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ABSTRACT

Ammonia is an odorous and toxic gas to the environment when it leaks into the
atmosphere. The concentrated rubber latex industry has used the high concentration of ammonia
in all steps of latex process. The ammonia vapor is evaporated from the process to waste air at
(200-700 ppmv) that has affected threatens to human health, animals, vegetation, and
environment. Therefore objective of this research was to study for the treatment of ammonia in
waste air from concentrated rubber latex industry by photocatalytic reactor consisting of glass
column, photocatalyst, lamps, and reactor chamber. The glass column system packed with the
photocatalyst for waste air treatment was the packed column type. The photocatalysts consisting
of TiO,-SiO, and TiO, synthesized by the sol-gel and suspension method and coating on
supporting media were packed in the glass column and installed in stainless steel photo-reactor
chamber. UV and Blacklight lamps of ultra-violet (UV) light in the wavelength range of
315-400 nm were vertically installed inside walls of the photo-reactor. To initial test of the
photocatalyst on ammonia treatment, catalyst powder was synthesized and tested for ammonia
contaminated in water phase by batch photo-reactor. The treatment of ammonia in waste air was
performed in continuous flow reactor.

The TiO,-SiO, photocatalyst powder prepared by sol-gel technique could get
70% treatment efficiency of the 100 ppm ammonia in water. The TiO,-SiO, photocatalysts were
coated on ceramic foam and fiber glass media for the treatment of ammonia in waste air. The

results showed that TiO,-SiO, coated on ceramic foam media cannot treat ammonia in the air
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because of contacting problem between photocatalyst surface and UV light. In contrast, the
Ti0,-SiO, coated on the fiber glass media achieved 60% ammonia treatment efficiency at
100-200 ppm ammonia concentration in waste air. But the fiber glass media has the brittle
property and high cost of the TiO, photocatalysts precursor for sol-gel preparing. Other medium
type and preparing technique were needed to change for the surface coating and preparation of the
photocatalyst. Suspension method using TiO, powder nanoparticle as precursor was chosen for
synthesis of the photocatalyst.

Development for preparation of the photocatalysts using TiO, powder
nanoparticle Degussa P25 and coating on glass cylindrical tube supporters (0.8 x 2.0 cm in size)
was developed to reduce cost of photocatalyst precursor and increase system efficiency in contact
between waste air and light from a UV lamp. The experiments for ammonia treatment in water
showed that TiO, photocatalyst coated on glass tube is not suitable for the treatment of
contaminated water. The system performance of up to 87% for ammonia treated in waste air with
continuous flow reactor. Experimental sets were designed and conducted based on central
composite design (CCD) and analyzed using response surface methodology (RSM). These were
used to evaluate the effects of process variables and their interactions towards attainment of their
optimum conditions. Three significant variables, viz. light intensity (23-1 14W/m2), waste air flow
rate (1-5 /min), and TiO, loading (1.18-5.90 g) were fitted in a quadratic model to the response of
NH, treatment efficiency. The optimum conditions obtained from the regression analysis
performing were 114 W/m’in light intensity, 1 /min waste air flow rate, and 5.90 g TiO, loading.
The maximum efficiency of 91.45% NH, treatment at 300 ppmv NH; in waste air was predicted
from the mathematical model, which fitted well with the laboratory verification results (90.02%).
The main treated gas from the photocatalytic system was found the nitrogen gas without NOx
contamination which has not affected to environment. The results of this study can be used as
guidance to the design and actual use in the concentrated rubber latex industrial for solving the

problem of air pollution contaminated with ammonia gas.
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10
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4. ioailuens 94.8
Yo o g‘
5. Ipdnannmiaines 229.5
6. Indriuvio laueu Tuily 56.0
a 9 =
7. USnaTAea 1599 53

ETRE amﬁuﬁmmé’au"lm, 2545. Wﬁ1 16.



11

2.2 Inmnidienslasenlaa (Tio,)

~ J A ~ . . . [~ £ o o
Tnnidienlaoon ladwse lniniile (Tio,, titania) Wuasnadnia
{ 1 1 [ Y [ 4
(semiconductor) NUUAVADIININEINUNIND 3.2 eV HUAUNSINUADWAY AD LaVINAUS
o . ] 1 dy 9 dy
(valence band) uammunwu1'lﬂﬁ1 (conduction band) TaguaU¥9IN9HI VNI NUINVY
A A . £ 1 Jya 3 9 o ]
ieTioynIALEI (photons) ANNTENUAILY TiO, Feazdnaliaianaseudodurianinuny
o @ o o 09/' L:y
AU (valence band) lu/fanunisiilui (conduction Band) ouwasaunIdesiiazgn
o = ' ' o £ g ' ' o o A
HenAAU TASNUADYDIINNAINY (band gap) FUTUANUUANAINTEHINFUNSINY 11D
a d . { [ o ad 4
Way Tio, NnAsUUNIAgAINA1YNNTZAUAILLE DIANATOUIZHAADDNIINUDLI AU

1 o = o a 1 1 ad dgl ~ d A [
"lﬂquaumam"lﬂﬂw Mmmzmmﬂui}zmmmawmaﬂmaumummmnaw L3N T‘aa

'
=\ o

a o v a 4
(hold, h") o lFluaszurumsInTaunas ladnszanuisatiniaensdunsduazais

Y H
A A =

a A g & :’ {o o o . [~ a J
puunsonludloulimioomandudanunuiives Tio, MiluluTaunnzdead(catalyst)
v 9 & . = wada £ o o a A v
A201a9  (photocatalyst) 1A %9 Tio, Hantananensndnimwiaous Tuaiuvesni

= 1 = 1A [ 1 = d‘ (% 9 )
wdesnmaeasall lumamsnanseunionlasuaninldudsnmsldau vagansoi

Y ] 4 wa A 1 1 yo | ¢ o o Aa
naum 1¥Inadla (a3d, 2549) Minautian laawumariiinld Tio, uasnednintenld
<3| a Jo 1 [ A
dHuTn Taunezagdanuegraumnsvatelunszuiums I Tauaas lada (photocatalysis)

a . = = a '
uaaz ladd (catalysis) nu1edanszuIuMsnaa1siaiusanlunis
nasumlasgasvealfaseuaii Tasidneslulimsnlasunlamseganiellunends
A o 9 A a =~ 1 a SR ] A [ o Aaaa 9
msidiinazas lagmionin Tl Tauaazdaadsriamudasinmsiilfnserdienisan

[ ! o aaa a I a aan {

wasunlFlumsiilgnseldlanzas lagmdumanalfasermaaiinlduaslunis
a L { @ aaa % BZ
nizduas Il Tauaazaad Idasunlassasivesfnsonnil Fegmauianianieninaes

T Tauapzaadsiia Tio, uaas 13 lua1sieh 2-3
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M5197 2-3 HAAINUAVTANIINENNYDI TiO, N IATIASNDUOUUNE (NOHYINT, 2546)

Auauta Tnmitionlaeon lod

gaImanil TiO,
A Aqya . . ..
¥on lsan 1. Titanium dioxide

2. Titanic anhydride

3. Titania

A da v
WUNA 50 NINUNAT/NTY

P~
YAYNA laginay 2 nTuiwag
AU UL Y 4.23 NSW/MNARITUALAT
waluana 79.9 nsu/lua
ANUDNTUN 0.7 NFN/QNUIRSIHUAIAS

[ 4 4 9
Ti0, i Insea$1a 3 juuun dwaaslunmalsznoud 2-2 Ao 3 1na (rutile) ¥
4
13983 19WANIUY Tetragonal DUUNT (anatase) 1 1ATIASINHANUDY Tetragonal taz 1] Ina

(brookite) ¥ 1AF98519WANUUL Orthorhombic (Benedix et al., 2000) BUUNFUUNUFDIIN

J

@ 2 1 J =2 A wva a ~ 1 J
NAWIU 3.2 eV ‘ﬂ)’\‘]?ﬂﬂﬂ'ﬂqﬁjllﬂﬁ (3.02eV) f‘]l.!"lﬂ/lﬁi]QﬂJﬁiJ‘]J@]L‘]JLlI‘V‘II@]Lm@lgaﬁ@ﬂﬁﬂﬂ?ﬁllma

U U

ad A 9 = s o o o < 3 ' ~
@Lﬁﬂﬂi@uﬂgﬂﬂﬁ%@!uﬂl@ﬁﬂﬁﬂzhlﬂaﬂgﬂﬁUiﬂ'ﬁ’)ﬂJ@]')ﬂ‘U‘l"inl“lJigﬂ‘U'Jﬂ!'i’Jﬂﬂﬂ!Lagli'Jﬂ’ﬂﬂiﬂ!

E4
3 =

4 v
yosouuna 3eililgnse T launas laaninadulugrwnaidusg uaziidsz@ninind
b4 . A = | = A Ada A o 1%
uoNINIY Tio, Neglugiaswumaiianuiunangaziunaninga iemeuiume
d' . a 4 o Y 1 ] =t
BU9 (Yang et al., 2002) TiO, ¥iiag Ina gminnldlugaamnssuaiey wu gaaminssud
QATINNITUINTOIA 1919 LAZYATIHNTINOINT TiO, FHaeundazionldlunszuaums 19

A o o :’ = 1 . a I 3 =2 A 1o 3
UaiwanUauareInalgey aIuTio, “Huﬂﬂjjhlﬂﬁ Wuwannwuluusmniiv
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Rutile Anatase brookite

~ 9 = Jd A . .
awlszneui 2-2 uaaalnsaasa lnmitioy laeen lsawiia Rutile, Anatase 11ag Brookite

N http://ruby.colorado.edu/~smyth/min/tio2.html
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Mareanmasalfiserdieudsves Tio, a1e  uazidiay Tio, ¥z limamsidon
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o w a 4 . . v 1Y
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2.3 nszuaumslillavansla@in (photocatalytic process)

=) a % d
aszurums I Taunas ladnesndiady (photocatalytic  oxidation) 1y

[ 1 v
nszuaumsniins lsuass awdumsld i launazaad Taonald Tuanavesasdsduazgn

=

[ {A a 4 aaa a {A a 4 [
qaduAnaves I TaunazdadudrlgnsonnzinaniivesId Taunazadaa Tuanaigneadu
a A ] v A @ ad o A
vinamsnldsunilasludvesnsiaGsadivesdidnasoutaz WU sz Y03 Tuanavzisy
LY a o= a a LY y
1887 (Arslan et al., 1999) T Taupazaaanldlunszuiums InTauans lafnoendaduil
< ¢ o o ' I . A o % A Jo %
Wuesnedanir laun Tndienlaeonlad (Tio,) Fenven’led (zno) Fendalua (zns)
~ o 7 o I Ia 4 < 4
upadiondalig (cds) vamuoenlya (WO, uaziessnoonlaa (Fe,0,) 1Hludu aalu
X o o [ 4
Taseaevesasnedhazlino unaeay 2 1o Ao HOUIUAUT (valence band) HAZLOLNT
o o g o a e o
il (conduction band) tovIAeITivzgNLENIINAUTALTILODTOIIINAINIY (energy
A Ed
band gap) Nueg nizuaums Il launaz ladneendaduiiamsoimaeaais Iasli o 1a-
a oA i a < o
upazagandeslduas werhmsnonaslunszuiums lauaag ladneziflums nndeau
1 Y [
duszuwiienaslinsznuiuiives  Tio, MldaaniunanisgaduTnaou (photon) AT
o 1w A (R 1 [ a 9 Iya s A ~
WEINUMAUNTOGINNFIIINGINY hamsnszquInadnaseulutouraudindoun
Toglunowirludh 1% Tn 159319 Blectron hole pair n3ovguilizazuaniiisenin Tea
] 4 1
(hole, h") N Adsorbed specics (reactant) ARIV99 Semi-conductor YU (5330YQ, 2549) aqlaa
A 4 ad A o A o 1 a Jy
Mnvrnauduazdanasounuaumait liewsoneznduniegluaniiziaulden

~

1 v o [l ad o
Fan31 NM35INANU IMNveedanasoun 1aa (electron/hole recombination) 1A8NTEUIUNIT

2
~

H38n71N52UIUNT Photo-Oxidation
Aa v 1 Aaan a 4 ]
ANFTTNMAA NI RNTe1d0udanTo W Tauaazaad  (photocatalyst) lai

o a =4 s A dy d‘ 1 :/ A Y 1 Q' 1 09/}
TWITOAATFUTITOUNTY  LUUANLTY LFDI TI?JQGlHUWTﬁE]Eﬂﬂ'Iﬂ YNIUNTUUIUUIZUN

9

imzaanrvtvesIn Tauaazaad  uazez iamsainuldaaaannuas na'lnnis

'
A

Aaaa a 4 a g Y ! 1
nizauuesljnsen T launaz ladamie ldinailu b uaasdsaumsi 2-1) dauirvesans

A o o Aa 4 a aaa a v o Ia - :’ a < a
AINAIUINY h ﬁ]glﬂﬂﬂj‘]ﬂﬁEJTE)’E]ﬂG]fLW]Suﬂﬂqﬁﬂiﬂﬂhlcﬁﬂﬂ@@u (OH) taz U Lﬂﬂlﬂullé’lﬂﬁ@ﬂclfa
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A [

a . a o { 1 ad
15An0a (OH) tazisAnean1dy auaadlugunisn (2-2) wazaumsin (2-3) BlanATouL
a Aaaa Av o W a AAa £ o o a I 4 4 Y
nalnsesandsunuesndnuiidvesasneanit madluginlosesnlad lossu (0,) A

AuMSN (2-4) (Yu et al., 2000)

Y
- NINTTAU
TiO,+hV —> ¢ +h (2-1)

- MIINAsANPa 3N e /h’

h"+OH — OH (2-2)

h" +H,0 —> OH+H (2-3)
- UnTesantu

e +0, —> 0, (2-4)

a g A o Yo o a o '
nszuaums I Taunaz laanidunszuaumsigminnlsiniauanyiuedis

[ @ A = Aa A o a A A g} A
LLWiWaiﬂiuﬂﬁ]ﬁ)‘Uumﬂﬂﬁ]”lﬂiJ‘]J§$ﬁ%ﬁﬂ1wq\ﬂuﬂﬁﬂ”I?fﬂilﬁ"lii’)lﬁ/liEJVI’E)EJGluu"IWi@?JWﬂWf

u

a { o @ a 4 [ % a 4
Taslidulsznouididy Ao IWlaunazdaauazwasnunnuasgd  Falwlaupazaan
9 = vAa o dy
zAnalanianal
= ' .
1) inu'leeues (photo-active)
9 1 A
2) lgarulugennuenaauusaas UV
3) UAUAIAIABLLE
4) lidouanwyae 1
k2 v
5) emnsniinauinlylnla mamsHuyanmiuAives Tio, Arems 19
[ d’ o [ 9 ]
wasu Iagmsnieaaneaavisonauu e vy
[ 9 S 1 A T o [ o a 4
NAINUUEIAD I AMUINN U TN UNa LU e uvesdd I Tauanzaas

Y
Tao T Taunnzdadyila Tio, Hawianssaunaaivarilumninnlfiudaazaadlu

aszurums 1 Tauaaz ladnmetiniaueu Tuiislueimende
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2.3.1 tladaiidnsnananszurumsinlauans lafineandaty
U v 1 AdAa A 1 A a Y] A o dy
fladeanan nlonsnadenszuiums I launns ladneendgadu Jaail
a2 a dJ . o ! a
1. BwnadWlaunazdadTio, oyma Tio, iwmrhnlieyyaddsy
a A o Aaaa a a v o a A d A a =4 =<
leasongaroinl§nse I launaz laAnnoondatuniuasounidvsodseiunid msda
a ~ J a de’d?l 5% a . o Qa}/ dy Aa
IMEYDIETOUNI JuazaToHUNI GVUBIAVLTMaazvIAYRIOYMA TiO, AITTUNUNAD
3 U W a Aaan 1 a . 1 a o
Jafluilsemrugumanalgnser ImsAnvmun dsua Tio, Humnuldezdild
Ufnsen T Taunaz ladnoendiaduanas esninoyniaves Tio, nunmu T Tlvauns

ueragdi 1 liansonsznieuasdedldnimnluanaves  Tio, wazildlSmaeyya

U

a

oase lensondaaand
a § a a A o w Y
2. sHavesmsdwiewlunaiiv Uszd@niamnistiiadisdoe
9 9
szuu I Taunag ladneendadusziuedivinssassluanavesarsduioudrs &
(K] <] o w ] 1 9
TassasTuana lidudounaunsniialade uat1lnseadeluanalinnududounn
4?} o Y a a o dyd a 9 42’
Jumsihiedsdreszuy i Tauaag laAneensaduiinma ldsau
] 4
3. ANMYNVOWA 111999 INANUTUUDILTIVUOYNUNAINUUDILLE
Y A [ ' 2 | 491 A ' Y Aq ¥ Y
Tagass (ANUULET A NasuAerHIneiuNaelenal) anudundeildnszdu
. a adg { 0 { 4 4
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YA uvasnHa
Long wave : UVA - mqmﬁm‘f
(320-400 nm) - viaea 11l
- Tau I l¥anudou
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- High intensity discharge lamp
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A A 7 7
- IATONUDLALED I NINNITHUNANY

Short wave : UVC

(100-280 nm)
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- High intensity discharge lamp
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d‘ o’/’ 1 A a (% 9 a 4
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N http://www.solgel.com/articles/nov00/mennig.htm
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uere 191 RATe Tasas ey NH, Saaasluaumsi (2-5) 89 (2-7) (Yamazoe et al., 2007 and

Teramura et al., 2004) No R

NH, + OH —> NH, + H,0 (2-5)
NH, + OH —> NH + H,0 (2-6)
NH+OH —> %N, +H,0 (2-7)
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2.7 MIBDNMUUNITNA0DY (Design of Experiment, DOE)
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Composite Design (CCD) waziimsulasmsiaalsoese (coded variables) Taaldaunish

3-2 LlazNﬁﬂﬁ’f)i’]ﬂLL‘]J‘]Jﬂﬁ‘l/lﬂaﬂ\mﬁﬂﬂll%ﬁﬂﬁﬁiﬂﬁ 3-2



53
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d' v v A o = 9 a 9 [ a
M990 3-2 Naﬂﬁu’dﬂxﬁﬁﬁﬁﬁuﬂiﬂﬂ1ﬂﬁﬁﬂy1ﬂ’38mﬂuﬂ RSM ﬂigﬂaﬂﬂjﬂﬁﬁllﬂiﬂﬁig 3

auils vagaualsan 1 awls

N9 mam‘ﬁ X, X, X, Response
1 - 0 0
2 -1 1 -1
3 -1 -1 -1
4 -1 -1 1
5 -1 1 1
6 0 0 0
7 0 0 0
8 0 -o 0
9 0 0 0
10 0 a 0 y
11 0 0 -0
12 0 0 o
13 1 -1 1
14 1 1 1
15 1 -1 -1
16 1 1 -1
17 o 0 0
18 0 -1 0
19 0 0 1
20 1 0 0
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M511e
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12 68 3 5.9
13 92 2 4.72
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15 92 2 2.36
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18 68 2 3.54
19 68 3 4.72
20 92 3 3.54
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tiavey Tuiisluemades FadigUuuuaunsuny Quadratic model 114 Iduuuiiansves

aumsnuadiamaasfnnzay dauaaslugumsi 4-1)
y =38.33+0.39x, —8.04x, — 0.44x, + 0.06x,x, — 0.09x,x, + 2.18x,’ (4-1)

A a A o w = = Y
We  y=dszansnmumsihauen Tuielueinmmas (Geva)
9 2
X, = ANULVNLN (W/m")
x,= 0A31M3 Inao1Mende (/min)

x, = 5w TiO, (g)
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M9 41 naaswaneuauelszaninmmsthdauen Tuileluemmdsdles Tio, Tag

a o a { 1 a
‘]J;]ﬂiﬂlIWTmLﬂﬁxhlaﬁﬂﬁﬂ13$ﬂ15‘ﬂﬂa®%ﬂ\m i]Tﬂﬂﬁﬂi’)ﬂLL‘]J‘]Jﬂ"I'i‘VIﬂﬁ?Ng]}’JEJLTIﬂHﬂ RSM

1y CCD
fmlsdasy
Run X, X, X, NH, treatment eff.
no.  anudNuas  oaIMsivaeimeds  USanm Tio, (%)
(W/mz) (I/min) (2
1 23 3 3.54 47.40
2 45 4 2.36 35.00
3 45 2 2.36 46.20
4 45 2 4.72 75.30
5 45 4 4.72 60.10
6 68 3 3.54 56.55
7 68 3 3.54 55.77
8 68 1 3.54 63.20
9 68 3 3.54 56.10
10 68 5 3.54 49.78
11 68 3 1.18 49.63
12 68 3 59 87.00
13 92 2 4.72 75.60
14 92 4 4.72 73.50
15 92 2 2.36 62.99
16 92 4 2.36 53.00
17 114 3 3.54 70.20
18 68 2 3.54 58.90
19 68 3 4.72 68.80

20 92 3 3.54 58.70
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NNAUNT (4-1) ananaveanulsaedszansnmnmsiinauey Tuiielu
A Aa 1 A v o w = 9 @ 9 [ =\
pimmdeniinasdniivedinny Feilsznoudrealsanudunas 9n51ns lvao e
@ o

a a o v 1 @ a A
SIEETRI TiO, LLaS’JNﬁﬂ"Ii‘IJQﬁﬂJWH‘ﬁ (interaction) VoaulsuAazA AINT0AUATITHAINIY

Y as = Y v A
u1lsUsuvesaunsaels ANOVA Iﬂﬂllﬁﬂﬁwaﬂl@\?ﬂﬁlﬁglaElﬂll’m\WITiN‘Vl 4-2

19197 4-2 Nﬁﬂﬁalﬂﬁ"lgﬁ’ANOVA naNunlsdsrvvesnuudiassdiviviinga

wonTuieluemmdsalelfnsal v Taunag Tadn

Sum of
Source DF Mean Square F-value F-value Remarks
squares
Model 2809.44 6 468.24 97.66 <0.0001 significant
X, 542.19 1 542.19 113.08 <0.0001  significant
X, 273.33 1 273.33 57.01 <0.0001 significant
X, 170947 1 1709.47 356.55 <0.0001 significant
XX, 25.33 1 25.33 5.28 0.0388 significant
XX 54.83 1 54.83 11.44 0.0049 significant
x32 243.49 1 243.49 50.78 <0.0001  significant
Residual 62.33 13 479
Lack of Fit 62.02 11 5.64 36.78 0.0268 significant
Pure Error 0.31 2 0.15

Correlation Total 2871.77 19
Standard deviation 2.09
2

R 0.9783 Adjusted R? 0.9683

Predicted R’ 0.9306 Adequate Precision  41.48

Nﬁﬂﬁ%miWSﬁ’ ANOVA  Mnanuulsdsiuueauuudiaseaumsnigs

[ P < 1 o a
@99 (quadratic model) aauaadlua1sen 4-2 Llﬁﬂﬂiﬁlﬁu’NL!“]J‘U%1ﬁf]ﬂﬁ11ﬂ‘iﬂf)‘ﬁ“u1€lﬂﬁ
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Yfanen Tuieneldsrsveulon lunmsduiuauldedadidszansnim doyan1ld 141u

dy KX o AR o A =~ 1 a Aa o w =
GﬂiNuuﬁﬂ\‘m\m’Jllﬂﬁ‘ﬂﬁﬂy'lnﬂ@]’J‘I/]‘lJi'Iﬂi‘]{luﬁ'iJﬂ1ﬁJWﬁ@]’E'J“]Ji%ﬁ'VI‘ﬁﬂWWﬂ'ITU'I“UmLfJiJIiJ!uEJ

k4
Y Y

AN ALl GL‘L!VHU@QL@EJ’JﬂUL?J’OW%ﬁm"IﬂT P-value Y99 ANONUAAZAIN Y D unoulall

u

' 4
A1 P value #1071 0.05 taa3dunautivinanelscanimunistiniaedninisd Ay drmon

1 QJ %

1 Y
NiA1 P-value gan310.10 Do lilivfodfgdedoednna’lal (Korbahti et al., 2008) 91NN13
o a Y 1 o Y o d‘ Y 7= -V} a Q‘ [ @ 1
ausiumsgananildaumsvesuuusiaesn ldiadulseansandunusiminy 0.9783
2 J 2 o J aad 2 o 1 A 9 a A o
(R*=0.9783) Taga1 R® 1WuA1ananuanddadaaiIuiio 0oazusdnuAana1nniuui1aed
a 9 3 oA o w a [ A A
drsoeivielannaunisuaziusnianudinglunswarsanuunsedoved
HUUTIa0INNAAMAAS Na1AD A1 R Y04 TAeUaUNITUULIIaInITuInNNI1 0.75 39
g VoA @ 9 ' 2 A Ay Y] ' ' 2 A oA o A
Wuaneeusu'ld Tasa1 R Naadsiandnlnd 1 diua R  NoMAuFasdadIUnTe
e d A a ~ a o o o A & 1 Ao
WestsuanaulsoaseiaiulumsosuronnuAvulsnaryavesaulsay suiluainia

o o I J o 1
‘ﬂ'ﬂlll‘ﬂlﬂgE‘TZJGIJ@QLL‘U‘]J%Tﬁﬂﬂﬂﬂ%ﬂyjﬁﬁqﬁﬁl"lﬂﬂTﬁﬂﬂﬁﬂﬂ Wumannmsdsummanisnaass

[

TaomniianIndifeesnua R’ naasiuaazmen luunyuiiaesn lddudinaedeiivedingy
] a A o @ = qﬂll ' Pl 2
Aonanauauesueslszaninmmithiauen Tuilonanua Tasannmsnaasanuinlda R
2 "o o o & g 1 2 A1 o ! 2 A Y
wag R”, 1111 0.9783 11ag 0.9683 MWEIAY Favziunm R, ladind1 R iesninldnin
o ' o ya v o dw £ £ Y o
msdfuawanmsnaasazamnuuuiiassIiianuduiuisuniy - iaeandeoany
Jd o 1 tﬂ' = = 1 o a A o @ = o
masiaana1 WeolSeuisuainmsiiuelsedninmnsidauen Tuiisvowuuiias

Y Y o 1 ARy = T o oA " o Yo
’tff‘JJﬂ'liLﬁuiﬂﬂﬂ'LIﬂ'I‘I/]hlﬂi]'lﬂNaﬂ’li‘ﬂﬂﬁ'EN‘;]NLLG]ﬂ@]'NﬂHLWﬁN 2.17% INTUU Iﬂﬂllﬁﬂ\‘lulﬂﬂ\‘]

nnilszneun 4-23
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100 —

80 —

60 —

o

Predicted

40 — L

0w - 7

20 40 60 80 100

Actual

d’ v o a a o w A Ay Y 1
ﬂ1‘W‘IJ§$ﬂi2)‘1J‘VI 4-23 ﬂiTV\|LLﬁﬂQﬂ’J13Jﬁ3JWH‘ﬁﬂJE]x‘IIJi$ﬁ‘I/]‘ﬁﬂ1Wﬂﬁ"lJ1‘]JmL€)ilIiJmEJ1/]]lﬂi]1ﬂﬂ1

‘Vlﬂai’NLLﬁ%ﬁﬂﬂﬂﬁﬁTuWﬂ%@\HmUﬁ]o”IﬁfN‘l/lNﬂiﬁ@ﬂWﬁ@goluﬁﬁJﬂﬁﬁ 4-1)

Mudszneui 423 uaasdeanudunusveslsza@nsninnisinia
A A 9 o Y A 9 o
wouTuiiien lda1nn1snaaoanazainmsiivielasldaunisnlaanuuusiasania
~ P ~ & g AN YA 1 ™ Y A v
aslasnaas luaumsi (4-1) sdoyan laiamansznedrseuduinaasnnuaeandodlu
2

v A o 9 ' o a sy ¥ Y o
igﬂﬂﬂﬂﬂﬂﬁﬂllﬂ (R= 0.9783) LLﬁﬂ\?'JHLUUfﬂ1aaﬂﬂ’mﬂﬂlﬂﬁ’]ﬁﬂﬁV]llﬂﬁ'lll']ﬁﬂalclfﬂ'luﬁlﬁl

Uszansmwmatihtiaueu Tudelusedualsnanulda

4.5.3 wavaammlsdaszasilszansmnmsiinauen] il ueimende
Aa o ] J . . [ @ Aa o’/’ £ 9
Wam U TUWUTF (interaction) 531G W50 3 Farlsznouale
9y Y = a . 1 a A o w ~
ANuduIas 9a31Ms lvaemende uazlsum Tio, avdlszansammstiniauenTuiielu
= d' a o a o Y o tﬂy a =
pImade Nsziiunnuuudiaeanadamans Iadiuaueluginsiuiinouduoil
Y < aa 9 ° ~ A P .
anvazuns 3 14 TaelduuudraosimuzauaInns AT IEHNITOADDY (regression

o H v A <
analysis) ttaaa danmilsgneui (4-24)-4-25) doyamariinaasliiiudanisaeuausves

' Y
amdsiianuuanaiesdu nliuAlaeuaussdmisoiiu ldlunsesuienazszy
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Y] 1

uifidd 321190015 FIZUAAINAVDIA?

[

Hansgnuvesamlsuaazaaludul faui
a 09.1’ U = = v dy
wilsdaszasiay 2 41 Useazpeaadll
Y % a
1. #avYRINNMTNIA WA oINS IHamaide
ns 1l 3 5@ Tunmalszneuh 4-24 uaasdfduiusnd v senitennu

9 Y] =S 1 Aa A o =~ £ 1
UL (xl) uazam1m§lwaam1maa (x2) aolszansaimmsitaton Tuie FInNu

a a o o A 4 1 v o o Y A 9y Y
ﬂigﬁﬂ‘ﬁﬂ'l‘Wﬂ'lﬁU'l'Uﬂl‘Wll%u'f]EJ’NquElﬁ"lﬂfllﬂ'gEJﬂ’]iL‘WlIﬂ'J’IlIL"UNﬂlﬂﬁllﬁ\?l!agﬁﬂ@ﬁi'lﬂ'ﬁblﬂﬁ

5

=S ~ Y] 9 9 =) <3 9 A Aa A
2IMAFY NTzAUANUINI UV IeN TuHE 300 ppmv ﬂTﬂﬂﬁTV\Iiﬂ%LTTullﬂ’JTVIﬂigﬁﬂ‘ﬁﬂ']W

g v v v 2 o a g . o
QJQQuuﬁﬂﬂ%ﬂ’Jmmmmi 114 W/m Llag’E—]G]j'lﬂ'lillwa@']ﬂ']ﬁlﬁﬂlﬂu 1 I/min 61141/1111!6\‘1

[

Aertuiio 1At e (23 W/m’) Noa51m3 lvaoimendadeinu azldlszansan

msthtiauen Tudled Taesssumavesmsinalgnsen Tn Tauaaz ladnszdeding 1duaalu

[

Msnalfnsen suiuanudusassufuilesedd ynaIwaden Nl )nTeIeendiadu

1 @ a a g a 3 @
i%WUWQLLﬂﬂJTN!ﬁﬂﬂUﬁUW’JﬂIfN TiO, LW51$ﬂﬂ&ﬁﬂ@]i@uﬁﬁJTﬁ‘lWﬁﬁllﬁliﬂﬂ"’ﬁuiﬂﬂWﬂﬂQWu

. S g Ao ¥ A Yy . .
uerd (Liet al., 2008) lagn1niions1ms lvavesorimandiaieazaadanalinll Retention time

=

a Aaan d' d? % 1 Y Aa A ) L% =\ d?
éll’f)\iﬂﬁ!,ﬂﬂ‘]_];]ﬂimﬂq\isllu Fagana lndseaninmmsitauen TuHeuniu

S
T i
e a e
.,.o’ zqg "43’0'.

%NH, treatment efficiency

69

46

X,: waste air flow rate (I/min) x,: light intensity (W/mz)

d' dy a v o 1 9y Y
MNUszNoUN 4-24 NTIMNUANTAINNUTUARUTTZHINANUVULUEA (Xl) Llﬁgﬁ)ﬁﬂﬂﬁqﬁﬁ

= A 1 a a o w A A [ Yy 9
DINALEY (Xz) mJwammJizammwmmmmmﬂmuﬂ NITAUANUUNUYY 300 ppmv
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2. WaveInNMANLaIazIna Tio,
= Ay o o '
mMwilsenoui 4-25 naaanaveslfauiutued 2 @uliseninenay

WunauazTinm Tio, (xx,) NIzauaMudutuveton Tudlo 300 ppmy 313 luaasli

[~} ' a . A Ay o Jdo 1 A w oo W ' a8 A o & =
AEATIoR b1 FEVRTY TiO, W §]E‘ﬁJW‘L!TJﬂu’f)EJNlIuﬂﬁiﬂiy}@]@ﬂizﬁ%‘ﬁﬂiWﬂﬁ‘U”I”]JﬂLLmJTM‘LJEJGlu

v
=

= ' 1 o w =~ < A Y 2
DINIALYEY WU ﬂ’]i:f.\'iT;IﬂclUﬂ'lﬁﬁJ'l‘Uﬂll’lelINLuﬂlﬂu 87% NANUVNLEY (68 W/m') LazNn

a [ 1 < a a o w ll
U5 TiO, gaga (5.9 n3w) p814 15na1uszdnsnmnsiiidanen Tuiisanasodiil

v o

[ z:;d 9 c'. d‘ a . c'. [ d' a2 A . d'
uﬂﬁTﬂﬂJuﬂiJﬂ’JTJJLéllilllff\‘]ﬂ'lllﬁzﬂ‘l]ﬂﬂm Ti0, 91 (1.18 n3W) el TiO, ﬂﬂiiﬁ)‘ﬁlu

E4 Y

= d’ a

a Jd a <] 0 1 a a o w { {
Ugnseilsuann nezih llguse@nsammsiinianen Tuiengadiu iosnniiiuniives

U

anselgnsennnildannsosessumsaine «0H  1saaida A lavinnisarendslduin

P
a K

o a a o w <
(Abdollahi et al., 2012) FerldUsz@nsmwmsthiauen Tuitiowniu ngduaasliimiu

3 v a A o o ~ d? LY a A dy 9 A
Glfﬂ!i]ufn‘ﬂigE‘T‘Vl‘ﬁﬂTWﬂﬁ‘]JT]JﬂLLi’JiJIﬂJLUEJ‘iJui’]Qﬂ‘U‘]JiﬂJWm TiO, NPIVULAZAITNIUNLTIN

A
@ @ J

4
gevu auiulfduiusszvinanudunasazliuim Tio, (x,x,) TelianudiAyao

szansammstiniauen Tuile

100
60

t,;oto?i‘

3.5
36 46

x,: TiO, loading (g) 1_15.23 x,: light intensity (W/mz)

%NH, treatment efficiency

590

d' dy a v o d 1 9 Aa .
muilsznaun 4-25 namnuFIEAIANUANRUTIZHINANGNIEI (x,) tazlTuw Tio,

(x,) Niiwagedszaninwmaiiiauey Tudls Aszauanududu 300 ppmy
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4.6 amziminzanvesmsintarenlauiislueimeadadelfnsalivilaunnzladn

NAUMIUVVTIa049 (4-1) emsainlFlumsiiuiedszansainns
o o =} = 1 1Y A o = Y o v '
1iiacey e lueimedes luasvesdmlsnimsany Tasauisalsuuuliaeananaid

s A

Glumi‘v‘imwmazﬁmmzaﬂumﬁﬁuﬁumﬂﬁ’ GdﬁiﬁWNWiﬂ%LﬂiW%‘l’iﬁWNﬁLﬂﬂﬂﬂl@QﬂTJ%‘ﬂ

v
1A

muzean'lalagld11sinsu Design Expert software duaginle lannanganiiilinanis

dy a = a a o w 9 Y [
@@‘Uﬁu'EJ\TW1!N'J'ﬂ3ﬂﬂ3$ﬁﬂ‘ﬁﬂ1Wﬂ1§U1‘UﬂUlﬂﬁﬂﬁﬂ !,Lazmmmimﬂuuuamﬂumiﬂmuﬂ

o A o A A Yy K Y ¥ o =
AzmIsudumMsvesdulsineddostelszneudleanuduneds 6as10s lnasimende
a . a J Y 9 9 1 d‘
nazdTua Tio, 11NNITUATIZHAIGUUININY AU WU A1IZNITNAa0INMuIzaw
1 ' 9
(optimum condition) #1AvnmMsly Tio, TumsthtauenTuiishluiloulusimadie
a o a { o
Ufnsol I launaz ladn Ao Aanudunas 114 Wm’ 6as1m1s Inaemade 1 Umin uaz
U3um Tio, 5.9 n5u Tagrzmuquszauanudutuveeon Tudeldiniinasanisnaasei

[ £ Y a a o W =} Yo
5201 300 ppmv 99z Idsza@nEnmlumstinanenTuilogege 91.45% Tasuaasliag

A
M1T NN 4-3

d‘ A o w ~ = = ~ Ay ¥
M193190 4-3 LLﬁﬂQﬂTJZ“V]LWSJW%’diJGlHﬂﬁUT]J@]L!,’EJSJTMUﬂiu@WﬂTﬁLﬁﬂl!aglﬂiﬁlUm&‘UNa‘ﬂ]lﬂ

mﬂmiﬁmwé’faﬂaumiﬁuwamﬁmam

ANnuduas  9a31ms lvaemads 1S Tio,
NH, treatment efficiency (%)

(W/m") (Vmin) ()
(x) (x,) (x;) Predicted Experimental
114 1 59 91.45 90.02

i]mmiﬁmnzﬁmmzﬁuﬁ‘l?ﬁ]mmﬁﬁmwwamﬁnﬁumﬁmam@’f’wizuu

o a 1 A 3| ) A A o o 4
msmmummuumLuauﬂuisﬂznm 6 GI)"JI?J\‘] (WONATDULUASYUIUNAANDTUDI
A a o w () ¥ o ] ° a % @
“lJiZﬁ"Vl‘ﬁfﬂWﬂ'li‘]JT]JﬂLL’E’JiJI?JLﬁEJ‘ﬁUlﬂi]'lﬂﬂ?i‘ﬂ11!']8]@’JEJLL‘]J‘]J€111'6’1’8’]\1‘1/]1\1?]%11@?“?({5]5 LA AR

d‘ d! = Aa A ) % S d' 1 1
Mwdsznoun 4-26 "Nuﬁﬂ\iﬂﬂ‘ﬂﬁ$ﬁ‘VITJﬂTWﬂ"li‘]J”I“]_IﬂLLi’)iJIﬂJLuEJVIGIf’NLTJa"IGn\‘I"] UBINITINIY
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d‘ 1 [ o a A o w = d‘ 9 a
UEN 91915 19N 4-3 Wll’J'lNﬁﬁW‘ﬁ‘U’EN1J33ﬁ‘VI‘ﬁﬂW\lﬂﬁ‘]_lT]Jﬂll’f)llleuﬂﬂllﬂ%Wﬂﬂ"liﬂﬂa’t‘)\nJﬂ'l
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[ 1A

o X v 1o °
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< 0 79 9 o w ~ a ;’ 9 o _Aad
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Y ] 1
iihhlszgndldfumsoug Mdluuaiumeemeldaelal
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b
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£
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mwdszneui 4-26 namsnaaeurszansamlumsthiianey Tudisluemededae
a o a 1 [V
Ufnsel W Tauaas ladnamunnzimanzan (@nuduuds 114 Wm’ 6a31m13 lvaeimiaide
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4.7 mﬂmﬂzm’fm;ummaﬂ (Economic analysis)

1. madszanamnasnyihnassuanldlunszurumstindauenladiely
=
GG
Y
msdszanaams lendsnu Iwihwamualunszurumsiiiane s Tudieslu
Y ]
pmende ¥ laomsdsuiiuainaisias lwihvesgunsal luihsisvuan1¥lunszuauns

Y A g 1 o A 2 v dy A
ﬂigﬂﬁlﬂﬂ’)ﬁlulﬁ/\lﬂ'ﬁnﬂﬁaﬂﬂﬂLﬂullﬁa\‘]ﬂ'lluﬂuﬁﬂ meiwazmﬂﬂmm”lﬂu AUAIT NN 4-4

] Y v
13190 4-4 wansmuraanaanu Iihnanuanlslunszurunsianoy Tudielu

21MALFE
fmaglnih S2EZMI 1T vivamsla inih
qﬂnimﬂlwﬁ’] a v d q'J a (Y] dq‘/
Mmatan) @39) Mataniung)
naoa 1 0.008 24 0.192
o313 19 v 0. 192 (M11e)

winaa msmuaa lWihidunsdunademnifaueuTuiislueimmds Tag 14

naoa 111U 1 viaoa

M13197 4-5 o511 I ihlszniemsvuadn Fatinnudesnmsnasnu Wi undeslunan

15 wiiigegadind 30 nladed Tasaeruaiosialifiuaieudon (M liihduging,

2554)
das1ms lFnaaau v amasnu i wmeenae)
150 ¥UABLUTA (HUIEN 0 - 150) 2.7628
250 12869 1) (U280 151 - 400) 3.7362
1A 400 viveu'll (muaed 401 Wudu i) 3.9361
Cost=WxC 4-2)
110 c = masnu ihaeniie wmaenladaasa Tag)

w = niems 14 i R Tadads Tua)
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1NM15199 4-4 Arm1smrurae a1 19 1 i Tunisiidaneny Tautie Ty
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Yy 9 ~
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- M My, 1,50, MINTUMTN (3)
50 ml X MNH4_HZBO3: 0.98 ml X 0.02 mol/l

MNH4_HZBO3 =0.000392 mol/l

- MAN My, NNAUNTN (4)
My p,= 0.000392 mol/I ¥ 50 ml * 17.03 g/mol
= 0.333788 mg

: d
- ¥1A CNH3 AINFUNITN (5)
0.333788 mg

Cwny = (0.54#)(3 min)

=0.206 mg/l 1139 0.206 X 10 pg/l
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- Amnantunmihganududuaelsuas Idanaunsn (6) uag (7)

NNANNMSIN (7)
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24.87 dm3/mol
17.03 g/mol
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ﬂ’J”IiJHJiJﬂIHﬂJ?NLLFJ?JT?JLuEJ =

=300 ppmv
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v o

Yy 9 A Ao YA
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o Yy 9 ~ ] A A 9 2
sEaUANUINTUVIue TuHe luveurad 100 ppm Gl%ﬂﬁ@ﬂgﬁ NANUVUUEY 92 W/m

(AU 4 viaea)

Uszansmumstintauenlailey (%)
) o .
. VO WMANZ AT 9]
()
TiO, Sio, TiO,-Si0,
0 0.0 0.0 0.0
20 36.7 30.0 40.0
40 54.8 45.2 61.3
60 75.9 69.0 79.3
80 96.7 93.3 100.0

F4
J

o w ~ oA P o v a PR

M319 v-2 warhtiavey Tuientwieuluveararnunarluseumslsunazagansan 2 N
o Yy 9 ~ 9 A A 9 2
srauANUdNINYeey TuHs I uveunad 100 ppm ldnasag NAaNUITULAL 92 W/m

(U 4 viaea)

Uszansmumsintauenlailey (%)
M o i
. VO WANZ AT
()
TiO, Sio, TiO,-SiO,
0 0.0 0.0 0.0
20 226 19.4 29.0
40 38.7 32.3 452
60 50.0 333 60.0
80 60.0 40.0 70.0
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Uszansmmmsiiauenuiy (%)
al o i
. VOIANZ AAANIY
(HIN)
TiO, SiO, TiO,-SiO,
0 0.0 0.0 0.0
20 19.4 16.1 32.3
40 25.8 22.6 51.6
60 33.3 30.0 60.0
80 452 323 71.0

o o = S v 9 a _ Jd A . . =

319 v-4 wanmsiamsuey Tuielueimadodunar laslsuaasaaasiia T10,-S10, N
£4 v

N UUUAINAI N 8 FU Tdvaoagd An e 92 Wim’ (31U 4 1IaDA) 99131013

Tvaveae1Mads 1 Vmin NTLAVANUANTY 100 ppmv

na Uszansmmmstiauenlaniie
(i) (%)

20 55.56

40 62.50

60 50.00

80 44.43

100 11.11

120 0.00
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nan Uszansmmmstihdauenluiie (%)

(i) 100 ppmv 200 ppmv
20 57.1 58.5
40 61.9 68.3
60 76.2 61.0
80 61.9 54.8
100 65.0 64.3
120 60.0 61.0
140 69.6 58.1
160 65.2 62.8
180 65.2 62.8
200 65.0 62.5
220 62.5 63.4
240 61.9 60.0
260 61.9 54.5
280 57.1 55.0
300 68.2 48.8
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nan Uszansmmmstihdauenluiie (%)
(i) Blacklight lamp UV lamp

0 0 0
10 62.5 57.47
20 62.5 58.62
30 64.77 60.23
40 64.77 60.23
50 64.77 60.23
60 65.9 59.55
80 64.77 62.5
100 64.05 61.36
120 65.9 60.23

o w ~ 9 a o a A

71319 ¥-7 WﬁﬂTﬁTJTUﬂLLf]ﬁJIﬂluﬂﬁluﬂlﬂﬁlﬁﬁﬁﬂﬁﬂixﬂﬂﬂgﬂﬁﬂ!I‘V\lI@lLlﬂﬁ%Vlaﬂﬂll‘UUL!‘U‘ﬂgﬁ‘ﬂ
a A d Q'J § o 4

Usuat Tio, wdsuuunasauiiaie iuszezna 2 $21ue Nsgauaudiudu 300 ppm tile

~ < P 9 2 .o
llmiﬂWEJ!,!,T;N%1ﬂ“ﬂa’ammaﬂ"laﬂﬂﬂﬂm"llmlﬁ\‘] 92 W/m™ (31UIU 4 1iaoa)

S Tio, Uszansammmsintaueslaniie
(033 (%)
10.7 25.38
20.7 34.01
30.4 64.44
40.4 70.43
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o w ~ 9 a L4 a s A
M319 -8 Hanmsitiaven Tudlsluveuraddreszuulnsal W Tauans la@nuuvuund 0

1 y 9 IS Y |1a . o <3| a
izﬂ‘ummmmmmuTmuamm 19 U5 Ti0, 30 N3Y WuupnzagataznenaINaon

< P 9 2 o o A )
yuan lannanuduuad 92 W/m® (311734 4 asa) AUTUMINAADY 2 F2 119

ANTNYUVDI toA e dszansmumsthateslusie
(ppmv) (%)
100 86.92
300 64.44
500 46.08
700 22.65

Y Y
M919 -9 wanmsiiiaueu Tudlelusimendeiunar lumssauiunsdIenINaasas 3 Asa

Taoms 1dunazaadaila Tio, ndeuuunasauda luszulgnssl I Tauaaz Tadnuuylva

4
ERITGN
Uszansmumstidauen]uie (%)
nal lumsaenas —~—5— ——5— v
- Tdahasan Tdahasan Tdahasan
(1)
1 2 3
15 57.1 57.4 57.1
30 56.0 60.4 54.9
45 54.0 56.0 56.8
60 55.0 56.0 54.9
75 55.0 54.9 52.8
90 57.9 52.7 54.9
105 57.1 55.4 57.1
120 55.0 59.6 57.7
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M319 v-10 wamsthiiatey Tudisluomedenanuduuaaisg funarlumsduiums
a o o [ 4 v W . { @
Taelda/5u1m Tio, 3.54 nSu Frwaunedauy 3 Avawil) 8as1Ms Inaometde 3 I/min Nsza

Yy 9 = a
anudutuveey Tuie luenedes 300 ppmv

dszansmmmsihdauealte (%)
nalumsmanay ” ” ” ”
- ANV | ANMANUAS | ANVNUAT | ANIAVNUEAS
(um 23 (W/m’) 68 (W/m”) 92 (W/m”) 114 (W/m’)
15 47.6 57.1 60.0 68.6
30 46.4 56.0 60.0 68.6
45 48.0 54.0 59.0 72.0
60 45.0 55.0 63.2 73.5
75 47.4 55.0 63.2 735
90 47.6 57.9 60.0 70.0
105 47.6 57.1 60.0 68.6
120 47.6 55.0 60.0 67.3

M1319 U-11  HavesnNuduuasaedszansanmsiiavey Tuiielusimemaedie
a o a a [ o o 4 @ I
Ugnsel Taunagladn 19151 Tio,3.54 nSu Grwauaeaini 3 asaui) 6as1ns Ina

a oA o Yy 9 ~ ~
91MALTY 3 I/min NszAUANMINIUUR IO Tty Tue1meFes 300 ppmv

ANUTNLES Uszansmmmstiauenlanile
(W/m’) (%)
23 47.4
68 56.1
92 58.7
114 70.2
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M1 v-12 wanmsiiavey TuiieNsa Tio, a1eq funarlumsduidums Tagldnaw
Y 2,0 A o = . A @
e 68 W/m’ ($1auvasa vl 3 waena) Noasms lvaeimends 3 Umin Nszauay

Yy 9 = a
anudutuveey Tuie luenedes 300 ppmv

Uszansmumsiihdanealtie (%)
na lumsmenas — —
- Y Tio, | Y Tio, | Y Tio, | VS Tio,
(1N
1.18 ¢ 3.54g 472 g 5.90 g
15 38.0 57.4 67.3 86.0
30 39.2 60.4 70.6 86.0
45 36.5 56.0 71.4 81.1
60 40.0 56.0 70.0 82.7
75 42.8 54.9 68.6 76.0
90 40.0 52.7 65.4 84.6
105 35.8 55.4 69.2 82.7
120 39.2 59.6 68.0 81.1

M5 -13  waveslsuiw Tio, aedszaniammsiitanen Tudislusinimideals
a o a o { o
Ugnsel Tl Tauaaz Tadn Idanudunas 68 W/m’ Grwauvasa il 3 waoa) Noas1ms Ina

a LA o Yy v ~ A
DINIFALEE 3 I/min 1/]ﬁgﬂL]Jﬂ')’liJﬂ'J'uJﬁliJsuumﬂ\ulauIuluﬂiu@’lﬂ']ﬁ!ﬁﬂ 300 ppmv

33w Tio, Uszansammmsintaueslaniie
(® (%)
1.18 38.90
3.54 56.55
4.72 68.80
5.90 83.50
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o o { o 1 Y o A ) 9
M543 v-14 parhiavey Tutienonsims Ilnamendeaea sunaiduiums laelannudy

uea 68 Wm® (Suaunaea’lil 3 waea) Are1/Sua Tio, 3.54 Sy (Suaunedauil 3 Avau)

Y

= Y 9 ~ a
AszauaNuNIuvoson Tuteluo1mmds 300 ppmy

Uszansmmmsiidanealte (%)
palumsmenay —— - - .
. on31M5 IHa oM 1M 11 oM lva | 9n3IM3lvia
(HIN)
1 I/min 2 I/min 3 I/min 5 1/min
15 62.0 59.0 57.1 45.8
30 62.4 57.0 54.9 449
45 62.3 58.0 56.8 43.6
60 62.0 57.0 54.9 43.0
75 64.5 57.7 52.8 42.0
90 64.3 56.4 54.9 442
105 62.4 56.4 57.1 46.9
120 62.0 58.0 57.7 46.0

M3 V-15 HaveI9nI I3 lrasimmasasilszansamnisiiniauey Tuiislusimmas

arwvilgnsal W Taunas laAniiinig lnavesermadoededeiiiolao 15 v Tauans aadwsiia

. A o Yy 9 ~ ~
TiO, NszgauaNuANUUNTUYe ey TudisTueIMendes 300 ppmy

M3 1M 3 I meande Uszansmmmstiauenlanile
(1 1/min) (%)
1 63.20
2 58.90
3 55.77
5 45.20
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M3 V-16 HAVUDY Retention time ApllszAninmmstiiauenTuilolueimmasais
Ufnsal W Taunnz ladnidSunasvesneduiinazsasims luasimedesies Taold v laun

a o a . A [ Yy 9 A
ACATABUA TIO2 ﬂizmjﬂ’naJLﬂJNﬂJWUENLLmJTmuEJ 300 ppmv

NUIUABENY dszanimmmstihauealuiie Ralation time
GREET) (%) (sec.)
1 38.90 11.39
3 56.55 34.18
4 68.80 45.57
5 83.50 56.96

M1519 9¥-17 WaUed Retention time Aolsra@niammsihtauenTuiislusimeadsdie
Ugnsal I lauans ladnhilSumesvesneduiinazdnsinms lvasimendon1eg Taold v Taun

a o a . A [ Yy 9 A
ACATABUA TIO2 ﬂizmjﬂ’naJLﬂJNﬂJWUENLLmJTmuEJ 300 ppmv

onsIM3Ivia Uszansmumstiauenlanile Ralation time
(I/min) (%) (sec.)
1 63.20 102.49
2 58.90 51.27
3 55.77 34.18
5 45.20 20.51
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MARNUIN A

Y

Poyamsiinvanenluiladiansesnuunlagmatin RSM

513 a-1 warhtiauen Tudislueimeades Rszauanududuveaton Tuiie 300 ppmy 19

AT 23 W/m® 6A51M13 InaeImeide 3 I/min ezl TiO, 3.54

nalums | Binesildaemsinmse | andaduvesenlaile | Uszansam
HuaIees @8 0.02 M HCI (ml) (ppmv) msiia
(17) Inlet Outlet Inlet Outlet (%)
0 1.00 - 307.04 - -
15 1.05 0.55 322.39 168.87 47.62
30 1.40 0.75 429.85 230.28 46.43
45 1.35 0.50 414.50 153.52 62.96
60 0.95 0.60 291.69 184.22 36.84
75 0.95 0.50 291.69 153.52 47.37
90 1.05 0.55 322.39 168.87 47.62
105 1.05 0.55 322.39 168.87 47.62
120 1.05 0.55 322.39 168.87 47.62
47.40
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M1 a2 mathiiaueu Tuiisluemade AszauanudutuveuenTautie 300 ppmy 19

AMUTULET 45 W/m” 6A31015 Inae1metdo 4 /min wazal511a TiO, 2.36 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 0.98 - 300.90 - -
15 0.96 0.62 294.76 190.36 3542
30 1.00 0.64 307.04 196.50 36.00
45 1.06 0.66 325.46 202.64 37.74
60 1.02 0.66 313.18 202.64 35.29
75 0.98 0.68 300.90 208.79 30.61
90 0.98 0.64 300.90 196.50 34.69
105 1.10 0.72 337.74 221.07 34.55
120 1.06 0.68 325.46 208.79 35.85
35.00
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0w = oA @ Y 9 = )
M a3 wathtaneu Tutelueimeade Aszauanududuvooy Tuto 300 ppmy 1%

ANUTULET 45 W/m” 6731015 Inae1metde 2 /min wazal51na Tio, 2.36 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.00 - 307.04 - -
15 1.05 0.6 322.39 184.22 42.86
30 1.05 0.55 322.39 168.87 47.62
45 1.05 0.55 322.39 168.87 47.62
60 1.00 0.55 307.04 168.87 45.00
75 1.00 0.55 307.04 168.87 45.00
90 1.20 0.75 368.44 230.28 37.50
105 1.10 0.6 337.74 184.22 45.45
120 1.00 0.5 307.04 153.52 50.00
46.20
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M1 a4 rathiiaueu Tuiislueimade AszauanudutuveuenTautie 300 ppmy 19

ANUITNIES 45 W/m® 95113 lraemetde 2 Vmin naza/5ua Tio, 4.72 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.02 - 313.18 - -
15 1.08 0.28 331.60 85.97 74.07
30 1.00 0.24 307.04 73.69 76.00
45 1.08 0.26 331.60 79.83 75.93
60 1.08 0.26 331.60 79.83 75.93
75 1.10 0.32 337.74 98.25 70.91
90 1.00 0.26 307.04 79.83 74.00
105 0.98 0.22 300.90 67.55 77.55
120 0.98 0.22 300.90 67.55 77.55
75.30
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0w = oA @ Y 9 = )
M a-5 wathtaneu Tutelueimeade Aszauanududuvouoy Tuto 300 ppmy 1%

ANUITNIES 45 W/m® 95113 lraemetde 4 Vmin naza/5ua Tio, 4.72 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.02 - 313.18 - -
15 1.02 0.42 313.18 128.96 58.82
30 1.02 0.42 313.18 128.96 58.82
45 1.00 0.42 307.04 128.96 58.00
60 0.98 0.38 300.90 116.67 61.22
75 1.00 0.40 307.04 122.81 60.00
90 0.98 0.36 300.90 110.53 63.27
105 0.98 0.36 300.90 110.53 63.27
120 1.04 0.44 319.32 135.10 57.69
60.10
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0w = oA @ Y 9 = )
M3 a-6 wathtaneu Tutelueimeade Nszauanududuvooy Tuto 300 ppmy 1%

AUV 68 W/m® 6A31015 Inae1metdo 3 I/min wazal5u1a TiO, 3.54 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.04 - 319.32 - -
15 1.08 0.46 331.60 141.24 57.41
30 0.96 0.38 294.76 116.67 60.42
45 1.00 0.44 307.04 135.10 56.00
60 1.00 0.44 307.04 135.10 56.00
75 1.02 0.46 313.18 141.24 54.90
90 1.10 0.52 337.74 159.66 52.73
105 1.12 0.50 343.88 153.52 55.36
120 1.04 0.42 319.32 128.96 59.62
56.55
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0w = oA @ Y 9 = )
M -7 wathiaueu Tutelueimeade Aszauanududuvouoy Tuto 300 ppmv 1%

AUV 68 W/m® 6A31015 Inae1metdo 3 I/min wazal5u1a TiO, 3.54 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.04 - 319.32 - -
15 0.98 0.42 300.90 128.96 57.14
30 1.02 0.46 313.18 141.24 54.90
45 1.02 0.44 313.18 135.10 56.86
60 1.02 0.46 313.18 141.24 54.90
75 1.06 0.50 325.46 153.52 52.83
90 1.02 0.46 313.18 141.24 54.90
105 0.98 0.42 300.90 128.96 57.14
120 1.04 0.44 319.32 135.10 57.69
55.77
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0w = oA @ Y 9 = )
M -8 wathtaueu Tutelueimeade Aszauanududuvooy Tuto 300 ppmy 1%

AU 68 W/m” 6731715 Inae1metde 1 /min wazal5ina Tio, 3.54 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.00 - 307.04 - -
15 1.26 0.58 386.87 178.08 53.97
30 1.20 0.5 368.44 153.52 58.33
45 1.06 04 325.46 122.81 62.26
60 1.00 0.38 307.04 116.67 62.00
75 0.98 0.32 300.90 98.25 67.35
90 0.98 0.34 300.90 104.39 65.31
105 1.06 0.42 325.46 128.96 60.38
120 1.00 0.38 307.04 116.67 62.00

63.20
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0w = oA @ Y 9 = )
M3 -9 wathtaneu Tutelueimeade Aszauanududuvooy Tuto 300 ppmv 1%

AUV 68 W/m® 6A31015 Inae1metdo 3 I/min wazal5u1a TiO, 3.54 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.05 - 322.39 - -
15 1.05 0.45 322.39 138.17 57.14
30 1.05 0.4 322.39 122.81 61.90
45 1.00 0.5 307.04 153.52 50.00
60 1.00 0.45 307.04 138.17 55.00
75 1.00 0.45 307.04 138.17 55.00
90 0.95 04 291.69 122.81 57.89
105 1.05 0.45 322.39 138.17 57.14
120 1.00 0.45 307.04 138.17 55.00
56.10
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o w =~ oA o Y 9 = )
M3 A-10 wathauey Tuidsluoimmds Aszauanudutuvoson Tt 300 ppmv 1%

ANUTULET 68 W/m® 6731015 Inae1metdo 5 I/min wazal5u1a TiO, 3.54 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 0.98 - 300.90 - -
15 1.00 0.50 307.04 153.52 50.00
30 1.00 0.52 307.04 159.66 48.00
45 0.98 0.46 300.90 141.24 53.06
60 0.98 0.46 300.90 141.24 53.06
75 1.02 0.54 313.18 165.80 47.06
90 1.04 0.56 319.32 171.94 46.15
105 1.02 0.54 313.18 165.80 47.06
120 1.00 0.50 307.04 153.52 50.00
49.78
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mM313 a-11 wathiauey Tudleluememdes Aszduanududuvesuon Tudlo 300 ppmv 19

ANUITNIES 68 W/m” 65113 laemetie 3 Vmin naza/5ua Tio, 1.18 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.02 - 313.18 - -
15 1.00 0.52 307.04 159.66 48.00
30 1.00 0.50 307.04 153.52 50.00
45 0.98 0.46 300.90 141.24 53.06
60 1.02 0.54 313.18 165.80 47.06
75 1.02 0.54 313.18 165.80 47.06
90 1.00 0.50 307.04 153.52 50.00
105 1.00 0.52 307.04 159.66 48.00
120 1.00 0.50 307.04 153.52 50.00
49.63
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313 a-12 wathiauey Tudfleluememdes Aszduanududuvesion Tudlo 300 ppmv 19

ANUBULET 68 W/m® 6A31715 Inae1metde 3 I/min uagal5ual TiO, 5.9 g

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 0.98 - 300.90 - -
15 1.00 0.12 307.04 36.84 88.00
30 1.00 0.12 307.04 36.84 88.00
45 0.98 0.10 300.90 30.70 89.80
60 0.98 0.10 300.90 30.70 89.80
75 1.02 0.12 313.18 36.84 88.24
90 1.04 0.14 319.32 42.99 86.54
105 1.02 0.12 313.18 36.84 88.24
120 1.00 0.14 307.04 42.99 86.00
87.00
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o w = a A o Y 9 = )
M3 a-13 wathauey Tuisluoimmds Aszauanudutuvoson T 300 ppmv 19

ANUITNIES 92 W/m” 5113 lraemetde 2 Vmin naza/sua Tio, 4.72 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.04 - 319.32 - -
15 1.08 0.22 331.60 67.55 79.63
30 0.96 0.20 294.76 61.41 79.17
45 1.00 0.26 307.04 79.83 74.00
60 1.00 0.22 307.04 67.55 78.00
75 1.02 0.28 313.18 85.97 72.55
90 1.10 0.32 337.74 98.25 70.91
105 1.12 0.30 343.88 92.11 73.21
120 1.04 0.24 319.32 73.69 76.92
75.60
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319 a-14 wathiauey Tufleluememdes Aszduanududuvesion Tudlo 300 ppmv 19

ANUITNIES 92 W/m® 5113 lraemetie 4 Vmin naza/5ua Tio, 4.72 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.02 - 313.18 - -
15 1.04 0.30 319.32 92.11 71.15
30 1.00 0.28 307.04 85.97 72.00
45 1.00 0.26 307.04 79.83 74.00
60 0.96 0.22 294.76 67.55 77.08
75 0.98 0.24 300.90 73.69 75.51
90 1.10 0.32 337.74 98.25 70.91
105 1.00 0.28 307.04 85.97 72.00
120 0.98 0.24 300.90 73.69 75.51
73.50
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o w = a A o Y 9 = )
M3 a-15 wathavey Tuisluoimmds Aszauanudutuvoson Tt 300 ppmv 19

AT 92 W/m® 6A31715 Inae1metde 2 I/min wazal51i1a TiO, 2.36 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.00 - 307.04 - -
15 1.00 0.38 307.04 116.67 62.00
30 1.00 0.38 307.04 116.67 62.00
45 1.00 0.36 307.04 110.53 64.00
60 1.05 0.36 322.39 110.53 65.71
75 1.05 0.40 322.39 122.81 61.90
90 0.95 0.34 291.69 104.39 64.21
105 0.95 0.36 291.69 110.53 62.11
120 1.00 0.38 307.04 116.67 62.00
62.99
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o w = a A o Y 9 = )
M3 a-16 wathauey Tuisluoimmds Aszauanudutuvoson Tt 300 ppmv 19

AT 92 W/m” 6A31715 Inae1metdo 4 /min wazal5ina TiO, 2.36 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 0.98 - 300.90 - -
15 0.96 0.46 294.76 141.24 52.08
30 1.00 0.48 307.04 147.38 52.00
45 1.06 0.48 325.46 147.38 54.72
60 1.02 0.52 313.18 159.66 49.02
75 0.98 0.42 300.90 128.96 57.14
90 0.98 0.44 300.90 135.10 55.10
105 1.10 0.56 337.74 171.94 49.09
120 1.06 0.48 325.46 147.38 54.72
53.00
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o w = a A o Y 9 = )
M3 a-17 wathauey Tuidsluoimmds szauanudutuvoson Taues 300 ppmv 19

ANUAULEAT 114 W/m® 6a31013 Inae1miatde 3 Imin tagilSuna Tio, 3.54

nalums | Winesildaemsinmse | ansdaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.00 - 307.04 - -
15 1.05 0.32 322.39 98.25 69.52
30 1.02 0.32 313.18 98.25 68.63
45 1.00 0.28 307.04 85.97 72.00
60 0.98 0.28 300.90 85.97 71.43
75 0.98 0.26 300.90 79.83 73.47
90 1.00 0.30 307.04 92.11 70.00
105 1.02 0.32 313.18 98.25 68.63
120 1.04 0.34 319.32 104.39 67.31
70.20
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o w = a A o Y 9 = )
M9 a-18 wathauey Tuisluoimmds szauanudutuvoson Tt 300 ppmv 19

AT 68 W/m® 6A31015 Inae1metde 2 I/min wazal5i1a Tio, 3.54 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.02 - 313.18 - -
15 1.04 0.42 319.32 128.96 59.62
30 0.90 0.34 276.33 104.39 62.22
45 0.92 0.94 282.47 288.61 -2.17
60 1.06 0.42 325.46 128.96 60.38
75 1.04 0.44 319.32 135.10 57.69
90 1.10 0.48 337.74 147.38 56.36
105 1.10 0.48 337.74 147.38 56.36
120 1.00 0.40 307.04 122.81 60.00
58.90
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o w = a A o Y 9 = )
M3 A-19 wathauey Tuisluoimmds Aszauaudutuvoson Tt 300 ppmv 19

ANUITNIES 68 W/m” 63113 laemetie 3 Vmin naza/5ua Tio, 4.72 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.04 - 319.32 - -
15 1.10 0.36 337.74 110.53 67.27
30 1.02 0.30 313.18 92.11 70.59
45 0.98 0.28 300.90 85.97 71.43
60 1.00 0.30 307.04 92.11 70.00
75 1.02 0.32 313.18 98.25 68.63
90 1.10 0.38 337.74 116.67 65.45
105 1.04 0.32 319.32 98.25 69.23
120 1.00 0.32 307.04 98.25 68.00
68.80
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M9 A-20 wathauey Tudeluoimmds AszauanuuduvosionTauiis 300 ppmv 19

AT 92 W/m® 6A51015 Inae1metde 3 I/min wazal5i1a TiO, 3.54 ¢

nalums | Winasildaemsinmse | anndaduvesenlaile | dszansam
Hufmeena @8 0.02 M HCI (ml) (ppmv) M3ia
(mﬁ) Inlet Outlet Inlet Outlet (%)
0 1.00 - 307.04 - -
15 1.00 0.40 307.04 122.81 60.00
30 1.00 0.40 307.04 122.81 60.00
45 1.00 0.45 307.04 138.17 55.00
60 0.95 0.35 291.69 107.46 63.16
75 0.95 0.35 291.69 107.46 63.16
90 1.20 0.55 368.44 168.87 54.17
105 1.10 0.50 337.74 153.52 54.55
120 1.00 0.40 307.04 122.81 60.00
58.70
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HuaIees @8 0.02 M HCI (ml) (ppmv) msihia
(17) Inlet Outlet Inlet Outlet (%)

0 1.00 - 307.04 - -

1 1.02 0.12 313.18 36.84 88.24

2 1.02 0.10 313.18 30.70 90.20

3 0.96 0.08 294.76 24.56 91.67

4 0.98 0.10 300.90 30.70 89.80

5 1.00 0.10 307.04 30.70 90.00

6 1.02 0.10 313.18 30.70 90.20

90.02
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ABSTRACT

The contaminated ammonia (NH3) in wastewater and waste air without any treatment
has affected to human health and environment. Ammonia is a substance of NOx pollutant
that can effect to global warming. Therefore objective of this research was to study for
ammonia treatment in wastewater and waste air using photocatalytic reactor with UV light
irradiation. The titanium dioxide and silicon dioxide mixing (TiO,-SiO;) was prepared by sol-
gel method. Dip coating was performed for coating the catalyst on fiberglass as using in the
waste air treatment system. The UV lamps emitted UV-A radiation within a range of 315400
nm with a power consumption of 8 W per lamp. The result showed that the photocatalytic
oxidation (PCQ) reaction had effectively removed NH, from wastewater using the TiO,-SiO,
catalyst powder. For the waste air treatment, the photocatalytic reactor was constructed by
installing a glass column (4 cm internal diameter and 30 ¢cm height) at central of chamber. 4
UV lamps were fixed inside the chamber wall and cooled down by air flow throght the
chamber. Optimum conditions for NH; treatment in waste air by PCO reaction at NH;
concentration of 100-200 ppm was 1 I/min air flow rate and 32 W with four UV lamps.
Ammonia removal efficiency from the optimum condition was approximately about 60%.

Kewmvords: Ammonia, Photocatalytic oxidation, T10,-S10,, Sol-gel

1. INTRODUCTION

In present. many industries use large quantities of ammonia as a chemical in the processes [1].
These lead to ammonia contamination in both water and air that threaten to human health. animals.
vegetation. and environment [2]. Those are significant problem to be solved urgently. Many researchs
have beeb studied on the ammonia treatment by using various techniques depending on concentration
and loading capacity. Purposes of the treatment may be the healing process to new applications or
degradation of the pollutants.

Photocatalytic system is one of the treatment technologies for the removal of both organic and
inorganic pollutants from contaminated air and water [3]. Photocatalytic oxidation of ammonia to
nitrogen is a potentially available method in order to reduce the ammonia pollution proceeds at room
temperature in the atmospheric pressur. Photocatalytic system consists of catalyst and light source in
photoreactor. Photocatalyst must have properties of photo-active operating in the wavelength range of
UV light. TiO, photocatalyst has high efficiency due to it cannot be damaged by light and can be
regenerated. Doping Si0; in Ti0; increases the acidity which induces increasing hydroxyl content in
the composite film [4].



In this work. the treatment of ammonia (NH;) in waste water and waste air were studied using the
photocartalytic reactor. Ti0,-Si0, mixing preparing by sol-gel method were used as photocatalyst. Dip
coating was performed for coating the photocatalyst on fiberglass as using in the waste air treatment
system. The UV lamps emitted UV-A radiation within a range of 315-400 nm with a power
consumption of 8 W per lamp. The NH; treatment in wastewater was tested in laboratory scale of
batch system using catalyst powder. For the waste air treatment. the photocatalytic reactor was
constructed in the stainless steel chamber with 4 UV lamps.

2. MATERIALS AND MATHODS
2.1 Raw material

Titanium (IV) isoproxide (TTIP, Ti(OCH(CH;))s: 99.95%. Fluka) and tetraethyl orthosilicate
(TEOS. Si(OC,Hs)4: 98%. Fluka) were used as precursors for preparation of TiO,-S10; photocatalyst.
Ethanol (95%: Commercial) and 2-Propanol (99.5%; JUNSEI JTapan) were used as solvent. Fiberglass
is a small fiber that produce from the melted glass . It was purchased from Qingdao rocky industry.

2.2 Synthesis of TiO,-Si0, photocatalyst

Ti0,-S10, Photocatalyst was prepared via a conventional sol-gel method. The precursors for the
Ti0,-S10; sol were titanium fetraisopropoxide (TTIP) and tetraethoxysilane (TEOS). The 2-Propanol
was used as solvent for TiO, sol preparation. Then the solution was stirred magnetically for 15 min at
room temperature and adjusted pH to 3.5 by addition 2 M hydrochloric acid. The TiO, sol was
obtained by continuous stirring for 1 hr. The Si0O; sol was prepared in a similar manner. The TEOS
was firstly dissolved in ethanol (C,HsOH) followed by stirring and adding 2 M of hydrochloric acid.
Then distilled water was added to the solution during stired for hydrolysis reaction that was flowed
under atmospheric pressure and cooled at a rate of 10-C/min then maintained for 1 h to obtain SiO,
sol. The Ti0,-S10, solution were then mixed with 1:1 ratios of SiO; and TiO, solution [5]. This
solution was divided into 2 parts: (1) the sol was then coated on fiberglass by dip coating method and
dried at 100°C for 1 h for three times dip coating before calcined at 500°C for 2 h. and (2) the solution
was subsequently at room temperature to form gel then dried it at 100°C for 1 h. Following by calcined
at 500=C for 2 h that performed in air flowing under atmospheric pressure and cooled at a rate of
10=C/min [6].

2.3 Treatment of NH;

In the ammonia treatment will be divided into two parts: the treatment of ammonia in wastewater
and in waste air using of the Ti0,-Si0, catalyst. The waste water treatment used the powder catalyst
and waste air used the coated fiberglass with catalyst.

2.3.1. Treatinent of NH; in wastewater

The NH; treatment in wastewater was fested in laboratory scale of batch system. The
photocatalytic reactor was a glass bottles with 2 cm inside diameter, 8.5 cm column height. The NH;
confaminated water was simulated for this test. The preparation of ammonia contaminated water was
25% w/w NH; solution. Catalysts was used 0.2 g for adding in a vessel that contained 25 ml the
wastewater. The NH; concentration in water was tested and measured by titration method.

2.3.2. Treatment of NH; in waste air
The Ti0,-Si0, catalyst was coated on 5 grams fiberglass and then packed into a glass column

after that set up in the photocatalytic reactor. The system was tested in laboratory scale of continuous
down flow fixed-bed column. The reactor consistes of glass reactor and stainless steel chamber for
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install UV lamp. The 4 lamps was used in this work. The UV lamps emitted UV-A radiation with a
power consumption of 8 W per lamp. The Cooling by air flow was used in this reactor to reduce
temperature in the reactor when experiments were start. The diagram of NH; contaminated waste air
and photocatalytic system are demonstrated in Figure I. The photocatalytic reactor was a glass with 4
cm internal diameter. 30 cm column height as shown in Figure 2.

Clean air

Sampling
Point 2
Catalyst on
fiberglass o}
Photocatalytic X
reactor
Sampling yRotameter
i Compressed air
Point 1 NH; P
mixing
tank

25 % w/w NH; solution

Figure 1. Schematic diagram of NH; contaminated waste air treatment system
by photocatalytic.

Figure 2. Experimental glass column containing fiberglass coated with catalyst.

The NH; contaminated air stream was simulated for the test by passing air flow from air
compressor through a NH; reservoir. The 25% w/w NH; solution was filled in the reservoir to pick up
vaporized NH; gas and moisture to mix with the air stream af room temperature (28-29°C). The
mixing stream was flowed through the NH; mixing tank for continuously and steady flow to the
photocatalytic reactor. The concentrations of gaseous mixture (air and ammonia) were determined by
titration.

2.4 Ammonia removal efficiency evaluation

Titration was used to determine NH; concentration. The NH; gaseous mixture was bubbled
through a 25 ml cold boric acid solution for 2 min. Following by the addition of mix indicator (1%
bromocresol green and methyl red) solution. It is then titrated by hydrochloric acid until it is green [2].
After the NH; removal efficiency (% eff) was calculated by equation (1) through concentration of NH;
in inlet and outlet stream.

139



% NH; eff = ‘%”noo (1)

where % NH; eff' is a percentage of the NH; removal efficiency. ¢; and ¢y were the NH;
concentration in water at initial and final point of photocatalytic reactor. respectively. Unit of the NH;
concentration is part per million (ppm).

3. RESULTS AND DISCUSSION
3.1 Effect of catalyst type on NH; Treatment in wastewater

Figure 3. shows performance of photocatalysts on the NH; treatment efficiency at each operating
time by using new catalysts in batch scale photoreactor. The experiments were performed using three
types of catalyst: TiO,, Si0; and Ti0, with Si0,. Simulated wastewaters with NH; concentration of
100 ppm were constantly used. The result shows that the NH; treatment efficiency was increased by
increasing in irradiation time for all kind of catalysts. The NH; treatment efficiency in wastewater was
100% at 80 minutes the irradiation time.
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2 60 —— TiO,

= 2

2 i -8 SiO,
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Figure 3. NH; treatment efficiency in wastewater at various times using new catalysts.

Performance of photocatalysts on the NH; treatment efficiency by after 3 times catalysts using in
batch scale photoreactor as shown in Figure 4. The result shows that the TiO, with SiO, catalyst type
can be used for the NH; treatment in wastewater with 70% efficiency at the irradiation time of 80
minutes that was better than TiO, and Si0; catalyst type. Because the doped SiO; in TiO, increased
acidity that can induce to the increasing in hydroxyl content in the composite film. The 3¢ using of
Ti0»-8i0, results that the removal efficiencies is lower than 1% using about 30%. Because the catalyst
was treated the ammonia by absorbtion which does not remove the ammonia at the first time using. On
the other hand, the second and third time using of catalyst can be confirmed the ammonia removal
with the ammonia removal efficiency in the same way. The NH; treatment efficiency with SiO;
catalyst was similarly to the using of TiO; catalyst because they have the same properties as a
semiconductor.
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Figure 4. NH, treatment efficiency at 100 ppm concentration wastewater.

3.2 Result of NH; treatment in waste air

From the experiment. the sufficient amount of catalyst was coated on the fiber glass as the media
then it was used for ammonia treatment via the photocartalytic reaction. The coated fiber glass was laid
down at the proper position in reactor to radiate the light through the catalyst film. The most important
thing for the photocatalytic reaction is capability of light that penetrate through fiber glass. Therefore
the media type for catalyst coating is necessary for the photocatalytic reaction. The efficiency of
coated fiber glass was shown in Figure 5.
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20 . . : ; ; ‘ :
0 40 80 120 160 200 240 280 320
Time (min)

Figure 5. Effect of time on the ammonia treatment efficiency
using 1 L/min flow rate of mixture gas.

The ammonia treatment efficiency in waste air by the photocatalytic reaction was stable when it
was operated at 100 and 200 ppm ammonia concentration for 5 hours. The NH; treatment was
achieved to 60% efficiency. The TiO, and SiO, can be regenerated by UV light after it was used for
ammonia (reatment.



3.2.1 Characterization of the TiO; catalysts

Sample of TiO; catalysts from the calcining process of 500 =C for 2 h was used to coating on the
fiberglass surfaces. Figure 6. presents the SEM of TiO, coated fiberglass surface. This photograph can
be ensured that TiO; can be coated on fiberglass.

e

G0um S 296 50um

Figure 6. SEM photograph (500 x) of TiO, uncoated surface (a) and Ti0, coated on fiberglass(b).

4. CONCLUSION

The Ti0,-Si0; catalyst was effectively prepared by sol-gel method and dip coating for using in
photocatalytic reactor. The ammonia treatment was performed for both wastewater and waste air. The
batch system was used for the wastewater treatment by the photocatalyst powder. The ammonia
freatment in wastewater was found 100% efficiency at 80 minutes irradiation time. The continuous
system was used for the waste air treatment by the coated fiberglass as catalyst. The optimum
conditions for NH; treatment i waste air by PCR reaction at NH; concentration of 100-200 ppm was
1 Vmin air flow rate and 32 W with four UV lamps. The ammonia removal efficiency from optimum
condition was approximately about 60%.
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Abstract

The treatment of NH; contaminated in waste air was
studied using photocatalytic reactor. The TiO,
photocatalyst was prepared by dissolved T10; powder
in ethanol and coated on glass ube medium. The thin
films TiO, coated media was packed in continuous
flow treatment system with UV light irradiation. The
NH; treatment efficiency in continuous mode of fixed
bed column were studied on the number of UV light
(1-5 lamps). the catalyst packed column (1-5 colummn).
and waste air flow rate (1-5 Vmin). The NH;
concentration of waste air used in the photocatalytic
reactor was constantly controlled at 300 ppmv. The
results illustrated that all parameters play an important
role in the treatment of NH;. The NI; treatment
efficiency of the photocatalytic system was increased
with increasmg in the TiO, loading and number of
lamp and decreasing flow rates. The gas refention
time depends on waste air flow rate and photo-reactor
volume by inversely proportional to the gas flow rate
and direct variation to photo-reactor volume. These
results can be applied as guidance in the NHj
treatment in industrial scale.

Keywords: NH;, Titanium dioxide. Photocatalytic.
UV light. Photoreactor

1. Introduction
Ammonia is an odorous and toxic gas produced
from several sources including wastewater treatment
plants,  composting  plants,  chemical and
manufacturing industries. and livestock farm. The
chemical processes have used ammonia gas as
reactant in large quantities and high concentrations.
These lead to ammonia contamination in both water
and air that threaten to human health., animals,
vegetation. and environment. The ammonia is
regulated based on both unpleasant odor and health-
related concerns [1]. To control malodor and protect
the health of people working in animal farms and the
industries that use ammonia. waste gases containing
ammonia are required to be treated in an efficient and
viable process.
There are many technologies that were used for
the anunonia in waste air treatment. such as catalytic

oxidation. biological filtration. liquid absorption. and
solid adsorption [2]. Photocatalytic oxidation of
ammonia to nitrogen is a potentially available method
in order to reduce the amumonia pollution proceeds at
room temperature and atmospheric  pressure.
Photocatalytic system consists of catalyst with photo-
active properties and light source in the wavelength
range of UV light. Titanium dioxide (TiO;) has been
used as a catalyst for the UV induced photocatalysis
of pollutants. Almost any organic pollutants and many
of the morganic pollutants produced by agricultural.
textile, petrochemical. metallurgical. and many other
industries can be completely destroyed or separated.
Anatase TiO, nanoparticles has shown higher
photocatalytic activity than rutile TiO,. Glass is an
interesting medium for using as a supporter of TiO,
catalytic species since it is economical and corrosion
resistant, TiO; can effectively be coated on the glass
by dip coating method [3].

The aim of this research was to study the effect
of operating parameters on photocatalytic reactor
using Ti0, photocatalyst for the treatment of NHs in
waste air. The catalyst was coated on cylindrical
glass and packed in the continuous down flow fixed-
bed columm system with UV light irradiation. The
controlled parameters of NH; treatment system by
photocatalytic reactor consisting of number of UV
lamps (1-5 lamps). number of catalytic column (1-5
colunm) and waste air flow rate (1-5 L'min) were
evaluated on NH; treatment efficiency.

2. Materials and methods
2.1 Reagents and chemicals

Titanium dioxide (TiO;) nanocrystallites powder
(AR grade. Carlo Erba. Milano, Ttaly). was
characterized as anatase phase (white color). Ethanol
(95%; Conmmercial) was used as solvent. UV lamps
(8W. F20T12-BLB. USA) with a wavelength of 345-
400 nm were a light source for photocatalytic
performing in this work.

2.2 Catalyst preparation
Catalyst was prepared by dissolving 6 g of TiO;
powder in 150 ml of ethanol. After vigorously stirring
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for 2 h at room temperature. polyethylene glycol
(PEG) was added to the solutions and served as
precursor solutions for binder. Hydrolysis reaction
occurred during stirring to achieve TiO,; sol. Glass
tubes (8 mm diameter and 2 cm height) were used as
the medium for TiO, thin film coating. The TiO, film
was formed on the medium by dip coating method
using the precursor solutions at ambient atmosphere.
Then it was dried at 100°C for 1 h and calcined at
600°C for 2 h. It performed in air flowing and cooled
down at a rate of 10:C/min to complete the step and
get Ti0, catalyst media. The TiO, powder and coated
glass tubes were shown in Figure 1.

Figure 1. Ti0, powder (a) and TiO, on glass tubes
catalysts (b).

2.3 Photocatalytic reactor

The glass column with 5 cm internal diameter and
32 cm columm height was used for photocatalytic
reactor. The TiO; catalyst on glass tube medium was
packed m the glass columns as shown in Figure 2.
The columns were installed and used for NH;
contaminated waste air treatment in the photocatalytic
system. (220 g of catalyst per column)

TiO. coated
Air outlet 2

on glass

==

UV Lamp

T84 §
T 1111

=

Aur inlet

B

Figure 2. Glass column of photocatalytic reactor with
packing media (a) and diagram of the column (b).

2.4 Photocatalytic Experimental set up

The photocatalytic system with TiO, on glass
medium was set up by laboratory scale. Continuous
down flow fixed-bed glass colunms were installed in
stainless steel chamber. UV lights of 1 to 5 lamps
were vertically fixed inside of the chamber wall. The
UV lamps were chosen at 345-400 nm of wavelength
(power consumption of 8 W per lamp). The air stream
was flowed through the reactor chamber to reduce the
system temperature. The diagram of NH;

contaminated waste air and photocatalytic system are
demonstrated in Figure 3.

Clean air

Sampling
Point 2

Catalyst on

glass
Photocatalytic
reactor
1 otameter
Point Compressed air
mixing
NH; tank
contaminated s
air stream midialhy
NH; solution

Figure 3. Schematic diagram of NH; contaminated
waste air treatment system by photocatalytic reactor.

The NH; contaminated air stream was generated
for NH; treatment testing by photocatalytic system.
Air flow from air compressor was passed through a
NH; reservoir (25% w/w) to pick up vaporized NH;
gas and moisture at room temperature (28-29°C). The
mixed stream was continuously flowed through the
NH; mixing tank and steady flow to the photocatalytic
reactor. The waste air contaminated with NH; at
concentration of 300 ppmv was constantly used to
investigate for the system capacity.

2.4.1 Operating parameters

Operating parameters of the photocatalytic
system consisting of number of UV light (1-5 lamps).
the catalyst packed column (1-5 column). and waste
air flow rate (1-5 I/min) were varied and controlled. In
the experiments. air samples from inlet and outlet
streams of the photocatalytic reactor columns were
taken by air sampling pump and absorbed in boric
acid bottle for 3 nun and waste air flow rate of 0.54
I'min. The air samples were taken to measure for the
concentration every 15 mun until 2 h. The NH;
concentration of gaseous mixture was tested and
measured by titration method [4].

2.4.2 Evaluation of the result

The NH; treatment efficiency (% eff) by the
photocatalytic  performing was recorded and
calculated by equation (1) through concentration of
NH; in inlet and outlet stream.

~
%eff = ﬂx o0 (L

&
Where % eff is a percentage of the NH; treatment
efficiency. €, and C,,, were the NH; concentration in
waste air at inlet and outlet point of photocatalytic
reactor, respectively. Unit of the NH; concentration is
part per by volume (ppmv).
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3. Results and discussion
3.1 Stability of TiO; catalyst on NH; Treatment
Ti0; photocatalyst were used for treatment of
NH; in contaminated waste air at NH; concentration
of 300 ppmv. The TiO, catalyst was in the form of
thin film coated on the glass tube and packed in the
glass column. The stability of catalyst on NH;
treatment  using  photocatalytic  reactor  was
investigated by plotting between %NH; treatment
efficiency and irradiation time shown in Figure 4.
Experimental condition of 3 /min waste air flow rate
and 3 catalytic columns were performed by repeating
for 3 times at the same environment. Efficiencies of
the NH; treatment were monitored for consistency of
the system every 15 minuts for 2 hours.
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Figure 4. NH; in waste air treatment efficiency versus
irradiation time using continuous Ti0, photo-reactor.

The results showed that the T10, coated catalyst
can effectively performed for NH; treatment with
constant efficiency along operating time of 2 hours.
After three repeating operations. the similar
performance with 60% efficiency was found. It
indicates for stability of the TiO, coated catalysts
packed in the photo-reactor colunmm. That is because
the catalysts can be regenerated with high activity by
the UV light after reacted with NH; in wasted air.

3.1.1 Effects of UV light irradiation

The 1-5 UV lights were vertically fixed inside the
stainless chamber around the photo-reactor colunm.
The effect of UV light irradiation on photocatalytic
performing was studied by varying the number of UV
lamps that can implies for intensity of the light
source. The UV light intensity was an important
parameter for NH; treatment using TiO, photocatalyst
in the photo-reactor. The curve of NH; treatment
efficiency versus irradiation time was manifested in
Figure 5.
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Figure 5. Effect of UV light irradiation on NH;
treatment from waste air by continuous photocatalytic
reactor.

The results indicated that the increasing in the
irradiation intensity by increasing the number of UV
lamps enhanced the NH; treatment efficiency. Light
intensity is a major factor in photocatalytic reactions.
because electron-hole pairs can be produced by light
energy [5]. There were more photons per unit time
and unit area at higher light intensity. Thus the
chances of photon activation on photocatalyst surface
was also increased. Therefore. 5 lamps was the
strongest effect to the treatment of NH; in waste air.
In case of turn off the UV light irradiation the
treatment of NH; in the waste air was not occurred
with 0% treatement efficiency.

3.1.2 Effects of photo-reactor column

The coated TiO; catalyst media was prepared
and loaded in the photo-reactor columm for the
treatment of NH; in waste air. The amount of catalyst
according of mumber of column using was a
parameter for the NH; treatment testing. In this
experimental part. 3 l/min the waste air flow rate, 3
lamps of UV light, and the 300 ppmv NH;
concentration was constantly controlled. The
photocatalytic treatment of NH; was monitored by
varying for the number of columns (1-5 columns)
with irradiation time as shown in Figure 6.
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Figure 6. Effect of NH; treatment by photocatalytic
reactor with varies column.
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The increasing in the number of column means
the higher quantity of TiO, photocatalyst particles
loaded in the system. Using more columms as photo-
reactor has effected to lugher efficiency of NHj
removal from waste air. The TiO; photocatalyst has
various number of active sites on the surface and
leaded to *OH generation. The increasmg in the
amount of active sites according to increasing the
Ti0, photocatalyst loading has consequently leaded to
enhance the production of <OH radicals [6].
Increasing the number of photo-reactor column to 5
columns can increase the efficiency of NH; removal
from waste air up to 83%.

3.1.3 Effects of waste air flow rate

The effect of waste air flow rate on the NH;
treatment efficiency was studied using 3 lamps of
black lLight lamp and 3 photo-reactor columms. The
effect of waste air flow rate on NH; treatment
efficiency at 300 ppmv of NH; concentration was
manifested in Figure 7.

100
¥=-44723x+ 68.066

20 R*=029903
60 \
40
20 -

o = = = = =

[} 1 2 3 4 5 6

Waste air flow rate (I/min)

Figure 7. Effect of waste air flow rate on NH;
treatment efficiency (%) by the TiO, photocatalytic
system.

The result demonstrated that NH; treatment
efficiency was decreased when waste air flow rate
was increased from | to 5 Vmin. At | V/min waste air
flow rate provides the maximum NH; treatment
efficiency. In consequence of higher waste air flow
rate. the contact time between NH; in waste air and
catalyst surface was reduced. The reaction time
between NH; in waste air and catalyst was very fast
thus the system provided very low treatment
efficiency.

3.2 Effects of retention time on NH, treatinent

Retention time of the gas stream in the
continuous photo-reactor of this work depended
largely on waste air flow rate and number of columns
(photo-reactor volume). Retention time has an
important role in scale-up of photocatalytic reactor to
actual use in industries. The effects of retention time
according to waste air flow rate and photo-reactor
volume were studied by introducimng 300 ppmv
concentration of NH; in waste air to the system as
shown in Figure 8.
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Figure 8. Effect of gas retention time on NH;
treatment efficiency in the photocatalytic reactor.

Retention time = V/Q: V (1) is the volume of the
photo-reactor; Q (U's) is the gas flow rate: V/Q (s) is
the gas retention time of the photoreactor. The result
demonstrated that the treatment efficiency of the TiO;
photocatalyst in photo-reactor decreased significantly
with decreasing retention time. Increasing in volume
of the photo-reactor has increased the amount of Ti0;
catalyst containing in the system. Then the increasing
in retenfion time according to the photo-reactor
volume has more effected to the NH; removal
efficiency. Treatment efficiency of 83% was achieved
when increased the retention time by increasing the
volume of photo-reactor at 60 sec. However, the gas
retention time has inversely proportional to the gas
flow rate. At lower gas flow rate could longer the gas
retention time and increase the NH; removal
efficiency of the photocatalytic system.

4. Conclusions

The removal of NH; in waste air using coated
Ti0, photocatalyst in continuous photo-reactor was
mvestigated. The TiO, photocatalyst was effectively
synthesized and stable for the treatment of NH;. The
influences of the number of UV light., photo-reactor
colummn. and waste air flow rate in NH; treatment
were measured. The treatment of NH; using the
photocatalyst was found to be significantly affected
by all parameters. The NH; treatment efficiency was
increasing up to 80% at 3 lamps UV light irradiation,
5 photo-reactor colunms. and 3 Vmin waste air flow
rate at 300 ppmv of NH; concentration. The results of
this study would be used as a guide for the further
design and operation of industrial-scale systems.
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