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Abstract of Thesis

Glycerol is a by-product of biodiesel production, and recent increase in the demand for biodiesel has caused the
oversupply of glycerol. The selective catalytic oxidation of glycerol has received attention because of its ability to
transform glycerol into value-added compounds, such as glyceraldehyde (GLA), glyceric acid (GA), and
hydroxypyruvic acid (HA). These compounds are important intermediates in medical and organic chemistry
fields.

In this doctoral thesis, in order to convert glycerol to value-added compounds of GLA, GA, and HA under
moderate condition (around room temperature in an atmospheric open-air system), novel catalysts based on

Ce02-ZrO2 were developed.

In Chapter 1, Pt/CeO2-ZrOs-Fe203/SBA-16 (Santa Barbara Amorphous No. 16) catalysts were synthesized to
produce GLA from glycerol effectively at around room temperature in an open air system. The introduction of
Fe203 into the CeO2-ZrOz lattice improved the oxygen release and storage abilities, which facilitated the oxidation
of glycerol even under the moderate condition. Among the prepared catalysts, the
Twt%Pt/16wt%Ceo.64Zr0.16Fe0.2002-4SBA-16 catalyst exhibited the highest GLA yield of 22.1% (glycerol
conversion: 70.3%, GLA selectivity: 31.4%) after the reaction for 4 h under the considerably moderate condition of

30°C in an open air atmosphere.

In Chapter 2, for the effective production of GA from glycerol, the loading amount of CeO2-ZrO2-Fe203 was
increased in the Pt/CeOz2-ZrO2-Fe203/SBA-16 system. The increase of the CeOz2-ZrO2-Fe203 loading amount led to
the increase of oxygen release and storage abilities. The high amount of CeO2-ZrO2-Fe20s3 also caused the particle
growth, which contributed to the lowering of the number of acidic sites on the CeO2-ZrOz-Fe203 surface in the
range over 16wt%. Due to the high oxygen release and storage abilities and the low acidity, the highest activity
was obtained for 7Twt%Pt/40wt%Ceo.64Zro.16Fe0.2002-8§SBA-16, which exhibited the high GA yield (68.2%) and
selectivity (68.8%) with glycerol conversion (99.2%) even under moderate conditions after 10 h of reaction in an

open-air system at 30°C.

In Chapter 3, in order to produce intermediate of HA from glycerol, novel catalysts of
Pt/CeOz2-Zr02-Bi203-PbO/SBA-16 were synthesized. Owing to the synergistic redox reaction between Pb2+4* and
Ce3*4* CeO2-ZrO2-Bi203-PbO showed high oxygen release and storage abilities, which facilitated glycerol
oxidation. Furthermore, the secondary OH group in glycerol was predominantly oxidized, likely due to the
geometric effects of glycerol, Pt, and Bi3* or Pb2*4*, Moreover, further oxidation of HA was suppressed by
employing moderate reaction conditions. Among the prepared catalysts,
Twt%Pt/16wt%Ceo.60Zr0.15Bi0.20Pb0.0502-4/SBA-16 exhibited the highest HA yield of 24.6%, where the glycerol
conversion and the HA selectivity were 93.9% and 26.2%, respectively, after 6 h of reaction at 30°C in atmospheric

air.
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HIFEE 1L, EMRREIE 2o CWD 7Y | Y & RS (KRBT (FE). 30°C) (2T, miHififEik
E (7 EATATE R, Z7UkY UV, BEXOE Ra$xv eV E V) ~E AT 2 @R 2 FEH L T
Do I 2 CHFEEIL, AR OBIFEER 2 TN L, ol a~EE T 2 8 (BRI ) 2 /32
ME B L CRWAZ EREELEEZ . U v A-UL o= AEATRLY (Ce02Zr0y) (2. i Z L Lo < .
MO CeMR0 Zrt L D RAMIER D Fe23 A L Z[EE S5 Z &I L0 BB IE i R % ) | S8 72 Ce02-ZrO2-Fe203
EAEBL, TNEBLEEZAET D Pt L EBIC, BEBRBBEADO A VR—7 22U 57 SBA-16 (Santa Barbara
Amorphous No. 16) (253 BREE L 72 Twi%PY16wt%CeO2-ZrOx-FesOs/SBA-16 filfl & AR U7 fE R, KEBMT (#/E) .,
30°CTAREMZ V) U ERISSEDHZEICXY, ZURATATE FEIER21% (7 ¥ Uik 70.3%) T
BoNDZEEHLNTLTVND,

& BT, TWt%Pt/16Wt%Ce0,-ZrOz-Feo0s/SBA-16 D Ce02-ZrOx-Fe 03 fHFFER N S W7= & = A BeBTA I E D
BNz, RIRRRACHE S BRROWAIC LD . 7 U VEREZNENICAERTEDL Z L Z L T\ D, Ce02-Zr0z-
Fex03 HHEFRA 40Wt% D & Z R AR D7) v U VEBINEZ R L, KKBHKT (FIE) ., 30°CT 10 MM 27 V&Y v &K
SHEBHZLITED, 682% (7' U Hx{bER 99.2%) HNEHNTND,

T, B XU ELEVEEEROICERSE ST, CeH 2 L VI THY . o7 VY v EDFL—
FARIZEY 2 ftd OH FEZFTRMICEHEILTE S BB LU PR A EE ST/ E 2 A, Twi%Pt/16Wt%CeOs-ZrO:-
Bi203-PhO/SBA-16 78 KABAAL T (RE), 30°CT 6 RIS SEDH Z LIC kD e FeF v BB I 246% (71
TV UM 93.9%) BEHLNDL T EEHLNIIL TN D,
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