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The object of first year is to synthesize titania
nanotubes by a hydrothermal process from commercial
P25, and prepared Pt/TNT catalysts by impregnation.
These investigations indicated that the efficient
removal of CO could be attributed to the high
dispersion of Pt on the TNT (123.4 m2/g, 0.39 cm3/g).
Pt/TNT((120&ordm ; C, 30hr)) displays a high CO
conversion activity of about 99%, which 1s superior
to that of P25. The CO conversion was optimum when
the reaction was performed at room temperature with
an 02 concentration of 10% a CO concentration of 500
ppm, and a space velocity of 1.79x104 h-1.

The study of second year is to prepare three
catalysts (30%Si-70%Ti, 70%Si-30%Ti, 100%Ti) by the
hydrothermal method, and then Pt/Si-Ti catalyst was
prepared by the microwave heating method. CO and NO
were chosen as the reactants for photocatalytic
reaction, and the different reaction parameters were
studied, such as different ratio of Si/Ti, the effect
of Pt, and different light sources. The experimental
results indicated that the main crystal phase of Si-
Ti photocatalyst preparted by the hydrothermal method
was rutile. For photocatalytic reaction, the
catalytic activity was improved by the metal Pt.
Under UV light or visible light, 99% CO removal
efficiency was carried out over Pt/30%Si-70%Ti or
Pt/100%T1i. However, the NO removal efficiency 1is
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lower than 20%. The optimum reaction conditions for
CO removal over Pt/30%Si-T70%Ti were 02 concentration
10%, room temperature, CO concentration 500 ppm, and
space velocity 375,000 h-1.

The final study is to study the removal of gaseous
pollutant over different photocatalysts under visible
light. TNT, Ti-Si, and Ti-CNT were prepapred in this
study, and then Pt supported catalysts with higher
catalytic activity were prepared by the microwave
heating method. The results indicated Pt/TNT showed
the higher removal efficiency than other catalysts on
the removal of CO under a high space velocity of
70736h-1. When the concentration of CO was arrived at
300 ppm, the removal efficiecy over Pt/TNT catalyst
was 60%. On the removal of methanol over those
catalysts, the results showed that Pt/TNT still
presented the good performance on the removal of
methanol because of high catatlyic activity improved
by the well dispersion of Pt particles. Thus, Pt/TNT
photocatalytst showed the good potential for the
removal of gaseous pollutant.

Titania nanotube ; Carbon nanotube ; SBA-15:
Titanium Dioxide ; Photocatalytic reaction ;
Hydrothermal
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ABSTRACT

Photocatalytic reaction is one of the most important mechanisms of natural
degradation in environment, especialy in indirect photocatalytic reaction. The
advantage of indirect photocatalytic reaction can be an efficient method with low
eguipment cost, no complicated operation processes, low energy consumption, and
usage of solar energy. Titanium dioxide (TiO,) is a commonly used photocatalyst, and
the defects of TiO, are small specific BET surface and low catalytic activity. In theory
of supported catalyst, effective diffusion coefficients of gaseous molecules are
decided by the porous diameter of the catalyst supports, while gaseous catalytic
reaction. In the present case, the raising of average pore size diameter results: (1) the
diffuson of TiO, precursors into the pores are improved during the catayst
preparation, and the active sites dispersion on the catalyst would be better; (2) the
medium and small gaseous molecules were easily diffused into the pores to react with
active sites, as a result the adsorption capacity of the catalyst was increases and the
cataytic efficiency was enhanced. In this study, we mainly focuse on the preparation
of various types of TiO, photocatalysts, including titania nanotubes (TNT), Ti-CNT,
and Ti-Si, to increase the specific BET surface and improve their crystallinity.

The object of first year is to synthesize titania nanotubes by a hydrothermal
process from commercial P25, and prepared Pt/TNT catalysts by impregnation. To
evauate their catalytic activity, we reacted the TNTs and Pt/TNTs photocatal ytically
with carbon monoxide (CO). These investigations indicated that the efficient removal
of CO could be attributed to the high dispersion of Pt on the TNT (123.4 m?g, 0.39
cm®/g). PUTNT((120°C, 30hr)) displays a high CO conversion activity of about 99%,
which is superior to that of P25. The CO conversion was optimum when the reaction
was performed at room temperature with an O, concentration of 10%, a CO
concentration of 500 ppm, and a space velocity of 1.79x10* h™.

The study of second year is part of a continuous series to prepare three catalysts
(30%Si-70%Ti, 70%Si-30%Ti, 100%Ti) by the hydrotherma method, and then
Pt/Si-Ti catalyst was prepared by the microwave heating method. CO and NO were
chosen as the reactants for photocatalytic reaction, and the different reaction
parameters were studied, such as different ratio of Si/Ti, the effect of Pt, and different
light sources. Catalyst properties were analyzed by X-ray powder diffractometer
(XRD), Field Emission SEM (FESEM), and Trasmission electron microscope (TEM).
FESEM and TEM were used to study the particle size and dispersion of catalysts, and
the crystal phase was analyzed by the XRD. The experimenta results indicated that
the main crystal phase of Si-Ti photocatalyst preparted by the hydrothermal method
was rutile. For photocatalytic reaction, the catalytic activity was improved by the



metal Pt. Under UV light or visible light, 99% CO removal efficiency was carried out
over Pt/30%Si-70%Ti or Pt/100%Ti. However, the NO removal efficiency is lower
than 20%. The optimum reaction conditions for CO removal over Pt/30%Si-70%Ti
were O, concentration 10%, room temperature, CO concentration 500 ppm, and space
velocity 375,000 h™.

The final study is part of a continuous series of studies for the removal of
gaseous pollutant over different photocatalysts under visible light. TNT, Ti-Si,
and Ti-CNT were prepapred in this study, and then Pt supported catalysts with
higher catalytic activity were prepared by the microwave heating method. CO and
Methanol were chosen as reactants for catalytic reaction on the study of different
kinds of photocatalysts, different space velocities, and different of reaction
concentrations. The results indicated P/TNT showed the higher removal efficiency
than other catalysts on the removal of CO under a high space velocity of 70736h™.
When the concentration of CO was arrived at 300 ppm, the removal efficiecy over
PU/TNT catayst was 60%. On the removal of methanol over those catalysts, the
results showed that Pt/TNT still presented the good performance on the removal of
methanol because of high catatlyic activity improved by the well dispersion of Pt
particles. Thus, P/TNT photocatalytst showed the good potential for the remova of
gaseous pollutant.

Keywords: Titania nanotube; Carbon nanotube; SBA-15; Titanium Dioxide;

Photocatal ytic reaction; Hydrothermal
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Pan¥t- 3 L4525k ~g 75 2 84 & A Fr 2 Kasuga 4ap] Ti-O-Ti 428 &
BB kR NaOHp™ § #a®am 254 Ti-OH 2 Ti-O-Na & @ i & - f & ehT
GYRAS o it HC(a)iie 2 4 3 fifikts » 2@l Vg 2,3
Ti-O-Ti» ptiE42 ¢ 7] Ti-O-Ti 42 £ ﬁfr% Ti-O-Na % 4 E ks > A 358 - F
Bleh% ok B [60] - Yao % A [61]3n 5 % B & >Y 90°C > anatase & k¢ At #-¢
Bhe4sd > Wang[62]:% 5 B Bakip R /il ™ > 2 4eh- § (M 4c f g L) T
B F R4 Y 0 AofS kB 2Rk B o Wang ¥ 4’?1& anatase #p +* rutile 4p
FERASEAE oA KA F iL&v:sifké%ﬁ LRCEPENEE E Eh O 3 A
PEFIEd @ A F LA R R g sk 0 B Y 2 f "F’ mﬁvhrf* % anatese 4p - ¥ it
45 ¢[010] > & - Seo[63] % 4 4p H1 = § 457 11 anatase AP B AR F R
R anatase hd g i Bl rutiler F b A SRaRIRB Db BB A

* Rk FAL > A EEd A8 2 gk o AN B AcR] 22 97 o

—> —>
y

\>,

W22 - § P43 88353484

’}é%fué@s\:i A RAT LR EIR 2 E 6 0 ik f Kasuga® ok
EXAKE 2t A RN F MR NE T R A B R S
FAI AR 2 A A FLRAFY Y o Kasuga® A 2 K F e A S
Je3% & TiO2% o g [64] » ™ 2003 d Yang® % 73 11 AxTio0s:H0 (A = Nagt A
H» 35 -2 g5 fh B[00 - F#d DUX A TR WIX VY- B2 KB %

1 & HaTisO7HO[66] - 2004-& ¥ ¢t — 77 3 #¥Nakahira® + # R 2 5 ¥ chig i
% HoTisOg:H0 [67] - ¥ - 5 —’ﬁzﬂ THEHELRDUE R EOF & o R IRE K
gk 1 & 7% Al epidocrocite (4 48 % ) HxTi2-040x404-H0 [55] - 7 L = § i 4%
FAE ORI PP E - AXIPRP Y LB

ZyRIUPAC (M2 Hm & e P E M E )i Bi i ERe ) o2
= % [68]
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E 3t ¥ (macropore) : >50nm
® 3k (mesopore) : 2~50nm
M3tk (micropore) ©: <2 nm

SFEFHFFEEFEE R R ARE A R PR T —
- F v4kz 5};%"1?}4"}_—" AR R AR o S U R I UPA A 8 (< s H AN
AT ME F ZRSIFIAFRR AT W2 - F e R 7}‘;”?%7%”}’ v
Zm o

242§ 45k K F R

ZF it &F A E(INT)FRG Rt e Fro3Bd JFeirip Rt
(enzyme immobilization) » & 4 %~k (photolysis of water) » ~ F5 it 7. (solar cells) »
#F (anti-bacterial) 12 2 =k ftit & Jig(photocatalytic reaction) » # & (H2 production)
% o @4 F3F 538 = F g (batch reaction) k 4 ,f;;«;kﬁ G forsk 2 2

Jing % ~ [69]71 ?,g’iﬂ}i’iﬂ,z‘a‘;lvﬁ FOULEA AR 2 F V402 KRR
BN ﬁ%ﬁn*m“h»ﬂ%ﬂa_zwﬁﬁﬁ?gﬁ@éam\ﬁ
R R %) & 1nm> ‘*%f‘i«?—?_ F VAT F R AR i 0 R PR ST HEY < R Fehin
Eff] RE S T R f - t’ m%mp{?]u;:%‘\i(ﬂ{l}]ﬁ » X P EACREE - F (Y452
- BRI SR A 3?1‘*m/¥a)§ii‘a4v R LN RNl UL A R

Xu[?O]i*i A SRR B RN Z R R AR E D F M E R

WA 24EF Hak-- F MAEGEE o fIr o F 'Lﬁ’kﬁ"%‘ﬁﬁ@&wﬁ@ ’
it *ﬁé&’%;w‘%ﬂs\mg P 4f-- F M4 A G mxéﬁ 5 7.9ml minT e @ RN
AenF Y 4k-- F P AT E S5 7Am mints A oskk s b P25AF S 0 F] 2
By “4v-- 3 uL{m’k FEEF LA RS AR EHTEACEL G
e # H @%mﬁ;x%o

25 8L &

%ﬂ%ﬁé’aﬁﬁé%Wﬂm@ﬂ%M@ﬂu&w%w%mQﬁ&%ko
HY S 2 BT C B i o FIEFELNE R Fla it 4P
%% LI A o T AT P AR 2 2 mﬁéﬁmﬁﬁﬁm@¢a

iR fEE KRR AE T o AL S R S e 7 RURER F I
25V EE T R ek BE B T R Ak B ) #mﬁlﬂ 5 oo ?]L%ﬁrﬁ koo A

Wtk TR R A EPRTE X 2 1 RATER AT B R 10
J‘@fﬂb\;\wgp,,pﬂ A4, HEg e fpagk g AN NGEL Y cH]E AT
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M EZ R HERLF PR E2 (gas-condensation-based ) ~ & £ 2 (mechanlcal
aloying-based) % - &3 % £ % ;% (solution-chemistry-based ) - *’;tzkim 4
EHF N BRREXEP fFAT[7]]

(D) A — R

e s HegEw L g xy%¢ Bt HPE R 2 L 5 A A g A R
B2 A TGS A f ok Lo A ATIAEE P BEF £k 0% pH
RAE 6 1Lt £ ikt d AUCIAER S AUOHINCIA - n - (n
[-3)[72] » * R RFHEMAR pH EF M T T HREEML e I T P30 7
ok A AR A F BB ¥ R 4T R TUERACE & T il 4
AR A G R FE TR S W

R A LR LR e

F oG F ERBR PH BB RIMA G AR /T\% KLy ivap rﬂﬁ\% T
K TLfE RHEA4 T 54 ﬁ KezRF SRR pH E > Bt iEAR
P BRI 43 RERZETIDG BRI ARMOER oA B E D AT
L Renffio 35 F e R 22 B R 00K b9 BB F
hEMEAG P TR A %3 EM[T3] -
(2 7=

ZREAEY - BRBSL ERBEARZ K A E > AR X ERSE
£ HMIBEE Mttt F\ ham fE < i%%ﬁi c e WAE - & B
(supported-metal catalyst) - B \E % 4 p& (chloroauric acid >
HAUCl, « 3H20) ~ # ﬁﬂﬁ’x(HPtCh; « 6H,0) e ¥_% it & (auric chloride > AuCl3) % -
FREEM AL F R~ F 5 MBS ZRERY LS RBIR
BEWMBFARERRY 26 Na0% 2 Mg Bt BT 3 Y
“f%fiﬁ”**%i“%’ﬁ? B EEEE G $$@¢$%ﬁ”?w

4o ARk Ui (granulan) 2 7 R 5‘%(1)4’ JavRyeage ipd oy Ao (1)
fIrpireis g (I)f2 24230 (IV)ichk » (V)&% -

§i[74] QLFJHZ BRIk LA TR oo AR Z RERY £
RENAE FlEoIViFehk ) B BTN Haurs 2R a4
R EAR T BT AT A AR “fﬁ 2% ZRaOERE fey ";{3 ’?IJ
ﬁ%ﬁ@?@%a£4£+w§iﬁﬁﬁ ERB2 B AR DTFF o 971U ]
WH 2 fPEe & Bk A BRA 3 A F R & AR ] &
B&[79] -

(B k#iz 1% B ABEEBL IR EBRHAT (7 ACKS G BIRAH) -
TREARA THEAREF R EHREFESFR R %3 F Pk REA
SR D SRR MEE AR Fla b R 2 ZAHABE O TER ANELEEE o

(4 BB-5%F A kEnE ey (BBRLEHMR) 5 Ak 2

BAY BoRE A F R KRS 6 AR IR T 0 £ S0 ok

MR 2'1'734 (RE I & 2 SRR e S e p) 2l W o B R = ‘[ﬁl

WA EABA R RS E o 2 BRI TR B £ 3

S

vfw?\\tﬁ*“ﬂ
2y
=M,
H

:Sk Sl
Wi
W

(w
I

3
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T RS R B BT AR

G) BAAEFZ BECREBRBBER  LTRBFTRGB R Ea{ctrd %3
Fanhere it E el 3 pRRaicE Hiexmia
TodNEEAXRARRY A G RBBERDLE S Fla FFDEBR T
AR AR Fladasrs g B4 42 VE355 4

(6) RfFi2 - e kB RIBREBALE %227 "'@lf‘*‘ Al S Ry
FBOREBIA LR FREATEACDEEL %

(7) % ~pgix
% 7 p% % (polyol method) % iv 5 B j2 @ eh— 6> Florig * ch* 3 W 5 5 Ao
A b LG b AME S - BB SEY M AP ML o gk
MBI ARERDTHERS > b FMBLHmETIRRAA - LI AR EN 4
K Mok il A7 P ’Waﬁ?&?ﬁ%ﬁ% L= 3~ r;cﬁgaéxp’f EIRL W M= I
e FER R AL F[T6] 0 F]p A F ER M ,’]?4\1 B RA o §—*“[77]‘Hq+
BT DR AT o

CH>,OH-CH,OH —» CH3-CHO + H,O (24)
2CH3-CHO + 2M 2 ——> M + 2H" +CH3;COCOCH;3 (2.5

B M iEL s e -mEAERIme L7 B FLmyL
- AT AR FAL 0 AT 3? LAy AT R R AR 1) SRR T2
B N AR PRI e TR N AL R i o FRATHE 2
SRR AR Y B AT E B i s LR R R f@;)}* ¢ Lup g
ERIEN YT Y IR
Pz s BT RRFLI AL P E R F SR ZARRE
[78] o BB R A e L FRT - £ Bk 2 F g AF LRI P ERE 0 #F
AH BRI NI LB EFRRAMF R B3R ET BB
i X SR ’,;L_;} FRAFELETREY SN RFERECFREIREF R
P S PR EHBRE R Ao ad L ETERE A AREFR
RiE i a\nn,a A 2t nm B pm 2 & o Kurihara % 8§ [76] % & 42§ T F
,bfﬁf'&frm)iii‘aﬂﬁi% o F] % G\‘ﬁmgﬂiﬁf\ﬁ%/ﬁ%ﬁ g":i/m@ii‘ﬂﬁﬁi‘?ﬁ"‘ﬂ ’
%ﬁd PR R AT R TJL"“V"‘FE”*"JW”/J f7 GRESE W SR R34
BUERI R A o T T S ] o Fl R A A G ¢ R F A A Bde
-CN-~-SH % » v £ 2 B2 4% > sk + £ g 0 Fla § L4 € drdlp
Fehd L TV EFRERSHE - P e o P wE ® Y iR EA L
PV P(polyvinylpyrrolidone)
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25 A BAFT %

FE K LEMS R LR F R AR S AP E T L RE R 2 A
Fo X SRR A AR B AR G ISR B kT P
LA 0 TR AL F AR TR R G f] ok
BV R BB AP TAEG N F AR BT 2 o F MR
PR 17 0 R S H Rt AR Y 5 A 0 R Rk (o Akt d)
FoEP R W F SR FTNT 1% kR 2 REA N F R
FINT - B2 WA DL 3539 340 2 S B FHEATNT » e = §
ARG AR G R 2 F TR L g R R R e % o B S -
LRy HAWE %L%W%ﬁ%b S E SRR Ry
AR E S TiZ S AR R R GRS A2 2 f fo pF > gt
%R 4ie - % s TNT2 TIO/SBA-15H #2132 # $NO ~ CO% 7 15 %
oo ki %,};.} o HmZ ERIMZ F LA RN AA WFT N7 R
3% ff 4—TNT ~ Ti-Si ~ CNT/Ti > #;:;‘ YUER 5 ZR AT S MRS 20 = 8k Y 4
$HF R B ed Rk 4 - g oo § O ECRTET 2 BT 30 RS
B2tk o
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FZIR RHREEIFLRY

-1z LU A

LTNT 2 % %

TNTH® G - 5 f £ 2 P255 450k > WH #H o™
(1) FB-if £ 2 P25% » NaOHi3 i%

(2) #iog WS o Uk REI20R TR B

(3) #TNTF bt mi® M o2

2.Ti-S kg4 &

Ti-Si effiz WF 3 N L okRE 22 122 BHE L $ P123 (EO20PO70EO20)
= e 0 #-P123 4e » Wﬁﬁ‘ri,; P FAE R E I B A R RRTIS
W) T0%HR-TEOS 2 TTIP 4e » 3% P » AR S Fr BEFER ;; 24 |
PFo NRE AR B S SORERTE 0 TR A Bt (5 500°C B R
753 ,ﬁ=fP123 » Ti-Si Sk e & ﬂjﬂ?'hr—f IR

(1) #-3 » =+ 2 poly( ethylene glycol)-block poly(-propylene glycol)-block
poly(ethylene glycol)22 HCl & & ¥ #g4£353

(2) #®EEF 5 > xm FJTTIP B R T 4o 01 JFE

Q) M AFRLEIg >~ FRE BEFLF &

(4) 4

3.SBA-15 z_ #§l #

SBA-152 & =2 M PI23 R &4 5t » M TEOS G # iRiE 7 k& & < W& » 4
A A 7

(1)¢%P123 fer HCLR R ¥ o (F4457% f3 15 40 » # /R TEOS

(Q#- & i % 100°C T LB FKBEF i 0 beik H 4

(B)HF Juts 2 A 114 3 KFkilBin o £ H A F ok r T

OES EE: SRR RHE S R A lad

4.CNT # &

kR 2ZAAMYE > R CVD 2 AEG > WH 22 54 & 2347

Pl et Y e T R 0 e BRI ARS KA A MF W31 5 CVD

WAHE @ CVD 2 A& CNT # 3 it 4o

(1) #FEFHF24EF2 AFd FHERM G2 ;&?rga

(2) #45H PUMPgcss » 40 5 2355 - %5 0k o

(3 L r- TEDF F HBFEBEARTI FEIG0CHE LA i f5
RS SXF SN2 AR RS R I
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(4 MFZF THRERHDDB0CH »idre i FaF6E0LELE o
(5) MFe % T RBRBPpAERAEINZE - FIERA I

W 31i-&FF ik CVD)KHE W
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32z Bk A 4 P2 s f

1.PY/TNT ~ PYTi-Si

PUTNT ~ PUTI-Si 2 12 i i & -

(1) 3§ 1 HPICle6HO 5w S5t (9 5 7 Pt £ B2 5 0.5Wt%2 fif 4 -
(2) 4rvrco ZpEous g

(3) & R4 A WAL B ik gD

(4) Hcik 15 DUFE R M T o

2.Pt/CNT-Ti

(1) Mg FEHTTIP 258575 5 Ti £ 5 70%2 fi4 -

(2) z3R2:EHEY > BB RITF T e }_‘X}"}

(3) "'TjT «]l"' xS 110C§LJ§’1:E s m ]9 W~ 35 ;f‘ éﬁ}%v 400 Cﬂ;% ] _?L;'J CNT-Ti o
(4) B 0w 1 BT 2 Bk 2 /,9]‘ 4v Pt

©)

3-3 [ Hh-a 1A A7

(1) X k&2 884 45 (XRPD)

XRPD A 455t f1 8 F 2 g 2L ¥ Rl ¢ Hip2 THETE LT~ b
R ESBHRTERLESITE o X LRI T - BB S
FEOoHIF N AR AIELT AR MECMBNCEZTEEARE TRGE A
AL RTFTHMREFRFRBE AT o Flpt X RMEHZ I - FRH T~ &
% 78 7 nbLA\%ﬂ | & o

FRaE4 5 2 AR SRR HET d X X8 % ¥R (MAC Sience > MXP18
Japan)it 7 & 47 5 % ik %:ﬁxj’# OCUK 5 #§ &+¥e » Yot & R 5 20-60° » ¥E&tik 54
°mine Hf2. X R¥ESFHRP/ESIFELL ML 1 - LUESE2 2820 - Z.4
B4k 2 5 R (Intensity) » 3 30 L350 R M2 AR <) o TR Sl TR
lbﬂp%:i?jj#&""ﬂa wagg\'}‘%’”"fﬁ‘ﬁ’?;"ﬂ 2 FOR e MR 2 5 1l Jf#'}’g
R F B LSS AFTHRE IR > Ft T I X ’E~~§%§T/’°\1“ni—dz‘
AL R AT S R B S R
(2 i FATR

v w4 7 & (High Resolution Surface Area and Porosimetry Analyser) »
Ao LR THPEEEA T A - £kt A i < RSN § HaE
f§ 2 ) o

~F B iE 4 F =R 202 (Nitrogen Surface Area)ig 7t £ w Ff 2 Bl 2> 1Y
-196°C(7T7K) 2 § # E R /Mg 7R E R &SEF A 170 7 £ G110C 12+ 4
#10-) pF 2 I LA R R TR
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ARG O EF A §F R I Jhd EAF S R A ks RS
BR O RPPEE 2 R X osig 0 &4 ~ Brunauer Emmett Teller method
(BET)i it 4 & fF 4 172 R ik 2 IV F A ~ v £ 6 4 ~ 3V F 2B A 47
2 T yailif A o) & Bcd 0 2% 0 talangmuir s s A A AR RENAE LA
Bt oo g it A oo ff TR % tplot & 47 > 4] * Harkin-Jura * A% ;%

0

t =[13.99/(0.034 log(P/P,))]°° [Lippens and Boer, 1965]iF * t = 3.5 5A *f

75 ¢ 3V R A v B &y Barrett-Johner-Halenda [Barrett et al. - 1951474 & 2
BJH= i » A3t st v 3~ 8 £1985% 1500.0 At g Bl b 2 % #4 3% i RE A%
b3V AR A GAIRMPE > v R 20 AT IR R 2 Ea IV AR

(3) A% & A& A+ (SEM-EDS)

3 A w12 FESEM (Field Emission Scanning Electron Microscope) ~ EDSH
A G AR A4 % ~ & - FESEM®RSEME § { § \ﬁﬁfrg: ;o
R A G TR T3 IR L Ak e BIRE CHN P RAG Z RS
FofcmBip s R AF LR A S Q2 T3 AEFRAL A2
2B R B R BT E AR L B h ARl sl
2 BRI CEDSLHTFHME A2 TR 1L TAT I HASERE TN
HRT R E ERHRE R AR A A ARSI 2 &
o3l PR 2o e Xray o R AFY Xrayz it B R %) RER
R~ % = o o

(4) Hesm3HEA 47-5 B 55 5 MMtk (TEM)

TEM (Transmission Electron Microscope) 2. & & % 247 & & < **SEM % J& *
WA AT 0 R SR AT ELE CUCORE & BT HT Y TEMB R 75 hdn i & =
o BIEIEARAG S RIE A ) 2 BT B AR SR R BT BIBR
POSRFIARTELIIEIE F AT R R A AR e BITE R
TrTRES SRR -

VREBZREIFIFTERTANE20KV T FET I HBF S ST F Akl
- BRGERE S RS E-E BE L I T3 2 T2 st ¥ (Diffraction
Contrast) » i = ﬂg AR5 (Bright Field » BF) ¥ # 4= 433 j< (Objective Aperature):E 35
BT F L BN (Dak Fidd: DF) > % 543  [SEIFE ST F A TR

BT é‘\is@%\ o X fe £ SEBTRITR B (TR o

TEM ¥ HR A 8 AR Y - ¢ R LA A A MBI 57 i % &
EHRVHE BRI TR - AFEHEZ FEAAEMEE T A1 F 6
HAZAWFHL - %L(Morphology)ﬁ:ﬁ“ ] ’éﬁﬂ T f:zﬁma\ FEA
-~k 3“7--%1‘#\&?(% R =~ 7275 fi i R A 4T o
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3-4 & ff $-iF LRI

ARBREEZIRBRESZTARBIS D (DF AR LA QFEF B
B ()M TPEF R AT kAL o B TIEMRIER 0 F A %%ﬁ,% A EATE o
F Y%st WRFZ2ER AR §MEd g MRENSDIRELE N THF R
BERERRR S F B2 v F LS FRAITREFSRT WEFLS 4T
;"?érw?;‘:’?mi o BRIV F T BRMBIRR R - A FRT R R T uE
FER-FRE: P\Z‘}‘_18mm7\z~n; Hoom IR RENFEE PN L ERE L o
Mt B EF O E RH365NIMZ K kM BFL R FRILEVREAG W
BoaielzEF kg 2CO~NO~CO% 5 4 t2 k& Rd GC& 1 i %«J
(Gas Chromatograph / thermal conductivity detector) (Agilent GC7890N) ~ % * 5 44
A FB(MX6/ISC) 2 5 1 # Pl ZMIC-800% P o # R4 F 2 v e F g
P2 F B 28 REGtE o R EF & ffuﬁrﬂ&% B13.347 7

— B AR

| P

_H
AN
S (TR




W33 F 7 ML ERIRLRE W
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¥r i pEAANE INTSLRLF L CO2

e
41 FRALHHEA 1

41-1 0 4 & A 2 WA A

AiE b 2 8THEL® e 8 TNTs TNT(A)(120°C ,12hrs) ~ TNT(B)(120
°C,24hrs) ~ TNT(C)(120°C, 30hrs)i 2 TNT(D)(130°C ,24hrs)“+4p % fis e % 38 44
BRI P25 ot £ 419 o ratiF AR d < T} 20 A 5 i TNT(D) (062 cm’/g)
> TNT(C)(0.39cm*g) >TNT(B) (0.36 cm*/g) > TNT(A)(0.31cm*/g) >> P25 (0.06
cm’lg) o e vt & G % (BET)d % 2/} 28 A& 5 : TNT(D) > TNT(C) > TNT(B)
>TNT(A) >P250 &+ 2 1t 4 & ff & 5 282.9m7g - it 5 % B n il % 0 TNTs
E G R A G AT R RA o 2 d £ 41 7 oo gt TNT(C)fr TNT(D) % it
TNT(A)fr TNT(B) = &rtLei= 3 < e o d TiOp “r il 2 TNTs # 1+ 4 & 44
(specific surface area, Sger)iE ¥ 250-500 m*g; @ ##3 TNT(D)z ** % & # &
(Seen) B *t ot & B FE ) -

%41 % F TiOy % f§ 42 BET 1+ £ & # {03tk H 4

_ Specific surface PoreVolume
TI02

area (m%q) (cm’/g)
P25 50.0 0.06
TNT(A) 84.1 0.31
TNT(B) 114.7 0.36
TNT(C) 1234 0.39
TNT(D) 282.9 0.62

4-1-2 & T F BARE(TEM)A 45

1 TEM A ule 87 Fif 2l E S TNT i (7 S % 4o Bl 4.1-4.4¢
d B¢ Ape s TNT(A) TNT(B) TNT(C) ke 2 120C ™ "% K #u P
¥ e 4e (12hrs, 24hrs, 30hrs) » # ¢ 7 g k2 A58 4 [ISAE L % >+ 130°C,24hrs
TNT(D)ervk#if 22 T R34 TiOpP25 2 24 - §F 452 K4 > 4o 44
TEM et A 47 8 % $ R 4 41P25 ¢ & 4x g 2 BET v 4 5 R 234 W 8fF
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D FE IR SEF AR e ) 0 0k 4 G gAY RS SR 4 o

W 4.2 TNT(B)(120°C,24hr)TEM 2 4" 45 ]
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100 nm

100 nm 5 ~*‘“¥ J n

® 4.4 TNT(D)(130°C,24hrs)TEM BREA W
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4-1-3XRD # 4p & #7

AET Y 4R A E (Hydrothermal method) & = 7 8 2. TiO,-P25 > & %] 7 e 2. S dfc—
TNT(A):12h, 120°C(4r . 2 120°C » 12 /|- F¥); TNT(B) : 24h, 120°C (4 $+ = 120°C >
24 - pF); TNT(C): 30h, 120°C (*r #t 3 120°C » 30 -] %) ; TNT(D) : 24h, 130°C( %«
#3 130C 24 ] pF) ke 7 TNTSeh g = o 5 70 #W & 48 TNT Hk hd 4p B4
A XRD ~ 472 a4 0 XRD 247> B 45 d Bl¥ ¥ MEZEDige Ak 4
EEE A TNTS e 214 P25 dde k3 E P BF e o Bl P » P B anBg o 4
457 £ 4P (anatase phase)# § chiEstid > ¥ gt BAp 3 A Sk At R B e
PERY Mo o

TNT(D)
TNT(C)
Mt ‘“ 4 mnuum“ T il i o
\ TNT(B)
i . | ,m‘ . J‘Md L ML_.“ . W Al o
“A TNT(A)
| i aors i ‘k M it Moblin M
A{ P25
" " MM. M ‘JL, N\M Mm Y, T
T T T T T T T T T T T T T
20 30 40 50 60 70 80

20
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4-2-1 FREHRIE— kB § 1 CO

P25 > TNT(C)fr TNT(D)** £ fiuf5 f¥ N 4+ CO 2_ 4% %> F] 4.6 ¥ & o &
B » vl ~ 2§ A5 500ppm CO 1 & p § 10%0; 1 HetNy » % [ jig &
1.79x10°n% o 5 P 75 A Ak L F o TNT(C){r TNT(D)%t CO ik it 4 7
# P25 & o (TNT(C)4= TNT(D)-8%, P25-2%) - it % i i TNTS % 1+ 4
AT H LRI EM

20
UV light on
—0—P25
15 /A~ TNT(C)
—m—TNT(D)
S
< 104
c
Q N
& (|
(]
>
& 57
o
O O\
(@) O/ )
o
o e
-5 | : | ,
20 40 60 80

time on stream (min)

W 467 TiOy & ff 43 CO ¥ F );gpéir'*p\ B CO 2 # 3 »c &
(: » 2 # ® % 500ppm CO+10%02 1 He+N, » % @ iig 5 1.79x10°h?)

4-2-2 PUTNTs % i § i+ CO

B 4.7 g PUTNT(C)4= PUTNT(D)** % ke £ J&i% i = (UV-light off {v
UV-light on)#& 3% CO - 4=4- a5 & & (UV-light off)pF > PUTNT(C){f- PUTNT(D) %8
—r#g e COEHercsk o EAFENTNTSHIFPL £ HEHCOLF v gf“

b Sk PR BT ER T dURF e % o SEEP F 4o 2 Pt 2 {8 4 CO enigit
P l“n‘ o @ gt 13 (UV-light on)P/TNT(C)(99%)# PU/TNT(D) &g 35 ! 45 1% eiid 4% z-;;:_,: o
7 e Pt éﬁf’yﬂm@éﬁx% KL EEERA T D P e TiOy 2 FF g < cfp 3 8% o Pt
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BRI PO S F A E AL E o Pl <] ) 510~15nm > @ a3 o
BB oehPti S 3§ FPYTNT 2 PUTI-Sidk 2 $g353 - 7 w2 A ad + 2 Pt
A Be® o BT A 0 Ft o JRETR Y M2 0 R ORAE P e £ Pt ok
TG AR oeE o

B E e FAT RSP (A0 £ 61T ) VAR AEF E i kP25
B PR R AR AR RIS X P25 s i LG )
iz B % Ti-Si(0.42 cm®/g)> TNT(0.345 cm®/g)> CNT(0.44 cm®/g) >P25(0.25 cm/qg) ;
FCFRAE Y S I E A A L 0 CNT(0.44 cm®/g)>Ti-Si(0.42 cm®/g)>TNT(0.345
cm®/g)>P25(0.25 cm®/g) -
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1617 7 RRE 4G A

catalyst Specific surface area Porevolume
(m“g) (cm®lg)

P25 50 0.25

TNT 113 0.345

Ti-Si 213 0.42

CNT 65.1 0.44

Bl 6.1 2 4 4% TEM Bl §(a)TNT(b)PUTNT
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B 6.2Ti-Si kg4 TEM B i (a)Ti-Si(b)Pt/Ti-Si

57



W 6.3 % k& ¥ TEM B §(a)CNT-Ti(b)Pt/CNT-Ti
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6-1-3 XRD 4 #7

VB R A R S h i s o 2 XRD 2705 5 4R 4 170 B 6.4

4 PUTNT ~ PUTi-Si 2 PUCNT-Ti % 425 X-Ray dei+A 452 Blzd > v 5Bl @ h
£ 17 anatase

Sit Rl T F I A 2 PUTNT 2 PUCNT-Ti sk ff 452 & 5 4 4
% 4 (20=25.2°136.9°148.0°53.8°)» @ PUTNT ¢ anatase & 48 % & # #i. PUCNT-Ti

s 0 ¥ b PUTI-S el &2 5 f4p 2 & 2 orutile 5 4 (20=27.57 > 36.0° » 54.3°) » i

£ PR anatase #rpcE o @ S f Y P AEFH%:* (6o PRI T RIRAP g
&5 49 (20=39.8°46.3°, 67.5°) NI > BT B E T G osehd-pting A

B P2
%i*“%ﬁﬁﬁg‘i sm ;ﬂ- @?&\Iﬁ‘?‘
Pt/TNT
Pt/CNT-Ti
il “W”“WWWWWMMMWWM
Pt/Ti-Si
T T T T ' ! ' I I I
20 30 40 50 o0 ° »

W 6.4 % I 4% % f§ 4 XRD $65 B 4 47
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6-2 LR

6-2-14F3 &7 LT 3 b 4L FRH CO 2 4 ok

AFTEREN- 3 PRCO 5 F BF o R HT L kT HCOZ 2
Kf 2 o B16.55% PUTNT ~ PUCNT-Ti 2 PUTi-Sik f 45307 Lk et ™ £4CO 2.3
“f e o KO iE i 51150 ppm CO > 20%0, > # #8755 £60mL > ff 4+ 0.19 > 7 %
B2E T Ak BO5L4EEPUTNT 2 2 f e T} ¢ &iE 7)99% - @ P/CNT-Ti %
Pt/Ti-Siz. 2 f e A W) 5 40%3% 65% 0 Ak X@;ZO/’J\&*W PUTNT i7 2% fa3F 5.99%:
B 2 KT % o R PUCNT-Ti 2 PU/Ti-Sie *% 3 §20% =+ » & 3| F B1hris PUTNT
R B = il R e E ] “T L o

d % PUTNTHFIH B 4 L chnl & 5 fF 2 2 SR ehitf < ] > 8 A
7R B F P ERPUCNT-Ti 2 PUTI-SIE 5 $idd ek it s %k > Ja¥77 i %] 5
HE B ER TGk > PUTNTHCOZ F & #5448 6.6:
(@ Pt/TNTRE{EA2 T F T FH
() TFEOF I A2
(c) Ptz Bk =5 CO
(d CO#OF BT & % CO,
FleiE * $3CO2 f e i PYTNT ¥ 5 P B (T2 — b g3 -

H 4 8

3
o

—&— PUTNT
—o— PYCNT-Ti
—A— PYTi-Si
104 = = = = = = = = = = = =

80

removal (%)
D
o
|

40

20

0 10 20 30 40 50 60 70
time (min)

W65 &7 84T 3 45k FRRH CO 2 & ok
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W 6.6 Pt/TIO, i {7 CO kit & 225 B8] F
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6-2-24F3 &7 LT PUTNT L4+ 3 b 2 g & T CO 2 3 1hox

AR RERF R ERHEPUTNTE % T S ERASF REE &
FRLRGE R R R B P AR % Sl AL R R TE & D

3]

2?3 B(Bffrpm)s F MinF SR A5 o HF B3t B840 &7 ¢

)

\Yj 1
g=_o _ =
V 7
;gic’
S=% Wi i
=g R

VO=AY i ik
V =F Jf ek A
TNTs & *:‘-4 “ —Lﬁ'i_ﬂfr»*n%m*i]v} o Tilﬁ Pt/TNT sk igit L‘ it COpF» H T

i# )i:.(spacevelocny)*ﬁL CO i th ok § ¥ 2R 41 B0 5 - ﬂ67 ¢t R IR eh
5 PUTNTS*t % | £ i % F¥id B % CO mﬁ*é;:}xé %o F Jd i~ 2§ A8 5 150ppm
COFrp & 20% 0, # 4758 60ML » £ #11Z 73 | & 7@;4 #R ORI
A wl 5 1414707 - 28294h™T 2 70736hT . A wm P L R @ P o & 707360 4ot B
FREAT o PUTNT $ CO i 245 § P g nd ok o Bt B B R
% 70736h™t 2 fg i T s e A Pt/TNT H72 P CORRI 8 E 0 PUTNT
HCOZ ik e

—m— 14147h™
— @ 28294h™

100 1
—A— 70736h

95 +

removal (%)

90 +

T T T T T T T T T T T T T 1
0 10 20 30 40 50 60 70

time (min)

;:5
3

W67 v L%T PUTNT L5373 F2FEATH COZ 442
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6-2-34F33 7 LT PUTNT (4t 7 b kR CO 2 4 1ok

db G e g iR Sl W 07367 T 4 CO L i W end 5
“rg it Hind R 6F COERT PUTNT & i 533 4 end sfons
FRER ZFEE M 7 20002 f & 60mL > j§45-€ & 5 0.015g * #-CO
B A 11 150ppm # 4 2 300ppm ~ 500ppm % 1000ppm > i&w f8)k & k (Ev g o

Wkt %F (4B 68) 0 AF BB4 5 A4l > 707360 T FE R T b
PUTNT %+ 300ppm =2 CO 3 80%:72 ,ﬁv‘.c;:% » @ 500ppm 3 65%:2 fw:% » #R
@ $%° 1000ppm 7 CO Pl § 10%:14 1% ek » 2 F & F 5 20 A48 > 7 11 7
PUTNT %+ 300ppm 2 CO : 5 65%:13 “,% »c% > @ 500ppm 3 20%:4 ,%s:% )
1000ppm RI* 1 5% #F 5 F & lhr £ > % 300ppm =7 CO 7 R %75 60%:3 “f
»z% » @ 500ppm % 1000ppm 2. 2 ek RITE LK 5% T BT EE COER
frt 2 PUTNT ed 4ok 4 SE2 % S0 B12 > 7 11 4e 473k 2 F1i¢ 500ppm 12 1
FFo FIPUTNT i3 &4 enk ki @ g = CO &2 wpFd ",f » Flm E ik CO
*ETP R A 0 @ PUTNT 03 f P B FE M o

—&— 150ppm
—e— 300ppm
110 —A— 500ppm
I —w— 1000ppm

100  ® ® ® ® ® ® B = B = =B =
90 —-
80 —-
70 —-
60 —-
50 —-

40

removal (%)

30 —
20

10_: v\v—v\v—v

0

-10 T I T I T I T I T I T I T I
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time (min)

68 &7 867 PUTNT %fJ4sts7 ik & CO 2 4 %ok
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62443 67 L LT R 2§ eI 2 3 p ok

VIR 3 A7 B2 %ﬁaﬁﬁ-ﬂﬁﬂ SIS A e S Mfz-s;ae s B E
PUTNT ~ PUCNT-Ti % PUTI-Si k4™ Rk THTHFEHF B 77 feF2
A i e ] 6.9 4T 0 F R G F BE M F 20% Oy f AR E 60mL
[ A Olg’ FORT BRIk R S 200ppme 2 K R 4 5 A 4818 0 PUTI-S
R KT TR S 62% 0 5 3AMPLT BB o REFF R 4 > PUTI-S o
FEanF e W2 E M B PR R A0 A48 A AR AR T AR F g PUTNT B &
o 10 A 4B 15 &t Soptbren s 20 B 51F g Thr (3 4R R0 Rl T i L5
Pt Adciiag > £ A% kB 10445/ PUTNT E@ G £ R EF Tk ¢
B o B o JBpBreide 5 Sk IV R R Y fR ek 0 Fm Ak B 10 A4 2 fﬁ
o mﬁ%‘u o
BE ST
(1) Aakpitsm > PUTNTZ 6 F Pl F S it DA 227 § 4> 7 §

A AP FeFEmE F RcdiHy» 252 CO st Pt 3 b oo
(2) B4R PUTNTS 27 A kg 27 32 > 52 T3 -2 F # PUTNT

25 58Ti%2 § L £(0) > O &Pt 32 TNTH 6 A4 F i o
(3 Pt 46 +ehCO 22O F A 2 CO;

FRIBEAPYUTI-SIE § fax b 4G ff Pt A %395 » R FlH 25 4pa & 1
rutiles 2 » @ T F TR H A MPFR A £ 0 B3Rk B0 2k % KPYTNT £ o PYCNT-T
bR ESA 154 2 B o 4o FA0%T 1 W 10% 0 HEETF R 5] G
PUCNT-Tiz tt 4 o 4% 2 3 k47 S iteh £ d TEMB ¥ sl s ¥ 2 Pt
AR IPF I E R FIM AZREIF BB BBETEER R
mERE R E o

—a&— P/Ti-Si
65 - —o— Pt/CNT
1 —A— PYTNT
60
55 ’A’A/H—H
50 4
45 4
~ 40
g1 o
< 354
B B
g 30 \
S 1 \
25 -
20
15 -
i o
~ S ,
10 .o o o o _ o
i . . o % o o
5 —————1——
0 10 20 30 40 50 60

time (min)

W69 A7 AET2 Fakffiye me 3 f’*" ‘
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6-3 %

KPP F A AL D ARGy Lﬁf—uﬁd%@ﬁﬁ@ﬁ%
w1 E T E g im@;{l it&4% ~CO 5 it £CO, %2 HO>» "% M5

Z 4 zsgfg% chig 3 oo = F 445 A K Lenskffal o F ¥ SN £ 43380nm 2 % ¢t
RTRF KB F oA AT RS R FRERCHEREZG T A
Tk g WAETNT Ti-Sik 4Lz 2 (- 8 § 4p g/zﬁlv&CNT%ﬁM—’ o d
_[- A BPU R o B R AR R Sk P A iR ek R R
MERAETL T EFERRLF o d FRLEETFEHNT A2 p;ﬁ'

(D) 72 -kogis 7 TNT ~ Ti-Sik i 4% 12 8 § 4p o0 i 2 %% CNT & i 4t »

:\zt

HAG0 ~ B ¢ 2 BALPEIALA F > BEHET7 o WTEM 2475 1y
23k fvg HE¢ e o g2 5 10nm > P 5 5-8nm; Ti-Sisk i 4 p
AR S Tﬁ]ﬁw}g 849 504um 0 & ELBTIP At p ;A CONT

2 ffid 5 F AR 590nm s pZ g G 10~15nm k2 & P g e
TNT ~Ti-Sisk j 4% CNT R fF 4 B 4 2 2 7§ schidPt 393 A 304
Pt} 3+ = ] & %] 5 5~8nm ~ 5~10nm#% 10~15nm -

(2)72 X-RAY Mesto 452 %% » ¥ g T p 2. PUTNT 2 PYCNT-Ti &
fR2 8 4p A & 1 anatase 5 2 (20=25.2° > 36.9° » 48.0° > 53.8°) » @ PUTI-S
f2 & 4p 2 & v orutile 5 2 (20=27.5" 5 36.0° > 54.3%) o

()& tipFEE > 2 CO 2 F B2kt B PUTNT ~ PUTI-S 2
PUCNT-Ti ji 44t CO f e o 1 PUTNT ff -3 f Edil rs » H 3 f

5 99% > iz WP T o F] TNT 225 A ant Lo ff Pt Jf“—riﬂ% AR
TNT 2m P2 PLEBEFITH T I-R RSP ER & F LR ge
FEDIP R B R S - EVREEG SR R TR G R ATR

(HPUTNT 47 F k& CO 4% 2 &% ¢ ¥ 4T » ¥ CO kA et =
PUTNT =03 *3% e os BL20"E ML ¥ 4g ¥tk & )i 500ppm 2 pFE o F] PUTNT
L3 RS hE gk B CO G TRtk o ea F5T CO A e AR
e PUTNT s f 2 U AL I

(B)= 87 &5 L 44 7 FR 4 5 ehlg % 7 0 I PUTNT 5] P 2 4t
¥ 0 Fa k7 KD Gtk o PUCNT-TI FIH i ant £ 6 4 ~ ¥ Pt
AR F L A2 BERST 0 Fla EREBEL Tk A E o B2 PYTI-S f’—”ﬁ i
Ao PRI ATEE > LR E SRR rdtilel > BTSSR FYH
LHEPER A R o ERRGE B 22k B PUTNT £ o
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¥ Ti-S AR R 2% B R
X2 3=

7-1 # b o) Ti-Si 27 PUTI-SI & ff 452 4+ v 3

7-1-1 FESEM £ BET 4 47

/z:r;ﬁ | % B bR ST S BB R Bt b Ti-S Rl E R AR R

Lol o 41 Lok#GEEE A o ) Ti-Si k4L~ 100,000 i s 50 SEM B 5
21 4 SBA-15 v T IR 0 20 R R B AR - TTIP 4530 Spdn e ie 3
8 i% F AL e o o 2 &GV ek o T OB R #GE 1K 2 10%Ti-S)
RfFE AN E 7 wJ’%f*»a FEHERF ARV A T o B 7.2@Q) 5T o B
41(b)a 30%Ti-Si kg 48 27k 2 R R AR bop ik > d £ ik aFlitl e
Lamd o BAMTY 08/¢mo B 4.1(c)2 (d) o v LR 3] 27 30%Ti-Si k1
BApvt oo F TI/SI B A LpE s Bt Ajae L F - ol 4 0 B2 2R 50%TI-Si
70%Ti-Si & o & Bk 15k fl4e 4%&1;;“ Flsk#g > 2 <] = 4rg 77 > 50%Ti-Si

R4 %% 0.5um > 70%Ti-Si & <+ 9 5 0.4um > Fe pF 70%Ti-Si % ff 42 £ 0% {4

® s @ 50%TI-Si 5 /] o 8- H it LG fF AT RETA (40 R 71 #17)
FERLAEE L P P25 Fo p e S ot bz R LG et
FREAE W S P25 b & G A5 ) B L 10%Ti-Si (792 mP/g)> 30%Ti-Si (536
m?/g)> 50%Ti-Si (382 m’/g)> 70%Ti-Si (213 m?/g) > P25 (50 m/g); 3 M 484 ~ -]
A L 10%Ti-Si (792 cm®g)> 30%Ti-Si (536 cm’/g)> 50%Ti-Si (382 cm’/g)>
70%Ti-Si (213 cm®/g) > P25 (50 cm®/g) = ** % % F Ti-Si & ff4pF » & 3 40 Ti
Bt IR B G I AR G 0 2 - B R T R T4
lﬁp—)g o

%70 7 F Ti-SOR A &5 fE B A 1

ecific surface area Pore \Volume(cm?/
Catalyst Sp . e(cm’/g)
(m“/g)
10%Ti-Si 792 1.00
30% Ti-Si 536 0.76
50% Ti-Si 382 0.64
70% Ti-Si 213 0.42
P25 50 0.25
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NCHU SEI W 2 9mm

NCHU S 30KV 100,000 100nm WD 29mm

W 7.1 % F Ti-Si ot &) /4 FESEM ®): (8)10%Ti-Si (b) 30%Ti-Si (c)
50% Ti-Si (d) 70%Ti-Si

67



NCHIL) S 30KV 100000 1000m WD 1mm

B 7.0(F) # F Ti-Si v+ &) % 74 FESEM F): (2)10%Ti-Si (b) 30%Ti-Si (c)
50%Ti-Si (d) 70%Ti-Si
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7-1-2TEM 2 EDS 4 7

d FESEM 447 » 7 7 jRroR# 2 SCGLH 03 ot 6] Ti-S g4 2 b
EFF VBT FRAF T 0 A8 A A RRA kR B - TR
Htth gt 2@ SBA-15F #1240 B > 5T PR HE N IBH S PR
kg7 TEM A 470 R fEd TEM 2450 2 B2 2 &5 Pt
Ti-SBA-15 L ff 45+ 2.~ # 255 L #2072 o

W7.2% kb Ti-S v 6% 44 § & B Pt 2 TEM B ()P/10%Ti-Si (b)
Pt/30% Ti-Si (c) Pt/50% Ti-Si (d) Pt/70% Ti-Si
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100 nm
—

W 72(8)7 & Ti-S- o) kf4f £ &% Pt+ 2 TEM R
(a)Pt/10%Ti-Si (b) Pt/30%Ti-Si (c) Pt/50% Ti-Si (d) Pt/70% Ti-Si

B 7.2 5 10% ~ 30% ~ 50% ~ 70%% = f&+* &]2 PYTi-Si %42 TEM B -
WRH S P2 LB T FRe fE7 ot b2 Ti-SBA-15 K fF4-H pIRE Y
RFPFIIP A SGR LG > Bk EGE UK AR B R BT £ B
SrR H AR BT B R R AR B R - B 5% 72 Rt SBA-15 ¢ 3t
TR 0 #R e g R Ap st 30%Ti-Si sk f 4 0 10% ~ 50% ~ 70%:5 Ti-Si sk i 4
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PRREARY 0 FREDTF TR0 £ PR s 18 2 PUTI-SBA-15
fRE-ch TEM BLZ > 7 AR 7% & Jh Pl 3t 4 b cha ST ik 2 i
Kt e Pk < 2 AT R E > £ PR+ 5 5-10nm(4- &) 7.2(c)
“ron) o e PU10%TI-Si K 4t 2 BB Pt & BT o Fet o it — H ehd)
* X-RAY i {7 i 8 4§k 3 &k EDS 4 49 0 4o B 7.3 #777 » B3¢ 3 R R 5| Pt
Ti & ek U5l > B f Y £ % Ptis > 10%Ti-Si %44 & B2 23 &2 L% 7
fA g Pk o iwd EDS A 47 FEs PURF AR 420 10%Ti-Si % 4
Fo B PR S N T oonek- PUR T AT o8- HE R 7140
ﬁ’%hm%ﬁé§*7kwaujm3%wﬁ%,v@m%m%mﬂﬁaﬁi

Box KR SEEOER SR B % B TS 4R E G Ea
%%%&o

I 30pm ' Electron Image 1

=L 4

u--u---|----u----|---|||||||~--|||||||_---u_----
[} 1 2 3 4 B B 7 8 g 10
Full Seale 282 otz Curzor, 0000 ke let

B 7.3 Pt/10%Ti-Si sk f§ 4 EDS £ 47 §l

71



7-1-3XRD A4 45

%00 sﬁ‘ﬁ*, e R et e Tiosr gl E o0 Ti-S R 2 B R EL P o Y
XRD & 73t fadpz » 47 B 7.4 5 10%~ 30%~50%% 70%z &7+ F t* 52 Ti-Si
kP4 X-RAY SEo44 472 B3 o v B¢ ST E o VB RRE
WAL T Rt Bl T £ EER S > B P2 BB FEET TR
e Tioehvt o) 5 10%PF - Ti-Siosk i 4kz % %48 5 anatase & & 4P (20=25.29,
36.9°, 48.0°,53.8%) > 4r Ti et b 5 4e 3 30%pF > Ti-Si % 42 & 4R
¢ 7 endase &7 rutile % = B &g 0 KEF Ti f4e 2 T0%PF 0 Ti-S R 4L 0 2
PP e 7 anatase ¥ rutile £ = B L dp 0 A a A and_rutile enid B Ap BE5HE
anatase & da 0§ P BE e 40 (20=27.5°, 36.0 ©, 41.2°, 44.0 °, 54.3°, 56.6° 64.0°,
69.09) -

B Anatase B Rutile

70%Ti-Si

50%Ti-Si

30%Ti-Si

10%Ti-Si

20 30 40 50 60 70 80
2theta

Bl 7.4 2k Si-Ti v 5] Ti-Si % i 45 XRD 354 4 45 B
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o e i 2 f 82 PUTI-Si Sk f 438 (7 XRD $58¢ 4 15 40§ 7.5 #71 » 22 )
TA VT F IR B TI-S R E A P& SRR > B a2
Sodp 0 % 10%% 30%z2 Ti-Si 4t &0 B enS fipee®; a5 ) £ 4 Pt
Fi o KPR FF A P2 8 % 49(20=39.7°, 46.2°, 67.4 9 > L = FE A
o b e & PtSESTYE 55 B 0 7 4 T PU30%TI-Si % i 4i4p 3t PY10%Ti-Si 4 4p
e e EstE 35 B o T AE A PUS0YTI-SI % 4§ L2 P 3T ] 2 2 HTEA)
21 PY10%TI-SiAp i » B § Uk 2 17 & PR 2 g v B 7 gmdip s
Sl AN F At

O Pt B Anatase B Rutile

Pt/30%Ti-Si

Pt/10%Ti-Si

20 30 40 50 60 70 80
2theta

W75 # F S-Ti v 660 PUTI-Si % g4 XRD 384 4 45 ]
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7-2 FE R

7-2-1 MUV 2 7 Rk TH £ P25 p 4 Ti-S b f4ist? gr2 2 rﬁ;»;::k,:

AL ERTFELF e F W AR N R T H T L4 g0k W
76 5 F % RfPLLP25 2 1006TI-S & {40 4 ok BT T 2 4 ok
F Jis 8 % :40 ppm CH;0 » 20%0; » 7 #87%£ 100mL - f 42 0079 ¥ % & %
WA o 12 1006TI-Si 4 P25 £ § ficid en? EEk G 4 % ok 5 2% 20min p
A F T E 9% @ P25 G 20-30%2 4 hoc s s Fip] 100%Ti-Si £ i 4kd > 2
FoEA A G ST A € A 7R R R R PE > 10%TI-Si R 4R §
BSR4 F]A g P25 F ik ek G 4

—a— P25 UV
—0— 10 % Ti-Si UV

100 + QW

o] et
80—- "

70 H
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removal (%)

40 +
30+

20

w7+

time on stream (min)

B 7.6 vt & P25 22 10%Ti-Si P43t % ¢h b ot ™ 9 A2 b it 4 ',ﬁ%
F R

- ek R G - ARenp BEREE YT Rk L KR R TR L s
2w AR 7. 7977 0 KO iR #5140 ppm CH0 » 20%0, > § 87w & 200mL > 7§
WE0lg ¥R E Rk ¥ Lk > P25 10%Ti-Si -k jff -4+ 7 fp2. 2 %té:fi«
w3 TR AR d > P25 T fE2 2 % F % 5 20% > 10%Ti-Sik ff 444 @ ppz 2 %
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e 5 A0% > FALA T o A0WTI-SIEFR AT FEL 4 ok 3 g AT Lk
ook LR IRPE Y R £ 2 P25 fRiE ek B S B or Ti- SI%W&?‘{——ELB 7
BRI 2 R RRATR

100
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PURERAEL Y RN REY LB OPREEF e
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Vo= A i 5

V =F & 455 A

B 7.8 537 LkT 10%Ti-S k4 e A7 b3 Md BT HY B2 %@
A ket F i i 5140 ppm CHAO » 20%0, » 1 % % Bir - MEF £ B
¥ if A e 4 0 R TRIC R o4 SE2 T %F > 3 i ARt 3932 htgr 15727 ht
ﬁﬁ@gm;@i%ﬁq,ng%%uj:ﬁiﬁﬂa%ﬁmﬁ4Wﬁ,%ﬁ
BT EL A 0f RS AT 0 20 78635 TR b E 0 3 9 R 30%2 2 %
ek BRI TT VR - BEFEF R LM RPH P A L0 #
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723 FHWT AKT A b b Ti-S LR L 4 g

B 79 ZmfEd bt blz Ti-S gt e Lok F T $7 pEe ki 4
st i B iR 5 40 ppm CH0 » 20%0; 0 7 A8 § 200mL » i€ 0.1g >
GRS B1ABANY R A B A T fE2 L3 horF kA L 10%Ti-S
>30%Ti-Si>50%Ti-Si>70%Ti-Si> &t & JBig =™ 10%Ti-Si ¥ 7 g2 3 “,%
PV E 42% 0 VBl 748 4 7L VAR Ti-S B ALiE T T pEe Lkt E
BePE 2t ot 406 FF 2 TS REAE S ARBE o 2 0t A G B IU AR 6 MUk £
red o B 2R XRD 64 +7 8 7+ 30% Ti-Si ~ 50% Ti-Si 2 70% Ti-Si & f§
gy T'%)a Rutile & 8 4p > 28 m A (7L v & R pF» 45]‘ frz. 3 f TR TG 7]
% Rutilez. 5 &m § 748 = > Bor 82 2R Rutile d i § B8 3] %7 hit 4 # Anatase
Mo Fh AR ARERTFI-T R4 2 d %?&\%ﬁfﬁﬁ“@frﬁrﬁ ERE S
U REL S po g o B b PUTI-SI R 44 7 2 LI 4R Lo ART 3 HE 10%
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70 —o— 30 % Ti-Si
—A—50 % Ti-Si

65 —v—70 % Ti-Si

60—-
55—-
50—-
45—-

40

removal (%)

35+
30+
254

20

s$d ¥+ 7——1+—

time on stream (min)

M793 3 F Gl Ti-SILf v LkF BT HY B2 L F g



7244733 T AT 3 Bt b ch PUTI-S) 437 pE2 4 05 ok

WG P % F R 10% Ti-Si 2 30% Ti-Si K PLRE FofE ek i i
doo Bt RER R S BRI 2 R P £ Rk f 2 8 g e PUTI-S
& W&ﬁ.—ﬁ‘—' ﬁ“m-i o § 7.10 3 PY10%TI-S 2 PU30% Ti-Si &g 47 2
kT HT FE2 KB F o £ i #4140 ppm CHLO > 20%0, F 485 € 200mL -
R4 019> 2 Wi & 5 3145401 2 7.9 > T RM-PL 0 Ti-S &
FRu- T i Y FE2 kL sk > PYL0% Ti-Si 2 PY30% Ti-Si sk ff kit
g2 gd A u] G 87%: T6% ip|k it s kA 2 R F & 5 (1) sk
2% PUTI-SI PFo 7 2382 Pt 2 A 4ok ~#2dlkT o 4ol 7.2 995
Flm R EF T -n A A5 S F oRn) r’v’thﬂﬁ—"r“’ ML ORERBNR G
BAMETI-T R AR > XA % FHY ) SR S i I P

407 - i PUTI-S Joﬁaﬁsrﬁ@%”i%%fﬁ" 2GR 0 AR
PUL0%TI-Si 452 % ° FEF Jlsts 2 f W~ 8§ AA A7 Ri& 7 F b 2 2]
ToEAITISE T T SRR F S A F S L 4o 701 4T
BT g F A S PSR NT PUTI-S LfRs ? pr2 32 F s b 2
ERHEES Ti- HAL L

—o— Pt/10 % Ti-Si
—v— Pt/30 % Ti-Si

95
90 -
85 ]
80
75 -
70 -
65 -
60 ]
55 -]
50 -
45 -
40 -
35
30

removal (%)

T T "~ T + T * T *~ T "+ T T 1
0 10 20 30 40 50 60 70 80

time on stream (min)

B 710 PUTI-Si 47 L% 5 BT 87 2 Xt F

78



150
140

130

B I I I
100 T T T T T T T T 1
40 50 60 70 80 %0

time on stream (min)

CO, concentration (ppm)
P
3
1

B 7.11 Pt/10% Ti-Si sk f4i-3s 7 8 & % @1 ¢ gEpFCO,2 2 & ¢

7-2-5 337 AT P/10%TIi-S & PR g2 3 'ﬁ% B

2B AT PUI0%TI-Si k4t v Ak T Az dhaF R E LG R
FRFARBRZT AR AT LRI AT EEF A ORFF L em %
AT F BRPEFEFL 40> %30 4 g BB AV LET PYI0%TI-S
kAL T gEL 4 F ok o) 702 #6F 0 F J#E £ 5110 ppm CO » 20%0; 0 §
R 8 300mL > R4 0392 Wi L 15727 hls 5 > 9kt % tgn » ¥ F
JsPE R4 100min # 4e 3 240min pF > 38 Lk i % 0 PYL0%TI-Si sk f 454t 9 pE
2 Ak EWMT L ARE A ofongd 83%T D T1% Bm iU
2 i T A TR B A SR F E P A A AR A
3 o e 240min ghE R EER T 0 PU10%TI-S SR PB4 T prz Bt snd vV g
70%:r1 + o

79



100

90
i 1L

80 " iy | | —

u L1

" penng,

70 4 1
_ /
| |
60 — /
1 u
50

40

removal (%)

30
20

10 +

. . , . , . , . ,
0 50 100 150 200 250
time on stream (min)

W7.12PU10%Ti-SI% R4 7 L& T L $ o 2 it 4 % F

7-3 -] &%

B KPR R ZF B R RAD AR ST ARE 2 - Jfd BRI R
TR RPRRE IR EABI P kR 45 CO F it COp 2
HoO» " M4 TRB 2 A S BT o - §F V405 ¥ Rersbffadl ¥ % 0 £
¥ 380nm 2 R TREFRBELIL K 0 A 5 F S RIS R R R
R GE Aok EE UG Ti-S R4 0 E R 2R PR
Fh A B s P25 ki fidchk L EH R ENT AT T
EEERLE o d R EEFT N T AL B0
(D ki EE 22 ot b Ti-S g4 B8 ~ B4 > @ 211858 SBA-15 ¢ 3
FHALE oo EF TI-S v plense o B BHEL R 0 0 TEM A 45 BT
7t ) Ti-Si R4 R P B2 31 B SO E KA PURT f 03 ot bl
AR PUTI-S fE 4 0 BEom 28 3 4 7 F sk Pt g A 40 PUTI-SE 4t - Pt
B+ x5 5-10nm o
(2)r2 X-RAY dpit s 172 % % » B7 Mg F Ti-S v bl 4c > Ti-Si ff 42 5% 5 4p

80



vorutile 3 A & 448 A 07 e Ti-S Gl E 0 PUTI-SE R LA o f 8 Ptk
SIS B Ti-S a2 B e TS S Ap X & P B2 e R 2o Ti-S
LAy 2L

Q) lipliES S » F T F PR RN P> TI-S RfJ87 Hh A%
AT A ETIRGTRNF o WIRE F L R P25 i L d o
G A et G eh Ti-S % 4?2 10%Ti-Si F1 & § fiet et &G fF it A
TR R R B B 2 fond o A gk iz 2 PR
e ie 2 PUTI-S g 44t ? pr2 2 K,% E O FHREER T OPURI VIR AT F-TF
e Jpr il > 7 o2k 2 kgL B e o

81



ARG - F 42K F TNT Ti-CNT 2 Ti-Sl $= 7 k3| e
AR A AR BRI E LG o R B A
#; HFMAFEF e L (CONO, VOCY) % 7 e F i 28t F ki3 2w &
ez B2 45 o ¥ 4 12 BET ~ XRPD ~ EA ~ FESEM ~ EDS - TEM - ICPMS -~ FTIR %
A LA S B ESE R F e Ft 0 AP FIFH P RT =
(1) = TNT %fg4cntll & %8 (2)EEFHt 53 ¢+ 2 2,k 7 TNT> Ti-CNT
2 Ti-Sfg4:(3) = §F e kfaE it 2 4 ¢ 544 CO-NO 2 § i aiw i3
BT o WHFT L B R Fp T
1. 12 ) 24 | p2 30 | pE=f-k#pl > 30 e nEERiE2L TNT
Aok E 0 BAAH S 180imo 3R 5 14nm e

2. iz TNT 24 F 8- §F 2 £ F ek w2 kF ife
TR R P25 ik nd pon g

3. PUTNT* - § it gt 2 Kf; fed o ata s EiEET O TNTZ 5K 3 7 s £ BPt
g2 FEARR Y o R B &0 0 H R T - F R 1T%:0 ok

My ANk E BIE R T o KPHTNT 2 5k #2040 ~PREF 5 > S5 d UVRR Lk

PR FEEBIIPL A TR G ATNTZ G » H 4T F -7 F A #ock
A g R ek 2 PUTNT & ff L en sl it 2 % o
A kAR IR R TS 2 bl VRIS RG2Sk AR

Lo R R R T o

5. *»@z HF R A o R RE u Sl o B2 B P ot
Ti-Si Rt #F R E A2 2 F G RS TR 0 BT -T2 A Y
B 452k R o

6. XRD #7587 > SeF Ti thz BH 4c > > Ti-S L 47 > Ti 0k K 4p ik

Ed REFBEL LT BRLAPEREFT 5 o
7. v BPYT0%TI-Si ~ PUTNT 2 PUTiO,-SBA-15% = 48 sk f 44t — 5 - sler - §

it 22 o o AR PUTO%TI-Si2r PUTNT# PUTIO-SBA-155 i if 2 4

BB ’ﬁb?éﬁﬁ-ﬂiﬁﬁi*@“ ’“5"7'755{ R R Y- ¥ Y F 2 —i“T SRR

ERB20% F o B F = E2 PR o MIFEHEHF KRIEF %4 -CO%VOC
2.3 "F ENEN
8. rok#GEE HTNT ~ Ti-Sik 4Lz i %%#B AR i AL E CNT % g 4 - 225
fi~ B o2 l?; «w‘oﬂj&a—ﬁf'ﬁ o B R o S TEM A 470 ST HLE
iéq‘ﬁ’r% i r’m‘#:@’?4;],?10nm’11\43.35~8nm Ti-Si sk g 45
Rt A WTH*"’ © %) 50.4um 0 & EELARTIP R st F A
CNT7 Wi 5 g 2% 590nm - poE ) 5 10~15nm ; qﬁw‘wé B HPt kS i
TNTNT ~ Ti-Sise 42 CNT Sk f 45> Bom ot 2 2 7 5 seeldPt 393 2400
A > Pk < /] £ 9] 5 5~8nm ~ 5~10nm % 10~15nm -

\H

-n\¢

82



10.

11.

12.

13.

" X-RAY st 452 % > v FRFp B2 PUTNT 2 PUCNT-Ti % ff 4
2 % Fdp 3 &7 anatase & A (20=25.2° 5 36.9° > 48.0° > 53.8°) > @ PUTI-Si % ¥
W2k Edp A & orutile S A (20=27.5° 5 36.0° 5 54.3°) o
BB ESE o F 01 CO 5 F Bf T R R > PUTNT ~ PUTI-SI 2
PYCNT-Ti W@r?’% CO s thoes » 1t PUTNT 4 shoedifes & » 22
fﬁ 9 99% HREEHEP T FTINT 284 Lt L 4 Pt 5393 A4
BTNT 46+ 2 PLARR I PR ST I-T RO pm » ea g @k
it Fre ke F R AR o rEET S - BV RS R LR AF S0
JB % ATIR o
PUTNT $7 k& CO 4742 % ¢ ¥ g mil » 5 F CO kAt =
PUTNT xﬁe Achw SE20 ' MO e ¥k & ) iE 500ppm 14 b pEs B PUTNT
i ERF kit @i CO &2 wprd g o i@ 57 CO 7 #eh}
B 0 it PUTNT s th o 18 9 5 i«
B R AR FRALH T R G e R T L E R PUTNT 5] P A o
3 > FlmHD T KB Gk o PUCNT-TI FIH it 4 & # ~ ¥ Pt
EHpAF AT ABE FE RS 0 Fla EREEL R T o R PYTI-SI B
PR R oPtEFAFIEY > BFHERAPL L rutile Z A R

9

FRFHASPEPET AL FEREEN kR PUTNT £ -
FUUEELF et i (T ok B pE > Ti-S kP hE AR kAT A KT

R F o PRE EL 2 kP25 G itz 4 x,f,,-u: : \t;fé?» fe bt
Pler Ti-Si Sk ff 4 12 10%Ti-Si F1 2§ fx gt 2 5 2 s - 2 4
BB F BT AT B L3 v,f ,)z-ﬁ: o SO E R PR B
z_ PUTI-S 447 ez 2 “,fé;:q R GRS PRI VR AT I -T R
$ens B > G ook 2 R BT o

A

83



¥4 F FFF5p =

AEEFEEY RS EFLAEPN T (R EEARE S REFTEE)
REFHEL B AP SRS D hEFFAY o AR ﬁ&%mﬁﬂﬁm

fhiz v g% TNT > SBA-15# 7 22 2 K F > F]pt o *’zfmw‘* TR 2 HR AR
T EZ P EE A R LFERES 7 THENT I MRE R
'“"4’—?@2%&%‘ FIEIT R B2 Rt REREFR - BRELATRE
SRAER (W FE R REE)FF2ZRE T R 5
EP Bed PPl FR R AERBRA LA RILER F it 4 0@
7\:&/\)7%%? HeonB@AFT2 58870 25 R5 AP HERELP
;ﬁ:?r} ’E%Mﬁiﬁeﬁﬂﬁﬁﬂgﬁ" CO>NO 2 VOCs % 4 742 A4 Xik~ Fﬁ%}:]ﬁv:‘é_
FREAREPZ IR LR R aqu#%;, TR P Reps At H ke
;T*‘ui'r* i%ﬂ*”’ﬁ'—#ﬁ" 5 4 d > % ﬁ*-&’:&‘;}? AT R AR (4
EFFIE) S REFRILERY RET AR (DR g2 T A
it QF ARG ~ K B IR A GEFFL N4 QM R
B A (Aos sk ~ R AR R) (D n ks /?Jéﬁ e 4 (o i 4 R
TL};){%%‘:_%_’%—@ P47 1A Bdp BT A B g AR
2R FRLE) O)F &EAARL r}ﬁﬁ#”srxsb(@&:}iia\ T8 2 a4
2N B8R g2 5% W E L A M AT L B e e
B sz_%‘fimwwﬁi??{“r(ﬁﬂ MRS = S
PEREFUKRZFL F 5407
1. Kui-Hao Chuang, Kaimin Shih, Chi-Yuan Lu, Ming-Yen Wey. Copper cataysts
prepared via microwave-heated polyol process for preferential oxidation of CO in
Ho-rich streams. International Journal of Hydrogen Energy. 2012 (In press).

b AN
poEe
7

“‘E—ﬁ

2. Kui-Hao Chuang, Chi-Yuan Lu, Ming-Yen Wey. Effects of microwave power and
polyvinyl pyrrolidone on microwave polyol process of carbon-supported Cu
catalysts for CO oxidation. Materials Science and Engineering: B-Solid State
Materials for Advanced Technology. 2011, 176:745-749.

3. Kui-Hao Chuang, Chi-Yuan Lu, Ming-Yen Wey, Ya-Ni Huang. NO removal by
activated carbon-supported copper catalysts prepared by impregnation, polyol,
and microwave heated polyol processes. Applied Catalysis A: General. 2011,
397:234-240.

4. Hui-Hsin. Tseng, Chi-Yuan Lu, FY. Chang, Ming-Yen Wey, H.T. Cheng.
Catalytic removal of NO and PAHs over AC-supported catalysts from
incineration flue gas. Bench-scale and pilot-plant tests. Chemical Engineering
Journal. 2011,169:135-143.

5. Kui-Hao Chuang, Zhen-Shu Liu, Y. H. Chang, Chi-Yuan Lu, Ming-Yen Wey.
Study of SBA-15 supported catalysts for toluene and NO removal: the effect of

84



promoter (Co, Ni, Mn, Ce). Reaction Kinetics, Mechanisms and Catalysis
(Formerly Reaction Kinetics and Catalysis Letters (1974-2009)). 2010,
99:409-420.

6. Ying-Ting Lin, Shih-Han Chang, Chui-Ting Meng, Chi-Yuan Lu. Evaluating the
adsorption and photodegraditon of methylene blue and formaldehyde over titania
nanotube. The 8th International Forum on Advanced Materials Science and
Technology (IFAMST8), 2012 Japan.

7. Jhen-Yu Ma, You-Ren Zhang, Chi-Jen Chang, Chi-Yuan Lu. Study the Catalytic
activity of Mesoporous Ni/SBA-15 and Ni/CNT catalysts for CO, reforming of
CH,. The 8th Internationa Forum on Advanced Materials Science and
Technology (IFAMST8), 2012 Japan.

8. Wei-Cheng Wang, Hsiu-Hua Huang, Chi-Yuan Lu. Evaluating the CO removal
over Si-Ti photocatalyst with different Si/Ti ratios under UV light.
Nanotechnology and Printed Electronics International Symposium 2011
(NanoPrint 2011), Singapore.

9. Chi-Yuan Lu, Shin-Hsien Chang, Yu-Tsai Pan, Wei-Cheng Wang, Kun-Jheng Fan
Jiang. Study of the synthesis of TNT and PU/TNT catalyst for CO photocatal ytic
oxidation. 2010 International Conference on Chemistry and Chemical
Engineering (ICCCE2010) ,pp. 47-50, Japan.

10.Kui-Hao Chuang, Ming-Yen Wey, Zhen-Shu Liu, Chi-Yuan Lu. Estimating the
feasibility of raw carbon nanotubes used as catalyst for CO oxidation. 2010
International Conference on Chemistry and Chemica Engineering (ICCCE2010),
pp. 72-75, Japan.

11 ke~ > £ g o+l fie s ;r;ém, (2012) FH A A& FHLT AF2n
R R Y 0 P EREFRE A PREFIFEE G2
12,754 % 450 B % 2 5 &Erﬁfék BEcm 0 (2000) 0 v FH It A
ML P F R s ) BARRR RS § 5
I 6 0 B

13.2 g% BARK > TEH 4E 0 3 Yk hEc > (2010) » Co/SBA-15 4%

—i“f—%'“ﬁiﬂkﬁ%é?”iﬂ J.?“ VEARGRBIREE T4

Bl g

1458155 % » T & H &F > FA0K > pfa~ > (2010) » 3= f HCl < fr2 BixOs %3
ifﬂ‘#\—’ﬂ"l‘:’r}"% % sz‘t Fipord o ¢ BEARRRIALT § FF 5 AL
HES SR

15,58 i 4 5E PR gg;gam (2010)+ % # ColP25 fR##f- § mt2 4 k5 g
¥ EI%;E,%]H—;EE’ 2N PLEE T € 0 pp.264-269 0 LA o

5

85



34 2

[1] J.C.S. Wu, Z.A. Lin, EM. Tsai, JW. Pan, Catal. Today 63 (2000) 419.

[2] S.C. Kim, J. Hazard. Mater. 91 (2002) 285.

[3] M.J. Vass, V. Georgescu, Catal. Today 29 (1996) 463.

[4] K.T. Chuang, B. Zhou, S. Tong, Ind. Eng. Chem. Res. 33 (1994) 1680.

[5] M. Moran-Pined, S. Castillo, T. Lépez, R.G. Cordero-Borboa, O. Novaro, Appl.

Catal. B 21 (1999) 79.

[6] T. Kobayashi, T. Yamada, K. Kayano, Appl. Catal. B 30 (2001) 287.

[7] M.L. Toebes, J.A. van Dillen, K.P. de Jong, A Chem. 173 (2001) 75.

[8] J. M. GarciaCortés, J. Pérez-Ramirez, M.J. lllan-Goémez, F. Kapteijn, J.A.

Moulijn, C. Salinas-Martinez de Lecea, Appl. Catal. B 30 (2001) 399.

[9] A. Holmgren, B. Andersson, D. Duprez, Appl. Catal. B 22 (1999) 215.

[10] O. Goerke, P. Pfeifer, K. Schubert, Appl. Catal. A 263 (2004) 11.

[11] O. Yamazaki, T. Nozaki, K. Omata. Chem. Lett. 10 (1992) 1953.

[12] GJ. Kim, D.S. Cho, K.H. Kim. Catal. Lett. 28 (1994) 41.

[13] B.Q. Xu, JM. W, Y.T. Yu. J. Phys. Chem. B 107 (2003) 5203.

[14] A.J. van Dillen, R.JA.M. TerJrde, K.P. Jong. J. Catal. 216 (2003) 257.

[15] E.K. Poels, J.G Dekker, W.A. van Leeuwen. Stud. Surf. Sci. Catal. 63 (1991)
205.

[16] S. Besson, T. Gacoin, C. Ricolleaub, J.P. Boilot. Chem. Commun. 3 (2003) 360.

[17] Y.J. Han, JM. Kim, GD. Stucky. Chem. Mater. 12 (2000) 2068.

[18] N. Tsubaki, S. Sun, K. Fujimoto. J. Catal. 199 (2001) 236

[19] Q. Cai, J. Li. Catal. Commun. 9 (2008) 2003.

[20] Y. Du, S. Liu, Y. Ji, Y. Zhang, N. Xiao, F.S. Xiao. J. Magn. Magn. Mater. 320
(2008) 1932.

[21] C.Y. Lu, M.Y. Wey. Fuel 86 (2007) 1153.

[22] L. Curtis, W. Rea, P. Smith-Willis, E. Fenyves. Environ.Int. 32 (2006) 815.

[23] G Lippi, G Rastelli, T. Meschi, T. Borghi, G Cervellin. Clin Biochem. 45
(2012) 1278.

[24] Y.C. Su, C.C. Chao, T.L. Wang, C.F. Chong, C.C. Chen. J. Acute Med. 2 (2012)
31.

[25] T.S. Mohankumar, T. Kanchan, K.S. Pinakini, R.G. Menezes, M. Singh, P. Sirohi,
N. Anwar. J. Forensic Leg. Med. 19 (2012) 490.

[26] T. Ohura, T. Amagai, X. Shen, S. Li, P. Zhang, L. Zhu. Atmos. Environ. 43 (2009)
6352.

[27] T.B. Starr, J.L. Festa. Regul. Toxicol. Pharm. 38 (2003) 224.

[28] D. Azmak. Leg. Med. (Tokyo) 8 (2006) 39.

86



[20] 5RF 4> 7 A X2 K KPR WU ILFAT W SRR RA S,
1 %% < (2005) -

[30] X. Tang, Y. Bai, A. Duong, M.T. Smith, L. Li, L. Zhang. Environ. Int. 35 (2009)
1210.

[31] L. Jacquot, G. Pourie, G. Buron, J. Monnin, G. Brand. Toxicol. Lett. 165 (2006)
57.

[32] Az #7241 FAPRATIE S A MR Y P ¥ 2" R 2 Ko gL s
17T, BEFT Y AL = (2005) -

[33] CK. Lee, M.D. Lyu, S.S. Liu, H.C. Chen. J. Taiwan Inst. Chem. Eng. 40 (2009)
463.

[34] A. Fujishima, K. Honda. Nature 238 (1972) 37.

[35] S. Song, J. Tu, Z. He, F. Hong, W. Liu, J. Chen. Appl. Catal. A 378 (2010)169.

[36] 3P 3z > sPAp i 42 WA TIO2 2 TIOAXNX B4z =25 » 1 £ 1t
§ %3 a7 ot (2005) o

[37] &% FRATFELR ¢ > #5% E % 3734 (2004) -

[38] % § P~ Moo Wi 4o 7 dRAE o

[39] B.M. Florence, W. Uwe, S. Valé&ie, M.B. André, O. Esther, M.T. Maurette.  J.
Photoche. Photobio. A 132 (2000) 225.

[40] & Zpr~ X g2 > 2K 4 F 4R 4t 53 & (2004) -

[41] ZeE =, d R 2= § e X 2K B2 AT, 38 g1
gk, L% = (2005) -

[42] A. Wold. Chem. Mater. 5 (1993) 280.

[43] W. Ho, J.C. Yu, S. Lee. J. Solid State Chem. 179 (2006)1171.

[44] Y. Mizukoshi, Y. Makise, T. Shuto, J. Hu, A. Tominaga, S. Shironita, S. Tanabe.
Ultrason. Sonochem. 14 (2007) 387.

[45] X.J. Zheng, L.F. Wei, Z.H. Zhang, Q.J. Jiang, Y.J. Wel, B. Xie, M.B. Wei. J.
Hydrogen Eng. 34 (2009) 9033.

[46] W. Liang, J. Li,Y. Jin. Build. Environ. 51 (2012) 345.

[47] M.S. Wong, H.P. Chou, T.S. Yang. Thin Solid Films 494 (2006) 244.

[48] H. Tian, J. Ma, K. Li, J. Li. Ceramics Int. 35 (2009) 12809.

[49] Y. WU, J. Zhang, L. Xiao, F. Chen. Appl. Sur. Sci. 256 (2010) 4260.

[50] J. C. Kotz and P. Treichel, Jr., ed., 4th Ed. (Orlando, Florida: Harcourt Brace &
Company, 1999), Chemistry & Chemical Reactivity.

[51] H.Yang, S. Wu, Y. Duan, X. Fu, J. Wu. Appl. Sur. Sci. 258 (2012) 3012.

[52] M.L. Chen, E.J. Zhang, W.C. Oh. New Carbon Mater. 24 2009) 159.

[53] K. Zhang, F.J. Zhang, M.L. Chen, W.C. Oh. Ultrason Sonochem. 18 (2011) 765.

[54] #5972 » 7 AR F A A A F R RPHET LT ¢ RS
L%~ (2005) -

87



[55] H. Yu, Z. Zhang, M. Han, X. Hao, F. Zhu. J. AM. Chem. Soci. 127 (2005) 2378.

[56] P. Levy, A. G Leyva, H. E. Troiani, and R. D. Sanchez. Appl. Phys. Lett. 83
(2003)5247.

[57] F. Krumeich, H. J. Muhr, M. Niederberger, F. Bieri, B. Schnyder, R. Nesper. J.
AM. Chem. Soc. 121 (1999) 8324.

[58] T. Kasuga, M. Hiramatsu, A. Hoson, T. Sekino, K. Niihara. Langmuir 14 (1998)
3160

[59] S. lijima. Nature 354 (1991) 56.

[60] % e3> - §F t&ZHFHTE MR I X BE AL F o
¢k BB frer bkl 28T 7 47, FE L % < (2006) -

[61] D. Yao, Y.F. Chan, X.Y. Zhang, W.F. Zhang, Z. Yang, N. Wang. Appl. Phys. Lett.
82 (2003) 281.

[62] Y.Q. Wang, G.Q. Hu, X.F. Duan, H.L. Sun, Q.K. Xue. Chem. Phys. Lett. 364
(2002) 427.

[63] D.S. Seo, JK. Lee, H. Kim. J. Cryst. Growth 229 (2001) 428.

[64] T. Kasuga.,, M. Hiramatsu, A. Hoson, T. Sekino, K. Niihara. Adv. Mater. 11 (1999)
1307.

[65] J. Yang, Z. Jin, X. Wang, W. Li, J. Zhang, S. Zhang, X. Guo, Z. Zhang. Dalton
Trans. 20 (2003) 3898.

[66] GH. Du, Q. Chen, R.C. Che, Z.Y. Yuan, L.M. Peng. Appl. Phys. Lett. 79
(2001)3702.

[67] A. Nakahira, W. Kato, M. Tamai, T. Isshiki, K. Nishio. J. Mater. Sci. 39 (2004)
42309.

[68] J.Y.Ying, C.P.. Mehnert, M.S. Wong. Angew. Chem. Int. Ed. 38 (1999) 56.

[69] Z. Jing, D. Guo, W. Wang, S. Zhang, W. Qi , B. Ling. Solid State Sci. 13 (2011)
1797.

[70] S. Xu, A.J. Du, J. Liu, J. Ng, D.D. Sun. Intel. J. Hydrogen Eng. 36 (2011) 6538.

[71] = 2088 > 25K > T g B3 IR%T A9 > S5 (2003) -

[72] M. Haruta. Catal. Today 36 (1997) 153.

[73] 1L 5 > F & Au/CeO, &2 AulV,05/CeO, it 2 iV F 2.3 » ¢ &
AFCFa eyl ey AT AL ®m T (2005) -

[74] R. Zhang, T.A. Schwarz. Appl. Catal. A, 91 (1992) 57.

[75] G.C. Bond, D.T. Thompson. Catal. Rev.-Scl. Eng. 41 (1999) 319.

[76] L.K. Kurihara, GM. Chowm, PE. Schoen. NanoStructured Mater. 5 (1995) 607.

[77] G Carotenuto. Appl. Organ. Chem. 15 (2001) 344.

[78] A. Miyazaki, |. Balint, K. Aika, Y. Nakano. J. Catal., 204 (2001) 364.

88



W?ﬁﬁyiﬁFi%%ﬁTmﬁw%gwgimﬁg4

b e 98-2221-E-040-001-MY 3

Ph A | PR HEMALE 5 TIO % 4L R 4L £ 4 % CO-NO 2 VOCs

2 E IR

U4 R o PRAZ45 4 , T

e pen i A
101#8* 1p 3 Fukuoka, Japan

¢kmEr |101#87 49p ¢ ¥ B | Fukuokainstitute of Technology

& oA The 8" International Forum on Advanced Material Science
P74 | and Technology
(P =) F MEZAEHT AF2 P23 gs LrEjgies

(#® <) Evauating the adsorption and photodegraditon of methylene blue

CE X

3 p

and formaldehyde over titania nanotube

- s B f R
Advaced Materials Science and Technology (IFAMST) /% 1998 & B 48 9% % » & = & By =X

P 5% ANEIFAMST-8-2012 # 8 7 1 p 3 4P B8 p AMidgh L ¥ 5 & 0 L 6 RY T

processing, characterization, performance evauation % application of advanced materials, ]t A # = mﬁz
b im™ 15 4 4 48 0 4 w5 (1)New energy materias (2)Ceramics (3)Metdilic glass (4)Nanomaterials
(5)Biomaterials (6)Polymer and composite materias (7)Performance evaluation and applications of materials
(8Mechanica behaviour of materials (9)Material processing and technology (10)Modeling and simulation
(11)Catalyst materials (12)Functional materias (13)Smart materials and intelligent structure (14)Coating and
thin films (15)Metallurgical Purified Solar Grade Poly-Silicon. =t ¢ %> 8 " 1 pi&{73¢ 3| > *+ 8 1 2
PES %- X2 %M1&L Plenay Speech 2 Poster Session = #%i» » % — #-d Akira Fujishima
(President, Tokyo University of Science):& {7;%:# » 52 P % ' TiO, photocatalyst-Fundamental and Recent
Situation | , H 5 %42 < fig) 0 At tak P AL k42 B2 R AE AR FR o d
P AT g R R AL 0 T A HEE L EF LS AR ARZ Y e b G
- HenT R BT k2 JgEp] 4 wld Le Jiang, Robert O., Reinhold H. Dauskardt, Yiu-Wing Mai, Yutaka
Kagawa, JianLu 2 Tong-Yi Zhang % & Xt 7/ d i PR &P & MR8 3t 273
oo BAFEFPMFL2FERAD 0 2 AR T AR YRS R 5+ ¢ 2 Poster Session v ¥t A
AR 4 %4t h Poster; 8 ' 3 PRIZHHF A 0 A% e B ¢ 35 F P Nanomaterials and

1



Nanotechnology, Functional Materias, Material Processing and Technology, Metallurgical Purified, Metallic
Glass, Mechanical Behavior of Materials 2 Polymer and Composite Materials % 7 ¢ 1L f5 ek < % % 0 &

P
2%

- % 8% 4 p 2 %4 5 Ceramics, Metdlic Glass, Mechanical Behavior of Materias, Characterization
and Evaluation of Materials 2 Biomaterials % 3 38 7~ & % -

- N

IFAMST-8 #734 § o4 X 2. p &<l 1 ¥ <~ F B 7% *M48k ~ § 5 FIT HALL # 7 8iim i 2
EFmYFL B E2ZEFFR RO ORFE R LR P A I R FR RN AE S ZR R
BB 2RI dARFLPIEFH T - 1Y WE P A @?131* ’ ‘“f’kgfiﬁfﬁ*ﬁ’ﬁ*
% % > d B3 Akira Fujishima 2 & At B2 w7 ARl my AR 3 A
Wompr R ERZIMIBF A T AMBEAAMAISE LY ’%ﬁﬁ PRAETHR T A FRAET R
FrAR2ZAART & BEHHMZES A7 22 % 3 7 LIFrDT R AKX ERY
#f Lei Jiang &  <hi & [ Bio-Inspired, Smart, Multiscale Interfacial Materials ; & & #4& Lﬁﬂ‘iii
e ol 2R group 2 BAFEFEEFEFIF T el - 0 BAKREE2ZET S B
TIPS e T LR RS o F 0 et SuFTR g 2 S8 G Poster v gt R4 ﬁﬁg%éﬁﬂﬁf"ﬁ?
F2o¢ LAHFLOFEFN > L RFLIRA LAY - 0> v F 3 ﬁ P FHRaRE F2
(AR LS S

\‘—':\.}

= ’?ﬁ"}ﬁféﬁ’(ﬁ {ig/’éﬁj'ﬁ“é>
oy

. + 2%

T~ EER

W LR P G > RIGE S EG N REFA G HERRARET  HPE A
%Hﬁi€$ﬂ%‘9ﬁ£%“F*i—éﬁ?ﬂ’wéﬁﬂé“FWkP“%ﬁFffﬁﬁ B IR

WA E NS E T UFR By F At b AGHE 50% 0 d A E DA R IR F
lél MRS L St e ﬁﬁwmmm’éJaﬁréuwu,iMQ&aP@m
gt A DY RA T AR ST Hi s s R R BEMEREAE 0 T ESERE
ERMLT N 2 FH T R EA G A .il?ﬁ?l“,fé;pizmﬁfﬁF ‘ﬁ—*‘% Tt 2 R g SR gt e
Fo MR ERN Y RER B 2 DVRE LT A E A

RS R S
EHrFHERIFLE - A FERP I EF LA H R LG E- R o



B g e




RAL gt pmd g SR T4

p#r:2012/11/26

B €At

PR A P REMAETIOZ R P4 R F R % C0 ~ NOZ VOCs 2 7 1245+

PELE pRa

3 F %5 98-2221-E-040-001-MY3 ErAgRS: BB 1E

R A RHR TR




WEREHFTTHEFT S EFREL

PEARA et

33 Y5 0 98-2221-E-040-001-MY3

FEEHE 2 REMALSHTIOZ g Ligaieit & g3 ' C0 ~ NO 2 VOCs 2 & 1247 3

£ 0 B (F o
. e g 3t &
& 5 Fp FREES gt | RERT | o #Ff%%‘*%
B (s (27 % gt | A % oM 2
fegi) | 2K ol T S
F)
B 0 0 100%
o [PEEEBEARL |0 0 100% 2
¥ E T
i g2 1 0 100%
P 0 0 100%
o1 ; ﬁ%f i % 0 0 100% .
Wk 0 0 100%
Hr ¢ ¥ 0 0 100% s
B
#1 4 0 0 100% + =
4 0 0 100%
T R ) 0 0 100% o
=X
(*®HE) [BELeEgE |0 0 100%
L 0 0 100%
By 2 0 0 100%
o e PALARRBATED |0 0 100% =
¥~ EE
it g 1 1 100%
L1 0 0 100% 2 /&
%11 v ‘;i—ﬂ % ¥ 0 0 100% "
W 0 0 100%
BN (,l\
" i 0 0 100% 2
HoAS
#1 4 0 0 100% e
A 0 0 100%
fprsid A4 (P1a 0 0 100%
A =
(hEE) [BLeETE |0 0 100% '
L iEmm 0 0 100%




H A%
(miz gz
5 hoyE B s d S
HREE S ERREE
V=g g NP LB T
SR R D B
Vicne S TSN | 2
EE G F A

}ljo)

’i X538 P

frebs

—

#R%EL S(7 FRredn)

/e

Re|grga epe A1 8

21

Fi

B ye s IR

T e

OO O O O o o

3
1
4e
g |FiHE/ iy
i
p

PEASHAEZ 2 (BR) Ak




=4
Ff

L

™ @

SER R R bt L R

AT N FERVEMCARE CESTFY PR N R FEA R
(FRpct S5 9f 42 L& B BENe- HFR27HE) L34
BRI ANY FE A EFRAH B R » {T— 34 2]

o
2
W

=

o

B

5

el

N

L RPN FE R R PR E YRR

3l-

.xiz\ﬂﬁ'—
BEETNE A (/ﬂ—;fbp@ » 12100 x 52 2)
157 % % pz
mEES EERT
[1H & R 7]
m
2. 3 Ak g T A R B
we e gd agdz~5% BERY L&
.g;’f' c[]e @ Yz %3—:‘ B
'ﬁ:ﬁ D J}iﬁ D/r’?’xﬂ .jli
w1 (12100 3 5 2)
3 y 2T {2 g

SR A g BRI AL G "fv‘?“ 7
B (FRAESETR L2 L& T
500 F 3 ')

. %j, CEMA R FANRP A Aotk E § ARB 2 BEAEE £)2 BB

gty A% LERFFAY  AETEERBE e R Wl g INT
SBA- 15ﬂ’lﬂ"’h”k‘fﬁi?’ﬂ“’ﬁ*“?m”ﬂ%’*7ﬁ1" R TR AR T AR A 4T
R¥2ZFERES 77 " FENTTHEE -FR; AT T ERE - FPEAR-E2E X

TREHEF R BLAPRE VL HERE S ,w%i‘;?‘ (rTF+E~RBREZF) T 2%
Fo Flt o F RIS A R R PR { A 0 B ERBRAF AT RIEER
e Ty 4 ’ﬁ¢y%%k@»ﬁ%ﬁﬁoﬁgﬁipzi$ﬁ%?1ﬁgﬁ%%ﬁ%%%
&ﬁi%ﬁ’gé#%ﬁ%ﬁ@ﬁm?a%maV%si@%ﬁaigi%%~ﬁ$ﬁ€
SRAREP IR ERED B RRT 2 FE R R Rt d ﬂz—j\xﬁ)\/‘j}i'ﬁ H
%’?ﬁ%%%wﬁ%%ﬁ%*ﬁoﬁ*%#*?“”“"W‘ﬁ<1“P”“ 2)

B REFRILEAEY BET AR (Dfe v 2 el T a0 4 (DT RS -~ s
RS iR oA s BRI Y (DFEM AR Y (gt s R BB
P R) (DR F kg plda 4 (el F BLE > s Fj 4 E 3142 iy
BERFAHWMIERLB T4 RYEFT ZRRLE) (OF HFARD - FlEE R
2 (B)#gprtrt iz a4 2 (DFEFH 2 5% 5 5054 biphliAfs b 2 3 B
Bef e Fodep w e § F EFAEGEABIA LA (F A A PP
F10 -




