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on the collection performance of the electret cabin air lilters. They proposed that the amount of charge,
the pariicle sizes and the particle material affected the collection performance. They also showed that
the collection efficiency degraded as more particies deposited, and showed a minimum efficiency at
steady state. Tanthapanichakoon, Maneeintr, Charinpanitkul. and Kanaoka (2003) developed a three-
dimensional stochastic model to simulate the deposition process on an electret fiber by considering the
effect of Brownian diffusion in the model. The model was shown to predict the aggiomerative deposition
process reasonably well and, in the case of weak electrical effects, they also approximated the collection
efficiency enhancement factor as linear function of dust load.

In the present study, a semi-empirical correlation of the electrical enhancement factor is proposed for
the single electret fiber under the dust-inaded condition. The single fiber collection efficiency can be
approximated by summing the electrical and mechanical collection efficiency. The predicted collection
efficiency is then compared with the experimental results obtained by Walsh and Stenhouse (1997) for
both uncharged and charged particles.

1.1, Experimental evidence

Experimental results were obtained by Walsh and Stenhouse (1997) for uncharged and charged particles
under the dust-loaded condition. In their work, they used stearic acid over a size range of 0.46-1.40 um,
as measured with an API Aerosizer (Aerosizer Mach 2, Amherst Process Instruments Inc., US). Monodis-
perse particles were produced in the MAGE (Monodisperse Aerosol Generatar, Lavoro E Ambiente,
Bologna, Italy) by first atomizing a very dilute saline solution to produce very fine seed particles, and
then passing this aerosol through heated stearic acid, where the gas became saturated with stearic acid
vapor. As this mixture was allowed 10 cool under controlted conditions, the stearic acid condensed on the
seed to form monodisperse spheres. Aerosol from MAGE was exposed to a radiation source (Krypton-
85), which brings the particles’ charge distribution to Boltzmann equilibrium, The smallest particles used
{0.46 xm) had a mean charge at Boltzmann equilibrium of 1.6 unit charge. The aerosol was diluted by
the addition of clean filtered air. The particle concentration of this diluted aerosol was measured using
a light scattering photometer (LSP), before it challenged a filter sample. The particle concentration was
measured again downstream of the filter using a second LSP. A diagram of the filtration test rig was
described by Walsh and Stenhouse (1997).

Fig. 1 shows that the penetration of charged aerosol particles begins from a low initial value because the
filter is initially clean and the electrostatic effect is still strong. The penetration tnitially increases with the
dust load because of the gradual degradation of the electrostatic effect. Slowly but surely, the mechanical
effect gradually picks up and becomes dominant as the deposited particles form chainlike agglomerates.
At the maximum penetration point, the monotonically increasing mechanical collection efficiency equals
the reduction in electrostatic collection efficiency. Subsequently, the penetration monotenically decreases
as the filter gradually clogs up. The significance of Walsh's experimental results is that they covered the
whole history of the changes on an clectret fiber under different situations. However, the experimental
data are somewhat scattered perhaps because of imperfectly controlled conditions. Nevertheless, they
clearly reveal the trend of the collection efficiency of an electret filter in the initial stage.

In Fig. 2 we see that the initial penctration of uncharged aerosol particles is higher than that of charged
particles. The corresponding maximum penetration of the former occurs earlier and its value is also higher.
Then the penetration drops quickly below that of the charged particles. Concerning the cake structure, it
will be affected simultanecusly by electrostatic and mechanical forces. The cake consists of a pearl chain
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structure protruding from the surface for both charged and uncharged particles but the spatial distribution
of dendrites and the dendrite length are not the same. For uncharged particles. the dendrites are distributed
randomly but uniformly on the whole fiber surface and grow almost perpendicular to the fiber surface.
However, for charged particles, the dendrites also form a pearl chain structure along the electric force
lings but are scattered only in the region with a charge oppesite to the particles” polarity. When particles
are collected beyond the effective reach of the electrostatic effect, they start 1o form a random structured
deposit (Kanoka et al., 2001).

In the early stages of filter loading, the increase in pressure drop per unit aerosol particle deposit is
initially very low, as acrosol particles are initially deposited on the surface of individual filter fibers deep
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within the filter bed. As loading continues, dendrites begin to form and the pressure drop accelerates.
These dendrites ultimately join together and a fifter cake is formed on the front edge of the filter. At the
point of complete cake formation. the pressurc drop reaches its maximum rale of increase, and thereatter
the pressure drop is a linear function of aerosol particle deposited. The point at which it clogs is a strong
function of aerosol particle size. as has been found with the conventional filter, with smaller aerosol
particles being most clogged. The slope of the linear part of the pressure drop curve after clogging is
different for the various sizes of acrosol particles, the sharpest slope being for smallest aerosol particles.
For charged and uncharged aerosol particles, it is found that at the clogging point the pressure drop curves
of uncharged particles are steeper than that of charged particles, so uncharged aerosol particies cause the
filter to become clogged more quickly (Walsh, 1995).

2. Correlation of the collection efficiency enhancement factor

It is postulated that the collection efficiency of an electret fiber under dust loading can be approximated
as the sum of two mechanisms: the electrical and the mechanical collection efficiency. Kanaoka, Emi,
and Tanthapanichakoon (1983} approximated the mechanical collection efficiency of the dust-loaded
fiber as a linear function of the accumulated mass of particles in a unit filter volume. They also looked at
the effect of Peclet number and interception parameter on the collection efficiency enhancement factor.
Tanthapanichakoon et al. {2003) simulated a three-dimensional stochastic model and found that the
collection efficiency of the electret fiber with dust load can be approximated as a linear function tn the
case of weak electrical effects.

In the present study, the correlation for the collection efficiency of the electret fiber () is found by
summing a logarithmic function for the electrical collection efficiency {re) and the previously obtained
linear function of mechanical collection efficiency ()

=i + HY IIOE[I + (,U]nm + }')f?l] + "IOM[I -} /-.M”lj (l)
or
n=ell + 4gm] + noml1 + Amm].  where ;g =ff Inm + 5. (2)

Fig. 3 illustrates this concept. The mechanical collection efficiency of the clean fiber (Agm) was estimated
as the sum of efficiencies attributed to the inertia, diffusion and interception mechanism (William, [998).
The mechanical collection efficiency enhancement factor, Aym, can be estimated from an existing correla-
tion (Kanaoka, 1998; Kanaoka et al., 1983}, Here the electrical collection efficiency enhancement factor,
Ag. will be estimated from published experimental data (Walsh & Stenhouse, 1997).

Under the dust-loaded condition, the local aerosol concentration C and dust load 1 in the filter can be
obtained by numerically integrating Eqs. (3) and (4) together with Eq. (2) and the applicable initial and
boundary conditions,

aC_4:tq

= -, 3
ox 7l —odr (3)
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Initial conditiont =0 :m =0tor0<x < L,
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Table 1

Simulation conditions used based on Walsh’s experiments on stearic acid particles (1997)

[nfluent dust concentration, Cj (kg/m-‘) Q.2
Electret fiber diameter, dy (sun) 20)
Electret fiber charge (Chn?) Sx 10710
Packing density of filter, x [dimensionless] 0.04

Filter thickness, L {m) (.003
Panticle diamcter. dp (um) 046,061,103, 1.26
Face velocity of filtration (m/s) 0.1
Differential filter thickness, Ax (m) 0.00002
Time step. A¢ (5) 0.03

Boundary condition x =0 : C = forr > 0.
The filter collection efficiency is calculated from Cg at v = L as follows:
Ce
Ey,=1- c 5
To estimate the collection efficiency of the electret filter under the dust-loaded condition, the following
assumptions are made:

(1) Thelocal collection performance (between xand x + Ax) can be regarded as constant for a sufficiently
short timc interval (¢ and 1 + At).

(2) When the local dust load on a single fiber is the same, the focal electrical enhancement factor 1s the
same regardless of the fiber focation in the filter and filtration time.

As shown in Table 1, the simulation conditions are based on Walsh’s experimental conditions. The
simulaticn is carried out until the filter becomes clogged. The % penetration £ is defined as P = 100(1 —



234 W Sae-lim et al. / Aerosol Science 37 (2006) 228240

Table 2
Electrical erhancement fuctor (4 = f Inm - 3) of an electret fiber from a clean state to the clogging point

Particle size (pm) Charged purticles Uncharged panicies
0.46 0.131Inm — 0.40 0133 1Inm —0.40
0.61 Gl — 035 0.121nm —0.37
1.03 0.10Inm —0.33 031 Inm — 0335
1.26 0.086Inm — 0.30 0.098Inm —0.335

E..}. The values of § and y are estimated by a straightforward iterative method to obtain the layer-by-layer
cotlection efficiency. The iteration is repeated until a good fit with the experimental results is found. A
simplified flow chart of the iteration procedure is shown in the Appendix.

The obtained estimates of Ag are summarized in Table 2 for charged and uncharged particles of stearic
acid of various sizes.

3. Results and discussion
3.1, Comparison between experimental and simulated results

Figs. 4(a) and (b) compare the experimental and simulated results for charged and uncharged particles,
respectively. Good agreement is observed for both charged and uncharged monodisperse particles of
various sizes. In the proposed empirical correlations, only a single dominant electrical force—coulombic
force for the case of charged and induced force for uncharged particles—is considered. In reality, however,
both induced and coulombic forces are present simultaneously. Walsh and Stenhouse (1997) did not
actually neutralize the charge on their aerosol particles but assumed that the aerosol from the MAGE
is uncharged because vapor condensing on a nucleus neither imparts nor removes charge, and the seed
particles are so small that even at breakdown charge distribution their charge is negligible; for example,
0.025 um particles have only 0.3 unit charges at breakdown (see Brown, 1993). Both assumptions could
be the reasons why our empirical correlations show a similar effect of the particle size on the elecirical
enhancerment factor in Table 2 for charged and uncharged particles. As for the effect of particle charge, the
penetration of 0.46 pm uncharged particles appear slightly higher than the case of charged particles, but
the difference is not significant. In the case of 0.61 um charged and uncharged particles, the former shows
less penetration than the latter as expected. There are two possible reasons for the unexpected penetration
result in the case of 0.46 pm particles. First, as mentioned above, Walsh and Stenhouse (1997) did not
actually neutralize the charge on their aerosol particles but assumed that the aercso! from the MAGE
was uncharged. Second, as mentioned in Section 1.1, there was significant scatter of experimental data
because of imperfectly controlled conditions.

3.2, Electrical enhancement factor, iz = f Inm 4y
It is well known that the collection efficiency of an ordinary fiber always increases as the dust particles

are loaded on the fiber (Kanaoka et al., 1983). However, for an electret filter, the collection efficiency of
aerosol particles reportedly exponentially decreases with the operation time in its early stage of collection
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Fig. 4. Comparison between experimental results and simulatior results of stearic acid over the size range (.46 1 26 um at a
face velocity of .1 m/s: (a) charged patticles, (b) uncharged particles.

until it loses electrical forces (Brown et al., 1988). Then, the collection efficiency becomes relatively
constant, but increases with time because of the mechanical collection mechanism (Ji et al., 2003). The
charge amounts on electret fibers and particles deposited on the fiber surface as well as the particle size
can affect the particle collection efficiency (Brown et al., 1988; Walsh & Stenhouse, 1997).

As can be seen from Table 2, the electrical enhancement factor can be expressed as a logarithmic
function of m: Ag = f Inm + 7. In the table, the values of § and y decrease as the size of aerosol particles
increases. This may be attributed to the fact that the smaller the particle size, the closer they lie in contact
with the fiber surface, thereby enhancing the charge-screening and ncutralizing effect. In addition, the
charged particles have smaller # and ; values than the uncharged particles. As expected, the differences
of f and y between charged and uncharged particles increase as the particle size increases. For 0.46 um
particles, the values of 3 and y for charged and uncharged particles are nearly the same because, as
mentioned in relation to Fig. 4, the acrosol particles were not actually neutralized but it was assumed
by Walsh and Stenhouse (1997) that the aeroso! from the MAGE is uncharged and there was significant
scatter of experimental data.
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As for the effect of the flow velocity., Walsh (1995) experimentally investigated the penetration at
0.1, 0.3 and 0.8 m/s filtration velocities for 1.03 um particle size. It was found that the higher the flow
velocity, the smaller the electrical enhancement factor becomes. The empirical correlation for 1.03 jum
particles reveals that = 0.10, 0.25,0.26 and y = 0.33, 0.56, 0.47 for v = 0.1, 0.3 and 0.8 m/s, respec-
tively. Generally, several collection mechanisms occur simultaneously in a complicated manner. They
are: diffusion/Brownian motion, inertial impaction, interception, gravitational settling and electrostatic
force. The particle size of interest here ranges from 0.46 to 1.26 um, the filter diamecter is 20 pm and the
face velocity of the filtration of interest is 0.1 m/s. In this case, Pe ranges from 28724 to 94570; Stokes
number from 0.004 1 to 0.0257; and interception parameter from 0.023 to 0.063. Therefore, the dominant
mechanical collection mechanism is diffusional/Brownian motion, followed by interception. As is evident
from Fig. 3, the electrostatic effect is dominant in the initial stage up to a dust load of around 2 kg/m".
Beyond a dust load of 6 kg/m?, the mechanical collection mechanism takes over.
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During the initial stage of particle deposition on the electret fiber, particles are captured directly on
the fiber surtace as single particles and short dendrites (Kanacka and Hiragi, 1990). During this period,
the negative charge—screening effect of the particles, neutralization effect of the charges on the filh
by deposited particles lying in direct contact with the electret fiber and possible chemical interactions
between aerosols and fiber material might take place (Ji et al., 2003). Nevertheless, during this initial
period, the electrical enhancement factor g could briefly be approximated as a linear function of the
dust load m (Brown et al., 1988). As dust loading proceeds, the deposited particles form tall porous
dendritic agglomerates with complicated shapes. The negative effects of additional particles on the fiber
charge become less and less pronounced while the absolute effect of electrostaticity gradually dies out.
Waish’s experimental results can be explained quite well by ip = § Inm + . This empirical correlation
is restricted to the following conditions: 0.46 um < dp < [.26 um, v =0.1 m/s, df = 20 ym, and electret
fiber charge = 5 x 1079 C/m?.

Fig. 5(a) compares the calculated the electrical enhancement factor (4p)} of charged particles over a
size range of 0.46-1.26 jum at a face velocity of 0.1 m/s. We see that ig remains negative throughout the
filtration time because of the degradation of the clectrical effect. In the early stage, i of small particles
is smaller than that of large particles. Above a certain dust load. Ag increases more gradually and finally
becomes almost the same. A similar trend 15 also observed in the case of uncharged particles. As an
example, Fig. 5(b) compares the electrical enhancement factor (i) of uncharged and charged particles.
As pointed out in Table 2, i of uncharged particles is slightly more negative than that of charged particles
at a low dust load. Then the difference in 4 gradually decreases as the electrical effect is degraded by dust
load. Since the electrical collection of uncharged particles relies on induced forces which are smaller than
the corresponding colurnbic forces of charged particles, the electrical enhancement factor and collection
efficiency in the case of charged particles are higher than that of uncharged particles. Although not shown
in Fig. 5(b), the estimated electrical enhancement factors of 0.46, 0.61 and 1.26 ym particles of charged
particles are also found to be higher than the case of uncharged particles.
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3.3. Normalized single-fiber collection efficiency

The normalized collection efficiency {5/ng) is the ratio of the dust-loaded collection efficiency, ¥,
to that of the clean fiber, 5. In the case of an ordinary fiber or a weak electret fiber, the normalized
collection efficiency has been shown to increase as a linear function of dust load (Kanaoka et al., 1983;
Tanthapanichakoon et al., 2003). This phenomenon, however, does not hold in the case of a strong electret
fiber.

Asanexample, Fig. 6 shows the normalized single-fiber efficiency of charged particles over a size range
of 0.46-1.26 pm. Instead of increasing linearly, »/nq initially decreases from unity down to a minimurmn
point as the deposited particles increase. Beyond the minimum, the increasing mechanical effect more than
compensates for the degradation of electrical forces and becomes dominant. The smaller particles show
more rapid degradation in electrostatic efficiency. In addition, the clogging point of a filter is attained more
easily, which is consistent with published experimental results when it is loaded with smaller particles
{Baumgartner & Loffler, 1986,; Walsh & Stenhouse, 1997).

4, Conclusions

The collection efficiency of the electret fiber under dust loading can be approximated as the sum of the
electrical and the mechanical coliection efficiencies: # = ngg(l + (8 Inm + y)m] + yoml] + 2m]. The
electrical enhancement factor (ig) can be approximated as (f Inm + y). The values of § and y decrease
as the size of aerosol particles increases. Charged particles have smaller § and « values than uncharged
particles. In addition, the differences of these two values for charged and uncharged particles increase as
the particle size increases. The correlation yields simulation results that agree well with the experimental
results obtained by Walsh and Stenhouse (1997) for both charged and uncharged particles.
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Appendix

The clean filter collection efficiency can be estimated by the equation

4 o L
E=1F—exp _;l—xd_r”o . (a)

The initial collection efficiency of filter under the dust-loaded condition can be estirated by the equation

Em =1- @ = — exp(_)»EBCivl)

C; exp(—AigBCivr) +exp(BL) — 1"
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where

4 5
B= - * @ (b)
At —ady

Under dust-loaded conditions, filter efficiency £,, and dust load i can be cstimated by integrating Eqs.
(3) and (4) together with Eq. (2) using the fourth-order Runge—-Kutra Method and the applicable initial
and boundary conditions.

A simplitied flow chart of the iterative procedure is given in Fig. Al
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"ﬁaTﬂsanwsﬂaU: Modeling and simulation of fluid-particle dynamics and heat transfer in
spouted bed
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1.1 ﬁﬂm‘iﬁnm{%m “Discrete Particle Simulation of Spouted Bed with Heat
Transfer”
1.2 ﬁ'm"liﬁm:#'u%m ‘DEM Simulation of an Inclined Fluidized Bed”
1.3 ﬁ’m’}?ﬁmﬁ’lﬁaa “DEM Simulation of Heat Transfer in Spouted Bed with Draft
Plates”
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1. W. Chaikittisilp, T. Taenumtrakul, P. Boonsuwan, W. Tanthapanichakoon and
T. Charinpanitkul, “DEM stmulation of an inclined fluidized bed”, International
Conference on Advances in Petrochemicals and Polymers in the New
Millennium, Number PM021, pp. 130, July 23-25, 2003, Bangkok, Thailand.

2, Panithita Rochana, Rapeepong Pinyopotjanard, Thanit Sawasdisevi,
Tawatchai Charinpanitkul, and Wiwut Tanthapanichakoon, "DEM Simulation
of A Two-Dimensional Spouted Bed Without Draft Plates”, Proceedings The
2nd Asian Particle Technology Symposium 2003 (APT 2003), Volume 2 pp.
545-552, December 17-19, 2003, Penang, Malaysia.
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1. Sunun Limtrakul, Ativuth Chalermwattanatai, Kosol Unggurawirote, Yutaka
Tsuji, Toshihiro Kawaguchi, Wiwut Tanthapanichakoon, “Discrete particle
simulation of solids motion in a gas-solid fluidized bed”, Chemical
Engineering Science, 58 (2003) 915-921.

2. Swasdisevi, T., Tanthapanichakoon, W., Charinpanitkul, T., KawaguchiT.,
Tanaka,T. and Tsuji,Y., "Investigation of fluid and coarse-particle dynamics in
a two-dimensional spouted bed", Chemical Engineering & Technology,
Vol.27, No.8(2004), pp. 971-981.

3. Swasdisevi T., Tanthapanichakcon W., Charinpanitkul T., Kawaguchi T.,

Tanaka T. and Tsuji Y., “Prediction of gas-particle dynamics and heat transfer



in a two-dimensional spouted bed”, Advanced Powder Technology, Vol. 16,
No.3 (2005), pp. 275-293.
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- Uﬂﬁ@ﬂa?mmﬁwufl,%aé Discrete Particle Simulation of Spouted Bed with Heat
Transfer (AULANEITUUL 6.1.2)

- Sunun Limtrakul, Ativuth Chalermwattanatai, Koso! Unggurawirote, Yutaka Tsuiji,
Toshihiro Kawaguchi, Wiwut Tanthapanichakoon, "Discrete particle simulation of
solids motion in a gas-solid fluidized bed”, Chemical Engineering Science, 58
(2003) 915-921. (A1ULBNATTUUY 6.2.2)

- Swasdisevi, T., Tanthapanichakoon, W., Charinpanitkuf,T., Kawaguchi T.,
Tanaka,T. and Tsuji,Y., "Investigation of fluid and coarse-particle dynamics in a
two-dimensional spouted bed", Chemical Engineering & Technology, Vol.27,
No.9(2004), pp. 971-981. (ANLENENTHWL 6.2.18)

- Swasdisevi T., Tanthapanichakoon W., Charinpanitku! T., Kawaguchi T., Tanaka
T. and Tsuji Y., “Prediction of gas-particle dynamics and heat transfer in a two-
dimensional spouted bed”, Advanced Powder Technology, Vol. 18, No.3 (2005),
pp. 275-293. (@NNLBNEITUKY 6.2.26)
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%a‘[mamsﬂaa: Gas purification/ air pollutant removal using electron attachment reaction
and/ or D.C. corona discharge at elevated temperature
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1.1 ﬁﬁm‘iﬁm&’u‘%ad “‘Removal of Acetaldehyde Ammonia and Trimethylamine Gases
using Electron Attachment Reaction at High Temperature”
1.2 ﬁﬁmiﬁm&’u%aa “‘Removal of Dilute Binary and Tertiary Gas Mixture of
Acetaldehyde, Ammonia and Trimethyl Amine in Nitrogen using Electron-Attachment
Reactor at High Temperature”
1.3 ﬁﬁmiﬁﬂmt‘%aa “Simultaneous Treatment of Gaseous Volatile Organic Compounds
and Aqueous Phenol using a Corona Discharge Reactor”
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1. Wiwut Tanthapanichakoon, Tawatchai Charinpanitkul, Jintawat Chaichanawong,
‘High-Temperature Removal of Acetaldehyde in an Electron Attachment
Reactor®, Proceedings 4th Asia Pacific Conference on Sustainable Energy and
Environmental Technologies (APCSEET 2003), 8-10 May 2003, Yokkaichi, Mie,
Japan (2003).
2. Noriaki Sano, W. Tanthapanichakoon, Tawatchai Charinpanitkul, Nantamas
Dhattavorn, Sahat Chaiyo, Hajime Tamon, “Removal of Toluene from Air By
Corona Discharge Reactor at High Temperature: Influence of Electric Field
Strength”, Proceedings 4th Asia Pacific Conference on Sustainable Energy and
Environmental Technologies {APCSEET 2003), 8-10 May 2003, Yokkaichi, Mie,
Japan (2003).
3. K. Faungnawakij, N.Sano, T. Kanki, W. Tanthapanichakoon, “Remova! of
Acetaldehyde in Oxygen-Nitrogen Mixture by a Wetted-Wall Corona Discharge
Reactor,” International COE Forum on Plasma Science and Technology”, pp.259-
260, April 5-7, 2004, Nagoya, Japan.
4. K. Faungnawakij, N. Sano, D. Yamamoto, T. Kanki, T. Charinpanitkul, W.

Tanthapanichakoon, “Influence of Oxygen on Removal of Gaseous Acetaldehyde



by Wetted-Wall Corona Discharge Reactor,” Conference of the Society of
Chemical Engineer, December 5, 2003, Kyoto, Japan.

5. N. Sano, K. Faungnawakij, D. Yamamoto, T. Kanki, W. Tanthapanichakoon,
“Removal of Acetaldehyde in Air by Wetted-Wall Corona Discharge Reactor”
The 36th Autumn Meeting of the Society of Chemical Engineers, Sendai, Japan,
September 12-14, 2003.

6. Faungnawakij K., Sano N., Kanki T., Yamamoto D. Chatinpanitkul T. and
Tanthapanichakoon W., “Removal of Acetaldehyde from Gas Stream by a
Wetted-Wall Corona Discharge Reactor”, The Asian Pacific Confederation of
Chemical Engineering {The 10th APCChE Congress), Proceeding pp. A-128,
October 17-21, 2004, Kitakyushu, Japan.

7. Tanthapanichakoon W., Charinpanitkul T., lad-Uea A., Chaichanawong J., Sano
N. and Tamon H., “Effect of CO2 on the High-Temperature Removal of
Acetaldehyde, Ammonia and Trimethyl Amine from Humid Air in a Corona
Discharge Reactor”, Regional Symposium on Chemicat Engineering 2004 (RSCE
2004), Proceeding pp. 17, December 1-3, 2004, The Grand Hotel, Bangkok,
Thailand.

8. Faungnawakij K., Sano N., Kanki T., Charinpanitkul T. and Tanthapanichakoon
W., "Dynamic Simufation of Simultaneous Treatment of Gaseous Acetaldehyde
and Agqueous Phenol using Corona Discharge Reactions in a Water-Film
Reactor’, Regional Symposium on Chemical Engineering 2004 (RSCE 2004),
Proceeding pp. 57, December 1-3, 2004, The Grand Hotel, Bangkok, Thailand.

9. Tanthapanichakoon W., Charinpanitkul T., Chaichanawong J., Eiad-ua A., Sano
N., Tamon H., “"High-Temperature Simultaneous Removal of Acetaldehyde and
Ammonia Gases Using Corona-Discharge”, International Symposium on
Nanotechnology in Environmental Protection and Pollution (ISNEPP 2005),
Abstract Proceeding pp. 83-84, January 12-14, 2005, Miracle Grand Convention
Hotel, Bangkok, Thailand
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1. Wiwut Tanthapanichakeon, N, Sano, T. Charinpanitkul, N. Dhattavern, S. Chaiyo
and H. Tamon, “Influence of Electric Field Strength in High-Temperature Corona
Discharge Reactor on Removal of Toluene from Nitrogen and Air", Journal of

Chemical Engineering of Japan, Vol. 36, No. 8 {2003}, pp. 946-952



2. Tanthapanichakoon, W., T. Charinpanitkul, S. Chaiyo, N. Dhattavorn, J.
Chaichanawong, N. Sanc and H. Tamon, “Effect of oxygen and water vapor on
the removal of styrene and ammonia from nitrogen by non-pulse corona-
discharge at elevated temperatures”, Chemical Engineering Journal, 2004, Vol.
97, pp. 213-223

3. Noriaki Sano, Masanori Fukuoka, Tatsuo Kanki, Wiwut Tanthapanichakoon,
Tawatchai Charinpanitkul, Hajime Tamon, "Temperature Effect on Removal of
Sulfur Dioxide and Benzene in Humid Air by DC Corona Discharge”, Journal of
Chermical Engineering and Technology, 27, 2, 2004, Pages 171-175

4. K. Faungnawakij, N. Sano, D. Yamamoto, T. Kanki, T. Charinpanitkul, W.
Tanthapanichakoon, “Removal of acetaldehyde in air using a wetted-wall corona
discharge reactor,” Chemical Engineering Journal, Volume 103, Issues 1-3, 15
October 2004, Pages 115-122

5. K. Faungnawakij, N. Sano, D. Yamamoto, T. Kanki, T. Charinpanitkul, w.
Tanthapanichakoon, “Influence of Oxygen and Dissolved Inorganic Additives on
Removal of Gaseous Acetaldehyde by Wetted-Wall Corona Discharge Reactor”,
Chemical Engineering and Technology, Vol. 27, Issue 10, 2004, Pages 1115-
1121

6. K. Faungnawakij, N. Sano, D. Yamamoto, T. Kanki, T. Charinpanitkul, W.
Tanthapanichakoon, “Simultaneous Gas-Water Purification by a Wetted-Wall
Corona Discharge Reactor: Decomposition of Agueous Phenol and Gaseous
Acetaldehyde,” Journal of Chemical Engineering of Japan, Vol. 3¢, No. 11, pp.
1373-1378, 2004.

7. Kajorsak Faungnawakij, Noriaki Sano, Tawatchai Charinpanitkul, and Wiwut
Tanthapanichakoon, “Modeling of Experimental Treatment of Acetaldehyde-
Laden Air and Phenocl-Containing Water Using Corona Discharge Technique®,
ENVIRON. SCI. & TECHNOL., (2008) In Press
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uﬂﬁ'@ﬂa%mﬁwuﬁﬁaa Removal of Acetaldehyde Ammonia and Trimethylamine
Gases using Etectron Attachment Reaction at High Temperature
undagaingfiwusiios Removal of Dilute Binary and Tertiary Gas Mixture of
Acetaldehyde, Ammenia and Trimethyl Amine in Nitrogen using Electron-Attachment
Reactor at High Temperature

undadaingrfinufilas Simultaneous Treatment of Gaseous Volatile Organic
Compounds and Agueous Phenol using a Corona Discharge Reactor (@1ulanany
KUY 6.1.3)

Wiwut Tanthapanichakoon, N. Sano, T. Charinpanitkul, N. Dhattavorn, S. Chaiyo
and H. Tamon, “Influence of Eleclric Field Strength in High-Temperature Corona
Discharge Reactor on Removal of Tofuene from Nitrogen and Air", Journal of
Chemical Engineering of Japan, Voi. 36, No. 8 (2003}, pp. 946-952 (@1Ulan&1 LWy
6.2.6)

Tanthapanichakeon, W., T. Charinpanitkul, 8. Chaiyo, N. Dhattavorn, J.
Chaichanawong, N. Sano and H. Tamon, “Effect of oxygen and water vapor on the
removal of styrene and ammonia from nitrogen by non-pulse corona-discharge at
elevated temperatures”, Chemical Engineering Journal, 2004, Vol. 97, pp. 213-223
(AULBNFRITUBL 6.2.11)

Noriaki Sano, Masanori Fukuoka, Tatsuo Kanki, Wiwut Tanthapanichakoon,
Tawatchai Charinpanitkul, Hajime Tamon, “Temperature Effect on Removal of Sulfur
Dioxide and Benzene in Humid Air by DC Corona Discharge”, Journal of Chemical
Engineering and Technology, 27, 2, 2004, Pages 171-175 (@1lansvIuuy 6.2.12)
K. Faungnawakij, N. Sanc, D. Yamamoto, T. Kanki, T. Charinpanitkul, W.
Tanthapanichakoon, “Removal of acetaldehyde in air using a wetted-wall corona
discharge reactor,” Chemical Engineering Journal, Volume 103, Issues 1-3, 15
October 2004, Pages 115-122 (@1ULaNITUWY 6.2.14)

K. Faungnawakij, N. Sano, D. Yamamoto, T. Kanki, T. Charinpanitkul, W,

Tanthapanichakoon, “Influence of Oxygen and Dissolved Inorganic Additives on



Removal of Gaseous Acetaldehyde by Wetted-Wall Corona Discharge Reactor”,
Chemical Engineering and Technology, Vol. 27, Issue 10, 2004, Pages 1115-1121
(AINLDNRITUUL 6.2.15)

K. Faungnawakij, N. Sano, D. Yamamofto, T. Kanki, T. Charinpanitkul, W.
Tanthapanichakoon, “Simultanecus Gas-Water Purification by a Wetted-Wali
Corona Discharge Reactor: Decomposition of Agqueous Phenol and Gaseous
Acetaldehyde,” Journal of Chemical Engineering of Japan, Vol. 37, No. 11, pp.
1373-1378, 2004, (9nULDNFITUUY 6.2.16)

Kajornsak Faungnawakij, Noriaki Sano, Tawalchai Charinpanitkul, and Wiwut
Tanthapanichakoon, "Modeling of Experimental Treatment of Acetaldehyde-Laden
Air and Phenol-Containing Water Using Corona Discharge Technique”, ENVIRON.
SCl. & TECHNOL., (2006) In Press (uLaNAITUWL 6.2.27)
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Abstract

Cellulose sponges can be prepared from bagasse which is an agricultural waste material
via viscose process. First, grinded and dried bagasse was reacted with sodium hydroxide solution,
then aged filtrate for a while and reacted with carbon disulfide. After that cellulose xanthate was
reacted with 4% NaOH sodium hydroxide solufion to get viscose mixture. Viscose mixture was
mixed with crystal sodium sulfate and molded by 10% I,S0, to get cellulose sponge. In this
thesis, variation of condition was experimented. It was varied on concentration of sodium
hydroxide In range of 18-22% by weight, aging alkali cellulose temperature in the range 30-95
oC, volume of carbon disulfide in the range of 25-45 ml, and the amount of crystal sodium sulfate
in 25%, 50%, 66%, and 75%. Cellulose sponges were tested for crude oil and seawater absorption
capacity to compare to that of polypropylene which is a commercial sorbent. From the experiment
cellulose sponges prepared in the condition of 10% sodium hydroxide, aging alkali cellulose
temperature of 95 c>C, volume of carbon disulfide 25 ml, and 50% sodium sulfate have the
highest crude oil absorption capacity. They can absorb crude oil in 12.0 times dry weight.
Comparing to polypropylene, the crude o1l absorption capacity of regenerated cellulose sponge 1$

more than that of polypropylene 1.25 times.
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R,OH + NaOH  —>  R_ONa + H,0
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Viscose mixture + Sulfuric acid —> Cellulose(sponge) + Sodium sulfate + Carbon disulfide

JR_,OCSSNa + H,S0, —>  2R,OH + NaSO, +  2CS,

cell

(Edward and Charles,1997)
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