NA Fard
# @ & B

HAL CHUNXI
o AR L (%)

R E s {EES1H
OB RE244E9H5H
FURSOSE  PARAIE44RE 1 HEZKY HERL

FALE AR PHYSICO-CHEMICAL PROPERTIES AND APPLICATIONS OF
CONDUCTIVE ALUMINA WITH NANO-CARBON NETWORKS
FABRICATED BY COMBINATION OF GELCASTING AND
REDUCTIVE SINTERING
(TIVF v AT 4 2 THERRICIHRSEIC KO AL 7=
FIA—R 2y NT—DERTLHET IV FOWE

il

¥

LR & F D)
MXBEEER T B OB B % E B
B3 A O ok
B g E OfF R
O S 6 ET¥ ()

MXABTDEE

Electrical Conductive Alumina (CA) with two forms, namely porous (CPA) and dense (CDA)
has attracted a surge of interest in recent decades. This binary composite is fabricated by the
combination of gel-casting and high temperature reductive sintering (HTRS) in Ar. Due to its unique
structure, various potential applications in different fields are available via different modifications.
It’s noted that nano-carbon networks (NCN) with graphitic structure and matrix alumina grains
co-exist in this binary composite. Isotropic electrical conductivity of CPA merits from the
well-formed NCN crossing paths and NCN is around 0.7 wi%. Benefiting from Alumina and
| cross-linked conductive nets leading thermal, physical and thermal stability, two practical
application directions are designed as described in separated chapters as follows:

Chapter 1 introduces the key role of energy converters in this era. Merits/defects of converters
and available resolutions have been clarified. Taking the unique structure of CA into consideration, it
is possible to make it as electro-catalyst and microwave- assisted heater with high activity. In order
to enhance their converting efficiency, it is significant to make modifications via different
technologies.

Chapter 2 confirms the electrochemical activity of CPA in fuel cells, which results from NCN
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with graphitic structure in CA. Comparing with commonly utilized graphite electrode, higher current
density and capacity of CPA announce its possible application as electrode. More, considering the
crystal structure and amount of hydrophobic NCN and hydrophilic Al,O; grains matrix, it is
expected that electro-performance of CPA can be enhanced by surface modification via chemical
reductive reaction. Briefly speaking, two steps are involved for decoration, namely, surface
pre-treatment and functional particles precipitation. Electrochemical measurements confirm that
as-prepared Pt/CPA, Ni/CPA and acid-pretreated CPA have activities toward oxygen reductive
reaction (ORR) and Pt/CPA owns the highest activities than others.

Chapter 3 verifies the microwave absorbability of CA. Comparing microwave transparency ‘
alumina, good microwave absorptive performance of CA is attributed to polarization of NCN with
graphitic structure. Effects of graphite orientation, porosity, and NCN amount are discussed by
employing CDA-1400 °C, CDA-1700 °C, CPA-1700 °C and PA-1700 °C. Due to weak
graphitization of NCN, CDA-1700 °C displays higher microwave absorbability than CDA-1400 °C.
While absorbability of CPA with high porosity up to 66.23 % is not as good as CDA, which has the
same HTRS condition at 1700 °C. Furthermore, the key role of graphitic orientation on absorbability

of CA is understood in terms of results of CDA-1700 °C, CPA-1700 °C and PA-1700 °C. Therefore,
| it is reasonable that non-direct dependency of absorbability on size.

Chapter 4 demonstrates the structural modification of CPA via CNT leading enhanced
microwave absorbability. Reinforcement pre-treated CNT is added into Al O; shurry followed by
HTRS at 1700 °C. The optimum functionalization condition for as-received CNT is 60 °C for 6h.
Improved solubility of CNT in aqueous is attributed to various functional groups (-COOH, -OH
etc.). By gel-casting of well-dispersed CNT/ Al,Os slurry and HTRS, ternary composite CNT/CPA
(CNT/NCN/ Alumina) is prepared. Reinforcement CNT results in the increased alumina grains.
Benefiting from CNT-induced intensified phonon in ternary composite, increased microwave
absorbance performance is achieved.

Chapter 5 announces surface modification of CPA and CNT/CPA by micro-assisted chemical
reductive reaction (MRR). MRR accelerates ultrafine Pt precipitation on the surface of substrates, by
which it is noticed that not only outer but also inner surface are decorated by Pt nanoparticles. More,
meriting from good. match of metal/dielectric, Pt/carbon composites own better microwave
absorbability than others. The highest activity is supplied by Pt/CNT/CPA heterogeneous composite.

Chapter 6 describes the overall conclusions of the present work and the future directions for
research. The technique presented in this study provides several techniques suitable for electrical

and thermal applications with high efficiency.
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