msanzhialenmedIsmsiiinddnlnsnzazladalaa)Flmniiaw-

laeenluazunenmssnlasmsueluladuuuwamiudus sl §isen

198120381 IUATUN

a a d 1 < (Y] a v A
InentinusibduaiuntisvesmsinymunangaslSyaimnssumansumiadia
13 IAINTINTUNIAAON
umIngnagnaluladgsuns

Unsdnu 2560



ANALYSIS OF COD BY PHOTOELECTROCATALYSIS
USING PULSE ANODIZED TITANIUM DIOXIDE

NANOTUBES AS CATALYST

Ariya Jindanant

A Thesis Submitted in Partial Fulfillment of the Requirements for the
Degree of Master of Engineering in Environmental Engineering
Suranaree University of Technology

Academic Year 2017



myunenalengieIsmsiiindidninsnzazladalasld lnnsion-

laeenlangiliefiniaulasmsuelvladuuuiamiudusalfiden

mclilw

i Ineduma I laggsuts oya

munangesliyguniudia

10—

@. a3.9uA ududs)

a ' a Y =]
~ seseimsvddheimnmsuaziananuiiuaing

YUY

a a ¢ o Ad v &
ANVIUNUDR umﬂumu'ﬂuwmmsﬁﬂm

a a 4
AUTATTIUNTADUINYTIUNUD

e

vy
(WA, A5.9587 BUTAUVIT)

UseHrunssums

@i?@(/

a @ o d
(9. A9.0AYU IVITUNTINA)

ot a a o
ANITUNIT (mmswﬂ‘%ﬂmmmuwuﬁ)

Awssml Sund D st

AW da o
(E].ﬂi.t:fWiim IUNTATUM)

NITUNII

T T

(571. 5.9. A5.0UATS FTTzmal)

v a a

AmUA ﬂ’]“lf’l’)ﬁ?lﬂiill?ﬂﬁ@lg



9580 JuAiu : MlnazvialoAdle3ims Inladidnlnsnzas lada laeld
Tnmidionlaeen ladgiviefiason Tasmsue Tuladuuusiadidudasa §isen
(ANALYSIS OF COD BY PHOTOELECTROCATALYSIS USING PULSE
ANODIZED TITANIUM DIOXIDE NANOTUBES AS CATALYST)

o/ J a o ¢ Y
@1%150W1ﬁﬂ‘1ﬂ 19719138 AT.DNYU IVLITUNTIA, 163 YU

]
o 4

%19@ (Chemical Oxygen Demand ; COD) tHunis1iimaifd 1dgylunisnsinia

¥ a a

H A Y [t a  d [ a '
UATNUN Lﬂﬂﬂ%1ﬂﬂﬁ1ﬂﬂ‘ﬂ‘ﬂiﬁ)ﬂ Lﬂuﬂ"'ﬁuﬂ'i$LiJuﬂﬂmTW‘U’ﬂQHH’dU‘V]%S‘ﬂﬁE}U@ﬂﬂ

9
'Q' a ! ad IQ L @ gf
gaanadey lumsinszdmmdlefnndtunsgivlalaswandenldnuludegiuiu

g a Aad o a

) 9 9 =1 a é n’ [ 1 Q2 A
sutludesldmsiaiinarriia Fuilumaniinounsie Ngnslunmsianseuga saudelisnm
dll [ { ad I = as a o dy ] 9
una iieaalgviAinavesdtmsmiard lodnnisuasgiu lalaswe emItetyaiy
¥ d s A ] @ 1 aaa ) a
msdunszd Inmidlen lasen ladie 1iludns algasenlumsmimdleddaenszuaums
ad a a @ @ 1 aan o
W ndidnlnsazaz lada Tasfimsdsullssduialfisedienszuiumsue Tuladuuuad
o [ [ a a o 9 9
MmsAnuidnyaenadugiuinerves nmilonlasen ladaundos FESEM uagfnun
Y d Y ' = Jd '
ANMUWHIYBITUBEN laRa2undoe FIB-FESEM wud Imnitiow laeenledguvieynaniag
o /A o [ a { @ Y Y
msdunneRisnyuenedugIuineindodunanua uaganunuivessueen lag
4 & dq v v 72 A y y s y
wiviumuszeznanldlumsdunsign sadenldszoznamsdunsizhn 1.5 $alug
A Y . o = a a Jd 1 a
11199910 1# Photocurrent density g4Mga Av 0.039 HaauoYulinearstusudiung
J o v 1A [ 1o = o 9
Tnnidlonlasen ladgnihuriaaidleduazanniaid lod lavordenanmsuendns
9| d o y @ a d 9y ad
A0 erungueswisuad vagiimsilSounsufiun1s A ENA183581AT§IY
Talasiwauuy Close Reflux TasaisazateniasgiunldfengTaduas Inunaideoy

1 a

lalasiounanan wulamiodad Tod 1A 1uE29 20 — 500 NaanSuADAAT 1AL R’ = 0.9742

a

age lsfmunisiadd lefdaenszuaunis I Tadidn Insnzaz lagdadilinnuuludiiion

v ¥ a

2 Y awv A a A o vas da A K
\mumﬂmumi’J%ULmzmiﬁﬂH”ﬂ‘wumu LWﬂwmuﬂ‘ﬁ’Jﬁllllﬂf.lm‘mﬂfﬂﬂ@mmm

'
A o

21971391 AN INAWIARDY muile¥oiindnyn  OT fuiudt

Un1sdnun 2560 Auilo¥o019156N15nH0 Oﬁ/‘fj(/

)3




ARIYA JINDANANT :ANALYSIS OF COD BY

PHOTOELECTROCATALYSIS USING PULSE ANODIZED TITANIUM

DIOXIDE NANOTUBES AS CATALYST. THESIS ADVISOR : APICHON

WATCHARENWONG, PhD, 163 PP.

TITANIUM DIOXIDE NANOTUBES /PHOTOELECTROCATALYSIS /

PULSE ANODIZED /COD

Chemical Oxygen Demand is an important water quality parameter because,
similar to BOD, it provides an index to assess the effect discharged wastewater will

have on the receiving environment. Standard Dichromate is a presently widely used
method for investigating COD. This method, however, requires chemicals which are
sometimes hazardous, corrosive, expensive to analyze. In order to reduce those

problems, this research focuses on a synthesis of Titanium dioxide pulse anodized for

using as catalyst in photoelectrocatalysis for investigating COD of wastewater. The
alteration pulse anodization waveforms were applied. The morphologies of TiO:
nanotubes was characterized using field emission scanning electron microscope. The
thickness of the nanotube oxide layer was investigated using FIB- FESEM.

All TiO, nanotube samples were look alike and the thickness of the oxide layer

increased when increasing the anodization time. Therefore use the anodization time
was 1.5 hrs due to the highest photocurrent density of 0. 0394 mA/ cm?

Titanium dioxide were used to measured COD and were calculated COD value



by Faraday's law. And finally were compared with standard dichromate analysis by
closed reflux method. Glucose and Potassium hydrogen phthalate were used as
probe for COD measurement. It was suitable for COD measurement with the range of
20- 500 mg/ L with a linear equation of y = 0.0896x+18.5 and R? = 0.9742.

However, COD measurement by photoelectrocatalysis method has less accuracy so

further research and studies are required for more reliability.
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(Photocatalasis) Fludu

A15199 2.2 AU HIFDITNNEINY HAZVUIAYDIIINAINUYBIANT NIA1N ARG o

(Robertson, 1996)

Valence Band | Conductance Band | Band gap Band gap
Semiconductor
(eV) (eV) (eV) Wavelength (nm)
TiO, (Rutile) +3.1 +0.1 3.0 380
TiO, (anatase) +2.9 -0.3 3.4 380
SnO, +4.1 +0.3 3.9 318
ZnO +3.0 -0.2 3.2 390
ZnS +1.4 -2.3 3.7 336
WO, +3.0 +0.2 2.8 443
Cds +2.1 -0.4 2.5 497
CdSe +1.6 -0.1 1.7 730
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(‘ﬁﬂJ 1: http://www.hardmaterials.de/html/tio2.html)
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Y a Y = .
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i A v A 3 v 4
Pinner, & Sheasby, 1992) (34910013 190z it oni)udaqilqn (Substrate) 15z noUAIY FU
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= s 3 g a 22 Vo Y 9
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o 1 ] o Y 1 g’/ S
W (Blectrolyte) tazA1nua1adn g Wi (Voltage) 114 navFuson ladnlignguidu
[l 4 <3 =\ 1 ] TR A v 1 [V ~ =
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9 A 35 a A 4
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Cell wall

Porous Layer

Barnier Layer

A Y = t a A J .
51N 2.4 Iﬂﬁﬂfﬁ1\‘11fiﬂl1fiailij"ll®\1"]fu’f)$Qmuﬂuﬂﬂﬂ”lc]m (Wernick et al., 1992)
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W dhsawaednnuinavee srasnie lWih Tasguan Iidhniaesluasazareri Inlih
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o 4 1 [ o a o’y [l a
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(0H) 1111 (Choi, Chung, Cho, & Kim, 201 1; Liu, Wang, Hoivik, & Jakobsen, 2012 ; Mor,
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Varghese, Paulose, Shankar, & Grimes, 2006) AN%UN1T 2.10 0492.15 wmmnuu%ﬁgwgu
<3 [ a 3 g’/ 4 4 @ 1
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[ dy A = da! d‘ I 1 d‘d d‘ 1 1 dy = ds! )
sugUmatzuAMUaNIUT 08 9 vwilureniivinau Tuwas Tasivemariiazinayuinm

Y
wui lnsiey laeon lag



4H + 4e

2Ti

Ti''  +  40H

' + 207
Ti(OH),

2H,0

Ti +  2H,0

TiO, +  6F + 4H'

Ti(OH), + 6F

4+

Ti

4H,

4+

2Ti

Ti(OH),

TiO,

TiO,

TiO,

TiF,

TiF,

TiF,

8¢’

2H,0

4 + 4H

2H,

2H,0

40H

POWER SUPPLY

il
l

TiO,

TiO,

A a ¥ J dy A = J
11 2.5 snuumsinasueen leauunui Tnmitisulaeen Taa

(Minagar, Berndt, Wang, Ivanova, & Wen, 2012)
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(2.11)

(2.12)
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(2.14)

(2.15)

(2.16)
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9

1
Wadau uaneasgiin 2.6 (nsng 3wy, 2554)
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20V | 20V |

[ v d (Y] v d
. A IUNAAUIN V. Ay IMNagay

[

' o o o Yo A & vy 1 Ao o 2
ﬁ?uﬂﬁgﬂﬂﬂﬂl@\iﬁmﬂgWﬂ!Wﬁﬁ !Lﬁﬂ\‘]llﬂ \TETJCVI 2.7 “ﬁﬂﬂﬁ$ﬂﬂﬂllﬂﬂﬂﬂﬁﬂu‘ﬂﬁ'] tymu

E | = N
Yo uIIUIBINAT yauTAIBINAE
A / Q\ - /
CRSHLLAE 194714
YUIAUDY
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Viad
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1. vnaveswad (Pulse amplitude) Maneda mitiannszaunssdugudhiffeiigaga
(Peak value)
2. YeUNWRIWad (Edge) 1 2 dnHaIE
2.1 maumsﬁ uveIWad (Leading edge or rising edge or positive — going edge)
wineda Avesdaanaiidsumanszauus i lssduusdugega fnsaniina .= o

22, wdUVIAIVRIWAN (Trailing edge or falling edge or negative — going edge)

'
v o v d

e Mvesdyanaiwlasuannszaunseaugagaligszaudgavoswad
v d ' { o 1
3. ANUNVESNAd (Pulse Width of PW) H118D9 $391101AINUOUVITUUDS
o =2 v J
Wadaudaveuvasveiad
v d 1 { o o
4. ¥99319903Wad (Space Width of SW) 111909 H190810IAVINVOLUIAIVBINAL
] Y i
Tugiaduusnaudsveuviyulugiagunalil
v d { o g o J
5. MUYeIANAd (Time period of T) HH18DI 5282IMNIAVINVOLNVYUVDIWAL
P~ =2 k9 o A 1
e t=0 audsevIuveINadgnauae 11

Y v d T @
6.  ANUDVOINAN (Pulse Repetition Frequency or F) N899 MAIUNAVYDIIA

24. elHluadi (Electrochemistry)

Tfunil Wuanudiuisznialgnseuaiivaznasan Wi Fnszuiunisnia
a 1 aa L @ % 4 1
TWHuadazinaninnismeToudanaseuainaisuiia lldsasnils uazielinsnie Tou
ad aaa ag o 9 a @ 9 9 9 ' aa
sranaseu Ugnseuainezamsoilinandsau i ld vinldmsmemaianason

I S Y ] Aaan Y 3 A aaa A [ a g
Wunaeinds sgausoudslfazen lailu 2 dszian fe Ufaseminsaremadianason

= 1

aaa J . aan { ] 1 ad 1
iFon11 UA3e15A0N% (Redox Reaction) tazlfniend lulinisaiemdianasou Senan

aaa 4 aaa s & {
Unse1meuIaend (Non redox Reaction) Ingilfsesaongiulsznouals a1snld

1 U A A

ad 4 a < aaa a @ . . .
DIANATOU T8N A3 A (Reduce Agent) Lﬂﬂlﬂl&ﬂgﬂ’iWﬂﬂﬂ%ﬂ“BU (Oxidation Reaction)

< = ' v W

Ao a % a o e . a I aan =
UAZHITNTUBLANATOU L3NNI ﬁ')f]’t‘)ﬂ“]fllﬂclf (OdelZlng Agent) Lﬂﬂlﬂuﬂ&]ﬂiﬂTﬁﬂﬂ%’u
(Reduction Reaction)

=
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daulseznouidinn 2 dau Ao
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24.2.  21@ninslada (Electrolysis)
ad a I a aaa {
nszuaunIsoan Ins lagailunszurumsimal§asermsulasunilag
naadl Tagerdondsaiu ldilrnnunasnisuen arudseneundingvesiilunil
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(Bard & Faulkner, 1980)
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(M http://www.elateafrica.org/elate/chemistry/electrolysis/electrolysisintro.html)
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2.4.3. amaé"lw%’hgmumwfh (three-electrode cell)
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=b.

CH,ON,X, + (2y-)H,0 —> yCO,+ ¢X +kNH, + (4y-2j+m-3H" + (4y-2j+m-3k-q)e” (2.16)

v tm
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1A aA @ J & 9 Yy 9
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Q = | I,dt = nFVC (2.17)

Taof 1, Aonszud lihaaziinismieuas (photocurrent) lumseand ladarsduns s
tAonmiiiadu Q Aerinanlszy Wi n Aesnudidnaseuiin/den il F fedinciives
vhsuad v AeSuas uaz C Aoanudutuveiasdunied
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AIFNNIT 2.18

COD (mg/Lof0,) = (E) x 32,000
4

= i) x 32,000 = KQ (2.18)
FV

COD = KO, (2.19)
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https://vpn.sut.ac.th/http/0/www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6V73-4VNKGRR-1&_mathId=mml5&_user=1750281&_cdi=5831&_pii=S0043135409000724&_rdoc=3&_ArticleListID=1735478834&_issn=00431354&_acct=C000054425&_version=1&_userid=1750281&md5=47fbe061a55814f556e5d06e17c100e4
https://vpn.sut.ac.th/http/0/www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6V73-4VNKGRR-1&_mathId=mml7&_user=1750281&_cdi=5831&_pii=S0043135409000724&_rdoc=3&_ArticleListID=1735478834&_issn=00431354&_acct=C000054425&_version=1&_userid=1750281&md5=fedfd66fa957fab6c15d6e305901b794
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A
C,H,O,N, +dC20", + (8d+c)H —— nCO,+

(a+8d-3c)

H,O + ¢NH, +2dCr’”’ (2.20)
4
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n221

6Fc’ + Cr,0", + 14H ——— 6Fe’ +2Cr,0" +7H" (2.21)
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AU laoon kya Aaun1sn 2.22
C,H,,0, + 4K,Cr,0, + 16H,8 —— 4Cr,(S0,), + 4K,SO, + 22H,0 + 6CO, (2.22)

2) Tnunanden lalasiaunnian (Potassium Hydrogen Phthalate)
e Inunaiden lalasiounnian (Potassium Hydrogen Phthalate) 81911
Ugnsennu Tnunadonlalaswaawisnmsmadled Tnunadeulslasnunnuanszgn
a o 1 4 = Y a @ = = s 3 24
pond ladodeduysaiaiungu] landanusine InundiFouoon lad Hinazniwy

4 SR A = [ 9 a a 4 9 v ~
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2KCH.0, + 150, —> K,O + 16CO, + 5H,0 (2.23)
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f.5 1A303940 UV-VIS Spectrophotometer (UV-Vis)
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Abstract. TiO; nanotubes with a highly ordered structure were grown by a self-organized
electrochemical anodization in the viscous organic electrolyte. The alteration pulse anodization
waveforms were applied. The applied potentials were between positive of 20 V 10 min and areverse
voltage of 0 V or -5 V 20 sec. The morphologies of samples were examined using a field emission
scanning electron microscope and focused ion beam field emission scanning electron microscopes
(FIB-FESEM). The crystalline structures of the TiO2 nanotubes were confirmed by X-ray diffraction.
The UV-Vis diffuse reflection absorption were recorded by a UV-vis spectrometer. All TiO,
nanotube samples prepared by pulse anodization technique were anatase phase and responded to UV
region. The best-defined TiO2 nanotube morphology was obtained from the anodization condition:
20 V 10 min/-5 V 20 sec for 1 h. The thickness of the oxide layer increased with the increasing
anodization time. All eight TiO2 nanotube samples responded to the light in the wavelength ranging
from 190-360 nm which was UV region indicated the good photocatalytic property of these materials.

Introduction

Titanium dioxide (TiOy) is the most famous photocatalyst which is useful in many fields such as
pollution treatment [1], solar energy conversion [2, 3], energy storage [4], and self-cleaning surfaces
[4]. The advantages of this photocatalyst include high efficiency, strong oxidizing power, low cost,
and good chemical [5, 6] and photochemical stability[7, 8]. The band gab of titanium dioxide is about
3.2 ¢V which is specific for both of UVA and UVB [9] radiation. Titanium dioxide catalyst has high
efficiency under ultraviolet light. Three phases of titanium dioxide were found in natural; anatase,
rutile, and brookite [10, 11]. Anatase phase and rutile phase are more popular used as a catalyst for
photocatalysis process than brookite phase because anatase and rutile phase have electron — hole
recombination less than brookite phase [12]. Main factors affecting the photocatalytic efficiency
included the absorption spectrum and specific surface area of the photocatalyst. These led to increased
research efforts to develop the better light respondence and the high surface area TiO; photocatalyst.
Therefore nano scale TiO; was studied. There are several methodologies for synthesizing of titanium
dioxide nanotube such as sol-gel [13], sputtering [14], hydrothermal, and anodization. However,
anodization technique is widely used because of low cost [15], easy synthetic and high efficiency for
buildup nanotube. The important factors for synthesizing TiO2 nanotubes depend on total time, the
electrolyte used and applied potential [16]. Also, pulse anodization technique could generate bamboo
type TiO2 nanotubes that can reduce recombination reaction [ 17] and produce the high photocurrent
density [18,19].

The objective of this work is to examine the morphologies and photocurrent response of TiO,
nanotubes prepared with different conditions by pulse anodization. The influence of anodization time
on the nanotube formation, the oxide layer formation and the thickness of the oxide layer was
reported. These properties can be the useful indicators for the responsiveness of ultraviolet light which
enhances the good photocatalytic property.
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Experimental

Titanium foil (Alfa Aesar, 0.25 mm thick, 99.5%) used as the substrate for growth of the oxide
nanotube. Strips {1 em X 4 cm) was cleaned in three 5 min step in ultrasonicated acetone, 2-Propanal,
and rinsed with deionized water before drying in flowing N7 stream; the cleaned strips were used
immediately. The anodization was carried out in atwo-electrode cell with titanium foil as the working
electrode and platinum coil as the counter electrode. Voltages were pulsed between positive of 20V
and a reverse voltage at 0 and -5 V. The pulse duration were 10 min and 20 sec for positive and
reverse the intervals, respectively (Fig. 1). The sample was anodized in a mixture of glycerol + water
{60:40 of volume ratio} in 0.3 M NH4F. Afier anodized, the as-prepared sample was washed with
deionized water and dried with N3 stream. Then it was annealed at 450 °C in the air for 30 min.

The morphologies of the sample were examined using a field emission scanning electron
microscope (FESEM, JEOL, JSM-7800F) and focused ion beam field emission scanning electron
microscopes (FIB-FESEM). The crystalline structures of the Ti0O; nanotubes were confirmed by X-
ray diffraction (XRD-D8, Bruker). The UV —vis diffuse reflection absorption were recorded by a UV -
vig gpectrometer (UV-Vig, Cary 300, Agilent Technologies).

0.5, 1, 1.5 hours 05,1, 1.5 hours
- Al . - A, \
| 10min 10 min
ZOY;“H — 20V —
oV == p oV
5 VI 20 sec 5V L
20 sec

Figure 1. Characteristic pulse anodized
The applied volitage consisted of ahigh pulse voltage of 20 V for 10 min and a following low pulse
voltage of 0 V and -5 V for 20 sec as shown in Fig.1. The anodization times were 0.5, 1.0, 1.5, and 3

hours. The preparation conditions of pulse anodized TiO2 nanotubes were illustrated in Table 1.

Table 1. Preparation conditions of pulse anodized titanium dioxide nanotubes

Elr:]:ry Flectrolyte Conditions T'(]ltaulu?;;le
Al 20V 10 min 0 /V 20 sec 0.5
A 20V 10 min 0 /V 20 sec 1.0
As 20V 10 min 0 /V 20 sec 1.5
Ay OGS;OCI;T_(?_II:IFIS’ 20V 10 min 0 /V 20 sec 3.0
Bi 3{50 _ 4'0)2 20V 10 min 5- /¥ 20 sec 0.5
B ’ 20V 10 min 5- / V 20 sec 1.0
Bj 20V 10 min 5-/V 20 gec 1.5
By 20V 10 min 5-/V 20 gec 3.0

Result and Discussion
Morphology and Thickness. The top morphology of TiO2 nanotubes was characterized using FE-
SEM as shown in Fig. 2. The thickness of the nanotube oxide layer was investigated using FIB-
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FESEM with an accelerating voltage of 5.0 KV as shown in Fig. 3. From Fig. 2. all TiO; nanotube
samples were look alike except for only the samples obtained for longer anodization time up to 3 h
which had a bumpy surface. TiO2 nanotubes prepared from 20 V 10 min/-5 V 20 sec for 1 h (B2)
showed better-defined nanotubes morphologies than others.

20 V10 min /-5 V 20 sec (0.5 hours) 20 V 10 min/ -5 V 20 sec (1 hours) 20 V 10 min /-5 V 20 sec (1.5 hours) 20 V 10 min /-5 V 20 sec (3 hours)

Figure 2. FE-SEM images of TiO; nanotubes.

m..;:s)

o ol

20V 10 min/-5 V 20 sec (0.5 hours) 20 V 10 min/-5 V 20 sec (1.5 hours) 20 V 10 min /-5 V 20 sec (3 hours)

Figure 3. FIB-FESEM images of TiO; nanotubes.

Comparing from Fig. 3, the thickness of the oxide layer increased when increasing the anodization
time. It was worth noting that TiOz nanotubes obtained from reverse voltage -5 V 20 sec (B, B3, B4)
had thicker oxide layer than the condition of reverse voltage 0 V20 sec (A1, As, A4). This phenomenon
could be explained by the electro adsorbed NH'4 on the nanotube walls, during the - 5 V pulse,
enhanced oxide layer thickness and also reduced the nanotube diameter as described in Wilaiwan’s
work [4]

Photocurrent density. A potentiostat was used to measure the photocurrent density of TiO»
nanotubes. Photocurrent density was defined as electrons which are the mobile charge carriers on its
surface after exposing to the light. For the 0 V pulse, it was found that TiOz nanotubes obtained from
20 V 10 min/ 0 V 20 sec for 1.5 h (A3) had highest photocurrent density of 0.0236mA/cm? as shown
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in Fig. 4. Whereas for the — 5 V pulse, the TiO; nanotubes synthesized from 20 V 10 min/ -5 V 20
sec for 1 h (By) showed highest photocurrent density of 0.0241 mA/cm?.
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Figure 4. Show photocurrent density of TiO2 nanotubes prepared by pulse anodization.

XRD pattern. The crystalline phases of the TiO; nanotubes were characterized using X ray
diffraction with Cu K « radiation (A = 1.54060 nm) in the 20 range of 20° to 80° at a scan rate of
0.02°/ 0.2 seconds. The X-ray diffractogram (Fig. 5) showed that all samples had an anatase phase as
JCPDS card (No. 01-1238, a = 2.6591 nm, ¢ = 4.9353 nm) with 26 peak = 25.15° 37.88° 38.70°
48.12° 53.90° and 70.44° respectively [20, 21]. Titanium peaks (hollow square) were following
JCPDS cards (No. 36-1451, a = 0.3249 nm, ¢ = 0.5206 nm) with 20 peak = 35.16° 38.49° 40.00°
53.06° 63.03° and 70.68° respectively [22-24].
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Figure 5. XRD patterns of the as-anodizea 1102 nanotubes samples.

Absorption spectrum. The UV-Visible spectrophotometer was used to characterize the optical
absorption properties of TiO; nanotubes in diffuse reflectance mode. Comparative studies between
the two set revealed differences in their response to the light intensity at a wavelength of 190-600 nm.
From Fig. 6, it was clearly seen that the TiO» nanotubes samples showed better light respondent than
pure titanium foil. All eight TiO2 nanotube samples responded to the light in the wavelength ranging
from 190-360 nm which was UV region.




s A, 20V 10 min/ OV 20sec (0.5 hy
* A, 20V 10 min/ OV 20sec (1 h)
4 A 20V 10 min / OV 20sec (1.50 h)
* A, 20V 10 min/ OV 20sec (3 hy

«Titanium Foil

= B, 20V 10min/0V 20sec (0.5 hy
* B, 20V 10min/ 0V 20scc (1 h)
+ B, 20V 10 min/ 0V 20sec (1.50 h)
= B, 20V 10min/ 0V 20sec (3 hy
= Titanium Foil

T T T T T
200 300 400 500 600
Wavelength (nm)

T T T T T
200 300 400 300 600
Wavelength (nm)

Figure 6. UV-visible diffuse reflectance absorption spectrum of TiOz nanotubes samples.

Summary

In this work, the morphologies and photocurrent response of TiO2 nanotubes prepared with
different conditions by pulse anodization were examined. The different types of TiO; nanotubes were
prepared by pulse anodization of Ti foil in 0.3 M NH4F with the mixture of glycerol and water. The
influence of anodization time on the nanotube formation, the oxide layer formation and the thickness
of the oxide layer was reported. Results show that TiO2 nanotubes prepared from 20 V 10 min/-5 V
20 sec for 1 h showed the best-defined nanotube morphology. The thickness of the oxide layer
increased with the increasing anodization time. Moreover, the negative pulse potential could affect
the oxide laver formation. All eight TiO; nanotube samples responded to the light in the wavelength
ranging from 190-360 nm which was UV region. These properties can be the useful indicators for the
responsiveness of ultraviolet light which enhances the good photocatalytic property
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