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: The 1st year, Ni/TNT catalysts were prepared by the

microwave assisted polyol process with different heating
times and metal loading weights. The results indicated that
TNT could be obtained by the hydrothermal method at 1500C.
1%N1/TNT catalysts showed the better light adsorption under
visible light than that of P25. The 2nd year, the metal M
(Cu, Co, Ni, and Sn) and Pt was doped on TNT by the
microwave assisted polyol process, and the removal
efficiencies of gas pollutants over catalysts were
evaluated under visible light. The results obtained that
the microwave-assisted polyol method used not only



o M

effectively reduces the required preparation time and
energy consumption but also enables the well dispersion of
doped metals. The XPS analysis results indicate that the
main phase of different metals (Ni, Cu, Sn, Co) doped over
M/TNT was Ni0O, CuO, Sn0O2, and Co0O, respectively. The CO
removal efficiencies of catalysts followed the order: Ni-Pt
> Co-Pt > Cu-Pt > Sn-Pt. Moreover, the removal efficiency
of CO, NO, and Toluene over Ni-Pt/TNT in the presence of
CO+NO+Toluene was 46. 9%, 10% and 17.8%, respectively. Ni-
Pt/TNT showed the better catalytic activity on CO and
Toluene than that of NO, and the competition was occurred
between CO and Toluene. The final study was to study the
effects of the different calcined atmosphere ((N2, H2 and
air) and the effect of C doping over Ni-Pt/TNT on the
removal of Toluene. The metal dispersed well and smaller
over Ni-Pt/TNT-N2 than others. The removal efficiencies of
Toluene over catalysts followed the order: N2 > H2 > Air.
Final, the C element was doped over Ni-Pt/INT to improve
the catalytic activity. The experiment results indicated
that the good removal efficieny was arrived at 75% and the
analysis results presesnts that the porous structure of
Ni-Pt/TNT was modified, and the C depositon was decreased.

T102 nanotube, Microwave, Polyol Process, Photocatalytic
reaction, P-N junction
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ABSTRACT

A photocatalytic degradation over titanium dioxide (TiO2) has been extensively
studied due to its low cost, redox ability, non-toxicity, photo-stability and
chemical-stability. However, there are still some limitions need to be resolved, such
as low specific surface area, low pore volume, and high photocatalytic-reaction time.
Various catalyst preparations and other metal addition have been studied broadly to
improve the catalytic activity in visible light. In this study, TiO2 nanotube with high
specific surface area and pore volume was prepared by the hydrothermal method.
Then nanoscaled metal particle M was coated on the TiO2 nanotube by the microwave
assisted polyol process. Then, the preparation parameters of P-N junction
photocatalyst M/TiO2 nanotube by the microwave assisted polyol process was studied.
P-N junction photocatalyst M/TiO2> nanotube was used as a catalyst on the
photocatalytic removal of gas pollutants (CO, NO, and toluene); then, the removal
efficiency of P-N junction photocatalyst M/TiO2 nanotube was evaluated.

The object of first year, the TiO2 nanotubes (TNT) were prepared by the
hydrothermal method at different reaction temperatures (130 <C, 150 < and 170 <C).
Then, NiI/TNT catalysts were prepared by the microwave assisted polyol process with
different heating times (60s, 90s and 120s) and metal loading weight (1%, 3%, 5%).
The catalytic activity of Ni/TNT catalysts were carried out on Carbon monoxide (CO)
photocatalytic oxidation under UV light and Visible light. The experiment results
indicated that TNT could be obtained by the hydrothermal method at 150<C.
1%NIi/TNT catalysts showed the better light adsorption under UV light and visible light
than that of commercial TiO2> powder (P25). The object of second year, the metal
particle M (Cu, Co, Ni, and Sn) and Pt was doped on the TiO2 nanotube by the
microwave assisted polyol process for P-N junction photocatalyst M/TNT, and the
removal efficiencies of gas pollutants (CO -~ NO - Toluene) by the modified
photocatalysts were evaluated under visible light. The results obtained from XRD and
TEM analyses show that the microwave-assisted polyol method used for the
preparation of the modified catalysts not only effectively reduces the required
preparation time and energy consumption but also enables the even dispersion of
doped metal ions in titania nanotubes. The XPS analysis results indicate that the
different metals (Ni, Cu, Sn, Co) doped into TNT for the modification of the TNT
catalysts had chemical states of NiO, CuO, SnO, and CoO, respectively. At a space
velocity of 7961 h!, the removal efficiencies of carbon monoxide by the
photocatalysts followed the order: Ni-Pt/TNT > Co-PU/TNT > Cu-Pt/TNT >
Sn-Pt/TNT. The Ni-Pt/TNT catalyst exhibited optimal photocatalytic activity, and the
bandgap of Ni-Pt/TNT was 1.687eV. Moreover, the removal of CO, NO, and Toluene



over Ni-Pt/TNT in the presence of CO+NO+Toluene was 46.9%, 10%, and 17.8%,
respectively. Ni-Pt/TNT showed the better catalytic activity on CO and Toluene than
that of NO, and the competition was occurred between CO and Toluene during the
photocatalytic reaction. The final study was to study the effects of the different calcined
atmosphere ((N2, H2 and air) and the effect of C doping over Ni-Pt/TNT on the removal
of Toluene. XRD and TEM analyses show that the TNT had not been destroyed during
the calcination. The metal particles dispersed well on Ni-Pt/TNT-N. whereas the metal
particles were aggregated over Ni-Pt/TNT-H2 and Ni-Pt/TNT-Air. The size of metal
particles was in the order of Ni-Pt/TNT-N2 (3nm) < Ni-PUTNT-H2 (6nm) <
Ni-Pt/TNT-Air (12nm). The removal efficiencies of carbon Toluene by the
photocatalysts followed the order: Ni-Pt/TNT-N2 > Ni-Pt/TNT-H2 > Ni-Pt/TNT-AIr.
The analysis of PL showed the separation time of Ni-Pt/TNT-N2 was similar to
Ni-Pt/TNT-H2; however, the bigger metal particles appeared on Ni-Pt/TNT-H>
contributed to the low removal efficiency and high C deposition. Final, the C element
was doped over Ni-Pt/TNT to improve the catalytic activity. The experiment results
indicated that the good removal efficieny was arrived at 75%, and the analysis results
presesnts that the porous structure of Ni-Pt/TNT was modified, and the C depositon
was decreased.

Keywords: TiO. nanotube, Microwave, Polyol Process, Photocatalytic reaction, P-N
junction
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A2 ZRF-DFHTEF BPFREFTFES > LR IS A k4
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I G 0 B IR BRI T E A s A B M e - A 3 o
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FEL20F% o fRA IV ERF P2 BB RER SR F A
B2 AT A A F A Apada o bR REF M (40 H2CO)
2B AT F R FE A TEZ AL RS R e F it e @
An-AF P2 s g AR BRRZ 2HF P &9 (40 TIO2 ®
F4 AT ehd e tAazbd e beniEie- 2h)o B NFE L B R B AR AT AL
2§ #r+[26] -

[mh
ey
rq,

22 = § i grkpRap B

Pt 8- F it gk kgt * £ 254 nm~ 365 nmEUVE R P Ak
* fﬂé%qhq*{?, Tk fVEE?F’“P\)]*gfi o TAEROPER EZ LR R
ME AT LR THEMERM ) I35 RRBTIOwe AL F B~ % Frs %
BB R bR B SR ATk 2 2 5% Fa AT R kg
FHAETENZPRT R o PRFAY S e E A G/ T
(1) sefm o £ > R fei B %t Lehk e 27 DL &R -
(2) 72~ BT F-T R EH> L o
Q) PR F AL PERF > RBOP FAFH B AL DL L o
(4) B4t 2o~ T RAL o
T|Ozp,ﬂ’,€ EF 7 LB RBEF - BAETEERE R FES (3.2eV) >
WAk E ”ﬁ KB4 om R R L AL > 4oCdS - B AR
FerE 2 g BECl (24eV) 0 T E A T Lk kRE o R F A 2R
7 ks (photocorrosmn) I G 0 ERCANA DA B HRB 3
I SR ) FR RS I SN R LR S 2 e 3 3
1) i 4\:’% £ £ 4 (Pt, Pd, Au, Ag)
(2) # ; L3 g8 Sk g 4(CdS, ZnO, SnO2, W03, Fe03/TiO2)
() BrERE LB

(4) i +:Si0;
(5) % & #it

]
(6) 24 B~t ol

(A)7 k6 531

S F Ma ARG P et B & (CNg) ~ § 1 £(2Zn0)
§ - 45(Bi203) » 7 b ek fP S AR U 1 PG hdE s B 2 g AR o A
r’v’ﬂ--‘%f#%% ’ %;ﬁ R AT RS F L EL A MRS P F (ER)
Aw SRS T F R F ARk o 1T Ak



L 40 12 e’z?ﬁ v . dp R R 1 - Song et.al [28]i5 i 7 202 W A Felg- CaNa
g o I # 4\11 et (4 F & Tﬁf‘ % 3811=0.01-0.02~0.05~0.2)%% £
PR 0 AR déﬁ« m/J fe R T G R R LI R LT R e 5 v b i ¥ RhB
F B end g i 4 o A9 12 0,02 Felg- CaNa i 4 i i fe kil 4 0 o 2035
Al BB AT 3 S S HEAEUE o ] R R R e i o ERLE T
BERFEEFTFILFIRFF RSP TR ITLFFFNLREF  FIAHF T LR
it i 4 o Malathy etal [29]: 7wk % BioOs f 4512 4% 2 & TR & = Ni-BiOs
2 Zn-BioOs Eff4s > 3 U3V R TS AR RURIRE 0 T Lk R ST BiOs
ERESANEE SRR gt KT Gk kT kR K Sk RA T i T
{[6,,”]‘ Yo iz (S¥V ALk &mJo 3‘&5@ TRy 4 ot the W E P i B

°]» > Bi203 ~ Ni-Bi203 2 Zn-Bi 03 & jff 4f-crie M ik B 5 2.8eV ~ 2.69eV ~ 2.74eV >
Z BT i e B eng I AR AL A B ] o F AR SR e T
% Ni-BioOg f 4537 LT PR o&T ¢ § fods ek it E Japldgfess v g 2
SATEOT F A fh 0 @ B0 R o R SR A RIS A el
TH-TFZ @“H’Fﬁ%é_iaksf%ﬁ—*(oz)%fiﬁdi’\(OH‘)i’ﬁﬁéif“ﬁ‘E
40 5 B3 MG 2 "% f2 0 F]pt Ni-BioOs 4 5 g id ehsk it B4 o

(B)i * £ %

S MEXIIRRE GRAOTITIFHG ARDRAEL BRI TR
%ﬁ@%ﬂa4§ww*’wﬁ¢ﬁmm@wlxa#y—ﬂ#%e SR
ZOF MR RE o T o R h ke A iR A T Rk s B o R
HAA T I T REATE EARL Fa BP0 KB ared o L7 e g
BB S E AR AR O F e G 1 i kg i
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N O LT I R R e
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TRTEE im R T F M kinda A4 { F e OH o« O ra 3 4o fR 40§

= »

R REE R L AL m‘«r']“* °
Mardani et.al [30]:¢ % % ik 2 #j22 Wk B Cu 2 Fe 2 ZnO % jf 4 -
ERTE PN P %_‘%;‘%j,z LT RURGE IR F I AR R A AR g oD
b 15 B RH{ S ARk L ok 0 R R R B (L) R A i il R
i AR TR R E R e fAH e SRR RAL A ()4 ot &
PR R A Qe B R T e R, > R T - R T
P EtA A R F L F R RA ML R @ et
JrenZnO %4 ZnO § {45k it A1 » AT 5 ipsedBi 2 dr 3 i 1Y
By A S o B TR B B Rt T R ed R LT AR
ER T

Liuetal [31]5t r2 i3 9522 Wi Ti0z 2 4 fes > £ ff Heniv F 8 R 2 i
S g BLE DA Bt 50(3% ~ 6% ~ 9% ~ 12%6): Ni/TiOz & i 4L » & 2 ® #7%(MO)



Bk WGRE 0 BB S R NIUTIOz 5 fR 4530 < 1 k™ F ek it sk o o
K4F o B H A N ATE AR KB E R AR T I TRHE S L FE e 1y

T TiO2 16 > F NITIO2 R4t £ PF > LT + € KB F 2 1 ¥ R
I3 tekmdg P o L EE FF RS 020 @ O F 1 RGE R L ik

)2

e & M Ric &% MFHaT 3 TR HE B EFofrai2 el - §F Y 4

fo 3B B Rt 4R r?t FEFRA G B XK F A bl
F (N)&&(S) » izet2b & e ’]“ eV LR 2§ sk ehi M ‘fﬁ i?‘cﬁﬂﬁf‘f’—i"f%m

Bt A 3T Ak F el @ H AT LkT e g iF kit 4 o

Lin etal [32]r4i3 %3 585% 2 & b PFagiew fosiens § 4o/ 4l > @ # P
At g EJ&J#MM # g A Fe-TiOz 2 Si-TiOz %4t > 45 1+
FEnB AR LR F (AR ehat Moo 970 SiFTIO2 ehk L 2 gk vt TiO2 4 0 4
* Si Fe-TiOzW%%\?ﬁL AT ER AR IEE SR S 1 E R S R )
% F ek chit 4 2 o Flt g @ g S o SiFe-TiOz § gt ihd ki 4

Du etal [33]41%* /3 &l #x 2 A8 i % (3 700C ™ » i~ 99.8%:h% § 5 &
30 ~4B)E W 2K A oAk 2 AR EZ A P RS N-TIO2 7
Yoo ToRTZ fBRTE S mﬁ%&* P25 Gip|3E > #F33 T LR en@ o™ > 0§
S F AT et e R o 0 B R A TIO P et N2
hpAdL a2 TR gpeh g gk s R LR R
AL IARDTF AT A BT R KR o 20 Y PR
GRS 2R AR 2 E ok N-TIOz shit A ] 5 2.89eV~2.91eV ~2.95eV -

(D) 4= f 4 % 3 7%

R "0)@ S S A RN EE: S N NESET AL S
LG R AR ARG R hE G ff 0 BT jeank s )
T I S B RS Rl S IAF oy e T I e
FAMF - M F AN F M &E A FNT) 2 F g E K E (TNTS)
FF Bt e ey i & IF L R 2 (enzyme immobilization) >
k2> iz -k (photolysis of water) » = F% it % 7 (solar cells) - #<fj(anti-bacterial) 2 2 sk
it & J&(photocatalytic reaction) » & & (H2 production) # -

Dai et al. [34]r4-k#:2 W& PUTNT L4t 7- ¥ 2 "5 f2F &> 7 5%
SERipMAAEFEEF P LA A HET Lrg RA 2 F }%ﬁﬁig?/r
AL ke T ’ﬁf{m“*-a,/ﬁ?ﬁ\&\rx}ﬁﬂ*ﬁ Yok % LI 2T o
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RWT LR g G AARD 0 FR 4l R AR o L etal [35]0473
AR AR B B & o ff o TIOJAC £ fE4LE 2 3 3§ & (300°C ~ 400°C -



500°C ~ 600°C ~ 700°C)4& & » # TIO2/AC & TiOp & w3t ¥ ¢k 6T 2 2 a2 ¢ ]
o R TIOp B e E AT ST T AE L ek o Bk %;'—rﬂj‘ﬁ AC %
] TIO2* B AKX EPF AP R 5 £ F 49 0 2t b4 AC 12 TiO2 2 5 &b
Ap i+ % TiO2 o] > %% 500°C BF TiO2/AC 1% % <t 5 30nm < 40nm(TiOy) » &
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Fpzo 2 A o 3 500°C B TIOJ/AC 22 & 4pt 6138 5 95:5(dnssdh 1 £ 7) >
“fﬂ’%ﬁmﬁﬁwcg%ﬁﬁﬁmL%aﬁ?%+ﬁﬂﬁﬂa#ﬂé1KMAC£$$
vt G ff 0 1 1R g B R R g fE 3 4 0 BT R ERS rf 9 Aok o
Xu et.al [36] 1473 5259 i% Wl & V-TIOJAC % ff 4> & 4524 & 250W ey % %
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L g rechd s dd o ¥ b g peniae JI0H e 7 Lk o ek
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3o e SRR T T AR RS R FALEe AT AR T A4 k@ iF
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2-3 * #f/X Wi FE & P-N junction &%

LAApeERE B MAEY Y ’HNlOvI%‘rTIOZN/EZr [23] 77 5 &% BT o
7 $eNIO# 5 »xedid 4o TIO2 ¥ KoCroO7 2. % 25 o Hdoxy 5Wt%m/,9]‘ N e
b SR /fa? FlaNiOHZpAl L&y v > ¥ lfi’n?‘;‘J\TlOz,ﬁf_aV“p-n junction”*#
“band gap » p-n junction® #7352 7 Z % ¥ § rxcnA BT F ROk Ea g
FOREATE o

WP R - A EMEA Hw T A S ()4 FE 4 (intrinsic
semiconductor) : & #rh sz (2 %‘ri %%“' (extrinsic semiconductor) : &
Fl“'?f—‘?:gaa’f%..ﬁé.’—’fﬁ’ — L F Lenk %;Wﬁ'}' ipﬂfré" CERRFIIF e BT bt’#g
WM+ A2 R EgER - a5 HAEAFER GBEFAL A THEY B
(doping) if £ # ~ % ’a@;«;@a% TP AP H VA NI <2 BP)
(As)feih(Sb)E M 2 2 5 4F 2R+ R EGEHZEMW > AN L E
B F2 s deBeaiiahi? § A FPA~Z4omB)r 532 T T F
2 LR PIFE G PRI Hag[24] -
(@) N3+ 48
FERAG X RLLEGANNHE Q¥ T I 2 g2 0EF > BT 3-TF
$o BX RN §F ORT R A P 53 R R T <
FeFHe ok MM SN - Bpd TFFLETY AT B AERHES
*z 48 (Donor) - ¥ L& % 4cTiO2 ~ ZnO ~ Fe;03 ~ V205 ~ CrO3 ~ CuO % -
(b) PAl L g
RpgF A RENA A2 AR 2 T FBEF o MW A F 2B @ f’H%;
RN BHRR A A2 T et R 5 T+ He  (Acceptor)
A & B~ % 4-Sn0 ~ PbO ~ Cr,03 ~ NiO ~ CoO ~ Cu0 % -
APB AT T % % Bom 8 2eNi 18 #7735 2 2 NiO/TiO22. P-N4g & & f§ 4i4p 43t S TiO2 ok
fREPeT FiE ek kRS l“jL F R FPYZ B RFL
(1)4‘/%%5134 g e CF M RERBLIPERS L LD,
QB3 Tbiérg:ﬁ’ﬁﬁlj: § IL{rvi;'-}__m%‘vn R EfR R R R G
QB THLFRIFFASES »Jrf| T XAF LT F-THRFDLRE -
ARBEAT § ¥ o B 5 Bt 421
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% 2-1TiOx 4B & e W2 A A L B2 % %

Year N-type P-type Preparation Results

® NiOTIO; % f§ 4 & 4 P-N
Chen Incipient-wetn ~ junction, & @ &t ¥ F 5 T ¥
etal. ess o FmPER o B4 KRR
[38] TiO2  Ni impregnated T 3

® P-N junction ¥ igi& sk i@ it iR
Shifu RE Tl o NIO e e § 2437 48
etal Sol-Gel T bt vh i S S & L
[39] TiO; Ni method 2O AT AEL DR ﬁﬁsjﬁ

®  Sn™Hr 2 i Fg K3t TiOp 2 i
e RAEFF BT ERTS

Du et LA ES T SN s KT
al. Sol-Gel F-T LSBT K
[40] TiO2  Sn method F R
® ip2 et TiO 25 A4
a3 B 30Tt @ ié g 4" K
Lopez 1 28leV, AT IEL T3
et al. Sol-Gel &‘H&jﬁ T ERFRRE
[41] TiO; Cu method peF R
Y C02+

o
Ultrasonic-ass THF-RFZ L L FER
* v og

Yang isted sEF ERE T
et al. hydrothermal T SRR LR PR
[42] TiO2  Co method [ NENE: B4 e

£ TiOz ¢ 2 2 P-N junction &

Liu et TiO: Impulse RY¥kZ S TA R AL 2 H
al. nanotub Ag-Ag. Electrochemic Bl Ao T ERpR G R
[43] e O al deposition 2 gk

® Pt-TiOz junction 3 2473 2 =47
Anna FHIBERFRITY 5 b pF
etal. Sol-Gel Ptz4+ 25 4fARF ut&
[44] TiO, Pt method T TR G2 W




2-4 Y en gL K

ﬁﬁ%ﬁé’ﬁ%ﬁ%%ﬁ%ﬁ@“%ﬁﬁﬂ%%%%ﬁﬁﬁ%ﬁﬁ%%o
#e ﬁ%ﬁ%ﬁ?r‘ W EEAE R OUEd g ff BT R F R Fla AT AP
B OB LI E e T ’?ﬁﬁmﬁﬂizﬁ'—ﬂ%:}ijﬁl S R MG T o B
5 N 7@&\ Lz X% F 4P %% (gas-condensation-based ) - # & £ 2
( mechanical alloying-based ) % i* 53 /% & & i (solution-chemistry-based ) [45] -
A ERRE R AT RIBE T RA (D) —kiE (2722 ()
kEGE (BB G)amESFE )T EE () ~pi2 % -

AR R 2 MITIOz s F 2 Wi 2 5 AR S 2 5 & 2 fod i ot
%o dhd S 0 N T TR L § Y R iE ST R W TR 2
B WA e
(A) % ~piz it BB R ch- f FIrR * Al s 5 AM o &X b iR
ARz > - BERAF S E* LR~ iR % B Z fR G A o Hiraietal [46] 5 L 4e &) a3
FRREBTESRS > b BB BT RRA - AP LS & Rk
SHEAET 0 FlGMRAT G ALY 1M S AR RRERE T TR R ,@m,ﬁfj /b fr#n i#
FRRA LI [AT] > Fl 3 FER AR RA o © 5 FH 93]
=R BT

CH,OH™ —CH,OH——CH

SY
S

=
o8

=2

5 53— CHO+H,0 (2-4)

2CH., —CHO+2M?%* _—_52M+2H* + CH.,COCOCH (2-5)

3 3 3
BIM sz g B CMAAHRAEH LA ERL FAEN L
A AR FAY > G 5 CRDOTAT RS f”“*‘ﬁi%%fiimi‘éﬁ °
:E’#%ﬂ R P A B AR FRAT R S FERR 2 F R o FRATHE R T2 & R
ﬁé%%ﬁﬂﬁ39ﬁ%$%$+wd#’ﬁﬁiW&@F@%Qﬂ%ﬁi’b
S ERERARERRN R S AmZ P BRI RRF L2 HIL P
Aot & ”PLEX%[%] BB R AL EERT > £ Bk R E LT
IR B R REFIRBRA A £ RS A R B F R R R
fvo BIRRERE G R B DM AT A o TR I P E AR duBAEY o Al F R4
ERCFREREF EFRIEFIRTF] ¢ RIS AT @ d pidr
EEREEL* > REF RIEE > 258 % Lrd nm Ilum 2 fF o
(B) ik e £ ik (microwave) &2 7 0Lk — 4k > Bt TR - fE 5 HAEHE 4
BT R Aci A2 B 41 4 300MHz 3 300 GHz 2+ £ g5 L
milmm:Hd@EERevdLiprdsdzf? dix10®ms aif
PR G MR T REF LA vt T S A3 2 1 F e R o
2 WL ¢ (FederalCommunications Commission, FCC) 7 4. #
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(Industrial Science andMedicine)z_ ik ¥ * 47 F 5 915 MHz ~ 2.45 GHz ~ 5.8 GHz
2 24125GHz > 2 ¢ 1 915 MHz £ 245GHz # AR Akt * [49] - p SRR 2 4 FF
mHT ;f; Bt A 8E > Vo4 5T AR T n 2 48 (conductor) i B jE i iE T

2o A fg‘r(dlelectrlc) B G R o W€ MR F B @ AT H R T s Tl
iR AR ATTAS 23 mA @R R A AL LT R
R I *Mcﬁ:i'i‘%/w\ TR SRR Ao e T H RS F §
EFTHA e

Mok Ae 2 {Mv‘*ﬂ A AvELY BT - RN BB TN A S EESR L g 3
ii?xfﬁfﬁ > A R R AR FARS BEEA A A E DB P e S iR
H AT HFME 7 L0 5 i & & (reflective) ~ % P (transparent) 2 = 1z

(absorptive)[49] o ¥k F st2 4 Fho & E R > € RAL F B> 2 Sjzs 7
FE A FMAEP 25 FE L FREIE N AL B OL B AL )
At a FRMOA RS > Flt 2 AR F 2 BT S i b %.‘r”a\—*ﬁi
MR AL B B AR o A F gt B R SR B4
FREAIF CMACREE IR Z A A EE 2 e Bk A4 K
B repady g (magnetron) & 5o i g A 24 B (8 ?'J A (Wave guide) - i
Eor e Bl B S BRI H TR 2B F SO B 2 S B LR
£F A B

Mok Se A2 B Bide 472 7 I 20 e 3 Ay B B RS 5N o 1 Ao AR R
Al B NG BRINBREIB R B %ﬁd Fonenied SR KM 1
BIsF o RBRERD R :%A’%tiﬂU B2 P Ak 5 SV R i g B eh
B BV ERERREFSH A A ZTED FBEEAN  A- AT
#0 A H e g o ’]‘rn S R A 4%‘!(;‘,9‘,%%@53’ 8 & IR R R A
HRF AR F SRS F 2 R ST R e e F TR RS 2
AADEM IR 2 PR M e B g R RIDS T P2tk o

FI* Brd BT el R Y ML FOES ~ L) A PR R 2R T
F 0 TR de AL 2 Fr B & P 4o [50]
(DB sef Flick BEg R 2R > Fr v UBREPTE IR BTS2 850
oo 3 Z B AP BE 2 PSS A e BER T L piEE
(2% ForoeF A BT B R BR RS > AT R T BB ME Y
F oA RiB e Ny g
R A LT FHME FI B HEFLFEHRID] g it
L E Ak PSR RS
B)EHP BTSSP T2 HREFE T B G E T 2 B F G FI L S B
FERFABRTSOAZL T 8 T ST P F 0 @ i 5 s‘a:i%'riéc%f@
2.3t % o

,J.
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25 % PRBAFT 5

LERMA RPN RARB S AP ST AR R B Y 2

FUATFIE BREE T A3 HE T BT R r:cf@;’#:]%vféﬁygﬁ
R I N TR TS S }i—rgiﬁ’}?\%%ﬁ”%mfgml% F ek
TIRGF FE 0 RS F Lh%ﬁa&;‘_mﬁf@;,p]@a XY EEY-Ey J-%;;g_

RHOREGED WIS F PR E R MO B S AR
Migsest &3 3 L“%wf - F 445 % 8 g & L MITiOz nanotube P-N 4F & Sk j§
B2 BEWUE SR B RE RN A AR RER S AmET 2
FEBME 2% TiO2 nanotube % jf 4+ » b i AR E B rEES o
= TiO2 nanotube P-N 4§ & k&2 B/ & 18 » B8 - = 1 * ot 2 N ® g an
M/TiO2 nanotube P-N 4§ & % 483 k8¢ ¥ Leng k324 (CO~NO~ 7 ¥)
z_ e iiv 3 ﬁ%v{q FOFF > RS WAE PR R AT 0L 2 B
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F2d A REIFLRA

3-1TNT 2 se L g4 gl %

1o Fivecz 4 F TNT 2 @3

TNT @l & » 5 f F 102 P25 S 40iRe 7k F > Wi Fde™

(8) #-P~if £ 2 P25 4c »  Jk & ¢ NaOH 73 %

(b) ##23 M1 > vk #4820 130°C ~150°C~ 170°C £ A TEFF i
24 | pE

(C) #-F uz * 2 TNT B~ > ¢ HCIi3 iR iR & #8042 24 ] &

(d) #gpeir P ie 2 TNT 12 Sk dhigd @ 20 3l Sfaicf =
iEdp? ok R RIE R #-TNT A % & & 2 TNT-130 » TNT-150 2 TNT-170

2.k i e e e 5 Ak Bl MITNT 4t

@EHEB M f £ 5 1%wt o B B ehg Badpta e S e o £ g
3R 2GR

(b)#-= Wiy a2, TNT e 237 FEHFWET 2R RHBIRE

(C)#-R & e T HCA S F s RIBARARL R * 3 ik # F R

(d)Frid fris be » ok EME % > Do R 2 fRAER ~ 1107 i faic %
(@)#k i % 24 %% 1 2 fR4-E » R UEREE - W f P & 2 A5 MITNT

SAA g et 5 g2 WA M-PUTNT jf 4%

@ ZHEBEM L E: 1%WE Pt 3 05wWt% > B~if 8 4 Bt dgdr e i3 0
S ZfRY o TP I R 2AME

(by#-= @iy 2 TNT 4e» 30" T HF LT 2R RHBIRE

(C)H~R & i i (T Mk Se B F Ji > Mok 5 % 5 600w » ek FFRF 5 90S

(d) o4 gris 4o » EORIPHE G » T8k = & 2 4R ~ 110°C s fa i
@Mk > 23 p 82 4R R WEF LB R
Pt-M/TNT
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3-2 F A 4

(1) X sk&+smyest s 47 (XRPD)

XRPD %4 ﬁ%%ﬂiﬁ?; 2t R SRR TR TE LA b
a3 FHRMTESLHAELITE - X L7 T4 - F2bplfit 2 %‘r”‘
ES q’flj_"*“x AT iR T BB s MR S MR E S S BARRE TIEAA
AL RTFTHREFRFRE AT o Flpt X R¥EHZ I - A% ?z?

AR LFTE o

FRaE4 5 2 didn SRR HET J X k4 & ¥ %R (MAC Sience » MXP18 »
Japan)ig (7 4 47 ; %R BE Y ACuK 3 §5t¥e » S5+ & B 5 20-60° 0 ¥E8ti¢ 54
°/mine S A2 X kEHFHRBESF LR L - FEHE2 2520 - 4%
b4t 2 5 % (Intensity) o # F U L3 BT S M2 AR <)o T R Sl T
6 H 3 SRR A *" o R AR R TR L SRS e
PR A BRI AFTHE AR 0 Flpt T 4] * X k2 3%—‘*']“’»\1‘? AT A
AL AT S R S S
(2 wEdaFLITR

v w # 4 +7 & (High Resolution Surface Area and Porosimetry Analyser) »
o ff 2RI TIPS T A - R G L S PR EES §F R
fR2 42, o A7 BiE4E F =g 22 (Nitrogen Surface Area):g 7+t % w ## 2 i
T 1-196°C(TTK) 2 § F R s (7R > &8 74 475§ £ 5110°C
Ve RID L PR TSR I Sk RS AT GG TAI  f R
S %r} AR BRI kA2 RS OAER R TR R nﬁf“ﬂ’n‘
4 > Brunauer Emmett Teller method (BET) &+t 4 & #f 4 472 R jEFik 52 &
FCFBAE R HF IR R AT 2 T EIVF L) F Bdgo0 3% 2 TkLangmuir
BVt h A REERHFR LS ko
(3) A4 & A4 15 (SEM-EDS)

2 3 4 W 2 FESEM (Field Emission Scanning Electron Microscope) ~ EDS#¢
LA G A R A\Jffrﬁa!ﬁ'—% » % o FESEM#®SEME 7 { 3 2 f247 & > o
Wi A TR LTSI AR P RFL O O AR RS
Bz fimGlpz B -REITEF LT 2 {27083 ?»#i‘;‘?fﬁd\f;i 3 A
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I[T'°

3-3 Sk fE S MR

ARHRAEZARRAE S ST ABBEISC(DF WA P L QRS &
(3L W F M AT A o SEFRMRRER A F %,w Sefeflar g e
FRAMAG2 kR A2 S FHRAEKEIRELCE N FHF B
LNy eRE Rt e f@mx e F AR D F AT riz:giﬁfsfu W pE AT
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§ 1 COz3®R

4-1 % oR#EF BEH 2 TNT &

AFT U E R P25 S ACREFT S F CeE A F 2 ®WE o 4wl
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B 6-14 5 027 C 3zt G 8 & 22 Ni-Pt-C/TNT fRE:8 77 F 5 R4
iy o3 %F B FBER S F kAR 150150ppm in Air > Bk p Sk E R S
BEVUFRAET LERET > g3 Ni-PUTNT & 4-(4c B 6-7 #7177 ) > 43 5e
C s ff 2 Ni-PLC/TNT % 44 %ocy ¥ R EF RS - W F o & pF o
Ni-Pt-2C/TNT ~ Ni-Pt-5C/TNT ~ Ni-Pt-10C/TNT #7 ¥ 2_ sk igit 3 ' PRI E] G
721%~87.3%-89.2% A7 ¥ C endBfe s B4 30 g 4F k448 2 L B B
LFF e WRANERF BF L OHT T2 gy o o
Ni-Pt-5C/TNT ~ Ni-Pt-10C/TNT = i ff 4i-d & P &g 4 %5 > & B3t F i 50min {& >
madr b 72.0%2 75.8%:3 g Ni-Pt-2C/TNT f§ 4582 fX 5 & jic % & i
Mo e AR AR w2 F s S ot F O 50min v i 49.6%: 7 ?}:»—i 4rtv_,< &7 C

GBS B T LR RiBARY A4 G R TR B E A o

,Ttb 3R] 6-14 4 BEom 1 K B Y& NiArRLE 0 PL10C/TNT & jf 4544 @
FRBEL D i B2 oSS T P RBEED A N Gk ffase i im R
ki EEEERT P e dd 3 Ni £ BB AE 4L o i P-N
junction »c i » ¢ H 3 K,éf i Ni-Pt-C/TNT fR4-1< > e ke d 22 C endgpe > 3%
Pt-10C/TNT kg2 it F i 427 &P B affairaes FRaLfFepn 4
R BE A

100
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80 ——
- \77&77\74
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e ]
= 60
8 4
g 50
9 i
© 40 I
CICJ ] - v
=] T
= 30 M
e ] T —=— Ni-Pt-2C/TNT

20 1 / e Ni-Pt-5C/TNT
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50— HB 3B C 2. Ni-Pt-C/TNT fi4-F B3 2. B s ¥ 50 R 5o £ 2
BET »* % o ffA 47 « % 6-2 5 BET v & A A 47 > o+t g 7}%4/%%‘—?.,$% :
FF R A n 2 <R AE 5 Ni-Pt-10C/TNT (m?/g) > Ni-Pt-5C/TNT (264.6

m2/g) > TNT (254.4 m?/g) > Ni-Pt-2C/TNT (234.9 m?/g) » £ @ = » = 48 % ff 41 3

A B A G RS T R AT ER S B C 22
7}4:1? TNT > 58 % C e & 4 4c I 5%C &2 10%C vt £ o ff ¢ B 4o L 3 4c >
Bm g 3 C Agif 5%p > Byt g0 74 C Riprad 244
o T HILp s~ 4 048 cm¥g = 1 0.65cmP/g £ 0.66 cm/g > @ db T+
) Bl iE B & Ni-Pt-5C/TNT (9.9 nm) > Ni-Pt-10C/TNT (9.8 nm) > Ni-Pt-2C/TNT
(8.2nm) > A7 %k g e A T 10%HC R B at L g FEIVFSR
B LG cengi o

o g = F8 Ni-Pt-C/TNT fff 43¢ l@il"—i f FHFMZEE T E AR
%@ F P Ni-P-CITNT 407 5 m;}?e,: OB ERCE B2 B 4 o
FUBARAR S Bt A G ARG sk e lﬁix EH R RS R T U ES B 4
BEH R EARE T F 5 e S Eﬂ»#ﬁ&ﬁ%ﬁﬁg o FRd 0% it AAE RS
TR F AR > Fla A R NI-PECITNT k447 ¥ 2 i s § o5
beo B x LB G 4 it AR B 0t & 6 #f #0 Ni-PEBC/TNT 2 N|—Pt-10C/TNT
= BRRERG RFE R o

%627 I C 4320t b2 Ni-PEC/TNT % 4ot & & ff 2230 F A 44

Specific .
Pore volume Ave. Diameter
surface area (cm*/q) (nm)
(m?lg) |

Ni-Pt-2C/TNT 234.9 0.48 8.2
Ni-Pt-5C/TNT 264.6 0.65 9.9
Ni-Pt-10C/TNT 268.6 0.66 9.8
TNT 254.4 1.12 17.5
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6-4 /] %

hAFHE &Y > un - 22 /R SlciAH P Cu-Co-Ni~Sn e
BEHY - EHE N EEEe PUie(T TNT s F e 7 3 Mk i 24 5 ~ %
NI~ PUgER - §F v gxz ok F0 > S P-NAF LA L4 BF LI P F
BW(ZF &7 5 F)BRB T EFEAEEST - 387 50T F Hs(TEM)A 45
TGRS R ERRRA TR, XY T LA XSAGE T T
(XPS) A 47 7 faig '%rf@sv_.w"oﬁwr#ﬁ\!r‘f"‘“ﬁf% R 5 R R kg (PL)
“’i%u* k4TI ww%ﬂ BhA A e W2 CEPEE T R AR RS
R B Y SR FpieT:

1. ™7 F§F %ﬁﬁ’%ﬁi»ﬁ 2 Ni-PUTNT . ff4> 4 XRD 4455 % HFRT 2
Ni ~ Pt~ fi ik 2R > {r TEM Bl G R 183 R be h & Bk 55
A TNT 45 0 72 & XRD A $7 Bl ¢ %%F'T/T4c$}§7'ag7fflmd§f§_ )
-9 & XPS A7 ¢ IR A e § AR (TARMERIE 5 44 § 2 NIO 3]
TR A R LB 024447 B A 5 T
F oo

2. N RAREF WACEW A 2 NI-PUTNT > 2 £ FAp2 5 v bk B 5
Ni-Pt/TNT-N2 (43.9%) > Ni-Pt/TNT-H: (33.6%) > Ni-Pt/TNT-Air (18.2%) -

3. Ni-PUTNT kg4 2 & Bk 2. & 8230 TNT 1+ 2. 2 4757 gXI R F
R ER B 2 80 3 T4 2 > TEM T KB 7 Ni-PUTNT-N2 2 £ B3
] » = <1 % 3nm, Ni-Pt/TNT-H2 2 6nm - @ Ni-PUTNT-Air } 2 £ &+ &
% 5 12nm -

4. ARG f MECEEIRH RS F BT PR EPIRPORA S
150+50ppm » » il N E R BRI 0 T F kiR T o g F
2 A paeS o ¥ A KRS 50 A\ﬁ%rﬁ o 8% Ni-PUTNT Nz £ s S iR B
AN %ok (31.5%~43.7%) - # =t & Ni-PUTNT Air (55.2%~28.9%) #. £
% Ni-Pt/TNT H2 (53%~16%) -

5. PL 4 #7. *%:}ﬁ Ni-Pt/TNT H2 22 Ni-P/TNT N2 2_ 7 3 -3 F ¥2. & 3ppF i g
Ripir e B Ni-PUTNTAIr e d XPS 2475 % & TEM T B2 LR+ 11
#Id >t Ni-PUTNT Hz F 2 & k3 358 % -+ & Ni-PUTNT N2+ > @ 2 &
Tk F PR 5 R A F o AP Ni-PUTNT Ha % i 45 Ni-PUTNT
N2 ﬂ,ért R A % S A %:(;kaa eh o AP T No BJE 0 2% Lewis acid &2
Bronsted acid A& =2 A& # o Fla A ﬁu‘ ok = dﬂz ] o

6. 2 C453e3t Ni-PUTNT %4kt » 7 ig— # avp | o s 4 o &;tfg? C

PR S0 § - N TRTH AB FEIVHL *1‘#’ Mo F 2 kiR

@ B 7 00 scde 2 P-N k42 it i 4 5 3t 206~ 5% ~ 10%:5 C 42 3¢

» 12 10%C #w@m 2. Ni-Pt-C/TNT *t 50min & f&s {4 i ¥ i 75%12 + 2.4

a7z
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= & P-N junction &% 3¢

FLenE E S SiOz > & B Si kS 4te BATHF Ao Fl o 2+ 407
FottBi  FBY RS G BERKG S 337 i BT F §HATF
1%+%\— e tpeatls o Bl K f%'ﬁzé%*:rﬁi FAHAA T o R A
WET R FEARRT LR B2 BET I 20 §EFUHPER
ﬁ“ it EpF § R 2 R A 2 %%f«@ﬁ#%£$%’&%¢¢@i
BT PRI ENA I R F AL T IR H LY G T BRI
P2 FP o FLERMPRERTL Fon hERES > PR AT - R
G R o ® T F 2 EAS o[ 23-24,54] -

|

HE2 T+ FREFBRLFZAE P A7 AT F- a,zf'?’fj” L )r*ﬁ:v

mT o R BARR RS O IERABF - BRI ERFARSRE  F 20§
- B RGEERAAITRE g"]p: BRIMAARITEY v F - A 523
i F # 5 % T ¥ (conduction band), i< i it F # % % T ¥ (valence band) > = it F
\uf&%ﬁpmmwmgmﬁmmdwpum’ﬂ“’ﬁ»%WH+ R
FEAREEIFIERRALF AR PR ETT UFRT T ETHF A 0 &
HEET RN KL SRR E RN RE

za—ﬁ%#§$h BT LR A RN

(intrinsic) X 48 » e X~ F ZH- 3 (& 7/
Menii (6> B F-T F 224 P+t
SR Ad D BARFEN AT E AR 2 F%*(extrmsm) R TRy He T AE 2
LER e X ENRE AR A ES > T U Hens L N A ZEas P AL
%’EN

K

= wa o F AL TiO2 ~ ZnO ~ Fex03 ~ V205 ~ CrOs ~

CuO “"%E;-W’ € LR F A AW FARTETF > AR 7-1 v o Ft o

TR RS PO AT IR IR IESTY -

QP Al Ex s IMA =~ 297> ¥ L5 SnO ~PbO ~ Cr203 ~ NiO ~ CoO -~

CuO S L8 ML EMAL T I EA LT FINF LA 2224

R FE o AeR 71t o RE R RA L 2T gﬁ%’}\; Pl e k2
Fa

G\'%l%‘%ﬁ- FEARERE R TP EESIETS -
[ 4 | s
¢ N

W 7-1 ¥ LT LE
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7-1 M-PUTNT #f £ % 42 P-N junction 34

AETF 04 Cu~Co~Sn~ Nigr TNT 2 f 454 b P-NAF & k4 98 i
PR EFRA L2 “f PR e F N F B M-PUTNT & f§ 4% CO 2 “,%
P o aApM 2 7 4p 2 (1) &£ % NitP-N junction 7 igag sk it s R & Ji » NiO
m’?]‘ 4‘"‘ RS SR UL I X ade R0 % S Sy S IR S A a./ﬁ?ﬁL%BLj A
HEET T TR E O o B 4 kN £ ook [38-39]; Lee & 4 [62]‘%21»%
NiS-TiO; film i& {7 s ieit & Jis > % % &gom NiS &9 e § 4= P-N junction » i *
THRPFFE  FEAFERG P22 BT FHESFA AT F-TFHDL
MR ek BB RS o (4B CU 2B E N TIO A5 A4 B
B IEH A @A HEMT 2.81leV, RRESTIFL ?47}3“5!1:»\%' T HETFRRZE
s pE A [41]; Tahir % % [63]®/ & Cu-In2Os/TiO2 K fH 454531 - % kR R4 = 7
/e ﬁ»‘i%*ﬁ 7o RskERET Cu?and In¥F A 73 -7 R S A SR
BEFT G i CO2E k4 = CHg e o gt oh o F B 4o dp 3+ m,] tepF
E""v?if/’i—’l PR ER A ALK ARG G RATFIAEBELEL T F-T D
L LR - (3)2 % Co: C02+gq,\)‘ S F gk B¢ > A4 Co-O4tiita Frfl
I Y - N g - F‘E’E’**I%% el o g 4 NI T IR
HOPE 2R R MRSk L aeF [42]; (4) & B Sn: SNt 2 c BE MO TiO2 2o e FE
REFFBREVHERTIARLEST SV ETF-TFHABPERT > 2
o F e [40] -

d 12 é}l%? BwCu~Co~Sn~Niz &7 2TNTZ A 48308
HiEARR AN P-NAF & k4> a3 AT Y 2 a%;&%;}sﬂ%_ §oibprz 2 Mf}:
o N F s - F L pGER 2500ppm s 3 BFad A T7961 hts skikip kUERE
CO< “,f e ik B A NITNT (6.9%) > Sn/TNT (3.4%) > Co/TNT (1.1%) > Cu/TNT
(0.4%) » o+ P2 s I AP B gk 2 sc d o FU o - ) g e PUELE M-PUTNT
L4 > COZ ,%w:l%‘ Pl P RE2 2 @A 5 NIITNT (6.9%) > Sn/TNT (3.4%) >
CO/TNT (1.1%) > Cu/TNT (0.4%) » ¢ ¥ % %% ¥ 12 8 4% ¥ 12Cu ~ Co ~ Sn ~ Ni
w4 & BB TNT 2 2 P-Nif & f4-pF » 8278 8 4 P-NAF & 2 ;e L »it » 2 02X %
o gy - £hi 2 kS i Ee o 0t - 55 Paulino# 4 [64] e
TARFE B f ATIOk - AR Z W7 MR A TiO2eh s 1 & 2 35 et T § 0
Fla BBE b s T d B SRR > T OUER S B ER T TR
&R e TNT o & crP-Nif & fJ 48 tF PE7 & Fligfeenk a3 4 ol
F s doWang® A 41 # [18]73 -5 5% % L # Cu/Co-TiO/ZSM-57F k& > 4l % p&
e & Bgets o TR B TI% 0 R B0 S AL B LR RN
B M areh Bk iae # TV 5 A hCo-TiO/ZSM-58 3 »e F g i o AT g 2
% UNI-PUTNTAF & R 48 F fid 2o F Bis o 10T B gt f i (FP-Ni®
et e
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AT ELE 2 Ni-PUTNT 48 & %405 £ ) cn 48 P-N 45 & X ff4L 0
XPS A 75 % B (4-F) 6-6 #777) » Ni 4 & 5 NiO B+ P a2 48 » TNT 4 v
Hr2 TiIO2 B>t NA L 8 > Flut > 7 hie— #H i P-NAF & Lfgle
LR F P TR F-TRARSE SN T EMAILE A S B
PRI
(1)® 7-2 5 P-Njunction = 2.8 > % PR X Ee N L Emipk s p £,
P-N Junction diode » ## P-N#& » AP AL H4HF F N3 L Eng F
ERIA A HIOTE ) b FHIRLE A2 T F-TRHEDEE L FET -
BRIy ERE By PP F(LF AT F) &B %EFJ5 Depletion region =
L% ¢E {Space charge reglon FRRFR A2 L% > NA L EME &3

TP AL e e ko P A L
i*ﬁ%imﬂﬁiéN” . FiA T SR S N R

Al g E#&@ﬁ- i+
SRR NI R EAREG AL T BRSE DA HL 2P A
LTERMOTFTEARNILERZ NI L ERITFT A RP AL ES
d RN LRI FIET RSP BRBIOLRpFE T2 B R i 'E‘F}
BF A Ao T3 & TR R n4 £ 45 Potential barrier i B § i BT
P SR R (R R )RR A T B O A ﬁ@%’vhmw_NﬁPyz%
B2 nd g =ikt o
ZEZ & B
p AU gs ) CoL, NED
Q000Q00- |2 |OH+- - -~~~
Q00000 Q|+~ -~~~
Q00000 [ @ii ______
OO0000O0 |'©| 6
RO T s
B EALAE 1 B[ LA
A
(i BE SR Hllg51R Z i RERE
|

v

W 7-2 P-N junction 7+ & @
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rﬂ“‘% BTSRRI EY TR %”W*ﬁ-’iiij’kﬂb fs > B F-

-LFEHAL A
i o T ppEd RTARFRIETY > PANO I T I ERIET
FUoEMFTHLIEY TS EHBI N TiIO22 TNT HETH 1 2 dpke e

NATINT e F R REEHSI PR DR RF L r&n 22 5 VB R

% > - CONO~" ¥E G k545 523 Mf?‘ 4[] 7-3 #1570 ¢+ P-N junction
T SR FETHF2ZHBF NV L2ZETHAES

P ZI-NiO
- e-
e \
-2.9e / y
3.4eV B 4
/e €
\\Q%V
0.5eV +—_ . 4
h AR h 3.2eV
<.,
% 2.8eV
h* '-& h* /

N U-TiO,
W 7-3 Ni-Pt/TNT 4 & % g 42 P-N junction » &7 & @ 1

@z@’yiﬁﬁiﬁﬁa;agnNﬁ@i%%”ﬂmﬁﬁﬁiﬁ’géi
Rectifying effect £ sl > TR T 3 2 2k € FIZ M BenfgEi® > g @ p 2
?&%W$m%ﬁm%¢dﬁ’amﬁ oA ng %&@’%%%ﬁﬁmm
FETFF UG E IR J‘?L@;”—’ i EER T ARISH o 5 JI AT 2
fFoga A2 T FET kNI PAlE NI EH t“B??L £% % Minority
carrier injection > #c{ 4f ;1 » w:)@ R E L R R T E - B
diffusion length # 4 & & - »* & & AL ERT S ERR A > NA L Mg

FR e iF > Fla R ERIEFF 2 HIE RE S HRPHE B et & -
%ﬁﬂ&ﬁ%’%ﬁﬂﬁﬁiwﬂéﬁﬂ’%ﬁﬁﬁééw/&ﬁ%w” 3
LiZIREE: SLE B EE W SRR ) G ER MR TSR SR R R

/.;9: «1:“ o

Tl AR T B ARLL R ERBL L - T - BT

At
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2 fAfR 5 0 % NI-PUTNT 4F & 4t 75k it £ s> 7 il g8 2 = B iEw '(a)N
’*‘J LEWMEA A S ETFT T2 o0 PAI X EE 2 ékfﬁsbr’“ﬂ% w
FOFR O TINT 2 A4 F RN g BT A2 - B wf.gl oy

oA BBl SR AT A0 B (Ao 5-6 57 ) > &
it B % o & NI/TNT 2 i B 5 2.584eV » F]pt » % 117 4 % @ st Ni-PUTNT
AERPHEPF > 3 v d AR EE g BEEI HT A () B F
EEH 2T > FIE P AL e N A LR R R R @
PhEcr S NAZEMB I P AL HW2 FTH o 4oF 7-4 557 > 4pfe b
TR RSB NAYZE2 GTFL o0 DI -T R AR R

fe
(Iwﬁi{,i@gk lé_l *'L&]’%{IFQ}L‘ 1,’» 94’%—-[;7@;{ [61]

P %I-NiO

N #I-TiO,

W 7-4 Ni-PUTNT 4§ & s fg 42 P-N junction £ &+ & B 2
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7-2 Pt3 2 Ni-PUTNT 48 & % fg4t2 77 #4143

AFF A NI-TNT 4352 Pt £ e 7/l F Ni-PUTNT 45 & £ ff 4>
% B P+ R K R EARE § o LY B B A KRR E k o
ik bk peniied o PtRSF A4 2 Wik e 7o B 5N
(LPt3 €% § 3 2 4585~ ¢ < »>Zhang % £ [65]4 5 + % JL#-AU/Pt £ 38 323 TiO,
2l BREFE 9t B COBRAF R FHRESHT %ﬁ LSPR ¥ &+ 14 3 4v
HP AR ey o FRPURS T RGO s R RS -T
A P B kR R o Ft o ¥ Ni-PUTNT 4F 2 % fH 4L 5t %
RAAFBFEFE DF-RFHARE O HRIELAI 2T §RE-HD
£ 4% Schottky barrier # At o i A 2 Bir L ERaRfIp € 2 4 )
T it & B L EMOF KR EE PR O LR § AR R
“*( HTERF)TT R TR Y e A R RS- R s P

v T F* o F)t Schottky barrier {5 > & F g A% Pt B0 %“ﬁ“t“ P
¥ auf*-a,vﬁ*ﬁfﬁfv\%ﬁﬁﬁﬁ“ P W AE SR I K S o d R 5-4 &2 B 5-5 eiE fpE
RV UM S~ %o £F NI Pt TNT 2 & & 4 fale fe% 2 sk r
F ek » 4o 7-5 90 o

P #£I-NiO
.

¢ ﬁ' \e-
-2.9eV 4 e
3.4eV —_ e
/ e e Pt
V

0.5e w . 4 -0.4eV
AR 1 3.2eV
‘..
. 2.8eV
h* \ h* /
N FJ-TiO2

W 7-5Ni-PUTNT 48 & k42 kit F BREFPtRFZT I T LW
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(2)F e 17 Phfe 5 0 % HLI i 42 % e £ BN 2 HTNTA 2 g f i©
*[65] 0 BAET 2 pem BB ALY J AU~ AQe Pti‘ﬁg‘ I SR ;\T«%ﬁg
Bedom b odEd e a\Schottkyjunctlon FAEA BRI @UgER A4 %
g it l’i\rimq’r-(l)iﬁﬁ%ﬁu%#ﬂf] Qs T F-T A4 QA A3 25
# 5 [66-67] - 6% 7 1l d B5-62 i M %k Far s PUTNT X 4Lt A 3552 4
%Nifﬁf& [E R _t_l B BE AT % 3 2.30eV &FT:FE)&’##EPH:_%-,EE'?”}? o430 1%

MM B2 T I-TRHZ A8 Rt RE6-147 ELRTF 'E//» & BNiz
%?“«? C A IPYUTNT % 4% 27 $/ 0 X4 %3 £ - % B £ BN
A 2 P-Njunction & # {5 £ #2Pti+ & 4tk £ Jis > BI5-64 173+ & 7 JINi-PUTNT
5 1.687eV, & d F »edk < Ni-PUTNT? ¥ 2 "fi“i ERTE

2
A
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R

* 3+ 4 onE 243 M/TIO2 nanotube P-N 4§ & e 4bde 2 Bl i & e 2 s

B oRFGEp RIE- IS F MG R s e B R AR R

M8 5 - 2 e0- § L4532 K 2 & 5 M/TiO2 nanotube P-N 4F & £ f§

oo - A 2 a8 i g MITIO2 nanotube P-N 4 & Sk ff &L 44> 7%

Bod F g RiE A2 ki g R R WH SR e AT T

F oA & SR 0 AT BART B U R ende [ B E R A 45 0 4o BET ~ XRD -

TEM ~ FESM ~ PL ~ UV/VIS-DRS 2 XPS % » 11385 F g ffit 52 A 454834 - 9

Bl R AR 2 PR A e S A m K D P-N A s R

BN F RBRELFRFFF AR IGE R HCOR T F L

2ok PRT LR EHT R EAAF T FRDT BF HEE RS

B2 F3d ¥ b oo P gsi A8 B2 Btk S F NP R R

BER TEAEIRARE FRRMPE I D AN ZERY A ERBEFL

B A FP 0 P ek B R R REFAFE S RN

PRARFE T o WALE 2 TR B F RS 1T delay 177 0 B RIE T2 PR

WHRAF T LR RS :@ﬁf@p\aﬁ :

1o gfes 5 A2 EEcFRAER > 7 U e P WE TR SR
RRASR > I RGEB S ERHEF IO AT F AR A F L 2 2 HA
UV sk 2 Vis sk ™ % g7 % P25 k4 did e ks B > B4 & His
A5 % P-N junction fsk erfR &4 § 40 A ek iy 4~ fF A YR A Sk
Fsith o XPS A 475 % B om > #8323 TNT g7 Feh b & H(Ni~ Cu s
Sn~Co)z i #4pfk » 4 % 5 SnO2~ CuO ~ CoO £ NiO » o »tapri+2 § £
W Flt o e £ He TNT Z @i o0 & fpdp2 4852027 > Sn -~ Co
Ni %2 TNT 252 P-N4f & % i 4 o

2. Mok W& St > 60s - 90s ~ 120s= f 4 b ik ¥R & 2 Sk f 4% > 12 90s e
AR RN RGP Rt AR &R E1% 3% 5% ®W#
Bl 1% T v fE (7 R i 20 (Bt A ok 4 5 600W ~ 800W 2 1000W2 ¢ * >
r1600W# 12 #-4 Ni~Cu~Sn~ Cop it R o

3.M/TNT ¥ 12 Cu~Co~Sn~Niz 64 2 TNT 22 P-N4g & ff4LpF > 278 2
7 P-N4f &2 s »iciy » 2 R & F %4 Pt 12> M-PUTNT X/ 4% 5
P-N junction £ % &2 M ~ Pt~ TNT 2 #& F (B2 (5% > § s 2 L4t Lk
T2 fLit R o MPUTNT & f4fdt - § it g2 & ip e 4w 5 Ni-PUTNT
(99.9%) > Co-Pt/TNT (81.0%) > Cu-Pt/TNT (73.6%) > Sn-Pt/TNT (58.9%) » %
CO~NO ™ ¥=f§ W+ 5 Ni-PUTNT 3 CO~NO & 7 ¥2 4 tpockn
u % 46.9% ~ 10% ~ 17.8% » A om 3Tt F B iE 2 T Ni-PUTNT $+- & it piier @
FRREZEEE - F PRI F TS AT FHALAL RS F BT
l!§ °

4. 1 F Fe F BG4 F 2 Ni-PUTNT R f 4 - d XRDA #5.5 % #3132 F Ni~ Pt
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f g e IR feTEM] OB B 15 5 T 4 end BaTA & #99 & 4c & TNT
o 0 Flpt AXRDA 7Bl ¢ A %&‘p‘—’rﬂ]‘%ﬁ B do AR e B > B - 9 B XPS
AP F R T e F A TAERIE 0 4§ NIOT] BT R0 @ 4a
PIE B0~ 2+~ 443 o 27+ § (P07 B iiaet - 7 PaEF o
SCER H 2 NI-PUTNT » 2 £ = £ 4p 2 5 vt )& B 5 Ni-PUTNT-N2 (43.9%) >
Ni-Pt/TNT-H: (33.6%) > Ni-Pt/TNT-Air (18.2%) o Ni-PUTNT sk ff 4> 2 & i+
2R FEMTINTY 2 204076 237 F f B ERE 2L FEHF 7L 3>
TEM 7 & B & 7 Ni-PUTNT-No2- & Bt & > = < 5 3nm, Ni-PUTNT-H2
6nm > @ Ni-PUTNT-Air} z_ & B+ 5 % 512nm o 7 ¥ 2. ﬂf E Y
Ni-PUTNT N2 (43.7%) > Ni-Pt/TNT Air (28.9%) > Ni-Pt/TNT H2 (16%) -

. PL& 47 5 % 45 fINI-PUTNT Ha22 Ni-PUTNT Nozo &+ -7 iF $H2 & 3ppe [ g2 2%
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TiO2 nanotube (TNT) has been prepared with large specific surface area for photocatalytic reaction. In order
to improve the activity of TNT under visible light irradiation, TNT has been modified as a P-N junction
photocatalyst with Ni and Pt doped by microwave assisted polyol method. After the polyol process, the
catalysts were calcined at different atmospheres (N2, Hz and air). The size and dispersion of metal particles
were observed by Transmission Electron Microscopy (TEM). X-ray photoelectron spectroscopy (XPS) was
used to analyze the chemical states of the metals after calcined. The valence band energy region of the catalyst
was measured by using Ultraviolet Photoelectron Spectroscopy (UPS). In order to study the photocatalytic
activity, a gas pollutant — toluene was chosen as a reactant to study the toluene removal efficiency over
Ni-Pt/TNT photocatalyst.
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