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" the Cen-
ter’s activity is at an al time high
and our research can be described
in one word “thriving”. A number
of exciting things have happened
over the last year and this news-
letter highlights some of the ac-
tivities and reflects on our
achievements.

The Center went through a
major site review from NSF in
September 2003.  This usually
conducted once in three years and
involves several outside peers
adong with NSF staff members. |
am pleased to report that our re-
view was highly successful. This
is largely due to the dedicated
efforts and contributions by the
Center participants and particu-
larly our post-docs and students.
Especially noteworthy were the
introduction of new ideas and
concepts by our interdisciplinary
participants. The successful site
visit allows for the continuation of
Center support for another two
years and also sets the stage for
the re-competition that begins in
September 2004.

The Center saw other impor-
tant transitions during the year.
Prof. Herb Herman formally re-
tired and transitioned to the status
of Professor Emeritus. In hisnew

role Herb will continue to mentor
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search discussions. Last year
aso saw the arrival of our
newest faculty member: Prof.
Andrew Gouldstone. Andrew
joined the Center and the Ma-
terials Science Department as
an assistant professor in the
fal of 2003. Andrew gradu-
ated with Ph.D. from MIT and
followed that with 2 year post-
doc at Harvard School of Pub-
lic Health. Andrew is a breath
of fresh air. Although he had
no prior experience in thermal
spray, he has been a quick
learner and has aready made
significant contributions to our
understanding of multi-scale
mechanical properties of ther-
mal sprayed coatings. An-
drew has become the
“darling” to the students. He
has an infectious enthusiasm
for learning, teaching and
inspiring students and he is
leaving a mark on them. An-
drew will be a major tour-de-
force in the field of thermal
spray and materials science in
the coming years.

The Center is making
breakthrough strides in under-
standing the process-materias
interactions. Aided by inte-
grated diagnostics and model-
ing, our post-docs have made
extraordinary progress in un-
derstanding process sensitivity
and process variability with a
particular emphasis on TBCs.
The basic research knowledge
developed through the NSF
research has already paid im-
portant dividends to industry.
The newsletter highlights
some of these activities.

Our industrial consortium
to promote knowledge transfer
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Inside this issue:

all members for a second year
despite trying economic times.
The Consortium is now a well
oiled machine and has been a
very productive entity in devel-
oping interactions between the
Center and the various industrial
partners.  Lysa discusses the
activities of the consortium in
this newsletter and | urge you to
consider participation.

This year under Lysd's lead-
ership we are embarking on a
new strategy to significantly
expand and enhance our educa-
tional outreach to the K-12 sec-
tor. Through an NSF research
experience for teachers program,
we are planning a two tiered
outreach effort to introduce con-
cepts of materials science, sur-
face engineering and thermal
spray to schools. Lysa describes
this pilot program in this news-
letter. We believe this is an
important venture for the future
of our technology encourage you
to participatein this endeavor.

Finaly, we are actively pre-
paring the program for summer
workshop 2004 (July 14-16).
This year the theme will be
“Materiadls and Processes for
Energy Systems’ and will honor
Prof. Herman on the occasion of
his 70" Birthday. The workshop
features eminent speakers from
industry and academia and will
also conclude with an aumni
reunion event. We are aso hop-
ing that we will have occupancy
of our new building which is
coming on line within the next
couple of months. We hope to
see you this summer at Stony
Brook and help us to celebrate
our many achievements and set
the stage for the future!

Research Consortium Updates

Research Experiences for Teachers

Dr. Andrew Gouldstone Joins CTSR Faculty

Industrial Training Classes offered by CTSR
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How Reliable Can We Make the Plasma Process?

Energy Systems Workshop Set for July 12-16

Special points of interest:
??Center founder, Herb Herman Retires
??Tech Highlights: Precursor Plasma Spraying

??Indentation: A Smple Tool with Powerful Capa-

6 ??Comprehensive Look at TBC Structures Leads to
Improved High Temperature Performance

??Alumni Highlights: Dr. S. Rangaswamy



Center Founder, Herb Herman, Retires from Teaching

After a 35 year career that started
with his Ph.D in Metallurgy and Mate-
rials Science at Northwestern Univer-
sity and a Fulbright Scholarship at the
University of Paris, Distinguished Pro-
fessor Herbert Herman has retired from
his teaching responsibilities at the State
University of New York at Stony
Brook.

Herb's career in thermal spray
started back in the mid 1970’s when as
a young professor, one of his graduate
student’s “stumbled” upon a novel
deposition technology for non-
equilibrium materials which turned out
to be thermal spray. Fascinated by the
science involved in the process, Herb
continued his research into the technol-
ogy for the next 30 years and quickly
became one of the most vocal and dedi-
cated researchersin thefield.

Herb played a pioneering role in
bringing science into the industria
technology of thermal spray and intro-

duced a scientific approach that trans-
formed the field. In addition, Herb
played a key role in forming the Ther-
mal Spray Division of ASM Interna-
tional and was the Division’s founding
Chairman. For hissignificant contribu-
tions to the industry, Herb was elected
into the Thermal Spray Hall of Fame.

Herb'’s charismatic presence, bothin
and out of the classroom, energized
everyone from students to thermal
spray practitioners and created a fol-
lowing of believers in the technology.
Many of today’s leading scientists and
industrial researchers in TS chose to
pursue thisindustry as adirect result of
Herb’s own motivation and love of the
process. Students from around the
world found Herb to be more than just
a mentor but a surrogate father and
their gratitude and devotion towards
himis clearly evident.

In addition to his role in the thermal
spray community, Herb also played a

significant role in the materials science
and technology community by serving
as editor for a host of technical journals
including Treatise on Materials Science
& Technology, Materials Science and
Engineering (A) and Ocean Technol-
ogy Series. Herb aso has fellowship
status in two materials societies includ-
ing ASM International and the Ameri-
can Ceramic Society.

Some of Herb’s past students gather at a
dinner honoring his career and achieve-
ments.

Consortium on Thermal Spray Technology: Howmet Joins As Newest Member

Since the spring of 2002, the Center for
Thermal Spray Research has hosted a
very successful collaborative research
consortium consisting now of eeven
leading industrial users and manufactur-
ers of thermal spray equipment and mate-
rials. Through their combined resources
and the facilities and personnel of the
Center, industrialy relevant, pre-
competitive research agendas are estab-
lished and carried out.  This year, the
Consortium is proud to welcome its new-
est member Howmet Castings, a leading
manufacturer of components for jet air-
craft, gas turbines and other advanced
technology industries.

This year's research builds upon the
YSZ powder morphology studies from
the previous year’ swork to develop proc-
ess maps for coating systems. The maps
that are generated come from the use of
highly sophisticated visualization and
diagnostic equipment which create ac-
ceptable process windows for industrial
coatings. Thedatathat isbeing generated
now will allow users to intelligently se-

(performance) of the coating in the very
near future.

In year one, the research knowledge
transfer effort focused on addressing and
understanding:

?? YSZ powder morphologies and
interactions/behaviour within the
plasma

??  Sintering behaviour of Y SZ coat-
ings

Howrmet
Castings

OSRAM
SVYLLANIA

??  MCrAlY HVOF, APS and VPS
bond coat elastic/plastic proper-
ties.

Consortium members meet two to
three times per year for research updates
and networking opportunities. In addi-
tion, members receive relevant publica
tions from the Center throughout the
course of theyear.

For more information on membership,
please contact Lysa Russo at:
lysa.russo@stonybrook.edu
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Research Experiences for Teachers: New Program for CTSR

A critically important aspect of the
CTSR is its commitment to educational
and industrial outreach to the commu-
nity at large. As such, the CTSR facili-
tates summer research experiences for
middle school and high school teachers
of science, technology and math. The
Research Experiences for Teachers
(RET) is afive week program that util-
izes hands-on laboratory experiences to
familiarize teachers with the fundamen-
tals of scientific research and some of
the latest advances being made in mate-
ria's science and engineering.

All middle and high school math and
science teachers who hold a New York
State Teacher’ s Certificate are éligible to
apply to the program. Physics, chemis-
try and math teachers as well as teachers
in high minority, under-represented
school districts are strongly encouraged
to apply.

The program runs for five weeks,
starting July 6th and ending the week of
August 6th and is held at the Center for
Thermal Spray Research located on the
SUNY Stony Brook campus. Teachers
each receive a stipend of $4,000 for
completing the program.

During the course of the program,
teacherswill:

?? Participate in research projects us-
ing CTSR equipment and facilities
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?? Gather insight into laboratory de-
sign

?? Develop new and exciting curricu-
lum for their classroom

?? Learn how to utilize sophisticated
|aboratory equipment.

Each week, a different research
themeisexplored. They include:

?? High Temperature Coatings for
Aerospace Applications

?? Materias in Sensors and Electron-
ics

??  Conceptsin Computer Modeling

?? Testing and Characterization of

e

“Now | understand how IMPORTANT it truly is
for us to become knowledgeable onthe
subject of sciences. The enthusiasm we

possess in the classroom DOES play a large

role on what the children take a like to”, Jaclyn
Mazzurco, LI elementary school teacher.

?? Synthesisand Processing of Materials

At the end of each week, teachers will
have the opportunity to network and de-
velop adetailed curriculum project on that
week’s topic. The teaching module that is
developed by the group can be used by
each of the teachers, in their own class-
rooms, aswell as be posted on the Center’s

website so it can be shared by other inter-
ested teachers.

This program is designed to give
teachers an up-close, persona look at
scientific work on the research level and
have the opportunity of working with
leading faculty and scientist in one of the
country’ sfinest research universities.

If, interested please contact Lysa
Russo at lysarusso@stonybrook.edu to
obtain additional information on the RET
program as well as obtain copies of the
application forms.

High School Students Spend Semester Studying Thermal Spray

This past semester, the CTSR was
delighted to offer research internship
opportunities to two very talented Syosset
High School sophomores. On weekends
garting in  November 2003 through
March 2004, these young ladies would
cometo the laboratory to experience, first
hand exactly what is involved in the un-
dertaking of ascientific program.

Their selected project involved the
metallographic preparation and evalua-
tion of Ni-Al bond coatings deposited
using four commercialy viable proc-
esses. high velocity oxygen fuel (HV OF),
twin wire electric arc, vacuum plasma
spray and air plasmaspray . During their
studies, they learned specifics about each

process and how coating microstructures
can be varied significantly depending
upon the process selected.

Examining Sprayed Coatings Using
Optical Microscopy.

To evaluate coating microstructures,
both optical and scanning electron mi-
croscopy was employed.  The nature of
splats, oxidation and pores were fully
explored and understood for each coating
structure.

As part of the project, a fina report
was written summarizing the spray proc-
esses that were selected, polishing proce-
dures and evauation techniques used to
examine the sprayed coatings and what
the findings were for percent oxidation
and porosity.

Programs like these provide gate-
ways for young people to explore the

many opportunities available in the world
4 i
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Tech Highlight: Single Step Synthesis and Deposition of Func-
tional Oxides by Precursor Plasma Spray

A single step approach to make functional oxide ceramic coatings by radio frequency (RF) plasma spraying technique (PPS)
starting from solution precursors is under investigation. This emerging method of thermal spraying, utilizes molecularly mixed
precursor liquids, which basically avoids the handling and selection of powders, enabling new avenues for devel oping complex
functional oxide coatings. PPS has been successfully employed to deposit thin/thick films of spherical and nanostructured de-
posits of yttrium aluminum garnet (YAG), yttrium iron garnet (Y 1G), lanthanum strontium manganate (L SM) and yttrium zir-
conium titanates. Red emission from highly crystalline and luminescent films of europiumdoped Y AG and yttrium oxide (Eu-
Y, 0;3) produced by this method are shown in Fig.1.

@

For the development of these
films, an appropriately designed
precursor sol was spray atomized
and fed directly into the RF plasma
through an atomic probe (see Fig.

2). The average residence time of
the liquid droplets in the plasma
during spraying was around 1 s. In
such a short duration a complete
chemical reaction took place in
micro-scale level within the atom-

ized droplets to form polycrystal-
line ceramic coating. The overall

(b) process of spraying, chemical reac-
Fig, 1: Red emission from (a) Eu-YAG and (b) Eu-Y,03 filmswhen excited with a Min- tion and particle formation occurred
eralight UV lamp. within 40 seconds, indicating the

simplicity of the process. Formation of randomly oriented coatings by the present approach, confirms a homogeneous nuclea-
tion process. Generally, textured coatings are formed during the chemical vapor deposition processes indicating a heterogene-
ous nucleation. Free from electrode contamination of the products, axial injection, larger hot zone, controllable temperature are
the key advantages.

Precursor Plasma Spraying

This process may be economically
viable to develop large area coatings of
luminescent phosphors as well as other

ceramic coatings for magnetic and fuel RF Plasma Treatment Xgﬁ‘s’;ﬁgﬂo” and Con-
cell applications. CTSR’s interdisciplinary

scientists in collaboration with Prof. *

Levi’s group at University of California, Liquid

Santa B.arbara aso invegigat.i ng the ”9”' Eégggtrsgl: - :: Dehydratipn/Chemical
equilibrium phase evolution during Liquid = reaction #

plasma spraying of multi-component ox- S

ides from inorganic precursors. By proper
feedstock design and control, and deposi- .
tion optimization, we are also exploring Particles bond-
the composition and microstructural space Ing

in a discrete combinatorial manner and
access far-from equilibrium configura-
tions that offer practical opportunities and
intriguing scientific issues.

Fig. 2: Schematic of precursor plasma spraying process.
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Dr. Andrew Gouldstone Joins CTSR

The Center for Thermal Spray Re-
search is proud to announce its newest
faculty member, Prof. Andrew Gould-
stone.

Andrew received his BS in Materials
Science and Engineering from MIT in
1996 and then stayed on at MIT to pursue
his PhD in Metallurgy under Professor
Subra Suresh. His dissertation was fo-
cused on the mechanical behavior of thin
metal films and patterned lines on sub-
strates.  The first half of his graduate
work involved the thermo-mechanical
study of such structures, using finite ele-
ment models and substrate curvature ex-
periments. In the second half, he was
introduced to the then-emerging technique
of nano-indentation, and used it to explore
the incipient plasticity that occurs under
small-scae contact.  His thesis was
capped with an experimental atomic simu-
lation of dislocation nucleation under sur-
face contact, using a variation of the

Bragg-Nye bubbleraft model. Figure 1
captures the essence of the model.

After graduation in early 2001, An-
drew accepted a position as a National
Ingtitutes of Health Training Grant Post-
doctora Fellow at the Harvard School of
Public Health, studying the lubrication
between lung and chest wall during
breathing. It was there that Andrew de-
veloped an interest in the solid mechanics
of lung tissue, specifically the plastic de-
formation and recovery of lung that occurs
inlife.

Although respiratory physiology and
mechanics remains an interesting topic for
him, Andrew was ever drawn back to the

Summer Industrial Training Classes offered

field of materials science, and when the
opportunity arose to study the mechanics
of therma spray coatings at CTSR, he
quickly accepted the position. Since Sep-
tember 2003, he has had the privilege of
working with a number of students in
materia's, mechanica and electrical engi-
neering, developing robust methods for
coating property and residual stress meas-
urement, investigating the nano-scale
plasticity of single splats on substrates,
r and support-
ing effortsto
determine
the funda
mental me-
chanical
processes
that occur at
splat-splat
interfaces
under mac-
roscopic
Aefarmatinn,

Prof. Andrew Gouldstone

By CTSR

Providing a bridge to industry on the
latest advances being made within the aca-
demic community is one of the key mis-
sion’s of the CTSR. To accomplish this,
the CTSR frequently holds educationa
courses open to dl those interested on a
host of topics.

During July 12-13, 2004 full and half
day classesranging from Marketing of TS
Technology to Advanced Conceptsin TS
Materials Processing are scheduled to be
offered by Mr. Elliott Sampson, athermal
spray operator and product/marketing man-
ager with over 40 years experience, as well
asthefaculty and staff of the CTSR.

Classligtingsinclude:

Global Opportunities for Thermal
Spray Applicators: Therma spray tech-
nology has been utilized for numerous
successful  industrial  applications, but
many times people new to the industry, or
even those with years of experience, are
not aware of these opportunities. This
classwill provide a strategy to develop and
exploit these global opportunities.

Introduction to Thermal Spray Coat-

ings: Those new to the industry in tech-
nical as well as non-technical positions
can greatly benefits from this course
which provides a broad overview of ther-
mal spray technology.

Advanced Concepts in TS Materials
Processing: The use of traditional spray
parameters for predicting coating proper-
tiesand performance are clearly not suffi-
cient when process control and reliability
are critical issues. The latest techniques
for determining in-flight particle charac-
teristics through process mapping and in-
situ coating property determination will

be explored during thisclass. Participants
will gain a much grester appreciation for
the particle science necessary for opti-
mized deposition and coating perform-
ance.

Marketing of Thermal Spray Technol-
ogy: This class is geared towards saes
and marketing personnel who can benefit
from an improved appreciation of the
needs and decision drivers of their cus-
tomers. Too many times the wrong proc-
ess or material is specified leaving the
customer dissatisfied with the thermal

ticipants will gain a much better under-
standing of proper coating selection
procedures and economics of the various
processing alowing them to make intel-
ligent coating recommendations.

The CTSR is afully equipped spray
and testing laboratory and hands-on
training is offered as part of the Intro-
duction to Therma Spray Coatings and
Advanced Concepts classes, making
them unique learning experiences.

For additional information, please
log onto our website at:
www.stonybr ook.edu/ctsr
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Indentation: A Simple Tool With Powerful Capabilities

Instrumented indentation is well-
suited as a technique for probing me-
chanical behaviour of coatings; it requires
minima specimen preparation, can be
performed multiple times on a single
specimen, and can measure behavior over
various length scales, by recourse to ap-
propriate indenter tip selection. How-
ever, the complex nature of the deforma-
tion fields under the tip, coupled with
complex (e.g. anisotropy, nonlinearity)
coating properties necessitates robust
means of interpretation in order to extract
stress-strain behavior.

At the CTSR, we have developed a
simple method, based on empirical work
by Tabor, for converting coating indenta-
tion forcedepth data to stress-strain
curves. Using this method, results of
indentation can thus be used to quantify
mechanical behavior of coatings depos-
ited by different processes (e.g. Fig. 1),
and subjected to post-processing treat-
ments, providing a powerful supplement

to microstructural characterization.  In
addition, we have recently developed a
surface marking technique, based on a
modified Au sputter system that alows
construction of full elastoplastic stress-
strain curves using only a Brinell hard-
ness tester (Fig. 2). Such a method al-
lows rapid and objective assessment of
coating quality for spray end users. Cur-
rently, this method requires polishing of
coating surfaces; efforts are underway to
extend applicability to as-sprayed materi-
als.

HVDF

Cold spray

1900 y —
== APS
500 £ ﬂ:‘.':-'i'-:-r---*'”
P Twin wire

Indentation stress (MFa|

Fig. 1. Stress-strain curves for Ni-5%Al

deposited by four different methods. Elas-
tic portion of the curve is generated via
analysis of indentation unloading behaviour
and plastic portion is constructed from
hardness test data.

Fig. 2. Deposition of a porous Au film (40
nm thickness) allows determination of
the contact diameter resulting from elas-
tic indentation of the coating; all me-
chanical data can thus be generated from
simple hardnesstesting.

Approaches to Address Process Reliability and Sensitivity

Increasing knowledge in the area of
process-microstructure-property  relation-
ships alows more precisely specifying
desired coating properties and understand-
ing their performance. As a conseguence
new requirements for process control arise
in terms of reproducibility, reliability and
predictability to approach the goal of pro-
ducing coatings according to predefined
functionalities. A major step in that direc-
tion has been made possible in recent years
through a variety of particle diagnostics
sensors. At Stony Brook we have taken a
successive step to integrate several of these
sensors along with in-situ coating property
measurements through a multi-dimensional

sensor setup (Fig. 1), which combines sim-
ple direct feed back capahilities for online
injection optimization with more sophisti-
cated tools for detailed monitoring of in
flight particle states as well asin situ coat-
ing properties.

A wide range of materials have been
investigated through this integrated ap-
proach. For example in conjunction with
the Stony Brook Industrial Consortium, a
detailed study of three different morpholo-
gieswith nominally the same size distribu-
tion process capability for plasma spraying
ZrO, ceramics was explored (Fig. 2). Dur-
ing 3.5h of gun (7MB) operation, there-

ossection distribution

heated

Temperature (‘C)

Fig. 1: Sensor set-up to explore process capabilities.
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Fig 2: Reproducibility compared to
maximum process window.
producibility of acontinuously measured
central condition (see insert) was evalu-
ated. This study demonstrated overdl
process window was better DT=7.3%,
DV=3% which was a pleasant surprise.
For the more than 21 different spray
conditions included in each of the ex-
periments temperature (T) and velocity
(V) could be predicted excellently (Chi
Square>90%) from primary parameters.
Work is also in progress to examine the
relationship between particle state and
coating properties. The improvementsin
process science can be used to develop
process maps which will guide parame-
ter selection aswell as addressing repro-
ducibility. Thisisamgjor step towards
achieving prime reliant coatings.
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Materials & Processes for Energy Systems Workshop Set for

July 14-16, 2004

In honor of Herb Herman, on the
occasion of his 70th birthday, a special
symposium focusing on Materials and
Processes for Energy Systems has been
planned for July 14-16th, 2004.

Today’s energy systems, and even
more importantly those being designed
for future applications, are greatly de-
pendent upon high performance surfaces
and coatings. Performance thrusts and
design requirements for these advanced
systems will be discussed by leading
applicators and researchers throughout
the Symposium. Thermal spray technol-
ogy has produced successful protective

coatings for decades. The processing of
these coatings, however, was generally
achieved through Edisonian methods and
serendipity. Newer complex materials
systems and operational demands have
required more sophisticated process con-
trol and coating characterization. These
and related issues will be the goal of the
Symposium.
Scheduled speakersinclude:

?? Subhash Singhal: Solid Oxide
Fuel Cdls

??2 Curt Johnson and YC Lau:
Therma and Environmenta

Barrier Coatings

?? Brij Seth: Design Requirements
for High Temperature Oxides

?? Fred Pettit: Oxidation in High
Temperature Energy Systems

(University of Pittsburgh)
?? Rich Neser: Process Science
and Control

For additiona information or workshop
brochure for registration, please log onto
www.stonybrook.edu/ctsr/workhops.

Comprehensive Evaluation of TBC Structure Leads to Better
Understanding of Structure-Property Correlations

The use of thermal barrier coatings
(TBC) to protect high temperature gas
turbine systems has clearly become the
main stay of the thermal spray industry.
Plasma-sprayed yttria-stabilized zirconia
(YSZ) TBCs, which yield desirable ther-
mal insulative properties have been the
bill-of-materialsfor this stringent applica-
tion. Research carried out at Stony Brook
jointly with the National Institute of Stan-
dards and Technology has focused on
determining details (e.g., anisotropic void
microstructures) of the imperfection con-
tent so that it may be quantitatively sepa-
rated and thus controlled through the use
appropriate process tools. Manipulation
of the microstructure offers an opportu-
nity to tailor coating properties to meet
application requirement. This requires a
clear understanding of correlations be-
tween processing, microstructure devel-
opment and related TBC properties (e.g.
thermal conductivity and modulus).

Through the use of advanced scien-
tific tools, the distributions of voids have
been delineated and related to specific
process parameters. Microstructure and
processing variations have been corre-
lated with coating properties. This ap-
proach, combined with tracing the evolu-
tion of microstructura and property
changes for industrially relevant service-
encountered heating, is now available to
help establish rigorous processing-
microstructureproperty relationships in
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Recent efforts conducted in concert
with GE have focused, on the examina
tion of the critical microstructural fea-
turesthat led to Dense Vertically Cracked
(DVC) TBCs, exhibiting quasi-columnar
microstructures approximating EB-PVD
coatings. Fig. 1 showsthe top surface and
cross sectional modulus for four such
TBCs. Results show a monotonic in-
crease in top surface modulus, however,
under cross-sectional indentation, the
discrete change in dominant microstruc-
tural (porosity) feature is reflected by a
transition in measured eastic modulus.
The vertical cracks are induced by de-
sign; they introduce in-plane compliance
that improves resistance to thermal cy-
clina fatinie
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Fig. 1. E. Modulusanisotropy in con-
ventional and advanced TBCs.

The quantitative separation of the
microstructure into its components for the
two distinct coatings, obtained from small
angle neutron scattering, is shown in Fig.
2. It is seen that the component porosity
of interlamellar pores decreases, thus
enabling a correlation with the thermal

coatings. Furthermore, the component
porosity of intrasplat cracks increase,
thereby explaining the decrease in cross
sectional modulus for the DV C coating.
Thus, the combination of the two meas-
urements in this case provides important
information about the multi-functional
behaviour of the coating.

Another study involved investigation
of the behavior of low, medium and high
porous coatings upon isothermal aging.
The total void surface area, derived from
small-angel neutron scattering measure-
ments, decreases a higher temperatures,
and drops sharply above 1100°C, sug-
gesting enhanced sintering of the intra-
splat cracks and the inter-lamellar pores.
However, asharp increase in surface area
is observed for the 1400°C annesl, this
increase can be attributed to a destabiliz-
ing of thet’ (tetragonal zirconia) phaseto
the monoclinic phase resulting in a 4%
volume change. These new approaches
provide new insight into three dimen-
sional microstructural  effects and also
enable stronger correlation between de-
sign relevant properties and the contribut-

Ak it el FantiieA
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Fig. 22 Quantitative separation of
microstructural featuresusing SANS.
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Going Beyond the Surface

Alumni Focus: Dr. S. Rangaswamy, Wall Colmonoy Corporation

The Center
for Ther-
mal Spray
Research
is proud to
call one of
our indus-
try’s  most
prominent
industrial
scientists,
Dr. S. Ran-
gaswamy
one of it's

own.

Ranga was born and raised in south-
ern India and began his career in engi-
neering at the Hindustan Aeronautics
Ltd (HAL) as a supervisor of the
tool/die/machine shops. In 1978,
Ranga moved to the United States after
being accepted at SUNY Stony Brook
master’s program in engineering. Once
Ranga completed his master’s degree,
he accepted an engineering research
and development position with Metco to
concentrate on the development of ther-
mal spray materials. During his time
with Metco, Ranga published numerous

technical papers and was granted six
US patents for surface coating materi-
als including ceramics, thermal barrier
coatings and wear-resistant carbides.

In 1983 Ranga returned to SUNY
Stony Brook to pursue his doctorate
degree while still working part time at
Metco. In his Ph.D thesis,
“Metallurgical Characterization of
Plasma Sprayed WC-Co Coatings”,
Ranga explored the metallurgical reac-
tions in tungsten-carbide-cobalt materi-
als during plasma spray operations.
His research was one of the first semi-
guantitative studies of these metallurgi-
cal reactions and helped enable design-
ers of thermal spray powders and sys-
tems to design them for optimal per-
formance.

Ranga left Metco in 1988 and moved
to Michigan to join Sulzer (now Sulzer
Metco). While at Sulzer, Ranga was
granted eight more patents and au-
thored numerous technical papers and
presentations on thermal spray technol-
ogy.

One of Ranga’s most significant
patents was for a new composite pow-

der manufacturing process which elimi-
nated the need for binders used to hold
the powder particles together. This
patent earned Ranga the Sulzer Corpo-
ration Innovation Award for Technology.

Ranga joined Wall Colmonoy in Feb-
ruary 1996 and as the Director of Tech-
nical Services and Corporate Quality is
responsible for all of the R&D, Techni-
cal Services and Quality Assurance for
the entire corporation.

Though Ranga has been able to
claim such great successes with his
career, he is not all work! He and his
wife, Geetha, have been married for
nearly 31 years and in November of
2004, they will have the wonderful
pleasure of celebrating the marriage of
their daughter Sowmya.

Ranga also enjoys drawing, acting
and music and performs in traditional
Indian plays performed in his native
tongue, Tamil. Ranga is also active in
organizing local music festival and con-
certs in south Indian classical music.



