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ABSTRACT

This research was aimed to study ionic conductivity of gadolinia (Gd,O,) and samaria
(Sm,0,) doped ceria and also effects of sintering aids (Fe,O,) addition. The experiments were
divided into 3 parts. Firstly, ceria was doped with gadolinium in the ratio of 10, 15, and 20
mol%Gd (Code: 10GDC, 15GDC, and 20GDC respectively) in a vibrational mill, and uniaxially
pressed at 100 MPa using a hydraulic pressing machine. The green samples were calcined at
1100-1300°C and then sintered at 1400, 1500, and 1600°C for 1-5 h. Phase development was
studied by X-ray diffraction (XRD). All samples showed a complete solid solution of cubic
fluorite structure after calcinations at 1300°C for 1 h. In the sintered samples, when gadolinia
content was increased, average grain size increased, but relative density decreased slightly. For
this reason, ionic conductivity, flexural strength and hardness values of GDC samples also
decreased. The 10GDC sample sintered at 1500°C for 5 h exhibited maximum total ionic
conductivity (3.9x10° (Q.m) ' at 600°C), while 10GDC sample sintered at 1600 °C for 3 h showed
the highest flexural strength (177.25 MPa) and indentation hardness values (9.32 GPa).

The second part was to study to effects of samaria doping to 10GDC. Samaria in the
ratio of 2.5, 5, and 7.5 mol%Sm,0, were doped to 10GDC ceramic (Code: 2.5SGDC, 5SGDC,

and 7.5SGDC respectively) using the same preparation method to GDC. All samples were also



found to have a cubic fluorite structure of ceria. With increasing Samaria content, both relative
density and average grain size decreased. At 350°C, 2.5SGDC sample showed total ionic
conductivity responses to those of SSGDC, 7.5SGDC, and 10GDC samples.

The final part was aimed to study the effects of ferric oxide addition on the
densification behavior and ionic conductivity of 2.5SGDC samples. Fe,O, in the ratio of 0.1, 0.25,
0.5, and 1wt% were added into the 2.5SGDC samples (0.1F-2.5SGDC, 0.25F-2.5SGDC,
0.5F-2.5SGDC, and 1F-2.5SGDC respectively) and sintered at 1300°C-1400°C for 1 and 3 h.
All samples showed a cubic fluorite structure of ceria at 1300°C. With increasing Fe,O, content,
both relative density and average grain size increased. The 1F-SGDC sample sintered at 1400°C
for 3 h showed the highest relative density of 99.09%, while the 2.5SGDC sample which was
prepared under the same condition was only 83.01%. Increasing of Fe,O, content was also found

to improve the grain interior and grain boundary conductivity of 2.5SGDC samples.

Keyword: Ceria / Samaria / Gadolinia / Ferric oxide / Electrolyte / Sintering
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Type Electrolyte = Charge Operating Catalyst Cell Fuel
carrier temperature components compatibility

PEMFC Polymer H 80°C Platinum Carbon based  H,, methanol
membrane

PAFC  Liquid H 200°C Platinum Carbon based H,
H,PO,

AFC Liquid KOH OH  60-220°C Platinum Carbon based H,

MCFC  Molten CO32- 650°C Nickel Stainless H,, CH,
carbonate based

SOFC  Ceramic o 600-1000°C  Perovskites Ceramic H,, CH,, CO

(Ceramic)  based
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1500/3 6.64+0.02 96.83+0.27 6.91+0.05 96.53+0.49 7.14+0.03 95.55+0.42
1500/5 6.75+0.04 98.34+0.47 7.02+0.03 98.10+0.39 7.33+0.03 97.96+0.37
1600/1 6.75+0.04 98.34+0.53 7.04+0.03 98.27+0.35 7.34+0.05 98.11+0.51
1600/3 6.79+0.05 98.94+0.49 7.06+0.03 98.51+0.33 7.36=0.03 98.50+0.41
1600/5 6.80+0.03 98.99+0.38 7.08+0.05 98.85+0.57 7.37+0.03 98.56+0.37
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Name and formula

Reference code: 00-034-0394
Mineral name: Cerianite-(Ce), syn
Common name: ceria

PDF index name: Cerium Oxide
Empirical formula: CeOy

Chemical formula: CeOy

Crystallographic parameters

Crystal system: Cubic
Space group: Fm-3m
Space group number: 225
Stick Pattern

Intensity [%6]
160 Ref. Pattern: ceria, 00-034-0394
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Name and formula

Reference code: 03-065-3181
ICSD name: Gadolinium Oxide
Empirical formula: GdyO3

Chemical formula: Gdy03

Crystallographic parameters

Crystal system: Cubic
Space group: Ia-3
Space group number: 206
Stick Pattern

Imensir{/‘égi]_

Ref. Pattarn: Gadolinium Oxide, 03-085-3181
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Name and formula
Reference code:

PDF index name:

00-043-

1029

Samarium Oxide

Empirical formula: 038my
Chemical formula: Smy03
Crystallographic parameters
Crystal system: Cubic
Space group: Ia-3
Space group number: 206
Stick Pattern
Intensity %]

i Ref. Pattern{ Samarium Osde, 00-D43-1023
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Name and formula

Reference code: 01-087-1164
Mineral name: Hematite
ICSD name: Iron Oxide
Empirical formula: Fey03
Chemical formula: FeyO3

Crystallographic parameters

Crystal system: Rhombohedral
Space group: R-3c

Space group number: 167

Stick Pattern

Intens rr,; g;‘)].

Ref. Pattern: Hematite, 01-087-1164
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