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Photocatalytic oxidation and decomposition
of acetic acid over Ti—substituted

molecular sieves

Department of Industrial Chemistry,
Graduate Schoo!

Pukyong National University

Abstract

The photocatalytic oxidation and decomposition of monolayer of acetic acid
adsorbed on TiOs(Degussa P—25), titanium silicalite(TS—=1) and Ti—-MCM—-41
were carried out, and the photocatalytic and product distributions over the
catalysts were compared with each other. TS—1 and Ti—MCM—41 catalysts
were prepared by in—situ crystallization and the Si/Ti ratio in the catalysts

was 50. The catalysts were charaterized using XRD and UV—-DRS. During



photocatalytic oxidation(PCO), COs and HCHO were formed on P—25, whereas
CH4 instead of HCHO formed on TS—1 and Ti—-MCM-—41. In photocatalytic
decomposition (PCD) on P—25 TiO,, COs, CHy and CoHg were formed. On the
contrary, COs and CH4 were formed on TS—1 and Ti—MCM—41 during PCD.
The rates of product formation in PCO were higher compared with PCD. The
TS—1 and Ti—-MCM-—41 catalysts are less active per gram of catalyst. But,
the TS—1 and Ti—-MCM-—41 catalysts have much higher adsorption capacities
for organics. Therefore, it seems that the TS—1 and Ti—-MCM—41 catalysts
have advantages in applications to PCO of organic contaminations under

conditions where the organic concentrations vary widely.
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UV3de A Ao ar o942 ElAE o s F3ol AUk 71749
VOCAAE J83 "IP7HA=E 98 =dss Tddde=z sta d=d,
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Table 1. Comparison of Photocatalysis with Thermal Catalysis

Thermal catalysis

(Metal or metal oxide)

Photocatalysis

(Semiconductor)

Input energy kT

hv

Free energy

change

AG<O0

Even AG>0 is possible

Enhancement

Main factors

path through

of  reaction

rate or change of reaction

interaction

with catalyst surface

Generation of electrons and
by
photocatalyst

of
their

electron transfer reaction

holes excitation

and
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d3A4A oA AFE 7153 FE=n] EFEZE TiOl(anatase), TiOo(rutile), ZnO,

Fotrh 1 7heE A S o] AAY AAl S8 B AdAEel o] &5 s R
o] M= FFE FE5ASE AT ZA TiOz, WOs, SrTiOs, a-Fex0s, Zn0, 1]

i w4 FEE AT ZnS T vttt dbdow 9gk WEA o R4 714

-FeOOH, §-FeOOH, y-FeOOH) G AL glor}t FH2l0] A wAlsleg
AR o771,

Wb TiO, 2 A AESHA 3o 3

o
=

How Bagoln, FEAo} shakd Ao o
3 A A Fo 2 gho]l AHUE FHS kA3 Yok Buk oy 4kskE wb
Ao FAk3F vk A o] 9loj A = TiOg(anatase) > TiOq(rutile) > ZnO > ZrOy >

SnOz > V03 9 £0.2 TiOwZ} 713 & @A &S Holxu 9}t a8} TS-13

pa0)
rlo
A

Ti-MCM-41 22 2AA9] framework Y cavity Wl titaniume Y+
bk xo] I7)¢ U9 JHly 2 HREHEA S 7HAE ool At [8,9]
ek B AFol e TS-13 Ti-MCM-41 oAl acetic acide] FZv] 23}
(photocatalytic oxidation, PCO)¢} F3&l(photocatalytic decomposition, PCD)¢l
ot ATE FAAT. FEH S99 23 dUES A A FE50 A
sle} 1 o] 5228 (temperature programmed oxidation, TPO)H o] A& ]
o S Ad S Fuldel A #7183 Ee dF S84 monolayer?] acetic
acid& FFAA FdeAT. 2gal WA SugHel] 020 EAeF F-A Al UV
& ZAbste] o] B A47be] A4 =2 mass spectrometers AREshol A

H LS 98l TiO,(Degussa P-25)7°lA F=vl 4t3tel EalddS s3st

x2
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9 FYHOR AEHA G Qo] FE w3e] ALSHE TiOE UWHOE rutile

A= FA Aot E3] brookites= "¢ =

7} anataseE o438t It} rutile T anatase® EZ O E Ti' o] FH ol 671¢]
0¥ ol &o] ZAL e TiO, TAA ] AJO = FAFH X, F A% F29] o]
© o] ZHAe HAEHH} REE FxY Aolz 57 AYAXIEh rutile?} anatase®] A%
@9 A P2 Figure2 o YEMIATH15,16]. rutilecl A 9] 07 o] WA T3
HolA i, mAlsHA A& APRAARE A F Y, anatasedl A= ZHA 7 o9 A
sHAl AEH AP AA R T Aol IA "Hojxth 28] i Ti-Ti¢] 2% anatase’}
rutile 2.+ F v (anstase:3.79A, 3.04A, rutile:3.57A, 2.96A), Ti-09 A=
anatase”} rutile .t} ZthHanatase:1.934 A, 1.980A, rutile:1.949A, 1.980A)[17].
E3 rutileT 2o A= 2 ZAAZE 10709 o B A9 AHskal 9= ¥, anatase
T 24 ZHAZE 8] & Aol kil AUt o] Y7 T A 9 Afol=
anatase$} rutile7ke] o} A7) 4 Q) Aol ApolE wH=TH[18]. anatase(3.2eV)7}
rutile(3.0eV)EtF %zt & wFdes  JHAH,  FNrg a9 oA =

Anatase(3.23eV)7} Rutile(3.02eV) 2.t} 27 %2 band gap2 7FRA A 7k U2} 82
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Fig. 2. Schematic illustration of the principle of photocatalyst.
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2.2 49 FFvY g wsdF

S FEe iR vteA 4ol vtEAl= F7] A set=EA oo &
343t B4S Aaty] YA wl ol E(band theory) S =13 A7t glrh[12]. B2}
A= o] &l o8t BAAES dAAEESS] AF 2ol 98 22 + doer 7
BhAEE] 7t SAEFE AR oY A Apel 7t ol & AAE TSI £
e Fe] BorwE BAA =R o |A] Apol= FAIY ihE HolAA A AL
2l A 9 w(band)E FA st o1 FA dto] FAE W} u] Alololl= AAF A
g Tl A w3k (band gap, Eg)ol EAgTh WHEA 9] =] u] F W2l <
3 71 A HAad 7HE =2 oAy A 9] WE ¥ (valance band, VB), A Atel ©]
& AREA g 7Hg 2oy A e W& %X (conduction band, CB)taL gt}
S et Ao 7hd H& oy A BA} 7HE e oA BAE 44 I vt
“§742] (valance band edge, Evh)¢t A=w] 7Hg=t 2] (conduction band edge, Ecb)z}
1 H29 o] 59 o] (Ech = Evb )7} Wzt oy =], Egoll & 3&hel.
W= Aol Blo] ZAbE 79, I WHEA| 8] wZhE o] o] o YA & Zk= FAH(hy = Eg)
7} F5Eol FHuolr d=u R ARt (electron excitation)E 4 o.7| 1 ojw F
Frujol = A ¥ (hole)o], M=ol MR (electron)7t A= =l o] & AA-HZF %
274 (electron—hole pair- generation)e}gkal + gr}. o] gt HiEA o] Fo]7]
(photoexcitation)x WA 7L A7t gt A &2 dys 3 HA @A ol
FEE WL FFEte] o7] Hu drw U] o i F947F &Aool Haet A
AAUA w2} old FFolA s F5E U A7t o2 FEo o
LAz A8d A7HE A7 A5 qloh dzkel Feo] AT e oo oyx

ok AAkel AFo] wE AATS HolFrh Ay oz vk AU o] AXe} AH-Fo] di-
= AT Y3 EHO R o5 F U TF T3] 1 lifetimeS 7FAH HEE=A)] 9]
FHo Z" HAd3 ARFH(electron donor) EXHD)YW AN (electron

acceptor) - AHA)7F ST A AR} HolE doit), o]9f o] Wk o] Ax}r}
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u 2 Aru o] Y9t AxF7H(electron dornor) =+ A X7 (electron accepter)
2 Zg3h= wEA o A A Y (oxidation potential) =2 I A Y (reduction
potentai)®] 4 A Q] X7} @<L o2 v FQ3rh AA Hhgo] doji}r] 9

A= A7) et o g wteA o] mitAe] S5 Al dntgol I el 7

AEg wkgel festha & 5 ek Al Ak AEme] 9A: Fig. 1.l
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2.3 . A WEA FE) Axre  S-AR AT FS9 A=
AWl o F=rio] Ay M FEE Axss WM =

et s RtEs WRolth Sol-gelo] EEUEE= TS EFAMI=

FA ggehakgo]  odt Hr Aol JhFelth - (SFBH) TEOS(tetraethyl
FolA dEYolge} kAl WEA £ SiO,
1

% SFBYe] mel 4% F& IAl|=RRY

orthosilicate) & &3 -& &1l
) HAAE A= AFET)

4ol 9 MUAE Q7] Ag A7 A%

& 25 7 Ut B2l EFAelE s TRt mET] wEo] ukeE
=5 Hds] zdslok sta, T TF4o] v Aol Folth Tkl vhee =23}
O AETET; ofF wdd Y A7)0 7 2EUAE AT ¢ Ak A
A WEA] ERO|E (FeO5 WO, Zn0, TiONF sol-gelol lald 840l
I 54l AFHAY. 53] TiO, FEve 2@ HoNA skl AHst= 49 o
2ol sol-gelol o8 rbEoAH &dEH=E TiCLy Ti(OCH(CHy)2)47F F

2 ARSET AHE 22 240 met e 240 A @A E-Ayel
e T dARE EFAIE] AE, £ 27 pH, H7bskE S FF R
G gFAtol=St =] W], AXLE/EHN7] Folth TiOE FFM=E AHEs7]
AM= AATE Qo= BRE"EY, 7eTE o] T3tk ol -4 ol 9%

Az A Ev 9B s o) Akt @719 Ake 24 @ F Ak Fujo) A

o

2 A F-AWE AgHE P 2 olf T shbe wEWdHe] 2 BYL 9

of

F 7] R oA EF-Ao] ¥ FEO FAF EFol b5 AL



Hol bsste] Pate] $HL dorle neo AHe HAL T 4 du Az
|

ok
rr
offt
o
2
Y
i
g
>
N
o
-
BN
il
O |
oX,
of
o
N

4 Fo] TFE f71%0] 2AE 95
wolth, FolEA FIARE Aok GUIm olg mid 4BL e JFFRE

A AT} sol-gel Mo &S Table 2004 A3k}

_24_



Table 2. The properties of sol-gel method

Advantages

Disadvantages

1. Better homogeneity.

2. Better purity.

3. Low temperature preparation:
Savings in energy.
Minimize evaporation losses.
Minimize air pollution.
No reaction with container.
Bypass phase separation.

4. New non-crystalline solids.
5. New crystalline phase from
new non-crystalline solids.

6. Better glass products from
the special properties of gels.
7. Special products, e.g., films

and fibers.

1. High cost of raw materials.

2. Large shrinkage during
processing.

3. Residual microporosity.

4. Residual hydroxyl and organic
solutions.

5. Health hazards of organic
solutions.

6. Long processing time.

7. Difficulty in producing large

amounts.
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34 ¢

3.1. TS-19] &4
Titanium-Silicalite(TS-1)Z"]+= in-situ crystallization WHO. 2 A Xt} &3]
MFI FZWel £ 4 E 71 TidxE 47 A8lA gest SR HS 3

=3

Si, Ti source®+ Z+Z} tetraethyl orthosilicate(TEOS), tetraehtyl orthotitanate
(TEODE AF&3F T Tetrapropylammonium hydroxide(TPAOH)E template =
A AREE AT TEOTS A#all A 2-propanolel &3417]aL vhgo] ¥ = FA
of ol = AA wRk7lE ol gty WA wrtekgitt. 1 ¥ TEOSE 713
i, O FE GAE A2 308 FoF uwksilth 3 TPAOHS &9 919
=3 &do H7HHT o] TRES 4] @A AR wET] A AlA 2
AZE o wvkgch AL 59 Fot 448Kl A Teflon-lined autoclaveolA 233}
AlZTth zeolitews YAEE VIR AAG o R FH oL, 373KolA dxF, 8AHE
b 773KeNA g At

3.2. Ti-MCM-419] 34

Si, Ti & Z+7Z} tetraethyl orthosilicate (TEOS), titanium isopropoxide (TIPO)
7F St Ti =1 : 0.029] v2 "HZdo]EQl cetyltrimethyl ammonium bromide
(CTAB)E ©]&3to] AzxH |zt

T e Hlo]AE AMESte] WHEEAS AZsElTh. WA Hlo]A o] FFHT
CTAB= 3t A uRk7|E o]&ste] uwrkstas CTABo] &3iE w7t &
g 7lste] A3 FHsiAE NaOH9 TEAOHE #7bsle] A2olA 1417 &<
wwWsle] template solutione =H| 3T FAlo] H]o]A Ilo] &3} TEOSS}
TIPOE et A AdstA uwkspolct. zhzho] fdo] 7 dde] Ao

W74 S8 aRkgk 5 wlolA 119 FAS HlolA T o] §ho A7 Ft HA



SEo] pH7F 100] HE=Z 1
2] Teflon-lined autoclave WAl iyt glo] A3 AT o zeolitew ¥
A7 E ol &t AAGorFYH R & AHDAAT dH3] AAHES
THTE o83t 53 o] AHg &, 373KolA 12A1F AXA7] Axd YA}
£ 371 9971 s 823KollA SAIZHERE AGAIA HFAHoR dAe] Ti-MCM-41

PAE LA [20].

3.2.1 MCM-419] &4 W&

AEeeolEQ B¢ AR Axol 93] o]Fo] A= ¥¥, MCM-41°] FBE2E
B Liquid crystal templating "I7MU 52 WE0}H[21,22]. &3 AHIAHA 3
AEL Zo3A B2A Azxe =3 wAAE o] &t AWNIAA= B2 F
ZAQ Ao R Qote] &N Yol SAHEFS] JFAE LS. AHSEA=

2] T2 EHOT A5 9 YoM SAR F| 5 F A (agaregate) & 373

QAT 3 7he A T8 A MOM-4lel 34 A& Fig,

SHTol &3d CTABS 84 7x9 vlds d4dste] MCM-41 4= A%
template2A4] 2&3tt} 7] #917] 3} template solutiono A &0l A AolE
7} CTAB9] ol 3} Ajtsle] T3 2] MCM-410] At L8t &ald +3 9
MCM-412 CMC1(AI 1A w4 5 %: Critical micelle concentration)& &3+ A
Ad 7o) AdEo] o] rodE FAEHA drt v rodE°] ¥ B S0l

Al Eoko] gEg-of o] CMC2(A 29 AP A5 =)E A Hd A hexagonal FEf = wj<d

53l ol AEA]EEE hexagonal M= HAF FHIL a8 @t ojw] %7
pH gte] wlZ7]& E2HA ol vl $83 dAE AEHA H=d, 7] W&
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o
WaFo 7 HFYE o] FstA "k 5, silicate®t Na'-Fo]2 AAEA A AloloflA] o
oAvp= Fol ugk }A & F3ko] hexagonal T2E °]Fal = A rod T
LA E o250l HE FAeH B Aol o] o] 4F

A Aol E Fo]o] I AF B2 hexagonal array?] Al&A < 32 HZANE &

i
iy
B
O%
4,

ol
=2

o] 0] Arh} §7]14 0.2 FFE sl GelQieh 1} TEOSS] 35 w340l o)
$ 7] R WSyl e ARKE §A17] Askel Fdstel E71L D5
Holrk, et FPol =BG Felel A= o o4l OH 7F $3ho] Hold 5 glon
2 AY4OR OH & AN T 5 A=S WIL 2dslor @b meb OHE %714

ofol-e w3 WA oA A4 E NaOHe]

o
fr
of
Al
ol
ol
N
o
o)
0,
A
)
o
il
>
fillo
jutal
N
=
ol
e
&

e Ssths HFoR HIF 2 ol A7 o ek F, 2he A 7hgel whet

3NaOH + H;0" = 3Na* + 20H + 2H20

o #H3& AH A B} of YA B OH & thAl Mg 4ol k3t v]utse|
TEOSE F48te] 4ol 2 ARAE FajA7 A Ak ek wg4o] Fe
ol e ARAte] Fole WelAeE} ol & AWLBHA Aolo] M= A o] & W

g HHo] AEHom dojuA At 7] &4 pHE *FFE A silicate®t Na
Fol AMGA THe] ol u3kE Fote] A E NaOHO 3ie]lE 751 A long
range ordering®] hexagonal array® T&4d< FHAIZ G Aok EF 27] §H9)
pHE Y3= 74-¢ B} #93F hexagonal array?] D& =2 23le] 7|3 A7 EE7 F
ofA|w <t H hexagonal 7329 YE2 7FHoA At ¢ A AW F4E A
ST 2A4E T =sH B2 ol FaL e o] silanol7| £ FF el 7106t
A4 A4S et S 288 58 558 W83 17] BEHolEQ A
AAS] AAR Qe 7)o F 27 oS wdsta A3k FE 2] hexagonal ¥ o] ¢

A 2 A2 siA 5= Aol
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Hexagonal
Surfactant Micelle Micelle Rod Array

Calcination

—>

Silicate

MCM-41

Silicate

Fig. 4. Schematic diagram of liquid crystalline templating (LCT) mechanism.
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TEQS + 2-Propanol + TEQT

|

Stirring for 30 min

TPAOH + H20

Mixing with stirrer for 2hrs

!

Sealing in a Teflon—lined stainless steel autoclave
and heating in an oven for 6 days at 175°C

Filtering and drying at 105°C faor 12 hrs

L

Calcining at 550°C for 8 hrs

Fig. 5. Preparation scheme of TS-1(Si/Ti=50) catalyst.

_31_




‘ Water + CTAB + Ammonia Solution

|

‘ Stirring for 1hr

TEOS + TIP + Ethanol

Mixing with stirrer for 3hrs

Adding of 1M sulphuric acid sol —

Adjusting pH 9.5

l

Sealing in a Teflon—lined stainless steel autoclave
and heating in an oven for 4 days at 105°C

|
Fittering and drying at 105°C for 12 hrs

l

Calcining at ' 550°C for 5 hrs

Fig. 6. Preparation scheme of Ti-MCM-41(Si/Ti=50) catalyst.
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2 AdE Foto] A TS-1, Ti-MCM-41 £AHA41¢] 274 72 3 nA] 24
aA71E &Absh7] fete] X4 3" EA(Philips X'pert diffractometer /Cu Ka
radiation)< A A F3 T

Azxd 7t Ao 2RE Fste o] mE F3= SHE A8l UV-vis
diffuse reflectance spectroscopy (Varian Cary 100)7} A} &5 ow oluf A&

715 &2 24 PTFE (polytetrafluoroethylene)o] o] &% 1t}

o

Zwj o] FHo] WE F=v] TAHIH Fo](pore) WH-ol A9 At3a 2 Ha vkS-of o]
A& MEE 2o]lE Fldt7]Y 8l quadropole mass spectrometer(Hiden HPR

20)& X183t Aoz =459 )

4. F=5v) 49

>
g
o
Ho
o
ofg
A
=

i)

+-3-7] = annular Pyrex ¥Fg 7] 24 30~50mg9] w7} ot
o §F& So® FHH J o™, carrier gasEA BFZ, AHSHE Alal AbawH7F A
A5o] dx, AANFoE AHES] T OB A dE =] s Mass
spectrometer”’F A2 5 o] v}, FHESS 98l 8-W black light UV lamp 671 & A&
AL FaEE TUHE A8 Ao s ot S98 F ARl 3 wEEA

27 9 E 8-W black light UV lamp® S84 o} o] Aj7 FE= e 5 2

Fob B3] 519t} PCOSF PCDF v g Hol ol s whsE3 AAE a8 53
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A E] e AR Yl 52 A (temperature programmed oxidation,

acetic acid?] %2 F=n| 23} 52 4k3}

Fol F4E GAE I AE e FeEFH FAEIH

(photocatalytic oxidation)= 7oA 2% .8}l A F=3 5} T}
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Fig. 7. Schematic diagram of experimental apparatus.
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4. 43 2 1%
4.1 Ti-MCM-413} TS-19] SAE4],
X-A 3 dgHE Cu Ka radiation®} curved graphite crystal monochromatator

223

&

-

X=d 34 Z471E o83kl 209 WAE 1°14 10°74A 0.02°9] 7
Aottt 283 AzE Fui7t FAOREH Frehe ] WE 59

mlo
)

N

o=

A

-

93] UV-vis diffuse reflectance spectroscopy (Varian Cary 100)7} A}

fr
rI.IO

45 9lth 12)a BETE o] 439 Axd Sule] 21 4e SAsA

TS-13} Ti-MCM-41¢] BET W& 7tz 3559 622 m®/g ©ldrh Fig 8,901
TS-13 Ti-MCM-41¢] XRD 3{&l& yERAT Fig 84 Si/Ti=509] B]E 7}
£ TS-1¢ XRD #H®2 MFI Tx¢% Z dAFS ¢ F Ar} Fig 99
Ti-MCM-412] XRD pattern< Siliceous MCM-412] A3} H|5=3 Zloz Ho}
Zoj7 AR dAEASS S0 E F AAT[23].

Fig. 102 TS-1 3} Ti-MCM-419] DRS(diffuse reflectance spectra) pattern=
BojEoh =k 220 3 330 nm Alole] & HWIE+= framework titanium©] 2=}
el Az Aeso] S VeERdT[24,25].  webA 220~310 nm 23 ol A 2]

Ztzte] F4 W=t framework Axe] ElElE JAA7E A2 EYF] AdSS
Fhelzict,
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Intensity
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Fig. 8. X-ray diffraction pattern of TS-1.
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Fig

Intensity

20

. 9. X-ray diffraction pattern of Ti-MCM=41.
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Ti0

Ti-MCM-41

Absorbance (a.u.)

200 250 300 350 400 450

Wavelength (nm)

Fig. 10. Diffuse reflectance spectra of TS-1, Ti-MCM-41 and TiOx,
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4.2 TiOz, TS-1 I8 Ti-MCM-41 A9 acetic acid®] FZFul 23}
2 EAEA

Fig. 11 TiOs Aol 9] acetic acide] PCO9F PCD &<9t9] product formation
rate® HoFth Acetic acide] PCO&<¢F TiOs “dollA CO29F HCHOZF A5
o =2 Tl stAl F&Eol ol A=A Fdrt whH COx= TiO ol
oFstAl F2E o AUtk

Wb, TS-13 Ti-MCM-41 ZFuf el A acetic acide PCO &t 2%029] &4
gl CO.9F CH4E AR 1L CO29 formation rate’} CHyol ZAHTE A
=9kt} Fig. 123} 139 TS-13} Ti-MCM-41 Aol A acetic acid®] PCO% PCD
%oto] product formation rateS WERH AT}

Acetic acide TiOz el4l PCD&<F COs, CHy, Colls® 23 H Atk Wi, TS-1
7 Ti-MCM-417<l A= CO29F CHy7F @45t B vhef 2ol [26], TiO3
o A] acetic acid= PCD%® COs CHy, Collg gl H,05 FA37] 93l

parallel pathway®4] £l T},

CHsCOOH —=> COy + Clly —— - 1)
2CH;COOH + 0O() —=> CsHg +COy + HoO ———————=—n- 2)

TiOz olAdE (1), (2)¢ ®kgo] EF dojy= o g Hol= ¥k, TS-13
Ti-MCM-41730l A& (2)9] wkgrto] dojdr), ojefgt A7= TiOzo] EHAAMI
29l F=0] TS-13 Ti-MCM-419] framework®@ F-E 9] At4 FEH.
stk S 7hEl7lE Aoz HATHS27].

Table 39 4000% %<te] PCO9 TPO &<t dAdE 7Ae] AHEL 4 o

o
0,
ofo
o

Rt Table 3o YeEld AAH, TS-13 Ti-MCM-419¢] TiO,Rt} =& ZZ

THe 7L des € Ak oA TS-13 Ti-MCM-410°] TiO:Et 424
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ke

HAE 7FA 3 7] wiszolth TiOs ol e 9l acetic acid7} 4t

Hir
rlo
jus}

]
H ¥bhd TS-13 Ti-MCM-4149 4+ &2 acetic acid®] Y F-qto] 21315 Q)
7] o
siteoll F2rE A k7] wiiol] Hk-gH Fo] Add Ao =R HATE Tt A]7h

the}

9

Lo

It} L o]+ acetic acid®] thHEEo] TS-13} Ti-MCM-41%49] titania

Md
o

(]
rlo

| ZASHA] &2 Ao E Hol gcetic acid7} A4 AoAM =

—
=
ol

SEo] A4
gl &(surface coverage)E A 37198l thE Alo]Eol A titania Al E

Al Hl= Roz AZET PCO Ho TiO.9F vlwste] TS-13 Ti-MCM-41

ke
(2

o
L

=

1

Aol FAdHE CO9 2 &4 Er} oA Tio #4to] TS-13 Ti-MCM-41

o] TiORTh w9 =7] & Ao=Z HAT},
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Fig. 11. Product formation rate During (a) PCO and (b) PCD of acetic acid on TiO .
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Fig. 12. Product formation rate During (a) PCO and (b) PCD of acetic acid on TS-1.
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Fig. 13. Product formation rate During (a) PCO and (b) PCD of acetic acid on

Ti-MCM-41.

_44_



Table 3. The amounts of product formed during 4000s of PCO and

subsequent TPO of acetic aicd on TiO2, TS-1 and Ti-MCM-41

Amounts of product

formed durins PCO Amount of COz formed Total acetic acid
Catalyst (umol/e—catalyst) during TPO adsorbed on catalyst
alys ( nmol/e—catalyst) ( nmol/e—catalyst)
G0z CHy HCHO
Ti0z 718 41 63 414
TS-1 176 34 1316 763
Ti—-HCH-41 311 40 1039 695
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TiOs, TS-1 283 Ti-MCM-41 Zu] Aof A
VZho] Zuje] FEuy A3 YHEO

| acetic acid®] F=v] 2tshe} &
A= Hlaskglty. TS-13%

0]
H acetic acide= PCO®S 2%2] 053810l A 7] A Ao

5. 248
3|Al 7+
Ti-MCM-41 ZFwll’dol] &2
COs, CHsE A3 wkd, P-25 TiOYdolA = CHytlAl HCHOZF 344 = et
A | acetic acid®] PCD &<t COs, CHyo} CoHe7} FRAAHEZMN TiO Ao A A
AEAAR TS-13 Ti-MCM-414014 C.He= AEH A &gttt
APE FAEELS PCD7F PCO% Hlaste] gttt TiOL¢+ ®lalste] TS-13%
Ti-MCM-413Z"v]= acetic acidl tst F&50o] wl$ Edvh webx TS-134
- ZYL zAsA 7] A= F3EA ststed dig §
Je= & T AUTh

Ti-MCM-41Zv)= W)
2o oJde 7HA

gl 3
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