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MATERIALS MICROSTRUCTURAL DESIGN
GROUP (GEMM) AT UFSCar
Victor Carlos Pandolfelli and José de Anchieta Rodrigues

Universidade Federal de São Carlos:
UFSCar, is the only Federal University
located in the interior of the São Paulo
State. The main campus has 645
hectares of a 9,478 hectares total
(1,549 acres of a 23,421 acres total)
located in Sao Carlos (Figure 1). Today,
there are 5,430 undergraduate and
graduate students, enrolled in either
one of the 25 degree courses or in one
of the 27 master and doctorate degree
programs. The Materials Engineering
Department covers majors in Ceramic
Materials, Metallic Materials and
Polymeric Materials.

HISTORICAL INFORMATION:
The Group for Materials Microstructural

Design (GEMM) was founded in 1991 as
part of the Materials Engineering
Department (DEMa) at UFSCar. The
Group established its consolidation
based on education activities for under-
graduate and graduate levels, an inten-
sive research program, and coopera-
tion with Brazilian industrial sectors.

Since 1993, GEMM has its own labo-
ratory building named Laboratory for
Special Ceramics and Refractories,
which has 800 m2 (8,600 ft2) of useful
area (Figure 2). The Group and the
University are proud of this building,
which was a donation of Alcoa's
Philanthropic Institute in Brazil in recog-
nition of the positive cooperation
between UFSCar and Alcoa during
more than 10 years of interaction. With
grants of FAPESP (the most important
research financial institution of São
Paulo State) it was possible to get a
high level infrastructure for high temper-
ature mechanical characterization of
refractories (Figure 3).

CHARACTERISTICS:
The aim in education activities is to

offer study and work conditions to stu-
dents so they can develop skills which
will give them good bases to compete
for jobs in industry as well as in
research laboratories. Concerning
research, the emphasis is put on the
microstructural design of refractories, in
particular of castables, and on their
thermomechanical evaluation. Both
activities education and research, are
continually updated to follow the real
necessities of the concerned industries.

Nowadays more than 25 people work
inside GEMM, including one technician,
18 graduate students (11 in the doctoral
program, 7 in the master program), post-
doctoral personnel and senior
researchers (4). Emphases are given to
the equilibrium between a strong rate of
scientific publication in recognized jour-
nals and the consideration of the needs of
the Brazilian industrial sectors. Since
1990, the Group received 19 awards from
Brazilian congresses and industrial asso-
ciations. Three Brazilian industrial patents
are registered which are co-authored by
members of the GEMM:
·Process and formulation system for

particulate ceramic materials
·Self-flowing refractory castable

composition (hydraulic bonding or
chemical bonding free) and prepa-
ration process

·Novel Rheometer for castable mixes

THE TEAM:
The leader of GEMM is Prof. Dr. Victor

Carlos Pandolfelli, a materials engineer
who received his undergraduate degree
in 1979 and his Ph.D. in ceramics at the
University of Leeds in 1989. In 1996 he
took his sabbatical in the École
Polytechnique, Montreal.

Prof. Dr. José de Anchieta Rodrigues
is a physicist who earned his under-
graduate degree in 1976 at the
University of São Paulo and his Dr. rer.
nat. title at the University of Sttutgart
and Max-Planck Institut für
Metallforschung in 1984.

Dr. Murilo Daniel de Mello Innocentini
is a chemical engineer from UFSCar
(1991) and obtained his PhD from
UFSCar too in 1997.

Dra. Alessandra Pereira da Silva
earned her chemical engineering
diploma at Universidade Estadual de
Maringá in Brazil in 1994 and her PhD
from UFSCar in 2000.

MAIN RESEARCH AREAS AND
PROJECTS:
Development of advanced refractory
castables

Development of technical ceramics
with high thermomechanical perform-
ance

Evaluation techniques of thermome-
chanical properties

Processing of ceramic suspensions
(i.e., alumina, SiC)

Development and characterization of
ceramic foams

Currently, the main research projects
that the Group is carrying out include:
1) Development of Multifunctional

Castables - particle size design,
rheology and properties (creep
and permeability)

2) Rheological behavior of castables
(self-flowing, pumpable, etc.)

3) Development of zero-cement
castables (for instance, how to
avoid cement adding enzymes)

4) Evaluation of permeability of
refractories at room temperature
and at high temperatures (up to
800o C). A major interest today is
to understand the effect of
cement, water, fibers, etc, on the
permeability.

5) Study of the fundamental equa-
tions that explain permeability and
its main variables. A new effort will
expand the permeability equations
to consider the wetting angle and
surface tension of slags and corre-
late permeability and corrosion.

5) Development and characterization
of foam ceramic filters for
foundries and steel producers

6) Gel casting of porous ceramics
7) R-curve, fracture energy and ther-

mal shock parameters of refrac-
tory castables and bricks (mainly
aluminous compositions).

8) Design of alumina-SiC-C disper-
sion for castables

MAIN INDUSTRIAL PROJECTS:
1) Development of alumina-spinel-C

brick for steel ladles
2) Development of pumpable and

shot-creting castables
3) Design of refractories for steel

ladles (i.e., alumina-C, MgO-C)
4) Development of electrofused

aggregates (i.e, mullite, mullite-zir-
conia)

5) Development of castables for FCC
(fluid catalytic converter) petro-
chemical units

For further information contact the authors
at: Universidade Federal de São Carlos,
Departamento de Engenharia de Materiais,
Via Washington Luiz, km 235 -13.565-905,
São Carlos - SP, Brazil. On the website see:
http://www.ufscar.br/~dema/gemm/index2.htm
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Figure 1. Entrance to UFSCar

Figure 2. Entrance to DEMa building donated by Alcoa (Laboratory for spe-
cial ceramic and refractories)

Figure 3. Perspective view of the main DEMa laboratory showing MOR,
thermal conductivity and RUL/creep testing equipment.
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C-E Minerals
901 East Eight Avenue
King of Prussia, PA 19406
Tel: 610-265-6880
Fax: 610-337-7163
E-mail: inquire@ceminerals.com
Website: www.ceminerals.com
A major world supplier of quality raw
materials and services to the refrac-
tory and related industries.
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Martin Marietta Magnesia Specialties
P.O. Box 15470
Baltimore, MD 21220-0470
Tel: (410) 780-5500 or (800) 648-7400
Fax: (410)-780-5555
E-Mail: Refractory@martinmarietta.com
Website: www.magspecialties.com
Martin Marietta is a major domestic supplier
of basic and non-basic specialty refractory
products, gunning equipment, precast
shapes and state of the art high speed, 3-D
laser imaging systems used to repair and
maintain the brick linings of steelmaking fur-
naces and related equipment to companies
worldwide.
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SBL KILN SERVICES, INC.

200 Bursca Dr., Ste. 210
Bridgeville, PA 15017
Tel: (412) 257-1606
Fax: (412) 257-1615

·Kiln/dryer troubleshooting
·Kiln evaluations
·On-site kiln operator training
·Kiln engineering/modernization
·New combustion/control systems
·Kiln optimization services
·Kiln replacement parts
Celebrating 10 Years of Service
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GEORGE E. SNYDER
CONTRACTORS &
EAST PENN
REFRACTORIES

Divisions of American Refractories
T/A George Snyder
1250 Clarion St.
Reading, PA 19601
Tel: (610)375-4422
Fax: (610) 375-6331
E-Mail: snyder3@ix.netcom.com
Website: www.amer-ref.com
Doing Business since 1955 all over the
US.  Our experience includes boilers,
rotary kilns, heat treat, melting/holding
furnaces, incinerators, etc.  Providing
and installing castables, brick, gunite,
plastics, ceramic fiber products.
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PRED MATERIALS INTERNATIONAL, INC.
60 E. 42nd St., Ste. 1456
New York, NY 10165
Tel: (212) 286-0068
Fax: (212) 286-0072
Email: predmatsp@aol.com
Website: www.predmaterials.com
Pred Materials supplies refractory boron
carbide; chromic oxide; silicon carbide;
lithium, magnesium and sodium silicates;
mullites and spinels. We work with
customers to find the best raw materials
available.
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ANTER CORPORATION
1700 Universal Road
Pittsburgh, PA 15235-3998
(412) 795-6410
FAX: (412) 795-8225
E-Mail: sales@anter.com
Website: www.anter.com
Anter is a manufacturer of thermophysical
properties measuring instruments and
a provider of testing services. Product
line includes dilatometers (thermal
expansion), thermal conductivity
meters, and thermal diffusivity systems.
ISO 9001 certified.
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OR 

EMAIL: leem@umr.edu

Todd P. Sander
573-364-4091 tpsander@yahoo.com

• Features Point & Click Functionality

• Large Material Database

• Theoretical or User Defined Target PSDs
• Software optimally blends components to

target PSD while simultaneously adher-
ing to ANY user-imposed constraints

• Too many capabilities and features to list

• Call/e-mail for Information or Demo •
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NANCHUAN MINERALS GROUP
A leading mining, manufacturing and processing group

and export trading corporation in the People’s Republic of China

JINGSHAN FUSED ALUMINA FACTORY
“Golden Mountain”Brown Fused Aluminas

Refractory and Abrasive Grades

TIANJIN XIAOSHAN MINERAL
PROCESSING FACTORY

“Small Mountain” Calcined Bauxites and Flint Clays
Shanxi & Guizhou Refractory & Welding Grades

Shaft, Rotary and Round Kiln Bauxite

Also Representing Sources for

MULLITE • CALCINED KAOLIN • FLINT CLAY • GRAPHITE
BRUCITE •CALCINED, DEAD BURNED & FUSED MAGNESITES

SILICON CARBIDE • OLIVINE

Yuan Zhilun, General Manager, Chongqing, China
Tel: 86.23.6362.2380  Fax: 86.23.6362.0343

e.mail: bauxite@public.cta.cq.cn

Bill Holroyd, Sales Director, Stamford, CT
Tel: 1.203.253.1699  Fax/Tel: 1.203.323.6711

email: wgholroyd@prodigy.net

Web.Commerce: www.NanchuanMinerals.com

CALCINED BAUXITE AND BROWN FUSED ALUMINA
PACKAGED REFRACTORY SIZES

NOW AVAILABLE FOR PROMPT SHIPMENT
FOB PARKERSBURG, W. VA.

ESK-Wacker Engineered Ceramics, Inc.
3301 Sutton Road
Adrian, MI  49221
Tel: (800)-833-7608
Fax: 517-264-8137
Email: wec.info@wacker.com
Website: www.esk.com
Antioxidant refractory additives for carbon-
bonded refractories: boron carbide, boron
nitride, calcium boride, titanium boride,
and zirconium boride.
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WHAT IS HAPPENING IN SHOTCRETE PLACEMENT?
By Jim Farrell, Blastcrete Equipment Company 

THE CHALLENGE MET
The United States refractory industry

is to be applauded for its lead in devel-
opment and application of formless high
temperature concrete. Low moisture
and low cement technology that has
resulted in formless castable installation
has been well accepted around the
world. 

This "new" technology came about at
just the right time. Gunite, or dry shot-
crete, had been the standard bearer of
formless castable installation until "jet-
set" or "shotcasting" came of age with
the wet shotcrete process applied to
refractory low cement and no cement
products. The wet shotcrete process
has resulted in less dust and rebound at
the nozzle, and higher performance
materials. 

ANOTHER OSHA CHALLENGE
The Occupational Safety and Health

Administration (OSHA) has a proposal
on Congress' plate to lower the allow-
able limit of respirable silica dust by
50% from the present standards.  The
result could be elimination of the dry
shotcrete (gunite) process with materi-
als containing crystalline silica.
Results of the November election could
have an impact.

Industry acceptance and proven per-
formance of the wet shotcrete process
have been sudden and swift, and the
timing appears to be fortunate based on
the introduction of this new legislation.
While the refractory industry has been
brilliant in its offer of an excellent alter-
native to the gunite process, it has not
come without a downside. . . higher
cost. 

THE PRICE CHALLENGE
The price of a gunite machine is

approximately $10,000. The price of a

high-pressure swing tube refractory
pump designed to move low cement
and no cement refractories is over
$40,000. Add a mixer and the total price
can be as much as $80.000. In most
installations, the customer will require a
back up machine in case of a break
down. This raises the bar too high for
many in the business of installing
refractories. 

THE TECHNICAL CHALLENGE
The challenge to the refractory indus-

try now is to lower the bar on equipment
cost by designing materials that do not
require the ultra high pressure of a
swing tube pump.

Hydraulic peristaltic pumping equip-
ment has been available in the U.S. for
many years.  Peristaltic pumps operate
at 75% less hydraulic pressure than do
swing tube pumps, however the cost to
build these lower pressure pumps is
more than 50% less than the cost of a
swing tube pump. These hydraulic peri-
staltic pumps are also much safer to
operate and much easier to maintain
and clean than swing tube pumps. 

The challenge to the refractory indus-
try now is to develop low and no cement
materials that will flow through these
lower pressure pumps. Refractory pro-
ducers who eliminate the requirement
for ultra high-pressure pumps to move
their materials will create an opportunity
for many more installers and customers
to afford the equipment to utilize their
products.
Note about the writer of this update: 

Jim Farrell is President of Blastcrete
Equipment Co. in Anniston, Alabama.
Blastcrete supplies the refractory indus-
try with mixers and machines for the
installation of their products.  Jim Farrell
can be reached via email at jim@blast-
crete.com or www.blastcrete.com R AA
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