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ids of the relatonships between the concentration (or particle size) and
juanfitalive indices are summarized in Table 7. In concluston, the gres-
wion Fyois @ more sensitive and robust measure of dispersibility than
wnting fractal dimenzion #-, whereas the degree of mixedness M iy

ory. In addition, M is not suitable ar all when the partiche size is tiny
toy the sunple arca,

feedd dispersiong

we here s to find out what happens w the values of Fy and Fre when the
do ol B 1o A punicles is varied to vield a non-ideal dispersion, a lylrid
two different ideal dispersions. The N-U or B=A ratioz iivestigated
wized in Table 1. An N-U ratio of 25 means that, of the total nuriber,
: particles (B) is normally dispersed (M) and the rest CAL is wnilormly
U). For simplicity, anly the percentage of 13 particles will he apecilied
Since it has been wseertained above that the panticle size does not affect
ol Faoand Fo, the size is fxed a1 0.3 units, The relationships Letween
meentration O and the obseeved Fy, and Fe are depicted in Figs # and 9,
L B, it con be seen that except st B = 0% (completely uniform), fin every
ratio, Fa decrenses steeply as the total concentration inereases This
Fa is dominated by the normally dispersed B particles whose ahsolure
weases, Thus it may be concluded that £y is a sensitive index of e
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e 1-iceality of o dispersion.
b | area-based fractal eritesion, Figuee 9 rev
F increases, ss (he total concontration increases, aspocially
T is is because Fr is dominated by fhe uniformly dispersed A particles.
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athes 1and, at a Axed concentration, diferences in Fe- values among different M-
ratice| are less distinet at 056 up w 30%.

Fig res [0 shows the relationships between the wial concentiafion versis &2 ar
each - U ratio. The figure is handy when one wints (o inferpret an experimentally
obtai cd dispersion pattent in erms of (s abserved fractal dimension,

i AR "LICATION TO THE INTERPRETATION OF EXPERIMENTAL RESULTS

Phirg! zhin has found experimentally thal the kneading W@mMperatnre is anc important
facta [that affects the dispersion state of pigments in o polymer, beoa ligher
temg rawee (from 170 w0 210°0) lemds to improved dispersibility. Table 3 lists
the @ perimental values of F2 reported by Phingchin | 14],

W nthe experimental £ ac diffecent wemperateres are compared, one sees that
carbi! s black kneaded ac 210°C was more nearly unifonnly dispersed in poalysiyrenas
than it 1704C. %o was iton oxide, This is because the viscosity of the polymer
mell weame lower at a higher wmperature, When carbon black and iron oxide are
comyg ired ot the same kneading wemperaiore, one realizes that the Tonmer is more
unili mly dispersed than the later hecause carbon black is organie, non-palur aned
mort compatible with polystyrene, Ty fagt, uniform dispersion 18 schieved il the
o lized fractal dimension is essentially 1. AU TTO"C kneading lempersiune, the
expe mental F2 s 0.064, Feom Fig. 10, at the same 160 total particle concestration.
itesound by imeepalation ta o mistore of identical A and B particles consisting
of 21 % B (N-type dispersion} and 72% A (LU-type dispersion) would bive the sume
fract | dimension of 0,964, [ otk words, the achieved dispersion i eguivalém 1o
one |1 whiel 28% of the partieles are normally dispersed with the remaiming 724
bein uniformly dispersed. The eyuivalent M- ratios for the other cases are also
listes |in Table 3.

Sin ilarly, Fig. & is a handy ool w interpret the experimentil dispersion stae trom
the ¢ served F value.

Talbde 3.
Fepe el experimentil values of the noralized sccomiting Mracial dinension

Fapnt i Eoneineling Speeil ol Ful Mumber of MNommolized Mo Liratio
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2t 1) 4.3 195 (.51 2
lrom & Rk W14 | 4.3 ah 24 4l
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T CONCLUSIONS

The: following conclusions can he draw:

{1}

2]

{3

The degree of mixedness for both the oniform and normal dispersions fends o
decrease 25 the additive concenteation or pacticle size increases.

The area-based froctal eritedion and hox-commnting frectal dimension are more
suitable indices than the degree of mixedness because they are not affecied oy
the particle size. The former appears 1o be a mare sensitive index Jor measuring
dispersibility than the later.

Figures 8 and 10 ave handy for evaluating experimentally oblained dispersion
pattern.  Using the abserved value of Fy or Feo they tell us how close the
abserved dispersion is Lo the nonmal dispersion (or to U uniform dispersion) by
swving an equivalent percentage af narmally dispersed B particles (or uniform|y
dispersed A particles) in the matcrial matrix,
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Stochastic sin ulation of the agglomerative deposition process of aerosol

particles on an electret {iber
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Tiv design & Wigh-perfs | ance air Glie with  longer serviee life, we need 10 predict bow the momphalegy of passicle aceumulaes an 2
constituent fiber changes | ad affects the eollection efficiency and pressure drop of the Glier under duss-lpaded candion. This paper
deseribes @ practical teee: - lnvensionnl simulazion method Sor peedicting the apglamernive deposition process of fiee serasol particles on
am electret fber, The simu | ded results ase shown 10 ngres quite well willy the ¢xperinenial abgervaiong for boh unclaiged and charged
pacticled. For e former. | by the pradient fusce, and for the laer, the coulambic e needs w be considered ns long as an oncamang
particle has gol conke in ¢ 46 proximicy 1o any previously depasited pantiches, In contrs, apce e cacoming paniels enters a region of
clogs proximity ro a depot sl particle ot ibe tp of & dendrite or chain:like agglomenne, it sufficea oo consider vnly the high-gradient of
parlicle siring formative 6 ce b the pessent stochastic madel, €200 Elsevier Scienca BV, All rights reserved,

Kepwarde: fleeiver filirsioa) deedniied Agplomerses) Eleetmsieie affees Dust loud

o

1. lniroduction

A efeetrer fiber @ omade of pormancntly  polaned
dielectne materdal, Cu apored 1w a gimilar nonpolarized
fiher, the aerasnl colley on cfficiency of the elecirel Ditsr
can b signifcamly hig er, even if the aerosol particles are
uncharged. Thus, elects & fibers have been used te enhance
Ihe collection efliciens © of HEPA amd ULPA flters. In
pme instances, the ¢ lection efficiency of an elecied
fiber may drop substar | ially us deposition of the particles
progresses. Typically, ¢ filters are not equipped with any
dusi-cleaning syslems and s discarded when caplured
parficles clog the air p =sage. Kanaoka [1] showed how o
double the service i by designing a hilter wath larger
dust-halding capacity | the same [aal pressire drop for
the tiller compesing of incharged fibers (uncharged [iller),
This is achievahle bec jse filter perlonnance depends not
only on filtration eod itions and particle properties bul
alwo an flter propec &, such as Gber diameter, packing
density, and packing 5 beture,

C Cumespoading auilior, 1osr +81-768234.4545,
oot reelefirerer kanzok | #Lkamaznwa-aec.jn (0. Kanacka).

Ag more and mere purticles depogit on o fiber inside a
lilter and for on previcusly captured particles, they form
complicuted accumulates, Por unchasged fikler, collection
efficiency inceeascs as particles deposit, However, for the
case of electret filter, it is experimentally known o de-
crease with paticle collection in the initial stage of the
collection, The accumulation process of this has nod been
simulwted previovsly and if it is needed 10 design a filter
with improved service life, we need to predict Glwer pecfoe-
mance under dust laad, which requires good understanding
of haw the morphology of particle scoumolates an a fiber
alferss 1he collection efficiency and pressure deop of o
dusi-leaded [les [11.

LA Evpervimennsl olisersation of deposifian paiterml i o
single fiber

Figs. | and 2 show how the apelomerates of uncharpe:d
and charged particles, respectively, clange with filtration
timie and location on an electret fiber. When wricharaod
parlicles are collected, they attach all arcund the Bber sl
form chain-like agglomerates, which subsequently become
wrepnkar and complicated as the electrostatic effect gradu-
ably weskens. In the case of charged particles, the shape is

VELR2SHR0 U0 5 - e Tovg | medler & 2001 Elsevier Science B A rigias moacend

il SORAT-su it o 566
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has electric charpe, For bath charged and wncharged di-
electric paricles, 1k long-range nonuniform elecdo field
around the electret § ser and the agglomerites lead, respec-
tively, to the long- nge gradient fogce, I, and paricle
string formative or | igh-gradient fores, £y Under typical
filiration conditions | Hiragi [19] has caleulated that Fr

Jlow
projection
fiber

e g nhe
':" H'h E :|E ﬂrh “.I‘ ﬂa
LT TENLL N L

Ve s 0,008

becomes dominant when an oncoming paclicle comes in
close proximity 10 a deposited particle and that, unil this
Progimity region is reached, only either Fo, in the caze of
chirged particles, or F,, in the casa of unchirged particles,
need to be considersd. His conclusions dgres with Febel
{20] anel are adopted here,

Jp.rnjtl:Flﬂl'l-

Lo
liker

Tlow
( i fiker
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Fig. & Sin laed ayglomeraies of noochsned pammicies on an elactoe) fber {4, =000, R = 0,05, & = 004, =R L
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2.2, Reyion of sim) afion

Fig. 3 shows tF  ideal distribution of charmes on the
electret fiber surfac It is assumed that the surface charges

will not decay as pa ticles deposit on the fiber. The flow of

Auid around the ik ris Kuwabacg fow [21]

221 Unehorped i micles
As explained b ore, the Imjectosy of an oncowning
uncharped particle caseniially detenmined by the gradi-

ent foree, F. excepl in a region of close progimity fo
deposited particle, Since Fg depends only en the radial
courdinate r zid not on the polasizdion direction ¥, the
simulation region shown in Iig. 4 is gemernl and conve.
TNt o use,

2.2.2. Charped particles
For charged particlas, the coulombic force, F-, etsen-
tally determines the mmajectory, EXCEpL i the region of

lﬂfﬂja-i:!lnn
prarcﬁgg// flew LE=E "J:I
fleer Mer i "-'-‘l-ig::'

Prolectiog
V- 0,004

S
1'."{; » 0,008
Ve =0.012

[ c

Ve =D, 01T

Fig. . 5im_ lated apglomeraes of charped panicles on an el Siber Lo =01, B o= RF, o= O, p=dF, rp = 2T
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lose proximity tn sof e deposited particle. Since F- de- 23, Coleaelarion af trajreieries som Meanie-Carfe sonnda
ends on the polari on direction ¥ a5 well as the rient of depoxition process

oordimites - oand 00 e resuliing oajectory changes diss
ically with . Fig. @ illusirates the effect of v on the
rajeciories. koo this e e the simulation region is as de-
igied in Fig. 6, nume) 7, the hatched Imlf of an imaginary
ylindrical cell ebiaic d by o plane passing through the
wir erilical |||.'I:I1IS. ML) “.nlihng_ irojecindics.

The imectory of an ensoaning paticle groumd an =lec
trel [iber outside the region of proximity to deposisl
particles may be expressed by etthar By, 1) or €20
Uncharged panicle: ¥V — U= &, F (1}
Charzedparicles: ¥~ 0= §.F. [
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T m:_iucc the | imuliation time, an imaginary mesh sponding heights on the particls generation plane for the
nedwork is comstn bed around the fiber and the comre- trjectories passing through sl the lattice points are derer

!
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mined al the stait of esch simulation, These valuss ae
handy [or subsequen step-by-step determination of the
trajeclory of an oncor ing particle [7].

A5 an oncoming ) ticls comes in elose Proximily 1o a
deposited pamicle, s ovement is contralled by the high
gradient force, Fp. A cosding o the caleulation reaull of
Zebel [20], the high-) adient electrosiatic field i5 promi-
nent only at the tip of the particle string (dendrite). Thas,
only the electsostatic | +d zround the dendrite tip needs to
he considered. Once & oncedming parlicls enters this pro-
jected hemisphere of 1 Auence of the high-gradient M=ld at

ke dendrite tip, it is ut wmed 1o depesit ot the center of the
hemisphere [19),

2.4, Flowehars and o0 ditian o simplarion

Fig. 7 presents a si plified Nowehar of the aneulaiion
algorithmy, To accoun| for the effect of the Ligh-gradicm
force, Fy, at the tip of & candidate dendrite, a fEwly
generated particle is i) 1 checked 1o 5o whether itg Lrajec-
tory passes inside the | imdsphere of influence described in
Section 2.3, I it dot |, then the focagian ol enpiure i3
caleulated and kept a5 candidite, Next, the same pastiete
15 allowed 1o move ine mentally while sheeklng i carmied
UL nE each step 1o sec whetber It collides with the fiher
surfoce or one of the | eposited particles, If it does, ther
the localion of eollisia s compared with e Hirst candi
date and the one fusthe | from the fiber susfice is selected,
1f o collision oceurs, 1 s the first eandidate s sele tedd, If
there is no candidate, ben the particle js ne caplured.
Tuble 1 lists the varion: simulation conditiang investipatag

X Simulation resulis ¢ od diseussion

Figs. 8 and 9 shov ihe time dependenee of panicle
ingelomerntes simolated o the case of unchargped paricles
LRy, = 00D and chargel particles (K. =0.9), respectively,
Evidently, the chain-lil « structures of particle agglomer-
tes are similar 10 the o iperimental abservasion shown in
Cigso Uoand 2 Inoall | mwlations, the fadws ry of the
emisphere of influenc |is t2ken 1o be I, because this
wuristic value has bes  found in a preliminary study 16
sive resulis most reseml ing the experimenial observations
19] Comparison betwe n Figs. 8 and 9 2t the sasme dlust
0zd ¥, reveals that ch rged particles tend to form taller
dendrites that concenirs 2 on o more limited ares on tha
fiher surface than the  gse of uncharged panicles. This
lendency is also observe experimentally. Because of spaace
limitation, only two mo & simulation resulls are shown in
Fig. 10 (Ke = 1; y= 07 and Fig. 11 (Ke=1; = —45%,
Comparison between Fos. 9 and 1D reweals that, ar fhe
sane dust load, more pi ticles deposit on the rear surface
a5 the coulombic force  F,. i much sironger than the
sradient force, F.. OF ¢ irse, 1he collsction effciency also
nereases apprecially, € wparisen betwesn Figs. 10 and

I cleatly confirms the strong effect of the polasization
direction  on the spatisl distribution of particles on the
fiber swiace. The effect of ¥ on the average shape of
dendrifes is hard to elucidate hecause it is Necessary 1o
fully wnderstand how the elseltical charpe: on the dfe-
posited panticles are translemed smong themselves and
between them and the slectret fiber, In ndditioe, the simg-
lation assumes monodisperse particles and ilentical charpes
on all particles. Nevertheless, the present theee-dimen-
sional simulation methed gives more renlistic TEpHESEniA-

tion of the particle string structurcs thin Bawmgariner and
Loaffler [18L

4, Conelusion

The present puper deseribes 8 practicsl method to ATy
ot three-dimensional simulation of the mpgElemerative de-
position process on an elecirel, fiber, The method wields
realls thot agres quite well with the experimental ohoors.
tioms. The neat study will dewermine e vilue el (e
elficiency-raising factor for the electret fiber under varous
apersting conditions, which would be Iy for the predic.
ten af fller performance wnder dust loads,

Nomenelatien

(. Cunningham's eorreetion [eto

Dyae Brownian diffusion constant

i ltber ar partiele dinmerer

Fe dimensionless coulombic foree

Fy disnensionless gradient foree

Fy dimensionless high-grudient force

Ke dimensionless elecirical parameter [ = LM iF f
'ﬁ-!-'q{-l + & }p.ll.l".lr]'

Ky, dimensioniess electrical paramieter (= C e,
= Ve tdi fGn e, + ey + 1P ud, )

i Mty of particles accumuluted panticles on a fiker

Pe Peclet aumber (= o n, /D)

Fi radius of hemicphere of influence of 1he high-

gradient field

N interceptics parameter | = dg/d:}

5 Mesh number in z-direction

4 time

Sk Slokes number (= pnn'ﬁlru,.-"';'-',rm',]

U dimensicnless gas velocity (= T

ir gas velocily

¥ dimenstunless particle valocity (= B f i)

] ramicle velacity

LA dimensionless velume of nocumulated partickes on
& fiber (= mp, o)

0 packing density of fiber '

B dircetion of simulation region

¥ direstion of polarization on an electret fiber

L a5 viscosity

g air or particle density

e steinn funetion
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D¢ velopment of Odor Control Technolo gy for
Crems: tory Furnace Using Corona Disch arge Reaction
Y oiwut Tumhaﬁnniclmkmn", Mantamas Dhattavorn™, Sahat Chaiyo™
Dopantimast ol Gremiced Erypnessnng, Chulghorgked Unnvaredy, Thalasd
Hajime Tamon™
Drpammon ol {ramical Enginesting, Kyalo Undwaiigity, Jegan .
Noriaki Sang's v
Crprarimend ol Siaiies Crngneeiing, Himaji nstionio of Tudhwalogy, Jagan
rhu aribcle in stipares the r-.*_wihilir_..lunf purilying the exhaust pas from eremation usiﬁ,g enrona dischaspe macior with
electron atlache, m effect, Firtly, in o survey of the common pas species emited from the cremation, it was feand thar
extremely kow o | centialons of some deganic compounds can still cause mahxdsrous sroedl. Mext, the asticls sumirmorzss
thies experimental

S0, and sone
influence of coe!
walar VaEpar in |
Eer g on
restioval of S0,

Introduction

O of the rial
canission pas fig
There ane nearl!
approzimately
Bangkek Meipg
and particulate
frequent compla

lisls the comme

esuiles on semavail of sullur coonpounds, nitrogen compounds, &nd ergnnie componnds, including MO,
dher madilorous pases from RIFORER OF BiF USing coobn eischarge reseioes, T this supmmary, the
ALl Oy Een Ak waler vipor in U treated pos i discussed, indicasing that the presence of naygen s
& B contribiles 1o he incrense of the semoval efficieney in miny eaiee As for the inlluetes of
sting exhaust gas G incineration such ag eramalion, Ienperalure glevation negntively sifects O

nenthermane, the fesstan sticiure in terms of the shapas of eathode and ande nre disessed,

aval i poliution paeblesms in Thailasd i
I Ibe erematona during cramation mics,
2300 wemples nationwide, including
O temples with cremalory fumaces in
Hitan Area, Various malodonous gases
re emined during cremalion, cousing
Ity frem vicinal comamunitees, Table |

1y reporied companents in crematory

51, Dr. Wiwed Tan
Profiedaee, Do)
Technalagy Cs
Ualversity, Thadl

2. HManlumas [hay
Flnater Siydens,
Ergineering, T

"X, Sl Chadyn {]
Kasv=r Sludent,
Engirsering, {hu

*4, D, Hafinis Tar
Professor, Dizpan
lapan Fh, I, ba &

* 5. [or. Moriaki Rar
Reseach Arcpsly
Eratfigie of Tochn

apasattioon {ham in 18495

fent ol Chemical Engincoring tnd Thai Prsder
i=r Facully ef Engineering, Chulalonziarn
A Fh. Do e Lniversivg of Teess 5 Ausiin

wain [bom 19750

cpariment of Chemieal Engiteecing, Faculiy of
ongir Linivermity,

inan FRIE)

tpartmenl ol Chemical F}nﬂrgliiugl F:.:ull:,l o
enpkom Univenily,

n (bam in 19523

il of Chemical Engincering, Ky Uaiversity,
Ao Univeeshiy.

[bars in 19673

o Derariment of Themical Engincering, Himai
22y, Japes. Fhe D, in Wyoto Uriversiny,

emission. Typbeally crematory gases are emitted from
stack 10 the atmosphere without sdequise trestment, A fow
nich temples have installed Turmnces with ffter-buming
ryslens bul an overwhelming majority of Hangkok
temples have inadequate sysems, not to mention those in
the oountry side.

Tabde 1 compares the generic wechnologics with carona
discharge techaalogy for eder control, Under suitnble
canditions, corona discharge is o novel efficiens method
that can simultanesusly renove several gaises. As an
mportant ehamcter of the corona discharge, a sullicien
tmber of low enerpy eleetrons are produced in gas
slrenm casily, When discharged eleetrons collide with
makdirous pas madecles, some elactrons are eapluresl by
the gas malecules to foom negative ions, which can be
separaled from the snain gas sireaon in an clectric field as
solid deposit on (he anode surface. First proposed for gas
purification by Tamon et al® | this plhienomenon of
“cloctron ertachment” depends oo the alectron exiergy, the

1514
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Tatda  Types and concenlmtans of BASEDUE EMISSIen Fon & crematorium aftar 1004
alilirign e
B Compenanis DﬂmnnlmE ]
B Air — ' ra w0
" a0y -1
Lowr Cancaniiation co, . 000,03 % i
: - FLE b2 ow
R, an fram trr'-n;'nc}
0, 54 Brm (M)
Arehi skl i-.‘:HJI'.I-DCpI 1 24 e
Hydrozamane 234 Em (as
! [N R =T
:_"'-'m.-_-: -;e -:,-:-m:euh:n VI {ria kL) Acolaldenmyre 0.0 _|:||'|"I1_ o
i Srgine (1 B [awn
H Hhiriden sullige 0y B
i Mitred metnagian | 0,01 ppms
ety sienclg LN ppm
i £ AT G405 ppm
i nissihd 2ming oy Biim

Stucture of the g . molecules and its electran alfinity
T can dend | | very high seloetivity in the formation
ol negative ians f m electronegative npuritics even 4t
low concenisationd. Uinder suitible conditians chusters o
ions with gas me ecules are formed, which gremly
enhance the iwmo 1l efficiency, In the prescice of O,
TRygen radicals an | ozone ane formed and contribute 1o

decompasiion an | exidation of 1he maloderous zas
moleculbes,

:P:im;iple of ga9 unfication

Figure I illustran the principle of gas pusification. An
impurity AB is 10 e remaved from an inert gas in &
cylindrical corona « jcharge reacior. fis cathode 5 a wie
tighicned at the cen 1 of the reactor aisd Ihe stainless ster]
cylintar ic the ang = High DC voliage (-5--15 kV) s
Applied to the cathe, ‘e 10 induce corena discharge in the
macion. During thei drift o the awxle, electrons cmived

1517

by the discharge collide with some of the gas maboculos
and the resulting nejative fons drifl to and degosit an the
anode. The present paper describas the iolat development
ol the corona discharge reactor by Tamae e4 al., Sano et al,

and Tanthapailehakeon et al. 1o control m nledarons

CTCnAlry Siission.

Experimental Setup

As lustrated in Figure 2, the experimental set-up and
experimental procedure have heen meporied clomwhens a0
and are omitted hee, Infrased lamps ane used to rxise and
comtrol dhw reactor lemiperatuse up 1o 400 Since minsg
EMission pases are exhaysted at relatively high
temperalures, it i indispensable 1o investigabe the effes) of
Lemipeirtiare o the removal cilicicney,

Result and Dizcussion

In addition te the maksdorous gas found bt crematory

TRGE Wl 14 Ko, Spiiag 2001
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cmission, e aul
gis specics. Tahl
and the effect of 4
efficicncics. As

irs lave investigated 5 wide vasicry of

F summanzed the types of gas specics
Tieas Factors on Hssic obsered remgval
cxample, Table 3 reveals (hat the infer
eorenimtion of {1 F1:55 fo the mactor was investigaled in

the: range 4-89 ppry; the concemralion of cocxisting O
Frinm 0il) 0o £2 vl and HAO vapor from 600- 9, 100
pam. The identified reaction bypreducts were S0k in the
enses of coexisting O alone and O plus 10 vapor. The
remowval efficieney of (CHAS decreased as jis inksl
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Figui| | 1 Principle ol gas punification

congentration incrensed, o conirast, when the
concentration | [ coexisling (O, H:0 vapar or bolh
increased, the rey. oval efficiency of (CH. S tended (o rise.
Moreover, the o wrved maximuwm removil elfsciency of
(CHLYS was high or than 80%% &t 4 ppm (symbal A) in the
case of pure Ny | oexisting Oy o Oh plis HiO wvapor, One
can notice that | e removals of most pases Investlgated
here also show very high removal efficiency in the
presence of axy en. Clviously, the corona discharge
reactor is applic xe (o such malodedous cremalory gas
species as (CH 1, S, CHOHO, CHSH{CHS, S0y
fud 20 on,

Table 4 summ rizis the role of eoexisting Oh, A wide
range of rermoval | pechanismys can take place in the eorn
discharge reactor | nd in several of them O often enhances
1h::‘mm::r'ra.l ef ciency. To obtain good resulis the
ﬂE.]JusiI:il:H! on ghe wede surface should be sable, Table §
lists the main el peteristics of the solid depasils, These
tables contribate | | better understanding of the dominant
remaval mochani - n for each species,

Figure 3 show! m example of the effect of temperature
on the removal ¢ SO, at dry and hmidified conditions.
This figure shon! 5 that ile remoyal efficiency of S04

—
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Figura 2. Capadmentud Sel-up for 0a8 purificatlon a) hign
lampatara

decreases a5 the iemperniure incnepses nnd thitt MO veapar

enhances the removal elficiency capecially at low

tEmpTEiug condatsom,

Tanihapanichnkosn e ol haye investignied the elfect
ol resctor structuse und come up with the following desipgn
faidkeline:

& Whenever applicable, a thicker cathode wire shilil be
used because it generally leads 1o higher remaval
elfiziency.,

b. For the sane space velegity and reacior velume, &
shencer reactor hins a higher remaval elficienay han a
slocky meattor,

e. Oy a singhe cathods wire should be used in the reacsor,
The use of multiphe cathodes lias boen shwn 1k Jead 1o
adelerioralion in the ranoval efficiency.

The authors have also investigated the simullancous

removal of a few pairs of gas species. However, they ame
umitted because of space limiation,

Conclision

The corona discharge reactor has shown 2 good promise
far the treatment of Crematory emission. More
development work, however, is mecessany bafions dls setual

FRER Vol 14 Mol Spring 2000
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Table 4, Dominant femaval mechanism in the presence of 5
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Influence of Temperature on SO, Removal Enhanced by Water
Vapor Using a Corona-Discharge Reactor

Dy Moriaki Sane™, Seira

A reactor using d.e corg
in the presence or abse
iricrensing the reaclor te
in an increase of the re
significant wnder low fe)
the solid deposit forme
differential scafisringca
sulfur in both the prese)

I Introduction

Recenily, & varicty o
eleciric dischargs have
methods utillzipg puls
elzetric packed bed rene
el 5o fortd, Some ol th
g 140 A indastrial or o
in the above methods is
{0 producs reactive radi)
pascous impurities. He
are formed in such & §
wlien organis compoun|
coptrast 1o these hagh
enerpy discharps iz ofie;
seboctive electron attek
tion have been thown i
miechanism using low.c
benefit of high selectivi
byproducts that are fo
prrocesses comparad 101

Concerning the low
purification, several 1yg
have been rescarched o
compounds, Bitropen o
#iT &t room temperaton
has been found that adn
enhancing the removal
from the air. 1 was posty
of clusters in the disch:
role in the enhancemer
sdmixed oxyeen and wa
FEROCLs concorming the |
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Wishimure, Tatsug Kanki, Hajine Tamon, Wived Tanthepanichakoon, and Towarehed Charinpaninkul

o discharge of negative polarity was applied to remeve sulfur dioxide from an cxygen-nitrogen mixture
z¢ of water vapor for wemperatures ranging from room lemperature to 350 “C. 1t was observed that
iperature cavsed a decrease in the removal efficiency, Mixing water vapor with the process gas resulted
oval efficiency. The effect of the presence of water vapor on impraving the removal efficiensy was
perature conditions, while it was relatively moderate under high temperature conditions In addition,

inside the resclor at two temperalores, room lemperature and 200 °C, was analyzsd with both o
ariteter and an X ray diffractometer, The analysis indicated that S0 was ulimately converted 1o solid
i and nbsence of water vapar in the gas fow,

ka5 purification technalogics using
ean widely researched, for exampls
beorone dischacge [1-3], & ferro-
ar [4], the lectron beam process [3),
5a have been suceessfully developed
wsereial scale. One common fenture
e wlilization of high-snerpgy plasma
|5 for nongelective decomposition of
e, 0 varkety of repstion byprodics
3 purification procesies, sspecially
are present in the treated gases. In
nergy discharge processes, o low-
sifeetive for gas purificntion [6). The
Jent reaction and ion cluster farna-
b important in the gos purification
crgy doe. discharge. One impartam
¢ 18 the smaller amount of resction
med by the low-energy discharge
& high-energy omas

mergy discharge process for gas
2 of de, corona-ditcharge reactors
remove sulfur eompounds, organis
pounds and iocdids compounds from
{6-15]. In these previous articles, i1
xing of water vapor was effective in
dficiency of some gascous species
ated that the ion-induced fermation
g2 region would play an important
of the removal efficiency with the
i vapor. In spate of the sccomulated
15 purification by corona discharge,

mez aulkor, e-mail: sanofmeche np biee)i-
ur2, Prol L. Banki, Departmesd of Chessesat
itule of Technodopy, 2067 Shosha, Himesji
famun, Drpartmesn of Chomical Engineering,
3500, Japan; Frof W. Tenlhapamichakoom,
anesent of Chemical Engineesisg, Chulabong:
I, Dangkok 10320, Theitand.
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however, the information an the inNvenze of tempgeealure on
1his enbancement effeet has pof been mode available,

I this study, the de, coronaschischarpe was uwied 1o remaove
cne of the commen elements contained in the inginerntion
exhauin gases, sullur diowids (S04), from a My Oy mixwre in
the presence or absence of wiler vapos at toom 1emperatue
it S§F"CL Additionally, the depesit formed inside ihe
reacior was charpctesized 1o altow discussion of the removnl
irieeliitm.

2 Experimental

L1 Temperature Effect on Removal of SOy From N0
{(-Hy () Misfure !

g 1 shows the ciperimninl ge up omployed o abesrees
the temperature elleet on the remaval of S0y frdum a Np03,-
H0 misiuse, i

a1, high valisge wppty wenisg o TCE

SLIS weire e ibecle (4, 0L3mm) | eeearle '-'":.h'm"""'-"lilh'-".
$5 cyliinles ke (11 rem) % henies /
divghinge par {14 s}
Av-Nre e pail C4I8 l1_!1_:|\\ toa ng E3% g
\I = i\:rrrm-\-l:-p“ 1]
0, |
E-ﬂ manitm

pn Mlovw racpny

ETP e -0k Lo Lath

53 (KT prer] in My tor bigeeid Tecin

Figure I, Apparares o lavessipsse \he temperatore effect cathe remereal ol 50
Teiim a ;-0 mixiere.

Standard pas containing 3000 ppm of 50 balanced with N,
wizs Lged to supply 30, Op was miked with the standard gas flow
1200 % 1o make a synthetie ges for the removal of §0;, whose
concenimation at the inlet of the reacior was 4000 ppm. The O

CEEFTEIGAIE212-1203 § 1750500 1295
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ubbling through distilled water set in &
bath when the influsnce of coaxisting
ibserved. A corona-discharge reactor,
grounded cylindrical SUS anode
& cathods (d= (0.5 mm), was wed to
s flow of 2.0 = 10°% 0 5%, A d.e. high
Aty was apphied to the wire cathode 1o
sharge. The reactor was heated by an
=d arounad the awade, and the temper-
controfled up 1o 350 " wing o PID
vas separated inlo two pacts: the First
rena discharge was for pre-heating the
part (235 mm) was for the remaoval of
rge. The temperature profile Inside the
wred and it was ensured 1hat the
the axial direction was neglipible. The
he outlet of the reacior was measused
with a thermal econductivity detector
BT). The adserbent used for the GO
E(Cyancethexy)] Propans 25% on
TN

Formed i the Beactor
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itlumirated in Fig 2,
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The reactor vessel was a glass tube inserted in an clectronic
furnzee. Twe wire cathodss were sel apart on apposile Sdes of
& plate anode, and the corong discharge region was limited
inzide the furnace, The deposit formed inside the reacior was
characierized by a differential scanning calorimeter L L
(DSC-12, Seiko Instruments Ine ) and an X-ray diffractoneter
(RIGAKU DENKI Co. Lad., RINT1504).

3 Resulis and Discussion

&1 Removal Efficiency of SOy in the Presence of Abssnce of
Wailer "'zplur

It ks knewn tht the veltage required 1o generate \he corons
discharge decreases with the tesmperature elevation, Undsr
our experimental condifion, 5.5 kV was required 10 obthin
G4 maA nl roomm temperature, and it decreased erndually down
10 40 kYt 350 *CC Fig, 3 chows the influence of the reactor
iemperalurg on the removel efficiency of e 50, from M-y
ond MO0 Ha D mixires,

1.0 T - -
- HaO cone,
* o8f a4 1.3 %
E'" 0 %
"'._i, ':J.E' A
i bar l..M"""-- - h“""‘-.
= T e
e T
& 02 1
E
[

D i .t L  —

L1 00 200 00 A0

temperatura | "G

Figure &, Hemoval efficency of 500 from Mty [-Hz0) mantoie af vaiicgs
tempernlures (S0 Loy, = 8000 poen, | = 20 % gas Mew rate a 20 10 0",
current = fd mAa.

The removal efficiency W is defined as the ratio of the
concentration decrease of 505 1o the inlet conccnizalion of
50z asin Bq. (13",

W= (G, - RS LT (1}

‘There was no reaction byproduct deteetad by ahe TCD gas
chromatograph, If a delectable concentration of some
unknewn sulfur econpound had been produced as a reaction
bryproduct, a TCD peak should have sppeared with 1he GC
column used in thiz stwdy [6.7]. Then W defined here
represents the removal efficieney of the total sulfur, As a
result, i1 was found that the remaval efficiency of 50,

I} List of syabete at she end of 1he paper.
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ith increasing the reactor tempera-
d N30z Ha0 mixtures.

that the removal efficiency shows
n the presence of wier vapor. This
provious articke [7], It is interesting
et by waler vapor on S04 remaoval
emperature rose,

1. the mean number of removed
ceteon, is defined in Eg, (2) as the
seules to the nuniber of the electron
chirge current.

(2}

re respectively gas flow rate [molfs),
Jy maol fraction, -], the remaoval
sant [coulombfinol), and discharge
15 removed &l ronm temperatire, 1
58 at 0 % nnd 1.3 % of the HO
L When the tlemparature was roised
ai Ve and 21 respectively 200 % and
atson. These reaulis sugpest that the
: presence af Hat on the remowval
A [actor of 1.9 al room teiperalione

r Tempernture an the Rensaval

T the corenn discharpe inside the
retren attachment shown in Eq. (1)
g the several types of electron
n the estimated magnitude of the
b was eonsidered. In addition, the
cintivie electren attachment of S0,
1 that of Oz begnuse the condenira-
than that of 50y [6]. The electron
Iy o5 shown in Eq, (4) may be

cleetron energy fevel may be
wn [16,17]. Henee, the electron
hacing £ can be considered as an
‘cmoval mechanism here.

3

()

1of O and O, the reactions of 30,
considered to contribute (o the
tg the influcnee of temperaturs on
achment to Oy, it was reported tat
tachment rate increased when the
I [17]). However, the result in this
ioval efficiency of 50 decreaszed

B WILEY-VCH Yerlap Gmbli, D08850 Weinheim 2001

despite the increased prodection rates of O and O at the
elevated temperature. In order to understand why the removal
of 50, decreases with the temperature clevation, the
temperature dependency of the reactiol rates of 50, witl
O and O requires further investigation,

When negative ions are produced in the O3-S0, mixture,
the coulomb force between the ions and other susceptible
molecules may induce ion-nucleated elusters, Moruzsi et al.,
detected the megative ion OF and s clustesing of 50,
O505], (n = 1 to 3), when they measured the eleciron
attachment reaction rate of an (y-505 mixture by the drift
tube methodd [18]. Tamon et al. reasoned that these ion custess
played animpontant role in the high removal efficiency of S0,
froen the air, in which single-charped fon chsters containing
mulliple 50 molecules would react with the anode surface 1o
form a solid deposit, thus resublting in the simuliapeous
remeval of several 50; molecules by one electron 7). We
consider thal this positive elfect of the cluster formatien is
retarded by temporature elevation because thess jon clusiers
are expecled to be less stable, since individual molecules
besome more esergetic at high temperature,

Concemning the elTect of coexiating water vaper, Moruzzi et
nl. reposted their sxperimental observation that the negative
ien O and it elustering with Hy, O [Hy0), (o= [ 1o 5), were
prodisced when electrons wers introduced 10 Ha0-Oy mixiere
{16). Therelars it Is logical to postulate (he formation of
O miseleated fon clusters with both HyO and S0 molecules,
Q'{H0 | I503])m, in the discharge region during the removal
of 80y frem n gas containing HoO and Oy Tamon er ol
riported that when these elusters drilled 1o 1le snode surface,
they were converted 1o solid deposi there, Tn conclusion. the
mechanism of eluster formation enn be daduced 1o be ane af
the reasans for the enhancement sifect o the remevn] of S0y
by admsixing 120 [7]. Furthermore, the segative ion clusters
would probably grow W become acrosol particles with
additional ahsorption of S0y, thus resulting in the cnhanesd
tranaler o 50y 16 the anode surfpee,

On the sther hand, Morruzi ed ol alse mentioned 1hat the
concentration of the clustérs produced in their experiments
decreased when the temperature inceeased [ 16]. Thisindicates
that the instability of the ion elester at high lemparature is one
ol the reasuns [or the reduced enhancement of S0 removal
by water vapor, The enhancement of the removal by the

nerosol particles should also decrease with the Imperalure
elevation.

33 Analysis of the Deposit on the Anode Surface

An 500 Ha O mixture ([50;] = 2500 ppm. [04] = 50 %,
{H:0] = 03 %]) waz imrodiseed to the plate-anode reactor
deseribed in Fig. 2 witha discharge current 1.0mA (L5 kV) an
room temperature, and a deposit was formed oa the anods
surface. The deposit was initially a wet film, and it Lomed into
yellow powder upoa drying. The spectrum of the drisd powder
oHained with the X-ray diffractometer is shewn in Fiz. 4.
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was 2500 ppm 2t roont temperature, which is equivelent to 253
Pa of 50, Howaver, The vapor pressure of the liguid selfue at
200 °C i 280 Pa. In this condition, any sulfur deposit formed on
ihe heated anode cuusat remain condensed. When the sulfire
virpior diffuses to the cold region along with the convection of Lhe
pas flow, the sulfur can readily cordense on the wallsbecause the
vapor pressure of the solid sullr a1 50 *C s QU0ET Pa,

4 Conclusion

A doe. corona-discharge reacior was applied Lo remoyve 505
frem O3-M; and Oz-MNe-HaO mixtures, In order 1o invesligale
the tempersture effect on the removal efficiency of 30;, the
temiperoture of the réastor was contralled to various constant
temperatures, from room EEmperaiure 10 350 5C Wa have
cenlirened that the slevation of \he meactor fempsraiurs
caused a deercase of the remown] efficisncy in both the
remaval of S0 froen Og-HM3 and Og-M-HyO nsistwres, and e
remaoval efficiency was improved by adomixing water vapor.
The resulis revenlesd thit this enhancement of S0y remaval by
water vnparsipnificanily decremsed wien the lenspertiers was
imcreated,

Additionally, the deposit which formed nsids the reactor
during the removal af S0y &t room temperature and 200 “C,
wid cheracterized wsing an X ray diffrectometer and a
daffereatinl seanning calorimeter. 1t s found that the deposil
epntnined solid sulfur. When the remeval of SO; was enrried
el ol reom temperniorg, the depasit of sulfur was formed cn
tse anode surfaes. In contrast, when the reactor lEmperature
wirs 200 *C, the sulfur depeskt woukd ned remain on the hasted
nnade Bat it veparized and condensed on the low- temparniure
sEeticnl, '
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Symbols uscd

G 1-] inlet concentration of 50

Coune |- outlet concentration of 30,

F |coulombimol] Faraday constant

1 [A] ; discharge current

2 [molfs] gas flow rate

W -] removal efficiency defined by Eq- (1)

Chem Emg. Techned 4 [1001) 12



Relerences

)

2

1
4]

3
6l

1
3

g

Shean Ercg. Tivhaol 24 {2001] 2.

Mlavuila, 5= Makane, FI, |
Corona Duscharger, 1
P REV3-MLEL.

Mizuno, A Shimiru, K.
vwione 31 {1995} Ho &, pp
Yaog, O L., B frag |
Wascamailn, T Chazg, |
Shabuys, A, o Adv Ol
Kowamusa, K., Kaprky
Tamean, H.; Mizata, H,; §
(1995 Mo 7, pp. 1701-1]
Temaon. IL; Sasn, M.

e 1481-Fabs

S, N Mepamola, T;;

20 [ 19) Ma L, pp. 58-A
Fano W Mageewo, T

Eap. Axpare 13| L'IET} M2

L
I3
Fuol Paper Eﬂ,?'

Wrﬁuf”ﬂ:&yﬁ:.;ﬂvfﬂnd'ﬁ'tauﬁwhhﬂd
E-IAS Amnual Meeting, Demver 986,

dosunke, T Femuea, 5, /EEE-145 Transac-
14021467,

1190} Ma 2. pp. 81020

ig Rewcwin, AL A Kochoo, H. Honds, 5
Peckaed, | [1996) Ko 1. pp. 67-78

TRk, 33 {LORT) p &2

no, Mz %chulze, 5 Okeraki, b _ ATCRE L 4T
I

Yeayaki, M, AMIE & 42 [1596) Ho 3,

iman, H.) Olacaks, M., J Cheem Enp. fopan,

imin, 1Lz Suzuki, T Qkesaki, M. 4 Ol
L W=

[0} Samo B Tamon, H Ok, M. L Chent Exg Jopea 30 (E957) Mo 5,
PR -G48

LEI} Samo. M- Magzeceno, T Tamun, Hi; Suzukd, T, Ofasaki M., fad, Eng.
Chem, Fer 3o (1997} Mo 2, pp. 31850090,

[i2} Tanthapanichakaan, W Laupauriyaiul, K {Chasiranitkel, T; Sano, M
Taman, 1L Cicazaki, M., £ Chemr, Eng, Japan 25 {1795} Ho |, pp. 7-13.

[E3} Samo, B Tamea, H.i Oksenld, M Ind £ag. Chem fen 37 (15495) Mo £,
PR 1421435,

[14) Tamon, o tmeneks, H Ssea. M Okazaii, M5 Tasthaparichzioosan,
W Ind. Erg. Cheor e, 37 (1998} Mo 7, pp. 207023774

LF5F Tanthapasichzkoon, W Bhongprasambkaln, B; Charinpanitkul T2
Tuman, Hz Samo. M3 Okazais, M., Scienre Aze 23 [15999) Wo 1,
Py S7-E3,

[téf Beorazsi, 1 B Fhelps, AV, 0 Shenn Phps 45 (L%6) 4617 627

(17} Massey = H. Meyaiive bver, Cambridpe Univ. Preis, Camimidge. UK.,
1974,

(VA Bskctawals, ¥, B Moruzzi, J. L. £ Phys D Appl Pl B4 (1513
it B0 5= TR,

1 WILE'Y- VOl Verlag GmblL 068460 Winhrim, 2001

125



Removal of | rimethylamine in Gas by Corona-Discharge Reactor

Hanme TAMON', YosHimo SURQK A,

MORIAKT SAMNDE Wiwur TANTHAPANICHAEOON?,

PAISARN KHONGPRASARNEALNY
AMD TAWATCHAL CHARINPANITELUL®

"drpurriaent af Chrawievel Enginecring. Kvara Lwiversiir,
Kvvnis Sk-R300. fagren

Frepsrivrent af Chrwived Euginaering.
Hiarve i buesttede ef Teckambagy, Misvagi 570-2205, Samra

"raparimrewd ol Clvearivand Ewpivereaivns, Chafielapbem afees oy,

Fatumuae, Hoaglel PR Thikland

Repreiad Enom

JOURKAL OF

CHEMICAL ENGINEERING
OF

JAPAN

ol 34, Mo & (200

Pages 1005-1011




Literotore Chifed
Henai, T., A. Kakam
T. Kaohayashi; M
Sike Wsing a Fuzxi
11240 {19%46)
[lamal, T, 5. Hibino
T. Shirataki, H. H
mile Dementia nf .
waiks,” Sopma. L
(1953
Hunda, H, angd T, Ki
J, Brarci, Bioeng.
Hondz, M., T. Hznai, #
"Temptrature T
Aulumatic Fuzzy
I Fermerr Hioe
Iorikaws, 5., T, Furw
Muodeling Uging £
PR 62501, Yaki
Marsuyama. ¥, “Har
circidarisguansy d
dapai Ageivatin
Makamishi, K., T. Ma

YOL, 34 NO. § 2001

H. Honda, T. Furshashi, Y. Ustilkawa and
deling af Tatal Evaluation Process of Ginja
Mewra] Meiwork,"” Trans, S0CE, 32, 1113-

E. Magata, M. Matsubara, X, Fukapawa,
nda and T, Kabayashi; “Azsessmenr of Se-
aheiiner Type Using Amificial Meural Met-
Wedical Elecyeon, Biol Eng.. 57, 1 Th-183

wyashi; “TFuzzy Coarel of Bioprocess,™
9, 401 -8 [2000)

Katryama, H. Tohyema and T, Kobayashi;
tral of Ginge Sake Mashing Pracess by
Todeling Usimg Fuzzy Mewrel Merwarks,"”
LHE 10T=112 (159E)

eshi and ¥, Ueklkawa: “A Swudy on Faney
zxy Meurs] Motworks," Pros. of IFES'I,
iamA, Japan (9%

Tal Bffecr of Dinoflagelate Wererovapse
ahglifish Agquaculiore s Japas," JAR0—
Resewrch ﬁwu..-n'_y, 33, TANHIL [ 1995}
ids, W, Haiz, T. Moriia, K. Takeyxnagi,

Bl Aboand T, Lrshics; Akashio Teisaku Gijmie Kathatse Shiken
Houkaku, p. |, Mie-ken Snisan Gijucu Cester, Mie, Japan (1998)
{in Japanes=} .

Moguehl, H., T. Hanai, W, Takahashi, T. 1chii, T. Tanitawn,
M. Masuaks, H. Honda and T. Bobayashi; “Maodel Consrrye
tien for Quality of Fear ond Brewing Process Using FNM,=
Fagaky Kogoks Reebuarkn, 25, 695301 (1999 (in Japanese)

Okaichi, T., ed.; Akashio no Kagaku, 2ed ed,, Kquscisha
B naaselkuku, Tokya, Fapan [1597) {in Japasesi)

Qhwchi, A,; “Fimulation of Bed Tide by Mozns of Multipls Repres:
sian and Fowrier Analygis," Bull Sepos $oe Sci Fich, 53,
=207 (1985}

Rumclhar, D B, G. 0. Hinan and K. ). William; “Learning Rep-
rezeniations by Back-Foopagating Derara,” Moeee, 323, 537
SA6 [1985)

aliaya, 5., E. Shimizu and T Yoaliida: “Knowled ge-Haied Design
and Opzeativs of Biopracess Symems,” 0. Fiosci, Biseng.. 87,
i ST L

Suge, T Tabearynw Kaizeki ne lissen, Gendzi-Sugakushz, Kyoeo,
Japan (1993) fin fapanese)

Toende, £, T. Hasai, 8. Uedg, H. Honds and T Eabayashi; ~Can-
surgetenn of COD Simulaiion Madel far Setivated Sludpe Proc-
@i6 by Fueey Reoral Merwark™ £ Diveed, Sdoemy., B8, 15
12011990

1005



Jowrnal of Chepvical || 1gineering of Japam, Yal. 34, Moo 8, ppe 100610600, 2000

Research Paper

Removal ¢ Trimethylamine in Gas by Corona-Discharge Reactor
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catian, Cosapa-Dischangse Reacton, Elceinon Avachmens, Bemawal al Trinethvlamine,
Depasitil| |

e cumpenenl of moledorous gusss Conm evematary vmission, was removed By &
Har ea apply the eeactar G puarioation of ceematory emission gas, The &fTedtd af
Uengrdellng oxygen or waler vaper an e removol efllclesney af telmethylaming
Buuph rinsethylunslne was mot elfectvely remaved Fram whivogen by coronn dis
fliclency wos lmpraved greatky by mbking suypen or woater vapor, The nmounis 4f
goeraled wore pxtremiely irpges A1 high discherge cerreat ia Cthe removal frvin =
are, Oy the giher hapd, the by-preduets weee grestly quppresaed by misiig waler
ihe ngde of Uhe Penciar was dnklvied By @ thormngray imeley. As n resule, irdmeth.
| e annds turTacs ag the degiodll of curbion compaunds which Buve high balling

It st lodlorons goses has environ-
al signilicence. Most eountrics have
saviranmental prollens associated
1 prowih of human oetivities, For
soarce of public nuisance emitied
y furnace of & wmple has become
iland {Tanthapanichakeon er al.,
ticubale, malodoreus gaseous com-
during créniatien, coausing frequene
wrrounding communies, This s
il gas is dicectly released 4o the at-
Fatack without any treatment, Ot
0 temples all over Thailand, only a
ingkak employ some sort of cois-
=, mainly. an after-burning charmn-
tory furnace system is usually im-
L PSOUO00 doliars nowsdays. Fram
A number of temples in Bangkok,
fler-burping systems are too small,
pile residence time, and their aper-
re is toe low at 550-050°C
moer el 19049,

nber 29, MEHY, Correspendence concersing
e addcessed do . Tammen (- masl sdifics
to-m.ac.ipl.

Altlough the probiem is muals less sevese, simi-
lar comploints aboul créemalary emission are heard in
Japan, To meet the emission control standards, a 1ypi-
cial mexlern Japansse ceemetorivm genarally instills an
alter-burner furnace 1o decompose Lhe malodorous o
gaie gasecus eomponents at high temperature. Mexi
Trexh wir is drawn to conl down and Tarler dilane the
residual pascous components by one or twe onders of
magninnde before sending the canled-dawn gas through
i dust collector (Mighida and Matsada, 1981; Mishida,
[958, 1988h0),

it has been seporied that malodorous and even
noxious gases, such as trimethylamine ((CH,),N). am-
monis (NH,), acetaldelyde (CH,CHOQ) and sryrene
(CHCHCHGY ey, are produced during cremation
i Miglida, 1988y, 198ER). Often their coneentrations are
diluted with fresh aic down 10 several tens or hundreds
of ppm before feaving the stack. Because of greater
public awarenzss and concern on air quality, the re-
moval of malodorous gases [rom crematory emission
fas become o national issue. This has motivated the
authors o jointly carry oul a basic stedy on the appli-
calion of & corona-discharge reactor to the treatment
of crematory emission gas.

The authoes bave wsed tao Lypes of corona-dis-
charge reaciors to remave sulfur compounds, odine
and oxygen froum niteagen (Tamen er al., 1995). They
also discessed the removal mechanism and presented

Copywipin & HA01 The Sucicty of Chemical Bnginears, Japan
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= for predicring the removal effi-
itly, the authors investigated he in-
ing oxygen andlor water vapor on
veral sulfur compounds {Tamon e
& authors applied a corona-discharge
of ieddine compounds, chlorofluoro-
fatile organic compounds (VOCzE),
wls, ete, (Soo er al, 1996, 1997,
wn atal., 1998; Tanthapanichikoon
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age 15 applied o a eylindrical reac-
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¢ depogit on the anode swrlace is in-
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by ecramn-discharge depends an the
mpurities, (b ks necessury 1o obdiin
such a% the remaoval efficicacy, the
clign by-product, the deposition
o suceessfully spply the renctor to
odorgus gases o erematory cois-
wirpnge of this work iz 1o elucidare
ictien by-products and suppress the
zmoval of (CH, )N
t,ocorona-discharge reactor s ap
ul of dilute (CH,), M. The formaticn
ducts in the reactor is discussed for
N, M0, N-H,0, and N,-O.-H,0.
L l|‘|E anocle of the reacior is :llla |_'|-'.'-'.-Ed

periment

sl sel-wp was reported in the pre-
non ef al, 1995, Sane &F ai'., 15996,
wed ag the anode whose inner diam-
e respectively 38 mom and 280 mm.
2005 wire whose diameter wazs 0.3
aetrodes the vessel of ihe reacior was
the cathode was sustzined by a cu-
the top and by TeMon threads on the
bpe of =3 o —25 kY was applied to
weraie corani discharge.

Negative ion, clusters,

“IIWI' 'i_]z, A.‘:'ti ) and clharged fine
mpurity particles deposit on
de Valtage anade 5LI.!‘[H.I:L.
b
€ AB i
: —as sl
Wire cathode i, B [ . Cylindrical
-, . 3 Fi S
E.::I MB}E—' B"’- rkinde
- g
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Fig. | Cas purificadon poinciple

The concentration of ICH, N was adjusted by
maiing o commercial arandard gus with a balance gos,
M, The concentration of 1,0 was contralled by bub-
bling M, through distilled water in i tlemperatere-con-
traflied lr:uh

Thie concententions of (CH, )N a1 the inlet and the
outlet of the rescior were measwed by o gos chron-
rograph {GC-148, Shimodzu Corporation) with a flame
walzation detector (FIDY. When wnknown reagtion by-
products were detecled on o gas chromalogeam, o gas
chramatagrapl mass specirometer (GCMS) (MS.
CHEROOUS, Shinndian Corporstion) was used 1o iden-
tify the reaction by-produciz. The peak areas of renc-
tign by-prodocts generated in the feactor werd mea.
sured by FID, Although the ealibration of peak areis
was neaded o detenmine the concentrations of by-prod-
pgls stmetly, (he comcenisniions were appraximaiely
calculated by comparing those peak areas witls e of
IIC'H.,],‘M based an the assumption that the peak sensi-
nivity for all eemponnds is the sume. The concentia-
tion of H,O was measured by o dew point hygrometer
(MODEL 2386, Yokegawa Eleeiric Curporation].

1.2 TG analysis of anede surface

Tiw thee present corana-discharge reacter, a depasit
is formead on the anode surface during a removal ex-
perinient, An analysis of the deposi should be useful
Lo understund the removal meclinism. Te analyze the
depaosit at the anode, the authors consirecied a reacion
that had 1we detachable plate anodes (Sano ef al.,
1997¢). The reactor had two 50 x 200 nun plate an-
oddes paralleled with 30 mm gop and o wire cothode af
0.3 mm diameter was steeleled in the cenler of thuse
anodes, The deposit was analyzed by a thermogravi-
matric (TG) analyzer (TG-B120, Rigaku Co. Ead.).

2. Resulis and Discussion

21 Remaovidl of (CH,1LN from N,
To evaluate the roawval n[lLH ), by the coron:-
digcharge reactar, the definition of removal efficicncy,
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Retention time  ME MOZof lraguent I'!y-pmd_.n::_l
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1.7 44 43,42, 29, 28, 27 CH,CHL
3.3 44 45, 44, 1, 31, 29 l!'!rH,ClH
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Beoction by products were identified by GUMS
as listed in Table 1, Aceialdefyde (CH CHO), ethanal
u H QH), aceianc HU:I }L-U] and nitdamathane
[ II. MO} were shaerved as the by-products. Although
it qc.:mq that organie acids are generated during an
oxidation process af (CH,), N, the acids have not been
detected by GCMS. Sinee the removal efficiency of
(CH,),MN is greatly improved by the O, reaction, the
by-products are eonsidered to be g-:n:ml:d by the 0,
reaction with (CH,), N, Figure 3 shows the amounts 1:|I'
the by-products generaled in the corona-discharge re-
actar. The ordinate indicates tlie male ratio of the by-
producis generated in the reactor Lo 1he wlet concen-
tration of (CH,),N, C/C_, and the abscissa the discharge
eurrent, I, CFC, for CHCHO 15 ¢a. 0.9 at 2.0 mA iz
charge currént, In this case (CH,),N changes to
CH,CHO by corona discharge and the reactor cannol
be applied 10 the removal of (CH,)MN. Since (CH, )N
is deeamposed by reaction with Oy, the total molar
concepiration of reaction by-products 15 sometimes
more than the inlet concentration of {CH 3N, . The
amount of the by-products ingreases with the discharge
current, but the hy-products can also be removed at
the large discharge current. Henee, CFC, has a magi-|
mum vilue at a, 2 mA discharge current a5 shown in
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Table 2

Material balanse in removal af (O )N from N -0-H.0

! . Inlie Clullel Femowal 4
. )M [LH, LM CHCHD 2 H,0H 70,3,00 CH, B,
{1 ma || 4 ppm L D3 ppm My (7] D
fearban balanc | heslss 1om® of inler gas)
25|00t malC KT 00T = 0 maol e b M £A4T % WK mul-C
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Fig. 3. One can =
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Figure 2 sha
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» that the by-products can be sup-
ischarge carrent than 0.2 maA dis-

SHLLN from N-1LO
% the Jr:ﬂu-:n-:r: of H,O un the re-
Ofe can see that 4950 ppm H,O

contribetes 1o rabsing the removal sfficiency of
(CH N The removal efficiency of (CH, )N with
10,000 ppm H.O Is smaller than thay with 4950 ppm
H,0 becavse more by-products are genernled s de-
seribed helow,

The same reaction by.products sre generdted in
the remaval af (CH N from N-H,0 s from N0,
Figura d shows the by- |'H-:3|1-|-:.|+4. with 4,950 g andd
LU ppan H,O. Compared with Fig, 3, the by-prod-
wets in the removal fram M- H,O are much less than
lrom N0, This figure :sl.IH_.cm- that LOO0O ppen H,0
gnrtcmlcl |1mn.. by-products than 4.950 ppm 14,0 in lhr
range of /2 1 mA and that 4 of (CH, )N with 10000
ppen L0 s smaller than that with 4, ‘.FEU ppm HO for
{21 mA as shown in Fi ig. 2.

24 Removal of (CH )N feom N0 110

Furthermore, the lnl'lucn-;,l: l:lf £, um:l H,C an the
remaval efficiency of (CH,) N has bee examined, The
results are shown in Fig. 5, This figure shows the re-
maval efficiengy of (TH,),N with [6% O, and 17,600

- ppo T This result shows very high removal effi-

fif-l'IE_'f' cwen in the low dii.-ch:ll'ﬂ_f.‘ Surreni range in the
presence of O, and H.O,

Reaction h:.r -products, CH zCHO, CH OH, and
[(CH }EFD were abserved, {-']"T N'I::l |'||;_|-1.'n:'|.-i:|.'.| was nod
detected. The material l:-ulunc-: in th-: remaval is im-
partant. Table 2 shows the carbon or nitrogen balance
per | m* of inlet gas of the reactor in the removal of
{CH N from N_-0-H,O. Tt ean be ssen that N atom
ﬂf[CE[ ) Mis -:nmrrlewly removed by deposition at the
anode or particle formation, On the other hand, a part
of C atem of (CH,}M comes out from the reactor as
reaction by-products. The amount of CHCHO gener-
ated is larger thin other compounds in the corona-dis-
charge reactor. Since CH,CHO is also a companent of
maledorous pases from crematory cmission, it is im-
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portant (o decres b the amount generated, Compared
with Figs. 3 and |, one can see that the by-products
can be suppresses by mixing H,O even in the presdnce
of O, Henee, wh n the discharge current is kept low
in the presence o H, O, it fs interesting that the pro-
duction of CH,CI O can be decreased.

Conclusivels| under the presen experimentyl con-
ditions, O, or U0 enhances the removal efficiency of
(CH,) ML These | sults sugpest that the eorana-dis-
chargs reactor 45 iplicable for the removal of (CH ) N
fram air,

2.8 TG analysis »f deposil

The auhors :onducted removal experiments of
(CH, )N for 5 day | using the corona-dischurge reacion
with parallel pla 5 as deserbed above, The experi-
vnental eondition | are shown in Table 3. Then the de-
postt on the ang ¢ surface was analyeed using the
thermagrovimetr | TG curves were mensured at 280907
min Teoen 20010 1] (K5,

Figure 6 sk rws the TGO corves of the deposil
Foried in the ren wal of {CH ) M from N, MO and
M.-H,O. The ord pate is the deercase of weight and
the abscissa is 1 iperature. From the TG curve of the
deposit formed | | the removal from M, the weight
eradually decreal s il 35070 and then a large weight
loss suddenly oo s a1 ca. 550°C. The 16 curves ol-
tained for the ren| yval from N,-C, and M ,-H (O suggest
that the large w | ght loss is observed at ¢a. 200 o
250°C. One cian| ee that some deposit remains even
after pyrolysis a1 1000°C. Hence. it can be concluded
that the deposit ¢ nsists of carbon compounds of high
haoiling point &nd| that a part of the depasit is carbon-
ized by pyrolysil

The TG cur & in the removal from N -0, is dif-
ferent from that | Fthe deposit formed in the removal
from M. Hence, | 7e O reaction with (CH, LN induces

1010

Table 3 Experimentzl conditions for analysis of depaosiy
o andadea

s . & Co, Cha i
I T L
(CH, 1M, 102 231 i 0 1.0
JH My 18 i1 I il 0.n
{CH, 1 M-M,-H, 19 JES 0 1 70) 0.k
u ; Y —
2 {CH) M renmvoval Frome M,
nicial woeipdsl 7.3 g
=
g .
et ﬂ 1 T r L
= -l {CH M remaval frame My - O
=
; 2 F IrliA&] weighe 6,0 g
T 3 ‘]
¥
E: ‘.' - ; " -"':i‘ . I| ri II
o
& ; CH b N removial Teom Ny = HaO
) Lnifclal welght ¥.9 g
ol
264 400 GO0 BOD 1000
Temperatures  [*C]
Figo 6 TG eurves of depasit fermed in econaval ol (CH, N

E ..:_-.lcli-.: pralyeondensilmgn producing 4 carbon com-
posed. The TG anaiysis of 1he deposit formed during
the removal of (CH LN in N-HO suggests that the
diepasit is 2 carbon compuund similar ta that formed in
the remaoval fram N.-0,. The authprs have measured
(3, concentration produced by corona dischirge in N,
.0 mixture under the conditions of (0 = 389 cm?/min,
{_“"H?n = 5600 ppo and £ =000 AL AS a result, O has
ant been generatéed at all, Tv is well known thar clec-
trons produced by corena diseharge attach 1o HO, and
that H=, OH= ©° are produced (Massey, 19761 Hemee,
these ions seem 1o decompase (CH, LN andd 1ouch off
chain polycondensation reaction, Although the reac-
tion mechanisim in N,-0, is different from that in N,
L3, bath deposits on the ancde surface are similar.

" The suthors have found several interesting resully
on the fermation of reaction by-products and the TG
curves. The removal inechanism of {CHJ}.‘H cannot be
ciplained in the present siage of investigation. Fur-
ther arudies should be done o clucidate the removil
mechanism.
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Conclusion

Trimethylamis : was removed using the coTdna-
discharge reactar. | ne formation of reaction by-prod-
ucts i the remova was diseussed and the deposit al
the anode of the re ctor was analyzed. The follawing
conclusions have | en obtained.

(1) Although he removal efficiency of trimeth-
ylamine is low in 1 trogen, the efficiency is bnproved
greatly in the presi 1ce 0f oxXyEen or waler VAporn.

{2y The large imounts of reaction by-products are
penerated in the re wval af trimethylinmine from a ni-
tromen-0xYy2en M ure.

(3) Water va orplays amele for decre gsing, reac-
tion by-products || swrmed by coroni discharge in the
pregence of oxygel .

(43 Trimeth lamine deposits as carbon com
pounds of high bs ling point 0a the anode surlee by
coroma discharge.
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Resegrch Ceplay five Adwreged Warle and Esmisrion Manvipénidag,
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1, CO, Monthermal Mlasma, Cacalys, Cold

Jin M, was experimentally investigated inoe wire-In-tube polsed carans peacior
ysil, The pulsed enrans wos produeed by applying & pasitive pulsed high vallage
wbse frequency 50 pps) (o the wire ele trode ond dhe cotolyst was ceated on the
lilmy, the grounding elecirade ofizched in ihe inner suefaco of dhe ube, 11 wag
uld ke &ffect lvely redaced fo W, under sonthermal plasmo produced by pulsed
& hﬂl yheld way significamily suppressed with the existence of C0} In the pas
srains remclor combined with Cudd cotulyst, the reduetlan of Mk was W20
am wis S0 buswer thon that of withowt catalycl dn (he Feactar &0 Fomn enperas
culzlyst warks effect|vely far the redocibon of MO pnder pulsed corunue diz-
e af S0 ppes WO lnow gl slream contiindmg 1% CO wos schileved ar ahaut
oaf I8 KV in the reactor combined with Cudd gatalyvel,

A eiveed from fuel combugtion
fesel-Tueled velicles has beoome
coikise of siringent regulstions
nble levels of NG emisgions cs-
wever, traditional iechsolopios
st ey these stringent re-
iples dhe three-way catalyst for
niuitable for diesel engine, be-
fraim digsel engine containg high
much particulaie maties and S'D:
BERY Therefore, new techniques
slasma for the ahatement of MO,
pmbustion processes have been
1an in reeci YTy, because of
15 wmigue characleristics in mol-
d chemical reaction-promating
1995, Urashima e af,, |998;

en oxide accounts for most of
n combustion processes, The
moval under nonthermal plasma
d both reductign and oxidition
1 Kushner, 1995; Sathiamonrihy

Reveived an Deceml
this amicle should be
Rl g g we. nAga YL
FFartly presented 21 T
af Chemacal Engines

STLL IR, Corvespanadenes conceming
ddressed 1o L. Huzng (B.mail 2ddress:
T j||'|

330 Awcnsn Modling eof The Society
. Japun,

ot e, 19990, 11 has been pgcertained that MO redue-
tion procecds mainby vie o Gst reaction (1) BehBalsn
il el 1983 Horano er al., 1949E),

R L H_. + 1) om B0 w10 jem™s '] {1
The M atem in this repsilan 15 produced mainly from
dissociation of Ny molecule by encrgelic electron im.

pat, The oxidation of NO e MO, is anributed w the
resetions (2) and (30,

D W e Mo WO+ M
.I"i'"'EJ'IH“? Ll T I

0+ NO = NO, + O
K= 2.0% |0-%xpl- L400MT) lem™s| (3
[t 3% thowght that the reduction of NO ta N, is more
difficult than the axidation of NO (o NO., because
much higher electron energy is required to promate the
redfuction reaction efficiently. Therefore, the axidative
removal of MO by means of nonthermal plasmus at-
tracied most previous rescarches. However, in such a
practical application as automobile exhaust Tos ireal-
ment, reducing MO to M, is more attracting than oxi-
dizing NO o NO,, becanse no additional processes like
scrubbing systems are needed for Turther M, meat-
ment, -
In this study, the reduction of MO w S, by OO
which is also a pellutant gas contained in exhaust gases
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T and Suciely of Powder Technodopy, Jagan 2001,

News bulletin

w does APT2000 impact particle technology in Thailand
let me count the ways

PVUT TANTHAPANICHIAKOON

Freaeler Tevfmoleze Center, Fronliv af Englaeering, Chatalfmugborm Laiveeaiiy,
Wk PEAA THaflvaimed

e L Jurngiry 20000 seeepted 31 Junuaay 2K

are Atarling 10 count the ways, [wish o give a briet introduction 1o the moles of
lesser-kuonwn players und some historical buekground,

AT U5 APEIHYY

the Farst Axian Piicle Technology Symposiom ea-organized doriog 315
ember 2O in Bangkok by the Thad Powder Technology Center (TPTO) ol Chu-
pghorn Usniversiy (CLY and The Sociery of Powder Technology, Japan (SPT])
Fatrang suppoit from the Association of Powder Process Industry snd Engineer-
{APPIE). Jupan. and cooperation from numerous societies and associations in
1 Oeeanin. Please reler 1o the web zite [hup:=fwawapt280.0rg] for mone
1l

HY BANGROK? WHY NOT TOKYQ OR ELSEWIERL?

ated near the geographical center of Asia, Dangkok 1= convemently and eco-
neally accessible by air. The "City of Angels” or ‘Krongthep” —- tha atfioal
1 nume of Bangkek -— offers diverse cultural semtings, renowned Thai-style hos-
fity. miche and popular restaurantz offering Thai and cosmopalitan coisines, vast
aping malls and complexes, as well as numerous wunist lundmarks, such as mag-
il lemples. majestic palaces — all at vory reasonable prices in comparison
Viapam, [f these reasons are not good enough, how about adding fascinating cn-
mnment venucs and night Tife for the more venturoos souls? To THTC and SF1).
rever. une ol e important reasons is that the year 2000 coincides not only with



26 Mewe bafletin

e dawn of 2 new millenninm — 2n AUSPICiOuUs moment 1o starl & new Venlure - —
bat also the 10th anniversary of TPTC,

Compared 1o SFTT and APPIE, TETC is like 2 primary schioo] gradueate, althoug]
it is mare firmly established than similar organizations in other Asian COURTTies
with the exception of Ching, South Korea, Russia and Tuiwan, As described in the
Millewnnial Edition en Paviicle Technolagy, published by TPTC in December 2000,
TPTC owes its inception and subsequent success o the strong suppoit rendered by
APPIE, SPTI, CU as well as numerous individuals in both countries.

3 WHAT HAS TPTC CONTRIBUTED TO PA RTICLE TECHNOLOGY (PT)
IN THALILAND DURING TTS FIRST DECADE?

Definitely a lat, If inerested, plesse contact the suthor for a copy of TPTC M-
feinviasd Lssre, which is bilingual in Thai and English,

£ BACKGROUND OF APT2000

First conceived in 1997 -— i vear before the World Congresss on Particle Tachnol-
ogy in Brightum in 1998 — the formal kick-off for AFT000 was symbolized by
the establishment of its International Organizing Commitiee {10C) during 13-13

December 1998 ot the Mandasin Hivel, Bangkok — exactly the same maonth, days
and venue as the real APTI00.

S HOW DOES APT2000 IMPACT PTIN THATLAND?

Mow let nke count the ways APT2000 has impacted on particle technelopy in
Phatland fand more ar less in the whale of Ania).

v Fanst-cver AR, the birth of o regular serics of symposia to be held bianpually in
Agia,

b Fiest exhibition (panels/catalogs aimed solely at PT in Thailand.

v The largest gathering (297 persons) of particle technologists and scientists (PTS)
At any sympesium/ conference in Thailand.

» e largest number (251 persons) of non-resident FTSs a1 asingle gathering in
Thailand.

v The largest number of participating countries (20 countries) in a PT event in
Thailand: 14 from Asia—Oceania {Australia, China, Indonesia, India, Japan.
Mulaysia, Mongolia, Philippines, Russia, Singapore, South Kored, Taiwan,
Thailand, Vietnam) as weil s France, Mexico, Metherlands, Sweden, UK and
HETS

+ The highest number of PT rescarch papers submitted (231) and presented any
sympuosiumy/ conference in Thuiland,
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ighest nuinber of plenery, invited lectures and technical seminars on PT in
ymposinm/conference in Thailand. _
wial Asian Complex event designed to provide the latest live information

wier-related business and technology presented by the Chairman of Thai

ation of Industries (Mr Tawee Butsuntomn) and the representatives of 10C
ries,

ighest print run on PT published by TRTC (3,000 copies of TPTC Millen-
dition’,

argest number of foreign visitors w the TITC Lab in CU in a single day
t 70 persons).

wrous contacts with TPTC from industrial companies after the conclosion of
000 (for technical consullution and testing services),

raus inguiries from industrial companies and menefacturers about similar
evenls in Thailand,

punding Director of TPTC becoming the current President of CU, who
ed over the Opening Ceremony of APT2000,

Amination of APPIE's and SPTI's decade-long support to TPTC which has
1 4 key player in the promation and development of PT in Thailand,

been decided that the Second APT will be Beld in Malaysia in 2003
#2002 in arder to avoid unfavosable impact on the World Congress on
Technology 2002 in Sydney, In sddition, as an important by-product of
remarkable success, APPIE has decided (o assist the establishment of a
‘owder Technology Center in a suilable Asian country in the near future.
edly there arc several more ways, both direct and indirect, that AFT2000
wied, and will continue to impact, on the development of PT and related
5 in Thailand, but T am too tired now Lo continue counting,

IRSONATL INVOLVEMENT WITH PT

fithout saying that particle science and technology has long had, and will
to have, & significant impact on the development of Thai industrics and
as well as my own academic amd research career. Though | am said to
st Thai Chemical Engineering graduate who received his BEng in Japan
Tniversity), 1 did not do any research in PT while in Eyato a5 a Monbuslo
hip student nor during my graduate study in the University of Texas at
In-fect-1-studied- in- Dr- Ryozo-Toei's Lab and my- senior thesis advisor
forio Okazaki, though I did study Process Controf with Dr Koichi linoya.
w only a hitle about PT when | met Dr Kanji Matsumoto at the First
—Jupan Joint Seminar on.Powder Technology in Bangkok more than 10
o I suppose the reason Professor Tinoya has given me strong support




in
Liy

Lex

jun
thy

ST

2> E

|
I MNews Gnellrtin

he establishinent and running of TFTC and the Thai Assosciation for Particle
te 15 that he believed I could do it and not for personal gains. Thanks in par
Japanese language fluency and educational background, I am “fortunate’ 1o
received many helping hands from a huge number of individuals, including
Dsamu Doi, Mr Tsunemi Hayashi, Dr K. Matsumoto and Dr Chikao Kanaoks,
|t mention a very Tew, as well as the member companies of APPIEs TPTC
. ion Committee (TPTCCC) and subsequently Thai Subcommittee. On
Thai side, many PT collcagues and TPTC members, including Dr Sirikulaya
achitanon, Dr Tawswchai Charinpanitkul, Dr Hathaichanok, Duriyabunleng,

MNutaporn Tonanen and Mr Preecha Sangtherapitikul, have contributed 1o the
pess of TPTC und APT2000.

|
ONCLUSION

rding to the feedbuck and comments 1 have received from many participants,

wis well organized and had more impact than odginally expected. Thus

sh o take this opportunity o sinecrely thank all persons and organizations men-

above, as well s the 10C (headed by Dr M. Senna), the International Advi-

Board, the Scientific and Technical Committee (headed by Dr Y, Fukumori),

) Organizing Commitiee, and the numerous individuals, staff and studems

worked behind the scene for the great suceess of APT2000. Last, bue not

L Dweant o thank all the participants, especiully non-residents, who really mude

a fewitfl and rewarding event. 1 am convinced that the true impact of

| on Thailand and other Asian coumries will have long-lasting effects and

only short-term ones.

b1 us meet at the next APT2003 in Malaysia,
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New s mple mathematical model of a honeycomb rotary
absorption-type dehumidifier

Wiwut Tanthapanichakoon®, Anawut Prawarnpit
Faculty af Engine | ing, Depariment of Chemical Engineering, Chulwlpngkorn Deduersiry, Fatwrewan, Banghod 10530 Thoiland

bstract

A simipdified erathematicd
bynanle performance of a by
1skig the irpnsient messure)
sgreemient between the pred|
2 2002 Elsevier Science B

Kewrorda: Ranary dahuenidifier

midel consisting of ordinary differential equations has been progased and found 1o pccurately predict the
keycomb rotary absorpion-iyps dehumidifier in a beverngs factory. The mode] was validated exparimentally
ent data on dhe air propertics nt the outleis of both the debumidification snd Tegeneration seotong, CGond
ted nnd recorded data o each Uoe has besn observed. The model is numerically stable and ensy 1o simuloce,

Al rights reserved.
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L. Intrgdoction

For hyglente reasons th
jpace in the congentrate p)
truge faciory are daily eled
Iry-0in overnight, To deb|
nd ensure the dry-out of ik
resent factory employvs 1y
umidifiers. In eontrast 1o 4

ie silica gel, molecular 5
warplion-type dehumidif
maycomb, As the rodor
reitlated through and del
m of the honcyeomb. |

about 350K and simy
raugh the regencration
sorhent,

In the past all invesy

lsorption-1ype rotary deh
mons on the rotary abso
cperimentally investigate|
mal operation of a thermy
er. To predict simultane
€ the regenerator of a roy
nd Banks [4] and Banks [
nalogy methed, whereas
redicted the performance
i*rs using linear solwions.

* Corresponding auttor. Faxs 4+
il addrerss teiwt@chlaa)
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equipment a¢ well as the floog
paration room of & modern bev-
ed, serubbed, mopped and left 1o
nidify the cireulating humid air
wet floos in the elosed room, the
v identical continuous rotary de-
sorplion-type dehumidifiers that
ve, oo, ag adsochent, ithe tested
¢ uses a lithium chlonde-coated
owly tugig, humid poom air is
kmidified in the absemption sec-
cantime ambient air is heated
laneously sent coumer-cumrent
cction 1o dry the moist solid

ations have focussed on the
midifier and there are no pabli-
mion type. Kodama et al. [1-3])
the temperature effect and op-
-swing honeycomb rotor adsor-
ts heat and mass performance
¥ dehumidifier, Maclaine-cross
] utilized linear and noalinear
Vathiprakasem and Lavan [7]
{ adizbatic desiccant dehumidi-
"hese earlier methods are handy

b2 1505
I (AL Tanthapazichaioggn).

buit not so rigorous and did not provide detailed or transient
informanion,

1o numerically solve the governing partinl differential
equations of a rotary adsorption-type dehumidifier, Holm-
berg (8], Jurinak and Mitchell [9] and Schultz and fMitchell
[10] developed and applied an explicit-finite difference tech-
nique. To ensure vnconditioral numesical stability and re-
duce computational time, Zh mg and Worek [11] proposed
and applied an implicit-finit. difference technique for the
numerical similation,

In contrast the authors b ve developed & new, simple dy-
namic model for he honeycomb rotary dehumidifier con-
sisting of a set of nonlinear ordinary differential cquations.
The validity of the present mode] wis substantiates by com-
paring the simulated results with the trapsient experimental
valites. The model accuracy with respect to the key varialiles

(outlet and inlet air lemperatures and humiditias) is betier
than $2%,

2. Mathematical model of rotary dehumibdifier

A typical honeycomb: rotur consists of thousands of almost
identical narrow siraight slots uniformly distributed over its
rotor eross-section as shown in Fig. 1. Becanse of geomet-
rie similarity, the multiple anmaler layers of straight slots in
ke dehumidification znd the regencration sections can be
represented by a “representative annulus™ of thickness Ar
equaling one slot beighe. In this way, the thres eylindrical
coordinates (r, 8, ), szy radial, angulzr and axial directions,

ﬂm%ﬁﬂﬂ_?_ﬂlﬁﬂmw,
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spectively, in the m
wie fwe epopdinates ([
constituent zlat within
#-direction spapning th
senbilive wiipalies, the
exnmple, M = 400 will
eration seetinn. OF coin
the model 15 the imes f.
ior of the hongycomb ¢
the transient changes |
ench of e M 2lols s o

The lollewing simpli

I, Adr flow iz vaiforml
cution and the regen

2. The air stream flowin
plug or piston flow, 1
not exist in the radia
of -firection. Thedq
Aow model has been
of & serics of equal-y
lurge number of com
stnall thickness, are |
gons, the plug flow
mated by an equivale
in series o5 shown in

W Tanshapoaichoboer, A Prowampit! Chasfeal Exginacring Towemal B6 (2062) F1-J5

oneycoenl straciure,

Iel can raticnally be reduced o

zl. By eking into account each
he total M kdentical zlosdz in the
entire crogs-iection of the repre-
inaining space variable iz 2, For
the frst 100 shots being the regen-
4, & second independent varlable in
n ether words, the dyaamic beluy-
tor can be shmulated by following
eurring in the z-direction within

& retor slowly wms,

fing assumptions are mods;

chiztntarled aerass the dehummidifi-

BLon cross-seciions.

{ through each slot is assumed to be
the plug flow mode], varotion docs
lireetion but exigts only in the axial
tically and conceptually, the plug
hown to be equivalent o the model
Ture CSTRS 1o which an infinitely
letely mixed cells, each of infimitely
mnecied in serics. For practical rea-
lrdel of cach slod will be approxi-
§ CETR model consisting of M cells
Gig. 2, Mbeing 10, 20 or maore [12].

3. Gas-phase heat copnduction and mass diffusivn in the
axial direction are negligibly small compared 10 the
convective effects in the same shot,

4. Ezch slot is adiabatic énd heat conduction along the slot
will may be nealected.

3. Interphase moismre irsnsfer berween the pas and solid
absorbent phases in the slot is eontrolled by gas-phase
film resistance since the absorbent layver js essentially
ACHI=PHOTO0S,

6. Heat of absorplion of the moismre cin be approximated -
by the larent heat of vaporization of water,

For slot no. j of the regenertion section (j = ],
2o M), the unsteady mass and energy bulanees for oel]
ne i G =1,2,.... N are as follows;

Gus-phase moisture balance:

dily NG Vi EARN VY
- —Ir': “{Hi—t — Hy) —= e (H; = Hap)
I d( Vi)
+ ( Vi ) il (1

where Hy and Hep are the humidity snd satwrited humidity
of hot air in eell no. £, TeSPectively (Kiyuer vapoe Kedry s~ s
Vi the gpecific volume of humid air {m kg b Gr
the mass flow rate of humid air (kg g m=* 5=, 1 the
time (83, L the length of cach rotor slot, N ropresents ihe
nurmber of celle by cach slon, k the mass wansfer coefficient
Letween malet materinl end hot air (kgm=* 5=}, & the hon-
eycomb porosity (=), Ay the intemal surface aren of each
cell {m?), A, the total crose-sectional area of each cell (m).
The Ranz—Marshall corvelation is used to estimate the valug
af & [13), .

Solid-phase moisture balance:

d(W;) A
= ki H: = H mmmmm N, F
ai (] HII}LJ-'-:FEI] (2}

where Wy 14 the medsture in the absorbent materil in celi
i ﬂ-:gwmkg,"}.mumﬂ"}, pzp the apparent density of dry
sbsorbent matenial in the rotor (kgm” e

| Lithium Chlaride Layer

I=N

Honeycomb Wall

Fip. X Hepregegamion of a typical hapeyeomb 001 25 § serfes -u‘Fi.'.l.‘-vl'-‘l'l]'lh.‘-I.El}' mixed cells.



(Jas-phase encrgy by
Vi d
Ny
= _'_'H:'_p!. 4+ c,p
A
LY
AL

2 (C e Tai + Cpo

where Cpn, Cov. Cpuw
vapor amd ligeid water
Tz are the temmperatiire
cell no, i, respectively
between the gas- and §

Solid-phase enerpy |

(e Curm + pepCpsn
N
= (““ ) (H; =1

C
(Tar =

¥+ J_.I"'Il‘.l
LA:

where Ag; is the latent
Tar in cell no. § (k) kg,
honeycomb wall (kg m

It should be noted ¢
plicable 10 the slols in
100,102, ... ,400), &
reversed,

Air circulation duris
can be approximared
mixed compartments (

- Commpartments in ithe of

Ahrough the room, it pic
,-.-]ﬂﬁ-ur thus gradually dn
limitation the model egs
The fourth order Rung
the set of four (MW 2
simultaneausly. By ch
appropriately, at the ez
rotate to replace the no
Similarly, slot no. M w
step.

3. Ixperimental
The tested honeyeon

ter end Iem widih, F
the honeycomb rotor
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reé b specific heat of dry air, water
respectively (kI kg=' K=}, Ty and
of humid air and 50lid abeorbent in
K}, he the hent transfer enefficient
licl-phase (kI m—? g~ 1,

ilonce:;

diT:
+ pepCpw W) —— I: 51}

o HAg = EJ'I"I-'TEI':l

1) ()

1eal u-E‘ vaparizalion ot lemperature
ger =13, pen the spparent density of
12

oo similar set of equations s ap-
the dehumidification section (§ =
epl thot the air Now direction is

{ the mght inside the closed room
n serics of R imaginary completely

= =4}, Here & is the number of
im. Ag dehumidified air eireulnes
5 up maisture from the wet concrele
ng out the floor. Because of space
itions for the room are omitted here.
-Kutta method is used to integrate
R) ordinary differential equations
wing the time step of integration
- of each Ume step, slot no, § will
Uslot j 4 1 successively in circle,
| repiace slot ne. 1 after ench time

# rofor [14] has = 52 5em diapne-
. 3 shows a schematic dingram of
humidifier, The area ratio of the

dehumidification to th resenestion section it %1, The

Diehumididfied aar

Fig. X. Schemsitic diagram of honeyeamb motor dehunidifier

rofary d:hmm:hl‘-:r is operated overnight in a closed room
with 45 m” floor area, Temperamre of the heat ambizng aie
entering the regeneration seotion is set constant at 350 K,
Wet- and dey-Lalb temperanies of the ambient air (before
the air healer) of room and dehumidified air ut the outlet of
the absorpicn section were secorded continuonsly, The air
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Fig. 4. {2} Comparison of the predicred air lemperatuzes wilk the caper-
imenzal relly (Trpey = 353Ky totain = 137005, Tpagen o = 1.00 mis,
rotaticnE] speed = I0rphl: (b)) comparisen of the predieed air and
melatve humidities with the experisnental resols (Topen = 353K,
Uiy = 137 0%, Vmgun 3y = 100 ms, miationad speed = 10 mphi,
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flow rates across the aby
are 22 and 5.4 m/s, IEER

1. Results and discncssh

The observed ambien
lepandant inpuis to the
since the room is comp)
mitial conditions in the n

W TMMMEME?&U. A, Prawempit/ Chenifeal Euglnacnig Jowmal 86 12002) f1-15

irption and regeneration sections
chwely.

1

air condiions are vsed as fime-
gater of the repensmtion section.
teky closed off at night, only the
aen &l the start of operation of the

> Tregen =341 K
Tregen =353 K
A Tregen = 363 K

TS

rotary dehurmnidifier are needed o run the simulation, Fig, 4
shows a Lypical example of the ambient air (broken line)
and the simulated {so0lid line) ws. experimental values {dots)
of the various air temperatures and humidities. Evidenthy
the predicted and ocbserved walnes of the dehumidified
(absorption outlel), room and exhawst 8ir (repeneration
oullary are in very good agreement. Though not shown
here, additional tests carmied out an several other davs
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alsa gave the same go d agreement, Thus it may be con-
cluded that a simpls  ynamic model for the honeycomb
rotary dehumidifier i | successfully been developed and
validated.

Mext the effects of he regenerator's inlet air tempera-
ture and velocity on o : efficiency of dehumidification are
investigated. As shown nFig, §, the temperature and huaid-
ity of both the dehumi | [fied and exhavst air depend signifi-
cantly on the regenera ©'s inlet air temperature, Obviously,
the humidity of room ir can be reduced faster at a higher
Tegenerator's tempern iré. The effect of the regenecalor's
air velocity is shown | 1 Fig. 6. It can be seen that the air
velecity has insignific st influence on the dehumidification
efficiency.

5. Concluslon

The new simple | momic model has been shown w0

jmulate the dynamie serformance of a honeycomb rotary
%midﬁﬂu that g es well with experimental resulis.
Though the model 1 45 developed and volidated for an
abgarption-type dehu idifier, the approach should also be
spplicubls to the pdsor ton-type dehumidifier, Coupled with
a siple model for th) humid adr in a closed room with wel
floor, the present mor il has also proved successful in pre-
dicting the property ¢ ange in the room air and the decnéas-
ing amount of water || maining on the wet concrete ooz, In
the next investigatios | the coupled models will be used 1o
obtain an oplimal set [ operating conditions that minimizes
the energy andfor Gl & required o dry-out the wet Hoor

~avernight,
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