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Phenolic compounds are well-known organic pollutants that frequently found in the wastewater stream due to the
discharge of the industrial wastes from many kinds of the manufacturing processes. Since phenolic compounds are highly toxic
for human health as well as the aquatic life, it is necessary to remove phenolic compounds from the wastewater stream as much
as possible. Catalytic liquid-phase oxidation has been proposed as a suitable method due to its simplicity, environmentally
friendly, and sustainability. For this method, Pt/CeO,-ZrO, catalyst has been reported to remove 92% of phenol, in which,
Ce0,-Zr0, with its oxygen release and storage abilities owing to the reversible reduction and oxidation of Ce*/Ce*" ions was
confirmed to supply the oxygen species toward the Pt activator to oxidize the phenol. However, it still required high temperature
of 160°C and high pressure (20 atm) of pure oxygen. From the practical application standpoint, the phenolic compounds
decomposition under moderate condition; i.e., temperatures below 100°C and under the atmospheric air pressure is required.

In Chapter 1, for the effective phenolic decomposition under moderate condition, mesoporous silica SBA-16, Santa
Barbara Amorphous No. 16, having large surface area was used as a catalyst support to increase the number of active sites. In
addition, Ce0,-Zr0,-Sn0O, was selected as a promoter of a Pt catalyst, because the redox of Sn**?* has been reported to
enhance the oxygen release and storage abilities of the CeO,-ZrO, based solid. Therefore, Pt/Ce0,-Zr0,-SnO,/SBA-16 was
prepared, and the catalytic activities were investigated for phenol and p-cresol decomposition which are the common pollutants
among the phenolic compounds. As a result, the 7wt% Pt/ 16wt% Ceg ggZrg.17Sng.150,/SBA-16 catalyst realized a 91% removal
of phenol after the reaction for 6 h at 80°C under the atmospheric air pressure, which is quite moderate condition compared to
the previously reported Pt/CeO,-ZrO, catalyst. For the p-cresol oxidation, the same catalyst could realize a complete removal
after the reaction for 4 h at 80°C under the atmospheric air pressure, while the previously reported Ag/Al,05-ZrO, catalyst
required more severe reaction condition (160°C, 1.5 MPa).

In Chapter 2, for further improvement of the catalytic activity, the study was focused on the acidity of the support,
because it has been reported that the higher acidity of the material increased the dispersion of supported materials, expecting
the enhancement of the oxygen release and storage abilities of the promoter by prohibiting the aggregation. Here, ZrO, was
loaded on SBA-16 to increase the acidity of support, and the activities of Pt/CeO,-Zr0,-Sn0,/ZrO,/SBA-16 catalysts were
investigated for phenol decomposition. Among the prepared catalysts, the highest catalytic activity was obtained for the 7wt%
Pt/ 16wt% Ceg ggZro.17SN0.150,/ 24wt% ZrO,/SBA-16 catalyst, and as a result, the complete removal of phenol was successfully
realized after the reaction for 8 h at 80°C.

Since the detail relationship between the acidity of ZrO, and the catalytic activity still remains unclear in Chapter 2, in
Chapter 3, size-controlled ZrO, nanoparticles with various particle sizes were used as the catalyst supports because the acidity
is considered to be affected by the particle surface, that is, the size of ZrO,. Here, to demonstrate the ZrO, particle size effect
strictly, SBA-16 was excluded. In addition, to maintain the particle size of the ZrO, nanoparticle during the catalyst preparation
processes, CeO,-Zr0,-Bi,05 (600°C) having high oxygen release and storage abilities similar to CeOQ,-Zr0O,-Sn0, (900°C) was
selected for the low temperature synthesis of catalyst. As a result, the acidity of crystalline ZrO, was confirmed to be increased
with decreasing the ZrO, particle size, and the catalyst with smaller ZrO, was found to show the higher catalytic activity for
phenol removal. Among the catalysts tested in this thesis, the highest activity was obtained for 7wt% Pt/ 16wt%
Ceo.68Zr0.17Bio.150,-5/Zr0O, using the ZrO, support with the smallest particle size of 9 nm.
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HEEE L, KT OEEEEWE THD 7 =/ —VEILEWE ., WZegtt REBIMT, 100°CLLT) 2B W\ T
(bR ¢ X 2 miE A 2 AT 5 7o M ORTERESR 2/ NICHTIER L, OISt S~ 28 (ki
HLHARE) 2 H T 58V T7-Ua=T (CeO,Zr0,) RMEHIEE L. A Z Bt & U CHW R 2 A5 L
722 A, KRG F80CIZBWCTIFMT D7 = ) — LB L Up-7 LY =V EESHRTHILT S Z LISk LT 5,

I CTHIEERIL, MOBBITEMEESE A RIS LT Y T A-Da=g A- A XEAREY (Ce0,-2r0,-Sn0,)
EBRIRL, ChEBIGEEZ AT APt & HIC, HEREREEARDO XA Y R —F 22U SBA-16 (Santa Barbara
Amorphous No. 16) 243 ##aEF L 72 Pt/Ce0,-Zr0,-SnO,/SBA-16fl i 2 Al HL U 72 5 5. KA BE# T 80°C Tl i &
BHZ LI, RO T =2 ) =L EURRETEDLZEZHLNILTWND, £/, p-Z LY =IO TH, K
il A RGP T80 CTARFHIBIS SEDH Z LIC RV | BRICMRETE LI LEZRB LTV, {EREBEESNTND
fhix, BWESIR (7 =/ —/b : JiEEHERE T, 205/E, 160°C, 3M[ TR2%ERZ:, p-7 LY — b @ #ilg#E i T, 155
JE, 160°C, 6FF[H CoeazbrE) #MEE LTV D I LoD, AEEARD CIRAZREET (KKK T, 80°C) 2B\ T
HLEWEEEZA LTS Z ERNbh 5,

IBlT, oS EEE N LS00, A O SICE B L. SBA-16ICZIO& HEF 5 Z LIC XV EEA A1
N & W72 ZrO,/SBA-16 % fil A & L THW =5 HR, Pt/Ce0,-Zr0,-Sn0,/ZrO,/SBA-16fRIEEAY . 7 = / — /b % KB ik
T80°C, 8ffH D4 TL00%kRE, HILEERETEDLZLEZHOLMNTLTND,

FIPEEEIL, HEx RIRDZr0, & A & L 72Pt/Ce0,-Zr0,-Bi,04/Zr0, % V>, IR DB SN Z 5 %
DB ERHANRTZE A ZIO,ORIZREOBNC LV RS OBEBZHEIN L., Z OFRMERE OBV Ce0,-Zr0,-Bi, 03723 E 4y
BMEIRRE & 70 B 2 & CTEARATEA A EA M B L. TORE., mOABTEENE SN S Z E EBMICL TV,

PLEDEHIC, B Tixt ) 7-Una=T RN B DRI FEICE B L, MBI 21TH 2 Ltk
V. RRBHATB0°C L W ) fish TIRFRFRFIZIBNT, RO 7 = ) — LB L Up-7 LY — LV EFERIIRET L Z
IR LTWS, MEROMBNEESREEZLEL LTWAZ 2B EZS L, BRAKET T2/ —LBLUp-2
LY — L SERRRE VI RE R ARSI X KBGO FED—D L LT, EEMITERTh EExbND, &
BT, AWV TH BN UTe, AR OmE A & | Bl o> e 38 frfe it Fr I 46 & OVARBETE PR & oD BIER IR,
LD E B LB ORI L R D EERMA TH D, Lo TRBUIH LR E LTHESH 2 L0 L RO D,




