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ABSTRACT: Negative air ions (NAIs) produced by corona
discharge is often used for indoor air purification; however, the
specific aggregation of suspended particles caused by NAlIs,
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negative air ions
.

especially fine particles (FPs), needs to be considered. Here, a v

nickel coated conductive sponge (NCCS) was used as the main o .
adsorption interface for delaying the obstinate aggregation caused s
by NAIs on another surface. The specific aggregation of FPs is Wiy o
caused by the directional transfer of electric charge, and the g
oxidation characteristic of NAIs results in the surface reaction of o

FPs simultaneously. The conductivity and roughness of the
adsorption interface determine the migration direction and
enrichment number of FPs, respectively. Nickel coated conductive
sponge with high conductivity and high specific surface area can
effectively adsorb the FPs affected by NAIs and can effectively delay the specific aggregation on the surface of indoor objects.

fine particles

conductive sponge

B INTRODUCTION

Indoor air quality, especially the concentration of fine
particulate matter, is associated with the increased risk of
some respiratory diseases. * The suspended particles are
composed of volatile organic compounds (VOCs), heavy
metals, silicate, black carbon, and nitrate, which can cause
serious health problems, such as asthma, lung cancer, and even
mortality.” ™" Since people spend the majority of their time
indoors, scientifically controlling particulate exposure can help
eliminate the potential safety risks associated with the
particulate matter in an indoor environment.” In recent
years, many successful approaches have been developed to
purify indoor air.""~"* Physical filtration is one of the typical
methods, and the purification efficiency depends on the
performance of the filtration materials, such as glass fiber,
polyester fiber, and needle-punched fiber.">'* However, it is
difficult to widely apply these advanced purification materials
in residential spaces due to the limitations of lifetime and
maintenance cost. Another commonly used air purification
technology, electrostatic precipitator (ESP), has been exten-
sively used for cleaning the air in buildings and has a high
purification efficiency for fine particles."> Negative air ions
(NAIs) produced by the corona discharge are a familiar form
of ESP, which is widelﬁy equipped in various types of household
electrical appliances.'”'” Although NAIs have the advantages
of high purification and low production cost, attention should
be given to the specific aggregation of particulate matter
caused by NAIs."®

Specific aggregated particles (SAPs) caused by NAls are a
typical pollutant, which often occur around household
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appliances and have strong chemical and physical stability.
There are few studies on SAPs, so there is no effective way to
completely remove or reduce the aggregated particles (APs) on
indoor surfaces. These obstinate aggregated particles will
continuously release VOCs under heat or sunlight conditions,
resulting in persistent damage to human health."” Hence, the
identification of the mainly compositions in SAPs and the
exploration of the conditions affecting particle aggregation are
important factors in understanding the formation of SAPs.
However, there is relatively little information on the formation
progress of SAPs.

The goal of this work is twofold: first, to reveal the truth of
SAPs caused by NAlIs, including the aggregation process, main
compositions, and influencing factors; second, to explore
measures to reduce or delay the formation of SAPs. Based on
the above goals, we simulated the formation of SAPs in the
laboratory. Notably, the experimental environment is almost
identical to the daily environment in which the suspended
particles are aggregated to form SAPs. We fixed different
materials on the wall to replace the adsorption surface to
collect APs. The concentration of NAls was artificially
increased to accelerate the aggregation of particles. All the
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Figure 1. Information about APs on copper wires and aluminum wires. SEM images of APs adsorbed on copper wire (A) and aluminum wire (B);
spacing distance distribution between adjacent APs on copper wire (C) and aluminum wire (D); particle size distributions of APs on copper wire
(E) and aluminum wire (F). Schematic diagram of NAISs trajectory simulation (G) and probability density of FPs absorbed on different conductors

(H).

microscopic structure information about the collected APs was
derived from high-resolution scanning electron microscopy
(SEM). The detailed numerical information, including the size,
quantity, and distribution of APs, was obtained by analyzing
more than 300 SEM pictures. A conductive sponge is a good
electromagnetic shielding material. According to the obtained
migration and distribution trends of fine particles under the
influence of NAIs, we applied a nickel coated polyester sponge
to replace the indoor adsorption interface for collecting the
SAPs. The results show that it can effectively alleviate the SAPs
caused by NAIs.

B EXPERIMENTAL SECTION

Materials and Chemicals. Copper wire, aluminum wire,
and iron wire were purchase from a local retail store. ITO glass
(10 X 10 X 1.1 mm’, <8 Q/sq) was obtained from Beijing
Hualid Technology Co., Ltd., China. Carbon double-sided
tape was purchased from Nisshin EM Co., Ltd., Japan. A
polyester sponge with foaming pore size of 0.3 mm was
purchased from Shenzhen Huayueyuan Electronics Co., Ltd.,
China.

Collection of Specific Aggregated Particles. All
samples were collected in laboratory conditions, in Beijing.
To facilitate sample preparation, we set up a set of devices on
the wall to simulate the formation process of SAPs, as shown in
Figure S1. Different materials were fixed on the wall to collect
APs. The gas coming out of the vent is supplied by an air pump
with a gas flow meter, and the gas flow rate is consistent with
that of the normal air purification system, about 5 L*/s. The
collection time for all samples is 90 h, which is equivalent to
the total amount of mobile charge generated by the air
purification system with negative air ions mode in one season.
In order to ensure the accuracy of the experimental results, we
did not collect samples in specific weather, such as rain and
haze, and 38 samples were collected during the entire
experiment.

Characterization of Collected Particles. In order to
characterize the collected particles, four factors need to be
analyzed, namely, the microscopic morphology, quantity,
dynamic diameter, and element composition of the particles.

Microscopic Morphology. The morphological character-
ization of all samples was achieved by ultrahigh resolution
scanning electron microscopy (Sirion 200, Holland). The
aggregated particles were collected directly on different
conductive wires or other materials, as shown in Figure SI.
The scanning voltage was 15.00 kV in ultrahigh-resolution
mode, and at least five sites were selected for each sample.

Quantity and Size. The amount and size of the APs were
measured by using Nano Measurer 1.2 software. According to
the SEM results, we randomly selected at least 200 particles for
measuring the average sizes of APs. Specific statistical methods
are described as follows: Randomly select the same area (20 X
20 pm) in SEM images and then measure the particles in the
area (note: some interference impurities, such as fibers,
pollutants on adsorption carriers should be excluded). When
measuring the distance between two adjacent particles, it is
necessary to select the nearest particle and measure its linear
distance. Meanwhile, we assume that the particle is a regular
sphere, and take its plane diameter as the results.

Elemental analysis. We collected four samples for
elemental analysis at room temperature. The aggregation
time of these four samples is identical but under different
conditions, ensuring the total amount of elements. The
elemental analysis was performed by X-ray photoelectron
spectroscopy (XPS, PHI QUANTRO SXM, ULVAC-PH],
Japan). Specific parameters are as follows: hemispherical
energy analyzer, monochromatic Al target, X-ray beam spot
100 pm, incident angle 45°, analysis chamber vacuum is better
than 1.0 X 1077 Torr. Full spectrum: pass energy 280 €V, step
length 1.0 eV; narrow spectrum: pass energy 55 eV, step length
0.1 eV. The details of the element composition are listed in
Table SI.
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Figure 2. XPS spectra of APs collected from different conditions, including four samples on copper wire and aluminum wire with or without a
magnetic field. Wide scan spectra (A); high-resolution spectra of C 1s, O 1s, N 1s, Cu 2p, and Zn 2p (B—F); relative content and tendency of

characteristic functional groups under different conditions (G).

Preparation of Nickel Coated Polyester Sponge. The
sponge was cut into stripes of S mm X 3 mm X 2 m . The
stripe were put into a vertical oven to dry for 24 h at 90 °C.
Then, the sponge stripe was evenly pasted onto one side of the
carbon double-sided tape and pressed for 1 h. Finally, the dried
sponge was put into the magnetron sputtering coating machine
for vacuum nickel coating. Parameter conditions: prepumped
background pressure 1.0 X 107> Pa, working pressure 1.2 X
107" Pa, flow rate of argon gas 120 sccm, pressure of argon gas
0.1 M Pa, planar rectangular single target sputtering power S
kW, operating line speed 0.5 m/min, nickel target purity
>99.95%.

B RESULTS AND DISCUSSION

Negative air ions can cause specific aggregation of suspended
particles on the surface of indoor objects. We firmly believed
that an extremely complex physical and chemical reaction
occurred during the aggregation progress. The evidence
supporting our viewpoint can be summarized as follows: (i)
the aggregated particles are not adsorbed on the wall uniformly
but in a specific location without any external turbulence flows,
and over time the walls turn black; (ii) it is extremely difficult
to clean up because the microstructure of the APs is
particularly compact; (iii) the chemical properties, including
the oxidation—reduction property, stability, and compositions,
have changed dramatically. In order to better comprehend the
essence of SAPs, it is necessary to elaborate the formation
process and its main influencing factors.

Conducting Capability of the Adsorption Surface
Determines the Migration Direction of Fine Particles.
We simulated the formation of SAPs in the laboratory to reveal

11287

the mechanism of the negative air ions causing the specific
aggregation of fine particles. The experimental device used for
collecting APs as shown in Figure S1. The copper wires and
aluminum wires were fixed on the wall. The parameters of
these two wires are listed in Table S2. All conductive wires are
connected to zero potential in order to avoid the influence of
electric field deviation, so there is no obvious difference of
potential between the wires and the wall.

Figure 1 illustrates the information for APs adsorbed on
conductive wires. As shown in Figure 1A and B, the density of
APs on copper wire is much higher than that of aluminum
wire. The physical parameters of these two wires are almost
identical, including the diameter, length, and potential, except
for conductivity. We analyzed the parameters of APs, including
the density, diameter, and distribution probability on different
adsorption carriers. In Figure 1C and D, the spacing
distribution of adjacent APs on copper wire and aluminum
wire is mainly located in the ranges of 0.1—1.0 and 0.2—2.4
um, respectively. More than 73% of the APs on copper wire are
in the range of 0.35—0.55 um; however, the spacing distance
between adjacent APs on the aluminum wire is approximately
58% distributed in the range of 0.7—1.1 ym. The results
indicate that the density of APs on copper wire is much higher
than that on aluminum wire. In addition, we also randomly
measured the diameter size of 200 APs on both wires. Figure
1E and F exhibits the diameter size of APs adsorbed on copper
wire and aluminum wire, respectively. APs on copper wire are
mainly between 0.25 and 0.45 pm, with an average size of
about 0.39 ym. However, the APs on aluminum wire ranged
from 0.15 to 0.35 pm, with an average size of nearly 0.30 pm.
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Assuming the single fine particle as a homogeneous sphere,
the average diameter is approximately 87.7 nm according to
the results in Figure S2. A single APs on copper wire was made
up of 87.94 FPs, while on aluminum wires it was made up of
about 40.03 FPs. The amount of FPs adsorbed on the copper
wire is more than 2 times that on the aluminum wire.
However, this is only the disparity of one single AP. When the
total amount of APs in the same region (20 X 20 um?) is
considered, the gap widens further. In Figure 1H, the FPs
adsorbed at different locations have an obvious difference. We
simulated the falling point distribution tendency of free charges
of about 89.7% FPs adsorbed on copper wire, while just 10.2%
FPs adsorbed on aluminum wire; moreover, only 0.1%
adsorbed on the wall surface, as shown in Figures 1G and
S4. NAls tend to move toward the place where there is good
conductivity capacity. Millions of NAIs spew out from the tip
of the carbon electrode to form a relatively stable high energy
potential field, as shown in Figure S3. The final moving
velocity of FPs in this field is related to the electric field
strength and diameter of the particles, which is positively
correlated with electric field strength and negatively correlated
to particle size. In other words, multiple free charges can
propel smaller particles to move quickly.

NAIs produced by the corona discharge would be carried by
airflow to a space far from the wall, forming a relatively high
energy field in the x-axis direction. Free charges in high-energy
fields tend to move toward a lower energy field to maintain
equilibrium. There are two ways to maintain equilibrium: one
is charge quenching, and the other one is conducting the
charges away through conductors. A nonuniform electric field
exists between the high energy field and the wall surface, so
that the free charges will move toward the direction of the
lower electric field. The high-energy charges are more easily
conducted by wires with high conductivity when the free
charges are in contact with the wall and conductive wires.
Although the area of wall surface exposure to NAIs is much
larger than that of conductive wires, the FPs adsorbed on the
surface of the wall, copper wire, and aluminum wire have an
obvious difference. The number of APs is consistent with the
strength of the electrical conductivity. This means that free
charges are more inclined to migrate to the position with good
conductivity, resulting in a significant increase in the density of
APs. This is enough to show motion behavior of FPs, especially
that the motion direction is indeed affected by NAIs.

Surface Reaction Affects the Stability of Aggregated
Particles. It is difficult to use common physical methods,
including sandpaper grinding and solvent dissolution, to
remove the SAPs completely. Hence, the physical and chemical
properties of APs formed by FPs have changed significantly.
The chemical elemental composition of APs was characterized
by X-ray spectroscopy, and the element contents on surface are
listed in Table S1. The main peaks in Figure 2A represent the
signals of C 1s, N 1s, O 1s, Si 2p, Cu 2p, and Zn 2p. The
common elements in all cases are C 1s, N 1s, O 1s, and Si 2p,
in which the surrounding binding energy is 284.8, 400.5, 531.5,
and 102.3 eV, respectively. Two obvious conclusions can be
drawn from the XPS spectrum. First, the changes in the
valence states of elements, the relatively stable valence states,
increased significantly. Second, element content increased,
such as Cu and Zn in Figure 2E and F.

According to Figure 2B, the high-resolution spectra of C 1s
is mainly composed of C=C/C-C, C-0O/C-H, C=O0,
corresponding to the binding energies of 284.6, 286.8, and

288.1 eV, respectively. The secondary content element is O 1s.
From Figure 2C, O 1s binds with carbon and hydrogen in C=
O (530.5 eV), OH (531.68 eV) and C—O (532.81 eV), in
which C—O is the dominant state. In Figure 2D, C—N=C,
C—N, N—H, NO; are the four chemical bonds, correspond-
ing to the peaks at 398.67, 400.0, 401.37, and 407.0S eV, in
which NO;~ has the maximum abundance. As the most
important characteristic functional group of nitrates, we
speculate that the nitrogen element mainly exists in the form
of nitrate in APs. Figure 2E and F displays the metal elements
detected in all cases. The Cu 2p peaks at 932.66 and 952.5 eV
correspond to Cu 2p3/2 and Cu 2pl/2, respectively,
representing the state of Cu® in APs; moreover, the peaks of
935.14 and 954.5 eV correspond to Cu 2p3/2 and Cu 2pl1/2
of Cu®*, respectively. This means that Cu 2p mainly exists in
the form of Cu* and Cu** ions in solid particles. In addition,
Zn 2p consists of the form of Zn*, corresponding to the peaks
at 1021.2 and 1044.8 eV for Zn 2p3/2 and Zn 2pl/2,
respectively. These results from XPS can only demonstrate the
existence of elements in APs. Further analysis is needed to
explore the trend of corresponding content variation under
different conditions.

In our previous work, we mainly analyzed the effect of NAIs
on specific organic compounds in particulate matter.”
However, we consider it more important to summarize the
commonalities of compounds in APs. Therefore, we want to
know more about the mechanism of the physical-chemical
reaction between particles and NAIs through the structural
changes in the composition of the compounds. As shown in
Figure S5, we set two repulsive neodymium magnets beside the
conductive wires. The magnetic field (MF) strength at the site
of these two wires is about 87 mT. When the moving charge
vertically into the MF, it will deflect and eventually adsorb on
the wires. We set three control groups: the first one is APs
collected from aluminum wire and copper wire without MF;
the second group is APs collected from copper wire without
MF and with MF; the third group is samples collected from
aluminum wire without MF and with MF. The commonality of
these groups is that the conductivity of the latter one is higher
than that of the former, which can lead to the increase of
electron flux.

The changes of chemical states are summarized in Figure
2G. Changes in the second group and third group were
compared based on the first group. The relatively stable
valence state, especially the content of oxygen-containing
groups, increases significantly with the increase of NAIs. This
is consistent with our conclusion that the free charges can
effectively change the physical and chemical properties of APs,
especially to improve its stability. In the first and third groups,
the relative content of the most stable state of C=0 improved
more than two times. The C=C and C—H content decreased
most obviously due to the oxidizing effect. However, C=0
decreased due to the preferential consumption of reactive
oxygen by aluminum wires in the second group. In order to
verify our inference, the changes in the oxygen state were
analyzed. Oxygen mainly exists in three oxygen-containing
functional groups, such as C—0O, O—H, and C=0. The total
content of oxygen in APs was listed in Table S1. We found that
when the content of reactive oxygen is constant, unstable
functional groups will turn to more stable ones under the
influence of NAIs. This may be attributed to that when reactive
oxygen participates in the reaction, it is more likely to form
functional groups such as C—O and O—H with weaker bond
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energy and will shift to steady-state due to the action of NAlIs,
which means NAIs not only can cause changes in the content
of oxygen, but also can affect the stability of oxygen-containing
materials in APs.

The nitrogen element has no obvious regularity for two
reasons. One is that nitrogen exists in both inorganic nitrates
and nitrogenous organics, which have different responses to
the external environment. The results showed that the relative
content of nitrate had nearly no change under normal
conditions. The nitrogen-containing functional groups are
significantly affected by the outside environment, especially
oxides. Second, the analysis of specific nitrogen-containing
functional groups is not persuasive because the total amount of
nitrogen in organic compounds is lower. The relative contents
of N—H, C—N and C—N==C are in the ranges of 0.24—1.01,
0.52—1.26 and 0.27—0.93%, respectively. However, the overall
regularity in nitrogenous organic compounds is basically the
same as that of carbon and oxygen; that is, the NAIs can
effectively change the state of the nitrogenous substance. The
relatively unstable valence states will change to stable states
under the action of NAIs. The characteristic functional groups,
especially C=N and N—H, are more remarkable.

Subsequently, the metal elements show good consistency
with our estimation, too. The positions of the Cu 2p3/2-(I),
Cu 2p1/2-(I), Zn 2p3/2-(11), and Zn 2p1/2-(II) peaks in all
samples are almost identical, indicating these two elements
have the same oxidation state. In all control groups, the
content of metal elements increased significantly especially
under conditions of increased electron flux. This may be
because metal elements are more sensitive to magnetic fields.
Therefore, we speculate that substances with strong oxidizing
properties have participated in the reaction.”" Strong oxidizing
ions in NAIs can oxidize unsaturated bonds on the surface of
FPs rapidly, especially the small molecule VOCs. Most of the
metal elements in APs exist in a more stable state rather than in
a high oxidative state and the magnitude of the change is not
obvious, due to the metal elements mostly existing in the form
of oxides, such as Cu,O, CuO, and ZnO, in which their
reducibility is less than that of unsaturated organic matter.
Therefore, NAls initiated the surface reaction of FPs and
changed the stability of FPs.

Surface Roughness Determines the Final Amount of
Aggregated Fine Particles. The final location site and the
amount of APs are related to the characteristics of the
adsorption interface. To illustrate the adsorption mechanism,
we fixed four different materials on the wall (ITO glass, iron
wire, aluminum wire, and copper wire) and placed them in the
same environment (zero potential and same concentration of
NAIs). The terminal morphology of APs adsorbed on these
four materials is shown in Figure 3. After 60 h of enrichment,
few APs adsorbed on ITO glass (Figure 3A), and the amount
of APs on iron wire (Figure 3B) was also less than that for
aluminum wire (Figure 3C) and copper wire (Figure 3D). In
addition to the influence of conductivity, the amount of APs
depends on the roughness of the adsorption interface. A linear
simulation curve was drawn based on surface roughness
information and particle size for these four materials, as shown
in Figure 3E.

We suggest that the adsorption and aggregation processes of
fine particles at the interface and the eventual formation of
SAPs are as follows: Fine particles surrounded by NAIs tend to
migrate to the position with weak potential. Due to its own
potential energy, electrical energy is released when in contact

E 84

)
H

Thickness (x0.1 p m)
Y
i

ITO glass Fe wire Al wire Cu wire

Figure 3. SEM images of APs adsorbed on materials with different
roughness (A—D) and the tendency relationships between adsorption
amount and material roughness (E).

with the adsorption surface. There are many small bumps in
the microstructure of the rough and uneven adsorption
surfaces, which are similar to lightning rods. When charged
particles encounter these small bumps or other substances on
the interface, their potential energy will be transmitted and
deposited near the small bumps and they finally form small
APs. Then, these small APs play as the role of nucleus to
adsorb other particles and eventually form larger APs. The
process is roughly shown in Figure S6. In addition, these
charged particles will hit the adsorption surface at a fast speed
by the acceleration effect of the electric field, and the uneven
structure is more conducive to the location of particles. This
may be the reason why the SAPs have such a compact
structure and why they often appear around rough interfaces
rather than smooth interfaces, such as glass, marble, etc.

Nickel Coated Conductive Sponge Used for Delaying
the Adsorption of Fine Particles on the Indoor Surface.
According to the above information, we knew clearly about the
distribution regularity of indoor FPs influenced by NAIs. We
proposed a porous conductive sponge with high specific
surface area and high conductivity as the adsorption interface
for indoor suspended particles. The fabrication process of the
nickel coated conductive sponge (NCCS) is illustrated in
Figure 4A. In this section, a thin Ni film was deposited on the
polyester sponge via vacuum coating technology. The
explanation for using the nickel coating is that, first, it is cost
effective; second, the operating conditions are relatively mild
when compared with other conductive metals, and its electrical
conductivity can fully meet the needs of this work; third, nickel
is one of the most widely used metals in electromagnetic
shielding fields, so it may be more convenient for the
popularization and application of this method. The character-
ization of the SEM-EDS spectrum of the prepared sponge is
shown in Figure 4B, which indicates that the nickel has been
successfully coated onto the sponge. Next, we fixed NCCS on
the indoor wall surface, which was around the NAIs generator
or the high energy field formed by NAIs in the x-axis direction,
as shown in Figure 4C.

We carefully compared the APs on NCCS and ITO glass
under the same concentration of NAIs. Figure SA shows the
APs on NCCS, in which we can find that the NCCS has an
obvious adsorption effect on FPs affected by NAls. Fine
particles surrounded by NAIs will adsorb on the Ni film due to
electrostatic migration. The electrostatic charge experiment
was performed to verify this point, as shown in Figure S7. The
amount of electrostatic charge has changed significantly before
and after the adsorption of APs, which means this material can
transfer the free charges of NAls effectively. Particles will
continuously aggregate on the Ni surface to form APs of
different size. Meanwhile, we compared the APs on the ITO
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glass surface under the conditions with and without NCCS as
shown in Figure 5B and C, respectively. We found that the FPs
were mainly adsorbed on the surface of nickel film in the
presence of NCCS and only a few particles fell on the ITO
glass. However, the particles on the ITO glass increased
significantly when there was no NCCS. Changes in the number
and size of APs on NCCS and ITO glass during different
periods are shown in Figure 5D and E. After 60 h, the average
amounts of APs on NCCS and ITO are approximately 146.23
and 41.05, respectively; in addition, the average diameter of the
APs is about 2.58 and 0.74 um, respectively. Based on the
average number and average size of the APs at 60 h, we
roughly estimated the time for the particles to reach the above-
mentioned level on the normal surface with NCCS, as shown
in Figure SF. The results show that it takes 213.7 and 208.9 h,
respectively. This means that NCCS is a good adsorption
material for capturing APs and can effectively delay the specific
adsorption of FPs affected by NAIs on the indoor surface. We
also evaluated the durability of NCCS, and its service life is

positively correlated with the total amount of the fixed NCCS,
especially the total specific surface area.

Bl CONCLUSIONS

In summary, the anomalous aggregation of fine particles caused
by negative air ions is different from either gravitational settling
or turbulent layer deposition. Directional migration and fixed-
point enrichment are characteristics of this aggregation mode.
The existence of NAIs is the basic prerequisite of specific
aggregated particles. NAIs will migrate to the position with low
potential, causing the comigration of suspended fine particles.
Strong oxidizing ions in NAIs can further oxidize the
components on the surface of particles to form stable
compounds. The conductivity and roughness of the adsorption
interface are the physical factors affecting the formation of
SAPs. Under same potential energy, the NAIs are often
adsorbed on the surface with strong electrical conductivity.
The microconvex structure of the adsorption interface will be
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used as growth core and further enriched to form larger
particles.

The nickel coated polyester sponge can be used as a good
material to solve the problem of indoor fine particle specific
aggregation caused by negative air ions. This conductive
sponge with high conductivity and high specific surface area
can effectively delay the aggregation of fine particles on the
surfaces of indoor objects. Before the interface reaches
saturation, the fine particles will preferentially accumulate on
the conductive sponge. According to the experimental results,
the adsorption of particles on other interfaces can be effectively
delayed by more than 3 times and this delay efficiency is
related to the amount of conductive sponge used.
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