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WrFEE H Studies on architecturing microstructure of carbon through addition of carbon nano-materials in the precursors and
investigation of mechanical and electrical properties of the developed carbon products
TF7ei 8] From 2003/05/1 to 2004/03/15

The microstructure of the carbon matrix in thermosetting
resin derived carbon/carbon composites gets changed from
isotropic nongraphitic to graphitic one induced by thermal
stresses at the fiber/matrix interface. This is well documented for
carbon fibers reinforced composites. Present collaborative work
was undertaken to study the interfaces in nanosize and
nanostructured carbon reinforced carbon matrix composites and
their effect on matrix microstructure and physical properties of
the composites. Composites were made with carbon nano-fibers
(CNFs) and nanospheres filled thermosetting (Polyfurfuryl alcohol)
composites. The amount was varied between 1-5% in case of
CNFs and 5-20% in case of petroleum derived nanospheres. The
structural transformations were studied as function of heat

treatment. These were studied using XRD, SEM and Raman
Spectroscopy. It has been observed that addition of these
nanostructured materials bring about nanocrystalline orientation
at the interfaces as shown in Fig.l. The transformation to
graphitic carbons of the otherwise nongraphitic carbon has been
confirmed by XRD (Fig.2) as well as by Raman spectroscopy
(Fig.3). These result in increase the electrical conductivity of the
composites by two to three times. Though graphitic nature of the
reinforcement and matrix is responsible for higher electrical
conductivity of the composites, close interaction between the two
is of prime importance, especially in case of nanospherules filled
carbons. In these composites, pores and voids of even nanosize
result in reduction of the electrical conductivity.
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1. Introduction

Oxides are believed to be a crucially important material category
in near-future spintronics applications. The key oxide functions in
such applications are derived from phenomena related to charge,
spin and configurational phase transitions. Among the oxides,
cation-ordered perovskites are promising candidates for
exhibiting such transitions.

The cation-ordered perovskite structure is derived from that of
the simple perovskite, ABO3, upon co-occupation of either the A
or the B cation site with two types of metal species of different
charges and/or sizes. Ordering at the A site is typically achieved
having divalent Ba as the larger A cation and either trivalent
rare earth element, RE, or divalent Ca as the smaller A" cation.
Moreover, oxygen-deficiency around the A' cation is common.
Varying the A:A' ratio (while keeping the (A+A') :B ratio at 1:1)
ends up with phases like AA'By05.5 double perovskite (DP),
AA'B30g+5 triple perovskite (TP) and AsA'2By0g4s quadruple
perovskite (QP). Of the exciting phenomena so far revealed for
such A-site ordered perovskites one may select as examples high-
T, superconductivity [e.g. BagRECu30g45 (TP)" and BagCasCusOgy.s
(QP)E], magnetoresistance [e.g. BaREC0305.4 (DP)F], metal-
insulator transition [e.g BaYCop055 (DP)M], spin-state transition
[eg BaYCos05q (DP)P] and simultaneous valence-separation and
charge-ordering transition [e.g. BaREFe205 (DP)6H),

The Bsite ordered double-perovskite structure, AsBBQgg, is
formed when the two B-site cations, B and B, have a charge
difference equal or larger than 2 (e.g B™ and B or B" and B'™).
Such a category of compounds has been highlighted since room-
temperature halfmetallicity and tunneling-type magnetoresistance
(TMR) were discovered for SroFeMoOg"!
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2. Purpose

The goal of our collaborative research was to search for and

elucidate exciting phenomena and novel functions related to

charge, spin and configurational phase transitions in lavered

transition metal oxides. Relationships between macroscopic

properties and atomic-scale parameters were investigated to find

the limits and ways for on-demand tailoring of the desired

functions.

CONTROL OF CHARGE, SPIN AND CONFIGURATIONAL PHASE TRANSITIONS IN PEROVSKITE-DERIVED OXIDES

3. Results

We worked on four types of cation-ordered perovskite systems: A-
site ordered DP BaRE{Fe,Co)yOs+4 [1-5], TP Cu(Ba,Sr)oYbCusOg+4
[6] and QP CuBasCasCusOg+s [7] phases as well as the B-site
ordered DP (Sr.Ca,Ba)oFe(Mo,Re,W,TaNb)Og.s phase [8-11].
Samples were synthesized using various on-demand developed
techniques, such as ultra-high-pressure and oxygen-getter-
controlled low-Os-pressure encapsulation techniques, and more
importantly, various post-annealing techniques were applied to
control the precise oxygen content of the final product. Both
chemical and physical pressure effects were investigated. For
sample characterization a number of techniques were employed
including chemical analyses such as redox titration and
thermogravimetry, magnetic measurements, synchrotron x-ray
and neutron diffraction, XANES, HRTEM/ED/CBED, Lorentz
electron microscopy, Méssbauer spectroscopy, etc.. These
characterization approaches were not only widely utilized but
also further developed during the course of the present
collaborative project. In the following, some of the results
obtained through the project are highlighted.

For the A-site ordered double-perovskite BaREB>0s.5 with the
Bsite occupied by iron, *Fe Mégssbauer spectroscopy revealed a
valence mixing/separation transition akin to the Verwey transition
in magnetite. About the ideal composition BaREFe;0s, a three-
dimensional charge ordering into alternating chains of Fe! and
Fel is detected by diffraction methods below the transition
temperature, Ty, accompanied by a huge increase in the
orthorhombic distortion. We showed that the Verwey-type
transition in (Ba.Sr)REFes0Os5 is affected differently by chemical-
pressure effects at the two A-cation sites, Ba and RE whereas
substitution of Sm by the smaller rare-earth ions Eu and Gd was
found to increase Ty, the (Ba,Sr)SmFe;05 substitution decreased
it [3]. Of structural parameters determined by synchrotron x-ray
diffraction, only orthorhombic distortion provided simultaneous
(and also linear) correlation with Ty for both substitution
schemes. This confirmed the dy, Fe'-orbital ordering as the
underlying mechanism of the charge ordering that is associated
with cooling through the Verwey-type transition in (Ba,Sr)REFes0s,
Rather parallel conclusion was made for the Co-based DP
BaRECo0s05 on the basis of investigation of physical-pressure
effects [4]. Note that BaRECo305 exhibits an essentially similar
charge-ordering transition as the Fe counter-part BaREFes0s.

For the Bsite ordered DP magnetoresistor, SroFeMoOg, through
a substantial enhancement in the degree of B-site cation ordering
a record-high saturation value of magnetization was successfully
reached. The obtained value of 396 up is very close to the
theoretical value of 4 up. Accordingly, from the “Fe Méssbauer
spectrum the fraction of Fe atoms occupying the “wrong”™ Mo
site was confirmed to be as low as ~ 1 %. To achieve the nearly
perfectly ordered samples a novel two-step synthesis route was
developed that consists of (i) sol-gel preparation of a homogeneous
Sr-Fe-Mo-O precursor powder, and (i) sample encapsulation
together with Fe to act as an oxygen getter to facilitate the low

c



oxygen partial pressures required for the actual synthesis [8].
Very interestingly. evidence for superparamagnetism was
obtained for the first time for these solution-derived samples from
the Méssbauer data. At the same time large enhancement in low-
field magnetoresistance (LFMR) was achieved as compared with
samples prepared by solid-state reaction under the same
sintering conditions. We could therefore conclude that
superparamagnetic (insulating) portions coexist with the
ferromagnetic (halfmetallic) ones, and the suppression of the
superparamagnetism upon submitting the sample to the external
magnetic field makes an additional contribution to the significant
LFMR.

Moreover, our systematic study on the B-site ordered DPs in
general provided the basis for statistical multivariate analysis to
be used to gain better understanding of the delicate relationships
between atomic arrangements and macroscopic material
properties. The work for this unique approach was initiated
within this research project. In future the results are expected to
assist our evaluation on how we should delicately tailor the
materials in atomic-arrangement level to optimize the desired
macroscopic properties.

4. Summary

Various perovskite-derived oxide systems have been synthesized
and characterized having the eye on possible novel properties
and functions. The collaborative research was highly successful
and productive resulting in more than ten joint publications so
far completed and several others being in preparation.
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B E.P. Kashyap
B : Professor B.P. Kashyap, Head of Metallurgical Engineering and Materials Science Department, Indian Institute of
k k- A' Technology, Bombay, is visiting for three months to do research work on cavitation in ceramics and its control.
: f:W‘ It is a pleasure to develop scientific collaboration during this trip.
8t Having worked in the area of superplasticity for about thirty vears, I find there remain many more interesting things

to be explored at academic and commercial levels. Comparison of superplasticity between metals and ceramics bring
many similarities but with some clear differences between the two. I am sure to learn a lot from the rich experience
o of my host and, in turn, we will be able to contribute synergestically towards understanding of cavitation and its
control in ceramics. I am looking forward fruitful output in Materilas and Structures Laboratory during my stay in
Tokyo Institute of Technology.
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