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1. Overview

This report encompasses all the activities developed in the center during this third
running year. This report shows that in this third year the activities of the center were as
intense as in former year for all levels, including the scientific production, innovation
activities as well as the continuous education and dissemination of knowledge to the
society. As described in this report, in the third year the advances in the research
projects was compared with former two years. The productivity of the majority of the
groups has been improved year by year, demonstrating that the synergy of the groups
by means of collaborations is the key factor. As stated in the former report, the
collaborations among members of the center and with other researchers not belonging
to the center in the national and international level can be extracted in this report. The
members of the center have been published about 138 papers being 129 in international
periodicals and about 9 in national periodicals. These numbers is considered very good if
we consider that there was a modification in the research structure in the direction and
staff of the Magnetic and Superconducting group. Considering the several research
areas of the Research Division, the number of papers per area was: Chemical synthesis
= 51; Semiconductors and Ferroelectric Materials = 50; Optical and Electrochromic
Materials = 20; Crystal Growth and Non-Crystaline Materials = 10; and Design,
Fabrication and Characterization of Microdevices Based on Magnetic and
Superconducting Thin Films = 07. Figure 1 shows the relative productivity by research
lines.

This high productivity of the center has been acknowledge by the international
scientific community, since several leader members of the center have been invited to
organize meetings or to give seminars and invited papers in international meetings
related with ceramic materials. In this year a member of the center organized a
Symposium for 2004 Spring meeting of MRS. In addition, 6 invited papers were given by
members of the centers in international meetings, as well as 6 seminars were given in
materials science departments all over the world. Moreover, one member received an
international Epsilon prize from the Spanish Ceramic Society and two members of the
center are members of the International Academy of Ceramics, being one of them
member of the Advisory Board of the Academy.

The results in the Innovation Division of the Center are growing with other companies
join to the center by means of technological research projects. One important factor is
the satisfactions of the companies with the results of these join projects. This can be
extracted by the fact that the great majority of the companies remain contracting
projects with the center year by year. These achievements are related to the high
motivation of several members of the center, as well as the excellent management of
the center. Projects have been contracted by large companies like CSN (more than 13
years), White Martins/Praxair (6 years), CBMM (12 years); John Faber (2 years), as well as



by medium and small companies (Delamar, Albras, O Boticario, Cognis, among others)
resulting only in this year the deposit of 7 patents. The results of projects with companies
also resulted several awards given for their technical excellence contents, including the
recent FINEP Prize for Technological Innovation (Braziian Funding Agency for
Technological Projects). Other indicative of the excellence of the work developed with
industries, besides the technical solution for the companies, is the high number of join
papers published with members of the companies (12). It should be also stressed that
many projects with industries are well related with research line of members of the
center. Many projects are related to Tin Oxide based ceramic, which has been studied
extensively by the members of Center. In this sense, the degree of innovation is quite
high. Tin oxide based varistors were developed by members of the center and has been
considered for commercial applications by Delmar. The center is negotiating with the
company for high voltage tin oxide varistor due to its high performance compared with
ZnO varistor. Our studies in synthesis and doping of tin oxide also originate a project for
production of semiconductor enamel for electrical porcelain. This project started last
year and have exciting results for commercial applications. In the same way, the
development of new methods for synthesis of nanosized niobium oxide for CBMM
Company is in the stage of pilot plant for the company, which can compete in this
growing market.

The continuous education and dissemination division of the center has increased and
diversified the numbers of activities reaching a well-established program for the next
years. Inthis sense, our program in this third year encompassed the diffusion through the
lectures in elementary and high schools about several subjects related to the chemistry
and physics of ceramic materials as well as the Ceramic Materials Educational Project,
as described in the second report. Moreover, in this year was offered by the center a
course on nanotechnology for undergraduate students from several universities. Many
diversified activities like hosting teachers and high school students, basic courses for
craftsman located in several locations, production of educational video, linking PhD
students to industrial sector among others.

It should be emphasized that in this third year the interaction among research,
innovation and teaching was consolidated. As example, the research results in
nanostructured materials or nanoparticulates were transferred to the industry (CBMM,
CSN and Faber Castell). Moreover, educational materials regarding these
achievements, such as 3D video were produced and divulged by means of the media
(TV, journal and radio) as well as in the elementary, high schools and colleges.
Otherwise, the developments with the industries induced new ways for basic research
leading to a great synergy among the members of the center and reaching the
fundamental objectives of the Center, that is, bringing together the activities of
research, innovation and diffusion of knowledge.

Finally it should be stressed that in this third year there was a restriction in the
budget and in the disbursement due to international crisis and the money exchange



rate. As a consequence we were not able to purchase several imported equipment
and the research direction of the center was changed.



1.2 — Team List

PRINCIPAL RESEARCHERS

NAME INSTITUTION POSITION/RESPONSIBILITY

E. LONGO UFSCar Center Director

J.A. VARELA UNESP Innovation Division

D.R. HARTWIG UFSCar Continuous Education for Teachers

L.O.S. BULHOES UFSCar Electrochromic and Optical Materials

J.B. BALDO UFSCar Refractories and Corrosion

F.M.A. MOREIRA UFSCar Superconductors and Magnetic Materials
E.C. PEREIRA UFSCar Semiconductor and Eletrochromic

E.R. LEITE UFSCar Ferroelectric Thin Films and Chemical Synthesis
AJ.A. OLIVEIRRA UFSCar Magnetic Materials

A.C. HERNANDES

USP - IFSC / Sao Carlos

Crystal Growth and Non-Crystalline Materials
and Dissemination

C.A. PASKOCIMAS UNESP Ceramic Pigments

M. CILENSE UNESP Semiconductors and Ferroelectric Materials
and Electroceramic Devices

J.O.A. PASCHOAL IPEN Continuous Education for Workers and
Ceramic Tiles

R. MUCCILLO IPEN Intragranular phenomena in Ceramic Oxides
Technology: Development of Ceramic Sensors

M.A. ZAGHETE UNESP Powder Synthesis

C.0O. PAIVA-SANTOS UNESP XRD and Rietveld Method




SENIOR RESEARCHERS

NAME INSTITUTION SUBPROJECT

E.N.S. MUCCILLO IPEN Synthesis, microstructure and electrical
properties of solid electrolytes

W. LIBARDI UFSCar/DEMa Vice Coordinator - Refractory Laboratory

L. A. PERAZOLLI UNESP Semiconductors

B. STOJANOVIC UNESP Ferroelectric Materials

W.C. LAS UNESP Semiconductors

V.R. MASTELARO USP / IFSC Non-Crystalline Materials and Structural

Characterization.

S. SERGEENKOV

GMD / DF / UFSCar

Superconductivity; Josephson Effect

JUNIOR RESEARCHERS

NAME INSTITUTION SUPERVISOR
F.M.L. PONTES UFSCar E.LONGO

N.L.V. CARRENO UFSCar E R.LENE

F.R. SENSATO UFSCar E.LONGO

E.R. CAMARGO UFSCar E.R. LENE

M. ESCOTE UFSCar E.LONGO

C.A. O. AVELLANEDA UFSCar/LIEC L.O.S. BULHOES
H.L.M. VILLULLAS UFSCar/LIEC L. O.S.BULHOES
F.1. M.COSTA UFSCar/LIEC [. O. 5. BULHOES
M.C. SANTOS UFSCar/LIEC L. O. S. BULHOES
P.N. M. ANJOS UFSCar/LIEC E.C.PEREIRA

P. N. LISBOA FILHO UFSCar/LIEC E R. LENE

S. M. ZANETTI UNESP J.A. VARELA
ZBRANCOVIC UNESP J.A. VARELA

A RIES UNESP J.A. VARELA
E.M. ORHAN UNESP J.A. VARELA

F. J. SANTOS UNESP J. A. VARELA

S. CARTREEDGE UNESP J.A. VARELA
T.M.ANSELMO USP/IFSC M.A. ZAGHETE
M.R..B. ANDREETA USP/IFSC A.C.HERNANDES
M.1.B.BERNARDI USP/IFSC A.C.HERNANDES
C. A. CARDOSO GMD/ DF/ UFSCAR | F.M. ARAUJO-MOREIRA
P. D. SPAGNOL UNESP J.A. VARELA

A. DIBB UNESP M. CILENSE

G. BRANKOVIC UNESP J.A. VARELA

A. A. CAVALHEIRO UNESP E. LONGO

A. Z. SIMOES UNESP E.LONGO




Ph.D., M.Sc. AND UNDERGRADUATE STUDENTS FORMED IN

THE THIRD YEAR

NAME INSTITUTION | ADVISOR DATE LEVEL
A.V.ROSARIO UFSCar/LIEC [E. C. Pereira 08/2002 |PhD

A. A. CORREA UFSCar/LIEC |E. C. Pereira 10/2003 |PhD

C.D. PINHEIRO UFSCar/LIEC |E. LONGO 02/2003 | PhD

M.R.C. SANTOS UFSCar/LIEC |J.A. VARELA 02/2003 |[PhD

V.F. MONTEIRO UFSCar/LIEC |E. LONGO 10/2003 | PhD

L.E.B. SOLEDADE UFSCar/LIEC |E. LONGO 08/2003 [PhD

F. VERNILLI UNESP J.A. VARELA 10/2003 | PhD

D. Z. FLORIO IPEN R. MUCCILLO 09/2003 [PhD

I.T. WEBER UFSCar/LIEC |E.R.LEITE 10/2003 | PhD

M. ZAMPIERI UFSCar/LIEC |E. LONGO 09/2002 [ M.sc.

C. M. BARRADO UFSCar/LIEC |E. R. LENE 09/2002 | M.Sc.

C. VILA UFSCar/LIEC |E. LONGO 10/2003 | M.Sc.

L.J. Q. MAIA USP/IFSC V.R. MASTELARO 03/2003 [ M.sc.

C.N. SANTOS USP/IFSC A.C. HERNANDES 07/2003 |[M.sc.

T. R. GIRALDI UNESP/LIEC | E. R. LEITE 02/2003 |[M.sc.

F.L. de SOUZA UFSCar/LIEC |E. R. LENE 03/2003 | MSc.

E. CAPRONI IPEN R. MUCCILLO 08/2003 [ M.sc.

M. GODINHO JR. IQSC/USP E. R. LEITE 09/2002 [M.sc.

T.B. P.L. SOUZA LIEC/UFSCar |E. C. PEREIRA 01/11/02 | MSc.

F. T. STRIXINO UFSCar/LIEC [E. C. PEREIRA 01/05/03 | M-Sc.
J.EZEQUIEL de SOUZA USP/IFSC A.C.HERNANDES 09/2002 | Undergraduate
A.F. MACIENTE USP/IFSC V.R. MASTELARO 07/2002 | Undergraduate
C.E.B.SILVERIO USP/IFSC A.C. HERNANDES 06/2003 | Undergraduate
R.REGOBELLO USP/IFSC A.C. HERNANDES 05/2003 | Undergraduate




Ph.D. STUDENTS

NAME INSTITUTION ADVISOR

M.A. dos SANTOS UFSCar/LIEC J.A. VARELA

T. R.GIRALDI UFSCar/LIEC J.A. VARELA

P.R. LUCENA UFSCar/LIEC J.A. VARELA

F.L. SOUZA UFSCar/LIEC E. LONGO
S.H.B.S. LEAL UFSCar/LIEC E. LONGO

C. VILA UFSCar/LIEC E. LONGO

A. SPINELLI UFSCar/LIEC E. LONGO

G. P. CASALI UFSCar/LIEC E. LONGO

M. S. C. CAMARA UFSCar/LIEC E. LONGO

W. K. BACELAR JR. UFSCar/LIEC E. LONGO

R.M. ANDRADE UFSCar/LIEC E. LONGO

M. O. ORLANDI UFSCar/LIEC E. LONGO

A. ZENATTI UFSCar/LIEC E. LONGO

S.R. LAZARO UFSCar/LIEC E. LONGO

M.F.C. GURGEL UFSCar/LIEC E. LONGO

C.M. BARRADO UFSCar/LIEC E. LONGO

M. ZAMPIERI UFSCar/LIEC E. LONGO
N.S.L.S. VASCONCELOS UNESP/LIEC J. A. VARELA
J.S. VASCONCELOS UNESP/LIEC E. LONGO
R.C.LIMA UFSCar/LIEC E. LONGO

M. GODINHO JR. UFSCar/LIEC E. LONGO

S.M. JUSTUS UFSCar/LIEC E. LONGO

S.K. TADOKORO IPEN E. N. S. MUCCILLO
N. H. SAITO IPEN E. N. S. MUCCILLO
R. A. ROCHA IPEN E.N.S. MUCCILLO
J. F.Q. REY IPEN E.N.S. MUCCILLO
D. Z. FLORIO IPEN R. MUCCILLO

W. LACERDA JUNIOR. UNESP W.C. LAS

D. R. LEITE UNESP M. CILENSE

M. S. SILVA UNESP M. CILENSE

[.LA. SOUZA UNESP M. CILENSE
V.P.B. MARQUES UNESP M. CILENSE
R.F.C. MARQUES UNESP C.O.P.SANTOS
A.V.C. ANDRADE UNESP C.O.P.SANTOS
J.R.R. SIQUEIRA UNESP C.O.P.SANTOS
H.P.S. CORREA UNESP C.O.P.SANTOS
M.A.L. MARGIONTE UNESP L.A. PERAZOLLI

N. ANSEI JUNIOR UNESP J. A. VARELA




A H. M.GONZALEZ UNESP J.A. VARELA

J. VARALDA UFSCar/GSM AJ.A. OLIVERRA
P.E. N. SOUZA UFSCar/GSM A.J. A. OLIVEIRA
M. L. CARDOSO UFSCar/GsM AJA. OLIVERA
M.R. G. OLIVERRA UFSCar/DEME D.R. HARTWIG

S. R. ZULIANI UFSCar/DEME D.R. HARTWIG

R. T. S. OLIVEIRA JR. UFSCar/LIEC E. C. P. SOUZA

J. T.MATSUSHIMA UFSCar/LIEC E.C. P. SOUZA

D. X. SILVA UFSCar/LIEC E.C. P. SOUZA
LE. T. FELICIANO UFSCar/LIEC E. C. P. SOUZA

A. V. ROSARIO UFSCar/LIEC E. C. P. SOUZA
A.A. CORREA UFSCar/LIEC E. C.P. SOUZA

V. VELANI UFSCar/LIEC L[.O. S. BULHOES
E.C.F. SOUZA UNESP J.A. VARELA
AM.H. GONZALEZ UNESP J.A. VARELA
D.K.A. ALMEIDA UFSCar/LIEC JAVARELA

S.S. CAVA UFSCar/LIEC J.A. VARELA
[.P.S. SANTOS UFSCar/LIEC ER. LENE

E. C. PARIS UFSCar/LIEC E. R.LEITE

A. PEREIRA MACIEL UFSCar/LIEC E. RLEME

M.R.B. ANDREETA [FSC/USP A.C. HERNANDES
AL MARTINEZ IFSC/USP A.C. HERNANDES
C.R. FERRARI IFSC/USP A.C. HERNANDES
Z.5. MACEDO [FSC/USP A.C. HERNANDES
.S.MEDEIROS USP/IFSC A.C. HERNANDES
C.N. SANTOS USP/IFSC A.C. HERNANDES
R.S. da SILVA USP/IFSC A.C. HERNANDES
P.P. NEVES USP/IFSC V.R. MASTELARO
C.A.C. FEMOSA USP/IFSC V.R. MASTELARO
LJ. Q. MAIA USP/IFSC V.R. MASTELARO
ER.M. ANDREETA [FSC/USP A.C. HERNANDES
P.P. NEVES IFSC/USP VALMOR R. MASTELARO
C.A.C. FEITOSA IFSC/USP VALMOR R. MASTELARO
[.5.MEDEIROS USP/IFSC A. C. HERNANDES
.5. CARVALHO UFSCar/DEMa W. LIBARDI

R. N. BEDOYA UFSCar/DEMa J. B. BALDO

J.S. DA COSTA UFSCar/DEMa J.B. BALDO

A.J. C. LANFREDI GMD / DF / UFSCar | F.M. Araljo-Moreira
G.GASPAROTIO UNESP M. A. ZAGHETE
R.S. CONSALVES UNESP M. A. ZAGHETE

R. GIMENES UNESP M. A. ZAGHETE
M.H. BERTOLINI UNESP M. A. ZAGHETE




R. T. S. OLIVEIRA JR. UFSCar/LIEC E. C. PEREIRA

J. T.MATSUSHIMA UFSCar/LIEC E. C. PEREIRA

D. X. SILVA UFSCar/LIEC E. C. PEREIRA

L.E. T. FELICIANO UFSCar/LIEC E. C. PEREIRA

M. CARRIZO UFSCar/LIEC E. C. PEREIRA

S. L. DULCINI UFSCar/LIEC E. C. PEREIRA

F. T. STRIXINO UFSCar/LIEC E. C. PEREIRA
M.Sc. STUDENTS

NAME Institution ADVISOR

F.C. PICON UFSCar/LIEC E. LONGO

R. AGUIAR UFSCar/LIEC E. LONGO

L.G.P. SIMOES UFSCar/LIEC E. LONGO

E. LEE UFSCar/LIEC E. LONGO

G.P. MABRINI UFSCar/LIEC E. LONGO

K.P. LOPES UFSCar/LIEC E. LONGO

P.S. GOUVEIA UFSCar/LIEC E. LONGO

R. GONGCALVES UFSCar/LIEC E. LONGO

V.C. ALBARICI UFSCar/LIEC E. LONGO

E.CAPRONI IPEN R. MUCCILLO

J. E. LAMAS UNESP M. CILENSE

L. M. OLIVEIRA UFSCar/GSM A.J.A. OLIVEIRA

G. A. P. RIBEIRRO UFSCar/GSM A. J.A. OLIVEIRA

J. B. FREITAS UFSCar/DEME D.R. HARTWIG

E. T. O. NASCIMENTO UNESP L.A. PERAZOLLI

F. P. ALMEIDA UNESP L.A. PERAZOLLI

T.B. P.L. SOUZA LIEC/UFSCar E. C. P. SOUZA

F. T. STRIXINO UFSCar/LIEC E. C. P. SOUZA

V.C. FERNANDEZ UFSCar/LIEC L.O.S. BULHOES

R. B. Nogueira UFScar/LIEC L. O. S. BULHOES

P. D. Marreto UFSCar/LIEC L. O. S. BULHOES

K.S. FREITAS UFSCar/LIEC L.O.S. BULHOES

F.R. DIAS IFSC/USP A. C.HERNANDES

C.N. SANTOS IFSC/USP A. C.HERNANDES

A.M. FLORES IFSC /USP A. C.HERNANDES

L.J.Q. MAIA IFSC/USP V. R. MASTELARO

M. R. FREITAS USP/IFSC A. C. HERNANDES

D. A. BONFIM UFSCar/DEMa W. LIBARDI

E. ANTONELLI USP/IFSC A.C. HERNANDES

F.R. DIAS USP/IFSC A.C. HERNANDES




A.M. FLORES USP/IFSC A.C. HERNANDES
M. R. FREITAS USP/IFSC A.C. HERNANDES
J. E. de SOUZA USP/IFSC A.C. HERNANDES
AJ.P. SILVA UNESP C.O.P.SANTOS
M.M. JESUS UNESP C.O.P.SANTOS
V.H.S. UTUNI UNESP C.O.P.SANTOS

W. MALUF JUNIOR
[.P. SILVA

GMD / DF / UFSCar
UNESP

F.M. ARAUJO-MOREIRA
L.A. PERAZOLLI

A.B. CAMPOS UNESP M.A. ZAGHETE
J. C. BRUNO UNESP J.A. VARELA
D.M.C. PEREIRA UNESP J.A. VARELA
L. POCRIFKA UFSCar/LIEC E. C. PEREIRA
F. BERGAMAGSKI UFSCar/LIEC E. C. PEREIRA

10




UNDERGRADUATE STUDENTS

NAME INSTITUTION ADVISOR

E. C. C. SOUZA IPEN R. MUCCILLO
F. H.S.RIBEIRO IPEN E.N.S. MUCCILLO
J. T. SANTOS IPEN R. MUCCILLO
F. PIMENTEL IPEN R. MUCCILLO
L. FRANCHI IPEN E.N.S. MUCCILLO
S. M. BARRIONUVEVO UNESP M.A. ZAGHETE
L.G. SILVA UNESP M.A. ZAGHETE
T. CALVO UNESP M.A. ZAGHETE
A.L. PEREIRA UNESP M. CILENSE
A.F. GAMEIRO JUNIOR UNESP M. CILENSE

R. TARARAM UNESP M. CILENSE

J. L. AMARAL UNESP M. CILENSE

R. D. ADATI UNESP M. CILENSE
S.G. ANTONIO UNESP C.O.P. SANTOS
R. PUTVINSKIS UNESP C.O.P. SANTOS
A.L. PEREIRA UNESP C.O.P. SANTOS
K. A. PERON UNESP M.A. ZAGHETE
L. O©. COELHO UNESP M.A. ZAGHETE
F.O. SOUZA UNESP M.A. ZAGHETE
P. RAVAGNOLLI JUNIOR. UNESP M.A. ZAGHETE
A.P. C. K. LIMA UNESP L. A. PERAZOLI
F.K. CERQUEIRA UNESP L. A. PERAZOLI
[.R. MARQUE UNESP L. A. PERAZOLI
T. MARTINS UNESP L. A. PERAZOLI
V. VINCOLETTO UNESP L. A. PERAZOLI
E. NOLASCO UNESP J.A. VARELA
C. QUINELATO UNESP J.A. VARELA
R. L. S. Mello UFSCar/LIEC L. O. S. BULHOES
J.CESAR UFSCar/LIEC L.O.S. BULHOES
J.R. MORAES UFSCar/LIEC L.O.S. BULHOES
D.S. CASALI UFSCar/LIEC E.C.P. SOUZA

11




R.B. NOGUEIRA UFSCar/LIEC E.C.P. SOUZA

F.L. OLIVEIRA UFSCar/LIEC E.C.P. SOUZA

C. GONGCALVES UFSCar/LIEC E. C. P. SOUZA

C. S. Pagani UFSCar/LIEC E.C.Pereira

R. F. Amado UFSCar/LIEC E.C.Pereira

B. G. Marcussi UFSCar/LIEC E.C.Pereira

A. L. ARAUJO UFSCar/LIEC E. R. LEITE

M.D. CABRELON UFSCar/LIEC E. LONGO

A.M.D. NATAL UFSCar/LIEC E. R. LEITE

A.L. ARAUJO UFSCar/LIEC E. LONGO

F.A. CASTRO UFSCar/LIEC E. LONGO

C.M.B. SILVA UFSCar/LIEC E. LONGO

D.G. HASHIMOTO UFSCar/LIEC E. LONGO

E.F. SOUZA UFSCar/LIEC E. LONGO

F.R.C. CIACO UFSCar/LIEC E. LONGO

J.A. GUIDETTI UFSCar/LIEC E. LONGO

M.K. SHIBUYA UFSCar/LIEC E. LONGO

M.R. BARRO UFSCar/LIEC E. LONGO
M.R.B.DELMONTE UFSCar/LIEC E. R. LEITE

M.N. SILVA JR. UFSCar/LIEC E. R. LEITE

L. A.L. TOMASELLI UFSCar/LIEC E. R. LEITE

E. I. HORIKOSHI UFSCar/LIEC E. R. LEITE
C.E.B.SILVERIO USP/IFSC A.C.HERNANDES
R.R.E. GOBELLO USP/IFSC A.C.HERNANDES
A.B. LOURENCO USP/IFSC M.I.B.BERNARDI

A. K. COLACITI USP/IFSC M.R.B. ANDREETA
GUIMARAES, M. UFSCar/DEMa W. LIBARDI

SILVA, JR., J. E. S. UFSCar/DEMA J. B. BALDO
SANTOS A. H. DOS GMD/DF/UFSCar F.M. Araujo-Moreira
PIRES R. GMD/DF/UFSCar F.M. Araujo-Moreira
MARTINI E. GMD/DF/UFSCar F.M. Araujo-Moreira
M. BARROS GMD/DF/UFSCar F.M. Araujo-Moreira

- UFSCar/LIEC - Universidade Federal de S&o Carlos - Laboratério Interdisciplinar de Eletroquimica e
Ceramica

- UNESP - Universidade Estadual Paulista/Instituto de Quimica - Araraquara

- UFSCar/DEMa - Universidade Federal de S&o Carlos - Departamento de Engenharia de Materiais
Educacionais IFSC/USP - Instituto de Fisica de Séo Carlos- Universidade de Sdo Paulo-S&o Carlos

- IPEN - Instituto de Pesquisas Energéticas e Nucleares Nucleares - Centro de Ciéncia e Tecnologia de
Materiais

- UFSCar/GMD - Universidade Federal de Sao Carlos- Grupo de Supercondutividade e Magnetismo
- UFSCar/DEME - Universidade Federal de Sao Carlos- Departamento de Ensino e Métodos Educacional

12



1.3. Results of the Research Division (Basic Research)
List of International and National Publications

1.

10.

11.

12.

13.

“Structural and magnetic properties of ZrnuNiz Sb2O1. thin films deposited by spin
coating” C. VILA, P.N. LISBOA-FILHO, L. GAMA, W.A. ORTIZ, E.R. LEITE, E. LONGO Thin
Solid Films 414, 270-274 (2002).

“Photoluminescence at room temperature in amorphous SrTiOs thin films obtained
by chemical solution deposition”, F.M.L. PONTES, E. LONGO, E.R. LEITE, E. LEE, J.A.
VARELA, P.S. PIZANI, C. CAMPOS, F. LANCIOTTI, C.D. PINHEIRO, V.R. MASTELARO,
Materials Chemistry and Physics, 77, 598-602 (2002).
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"Magnetic behavior of poly(3-methylthiophene): Metamagnetism and room-
temperature weak ferromagnetism”, O. R. NASCIMENTO, A. J. A. OLIVEIRA, AA.
CORREA, L. O. S. BULHOES, E. C. PEREIRA, L. WALMSLEY, Physical Review B,
67,14442 - (2003).
'NMR and conductivity study of PEO-based composite polymer electrolytes”, A. C.
BLOISE, J. P. DONOSO, C. J. MAGON, A. V. ROSARIO, E. C. PEREIRA,
Electrochimica Acta, 48, 2239-2246, (2003).
“Diffusion-controlled growth of aggegates in layer-by-layer filims of poly(o-
methoxyaniline)”, N.C. DE SOUZA, J.R. SILVA, C.A RODRIGUES, A C HERNANDES, L.
DA F. COSTA, J.A GIACOMETTI, O N. OLIVEIRA JR, Synthetic Metals, 135-136, 121-
122 (2003).
“Growth of double perovskite Ca:FeMoOs crystals by a floating zone technique”,
L.B. BARBOSA, D.R. ARDILA, J.P. ANDREETA, Journal Crystal Growth, 254, 3-4, 378-
383 (2003).
“Optical properties od Nd3-doped Cas(VOi4): single crystal fiber”, LH.C.
ANDRADE, D.R. ARDILA, J.P. ANDREETA, Journal Crystal Growth, 22, 4, 369-375
(2003).
“Processing of crystal with controlled lattice parameter gradient by the LHPG
technique”, L.B. BARBOSA, D.R. ARDILA, E.M. KAKUNO, R.H. CAMPARIN, C. CUSATIS,
J.P. ANDREETA, Journal of Crystal Growth, 250, 1-2, 67-71 (2003).
“Structural Characterization of the V:0s/TiO. system obtained by the Sol-gel
Method”, C.B.RODELLA, V.R. MASTELARO, Journal of Physics Chemistry of Solids,
64, 833 - 839 (2003).
“Structural studies of a ZrO:-CeO. doped system”, V.R. MASTELARO, V.BRIOIS,
D.M.F.SOUZA, C.L. SILVA, Journal European Ceramic Society, 23, 273 - 282 (2003).
“The influence of oxygen in the photoexpansion of GaGeS Glasses”, V.R.
MASTELARO,_S.H. MESSADEQ, Y. MESSADEQ, M.S. LI, M.TABACKNIKS, D. LEZAL, A.Y.
RAMOS, Applied Surface Science,205, 143 - 150 (2003).
“Qn distribution in stoichiometric silicat glasses:thermodynamic calculations and
295 high resolution NMR measurements”, J. SCHNEIDER, V.R. MASTELARO, E.D.
ZANOTTO, B.A. SHAKHMATKIN, N.M. VEDISHCHEVA, A.C. WRIGHT, H. PANEPUCCI,
Journal Non-Crystalline Solids, 325, 1-3, 164-178 (2003).
"The underpotential deposition of Sn on Pt in acid media. Cyclic voltammetric
and electrochemical quartz crystal microbalance studies”, M.C. SANTOS AND
L.O. S. BULHOES,
Electrochim Acta 48, 18, 2607-2614 (2003).
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100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

"Structural and electrochemical properties of LICoO; prepared by combustion
synthesis", E. . SANTIAGO, A.V.C. ANDRADE, C.O. PAIVA-SANTOS AND L. O.S.
BULHOES, Solid State lonics 158, 1-2, 91-102 (2003).

"Oxygen evolution on platinum modified Ti/RuO2 sol-gel films", H.M. VILLULLAS, F.I.
MATTOS-COSTA AND L.O.S. BULHOES, Journal of Electroanalytical Chemistry, 545,
89-97 (2003).

"Electrochromic propertles of WO3 and WO3 : P thin films", C. O. AVELLANEDA
AND L. O. S. BULHOES, Journal of Solid State Chemistry 7, 3, 183-186 (2003).

“Li* insertion into pure and doped amorphous WG: films. Correlations between
coloration kinetics, charge and mass accumulation” PR. BUENO, R.C. FARIA, C.O.
AVELLANEDA, E.R. LEITE, L.O.S. BULHOES, Solid State lonics 158, 415-426 (2003).
“Preparation and characterization of Ce0.8Gd0.2°1.9 solid electrolyte by
polymeric precursor techniques” R. A. ROCHA, E. N. S. MUCCILLO, Materials
Science Forum, 711, 416-418 (2003).

“Magnetic hysteresis of the magnetoresistance and critical current density in
polycrystaline Yba2Cu307-?-Ag superconductors” P. MUNE, F. C. FONSECA, R.
MUCCILLO, R. F. Jardim, Physica C 390, 363-373 (2003).

“Low-temperature PECVD deposition of highly conductive microcrystalline
silicon thin films” A. M. NARDES, A. M. DE ANDRADE, F. J. FONSECA, E. A. T. DIRANI,
R. MUCCILLO, E. N. S. MUCCILLO, Journal Material Science - Materials Electronics
14, 407-411 (2003).

“Transport properties and phase separation in La0.6Y0.1Ca0.3MnO3 ceramics”
E.C. FONSECA, J.A.SOUZA, R.F. JARDIM, R. MUCCILLO, E.N.S. MUCCILLO, E.N.S.
MUCCILLO, D. GOUVEA, M.H. JUNG and A.H. LACERDA, Physics State Solids (a)
199 (2) 255-264 (2003).

“Impedance spectroscopy of sodalime glass durng sintering” R. MUCCILLO, E. N.
S. MUCCILLO, Y. V. FRANCA, C. FREDERICCI, M. O. PRADO, E. D. ZANOTTO,
Materials Science Engineering A352 (1-2) 232-239 (2003).

“Microstructure and strucutre of NiO-SnO2 and Fe203-SnO2 systems”R. H. R.
CASTRO, P. HIDALGO, R. MUCCILLO, D. GOUVEA, Applied Surface Science 214,
1-4 172-177(2003).

“The Effect of Aggregate Aspect ratio and Temperature on The Fracture
Tougheness of a Low Cement Refractory Concrete - Prata”, L. B., LIBARDI, W
AND J. B. BALDO, Materials Research 6, 4 (2003).

“Barbotinas Ceramicas Contendo rejeito de Vidro Soda Cal para Maturagéo em
Baixa Temperatura” A.C. MORELLI e J. B. BALDO, Ceramica Industrial 8 (2) 7-11
(2003).

“Structural study of a series of synthetic goethites obtained in aqueous solutions
containing cadmium(ll) ions” E. E. SILEO, P. S. SOLIS, C. O. PAIVASANTOS,Powder
Diffraction 18 (1)50-55 (2003).

“New X+ay powder diffraction data and Rietveld refinement for Gd:Os3
monodispersed fine spherical particles” A. M. PIRES, M.R DAVOLOS, C. O. PAIVA-
SANTOS, E.B. STUCCHI, J. FLOR, Journal of Solid State Chemistry 171, 420-423
(2003).

“Gaussian basis sets to the theoretical study of the electronic structure of
perovskite (LaMnQOs3)” O. TREU FILHO , J. C. PINHEIRO , R.T. KONDO , R. F. C.
MARQUES, C. O. PAIVA-SANTOS, M. R. DAVOLOS, M. JAFELICCI JR., Journal of
Molecular Structure: THEOCHEM 631, 93-99 (2003).
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115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

“Development of basis sets to calculations of the eletronic structure of YMnQO3”
O. TREU FILHO, J. C. PINHEIRO, R. T. KONDO, R. F. MARQUES, C. O. PAIVA-SANTOS,
M. R. DAVOLOS, M. JAFELICCI JR., Journal of Molecular Structure: THEOCHEM 629
21-26 (2003).

“The effect of preparation method and Sb content on SnO2-CuO sintering” LI,
[TALO O; LAS, W. C.; CILENSE, M., Journal of Materials Science 38, 3325-3330
(2003).

“Barium Strontium titanate powder obtained by polymeric precursor method”
RIES, A; SIMOES, A Z; CILENSE, M; ZAGHETE, M A; VARELA, Jose Arana. Materials
Characterization 50, 217-221 (2003).

“Corrosion study of the SnO2-ZnO crucibles, in the melting of glasses contends
heavy metals” ETO, NASCIMENTO; APK, DE LIMA; VARELA, J. A., E, LONGO; A.C,
HERNANDEZ; MAZ, BERTOCHI; L, PEIRAZOLLI.. Revista Eclética Quimica 27, 45-60
(2003).

“Effect of preannealing on the morphology of LiTaO3 thin films prepared from
the polymeric precursor method” GONZALEZ, A H M; SIMOES, A Z; ZAGHETE, M A;
VARELA, J.A. Materials Characterization 50, 233-238 (2003).

“Effect of viscosity and temperatue on the microstructure of BBT thin Films”
COSTA, G C C; SIMOES, A Z; GASPAROTTO, G; RICCARDI, C S; ZAGHETE, M A;
STOJANOVIC, B D; CILENSE, M; VARELA, J.A., Materials Research 6, 3 (2003).

“Evidence of hetero-epitaxial growth of Pb(Mg1/3Nb2/303) on the BaTiO3 seed
particles of a citrate solution” SPAGNOL, P D; VARELA, J. A.; ZAGHETE, M A,
LONGO, E; TEBCHERANI, S M. ,Materials Chemistry And Physics 77(3) 918923
(2003).

“Influence of temperature on the microstructure and electrical properties of BBT
thin Films” COSTA, G C; SIMOES, A Z; STOJANOVIC, B D; CILENSE, M; ZAGHETE, M
A; VARELA, J.A., Integrated Ferroelectrics 51, 103-112 (2003).

“Influence of tickness on crystallization and properties of LINbO3 thin films”
SIMOES, A Z; GONZALEZ, A H M; RIES, A; ZAGHETE, M A; STOJANOVIC, B D;
VARELA, J A . Materials Characterization 50, 235-244 (2003).

“LiNbO3 thin films prepared through polymeric precursor method” SIMOES, A Z;
ZAGHETE, M A; STOJANOVIC, B D; RICCARDI, C S; RIES, A; GONZALEZ, A H;
VARELA, J A . Materials Letters 57, 2333-2339(2003).

“Mechanochemical synthesis of PZT powders” BRANKOVIC, Z; BRANKOVIC, G;
JOVALEKIC, C; MANIETTE, Y; CILENSE, M; VARELA, J A; E. Materials Science And
Engineering A-Structural Materials Properties Microstructure And Processing 345
(1-2) 243248 (2003).

“Preparation and characterization of nanosized SrBi2Nb209 powder by the
combustion synthesis” ZANETTI, S M; SANTIAGO, E I; BULHOES, L O S; VARELA, J.A.;
LEITE, E R; LONGO, E., Materials Letters 57 (19) 2812-2816 (2003).

“PZT ceramics obtained from mechanochemically synthesized powders”
BRANKOVIC, Z; BRANKOVIC, G; VARELA, J. A ., Journal of Materials Science-
Materials In Electronics 14 (1) 37-41 (2003).

“The influence of the sintering system on PMN properties” CAVALHEIRO, A A;
BARRIONUEVO, S M; CILENSE, M; ZAGHETE, M A; VARELA, J. A.,. Materials Science
Forum 416, (4) 597-602 (2003).
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131.
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133.

134.

135.

136.

137.

138.

“Ac impedance Spectroscopy of SnO. Based Ceramics Optimization of
Measuring Conditions” G. BRANNKOVIC, Z. BRANKOVIC and J.A. VARELA,
Science of Sintering: Current Problems and New Trends Published by Serbian
Academy of Science and Arts, Beograd and Technical Faculty, 367-372 (2003).
“Grain size effect in Doped Barium Titanate” B.D. STOJANOVIC, C.R. FOSCHINI,
M.A. ZAHETE, S. CHATTERJEE, M. CILENSE, F.O.S. VIEIRA, K.A.PERON, J.A. VARELA,
Science of Sintering: Current Problems and New Trends Publushed by Serbian
Academy of Science and Arts, Beograd and Technical Faculty, 441-449 (2003).
“Effect of Barium and Strontium Addition on the Structure and Properties of PZT
Obtained by the Polymeric Precursor Method” A.Z. SIMOES, A.H.M. GONZALEZ,
C.S. RICCARDI, M.A. ZAGHETE, B. STOJANOVIC and J.A.VARELA, Science of
Sintering: Current Problems and New Trends Publushed by Serbian Academy of
Science and Arts, Beograd and Technical Faculty, 59-64 (2003).
“Physical properties of single-crystalline fibers of the colossal-magnetoresistance
magnanite Lap;CaosMnO3s” C.A. CARDOSO, F.M. ARAUJO-MOREIRA, M.R.B.
ANDREETA, A.C.HERNANDES, E.R. LEITE, O.F. LLMA, AW. MOMBRU and R. FACCIO,
Applied Physics Letters 83 (15) 3135-3138 (2003).
“Wear Mechanism of Al,Os/SiC/Graphite Refractories by Desulfurization with a
CaO-Based Agent and Aluminium Dross”, S.M. JUSTUS, R.M. MAGNANI, E.
LONGO, J.A. VARELA, JB. BALDO, S. NASCIMENTO, O.R. MARQUES, C.A.
PASKOCIMAS, Interceram, 51, 1, 14-19 (2002).
“Isolamento Térmico em Carro Torpedo” S.N. SILVA, H. R. da SILVA, S.M. JUSTUS,
G.SHIMMELPFENG, Revista Metalurgia e Materiais, 59, 531-536 (2003).
“Efecto de la estequiometria y de la temperatura de cocion el el desarrollo de
la fase Al;TiOs”"- FONSECA, A. P. A,, Y BALDO, J. B. — Boletin de La Sociedad
Espafiola de Ceramicay Vidrio - 42 - 2 - 65-68 - 2003.
"Structural and Dielectric Characterization of Amorphous SrTiOs Thin Film
Prepared by Sol-Gel" E. R. LEITE, F. M. PONTES, S. M. ZANETTI, E. LONGO, J. A.
VARELA and V. MASTELLARO, in Dielectric Materials and Devices, Ed. by K. M.
Nair et al, American Ceramic Soc. Inc. Westerville, OH 141-54 (2002).
“Nanocrystals Assembled from the Bottom Up” Encyclopedia of Nanoscience
and Nanotechnology Edited by H.S. Nalwa 1-18 (2003).
“Dioxido de estanho nanoestruturado como sensor de NOy” A.P. MACIEL, F.
PARO, E.R. LEITE, E. LONGO, Ceramica 49 (311) 164-169 (2003).



1.4. Results of the Innovation Division

INNOVATION

RESEARCH
SUBPROJECT

SITUATION

Development of a semiconducting enamel for
application in the electric insulator surfaces;
As a result of this development the company is able

to compete in the international market.

Santana Project

Concluded

Development of high performance monolithic
refractory based on amorphous silica for application
in the lining of the glass furnace crown and walls.

The developed refractory is under testing in an
industrial glass furnace for characterization of its
performance.

Brazilian Patent (Pl 0302688-4, June 26, 2003)

White Martins-
PRAXAIR/
FAPESP Project

Concluded

Fabrication of Solid Electrolytes for Oxygen Sensors in
Molten Steels

Actual Situation: A process for avoiding cracks in
ceramic sensors for oxygen monitoring during
fabrication of special steels has been developed.
The sensors show high resistance to thermal shocks at

temperatures as high as 1600°C.

INDUSTRY 1

Concluded

Development of a Process for the Cleaning of

Foundry Sands.

Marchesan

Concluded

Development of a Methodology for the Composition

Determination of Oxalic Acid — Based Raw Materials.

CBMM

Concluded

Study on the Surface Behavior in Oxide-Based Raw

Materials for the Cosmetic Industry

Boticario

Concluded

Study on the Processing Parameters Related to the
Retention of CO2 and H20 in Niobates.

CBMM

Concluded
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Improvement of Refractory Lining of Blast Furnace
Hearth

Based on the former project of Blast Furnace Hearth,
it is proposed an improvement of the refractory lining
by the chemical deposition of ceria and zirconia on
carbon blocks of the Blast Furnace # 3 Hearths for
enlarging the hearth campaign and also a process
for the recovering of carbon blocks of the Blast
Furnace Hearth. U$ 4,800,000.00

CSN

Concluded

CORROSION PROTECTION MECHANISMS OF THE
Alb,Os3/SIC/C/MgAl,Os REFRACTORY LINING USED IN
TORPEDO CARS

Post Mortem study of refractory lining ASCMg used in
Torpedo Cars at CSN was realized with the objective
of determining the mechanism of the corrosion

developed during the industrial application.

CSN

Concluded

New desulfurization mix for reducing the sulfur
content of pig iron

In the current context of the integrated steelworks
installed in Brazil, the actual operational practice of
the Dblast furnace ams at improving the

desulfurization rate of the pig iron. U$ 2,800,000.00

CSN

Concluded

Evaluation of the refractory lining of the ignition
furnace of the sinter plant # 4 of CSN

The project aims at the evaluation of the refractory
linings of the CSN Ignition furnace of the sinter plant
#4. U$ 5,200,000.00

CSN

Concluded
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Development of industrial process for production of | CBMM Under
nanoparticles of niobium oxide for application in Development
electronic ceramics, using a clean chemical route.

Development of industrial process for production of | CBMM Under
nanoparticles of niobium oxide for application in development
electronic ceramics, using spray pyrolysis

Brazilian Patent (PI 0103280-1, 9 Aug. 2001).

Development of high voltage ZnO vatristor. DELMAR Ltda Under

The objective is to characterize the raw materials, development
optimization of the processing conditions and

formulation of the varistor composition.

Development of Temperature Sensors. INDUSTRY 2 Under

Actual Situation: A prototype of a temperature Development
sensor has been developed based on NTC

perovskites. The main processing parameters for the

reproducible fabrication of a batch Quantity of

sensors is currently being studied.

Study on the Behavior of the Al:O3-Cr.0Os; and Al:Os-| RCR Under

ZrO. Refractory Systems, Working in Close Contact Development
with Molten Glasses, for the Production of Bio-

Compatible Ceramic Fibers.

Development of Translucent Alumina Pieces for the | Tecnident Under
Industrial of dentistry Products Development
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Enhanced behavior of the torpedo car refractory by
the nanoparticle impregnation technique.

It was developed a cerium solution able to partially
occupy the free pores in the microstructure of the
AlL,Os/SIC/C/MgAlL,O4 refractory lining used in the

torpedo cars.

CSN

Under

Development

Influence of the Product Composition and

Operational Parameters on the Taphole Mix
Operational Performance

The objective is to study the behavior of different
taphole mixes under critical operational conditions,

in order to optimize the performance of commercial

CSN

Under

Development

products.

Chemical defloculant synthesis FAPESP Concluded
Al;TiOs composition chemically stable CHR Concluded
Engineering & Craftsmanship ROCA Concluded
Shear evaluation of concrete specimens Scandelari Co. Concluded
Electrofused refractory aggregates for cement kiln Eufusa Under

development

Recycling of Ceramic Industry Waste FAPESP Under

development

Ceramic processing of graphite

Faber Castell

Under

development

26




PATENTS DEPOSITED

During this year four patents were deposited and are
described bellow:

(1) Title: Processing of Nanocomposite Catalyzes

Abstract:. A new route for synthesis and preparation of
structured catalyzes as nanocomposites, i.e., nanocomposite
systems of transition metals (with particles of 1-50 nm) such
as. Fe, Ni, Co and Ag, with high degree of dispersion in a
mesoporous matrix of amorphous SiO.. This process is based
in the formation of a hybrid polymer of Si-O-C containing
transition metal cations in the macromolecules. By means of
a controlled pyrolysis process in a nitrogen atmosphere it is
obtained a nanocomposite without the need of using a

reducing atmosphere of hydrogen

FAPESP

PI 0302027-4

(2) Improved compositions of silica based refractory
castable.
Abstract:. The present patent is related with improved
compositions of silica based refractory castable, by means
of the use of aggregates based on: vitreous silica and/or
crystaline silica (quartz, tridimite and/or crystobalite)
associated with special additions. This special refractory
castable are made to be used as refractory lining and repair
in: Glass furnaces (mainly crown), furnaces, general Iron
foundry (trough and ladles), Coke Oven plant (mainly in
repair castable) and in precision foundry (lining). These
improved compositions based in several aggregates of silica
and special additions, promote the increase of lining life,
contributing for the increase of the continuos operation time

of the equipment used in these applications

FAPESP

P10302688-4
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(3) Method to transform amorphous carbon in
crystalline graphite in graphite mines using
transition metal nanoparticles.

Abstract: The performance of a graphite mine can
be described by the obtained graphite mechanical
resistance (bending resistance, tip breaking, etc)
and by its graduation (mainly the blackness level).
However, based on the usual production methods
used in graphite mines, these two characteristics are
difficult to be maximized simultaneously, that is,
higher the mechanical resistance smaller is the
blackness level. The degree of black in a graphite
mine is related with the amount of graphite and the
amount of amorphous carbon. As higher is the
amorphous carbon, smaller will be the degree of
blackness and higher is the mechanical resistance.
The present invention has as main objective
decrease the amount of amorphous carbon in a
composition of the graphite based mine, by means
of the transformation of this disordered material
(amorphous carbon) into crystalline graphite. For this,
it is proposed the use of nanoparticles (particles with
3 to 70 nm size) of transition metals such as Fe, Ni and
Co. These particles will be generated during the
sintering through the decomposition of a chemical
compound, that is, the precursor raw material
containing the proposed transition metals. With the
transformation or conversion of amorphous carbon,
is possible to intensify the blackness level of the
graphite carbon mine, reducing the dispersion of
both, the mechanical resistance and the blackness

level.

FAPESP

PI 0302339-7
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4 Method to transform amorphous carbon in
crystalline graphite in graphite mines using
transition metal nanoparticles.

Abstract: The performance of a graphite mine can

be described by the obtained graphite mechanical

resistance (bending resistance, tip breaking, etc)
and by its graduation (mainly the blackness level).

However, based on the usual production methods

used in graphite mines, these two characteristics are

difficult to be maximized simultaneously, that is,
higher the mechanical resistance smaller is the
blackness level. The degree of black in a graphite
mine is related with the amount of graphite and the
amount of amorphous carbon. As higher is the
amorphous carbon, smaller will be the degree of
blackness and higher is the mechanical resistance.

The present invention has as main objective

decrease the amount of amorphous carbon in a

composition of the graphite based mine, by means

of the transformation of this disordered material

(amorphous carbon) into crystalline graphite. For this,

it is proposed the use of nanoparticles (particles with

3 to 70 nm size) of transition metals such as Fe, Ni and

Co. These particles will be generated during the

sintering through the decomposition of a chemical

compound, that is, the precursor raw material
containing the proposed transition metals. With the
transformation or conversion of amorphous carbon,
is possible to intensify the blackness level of the
graphite carbon mine, reducing the dispersion of
both, the mechanical resistance and the blackness

level.

FABER CASTELL

Submitted




1)

2)

3)

4)

PRIZES
Finep Prize of Technological Innovation, category
Research Institution, granted to MCDCM at
October 2003.

Prize “CST Aciaria” (CST Steel Plant) from ABM,
Brazilian Metals Association granted to the
technical contribution “Desenvolvimento de
Novas Rotas de Aplicacéo da Escoria de Aciaria
LD” (Development of New Routes for the
Application of BOF Slag) presented at the 57t
Annual Congress of ABM.

Honorable Mention from the Brazilian Association
of Expertness and Evaluations in the category
Technical Expertness for Steelmaking Refractories
at September 2003.

Epison Prize given by the Sociedade Espanhola
de Ceramicay Vidrio de Madrid, granted by J. A.
Varela for the technical contribution in

Electroceramics.

FINEP

CSN

IBAPE

Sociedad
Espanhola de

Ceramicay Vidrio




1.5 — Continuous Education and Dissemination Results

ACTIVITY

RESEARCH
SUBPROJECT

“NANOPARTICLES: OLD IDEAS WITH NEW USES”
Prof. Dr. Edson Roberto Leite - Prof. Dr. Elson Longo
Place: Winter School of Physics Department (DF/UFSCar)

“TRANSMISSION ELECTRON MICROSCOPY: APPLICATIONS IN
NANOTECHNOLOGY” Prof. Dr. Daniel Mario Ugarte and
Daniela Zanchet (Laboratério de Microscopia - Laboratoério
Nacional de Luz Sincrotron)

Place: VIl Winter School of Physico-Chemistry and Analytical
Chemistry (DQ/UFSCar)

Mini-course

“SINTERING STUDY BY THERMAL ANALYSIS”
Prof. Dr. Jirgen Blumm

(Netzsch Geratebau GmbH)

Place: Materials Science Department

Seminars

“Simulation of Ceramics Materials”

Prof. Dr. Juan Andres

(Universitat Jaume |)

Castellon-Espanha

Place: Chemical Department (DQ/UFSCar)

“Simulation of Semiconductors Oxides-SnOz and TiO2"
Prof. Dr. Armando Beltran

(Universitat Jaume |)

Castellon-Espanha

Place: Chemical Department (DQ/UFSCar)

“Nitrate Ceramics”

Prof. Dr. Roger Marchand

Université de Rennes - France

Place: Chemical Department (DQ/UFSCar)

Undergraduate and
Graduate Level
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“Densification and Grain Growth of Advanced Tin Oxide
Ceramics “
Prof. Dr. Richard Bradt

University of Alabama USA
Place: Chemical Department (DQ/UFSCar)

“Photoluminescence of titanates”

Profa. Dra. Emmanuelle Orhan

Université de Rennés - France

Place: Chemical Department (DQ/UFSCar)

“New Materials for a New Millenium”

Prof. Dr. Elson Longo

MCDCM/LIEC-UFSCar

Place: Institut of Chemistry (IQ/UNESP -Araraquara)

State of S&o Paulo — Materials Science Engineering Students
Congress

“CORROSION IN REFRACTORIES MATERIALS”

Ph.D. Sidiney Nascimento Silva, Ph.D. Fernando Vernilli Jr
MCDCM/LIEC-UFSCar

Courses of 8 hours of classes

State of Joao Pessoa - Paraiba - Universidade Federal da
Paraiba
“New Materials for a New Millenium ”

Prof. Dr. Elson Longo, Dr. Carlos Alberto Paskocimas,
(MCDCM/LIEC -UFSCar)

Courses of 8 hours of classes
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ACTIVITY RESEARCH
SUBPROJECT
Diffusion to the
The excellence of the activites of MCMDC has been |Public

recognized by the Braziian radio, TV and written press.
Several reports on such activities were publicized also with
the objective of contributing to the diffusion, throughout the
whole Brazilian society, of the science and technology
developed by MCMDC. As examples of such public
recognition and important diffusion support one can cite
the newspapers:

- O Imparcial, Araraquara, SP.

- A Folha, Sao Carlos, SP.

- A Tribuna, S&o Carlos, SP.

- Primeira Pagina, Sao Carlos, SP.

- O Estado de Sao Paulo, Sao Paulo, SP.
As for magazines:

- Noticias, a magazine from FIESP and CIESP.

- Pesquisa, from FAPESP, one of the most active
R&D supporting organizations in Brazil

As for the TV, MCMDC can rely upon TV Company
covering the whole Central Region of S&o Paulo state,
produced as series of reports covering the activities of
MCDCM and TV-Cabo Branco of the Paraiba and TV
Ponta Negra of the Rio Grande do Norte who has been
helping in the public diffusion of a series of MCMDC
achievements, either related with its basic research, or

related to the industrial use of technologies developed by
MCMDC.
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2 — Results in Basic Research

In the period from 2002 to 2003, it was observed a decrease in the total number
of published paper in relation to the last period. The total number around 138
papers can suggest an equilibrium value. This smaller value, in fact is a direct
consequence of the modification in the research structure, with modification in
the direction and staff of the Design, Fabrication and Characterization of
Microdevices Based on Magnetic and Superconducting Thin Films group.
Besides, other factor such as a re-orientation of the chemical synthesis research
focus to the nanotechnology must be responsible for this slight decrease.

Besides those problems, the research productivity (total number of paper) still is
high and the quality of the publication is very good. It is important to point out
that, the re-orientation of the projects was an important decision, resulting in
news interaction with new groups, as well as in a new and promising research
area (nanostructured materials), with significant results that is showed in the text
bellow.

2.1 Chemical Synthesis

In this research area, we start the development of new synthesis route to
process metal oxide nanocrystals. This new rout allowed for example, the
synthesis at room temperature, of doped and undoped SnO» nanocrystals
(particle size ranging from 1-3nm) with no thermal or hydrothermal treatment. To
the best of our knowledge, this is the first time that the synthesis of doped and/or
undoped SnO:2 nanocrystals at room temperature has been reported. This new
synthesis method is based on the controlled hydrolysis and oxidation of Sn*2 in an
ethanol solution. Another novel aspect of this method is the possibility of using
surfactants, which may provide improved control over particle size. This method
was applied also in the synthesis of CeO. and Pr doped CeO;, and a similar result
was observed. These works were recently submitted to the J. of Nanoscience
and Nanotechnology, and are under analysis. In this period we start also a
fundamental study about nanocrystal growth in colloidal dispersion. The crystal
growth process in colloidal nanocrystal systems is usually associated with the
Ostwald-ripening mechanism . However, experimental evidence indicating that
another crystal growth process took place in a colloidal nanocrystal system at
room temperature. This crystal growth process is based on grain rotation among
neighboring grains, resulting in a coherent grain-grain interface, which, by
eliminating common boundaries, causes neighboring grains to coalesce, thereby
forming a single larger nanocrystal. This phenomenon was observed in SnO:
nanocrystals (particle size ranging from 10 to 30 A). Our HRTEM results revealed
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the formation of chains and primary particles clusters resulting in a single large
crystalline nanocrystal. The chain morphology showed preferential growth in the
[001] direction, while the clusters grew preferentially in the [101] direction. These
results, which indicate that the observed mechanism occurs typically on high-
surface-energy planes, are congruent with the theoretical calculations. A group
from Spain performed the theoretical calculation, consolidating the interaction
between the CMDMC and the Universitat Jaume |. The results of this research
were published in a letter in the Appl. Phys. Letters. Other results that prove the
good interaction between our research group and the group of the Universitat
Jaume |, is the work performed about SnO; nanoribbon growth. In this work it
was used quantum mechanics calculation and HRTEM experimental results to
explain way the SnO2 nanoribbon growths in the (221) direction. The results of this
research as published in a letter in the Appl. Phys. Letters.

Considering the synthesis of ferroelectric oxides, the main research topic
was the crystallization study of amorphous PbTiOz(PT) to crystalline PT. In this
period we start a new synthesis process to synthesize lead-based perovskite
nanoparticles, such as PT. This method, which apparently involves no hydrolytic
reaction and is carbon and halide-free, is called the oxidant peroxo method
(OPM) because it is based on the oxidation-reduction reaction between Pb(ll)
ion and water-soluble metal-peroxide complexes with high pH. This process
results in an inorganic amorphous precursor that requires subsequent thermal
treatment to promote crystallization of the desired phase. Lead titanate was
synthesized by the OPM wet-chemical route though the dissolution of Ti metal in
H-.O. followed by the addition of Pb2* at high pH, resulting in a reactive and
amorphous precipitate with (Pb:Ti=1:1) mole ratio, which was heat treated in the
range of 400 to 700 °C. The amorphous precipitate was characterized by DSC,
and all of the powders were characterized by X-ray diffraction, Raman and XAS
(EXAFS and XANES) spectroscopy at the Ti K edge. A metastable, stoichiometric
and cubic pyrochlore phase (Pb:Ti.Os, FA3m ) was unequivocally identified by
XRD and Raman spectroscopy up to approx. 450 °C. Only tetragonal PbTiOs was
identified at higher temperatures. XAS spectra showed that the local structure
around the absorbing Ti atom of the intermediate pyrochlore phase is similar to
that observed in the amorphous precursor. This fact indicated that the
metastable intermediate pyrochlore (Pb2Ti20¢) is kinetically favored to form
because of its similarity to the amorphous precipitate, instead of the slightly
different and thermodynamically favored tetragonal (PbTiOz, P4/mmm)
perovskite structure that is only formed at higher temperatures, after the
crystallization of the metastable intermediate pyrochlore. In this research field,
we start collaboration with Prof. Kakihana, from Tokyo Institute of Technology.
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The results of this research were submitted to the J. Sol. State Chem. and are
under analysis.

In this period we keep the development of the nanocomposite, focusing the
development of new matrix, such as Al203, TIO; MgO and CeO, keeping the Ni
as disperse metal nanocrystals. In this development we use similar synthesis
approach, i.e., the polymeric precursor method. The results of this research wiill
be published in the J. Nanoscience and nanotechnology as well as in several
others magazines (see publication list).

2.2 Semiconductors and Ferroelectric Materials

In this third period, the research in thin films showed very good results, in special
the development of PbixCaxTiOz thin films by solution deposition, with very high
dielectric constant. We reported dielectric constant around 2000 for a textured
film, growth over a LaNiOs textured layer, growth in a LaAlO3 (100) substrate. The
LaNiOz: layer was also growth by chemical solution deposition, and the
crystallization process was performed in a microwave furnace, under directional
heat flow. A paper containing the results of this research was submitted to the
Appl. Phys. Letter and was approved for publication. The crystallization of the
film in microwave furnace was patented.

Other important results obtained in the thin film research area was the
development of artificial control of the morphotropic phase boundary in
heterolayered Pb(Zr,Ti)Os thin fiims grown by a chemical solution route.
Heterolayered perovskite materials today constitute a new approach for the
creation of novel dielectric and ferroelectric properties. We observed superior
dielectric and ferroelectric properties for this heterolayered polycrystalline thin
film, suggesting a cooperative interaction between the ferroelectric phases,
simulating the morphotropic phase boundary (MPB) of this system. For example,
the dielectric constant of the heterolayered thin film was significantly enhanced
when compared with that of pure PZT40 and PZT60 thin films. A dielectric constant
of 701 at 100 kHz was observed for a stacking periodicity of six layers having a
total thickness of 150 nm. The heterolayered film exhibited greater remanent
polarization than PZT60 and PZT40 fiims. The values of remanent polarization were
7.9, 18.5 and 31 ?C/cn?, respectively, for PZT60, PZT40 and heterolayered thin films
Our results also demonstrate that the chemical solution route offers opportunities
for tailoring heterolayered structures to obtain specific properties or new
materials. These results were submitted to the Nature Materials and are under
analysis.

The research in semiconducting based ceramics gave very good results
mainly in the varistor properties of these systems. The research was
concentrated in the understanding of the effect of dopant on the grain
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boundary potential barrier formation, by measuring the interface density of
states and depletion layer density of states. The influence of the atmosphere on
sintering and on heat treatment of these samples were evaluated, indicating
that adsorbed oxygen charged species are the main responsible for the
interface charged defects. Studies on the degradation of the non-linear
properties of these systems were also carried out and the results indicated that
tin oxide based varistor are very resistant against degradation. These results
have been published in the Journal of European Ceramic, Materials Chemistry
and Physics among others.

2.3 Optical and Electrochromic Materials

In this area, the development of a new class of photoluminescente materials,
based on amorphous semiconductor oxide processed by chemical process, is
the main focus. In this period, the research was focused in the development of
guantum mechanic calculation methodology in order to simulated disordered
materials. This methodology is fundamental to explain the origin of the
photoluminescence process in  amorphous  oxide materials.  The
photoluminescence of ABO3 (A=Sr,Ba,Pb), has been interpreted by means of first
principle calculations, DFT a B3LYP level, using a periodic supercell model. The
electronic structures derived from models proposed in this study for both
crystalline and asymmetric structures allows to calculated electronic properties
that are consistent with experimentally determined optical band gap. Moreover,
the foresight of electric levels in asymmetric structure within the energy band
gap of crystalline ABO3z (A=Sr,Ba,Pb), isin accordance with the experimental tails
and edges observed in the absorbency spectra of amorphous ABOs3
(A=Sr,Ba,Pb). Then, the localized electronic levels induced in the VB by the
symmetry break, coupled to the charge gradient induced in the structure, may
be the reason for the apparition of photoluminescence properties of amorphized
ABO3 (A=Sr,Ba,Pb). This work will be published in the Phis. Rev. B.

2. 4 Crystal Growth and Non-Crystalline Materials

In the research line Crystal Growth and Non-Crystalline Solids we be able to
develop an automatic diameter control system to laser heated pedestal growth
technique that permit us to grow single-crystal fibber with diameter fluctuations
below 1%. This is very important parameter for development of solid state laser.
Other interesting result was to define the importance of the oxygen in the
photoexpansion process in special glasses for optical applications.

We start also in the single crystal growth line, research about growth in the solid-
state. In this project the main target is convert a polycrystalline matrix in a single
crystalline matrix, using a single crystal seed. In our study we are using SnO:
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nanocrystals and SnO2 nanoribbon as seed. We start recently this project, but
preliminary results showed that the SnO> nanoparticle growths in the same
crystallographic orientation of the substrate (SnO2 nanoribbon).

2.5 Design, Fabrication and Characterization of Microdevices Based on
Magnetic and Superconducting Thin Films

This research field of this area have chanced drastically in this period. The
research focus was centered basically in the study of nanostructured materials
with super-paramagnetic properties. For example Ni nanoparticles embedded in
an amorphous SiO2 matrix were produced by sol-gel like process. The particle
size distribution were found to have an average radius of ~3nm, as inferred from
TEM and magnetic measurements. The magnetic analysis showed also that the
metallic particle are free from an oxide layer. The dynamic magnetic properties
of this Nanocomposite was also studied by the frequency dependence of the
ac magnetic susceptibility. The main results of this topic was published in the J.
Appl. Phys as well as in the Appl. Phys. A. We start also the development of
nanocomposite with magnetic properties in the shape of thin fim. The preliminary
results showed that we are able to reproduce the results obtained for the
powder in the thin film configuration.

Other research line considered in this period was in the processing of
manganites ceramics as well as grown of single-crystalline fibers from de
ceramic powder. The results showed that the processing conditions change the
crystal structure and the magnetic behavior of these manganites. Moreovet, it
was demonstrated the manganite fiber growth with colossal-magnetoresistance
properties of this ceramic material. These results were published in the Journal of
Physics and Chemistry of Solids and in the APL.
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3. Technological Results

The technological results due to interaction among the MCDCM and industries follow
the same trend reported in last year. It was possible to reach expressive results in the
development of products with high technological value and consequently high
aggregated value.
The projects developed with the metallurgical sector, consisted in supply technological
support to improve the performance of metallurgical equipment, to study the corrosion
mechanisms in refractories used in those equipment and to develop new technologies
for refractories used in the lining of blast furnace hearth as well as in the lining of
torpedo car.
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. One example is
the development of high performance monolithic refractory based on amorphous silica
for application in the lining of the glass furnace crown and walls. This new product helps
to improve the quality of glasses being produced.

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 Mineracao (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 is
under development 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 is under

38



3)

4)

5)

6)

7

8)

development 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.

Study on the processing parameters related to the retention of CO> and HO in
niobates. This project was contracted by CBMM aiming to controll the process
reported in the item 2.

Development of high voltage ZnO based varistor. This project is under development
with DELMAR and the goal is to characterize the raw materials, optimization of the
processing conditions and formulation of the varistor composition. It is expected
that with the optimization of processing, the company could produce high voltage
varistor with homogeneous microstructure and reproducible electrical properties.
Development of semiconducting enamel for application in the electric insulators
surface. This project contracted by Santana Company was concluded this year and
the company is using the enamel for covering the ceramic insulators.

Development of high performance monolithic refractory based on amorphous silica
for application in the lining of the glass furnace crown and walls. The project
contracted by Praxair/FAPESP has been concluded and was object of a Brazilian
patent (Pl 0302688-4, June 26, 2003). Praxair is willing to transfer this technology for
producing these refractories with high resistance against corrosion in those furnaces
being heated by oxy-fuel combustion.

Development of Solid Electrolytes for oxygen sensors in molten steels. This project is
under development and was contracted by a not disclosed company. The main
goal is to develop high thermal shock resistance ceramic sensors for oxygen
monitoring during fabrication of special steels. The developed sensors show high
resistance to thermal shocks at temperatures as high as 1600°C.

Development of temperature sensors. This project is under development and was
contracted by a not disclosed company. A prototype of a temperature sensor has
been developed based on NTC perovskites. The main processing parameters for the

reproducible fabrication of the batch quantity of sensors is currently being studied.
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9)

10)

11)

12)

13)

Improvement of refractory lining of blast furnace heart. This project, contracted by
CSN has been concluded. Based on the former project of blast furnace heart it was
proposed the improvement of the refractory lining by the chemical deposition of
ceria and zirconia on carbon blocks of the Blast Furnace of the company. The
objective is to enlarging the heart campaign and also to obtain a process for the
recovering carbon blocks of the Blast Furnace Heart.

Al,O3/SIC/C/MgAI2O4 refractory lining used in torpedo cars. This project contracted
by CSN has been concluded. A post mortem study of the refractory lining was
realized with the objective of determining the mechanism of the corrosion
developed during the industrial application. It was concluded that slag containing a
high amount of calcium aluminum-silicate interacts with the microstructure of the
refractory promoting the corrosion.

New desulfurization mix for reducing the sulfur content of pig iron. This project
contracted by CSN has been concluded. In the current context of the integrated
steelworks installed in Brazil, the actual operational practice of the blast furnace
aims at improving the desulfurization rate of the pig iron. The objective of this study
was to develop at laboratory level, a methodology for the scale simulation of the
pig iron desulfurization process. The result of this study could reduce the cost for the
development and formulation of new desulfurization mixes.

Evaluation of the refractory lining of the ignition furnace of the sinter plant of CSN.
The project contracted by CSN has been concluded. The objective of the project
was to evaluate the refractory linings of the CSN ignition furnace of the sinter plant.
The degradation of the refractory was studied in laboratory scale to contribute for
the selection of new refractories, displaying a better performance at the
operational conditions. Procedures for preventive refractory maintenance, with the
goal of prolonging the campaign of the equipment was also considered.

Enhanced behavior of the torpedo car refractory by the nanoparticulate cerium
impregnation technique. This project was contracted by CSN and is under
development. A cerium solution was developed to occupy the free pores in the

microstructure of the torpedo car refractory lining aiming the enhancement of the



14)

15)

16)

17)

18)

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.

Influence of the product composition and operational parameters on the Taphole
mix operational performance. This project was contracted by CSN and is under
development. The objective is 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. It is expected that the results of this study will
minimize the time maintenance, reduce costs and improve the performance.

Study of the behavior of the AlLO3-Cr.Osz and Al203-ZrO; refractory systems,
working in close contact with molten glasses for the production of biocompatible
ceramic fibers. This study was contracted by RCR Corporation and is under
development. The main objective is to verify the influence of the impurities come
from the refractory lining during the production of biocompatible glasses (or fibers).
Development of a process for the cleaning of foundry sands. This project was
contracted by MARCHESAN S/A, an aggricultural instruments industry. This plant
works with a foundry porocess generating large amounts of residues of phenolic
resin impregnated sands which are verry harmifull for the environment. It was
developed an efficient cleaning system with low energy consumption.
Development of translucent alumina pieces for dentistry applications. This project
was contracted by Tecnident Ltda, of the dendistry sector aiming to produce
translucent alumina bracts.

Chemical/Ceramic Synthesis/Inovatio 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.
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19)

20)

21)

22)

23)

24)

The group developed an special Al2TiOs composition chemically stable and resistant
to aluminum melts which was produced by CHR Ceramica Técnica of Sao Carlos
and tested in big Brazilian Aluminum companies with total success. The project was
financed by CHR- Ceramica Técnica Sao carlos. From this work a paper was
published in conjunction with the company CHR- Ceramica Técnica. Efecto de la
estequiometria y de la temperatura de cocion el el desarrollo de la fase AlLTiOs -
Fonseca, A. P. A,, y Baldo, J. B. — Boletin de La Sociedad Espafiola de Ceramica y
Vidrio - 42 - 2 - 65-68 — 2003.

Engineering & QGaftsmanship. The group managed to develop, using indigenous
Braziian materials, a new(no similar) precise digital friendly version of the
Gallenkamp torsion viscosimeter, of low cost. Tests were made at the central
laboratories of the Roca Group in Jundiai SP with total success. ROCA Group is
investing.

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.

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

The group is working along with ELFUSA Gerla de Eletrofusédo in the development of
new electrofused refractory aggregates for cement kilns refractory linings. A special
CalTiOs electrofused aggregate has been developed and early tests indicate 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 tile
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. Two
IC students of the group were awarded two best papers awards during the

International Scientific Initiation Congress sponsored by the University of S&o Paulo
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Campus of Sao Carlos in november 2002. Several industries in the area of Civil
Engineering are negociating the project in this tema.

25) 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.



4. CONTINUOUS EDUCATION AND DISSEMINATION DIVISION:

Introduction

We have advanced in our activities of continuous education and dissemination with the general
objective to introduce basic concepts of ceramic materials, physics and chemistry for students
of elementary up to high school levels. In all classsoom activities we defined together with the
teachers the details about the concepts to be explored in materials science.

Our Activities can be presented as:

1. A trip to the ceramic world - Researchers fom the MCDCM have tripped to different schools
to present the general concepts and features of the ceramic materials. In special two cities were
visited: Monte Aprazivel city and Promisséao city located in the northeast region of the Sao Paulo
state (approximately 300 Km from MCDCM). It was for the first time that researchers from the
university visited both schools to introduce new concepts to the students. Special attention was
dedicated to explain the difference between glass, crystal and traditional and advanced
ceramics. Several experiments were showed in order to introduce basic concepts associated
with chemical reaction, fluids, magnetic and electrical phenomena and optics. A total of 300
students participated of these activities. It was possible also to speak about the importance to
complete their studies and to make them think about interesting and exciting themes in science.

2. Teaching Physics Through Experiments - In 1826, physicist Michael Faraday founded the
Children's Christmas Lectures at london's Royal Institution. His goal was to communicate the
children the excitement of scientific discovery. In keeping with the spirit of those lectures,
MCDCM members performed at Institute of Physics of SGo Carlos, physics demonstration and
lectures for high school students as part of last past year continuous education and
dissemination program. This new approach was called the project “A Escola no Centro
Ceramico” (The School in the MCDCM), where students from high schools of cities in the
northeast region of S&o Paulo state spend one morning talking and discussing science. All those
activities has two major objectives: the first one is to teach the basic concepts of science with a
different point of view and where those concepts are applied in the day-by-day situations. The
second one is to show those students (potential future graduate students) and teachers the
ambient of the university life and to try to create the questioning and thinking behavior about
several issues, and not just believe in what the teachers tell them. This is done through the
scientific curiosity, and in this way, we strongly believe that this can make an important
contribution to the preparation of those students for the reality that they will face in their future
professional lives.

3. Students at the MCDCM labs - As an extension of the earlier projects, we introduce a new
approach on the teaching the concepts of chemical and physical process involved in the
ceramic properties and production process. This project consists in transform the high school
senior students from nearby cities in graduation students for one day. The students have the
opportunity to live as real graduate students, with a visit to the Universidade de Sao Paulo and
university ambient and MCDCM laboratory activities. The visit starts with a lecture about the
Universidade de Sao Paulo Campus, and after this lecture the high school students are invited to
visit the several units of the campus, including its infrastructure (restaurants, sports center, etc..).
The following activity is the lunch time, where everyone eats at the university restaurant. During
this lunch time the high school students have the opportunity to talk with the actual graduate
students about the course they are interested and its characteristics. In the afternoon the
students are separated into groups of 35 people and they visit the researches laboratory of
MCDCM. In this part of the day they are treated as real researches and some simple laboratory
problems and tasks are presented to the group and they are asked to solve them. They must
work as a team and they actually feel the need of the rationalizing about the problem, and how
important is the basic knowledge in physic and chemistry.
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4. Ceramic Materials Educational Project - Another approach used by the MCDCM was the
PEMCe project (explained in datailed in our last report) for the training of teachers and students
through classes given by the members of the MCDCM in public schools (specially the ones with
low economical resources). Last year the school chosen for this activity was “André Donatoni”
from Ibaté city. Science and technological themes as thin fiims, wave guides and optical fibers,
colors and light, glasses, electronic and artistic ceramics were organized in several 50 minutes
lectures (with experimental apparatus). The 310 students from 5" to 8h grades participated on
this event, that occurred in their classroom with different researchers every 50 min, during one
whole week. After this encounter, the students were asked to write an assay about the topic
“Ceramics Materials”. This assays were then analyzed by MDCDM members and by the teachers
at the school. Those texts helped us, as a qualitative measure, to verify the efficacy of the
method applied. The results shows us that the students could absorb great amount of
information and that they could retain it for long periods of time (meaning that the information
was brought together with the formation of the students). As described in our first report, the
MCDCM members that applied this project felt as happy and motivated as the students.

5. International School on Crystal Growth and Advanced Materials

The objective of the International School on Crystal Growth and Advanced Materials (ISCGChA)
is to foster activities connected with the growth and characterization of crystals, with particular
emphasis on training, scientific research and technological applications. The idea is that
researchers in this field from all over the world will be able to meet and learn from each other.
The ISCGChA also promoted the training and development of young students and researchers.
Themes in principles and methods of crystal growth were presented together with different
characterization techniques. The ISCGChA was a forum for discussion of aspects of crystal
growth, the challenges we face at the present time, and perspectives for the future.

6. Course on Nanotechnology for Undergraduate Students

MCDCM has structured and developed the Course on Nanoparticles and Nanostructures held in
January at UFSCar. In this course were given classes with the objective of offering to the students
a comprehensive vision of Nanotechnology and its implications for the economic and industrial
development, as well as the basic concepts that guide its development. The students of
Chemistry that have participated of this course came from USP (S&o Paulo, Ribeirdo Preto and
Bauru), UNESP (Araraquara and Bauru), UNICAMP (Campinas) and UFSCar (S&o Carlos). There
was an extensive discussion between the teachers, the students and the coordinators of the
course aiming at flexibilizing the curricula and allowing the improvement of the professional
formation directed to the working market. On the other hand, the students had the opportunity
to know the research activities of MCDCM in this area by means of the analyses of the papers
published in the last two years.

7. The Ceramic Center Hosts High School Teachers and Students

In this period were scheduled visits to the Ceramic Center of high school teachers and students.
The visits were held at the Group of Crystal Growth and Ceramic Materials — USP and at the
Interdisciplinary Laboratory of Electrochemistry and Ceramics of the Department of Chemistry of
UFSCar. These students, during a 8 hour period received explanations and participated of mini-
analyses in several pieces of equipment: Xray diffractometer, scanning electron microscope,
atomic force microscope and tunneling microscope. They were also given a short lecture on
Molecular Modeling using the first principles of Quantum Mechanics. The four modules were
taught in practical classes of 100 minutes. These courses are opened the whole year, only
needing that the high school is registered at USP or in LIEC-UFSCar.

The visit of high school teachers and students to the research laboratories of the universities
deserved a special projection in the American review Journal of Chemical Education.
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According to the editorial, teachers of Science, Physics, Chemistry and Biology high a higher
amount of information are able to gather important information for their students. The activities
undertaken by the Ceramic Center were shown to be perfectly aligned with such tendency of
high school students getting in touch with laboratories during scheduled visits. Therefore there is a
team in the center available to organize and carry out such diffusion work. High schools from the
cities of S&o Carlos, Promissao and Matao have visited the Center.

8. Production of the Craftsman Handout

The Ceramic Center undertake in 2001, in a partnership with Comunidade Solidaria visits to six
Brazilian states diffusing theoretically and experimentally the technology of ceramic processing.
This linkage to craftsman of small poor communities was spread out to craftsman located at
medium and big cities in the 2002/2003 period. Besides offering free advising to these craftsmen,
the Ceramic Center has remodeled completely the handout “Ceramica — a Técnica por Tras da
Arte” ( “Ceramics - the Technique behind the Art” ), which was edited and distributed to the
communities of ten Brazilian states.

The Center owns nowadays a data center controlled by Dr. C. A. Paskocimas, which guides the
craftsman in the acquisition of raw materials and offers an optimized formulation and the most
favorable conditions of drying and sintering of the ceramic pieces.

9. Production of Educational Video

In order to make more dynamic the learning process and offering a more concrete vision of the
production of ceramic pieces by the slip casting process, a video was elaborated tackling all
the processing phases: from the formulation up to the sintering. Parallelly to the video in the high
schools is shown in the practice the process of using barbotina for the molding of ceramic
pieces. Following, for the students and teachers present are given speeches stating the details
of this production process of ceramic and semi-artisanal pieces. This didactic material was
distributed in the high schools after the speeches, guaranteeing future discussions about this
subject. It should be emphasized that in all the high schools visited the principals and the
teachers demonstrated to be highly interested in the next productions of the Ceramic Center
related to the different ceramic processes.

10. Production of 3D Animation

The Ceramic Center started very timidly in 2001 the production of animations at the 3D level. In
this period were elaborated twelve 3D animations (films during 2 or 3 minutes). They were
exhibited in the high schools and during paper presentations in Brazil and abroad. The basic
objective of the animations is to show in a clear and scientific way the development of the
research activities of the Center, moreover in hanostructure, nanoparticles and catalysis. On the
other hand, there has been a great interest from the regional TV stations to show the animations
associated with the research activities undertaken by the Center, what resulted in an average of
one monthly interview in TV channel of highest audience in the region. Nowadays this way of
diffusion has already guaranteed a space in the national media in closed TV channels. It should
be emphasized that this year (October) the Academy of Machinima Arts and Sciences Festival
showed an intense participation of 3D animation films in New York. This fact demonstrates the
importance in the future for the diffusion of science in all the levels.



11. Ph. D. Linked to the Industrial Sector

In this period the Ceramic Center has looked for, besides increasing the interaction with the
industrial sector, to foster with the innovation system the engagement of students in taking the
Ph. D. In a partnership with Companhia Siderurgica Nacional (CSN), John Faber and Saint
Gobain, companies related to steel, pencils and glass, respectively, are being investigated
technical-scientific themes with the objective of innovating, improving the human resources in
the industry. These three Ph. D. courses have already yielded patents, financed by the producing
sector. Therefore, there is the concern from the Center in diffusing the knowledge at all the
levels, chiefly by decreasing the gap between University and Industry, creating in this way
interlocutors for the usage of knowledge in a more objective way.

12. Diffusion of the Ceramic Center in Congresses and Fairs

The Center organized a panel with its main activities, stressing: a) Nanotechnology. b) Electronic
Ceramics. c) Structural Ceramics. d) Artistic Ceramics. In three opportunities the activities were
disclosed to the public by means of the aforementioned panel.

1) Il Hall of the Forum of Technological Innovation and Technologies Applied in the Production
Chain - Brasiltec, from July 29 to August 2,2003, held at the Exposition Pavilion in Center Norte,
Sao Paulo. This event received the visit of 200,000 people, including industrial managers,
researchers, and high school teachers and students.

2) Brazilian Ceramic Congress, held at Jodo Pessoa, Paraiba state in the period from June 14
to June 18, 2003, counting with 620 participants of the Congress.

3) Brazilian Congress in Materials Science, held at Natal, Rio Grande do Norte state in the
period from November 9 to November 13, 2002, counting with1680 participants of the Congress.

13. Artistic Ceramics: An Interdisciplinary Theme in a Continuous Education Course

The Ceramic Center, in partnership with the S&o Paulo State Secretariat of Education, Local
Section, has promoted a Continuous Education Course for teachers of Chemistry, Physics, History,
Arts and Geography from high school teaching of the region. With the goals of presenting to the
teachers theoretical pedagogical instruments, accomplish a professional up dating and
facilitate the integration of the teachers to the Ceramic Center, the course had and its main
theme Artistic Ceramic.

The choice was owing to the proved existence of a coherence between the theme and the
political, ethic and aesthetic values that inspired the Braziian Constitution and the law of
“Diretrizes e Bases” (Guidelines and Bases for Education), organized under three consignas:
sensibility and social-economic.

An important feature of this 40-hour course for 40 teachers was that it supplied the teachers tools
and information in order for them to own the theme and could, thus, more easily explore the
interdisciplinary aspects with the students.

14. Extension Course for Teachers

A great amount of knowledge with a lot of practical work in the classroom, this was the
conclusion of the high school teachers that participated of the Extension Course for Teachers. In
this course were offered notions of fundamental chemistry from a series of practical experiments,
involving also video and 3D animation. The participation of 70 teachers in the course has
showed the great interest of the teachers in getting up to date in order to make more dynamic
their classes. On the other hand, each participant received a set of 30 Craftsman Handouts,
which were employed in the teaching for the students in the ceramic art and in the connections
with chemistry and physics, associated with materials. This program incorporated around 14000
high school students in S&o Paulo metropolitan region. In a second step, the teachers will visit
Sao Carlos, in order to know the modern techniques of materials characterization, organized in
16 teacher-groups.



15. One Day of Undergraduate Student

Forty five students of Colégio Dom Bosco, a high school from Monte Aprazivel city, in the region
of S&o José do Rio Preto, were hosted to be undergraduate students for one day at the Ceramic
Center.

As newly come students to the University, the freshmen had a welcome speech at the Institute of
Physics — USP — S&o Carlos. At this opportunity the students attended classes , had launch at the
University Cafeteria and got in touch with the undergraduate and graduate students, as well as
with the university teachers.

16. Participation of the Center in National and International Reviews

a) The Ceramic Center, by means of Prof. Dr. Reginaldo Muccillo selects and edits the Revista
Ceramica, official organism of the Brazilian Ceramic Society. Prof. Dr. J. A. Varela and Prof. Dr. E.
Longo, other members of the Center are also members of the editorial committee of Revista
Ceramica.

b) The Center has also a strong participation in the review Revista Ceramica Informacéao, edited
by Faenza Editrice do Brasil Ltda. Prof. Dr. J.O. Paschoal, a member of the Center is the
Technical - Scientific Editor of the review and Prof. Dr. E. Longo is also one of the members of the
technical - scientific council of the review.

17. Diffusion in Newspapers, Radio and TV

Last, but no least, it is important to comment the interface of MCDCM with the media. In this
period, information about Ceramic Materials was disseminated by means of the written press,
radio and TV.

Newspapers from Sao Carlos (Primeira Pagina and Tribuna) and Araraquara (Imparcial) covered
news about MCDCM achievements in the Innovation Projects, emphasizing the development of
materials made in partnership with CSN, White Martins (PRAXAIR), CBMM, and Faber-Castell. O
ESTADO DE SAO PAULO, a newspaper of undoubtfully national coverage, also covered the
achievements of MCDCM emphasizing also the advantages that the industrial partners of
MCDCM are having with such a fruitful partnership.

The technical developments obtained on Materials (photoluminescence, nanoparticles, and
nanostructure) benefited the whole region, showing clearly the multiplying role of the University-
Company interaction. As a consequence, EPTV, the TV Company covering the whole Central
Region of S&o Paulo state, produced as series of reports covering the activities of MCDCM and
TV-Cabo Branco of the Paraiba and TV Ponta Negra of the Rio Grande do Norte.

18. Ceramic Bulletin (Informativo Ceramico - ICeram ) - We have continued with the edition of
the Ceramic Bulletin with the unique objective to give information of our activities in education
and science dissemination. In this period we published 3 issues of the Ceramic Bulletin and a
total of 3000 copies were distributed for all students free of charge.

19. 39 Meeting of the Ceramic Materials Center - MCDCM - In this 39 Meeting the members of
the MCDCM presented their results in research, education and innovation.
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Concluding remarks of the continuous education activities

In this period (2002-1003) several activities in the continuous education
program were developed. These activities were opened to elementary and high
school students with the main purpose to open their mind to understood science
and their technological aspects. A broad subject was covered in this program
correlating the concepts of ceramics with chemistry and physics. The program a
"trip to the ceramic world" was a successful presentation for 300 high school
students in two cities. Another project motivated the students for physics and
chemistry problems and enrolled other 1000 students and 15 teachers in our
macro region. These educational projects were extended to two elementary
schools in Sdo Carlos. During a summer school a course of nanotechnology
applied to ceramic materials was offered by MCDCM members. Several
undergraduate students from UFSCar, USP, UNESP and UNICAMP participated of
this course. Other events such as the International School on Crystal Growth and
Advanced Materials were realized being the MCDM one of main organizer of this
event.

In order to make more dynamic the learning process the group produced
education videos about ceramic processes. The production of 3D animations
reach a good quality films that are exhibited in the high schools and in diffusion
programs of the regional TV centers.

A special program of the MCDCM has motivated the craftsman to learn
about the processing the ceramic materials. A special material was edited by the
MCDCM with the sponsorship of Centro Ceramico do Brasil which was distributed
to their associates.



