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Generation of metal-supported ZnO-based particles and evaluation
of photocatalytic properties for organic dye treatment (4 &%+ % 8
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BEFOPAKLEGE T, ARIGERWEDR RIS NT, KGR HERH D, L
oo T, ARBFFETIE. AHEYLE D4R D 72 O (B R (ZnO) YAt 12 & 2 B L AL ER DA
FxEAT>T2. LL, ZnO @ K 5 70t bk S v B EFLe OOV EFEAIZ LV
RSN RIR SN D Z & &, ERABROEINAR#ETH L Z LN HFIANGIRESND &
WO REND D, ZDO LI I REEAMFET DO, BTV 7 OEEZT D Au 7213 Ag
L7 OFE & | BiMEZFFD Fes04 & OB ELEIT o T2,

% 2-3 BCIL, EEEEZEE ) f# (ultrasonic spray pyrolysis; USP)/E% VT Ag/ZnO &
AWZnO it %R LTz, BRI D XRD R T, ZnO OfffE—7 & Ag XX Au O
fa B — 7 MRS N7, TEM & EDX Hif§) BRI 2RI L T D F—27 ARy b
Ag FT2IT AuT 2RI FICREMTH & 2R L=, £/, v—4 I B (Rhodamine B; RhB)
EEWERMOET NVME L L THWE O MEROFRERNG, AR LT AwWZnO &
Ag/ZnO K DHFE7R ZnO Kt K 0 b @ WIS A2 FFO 2 L Ao T, KRS, JREHA
e U CRYERTESN 2.5 mass% & ¥ b4 0.1 mass%-CAHERER 0.2 mass% % W TAERKR L7=
AWZnO KN Ag/ZnO K7 1%, HEE7e ZnO bi 1 & TR ER N TN 4 5. 8
fGmnoTz, 572 AWZnO & Ag/ZnO Ki D7zl AL Sefiit s LTHW ST
% TIO RL 1T D P25 LV @V fRIEMEZ R TR b & o572, 100 mL ® RhB KK %
filf > T O Fl R BN E 2T L7725 R, K% 2mg 205 10mg FTHINT 52 LTk
O ARETEME TR LTI L7223, K0 @WIRIIE CIEBRSL o 7210 Bide o 7=, BTJib
EICEERRINREPR I L > THELS =D s B2 6D, £72, Ak Sk 713,
W RFEBRAZ\CE IR X DA AEECTH 0 . MBSO BB EN T & bEls S
niz,

H 4TI, K2 X BEICEIT 572012, 30BN Fe;04 ki1 & ZnO ki DE AL
TR ITz, BN IR E SR & LR DIRATRIR D USP IEIC K o Ty v IV AT v 7 T4
B U721 Clid, BMAERP TH D ZnO & FesOs DFEE B — 7 138 ST, ZnFe,0, O Y
— 7 ODHBE S NI, I, FLIETAER LTz Fes04 %2 7 = ViR AWV CRIEWE LTz



%, USPIEIZ LV AERR L7z ZnO R E AL L723A . ZnO & FesOs O B — 7 LR
IZ K DIk BEORENBIE STz, Lr L, HELII TV RV ZnO Kt &K1 DOREE
HBIEE ST, BRI, MRS & RiRSk 2 ikt & U CIiiE TR L 72 FesOy RI 112, iR
FEn & ASERER OIR ATRIE 2 FI W C B X W AL L=k 7 Cld. BHIAERM CTd 5 ZnO.,
Ag. FesO4 Ok B — 7 BEIZE STz, NAfRERTIL, FEE/ZR ZnO OUINEI
%728, ZnO/Fe;0s A KL 1 D I6 o iR M ITMiFE 72 ZnO Bi - L 0 Ehro7-, Ll
ZnO/Fe;0yAg EERIT1E, FesO4 NE ENTWNDITHL b BT, fiFR ZnO KL D b
BT ORI 2 S U e, ARFSE TlE, FHEBEROBEKIC X 2 /0 BRI L TS,
Al U T S R DG BTG Y O Wb AT REME DS HERE S A7z,

B 5 B TIX, AL OMIE 1T o7,

ABSTRACT

With existing wastewater treatment methods, there is a problem that organic pollutants are not
decomposed and become secondary pollution. Therefore, in this study, a photocatalytic oxidation
treatment was conducted for the decomposition of organic dyes. However, photocatalysts such as
ZnO have the disadvantages that their catalytic activity is limited by the rapid recombination of
excited electron-hole pairs and that their reuse is limited due to the difficulty of recovery after use.
Therefore, Au and Ag, which act as electron sinks, were supported on the ZnO particles, and the
composite was performed with Fe;O4 having magnetic properties.

In Chapters 2-3, Ag/ZnO and Au/ZnO particles were generated using the ultrasonic spray
pyrolysis (USP) method. In the XRD results, a ZnO crystal peak and an Ag or Au crystal peak were
observed. From the TEM and EDX images, it was confirmed that the dark spots dispersed
throughout the particles correspond to Ag or Au nanoparticles. In addition, as a result of photolysis
experiments using Rhodamine B (Rhodamine B; RhB) as a model material for organic pollutants,
the synthesized Au/ZnO and Ag/ZnO particles showed higher photolysis activity than pure ZnO
particles generated by the USP method. In particular, the Au/ZnO and Ag/ZnO particles generated by
adding 0.1mass% of HAuCls or 0.2mass% of AgNO; to the 2.5mass% of Zn(NOs), aqueous solution
showed reaction rate constants about 4 and 8 times higher than that of the pure ZnO particles,
respectively. Among Au/ZnO and Ag/ZnO particles, some particles exhibited higher
photodegradation activity than P25, which is a TiO; particle widely used as a photocatalyst. As a
result of evaluating the optimal amount of particles added using 100 mL of RhB aqueous solution,
the catalytic activity increased from 2 mg to 10 mg in proportion to the addition of particles, but

there was no obvious improvement in catalytic activity with more additions. It was also observed



that the generated particles can be recovered by gravitational precipitation after the
photodecomposition experiment, and the deterioration of photocatalytic activity is slow.

In Chapter 4, a composite of ferromagnetic Fe3O4 particles and ZnO particles was attempted to
recover particles more easily. First, in the particles generated from a mixed solution of zinc nitrate
and iron chloride in a single step by the USP method, the crystal peaks of the target products ZnO
and Fe3O4 were not observed, but only the peak of ZnFe,O4 was observed. Next, when ZnO particles
produced by the USP method were combined with Fe3O4 produced by the coprecipitation method
using citric acid as a surface modifier, the crystal peaks of ZnO and Fe3;O4 and the promotion of
sedimentation separation by magnetic force were observed. However, uncomposted ZnO particles
and agglomeration of particles were also observed. Finally, Fe3O4 particles produced by
coprecipitation using iron chloride and iron sulfate as raw materials were compounded by
coprecipitation using a mixture of zinc nitrate and silver nitrate, and crystal peaks of ZnO, Ag, Fe30O4
were observed. In the photolysis experiment, the photodecomposition properties of the ZnO/Fe3;04
composite particles were worse than those of pure ZnO particles because the amount of ZnO added
was substantially reduced. However, the ZnO/Fe304/Ag composite particles exhibited better
photodegradation properties than the pure ZnO particles, even though they contained Fe3Oj.

In Chapter 5, the conclusion of this study was scrutinized.
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AWFIETIL, AHEYLE D 53 fif O 7 O I LR §7 (ZnO) G At I 1T K 2 W fb L3 o AfF
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Ag/ZnO & Au/ZnOFL ¥ 13 48 & I " 25 B\ 47 f% (ultrasonic spray pyrolysis; USP)k %
FAWTAERL 7, ERRF+DOXRDOHTIZ LD ZnODFE R E— 27 L AgE 72 IZAUD
fhidm e — 7 BNl sz, TEMEEDXEZ D DR FREICoBM L TNWD X —7
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HWnswEs & o MEEITF L THMLZN, XV EWIRINE CTIEEESL - 7=
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