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This research was to study removal of synthetic embalming wastewater by
photocatalytic oxidation. Modified activated carbon was used as a supporter. TiO,
supported on activated carbon was chosen as a photocatalyst that prepared by hydrolysis
precipitation. Photocatalytie by TiO,/UV process was evaluated for degradation of the
synthetic formaldehyde solution using a lab scale-batch reactor. The effects of catalyst
dosage, pH and initial concentration of formaldehyde solution were studied. From the
experimental results, it was found that the highest efficiency of formaldehyde degradation
was achieved when employing the dosage of catalyst 1 g/l. Additional, both pH and initial
concentration of formaldehyde had a significant effect on the removal. The photocatalytic
degradation of formaldehyde was favored under an acidic condition. Furthermore, the
experiment results. showed that photocatalytic efficiency was enhanced when adding
hydrogen peroxide. At hydrogen peroxide concentration was 2 % by volume, formaldehyde
removal complete within 40 minutes. While no adding hydrogen peroxide in system,
formaldehyde was removing only 60%. However, formaldehyde removal include volatilibility

of its which at 60 minutes formaldehyde can loss 14.3%
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Industry Formaldehyde Level (ppm)
Fertilizer 0.2-1.9
Dyestuffs <0.1-5.8
Textile Manufacture <0.1-1.4
Resins (Foundry) <0.1-5.5
Bronze Foundry 0.12-0.8
Iron Foundry <0.02-18.3
Treated Paper 0.14-0.99
Hospital Autopsy Room 2.2-1.9
Plywood Industry. 1.0-2.5
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o 3 »
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22 nsTUIUNITRaNdIATuERsIlAFanna8uas (Photocatalytic Oxidation

process)
221 nauuazuannignalil

AN " photocatalysis” §71a1N photochemistry WA catalyst ANHUNIZUAUNG
2aNTLATUTNILUG AT FuaRNIEAING waauazsadelfisagniinnn lddaniu
dl 1 Y a dl = L . ] 1
el lfinan sl agran1nniaAd (chemical — transformations) ANNWANFNNTZUIN
o 1 aaa %’/ a 1 aaa % A aa dl % o | aaa
LU irewLUALANLAzNaal e AReLaaRed s s I lunnsnssusael fiTen
Tnanisnszsusnaanianazgnununlasnianszdusaamnuiduuas (Herrmann, 1999)
1 aaa ¥ d‘ = a o o 1
nrzuaunisiselfnzaadesuaiiudounilsreamalulateandinduadalng
(Advanced Oxidation Technologies, AOTs) TilunIaaenNTaia 1HaannnszuIunigil
a I8 a = o‘dld = 1 ] Y v
aN13neand lndatsdunagnilroudunugauas laisnmdesaaisldsoanszuaunig
= v 3| dlda = [-3 v A 1 a dl % dal
neTannwinaneduansdssneun dneiesansieavize kil LAnLaN lHaInnTTLaunIIi
douluajrenfuanlagenisd U1 uazanslsenauedursdans a1sdszneudunsand
Waawaia dames waznganiaaw eragneandladlonananne weawms (PO,”)  daws
(50,7) waziglad (X ) miwaay tngdanmacialiaeinszuaunis AOTs AR NNIWAR
auyadaseavdaulun)iflueyyalansenda (nydroxyl radical) (Litter, 1999)
WANNIINUFIULBINTELUNI 9N feuasansnas e tiAeiaznany
sialiliiAa ansnesionin Wil (Semiconductor;  Sc)  gnasunaldsaalaseaiiaaeauny
BANATAUTILsna UM LOUALAYT (valence band; VB )LATLaLN191 (conduction
band; CB) tagnURYNUENaanaINAUMLALNANIUAEING 18999989UNLBIANATEY
(band gap; E;) ~dearsndninbiildfuuasidindssaunnnndvidaminiudesdnees
wouaidnmset awanaseululnusnauiazgnnserulildaununisin nfauduiuiia

Tnsadinmsau (hole; h)awluunuaiaud aduussgLa 2.2+ (Fujishima wazane 1999)
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(Litter, 1999)

Tuansararend@1sndnun iangeaduinneu (hv)  AuenARURmNIz AN

¥
=)

tuagtiu Ujisenneraintuuandlissialilil (Robertson, 1996)

+

Photoexcitation Sc + hV —> e + h (2.1)
Recombination h' + e — heat (2.2)
Oxidation h"+ D —> D' (2.3)
Reduction e + A = A (2.4)

a o

ABLANATAU (e') UAZINIIBLANATEY (h) NANAINYNNIZAUAILLAILAD BI1ANALNT
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o

o 1 ] ¥ dld a o VA @ 1 a
Finaeinalti D1asNHansFLduaq eanmasen (electron_donor; D) tneATURLLUNIUR]

14
aa =K

fawsalizenanstiazinlaseniuinsssidnaseuuasiianszualnisaandiaduan lunng
B

oA o @ o 1

p3vdnuinansnanTRLBIANAIAU (electron acceptor;. A) gnaaduati WK, a19Haziin

u

14
aa Ao o KR

UnsenduaianaseuLasifinlnseeanduan LARFRNNATT 2.12.4
z%wi"umzmumi@@ﬂ%LmﬁwﬁaLéaﬂﬁﬁ?mé’fmmem‘imL@Q@mi@uvﬁ'ﬁﬁﬂgiu
ansavane dnalnmuadiiiduld|fer 2 nalnde Weansfemai i lduuasisingeay
LAININNANYTOINALNANIULNT TN LBLANATAUAS 1)N1788NTIndulntmsaiy
INS9BLANATEU LAY 2) N1 RANTzUuNNTeanTnduinelansandansiaa  (llisz WAy
Dombi,  1999) Gelaainfiniseaniladlnseyyalansendaduualiudunginudnlu

nIzuUUNIseenT AT Ui AReAsuae douniseendindulnensaiuinsagiannsen
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o 1ala

1 esBidnmsauazyindiseniuinianaansdunsangadueginaaesasnasarin il

wurfinszuauniseandindulateyyalansandatiu Insedidnmnseuaziilinseniu

'
o | =2

1 a .l 9; dl |dla % a a o
wylansandansaluianavastinngaduagnialidusuyalansandageldnaninlunig

a

¥
8

aandladge anyalansaniainaiiannisanidjisenldednesniouarlifinony
L@Wf]ummﬂum@v‘if]ﬂﬁﬁ?mﬁummizﬂfauﬁuﬁﬁ‘Emmmﬂﬁlﬂumaﬂ@zn@u%uvﬁﬁmmaﬁ
Wnanedlu pfusulneanlss i LL@:@’]?ﬂ?%ﬂﬂUﬂﬁuﬁ?ﬁéuj (De Lasa WATALUY
1992)

annsninedesiuniseandladioganyalansendauanafiauniei 2.5-2.7

OH + h —> *OH (2.5)
H,O0 + h' — OH + H' (26)
*OH + D, - NS (2.7)

nisndunnsansiulnirastianasaulazingedidnaseutiuandusiaananiang
PP - g % o VN . . -
TliAnau Melifiesannasndusnsandaiulatduazidunisdnaanal jisaneendindu
i 14 v i
Penalialu ATUNANG1IN A NsNIARELANA9eY W luianasendiauazdaelinig

nAauNTNFaiulndresBlannsenar N sBlanAsa ui1as Inaluanasandiauainisnay

[

Audanpsauliaanuiainingsdianssaunazaandiauazilaaugilliiilulessuayys

'S 6 . . . - 4’ 1 al a a v d?
qillafaanlis (superoxide radical ion; O,”) fazdaenNsNnayya lansenTaligeav
ANGE LAAIFIANAN9N 2.8-2.10 (Litter, 1999)

0, ¢ — 0, (2.8)
2H,0 + h' —> 2. H,0, (2.9)
2 H,0, — 2*0H (2.10)

A Y o Heov s . o ¥ a o N e o o
qqﬂV]ﬂ@’]']mqmq\?musﬂiﬂLﬁuquNINL@Q@ﬂ]fﬂﬁu’]LL@gﬂ@ﬂsﬁL@uLﬂu@ﬂm ‘V]'Q']L‘]Juslu

N3TLIUNIT eanTaTuTuLNFefeuaq
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2.2.2 flaqauaniinaadasnunssuaunIsaandinduidassljisaniauas

'
4 o

fladefinandasiunszusuniseendndudasadfisandoauasutialifu 2 dade
[ A o ! aaa = o A 1 o ¥ 1 IS a2 a
WANT A uad WazAdiaLisen uwasiesiladenen liainisoinnuldesnadlsydnsnn
! o 1% 1 = a2 a d‘ 3 o o ! aaa
wrkasazaNsaineuldetnalidss@nnimienieusniudaseal jisen Tnaanae

agagesngslfisenatinlnmifianlneanlas

paL39LNNTeNULILANARILAY ( Photocatalyst)

'
= o

ansnesatin I angnuann M udadedfaseuuueAauastiuaasazes lugd
aanlafuzadalnsuaslans daasradu Inndanleeenlas (Tio2)  wasiaudalus
(CdS) wazdaRaan ks (ZnO) TR NUBUALBLANATEUIBIANNLF AT UL D AT
ANFALMANIEAUNAIIUA P FUNIR N AAINILEALAY IAENAIUIRALDLINLAUT waLAIT
11 19997199 9LALBLANAIAL HAZAINENIA AWMU ZALTAI919 LD LBLANATALAA
a13n95n WA Letfia T uansldAamnisnan 2.3
Innfienlaeenladdnidudqsadfisewuuendauasiioniuunn wesain
Hasi1aeunLaianasauatntszann 3.0 Bldnasaulaas (ev) Ivanunsngnnszgulasog
wasninduasdananlalaian (~380 nm) Tnaansiadanmidnaiingunannsotinunldid
ol wuneadanaslaun deseanlds vise uaniaxda Ifiuldrasgniiiunld
y o L X oA . dain « .
dWasnnananuiiufsweadnsuani Inanudndeanswdalduiansazanenidasaan o
Uuag Fefeenlafazgninndausoauasinliiiadedlaasy (zn* ) naRduRsIY (De
1 al o/ r:l/ = % [~ a dll
Lasa uazAnz 1992) uaznudnbaallauda llfiudilpuinissnuanuiiuie iasann
sl enda lWdausngninnsenldfaauasiues (Reutergardh uaglangphasuk, 1997)

a

doulnniflanlpeanlosdianasnnuas ldazaiglusisarataivileuiudssaan lasuay

1
k% !

waaenda W denauaesiindanlaeantas Hun dudadeljizenninnnudeslogs
1 ! v
Tifluiie uanidusadadfizendsanldung Bdhlnddulnmutieslaesnladiaiinong

P ) o | ) a L dl o o = >
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Tnadinlludqalnndanlaeanlasailassairenaniuansrsiueg 3 uuuldun

anatase rutile WA brookite nniilaulnaan lbannlnseai19NANLLY anatase TUNLANE

1 a 1 a dl :l/ dal dl % a dddﬁl dl
ANNIRLLA LAZLANETNININTUAD U MetlldasanTaseaseriaiinun

a o o

NAANHANINNTN

1Iulag (Cheng WazAnLy 1995)

A1379% 2.3 ALULNTR9LD UBLANATE U413 N9AA LN I UNemiis (Robertson, 1996)

@qﬁ‘ﬁlﬁﬁ')ﬁqiﬁ/\lﬁq me’]mwﬁ LLﬂUﬂqﬁ‘ﬁfl PAIINUDL ﬂq‘mﬁ’nﬁgu‘ﬁlmu’]gam
(Semiconductor) (Valence band; eV) | (Conduction band; eV) | (Band gap: eV) MBI

(Band gap wavelength; nm)
TiO, +3.1 +0.1 3.0 380
Sno, +4.1 O3 3.9 318
Zn0O +3.0 -0.2 3.2 390
ZnS +14 2.3 3.7 36
WO, +3.0 +0.2 2.8 443
CdSs i .1 -0.4 2.5 497
CdSe +1.6 -0.1 1.7 730
GaAs +1.0 -0.4 1.4 887
GaP +1.3 =150 2.3 540

TAnvaF1enanaes i disdlaaan ksuse ey 3 aunleunn

a

. PR~ P P - a X, | ° o

1. Rutle HiaDggninainnguingigs mnitleslaaanladatintidoulunjgninunld
TunMsuARRUAIAAIUNIINUAETHALTY A 1ATa981979 foodstuffs WFDUNNATS
wu'lu igneous-rocks

2. Anatase Hiadusnwunfigungian Tnavinllinntanlneenlafatiatiazli
.o ! I e a
photoactivity. gandtinnniieulaeenlafatinan
3. -Brookite lngilnsudq mnitiaslaaanlasaiiaiiazgnnulalunsinevastianeg uay

HlpsaaFrenaniiuuuy orthorhombic
2// = e a . = % =® |
nalnnilanlneenlodaia rutile uaz anatase NiaseaFrananiuuuy tetragonal

LAAIAILN 2.2 uazanmenaniisi imnsenleeanlafaiin anatase HArndadlasiawas

UINNI1IRA rutile 11ANALLAINIANNAMHLANFANBTATIA T LINAIN UTLLAY




17

317 2.3 Taseaiauanvasinnn o lneanlas (Fujishima uazanse 1999)

AN (Light

uaiilug LLUU%@QWﬁN’M‘ﬁQﬂLmﬂ\‘lﬁmﬂmﬂﬁiﬁﬂﬂ?ﬂlu Fauasudazaiingungn
SruuneanldFannauenamay Tmﬂifzﬂ:mqswdmﬂmmﬁlmmmiﬁﬁqgﬂﬁ 2.3 wasaiu
iResdaunilaresunuauEnIAA LA IReEIEANE19AALRE T 400- 700 wTu
wns witneUnAudonasanaliigniannlddmiunssuaueendindudasalfAsenfosuas
ecanniialuudomasal§isenitilunszusunsilie e lneenladisfindenuaes
TRITNUDLNAIUYTENU 3.0 %Lﬁﬂm@u‘iqaﬁ?ﬁlq@:mnmﬂuﬁqwmLLmﬁamﬂquam
meﬁagﬂﬁ 2.4 ﬁqﬁmmﬂum’qqﬁ@mﬂfﬁﬂL@roﬁqQmfmJﬂs’ﬁzﬁﬁﬁumzmumiﬂ@ﬁLmﬁu

ENEMRRE Tl
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Wavelength — 1 \
(nim)

infrared .
escv:r:msamac

Y-rays  X-rays (UV)

e —— e et —————

......

Wavelength 1 P v S S MY S WP SO L
3 B P
A{m) 10 10719y T \ v
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3.2 #1SLARN L L UNISNARDY

3.2.1 MsLAsaNA9LEILNFEN

1. BUNNIUE (gigantic carbon)

2. naalusan (Nitric acid, HNO,) 194L3HMUnivar uazilanuLgns 70%

3. mntanlalaiwswanlas (Titanium isopropoxide, C,,H,,0,Ti) A8 ILFHN
Aldrich uazflnananiigna laisndn 97%

4. lalalwsiauaanaaad (Isopropyl alcohol, C,H.OH) 1891i3¥n CARLO ERBA

Quality Science 1853

3.2.2 msATzunasianlan

1. Aialansdulalnsaaelss (Phenyl hydrazine hydrochloride,C,H.NHNH,.HCI)
284151 CARLO ERBA Quality Science 1853 In1A3LATIZH

2. Iwunadean wleglaelus (Potassium fericyanide, K,Fe (CN) ) 209L35
CARLO ERBA Quality Science 1853 1n9AdLAIIEA

3. nealalasmaesn (Hydrochloric acid, HCI) 22413159 CARLO ERBA Quality

Science 1853 WazlANNLIIEND 37%

323 @19ANEN Y
mimﬁ‘ém A masesi Wiunsefildlunisainme (analytical grade)

1un

1. ar9azanaWesunau (Formalin solution, CH,0) Usznaudaanasunnlas
40 % NaFaUINIAT. URILTEN CARLO ERBA Quality-Science 1853

2. lalpsiauiilaseanlas (Hydrogen peroxide, H,0,) 189131 Merck uazdmana
Liq5-30%

3. @anaslumnsn (Silver nitrate, AGNO,) 194134 Fisher Scientific

4. nandayin (Sulfuric acid, H,S0,) 184153 BDH uavilAuLFgna 98.08%

5. Tanenlansenlds (Sodium hydroxide, NaOH) 289135% BDH Analar Wa s
flAanuisgna 99%

6. wWasia (1) dammadnslainsn (Ferrous (1) sulfate, FeSO,.7H,0) 289131

Riedel-deHaén
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fluorescence spectroscopy (XRF) LA § @ & Surface area and porosity analyser (BET
surface area) Lﬂ?ﬁ@dSoanning Electron Microscopy (SEM) LATD X-ray diffraction (XRD)

LATLATEN Zeta potential
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(1) 1 ® = (2) UV lamp
T I (3) Power supply
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E s g
9 (6) Air compressor
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j_\ (7) (7) Rotameter
(4) (8) Gas line
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— @ (10) Pump
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HO, + e — HO' +  HO (4.4)

H,0, + o, 7 — HO" + HO+ O,  (4.5)

H,0, + AV (<300 nm) —  2°OH (4.6)
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MANUIN N

Nassianlan
n-1 msusanuuzNasian lan
grsluiana : CH,0 [HCHO]
RGN N : H
\
C=0
H"
CAS registry number : 50-00-0
NIOSH RTECS registry number ] LP 8925000
UN Class : 3,8 ()
UN number ; 1198,2209,2213
EC number : 605-001-01 (solution 5% to <25%)

605-001-02 (solution 1% to <5%)
605-001-005 (solution = 25%)

DOT Designation : Combustion liquid
IUPAC name 3 Methanal
Common synonyms - Formaldehyde, Methanal,

Methylene oxide, Paraform,

Oxymethylene, Formalin, Formal,

BFV, Fyde, Methyladehyde,

Oxomethane, Formic aldehyde, Formal,

Ivalon,-Karsan, Fannoform
Incompatibilities : Strong oxidizers, Strong alkalies, Acids,

Phenol, Urea
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AN519N N-2 TENTHARAEN 1T Ne5TaR Laslun1suan (NIOSH, 1999)

Adhesives Insulation, Form & Some Other
Cosmetics Intermediate Chemicals
Deodorants Laminates

Dyes Leathers, Fur & Hair

Embalming Fluids

Lubricants, Synthetic

Explosives

Paints

Fertilizers

Pharmaceuticals

Fiberboard, Plywood (indoor-outdoor),

Particle board

Plastics/molding (Automobile Appliances

and sporting Equipment)

Filters

Rubber

Food

Surface Coating

Friction Materials

Textiles

Fuels

Urethane Resins

Fungicides

Water softening Chemical

Hardware, Garden
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