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Morphology Control of Cerium Oxide Nanocrystal and It Effect to Ethanol

Reforming Reaction

Student: WeiYing Shiao Advisor: Dr.Chishen Lee

Institute of Applied Chemistry

National Chiao Tung University

Abstract

In this study , two methods, including (1) coprecipritation and (2)
hydrothermal processes, were carried out to generate CeO2 nanocrystals
with various shapes. On the'basis‘of. on the SEM study, the first method
only produced polycrystalline: CeO2 whereas the second method can
generate rod and cube shape of CeO2. According to the TEM images , we
found that the predominantly exposed-planes are {001} in cerium oxide
nanocubes . The predominantly exposed planes are {001} and {110} in
cerium oxide nanorods .

The catalytic activity for the conversion of ethanol to hydrogen have
been carried out using the 5% wt Rh/CeO2 as the catalysts with
as-synthesized CeO2 rods and cubes. The results from H2 selectivity, the
effect of C/O ratio and stability test indicate that the cerium oxide which
exposed planes under controlled more active than catalyst with irregular
shape of CeO2 particles . Under the same condition , hydrogen selectivity
of the cerium oxide nanorod catalyst is 10% higher than that of the catalyst
prepared by impregnation method whose hydrogen selectivity is about

116% . However , the H2 selectivity for catalyst with rod and cube CeO2



gradually decrease after 24 hours, indicating the {100} and {110} surface

are not stable at high temperature .
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¥R %2
31l RHRES
431-1 PHE S
Wy E5 B EL A5t SR R
1 #'f& % 4F Cerium ammonium nitrate (NHy),Ce(NOs3)s  99.5% Alfa Aesar
2 RpR4F Cerium nitrate(III) Ce(NO;3); - 6H,O  99.5% Alfa Aesar
3 ¥ ph4r Cerium oxalate(IIl)  Cex(C204)3 - XH,O 99.9% Alfa Aesar
4 3 i-4F Cerium oxide(IV) CeO; 99.5% Alfa Aesar
5 & iv4F Cerium chloride(III) CeCls 99.5% Alfa Aesar
6 &3 i*4  Sodium hydroxide NaOH 99% J.T.Baker
7 Rpask Rhodium nitrate(IL)" + Rh(NO3); - 2H20 99.9% Alfa Aesar
8 % i“4  Rhodium chloride(IIT) RhCl; 99.9% Alfa Aesar
9 zit4 Lithium chloride(T) LiCl 99% Alfa Aesar
10 & i“4 Sodium chloride NaCl 99% Alfa Aesar
11 % it 4= Potassium chloride KCl 99% Alfa Aesar
12 % iv4% Magnesium chloride MgCl, 99% Alfa Aesar
13 &% Y 4% Calcium chloride CaCl, 93% Alfa Aesar
14 % i“4L Strontium chloride SrCl, 95% Alfa Aesar
15 % -4 Barium chloride BaCl, 99.95% Alfa Aesar
16 s fig Ethanol C,Hs;OH 99.9% J.T.Baker
17 = % i 42 Platium chloride (IV) PtCly 99.9% Alfa Aesar
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32 REH &

l.# % ¥88+ % : Bruker AXS D8 Advance (Leipzig Germany)
2.% 45 38 T F B4t - Hitachi S-4700 (Tokyo Japan)

L%+ B At Philips TECNAI 20

Sok#GEE 3R fFEA

6.5 ¥/ £ 3+ : Alicat Scientific: MC-500SCCM-D » MC-5SLPM-D >
MC-10SLPM-D

7.% 40 & +7 & : Thermo Trace GC 2000

8.5 ## & : Thermo Trace DSQ Mass Spectrometer

9.;1 &3¢ {1t : Core Parmer 60061

10.# 7 &8 &3 : YSC.Thermometer, YS-1300K

11.5x 4 & 3+ : Suntex Micprocessor PH Meter SP2200

12.42 3 & B2/ Misonix Ultrasonic Cell disruptor XL.2000

13.32< #% : Hettich Zentrifugen EBA20
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(L) ARF BAA(R- T2 AL RSIZ)

S 5L F &R F R R (°C) %

1 FeAgInSe3 800 AglInSe,,FeSe Fe;Ses
2 FeAgInSe3.5 800 AglInSe;,FeSe;,FesSe,
3 FeAgInSe4 800 AglnsSeg, AgInSe, FesSeg
4 CoAglnSe3 800 AglnSe;,Co

5 CoAglnSe3.5 800 AglInSe, CoSe;

6 CoAgInSe4 800 AglnSe;,In;Ses

7 ZnAglInSe3 800 AglInSe,,ZnInSe,,Se
8 ZnAgInSe4 800 AglnsSes,AgInSe,,ZnSe
9 ZnAgIn5Se9 800 AglnsSeg,ZnSe

10 RuAgInSe3 800 AglnsSes,RuSe;

11 RuAgInSe3.5 800 AglnsSes,RuSe;

12 MoAgInSe4 600 AglInSe;,MoSe;

13 MoAgInSe5 600 AglInSe;,MoSe,

14 MoAgInSe6 600 AglInSe;,MoSe;

15 WAgInSe4 600 AglnSe;,WSe;

16 WAgInSe5 600 AglnSe;,WSe;

17 WAgInSe6 600 AglnSe,,WSe»

18 TaAgInSe3.5 600 AglnSe;,TaSe,

19 TaAgInSe4 600 AglnSe,,TaSe,
20 TaAgInSe4.5 600 AglnSe,, TaSe, TaSes
21 SrAg2In2Se4 670 AglInSe,,In,Se; SrSe
22 SrAg2In10Sel6 670 AglnsSes,InSe
23 SrAg2In2Se5 670 AglInSe,,SrSe, AglnsSes
24 SrAg2In10Sel? 670 AglnsSeg SrSe
25 SrAgIn3Se6 670 SrSe, AgInSe,
26 SrAgIn7Sel2 670 AglInSe; sise
27 SrAuln2Se4 670 In,Ses,SrSe,Au
28 SrAuln4Se7 670 In,Se;,SrSe, Au
29 SrAu2In2Se4 670 In,Ses;,SrSe,Au

30 SrGe2In8Se9 800 InSe,SrIn,Se4,GeSe
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5L F B F R R (°C) 2%
31 MgAuln4Se7 800 MgSe,In,Ses
32 Er4In5Sel3 800 ErSe,,Er,Se;,In,Se;
33 Er3InSe6 800 ErSe,,Er,Se;,In,Se;
34 Ce4In5S13 800 CeS, InsSs
35 Ce3InS6 800 CeS,,InS
36 Celn3S6 800 CeS,,InsS3
37 Bi3AgIn8Sel7 600 AgInSe,,In,Ses BirSes
38 Bi2Ag4In8Sel7 600 AglnSe,,In,Se; BixSes
39 Bi2Ag2In6Sel3 600 AgInSe,,In,;Ses BiSes
40 Sb3AgIn8Sel7 600 AglInSe,,In,Se;
41 Sb2Ag4In8Sel7 600 AglnSe;,In,Ses
42 Sb2Ag2In6Sel3 600 AglInSe,,In;Se;, AglnsSeg
43 Er4In5S13 600 ErS,,Er,S3,In,S;
44 Er3InS6 600 ErS,,Er;Ss3,In,Ss
45 ErIn3S6 600 ErS,,In,Ss3
46 SbInSe3 600 In,Ses,Sb,Ses
47 Sb3In5Sel2 600 In,Se;,Sb,Ses,InSb
48 Sb21n4Se9 600 In,;Ses,Sb,Ses,InSe
49 AgSnInSe4 600 In,Ses,SnSe,AgInSe,
50 AgSn2In4Se8 600 In,Se;,SnSe,AglnSe,
51 AgSn2In2Se4 600 InSe,SnSe
52 ErPbln2Se5.5 600 PbSe,In,Se;,ErSe,
53 ErPb2In4Se9.5 600 PbSe,In,Se;,ErSe,
54 Er2PbIn2Se7 600 PbSe,In,Se;,ErSe,
55 Tb4In5Sel3 1050 Tb,Se;,InSe
56 Tb3InSe6 1050 Tb,Ses,InSe
57 Tb5In3Sel2 1050 Tb,Se;,InSe
58 MnPb4Ga8Sel7 850 PbGa,Se4,PbSe,MnGa,Se,
59 Mn2Pb3Ga&Sel7 &850 PbGa,Ses PbSe,MnGa,Ses
60 Mn3Pb2Ga8Sel7 850 PbGa,SesPbSe,MnGa,Sey
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61 Mn4Pb1Ga8Sel7 850 GaSe,PbGa,SesPbSe,MnGa,Sey
62 Mnl1Pb1Gal0Sel7 &850 GaSe,PbGa,Se,PbSe,MnGa,Sey
63 Mn5Pb1Ga8Sel7 850 GaSe,PbGa,Se,PbSe,MnGa,Sey
64 AgPb4Ga8Sel7 850 PbGa,Se4,Gs,Se;,PbSe
65 Ag2Pb3Gal0Sel7 850 PbGa,Se4,Gs,Se;,PbSe
66 Ag3Pb2Ga8Sel7 850 PbGa,Se4,Gs,Ses, PbSe
67 AglPb4Ga8Sel7 850 PbGa,Ses,Gs,Ses,PbSe,AgGaSe,
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