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This special project studied factors affecting photocatalytic treatment of dye-containing
solution using TiO, as a catalyst. Dye using in the experiment was Reactive Red 141. Factors
being studied were UV lighting time, pH, amount of titanium dioxide, and initial dye
concentration. Studies were conducted by varying the studied factors, then measured
concentration of dye in the solution before and after treatment by photocatalytic reaction. Results
showed that optimum conditions for removing of dye were at UV lighting time of 180 min, pH of

11, amount of TiO, of 5 g/L and initial dye concentration of 20 mg/L. At this condition, treatment

Treatment of dye Photocatalytic Using
Titanium Dioxide (TiO,) as Catalyst
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Miss Pinkaew Saengwiroj
Mr Vishat Losivanon
Chemistry

Environmental Resource Chemistry
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ABSTRACT

efficiency of dye by photocatalytic reaction was 85.8842.07%

Keyword : Photocatalytic, Titanium dioxide, Reactive Dyed Solution
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2.1.5 unasfuiiavesddou

annsouteanilu 2 Uszian fe

D

2.1.5.1 AHoUSITNNA (Natural dyes) i uddoun ldnnfinasdas wu ddn
+ 14
nanzinde dnswlduinndunsiu vsefiruaslduinnass uenaini delinldenlivae
v 14
yiiaminndeudeld
[y} d e . A o 4
2.1.5.2 fFuans (Synthetic dyes) William Henry Perkin Wuauusnidaunsiz
o ' 3 v a . . 2 o : @ a [
H112980U (Mauve) ¥ Tnoiadg91n Alinine Faudlunawass ldnnmsnduthiuay ndenn
3 L a 3w d a 3 [ . a g - a
WUIAARFFUATIZAUINNSTAYY (¥ TuAS(Fuchsin) FFUUALINADI(AZo dyes) wasTBUY
v a @ 4 3 ] ] ]
(Phenolphthalein) flagiiuten1dddunsrzinniiu ws1e51n190n 9 a2un Nununh 4d
TWhdenunue msdeuldaminaue lidlua Wlurenais
2.1.6 nssuuntliznnvesdden
a9 o 9 o @ [} @ 9/
ddouamnsasmunsen ldilludnuus lvgqmudausznmenmenin a1 ldau
i 4
o I'4
uaz Tnssardremaniilaasil (nsesmeyeil, 2530)
o [Y) sy o @
2.1.6.1 SWUNMNANBASMIMEMN  FToUAINITOTMUNANBNBULNI
14
mon Iditu 2 ¥ila Ae Fyiinazareninld 1dun Fueda (Acid dyes) fudn (Basic Dyes) &
o =y 4 v :‘ ]
la5n (Direct Dyes) 31N (Reactive dyes) uazdrilan luazaronih wudes1a (Azo
dyes) fAaa L‘Wﬂgﬁ (Disperse dyes) Fudn (Vat dyes) FRaUN (Pigment dyes) Fdamlos (Sulfur
@ g J
dyes) FUNaNOUNAND (Metal complex dyes)
2.1.62 Suunddenmulassaramanil
14
Fonainsoduunlaserdelassademaniioontly 15 ¥iia Asil
1. dhulnsly (Nitroso dyes)
Tnssadremaniifluarses 1511@n (Aromatic compounds) Adivy 1uTas Yoy (-N=0)
T 4 1 'Q L A o =
uaznyleasenled (om) ludunisidadululruuudu delunisdonseiidifa
a g @ v ] o ~ L4 a A
msdsenouFedouny Tanza1e q 1wy wan Iasdien Iausan uazdunna
2. Thulns (Nitro dyes)
Tnseafromaniidlumsilszneuey Ismndniifing lulas (No,) uaznyleasenda
(-oH) n3onyozd Tu (NH) ludwndsndadu nieassiudwlursumavaauudu
Taseadavesasdseneves Ismnanidiulaseadren3 Tuaess (Quinodoid) uivoenilud
#a Ivliuawalulas (Sulfonated nitro dyes) Iodmsudonvudad uasdsudaiuaanly

1#3 (Unsulfonated nitro dyes) i pigment



3. decly (Azo dyes)

udfinjor 1o (N-N-) nilsnduniennnd dmdhiiduTas Tudes wasiingle
asenda (-0H) w3ozii Tu (NH,) ilueenlylnsy ersdnanaludfnse (ntermediate) 3 2
¥iin fio lnoz 1 (Diazo) unza133 NI §i5e1 (coupling) FeduiiuilfAsomeldanniznsa
#3001 laoz Twiloy (Diazonium) 1A91nn15%11l 501521 319025807131U (Arylamine) %50
ignimne 15 landnoziiu (Heterocyclic amine) fue13iwlfAsen dos mfunguidoniildly
gammnssuiudiuing éeﬁﬂauﬁi«%’é’a:J"lﬁﬁm%'u“lﬂnn‘vﬁﬂ (89AM1,2540)

4. decludn (Azolc dyes)

vi‘luﬁa::Tmﬁ"liiazmmfmazﬁaﬁmzmwhm Zoaunionusuuudule SlasTures
uazoon laInsumiloudes T

5. dafaiu (Stilbene dyes)

Tnseadrafiadiaiiu (CH,-CH = CH- CH,) uazwyos TaniluTas Turle

6. @mlsfiuens (Carctenoid dyes)

Tnseadraiing Toweddu (Polyene) voamsusustiios 18 oxaombulasTuves &
yianudn Ui lusssund dmsvdmlsfuesdidunserfudeldidudnmemis
1 m-m Ty (B-Carotene) ifludu

7. @anHaiimu (Diphenylmethane dyes)

Tnssadranandlulafidalimuiingduiiu (c=Nu) JulnsTules uaznyezdi Tuilueonlx

14
Tnsudmlvng ¥8ounszay uonani onlddovaudad Tnu it fhe nsadulvezasan

8. fuwuiu (Xanthrene dyes)

1] A ¥

Tnssadrandniluuauiin (Dibenzo-1,4-pyran) uaziinyesfi Tunsonylaasenda
4
Wueenlylnsy InsTuresidulassadunilunoss duuGondeiiatii Fosd Tunauiu
4
(Amino xanthrene dye) w5of lansondausuiu (Hydroxyl xanthrene dye) ﬁé’faunquu‘lﬁﬁ
anla ifleaninasazarelivigeasmaud 19donvudaiuas Ivnu s 19eudrthelavlduny
= 4 I'd
Tudluvesuausn
9. @ecAIAMU (Acridine dyes)
Tassadrmdnilluesaidunasiingesiluibueenlulnswy filasTuwesiily

=Y

a = Aa o a A o
TnseatraniTuaeed dviladionlFfoumis uazldilududadmsudon nuuaziaag Toa



10. fadluau (Quinoline dyes)

Taseadrnsniduadludy ﬁnijuf:ﬁiﬂsiuﬂaé'ﬁa 2(2-Quinolyl)-1,3-indandiene &
winiien1udwhasmauas fudadmiudeunsza

11. SueuNTAINUU (Anthraquinone dyes)

Tassadramdndie ueunsniTuuidlulns Turled uasfivyezilunionyleasenda
Hueenlalasy oy l4idudsn Fueda duesuaus

12. fufAnBad (Indigoid dyes)

Tns Tues A -CO-C=C-CO- uaznyosii Tunsedamlosilusen TuTasy MHdudia
Tumsdouihe

13. dlnezlwa (Thiazole dyes)

Tnseadrandndie seunauInes TeadluTns Tuwes finyesiilubusenlulasy &

14
a A

yiiaf1ddouthe1aTaonss

14, aﬁ'ﬂlﬂai' (Sulfur dyes)

Suanfitwedu ©) dhewrdszneuvesTnssadrmani ddamed i iozaoy
uazd luaadule é’amﬂﬁﬂu“lﬁagj‘lumsﬂsznauﬁﬂﬂ (Leuco compound) Tagsinlgsernu
TdunaTvid (Sodium sulfide) ¥30 Tmdaoy laTasda 1W4 (Sodium hydrosulfide) fou Mlnd
imedadule Tovlddfoudulowaglaa Alvy wazvudas

15. @ns1lalweiiu (Phthalocyanin dyes)

ﬁﬂduﬁﬁ Tetrabenzoporphyrazine 11 lns Tuweod uaﬂﬂsaﬁ%’nimaqaﬁmmsﬂﬁn
Tave Tautdnsmudsuas anudou nsauazua 1ddmiufindevin niinfiud nanadn
idule o9 Wiudu

2.1.7 Sfleuiueniiv (Reactive dyes)

ﬁ‘%’uenﬁwﬁ‘luﬁﬁ“l%'mn‘luqmmnssuwanﬁau (n3uTseugaRIMNTIY, 2542) il
aseun3ont nssadredudou avmenh14a nazoudulomag Taa1da Tnvesdnmanda
sﬂuﬁaauamﬁ‘aaﬂu1‘;15611‘?;53qwﬁlﬁ‘lu@hﬂueumsil"emTumqammﬁ%zs%ﬁmﬁﬁ?mﬁu
ny laasend (OH) veudu luag Tae wdudou Tusdatu Tnewuss Tanmuriuunasoaded
(Cross link) fuwagTaar I&asilsenevwiialng vl 1ddATaumumsomsdnven

Tassadramaniivesdtfonsuoniivdsznoudae 4 ngu uazansaifonlaiiy

o @ o 9 L] v A
ﬁﬂJ'ﬂﬂ‘Hﬂlﬂlﬂﬁiﬂﬁ\?ﬁi'lﬂﬂﬂ'lﬂ\ﬂﬂﬂﬂ
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S-D-T-X

e D= Chromophoric group iilunguiivilfifind (Chromophore) azad1an1sBaime
( Substantivity) fuiduloaglaa

X = Reactive system Lﬂuﬂzjuﬁﬁﬂﬁ' Afomialfiseriungulaasend (OH) veudu
o

T = Bridging group Lﬂuﬂfjllﬁﬁ‘mﬁﬁl‘%ﬂui £N 119 Reactive system i Chromophore
gnFI0E191%U My -NH, -NHCO, -SO,, -NHSO, uag -NCH, Hudu

S = Solubilising group AD ﬂ'sjuﬁﬁmmmmm“lunﬁazmmfma waziilunguitaneg
§uTasTurlod (Chromophoric group) Taita liliflunannsadialviin (-SO,Na) i

oA 1 ~ - 4 J
DNVUNNINGUIABITITBNINAI 1 NFU

A20819gn3 In59a519780y Reactive Red141 uansnagyl 2.1

@ HN OH SO, Na
SO,Na  NaOS O,Na SO, Na

d o
71 2.1 Tassadre@fion Reactive Red141 (Rujira Dolphen et.al)

1 )4 a o v ¢ ' o A =] '
nquisueniivinenssennszaatunguins Tudes Taelideslidnyeunld uaznqud

Sueniidmlngilumsieme 15 lunan3e (Heterocyclic ring) FednuaizvesnguiuFouuas
daulszneuvenamelslaninis  Idninadluednumndenuannsalumsdnlgnse
HazRaTITAOUY voud

Huonfiniiudmass du uae 19 thma wazd dmlvgazidulnssaieey To

9 9
(Azo group: -N=N-) @ufifhwmsoriiSuy vslnseadeesly wounsniluu uagmla

14
~

a1 Tud (Phthalocyanine ) Ffonos Ivunyiiadilnssahudunetiles wonnnildsi 4
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:’ a A ) o s 9/ @ ¢ w A = s =
HIMAUNFUA ua::ﬁ‘suaﬂwwmmm’fﬂumwﬁm uﬂlliﬂ‘i»iﬁg’lﬁ'ﬂ'l\iLﬂuﬂlﬂﬂﬁiu’t)ﬂ'ﬂ‘l‘\lﬂ'm

Inufiilulesidud ldaansd 2.4

4 s d o I
A19190 2.4 11o31HUA Inseadamaniivesdsueniniutiea Inud

Chemical class Distribution in hue sector (%)

Yellow Orange Red Violet Blue Green Brown Black % ofall

Reactive dyes

Unmetailisedazo 97 90 90 63 20 16 57 42 66
Metal-complex azo 2 10 9 32 17 5 43 55 15
Anthraquinone 5 34 37 3 10
Phthalocyanine 27 42 8
Miscellaneous 1 1 2 1

#un : Tnwa (2541)

2.1.8 anuniluiuvesitfion

1
wa A -]

Taonia 1d@deunsiannudufindr vindseiantmsifusiusamluddszimna wu

P a Jdaw A I 1 3 =
gninaluTssnudendeuniuniidasnismeniemsnuile luuandnannyanaluedn

=) 1

Sunsiodnla (Tunen, 2537) e lsiawdfenvsiaeenldounlasnmaduamsitany
Wufin'lg 1wu ddendifilassadranvvez 1o Fududdouiildfusdrsnsisvnaly
gagmnssudenden Taofin1319de 60-70%  ves@fildfuey Fozlwvzivuseduos
TuTasiou (=N) flunyTasTues Feluanrziilildoondinu nyjos Tavzgnihiane
Tagas3@ad (Reducing agent) Wusee: Iyszunndisen ldidumses IswAnioliu (Aromatic
amine) F9015T56UR (intermediate) Vosastonziis uazilumsnonzdeludainanesld ug
arsfviiannsagneendladie 1 1dluanildeendion fufunsthiaddoulaeld
yaundtunssesameonuy hildesndnuiissetades hisunseldifudugameolums

P T

fvaddeuldodntidszaninin uadssldnszuaumsidauvuideenduusudae ive v

4 o

anisdesaatedtoniiauysal (Inua, 2541) eeelsAawarses Tsudnesliuildlu

d' 4 ~ o ~ 1 g o 1 @
gadmnssudnawnsone IMifauziSaliies 15 silaminiu Tasaldudrdes Toes luuanda
MWarseeTlsuidnesiiu udszuandrlinsaes TsuiAnesiTudalniin (Aromatic

. . . & K a ~ 1 v a d o
aminosulphomic acid) 44 linelfifauziSanseli lomanezne liinausiTalooun Ganan,
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o1 ualanuiilufvdetmasuthei fuiullgmadguesdfonluiiedlogiu Sali14
vt fla - T 1A a ¥ 2 Ly fl Aoy @ Y AA 1 v 2
aghnnuiuiivvesifon uaeghdvesing ddeuiumsnifidunudzifed luunai
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d [-] L4 { oy
udladumsilduthaaedaduasdszneunazaiesirld
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Y o s 4 a ad & v gd
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b b 14
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a : Qy ] 9 1] v :
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SEnsandsuadainsam laandsuitsfenisunauun 1 nivse s dnviines

18 maef Al lunssuumseiouasszdenldimnz aude enyiiafiausaldd
1890 Tﬂﬂ"lﬂﬁﬂﬁ'tﬁﬂi]q;m%u i Aeilugauud (Sun, 2535)
2.1.10 nrsdidaddeshniuduninnradeondh
ﬁﬁau'lmfuﬁumﬂﬂszmumse’faup’hmmmgﬂﬁﬁﬂllﬂmafimmnmsﬁm'mfuﬁu

4
Y

duyaegl lidnzilunszuiunsiniadiedtasmaniviemedinim anuwnvwiiee

Do

] v 4 ¥
1Wadbonmassglutimeldnualinieldiviesgiesiiqa 1aiinsaaduunily
aa o w Yadq ax A oA Y ad s v dyy A a a
N Insiiniee19 1493 ladsnitans ez Iduaredssaudun ld aetlssansnimlu
o o 4 ' o AA o 9 a a H 1 an a ' 0o w o
astiniaduegiuasiaiiminn1dlumswiind vensmunisnsiiersis lawsaddad
douldodaminzandesuiudoalinsousuaan iesnin lssaurendouiinis 19d dounae
T Yy ¥ F 4
dszinndloiu 01 lunrstniaddonlutimeliaad
2.1.10.1 Tauengiatud e nall (Chemical coagulation)
u A = 9/ 3 ) A 3
Tawengradunsenisaduaznownll Usenoudae 2 Junoulngq fe Tuneums
a . EIRY ' o ad
wuasafiad1enzneu (coagulation) ¥4 1Aun a15du Yuv1a indoveunin a1 Indsdin Ins
¢ o & da o o a
a9 (polyelectrolyte) 1udu naufuiindeifinenounviuasudng Junsuiiaes fie a3
1] 4 =y l& - L]
nued1de e ldifaaninsunzneu (flocculation) 9 ldTim1sinziussnieasnou
o [y PR P IJ
wuanassangfumsaseazney au'ldazneuilivualngliveuanisonnaznoula
awngRdesihmsniuededqmse ldldanumanzdrdufamsuaniganniuues
o 1 3 a 5 o o
aznouAnumaNniy MivlsuamsnindesnislFlumsadeazneusududeeiing
Ao 1 o ~ 3 3 ] s
NAABINGUNI 1IN (Jar test) JAUNINANBIIZTNIMINIUIS2 100 SoUABUIN Yszura 1
U MUAWMINIUG 20-70 TBURBUIT Yszurm 20 Wi lunszurumsmiadfoudqela
as :: = = 9 9 A =Y - 9 3 3 (K%
wenQuadutulimsialiadueznouldidennatoyila nsidenldmsadaznsuauagiu
Y A a v ¥ 1] o 3
anumuzay Taegiledeamilszdninmaidie Sagilszasd uasduq
2.1.10.2 MIQAAAA1I (Adsorption)
a o ﬂ a = A ¢ A I!I
msgafaRautiuanuasavessungialumsasluananiensanosa daeglu
A Y 9/ @ A a ~a A o A v Y3
sdveunamsemaliuunzsunseAnuuil lulananionsanssaisondi a1sgngaty
. 1 3 1t i Y t a 3 1
(adsorbate) duvsudenfidudluiimeduGoni a13qafa (adsorbent) uaziSnna lndsue
A S A o a dw a ~ A A a .
Tuanansensnnssamaoun linzaaiuRIvesBna13nilad n3gaAnA7 (adsorption) N3
Y] = a ‘3 ] o I'd
10230 TueNALURIYDIATT DINURATUAIBUTINKNILATN 1T USIUABINIAA (Van der

v v
Waals) n30828u59n 100 fins0Meaesetesuiu Tasn ldmsgadaialunszuaunisiia
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fuaznauluinlszih uaznszuumsmidaalutiude deuldousuiuagalinunmisuwe
£ o Y a o~
g shianumnsalunisganaiags
2.1.10.3 AAB3IUYH (Cholorination)
) a a o_ & o s ) 4 . ge .
aaasdFuiuitmsssad lasldnaesuiiufeend ladueud (Oxidizing agent)
A ° =) d o aan @ 4 ¥ :’ Qy ° =)
Falidmeeend ladge il §aserdudnegluiiie i ldanelduSeandsuuidas
=) 3 J T o =) : H L
Psuadnanastusgiviiuamazanududuvesnasiuild anssuitldezeglugiues
fanassu asuszneulelinaelsy (Hypochlorite) uaznnoiulnoen la@ (Chlorinedioxide)
2.1.10.4 Tolauusu (Ozonation)
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Reactive Red 141 (?\,mu 545 nm)

andudu AMIANAULET AMsgaNaULAS
(mg/L) ﬂ%ﬂﬁ 1 ﬂ%ﬁ 2 ﬂ%ﬁﬁ 3 m?i'ﬂ
0 0.000 0.000 0.000 0.000
5 0.08 0.071 0.078 0.076
10 0.168 0.157 0.168 0.164
20 0.345 0.330 0.342 0.339
30 0.506 0.495 0.512 0.504
40 0.657 0.661 0.681 0.666
50 0.818 0.811 0.828 0.819

n3ansguddon Reactive Red 141
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a1 (W) anududuiSudu (mg/L) (Co) anudududinaidie (mgL) (Ce)
afefi 1 afefi2 | nfeii3 afedi 1 asadi 2 adef 3

30 19.17 19.88 18.99 153 15.65 15.42

60 21.85 21.73 20.48 18.1 16.9 15.36

90 20.24 20.36 19.76 15.77 15.54 13.33
120 19.46 1821 1821 13.93 12.44 12.74

150 19.46 20.24 N/E 11.73 11.79 N/E

180 19.76 20.61 2024 10.79 1121 10.24
210 20.13 19.87 20.12 10.63 10.76 10.27
240 18.97 19.76 19.94 9.70 10.30 10.30

A %4 % oy
MINA 13 HansAnIszezadudaues W ln laga

na (WR)

AMUANTUTUAY (mg/L) (Co)

aNnuduTUNNIA199 (mg/L) (Ce)

afafi1 | efefiz | afeds afedi 1 afedi 2 afadi 3
30 19.17 19.88 18.99 18.57 18.95 17.85
60 21.85 21.73 2048 20.95 21.19 20.00
90 2024 2036 19.76 18.99 19.52 1851
120 19.46 18.21 1821 17.92 17.08 16.73
150 19.46 20.24 N/E 18.87 19.46 N/E
180 19.76 20,61 20.24 19.13 19.97 19.56
210 20.13 19.87 20.12 19.46 19.45 19.65
240 18.94 19.76 1991 18.06 19.03 19.27

A L L4
MINN N4 HaNTS ﬁﬂ'tﬂiZﬂznﬁ'lt‘fﬂﬂﬂ‘llﬂﬁ‘lzﬂﬂ"mﬂu

1A (W)

anududuEuAu (mg/L) (Co)

anududuinnmd1a9 (mg/L) (Ce)

ﬂgﬁ‘ﬁ 1 ﬂ%ﬂﬁ 2 ﬂﬁzﬁ‘ﬁ 3 ﬂ%\'l#l 1 ﬂgﬁ‘ﬁ 2 ﬂg‘:'lﬁ 3
30 19.17 19.88 18.99 18.75 19.35 18.45
60 21.85 21.73 20.48 2 1.19 20.89 19.64
90 20.24 20.36 19.76 19.88 20.06 19.46
120 19.46 18.21 18.21 19.11 17.86 17.92
150 19.46 20.24 N/E 19.29 20.06 N/E
180 19.76 20.61 20.24 19.51 20.19 19.97
210 20.13 19.87 20.12 19.83 19.51 19.68
240 18.94 19.76 19.91 18.67 19.52 19.52




< 1
m1af .5 wamsAnuIA1vesiites 3

YANTNARDY amududusudi (me/L) (Co) aududuiinmae mel) (Ce)
ﬂ%\?‘ﬁ 1 ﬂizﬁﬁ 2 ﬂgﬂﬁ 3 ﬂgﬁﬁ 1 ﬂgﬂﬁ 2 ﬂﬁzﬁﬁ 3

Winlade 18.38 19.35 19.40 17.73 18.8 18.92

T lnune laga 18.38 19.35 19.40 8.81 8.75 8.81

YAATUAY 18.38 19.35 19.40 18.18 18.86 19.20

< ,
A13190 1.6 namsAnuIAIvesitey 7

YANTNARDY amududuSudi (me/L) (Co) audiduiinaa1e (mgl) (Ce)
afei1 | afei2 | ase@s afedi 1 afeii2 afefi 3
Minlada 18.38 19.35 19.40 17.73 18.8 18.92
M Tauaa lada 18.38 19.35 19.40 8.81 8.75 8.81
YAAIUAY 18.38 19.35 19.40 18.18 18.86 19.20

4 :
M9 N7 WAMISANEIAI1VDIRDY 11

YAMINAADY anuuduEuAU (me/L) (Co) aududuifina1nen (mg/L) (Ce)
R RESE asefi1 afefi2 afefi 3
Winlada 20.97 21.27 20.67 20.48 20.06 19.88
Wiaueanloda | 2097 21.27 20.67 8.36 8.61 10.06
HANIUAY 20.97 21.27 20.67 20.73 21.03 20.43

m319A 0.8 waveamsanuSuna lnmndienlaoen leause T Taunm laga

UT1m Tio2 anuidudS LA (me/L) (Co) aududufina1n19q (mg/L) (Ce)
(@L) afa1 | afefiz | edeis T afeh 2 afeh 3
0.5 20.43 20.43 20.73 14.15 13.84 14.82
1 20.97 21.27 20.67 10.61 8.61 10.06
3 20.73 N/E N/E 7.01 6.28 6.52
5 19.57 N/E N/E 2.87 2.32 2.41
7 20.79 N/E N/E 10.12 8.48 8.72
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US4 Tio2 anuduusudy (me/L) (Co) A uduRnaIR1eq (mg/L) (Ce)
(gL) adedt 1 afefi2 | afiia Afed 1 A¥ad 2 Agaf 3
0.5 20.43 20.43 20.73 19.57 19.57 20.00
1 20.97 21.27 20.67 20.48 20.06 19.88
3 20.73 N/E N/E 20.00 N/E N/E
5 19.57 N/E N/E 19.02 N/E N/E
7 20.79 N/E N/E 20.00 N/E N/E

4 2 - d
M99 1,10 pavesmsAnymSSuna lnmidiew leesn leavesyganiugy

U584 TiO2 A gy (mg/L) (Co) | Amududuiinardis (me/L) (Co)
(g/L) ﬂizaﬁ 1 ﬂ%@‘ﬁ 2 ﬂ%i'vq‘ﬁ' 3 ﬂ%%'ﬁl 1 ﬂ%i"aﬁ 2 ﬂ%ﬂﬁ 3
0.5 20.43 20.43 20.73 20.18 20.18 20.55
1 20.97 21.27 20.67 20.75 21.03 20.42
3 20.73 N/E N/E 20.55 N/E N/E
5 19.57 N/E N/E 19.33 N/E N/E
7 20.79 N/E N/E 20.55 N/E N/E

A7 N.11 HaveansAnIANUduTuvesddouSuduves I Tnuam lada

anudududion anududuBudi (meL) (Co) arududufina1ae (mgl) (Ce)
Sudu(mg/L) adadt 1 afafia | adeits adefl 1 adeii 2 aafi 3
20 19.57 N/E N/E 2.87 2.32 2.41
30 31.52 N/E N/E 15.12 13.6 14.39
40 41.83 N/E N/E 21.04 20.18 21.46
50 49.94 N/E N/E 28.35 26.71 27.07
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anudaduiion anududuisudi (mg/L) (Co) amududuiingIn1eq (mg/L) (Ce)
Sudu(me/L) adait 1 ata2 | edeita Asaft 1 Aded 2 a%ed 3
20 19.57 N/E N/E 19.02 N/E N/E
30 31.52 N/E N/E 30.45 N/E N/E
40 41.83 N/E N/E 40.85 N/E N/E
50 49.94 N/E N/E 48.9 N/E N/E

4 YY) Ay A 9
MNIN N.13 Nﬂ“\]ﬂﬁﬂ']'iﬁﬂy']ﬂ?']ulel.lll‘ilu‘i]'f)ﬁﬁﬂﬂuﬁllﬁu‘ﬂﬂﬁ“]jﬂﬂ?ﬁﬂu

anudududion anududiuisudu (me/L) (Co) anududuiinaisieg (mg/L) (Ce)
Sudu(me/L) asel 1 RETRIETE afel 1 a¥ai 2 NEE
20 19.57 N/E N/E 19.33 N/E N/E
30 31.52 N/E N/E 30.89 N/E N/E
40 41.83 N/E N/E 41.40 N/E N/E
50 49.94 N/E N/E 49.09 N/E N/E

HUIBINH

N/E = not experiment





