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Development of metal oxides with lonic conductivity,
superconductivity, magnetoresistance or for the iron
corrosion inhibition
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Abstract

In this progress report, titles of 6
research papers were listed. They are (1)
Corrosion protection of steel by the
electropolymerization of PPDT and aniline
bilayer films, published in the Taiwan 2008
International Steel Technologies Symposium
Proceedings. (2) XANES spectroscopic
studies of the phase transition in Gd,Zr,07,
to be published in the J. Chin. Chem. Soc. (3)
Preparation and magnetic properties of
(Lal_XSr1+X)(Mn0.5C00.5)O4 to be pubhshed n
the J. Supercond. Novel Magnet. (4) Effect
of Li,O; addition on the preparation of
(Y2,Liy)T1207., submitted for reviewing. (5)
Preparation and fluorite-pyrochlore phase
transformation in Gd,Zr,0O;, submitted for
reviewing. (6) Structure, oxygen
stoichiometry and superconductivity of
(Bio.<Pby)(S12yRy)CuOs (R = La, Pr), a
Master thesis.

oxides, substitution, solid
electrolyte, crystal structure,
ionic conductivity, superconduc-
tivity, iron corrosion resistance.
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In our laboratory, oxide materials are
prepared. Their properties, including, ionic
conductivity, superconductivity and
corrosion resistance are studied. Energy
problems become more and more important
these days, we devote some of our research
efforts into the development of the solid
oxide fuel cell related materials. Two series
of ionic conducting materials were prepared
and studied, they are (Y,.xMx)Ti,07 (M = Li,
Na, Ca, Sr) and R,Zr,07 (R = rare earth and
Y). Two series of Bi;Sr,CuOg compounds
were prepared and a K,NiF, structure with
magnetic properties are studied. Due to the
new environmental protection regulations,
Cr® is prohibited; we prepared bilayer
polymer films to protect the Fe plate, which
has no Cr content. High temperature
superconductors have been studied since
1987. We still remain interesting in this
field.
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The authors, titles, and abstracts of the 3
published and to be published papers are
listed as follows.

1. Yi-Ming Huang, Cheng-Yuan Hsi,
Bo-Jyun Chen, Huey-Chuen 1. Kao,
Chi-Feng Wu, 2008 “Corrosion Protection
of Steel by the Electropolymerization of
PPDT and Aniline Bilayer Films,” Taiwan
2008 International Steel Technologies
Symposium, Nov. 2-5, Conference
Proceedings, D38, pp. 1-8.

Abstract Bilayer film prepared by
electropolymerization of 2-N-phenylamino-
4,6-dimercapto-S-triazine (PDT) on
structural quality hot rolled SAE1018 steel
surface first and then aniline on top at room
temperature were studied to understand the
anti-corrosion effect. The first layer, PPDT
was grown in 0.20 M NayCOs(q) and the
second layer, polyaniline (PANI) was grown
in 0.20 M H3POy(q) solution. Concentration
of the monomers and electrolytes and
electropolymerization times were varied to



find a better condition for making protecting
films. The bilayer film under the adhesion
tape test (ASTM D3359-02) is 4B (< 5%
area removed) and 1 kg pencil hardness test
(ASTM D3363-05) is 6—7. Fibrous polymer
and cracks are found in SEM image for
single layer PANI. On the other hand,
homogeneous evenly covered layer of PPDT
is observed under SEM on the cutting edge
of the bilayer film. AE.,; of the bilayer film
with respect to the bare substrate, (Ecorbilayer)
— Ecomr(re)), 18 70.283 V. Anti-corrosion effect
is greatly enhanced by adding a buffer layer
of PPDT between PANI and steel substrate.

2. M. Y. Lin, Y. F. Wang, D. C. Ling, H. S.
Sheu, H.-C. 1. Kao, “Preparation and
magnetic  properties  of  (La;xSri)-
(Mny5Co05)O4,” 1in press, Journal of
Superconductivity and Novel Magnetism

Abstract A series of single phase
(La;xSri+x)(Mng5C0p5)O0s4 (0 < X < 0.4)
materials with tetragonal K,;NiF, structure
were prepared by a solid state reaction
method. They were prepared at 1400 — 1450
°C. XRD and Rietveld refinement were
employed for the structural analysis. Both a
and c-axes decrease with increasing the
amount of Sr substitution. All of them show
ferromagnetic  property  below  room
temperature. For the sample with X = 0.10, it
has the largest remanence (Bgr) and
coercivity (Hc). Spin glass transition is
observed at temperature < 50 K, which is
field dependent, Ty, decreases with
increasing the amount of substitution and
applied magnetic field.

3. Yu-Hsuen Lee, Jin-Ming Chen, Jyh-Fu
Lee, Huey-Chuen 1. Kao, “XANES
spectroscopic studies of the phase transition
in Gd,Zr,07,” in press, J. Chin. Chem. Soc.

Abstract The structural phase transition
from the fluorite to pyrochlore and the
strength of the coordination bond of Zr—O in
GdyZr,0; were investigated by XANES
spectra of both O and Zr K-edge. Energy
difference of the O K-edge absorption

spectra at 532 and 536 eV was assigned to
the crystal field splitting energy of 4d orbital
(AE4q, tye and e,) of Zr ion. Besides, the
samples prepared at higher temperatures, the
536 eV peak moves slightly to higher energy,
whereas the absorption energy of 532 eV
peak does not shift. The correlation between
AE4q4and the strength of interaction between
Zr (4d) and O (2p) orbitals have been found.
Furthermore, two Zr K-edge absorptions at
18020 and 18030 eV of Gd,Zr,O; have been
observed, the splitting energy (AE), peak
intensity ratio (liso30/l18020), and FWHM of
the first derivative of the absorption curve
depend on the preparation temperatures. The
effect of crystal symmetry and Zr-O
bonding character on the XANES spectral
profile was discussed.
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for iron plate corrosion protection),” ¥
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2.H.-C. 1. Kao, Y. H. Lee, W. P. Su, H. S.
Sheu, J. F. Lee, 2007 “Crystal Strucure
and XAS of (M,«Lis)Ti,07 (M = Gd,
Y),” IoM East Asia - 6th Materials
Processing, Properties and Performance
(MP3) conference 13-16 September,
Beijing, China

3. C. H. Wu, Y. C. Chu, D. C. Ling, S. H.
Liu, W. F. Pong, H. S. Hseu, J. M. Chen,
J. F. Lee, and H.-C. 1. Kao* 2007,
“Superconductivity dependent on the
amount of Bi and Sr in the Bi,Sr,CuQOg
compounds,” Physica C, 460-462:
422-423. (September 1), (SCI).

4.J. W. Chen, H.-C. 1. Kao*, H. S. Sheu, Y.
P. Chiang and L. Horng, 2007, “Crystal
structure and magnetic properties of
(Ro.5A0.5)NiO3, where R = Gd, Yb and A
= Ce, Th perovskites,” Inter. J. Mod. Phys.
B, 21: 3443-3447 (July 30), (SCI).
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. Huey-Chuen I. Kao*, Yu-Fong Yang

Yu-Juan Chen, Chi-Fong Wu, Wen-Chang
Liaw and Hsin-Wu Tsai, 2007 “Protection
of Fe plate by organic—inorganic materials
via sol—gel process,” International
Community for Composites Engineering
(ICCE-16) Conference Proceedings.
15-20 July, Haikou, China.

W.P.Su, Y. H. Lee, H.-C. I. Kao*, H. S.
Sheu, Y. P. Chiang, 2006, “Ionic
Conductivity of (Gd,«Liz)Ti,07 Solid
Electrolytes,” 2006 International Fuel
Cell Symposium, Yuan Ze University,
Taiwan 237-241 (Aug. 31).

. Y. H. Lee, Y. J. Chen, J. J. Pan, D. C. Ling,

and H.-C. I. Kao, 2006 “Effect of Ca
substitution at the Tm site in the
TmBa,Cu30y superconductor,” AIP
Conference Proceedings 850, 485-486.
(September).

. C.Y. Lien, H.-C. I. Kao*, D. C. Lin, H. H.

Lu, J. M. Chen and J. M. Lee, 2005
“Structure and superconductivity of
Bi,(Sr2xMy)CuOg (M = La, Gd, Y)
compounds,” Chin. J. Phys. 43: 629—637
(June).

M. S. Wu, H.-C. I. Kao*, H. S. Sheu, Y.
P. Chiang, L. Horng, R. F. Hsueh, S. L.
Young, W. F. Pong and J. H. Huang,
2005 “Structure and properties of
(LayxStrx)MnO4 compounds,” Inter. J.
Mod. Phys. B 19: 541-548 (Jan. 30).

S. L. Young*, H. Z. Chen, Lance Horng,
Y. W. Ho and H.-C. 1. Kao, 2005
“Comparison of the magnetization
behaviors in perovskite compounds
Lag7xL.nsPbo3MnO; (Ln = Pr and Sm),”
Inter. J. Mod. Phys. B 19: 563—568 (Jan.
30).

. C. H. Chin, C. M. Wang and H.-C. L.
Kao*, 2005, “The effect of Ca doping on
the superconductivity of NdBa,CuzOy,
oxides,” Mater. Chem. Phys. 89:143-147
(January).

12. W. S. Hu, H-C. 1. Kao*, J. G. Lin, L. H.
Horng and S. L. Young, 2004 “Disorder
effects on (Ndos.x<Pro2Cay)BayCuzOy,”
Physica C 408—410: 37-39 (August).

13.F. C. Yu, C. H. Lin, C. M. Wang and
H.-C. 1. Kao*, 2003, “Kinetic study on
the reaction of YBa,Cu3O, powder with
water," Inter. J. Mod. Phys. B 17:
3629-3636 (No. 18/20, August).

C. H. Lin, C. M. Wang and H.-C. L

Kao*, 2003, “Kinetic and stability of

R(Ba 5Sro5)Cu3Oy (R = La, Nd, Sm, Eu,

Gd, Dy, Ho) superconductors in water,"

Mat. Chem. Phys. 82: 435-439

(November).

15. C. H. Chin and H.-C. I. Kao*, 2003,
“Effect of substitution in the
(Gdl_xCax)Ba2Cu30y and
Gd(Bay«Ax)Cu3Oy (A = Ca, Sr)
superconducting compounds,” Physica C
388-389: 381-382 (May).

. C. H. Lin and H.-C. 1. Kao*, 2003,
“Effect of Pr and Ca substitution on the
(Laj-x-uPr«Cay)(Ba; 5810 5)CuzOy
superconductors,” J. Low Temp. Phys.
131(3/4): 719-723 (May).

17. C. H. Hsieh, C. N. Chang*, S. B. Lee,
H.-C. I. Kao and C. H. Chin, 2003,
“Evidence of the effect of the apical
oxygen on the superconductivity of
(Y1xCay)Ba,Cu30y, an O-1s X-ray
absorption spectroscopy study,” Physica
C 384: 314-320 (February).

18. C. H. Hsieh, C. N. Chang*, S. B. Lee,
H.-C. I. Kao and C. H. Chin, 2003,
“Effect of Ca*"and La’" in
Y xCaBas.<LasCus30y study —an X-ray
absorption spectroscopy,” Chin. J. Phys.
41: 59-69.
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