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Title Study on Optimum Conditions for Removal of Formaldehyde
from Air by Photocatalysis using Silver-doped TiO, under visible
Light
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Abstract

This special project studied a removal of formaldehyde in air by photocatalysis
using silver-titanium dioxide (Ag-TiO,) as a catalysts. Fluorescent lamps 18 watts (1,030
lumen) was used as a light source. The experiment was carried out in a laboratory
scale. An acrylic column (size 6x6x26.5 cm?) containing stainless steel wire coated with
Ag-TiO; 1 : 15 by weight was placed in a wood box (size 50x45x80 cm?). The optimum
conditions for the removal efficiency of formaldehyde in air were investigated e.g. flow
rate of gas, contact time, light intensity and number layer of Ag-TiO,. Formaldehyde
gas was prepared by heating 20 ppm formaldehyde solution at 60-70°C. After
treatment, the remained formaldehyde was trapped with absorbent and then
measured by spectrophotometer at wavelength 410 nm. Repeatability of the use of
silver-droped TiO; catalyst was also examined. The results showed that the optimum
conditions for removal of formaldehyde in air were flow rate 200 mL/min, contact
time 30 min, light intensity 1,030 lumen, Ag-TIO, 2 layer. Under these optimum
conditions, the removal efficiency of formaldehyde in air was 72.63 £1.70 %. Ag-TiO,
catalyst could reuse twice.

Keywords: titanium dioxide, silver-titanium dioxide, formaldehyde, visible light
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L t 13 A d L o’ QII <~ d’l 1o/ =Y
vessnudazUsEian ElianiianuenduLananeiy uuﬂaﬁmamawuagﬂwumm

3/

ovmeuvdesaldzunsnsEdy
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2.3.1 usangeaaLsalTun (1ndnsasou, 2560)
waeaNgoaLsalwus (Fluorescent tube) M3ai3unuaaniiouas naanwgoolsa
wuéa"aumﬂ%ﬁé’ﬂvm:ﬁLfluwiqﬂss‘uaﬂﬁﬁﬂmaﬁaamﬁwugﬂﬁmaﬁ*nﬁwLLﬁuazqﬁLﬁaw

b o

% Y a o v % ¢ o o9 va =
mvasavinisumindmasanulugnaiumenavgesisaisudnioasougiviliiiauasd
FohwihilunsiFesuadiidudsneg uazguenmaoensunun reuszussyielovsen uay
Moy Wenszualwiduleysenssinlilousengnnsedu wazUdesnasaueenun

' a4 o Y o L4 (=1 ' v o/ < < I
Tugrnduseddansibiloasninuuyvinesiviu neussitiinssnuiuasiSeumniaiou
vshrtamaeanuly nawintu Juienisidewaniudangmurinvesansidouas 3
Winnuisenvesansisesuasiuisdsansililoan

2.3.2 VANMINNUTBIVRDANG DDLU

d i ¢ 1 O ad o v a g

diedinsvudlwihlvariuvasavigeaisawuinudididning szvhlvdadianinse
% o 9 v ' o - v % ! a g =
Jouuazirlvarsudes Ngnindevlivuldvasadassdidnnseusonun ueninilesin
dlanaseunivdeseenunlasninuiouuds AddldidnnseuiignUdeseenunainarmuuansng

' s ' O a & v v a & o oy @
YA IUINT sEIndIBIanInans 2 41eie Bilinaseusziadouniieaui3Igs an
g ) Y o v a @ <l ] <t ' v a 0 a A [
Tdianinsadanlsludadianinsndndanis neldiind1di8nnsou nie a1n
Baadeunuleysen vililousevlasundinuaindidnnseu uavvhlivaealdsuninusou
A' 4 o = A a a wva o ' Y a
waziuAussiuleUsenauivganvaenvsiiusyaninwgedn anautid Ao nsheliia

< @ v v ' a/ d aa o
waaniansouediuldmena uazuasdansililelan Wedlidnasounivgnlslaasesnun
WNFUAUFINATAN NasuNUanUaeroenin dulngudrnsluuasdansihloaaniiaiy

= o < <
#1Pdu 253.7 uiluins uasdansihilaanssgnivdsudusasianaunsouauiuldlagans
Y <
\30auas danansluzun 2.3

- A o
aIverosd W INANHANN
daninlalowa

Wi

alondiou BiinaIon pzaauliem

sUN 2.3 wanMsYuYemaenNgeaLsalLus (endy, 2560)

v
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2.3.3 doduazdoiduvemasnngaaisaiud (nilafasou, 2560)

Yy a v O a1l w o da ' % al v o

Tof 91YNIIFIUUIY 51A76N feinyiliieudeeutiags ivanuatedliiden
annsovsuaals vasaliSeu vildenmelaesoulidou deasuiuunseany waslidueam

Yoide Uszdnsnmnsantiauasdliigeunnin T6ian 2 - 3 Jundl naendeasin

' v a a v v ¢ ¢ ) ' ' o da & 5 'Y
urenunaenrlainsy dedldanisnnes wavdaanan sowgUNsaiInunNfnssiitmin
N AIVANTIAVIYeLaslaen
2.3.4 BuaswNRANgRaLSEILR (1ndATaSeu, 2560)
1. Usen
P v a ¥ | o o & P

- MwReunau inunawwes Walbeneludniau fidessen gansailiuiden 1u

winen melalioan Vinvies wazdonniseniou vunds
< 4’1’ a d'f 4' 1 (Y 4' 1 1 < &' -4 a

- A3 Y LWaLUaYesUnNoN@y 1 Uee1W1s S1NUouWnas WweldesSuieniuly
gmihane lawdew Yaanwdoovielaanzlioon szuuussamgnians mwsden widew
Lildgudes aennids veaiulidn waahidn Lildud e floinsmgania waedl

a v & v o« v o & a v o« o v
9IMsmedn nanuilelumih o wazdunsyan [WulseavdaSensiulde

2. lovestne seamudossailodolussuumaiumels neliiinuzs

3. LAWY ALYV AL AAUALKE

2.4 wann1sniauvesinlnazazladaveslninideyleeonled wazdairad-

= 3 3

Inmiloulasenled (assd, 2552)
' aaa v -] aaa o a & v Y

M3t nseImIsues (Phototcatalysis)ie Ujjiseninaduainnislduaslunsefuaans
e o o a aaa 1 v v W a 1 o
Widguwasdnsmsiinufisemaeillagldifedesiuiazasdad winsatouassansi
blaannnmoniing viennuaeageaisaudluddninieulaoonledazibiiineyya
lensenda lelasiauosoonluduazuszqavvesguiveieenled Ssansmsygavendiauiivily
a aaa v & o ¥ v O < < a al fala &’ o/
Wnufisemarll  aunsovianelassaiuazdugiiaiivecuuaiiSouasiwadnanelasa
limsifineyyalansendauazluanavoseendiauassviliansuseneudunidnaneifuoonles

o L3 (3 ?,’ 5 L4 [J aaa a o &
wlungnegnaeidumiveulnoenleduani  sauvaepdhluvhuiAteneendinduaaising
a J 1 ] J o/ o
wvmaf]uasmsnauu%a \wU acetaldehyde, benzene wag formaldehyde lagasnaiitinog
funundsnumhauleogassaufo  wouaud (valence band) uaziipunisilwdy
(conduction band) uaunasnuisapzgnuenaniulaedilaureIdnesenIandanu (band

=4 v ) ' o <«
gap) BaiAWNIN E, Auey nszurunsinlaazezladalu aqueous phase Ao nszuaums
n1sinlneandiatu (photo oxidation) veseyn1AdnsHfITigneymAveLasdeingsy
wihiunsegendndesimdsn £, annsevuliamihoymeasieind  yilisidnnsougn

v < < i s ° o Y a a <
nszau Wasufeganuaunaudluduaumsiiliih siliideannzuedidnaseuivaun
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¢ a ' Y v w ¢ I ad el v °
laud (3901 Toa (hole) unumsdydnwal h+vb dwdidnaseunignnsyiuluedluuaunisii
¥ e/ o/ 4:!' e‘ a a
Indhunusediydnual e-cb 33 h+vb waz e-cb awsaiaznduinegluannziulidniay

<l ' . s & d Y a L da v
w3 recombination #adulgminddguesnszuaumsinlaeendindy waghfiamin
! o . . _— a d o < v
FEWINURILTUaYYRUNAT (solid-liquid interface) BlanasouamNIaNaIAROUINBINLAY
mahlwihlgisudidnaseu (acceptor) TuansazawiSonin @i (reduction) 3o

a &

ianmseunIng I (donor) Tuasazaeluglealunauineud Send1 eendindu (oxidation)

| 4

a a ay ¢ & v v oad aa . .
Felganiinvuluwaunaudiduiisudidnaseuna (strong oxidation)

Innifleulaeenles JaudAlunisidudiswWiisen nseiuauvesinmdsau (band

& o v % Y < < v W !
gap) Uszana 3.2 eV Sasududeslduasdansihloanifiarueiaduildndssuuinnid
LauYesandsu unsequliiindiinaseuiuresinedidnaseu (hole) Fanalanisiss
aaa 1% a Pl ¢ Yy v Y da 4 ¢

Uiisemsuaasunninndedlasenledgnnszduieuasdansilloaniifiaugiadusi

1 ] u v a d el [} Var
N1 390 unlwuns (92935de3) lunsedudidnaseuiiuouniaud svwnilenilididnaseu

q

lada &

4' &l e’ v . qu 1 1 af Y a 1 1
indeunlununuasuAnt (conduction band) Hageasiiliididnasould Funtdeaing
a a = da <l a ' a [ aaa o 5
aiannseulian hole Turngididnasouiivsyyau lnendesiredidnaseusziufisentui

i a a a awv o Y a < o
wazwyflansendaiinidulansendausida Fadufeandladiuse aunsevilluanaves
arsdunidunndinarsiiuasvoulasenlyduazyt drudidnnsoussidinujisentu

a A 1 a d‘
pendlaunarawegiiaduguiveieonlesueulossu (0,) Fuleseenlasduoulessuss
o jeaaa  w ¢ a a¢ & ¢ ¢ <t
inufisennuansveuluasdunidnaraidumsveulaoenles Feanunsasemeuaraagluly
p1n1A 1nUfnTvreendiaduiiiniuaiuisatovaaisidouuniiie o571 uay

o3l (vann, 2554) fauamsluaumsi 2.2-2.12 (Lua et al,, 2015) uazguil 2.4

TiO, + hv —_—> h+e (2.2)
H,O + h —> OH+H! (2.3)
0, +e — > 0y (2.4)
HCHO + "OH ——  CHO 4D (2.5)
‘CHO + "OH ——y  HGOOH (2.6)
‘CHO + 'O, —> HCOs; (2.7
HCO; + H* = HCOQGH (2.8)
HCOOOH + HCHO—> CHOOH (2.9)
CHOOH ——> HCOO (2.10)
HCOO + h* —> H'+°CO, (2.11)

‘CO,;” + [O][*OH],h* ———> CO, (2.12)
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UV - light

harmless
H,0
Co, ™

\ N\

pollutant molecule

d a aaa a al (3
UM 2.4 nmaifauiselnlenzayladaveslmnitloulaoenles

(Gonzalez-Perez and Persson, 2016)

4 o a a ¢ - 13 | a g 1 Y %) Yo
Wedimsiindanesasuulninilisulaeenled wuirdanesdisanszaundsrulii
: - Y ' o o v
Inndeulaeenles wardreifuaruamisalunmsgaduuadutisanasuiueaiuldves

o d
Innidlulaeenled dwandlugui 2.5

U 2.5 mstieuArseinlnaznsladavesianes- Inmieslnoanled
(Chen et al., 2014)

b d . aaa =Y (3
Jadeniinadoufisenlnlnazazlada (o1uuv, 2560)
1. AMALTULAS MSIANAMULTULAI LY A LR LN N TUESHA RS RSIANS

U ATeugeUy
= a ¢ o/ a [J v o o/ i o o 5 P
2. Yssnupzazdad esnnmeagdadvihvihnnmsgeduuuiiuin sadumsii

Usinmupzazdadozynlinunfavesnsgaduifiuanniu dwalidnsnisiiaufisenfugedu
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< 3

3. anududuisuiuvessavany lnaseufisen danududusuiuingedu

e/ a aaa P

snsmMaiauiiseavanas wesnluruzfauiiondennududuifinuinasuesns
foviuty v vdudanisdesaanaaisduss wazvinlvmsdesinuveuasiudansazanely

U
L4

nivhlmuisenanas

2.5 sAdeiiAadas

s¥UUA (2556) AnwinisiaSeutagfseyiisonaussning lyiniiley
Inoenledfuddneulnosnles wasiluindevasuinadesufumduindouitomda
Hawnwenia luafinsmsveuveuenlesuazloivudumenszuiumsinisrsnslada Ing
wiansAnweenilu 5 dw drusnd@nwinisiessuddneuleesnled anunautn Tnenis
dwnavutluansaratsnsa 3 gl laun nsalalasnanin nsadafasn uavnsalumsn
wdandutiluinigungd 400-1,000 °C duitaes Anwinisindeulniniloalnesnled
U3gnddiuTinnsiea-ia uasdunswiiiigamgl 400-600 °C dufiena An¥INsinseu iz
Missufisewansemiwlvinidedlosenleduazddneulneenlen ludndiurg q Me35ns
Twa-19a dauiid AnwinsiedeuandussiiSewanasuiiuaiesdiufumdunioudae
“Bastundeu wuladeu uasiadeumeituearnithuiuniou uasnaaeudssansawlu
nszuumsinlansazladalaenisaarefiearsueusouenlenainaiugy uavlowudy
dwiunsnmludiugarinedo mmssrassnszurunisiiinazerladadosdulnsodedinns
weaRn3la

n3eslng uazane (2558) Wawnuardnwujiselulanzasladavesidnmilela
panlys (TI0,) uazdaliesd (Ag) indevvuukunanadnlawasunuiuiidunseuasdnsasus 7
fifnnsnseadaumnsnsfiulunsaanefinfiaduug Fdudanesinnidedlaeenlfinioudy
senszuunslea-iaa Inefilmnidoatmenled uavdaneslumsmiuasmsuludadau
Ag : Ti v 11 10 Taglua 91nduiedouvuurdunanadnlatasvulkuidunseuasin
sovud Meiimsmpuiadiou wudwdnildifuuvuesuina annsoganduuadlugsnasd
weadiuldinntu nindaneslnnioulnoenluaiivuin 20-60 uilumns Felugnimdnves
Inmideuruia 10-30 wiluins uasdszansamnsaanediuiaduuguuidunanainlauay
vuwiiidunsesuasdinsapudiidamsnsaauasiosas 40 nelfuasiuoaiuly dedn 61.68
Wag 53.97 Wosioud auadiy

) ar Id
wilnd uazame (2557) sanuuunavmuaunsduasivieyniautlulavsanilans

Y
uwalaifsunduudenfuuazoynalaneiiuguwsduduununans waldiumisaujasen
Usgdndnwgedwiunmswinindlalasiauigamgivessinujisonsaansiivensanes

fin msduaswiuvsesnitu 2 duneu dunsnifunmsmuaumsdansssdoynaunlulavs
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Augvwinlaeldlamaresunludidudifduazwedimained hialnlsalauuansdae
\atiys ‘E?um'mﬂLf]ﬂﬂ’]ﬂﬁﬂﬂﬁﬁ%m%‘ﬁ'ﬂ‘gﬂ%mLLWﬂLaLﬁEJiJlOEJEJULLﬁSﬂ’]iﬂ”JUF}:Jﬂ’]iLﬂ’\%‘Ua\‘l
unaiiRtseznouyuRuivetauriiy nsavdsuANANTRveeyMAuluinSeliTauns
AinszrunauazgUsulasmedaganssmididnasouriindosiu Tinswilaseaireiuia
Mnigaiiva warauey sleuuudainasulasmadngd-3di0a awnlnsalnd wasdnwinns
andumiveuneuenleduuiuilaemeiiadunsusn antnsalnd HAMSANYINUTIYNA
wlufiwSoulFfassaaduriadenfuununan (avsfuuasuinaiaifion) namsvagoy
Uszdndnwlumsisslfison wuindivsydniamgedeuiisennisaatedivesnsanesiin
annsondainesi (elasiunazmiveulnsenled) figumniives (30 ssmusadoa) whiy

Qs )

6.25 Ans seuSinaiiaswiiden 1 ndu e 1 2l Tnegendndausefiserlansiies
uralaieude 2.5 i lesnrnuanisynausausuveslansansyiln Fvanansaedunelag
audR WedidnasounazanUiiBalaseaing

wegnsal uazane (2560) Anvussansamlunsidavesinadledlueniadae
Uifsenlilamgarladalusedudesufjitinns Taoldlnmdenlaeenled (Tio,) uardaies-
Inndlenlaeenlan (As-Tio,) iudusaisen Tiuaeny3d (254 uluums) uazvasnviges
LSaLgUn (ANduLas 1,030 Qi) 18 06 91w 4 vaoaiduundsiudiauas Taeyvinis
noaesluduiinsalvunn 50x45x80 wuuns NUTTYABANITUIR 6x6x26.5 IGUIINSTT
mnauauaaadeuseansiswiien Anndndiuves AgTO, mnsanlumsidndiuig
wugnelasedyiuasuasigosisaigud TnouysAnfl 0:1, 1:5, 1:10, 1:15, 1:20, 1:25 uay
1:30 Tnenbwdn Foarmisgandunaeeinissaunlasininines fauenedu 663 uilu
wns 2ntY thendndau AgTiO, mnzaudildlufnwnsiidaadnailedluoinia Ty
T¥esunailadanududu 31.53 Wesidud Warudouligumgil 60 ssrusaidoa vy

o W

pnansnssiva 300 faddnsaewndt tudlvlureduiiduiar 10 unfl fndufne
‘Wa%maﬁ‘laﬁﬁmﬁao’w’wmsm%u mnﬁ”ui’mﬁﬁms@,mnﬁuumo’w‘aam?aamﬂﬂm‘[ﬂmﬁma% 7
AUE17AAY 410 UTTULLAT DINKANTTNARBINYTA n1sldaaLssugizen Ae-Tio, il
UsginSamlumsidadnnsuuadniingsld Tio, w“waaEJ'NLﬁﬂﬁﬂ%ﬂﬂﬂlﬁ%’dﬁg‘%‘%uasLL?N
Wgeaisawus ngUszansninlunsidediuituugues Ag-Tio, melésedyigaeninaels
wasvigealsalrus dadiusening AgTiO, ﬁmmsau’lumsﬁﬁmLuﬁﬁuugmUlﬁLLﬁqg?%‘ﬁa
1:20 Tnerhwin anunsordnld 44.77+2.52 Weodisud uavdadusening Ag:TIO, Tivansay
Tunisidadiniduvgasliuaigesisaisud de 1:15 lastmdn awrsasdald
33.46+1.73 Woslius Maramsinunussdnsamnmstdanesunadledlueinia wuin ms
Tduuaiagu Tio, n1eldsedyiTuazuamgonisateud amnsaddnld 61.03+5.39 uax

27.20+1.81 Wosidus amadsu uavmsldusiuainiadou Ag-TiO, (1:15) meliedyiduay
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uaavigeaisaisunamnInmdala 66.43+3.29 uay 68.3321.15 Wofldud mwasu Falal
upnaed it Agy
Lua et al. (2015) naaedlduinidamgninfioudmeeuniauiluvesinmiioilnoenlud
& a 1 v o f a aaa a o N 4 =il 'Y
vuiuivesnuiuiud lngsviinujisenlnlanzaylafindu iierdaferesunadlenme
"o o & v = ¢ & a Vv oo vo
wiuTlauigniafieumegeynruluvedinivillelaeenlesuuiiufivesdsuiuiudnelssad
UV 365 uilulums, UV 254 unluiins uaz UV 254+185 unluluns mudiu Hansvaaed
1 (Y3 ' v e a aaa o v ay v vV
wunIsgatuvesauniudnasmsiinujisereondindunldnanassliiiuleleu lu
< o & o’ 1 1 (3 '3 <l o o &
vauzipefuiulaleudiainsadwadienisaaevesingwesinailenialnense Faleloumdy

@) 1 '3

wa‘waaamﬂﬁ,ﬁﬁ'%maan%m‘ﬁ’uﬁuﬁﬁhﬁmfh 0.214 JadNSUADYNUIANLUAST Fadulumu
MuuAresAsFINAAeINANElus A URIUSEIMAR U

Jin et al. (2011) Anwinisaatsfvesresuiadlediiduarsuafivlusinia
1a® Nano-structured TiO,, Ag-TiO, wae Ce-TiO, gnin3ualagid sol gel ﬁqmwgiﬁﬁamaz
THin3esuijnsaluuy photocatalyst Tne@nwinavesnisidu Ag/Ce/TiO,, AuBUANING
anududuvetesndiau mnududuresesunailenisudy mmmmﬁuumgi’ UIund
Tio, lumsaaesfivesoiunadled nanisnaaemudn Wefinsidn Ag we Ce daeiiy
arwansalumsiinuidolnlauanglafinld uasarududuimsn 35 Wodidud
AwduduISRivanzan dwiunssniunsiiaujizenlilaunnslafinaelfaniiznng
naane dnsimsameiasisolilneagladnanasiodledimsifinanududuiugu
voamesnadlenuazldanuainsnunasiuiiauaerun 254 waluunsingi 365 uluing
Usvdvsnmilumsaanefvesiisiufioniutudeiuuiinuvesinnidoilaeenled Ao
delnmnidelaoonles Usunusiniy 70 Sadndy Fi']mﬁé’mmmﬁwﬁﬁ‘%m (k) v04 TiO,,
Ag/TIO, uay Ce/TiO, 3uedduldifa A1 k ¥89 Ce/TiO, > AN k B89 Ag/TIO, > A1 k V94
TiO, aqUléin Ce/Tio, Farwaunsolumsissufisotwlnnnglofniidfigelusassufiden

YAVUA
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ASAIuIUIY

3.1 Jagusegunsal

3.1.1 g@15.adl

1. N3MaLIAn (Acetic acid, CH,COOH) AnuLdiudu 99.85 wWasidus wnTa asen
U5¥% Duksan Pure Chemicals, Useinainiva

2. uaBlau (Acetone, C5HgO) AIILTNTU 90 Wasidus tnIaiAsIE uSEwm Carlo
Erba Reagents, UssinAdad

3. nsndawsn (Sulfuric acid, H,SO,) AMMTNTY 18.01 Tuasiedns INTAIATIEY
U3 Carlo Erba Reagents, Useindsana

4. arsazarsuadnausdlau (Acetyl acetone solution, CsHgO,) ALY 99.5
wWesidus 1nIaAsIEY USE Carlo Erba Reagents, UseinAdang

5. wanluidauwadian (Ammonium acetate, CHsCOONH,;) A213L9NTU 98
Wesidud tnsadiAs1ey uSYn Laboratory Reagents & Fine Chemicals,
Ussinedulie

6. a1sazarsnesuaflen (Formaldehyde solution, CH,0) AuLtutU 36.5-38
wWasidud 1nsalasiest uStn Carlo Erba Reagents, Ussinadnnd

7. tlomuea (Ethanol, CHeO) Amtdudu 95 wasidus 1nsan1sal 83An15d37
nsuasINEdn, Usewdlne

8. ledsulansenlen (Sodium hydroxide, NaOH) insaitasieyt uSwm Carlo Erba
Reagents, Usztnadnd

9. wedlafialwlsdlau (Polyvinylpyrrolidone, PVP) 1nsA3LAS1E% US¥W Sigma-
Aldrich, Ussiweanigeiizm

10. lgLRsudalna (Sodium sulfite, Nay,SO5) LNSATLASIEH USEM Carlo Erba
Reagents, Ussinednna

11. Faresluiasn (Silver nitrate, AgNO;) LASATLASIEY USEN Carlo Erba
Reagents, Ussivnedana

12. usAilianAITUBU (Activated carbon)

13. wawaninniisulaeenles viin Degussa P25 (Titanium dioxide, TiO,) a5y
AuaATIERIINIENdsulumalulad aarduwmalulagnszreuindninnn

YSAINNTEVS
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3.1.2 Jaqwioaunsal

1. 1383 UV/Vis Spectrophotometer §u UH5300, u3®m Hitachi memﬁﬂu

2. \p3aafivernia U GilAtr5, US¥W Gilian Manufactured by Sensidyne Clear
mater, FL. Ussivnmanigominn

3. ip3eeindnnslva (High Flow) Ju Defender 520-H, U3 Bios International

Corp UsewAanigawisn,

4. 1a30ed 4 Aunius 3u Metter Toledo, U3¥ Mettler Toledo Ustine
AIngosuaun

5. 13eanueINIA $u Millipore, U3 Billerica Uszivmanigewidn

6. \n3eetiuniu i:u Stuart, US¥W Cole-Parmer Scientific Experts Useine
anigausn

7. uwiawdindndmsuniu ( Magnetic bar )

8. Hot plate 'i:u MR Hei-Tec, US¥W Beacthai Bangkok Equipment & Chemical,

Co., Ltd. Uszinelneg

9. §OU U Isotermp Oven, U3¥m Fisher Scientific Useimeianigaiism

10. ineululasian 3u Ceramic Inside, U3¥M Samsung $11in Uszmelng

11. masludiwes Ju Pt1000 V4A, US¥W Heidolph Instruments UsuineAiasuil

12. gUjnsal vu1m 50x45x80 gnuindiguRiumns

13. wHualnduauLad 914724 50 994 fo 1 ﬁv'a, U3EV LS ing WsARe AR
Uszinalng

14. TilasUa vum 100-1,000 pL $u Light & Ergonomic Pipette, U3 Nichiryo
Uspneadu

15. lulas¥iun vuam 20-200 L U Biohit, UM Sartorius Usuineeasuil

16. WwdAnes

17. podulevAIan A 6x6x26.5 gnuIndguRiuns

18. vaanwgesisalgud YU 18 Fad (Ananduuad 1,030 gui)

19. Water bath

20. nszAwnTEergiiilen

21. vowa

22. W15y

23. @y

2a. vhuda

o ]
25. LATAILAIANNY
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ac o o = o/
3.2 901U UIUIY
= ] a '3 = I's
3.2.1 Msmssnutualaguauaadaied - lnnmilsylnaanlas
NSNAADIULASBULHUAIAALAULAATADS — Innitsulasenlyd 1: 15 ay
H o o & o Adad o 1
Umin Fufuanmeimingaunnnismaaesveasvinsuazany (2560) Ineisiedaussd

1 dhuiuainauaulagdaliduuin 8x8x0.3 gnuindlguiiuns udvndae
NILAMNSY

2. Yusuarnaunuiaainde 1 ugindu Wuna 10 unilasthlvusuedlay
Aty 9 Weidud Wuian 30 wil evhmwazeon

3. shusumamevunnegiliflonisesnoviesd hiveuflgamgd 80
ssmiwala Wunan 1 Hlus sntuisliduluediames

a. falnniniilenlaenledussana 1 ndu Tadnnedawn 100 Sadans

5. Unemuea Audndu 95 Wesidud Tdasludnines Usuns 4.883 fadans
udaulasazanaidaiy

6. Ywnansazanedatios ldasludnines Ysuins 0.117 faddns udrauls
asaganeiiniu

7. vhusiuaaiaSonlildasdnnefilasissufisen uuHuaIAlESU A3
Ravrusy

8. MaukumeTuMsyULEIaslunsyanuiing ihlueufigunaii 80
ssrmiganded unan 1 Falus vnfuidiulundinees udafviugedunily

waemes o vlgsely

3.2.2 gufjnsalivlnnzaslads
guinsailWlnazazladadugdliiviu aum 50x45x80 gnuindisufuns waiisrslv
dmivlavaealdl Sy 4 52 TedaddmiudnUn S 1 f Teedumsmuguuuy 1
aind 1 24l oﬁ’agﬂﬁ 3.1 uavlinednlesA3iin YUIA 6x6x26.5 gRUINABURIIAT S1uu 1
DAL Tmaﬁ%gu??m%’mwLLw'umﬂau,muLaaﬁ*zgumsl,s'e@ﬁ%a’uté'a S 2 $u Teserne

iiuasuazteteMFERNAUVUNIGUT 3.2
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U 3.1 §ufnsallnlnaznylada

JUM 3.2 rodnieyAsianussqunuandanes-nnideulaeeniys
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Y o o o
3.2.3 Anwidnsnisluavesineiumnzanlunisidanasunanlan
1. maansazmenesinadlen anudiud 20 Aiidu 200 fiaddns adluwinguu
YA 500 dladans (udl 1)
' =~ v o = 1 1 ' o o
2. sievangurNylui 1 hduieSesiuena uazvingusuyiatlun 2 finslu
4 ¥
water bath fiussqdude
' < < =2 v o
3. slevangurulud 3, 4 uag 5 NUsIPENsYRTY Usznoumie wenluilounedian
1.80 luanedns, nsaozdfn 0.05 luarneans way Ledfawedlau 0.02 Tuaneans Usuim 200
a aa d v o oo ¢ ¢ a ¢ Y v oa v ¢ ¢
addns tednduineesinaslen lunmsimsigimeanududusuduvesesinadlen
' < v o Y v | a < v w <
4. sievanguraflui 5 tihueredullugufnsainwienl’ dwandugui 3.3 (n)
5. duHuaInauauaa ldinnodulisazdu S 2 du
P a a ¢ a ¢ o ) Y v oa ¢
6. spduRIRDINUITUEARLIIMAIEUBY 3-5 nfu hiureduiluguinsaluay
o v e I AT Y ' '
Umednaunilsieiirivtuiuiegenmadiuyana
v % o ¢ P~ v o
7. Wimufeuiuansaranevesinadledluvinguruluil 1 ée Hot plate 7
o a o ) A s a aa 4
il 60-70psrwaIBed loelalunuennia Ndnsinisiva 300 fadansdeuyt Wunan

<l v = U s ° :,' ' = L
0 UM Tma’mamsﬁmﬂwamaa{]uﬂauuawaamsmam PUIU 10 91 BIAR[Y UUNn

W

QUNNILAZAUAUUITEINA

8. thansazangluvinguralui 3, 4 uaz 5 Yasnsgandunasiaeiniesaning
Ilaflined fieuemndu 410 wiluiwns (93easiBeamenuan n-5)

9. pavansazawWesINARlen ATy 20 WNOL 200 addns asluviaguvuy
YU 500 Jaddns (ufl 1)

10. siovanguumluil 1 iihiuiedesiueima wasvagusuyaludl 2 ndy
water bath ﬁussqﬁ%t‘ﬁ\‘i

1. dovmgUumanluil 2 Whiveednludufnsaifiussquiumanudanes-
Tmnidloulaoenlessiui 2 du ﬁﬁwaaquaatsamuﬁmmﬁuLLm 1,030 quuu (18 watt)
$7u3U 4 vaen (4,120 gui) fauanslugui 3.3 (v)

12. dovangUuusiludl 3, 4 wae 5 Fussyasgady Usznoudae wenludouued
wn 1.80 Tuaredns, nsnevdin 0.05 luaredns way wodfauedlau 0.02 luadedns Usuim
200 faddns (gsrvavdualunianuan n-1) Wedniufiawefunanledindondeninnis
Wnufiselnlnavenzlada

13. devangUwasluil 5 ihAueeduilusunsalnarUanednduniliedhiy
ufiaesiussquanRiAnAIUOY 3-5 Ny

14. Wimwseutunesunadladluvangunfluil 1 fe Hot plate figumgii 60-

P ' o o a aa [
70 peAnwaldya laaatunuoinia Nnensinisiva 300 Sadansaeud Wunan 30 uiit 1oy
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Q L 1 L & o ‘0‘ U A v I -
IPONSINS INaNDULALVSINSYINABIUBITY 31U 10 F1 WA LREl Uuingaumaiinayaiy
AUUSTHINA
o AJ [ 1 < v A
15. thansazmelunaguuuylun 3, 4 uaz 5 Jarimsgandunasieinie
- 4 y
awnlnsinlalines NenueIAdy 410 uluwns (g5vasidennAnuIN n-5)
16. YINMsNAaowTudeIfute 1-15 90 2 91
° P o« v v 1 e @
17. MNvnaeusudesnude 1-16 wiasudasinisiuaduy 200 way 400

1aaansHauN
(n)

Juana

300 mL/min

Nosuanlas

Wt 20 NALEw
4 Water bath

£ 2

Activated carbon

o o w ¢ v aaa a
JU# 3.3 szuunisidanesunadlenmeufiieninlnasazlada

(n) WuMmaeanesuesalennout v (%) WU anesunanlesndaidn
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(@)

f]ummﬁ
300 mL/min

Wosuranlon

¥ 25 Qo a S
LUNYU 5 NNLDU £

-
g |

| i
Activated carbon

AnonsInsiva

< o w v aaa a '
JUN 3.3 szuumsidanesinadiladmeufiseinlnrzaylada (o)

v

(n) 1umsganesuashlannout v () WusheganesInanlenudatITn

o o o o
3.2.4 @nwnsmseznadudanminzanlunisiidanesunadlad

1. segunInliduideaiute 1-15 Tukde 3.2.3

2. mansazaneesinadilen Anududu 20 By 200 faddns adduvinguug

- aa A
YU 500 fadans Qun 1)

v v Y ¢ - ) a a
3. imnuseuriunesinadladluvangusaniluil 1 fe Hot plate figamail 60-70
a o / ] oo o ay v a

pamwaldea laoiatunueinma Ndnsinsivanuuizauildainnisnaass Wual 20
U9

4. drdrsazarvluvinguvuylui 3, 4 uag 5 TadA1n1sganAuLAIRIBLIATEY

a o o

aninsinlaliwes NanueeaY 410 U luwns

5. YNsnaasutuLReInude 1-4 Bn 2 91

6. MNSAaDATULAEINUTD 1-5 watdsunandu 30 way 40 u i
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3.2.5 Anwmamanuduuasiivunzanlunmsidanesanadles
1. siegunsaliuiiieniute 1-15 luide 3.2.3
2. meansazmenesuadlen amnududy 20 W8y 200 fiaddns acdurangUvay
WA 500 Tadans (ufl 1)

a

v v v o -l
3. Wannuseuiunesunadlenluriagusamlui 1 fae Hot plate Ngaumail 60-70
ai o ' o o o v )
psrnwaldua loodatunueiniea Aensimsivanvnzaudileannnisneasslusite 3.2.3
wavsrosaEURaNLNaLnlnINN1TInaadluTe 3.2.4
o Ll KJ o 1 d
4. dharsavargluviagusuylui 3,4 uas 5 TAAINITYANAULAINILLAT O
a pu | o
aunnslnlediwos NP ueIrdy 410 unluwns
5. ¥NNNSNRaRAULRLINUYD 1-4 Bn 2 ¥
o 1 o« o v e v ¢
6. ynmsveasuduiieaiute 1-5 uddsuanuiduuasvemaoangooisaisus

D 0, 1,030 waw 2,060 iy

o 5 1] _ d
3.2.6 ANWINITWINUIUTUVDIEUAINTaL95- Inmilsulaeanludimanzaulunis
Avanasunanlan
1. iegunsnliduifiediude 1-15 Tude 3.2.3
2. ANENTATANENDIUNARNLES ALY 20 RRLDN 200 Sadans adluringuray
- aa A
YU 500 fadans Qun 1)
v v [} & el v el a
3. TimuSauriuresinadlanluvingusuylui 1 fae Hot plate igaumadl 60-70
a i ' oo = v
psAwalded lnelladunuainia Nonsinsivauaziianmuunzauildainnisnaasely
o v o av v v o v
W 3.2.3 srevnaiwiivauilaanmsneasslude 3.2.4 wavanuduuasivansauiile
INNSNAFDY 3.2.5
'] [l 4 o 1 1 4 dl
4. dharsazangluviagusuylu 3,4 was 5 TAINITRANAULAIAILLATDY
a a o
aunnsinladlmes NAueIAAY 410 UULLAS
6. YINANSNAADIBULALINUYD 1-5 watlAsusuIutudy 1 Fu
3.2.7 Anwuszansawnsiduruaindanas-lnmidsulasonled 91luntsninda
wWasunanlaa
1. siogUnsalivuiieanute 1-15 Tude 3.2.3
2. ANE15a¥A1ENDSUNARLERN AULTNTY 20 AWLEN 200 Haddans asluvain
JUvY vue 500 Siaddns (ud 1)
v v ) ¢ < v = | a
3. WenwSeuriunesinadlanluvingusumlui 1 fe Hot plate igamadl 60-70

psrwalded lasilalunueinia dnsinisivawaznaifiwuizauildainnisneasduiide
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3.2.3 szuyhaiianraunlaainnisveaaslute 3.2.4 Audunasiiwangduiilaannnis
° ) ' od @ - ¢ P ¢ < :le

VPRI 3.2.5 UarIUIUTUYDILHLAINIAAUTALDS- Inwitleulaoonleaiivansauilan
N1SNAaBY 3.2.6

4. dharsazareluvingusuylui 3, 4 uag 5 IaA1nsgandunasiisiATes

a < o

auninsiWlodiwas NANeRAY 410 WlUWAS

5. YinsvnaedulieInule 1-4 dn 4 91 lavlduduarndaros-lmmilyy

loponlamueiuLfiu

3.2.8 MTAATIIYRYANIADA
Toyanamsnaaosagiinieinada tneldlusunsy Minitap fu 17 e
AATAANUIUTUTIUNNUREIMSD One way ANOVA wasisilSeuitvuiddouresiivives

(Fisher’S Least Significant Difference: LSD) AsvAunnudosty 95 Wosldud



o
unv 4

NAN1SILAaLDAUSIENE

A 4 o/ aaa
nnansanwanzivnzalunsidanesinadlenluene meujiselnle-
a Yo =~ Y a ¢ s v o
agnglada lnslduduainnyuiisdanies-lnndvuleeenled (Ag-TiO,) aelduasiing

uauﬁumwaamﬂqamsawuﬁ onan1sAnwsall

4.1 wan1sAnEdnTINTsinavesineiivunzaulunisindanefunanles
wanananiIsAdaresuadlenluainia meuijnseinlansayladalasldusiuain

Fanes-lnntloulaeonled (Ag-TiO,) ma’Lé’uaa*‘i‘iuaaLﬁﬂﬁmnwaaquaawawuﬁ e

Anwimsnsinisinaiimnzaslunisidanesunailedlueinia Tngdnunfisnsanisiva

a aa U = Q 4 al
200, 300 way 400 UaaanINOUIN mmam’lugﬂw 4.1 (9318azDYANANUIN A-1)

90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

€ 1
SLYUR)
Q

(We

<

IANDTLAR Laa

BATNNITINIIA

a

@

Us

200 300 400
nsInsina (addnsraund)

UM 4.1 Wisuidsudasnsivavesinefivngaulumsidanesinadled

HAMINAABY WU Snssivadl 200, 300 uay 400 Tadansrewrdt fisyavsawly
nsmdanosuadlenluetna Wiy 72.63+1.70, 62.60+1.98 uay 51.23+1.03 Wosidud
AIAWU INWNANITIATILINERAMIY One way ANOVA uagdSilSuuiisuidadouvenes
\we3 (Fisher’S Least Significant Difference: LSD) #isvsuaanandesiu 95 wedidud wuindl

I ' o o/ aa < é as
ANULANFgeEltd Ay IaDA (AIWAZLOUANIAKWIN 3-1) He8mn31n1319a 200, 300 uay
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400 fiaddnsaoun?t wun TAN Retention time 4.77, 3.18 uaz 2.38 W19l (89908M5IN3
el 200 fiaddnssieundi ansovili Retention time vesosnaitladluermeetly
aodutlduniniisnsimsive 300 waz 400 fadanssound lusuandanes-nilew
loeenledidavosunadladluonmea Tasufiselnlnavagladalinnniidnsnisiva 300

Wag 400 dadansmauni

4.2 wansAnwnszezadudaimunzanlunisiidanesunadladlusina
wanswan1sidanesuadladlueinia seufiseninlnrzasladalaslduiuain

Fanoi-nnidenlaeenles (Ag-TiO,) ma‘lv’fumﬁmuauﬁumﬂuaaquaaLiawucﬁ e

Anvmszernandudaiivvanlunisidaresnaleslueinia InsAnwiiszesia 20,

al W d =
30 way 40 Wi fanansluzun 4.2 (pswazideananuin A-2)

= 90%
& 80% 2 2

= 70% o

& 60%

&

S  50%

G

= 40%

e

< 30% .
=

S 20%

£

@ 10%

(73

B 0%

20 30 40 YN
sz (uail)

d s L d o o
JUN 4.2 Wsuiisussusnandudanimingadlunisiidanosunailes
KaNIsNAaBY wud Auseansamlunisidanesunailenluennie Wiy 62+01.95,
72.63+1.70 Way 72.34x2.23 Wosidus mudiiu 91wan1531AsIein19adinnay One way
aal = - ¥ a L4 o . . . A
ANOVA wagdsiuseulisuiiadounaafiviyes (Fisher’S Least Significant Difference: LSD) %
< o o/ el

o < & § < ¢ o <l 1 1 LY
FEAUAINULYONU 95 LUDTLTUN WUIMNTZBELIA 20 U LANADENUBE 1 AYAUN

5¥8¥I81 30 uay 40 U druNszezian 30uavd0 wi llusndisdusgreiivedide (

e

SIUATLDYANANUIN 3-2)
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4.3 wanmsAnwaaduuasiivinzanlunisindanasananlasluainis
Lansnansindanesunadlanluennia meufisolnlneensladalaelduuaia

Fanos-nnidoulnoenled (AgTio,) melduasiiveaiulianmasagesisamus e

Anvmauiduiasionnzadlunsidanefnailedlueina Inefnwvinudunasen

vaoAvasaNgoDsAwUATIAYANTILAY 0, 1,030, 2,060 LAY 4,120 guiu fuandluzudi 4.3

(93wavidunnAKUIN A-3)

90%

80% a

)

&
YU

70%
60%
50%
40%
30%

(We

ANDTUAR TR

ANDNINNITNIN

3

20%
10%
0%

a

a
o/
@

Us

0 1,030 2,060 4,120 Qlllu

ANSLTLLE (L)

P~ P o v a o w
UM 4.3 Wisuiguanuuiasimungaulumsidanesuanlen

HansMnaes wuin duszavsnmlunisidavesunadlenluena wiriu 16.61+1.72,
32.66+1.62, 54.00+0.62 Uay 72.63+1.70 LUDSITUA MNEIHU INNANISIUASILANNED R
78 One way ANOVA uarisiuouiiivuiBedouvesiiuiues (Fisher’'S Least Significant
Difference: LSD) fisesumanuiasiu 95 (e sidud wuniianuuanasesslivedifynia
afid (grwandeanmanuan +-3) ieswnmuduuadianuduiuslasnssiuufizesinln
azazlada daduninuidiuas 4,120 g Jududisaiiseninlannsladalifivign sz
Lﬁ@lﬁ%uLL?N&J’]ﬂi]:ﬂl’d‘ﬁ’lﬂﬂiﬂiﬁéjuiﬁﬁﬁﬂ%aL’J@S(Lﬁﬂﬂ’liguﬂ’lﬂluiuLﬁQﬁLﬁﬂUﬁﬁ%U‘]
pandadulil e Aulninilleulaoenled duwalisziundsnuvednnidvalneenledanas
Prefinauaunsolumsirdanesuailes nolfuamigoaisaudld iaonadosty

NUILYDY LAY INTUATANY (2560)
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4.4 wansAnIuILTuYesiuandales- Inmialaeenlwdfivangauly
NsNIANEsNAALaR
wansnanisidanesunailanlueinia meufisolnlneayladalaglduriuain
Favos-lnniluwlasenles (AgTi0,) melfuasiinesiiulfanuasangooisaiaus e
Anvmsuautuuiuaindaies Inoisulnoonledinzailunsidanesunailonly

=~ <o Y <
2N Iﬂ&lﬂﬂ“d’Wﬁ)'m’)u 1 uae 2 ¥u muam‘lugﬂw 4.4 (stamﬁﬂmmﬂwmn A-4)

100.00%

L2

¢ &
LFUR)

90.00% b a

80.00%

(e

70.00%

«

60.00%

UGN LTA

50.00%

&

0o

40.00%

Y

ANTAINNITNIAA

30.00%

20.00%

a

10.00%

a
v
v

0.00%

Us

MUIUTY (FU)

A <l o 5 ] = (A
JUN 4.4 WSsuiisudinnuturesuduandanes-inndeuleeanledfimunzau

Tunmsmdanesunanlen

KaNsNAaRY WU Auseansamlunisidanesunadlenluoinia winiu 63.57+1.77
uay 72.63+1.70 Wesidus awaddy esnndesunutusnnfiiuiunn Ag-Tio, 1n vinly
anunsomdavesunadlenluenialdis iy 1Adeiladnvmnsuiuduresuiuainda
nof-lmnileulasenlefifivs 2 Tu FimsiivsutureEuaIRFales lmmilexla
ponled ilofuUssansamnsidavesinailenlunmaassisly PINNANITILATIZNNG
@iy One way ANOVA uazdsiuseuiivuidsdouresiues (Fisher’S Least Significant

a4 &

: o o/ ¢ U < ' [} @ o @
Difference: LSD) fAszfumnaiosiu 95 wWesidus wuidn Smnuuansraegeidoddynag

a0d (R3vavidennIANuIN 3-4)
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v

4.5 wan1saneUseansaamnlunisldunuaindates-lnmitdsulasenleaei Tu

n1snanasuan las

d <l = = < )
UM 4.5 (9518az1denn1ANuIN A-5) uanaman1sAnyilszaniamlunisldusiuain

v

Ag-TIO, B Tlumsdavesunadledluenma feuinseinlnaenylada aelfuasiiuoadiu
Invaeangeaisatsud fsmsnsiva 200 Taddnseound szeginan 20 Wi AITILES
4,120 guuu wazsuuwiuMIATanei-lnnidoulasenled 2 4u wudr nslduduaca
Ag-TiO, S 1, 2,3, 4 uag 5 Ade TuseAvBawlunsisane S nanlenluerne Wity 75,

77, 48, 34 uag 29 Wosiud AWEIRU 9INWNANITIATIEENNERAMY One way ANOVA

e

aa - = a v < % y A & . <
wagddiUssuyULBaEouUYINYLYeS (Fisher’S Least Significant Difference: LSD) Ms¥siu
d’ ﬂ:l 3 ) = U 1 U o a a t‘; e;
MUY 95 Wesidud wun :Jmmumnmeamaﬁuaﬁmm TneUszAndnmAsed 1 uag 2
Liunndeeeelidoddny (@sreaziBennianuan 4-5) 9NN1SNAABINENUIT UHUAIA

Y < 1

Ag-TiO, 9ziiUszansnmn1sUdalanifieauna 1-2 asa 9ntulszansninezanaotig

320157 Liesanwesadledvrgngaduvulnneu ¥illwneuliawnsaviujazendu

Y

=

Inndivileeenledlagenadotiuanuideves Ghanbarian et al. (2013)

)

& @
FYUR

60%

50%

40%

Wosunanlan (We

L

30%

J

20%

a

10%

ANINAINNITNAA

a
w
o

Us

0%

UsoUlUNIST

¢

=' a v 1 a L3 =
U 4.5 Usgansamlunisldiruaindanes-lnnideulneanlen

Tumsmannasuadleas
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djunan1sIeuasvaiausuY

5.1 dgUnaniside

anmzimnzanlumsidarefinadladlueinadeujiseninlnazaylada Tngld
uiuadndaties-nnifleulasenled Wufisawfider aelduasiinendiuldarnvass
HgoaisaItus

sasnsivafinzaslunisidave suailedluennia fefisnsnisiva 200 Sadans
AoUTT S¥uEaANLAU (retention time) 4.77 svozarduiaimunzan 30 Wil Ay
wasivangel 4,120 GIEGY uarsutuvesiumadane-Innidsdlnoenlddmngay 2
$u w1 aansafdavleunanledluemald 72.63+1.70 wWedidud

Uszansamlunislduduain AeTiO, 81 lunisirdanesunadledlusiniadae
Ujiiseninlapenylada melfuasiimueaiiusnuasavgosisaisud

Usgansamlunislduniuain AgTiO, 81 lunsidawesaunanledluennia de

dnunsolgdila 2 ase lae annsamdanesadlanluoindlagen 77 Wesidud

b %4
5.2 Y9LdUdLUY
1. Nt UYTeLkUaIndal - Ininiilsylasonled
t a’ A 1 5 L} Y X ] 2
2. MSANMsuUsAERIINISIVaniiAsinga 200 saddnsneundt Ineldlusmea
] < ¢ a s (e} o .}' ar o w I3 ¢
3. MSTIIMSAUATITRRNANAUNTAATURSINNITAIANDTUER Lae
L] a’ o d’ v ] - o = 2
4. msAnwinisUitanaiivorniadu q lnvlduriualndanes-lnnisulaeonled
[ o [y
nglduaanuoaudiule

5. AnvNsslauuelse uwHuadndanes-lmndlaulaeenlealunisiden
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AMANUIN N

A1ANUIN N-1 %umumsm‘%amansazma (Flinn Scientific)
n-1.1. afennsaazdfn Wudu 0.05 Tuadeding
Ynnsaesdan Wudu 99.85 wWesidud insaiinsevt 2.86 Naddns adluinin
U33195 Y@ 1,000 faddns wduiudiumsseindy
n-1.2. d@sazareuadlau iudu 9 wWodidud
meuedlou Wudu 90 Wosidud 1nsadnsiest un 200 Saddns ldneiausunns
UM 2,000 faddns udUuUTnasTeTnay
n-1.3. afenuadfanadlou Wudu 0.02 Tuadedns
VUauoThauadlou 1Wudu 99.5 Woidus insaliasiedt 2.06 Jaddns ldundn
USmsvung 1,000 fiaddns uduiuuiinaseeindy
n-1.4. afsnuaalanieuadian Wudu 1.89 Tuadedns
Foueulailonnedion 145.6812 ndu ldSninasaunn 250 Tadans methndy 100

Neddng aulvidisazans wasazanslduninUSuinsuun 1,000 Saddns udUsuuSunns

MBuNaY

n-1.5. snanwafunaflon Wudu 1000 AWLEL
Vpansavanenesunaflen Wudu 36.5-38 Wedldus insadiasient 2.70 faddns
Tduansnusumsoun 1,000 Daddns wduuusinaseeThndu
n-1.6. dsazarenasuaflon Wudu 20 ANdy
Vnanenwosunadles Wudu 1000 Ay 20 Taddns TdvnTauSinasuunm
1,000 fiaddns wiuiuuiinasdondy
n-1.7. asazaelwidendald wWudu 1.13 Tuans
FelowRoadalad 14.24 n$u lddninedvun 100 faddns setndy 50 Taddns
aulansazany warsasaneldvaninuSinmsuune 100 faddas uduulSaseeinguy
n-1.8. esazawleneulonsenlad 1 uasda
Falodelensonled 4 n¥u tddnineduunn 100 faddns mahndy 50 fadans
aulansazany marsasaneldvaniauSunsuing 100 faddas uduTulsassoinguy
n-1.9. drsazawldnsulansonless 0.01 uadila
Ywaasazaelufoulansonlen 1 uesila 1 faddns TdviniauSuinsuuin 100
fiaddns wdUuUSnasAeThndy

n-1.10. ghsazanensndaysn wudu 0.02 yedila
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Tmnsadansn Wutu 18.01 luanoding 2.83 addns ldwininUSinnsuinng 100
fiadans wdUsuuinnsmotndu
n-1.11. d@sazaredaasluinm (Choojun. et al, 2017)
Hadaieslumm 0.30xx n3u TdTninesauin 50 faddns mathndu 10 Taddes ldadludn
ines Auldansazanadiu
1.5awedlaialnlsalau 0.225% ndu ldTninedvunn 50 fadans udmaindy 15
faddns ldaslutnines auldarsasanedniu
2. mansazardaneslunsnieienl’  adluasazanenedhialnlsdlou  th
asazangluiddeulalasion Amnudeu 300 Snd Wunan 90 3undt Tnsasugavin v 15
Judtansasaneiilfasiiudmdesunninig Unansazaneilalavaauutiigamai 4°C
n-1.12. d@sgadudmivinsiveiunadles (Kawakami Y. et al,, 2015)
asgedulsznousy  uwenludoueBianidudu  1.89 luasedns, afiennsa
pudFnIwuTU 0.05 luasredns uavansavansuedfanedlautudu 0.02 luanedns naufuly

dndau 1:1:1

AAKUIN N-2 NSINTINATATALUINTFIY
n-2.1. @sazarganasgrunesinadlon Wudu 0, 0.5, 1, 1.5, 2, 4, 6, 8 uaz 10
A
Vmansavaneviesunadles [Wudu 500 fifdu 11 0, 0.1, 0.2, 0.3, 0.4, 0.8, 1.2,

1.6 uaz 2.0 fadidas ldviainuiuasuun 100 iaddns USudimsmudansgedy

ANANUIN N-3 mimmmL%’u?'fuﬁLLﬁuawma’ﬁasz@anas“lumsw

1. femedliialnlsdlay 0.225% nfu lddninesuun 50 faddas udamaiindy 15
flaffins Tdasld auliazareidriu shansasangludhdevlulasion Amnufeu 300 Tad 90
Wi lngagvgenin vng 15 Juril

2. dnsganuiRm suiigamgil 100°C 1Wuan 1 $alus wdnhluiivluediames 4

v
o ar o

d 1 Y o < + o
UninnsganuIdnniileuy Yileansazatedaries 1,000 lulasdns ldaslunszanunfina
v o a a a ) '~ v o
sun 1 Ywnansazane@aies 1,000 lulasans ldaslunsyanuiiinn sudl 2
3. ¥IN3EINUIRAYIN 2 81 aUR 100°C 1Wutian 2 1alus udniviiluindirinedds

H @ a S o v o a
UIMNUNNIL ﬂquﬂqgﬂﬂsﬂ ﬂ']u')mﬂqﬂquL%N‘Uuw HUUBDUYDIANTALAUYA L')@{




40

AMARUIN N-4 WANUVUVUNLULDUTDIATazaeNDSLNanLes Wty

36.5-38% (Eugene R. Kennedy lazmeuy, 1998)

1. Ymahonwesunadled idudu 36.5-38% 0.27 fiadans Tdvninusinasvuns 100
fIaddns USuuSunnsmeindy

2. pvasavaelonendalig 1.13 luans 5 sadans ldvanguramoun 250 fadans
dlunmulaglidedimnudou

3. Tarfitenlvioglutag 8.5-10 Tuiinaniiiowiils

4. Ynansazanefiodealy 10 Saddns wanliidniu Sadforesiaiu 11

5. Inmseansazanemeansavaensadailasn 0.02 uesita lharfitosiienviugu

a o

6. winlnimsaliugagd vhnslnsamsandumemsazansledeulonsenles 0.01

Ysila

° v v oo
7. AMUINMIAMUTLVUNLL YD UYBIENSATaeWDTUNaRLEs WUty 36.5-38%

A5 -4 Ansinmsamanudutunuiusuvesansazatewe s anles 36.5-38 %

Usu1ns H,50, (mL) U3u105 NaOH (mL)
Sample 1 0.00 - 5.80 0.00 - 1.40
Sample 2 5.80 - 11.45 1.40 - 2.60
Sample 3 11.45 - 17.15 2.60 - 3.80
Sample 4 17.15 - 22.95 3.80 - 5.10

MAKUIN -5 NAMIeAnAunatlugANEIAaY 300-500 U TumAST V89

4 g
Wosuanlon
3
2.5
2
=
© 1.5
vé i
<
g, 0.5
£ 0 e
-& -0.5300 350 400 450 500 550

ANEIAAY ( nm )

3UM -5 nsmldmsganduuaslugienuennaiiu 300 - 500 uiluums veq

Wosunanlen



A5 N-5 AnsganauuadlugsAueInaY 300 - 500 ulusns veaesutadlen

ANUETIAAY Abs. ANUENIAAY Abs.

(nm) (nm)

300 0 410 2.585
310 0 420 2.505
320 0.298 430 2:281
330 0.041 440 1.811
340 0.180 450 1.245
350 0.381 460 0.685
360 0.707 470 0.274
370 1.154 480 0.062
380 1.656 490 -0.017
390 2.21 500 -0.039
400 2.491

AAKRUIN N- 6 NTINIATTIUATzAEWOTUAR oA

N
N wv

=1
bt
wv

ﬂ'ﬁmsq}mﬂauum
[

o
wn

y =0.2315x - 0.0254

R? = 0.999

o

=
w

ALY ( ppm )

10

< ¢
JU# n-6 nsmanasgiuasazanenesunadlon

12
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M19° N-6 FNSANTULARTBNNSAsIeWesINaRlen

ALY ( ppm ) Abs.
0.00 -0.055
0.50 0.075
0.10 0.215
0.15 0.301
2.00 0.473
4.00 0.945
6.00 1.366
8.00 1.813
10.00 2.276
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AMANUIN U

MMANUIN -1 NSATUIUNANULTLTUTDIEATALABTALIDS LULAN

dminwes Ag-NR - vwminves PVP
vhwitnues Ag-NP (g/mL) x 1000 mL

dwninues Ag-NP (g/mL)

AMULTNTUTBS Ag-NP (mol/L)

wminluanavesdaiies (g/mol)

° v v oo ¢ ¢
ANANUIN V-2 mmmmm'mmewLLuuau‘uaamsazmaﬂaswaﬁlﬁﬂ

36.5-38 Wosidus (Eugene R. Kennedy, Ph.D., and Karen J. Williams,

2541)

Cs = 30.0 {(N; x V) = (Np x Vp)} x 100
Vs

g, = awduduveaafinanles (Wedidus)
N, = Anudutuvensadaiasn (uedia)
Np = anundnduvedaiieslansonlen (uasia)
V, = Ulinasvesnsadaininildinmse Gaddas)
Vy = Usumsvasladealonsenlesimdinmsnndu @adans)

V, = YSuasvasansazanevesunanien (Giadans)

ADE1NNITANUIN V-2
N, =0.02N Np = 0.01 N
V, = 5.8 mL V, = 1.4 mL V, = 10 mL

Cs=30.0 {(0.02 x 5.8) - (0.01 x 1.4)} x 100 = 30.60 %
10




a4

o ¢ ¢ o w 4 '3
AIANUIN V-3 ﬂ’]iﬂ'lu’mJLUi’JiL%Uﬂﬂ’]iﬂ"l%ﬂ‘/\lﬂiﬁﬂﬂﬁlﬁﬂ

1. AMSAUIN Retention time (RT)

RT (min) = V (cm?) / Flow rate (mL/min)
2. MSAUINMANMUTNTUYBINDSINAR lon
Aunsidunsy y=mx+b
AN = (y—-b)/m
Wo  y = Aimspanduuas
b = FAT
m = ALY

J 1 ¢ 2 o
3. ANMNUIANUDIEUNISNIA
%Removal = (Csx 100)
G
o Y Y oa v
Wo G = MUNTULSUAY (ppm)

Y v oo v e
Cs = ANMUVNYUN TiO, ANYU (ppm)

A29819N13A N 2-3 (BR5IN13lna 200 mL/min 30 uAi 4 light)

Abs. in = 0.639 Abs. out = 0.144

RT (min) = 6 cm x 6 cm x 26.5 ¢cm = 4.77 min
200 mL/min

PNAUNSIFUNSTY y = 0.2315x — 0.0254

ANt = (0.639 + 0.0254 )/ 0.2315 = 2.8700 ppm
AMANYueen = ( 0.144 + 0.0254 ) / 0.2315 = 0.7300 ppm
gl TIo, #ndu = (0.4700 + 0.0254 ) / 0.2315 = 2.1400 ppm
%Removal  =(2.1400 x 100) = 74.56 %

2.8700
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MANUIN 4-1 715719 ANOVA LWUSsuieuNaeadnsInis lvavesfneimusaulunis

Maanesunanlan

One-way ANOVA:

Factor Information

Factor Levels Values
Flow Rate 3 200, 300 wag 400 mL/min
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-value
Flow Rate 2 687.38 343.69 130.62 0.000
Error 6 15.79 2.63
Total 8 703.17

P : o ¢ d o o w ¢ ¢l o W ac
wamaqmsm'%aumuumLaaauJa'sL‘uummsmam«lasmamaﬂmamwms‘mamanu Iﬂﬂ?ﬁ

Fisher Pairwise Comparisons

Grouping Information Using the Fisher LSD Method and 95% Confidence

Flow Rate N Mean Grouping
200 mL/min 3 72.633 A
300 mL/min 3 62.403 B

400 mL/min 3 51.233 C

Means that do share a letter are significantly different.
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AMMNUIN 9-2 115719 ANOVA WSsuilsunavesssusiianduranimunsaulunisnings

Nosuanian
One-way ANOVA:
Factor Information
Factor Levels Values
Time 3 20, 30 way 40 mL/min

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-value
Time 2 219.93 109.96 28.28 0.001
Error 6 23.33 3.89
Total 8 243.26

5] » o g < [3 o o/ o ¢dl . o’ ac
Naﬂmmﬂﬂ?avmaumLaaauJaswummsmaﬂwasmaﬁ‘laﬂmzﬂzna'\manu ne3%
Fisher Pairwise Comparisons

Grouping Information Using the Fisher LSD Method and 95% Confidence

Time N Mean Grouping
20 min 3 62.003 B

30 min 3 72.633

40 min 3 72.340

Means that not share a letter are significantly different.
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MARUIN -3 @159 ANOVA  WSeuisumnudunas  fmunyaulunisiidn

Wosuaflea

One-way ANOVA:

Factor Information

Factor Levels Values
Light q 0, 1,030, 2,060 waz 4,120
Qi

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-value
Light 3 5414.49 1804.83 813.53 0.000
Error 8 17.75 222
Total 11 543224

<l . = d (3 o o o ¢ 7S ] [ ] o
Na’]aﬂﬂqslﬂ?ﬂ‘UlmUUﬂ']lﬂaULUQSL%uﬂﬂqianﬂWQSﬂ']amﬂﬂ'ﬂﬂ')qul’ﬂuuaﬂﬂqﬁﬂum']\’ﬂu
1a838 Fisher Pairwise Comparisons

Grouping Information Using the Fisher LSD Method and 95% Confidence

Light N Mean Grouping
0 3 16.610 D
1,030 3 32.657 C
2,060 3 54.300 B
4,120 3 72.633 A

Means that not share a letter are significantly different.



MANUIN -4 M5 ANOVA  1USeUteUNaTads Ut uuadLdualIngalles-

Imndsulesanleanmunzaulunisisanesunanlas

One-way ANOVA:

Factor Information

Factor Levels Values
Layer 2 1 way 2 Layer
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-value
Layer 1 123.22 123.22 40.85 0.003
Error 4 12.06 3.02
Total 5 135.28

o ' o ¢ & o °o & s ¢ "W ac
Navaomsnﬁauwm‘ummasuJaSwummsmaﬂwasmaﬁ'lammzammmqnu IﬂEJ'Jﬁ

Fisher Pairwise Comparisons

Grouping Information Using the Fisher LSD Method and 95% Confidence

Layer N Mean Grouping
1 Layer 3 63.570 B
2 Layer 3 72.633 A

Means that not share a letter are significantly different.




e aa b

ATARUIN 9-5 A5 ANOVA Uszandanlunisidunualndanas-lninidoy

laeanlond Tunisidanesunanlan

One-way ANOVA:

Factor Information

Factor Levels Values
Reuse 5 1,2, 3,4uUas 5 ﬂsz\'l
Analysis of Variance
Source DF Adj SS Adj MS F-Value P-value
Reuse 4 6042.63 1510.66 8669.98 0.000
Error 10 1.74 0.17
Total 14 6044.37

o ' 2] ¢ & ¢ o w ¢ ¢l o ad
ijaamsw'%uumuummaﬂLﬂaswummsmamlasma?ﬂmmzaznmomnu 10835
Fisher Pairwise Comparisons

Grouping Information Using the Fisher LSD Method and 95% Confidence

Reuse N Mean Grouping
1 3 76.79 A
2 3 75.49 B
3 3 48.12 C
4 3 34.47 D
5 3 29.01 E

Means that not share a letter are significantly different.



