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Abstract
In this study the structure characteristic of the porous titanium dioxide electrode under various
annealing process was investigated. The porous titanium dioxide electrode was prepared by the anodic
oxidation method and at various annealing temperatures (300°C ~ 400°C ~ 500°C and 600°C). The results
suggested that titanium foil carried out anodic oxidation first and then carries out annealing was obtain better
electrode characteristic. Results from surface and crystal structure analysis of the titanium dioxide electrode
using FESEM, X-ray diffraction and Raman clearly indicated the TiO, electrode by annealing at 500°C
could to obtain a uniform tube structure and that the crystal structure of the TiO, electrode was anatase.
Results of the optical response study show that the TiO, electrode has a rapid response time to 365 nm UV
light to produce electricity with 4.5uA/cm’ The methylene blue decomposition efficiency is as high as 79%.
Keywords: anodic oxidation - titanium dioxide - annealing

1. =3
Fapaes g sl agr s FEam o 4o
ﬁ&;\ , ;ETE’I_‘}L;}?Z;}?—‘E R ;is‘v’ﬂ),i%ﬂt%?g;fi@ AN RN 3 AN T I N f?u; Vg
A—F‘Tié“ o %IE.?L’?IJ'}P 7'5—3-;];:%‘%*‘%%\'“‘?;';4)!%* ##ii“gﬁé_r‘%ﬁ’lé’ 1/3 y v,ﬂl”?’&"}(‘ﬂ E‘f’]ﬂif}«'— , 9[71%
WERAPZ A R B MIRRGFET g0 kg ¥ rB Rl ap o AES -8

54


http://www.facebook.com/chaolang.kao
http://www.facebook.com/chaolang.kao
mailto:kuosl@ncut.edu.tw
mailto:hcc@ncut.edu.tw
mailto:clilynming@gmail.com
mailto:kaocl@ncut.edu.tw

2013 % ¢ fLpa 28 g * 3t ¢ (GTEA)
PEAR-FF-&TI V- Lep

W BAE 2 SRR LA TG
#%Lﬁ& B 3 RESREEY . T A

ERE A = BRBAG A 3% 5 £18 o ok
é@mzﬁ*-%if“s’%a kR L Rk Ap
WS A RS % 10

ﬁim%ﬁ”“‘iﬂh TF s e g
G- RS RIE LR R IS
BB ek L P B R E S BAE T
Mmd 2z miens AP F oo 5w
xR SRR K fRE AT o Bl
ERAR I N IR AT oF N 2F Tt B RS
et LA wofese st g B s § R
T ARG VIR BRI
AR AR E Ao R MEAE S 2w
ez § 1 g4 -

Flpt o AR MENC §F CATIREE S AZ
ARy TR AT MR B e T
EEE - F T EEETE

2. RERFERFE 22

21 RHER
AFE G - * P2 BERL LA Bk (Acetone

95%)¥ ¢ f%(Ethyl Alcohol » 95% )i¥ & ajﬁii%i}o
i o & 1* 4%(Ammonium fluoride » 97% )i% 5 H5 &
F b2 % f&i% ~ 7 3 F(Methylene Blue > 99% )
T 5 kit sti PR PR~ 4P o

22 RERHA

F ok ek Sk /v R sk A sk Sk R (HITACHI
U-2900)*" & & 664nm T » 2 47-Ki3 R 9
kR %E’ X-ray S84 7 K4k Ee 0 ) 5L 5
A-41L-Cu> k445 F V& T i 6 b Wi
AR o I 3§ k¥ &k (Raman,DONGWOO
50007 3 AT RALWSHEI B FT

fIov B T+ 3% A pc & (FESEM,
HITACHI S-4700 FESEM 4r JSM-6700F):& {7 4
A w FEAT e S IRESF AT RLTT
g flx g % & 17 & (CHI4051) » $ *
Amperometric I-t curve = & & A 3> Bk s = F
wﬁm@,@ﬁpz@:iﬁ*ﬁﬂAg%mo

23 B2

B A gxm(lemxl em f=2.5cm x5 cm)
MRS E A A G R AW UA 2 fR
ﬁ%kﬁﬁ%%%f@ﬂ%%loﬁﬁ°ﬁiﬂ
s BIMARETSF CEATETRAA -
FA(D)s ARAF ETHERY KR Y3

55

PEAR AR LY Wb PR
2 MhE: GT1-013
MMaw@-ﬁFﬁﬁ&%@amvw,@g
fEie% - 3 Bé:’fﬁv’-ﬂf%_l_rsm.bé"ﬁlﬂ?'
(300 °C ~ 400 C ~ 500 C ~ 600 C)™ %47
B o
¥— m¢(Hﬁk%wﬁQm%ﬁﬁT$3ﬁ“££
WP A RERETRET B LB IBES
“%ﬁﬂ%QMAiﬂﬁaffﬁmﬁﬁﬁmw
THRAEES Mo B CEEAWR L A o 5
FP ey - A EET 5 CM-TC »
F oA EET 2 TC-AO> N> % &
PCAT MR CRRETRRER ITARS
BHEE R o

(00 M4+

Bl 1.1E1Rs V28 0 LHBRGKF); 2LERT

£): 3R R ERE AR PR, SE LS
6. 458 Kk TR fRF R o

3. BE &t

3.1 SEM # & #4240 45
KR 27 F L&FEY 0.IM 4 ke AR
i”*a**ﬁﬁ BBIZF 40201 M &
it i"é_/p i ‘Ef"f’%’fﬁ_ﬁi I 19"\ 500 CJE{’%\ Fé’«“
ERIDF ik S o 2V IF RN M) AR
ﬁ’ﬁgﬂngﬁdHh§%ﬁ@$?ﬁL L4
J- 'i \l r"", » T’ \d Yy

/ 1‘7 e, ,j“ “‘{.r."

3 }.l)‘:ﬁ\: :
P s A
B PAX LY

X45,000 WD 3.0mm  100nm

NCHU SEI 3.0kV

“&Taj}é\ SEM B2 0.1 M & it 4%
FHRE {230 500 C%'E



2013 % ¢ 131 428 & * #33 § (GTEA)
PEAR-FF-&TI V- Lep

32 XRD % 33 fs & 7

d B3 TP REA T AR & 300
C¥ 400°CHE>H - 5 it 452 XRD g]va&?;r;{u
45T AR (4T PR F 457 JCPDS 2. 26 5 38.42° -
40.17° ~ 53722 70.66°) % 1 0 ¥ A FH A WIE
HrEP e mAMR Y AR F - F b4 B
B EHRE O BN A EZEFET
LEayz2 § K o ¥ 2 XRD R|E 2 B#L T
G045 Fh AP (5 PR SR dx T JCPDSL 20 5 25.4°-36.9
°~37.8°~38.6°¢ 487 ) I o | 500°C ¥ 600

CE#% TRE %#B(ﬂ‘@!ﬁ % JCPDS 2. 26
52747 ~36.09° ~41.23° ~ 543272 56.64°) °

KR AV REEDSEE2ZFET 23000 H
- % it4x2 XRD FE]&%’K{J‘H};&W%;}E FUET
F2B] 300 CeEF Rilic B - F M 4xendf d
P 5 G TRAD 0 7 3 LA RN R
Y o B XRD Bl 3R A AR L e

|
R A |
UL AR
3
3 R
: : A e
: |
i}
E ‘ “
g ‘\ I \ \\
ki h UL ) .
&
R:i& =% 4p
T T T T T T T
20 30 40 50 60 70 80
260 | degree

B 3.2 % 45T 42 XRD Bl 17 i RSE
BT 0IMAE &R REFEES

[—— 0.1M-600°C]|
| — 0.1M-500°C|
—— 0.1M-400°C|
[——0.1M-300°C]|

A
L I fu

—— kam‘auuL/wUL_N_,__kW,JEWMMAA_A«_*“»J«%_AAAAM

R JU o )|

3
8 e
2
2 |
c
g A JU\ A A A
=
()
2
8
[9)
@

Ri&E=F 4

A: g4 Thap K

A
T T T T T T T
20 30 40 50 60 70 80

26 | degree
§ i 4T tm2 XRD B 0.1 M & it 4%
AR M R RRE

Bl 4.z

SRy
it

56

PEAR 4% 40 RrpEpss

2 Sl GT1-013
iR R R F L 400 T o R R ke
S it IR o R ALY KR R R F G

B3> - %

AT S AP g o KA 0 AMCERAR S 500 C
o R £ pAp iR od B F 4R A& 500 C

A 3] 400 CHRErdracdh s L 0 @ 500 TR
AP ARAETHAR R E NI e BAE R £
FAp o XV APIERMER R R ML B E S § s
oo AR P & FlF o

rj-fuu%,uip 600 Ch = H &l hdd
WP k> ® i XRD FEIF%”* R OE T Sk
BAR L G o d WP T - F (L enG

NI REFBREL L P D RBERARE
600 CPF» = F 452 KA AL BREL £ 7
A0 e BEAX B 0.1 M-600 C 2 3% % } 4rbtdhip i)
Foef I B8RINEFAE D o

3.3 Raman §; 18 3] f& & 45

d B 5 BT owBET 300 CRad & Bl
TG AR AR E NI LT & F it
Moo ¥ R MR R A B B 400 CPE o sk en
jﬁ%iﬁﬁmﬁpg Ao F gl B 500 °C e
E BT UE G & B ok B I IR (265
cm’ ~ 429 cm™ ~ 606 cm™) o E 4 F grdk T e

. -1
A% (156 cm™) IR -
I
(. ——— 600°C-AQ
I H ———500°C-AO
N —— 400°C-AO,
= A ——300°C-AQ
A \
g Ve ‘
@ J
2 J
Q
<
Q
2
: fJu\\/LA
[5)
@
|
J
T T T T T T T
0 500 1000 1500 2000 2500 3000 3500

Raman shift (cm™)

Bl5.2F M&THE2F8 B2 FIEABEBIES
#*O01IMEE& “43 7 HEE

d B 6 F BRI ST 400°C FF B e
BAETHILE AT AR S A RO R R
0 E R R E o d 2§ Bl XRD

Bls v BB KR R € 600 CPFo - § 1
ehf e LA B ARERR
4 400°C I 600 C2 ¥ g & B3 o XRD B3
FRICF s A R RS £

T AR o



2013 % ¢ F4£1 252 * 731 & (GTEA)
PEAR-FF-&TI V- Lep

AGEE S IEZ P o d XRD Bl o
PR TR EZRY P EOLAER &
AF G AL MR ERY o 4 S
d iRy AR AR R AR Stk o |
d 7 e e IEE R R K SV R AR

It ——— 0.1M-600°C
I —— 0.1M-500°C
A —— 0.1M-400°C

/N U ——0.1M-300°C
‘ N

Relative Intensity (a.u.)

T T T T T T
0 500 1000 1500 2000 2500 3000 3500

Raman shift (cm™)
F6.7 § i 4TS I W 1M & 463
REFTHEERE ST RERRE

AR R 2 AT P R e A
%‘{ﬂﬁ A PR R AMIE H A M IER AR
#5300 Coig T Rghir £ 5 A% 2§ 0t 4
(g % 4) SIERRARZ H £ 0 B35 > §
EME MR Ry Mo FiE B
B ER-F LG ER BEE > IR
EAGR N IR o T A MIE 2 E R e XRD
Bl 2 £ % Bl G P AR TR o

WY B E Iyt

1 ——— 0.1M-500°C

N —0.1M-400°C
— 400°C-AO
. 500°C-AO

g

—

T
0 500

N
1

i
1

Photocurrent desnsity ( i Alcm?)

o
1

—

T
2000

[\

T T
1000 1500 2500 3000

Time / min

B 7.2 F 450 4m2 KTIARE )

57

PEAR M 400 RpEpRgLs
# 2 % GT1-013
d Bl 7 ¥ 8IS K400 C-500C) 2 = § i
HREBAOLTTRFRRAKEL S F - F 2T
EAE T 900 AypF 0 BUEAPERE X LT IAR AR
&mF—J’i54ﬂA/cm lﬁ?’kﬂ,;'lm)i"m
iip'f %3 - FE % _E (4.5 4 Alem?) >
TeiAe FIREAEZ L < &
WA T S FEA b gnaw B (CHI)R (P H kT oms &
FEREPECINA T I T kbR & 0 it
KT B RART - JETE o FH KL 900 Fiis
LRMA > KT HR GRS LA
Bk d A4 T 3Tk Tl Ar g B
AT HRiGAI LN E > AR BT
R FBmEERE -

phor = F 0t

e ﬁ./f'ﬁﬁ‘f’ i

A=

3.5 L § i amc

d B 8 L& 300 ‘C-AO ~ 400 C-AO ~
500 ‘C-AO ~ 600 ‘C-AO 2 3 & e 2 »a s A w)
% 60.14% ~ 55.29% ~ 47.14%% 53.1% - d B 9
BB 0.1 M-300 C~0.1 M-400 °C~0.1 M-500
T# 0.1 M-600 Cz 3% ' f2sc s & w4

25.43% ~ 79.16% ~ 76.92%% 42.89% o
FED PHUL R RY DA
WA R R KT R RR% Y 0 ¥ F T

24
24

OIME MR REEERERY LS WER
400 CPr2 35§ BB ' 325 79.16% ©

60
—a—400°C-AO
—0—500°C-AO
/J

S0
>
2
Q
)
=
[}
c
2 20
©
he]
©
>
[
)

04

T T T T T T
0 50 100 150 200 250
Time / min
Bl8.- 5 MRt L 7 AT kiRl
B 7 R RSESEETHERY



2013 % ¢ 41 22 fu* 7554 § (GTEA)
PEAR-FF-&TI V- Lep

—=— 0.1M-400°C
—o— 0.1M-500°C

Degradation efficiency (%)

T T T T
0 50 100 150 200 250
Time / min

RBlO.- § MR REL T F2 k2 kA4 R
(RBFiRs {3 Q%)

4 B

SEMREI¥ 125 412 § i 45120 1M4 1 483
P ARE L3500 CHMEZ R R RS
FehitF B o XRDBI&Z £ 8 Rl¥P HRZ
o A EMEE R 400 CRRiL G dnstdpap DR
S D TLARAS TR o R o BRMEIRR S
500 CPRERIT £ Fp i e a0 § V457
WS BOEREG RP RDRAE KT RAR
% 70201 M4 484 1 15 2400°C £ 500
CHMET ek TR R R R LR 35
KT AR RF o DAk T B D REEA
Bk TINBAKS N ES54pA/m’ Bk E iRt
FRTET916% FETT BEREE  AEFAH
g S R B e 0 2 )
BRI G K o

5.;{éﬁ

1. C. Wen, Y.J. Zhu, T. Kanbara, H.Z. Zhu, C.F.
Xiao, “Effects of I and F codoped TiO, on the
photocatalytic degradation of methylene blue”,
Desalination, vol. 249, pp. 621-625, 2009

2. JX. Yu, RA. Chi, X.Z. Su, Z.Y. He, Y.F. Qi,
Y.F. Zhang, “Desorption behavior of
methylene blue on pyromelliticdianhydride
modified biosorbent by a novel eluent: Acid
TiO, hydrosol”, Journal of Hazardous
Materials, vol. 177, pp. 222-227, 2010

3. H. Gnaser, M.R. Savina, W.F. Calaway, C.E.

58

SEAR 4 LY MopEpnss
2 %l GT1-013

Tripa, LV.  Veryovkin, M.J. Pellin,
“Photocatalytic degradation of methylene blue
on nanocrystalline TiO,: Surface mass
spectrometry of reaction intermediates”,
International Journal of Mass Spectrometry,
vol. 245, pp. 61-67, 2005

K.V. Kumar, V. Ramamurthi, S. Sivanesan,
“Relation  between some two- and
three-parameter isotherm models for the
sorption of methylene blue onto lemon peel”,
Journal of Colloid and Interface Science, vol.
284, pp. 14-21, 2005

D. Chatterjee, S. Dasgupta, 2005, “Visible
light induced photocatalytic degradation of
organic pollutants”, Journal of Photochemistry
and Photobiology C: Photochemistry Reviews,
vol. 6, pp. 186-205, 2005

M.R. Bayati, F. Golestani-Fard, A.Z.
Moshfegh, “Visible photodecomposition of
methylene blue over micro arc oxidized
WOs—loaded TiO, nano-porous layers”,
Applied Catalysis A: General, vol. 382, pp.
322-331, 2010

A.R. Muhammad, A. M. Mohammed, A.
Khaleel, A. Ahmed, “Photocatalytic
degradation of Methylene Blue using a mixed
catalyst and product analysis by LC/MS”,
Chemical Engineering Journal, vol. 157, pp.
373-378, 2010

C. Ye, B. Tian, J. hang, “Improving the
thermal stability and photocatalytic activity of
nanosized titanium dioxide via La’" and N
co-doping”, Applied Catalysis B:
Environmental, vol. 101, pp. 376-381, 2011



	目錄
	A. 綠色材料

	GT1-013




