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Abstract

The removal efficiency of Nanoscale Zinc Oxide (nZnO) for remediation of trinitrotoluene
(TNT)-contaminated water was studied. These were to determine the optimal dosages of nZnO, removal
efficiency or degradation rate, kinetic removal rates and photocattalytic effects on remediation TNT-
contaminated water by nZnO. The particle size of nZnO was found between 40-80 nm. Generally, the
particles werepacked into larger clumping upto 10 um or more in diameter.The mean surface area of this
particle was9.5620.04 mz/g with the purity of 99.98%.The varying concentrations of nZnO were used at
1,000, 2,000 and 3,000 ppm for remediation of TNT-contaminated water with the concentration of 10
mg/L. The results were found that the removal efficiency were similar at 2,000 and 3,000 ppm of nZnO
concentrations (29.20 % and 29.43 %, respectively). With regard to the optimal times and removal
efficiency, the times were varied at 10, 20 and 30 minutes. The nZnO with the concentration of 2,000 ppm
was added to TNT-contaminated water and the mixture was left for required periods of time. It showed
that the removal efficiency was increased with times. However, the highest efficiency was found only
34.35 % with the time point of 30 minutes. The photocattalytic effect on remediation of nZnO for TNT-
contaminated water was carried out by exposing the mixture of nZnO and TNT-contaminated water to the
sun light at three different periods of time (morning, afternoon and evening) for 30 minutes. The light
intensity pH and air temperature were also observed and monitored. The results demonstrated that the
highest removal efficiency was found at 71.93 % in the afternoon meanwhile those in the morning and
evening were 52.12 % and 50.99 % respectively. This study concluded that the remediation of TNT-

contaminated water by nZnO can be enhanced under exposure to the sun light as a photocatalyst.
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1. Transmission Electron Microscopy (TEM) JEOL §l 1 JEM-2010
2. Scanning Electron Microscopy (SEM) JEOL §' U JCM-6010 LV
3. QuantaChome Autosorb analyzer ’37' U Autosorb I
4. X-ray Fluorescence Energy Dispersive Spectrometer §' U XGT-5200 (XRF)
5. GC-ECD (Hewlett Packard 5890 series II)
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

aail
1. 2,4, 6-Trinitrotoluene: Supelco Analytical
2. Nano Zinc Oxide: nZnO: SIGMA-ALDRICH
3. DI water

4. Acetronitrite
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ﬂmﬁuﬂ”ﬁmmmgmﬂuﬂu@ﬁaaﬂ”lmﬁﬁ%ﬁmﬂ%“lumﬁ{fﬂmmqmmmmfmﬁﬂ 10 N3
¥eaU3H" SIGMA-ALDRICH Aaidnuaizivihnsanyldun
1.1.ﬁ’ﬂymxg1Ji'1wmaumﬂuﬂwﬁ”ﬂmﬂﬁmmmammﬁa Tagm3nivaoUAIY
Transmission Electron Microscopy (TEM) JEOL ju JEM-2010 it Scanning Electron Microscopy
(SEM) JEOL ';;'u JCM-6010 LV
L2 @nfudi lumsi§iseveseuniauly TagAnuiuiiiy BET surface area &t
m’%m QuantaChome Autosorb analyzer ;'u Autosorb [
1.3ﬁﬂym’;nm?tjm%maummﬂu TAgn3193A@101A309 X-ray Fluorescence Energy

Dispersive Spectrometer § 1 XGT-5200 (XRF)

a A a d d o @ :’ 4
2. msfneszanEmmveseymanludeneen laamsidaiuiloumslaslulnsingdu
= 9°I o ] A:; &1 = ~ 9
mawsenthalegnidudloudslaslulasIngdu wisnlaemslys asumiasgiuvesans
la3'luTasTngdu (2, 4, 6-Trinitrotoluene: Supelco Analytical) Taga3eu1i 1a Stock Standard TNT 100
mg/L(ppm) lagld@iazars  Acetronitrite ol lumswsonld ldanududuidesnslums
a 3 4 < I I &
nAaedlAsMIANIINaY (DI Water) 19 18anadndy 10 me/L lHiludiearnindutlonanslaslu

Tas Ingou

2.1 msanmdszanianazmvuadSinammanzan (Optimum dosages) UY23IdUNA
a d o ° ana [y Y o :’
wludeneonlealumsnilfisen (Degradation) Huaslaslulasingdunuidlouluri
msmyuadSuaiuzay (Optimum dosage) mmaumﬂuﬂuiﬂa msulsiusuaves
a J P <3 9 A FY o Aaana @
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ad A 90’ dy = I = A o ]
AITNOUN 1uu1ﬂunJaumi”lm"luTmiwgamﬂuiwmm 20 U “lummz’nmaﬂnmmn
1A a J J a . . v g}/ o
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Ad aa A [ o Aaan 9 . A 1
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a < s . A g9 o 1
mmaumﬂuﬂumﬂaaﬂ"lw‘nmmzfm (Optimum  dosage) e l¥mdSuaasnanlunmsnaaes
1 o a 3o’ ?1// dy o a 1 Y v ] ] 9
a0l wamIsnaavIAutuMs 3 4 mi‘nﬂaaaTwuu‘Lmuuums"lu“lwmasmiﬂuumTﬂﬂmsmvgu
Y < . .
MPULANTEATE N8 (Aluminum foil)
Aa g 1 ~ VoA o
wamwﬂamuaﬂﬂugﬂuwugmﬂummaa (mean) LAZANVIAVUNINTFIU (SD) Taginaue

Glug SIETGN Degradation ileig Removal efficiency

22 MrUAdATIMSHesaay (Degradation rate) HAZOATIMINMIMIAAADUN (Kinetic

Removal Rate) ¥03m3 103 1ulnsIngdulnilaseymanludanoenlad
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(WofANH1 Optimum time 1u31¥09 Degradation rate HAZANHIOATINIMIMTAATOUN
1 Aa J P <3
(Kinetic Removal Rate) innzan Usmaeyniau Tugenoon loan 19 anududu 2,000 ppm 191u
o Aana @ <} ¥ & I ! ' [
msgnsenuasiouit Twhdudeumslaslulasingduiluszeznaiiuanaenu  Tae
% [] ] 4 A a Bo’ K
A108199 e NA0N52AEWDOE (Aluminum foil) MInaassudumentlulouaislas lulns
a Lo o g a a ¢ A q oy
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3 9 Y ' Ay I3 ~ Y
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y o = A d ad A @ o aaa Y .
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Ly aaa a d d
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Ef I A o ] 1
Pudloumslas luTasIngdudluszeznar 30 ui Tuwmzian1061992UY (Controls) zHORUAIY
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1.1 anvuzglinvesoymaurlunininanveuazd1niia 1agn15as19aoUAIe
Transmission Electron Microscopy (TEM) i8¢ Scanning Electron Microscopy (SEM)
= 1 9 A 1 a < = <3
HANISANEIINATNDIBALIATO SEM WU YA Tuveun Tudedoon ladlyuiaan
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1791100 W1 Tuwas uasandungunounUIUIAA1E) AU D1V VNAFUFIFUINANINNI 10
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= A da o (aaa = X Aa
1.2 ﬂﬂ]&l'IWUVIW'Jﬁluﬂ1i1’nﬂf‘]ﬂiﬂ'léll@\iaiélﬂ']ﬂu'ﬂu Iﬂﬂﬁﬂ‘ﬂ’]WHﬂW"] BET surface area W@

k4 1
A A

[ a a 4 I'd 1 1 H
MIIaNUNRIUe9 oymAL Tuvesu Tugeneen leanuniinunae 9.56:0.04 m’/g
J ¥
1.3 Anpanuusgnivesoyniaut lu Taons19iaa1e1A309 X-ray Diffractometor (XRD)

@ J a J J a £
ADNITIATIVIANUN mgmﬂuﬂmmuﬂumﬂ@aﬂ"lﬂmﬁmmmqmﬁq 99.98 %

¥
£

2. msanylszanimmeymainludsnesnleanemsiimihfivuileumslnslulasingdu
~ o ] ~ & = = 9y
magsonihmedidudouaslasulasngdu wionlaomsld ssmiasgriuvesas
Tas TuTasIngdu vuasen 1w Idanududundosnis e 10 mg/L Taow@sonu91n Stock Standard TNT

4 ' H & =
100 mg/L L‘ﬁ@i%&‘ﬂuﬁﬂ@EJN‘L!T]J‘L!Lﬂ@uﬁ‘ﬁhlﬁihluiﬁﬂﬂg’Ou

2.1 msanwdszansan vazivualSnaiimenzan
= a A o A . a J
msfnulseaninmuas Muualsunanmuzay (Optimum dosages) YDI0UYNAUT 1UEFIAD
L o aan o { & %’ o 2 {

on laalunisiilgasernuais las lulas Ingduiiduwdouluiir  msmvuadsunaimunzdy
(Optimum dosages) Y30y 1AW 1uTag MsulsaulsmaveseymauTunldlumsilgnserny
Ad A Ad ad A ' ~ o o A g ayy
a13fiouil uazasndevlSinaiiouifmae anfsuavesoymau Tuiaunsomdaasioui 1
wn Tunattazanizuadewaedny Ae MUsuInAMUIZaN (Optimum  dosages) HWANITNAADY

paaeluasnen 1 uasunugin 7

nZnO Dosages TNT Concentration (ppm) Average SD Removal
(ppm) Repl Rep2 Rep3 | concentration (ppm) efficiency of TNT
(%)
Control 10.00 10.00 10.00 10.00 0.0000 0.00
1000 7.41 7.47 9.72 8.20 1.3180 18.02
2000 6.23 7.05 7.96 7.08 0.8632 29.20
3000 7.15 5.91 8.11 7.06 1.1023 29.43

A1 19N 1 LAAINAUD Optimum dosage and Removal efficiency (%)
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Control 1,000 ppm 2,000 ppm 3,000 ppm

nZnO Dosages (ppm)
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100.00

30.00

60.00

40.00 29.20 29.43

13.02/___,_,
20.00

GIV
0.00 T ] | |

Control 1,000 ppm 2,000 ppm 3.000 ppm

Removal efficiency of TNT (%40)

nZnO Dosages (ppm)

(v)
NN 7 uwugﬁ Y94 Optimum dosage (N) 4182 Removal efficiency (%) (V)

IANANITANEI Optimum dosage 11ag Removal efficiency (%) uaadalumsen 1 uaznni 7
1 a a a J o o aan (% { &’
wun Yszansnmvesoumam Tudeneen lya lumshlgnsenuas las lulas Tngdundwilou
3 ' oA Y v a ¢ s a
T Tigawn waznwuan Annududuveseymau Tudedoon lad 2,000 ppm tag 3,000 ppm Jf

Removal efficiency 1n@IABanU (29.20 1o 29.43 awd1ay)  Tuvmgianududuves synaullu
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¥ 9w A

a J 4 1 1 1 1

Faroon lya 1,000 ppm WUIN 11 Removal efficiency 4f 18.02 % INTUU DI1ABDINITLNN Removal
. 9 2 = Aa < ' = a '

efficiency 819A0UNNY5 18 oyMAUT TuBIAeen l9d 11NN313,000 ppm Fo199z AU 1 laj

kY ' = = QJQdd' A a 2 a A a 7

Auarlumsamu WarsanmMsldisoug wu@ulumsmulszaninmveseyniaur lugedoon
4 o aan @ { & H 1 I X

lealunisilgnserduears lasulasIngdundwdouluiit wu nislduanan 1fuda

A a a a L o aan @
Photocatalyst taz lumsnaassmsinnises@ninmueseymau Tugedoon o lunisiilgaser du
! ¥ y A 7 A
a131as TuTas Ingdunludeului @enldanududuvesoynmnur Tugedeon loq #1 2,000 ppm

Tumsanuluiive 2.2 uag 2.3

22 MSANYIOAIINIEREaA1Y (Degradation rate) UATOATINITMINIANABUN (Kinetic
> ¢ ¢
Removal Rate) Y093 a3 Tulasingduluilageymaiunludneonlae
AMIANBI8ATINTEBAAY (Degradation rate or Removal efficiency) Lag8nTINITNITAIIA
v v Bol a J 4
inAoUN (Kinetic Removal Rate) ¥0313 las lulasIngduluilasoumaunTugsdoon lad Tag
A Y Yy 9 a s A = o aan =
@onldanududurosoymau Tugdidoon loa 7t 2,000 ppm Tunisaneinisilgnser Tagzlinig
@ o aan A g A =2 o
nisduvesszezna lumsinlgnserveseymau Tusazansioui TasAnyiszeznarlumsih

U319 10, 20 1Az 30 WM wanInAavEAAdIUAITINN 2, 3 azuRUYN 8, 9 uag 10

Reaction time TNT Concentration (ppm) Average SD Removal
(min) Repl Rep2 Rep3 | concentration (ppm) efficiency of TNT
(%)
Start 10.00 10.00 10.00 10.00 0.0000 0.00
10 8.86 8.29 9.80 8.98 0.7580 10.16
20 6.23 7.05 7.96 7.08 0.8632 29.20
30 7.07 5.25 7.31 6.56 1.1457 34.35

A1 19N 2 LAAINAUD Optimum time and Removal efficiency (%)
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NN 8 uwugﬁ U®3 Optimum time (N) and Removal efficiency (%) (V)

INWANITANYT Optimum time 1131UD9 Degradation rate 11z Removal efficiency (%) teraalu

A ~ 1 a a a J L o anan [
A1399 2 tazn i 8 wu Uszansamveseymau Tugedesn led lumshilgaseduas las Ty
H Y v P H
TasTngduntudleulni  wilsdununarlumsihilfnsen Taell  Removal efficiency gagan
= d' é A Y ] d' = v 9 . v d' 1
s2oz981 30 WA N 34.35 % Feerviie 1411 lugaunn Weeunums s Nanoparticles @201 135U
nZVI (Nano Zero Valent Iron) §1@40990151W Removal efficiency 819A0lNszoz0a1 lumsiilgnsen
[ A R a A IR R= a A :: A 9 o
w30 Wi Feenwvzwunull uazdelaniilsz@niamaniiosninnmsldnannulumsh

Aaan I (% A a A
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aymanTudsdoon lad lumailgnsen  fuaileslulasingduituileulhlaslfuauas
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Reaction time (min)

(V)

NN 9 uwugﬁ Y94 Optimum time (N) (48 Removal efficiency (%) (V) ionaaol Linearity

VINHANTANE Optimum time 6l‘L!q’nj”lJGlJ’nz]\i Degradation rate (182 Removal efficiency (%) uaaglunn

v
a2 I

A 1 a a a J L o Aaan o
N 9 wun dszansamvesoynau Tudsdosn laa lumshilgnsenuaislas lulasingdu @

U

& 3 A o aaa v o da . . J .
Yudloulwin wilsiununarlumsihlgasedianuduiusidadu (Linearity) InoliA1 Correlation

. o o w o o Jdou  d a 1 @ v W
coefficients (Rz) = 0.9585 @ﬂ5'lfnifn%ﬂﬁ"liﬁﬂ'ﬂ’luﬁuWH‘ﬁﬂutﬂut“ﬁqligfjlﬁgw']'l\?ﬂﬂllﬂﬁgljl‘!ﬂ‘ﬂﬂjllﬂﬁ
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: 1 <3 1 A . o
audalian R 911nd 1 (0.9585) naaalfifiuyIndeam sy Removal efficiency 81991114 lag

A ° Aan ] 13 ax ~ o 9 A o
ﬂ?ﬁlWNL?ﬁWiuﬂTﬁﬂWﬂgﬂﬁﬂ’l meﬂmﬂua‘ﬁmi‘ﬂmmzﬁuumuﬂ mﬂﬁmtwmzﬂzmaﬂumﬁm

Ugnsennunuly

Reaction time
Influent (Co) Effluent (Ce) Ce/Co -In(Ce/Co)
(min)
Start 10.00 10.00 1.0000 0.0000
10 10.00 8.98 0.8984 0.1071
20 10.00 7.08 0.7080 0.3453
30 10.00 6.56 0.6565 0.4208
A13197 3 LEAAINAVDY Kinetic removal rate of TNT removal
050 —— _ — —
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e _ .
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T 020 —
n R2=0.96035
010 +— " A
0.00 - , |
0 10 20 30 40
Reaction time (min)

NN 10 Lmugﬁ Y94 Kinetic removal rate of TNT removal (6§4N13 -In(Ce/Co)=kT)

VINHANTANE Optimum time and Removal efficiency (%) #111501101%1A1 Kinetic removal rate

of TNT removal 1@910 au3 -In(Ce/Co)=kT NHaMINAaoInuandlumsan 3 tazn1win 10 Wy

AN Kinetic removal rate (k) = 0.0147 min '8 AIANUFONY 96.05 % UAAIIDATINTAIIAAITI]

@ v Jou J a 1 @ v o X [
anudunustudluraduszriedulsdusudlsamndadian R* wWn1nd 1(0.9605)
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Photocatalytic TNT Concentration (ppm) Light Air Average SD Removal
exposure time | Repl Rep2 Rep3 Intensity Temp concentration efficiency
(30 min) x100 Lux) | (°C) (ppm) of TNT (%)

Start 10.00 10.00 10.00 1 25 10.00 0.0000 0.00
Morning 3.85 5.78 4.73 383-470 33 4.79 0.9685 52.12
Afternoon 2.07 3.89 2.45 770-838 41 2.81 0.9596 71.73
Evening 4.90 4.85 4.96 368-827 35 4.90 0.0533 50.99
Dark 6.21 5.02 7.14 - 25 6.13 1.0634 38.74

Q131N 4 LAAINAVDI Photocatalytic exposure time and Removal efficiency (%)

(2]

R = Y

TNT concentration (ppm)
b

10
I 4.79
. I

6.13
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i | I | |
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Photocatalytic exposure time
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(V)

7NN 11 uwuqﬁ Y94 TNT concentration (1) ti8g Removal efficiency (%) (V)
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