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s agglomer lon process of pasticles on a cylindrica] chectret-fiber. The mompholegy of the particts
agglomeraies ff im the simulated resilis s shown o agres quite woll with the experimental abuervations for
Both charped -srftulrnlm panticles. By obimining the distribugion) oFeaptured particles on mn eleemet Mber iy
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falnsnsiie: | Adsorption of henzens, toluene, and o-xylens vapours on activated
carbons preg ared from water hyacinth activated by zine chloride
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Water hyneintl, nee husk, and sugarcane bagasses were used a0 raw mateniale for the
preparation of carbon adsorbent. They were carbonized and netivated simultancously
with 600 grami diter zine chloride solution, The preparation process wis carmied out st the
temperatires o 2400, 500, and 600°C for 1, 2 and 3 hours. The vield of carbon adsorbents

docreased with an inceease in lempomture. While the specific surfioe area, gs well ay
iedine adsorpton and the avemge pore size varied dircetly with temperature. The
activation perad hardly affected the adsorbent charucteristics, In comparison with
carbonized matarials, the vield was reduced by about 25%. For the water hyacinth, both
the: specific sur; e area and the iodine adsorption wers wnproved by at least two-hundred
foldand three-fild, respectively, Adsarption equilibria on carbon adsorbents from water
hyacinth for ¢ilute vapours of benzene, toluene, or o-xylenc were measured by
chromatograplye method at the tem perature of 180-270°C. The increasmg sequence of
the equilibrium constants for those vapours on a given carbon adsorbei! was benzene,
tolueny, and o-lylene. Heats of adsorption of BTX on all earbon adsarbents were about
72, 81 and 100 WEmol, respectively. In addition, the ovensll mass-teansfer cocfficients of
all vapours obe s Arrhenivs’ Taw
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ugang elecirgi attachment renetion, Low-ensroy elegtrons penediled in the corona-discharpe renctor are caghuned

by electione stive pas molecules, producing négative ons. The ions tgeaie in the eléciric field 1o (he anode

prectar wall) and ae removed at the wall, A piseaus pallutant remover which wminly consiseg of jhe GO (HiLi-

Ceschiarpe elsior and A high-voltage T gensrator way succeasfully desipned and construcied 10 carre ouy i
aule experifilents,  From the expenmentsl results. i1 fas been found that w
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higlher reimmi) eMicirney was
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Suige and e anmber of eathodes on 1l resubting removal efficiency witly respect 16 tiee diluwe gascoys
s, methy] jodide, ehlorofluerecaton and acetnldelyde, were Investipaed experinantilly in order 1
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"RTRUCTURE

RITTRSAK LARPEURIYARLU. - EFFECT G3F BEACTOR STRIMTURE op REMONAL. EFFICIEME Y OF Cras Bk
POLEOITAMTS USING  ELECTRON ATTACHMEMT MECHANISM. THESIS ADVISOR PREOF Wik
TANTHAPAMICHAKGON P 154 pp.  ISER BT4-B17-0R55,

U objective of the pressnt thesis |s (e design and construction of 4 Eascous pallutant jemowe
using eles ran attachment resclion Low-energy electrons generated in the corona-elischarpe reator are CApTEg
oY elecirolibpalive pas malesulss, producing isepative fons: Tle iong migraie m the etecine field 1w e anode
Leicter WD and are removed ut the wall, A guseaus pollumng remover which mainly consisis of (s SO b=
disclmpes| Bheror snd 5 lugh-voltage DE eenerator was swinesshully decipned and consiencied to cirry our sk
scals espaaments.  From Lhe experinental reaults, it has been found tha) g ighar removal efficiency was
obdared &l the indet concentralion desreised.

Furthennore, the effects of the reactor Mrugture, namely, the catliode dinmeres (e Angeke [rangingg
thape and (he aumber of cathodes o the maullng removsl alliciency with respeet 1o thaige diliie gaseony
Rerdlntugits, | ethyl lodids, ¢hlorofuorocarbon find acetabiehyde, were lnvestigated sxpenineninlly i oeder 1
B unr.-l'hi guidehne for scaling hp the device i the future  The resulls teveat that e tiicker 1he cathinde
Grdauiier, he- ligher (e mmeval efficioncy.  In contingy, ihe srualle the reaislor @inyeies LT, YT Y e
centivalumg Peactory, the lngher the remeoval officiency,  Ag for the number of eihodes in i Sngle reaciar vessal,
e abirpfe-ci g hode resctor exhibils higler remaval eliciency than e S-enthade one,
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AECCEITIN | MALDE CHEMICAL ENOMEER NG
KEY WORD: P LIMATIC CONVEY ML FHEYING § CORMETAMNT DRYIMNG RATE FEURFACE EVARNIRATION | FAlizNg DEYTHG

B B DIFFLISION COMTROLLED | MODELIMG

SENTHA TANTIRODCHANAMATE - SULATION OF [NDUSTRIAL PRELR AT CONVEYING DRYTE WITH
CHESTANT D FALLING BATES OF DEVING THESS ADVISOR = FROF, WiwLT TANTIUAPARICHAROON,
Fhull 120 pp ISER ST 6095023

In | e presenl thesis, & comprehensive mathematica! imodel of the prsRmElic comveving dryer, which
is derived by :nﬁ.hinjng Mo Sepamie ingdels proposed by Shigery Mutsumots and David Pel, has successfully been
developed, The i.14'.u‘.Iut 15 able to desenbe the eitire mang of drying behavior which conssts of twe AN periods,
namely, surface 1iater evaporation ad inlemal maishe diffusion controlled penods.

Tesilhg of fhe model o validare it pencrat applicability is done by compansan of the sumul aon
results with Uie lull-soated  Usjusirial prewnatls conveying drying of cassava four and the published industriaf
drying results of | fmenite, Glauber's sall, culcium carbonate, amemonium sulfate, and PVC resin. The compatison
Shews that the antler olid moisiure conren and i humdiey 15 acoueately predicted by the model Huwever, the
predicied salid atll nir tempermires show some discrepancies from e reported values dise 1o the assumption of
negligible het 1o froam the dryer in s mesdel. The sioulation resulis age blso campared o (e predictions of the
previeiss model gioposed by W Tanthapanichakoon and € Srivetanal which Asswmes tat below the critie]
ministure coment, | he filing deyling rais b propumionn o (e rarmialng frec moisnuge content, ‘Ihe conpaHson
shows lwl the present el FEvEs beer predueion and oes ol regaire an dvnnees Iengwltdpe of Use vilye af

thes entical ol g g canrent,

Furthizemors, the imodel i applied fo linprove the epermiing condition of the sams Heusr diyer i the
extsting drving cagacin and to search for o mos sisitabile operating condition for increasin b the drying capacity by
20 %, Iz tprovid operming condiiion van redite thiz pperating coet by 15 % when cornpared wlly the original
Gperatng conligol
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Ielnsant fim: Rock Mill Dust Remaval by Wetted Screen
&3t Ud)ymdet Arsingsamanuni

g 1015 i - Sirtkulaya Suvachiltanont

T 3e air pollution created by dust particle from rock mill dust plant can annay the
people Wha live nearby the plant, Tt causes lung disease or allergy. Welted screen dust
tallector s the new mothod o reduce dust level from source of dust. It is the best method
lo solve cnvironmental problem from ongmnal seurces; This method can control and
decrease |he amount of the air pollution in the most suikhle way. Wetted screon dust
removal s designed and constructed to study the removal efficieacy by using various
rypes of {ereens. The appamtus consists of dust Auidized bed, duct system, dust feeder,
effective wetted screen ares, cyclone, absolute filter and opacity meter. Rermoval
efficiency of single layer is abour 19% with 1o warter film cover on the mesh, For
vmigated | ereen, removal efficiency is about §5.74% for which aceerding to mesh type,
wind veltsity, dust feed rate, and warer flow rate. For double layer, removal efficiency s
about 28%% with no water film which is higher than single layer and about 70-89% with
water files, due to the double laver can remove dust from air Stream twice before
reléasing | o ammosphera.
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Ulrazonicaly Induced cawahon ias been found Lo be affective lor loosening and detacling the
cake deposited On o surfaco o e membrane during miceafisratian, s mmerkanty wereasing the Hration
fus et presind fesoarch, cross-llow microfiraton in 2 plate and rame madula will Nybondh mombeans
nvasngated [1_ o AR betwecn the vilmsenic souice and the memBrane G bo vened om 1.6 w0 4.7 em, the
leed vatocity frdin 0.1 100,558 mis and the kansmembane prestuns Giltarence from 14,7 19 53.0 kPa, Twe
dirtigal WIS Faraes Ane altachet of e Sutsrse wall of i neacle 1o fnsm) Mg energy ultrasame
WA Irepgh th = leod channel toward b memnbiang In the expeimanty, Bakars wmhl 20l ban {5 ta 20 il 15
dlateil and th steady-state lux & maasereg The fociors atieciing he  Rivation alficiancy, Lo, [he
Hingienbrdng | osturg, Ihg ulirasonc intuniiy, e locd valoesly, 1he fead concentsange the sorsamian imy

§IRS 1PN LMLV B AN Ea TRMERANG BN eacr UIFIsmen Aosarts, Rovl Do siudisd

Exganmantally, 1 @ (ound under SONSIONG URDLonic IrAdialon hal An increass in (he
ANAMAMEAANG | Fassure M i a fomarkable incroate in the steadysstane Tus  Whan tha nememscans
preswure & REESE increases, the beneficial effect on the fux graduzlly disapoedrs becouss af (he mare
viengachan of B0 cake at b higher peessurg which aises the caviion freshokd, Sitmilary, 1 the ultrassnic
FEowir is loo high, the intengity of the eaviation callapse becomos lassaned ang the removal of the caka Ly
lbrassnie affact)| reducad, In addian, 0 s shoen bl o ulliesenic alfect s more proncunced at o leworn fued
vidocity and ok dwor lead concantation, The appropriale distance betwesn each uilmzonic sairee aod e
fgtibtang may be defined as the distance whicn provides e mammum efecivo area exerted uoon by
cavitation. |-‘=-1a;~15,.-, the: expenmental resulls have ohvinusly shewn IRal tne sullable application of ulirasonic
wiEve Gan enhace the fMux upto 3 Gmes Mat without ultrascoes wave, The side sffecls of ultreseric on the
mEmEEAne &nd ma st hawe also boen investigated. 1148 found that under the maximum inensdy of 3.6 Winm® at
Py Constant fen-peratuce of 30°C. thers is no change on the sizeé and the growth capabiite of the vaasl i

ZEditon; @ pralirﬁ"naﬂ,- analysis of the uirasonic apoiication on the microfiftration systam has been presenied.
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KEY WORD: F| CWSEILITY INDEX / FLOODABILITY INDEX f POWDER BLEND / DIRECT-COMPRESSION EXCIPIEN |5

TL.BLET PROPERTIES
CHAKKRIT YAMEATE | EFFECT OF DIRECT-COMPRESSION EXCIRENTS ON THE FOWDER FLOWARILITY AT

PHYSICAL FROPERTIES OF TABLETS.  THESIS ADVISOR © PROF. WIWUIT TANTHAPAMICHAKOON, Ph (.
THESIS COADVISOR : ASSO. PROF. POJ KULVANICH, Ph0. 188 pp. (SBM B74-331.867-a_

The pressanl work imveaigaied exporimentally the efects of tpoes and compasiion of dvect-comprassion
excipients on the | low chamctenisses af indiicual components and the resuling 2. 3 and 4-componsnd powder msines. by wsing
a powder chamel risbic lesier [n asse=sing ha Mawabdity indax and Noodakiling index according o Can's method,  Faw maladisls
Lastad i s work were paraceiamaol posdsr, as sot hgrﬂmu ard several ypes of direchoompression excislenis, rairiehy,
Starch-1500. Tabla Tose, Avical PH-101, Ceclus KG-B31 and e, misd logether by wsing a wbilendsr a1 1.rﬂ.|1|:.|_|5 Mg falios
Wext, & farmulas | 4 componend powder mizlimes were sekected oul of the 2B fomelas, blended wilh 0.5% magnesiom
stearaie.as lubricar L and tablatod with & singlo-siroke sbleling machine Lo hudy redations babwaen fow charactsistics of powdar

mdxture and Uhe ph sical peogerties of resulting Labbats,

Frol: the expanmental resulis, § was found it Bie mixing ratg (midure ctenpositen) was te main ol
affgcting Me fow  wrackinitics of & powder midurs, &ng that tho flowabikly and fioadabilty Indeses of most powdir misbees
gangralty Lay tatwdon he comisponding values of esch inciddusi comparant,  Furtharmons, paracMamel, he most cohashe
companant, had misa influence on the flow chanmelerstics of the powsdar midure han thix olhver compenants, Meverhaless, § wes
faund that & small amount of tale (3-20%) could affocibvily impreve Yo Now preparlips of the Peovwdar miture Ly tha conlng
fedhacion) of lale garticlas on the surises af ether fypds of paricles, Bua redusing e cohasworass of the midne e making
the particles mare ¢oary round, Parlicle shapd wid fond o have dirset sliset on the Maadability indox of the powdsr mistura
because tha maora d Tarend the parliche shapas, the densar the packia powdar sluciona and U the lower ta Macdabilitg i
Irvesligation of phy el pronertias of tha resuling Lablals revealed that Ue avarage waight and diamater of Wbty wers ity
aftactad by the flow [ mperies of the pewder midure s highar tha fMewability index &f the poweder mitchiure, i Sweer tha values af
ralativg standard dal=alisn (R of U weight and dismater of he Ebiets, In sudilicn, Bie athar phyvsical properlios of f lasiels
depanded on T bye=s of drecd-compragalon exciplenia, I was found thal a formida that conlsine Starch- 1500 yialded tablats
that possossed mar hardness, kwer friabilty bul shorer disinlegration e than cna that contalne Tablathote, whoness a femmit
1hat etalaing Cealus |£G801 produced tablels that possessed mara hardness, lowes Fiability and longer disnlegralisn Eme than
one with Avicel PHAIL In addion, Uk mast sullaiia Tormuda for lal:-:'-ntng.-n-aa faund to be Paracelamel : Stanh-1800 ¢ Avical

PH-101 : talc an mvbdr o mfio 32191 3%
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BREAKTHROUGH CURVE / INTEGR AL ADSORPTION EQUIL] BRIUM CURVE
PILHATE IN-EURE : METHOD T0O ESTIMATE THE SIZE OF AN ADSORDER USING 111
‘BREAKTHROUGH CURVE FOR UMK NOW N MULTI-COMPONENT WASTEWATER. THEY)
ADVIZOR | PROF. WIWUT ThNT'I-TAFANi{TH.-H.KﬂGN, D 9 pp. 15BN FT4-635-026.2

A simple practical methed £ s piepesed by Okazaki eral. (] 085} to predict the breaktiiroug
curv of ¢ aknawn mudti-component wastewater in a fixed bed adsarptign column iz adopted in (he presi
work, Using oaly the information from: simple Jar teses, Okaznki et al. agsumed mstanianeous adsorptin
wiuelibrinin between the unknown selutes and the activated carbon adsocbent. Iy this work, activio
carben filers (ACFs) are psed g adsorbent, The towl cancentiation of pollulagts i the wastewater ;
given i terms of a somtprehensive  concentralion innelex, numely, Tatpl Oeganic  Carbng {roc
eenceilial on ides. Senhetic WasICWALlLE systems (1- 2~ ang 3- Eompanent} | tapwaler, naturg| Liwpniie
substance 1nd domestic Factery wastewater are in weslipated, :

Dascd on experimental el fesy rezults, e suitability of (e preseat melhad is exmmine
by conparson between e predicted and obseryed breakthraugh curves ag well ag the bieakthrough timps
IUis feund | hat the agreement g Quite good for the single-solue systens and not so bad for the binary and
lerliey gys ams. In the ease of unknown naryral hisemic: substance nigd industrial wastewster, Lirsweyer, 1l
agrecent ix not good beeause (e DESHpEtice . of ISananeoE adsorption iz nat valid when tlye soluig

molccules are too bulky fo enter quickly the micrapores of ACE Meverlheless, the method is sl a Dpiely
ool to prrediet oy Brcakthrongh time and 1o size d packed adsorber,
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KEY WORD: LLUIDNZATION / GRANULATION » FLUIDIZED BED GRAMNULATOR
FITTIPONG FHATTANATHONG - DEVELOPMENT OF o SMALL-SCALE
FLUIDIZED BED GRAMNULATOR.
THESIS ADVISOR @ A550. PROF, TAWATCHAT -E.'HA.RINJ-"AHFTHUL. Ph.D.,
THESIS COADVISOR - ASSCLPROF, KUL‘-"ANiCH, Fh.i,
«iT pp. ISBM 974-334-30-7

aimploved far [ rarmacey e propose. [nvestieanion g mfluence of Operatinn
vehaicy, Muidi snp 2y Permperaiure wnd ADMIZING 8ir pressure’) and pe of raw narerpls [lzcinse
Powder and Liltose and UM Sareh powder Blended by & mixing ramio 70 030 wiw) o ogpe
istribuion | a crage paricle size, shape an pRysical properties have hess farried out. The granyfe.
presluced are @ien o Produce jabbeis by wsing single punch tehlemer machine, Pyl properiies of
el {xuch as weight varmtion, hardness, thickness, dianerar, Iriability and disintegration e Bty

been alws inves igaled, Comparison of the properiss of e Bhlets wih those of pray dev Ineopee

. &
Clablenose ) e pre then conglcesd,

From w1 perimental resules, granules produced livw Muidizing sir welociny (08 mie) have
lrger mean parlele size ihan hase ollilned when ajr veloehy o higher, Mennwhile Nuidesing 3
PRI as Fitle effesr WEARE W pertiche wize of he Branules, Howeyer, WU EIg aif presse
applied e gl Preving noxzle has o sgnlficant eflect an the nean PEicle size and the sie ehigtralingism
UE the pranules, Ain incrogre in the Slvnizing aie pressure &IVER SC 00 fnerense i ArmoEnt of fipe
rarticles then resy'i jn the =imalter mean PAMRCAE Size. An increase in maoan POINERE Size f the praputes
peituced vields jn reating aeried hulk densarty bt decreases jee angles of repose, campressibility g
imrcked bulk depsi ¥« From these resules, it i found that ghe Nowabiliy indes oF (e Peanules bicormes
nereased whila ghy Boadability mdex decreases, From Scamiing Eieciron Microscops Phatograph, it i
whedr hy seen that §oejde he granules formed, 3 particle weered by bander has sewar oy with other
partrcles. Considerdsl from lse granule morphology, it can be vmpliest that ghe pranule is formed oy the

sir=ealled snow -balling mechanism, so that spherical Eranules are obiajned,

In tabletar an Proceis, the pranuies wigh Iigher miean Pariicle size pesulrs in the Jpoux waiph
vasiarica and Friabif iy of ahlets produced. Marcover, the tbbers produced from lactose and LT starck
mexture have shom:- disimegration time than those of laciose pranules. |n coclusion, the bl

produced from the framvles, which are obmsined from the developed pranulator have an accepiable

rualities :umpar-:d “ith those ’.I'ab]euusc@ using the USP standagsg.
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The present work studicd the factors influencing the dispersion of OTgaIue plgments in
polvethyleis upon using a continuous mwin-screw kneader, namely, the kneading tmperatuce, the
rotanional § peed of twin-serew. the feed rate and e premix time. including determination of suirakle
kncading aandition. by appiving the fracial concept to evaluation of the dispersion stare. The raw
materials 15ed i the studv were two orpanic pigments. carbon black aud quinacridone viole
igment, a¢ d high density polvethylene resin (HDPE), In addition, effects of the kneading conditens

w thi tensl < properties of HDPE kneaded with either pliment were also invesrigated

[Ewas found that the dispersibiline of eigher pigment increased ag the kneading remperagun:
aed the ror tional speed increased, and that the Righer the feed mue was, the lower the dispersion
stawe of the pigment became. . The premix time, upwirds of 10 minutes of primany mixing, had
nsignificas! influcace on e kaveading result. As for the effect of e kneading temperature on the
rensele proglities of polvethylene with prgment, it was found that a2 the kneading temperature and
the rotationd spesd of scrow increased, the kneaded HDPE tumed harder and more il
vspetially aj kneading temperamres above 220 “C tncidentally. comparisen between the carban
Llack and quinseridone vislet prgments revealed that the carbon black presment, which had a smaller
stz (approyimately one-sixth of that of quinacridone violot) and less palarity, provided more

uniform disfersion state and better properties of the palvmer blend.
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KEY WORDIQT ANTTTATIVE INDICES / DEGREE OF DISPERSION/ADDITIVES

f :
ITM ubjective of the present thesis is 1o study znd propose some suttable quantitative indices {or
Cvaluating thoydey ve of dispersicon of single and binary additives in compounded materials and ardared mixiures.
fhe indexes of ind srest are the degree of mixedness, (he area-haged and count-based fractal dimensions and (e
oordination aumd er. Computer siimulations are ysed W simulate various ideal cases of dispersion and their

commblien i the single additive aystems. For the binary systems, the “onCERLAlion mbic. the particle size ratin
i |l adlvesdon P ohability of B onto A are aiso varied, .

I is| ound that bofly te arca-based wnd count-based fractal dinensions do 1ot change when e
artiche sizge (o {icreases, o they are suitable quanttative indexes for evaluating the degree of dispersion of
el gingle ahd bluary additives systems,  The investigaton alsg shows how hese indices can B owsed g

phircteriee e tyg s of dispersion and estimate ez adhesion probabiliry,
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PR oM EXCHANGE ! COUNTER-CURRENT REGENERATION / CO-CURRENT

REGENERATION ! DEMINERALIZATION
WUTHIPONG PONCJATURAVIT : PERFORMANCE COMPARISON OF PACKED-
BED CO-CURRENT AND COUNTER-CURRENT REGENERATION
DEMINERALIZATION SYSTEMS ON THE PROTOTYPE LEVEL. THES[S
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L]

Ferformance compariscn belween  packed-bed co-current and  countar-curranl
BEnaA Ij.m-. deminoraiizalion systems is & study 1o compare the efliciency and capacily of the
hwo dom pharalization gystems undar the same oparating condilions, Each Expanimentzal unil
consists (f a cation and an anion resin column connecled in series,

Experimonis wera conducted wilh water llow rale from 100 to 300 litras per hour,
wlucl iz ¢ quivalent to 13,67 lo 41,02 mihr and ©.45 1o 19.35 mikr linear velocily in the case of

calion antt adon resin, rEspoclivaly.

The experimented results obtained with the counter-current  regensration
dermneralizotion systom  showt superior pedormanca in some arpocis 1o the co-curreni
tegEncratlin system but no clear differences in olhar aspects,

Mith respoct to the cycle copacily, the resulls show fiat the counter-currani
regenerallen system achioved 5.77-7.60 % higher capacily than the olher system in tho case
al cation r{sin. However, for anion resin therg is ne explicit difference in capactly. Similarly, in
terms  of | logeneralion efficiancy and regencrant dosage the counter-curreni reganaration
ayslem w3 superior in the case of calion resin but no clear dilfarence in the case of anion
regin. Witk raspect 1o product water quality, the Geunter-current regeneration system was again
suparior. As regards fonic leakage, the counter-currant regeneralion system allowed less
sodium loaliage in the case of catian resin but there was no clear difforence in the case of
anion resin, Regarding the amount of regenarant wasle, there was no clear difference between
lhe two gydlems when the same regeneration level was used. Conversely, if comparison s
made on e basis of equal cycle capacily, the munlar—::hrren! reqeneration syslem would
gunerale lelis regenerant waste, By lhe way, no clear difference in the measured pressure
drop wasuo ind between the two systoms.

In addition, the applicability of the design equations presenled in fhe Engineering
Bullelin gnd Dala Sheats provided by the rosin manufacturer wWas considered. Since fhe
nall:ulatim_'n.s agree with the exporimentod resulls, the approprialencss of the equalions were

confirmed.
i
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The discrelized Population balance modo| of H
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Fnd sy Dle o predict ihe shape of the granula
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 this thesis 2 mathematical model for the rotary as
developed  As humid L

can predict | e dynamic behaviar well. For instance it can predict relatjve humidity of the room air

within a max mum error of & 2.0 % and the remaining of water on the floor within maximum error of

+0.02 kg wi er/m’ {loor arca throughout the experimental periods,

Ne tthe model is used 1o investigate the effects of the 7 major system variables : quantity of

inlet temperature of desorption hot air, veloeity of

, i ity i lion and desorption sections of the rotor, rotation

air velocity in adsorption section 0.68 m/s and rotation speed [0 phu o all the cases simulated, it is

Possible to redi e the ropm relative kumidity below $0 % and dry out

the water on the floor Within 12
howrs of dehum Tilicatian.
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A anal | zmalical o] of the water spray mass ang Bral transfer equipmen with Gorcwment fow al aip
and water droplets have besn developsd 1o predict the properties of air ang Waler deaplels, such as I:|.|.':j-|;| HETS
the lengil of fhe eVapOratar,
Spersc oo polydisperse droplet,

mperalere and ooy and air temperanen: and bemidity 80 any posilion Along
huntididsee, dehuwms - ler and cooling tower. The sodel can haslle Be enses of masmd
s well ag el 3 d cou-unifzen spoays alomg e radivs of tBe equipment.

Mussen | 18 sinplation cases of the CVRROEA show That D wtmpe drop diameter, drop s disiriSution

Speay allect Uz chunges (g mopsrtivs of  the air and water devgleds, For
Rlotssdigperse deopli s with cither unifno o anmenilomm sary,

deureize in e diapg ber, lemperiure snd velocity of e drops, thug CHUSIRE & more ripld Leenperatitre decrease and

Bisasliny ingrease ol i air thag ibe ease of barger divpn, For pelydisperse droplees with eithes tnd [ or nou-uni formg

spray, Uie cage of'n £ frower diop size distnbitaon sliows & morne TEpid decrense in \he diaraster and emperatie of e

i the raddinl distsubion of wases

the cxme of snaller wrOps Shows a more apid

drops, tus cansing a joce mpid tesmperatues decrease buzniclity increase of the gir than the case of @ broadn: drop

sive distribution, The hse af unifoem spray shows a more rapid decrease i the dissneter andl temiperature of the dinpz,

Wius eausiog a more | ipid air lemperaiuse decrease and hurnidily increase than fhe case of non-uniform spray. In

wchiditicar, the proseat o sk pas simialated the operation of the humidifier

Mehimidifier and coaling tower far the cases
of tnoncdispergs drupl - = sod undiorm Fpray
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roy GALTS25 S WUOR  CHEMICAL  ENGINEERING
REVWORD: PRI LIWINARY DESIGN / CHITIN 4 SHRIMP FLAVOR / SHRIMP WASTE

RATIANEE  HARNWANICHSAK : PRELTAINARY DESIGN OF CHITIN AND SHRIAP
FLATOR PRODUCTION PROCESS FROM SHRIMP WASTE. Thes[s ADVISOR PROF.

-

WIW T TARTHAPANICHAKOOL, ph.p. 131 pp. Ispy 9?5553?_995;2

This research makes a preliminary dezisn of chitin and shrimp flavor
production pricess by dividing the reseaprch into 3 stages. Firstly,the optimum
protein hydro ysis condition USTng enzyme neutrase was found by testing at 9
tamperature |4 /els that is, 45, 50, 55 and 00 degree calsius, It Wias found
that the temps rature at 55 degree celsius yvielded the maximum hydrolysis when
compared to th: other temperatures. Testing at 3 Enzyme dosing levels, that
is, 0.04, 0.06 0.08, 0.10 and 0.12 % w/w and at 4 time periods, that is, 30,
50, 90 and 120 minutes, revealed that the enzyme dosing and time had
stgniticant af ect an the Lyrosine concentrate. When they increase, the
tyrosing alse | noreases, The Chosens optimum conditions are Bnzyme dosing
0.08 % w/w, tille 60 minutes. Secondly, variouschitin Production processes were
reviewed. This| research then selected the optimum condition for industrial
production vsitly acid and CAUSTIC solutions. The DREET MU demineralization
condition is a|ratie of shrimp waste : 1-M 1C) equaling 1:10, time i he at
ambient temperd wre. The optimum deproteination condition is a ratip of shrimp
wWaste | 2-M Nad | equaling 1:10, time 2 hrs at 55 degree calsius. Finally,
preliminary 4nd strial Process design and investment Cost estimation ware
farried out, Ra shrimp 20,000 kgs/day vizlds shrimp waste 2,600 kgs/day,

When Drocessed | o the finisheq product, there will be chitin 468 kgs and
hydrolysate 2,003 kys. The project requires 2 tots) investment of 37.477 i,
Economic analys s reveals that this project had a breakeven pofnt equal tao
sales of 172,00 Kas/year. Next the faliowing criteria far BCONGN] ¢
Feﬂsihility are | ised, that is, payback period, naet present value, internal
rate of return g9q profitability index. It was found that these criterig
tqualed 4 years, 100.148 MB, 52.1 % and 3.04 baht respectively.

Therafore it q¢ concludad that this project should be intEPEEtTﬂg io
invest in and tg Proceed with detailed design, '
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Th i work is conducted 1o stucly the factors alfecting fineness of mill baze from grinding
Drocess. Grng gauge meter is 3n important Equipment used o measure fineness, Raw materials in
the experimen| consist of Titamium dhoide as pigment, ac rylic resin as binder andg Butyl Glyeol
Ether, M-Buthal 3, Ethyl Glycol Acelats, Solvesso 150 as solvents, The mixing tank is made of slaad
and the grindin | maching is sand mill wilh Qlass bead a5 grinding media, Varation faciors arg as
follows: mixing | me vared from &0 1o 120 minutes, viscosity of mill base belore grinding varied from

70 10 85 KU, Mg ¢ rale of mill base varisc from 16 to 20 ke /min., and grinding time variad from 3 10 8

FalalTT

Thet| msulls have shown that bolh Mixing tire and viscosity are seemad to DIOSitvaly
grineling efficien v and grinding time, Flowever, from the sludy, elfect from flow rate conditions is

meignificant, Al 5, grinding time is inverse progortional to Hneness of mill base.

One najor fincling froemn processing A500 kivgrams of mill basa is thal the MLSE Suilatle
Gning canditg is are 120 MINUtEs mang hime, 70 KIJ visCosily, 20 kg./min. low rate, and 7 hours,
B minules grndii 3 time. The conditton menironcd has provided the bBenelit, in term al ime saving, in

ming and gring g process.
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“FYMOR © ADSORPTION BREAKTHROUOK CURVE / CONSTANT PATTERN /
ACBTYLENE / ACTIVATED cARpop

GHAI"-’AN{}HIDA BUNKRAPUE . EFFECTS oF ADSORRBER GDNF[E‘;UM-

been dete mined fram hmakthmugh CurTves of o Packed column wiph 0.16 ¢im jn diameter apd
B0 e in | mgth. The isotherin agrees witl, both Langmuir angd Freudlich isotherms,

With the velocity of 15 em/s, the shape of ha cotcentration profils hay altered
2% an inerd s in the hed length from 2 em g 10 em, An inerease in the foed concentration
Cuse fnver & variation of the profile becanse of the change in Propertics of acetylensg-heling
mexture an | the shape of {sothery, While the Particle size does pot alter the shape of the
profile, Wik the velocity af 5 cm/s, the constang shape of the profile can be achieved withiy
the bed leny th of 4 om und the offect of {he freg cencentralion on the alteration of the profila,
however, L OIS Insignifican,

the mean ros lence time of an adsarbate in the bed of adsorbents,
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STUDY OF HOT AR FLOW BEHAVIOR i1y OVENS Wit

AFFEREMT INTERMAL GEOMETRIES, THESIS ADVISOR - SOMPRASONG SRICHA],

A0, THESIS CO-ADVISOR . ANGRANA SUTTHIKUL 78 pp. 158N 4T4-637-999.7

Bk air flow PRENIMEna in an guen with differen

Lintamat geomelry, which was imitateg

frarm an in ustrial leng owan, was sfudied, Experimenis WETE Conducted Eny t_‘:l.a.‘isif',,-'ing ina thrpe
Qroups. Ttz first group had 3 Mar heat soume ingide the aven, while the sourga WAL removaed
10 oulsida for the second group. Inside e oven wae defined o have Separate  panition
with/withou ! hoxes a5 obstacles. The third Group was similar o the second BXCE hal minor
NBAL sourd s ware added intn the ovan  for epresenting  the gxothormg

FEOCHAN  of
polymerizal sn, The BxXpanmental resuls shimver]

hal lemperature distribution in the Dven with
Sxlemal ma ar heat SOUFCE was morg Gongislent, white partilion and obstacle hae inwy effecl in
e oven wils internal mingr heal souree, MAFE minor hedt sgurce resulted in pone imparaiur
Giatibulion. | Mso foun that higher flow ratg g hat &ir ima the ovan hedped in COnsislengy
termparature, fistritution

Mo over, FHOENICS 2.1 Was used o simulate fhe hot air flogw phencmena in the Case
of the gven aving internal minor heat sources, Temperature distribusion ablzined fram the
simulation oy thtatively agreed with those of the expenmental resulls. Besidas, the similalion

rasuits shawe | that hot air flowed directly to the bottom of the oven and rem

oved some heat with
it causing the | wear temperaturg at the botiom of the oven,
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"E G731 MAOR CHEMICAL ENGINEERING
KEY " | NEUMATIC CONVEY¥ING COMPUTATIONAL FLUID DYNAMICS
| ITHI NIKORNPRAKORN : SIMULATION OF GAS-SOLID PARTICLE
| .OW IN ACCELERATION ZONE OF A PNEUMATIC CONVEYOR
1 IESIS ADVISOR : SOMPRASONG SRICHAL Ph.D. THESIS CO-ADVISOR:
IR. BOON YONGYUTHSUTHIKARN, B.ENG. 131 pp. ISEN 974-638.26 1.6

4 computational simulation study of gas-solid particle flow in acceleration
region of a ertical pipe has been carried ot to examine pipe wall deposition of powders
in & vertici  pneumatic conveyor being a part of detergent production process, CFD
(Computati n Fluid Dynamics) technique in 2-D cylindrical cpordinate is employed 1o
compute M 1 phase turbulent “Two-flyid™ (Eulerian) model by using the CFD software
"PHOENIC V.21, In the first part of this study, the model validation is performed by
simulating | te flow conditions of Tsuji et al [1984] using various two phase urbulent
models, Co iputed gas and particle axial velocity profiles together with g5 phase
turbitlent int nsity profiles at 70 » diameter of vatous turbulence models, namely, standard
k-& model (I arlow-Nakayama [1968]), model of Chen-Wood [1986] and model of Mostafi-
Mongia [19 8] arc compared with experimental data obtained by Tsuji et al. [1984)
Obvigusly, & andard k-8 model (Harlow-Nakayama [1968]} is found 1o be better than Chex.
Wood" modt [1986] and Mostafa-Mongia' model [1985] in predicting experimenta| datg of
Tsuji et al.[! 284]. The modification of particle velocity profile computation is treated by
including pa ‘icle shear stress term in particle momentum equation. Particle shear stress
term tnclusiv 1y incorporated with standard k-g turbulence model computations yield better
numerical re; ilts over those computed by particle shear stress term exclusive model. In the
second part ¢ this study, the validated mode] is applied to simulate airift conveyor flow in
acceleration | one, Airlift conveyor flow in three different inlet configurations, namely,
uniform inlet sonfiguration which air-powder mixtire uniformly enters in entire pipe inlct
area, mixture innulus inlet configuration which air-powder mixture enters in annulus areq
of pipe and & ' only enters in core ares of the pipe, mixture-core inlet configuration which
dir-powder m chure enters in core area of the pipe and air only enters in apnulus area of the
pipe are simu yted in order to siudy and evaluate powder concentration in near-wall region
and pawder-y all collision rate, Simulation of the mixture-core inlet configuration cage
yields the mo|  favorable results in view of reduction of powder concentration in near-wall
region and p wder-wall collision rate. This configuration is further studied by varying
mixturc-core | ilet area, The simulation results show that powder concentration in nedr-wall
région and por der-wall collision rte decrease as mixture-core inlet arca decreases,
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wa CFITSFE]  aamor CHEMICAL ENGINEERING

TR S WULATION £ COMPUTATIONAL FLUID DYMAMICS / AIR FLOW / FLAT PLATES
5 NTIWATTANANUSORN : SIMULATION OF AIR FLOW PAST THE PARALLEL
IN JLINED FLAT PLATES IN A SQUARE DUCT
TH ESIS ADVISOR : SOMPRASONG SRICHAI Bh.0.
T} 2518 CO-ADVISOR : ASI BUNYAJTRADULYA. £h D
20 | pp. 1SBN 974-636-5354,

Tl 2 phenomena of air flow past the parallel inclined Aat plates in a square
duct is studi «d through the numerical solution by using computational fluid dynamics
{ CFD ) tecl nigue. A computer program called PHOENICS | is adopted to solve for
three-dimens onal steady turbulent flow under the finite volume method. The governing
equations a 2 incompressible ensemble-averaged Navier-Stokes equations. The
Reynolds sirl sses are modeled by the & - ¢ turbulence model with Boussinesq's ecidly
viscosily assl mption,

To| rerify the numercal accuracy and validity of the turbulence modal , thea
results are fi st compared with expenmental velocity data, Comparisons between
measured ai d caleulated resulls are in general satisfactory | although some
discrepancies are found. Finally . the effects of the number of flat plates | the
inclination of { at plates and high Reynolds number in the duct flow . to the distance for
fully developer flow , as well as tatal pressure drop |, are investigated.

The oredictions show that the develn pment length extends when the number
of flat plates di creases , however , such length is shortenad when the inclination of flat
plates become 5 smaller. In casze of Reynolds number within the range of study | the
numerical rest ts predict that the air flow at higher Reynolds number requires the
development  sngth to be longer than the lower Reynolds number condition.
Furthermore |, | |is found that the single blade damper causes total pressure drop to be

significantly hig 1er than the multi-blade damper.
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F o8 SMIMEME L ALAIEL  CHIEMICAL EMNGISEL NG
KEY Wil LDk GASEQUS MHLUTANTIGAS PURIFIC ATION ELECTROM ATTACHMENT/ COROMA DIACHARGE

FASARN EHONGPHASARMNE AL M - REMOVAL OF TRIME THY LAMINE ACETALDEHYDE AMD
AMMONLA GASES USING ELECTRON ATTACHMENT REACTION, THESIS ADVISOR - FROF wWIWLT
VANTHAPANICHARCON, PhO. 150 PP 15BN ST4-519-4E4-3

Experimental investigation an the application of electron attachment to the removal of dilute
gaseous wllnants has besn carried gur uging & corona-discharas deposilion-rype reactor, The high selectivity of’
electron itachment to elecironeeative gis molecules is urilized 1o effectively remove the impurity gases al ppm
and evi | ppb concentration levels, The efficts af several [aclors, namely, discharge current, inlet iy
CORCER Lion, space velocity and coexisting O, or HyD vapor on the individual remaoval effliciency of three
kinds ol raseous pollulants, haunely, wimethylamine ((CH, M), aceraldahyde {(CH,CHD) and ammonia {MH,)
have be o investigated, The experimental results reveal thar penerally the higher the discharge currenr, (he
higher 1l 1 remeval efficiency, whereas the space velocily and inler pas concentration vield the apposite effects,
It hias B en found that the presence of O, eahances e removal efficiency of each impurity gas, The
enhancel ent is experimentally shown 1o be atributable to Ihe veone reaction in the remaval of (CH, )M from

Qy=Ny m ied gos. Water vaper also enhances the removal efliciency of (CH,),M and CH,CHO.

Furthermore, the high sglectivity of electron attachment to ¢leciranegntive pas molecules is ulilized
to the sii ultaneous removal of dilute {CH L N-CHCHO, NH,-CH,CHO, SOP(CH, LN, S0O,-CH,CHO, NO.-
CHCHO ind CO-CH,CHO from air in the single reacior in order to find out the effect of discharge current an
their remy val efficiency. Since wndesirable reaction by-products are produced on the removal of SOy=(CH, N
from air,  [two-reactor system has been propased and shown 1o remove the binary pair with neghigible reactinn
byprodul . The experimental resulls show that generally the higher the discharge curreni, the higher the
removal ¢ ficiency. Compared 1o single impurity removal, it has been shown that the presence of 50, enhances
the remot | efficiency but retards thay of CHCHO v a single reactor, but some reaction by-products are
generated The problem can be avaided by using rwa idependently eperated reactars in series, In the case af
coexisting of NO., it is noted that the lower the jnlet MOh concentration, the lower the dischargs current that still

yields ber ficial effect. Al higher discharge currents, the retarding effect of CO, on CH,CHO removal is

obviously ignificant.
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50 - MAINR CHEMICAL EM{GINEER NG -
CLECTRCH ATTACHMENT 1 AF TEE BURMER ¢ TREATMENT SYSTEM FCOST EVALUATION

MOPPADOL ANUJAREEARPA, ¢ ENGINEERING DESIGN AND COST
VALUATION OF THE TREATMENT SYSTEM FOR GAS EMISSION FROM A
CREMATORY. THESIS ADVISOR: PROF. WiwuT TANTHAPANICHAKOON, Ph.O.

THESIS CO-ADVISOR MISS PORNCHAN KATECHULASRIROY, 206 PP, 1SBM
174-331-6B08-5

:ngineering design and cost evaluation of lreatment system for gas ermission fram a

& 1o be dosigned 2 kinds of different §as reatment system and evaluated total cost
tem and compared fotal cost batween each other by using Net present value as the
ol selection system as the criteria, The former treatment system is called Electron

systam and the latter system is calied Aftar Burning Systerm,

he concentration of maladorous gasses and gos pollutants are based on Japanese
data. The capacity of gas 1o be treated Is caleulated fram the air consumption of all
3 inside & crematory furnace which relating to the varlation of rate of cormbustion,
against the operaling time. The r:anfrgurqlim of the former system consisls of
ol gas cooler, Waler circulation system, Eleciron attachmant reactor and Blower,
stam eonsists of Cyclone, LPG fusl gas Thermal Oxidizer and Blower,

515 of cost ovalation are 20 years project lifetime, &% the average project
o8l of capital, 40 E-ahl.-‘l:lﬂlfar currency exchange rate and 10% facitity tax rate.
annual cash flow and NPV of the formor system is 4,006,344 | 201,918 and —
I, cespactively and 4,725,850 , 98,371 and -3.760,039 Bahi for tha other systom.
former -system has higher NPV sa it has the possibility to be selected as the
ireatment system, Howewer this system should be studied in more detail je

fystemn, improving destruction efficiency. Sa it will have cost redustion and become

system to be applied.
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SIHEEF DRM KHOTCHAPUNSOONTORY - DEVE! OPMENT CF A ZIMULATION MODEL FOR

REACTOR FOR FRODUCING BIDGAS FROM WASTE WATER
OF PaiM Ol EXTRACTION PLANMTS. TH L35 ADWZOR -

THE A' AEROBIC BIOCHEMICAL-

AZEIST. PROF, G THAMWATC HAL

CHARL PAMICHKUL, Ph.D. THESIS CO-ADMISOR - DR SOMMAT ISROJ. PR.D. 120 pp.

133N $14-331-607.6,

The i hamatical model was devaloped far simulslion of 3 sigde anacrobis biachemical TR o

oparatad al sted 'y slate wilh agilalion | which prowded uniform mixing. The developed medel was separalen

WG et pans , | imely | slatt-up a culluring step 2nd steadily operaled slop. Production of Volatile fatly i

and melhang i ach 2lep was mken inlo ancound for pregizling he reacto behawviar, ISIM Simulation EFogiinm
wai emptoyed 3 10ols lo find out e solution af the maltematical modsl aqualipns dovelapod,

Colcuwahon resull | veere compared welk the actugl gal

Then the

& taken from the atlually eperating plant 1o find out (ha
appropriale valur 1 of pararmatars 2l the model

Itwas fC nd shat afler adjustiog value of NBCEISASY paramelers, the model eould FIrEnicE 1l Psalin

which dgveod waly actugl MERSUEMEnL reaglls, Enpacialy lar 1y Starlup slep, Mowavar, lar e Sipedily

LRadalian e il vas fawnd thal (ke madsl could pradict  only  the concanirution of YVelalils Eally acid and

substrita vhich 3 res wilh feslual ManAUrairEnl resulls,
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FRIG1T42] :MAOR  CHEMTCALS ENGINEER . )
KEYWORD: | oACKED BED REACTOR/DYNAMIC MODEL,/ SULFURDIOXIDE
ANURAK  WANSANAOD : STUDY ON DYNAMIC MODEL OF 2 _
PACKED-EED REACTOR FOR CONVERTING SULFUR DIOXIDE To
SULFUR TRIOXIDE THESIS ADVISOR : ASSIST. PROF.
THRWATCHAI CHARINPANICHKUL,Ph. D. 6lpp.
[SBN 974-332-055-5

In this work, development of a model of a reaction
for conierting sulfur dioxide to sulfur trioxide in = packed
bed reaitor was carried out and the model was verified using
actual ¢ ata taken from a sulfurie acid producing plant. One-
dimensi¢ 1 hetercgeneous mass balance and. pseudo-homogenous
heat ba.ance with kinetic rate of reaction proposed by
Kadlec{1372) as well as equilibrium constant presenced by
Fogler(1l)86) was taken intc consideration and was solved
using f nite difference technique. The computer software
based ot the model studied then was developed and wverified
its perfrmance before taken to simulate the actual process.

iased on simulation results, it was found that the

bed temj erature predicted by the wmodel was 4°C lower than
those ol actual measuring results, meanwhile the predicred
conecentr tion of SO, was 0.22 % higher than measurment .

'imulatien was carried out in the three difference
conditic s, namely varying feed temperature, feed
concentr tion and feed flow rate. Tt was found that in the

range of feed temperature between 400°C and 450°C, the rate

of react on became maximum at the feed rate of 450°C, in the
range of feed concentration between 9.5%50, and 11.5%50,,the
rate of | eaction became maximum at the feed rate of 11.5%80,
and in tle range of feed flow rate between 4500 Nm’/hr and
6500 Mm'fir, the rate of reaction became maximum at the feed
flow rat{ was 4500 Mm'/hr.
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arsenic oxide and phenylarsine axide are used gy

BEEHNIC Mercury, jome arsenic #nd organic arsenje, Arseénic pnd mercury
t dissolved in 1oluene o obran solurjons contuning 10 ppm of rseric and | pprn

G:UHAI,CJJ find NI-CLL..‘AJIG, prepaged dry

esithts showed that mmoval of wrseric and HRETCUry compounds depenidended on

removel of both merctry  and
cepper » nickel »
| [ciency than diphenylmercury,

v dioption efficiency of adsorbeqrs for arsénie

alumina. Mercure ehloride ann be:
Meaylassine oxide g wdsorbed on Sopper ang
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L 90128 1 ane  CHEMICAL ENGINEURING DEFARTMENT

REY WORLE 1 yDRODEMETALLATION/ REMOVAL OF MERCURY COMPOUNDS
B TTISAK SOONTARANUBAE: REMOVAL OF MERCURY COMPOUNDS FROM LIGULD
B rDROCARBON BY HYDRODEMETALL AT,
T [ESIS ADVISOR: JIRDSAK TSCHEIUNA, Ph.[). 81 pp- ISBN 974-6349-727 -4,

R moval of mercury compounds from liguid hydeocarbon by hvdrodemeraliaion wus
mwestigated 10 this sudy.  CoMo/sal0, and MiMosALD, were used as hydrodemetallation
catalysts, The xperiments were conducted in a fixed bed conlinuous=[low reacror. The pressue
Was maintaingl at 400 psig and the remperaes were vared at 150, 200 and 250°%C, Mercuric
cldoride aod d henylmercury  were wsed as model compounds 1 represent inorganic wnd Qrganic
aercury comps unds in petroleum, espectively, Fach mercury compound was sdded in wleepe
which was use| as a liquid carrier, The mass Now mee of hydrogen per lquid hydrocarbon was

TIBT.2and DY was S5k

The (results showed that merciey compounds could deposit on the reoctor waldl and
wiier pans of 3iacior systerm which were made of sisinlesy steol, The deposition Jepended on
W 0L mercun - compound amd eperuting wmperiture. 1L owas also foend that mercune ehloride
depisiion was | high even al room Werperaiin: (approxtmarely 35 °C). Hydrodemetallation
waction eould b efficienty used 1w remove beth mercury compounds [ram liquid hydrocarkon
fee.  The mltion ship between removal cificiency and types of catalysts or BpRErMing

wempertues coll'd not be clesdly concluled because of the loss af EETCUry compounds tw the

MEACIOT SYstern.
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THESLS | DVIE0OR - SOMPRASONG SRICHAL, [PH.D

THSIS O ~AprIsonr - VICHITERA CHONGVISAL, PIL.
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tn chis sty 3, CFD (Caenputatineas] Fluid [rynacnics) lechinique and VALLEY Mo were whsl for Sutummrining fhy
suifur diovide coney | trtios digiibelion in complex terrin, CFT s bassd o Fundamental of Fluid Dynamics, l:.|:||l:i|::|:.i.-|g af 3
hacié: equations, nag Hy, coatinuity cquation, mowentun equative aod sqratios of cugrgy congervation, Murenver, turbulen
Thivw oot ig yzad || il case of turbuleat Ao, On the ather lamds, YALLEY Madal &= 5 serzaniog modol wsed b LS RA
For estimaciog the &1 fur disxids conconiriion jo somples tecrmin, This madel is devived [ram Guussias s pazrsion eguation

and alporfhm of th beometey of domain, Tho wesl Fpaetanl el da ang ihe ropapraplisel deta md 1ke Pviabedeng o sl
ditn,

The eatim | ‘o selflar dioxide goouns davel eancentration fekultng Croen gaseous cenizzing fror the wact af Mg
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Effi 15 of the uitmsonic wave on microfilration of yeast suEpension was exzmined using a tubular ceramic
moduls aperad | in cross-flow mdode, Applied pressures {ansmembrane pressers) were varicd hapwesn 11.27-46.06
kP, Feed flow: elocitics were studied in the range heoween 0.02-0.48 m/fs, Feed concentrtions wers varied as 0,005,
.010 and 0,020 yem’, Acoustic intensities were studied between 0.91-3.53 Wrem' ot the feequency of 23.8 ki1z, From
the experimentd| it 15 found that permente fhux of nuu:r-u}l":llratmn cougling with ultrsonic Iradiation was dependgnt
with the feed | oW velocily, the transmembrane pressure and the feed conesntration, Coke ressoval induced iy
ultradonis clean | g increased with increasing randmembrane pre.':;sun: in the préor stage, and ten decreased wilh the
increase in appl d pressure in the later siage dus to the sreng compaction of cake layer. Desidea, i s shown that
uliratgund has 2 seled the memnase of peemedie Nux 21 the bower Teed ow valocity, Inorease in spund intensity nnd
sound {requency inve rise 1o e increase in ulirasonic cleaning performance. However, for long period of sonicition
with high irteas v, effect on the charactenistics of the membrane was demonstrated. Obssrvation af yeast cells aflar
being imadiated ¢ the highest scoustic power (40 W) a2 the contrelled temperiture of 30 *C found no change in

macphatagy, par e size distrbution and euliivation eapability. The economic analysis of the applicatian of uladcan:d
it the conventl hal cross-flow microfiliration was also diseussed, Tn the case that ultmsonie wave was introduced to
micrafiliration, 1 | decrease in cake buildup over the membrane and the increase in permicate fux in the ratio of' 1.5 1o

3.0 were expresse |compared (o those abtained from microfilization without ulirseound,
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Fresently, the controlling chemical process has & tend to use “Model-hased controf”
approach. | {owewver, mostly mathematics models af the chemical process are non-linear which consist
ol the con slicated mathematics cquations ind somelimes wmable 1o be written, . Setting up many
hypothesis nay result in the impreciseness of model and even time-consuming. Fuzzy relationa] madel
i5 an altem tve that is used in building up the model. Fuzzy relational models are identified by the yse
of an input Jutput process data and the selection of an appropriate fuzzy mode] structure.

The process of a continwcus sirred tank reactors (CSTR) is one of the process in a
chemical | Justry whose characteristic is usually non-linear so that the more effective development
control 15 1) cessary. [n the research, the fuzzy relational model is selectnd as the intermal model for an
nternal ma el controller (IMC). MATLAR program is used 1o simulaie the process and the controller
in order to yvestigate the eontrol performance. The controller tests are performed in 2 eategories i.c.
step ehangi in setpoint and step change in disturbance. The simulation resulis are clearly shown that
the fuzzy ¢ aroller con be used 1o control the process with a higher performance than the conventional
control. In iddition, the model-based coatroller can be used without using mathematics mode] both in

the level o nirol of non-lincar Mow 1ank and the temperature ¢ontrol of CSTR which ix the more
diffieult pre| less,

Tao be concluded, the application of the fuzzy model in the conteol is lTound profoundly

impressive . 0 use i the non-linear process particularly whose mathematics model is unable to be
defined.
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#iF 417055630 1 : MAJOR CHEMICAL ENGINEERING
KEY WORD: iXTRACTION / ASIATICOSIDE / ULTRASOUND

SOMC IT WONGGUMCHAI - EFFECTS OF ULTRASOUND ON THE
EXTRACTIO ! OF PRINCIPAL SUBSTANCES FROM Cenrella asigtica {Lirn.)
Lirbav. THE IS ADVISOR: ASSISTPROF. HATHAICHANOK WVANISRL PhD,

THESIS COy DVISOR: ASSOCPROF. CHATYQ CHAICHANTIPYUTH, 180 EP.
VSO 974-03, 2639, -

The oy raction of asiaticoside of which shows many healing effects from Cenvells
siadaife (Linn | Urban by the conventional method was found the low efficiency in terms
i the amount of asiaticoside and the extraction time; and the hazardous solvent used,
Thius, the use . Fulizasound to enhance the extraction process, series of experiments were
Suimied out at aricus conditions, ie. the iradiation tima between 0.5-90 minutes, the
ihiee different unds and concentration of solvent (ethanol. Methanol and acetone with
the ceneentral n between 20-100%), the particle size between 0.15-0.85 mm, the ratio of
colid 0 solvel | between 1-15 @/100ml and the intensity of ultrasound between 9-100
Wiem®, Two £ pes of the ulirasonic sources have been used, i.e. an ultrasonic probe (20
sHz) and an ¢ tasonic bath (47 kHz). The amounts of asiaticoside obtained from the
cises with ulit zound have been compared to the cases without ultrasound to investigate
ihe most suital ¢ operating conditions,

From tl & experimental results, it is shown that in ease of the ultmsonic probe,
within the st extraction time i.e. 1 minute) the use if ltrasound ean enhanece the vigld
of the extracts n up to 3 times compared with the case without wltrasound, When the
siame amount | fasiaticoside extracted is compared (i.e. 1.2 g asiaticoside/ 100 g dried
particle solids) the extraction time used is onl ¥y one minute in the case with ultrasound
compared 10 90 minutes vsed in the case without ultrasound, Similarly, for the case of the
ulsasonic bath it s found that the amount of asiaticoside extracted be increased by 1,5
iimies in the ea) b of ultrasonic radiation compared to the case without radiation under the
ame extractiol time (i.e. 10 minutes), When the same amount of asiaticoside extracted ix
wompared (ie. | g asisticoside/ 100 g dried perticlo solids), the extraction time is reduced
10 Yofthe i used in the case without an ultmsonic radiation,

The res lis concerning with the factors affecting the extraction process obtained
flom the use ¢ " the ultrasonic probe have the similar trends. The suitable operating
conditions sre| sund as the following: the 40% ethanol solvent (V/V), a particle size of
S I340.435 ma 2 ratio of solid to solvent of 1 g/100 mi, an ultrasonic intensity of 35
Wiem® within || min of the extraction time. The effect of ultrasonic on the chemical
composition o asiaticoside is unfound under the experiment conditions. Under an
appropriated o erating condition, the use of ultrasound in the extraction iz found
economically 8 ractive. - - - -




SeTnaamsi: IYDRODYNAME CHARACTERISTICS OF BUBBLES T GAS-LIOUID FLUIDED
B

ﬁ'ﬁl’ﬂ:l’mfl:p

BrrsEITAN Y W Assoc, Prof, Towatelesi Charigemiskil

wrevsimlInendy ndinidan: Pof Dr Wiv Temthepamickekoon and Assist, Prof, D, Tthaickeask Vaisss
UNHARE

Three-| nase Fluidized Bed has been widely used in many chemical process
industries, suc as petrochemical, oil distillation and biechemical industries. So far, there
have been ma y investigators teying to unveil the phenomena which take place inside
such equipmes | by using various techniques of measurement, One of the most popular
technique is v walization. However, visualization technique could not be employed in
apaque system o non-tansparent column; therefore, it needs 1o com pensaic this problem
with the use of wher methods such as dual electrocondustivity, dual electroresistivity and
optical probe, | levertheless, these methods are destructive approach which gives risc to
obstruction to 1e fluid flow in the system. To avoid the above mentioned problem, we
make use of u) rasonic technique which could tansmit signal through the column and
provide the infi imation of solid suspension inside.

A two-¢ mensional column with width of 30 ¢m, thickness of 1.5 cm, and height
of 113 em has | sen employed to investigate the hydrodynamics of Three-Phase Fluidized
Bed (TPFB). 1 lacroscopic flow structures are studiod through the Now visualization
using Digital V leo Camera under various operating conditions, Bubble size distributions
are measured U ing image processing program with assistance of Microsoft Excel. With
the information of the bubble papulation balance, solid holdup and gas holdup could be
calculated from axperimental images,

From th ' experiments, it is found that both superficial liquid and gas velogities
affect the motic 1 behavior of gas bubbles and solid particles in the system. The effect of
liquid flow rate s more significant than that of gas flow rate. From the image processing
analysis, the bu ble size becomes smaller when the superficial velocity of either liquid or
pos phase is | nereased. Within yeast suspension system, an increase in yeast
concentration g ves risc to the smaller average bubble size. When supplying ultrasonic
measurement  :hnique, the relationship between the solid holdup and the ultrasonic
amplitude ratio is found to be exponential function, An increase in superficial gas

velocity results n a decrease in the amplitude ratio which represents the higher solid
holdup.
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Th | present work is aimed 1o shudy the faasibilty to oblaan slow release 8-24-24 chamical
lelilizor ool ling with soy profein isclale as an sssenbal r'.:r.;.' matarial The coalng matersl is mainly
composed | o Soy Prolein lsvlale (SPI). castiled waler, plasticizer, formakiehyde as cross-linking
agenl and color wiihe an oplimum composition ol 7%, &2.5%, 7%, 3% and 0.5% by waighy,
respectively. I8 s found thal the charsaterishs of ecaling film such a8 thickness of film and sirustire
of tha coatl 3 film are imponant factors alfecling the refease abddy, The incrase in thicknass of Tin
and tha dey seneas of structure wilh small pares, resulling in extended penod of roleasing e, The
main facier | o Increase a thickress of film is by coaling fedzer for sevors! imas. The lactors to more
dense e | uclwe of coating film wilh small poms are waing high concentralion of soy prolein
welile. wale ) the mineral oil, B non-scluble matens), as plasficizar and incrosaing cross- linking of
Fedlein bon - s by activaled coating film with fermakdahydo aaiudion that can change the slruciure of

coating film ' rora amorphous lo aryaial,

Fre: v this wark can conchude thal tha activaled coaled ferizer have @ lang penad of lima
for riloasiey | Niragen (N) comparad with the non-sclivatad coated ferilizar and uncosled fenivzer,
Phe paricd | roluasing time of these lurilizer are O days, 8 days snd 3 days, respoctivaly,
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ABSTRACT

Electron attachment reaction oceors whew low-enerpy clectrons generated in
i corol) -disellarpe peactor are captured by electronegative Impurifies, producing  nepstive
ions. T e fons migrate in the eleciric ficld 1o the anode {(reacior wall} and are removed
ar the | wall Basic stidy on the application of eleceron attachment 1o the freatment of
£aseous . poilutants including those present in crematory emission gases wens camied ouwt
experin mtally.  Severa] important  effects, mamely,  discharge current,  inler  pas
concenl tion, space velocity and coexisting Oy or IO vipor on the emoval elficigney
have e n investipated, The experimental results reveal thar generally the hisher (he
dischary  current, the higher the removal elficicncy, whereas he space  velocity and
inlst pa concentration yield the opposite results. It is found that the presence of 0y
ar HyQh vapor may efther enbance or retard the removal elficiency,

In addition, as & guideline for scaling up, the effects of the reactor
sruciers  nimely, the cathocds dimneter, the anode (reactor} shupe and the mumber af
cathodes (on the  rernoval clficicncy  with respect 10 (hree dilute  paseous pollutants,
methyl § dide, ehlorofTuorocirbon and scetiddehyde, were invesigated expenmentally, The
results & veal that the thicker the cathode digmeter texied, the higher the removal
efficienc) In contrast, the smaller the reactor digmeter dmming thice equivelume reactors,
e ligly © ahe removal efficiency. Ag for t.. namber of cathodes A single renctor

vissel, o+ single-cathode resctor exhibits higher removal efficlency than the S-cathode
one,
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INTRODUCTION

i remalory emission pas

Like most  counties Thailand  has besn facing  various environmenial
Foblems duc 10 the growth of human activities, For example, o sizable number of cily
¥ hicles end industeial  plants  releasing  an vnaccepiable  level of varions  pasecus
Follutants a5 well as particulate matter significantly contibute 1o plolal impaces such ax
I preenbouse effect, acid main, wiban smog, and depletion of ozonc layer in 1he
$ mosphere, I has been found that although the concentration levels of the Rasean s
it Hutanis ave very fow in the ppm or ppb orders, they not only lesd to environmental

d terioration hue also cavse public nuisances and, in many cazes, may be deteimental to
[ Bblic healil,

Recently. a latent source of public nuisance has become promincat I is
d: cremalorta of |1|.-.ar|_'|:' LMD temples in Thaland, parucolarly the approximately 300
Woaples o the Bangkok Meuopolitan Arca, Desides particulates, malodorous  gascous
© mponciis  are  emitled  during  ercmastion,  causing  frequent complaints  from  local
© mmuntties. This is because emission from the fumace of the crematoriem s dircelly
o eused from the stack w the atmosphere without uny treatment. 1L is reported st
foarly all of the approximatcly 20,000 temples in Thailand lack dppropriate  cmission
G atrad systems, including most of the neady 300 temples in Hangkok having frequent

G malory activities. A fow rich lemples have installed cremating  furnaces with the

T\ dal. Res, Couneil Thailnnd, 1995, 28 ¢2)



284

aftcr-t smning  systems, which cost around  3-5 millivh  balt per sysiem. Huweever,
shortd e of funds has impeded even fhe upgrading  of e exisling fumaces. Most
lempl : nationwide and even some well-known ooes m Bangkok sill use firewond s
the o in feel, Thus the chances of them installing the jmparted after-buming systems
are s m, if oot onil, unless sume  povel  amd cconomical  contrel  system can e
develt ed 1o remove e dilute obnoxious BASCOUS cOmponcnis in crematory  emissiog

with | lgh efficiency. The remaval of particulales s easicr but shoudld alsn be achieved
by thi  same system,

Though (he problem iz mueh  Jess fevere, similar  complaing  about
cremal ry cinission are heard in several coontries, including Japan, the United Kingdoim
and  Cocrmony, Inoorder o mest the emission control  standards, a fypical  modem
dapane ¢ cremutorium generally  insealls an afier-hurner  furpace o decompose  the
matlude ous orgunie gaseous components at high femperature, Next fresh air is drawn 1w
cool ol wn ond Turther dilute the pesidoal BscoUs componeals by one or twa orders
of ay dnde before sending the cooled-duws zas through a dust collectnd™

Nishida™ reports that exhouse gus from ooe prefiped cremulory dn lapan

comigists ol (e Pl v guge AVELAEE [USe0us composition alfier  [00-[old dilution with [resh
HEE

High=et centeation  componenty:

N, %
0, 2021 %

Low-can | ientralion LMl

0 0.01~0.002%

H,0 0.22%

M, B0 ppm (max)

), AR ppm (max)
Awelic acid (CLLCOOH) 24 ppm
Hyirocarbons 230 ppm (us [Froping)

TN on, By v, 2570 28 o0
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Ve ¢ lew-concentration maledorous components:

Acelaldehyds (CILCHOD) 0.04 ppm
Styrene (CIICH = CH,) 001 ppen
Hydrogen sullide (H,5) (.01 ppm
Pethyl micrcaptlan (CHS5H) 0001 ppm
Dimethyl sulfide [CH LS5 00005 ppm
Ammania (NH,) 037 ppm (max)
Trimethyl amine [(CIL;N] 0023 ppm (max)

It can be seen that, besides MO, and 50, various kinds of dilule gig
cof sonents are present as maledorous  gases, I oshould be noted that (he  above
coul entrations of such maledorous gases have been diluted 100 times with ambisnt aie

Hel be, the comcentrations are nearly 100 umes higher before dilution.

Because of greater public awareness of nuisances and health risks associated
witl - crematery  conssion, the  Pacliamentary  Committes on Science  and Technolopy,
Iof & of Notoral Representatives, is much Imterested in some appropiate technology o
aoly o the problem of the maludorous gases, This has motivated the authors 1o Jonntly
vl wuloa basic stady on the application of clecron attachment reacdion 1w the
el et of ciemalory emission  gas.

Ele tron attachment reaction

The novel concept of gas purification Dy low-gnergy  electron  avachment
war liest proposed by Tamon el al” When low-cnergy electrons collide with pas
ol twles, some of them arc captured by the molecules and nogative ions are formed,
Thiz  phenomenon is called electron atachment™ and it depends  on the  electron
tnet ¥, the structure of e gas melecule, and its electron allinity. There is & huge
diflt cnee in the auachment probabilty ameny different ypes of gas molecules, and
this) wads o high selectivity in the production of negative ions . Hence electroncgative
mpL fies of exuemely low concentration ean selectively become nogative ions by

clect o astachment and they can effeclively be separwted from the neutral pas in an
eleet i fiekd.

L Ng | Res, Council Thailaad, 1996, 28 2)
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Tamon et al™ constrycied twa kinds of separation  devices using  ejthep
pha scathode or glow discharge 85 electron source. They reported high efficiency  for
the wmoval from nitrogen of SF, of very low cuncentrations. Recently Tamon o a7
used  lwa Lypes of corona-discharge reactors o remove suller compuoends, iodine and
oxy; o frogs nitogen, They also discussed the purification mechanism  and presenied
sint ation medels  for predicting the  remaovsl elficiency, Subsequently, Tamon o al"™®
inve dzated the influence of CORXIStnG oxygen andiog Wiler vapor on the removal of
seve ol sulfur compuounds, A: o continustion, Sino el A" used & new ype of corom.
disel wge resctor, the wetted-wall reaclor. and the conventional deposition-type reactor (o
reme e iodine and. meshyl dodide drom nitrogen,

Sano" and Sano e al™™ have Feposted the production of various clemical
spect & oof negative ionng duting the removal of effler 4:IIl.II.-IZ'}CJJ,F3 or CH,CHOY frogy
W€ My For example, dissociative eleciron machment of CH,CHO may produce (Y,
01 |HC0, CHyCO), or CH, Similarly, T may be produced from CHyl: whereas
U wll F, from CallyFy In the removal of CHyl Trom aic and CCLFy from N,, dark
Lrow|  particles sre formed on the renctor anode, On Lhe uther hand,
off O WCHO from air, a brown conling s formed,

in the removal

Gius punlication vin electrog  anachment mechanism relies on an Entirely
dillers it working principle from these of (he conventional gas separation methods, suel
a8 1) jas absorpiion, 2) adsormtion, 3) memirane separation, @) distillston. A) eryogenic
Eepara o, The new maihgd pessesses the distinclion thay i 15 cnpable of m-rmving f
varicty | of  gaseous pollutans, including rowic pases,  particalarly at extremely  low
concek fatien levels {ppm or PPl orders). Wherens (e tonventional methods ejther have

elativi y gw efliciency or are SRerRY intensive ot such Jow levels,

smee amost malodorons COTponents i the Crematocy  emission are highly
electrol spative Laseous components, eleciron attachment, seems 10 be e most effective

Wiy i remove them in an electrle feld, The presemt work aims al o basic study o

the app ication of electran attachment reaction o the Ireatment of COSmMry  emission,

The it part . of wh follows iz the  various effects on the jndividual remaoval

eificien v of the key components found in crematory cimission by Mishida, The second

part abl = o ablain g guideline on how to segle up the cleciron attachment reactor

As a | rstoslep, (he elfect of ihe reactar slugtue

an - removal  efficiency must ke

Loarid . 30w, 2579, 28 00
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wund mtood. Any structural change is expected to affect simultancobsly several important
fact rs such as the discharge corrent, electron encegy, electric ficld strength, migratory
dist we, and residence time in the reactor. The second part '[nvcstiga'rc.s the effects of
the| ‘eaclor stucture, namely the cathode dismeter, the annde {reactor) dimension and
the umber of cathodes on the resuling removal efficiency with sespect w0 three dilute
gast s polluzancs.

With furler advancement of the technology and the use of multi-stage
reac w, il is reasonable to aim al the simultancous removal of both gaseous pollutants
and ine particles since the basic [,u'i-!mipli:- of corona discharge and subseguent deposition
o | he snode is SerJHr tr that of an E[ui:u-sta!ln: Pregipitator I:L.‘:uF']q'"“'z' Thiz is
how ver beyond the scope of this work. '

Pril ciple of gas purification

Figure 1 dllustrates  the principle of gas  purification by removing  an
imp City, AL, from oan inert gos in oo ;:!.-J:indri.:al corona-discharge reactor’ . The corona
disel wge method emplayed here is an efficient method w supply a sulficient number
of | w-energy electons 1o the gas steem. A wire sirelched along the axis of the
redc o oacly as cathode and the outer eylinder pcis as prounded anods, High DO voliege
appl i 1o the cathode induces corona dischurge in the jeactor. Electrons gencrated at
the | athodle drift 1o the anode along the eleetric field. During their drift, o particn of
thert collides with gas molecules. Megative dons, A, are thus scleclively produced by
elec) on attachment and they likewise drift o the enods as the elections do, If e
auem 2 el elecirons penersted in the reactor is sufficient 1o callide successfully with
all poaseous dmpurities and if all negative jons A produced completely deposit ol the
anodd | surlace, complels. removal s achicved.

Besides the above-mentioned removal mechanism  associnted  with  eleetron
-111:jil: mem reaction in Ui coron-discharge reactor, it is believed that other removal
meel inisms may simultancously affoct the removal efficiency. When negative fons are
prod zed tn the reactor, they may possibly interact with other gas molecules via their
elect sstatic forces and negative-ion clusters way be formed. Each cluster then contains
more than one of the gas molecules targeted for removal. When such clusters deifi 1o
the | hode and deposit there, the removal efficiency is enhanced by the formation of

negy - ve-ion elusters,

L Ma | Kes. Council Thailand, 19496, 28 (2
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Tede o, not only negative jons but alsg reactive radicals are produced. In particular,
radic ils may readily be produced in the immediate vicinity of fhe cathode surfee sinee
high elecrric ficld stength exists there. It s logical w assum

& thal removal efficiency
woul | be affected by radical reaction.

The reaction of gas molecules with Oy is frequently mentinped. Ozone
react on’ can take place when OXYEER Coexisls in lhe pas stream, High enerpy electrons
close to the cathode collide with Oy molecules 1o dissociatively produce 0O radicals, O
radic [ can next react with Oy molecules 10 produce Oy, which is resctive with Virious
kind: of pases, Hence, orope reaction is expected to contribute 1o the destruction af a
numib r of gaseous impurities in the gas stream, thus improving the remaval efficiency.

PART I. INVESTIGATION ON INDIVIDUAL REMOVAL EFFICIENCY

What  follows is 4 summary  of e experimental resuls  of individual
remod I for & veriely of gases, includirg  severa) components found in crematory
cmissl n, More specifically, the influences of several imporant fuctors, nanely, discharge
curren | applicd voltage, gas flow TAle, inlel pay concentration, and some coexisting
Rascs || (e.g.. oxygen and * water VEROD on the  removal efficiency of the individyyl

Wwrgele | gases are examined experimentally, Nole that some of he remavul date have
alread; | been published elsewhore, MM LIS

MATERIALS AND METHODS

Figure 2 shows 3 gchematio disgram of the paseous pollutant remover. A
EEs s ple was mixed with Ny, Np-O, or NpMyO in 2 pas mixing device and was
then £l to the corona-discharge reactor, The cockisting oxygen or water VEPOT was
introdu =d in order 1o examine its influence on the removal efficiency of each gas
sample | Sulfur hexafluoride {5Fg), ditmethyl  sulfide [{CH,,51, carbonyl sulfide (COS),
hydrog: 1 sulfide (H35), methyl ercaplan (CIL8H), carbon  disuifide (540, sulfur
dioxide (3050, methyl iodide {CHyD)  acetuldchyde (CHyCHOY,  chlorofluorocarbon
(C5C10 ), and Inmethyl amine (CHy N were investigated. The reactor consists of a 38

1. UL R PR T, 2539, 56 (1)
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mm-IL 230-min-long eylindrical ancde (brass pipe) and a O3-mm-diamter wire cathode,
A pas absorber was wsed 10 wap the residual inpuontiss and poessible by-products at the
guldet of the reactor, The flow rate of the gas mixture was measured by a soap film
{lorar [ ler.

The inler concentrations of the gas sumples were adjusted by mixing
lab-gre © gascs with My The concontrations of individual selfur or erganic compounds
{gaz & mples) at both the inlet and ouflet of the reactor were determined by a pas
chromi ograph with a flame photometmc detector (FPD) or with a flame  ionization
detecte | (FIE), mespectively. The inlel concentration of water vapor was contolled by
bubblin ¢ the inert gas (M;) o distilled water in o temperetore-controlled  bath, The
concer ration o water vopor wis analyzed by a2 dew point hygrometer. The inlet
copces rations of the gus samples, oxypgen and water vapar ranged botween 0, 176400
ppm, [ ~40%, 30013000 ppan, respectively.

The removal elficiency, L, is defined hy the following equatien,

W = (G- Coud 7 € (1}

whers| Oy and C are ibe iplet and outlel concentrutions of the pollutant in the gas
samiprla

In seme cases, [g {1) may nol be suitable if oot osly e gascous
polluta L but alko reaction by-products are o0 be considersd, for exemple, removal of
sulfer | ompounds. In such cases, removal efficiency is defined as Tollows,

'i'plﬁ = |- fcul.ll: * j;:":‘:'cul:mj"'Il'r'-'lm {2}

where O, B8 the totul conceniration of reaction by-products in the outlel -gas, k is a
steachi metnic number for sulfur, For example, when the by-products appear, k is U4 for
(5 nomoval, or | for vther removals if, from the stoichiomelric relation, one molecule

of tht | reaction hy-products containg onc sultur atom.
RESULTS AND DISCUSSION

The reactor pressure is atmospheric throughout all the experiments referred
' i his puper. Figures 3 and 4, tepectively, show the measured (experimental) and

d. Mzl %ex. Council Thailand, 1994, 28 (2)



2540

the ¢ related (calculated) rernoval elficiency of SF; from Ny az a function of fhe
dizchar & current T and ga3 space wvelocity SV, Comresponding 10 the specificd injer
conceni ations of SF, In Figure 3, SV {the ratio of the gas flow rage to” the reactor
volume s fixed at [R0 K Obvieusly, the higher the discharge cument I, the higher
the rew wal efficicncy ¢ This is becanze the probability of eleciron anachment increases
with 1h | increased number of free elecirons available for colligion il 5F; molecules,

The correlated values of ¥ in Figures 3 and 4 were obtaiped by Tamaon
etal"ying the relevant kinetics and ransport phenomena model. Though the measured
and cor dated valyes agree reasonably well, their mode] s applicable 10 the simpls case
(like SF, | in which no elysers of negalive jons are formed by elecron  attachment,

Tables 1-4 show, respectively, the effects of inler Ras concentration (7 ),
fpace v ocity (SV), coexisting oxygen (Ceg) and coexisting water vapor (Ciand on fhe
experime | tal removal efficiency (8) and the ype of resction hy-prodicts delected,
Table 5 hows the si:nu!ﬁuuuus cffects of pn and Cop vn ¥ and by-producr type.
In cach | ble llﬁ ranges of [, SV, Cor Cupo indicats the ranges of the values nsed
i the ¢ periments, In the column on removal efficiency”, the “iner” or “deer,”
under the “change of " with rspect 10 1, "0 ar SV means W was found
W incread| | or decrease as the mentioned variable (1, €, or SV tereased. For example,
the first | ow of Table 1 indicutes that in the case of SFg. experiments were carsied
oul at sl ral STy inlet eoncentrations (00 that a1 each Chae U incrensed ag | increased,
and that | 1 the same [ W decreased s L, inereised. By 18 the maximum value
observed | mong all of these experiments, n fact, Tables 1-~5 are wnanimous that W

increascs | 5 [ increases,

Furthermore, Figure 3 shows that G increases as the inlet concentration, Cirs
decreases, | For example, when € is either | FPmour 176 ppb, about 99% of 3Fy
5 remove |l in the reactor In shoet, if sufficient electrops compared  with  the
electroncga v ¥as  molecules arc supplied 1w the feiclor, the removal  cfficiency
improves. | able 1 shows the effect of the inlel gas concentration {50 an the removal
efficiency. | Results  similar to SF, removal I'ur. several other gas  pollotants  ame
simmarized in this table.

The effect of space velocity, SV, on the ramaval elliciency of 3Fg in M,
is given in Figure 4, The inlet concentration, (5, are ang and LOS ppm oatf=1.2 mA.

% vue oo B ow, 253, 28 (2
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It is fo1d that U decreases as SV oincreases. This is because, as SV incroases, the mean
regidency  time of the pas in the reactor decreases, thus lowering the chances of
suceessfl | collisions Letween the elecrons aod gas molecules, Table 2 summarizes the
cifect o space velocily on the removal efficiency of several types of gases. The trend
is the & me as that of 5F;. As can be seen in both Fipores 3 and 4, the W measured
from th experiments shows pood apreement with the comelated cnes, which are
calevlate  using the modsl proposed by Tamon et al”

Figere 5 shows C35 removal from N, with ©y coneemration renging
between (-49.3%. In this figure, ¥ defined by Eq. (2) is applied. It is obvious thae
W iz | oeatly improved by the presence of oxygen. Also there exists an ogtimem (0,
concentr. ion  for maximum §°. The effect of coexisting oxygen on the remaval
efficienc | of cortain gas samples is shown in Table 3. As seen in the wble, mast
paseous components show higher 7 as the percentape of 04 becomes higher, except
for the | ase of CyCLF; removal. dn the case of CyCLF,, it is surmised that electeons
are cond med by reacting with the coexisting Oy, so CyCLF, has less chances o reace
with elt trons in NypQy mixture than in N, Another pessible explanation lor the
decresse] of % in the presence of Oy in that radical reactions or the formetion of the
ergimic | articles could be inhibited by the coexisting O,

The removal resuls for COS o the presence of water vapor are shown in
Figure €  Evidently, e removal efficiency, @5, is enhanced by the presence of Hyl,
The fors atun of negative-ion clesters in the presence of [0 could conmibute w the
higher n noval efficiency, The experimental resulls for ofleg mises pre summarized i
Table 4, Generally @® incroascs with HyQ concentrution.

The simulianevus effect of Oy and H,0 on the remaval efficisncy is shown
in Figuet 7 and Table 5. Figure 7 shows the removal efficiency of 50; with 5,1% O
and GO0 5300 ppan HL00 Also shown for compansan is the removal elficiency without
Oy but | vith 400 ppm HyO. This resull shows very ligh I i the high T orange in
the prese ce of Oy In the low I range, sulficient presence of Hy0O raises 5. However,
the effet | of IO on ¥ is negligible in the high range. On the contrary. the
femoval | £ C5; shows an opposile wendency, though the effect of H,0 is negligible in
e high | range. This may be becawse of the formation of the by-product, COS.

L Natl, Re  Council Thailand, 1996, 28 (2)
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SUMMARY OF PART I ;

Blectron attachment reaction las been shown 1o be promising  freatment
meth d for hazardous and malodorous pases such as S0y, H;5, CHyCHO, CH.SH and
(CI; ,3. Although most of the date in Tables (-5 indicae imperfect  removal
effici noy, it can bo expected thar their removal efficicncies would be enhanced either
By 0l creasing the di.-s:hargc- current 2bove that investigated in the present work or by
:u:ldi|l another n:actnr in serics. Another way o enliance the removal efficiency is to
decrs se the space welocity by reducing the gas flow rate op increasing the reactnr
lengtl | It is also found that the lower the inlet Eus concentration, the higher the
resned ol efficiency  becomes.

Furthermore, the experimental results roveal thay the presence of some
GRINT M COCKISUNG gascous components sucl as Oy and HyO in 3 gas mixoure oy
positt sly or negatively affect the removal efficiency of the targeted gascous 'pnlluT:HJIl
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Py RT IL EFFECYT OF REACTOR STRUCTURE ON REMOVAL EFFICIENCY

As previonsly described in Part I, the clectron attachment method  has
she /o great promise for treatment of Crematory ermssion and several gas pollutants. So
far all experimental studies have been carried out using small elecwon  attachment
rea ors. For on-site application, however the device needs w be scaled up 100 to 1000
tim 5. To obtain a scale-wp poideline, the effect of reactor structure o the removal
efli iency must be wnderstood, This is hoeesuse any  structural change is expected to
afft | simultancously several imporlant factors such as the discharge current, electron
ene iy, electric Neld stength, migratory distance, ond residence time in e rezctor,

MATERIALS AND METHODS

The experinental spparius used in this purt s schematically  jdentical o
that shown in Figore 2, except for the swructure of the reactor. Three effects of the
nrstruclure, namely, the cathode diameter, the anode shape, and the number of
catd ides i the seactor on e removal efficiency with respect 1o CHyl, CHLCHO and

TEa

a

C4€ 3Fy have been investigated experimentally, In this part, the removal efficiency, ¥,
defi ed by Eq. (1) s used in all experinents.

I, Influence of the cathode diameter

The experiments can be categorized inta two parts: 1) removel from dry
uir | 0% Qo) and 2) removal from dry N, A variety of cothode dinmeters, 0,05, 0.1,
0.2, 03, 05, 0.8, 1.0, 1.26, and 1.6 mm, was tested. The dismeder and length of the
angl = were 3R mmo ooand 280 mm, respectively.

<. InfNuence of the anode shape

Theee different shapes for the equivolume eylindrical reactor vessel, whose
dian er (e} and length {mm) are 76 % 70, (hrgest duameter), 38 x 280 (intermediate
dian cter), and 192 1120 mm (smallest diameier), were tested, The cathode diameters
used For the individual removal of CH,l, CC14F, and CILCHO were 0.3, 0.3, and 0.2
mm.| [respectively,

4. Influence of the number of cathodes
The cross section of ihe lwo reactor types are illustrated in Figure & Both

have the sume design features cxeept for the number of cathode wires, one vs, [ive,

TNz | Res. Council Thailand, 1996, 28 (2)
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The dian ster and length of the snode were 38 men and 280 mm, respectively. The
cathode { ameter wsed for each pes was 0.3 mm.

RESULTS AND DISCUSSION

1. Infhu nce of the cathode diameter

As mentionsd  earlier, the probabiliy of electron  attachment depends  on
electron ¢ gy and gas component. Electron enerpy in the rewctor depends on the atin
af e el ctrie ﬁr.l-d steemgth, B, to the total pas pressure, P le. Eip. Electrons are
accelerales | in E, and collisions berween elections and ga3 molecules cause deceleration
imop Thiji, of Efp is high, elecron cuergy is also high. The electric ficld srengih E

15 a feng lon of r, as follows,
E = Wirin (RMRg] .

A% seen in By, (30 .r:J:ctrnn energy increases when the corona vollage
mereases. Figure 9 shows the relation hetween the dischurge cuvrent, [, and voliage, V.
for  Clhl removal from  air. Obviously, o thicker cathode  dinmeter requires g
signiticant + higher V1o yield the same curreny. Similm wodency 1o the cuse of CH,l
removal | b wie wlso happens 1o Clyl removal from My as well as CULF, and
CHyCHO | emoval,  Acconding 1o Eq. (3), on incresse in che cathode dismeter, Ha,
cenlnbuied (10 increass in E ounder a constant V. Tt oean be said that s thicker the
cathods diimeter, the higher the electric field strength, L,

The average electric field strength per ol pressure s given as follows.

k
& J ", (LmryEqpde 1% )
LS J& oo — = . — [ ,:'
T (R PURR ) In (RAR )

Figuie 10 shows the observed <Efpz for Clyl removal from air os o
function al I, AL the same discharge current f, the average value of <BFs increases
as the cal wle diameter increases because a higher voltage V' is required (see Figere

9). Thus |ie electron energy in Figure 10 increases with incréasing cathode diameter,

Figure 11 shows the observed removal efficiency, ¥, for CHal  removal
fram air ¢ irmesponding o the different sizes of the cathode. I i found that a thicker

7 mua on, e ¥, 2519, 28 12
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I provides & higher §4 From Figures 10 and 11, it may be conciuded thar g
removal efficiency is atbributabl= to 2 higher elecwon enerey.

Although a thicker cathnde wire provides a1 higher 1V the required voltage,
comes higher as well, resulting in a higher power consumption. Figure 12 depicrs
© CHyl removal from wir as a function of clestric power, P. I conclusively shows
t thicker cathods provides a higher I when comparison is made at the sams P
13 shows the effect of the cathode diameter on the removal of CHyl from N,
sine conclusion on the cothode diamefer is reached, as in the case of CH,|
@l from air (Figure 12). As another example, Figure 14 compares the removal
ney of ETH-{,CH'D fromy air vi. My Comparison of Figures 12 and 13, as well as
14, reveals that a higher | s achieved for CII;]1 and CHCHO n the presence
o Simce Oy can’ be penermed from O, in e corone-discharge reacter, the

cant enhancement in & may be ascribed o orane osidation,

Muence of the anode shape

Figuee |5 compares the remaval efficiency of C,CLF; from air among
anciie (reactor) shapes, The order of efficiency Is: smallest veactor diameter =
wdiate diameter = largest diameter, Figure 16 shows the relations betwesn | and
conclusively shows that the smaller he anode diameter, the higher the removal
ney. Similar tendency was observed for the other cases.

The applied voliage and aversge B for CCL1E removal fiom air are
I, respectively, in Figures 17 and 18, As scen in Figure 17, the lurger the roactor
ter, the higher the required ¥, However, Figure 18 shows a different order of ¥
from that of Efp vs. [ in Figure 17, According 1o the typical electric field
: this comparison suggests that the average electron encrgy in the smalless reacto

ler s largest, while the other two shapes have approximately the sume eleciion

1,

From the previous discussion, it is found that ¥ is enhanced as elecivon

cnerp ¢ becomes higher. Since the orders of §F ve. [ and <GF> vs. | differ as ihe

anéad

shape changes, the differcnce in removal efficicncy can ool be auribuied solely

W U electron energy. The fact is hal gas fow pallern inside the reactor s very

comp ex. Ina corona discharge, the ionized gas induces 4 pas convection, the so-called

I Mn
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<K

ion | wind or “corene wind”. Since the wind veloeity has been reported to be 1524
mfs, L can considerably flatien the overall gis velocity profile in the reactor, even if
the = serficial Beynolds number apparcntly indicates a conventional laminar flow reaime,
In of er words, the reactor may he reparded a5 (he plug-flow meactor (PHER),

In the ease of a relatively short seacter, the teactor s clozer o the
comp bely stired tank resctor (CSTR) more than PFR. Since the resction rate  hers
decrel ies as conversion increascs, the PER pives a higher conversion than CSTR. This
explil 5 why the 76 mm-diameter reaclor has a significantly lower I than the 38 mm-

diame or reactor even though their average <Efps values 3¢ more ar less equal.

One impontant conclusion is thal o enhanee the removal elficiency, the
reacia | should be as long and slender as rtechmicully feasible, provided the resulling
highes | velocity  does nol cause  excessive proessure drop and  wrbulenee,  Efficiency
enhan, sment could he ablained even when P, e power  congumplion, is lowered
Signifl antly W onchieve ecompirable average electron CrIETgy.

3. In luence of the number of cathodes

Figores 19 und 20 compare the effect of the cathode nember on W for
remow |oof CHyCHO  from air with respeet 10 [ and P, respectively. Using  elther
Lriterid . the single-cathode reactor cleady exhibits higher efficiency than the S-cathode

e,

owas visually confirmed e, when ligh vollage was applied o he 5-
cathod | reactor, the corona of the central eathede [ailed 1o appear. This maans  that
sume | dleaxl spacu” (corona-free space) existed around the centrul cathode wire, If there
exisls [ n eledtron-lree spalm i the reactor, a pan of the pas that passes theough that
electra fice space has no chance to collide with any elecirons. In addition, the spatal
thstribt fon el electeons 5 not uniform i e S-cathode reaclor because the current is
mainky generated in the region where cach cathode s closedt to the anode surface, In
short, | ot oaly an clectron-free space is found in the central megion along the reactor
axis bt ohe electron-rich space occupics only some restricted space between the four
valhwodt © and the culer anode. Therelore, the elfective space nside the S-cathode reactor
15 wery  small, thus feading 10 the low removal efficiency,

LU . 308 ¥, 2530, 28 11
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SUMMARY OF PART 11

The structural effecis of the corona-discharge reactor on gaseows removal of
CIl; | CCLF; and CHRCHO have been investigated. The experimental results revesl that
the | hicker the cathode, the higher the removal efficiency, provided the discharge
volt: © remaing stable. Regarding the anode shaps of .equivolume reaclors, i has been
foun | that 1he smaller the reactor diameler, the higher the removal elficiency despite
a lo rer energy consumption. As [or the number of esthodes, he singlt—catﬁndc reactor
defi

==

tely exhibits higher removal cfficiency than the S-cathode one,
CONCLUSIONS AND RECOMMENDATIONS

Basic investigations on the smporant effects, ammely, discharge cuerrent, inlet
g% | Foncentration, 5|_'|;r||::|_-. velooity, and  coexisling oxygen and  weler vupor on the
indis dunl removal efficiensy of viardous kinds of gassous pollutants have becn eamied
oul | sxpecimentally, 1o can be sald thay the eleciien apachment method shows  peod

pror ise for weating several of (he gascous pollutantz found in crematory emission.

According 1o the experimental results, & higher space velotity or inlet gus
comi cntralion causes a lower removal efficiency. On the other hind, 8 higher discherge

cure it leads to a4 higher removal efficiency. The presence of either Oy or H;O o a

pos| mixure also plays an amporant le i (e enhancement of, conversely, retardation
af | maval  efficiency,

ln addition, the effect of siucural changes of the corona-discharge reactor
on | e pascoss romoval efficienty has been investigated expecinwentally. The experimental
datd of ihis study would be very useful us guideling for sealing up the device. ln
con usion, the most suitable structuze of e cosona-discharge teactor 18 lhe struclurne
whi e resclor dismeter is the smallest and its single cathode wire is sulficientdy thick.
It 1, however, necessary 10 camy out furier study on the simultangous removal of

seve al coexisling gaseous components which are found o crematory SO TETITTR

L& i Bes Coweed Thailand, 986, 2R {2)
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N{ MEMCLATURE
C = concentralion [ppm)
E = clectric ficld [Vm')
I = dischurgs current [mA]
P = power consumpiion [W]
P = pressure [Pa)
R = radivs of the reactor anods [im]
K, = radius of the reaclor cathode [m]
r = coordinate along the radios [m)
SV = space velocity (W)

V = discharge volage [V]

<Subscripr>
in = inlet of reactor
put = outlet of reactor
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Table 1. Effect of inlet gas concentration on removal efficiency

: : Experimensal conditions Eemoval eiliciency :

| “. IF : 1| sv Cin Coz | Chao | Change of 4y e
I frnh] '] [ppend | (%] jlppred] T | G | [
PR 0.25-1.6 189 | 076298 | 0 0 | iner. | deer. | 10
15, 025-16 | 189 | 327-34 | © 0 | incr, | decr. | .44

8 | 025-15 | 189 | 38889 | 0 | 0 | iner | decr. | 090 |
Al | o120 | 473 | wéae3 | 0 | 0 | iner | decr | 065
CoLF | 01-30 RS | 50400 0 0 | iner. | decr. [ 1.0
“CH! Mo 0.1-1.0 PR | 99356 | O | 0 | iner. | decr | Of%
() N 0,510 SR 41 0 0 | dmer. | - | 040

Bagimum o obszresd amang sl sxpsriments

Table 2. Eiffect of space wvelogily en removal cfficiency

Experimental conditions Femoval afficiancy

3 :Lﬂc o sV G Cor | Ciao |Change of 1/ 47,
[maA] ih'] [ppim] [%] |{ppml| I G (-1

L 5'.3,__ B 1.2 4,7-163 1.0 §] D -] deer, Lk
a1y 01~20  [246-761] %15 0 [ o0 | iner. | decr | 080
CHIHO | 025-15 [218-682] 356 | 0 | 0 | iner. | deer | 070

Maxinunn w ohssreed amang all exparimenis

A Ml B, Coonc Tharlandd, Juag 28 {2}
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Table 3. Effect of coexisling oxygen on reaciion by-products and remaval efficiency

Sample

Experimental conditions

Removal efficiency

- ) SV G 1 Con [T Feeactian {":.h_;:l_n_gc of ||u-‘-'_m_
| tmaAl i) iepm)| (%] lppml|  by-product F G|
50, 02515 | 1891101 |0-18] © none: ince,® |iner.t | 095
| €10, 1-4.5)
C8, 00815 [189]) 30 |09 O 50, “ioer, | max, ﬂ.'JH_i
{9,3-14,8) o8 At 2%
C0S n2-15 [189] 29 |6-50] o 80, incr. | mux. | 0on
(5148 | . at 2%
[ st | 00510 [189] 6@ |o-20l © 50, mer. | iner, | L0 |
g (6.3~14.9) H,$ or COS -
CWCH S | 025-10 | 159 70 {0-22] © Aone iner, | iner, | L0
| (6.41-10) ‘ l‘
| COLFy | Od-is 18] 400 [0-20] 0 CHCler HE | iner. | decr. [OMR"
| (0. 2~15.2}
[tv:".l-[.,,ﬁ..,w 0.05-0.15 |694| 25 [0~20] O | CIL,CHO, CyHOH, | ince. | iner, | 1.0°
: (B30 | (CHYCOr CHNGY |

-

0.0 ol L5, becomes maximum 21 2% of (. concenfratian

ny

Mamimum 8 05 caloulsted by B {1

o for 50, increases with dischirge curvenl; p* of 50, increases with the concentmtivn wf

7. I AN 30 ¥, M 28 4
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Table 4. Effect of coexisting water vapor vn reaciion by-products and remaoval

Table 5. Effect of coexisting water vapor an reaction by-products and removal

efficiency in presence of oxygen

efficicncy
[ gl Experimental condinons Removal nfﬁci:n.;:;,rm
- i V| G, | Co Cipo Reaction Change of 1 | ¥ o
| (mal |10 epm)| (%] ] [ppm]  |by-product I [Chgo} I
H,5 02-1.45 (378 60 | O | 400-11,000 TICHEE incr. mer.| L0
(3.58.7) _
150, | 025-15 [37a[122| 0 | 400-13000 | nose inee. | iner.| 0.39
i (4.5-5.7)
Cs, | 02514 |378] 4 | 0 [ 30011000 | SO, incr, | iner. | 0.66
(4.9-15) . COs
s T o215 |378] 53 | 0 [ 6s0~l0000 | 30, ince, | incr, | 0.64
(4.5-5.7)
! [ SH,SH | 0115 [328| 40 [ 0 |1000~10000) 80, | max.ar incr 065
(4.86.5) 0,25-0.5 mal
| Crps | 02515 |s29f 3 | 0 | raco-s000) S0, “max, at | iner.| 0.27
{4,5-5.0) (3,5 mA |

f ; Experimental conditions Removal efficiency
| Sa:::r: ! S5V | G, | Con Cio Reaction  |Changs of ] B
(mA] |t [ippml [ T%1 | (ppm] | by-product | 1} Cigo il
50, | 025-15 |378)120 |50 600-6300 | noac | iner. | ncr 0.89
' (9.0~14.5)
S, 025-15 [374] 65 |14.5] 600-9.500 S0, incr. | decr. | 0.93
' (B.5=14.0) C0S
(CH),S | 01~L5 [528] 39 | 79| 600-5600 80, iner. | iner. | D9
(R.0-14.0)

* Meplipible m high discharge currtnt

* wWatl. Res. Council Thailand, 1996, 28 (2)
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Fig 2. Schematic dizgram of experimental apparatis
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Fig 7. Removal efficiency of S0, in presence of Oy, and 1,0 !
Oy, = 120.0 ppm, SV = 37.8 1"

l-cathode reactar S-cathode reactor
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Effect of Stru zture of Corona-Discharge Reactor on Removal of Dilute
Gaseous Pol itants Using Selactive Electron Attachment

WiIwUT TANTHAPANICHAKOON!,
KItnsak LARPSURTY AKUL!,
TawarCcHal CHARINPANITEUL!, Noriax) SANOY,
Hasie TAMON? AND MoRio OKATAKL
{eparitent af Chemical Engineeriag, Chulalongiora Universire,
Paeumean, Banghak JORI0 Thiilesd
I Depavunenr of Chemical Engineering, Evany Sniversity,
Kyeio S0d-04, Japan

Neywardr:  Gasecus Palk) ang, Gas Parificaclan, Eleciron Altachment, Corona.Digcharge, Roaclor Sunsciisns

Low-energy electrons  :nerated Ia & carana-discharge reaclor are caplured by dlecirenegative impuritles,
producing nugative lons.. e lons migrate in ithe electele Meld do the avede (reactor wall) snd dre removed st the
wall, The «fTects of ihe | acler struclure, namely, (he calbode diamster, the snade (resctor) shope and the
number of cathodes on @ ¢ remiovil elfickency with respeet §o thees dibute gracous pellutonts, methyl ludids,
ehlersfuarocarbon and o elaldehyde, are nvestlgated exporimentslly, The reseles revesl chat thie ihicker the
calhode diameter, the kg er the remaval effliclency, In confrns, ike gmaller the reacior dizmeter emeag ihree
rquivalume reactors, the igher the reenoval efficlency. As for the number of enthades In o gingle ronctor vessel,

the dngle-cnthode reacts

Introduction
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Frezeniod 2t Begiven
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sapor-phase impurities (gaseous
tream is called “gas purification™,
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sgories: (1) gas absorption into a
ata a solid; (1) chemical conver-
nd {(Kohl and Ricsenfeld, 1979),
wing types of gas purification are
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val of NO, and 50, from power
thigh purification of gases used in
15, One important comman feature
ntain electronegative impurities
1ds amd halogen compounds,
prology is oae poomising method
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03 It is also well known tha

1597, Correspondence concerning this
sed i W, Tanshapaeichakoaan.
Sympasium on Cheisieal Enpircering
& Oronshear T4, | 590,

L]

high-energy electrons generated by gas discharge ionize
the gas and induce a plasma. Masuda (1987) and Masuda
et al. (198T) have developed an air purifier using either a
rulse-corona-induzed plasrma or a surface-corona-induced
plasma. Compared 1o the direet-current system, their
techniques can yield sigaifizantly higher-energy elee-
trons. In the plasma region, oxidizing radicals (O, 0=,
OH, Oy*}and reducing radicals (NH, NHy, No*, Hy*, H*)
are generated from humid or ammonia-containing air.
Craseous pollutants react with the radicals, and gas puri-
fication is accomplished by converting the reaction
products either 10 a solid particulate (e.g. Hg-vaper o
HgO), 1o a liquid (e.g. S04 10 50y ar H 50,0, 5010 4 gas
(NO ta NOy). In fact such conversions can also be ac-
complished with an eloctron beam {Kawamura, 1989).
Interestingly an cconomic assessment comparing the
investment and operation costs of the conventional
chemical processes (ammonia catalytic DeNO, process
and calcium-gypsum scrubber for DeS0,) to the elec-
tron-beam process and the pulse-corona-induced plasma
chemical process (PPCP) showed dhat PPCP is the most

- cost-effeclive of the theee (Japan Association, 1991).

The new concept of gas purification by low-eperpy
eleciron attachment was first proposed by Tamon er al.
(1989). When low-cnergy elecirons collide with gas
mabecules, some of them are captured by the molecules
and negative ions are formed. This plicnonyenon i< called
“elecwron attachment™ (Massay, 1976) and it depends on
electron energy, thee strecture of the gas molecule, and its
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Takle | Expesimental conditions of inlet gas

npls gas  Concentration {ppmd  Total gas flow rawe (m¥s™')  Space velocity (h™))

3l &0 408 w 107" £6.3

ChhFy 401 167 = 10-6 18.%

WHO 100 500 % 1075 56.7

aere is a greal difference in the antach-

nong differcnt types of gas molecules, BE A htY Sampibic  Gar Miving

tigh seleenvity in the production of FIDLCE Dewice

edonia, 1975; Mazsay, 1976, 1979). s

five impurities of extremely low con- = :

ectively become negative ions by inles —

vand they can eflectively be separated Cathade

s in &n el=ctric field. : Eshem: Car A

L {1989) constructed two kinds of 1' s
using either photocathods o glow Al | Soup Fim eit

dectron sourcs, They reported high mm" CaF

emoval from nitrogen of $Fg of very e ;-_,H-;m

. Recently Tamon ef af, (1995) used E—y—"“ﬁ' -

a-discharge resctors 19 remove sulfur Earsh

and oxygen from nitrogen. They also Sampling

ification mechanism and presented s

{:; 1?:}“?:1%?; E:;g:[;:;{]i::f: Fig. 1 Sehematio dingram of sxperimental spparaius

B onyEen and witer vapar on removal
impounds, As & continuation, Sana e
#w type ol corona-discharge reacior,
e, and the conventional depaosition-
wwve idine and mathyl jodide {rom

ad Sano ef al, {19974, 1997b) have
ction of various chemical species of
g the removal of either CHy I, CHCL
ur and My, Por example, dissociative
ot of CHyCHO may produce O-,
OO, or CHy~, Similarly, 1= may be
oIt whereas Ci= and F- are generated
rremoval of CHy L iromaicand CCLF,
'n pacticles are formed on the reactoe
hand, inthe removal ol CHCHO from
g is formed.,

clectron atiachment method has al-
potential for commercial application
The next logical question is how (o
A5 a fiesc step the effect of the reactor
noval efficiency must be undersiood.
¢ is cxpected w simultianesusly affect
factoes such as discharge current,
leciric [eld strength, and gas flow
‘or. The present paper describes the
srstmucture (the cathods diameter, the
e, and the number of cathodes) on the
dficiency with rexpect to three dilue
rethy] iodide (CH,[), chlorefluors-
nd acelaldehyde (CHyCHOG,

1. Experimental

Flgure 1 shows a sehematic diagram of the experi-
rieaal apparatus, The renctor consists of a stainlass-wire
cathode and brass-tube anode, A high-voltage DC gen.
erataf was wsed to produce adischarge current of 0,05 ~2.0
A and voltage of =3.0--34.0 kV. Three kinds of sample
gas, CHyl, CyC15F,, and CHyCHO, were examined. An
FID gas chromatograph was used to-analyze their concen-
irations at ihe reactor inlet and outlet. Table 1 fists the
experimental conditions of each inlet gas.

The inlet gas concentrations are deliberately chosen
o be signilicantly higher than the usual low concentra.
tions of the pollutants because it has been found that a
lower iniet concentration results in a higher removal
cificiency thal approach as 100% as the concentration
becomes lower (Tamon eral., 1995; Sano eral., 1997h),
Therefore, the selection of a very low inlet concentration
will obscure the effect of the reactor structiure on the
remroval elficiency.,

The reazon for using the different inlet concentra-
tions in Table 1 lies in the utilization of 2 FID Gas
Chromatograph 1o measure the concentrations of 1he
individual poltutants and the ceaction by-products. The
chosen concentrations maks it convenient for aceurate
IS UrEmET.

The definition of removal efficiency, . in this work
is ag follows,
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cathode diameters (0,05,0.1, 002, 0.3,
s 1.6 mm) were tested. The diameter
anode wers 35 mm and 280 mm,

node shape
shipes for the equivolume cylindrical
e diameter (mem) and lengih (i) are
ameter), 38 = 280 (intermediate di-
20 mm (smallest dismeter), were
¢ diameters used for the individual
7Ly, and CHyCHO were 0.3, 0.3,
viely,
wmber of cathodes
M the two reactor types are illusieated
the same design features except for
de wires (one ve, five). The diameter
anosle were 38 munk ond 280 mm,
thode diameter used for cach gag wag

Iscugtion

e cathode diameter

arlier, the prebability of the electron
on the electron encrgy and gas com-
rgy inthe reacior depends an ke ratio
rength, £, tototal gas pressure, p, i.c.
selerated in B, and collisions betwesn
lecules cause deceleration in p, Thus,

on energy i also high, The electric
i Follovars,
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Fig. 4 Average electric field stengihdpressare as a functien
af discharge carrent for CHyl removal from air (2065
Lz ) (anede diameter xlengih = 38 mm x 280 mm, ),

= 80 ppim, SV = 46,3 b1

AS seen in Eq, (2), electron encrgy increases when
the corona voltage increases, Figure 3 shows the relation
between discharge current, 1, and voliage, ¥, for CH,1
remeval from air, Obviously, a thicker cathode diameter
requines a significantly higher V1o yield the samie cursen,
IFoperated at the same applied voltage V. the electric ficld
sirength & aroun the cothode {F = ) becomes weaker
when the cailide diameter isshicker as shown by Gy, (2),
Therefore, the same volage ¥ resulls in a small discharge
current [ for a thicker cathode. Therefore, o gencrate the
same discharge current, a higher ¥ has to bz applied when
the cathode diamerer increnses. A similar iendency to the
casg 0f CH;l removal from air also ocowees in ClH,I re-
moval froun Ny aswell s CoCL F,y and CHCHO remeval.

g9
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The average elec H¢ lield strength per unit pressurs
is given as follows.
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Fipure 4 shows he chserved <Fip= (or CH,l re-
moval I'rom aic as a A wction of 1. AL the same dizcharge
current £, the averag value of <E/p> increases as the
vathode dizmeier inef- ases hecause o highers veliags Vis
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Fig. T Remaval efficiency of CH,l from My s function of
electric power, (anode dinmerer = length = 38 mm =
180 mun, €, = 80 ppm, SV = 46,3 b=y

required (ses Fig, 3). Thus the electron coergy in Fig, 4
increnses with increasing cathode diameter.

Flgure § shows the observed removal efficiency, y,
for CHyI removal from air corresponding to the different
sizes of the cathode, [t is found that a thicker cathode
peevides & higher . Fram Figs, 4 and 5, It may be con-
eluded that a high removal efficieney is attrbutable o o
Lasge electcon energy.

Altheugh a thicker eathede wire provides  higher
W the required voltage, V, becomes higher as well, re-
sulling in o higher power consumption, Figure 6 depicts
w for CHyl removal from air as a function of clectric
power, P It conclusively shows that a thicker cathoils
provides ahigher ywhen comparison s made at the same
P, Figure 7 showsy the effect of the cathode diameter on
the removal of CHyl feom Na. The same conclusion re-
garding the cathode diameter is reached as in the case of
CHylremaval from air (Fig. 6). As another example, Fig.
& compares the removal effliciency of CHyCHO from air
vs. N3, Comparison of Figs. 6 and 7, a5 well as Fig. 8,
reveals that ahigher iz azhieved for CH,l and CH;CHO
i Uhe presence of Oy, Since Oy can be generated from O,
in the corena-discharge resctor, the significant enhance-
mant in §rmay be ascribed 10 ozone oxidation.

3.2 Influence of the anode shape

FigureY compares the removal efficiency of CyCly F
from air among three anode (reactor) shapes. The arder of
efficiensy is: smallest reactor diameter > intermediate
diameter > largest diameter. Figure 10 shows the rela-
tions between woand P 1t conclusively shows that the
smaller the anode diameier, the higher the rermoval effi-
ciency, A similar wendeney was observed for the other
cases,

The applied voltage and average Efp for C-CLF,
eemavin]l [Tom gir are shown, respectively, in Figs. 1L and
L3 A seenin Figg. 1L ihe larger the reactor diameler, the
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induces a gas convection, the so-called “ion wind” or
“eordna wind™. Since the wind veloecity has been repocied
higher the required ¥ However, Fig. | 2 shows a different 1o be 1.5-2.0 mfs (Yabe eral., 1978), it can considerably
arder of Vvs. I from U atef Efp vs, Fin Fig. 1 1. According flatten the overall gas velocity profile in the reactor, even
1o the typical electrie feld profile, this comparisan SUg- il the superficial Reynolds number epparently indicates a

gosts that the averny : electron energy in the smailest conventional laminar flow regime. In other words, the
reactor dismeter is | rgest, while the other two shapes reactor may be regparded as PFR {plug-llow reacior),
have approximately | e same eleciron EIETEY, In the cose of a relarively short reactor, the reactor is
From the previa s discussion in Subsection 2.1, itis claser to CSTR more thon PFR. Since the reaction rals
found that iz eph wced as eleciron enerpy becomes here decrenses os conversion increases, the PFR gives a
higher. Since the ord 2 of g vs, [ and <Efp= va. 1 differ higher coiversion than CSTR. This explaoins why the 78
as the anode shape @ wnges, the difference in removal mim-diametsr reactor has a significantly lower grshan the
ellicicncy can not © | ageibuied solely 1o the electron 38 mm-diametes reactar even though theic averge <=
encriy. The factis th | gas Now pattern inside the reactar values are more of l=ss equal.
i% very complex. In: corona-discharpe, the innized g One imporant conclusion it that o enhance the
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bt is visually confirmed thar, when high voliage is
applied 1 the S-cathode reactor, the corona of the central
cathode falls to appear. This means that some “dead
space” {carona-free space) exists around the central cath-
ode wire, Il there is an electron-free space in the reactor,
part of the gas that passes through the electron-free space
liast ner chance 1o collide with any electrons, In additon,
the spatial distribution of electrons is noturiform in the 5-
eatlude reactor because the current is mainly generated in
the region where each cathode is closest to the anode
surface, In shor, not only is an electron-fiee space fovnd
inthe central region along the reactor axis but the electron-
rich space oceupies only sorme restricted space betwesn
the four cathodes and the owter ancde. Therefore, the
effective space inside the S-cathode reactor is very small,
thus leading to the low removal efficiency.

Conclusion

The structural effects of the corona-discharge reac-
tor on gascowns rernoval of CHyl, OOl and CHL,CHO
have been investigated. The experimental resulis reveal
that the thicker the cathode, the higher the removal
elficiency, provided the discharge voltage remains stable.
Regirding the anode shape of equivolume reactors, it has
been found that the smaller the reactor diameter, the
higher the removal efficiency despite lower energy
eonsumption, As [or the number of cathodes, the single-
cathede reactor definitely exhibils higher removal effi-
cizncy than the S-cathode one,
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ischarge reactor was applied ta remaove benzene and p-dichlorobenzene from nitrogen
gen—oxygen mixture. Although benzene was not effectively removed from nitrogen

attachment, the removal efficiency was improved greatly by mixing oxygen. On the
L, the high removal efficiencies of p-dichlorobenzene were obtained in Ritrogen or &
wygen mixture, The removal mechanism wan stedied based on the contribution of
‘eaction and tho analyeis of the deposit en the anode of the reactor. As a result, the
don does not contribute to the removals, An FT-IR measurement and thermogravim-
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When low-energy electrons collide with grs malecules,
r number of them are captured by the gas molecules,
and negative jons are produced, ‘This phesomenan is
called “electron attachment™! BElectren anachment
dapends on electron encrgy, the struclure of the gas
malecale, and its electron affinity. There i much
difference in the attachment probability of diffarent
types of gns molecules, and a high selectivity is obsarved
in the production of nogative ions. %" Therefore, eles.
tranegative impurities of very low concentration become
nagative iona by electron attachment, and they ern be
peparated from the newtral pas in an elecise Geld,

The authers constructed removal equipment using a
phetacathode and a glow discherge as electron sources
and reported the passibility of this separation method
by measuring the separation efficiency of sulfur hexafla.
oride (8Fg) from nitrogen (Nz)? Then the authors
proposed 4 corona-discharge reactor to remove sulfur
compounds, jodine compounds, VOCs, and CFCs.*~% In
tha corona-discharge reactor, the electronagative impu.
ritiez are converted to negative ions, negative-ion
clusters, or fine particles and removed by deposiling ol
the anede. The depesition mechanizm, howeaver, is not
fully understoad. The analysis of the depozit on the
#node surface ie indispensable to elucidate the mecha-
Tizm.

The organic compounds that impeir occupants' health
in newly built spartment houses are considered to be
organic solvenls and aldehydes (frmaldehyde and
peetaldehyde). In a previous paper, the suthors re
ported on the removal of acetaldehyde.” Hence, the
corona-discharge resclor is applicd to the removal of
benzene and p-dichlorobenzene in this paper. The
authors elso discuss the removal mechaniam by analyz-
ing the deposit on the anode of tho reactor.

BE-SBEMBEMHRITL-2 COC: 51500 @ 1998 Americen Chemical Socisly
) Published on Wels 0850271988



_'_p-l:'rl"m entnl Section

1. Remowval Bxpering
& reported 1n the preve
£ used as the anode wh
ri regpectively 38 and
inless slea] (S1TS) wire
e vosse] of the reactor
cirodes, and the cathod
ulater on the top ang
tom, A dc voltagpe of -
s pathode to penerate a
Chiz concentration of by
wing & commercial stan
. p-Dichlorobenzene {p
the reactor by subling
aperature-control led ha
usted by diluting the v
Mo ktudy the influencs
wir (Hg 00 on the remove
O was adjested by mil
s inlet gas of The reaclo
& controlled by bubblin
n temparatnire-contealle
e soncenbrations: q,:-I'C.-I
i outlet of the remobo
winntorraph (Shimade
izntion detector (F111), 4
apwred by n dewspaint |
- L-.'I:II'FI. modnl 2E86), T
winaed by diapsciative ol
, Eee outlet pag was ind
yiained an aqueein el
Ve, G in the galution «
sriba LA, N-AF).
Y Obsecvation of the
|} produced by sorona diy
o ganss, this roaction
acel or desdorization a
i effeat of the O reactic
eiLyfila, two reaclors o
= detail of tha GXPOTImE
vious papert® High va
elor, which wag !':l:l]:ll:ﬂil;
duece Oy by eorona disch
ced with the outlet gad
mixed gas was introd
ce no voltage was appl
ckor gave a space for
anic eormpounds. The s
comparing the outlet
clor with that of the o
» Analysis of the Ang
ona-discharge reactor,
sde surface during a res
of the deposit ahosld
noval mechanism. To
ode, the authers consty
tachable plate anodes.®
J mm plate snodes para
vire cathode of 0.3-mm ¢
aler of those anodes, T
ermogravimetric (TG e
20} end an FT-IR spocty
ragon 1000).

it. The experimental xetup
15 perprrs, Y& hrass PEpE
¢ inner diameter and lenpth
30 mm. 'The cathode was a
s diameter was 0.3 mr.
rag acrylic resin except the
was sustainad by o ceramic
by Teflon threads on the
v B — 15 LV was applied to
arana dischargs,
ene (Ol was adjusted by
ard gas with a balance pag,
e Clad vapar was supplied
jan of a0lid p-CgHCla in &
1, imvd the concentration was
par with Mg,

of exypen (0:) and water
efliciency, the coneentration
ng a standard Oy pos with

The concentration of Ha
Mz through distilled watar
| ik,
lg ond p-CalCls at the inlat
e B as e :I:-_-,-' L Fas
warp, GO-148) with o flume
16 copcentration of el wrus
yrrometer (Yokopawa Elee
madaaure ehlaring ton (1)
Aron sbbachment L CeHy
pcducod o an abzerbey that
vy of Oy B MG ang 1 M
o A2l illrl.'lj .I;I:r' i i!l'!'| 12!|:'LI::T

Jeone Effocts Since ozone
harge in air iz resctive with
I Bed 1N Borne eommpreinl
d oterilization. 'To csbimate
on the remaoval of Celly or
mected serially were used.
tal satup is raparted in the
apge was applied to the firet
i with an Me—0s mixture to
rge. ClpgHg ar p-UgHyClgwas
from the first reactar, and
wed to the second reaclor,
d o the second reactar, the
1 reaction of Oy with the
hors estimated the O eflfeet
mcentralion of the seceond
ona-discharge reactor.
le Burface. In the present
v deposit 5 formed on the
wal experiment. An analy-
» useful to understand the
gnalyze the deposit on the
tted o ressclor that had two
The reactor had tweo 50 x
plod with & 50-mm gap, and
ametler was stretched in the
+ deposit wos analyzed by &
alyzer {Rigaku Co. LEd, TG-
‘meter (Perkn-Elmer Corp.

Ind. Eng, Chem. Ros, Vaol. 37, Mo, 7, 1938 2771
1.0
: T ra
A =
ALk 5 ©
L
- B b iy 01, 1
— balg W
= s BTy
* gal 2 '.
W] (& :
0zl 1
- gl 1
a ™ in My 1
o _
4 1.0 20 1.0
5 Imal
€. Ty Cwwm @
lemim] 5% 51 |l:l:||].lllll:|'||
o 30 14 [ 158
(=IO TF 0 o 54

& arl iy 4,75 149

Figure 1. Femoval af Cellz by 3 corona-dischorps renctor

(]
[}
[
L8] o m o .
O
- 0.8 | L] ] I"'.:Tl:l:} A
: (]
VIR - |
& Il 0] e e -
03 " dn I 241
B -2 L R BT TR &
" 1% n L4
'h-l_ I - I. - - - i
[1] i,0 4 b

T

Fipsirs 2, Bearaveal ||f_|7 Al ||_|:'|; i.l_'f i eocann-clisckar Fo renekor

Hesults and Discussion

1. emaval of CglHp Pogure | ghows the romoval
officteney of gl n Ny, No=Oy, of Ne=Os=Hah. The
removel efficiency, W, defined by eq 1,

W=l =G, 00, (1)

15 plottad against the discharge curment, 1.

It 15 ohwvigus Lhat Y inereases a5 § inereanss. Thig g
becauee the concentration of electrane Ii'l.".ﬂ-:inﬂ' i the
raactor inerensos with increasing . This fgure ehows
that 07 of CeHe in Mo is low, Although the discharge
carrent 35 ool slable in Nz and the data contain large
ﬂu:.'h'.::i'il.ln:'., !.11|_1_1.' nre shown ag the referance in this
fgure to compare with the removal in Na—Oh IE is
found that the mixing of Oy greatly increasas W, One
can gee that HyD also enhances the removal efficiency.
Organic resction byproducts were measured by the FID
pas chromatograph, and the resulis reveal that the
products are negligibly small.

2. Remowval of p-l:,;'FL.E],I,. Fig'u're 2 shows the
riemaval efficency of p-CgHaCly, W, against the dis-
charge current, [, As expected, W increases with
increasing J. As for the influenee of ceexisting O,
althoogh W is improved by mixding Oy, the increase in
W is lesg than that of CeHg shown in Figure 1. The
reason witl be discussed later. )

it iz found that the amount of organic reaction
byproducls is negligible in the remeval of p-CeH Gl On
the ather hand, 1™ is preduesd by disseciative electren
attachment lo p-CgH,Cly. For example, the mole ratie
of ClI- produecsd ta p-CeluyCl: removed is .4 in the
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emoval (rom Na, This 1| sult sugrests that dissociative
Jectron attachment to) -CeHCly oecurs and that the
rartially dechlorinated mpounds polymerize and de-
1ogit at the anode. In O @ removal in Ny— 0y, however,
317 produced as & reac! on bypreduct iz observed but
annot be quantitativel messured by the fon moter
reause some products } nder the measurement of Cl-.
\myway, in actual app eation, chlorine produced by
lissocintive election att hment can easily be removed
ising eonventional mel ods such as ahsorption and
dsorption.

3. Removal Mechan sm. The authors consider the
sllewing three mechand ms in the remove] of CoHg or
ClLeCly: (1) Oy ronctic | (2) elustor formation induced
¥ negutive ions, (3) pol condenration induced by dis-
ocintive clectron attach nent.

When O3 coexdiats in a4 ns, O reacts with an electron
2 produce 043294 T¢ 1 4 boen observed that Oy in
roduced up to 792 ppm rom an Ny=0g (35%) mivture
t 1.0 mA and 119 cm! min by the analysis method
cported in the previous | iper® Hers the suthors have
sperimentally studied | he reaction of Oy with CyH,
sing two reactors connel od in series, Cy., of Celly from
e secend reactor i she wn in Pigure 3, In Figure 3,
e nbecinsa is the discha go curvent in the first resctor,
- This figure suggest thot Cu. does not change
Lgnificantly by Oy reacti 0. Henee, it can be coneluded
;‘nlI:LD; reaction doet ne contribute to the remaoval of
Iﬁ

The authors have stuc cd the formation of negative-
i clusters by ab initie jolecular orbital caleulations
nd reported that th clusters, O<(CHl), and
TCHsCHO), (m = 1, | 4), are produced by etrong
lectrostatic interaction, ¥ Since the interaction is
eak between O snd r-electrons of the. aromatic
smpounds, it is reasonal |e to assume that the clusters
0 nok contribute to the emoval of the compounds by
srona discharge. Thus he authers consider that the
rmoval it caused by © dlycondensation induced by
isgociative electron atté hment ac diseussod later,
To evaluate the remov | efficicncies, the ratio of the
mount of CeHg or p-Celd Z1; removed to the amount of
cectron produced by thy corana discharge iz a useful
-iterion. This ratio repr sents the clectron efficiency,
e obtained by eq 2

a, f NN (2}

*here Ny i3 the number [ gas molecules removed FEr
nit time and N is the| umber of electrons produced
¥ the corona discharge | :r unit time. Tn the removal
f CgHs, mp is 3.1 at the € scharge current of 0.3 mA in
ae presenee of 34% Qs | 'his estimation enggests that
ne clectron contribules | 3 the removal of about three

120

= Cally remavl in K40,
E oyl o e
L H
= ([ d
[
= 9B
= L
ERE 'I
i Eal i
£ e
ja0n 400 ABSA 2000 16} ]
wave nwmler Jom!]
W —
E O,y remmavalin By
= Bb — R
i mf
a 4
¥ | .
E i i
i

an— —i=
0D 4000 GoB0 2000

wiave nurmber o)

Togy | H

]|

il
Cal—+

Pl H Ty remaval Hpdy |

F L R TR
i
=

[
UL Al b Liag rope
wavE nlmber  [em'!]

Figure 4. FT-TR apeetra of the deposit formed in semavals of Ok,
or plal 0y,

Tablo 1. Experimantal Conditions for Analyeis of the
E_ﬂmlt an en Anoidle

gae Cio lopral & lem¥minl O, %)
CeHg=Mg=05 2uy 10 20
pelaHa =y 49 114 L]
PG Cly= Ny Oy 40 106 19

malecules of CgHg, On the other hand, in the removal
of p-CglliCly, 1y is 0.6 8t the discharge current of 0.2
mA in the presence of 19% Oy,

Thiz different tendency of electron effitency is caused
by the difference of clectranegativity between CgHy and
PCgHyCla. In the romoval of Cglls, electrone are st
tached to Oy, and O° ig prodeced. O~ dissociates CoH,
and touches off a chain pulycondensation reaction. I
the removal of p-CyHyCly, Cl- is gencrated independent
of Oy becpuse of the extremely high clectronegativity of
p-UgtHyCly. Henee, the influenes of Oy is nol, dominant
as ehown in Piugare 2.

4. Analysizs of the Deposit. The authors have
conducted individual removal experiments of CeHg and
P-CeILiCly for 3 days using the corona-discharpe reactor
with parallel plates as described above. The experi-
menial conditions are shown in Table 1. Then the
deposil on the anode surface was analysed using the
FI-IR measurement and thermogravimetyy.

Figure 4 shows FT-IR spectra of the deposit formed
in the removals of CeHg fram Ne=0y, p.CgHLCl; from
My, and p-CglLiCly from Ny=0p In each fgure, the
ordinate iz tronsmittance and the sbseizsa is wavenum-
ber. From Figure 4, one can gee that the bands for the
C—H stretching vibration (around 3000 and 16802000
cm ™) are barcly detectable and that the bands for the
phenyl C=C streiching vibration are obhservad at around
1400 and 1800 cm~?, Two more bands are detectad at
500 pnd 800 e and are assipned to be 1,4-substituted
benzene. This result suggests that the deposit formed
in the romoval of CgHg or puCeHy Ol consists of paly-
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arie aromatic compo nds of 1,4-substituted benzene,
je thraee apectra shoe nin Figura 4, howaver, are not
entienl. Henee, it £ oy be concluded that different
mpounds deposit o the anode surface in theso
‘movals,
Figura 5 shows the| 'G curves of the depoait farmed
the removals of Cg g from Ny—=0y, p-CyH4Cly from
E, and p-CalleCly fre o Ny=0y, The ordinate is the
ight ratio to the init | weight, /G, and the abscissa
‘temperature, T T curves nre measured at 20 °Cf
in from 20 to 1000 ' % The TG curven obtained are
sarly different fron | cach other, and the results
[batandiate the concd sion from FT-IR measurements.
iporization of orgar ¢ compounds and water is ob-
rved below 100 *C, nd the large weight lossg of the
posit mainly ocours ap to 600 *C. One can see that
me deposil remaing won after pyrolysis at 1000 *C.
mee, it can be eonel ded that the deposit consista of
lycondensation eomy ounds of high boiling peints and
at & part of the dep 33l is carbanized by pyrolysia.

melusions

Che authors remove | bonzene and p-dichlorobenzene
ing the corona-dies arge reactor and dissussed the
ngval mechanism b ased on the contribution of the
me reaction and tl : analvsis of the deposit on the
ode of the reactor. The following conclusions have
v obtained.

1) Although the rer oval elfficicncy of benzene is low
nitrogen, the offic ney is improved greatly in the
xoence of 0EYEEn.

2} p-Dichlorobenzae’ & can be romoved from nitrogen
well as 8 nitrogen: sxypen mixture.

2} The ozone rcac jon does not confribute signif-
ntly to the removal of benzene or p-dichlorobenzene
a nitropen—oxygen mixture.

4} As for the roem|wal mechanism, benzenc or p-
‘hlgrobenzenc is de ompozed by disseciative electron

Ind. Eng. Chem. Res, Vol. 37, No. 7, 10898 2773

attzchment and deposits as polyeyclic aromatic com-
pounds of high boiling point on the anode surface of the
reactor. -
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MNomenclature

L = mnoeniretion, ppm

(7 = weight, ky

I = disehprps curront, maA

N = number of discharge electrons per unit time, 571
N, » numhber of removed moleeuleg per anit Lime, &=
n, = glactron efficienay defined by eq 3

& = gas flow rate, cm¥min

T = femparatore, G

W e ramoval efficiency

Subseripis

1350 = winlar vp=s
in = gas inlet

Op = axyvpen

ot = o oullal

0 = imitial
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ABSTRAC

An| xpenmental investigation on the application of eleciron attachment
reactions tq| the removal of dilute Baseous pollutants has been carried out using a
coronz-dise arge reactor. The effects of several faclors, namely, discharze corrent
and coexisti g Oz or HzO vapor on iﬁﬁdua] removal efficiency of two kinds of
gaseous pol stants, namely, (rimethylamine ((CHz):N) and ammonia (MH;) have
been invest] ated. The role of ozonation reaction is next investigated using two
reaclﬂr§ i zries. In addition, a two-reactor system is proposed and shown o
remove botk (CHz)M and S04 with less by-product formation. The experimental
results rovel  that generally the higher the discharge current, the higher the
removal elli iency. It is found that the presence of Oy enhances the removal
efficiency of ioth impurity gases, On the other hand, the presence of water VapOT

eahances the: emoval efliciency of (CLL)N byt retards that of NH;,

KEY WORLD 5
Gas | purification, Electron altachment, Corona-discharge reactor,

Trime hylamine, Ammania




1. INTEL DUCTION

E moval of dilute malodorous gases has both environental and industrial
significan e, Like most countries, Thailand is facing maiy environmental problems
associate: | with the unceasing growth of human activities. For wstance, the hegwy
concentrs ion of vehicles in Bangkok leads to serious deterioration in air quality
because | f heavy automobile emissions, Recently, a latent souree of public
nuisance | mitted from the crematory fureace of a temple has become prominent.
Besides | articulates, malodorous easeous components are emitted during
crematior - causing frequent complaints from surrounding  cemmunities, This is
because € e exhaust gases are direetly released 10 the atmaosphere from the stack
without |iny treatment. Malodorous and  even noxious gases, such s
trimethylg nine, armmonia, aceteldehyde and styrene, are produced during
cremation . Often their coneentrations are diluted with fresh air down to several
lens or b ndreds of ppm before leaving the stack. Out of the more than 30,000
temples 8 | over Thailand, only a lew big ones in Bangkok employ any sort of
ernission « ontrol devices, mainly, the conventional afler-burning chamber, A aaod
crematory furnace system is usually imported and costs 6-7 million bahi nowadays.
From our sn-site surveys at a number of temples, the locally made after-burning
syslems & 3 too small, resulting in inadequate residence time, and their operating
emperaty 25 are oo low at 550030 *C. Because of greater public awarenass and
concern @ | air quality, the removal of malodorous gascs from crematory emission
has becom + a national issue.

Th : new concepl of gas purification by low-energy eleciron atachment

was first | oposed by Tamon et al®. When low-energy electrons eollide with as

o



molecul 5, some of them are captured by the molecules and negative jons are
formed. This phenomenon is called “clectron attachment™ and i depends on the
eleciron mnergy, the structure of the gas molecule, and s electron affinity. There
is 8 hug : difference in the attachment probability ameng different types of gas
‘molecult 5, and this leads 1o high selectivity in the production of negative jons'™,
Hence e :ctronegative impurities of extremely low concentration can selectively
become | egative ions by electron attachment and they can effectively be separaied
from the 1ewtral gas in an electric field,

Timon et al? constructed two- kinds of separstion deviees using cither a
photocat ode or a glow discharge as the eleciron source, They reported high
efficiency for the removal from nitrogen of STy of very low concentration.
Recently Famon et al’ used {wo ypes of corena-discharge reactors to remove
sulfur ee apounds, iadine and oxygen from nitrogen, They also discussed the
purificati n mechanism and presented simulation maedels for predicting the remaval
cificiency  Subsequently, Tamon et a)® investigated the influence of coexisling
oxygen d dfor water vapor on the removal of several sulfur compounds. As g
continuat n, Sano et al.’ used a new l};pﬂ of corona-discharge reaclor, the wetted-
wall reac »r, and the conventianal deposilion-type reactor to remove wdine and
methyl ie ide from nitrogen,

51 ce most maledorous components in crematory emission are highly
electroney stive, clectron attachment should be a promising method to remove
them in a1 electric field. The present work aims at 2 basic stucly on the application
of electre i attachment reaction to the treatment of crematory emissions. What
follows it an experimental study on the individual removal efficiency of two

cOmmon ¢ ymponents (trimethylamine and ammonia) found in crematory emissions,



More 5] xcifically, the influences of several Important factors, namely, discharge
current, 1as flow rate inlet ZAs concentration and major CoeXISling companents in
the com ustion gas (i.c., oxygen, water viipor and sulfur dioxide) on the removyal
efficienc  were examined -Expf:ri.ltlﬁnialilj,-'. During the removal of trimethylamine
from ox: fen and mtrogen mixed gas, we also confirmed the role of ozone in its
removal, An analysiz of the reaction by-praducts was alss carried out, In addition,
A IWO-r¢ ctor system was proposed and showsn to concurrently remove bath

(CHaksN| nd S0; well with less Ly-product formation,

. MATE HALS AND METHODS

2.1 Reme al experiments

i ure 1 shows a schematic dizgram ol the experimental apparatus, A brass
tube with 38 mm inner diameter and 280 p length was used as the anode: The
cathode v 15 a stainless steel wire of 0.5 mm diameter, Except for the electrodes,
the vessel of the reactor was made of acrylic resin and the cathode WaE Sustained
bya ceran| ¢ insulator at the top and by Tellon threads at the bariom. A de voltage
of «3 kV + -34 kV was applied to gencrate & discharge current 6F 0.01 mA ~ 2 mA
in the cord ia discharge reactor. Pressure inside the reactar was atmospheric,

Ta study the influence of oxygen (0;) and water vapor (HxQ) on the
removal ef iciency, the concentration of Uz was adjusted Ly mixing 2 standard
gas with t} ¢ inlet gas of the reactor, The concentration of HyQ was controlled by
bubbling ™ \hrough distilled water in 2 lemperature-controlled bath,

The ‘concentration of (CH3):N was analyzed USINE 235 chromatography
(Shimadza Corp, GC 14B) with 2 flame lonization delecror {FIJ). The

concentrali n of HOQ was messured by a dew point hygrometer (Yokogawe



Electric Corporation, MODET 2386). When unknown reaction by-products were
detected on a gas chromatogram, a Eas chromatography mass spectrometer
(GCMS [(Shimadau Ceorporation, ME-OPIO00S) was used 1o ilentify the reaction
by-prod ets. A derivative spectrophotometer (Yanaco New Seicnce Tng., to-1)
wits use | to detect the concentration of 50, and NH;,
2.2 Con rmation of czane cffect

{zone (O5) can be produced by corena discharge in pir. $ince AT
reactive, the ozonation reaction can be used (o eliminate malodorous gases, To
confirm| he role and estimate the cffect of Ozane, tWo reactors connceted serially
were ust |, as shown in Figure 2. Np-03 mixture was supplicd to the first reactor to
produce 3y by corona discharge. (CHy)sN was next mixed with the outlet gas from
the first] ieactor, and the mixed gas was introduced 10 the sceand reactor, Mo
voltage | as applied on the second Feactor, 30 no coront discharge oceurred, and
the secof 1 reactor simply provided spr;cu for the reaction of ozone with {CH: )N,
Then the zoncentration of (CHs LN at its outlel was measured. The decrease in the
outlet ca centration of the second reactor gives the Oy effect,
2.3 Twor cactor system lo prevent reaction by-products

1 e system shown in Figure 3 was proposed because the reaction by-
products i the concurrent removal of (CT,),M and S0 frem Me-04 in g single
TeRCLOr & tre comparatively high T u remove (CHa):N with fittle by-products,
reaclor n - 1 employed & low discharge current while reactor ng, 2 cmployed a
high curn it to remove the remaining 50y In this experiment the concentrations of

(CH)N, 30y and O were 45 ppm, 81 ppm and 20% respectively. Total fow rate

was 437 1 2min



3. RESUL] § AND DISCUSSION
3.1 Removi  of (CHy LN
To valuate the removal of (CH3)sM by the deposition-type reactor, the
definition o remaoval efficiency, ¥ used in this work i as follows.
B o= (i Co) 1 G, {1)

where Ci, 2l 1 €., are, respectively, inlet and autlor concentrations of the pollutan:

in the gas sa aple,
5.1.1 Bemo of (CH )uM from M.

Figut : 4 shows the removal efliciency of (CHy)sN from N, againgt the
discharge ¢ rent, J. Obviously, though ¥ incressed a5 the discharge current
imereased, it vas difficult to achieve a complete removal, Identified by GCMS, ar
1.5 mA discl irge current the methane reaction by-product constituted abeur 794
ol the inlet ¢l acentration of (CHa)sN in terms of FID area.

3.1.2 Removw. | of (CHy)yN from Ny-Oy mixed ans and eonfirmation of ozone effect

Since he gaseous emission from a crematory furnace containg O, and M50,
it is imperatil & to investigate the inﬂuz;nce of Oy and H:0 an the removal of gas
unpuritics. Fi ure 5 shows the experimental results on the removal of {CH:N
from W3-, | When the discharge current was as little a5 015 mA, (CH;):N
disappeared it the FID detection, Thus the presence of O, greatly enhanced v

To evi uate the effectiveness of electron attachment reaction, we caloulated
the average ny nher of (CHa)sMN molecules remaved per discharped clectran. Called
the electron of ciency, 1., the ratio is given by Equatian 2

";I-t' = Jillfr,r"'l:'ll'lrru ? rEJ



Here | is the number of gas molecules removed per unit time, and M., is the
numbe - of electrons produced by the discharge cureent per unit time. On the
remows | of (CH:)M, 7, was found o 1.':-'& 11.34 at the discharge current of 0.05 mai
in the | resence of 20% . In other words, one electran contributed to the removal
of abol t 11 molecules of (CHy )N,

F'o explain such high remowval efficiency, we should consider the role of Q3.
As sha vn in Figure 2, No-0; mixture was supplied to the first reactor to produce
O by ¢ srona discharge. Then (CHy N was mixed with the outlet gas from the first
reactod No vollage was applied to the second reactor, which only provided space
for the yzonstion reaction. It was alﬁq confirmed that, when Oy was not present,
ne O; b as detected at the oullet of the first reactor. Figure 6 shows the remowval
eflicien y of (CH, 1N due to the ozonation reaction. This independent experiment
proves hat the cnhanced removal of (CHshN can be atributed o the pzanation
reactiol - which generated reaction by-products. The by-products were identified
by GCL (S and listed in Table 1. As expected, the reaction by-products increased

with thi discharge current,

he generation of ozone by corona discharge takes place as a chain

C u.r
reaclior system ™ |

b + e 2 O+ 0 (3)
b+ 0y > 0O (4)
1y D 0 #+ ¢ (5)
1 + e 2 0O+0+e (G)

1|-¥ +Dg = {]3 I:?:l'



As in example, at the discharge current of 0.05 mA, the zenerated
concentratic 1 of nzone is appraximalely 80 ppm, which is considerally higher than
the inlet vall = of (CH1):N (28 ppm).

3.1.3 Remo: il of (CH3)hN from Na-HaO mixed oHs

Figu 2 7 shows the influence of Ha0 on the removal of (CHy LM from N,
A sufficient r high concentration of H0, Ciuo, raised the removal efficiency, ™
Formation ¢ [reaction by-product was neplioible.

1.2 Remova af W,
3.2.1 Remer &l of MH; from inert oas

Figu = 8 shows the removal efliciency of NH; from inert gas (Ms and He
gas). The | wncentration of NH; was measured by the spectrophotometer
(bviously, | was difficult to achieve complete removal. Since NH, is weakly
electronegal ve, only a small partion of clectrons manage to attach to NH,
molecules, 1 us resulting in a low removal efficiency. At 1.0 mA discharge currem,
some of the revicusly deposited NHa may have detached from the anode surface,
3.2.2 Reme al of NH; from MNa-0; mixed gas

Figie 9 shows the removal efficiency of NH: fiom N0, (20% Oy
against the | lischarge current, When the discharge current was increased 10 0 4
ma, WH; v 15 no longer detected with the spectrophotometer. This experiment

exhibited hi (h removal efficiency, 23 on the average 63 NH: molecules wore
removed by wne electron

.« | o . A e
simi 41 to the case of (CH. )M, two reaction by-products with mass r||,|r11bq*.:ﬁl

of 44 and | 9 were detected with GOMS but they have not been identified et

Amyweay it 0 2y be concluded 1hal ozone must also have played a major role.



3.2.3 Influe; ze of HaO on removal of NH,; from My-Os mixture (20 % O3)

Figu e 10 shows the removal efficiency, uu, apainst the discharge
current, [, ¢ three different concentrations of 1.0, Ciag. Al discharge currents
above 0.2 o A, the retardation effect of Ho0 an Fuwa was quite clear. At very low
discharge ¢y rent (0.05 mA), H,0 appeared to have some slight beneficial effect on
Fhiria.

Sine I*-ﬁ-]; 15 less {:lc::tmnl&gativﬂ than H;O while Oy iz mast
electronegal ve, at low discharge currents the small number of clectrons were
:nm.;t];-.r avall ble for Oy to produce Oy and NH; was removed via azonation
reaction. At high discharge currents, there was an excess af electrans that ean
attach to Hyl 1, It is postulated that they then interfired with the formation of ozone
and/or its re clion with NHy, As a result, the NHy removal efliciency was slightly
impeded at ¢ s;:harge currents above 0.2 mA.

3.3 Influenet of 80 an removal of (CHy)yN

Firev bod, oil and LP gas are all used to fire crematory furnaces in
Thailand, Wi en a low-grade oif is used, the exbaust gas will contain sullisr dioxide
(505). Ther lore, it is important to investigate its effect on the remaval af
maloderous | ases. Figure 11 shows the remaval of (CHa )N from MNe-0; with co-
existing $05 As seen from the figure, when the discharge current became as fittle
as 0.0]1 mA the outlet concentration of (CHy):N disappeared at all three
concentratiol s of 50, In fact, even without any discharge current the outlet
concentratiol 'of (CH; )N became significantly lower than ils inlet value because of
4 spontaned 15 reaction between {C;H;,jgﬂ and 50;  Simply imcreasing the
concentratiol of 50; led to a firther decrease in the concentration of {CH:):N at

zero discharg » current. Alse observed were whitc particles attaching on the inner



surface of he reactor, the product of reaction between (CHy)W and S0,
Mevertheles | it iz interesting to investipate the concurrent remaoval of $04,

Fipu & 12 shows the change of 50; concentration with discharee current
during the emoval of (CH)N from Me-O: mixed gas. Obviously, the outlet

concentratid 1 of 50; also decressed but it was difficelt to remove SO, at low

discharge ¢l rents,
3.4 Technig ie to reduce reaction by-products and improve concurrent remaoval
efficiency o S0,

In 1 ¢ previous expenment, electron allachment reaction was found to
show good promise for removal of (CHy)pMN as well as 80, However, it was
difficult to| dlectively remove 50; at a low discharge corrent while undesirable
reaction by products tended to inerease with the discharge current, The two-
reactor syst m shown in Figure 3 was used to enhance the removal of (CHy )N and
50z from Iy -0z mixture

The idea was (o remove mainly (CHa)aMN at relatively low discharge
currents i he first reactor in order to minimize reaction by-products and then
remove the remamng S04 al higher discharge currents in the second reactor. The
experiment: ; results arve shown in Filgures 13. The generation of reaction by-
products + 35 negligible. By adopting the two-reactor system, essentially all
(CH3)M ¢d 1 be removed in the first reaclor and about 95% of the entire 05 can

be removec with negligible gencration of by-products,

4 CONCL | ISION
A1 sic anvestigation into the individual removal of trimeiwylaming and

ammonia fi s Ny and air (Nz-(k) has been carried out experimentally. In addition



to the effect of water vapor, the influsnce and concurrent removal of 30, during
the removal 3f (CHzN have been elucidated Tt may be said that the electron
attachment 1 action is effective for the individual removal of {CHalMN znd NH;
from air. Mo & experimental work iz underway on the removal of styrene and ather
malodorous  nases in the crematory” emission, particularly, the simultancous
removal of 1 iese gases. According to the present expenimental results, a higher
discharge cu ‘ent generally leads to a higher removal efficiency. The presence of
Oz in the ga; mixture enhences the removal elliciency of (CH;)N and NH, vig
azonation re; dtion, On the other hand, the presence of water vapar enhances the
remaval effic ey of trimethylamine but retards that of ammaonia.

Since ‘eaction by-products are produced on the removal of (CHy N from
4ir in the pra snce of 8O, a two-reactor system has been shown to remove both
gases with na ligible reaction by-praducts by independenly adjusting the discharge
current in eq h reacior. In shor, the eleclron atiachment reactor shows good

promise for t1 ating erematory and similar industrial emissions,
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NOMENC ATURE

C = ¢ ncéntration [ppm]

¥ = i moval efficiency [ -]

I = icharge current  [mA|

SV = 5 ace velocity [br]

¥ = i charge voltage [V)

GC = Fl D area of gas chromatograph [ - ]
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AT iraict=Tlmee kimbs ol eaattilive ndices, 58 Uz depres af mixedness, ui argashiaasl CRlerE
ane |t Bo-geanting Fractal dineasion, Dave loen investiputed 1o liel ol e ity din
v uating the degree af dispersion of Atngle millitives o pompounded materal, e Bl
4l nechninue i pud 10 sisilite wafions sbeal il naneideal cuses of dispersioa 1M ngle
ol | five systerme, 18 has e [ogitdl tlvat the value of b the ured-based cralerian wnd boss
gl nting fracial dimensian ane crsertially indepenslint ol the pasticle siae of the sdditeve, ¥
o sustatile quantinsive wdices (o gvaluating the depree of dispersion of sangle-mlditbve spsawa
T4 ¢ investagation alo shoss howe the fractyl dimeesion can be used 16 charncterize amd avter thit
dr ree uf dispersion ol u pigmeml in 8 plyrmer s ohtained experinentally.

B | gy Fractal dimensiin; Momie-Carlo sivnulation: additive dispersion. makcrial nuins: Luansidin
6 mixing dsdes: randam vanables,

I OMENCLATURE

RTTY rata] arew of the subdivision of mlerest {L*)
) liln) areq occupied by additive paricles in the ith subsection {17!

: concentration of additive particle {purticles/ ared)

b dimensionless particle size (—)

Feln} coetficient of variation (—)

¥ uhegrved experimental [ractel dimension (by means of -

counting} {(—1
Ea arca-based Tackal crilevion [}

(D box counting [ractal dimension {—)
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C— fractal dimensten for wmfonn dispersion al the same additive
concemration (-]

M degree of mixedness

i size of spot sample (number of particles in ity (—}

nt suniliarity ratio {(—1)

n sumber of rimes ol sample division )

M pumber af spol samples -

Ninl the counted number af subsections that comam seme additive
partishes (=4

St psn arei ratios of i) (—)

Lt v eatio of additive particles (—)

X prsitien ol an sdditive perticle in the padfix (—. )

L sifonn gindoms mambey between gero and unity (—1

XNRM proarryial Fnshom pumslier (A8 N, Uil vErisnee ) (=)

X comprsilivn of additive n the ith spol sample (—)

X Charged composition of mlditive (—)

W sample mean of §; (=)

Y LNt Lo raedum number berween zera and vty -}

RS gl raedom number {ero smean, wnil wiranee) ()

Lareak

T4 Agchred deviition oF 5 i (=)

o waplanee of the additive compusition in u completely sepregiicd

sARIET [od

L sample viranee of the additive composition

L INTRODUCTION

Compounding = an impartnt operation in many felds, such as plastics, Hiw
ceramics and Toamds tealled kneading).  All plastic protessirs whe compoualing
s ane of the preterred methods (or upgradhng the propertics of exising provelanct .
Typically. virmus aelditives are compuunded into the paly s matgie i e W
meclianical, thermal. electrical, optical and chemical properiics. Sinec ey
tiny ainown of cach adilinive i psed. s unifonm distribution in the matrix is crcial.
Traditwmally the dhspersion slale of ane or more additives is often eva luated e
itively or semi-guantitelively by expericnce or by visual andfor mRcroscape -
spection. For example. Lacey | | §and linoya [2] applied statisical quarntties i
live of the dewrce ol mixing (degree af mixcdness) to evaluate the homwgeneis wl
aclditive ddistribution in a material. For the guantitative evalustion af the digprord
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. mare powerful methods are indispensable. The (ractal analysis mathod uses
amacpt of fractal geometry o quantitatvely characlerize o mixlure or sysiem
mplex morphalozy vsing the so-called fractal dimension (c.g. Kaye [3]). Ciraf
pplied the lractal dimension w characterize the rogpedness of particles. Yabe
- 15], Mizuno er of, |G=8] and Terashita er al. [9, 10] cormied oul experiments
used e factal dimension o evaluate the dispersion stae of a Gller (carbon
« particles, olass fibers) in a matrix (polymer). However, when the size range
pmary pagticles is of sulwmiceon order (001 0.2 wm), the particles can hardly be
sted opdicully wt the low magnification level (aroomd 200- 300 times) wsed by
I &7 e,

simplify the fractal evalmstiion procedure and 1o wvoid the complex sk of
e o scanine electeon microscope (SEM) with an image anelyrer, another
al evaluation method, which invelves counting the number of boxes that contain
a5t ong sdditive particle, was applicd by Tanthapanichukoon er af, [E1, 12],
re (131, Phingehin [14]) and Thongehiew [15] o experimentally evaluate the
ence of compounding conditions on the dispersion stste of a celorant in plastic,
wiments on the dispersion of three individual pigments were corried om and
auled with the box-counting rsctal dimension, They and Suphawita [16] also
the Monte-Carle wechnigue o simulae idesl dispersion pattemns of single andl
ry additives. For simplicity, the simulation was two-dimensional, with each
tive particle being represented as a dise.
s wark aims ko wdentily the steengths amd weabnesses of theee quantitiive
ey for use in the evalumion of disperscd stores, and 1o demonstraie how the
aimental factl dimension is used w aempreed e dispersion staies which often
selween unilomm dispersion and nommsl dispersion.

ENERATION OF RANDOM MIXTURLES

s owoirk, we pse the Mome-Carlo wehnigue o ¢reate random patierms of
ersions, We employ mathematical functions o generate peendo-uniform and
iclo-normnl random aumbers [17) The foriner is used o gengrate the uniform
ersion i which additive particles are uniformly dispersed in a matrix matenal.

position (X, ¥ ol apartiche in the snatis matersal (2 sguare area) is determined
o
X =.:!:Ilrull.lll'l'l.llll:-l!'i-ll|||.jl|,_-'!li-l-nlirlL ‘IJ-
F= FUNr{an - FI"II"I}' {2?

mel 3wl assume a el pember betwesn (X i X a0d {Fnins Yo s
ectively. with a probability of unity. Since umform dispersion (homogengous
ture) is generally the most desirable state of dispersion, this represents the bost
pof dispersion {an wdeal casel,

sing the latter. a Guassian o nornwl distribution is generated.  The additive
icles are dispersed around the center of the material matrix. The mathematical
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formulas wsedd o simulate the pasition (X, ¥) of an additive particle are as [ollows:

_E =] {I.-'S 'I' XNRMJ'IEI.‘IJ*{IW: s xmiu]\ [33
o= {05+ mﬂﬂ'ffﬁ.ﬂ':"“'mm — Ynia)- i)

Since YNEM and FNEM will each Tall within the range {—3. 3) with a probability
af (L0973, X and ¥ ac nonnally distibored numbers that fall, respectively, within
the range {Xuine Xwax) 280 (Yaia, ¥ ) willy the same prabalility. In other words,
the probability of 2 generated particle being located outside the reciangulur area,
(X = Xawin) ¥ Fax — Yo, 15 quite small.

The purpese of compounding is 1o disperse additive particles uniformly within
the matrix muterial, ‘Therefore, in reality a compound should, und 18 expected 10,
Tave: a low degree of local ppgregrarion of e additive particles at the microscopic
level, The normal distribution (dispersion) of additive particles represents another
cxtreme case, that of poor dispersion in praclice,

Figures | and 2 show two typical examples of the simulated dispersion of single-
additive system. [n general, any non-ideal single-additive dispersion muy be weated
s 4 gpeciul of binary mixtores, which consists of identical monodispere particles
A funiformly dispersed) and particles B (normally dispersed) with the <me or
ehifTerent concentrtions,

r- (R 5 T Ig &

o
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™
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o
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-

Figure 2. Fxample of normal dispersian (100 addiive particles].
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An algorithm of the simulation is shown in Fizo 3. Simulation starls with the
selection of the wype of system (ideal single-additive system VETSUS Dinary or nam-
ideal sinale-additive systemny. The input duta inglude The concenuations of additive
particles and particle sizes. In fhe case of non-ideal dispersion, particles A arc first
aeperated and dispersed in the marix, The coordingtes of each A are governed by
(1) and {2}, Any sunseguent partiche A thil overlaps those before iTis eliminated.
Then oaly the desired number of particles A are kept. The nexs procedure 15 the
aeneration and digpersion of pariicies B of exactly the same churactenistics a5 A,
The eomdinmes of each B are govel e by 31 and {41 Aauin only the desived
emier of nosoverdapping # ae kept.

3, QUANTITATIVE INDICES INVESTIGATED

Severnl ypes of indices we ofen used o charelerize the digpersion (mixing)
aute of ndditives o compounded resing. For example, swnstical guantities (ke
degree of mixedness) and. recently, fraetal dimensions may be applied to the (key)
companent (additive) af kcrest. Since the values af these indiees are mon: oF less
fueneed by the charged coneentrasion andfor the wWerdge sige of the dispersed
particles, it is Wnpartnt 10 entify their strenghs and wecknesses in order 10 make
4 relihle quantitative comparison mnang various dispersion simes oblained gy
different aperating conditions, using diiTerent adilitives of the same additves bt
with different physical chometenstics (¢4, paticle size). or LINARE different resin-
aidditive systems, 1n order 10 exuntine these aspects, 1he fullowing types of indices
are ivestigated.

A1, Depree of urbseidness

In compounding operations. & RONBEE s mixhere is defined as one in which th
aedditive component {under investigation b 1 uniformly dispersed in the gompeund.
Such a Mixiuee is somelimes called a cudaomy MR Geveral defimitions for the
degree of mixedness (depree of lonurzenaity h are gvitilable o cvaluate the siile wl
dispersion of the compound, Inthis work. we chanse the following definition;
r|5-_ ~
M=I1-= il
ITi}
Af = 0 means ‘completely segregated’ . whersas A = | means “perfectly miked
Let X; (f = 1.2..... N be the composition of the additive in the ith sample of
N ospot samples taken randamly fram i compounded material. The sinple i
X, 15 given by
) .
vV X,

Fo= =5

fil
N ¢



Divesrigatinn of suitalile guaniitaiive indives ¥i

If thy [charaed composition, Xe. s known, the sampling procedure may be
examin d by comparing X5 10 X The sample variance, a3, is defincd by:

L m =)
: (M ~1) '

(1)

Intut vely, the simaller the walue af :-53. ihe cloger 10 homogeneily the RIS 15,
Theref re., the degree of homogeneity (stae of dispersion) can be evaluated using
the sur ple varisnce of. AL the heginning of the compoending operation. when thye
by and the matrix material ae completcly segregated, the value of a3 is given
Ly (15

e:l',:? — Er-“ . Erl] i8]

Far | random mixtore, the value of @ is & minimum given by gr = 1-1'4]J fan, where
ar i 1l b size of @ spot sumple (the number of additive panicles contained in .

12T o fractal anadvais seethed

Mathy natically 8 fractal is defined us geomettic shape that is made af parts
cimils 10 the whole in the same Fashion. w0 maney horw smmall or how many Uimes
L s seen subdivided, This means that the shape of o fractal has sel(-siilanty
anel o darneteristc fractal dimansion, The (el dimension is o necessanly an
el [ number, With a geometry of sell-similarity, the detempinuion of the fructil
dime sion is straight-forward, A D-dimensional self-similar object can alwiays be
divid 1 inta N smaller similar copics of itself, cach of which is scaled down by a
facto, ¢ where ¢ = 1N The fracial dimension is given by:

B :Ih_.ug:.‘ﬂ _ d1¢:5m
T dlogitger dlegtey

()

Ad s the case of o coastal Tine in Nosway, the fractal may often be found 2% an
extrd nely irregular line {or surfice) consisting of an infinite number al imlurly
iveg lar sections (oF partsh, The fractal dimension then has @ fractional value
betw en | and 2 (or between 2 and § fur 2 surface) | 3].

20 Area-hased fravial eviterion. sizuno e of. [6—8] and Terashita of al.
[9, 1 ] were the first 10 use the e “fraetal’ for the evaluation of the dispersion
state of compound. Their detailed ohservations of a lurge number of samples weie
oreg |y aided with the use of a sophisticated image analyzer sysiem. They used an
ares hased criterion o evaluate the dispersion stale af & filler {carbon black panicles.
ulas fibers) ina polymer mtrix. Since the sizes of their filler particles are ol micran
ordi -, they magnilied them via a opticul microscope wid nsed the imoge analyizer
sysl o to evaluate the stle of dispersion placing an emphasis on the self-similanty
of ¢ spersion,
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First, the dispersion pattern i divided int e = 0 equal square SEEMCnE (4 5 0 <
30). Next, for segment ¢, the arca ratio S () of additive particles and their sample
mean and standard deviation are caloulated as follows:

Al'f”.’
5= = —, [}
= Afn) (0
[
..';-l:”] = II—II.I-_ ;.ﬂ}{n! il I}
hY - g
. — [ Slud ~ Siny) .
aofe) = ;‘ - el

Here AgQnd is the wea ocenpied by the pamicles in segment ¢ oand Al is the 1ol
area of the some scement. N s the wial number of sumpledd semmems, Mexp a

coelflicient of variution Dyin) is coleolaed:
Dgln) = r.’_!'ﬂ {13

RN

This coctficient represents the stae of dispersion, A log=log plet of £y versus
Ff was found 10 be approximately ineas, This Bme cun be used w5 o nseful index
of dispeesion.  Since 1 /n represents the fenggth seabe, & muere gradual change of
Lstn) versus 170 means the digpersion is eloser 10 having o ¢haracteristic of scale
imvarianee. Mizune of of, used the absolute value of iy Pl (Fy) a5 an index of
unilernity, That is, the smaller the value, the lwger the tendency of scale imvarisnce.,

&2 Fracwal dimension by mens of boy coneifing, I our reloted experimenial
wark, the primary sizes of additive particles are of submicren order, e .02 rem
for curban black, 5o they are haid 1o detect at the magnification level = 200-300)
used by Mizuno er ol [6=8). To sunplily the fractal dimension evaluation Lased
un SEM micrographs and to dispense with an expensive inuge analyzer system, the
tractal method applicd by Tsuchinari e of. [19] 10 evaluate the [pore characteristics
ul porous refractory is sdomted,

Thus we divide the SEM micrograph of a small square or rectangllar cross-secion
of the compounded material into i = i boxes (i is a positive imeger), The number
of boxes conmaining at least one particle of the additive of {nferost MNin), is counted
A% 4 funchion of . Here =" is the simibarity mtio, 17 the Systeim 35 a fractal. the
lillowing equation holds:

MNim) = (Similarey ragio) ¥ = (1/m 7', {14)
Thwss the feactal dimension by means of box counting, Fe. is defined by:

dlog Nin) il i)

= == . P13}
dlaging dlog(l /)
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I -eure [13] found that in buth ideal cascs of uniform and normal dispersions,
tl + above arca-based index £y and bux-counting fractal dimension Fr werg
s yuhcantly influenced by the additive concentration. The exception was &,
W ich remained cssentially constant gt umity only for uniform dispersion,  As
st Hiciently high concentrations, the bos-counting fractal dimension monoenously
& proached 2 for uniform dispersion, If the additive CONCENaons in twa samples
a1 csignificantly different, o direct comparison of the fractal dimensions berwesen the
1y o dispersion states can be mislesding, Toeliminate this problem, the experimental
ft w1al dimension should be normalized with the corresponding value of the uniform
di persion before making a comparison:

. r :
Fre e — 104y

-

'r.1.IL|I'II i

4. IMULATION CONDITIONS INVESTICATED

Co divions of simulation for the ideal dispersions of single-additive sysiems are
s vmaized in Table 1,

| lie simulation was also carred out for the non-ideal single-additive disnersian
wi leh is equivalent 1o a mixture consisting of two ideal dispersions (nartoq e
ne mal). In the non-ideal dispersion, a portion of the population (the A picicies)
fa ows the uniform dispersion (U and the rest {called B particles) follomy phe
ng mul dispersion (N}, In reality all A and B particles are identical and e e
5| ctually single component. The sumbes ratin af novmally dispersed paricies ()
k) iniformly dispersed particles (A) is ealled the M=11 ratio here. The condition.
ton simuiation for the non-ideal dispersion are also summarnzed in Table |

Tl e U,
=0 disieas o siulation for the siate of dispuersion

=

Saiigle sdditive 1A) Binagy sleditives (A wnd 14

o) 2 el dlispeasain N E Ly ITETTETH]] s Dadditive A,
narmaal (H)

Fai - cle size (o) 1 02 (s 0.5 (Bwath A gind 1)
Sp | sample arca KD % JCHD Csqunre aicd b
Tl | | eoncentatinn TR 200, 5400, BO00, 1500, 2000, 2500, 3000, SUENT, (1A
0l icledsanple andn
N= ratio (% ol O 0, 25, 50, 75, 10

i x binary syeem)

-_—
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RESULTS AMND DISCUSSI0N
I ldaa rlgfre e sien

gure 4 shows the effect of particles size on the ohserved relationship berween
¢ degree of mixedness M oand additive concenrration . Obviously an the sane
wticle size the valee of M for both the oniform and normal dispersions 1end
decrease a8 O incrgases,  Interestingly. s O increases, the value of A for the
il dispersion decrease remarkably faster than that Tor the usifuam dispersion.
i the odber hand, av s saree concentention the values of M for both Lypes af 1he
spevsions decrense as the pantiele size incveases. In the case of normal dispersion.
Cdrops stanilicandy when (he particle size is geeater than 0.3 units,  Since o
bust indes o the state of dispersion should not be infiuenced strongly by (e
e of particle, M st o sebable index in this respect. In any case the higher the
snceniration, the casier it is o distinguish between unifarm dispersion aed normal
sprsionn. Orthe other hand, the sensitvity of this index decrenses rewmirkaliby as
& martche size decrenses from 0.5 1w k],

As seen Ton Fig, 5, the areacbased eriterion Fa for the ideal uniform dispersion
aing essentially constant af unity, while £y for the normal dispersion deereases
picly s the concentration increases. Cleary, when wo small a number of paricles
@ presaent i the sample. itis bard o distinguish between good and bad dispersions,

o resuly abso revenls than o the swme concemration the velues of £, Tor batl

pes of ideal dispersions are hardly affected by the particle size. One impogan
ature s b Fyis nghly sensitive w the difference Batween wnilomm and aamal
speasions, The Rizher the concentealion, the more sensitive #,, hecomes,
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- ."l". A m
£ 5
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= i T
= #  Unifiemaligermn, d, = 01
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E -+ M Unifoem disgorsn, d, - 0.5 M
e b Kool dispesion, = 2
= 020 , :
I:I Fusrral dispcesion, l.‘.'r' 2
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aure . vt of |'n,|r:'::_||_- sigr g the iclainnshap Bebwern the comcenurption ad desies ol
el
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In | ig. 6, the results on the effect of particle size on the box-countng fractal
dhme | aon, Fe, wene demonstrated. From Fig, 6, 10 can be seen that the observed
Fract:| | dimension & al the same concentration foraither type of ideal dispersions is
anly ightly affected by the pamicle size. & for both dispersion patlerns increases
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rapidly when the concentration fifst incresses. Apain Fi: for the vniform dispersion
is always greater than Fe Do the normal dispecsion. At very high concentrations
fmaore than 5000 particles/arca), the Fp valves for the ideal vniforn and normal
dispersions remain cssentially constant around 2.0 and 183, respectively, regardless
of the particle sive.

Fram these results it can be concluded thar Fe is fairly sensitive to the diflference
between the two ideal dispersions, Te reduce te influence of sumple concentration,
Fe for the normal dispersion is normalized aceording to (16) and plotied against the
concentration in Fig. 7. It aan he seen that resulling % increases only slightly s €
IneTERsey,

1,41 !

T e 1T
i I :ili‘ l ! '.+ P &+
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it | 1]
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SNORMALIZED FRACTAL DIMERSION F*

Figure 7. Relatiomhin tetwern te coneentration and oienalized fractal dimenson 82t imemal
alaigrersidnn,

Thahte 1.
[l effect of concentralam mnd parhcks size en the quantitalive andices

LuncdnLsnien . Parizcle troe

linilarm Mok Linilanm Marmal
.rlf LE ] = - .
& + t ] i
Fa 1 - i i

The symhbals have the Tollowing mennings: (#+) e Cistincion beoween the fu
iclea] caces 35 diffieul when the pasticle is small: (%) the vales terds (o HICTEESE a5
the specified fclor incnses: (=} ihe value tends 1o deervase as the specified facior
inerenses: 0, dhe vl is osentizlly constant as the specified factor changes.
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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.

e Tinersaparicliebaon £

al.

The kigher the total cancentration, the mare sensifive
cals that, Tar every fixed N-U mtio,
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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

QLS RTe FTTTITCRE e Tl peimicles lractal Ll

[ ) (r.p.nil dnlminl  coupted  dimensien unileam) G Y
Carly) b black 1 5l A5 {0 .o 2

2t 1) 4.3 195 (.51 2
lrom & Rk W14 | 4.3 ah 24 4l

a

2910 L4 4.5 I3 0.935 i
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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

f"ﬁ-r‘;]:-zlran

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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Fig, VL 3m | aed agglomeraies of clismged pamickes an anckcied il Efpm 140, B = Q05 o= DO, = iF, Fy - EJF:I

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
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fent ol Chemical Engincoring tnd Thai Prsder
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wain [bom 19750
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[bars in 19673
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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
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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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pue mmpling oo G0 -
s exhoned —— 1
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{loss mcler W I
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ar , =l .:rm:-
I

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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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 |

[*1 Dir. M. Zano {ooeremea
lechuocpl, Dipl 5 Mk
Engineerng, Hiseji In
&71-T20, Japen; Pl H
Eyate Ulniversicg Kyeco
DT Charinpardikul, Dy
komn Univessity, Paluma

Chem Erg. Technal 24 (2001

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.

k2, © WILEY-VCI Verhg GbH, D-6985% Weinheim, 2001

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



i
PE
EELT Eull Paper

gis was humidifed by
lemperaturs contralle:
WAL WIpor was 10 by
which consisted of

(LA=18 rmen) amd 2 we
remove 303 from the |
vallape of negative pol
generate the corona d|
electrical furnace wrap
ature of the resctor w)
controller. The reacior
part (400 mm ) without
#is Nlow and the seeon)
S0 by il cornni disgh
sceond part was med
lemperoiurs gradient i)
concentration of 500 o)
by o pas cluromaloprap
(TCDY) {Shimaden, GO
column was 1,23 Tris
Shimadite (UL Sciences

LI Anatysis of Depog

o order o discuss 1y
eharagierize the sohd ¢
ihis purpese, o corona
plate anace wag bulli, §
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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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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
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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.
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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
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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)
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=, mainly. an after-burning charmn-
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L PSOUO00 doliars nowsdays. Fram
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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
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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

strates the principle of gas purilic-
age 15 applied o a eylindrical reac-
i stainless steel (SUSY wire stretehed
e reactor and the anods is the outer
5 are prodeced by covona dizchargs
1le in the electric Tigled, During their
e collides with electrone gative ine-
v jons are produced. This phenom-
Erom attachment {Massey, 1976). The
vered 1o ne gotive fons, negutive-ion
articles by electran anachment and
it ot the anode,

ties are, however, decomposed by
i reaction by-peoducts are gener-
el seriougly influence g applica
lscharge reactor Lo gas purilicatisn,
eluiniisri os slso nof fully undersosd,
¢ depogit on the anode swrlace is in-
¢ idate the mechanism. Since the re-
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
Megalive iogn -—=—~ " "1".{1_- AR e A B
Le0tan— B
Mepative-inn = A— H i
cluster T — 4
Fine particles =717 Gy if
B il
4 —

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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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
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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
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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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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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Copwright & 20 Thi: Sociaty af Chemical Engincers. Japan
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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,



* The
sy
& N &
on g
Fed

CNIE
s The
mial
e The
{abo
« Mun
AFI

* Num
futug

s The
presi
& The
bect

It ha
inslemd
Pacticle
TPTCY
second
Undoul
has imy
industr]

6. MY 1

It goes
Continu
society,
I the |
{Kyoto
Scholar
= == Austine
was Dr
S0 T ke
Thailan

Years [

Nimeer Baileiln 267

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
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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.

sneptemb; Lighium chlerds sl Salid sbeorbene; Erynainss model

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)

RES-BRTIOE — see Front many
I- 51 KR A ) T T

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

W Tanthapamichakoon, A, Frowarmpitf Chersioal Enginerring Jormal 83 (2002) JI-15 13
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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
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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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peocranad mperanies [t = L3Tmis, Toapar s = 1AM mis, roca-
tonal speed = 10ephls (b  mpeison of the prodicted 2ir 2od mlx-
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epeed = 10rph): (b)) compuerizon of the predicied air and gelacve humidi-
s #l warious mgenerzied velocities [T,q.m = 35K, Ugrein = 157 mf5
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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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