents a
deficit in the number of particles within a size range, leaving
uncollected as compared to those entering the precipitator.
The differences ranged from 23.9% (flour) to 17.4% (swine
housing dust) more dust particles leaving than entering the
precipitator, for a specific size range.

At a dust layer thickness of 5 mm the resistivities of each
of the five dusts were within the "medium" range, (105 to
2»109 Q«mm). The medium resistances of each of the five
dusts produce a sufficient electric field to maintain the dust
particles upon the collection electrode, yet not high enough
to cause breakdown of the dust layer resulting in back corona.
Even though the thickness of the dust layer is included in the
calculation of the resistivity as in Eq. 4, thickness does have
a significant effect (P = 0.95) upon bulk resistivity for the
icing sugar, corn starch, and milk powder. Although there
was not a great difference between resistivities of swine
housing dust at two dust thicknesses, there was a change in
behavior of the dust as spiking did occur at 10 mm thickness,
resulting in slightly lower resistivities at the 10 mm thickness
than at a 5 mm thickness. Except when spiking occurred in
the 10 mm dust layer, the resistivity at the 10 mm thickness
was higher than the resistivity at the 5 mm thickness.

At a 10 mm thickness the resistances became "high"
(>2»109 Q*mm) for milk powder and icing sugar, except for
the replicates when spiking occurred. For the application in
an electrostatic precipitator, as the dust layer upon the collec
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tion electrode becomes thicker, a higher
voltage is required to compensate for the
larger voltage drop across the dust layer.
The current flowing through the 10 mm
thickness of icing sugar and milk powder
was close to 'zero', resulting in a higher
resistivity. In the three replicates of swine
housing dust and one replicate of the icing
sugar and milk powder treatments, the elec
tric field was high enough to cause
breakdown in the dust layer forming a back-
corona. Either of these instances, 1) "high"
resistivity or 2) back corona, would be un
desirable in an electrostatic precipitator.
The voltage would have to be increased to
provide conduction of current through a
"highly" resistive dust layer causing the
dust to bake onto the collection electrode

resulting in problems during dust removal
from the collection electrodes. As this high
voltage continues to build up in the inter-
electrode space and within the dust layer,
breakdown within the air or the dust layer
resulting in sparking or back-corona can
occur. In the case of the swine housing dust,
breakdown of the dust layer occurred rap
idly, whereas for milk powder and icing
sugar, the maximum output from the power
supply was required.

Spiking would have occurred within the
milk powder and icing sugar had a higher
voltage been applied. Flour and corn starch

exhibit "medium" resistivities and no spiking at the thickness
of 10 mm, signifying that it would take longer for breakdown
of the dust to occur, since a higher voltage would not be
needed to compensate for a much higher resistivity. It is
recommended that the collection electrodes be cleaned regu
larly to ensure dust layers do not build up as to cause
electrical breakdown in the dust or air in the inter-electrode

space.

Even though the flour and icing sugar resemble each other
greatly in their particle size concentrations as given in Table
III, their mass collection efficiencies determined in experi
ment 2 varied by 68.1%. This large difference implies that
particle size is not the only factor involved in collection
efficiency and may be due to their respective moisture con
tents of 6.0% (flour) and 0.15% (icing sugar). Since flour
contains more moisture, surface conduction should be higher
in this dust, resulting in better retention of the flour dust
particles, upon the collection electrode.

The flour dust, having the highest mass collection effi
ciency, demonstrated a resistivity least affected by a
difference in dust thickness. As the dust accumulated on the

collection electrodes, current continued to flow through the
dust layer with little added resistance. For icing sugar which
demonstrated high resistivities and back-corona, the dust
layer became more resistive with dust thickness, resulting in
less dust retention since the voltage in this precipitator is
constant and did not compensate for the increased voltage
drop in the dust layer. The dust collection efficiencies of the
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swine housing dust, milk powder, corn starch, and icing
sugar, could be increased by increasing the electric field
present in the precipitator, by increasing the voltage or
changing the design of the precipitator. However, a cleaning
mechanism would have to be employed to maintain a collec
tion electrode with little dust accumulation.

CONCLUSIONS

From the results, the following conclusions can be drawn:

1. The electrical resistivities of flour, icing sugar, corn
starch, milk powder, and swine housing dust were each
within the "medium" resistivity range at a dust layer
thickness of 5 mm.

2. The resistivities of icing sugar and milk powder are
increased from7.0»109 Q«mm to 3.1»10n Q»mm and
from 1.4* 109 f2«mm to 9.2«10 Q«mm, respectively,
by a 5 mm increase in dust layer thickness.

3. Electrical breakdown occurs in swine housing dust,
milk powder, and icing sugar at the higher applied
voltages up to a maximum of 6.3 kVDC due to a build
up of charge within the dust layer.

4. Electrical breakdown did not occur within the flour or

corn starch even at the maximum applied voltage of 6.3
kVDC.

5. Dust collection by the electrostatic precipitator was
most efficient at 92.5% for flour and least efficient at

23.9% for icing sugar.

6. Particle size concentration and moisture content affect

collection efficiency.

7. The electrostatic precipitator did not collect the particles
less than 1 m as efficiently as the larger particles.
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