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UNANEYD

nsfnuuszansnimveseyntauilufedesnlednistiidatiansazatevesuadled
amsazaneweinadles wisulaenisldansedinadled 40% Wildmnududuiidesnis fe 100
ppm 970 Stock Standard 1,000 ppm n1sfinwUsEansamveteunIauludreanlennisfinda
a1snesuntan msﬁﬂmﬁ%ﬁumﬂmSJLamm‘gmﬂuﬂu%aﬁaaﬂlﬂjéﬁﬂ’nwﬁwﬁuﬁm‘*] (500, 1,000
waw 2,000 ppm) fisliluszezinanifiosnis 30, 60 uar 90 Wit wdINTLTAUSINaE T esINAleR
fivde 1agld38m9 Spectrophotometry Tnguszasdlumsiteluadad WofnwUsinafimanzas
(Optimum dosages) Tun15vinindn \iefmuadnsInstasaans (Degradation rate or Removal
efficiency) wag 80351n15M15/aMAABUT (Kinetic Removal Rate) lnennaesluan1ziilid wasd
waauan laenigliuasnsinnisvenunivugmenseauayd

nan1sanwiluanzliivadan  wudl  Ussavsninvessynieunludereenlynlun1snidn
ansvlesuanlenmeetnadn lun 7.76, 8.58 war 9.29 mwudU (500, 1,000 uaz 2,000 ppm)
Turasfinisnasdlaglduauamduf Photocatalyst waves Removal efficiency léiinudiu
15.12, 17.92 udg 19.04 auaoU

NHaNISANY1 Optimum time luanmefifuawuan laed Removal efficiency gqq@ﬁ
s¥egan 90 17 1 18.77 % Fsenaiielsinligann waglndifpaiunavesszaziia 60 undi (17.92
%) thazifisl Removal efficiency 1adeaiszeznATUNMIYNUFATE LT 90 W7 eo1aae
viuly  9nmsdnwluasiasuldhnisldoynauluisdoanledlunisidatuarswosuiled
anaiivszdnSnmligunn faudaglduasunadudusaufisen (Photocatalyst)



Abstract

This study aimed to investigate efficiency of zinc oxide nanoparticles for remediating
formaldehyde in water. Formaldehyde solution was prepared from stock standard 1,000
ppm in order to obtain a desired concentration 100 ppm as used in this experiment. A study
was conducted by the addition of zinc oxide nanoparticles at different concentrations (500,
1,000 ag 2,000 ppm) for a period of time 30, 60 and 90 minutes. The concentration of
formaldehyde was determined by means of spectrophotometry. The purposes of this
research were to determine the optimum dosages, the degradation rate or removal
efficiency and the kinetic removal rate. The experiments were carried out either with or
without exposure to sunlight by wrapping with aluminum foil.

The result of the experiment without sunlight was found that the removal efficiency
of nanoparticle zinc oxide in the removal of formaldehyde was quite low. There were 7.76,
8.58, and. 9.29, respectively (500, 1,000 and 2,000 ppm) while that with sunlight showed that
the removal efficiency were higher. There were 15.12, 17.92 and 19.04 respectively.

The optimum time in the presence of sunlight was up to 90 minutes at 18.77%. This
could be considered as a low rate of efficiency and it was slightly higher than that with a
period of 60 minutes (17.92%). The removal efficiency may be increased by a longer period
of time (more than 90 minutes). This may be too long. The study can be concluded that the
use of zinc oxide nanoparticles to eliminate the formaldehyde was not much effective both

with and without the exposure to sunlight as photocatalyst.
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A1519% 1 LanINaves Kinetic removal rate of formaldehyde removal
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nZnO = Nano Zinc Oxide
TEM = Transmission Electron Microscopy
SEM = Scanning Electron Microscopy

ppm = Part Per Million
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1.1 anwddnuaziisnvasdymitiiniside
asindidunse  ginanldifiofansusingg  annnelumagaamnsIILAINEATNTTY
asinfidunnemarivudeuddunndomidluman  uarAufefullgmmedanadondailan
mwﬁﬂLLaz”Lﬁmmﬁ']ﬁzgswﬁgwﬁzLmlwa?a’hﬁﬂﬁﬂuLﬂyaumaaniﬁumiwawawamﬁm YU ang
Usudingiie voudoanvuiunmstlngedl asiefaingnavingsy arsadiflflumhsnunms Wu
A Lﬁ'aqmﬂﬂigmﬁdqmaﬂsmwiaqmmwamﬁmaqmmwu WPISUENT d9AU LaLNINYINTTTTUYA
fialnensauarlnedan
Wesuadlen (Formaldehyde; HCHO) Juanslafid szwmedreluenie LLﬁﬁﬂéugu an
tanldlumswdadenanain, asenidon uasldlugnamnssunszany Wusu (Kumar et al. 2007,
Tejado et al. 2007) Haqtiunesuailesgninuldosunivanslunsinwesaiododnt
suldnsnesseansdling viediusnwetuazsna WisldlunsSeumsaeutindnwunmd waz
finmsldlutBinamnn arsazanevesinadlesfililunisnes gnidendn Wesudu (Formalin) deilmny
duduresinailed 37 % lnstmiindeUiasirhansazats (wA) vie 40 % lagU3uasse
Unasdvihansazane (vv) Teehlulefindusingnifin wuea (Methanol) asly 10-12 % Lite
JoafullliAnufseneendinduianadsuslidunsamiesin - (Formic acid) Bsfifiwsuuse
wnniuaztlostuns Polymerization Weswarlemduiinsuiudinduasediinelianfiv {u
asnewwSe wag fiaszaoidesieruazsruunaiumela

asavangnesunanlan mmmﬁﬂﬂﬁéun@ﬁ@u onaviliannsuudeuluumdsi uavauld
uaﬂmﬂuumwﬂmﬂﬂuawﬂummﬁ mammumaammwmamuwﬁl@ Fatuansazaneadaniles
msgniUn w3e Wi duasazanefiiens ﬂaummaiwwmm nsunUne1avinlanateis wwu
mﬂ%ﬁmm, Anaerobic biological methods, aerobic treatment systems #38 wetland systems
Jud (Baraka et al. 2007, Herrera et al. 2008, Qaderi et al. 2011) Sjuﬁ’j\‘iﬁj"] ‘ﬁ ﬁm’ﬂ%ﬁ’aﬂmﬁa
Tdnsnisinunsunisthdanesinanles (Zeng et al. 2014) mstidnansazanenesunadles il
USinainnisoadudsidndifiussansnm 1057 wazUsenda

ulumaluladifumeluladfilssuanuauladmsunisinuludagtu  (Masciangioli  and
Zhang 2003) linazdulusunsunnd Inermans wazanamnssy wilumalulagidudnyiagden
vilsigniunldidielidunadugrslunaridiniimeluladinm  wilunalulad  Aowaluladi
Rendestunszuaunisdans msais vidensiiasesi Yan aunsal in3esdnsusendnsnsinivung
@nun 9 Tuszauulumms (Ussanu 1-100 wiluwiwns) (ELShall et al. 1995, Abdullah et al.
2004)  eymavuInlugnisUszgnaltlusnumadiudannden  wunsthinussgndliiuan
e navidaasiulevludannden  asiidoumeamuieuly Adsenuianldlunsiide
aswaiianndudaneden 16LA Nano Zero Valent lron (nZVI) (Welch 2007) uay wiludsdesn
lad (nznO) Wudu symevuauiluvesdedeanles dsdeenlad (znO) Wummiadidanuanse
Tunsiludusaujisen (Catalyst) wasgnldiludasauiisendneuas (Fouad et al.2006, Spanhel
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and Anderson 1991 Yadollah et al. 2012) &oanlerdagnAnwdde Tunisuuildiiieidudags
Uiselumsvndnansad

savusaduiunaula  fensAnwidonasiauunlumelulad  waziiensiudefneninuas
< P ° A = ° a ¢ I3 o w & A Al

anudululgvasmsiiunluwealulad wsensuiuludereanlenuivivaneasunaunlolun1ned
oIz i Swensdlng  Feezlderududunesunguy 10 % Fezdmnududuvedans
Wosunantes 4.0 % Tuih Fluwsazdinislddulsuiaiun eownisluaaidunis@neninig
SeunsaauluAUINNYAERS AT INGIMARSAUAIN

Wosuadilen (Formaldehyde) fignsvnanil HCHO wie CH,O Wuansdwandanlen laome
Jufnensewmelade 1Td Feluszuu IUPAC veawmasuadlan A Methanal Wuanspiinneliia
a < 1 < aa & 1 a .
e 1Wuaisnensiss Lazffinassmeifssmonuagssuumaiumela (Kumar et al. 2007, Tejado
et al. 2007) Hgnslaseasneme

H

/

=il
/
H

dl v 6 al &
2md 1 geslassaiievesnasinanlen

av o Y o o o & s a s % ] e Yo

PnaddengItumsiidmhnUudeuresinadles lagnseawdn dfnwleeldds
Biological aerated filter (BAF) Way Wetland reactors 1ag Herrera Melian Laz@ue FINUIING 2
ad v ! o o w g d‘ dy 13 a ¥ 1 = a a ! o w v
Basnanawsarhuildlunisuntniinvuilounesunanlanliegaiiuszdnsam  winisuntnme
Tnsilenadeinsamuigilunisasnuaiedle e Reactors

Turagnisfnerussansamlunisirtnansazarenesuianlanlaglydid Aerobic biological
treatment systems LUSBULBUTENIN 2 53UV A Moving Bed Biofilm (MMBR) Way Sequencing
Batch Reactors (SBR) nans3dasananinuin Uszansnmlunisiidnansazatenesunalanlngds
SBR #ni1 MBBR lusmsfiaadumsanwilutszindlve Afllassnisldasuenludenlonsonlen
= o o o o a & 3 = ¢ a v a i 4 = 1% & %
ensUnUaideiluilounesinailes vningrduuiing, 2010) feuilasddwindey wwmuls
1 enuneneulunsneidenisuntaunnuuilounesuadlen Gallsieaunisidenliun wasdl
Todfin MetiillaswnanUsunaeasavaneunluguvenige Bnsfionadudeu dnsawuias vise
g1aldhaunulumstndn  Tunsdjiimnanswesuadlandusunamn  019idsuisnenvulu
nsUUA kagyinangaIsienInan?

aun1AvauIly (Nanoparticles) Ao Janvisoayniaiivunlugsuiluuns Aosening 1
= d -9 P S a 4
89 100 wilwes (nm) vseuwandlusUvesnsguaInaluzy 10 veuunsil Welilgurundeiie
wptiguduN Huuawiiu 80,000 wilwums sumevesulunatetlaigniuitlunumesiu
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Awandon wWu mstheumewmdnulu (nZvi particles) snldlumsidamindevievudouasiad
(Jiamjitrpanich et al. 2009, Jiamjitrpanich et al. 2010, Jiamjitrpanich et al. 2012) 52u83N13
ponuuUniensUssAnginteslatiielfaavidelinneiiaglussduiidninng wu nsdnesneuuas
Tuanalusumisidosnislsiogegndoasiugl  dwalilasadesianriegunsaliinaandffiy
Fulimesuiland wil wietinw wazanunsainlUldlmAnUslomdld (Masciangioli and Zhang,
2003) oymemenluaeviafigminildlummsiudanadon Wy nmadeynamanuly (nZv
particles) :J'ﬂfﬁlumaamﬂ%mmmﬂmﬂu‘lmﬂwqSiﬂ,uﬁ’] (Jiamjitrpanich et al., 2009, Jiamjitrpanich
et al,, 2010, Jiamjitrpanich et al., 2012, Prashant et al. 2003, Welch, 2007)

wiludsdeanted (nZnO) Ao sunArwInuluvesdsroanled Jsreanled (Zno) WWuansiadl
Aflauannsalumadudisefiten (Catalyst) wazgnldiduduseufiserneuas uludsdoen
ladldgrunnldlumstinansuudeuiidufvluaunnden fafulassnsidelundad Sdduszgndnms
Tunludsdoanladuiidaresunduiildlunisnes ivsnweir vieseenansdlng FusSeuain
wWosindu 40 w3 40 % ansvlesinadled (vv) Amierlvluriewaialudsuuia 20-25 dns Tu
wiagdfinsliduuiinaiunn mstuludsdoanled wihde Wedidnansvedinadled anay
Huity wasiileanUSunuanswosinadiled noufisasgduanden

1.2 InUszaeAUINISIY
IQUIZAIANAN
iemsuszyndldunlumalulad (euniauludsdoonles; Nano Zinc Oxide; nZnO) Tunns
Trinansazaneasinailen 4.0 % (10 % Formalin) Tuth
IUIZAIATD
4.1 e USnauiianzay (Optimum dosages) ¥esaynauludsresnludlunisinds
answesiadlerluh
4.2 \fiefnwUszansnmn1siadn (Removal efficiency) wazdnsinismdawmdeuil (Kinetic
Removal Rate) wosanswasanadlerlutinlnsayniauludedoonls
4.3 WeRnwanuamnsalunisiduiuse §iserdeuamwoseynauiludedeenladlunis
Uriinansuesanileslut
1.3 YaULYAVBINITIY
nsfnwUsEAnsnvaseumauiluddesnladnisiinihuiiouarsesutailefidu
ns3delusefuriesufiAnis (Laboratory-scale) Insnsldansagarevlosunadled MAnannng
wisaimadudu 4.0 % ludviazans DI water Tngwdsuanaisazarevlesinadlenifinm
ududadi 40 % (Formalin 40) tumitda TnevhufAsersseyniavesulufedoonlas fens
Wethaulsiumamenymeauuddesnledily ioUssduastmmuadvuauSiaiivunzay
(Optimum dosages) TunsiUiAzen wsiiuszeznatlunsiufiten iedmundssansamnis
Y1 (Removal efficiency) uay @nw1dnsnisnismdaadoudi (Kinetic Removal Rate) S2U%a
nsnaassneldanngiiinaaylifuas ieAnwiauansalunindudiseaujizendeuna
sunmeauludsdesnledlunistidaaswesinailadluih



1.4 Uselgninlasuannnisiae

1.

uAtgmilunsaniusnuremihenuninnisde - viudnea wlunsnaanauIde
waziimuAnen nvesinifeniled

Jussdanuilunmsidusely: Insuesranusindlunisnisussendldunlumalulad
(eynmeawlusdeanlas; Nano Zinc Oxide; nZnO) Tun1suntnansazaienesunaslen
UINsAusUNUsEYIL: mMaewinawITenlianiunisnsgsulissymuii

anudnuazUsslomivesnmameluladuilualdtiuyanndanadon
Juussloviteussrnsnguidhvane:  eliflerudufedfuazauamitivesssrv
pgadefy  msweuwsinaATeilduaglviaudinussnauasiliussnvunsemings
Papmadanndounaznsudluligmuaivianden

nsUszgndldulumalulad (euniaunludadeanles; Nano Zinc Oxide; nZnO)lunis
Uhdnansazanewesinadled  dsamnsaUszendlifuminenusinsg Wy aminetds
Tsanenua lssaugaavngsy aotunisiine 1lusu
Hunsanmansenusiodaundeunay Tastuguamoudovesssswu  uenanidtasan
HoyminudanndeuwasiTiannsiaumine nsigadu
wenslunsansnglulseiALagsEAuLINIgR wazelviseinalvediuwimniemns

Wawin1suntakaznisufoanisunladmiuilouvesansiaiidunsie
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1. Transmission Electron Microscopy (TEM) JEOL u JEM-2010
2. Scanning Electron Microscopy (SEM) JEOL §u JCM-6010 LV
3. QuantaChome Autosorb analyzer ﬁu Autosorb |
4. X-ray Fluorescence Energy Dispersive Spectrometer ﬁq'u XGT-5200 (XRF)
5. Spectrometer Thermo Scientific ﬁu Genesys 20
6. Vortex mixer
7. Lux Meter: Didicon LX-50
8. Thermometer
9. pH meter: Index ID 1000
10. PTFE syringe filter (0.4 um)
11. Volumetric flask
12. Beakers
13. Petri disks
14. Aluminum foil
d19.A3
1. 10% Formalin (4% Formaldehyde)
2. Nano Zinc Oxide: nZnO: SIGMA-ALDRICH
3. DI water
4. Ammonium acetate
5. Acetic acid
6. Acetylacetone
7. Distilled water

WAnliun15de warddieszidaya
n1sfnwIUsEanEnmveteynIpuludsdeenlennisuidnaisazaenasunanlan
Hunsideluseiuriesufifinig (Lab-scale) Ingnsldasazarevefunadlediiinannmandou
Aty 4.0% Tu DI Water dnihdin wagvihufAzensgoynievesunludedesnles d9n153de
faruustuuiinureseymeuiludsdoonledild ieusaduuastuunsvuauiinuiivunzas
(Optimum dosages) TunsiUiAzen wsiiuszeznatlunsiufiten iedmundssansamnis
$150 (Removal efficiency) wag 8n31n1snsfidnndenil (Kinetic Removal Rate) N15vnaes
aeldannyiiuamaslifiuas  Wefnwimuannsalunsiduiisalfiterdeuaseyniaunly
fedeanludlunmsiiaansrlesinarlelu Bnsdudunsifedsd



1. nmsAnwinuautiveeyniauluddoanlyn
anaLtRvesoymauludsdoanlediinsihunldlumsidoussaninmathmiin 10 ndu ves
U SIGMA-ALDRICH Aaudnwauzdivinnsiinwleiun
1.1 &nvnzgUimeseymauiluisniadnaayaudd lnensesiadeudae
Transmission Electron Microscopy (TEM) JEOL u JEM-2010 wag Scanning Electron
Microscopy (SEM) JEOL §u JCM-6010 LV
1.2 FnwituiiialumsiuRseesoumauly nefnwiituiiia BET surface area #e
1389 QuantaChome Autosorb analyzer iq'u Autosorb |
1.3 Anweuuiqrsvesoymauly Tnensiadadieeies Xray Fluorescence Energy
Dispersive Spectrometer 14 XGT-5200 (XRF)

2. msAneUsEAnsamvaseynauludersanlannisintnasazanenasunadlan
nswieutudeuassredindy  Tnewseuanaisavanevesinanlenitinnudududedy
40 % (Formalin 40) @1sazateneasunAten wseulaunisld a1sunsgIuvesasnesunfles wiey
191# Stock Standard 1,000 me/L (ppm) Taeldii DI Water usviazane witeldlunsedeoulile
mmL%’u%’uﬁéfmmﬂumsﬁwﬂiwmﬂmgmiﬂalﬁﬁmmLsﬁm%usuaﬂmsasaww]a%mﬁlaﬁﬁ 0, 1, 10,
30, 50 Wag 100 ppm Formaldehyde Wag Stock solution d@wmiunisneassnisiiln  as
Wosudlan mfmL%u%’uﬁi%'a]zagimi’mﬂﬁmmsgm frapududuiivinzaud 100 ppm vedans
Wosuhlen %gﬂ’LsﬁLﬁummvﬁm%’uﬁmé’u fldlunsnnasasiely 1ne33 Spectrophotometry #ildlu
nsivelumdaed
NA5NNTINLIATFIUVDIATAZABLIATTIUNRTUAR Lan lagnsdialsazanyans
Wasunanles a1savalsuInggiu 1,000 ppm diowssuansavaneesinaslesinududu 1, 5,
10, 30, 50 uaw 100 ppm udaRdunissad
1. thansazarevlesianlesfiannududusieg 11 4 ml ldlurasannass
W@ Nash’s reagent 2 ml aslunasanaaslnaznasn

2
3. thlugulu water bath 7 37 °C fuian 30 wit fislilvidu
4. luiansgandunasiiauenindy 413 uiluwns
5. diAn1sganduLas (OD) wagAimududuvesansazatevesunanlanluideu
n3 Tnglvien OD agunu Y uazAududuaguny X
WmIBUENS Nash’s reagent Usznausae

1. Ammonium acetate 15¢

2. Acetic acid 0.3 ml
3. Acetylacetone 0.2 ml
4. Distilled water 100 ml

2.1 msAnwUszanSa naziuaUsINianzay  (Optimum  dosages) W89
aunauludefeanlenlunsinujjisen (Degradation) Auaisazatevasuanlaanuuilauly
1



mstmusUSInaivsngan (Optimum dosage) veseynauludsdoonledlag nsudsiu
“U%:mzwuaqmgmﬂmiu%qﬁaaﬂlqjéﬁmmL%usﬁu 500, 1,000 waz 2,000 mg/L e ppm lalun1svin
Ufisefuasasaneefinarlediivudoulumiidussesnan 60w luvaeiidiesnauny
(Controls) agliiiueynauludsdeenles Tasiduaslunivuy Petri disk ifleasunaniifivun ¥
nsnseEnsazanedae PTFE syringe fitter mdnantauiaUsinaeansazaneviesinanlos 7inde
mdanmsviiuFAzendeiaies Spectrophotometer tilemer 0.0 udhmAanasiuay
WNTUINNSHBUNS NN Uimmmaumﬂuﬂumﬂaaﬂlwmmm“am (Optimum dosage)
dieldrusinasinanlunimaaesdely wanmaaessuiuns 3 61 nmeaesludutiduiung
lnemsviugnseineldanneliuaan  wazanizlivasan  neangliiansinisierunvue
Mmenszaulagd (Aluminum foil) uagvirlnsenneligaumniiiieai

namsnaassnandusUunundl 1udieds uazAndoauuinsgu (Mean and SD) 1o
‘fi%ﬁuﬂugﬂ%& Degradation rate uag Removal efficiency

2.2 AMMUAIRIINNSEaEdany  (Degradation rate) WAZdRIINITNNIAIIALAABUN
(Kinetic Removal Rate) vasasazatenasuaflanluiilagaunianuludedeanlyn
A = . . . = ) o a cs'
WafAny1 Optimum time Iugﬂsum Degradation rate WagANYIDANTINITAITNIAALAZDUN
(Kinetic Removal Rate) Mwingay Usunaeuniaulugeraanlaniild Anuduty 1,000 ppm dlu
[ aaa [y 4 a - & s a & P ! [y
nshufiseiuansasaevesundlenluinvuideuasazarenosunmlanidussesianiuananeiu
Tuanmgliuasmazanzduianas  nsveaessNaumeiuiulouasazatenesinflen 100
mg/L aslunue Petri disk wdsntuineuyniauiludadeanlediielilaanududu 1,000 ppm
¥ 1 b %4 a I a ‘ﬂl
wdngnun Tuluanngliuasazanneiiuaann 1Wuszeziaan 0, 30, 60 waz 90 Wl WsATuLA)
AMuun  vinsnsesansazateeig  PTFE  syringe  filter Mé’ﬂmﬂﬁfui’mmmLG&’J’@JG&’J’umia“ma
Wosinadlesfmdendmnnsiniisefeindes Spectrophotometer Lwamm 0.D. LLﬁu‘L!’]ZLI’]
AmuauamansldannTiNesg mamammammmumi 3 41 WiomAadouazdudsauy
nansnnassanadurady tazAndonuunnsgiu (Mean and SD) uazuanslugUunmgdl
Juriade warAndeauuansgiu (Mean and SD) Taetiauelujuves Degradation rate waw
Removal efficiency dmiudnsinisnisiidamaeud (Kinetic Removal Rate) uansluguununil -
n(Ce/Co)
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nsAnwIUsEANEA nveteuauludideenlyin siitnihvuilouansazaenesunadlen

Junsideluszauiesufifinis (Laboratory-scale) lnansldunvuidouansazatenosuiadland

aaa 1%

AnannMsdasien danvndawasinufisenmeeyniavesunluddeenled Fen153delazulsiu

[

YSunavesouniaunludsdeantennld iveUssiliuuasMruanmuauSunailivanzay (Optimum

=

dosage) lun15v1UATe1 wusHuszeziarlun1sviuisen iedmundnsinisgosaans
(Degradation rate or Removal efficiency) Wag 8n31n13115A19ALAGDUT (Kinetic Removal Rate)
v Aa = A @ w1 aaa 1

n1snaassnelianneniuvaazlifvaniofnwmanuaiunsalunisiiufsauisennisuas
aunAUluTReenlyflunisesdasasazatenasualanluun

Y] = a = ¢ a A o a = a o v

Iomseanseslie aunsal wazasiadl Mldlunisandunis@nwauidenisussyndlduily
walulag (euniauilu@edeenied, Nano Zinc Oxide, nZnO) lunstrdaiiudeuansazany
Wosunanlan (Formaldehyde)

JawSeneuniruiludidesnlenlun1sfinwinudnvauzuazauautivesounAuluiaen

o

ladiiiodunsBuduinoyniavesdsdeanlandvuinveseuninegluauiauiluana  wan1539ed

SUALLDUAN I

1. Mm3AnwAuanvuzLazauaulfvaaunIaunluddoanlyn
ananRveseumauludsdoanlesfiaziinlflunsidodudnvusnduniazden

AnudnwaziviinsAnwliun

11 &nwagsUiiseseyniauiluianiadavinuazaudd laen1snsiadaudie
Transmission Electron Microscopy (TEM) i@z Scanning Electron Microscopy (SEM)

NANNIANYIINAMEBIBIATEY SEM Uit syniaunluvesunluBsdoonladiivunnidn
11100 wiluwns uisamdndunguieuifivuinieg fu enaflmuaduriugudnansnnndi 10
lunseu drulngjazegszning 5-10 luaseu (Fsn1wdl 5) nan1sAnwviainamaefmelnies TEM
Ipnaludnvazifeaiunud eyneauluresunluddosnleddivwindnndd 100 wiluuns uasius?
Hunguieuiifvuinsnag fu vuneynieafianuvainvans wilasdulvgegludis 40-80 wily
w93 (Fanwdl 6) uazanam TEM uandliifiudnuazvesoyniauludsdeenladiimamainvas
Tusuirauiulasdnidngidnvazidunsandoy Wy udamasy namasy dmdsy nssnszuen
waENILAUYE



SElI 20kV WD16mmSS40 x10,000 1pm
Sample Oct 09, 2012

()
m‘ww 2 aﬂwmusﬂsmt,a Gummauﬂmuﬂumﬂaaﬂlwmamiaq SEM (n) Aasuene x 1,000
() AMAasEne x 10,000
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(V)
A9 3 dnwairsUTLazIwIneuAAUlugAeenlaniATes TEM (1) Maswes x 10,000
() Aa9Ue18 x 50,000
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1.2 Anwfuiiialunisviiseweseyniaunly Taefnuiuiiia BET surface area wa
msfafiuiiioves sumeauluresulufsdoanlednuindeiads 9.5640.04 m’/g

1.3 Anvimnuuigvveseyniauilu Tasnsaainfelrdos X-ray Diffractometor (XRD) wa
msmsaianud eumauTuresuludedoonlediinnaniansts 99.98%

2. msfnwseansmweymaunludefeanlanranisirdnasazarenasunanlan
nawseuiegsiivudouansavaneesinailed wisalaonsld arsunsgiuvesans
ansrlesunadles wwedeulildanududuiideanis fe 100 ppm Inew3ewain Stock Standard
1,000 ppm tielfifuiredrsiudouansazaneiesanaiiles NavUDINTINIMIFIULARsluAIWT 4
dioldlunsmanududuvesansazaneresuileddely

Standard curve of Formaldehyde

3500 " .
3.000 ad1] 7&
2500 ———

a 2.000 - —

S 1500 +——— ik —y=0.0305x—
1.000 - R2=0.9944
0.500 11

0.000

- B T 1

0 20 40 60 80 100

Formaldehyde concentration (ppm)

co«@-- Averg_0O.D

Linear (Averg_0.D)

AN 4 LEAINTINLNIEINTEdESAza1eWoTUALan

a a [

2.1 msAnuUszanEAw wazvunUSinaiivunzsy
nsAnUsEansnmuayfvuaUiinuiivisngay (Optimum dosages)  wasoyn1AUly
Gedoonledlunsiinansasaenesindlesduuieulut Tngldszesinar (incubation time) 1
Falaa msfmunynaiivsgay (Optimum dosages) vasoynaululag MsuUsiuUIMYes
oyniaunluldlunisviufasorduarsansazarenesindles  waznsafnusuimasazany
Wosindladfinde AUInameseymauluiainsataasasazarenesindledliinn lunan
LaranEwIndoifentu fie A1USunafiisngan (Optimum dosages) nansvaaasuanslunInd

5 Tuan1eNlUiLaan LaznIng 6 TUaN1ITNLLAILAR


http://www.google.fr/url?sa=t&source=web&cd=5&ved=0CDEQFjAE&url=http%3A%2F%2Fwww.kmitl.ac.th%2Fsisc%2FXRD%2FGettingStratOf_XRD1.htm&ei=mINyTMqgD9C6jAe36oz8CA&usg=AFQjCNHcDslySj8CZPb5kdgqeRQ1Cch8mA&sig2=ANkRil5taYawVtg0Zp9dxw
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E 100.00 o0 9224 9142

£ ———= ~— — 90.71

E 80.00

=

£ 60.00

=

S

§ 40.00

]

S 20.00

=

D

g

é Control 500 ppm 1,000 ppm 2,000 ppm
nZnO Dosages (ppm) in Dark condition

(n)

]
=
>
S 100.00
=
]
E 80.00
)
=
S ~ 60.00
g &
g
= 40.00
%
— 776 8.58 9.29
% 20.00 534 7. .
__4 ﬂ
é 0.00 T T T 1
Control 500 ppm 1,000 ppm 2,000 ppm
nZnO Dosages (ppm) in Dark condition

()

AN 5 dassnaUIunuasiesunfles Tunisveassluaniizluiilaiuan 999 Optimum
dosage (n) wag Removal efficiency (%) (v)
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100.00

80.00

60.00
47.32

40.00 ’\\.ﬁ.zu 2940
—{ — 28.28

20.00

0.00 I I I |

Control 500 ppm 1,000 ppm 2,000 ppm

Formaldehyde concentration (ppm)

nZnO Dosages (ppm) in Light condition

(n)

D

=]

>

S 100.00

=

]

E 80.00

(=]

=

5 ~ 60.00

S

g <

2 40.00

% 15.12 17.92 19.04
- 20.00

2

£ 0.00 — . | |
~

Control 500 ppm 1,000 ppm 2,000 ppm

nZnO Dosages (ppm) in Light condition

()
AN 6 wansnauSunaasnesuaten Tun1snaassluanieiinaiunn 989 Optimum
dosage (n) wag Removal efficiency (%) (v)

INNANITANY Optimum dosage ez Removal efficiency (%) wanslunnd 5 Hunis
naaadlaglifuaiian wudn Ysansnmveseyniauludedeenlentunisiidnaisiesuniladsee
t1as 1feendn 10 % ves Removal efficiency NnAnutiiuvesunludioanled 7 7.76, 8.58 uaz
9.29 auadu (500, 1,000 wag 2,000 ppm) Tuvaizfinsveasdaelduaawamduss Photocatalyst
Navad Removal efficiency wansluaInd 6 Igiagudu 1512, 17.92 uag 19.04 auddu &1
Foensiiial Removal efficiency enageaifisny3unas sunauiludadoonled 1nndt 2,000 ppm 3
919zInnAuly laiduarlunisamu neaazdanaldinlugamunau (Controls) fisvaziaan 1 Falus
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ansnesindleniaududuanas (47.320%) dedlsufuanududuiivSsunsusuduain Stock 100
ppm Tunsveassiilduaunn

Tunisneaeuiiefnuidnsinstesdats (Degradation rate or Removal efficiency) wae
dasimsnsidaiadeud (Kinetic Removal Rate) voseyniauiludsdsenledlunistiings
Wosinafles Fadonldmnuitiuduveseyniauludsdesnlad 7 1,000 ppm wazidunsmaaosiil
uaauanLdud Photocatalyst

2.2 nsAnwdnsINIsEaeaane (Degradation rate) wazdnsinisnismidandoudi (Kinetic
Removal Rate) wasanslaslulnsingduluinlnsayniaunludedoenlad
N13ANYIeNIINISEosaae (Degradation rate or Removal efficiency) Wagdmns1N1TNIS
fdnedoud (Kinetic Removal Rate) wesarsvefundledluiilasayniauiludsdeanles lng
LﬁaﬂiﬁmmL%’m%’uﬁuaaayﬂmuﬂu%ﬁaaﬂlﬁﬁ1‘7i 1,000 ppm TunsAnwinistnte lagazdinisuus
AuvessrezIatunTiuisevesountaunlukararswesunflen Inefnwisseziianlunisvi
Ugjﬁ'%mﬁ 30, 60 waz 90 Wil Inevnaaafilduawwamu Photocatalyst  Wan1snAaBsLanlunIn
n

27.67

40.00 - 29.40

30 min 60 min 90 min

Formadehyde concentration (ppm)

Reaction time (hour)

(n)
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Removal efficiency of

Formadehyde (%)

100.00
80.00
60.00
40.00

18.77

20.00 17.92
. » H W
Control 30 min 60 min 90 min

Reaction time (hour)

(®)

AN 7 Lan9nIINISURYEane (Degradation rate or Removal efficiency) (n) LazdnsINT

nMsidaeaeud (Kinetic Removal Rate) ()

INNANTNARRY WU Usedvaninvessyniauludeneenlenlunisindnansnesungles wus

Auiuantunsiuisen Tnesl Removal efficiency gegniiszesiian 90 w19l M 18.77 % Fa913fi0

loligaunn uaylndifsaiunavesszeziian 60 w1l (17.92 %) e1adeaiiuszezIalun1T

YAz U 90 Uil Feenvazunwiuly way 919fiolaindiuszdnSaine Wesinnisldaiuiu

Tunsindn Wesuiunsininalswesuiflenmeisauniuseansninuinnin 90% (Qaderi et al.

2011)

Reaction time

Influent (Co) Effluent (Ce) Ce/Co -In(Ce/Co)

(min)

Start 100.00 100.00 1.0000 0.0000
30 100.00 98.04 0.9804 00198
60 100.00 82.08 0.8208 0.1975
90 100.00 80.35 0.8035 0.2188

A1519% 1 LanIWaves Kinetic removal rate of formaldehyde removal
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2.00
1.50
°
9
3 1.00
~ y =0.0028x
=
n R2=0.7892
0.50
0.00 4 /x//f |
0 30 60 90
Reaction time (min)

Al 8 wanawa Kinetic removal rate of formaldehyde removal (@1n135 -In(Ce/Co)=KT)

91ANANISANYY Optimum time and Removal efficiency (%) @13130UI%IA7 Kinetic
removal rate of formaldehyde removal 1@a1n @uns -In(Ce/Co)=kT anwan1snnassiuandluy

M99 1 uagn1nd 8 wudnen Kinetic removal rate (k) = 0.0028 min
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unin 4
unasy

d3UNaN1339Y
= a a a ¢ (3 o o on s al (3 2
nsAnwUsEaNEA nvleuNIAulugdeanleinsUIdniasaraeeTinAlen Nswsey
Y | & ¢ av & a v 3 = I3
Wiegnvuleumsazanenasunadlen wivulaenisld a1suinsgiuvesaisaisresunanles un
wigdlilannududundesnis Ae 100 mg/L  laewn3euan Stock  Standard 1,000 mg/L
[ L a o g.j QQAJ d" = a q' . o o
TogusvaaalunsITeluasall efnwiUsuaiiumangan (Optimum  dosages) tuni1svininda uus
Auszazialun1syiugisen ienvundnsin1sgesaaiy (Degradation rate or Removal
. . Y o w = = . . Y oia =
efficiency) wag 9m31N15N15ANALARBUN (Kinetic Removal Rate) Ingnaassluaniigiiladl wagdl
LEIUAR
HaNIANYIAIENAIansIABianasoy wuil sunawiluvesunludsdeanlaaninunlddl
NAENNTT 100 uluuns nuazgUsveteunaiinuvainany wilaediulvgjeglugg 40-
80 uluums viesasududunguieuifivuiaie du erafivwiduiaudnatswnnnil 10
v & da a 14 ' i J 2
lupseu nansianuiiveseyunauluresunlugadeanlaanuiianade 9.5630.04 m/g  wasdl
ANUUTENEDL 99.98%
nsfnwUsEanEA nvaIsyNIAuludsRoenlednisunUnaswesuniles NsANW
aunisiaedteunAuludadeanleniinuiduduiigg Adbiluszesianiidents ndwintuin
Usunaanswesunalaniude Tagldisns Spectrophotometry
NsAnwUsEANSAN  uagivuaUSumnzay (Optimum dosages) UVDIUNIA
a ¢ o w s al (3 U Ty a ¢ s a
wludsdeanlantunstidnaswesindlen lneniswlsiulsinaesouniaunlugadeanlaniiniiy
Fudu 500, 1,000 wag 2,000 ppm Mlunistrdnansiesufles [Wusvevinan 60 U1 wdnantuy
arvdeulnaeuflennvdeona winugazen WamA1USIuYeteynAuluTIRaanlen
Winngay (Optimum dosage) taldauTunasinanlunismaasssioly
NWANIIANYY Optimum time Tu3Uve4 Degradation rate wag Removal efficiency (%)
LazdnT1N1INIsAdaLAdeun (Kinetic Removal Rate) lnemsldarnnududumsngauvesaynia
wlugareanlys (Optimum dosage) 1lglun1svinufizen Ineaziinsuusiuvesssezantunism
UfAseduan 30, 60 uaz 90 ¥l
pan1sAnwluanzlifivamen wudn UszdvSamveseyniauiludadeenlealunisuidn
ansesinflanreutnew Hosn3110% a9 Removal efficiency MnAnududurasunludadonntes
1 7.76, 8.58 uay 9.29 muaAu (500, 1,000 wag 2,000 ppm) Tuvazinsnaasdagldiasunniu
#7 Photocatalyst naves Removal efficiency Tatindudu 15.12, 17.92 uay 19.04 auaau
NWANSANYY Optimum time luan1ieiluasian lagdl Removal efficiency gegai
S2eEIa1 90 Ul 91 18.77 % Feenadelainliawnn waglndlAesiunavessseziial 60 Ui (17.92
%) 919fpLiuTEezIAtUNSYIUATeWIUNT 90 Wil FeenaasuuAull A nmsAnuluasedl
asUlainnisldeuniaunlugsdeenlenlunisviiiten  duasleslulasingduiudenluiienad
UsganSnmilyawnn winnnlduasunadudusalfiser (Photocatalyst) Tunisinufizenaiunse
W Removal efficiency g 71.93 %



18

Jalauauuz
Mnransideluadsdmsimsfinvifudulumaiuusyavsamvsseyniauiludsdoonled
Tunstrimansrtesuniiles il
1. msfinsfnwmaresenudunasiifiviudeussansnmaeseymauludsdeonted  Tu
msthiinanstesindladiivudeuludh
2. esiinsAnwdmaveswas  Ultraviolet  logldwasaiiauas  Ultraviolet s
UsvAnsnmaesounewiludsdoonlaslunmstidaansesiniladiivudeulu
3. msiinsfnudenaves Catalysts wio a@15uaddue Wy NaOH, KC|, NaCl Judu sie

Uszansnmweseuniauludsdeenlanlunisuntnaswesundlannvudauluin
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