3. Technological Results

In terms of technological innovations, the center developed several projects
of strong industrial interest, which resulted in several patents and papers . The
interaction with industries was conducted through specific projects with the
different segments.

The projects developed of metallurgical sector, consisted in advanced
refractories have to be applied in order to secure high metal quality from
economical and ecological aspects. During services refractories must note only
tolerate high temperature but also withstand stress (thermal and / or mechanical)
as well resist combined attack by liquids such as molden metals, slags and fluxes.

Researchers of the MCDCM also support the improvement of the quality of
ceramic products by means of determining the characteristics of the products
being processed by several companies and improving the processing of those
products. New products have been developed for several companies by means
of technically and economically feasible chemical processes. This effort is
exemplified with the projects of technical and scientific cooperation with
Companhia Brasileira de Metalurgia e Mineracdo (CBMM). The nanosized niobium
oxide being processed using polymeric precursor method and spray pyrolysis has
been used for production of niobium oxide powders.

The most important projects related to the technological section are:

1) Development of industrial process for production of nanoparticles of niobium
oxide for application in electronic ceramics, using a clean chemical route. This
project was concluded with CBMM and consists in obtaining of nanosized
niobium oxide powders using an appropriated chemical solution and
precipitation at low temperatures.

2) Development of industrial process for production of niobium oxide
nanoparticles for application in electronic ceramics using spray pyrolysis. This
project was concluded with CBMM and consists in use a chemical solution of
niobium to obtain a spray by means of high energy piezoelectric ceramic as
well as to precipitate the nanoparticles from the spray by using heating.

3) Development of high voltage ZnO based varistor. This project was concluded
with DELMAR and the goal is to characterize the raw materials, optimization of
the processing conditions and formulation of the varistor composition.

4) Development of temperature sensors. This project concluded and was
contracted by a not disclosed company. A prototype of a temperature sensor
was concluded based on NTC perovskites. The main processing parameters for
the reproducible fabrication of the batch quantity of sensors was studied.

5) Study of the behavior of the AlLO3-CroO3 and AloO3-ZrO; refractory systems,
working in close contact with molten glasses for the production of
biocompatible ceramic fibers. This study was contfracted by RCR Corporation
was concluded. The main objective was verify the influence of the impurities
come from the refractory lining during the production of biocompatible glasses
(or fibers).

6) Influence of the product composition and operational parameters on the
Taphole mix operational performance. This project was contracted by CSN was
concluded. The objective was to study the behavior of different taphole mixes
under critical operational conditions, in order to optimize the performance of
commercial products. This study involved laboratory simulations and post
mortem studies of different taphole mixes used.
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7)

8)

?)

Enhanced behavior of the torpedo car refractory by the nanoparticulate
cerium impregnation technique. This project was confracted by CSN was
concluded. A cerium solution was developed to occupy the free pores in the
microstructure of the torpedo car refractory lining aiming the enhancement of
the corrosion resistance. It was observed that the nanoscale protection
mechanism introduced by the use of nanoparticulate cerium impregnation
technique. After the dynamic slag and fracture energy tests, it was verified that
this new corrosion prevention technique decreased to 8% the damages in the
torpedo car refractory lining.

The group is working along with ELFUSA Gerla de Eletrofusdo in the
development of new electrofused refractory aggregates for cement kilns
refractory linings. A special CaTiOs electrofused aggregate was concluded
and early tests indicated a very promising material.

Recycling of Ceramic Industry Waste. The group has proved that it is possible to
recycle virgin (despite un-appropriate to sell) scrap from the brick, floor and
roof file and sanitary ware industry, as a substitute for the normal coarse
aggregate and sand in non structural concrete and mortars for laying and
Masonry purposes.

10) Development of a Vitreous Silica Based refractory Composition For the

Crucibles Used on The Foundry of Dental metallic Alloys and Precious metals
(assaying). Sponsoring Company — Deflotec Ind. Com. de Produtos Refratdrios
LTDA Localization — SGo Carlos — SP. Crucibles made by slip casting the above
developed mix, performed very well comparatively to imported materials
based on the same mineralogical phases. Comparatively to the commonly
used mulcorite based crucibles, the ones developed at LAMARCO performed
10 times better (humber of runs).

11) Development of a Glass Reject Based Deffloculant for Masses in the Ceramic

Triaxial. This development was one of the last ramifications of the SEBRAE
PROJECT implemented with the Ceramic Industry Union of Porto Ferreira — SP.
The project also is part of our Research Division on Recycling. This new
deffloculant was technologically evaluated comparatively to the sodium
silicate. It is cheaper and as effective as this last one.

12) Fireclay Refractories Produced with Low Temperature (<500°C) Refractory

Aggregates (grog), Sponsoring Company - Refratdrio Scandelari S/A
Localization — Lapa - PR. Anew processing route was developed for the
production of fireclay aggregates (grog) to be used in the fabrication of
fireclay refractories (class of 30 -35% Al203). There is a great demand for this
kind of aluminum silicate refractories, specially in the sugar cane and agro
business. The generic use of hard fired fireclay grogs (>1300°C) leads to a low
profit margin in the final product. The developed technology is very attractive
commercially considering it brought the grog cost to one third of the current
one, providing a larger profit margin.

13) Development of automotive temperature sensors. Metalurgica Iguacu Ltda

Different kinds of perovskite-based NTC temperature sensors have been
sinthesized by mixing, pressing and sintering Ni, Cu, Mn, and Co oxides. Some
compositions have also been synthesized by a modified polymeric precursor
technique. The elecftrical characterization was carried out by dc methods. An
experimental sequence for producing large quantities of each composition
was evaluated for the scaling up of the thermistor production. The challenge
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posed by local industries looking for Brazilian-made temperature sensors for
application in the automotive industry has been overcome: four out of six
thermistors with behavior similar to commercial thermistors have been
successfully developed.

14) Development of translucent alumina pieces for dentistry applications. This
project was confracted by Tecnident Ltda, of the dendistry sector aiming to
produce translucent alumina bracts.

15) Ceramic processing of graphite. This project was contracted by Faber Castell
and is under development. The project consists in adjustment of processing of
the graphite aiming to obtain graphite with higher mechanical resistance by
using the injection molding and nanoestructured dopants. This project resulted
the patent 4 described in this report.

16) Chemical/Ceramic Synthesis/Inovation. The group devoted efforts to the
development of a new class of ceramic powders defloculant based on pre-
polymeric chemicals and managed to do so. A patent manuscript has been
submitted for FAPESP appreciation and sponsorship.

17) The group devised a new testing method for pure shear evaluation of concrete
specimens, devoted to evaluate the effect of fiber reinforcement on shear of
Portland concrete, specially for keyed structures in bridges.

18) The group has developed a new aluminum silicate (fireclay class) refractory
composition for the Company Refratdrio Scandelari, using cheaper raw
materials mined near the company head quarters, in substitution of a special
flint clay which was mined 500km away from the company.

19) Development of a fuel leak sensor for commercial and industrial reservoirs;

project financed by The Ipiranga Petroleum Company.

20) Development of a low-cost multi-use laser gun for law-enforcement forces;
project financed by UFSCar.

21) Development of an industrial process to obtain large quantities of
ferromagnetic graphite ; project financed by National de Grafite Inc.

22) Refractory products for anode baking furnaces. Refractories used in anode
baking furnaces must be renewed regularly. There are several stresses acting
on the refractory lining. The extent of these stresses will vary somewhat
between an open and a closed pit furnace, but generally the origin and the
implications of the stresses are the same. This project confracted by Togni
S.A. Materiais Refratdrios has been concluded. A post mortem  study
objective of determining the mechanism of the corrosion developed during
the industrial application. It was concluded that containing a high amount
of calcium and sodium aluminume-silicate interacts with the microstructure of
the refractory promoting the corrosion.
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