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Indigenous commercial R&D in advanced
ceramics — Retrospect and prospect*

V. C. §S. Prasad

A review of the status of various products developed by indigenous R&D and other commercialization
attempits in the area of advanced ceramics over the last several years in the country is presented, with
particular reference to electronic ceramics, because this segment forms the bulk of the advanced ceramic
markets. Various issues related to commercial R&D are recapitulated, such as the differences between
terms like invention and innovation and technical and product development, etc. Different types of R&D
with their stakes and time scales are also discussed. In view of the above ideas and in the context of lib-
eralization, the future prospects for indigenous R&D in the area of advanced ceramics in our country is

reviewed.

Although R&D in advanced ceramics
and related components has been going
on over the last 20-25 years in the
country, its requirements towards com-
petitive commercial needs have not been
systematically studied and understood.
With the dwindling government funding
for R&D and with the increasing em-
phasis towards product-oriented applied
R&D, this issue is becoming increas-
ingly significant in recent years. In ad-
dition, the onset of liberalization and
gliobalization policies in the country
adds an additional challenge to the in-
digenous R&D, which has to gear up to
the exacting global standards. There-
fore, the indigenous R&D is somewhat
at crossroads of either facing the danger
of extinction or gearing up substantially
to the ever-increasing demands on it. It
1S, therefore, relevant to review the dif-
ferent commercial R&D efforts (R&D in
defence, space and atomic energy are
excluded) 1in the country in this area,
examine critically the factors for success
or failure of these efforts, understand
the strengths and weaknesses, identify
the gaps in our knowledge of product
development and related commerciali-
zation 1ssues and analyse the future
scope in this area in the context of the
fast-changing economic scenario in the
couniry,

Markets for advanced ceramics:
World and Indian scenario

The commercial interest in any ficld
depends upon 1ts markets The markets

*Paper presented at the 81st Session of the
Indtan Science Congress, faipur, 1994

for advanced ceramics can be divided
broadly into two areas, viz. electronic
ccramics and  structural/engineering
ceramics (Table 1). The figures indicate
that bulk of the markets' are for elec-
tronic ceramics, a scenario which would
continue for another 10-15 years. The
table shows that the Indian markets
(nearly 75 million dollars) are less than
1% of the world markets. This is nearly
7% of the markets for South Korea®
(~ 1000 million dollars), which is one
of the very fast developing economies in
Asia. (It is interesting to note that the
population of South Korea is nearly 7%
of that of India.) The substantially
larger markets in South Korea are
mainly due to the boom in the electron-
ics industry, which accounts for nearly
90% of the above markets.

The small indigenous markets give a
caution that the investments in R&D are
to be made rather discretely keeping the
global markets also in view to be able to
dertve significant commercial benefits.
It is also to be understood that consider-
ing the heavy investments already made
by the advanced countries as well as to
some extent by the developing countries
in this area, only a very well thought out
and highly focused R&D can result in
economic benefits, As a corollary, the
poor growth of the R&D in this area in
our country may also be assumed to be
due to the paucity of substantial indige-
nous markets so far, It is also to be re-
membered that India spends less than
1% of its GNP on R&D as against the
advanced nations, which spend’ in the
range of 2-3%. Also, government
spending accounts for most of the R&D
spending in India, which is not so in the
advanced countrics.
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Retrospect

Electronic ceramics

Analogous to the world trend, the In-
dian market’s trend for advanced ceram-
ics is largely dominated by electronic
ceramics and, therefore, the R&D ef-
forts and investments were also more in
this area. R&D efforts towards product
development in this area started at NPL,
New Delhi, as early as 1960 in the fields
of ferrites and ceramic capacitors. Both
products have been commercialized.
The ferrites were commercialized by
Central Electronics Ltd. (CEL), Gazia-
bad, and the ceramic capacitors by
Bharat Electronics (BE), Bangalore,
both being public sector companies.
This experience, particularly the latter,
only helped to show the deficiencies 1n
our product development and commer-
cialization skills and did not seem to
result in major economic benefits.
(Bharat Electronics had discontinued
the process very shortly after the com-
mercial production started and went in
for an imported technology.) Some of
these deficiencies {(well-known by now)
are poor skills in mechanization and
volume production, poor designing for
quality and robustness inte the products
and faijlure of tailoring the preducts to
customer requirements and making them
cost-competitive.

Table 2 shows the typical products of
indigenous R&D in the area of elec
trontc ceramics that are currently in the
market, The table also displays the
particular organizations which devel-
oped/producttonized  the product, ap-
proximate pertod ot thetr developmoent,
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Tabie 1. Advanced teramic markets® (approximate markets in
miilions of dollars)

South Korea®

(1988
Type World’ projections) India’
Electronic 3000 ~9Q00 &6
(2000 M Rs)

Structuralf 1200 -100 10
engineenng (300 M Rs)
ceramics

~10 200 -1000 76

*1992 figures.

‘Ceramic Industry Magazine, Aug. 1993.

*Am. Ceram. Soc. Buli., 1988.
'Author’'s estimates.

Table 2. Typical electronic ceramics products developed indigen-
ously and currently avaiiable in the market

Approx.
Develop- cost of
ment finished
Organiz- period components’
Product ation (approx.) (Rs/kg)  Market status
Soft CEL 1960-1970 X Okay for some
ferrites indigenous
markets
Varistors Elpro 1982-1986 -10x - do -
Intl, (4 years)
Pune*”
Thermistors BE, 1986-1992 ~100x% - do -
Bangaiore (high-end
(PTC/CTV)! products)
Thakarsons, N.A. - do -
Pune (NTC)'
Translektra N.A. Position not
(heater PTC) clear

"Prior exposure to an imported disc ceramic capacitor technology.
**Developed by a group who had a substantial exposure in simitar

manutacturing plants abroad.
N A. Not available.

and their current market status. Com-
mercialization of ferrites was started by
CEL, based on NPL know-how. The
efforts were started without any prior
manufacturing base and therefore the
product development times were rather
long. Requirements for high-end appli-
cations such as high-frequency ferrites
for electronics and telecommunication
markets do not seem to be fully met.
After this effort, quite a few companies
in the private sector have gone in for
foreign collaboration to produce soft
ferrites in the country.

The next product which is success-
fully commercialized and currently in
the market is the varistor from Elpro
International. The product has been
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developed for the Indian markets largely
with indigenous machinery, by people
who had exposure to similar plants
abroad. Moreover, they had the benefit
of the manufacturing base of lightning
arrestors (based on ZnQO) which M/s
Elpro had earlier set up with collabora-
tion from General Electric Company,

USA.

" A fair amount of indigenous technol-
ogy was successfully developed for dif-
ferent products in the thermistor family.
While Thakarsons, Pune, have success-
fully commercialized the NTC thecmis-
tor, Bharat Electronics, Bangalore, has
done so for a relatively more challeng-
ing product, viz. the PTC thermistor for
the colour picture tube degaussing. The

process for the latter involves develop-
ing techniques for doping ppm levels of
dopanis in the ceramic homogeneously,
reproducibly and inexpensively, design-
ing the compositions for manufac-
turability, designing of the process to
maintain high purity all through the
processing steps, and designing an ap-
propriate and inexpensive sintering
technology to achieve the required pro-
perties and microstructure on a manu-
facturing scale. More recently, Translek-
tra Domestic Products, Bombay, has
announced successful commercial de-
velopment of the PTC device for the
mosquito-repellent  heater  market
(newspaper announcement). The exact
status of this effort is still not clear,

The Thakarsons and the BE group had
a prior exposure to an imported ceramic
capacitor production line, which was
helpful in evolving the production tech-
nology for the thermistors. The Tran-
slektra group also apparently had some
amount of prior manufacturing experi-
ence.

From the above case studies, the fac-
tors for commercial success of product
development are inferred®, as shown in
Table 3. The table shows different R&D
efforts that did and did not resuit in
successful commercialization. The case
studies include the NPL process for
ceramic capacitors, the BE process for
piezobuzzer and for PTC, and the fine
particle technology of TIFR. In cases
where the different criteria for com-
mercial success were not met (Table 3),
the outcome was poor. It 15 interesting
to note that the different drawbacks
associated with the piezobuzzer process
of BE were nearly the same as those of
the NPL process for ceramic capacitors,
although the former was attempted
nearly 20 years after the latter. This
observation clearly indicates that the
absence of planned effort to fill up the
gaps or make up for the weaknesses In
the total process of commercialization
of R&D over the years has led to fail-
ures. Mostly, the R&D component
(technical development component) is
overemphasized and the manufactuning
and marketing components are not given
adequate attention in the total product
development process.

In addition, all the products which
could be successfully commercialized
had a fairly simple fabrication technol-
ogy, viz. the dry pressing process. Some
involve, additionally, spray drying and
screen  printing processes, which are
also relatively simple. Therefore, suc-
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Table 3. Factors for commercial success of product development
—__-—.'-___‘-l‘l_——___-h—_—————_u_-__-—___—_____-

Ceramic Fine

capacitors particie
Factors for (NPL know-  PZT PTCR technology
commercial how supplied buzzer process (TIFR,
SUccess to BE) (BE) (BE) NCML)
Low-cost raw OK OK OK Not OK
materials
Cost-effective Not OK OK OK N.A.
process/product
with respect to
market needs
Low capital costs OK OK OK N.A.
SPM capability Not OK Not OK OK N.A.
Implementation Not OK OK OK N.A.
of quality
concepts
Company’s Fits Does Fits No
business not fit commercial
objectives tie-up
Commercial Not QK Not OK  Appears  Not QK
outcome OK

N.A. Not applicable.

NPL, National Physical Laboratory.

TIFR, Tata Institute of Fundamental Research.
NCML, National Chemical & Metallurgical Laboratory.
SPM, Special-Purpose Machines.

PZT, Lead Zirconate Titanate.

PTCR, Posiive Temperature Coefficient Register.
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Figure 1. The work continuum from basic research to production (re. 5).

cesstul commercialization of indigenous
R&D has been possible so far only in
the case of fairly simple fabricatjon
technologies. Secondly, success rate
was high only when there was some
prior exposure to some well-developed
tmported manufacturing processes exist
Ing abroad.

Lhus, successful product development
involves a number of issues in addition

to mere scientific activity. This aspect is
well brought out in Table 4, in which
R&D efforts by different institutions in
the country on PIC ceramics are indi-
cated®, It is clear from this table that in
addition to the scientific R&D activity,
a number of steps, such as process de-
velopment, product development, vol-
ume  production, quality, cost and
marheting issues, are required for suc-
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cesstul product development, The work
continuum from basic research to pro-
duction is clearly exemplified’ in
Figure I, which shows the varied efforts
put in by the respective organizations
involved during the course of commer-
clalization of a product, starting from
basic research.

In addition to the above major efforts,
commercialization efforts were done on
some other PTCs and PZT ceramics
with varying degrees of success. For
example, the PTCs for motor applica-
tion were commercialized by a small-
scale unit in Pune (although the product
necds further substantial R&D for im-
proving its quality and reliability).
Likewise, BE, Bangalore, is at an ad-
vanced stage of development of the PZT
ceramics for sonar applications and
dielectric resonators for microwave
communication applications. Central
Glass and Ceramics Research Institute
(CGCRI), Calcutta, appears to be in a
similar position for some PTC-based
sensors. TRDDC, Pune, is on the
threshold of commercialization of ZrO,
sensors for heat treatment furnaces. The
Department of Electronics has invested
some money on product-oriented R&D
work in electronic ceramics in some of
its R&D centres (C-MET). From the
above, it is clear that, of late, a fair
amount of attention is being bestowed
for enhancing commercialization pros-
pects of the respective products in the
area of ¢lectronic ceramics with occa-
sional successes.

Other gdvarnced ceramics

Apart from electronic ceramics, some
R&D efforts were made in other areas of
ceramics. For example, a nove) fabrica-
tion route for fabrication of ceramic
foam filter was commercialized by M/s
Carborundum Universal, Madras, from 3
process developed by Tata Research
Development and  Design  Centre
(TRDDC), Pune. It is used for filtering
of molten metals The process was pat-
ented by TRDDC in India. CGCRI, Cal-
cutta, has done a fair amount of work on
SiC- and Si;N4-based ceramics, particu-
larly by pressurceless sintering. But there
does not seem to exist significant com-
mercialization attempt of this work.

Ceramic powders

More recently, Associated Cement Co
(ACC) R&D Centre at Thane has suc-
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Table 4. Status of R&D and commercialization of PTCR ceramics in different institutions in the country

Institution and periods

——

1Sc Bangalore

Activity 1977-1982

HT Madras
1976-1981

HT Kharagpur
1982-1987

CGCRI Calcutta
1988 onwards

BE Bangalore
1986 onwards

Understanding of
PTC behaviour,
chemical route of
powder preparation

Scientific activity

Technological activity
Process No
Product No

Commercial activity
Volume production No
Quality No
Cost No

BHEL/CSIR-sponsored
PTC thermistor
process development,
chemical route of
powder preparation

Microstructural
plane impedance

route of powder
preparation

Yes NO
No No
NO No
NoO NoO
No No

Table 5. SWCT analysis of indigenous R&D for advanced ceramics

Strengths
e Excellent raw material base

« Relatively inexpensive R&D manpower

Weaknesses

e Too diffuse and not largely market-driven

s Too small markets
s Too long development times
e Poor commercialization skills

Opportunity
« Changing government policies

Hardly any experience in putting winning products into the market

e Advanced engineering ceramics is still an evolving area even abroad

Threats
o Competition

cessfully set up pilot production facili-
ties for the production of high-quality
powders of Al;O0,, ZrO,, PSZ, BaTiOQ,,
etc. This effort is completely from in-
digenous R&D and the powders are
under evaluation by different prospec-
tive customers. Laboratory processes for
the development of Al;O; and ZrO,
powders are also under development at
the Ceramic Technological Institute of
BHEL, Bangalore. Sol-gel-derived
powders were developed by CGCRI and
Bhabha Atomic Research  Centre
(BARC). Naval Chemical & Metallurgi-
cal Laboratory (NCML) and Tata Insti-
tute of Fundamental Research (TIFR)
also have R&D programmes on ceramic
powders.

In retrospect then, the indigenous
R&D and commercialization in ad-
vanced ceramics have so far taken place
targely in the area of electronic ceram-
ics. Thisas entirely due to the prevailing
m.irkets, a trend which 1s similar to that
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in other advanced and developing
countries. SOme  sUCCeSSES  were
achieved, particularly when the ceramic
fabrication processes involved were
relatively simple and when there was
prior exposure to some related imported
ceramic technologies.

SWOT analysis

However, with the increasing liberali-
zation and globalization policies of the
government, the future R&D has to be
increasingly competitive to be of any
relevance and use. Table 5§ gives the
SWOT analysis of the current indige-
nous R&D in advanced ceramics. From
the table it is clear that the only strength
we have, in addition to the basic raw
material strength i1s the relatively inex-
pensive manpower. The weaknesses are
quite a few and the most conspicuous of
them all is the lack of adequate skills in

effects and complex

analysis, traditional

PTC thermistor
process development,
chemical/traditional

Microstructural
engineenng of
PTC ceramic,

route traditional
route of powder

processing

Yes Yes

Not sure Yes

No Yes

No Yes

No Yes

process escalation and development of
competitive manufacturing technolo-
gies.

Different commercial R&D
issues

Invention and innovation

When dealing with the subject of com-
mercial R&D, it is useful to recapitulate
the difference between the above two
terms. While invention ¢an be regarded
as a discovery which has hitherto not
been existing, innovation 1s the whole
process of moving new ideas, products
or services successfully into the econ-
omy®. Thus, invention is only a part of
innovation and it is the latter which
results in commercial gains and not
necessarily the former.

Technical development and
product development

These two terms are rather synony-
mously used. But tt is useful to under-
stand the difference as indicated by
Fine’. Technical development is purely
internal for an organization. For exam-
ple, in the case of advanced ceramics, it
involves development of compositions,
relationships between compositions and
properties, process design, product de-
sign and fabrication, serviceabihity,
product testing under service condi-
tions, safety, appearance, etc. On the
other hand, product development in-
volves activities like development of
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Figure 2. Typical advanced materials learning curve (ref. 9).

Table 6. Success probability of R&D at different stages™

Technical feasibility

Marketing decision

Market response

Success Launch Success
0.6 0.55 0.4
Failure Drop Failure
0.4 0.45 0.6

The final probability of success is 0.6 x 0.55 x 0.44 = 0.132,

ongoing communication between mar-
keting, manufacturing and technology
people; it also encompasses other re-
quirements like helping to verify prod-
uct requirements and assumptions with
the customers, helping to assess com-
petitive threats and responses about the
product, helping in the design of com-
petitive manufacture and sustainable
differential product advantage, etc.
Therefore, total product develop-
ment 1involves a number of commercial
iIssues in addition to many technical
1SSUEs.

Customer’s priority vs
scientists’ priority

The customer’s priorities® are generally
cost, size, geometry, delivery and ap-
pearance, whereas the scientist’s prior-
ity 1s achieving technical excellence in
the job he does, for example, imparting
as good properites to the ceramic as
possible

Costs, time scales, stakes and
types of R&D

It is generally acknowledged’ by com-
panies involved in materials technolo-
gies that for every $1 spent on research
it will cost $10 to develop a specific
product and $100 to even $1000 to take
the resulting product to market. The
typical time scales involved for convert-
Ing a concept Into full-scale production
and the cost of the product at different
stages of the R&D and productioniza-
tion process for a typical advanced ma-
terial are indicated’ in Figure 2. The
process of concept to pilot production
takes nearly 5-8 years and almost be-
yond 10 years to full commercialization,
The product cost keeps reducing
gradually over this period.

The commercial success probability
of a general R&D effort at different
stages of commercialization is indicated
in Table 6. It could be'™' as low as
13%. However, the product success
probability 1in a well-managed product
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development effort in a typical company
in the field for some time could be as
high as 65% according to American
Manufacturers’ Association'?.

High-tech R&D innovations could be
categorized® into two types. The heavy
high-tech innovations (type I) involving
high investments and long pay-off peri-
ods, and light high-tech innovations
(type II) featuring low investments and
short development cycles According to
Akio Morito’’, the famous Chairman of
the Sony Corporation (Japan), success
in type Il innovations results from a
high degree of creativity not only in
R&D but also in manufacturing and
marketing. The success is all the more
striking if all these three functional
groups work simuitaneously towards the
product development goal. This ap-
proach 1s called concurrent engineering,
well exemplified by Fine’ in describing
the successful product development
etforts of two important products of
Corning, viz. the glass laminate system
(Corelle) and the K-richeterite glass
ceramics (Pyroceram).

The case for profit-making R&D

In India, essentially two types of R&D
are being carried out. One is R&D
leading to imitative products, largely
carried out in the industry for the pro-
tected indigenous markets, and the sec-
ond is the basi¢ R&D in the academic
and scientific organizations for generat-
ing knowledge and sustaining the coun-
try’s long-range R&D culture with a
somewhat tentative aim of achieving
major breakthroughs, although the
mechanism of generating income from
such breakthroughs is not very much
understood. The most profitable R&D,
however, as proved repeatedly by the
Japanese, 1s the R&D leading to mno-
vative products from the already exist-
ing inventions designed with low
investments and short development cy-
cle times (type II). In a globalized econ-
omy, on¢ has to learn to do this type of
R&D to denive fast economic benefits
from the resources spent.

Prospects

Indigenous R&D in advanced
ceramics ~ motivation and scope

In the global scenario, the maimn motiva-
tion for commercial R&ED is to establish
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nous R&D efforts. Since advanced ce-
ramics (particularly, structural ceramics)
is still an evolving area in the developed
countries, there is still hope for indige-
nous R&D to make a mark in our coun-
try. Finally, when we are in the process
of getting hooked on to the global mar-
kets, it is important to be vigilant about
the fact® that ‘the global game is con-
stantly changing in ways that can land
even the largest and ablest practitioners
gasplag on the shore’.

newer and more  facrative markets
W hile this 15 the main motivation for
countries [the USA| Japan and Germans,
who have alrcady invested heavily n
this area, the motivation for R&D in our
country so far appcar~ to be largely not
to lag bchind mn the international scence
and to prepare for the tuture. Right now
the Indian markets for advanced ceram-
Ics are only too modest and so far we
have not achieved substantial success
€ven an electronic ceramics to build

agreement) o gamn substantial commer-
clal benetits of R&D. This means
‘technical supremacy’ and ‘innovative-
ness’ over the competing products from
atound the world and well-balanced
products ot high ‘reliability” brought as
quickly as possible into the market. In
addition, this also means good entrepre-
neurial management for the companies
tn this business and innovative manu-
facturing and marketing ideas for the
laboratories engaged in this work. In

further on it for delivering winning
strustural ceramic products 1o the mar-
ket-place. But if an R&D base is devel-
oped, tt could help in realizing, in duc
course, the potential of the structural
ceramic products as enabling products
to gamn overall performance and cost
advantage 1n different systems (e.g. as
possible replacement of metal parts)
[ndigenous R&D is. therefore, expected
to address itself to such a challenge. The
difterent segments of the markets
advanced ceramics in India are expected
to grow 1n the following order, viz. ce-
ramics for electronic and telecommuni-
cation applications, ceramics for the
engineering industry, ceramics for use
in potlution control (for example, cata-
iy tic converters, etc.) and finally ceram-
ics for automotive applications and
energy conservation needs

Considering the overall scenario, the
future scope (perhaps for the next five
years) for indigenous commercial R&D
In advanced ceramics appears to be in
the following directions Development
of imitative products with innovative
processes, use of relatively inexpensive
raw materials, use of Iinexpensive ma-
chinery, development of methodologies
for faster R&D development times, and
R&D for quality improvements of the
vurrently manufactured preducts in the
Lountry,

Profit-making product development
ctiorts will be the name of the pame in
tie future, requiring a thorough mastery
ol the complete process of innovation
starting from R&D to marketing. In
additton to improved processes for the
existing products, new products may
have to be created (in view of the GATT
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additton, it has also to be kept in mind
that competitive advantage is not
2 hieved by technology alone but also
b+ how well it is related to the needs of
the customer.

Summary and cencluding
remarks

Although product-oriented indigenous
R&D in advanced ceramics started as
carly as 1960 (at NPL, New Delhi, for
development of ferrites), there have so
far been no significant commercial gains
from the indigenous R&D efforts. A
crittcal look indicates that there does
not exist much planoned and compre-
hensive effort towards this goal keeping
In view all the relevant issues in mind
for a successful product development
effort, viz. R&D, manufacturing and
marketing. There appears to be an over-
emphasis on R&D or technical devel-
opment 1ssues, neglecting the
manufacturing and marketing issues.
Secondly, there appears to be more of a
tendency to commit to long-range high-
tecch innovations (involving high stakes
and risks). neglecting the methodology
of mastering and thereby deriving the
economic  benefits from short-range
tight high-tech innovations R&D in
commerctal organtzations has so far
been geared mostly towards imitatinve
products. But, with increased liberals-
zation and globalization of the ccon-
omy, substantial innovative skills 1n
R&D, manufacturing as well as maiket-
ing are required to derive significant
commercial benefits from the indige-
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