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Editorial Desk
Modern development vis-à-vis environmental
challenges. Recently we have faced a series of disasters
due to unplanned development of modern city and
rural areas especially in North India. Rural
development should be taken up with proper
assessment of critical ecosystem. Environmental
challenges can lead to resistance to achieve
developmental goals. The extent of damage is
incalculable. In this aspect regeneration / reuse of
natural resources and conservation of ecosystems
should be considered on priority basis.
Some of the important considerations can be
summarized as:Utilization and reclamation of wastes
Conservation of natural resources
Systematic studies on environmental impacts
and ecological balance
Improved climatic resilience of communities
Proper planning of rural and urban areas
Assessment of hydrological balance vis-à-vis
development with respect to water bodies
R & D efforts should be laid on environment friendly
processes maximizing utilization of industrial wastes
conserving natural resources. Rapid urbanization in
developing countries responsible for people resides
in areas prone to natural disasters. This has lead to
loss of life and property.
One of the important areas where competent
authorities is lacking is in areas of
Disaster management policies and techniques
Comprehensive analysis of ecology of the ares
Fly ash utilization conserving natural resources
Utilization of slags of iron and steel plants
Utilization of fines and low grade ore /
concentrate/ ceramic raw materials for
conservation of minerals
Utilization of secondary resources just like
scrap, e-waste conservation and protection of
water
Proper awareness should be created in the above
areas to generate better environmental protection
for future development.
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Ceramic news and Events
Two day workshop on Ceramic Science 4th and
5th September, 2013
One day National Synposium on Ceramic Science
and Technology,6th September , 2013
ICS, Kolkata 033-24138878,
email incers@CGCRI.res.in
28th Indian Engineering Congress, Chennai,
Dec-2013.
Tel- 044-25360614,
email- ieitamil nadu@gmail.com
Examination-Matters-Notification
27th National Convention of Metallurgical
and Material Engineers on Multifunctional and
Adaptive Materials, Bangalore- Feb 6-7, 2014 IEI,
Karnataka State Centre, 560001
080-22264698, email-ieiksc@dataone.in
National Seminar on Refractory Raw Materials &
Monolithics, 12th-13th November,2013 at CG&
CRI, Kolkata.
  Energy & Efficiency-Key For Sustainable
Development Outlook of Indian Industries (Minining,
Metallurgy, Manufacturing, Power, Oil and Gas
Construction, Services, R&D) 20.12,2013 at Taj
Bengal Kolkata organized by IIM-Kolkata Chapter
email: iim_kol@yahoo.co.in
51st NMD & 67th ATM of the IIM,
12-15 November,2013 at IIT BHU
e-mail : nmdatm2013@gmail.com
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INSTITUTE ACTIVITIES
Highlights of the 37th Annual Session, January 2013

38th Annual Session of Indian Institute of Ceramics,
held on 18th January, 2013.
Joint Inaugural Session

The joint Inaugural Ceremony of the 76th Annual
Session of The Indian Ceramic Society, 64th Annual
Session of All India Pottery Manufacturers’
Association and 38th Annual Session of Indian Institute
of Ceramics was held on January 18, 2013 at “Tagore
Hall”, Paldi, Ahmedabad, Gujarat.
Welcome Song
In the inaugural ceremony, Smt. Monika Shah, an
eminent classical vocalist of Gujarat performed a solo
classical vocal recital. This was of very high standard.
In the history of Annual Sessions, for the first time the
inaugural programme was preceded by a cultural
programme and everybody enjoyed and appreciated
the same.
About 200 delegates from all over India and abroad
comprising scientists, technologists, students,
equipment manufacturers, raw material suppliers and
end-users in the field of glass and ceramics,
refractories and allied disciplines, academic institutions,
R&D organizations as well as guests and invited
speakers actively participated in the Session.
Inaugural Programme
After the inaugural song, Dr. S.N. Misra,
Scientist-in-Charge, CSIR-CG&CRI, Naroda Centre
and Convener, GTGC-2013 was requested to escort
the Chief Guest, Shri Maheshwar Sahu, IAS, Principal
Secretary, Govt. of Gujarat and the Guest of Honour,
Shri Kamal Dayani, IAS, Industries Commissioner,
Govt. of Gujarat and other dignitaries on the dias.
Mr. G.G. Trivedi, Executive Director, Somany
Ceramics Ltd., Gujarat and Chairman, Organizing
Committee especially rendered his hearty welcome
to Dr. S.N. Misra Scientist-in-Charge, CSIRCG&CRI, Naroda Centre and Convener, GTGC2013, Dr. A.K. Chattopadhyay, Vice President,
IIC Bulletin Vol.22, No. 1, 2013

InCerS, Prof. Arun Kr. Varshneya, Professor of Glass
Science, The New York State College of Ceramics,
Alfred University, USA, Shri Rupesh C. Shah,
Chairman, Gujarat Chapter, InCerS, Shri S.K.
Kudaisya, Chief Patron & Managing Director,
Sabarmati Gas Ltd., Shri Subhash Dave, Chief Patron
& Managing Director, Sabarmati Gas Ltd., Chief
Guest, Shri Maheshwar Sahu, IAS, Principal
Secretary, Govt. of Gujarat and the Guest of Honour,
Shri Kamal Dayani, IAS, Industries Commissioner,
Govt. of Gujarat for their gracious presence on the
occasion. Shri Maheshwar Sahu, IAS, Principal
Secretary, Govt. of Gujarat and Chief Guest, 76th
Annual Session of the Indian Ceramic Society officially
inaugurated the occasion by lighting the ceremonial
lamp.
Annual General Meeting :
The 38th Annual General Meeting of Indian Institute
of Ceramics was held at Tagore Hall, Paldi,
Ahmedabad, Gujarat. Mr. Anil Chand Lodha,
President of the Institute was in the Chair. The meeting
was attended by about 150 members.
Annual Report on the activities of the Institute
during the year 2012
Prof. Saikat Maitra, Hony Secretary presented a brief
summary of the activities of the Institute during the
year 2012. The report contained informations about
the activities of the Institute during the year which were
as follows :
(A) Committee Meetings :
During the period from January to December, 2011a
series of meetings were held as stated below :
Council – One (1 No.), Executive Committee – Four
(4 Nos.), Examination Committee – Three (3 Nos.),
Publication Committee – One (1 No.), Membership
Committee – One (1 No.)& Special Meeting – Three
(3 Nos.)
(B) Membership
A total of thirty-one (31) candidates were
recommended and approved for membership in
different categories as detailed below :2

Fresh Membership recommended
Fellows
—4
Members
—3
Upgradation recommended
Member to Fellow
—4
Associate Member to — 2
Member
A.I.I.Ceram. Examination — 2012
A total of Two hundred thirty-four (234)
students were enrolled in 2012 for A.I.I.Ceram.
Examination, out of which Two hundred eleven (211)
of students appeared during October, 2012. The
theoretical examination was held during the period
from 28th October to 4th November, 2012 in three
centres and the practical examination was held from
8th November to 11th November, 2012.
Election of Office Bearers and other Council
Members for the terms 2013– 2014
Mr. Anil Chand Lodha, President of the Institute, announced the results of the election of Office
Bearers and Members of the Council for the terms
2013 – 2014. These are as follows :Office Bearers
President
— Mr. Anil Kumar Kaviraj
Vice-President
— Dr. L. K. Sharma
Hony Secretary
— Prof. (Dr) Saikat Maitra
Hony Joint Secretary — Dr. H. S. Tripathi
Hony Treasurer
— Dr. Arup Ghosh
Fellows representing the Council
Mr. Sachchidananda Chakrabarti
Dr. P. Manohar
Dr. (Mrs.) Nibedita Chakrabarti
Mr. Gouranga Datta
Dr. Shankar Ghatak
Dr. Tapas Kumar Mukhopadhyay
Members representing the Council
Prof. P. K. Gogoi
Dr. Subrata Ghosh
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Associate Members representing the Council
Mr. Moti Lal Ram
Mr. Shibasish Barik
Mr. Rana Das Gupta
Different Sub-Committees of the Council and
the composition for the term 2013 & 2014
The newly elected President of the Institute Mr. Anil
Kumar Kaviraj, presented the recommendations of
the 67th Executive Committee Meeting held on 23rd
March, 2013 for the constitution of various subcommittees. The same with some addition and
alteration was approved by the 87th Council Meeting
held on 24th April, 2013.
Examination Committee
1. Prof. (Dr) Ram Pyare
…… Chairman
2. Prof. G. C. Das
….. Co-Chairman
3. Prof. Siddhartha Mukherjee…..
Member
4. Dr. P. Manohar
…..
Member
5. Mr. J. S. Yadav
…..
6. Mr. Kala Hasthi Subba Rao ….

7. Prof. T. K. Parya
8. Dr. Nibedita Chakrabarty
9. Dr. C. S. Prasad
10. Prof. Om Prakash
11. Dr. Ritwik Sarkar
12. Dr. C.D. Madhusoodana
13. Dr. Manas Kamal Halder
14. Dr. T. K. Bhattacharya
15. Prof. Rituparno Sen
16. Prof. Ranjan Roy
17. Dr. Srimanta Patra
18. Mr. S. Chakrabarti
19. Dr. T. K. Mukhopadhyay
20. Dr. Nandini Das
21. Dr. Kaberi Das
22. Dr. L. K. Sharma
23. Dr. Arup Ghosh
24. Dr. H. S. Tripathi
25. Mr. R. C. Das
26. Dr. Kausik Dana

Member
Member

…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Member
…..
Convener
….. Co-Convener
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Membership Committee
1. Mr. Anil Chand Lodha
..…
2. Dr. A. K. Chatterjee
..…
3. Dr. F. D. Gnanam
…..
4. Dr. G. Banerjee
…..
5. Dr. Arup Kumar Chattopadhyay…..
6. Mr. Amal Kumar Guha
…..
7. Mr. Amit Kr. De
…..
8. Mr. S. K. Ghosh
…..
9. Prof. B.N. Samaddar
…..
10.Prof. Om Prakash
…..
11.Mr. S. Chakrabarti
…..
12.Dr. Barundeb Mukherjee …..
13. Prof. G.C. Das
…..
14. Mr. Ajay Kumar Das Gupta…..
15. Dr. Arup Ghosh
…..
16. Dr. H. S. Tripathi
…..
17. Dr. Shankar Ghatak
..…

Chairman
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Convener

Publication Committee
1. Prof. B.N. Samaddar
…..
2. Prof. G.C. Das
…..
3. Dr. Kaberi Das
…..
4. Dr. Ritwik Sarkar
…..
5. Dr. M.K. Haldar
…..
6. Dr. Sankar Ghatak
…..
7. Dr. Amarnath Sen
…..
8. Prof. Om Prakash
…..
9. Prof. F. D. Gnanam
…..
10. Dr. K.G.K. Warrier
…..
11. Dr. L.N. Satapathy
…..
12. Dr. A. L. Shashi Mohan …..
13. Dr. L. K. Sharma
…..
14. Prof. S. P. Singh
…..
15. Dr. Sunanda Mukhopadhyay…..
16. Dr. Gora Ghosh
…..
17. Dr. Sanjay Kumar
…..
18. Dr. Tapas Bhattacharya
…..
19. Mr. S.N. Laha
…..
20. Dr. Nibedita Chakraborty …..
21. Dr. Parag Varghav
…..
22. Dr. S. P. Yale
…..
23. Prof. Siddhartha Mukherjee…..

Chairman
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Member
Convener
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STUDENTS’ SECTION
A.I.I.CERAM. EXAMINATION RESULT — 2012
On the recommendations / approval of the Examination Committee the results have been published on 6th
February, 2013. An overall analyses of the result is tabulated as below followed by the detailed list of
pass-out candidates (students).
No. of candidates enrolled

–

108 (New Syllabus)

No. of candidates enrolled

–

126 (Old Syllabus)

No. of candidates appeared in the examination

–

103 (New Syllabus)

No. of candidates appeared in the examination

–

108 (Old Syllabus)

No. of candidates absent

–

05 (New Syllabus)

No. of candidates absent

–

18 (Old Syllabus)

No. of candidates appeared for the Final part of the examination

–

07 (New Syllabus)

No. of candidates appeared for the Final part of the examination

–

50 (Old Syllabus)

No. of successful candidates

–

08

Percentage of passed candidates in Final examination

–

16%

Grade
1st Class
03
Sl.
No.

Name

2nd Class
05

Pass (P)
Nil

Registration No.

Roll No.

1.

Ms. Suchika Jena

IC-081650

121018

2.

Mr. Ajeet Singh

IC-081659

127019

3.

Mr. M. Suresh

IC-091747

126043

4.

Mr. Thammi Sreenivas

IC-091802

126065

5.

Mr. Biswarup Das

IC-101879

121092

6.

Mr. Prakash Kumar Sharma

IC-101896

127101

7.

Mr. G. Jagadeesh

IC-101922

126113

8.

Mr. Anil Kumar

IC-101931

127116
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AWARDS
For the year 2012 Examinations, the Examination
Committee has decided to bestow “SAHAJ
MEMORIAL AWARD” & “AMIC PRIZE” on
Mr. G. Jagadeesh (Registration No. IC101922 &
Roll No. 126113) for the best performance securing
the highest total marks (628) in the part-II
examination and also securing the highest total marks
(126) in Ceramic Science—I & II (Section – A)
combined.
Report on the UGC sponsored national
workshop on “Current trend”
One UGC sponsored National Workshop on
“Current Trend and Future Prospects of Glass
Technology” was organized by Govt. College of Engg
& Ceramic Technology in Association with Indian
Institute of Ceramics on 25th Aug, 2013 at College
Auditorium.
12 no Students of B.Tech in Chemical Tech
(Ceramic Engg) from University of Calcutta,
Department of Chemical Technology, and 17 no
students of B.Des in Glass & Ceramic from Visva
Bharati university and 11 no students of 2nd , 43 no
students of 3rd and 20 no students of 4th B.Tech in
Ceramic Tech and M.Tech in Ceramic Tech students
of the college were actively participated in the
workshop.
Four eminent speakers presented and covered four
important aspects of Glass Technology. The
workshop was started at 11:00 am and was divided
into two sessions with a 1 hr break.
The first session was chaired by Prof. P.K.
Gangopadhyay, Ex Officer-in –Charge, GCECT,
Kolkata. Mr. Ashoke Chakraborty, CEO, Delta
Plus India Ltd, presented one lecture on “Aspects of
attention in manufacturing control and quality
assurance of Float glass process”. The lecture
covered all the important aspects of the glass
manufacturing starting from the selection and handling
of raw materials to the loading through the doghouse
to the principle of float process and annealing process.
The topic also covered the defects of the glass arises
during manufacturing. The second lecture was
delivered by Mr. Dwijen Lal Mudii, Asst Vice
IIC Bulletin Vol.22, No. 1, 2013

President, HNG Ltd on “Modern Container glass
manufacturing process and modern refractories used
in Glass Tank Furnace”
The second session was chaired by Prof. B. N.
Samaddar, Ex Principal, GCECT, Kolkata. Dr. B.
Karmakar, Senior Principal Scientist, CG&CRI,
Kolkata presented a lecture on”Speciality Glasses for
advanced Technology”. The lecture covered mainly
the research & development work on optical, radiation
resistance & shielding, glass-ceramics, laser glass,
photochromatic glass etc the glass that are going on
and the future prospects. The last lecture on “Present
day practice and future challenges in glass Industry”
was presented by Mr. Sujay Bhattacharya, consultant.
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Technical Section – Paper – 1

Recent advances in the field of MgO-C Refractories
Somdeb Pramanik, Soumya Mukherjee#, Siddhartha Mukherjee
Department of Metallurgical and Materials Engineering
Jadavpur University, Kolkata-700032
# Corresponding author: sm_n4@yahoo.co.in, smmukherjee3@gmail.com
Abstract: Extensive research work has been carried out all over the world on various aspects of MagnesiaCarbon refractories , an integral part for the development high temperature refractories for Steel Industry. An
attempt has been made to review the recent developmental work in this area and their important findings have
been represented. Emphasis has been laid on the oxidation behaviour of various carbon sources viz. graphite,
carbon black, binders such as coal-tar pitch and petroleum pitch. New generation refractory developed clean
steel production is based on low C MgO-C refractory for ladles, converters and EAF applications. It was
found that the order of reactivity of the carbon sources with oxygen in ascending order is graphite<petroleum
pitch<coal tar pitch<carbon black. The roles of additives like Al, Si, SiC and B4C in preventing oxidation
tendency of these refractories have been reviewed. The order of effectiveness of antioxidant was observed to
be SiC<Si<Al<B4C. A study regarding the developmental work on nano carbon containing magnesia carbon
refractories was exhibited in an attempt to reduce the total carbon content and hence decrease the deleterious
effects of carbon. The resultant properties were evaluated and compared against the conventional refractory
prepared under exactly similar conditions. The reported elemental mapping of carbon from the literature was
studied to find the nature of distribution of the nano carbon in the matrix. The oxidation kinetics of the MgOC bricks was obtained, along with mathematical modelling to determine the extent of oxidation with time.
Keywords: MgO-C refractories, Nano carbon, oxidation, oxidation resistance, petroleum pitch, antioxidants
etc.
1.Introduction
Magnesia-carbon (MgO-C) refractories find
widespread applications as the lining material in basic
oxygen furnaces, electric arc furnaces and steel ladles
. They have good thermal shock resistance and
excellent slag-corrosion resistance. These refractories
contain about 12–18% total carbon. The primary
source of carbon in magnesia-carbon refractories is
graphite [1-9], which offers the following major
advantages 1. It has a high melting point.
2. It improves the corrosion resistance of the
refractory, the reason being its lower wettability by
metal and slag.
3. Graphite is characterized by low thermal expansion,
high thermal conductivity and low modulus of elasticity.
As a result of these properties graphite addition leads
IIC Bulletin Vol.22, No. 1, 2013

to improve thermal shock resistance of the
refractoriness.
4. Graphite has lubrication property and thus results
in better packing efficiency.
There was a tendency to use more and more carbon
in the brick in an attempt to achieve better corrosion
resistance and thermal shock resistance. But too high
a carbon content may lead to the series of drawbacks:
1. Carbon is inherently prone to oxidation and gets
oxidized at high temperatures encountered in steel
making processes especially at the time of oxygen
lancing. The structure of the refractory becomes highly
porous with weakened bonds and reduced strength
after oxidation. Since the porosity is increased and
slag try to penetrate easily and corrode the refractory.
2. The presence of carbon enhances the conductivity.
This entails large heat loss. As a result more energy is
used up per unit during steel production. The
7

production thus becomes less cost effective in terms
of energy efficiency.
3. Due to high thermal conductivity, there is a
possibility for higher temperature in steel shell
temperature leading to damage and deformation of
the shell/metallurgical vessel, causing thermal stress
on the structure which may lead to brittle failure during
critical hot metal operation.
4. Steel making is a decarburization process. But if
the carbon content in the refractory is high the chances
of carbon pick-up from the refractories by the refined
steel may increase. This may disturb to obtain the
required specifications of the steel .
5. Increase amount of the carbon dioxide or carbon
monoxide gases are released to the atmosphere.
Hence to avoid all such drawbacks of the
conventional carbon containing refractories,
researches have been carried out to develop a new
kind of MgO-C refractory with low carbon content ,
keeping in mind that this may lead to decline in
corrosion and thermal shock resistances of the
refractory. The effect of increasing amount of nano
carbon on the properties of MgO-C refractory is
studied keeping total carbon content below half of
that of the conventional MgO-C refractories. Low
and ultra low carbon steel demand low carbon
refractories to have clean steel. Composition with
optimum nano carbon addition is also compared with
conventional composition processed under exactly
similar conditions. The MgO-C bricks are used in
slag line of steel ladles and no carbon containing
refractories on other parts. Use of nano C can reduce
the C level to half and increase slar resistance due
more densification.
Carbon, in MgO–C refractories, is oxidized
in two ways: direct oxidation and indirect oxidation.
Direct oxidation occurs under 1400 0C as per reaction
1, when carbon is oxidized directly by the oxygen
from atmosphere[5]. Indirect oxidation occurs above
1400 0C where carbon is oxidized by the oxygen from
MgO from reaction 2 or reduction of FeO from slag
phase-reaction 3. The resulting Mg vapor oxidizes
again and formed pure MgO which is called the
secondary oxide phase or the dense layer. It is claimed
IIC Bulletin Vol.22, No. 1, 2013

that the secondary oxide phase protects the brick
against oxidation by preventing oxygen ingress.
2C(s)+O2(g)=2CO(g)……………………….(1)
C(s)+MgO(s)=Mg(g)+CO(g)……………….(2)
C(s)+FeO(l)=Fe(l)+CO(g)………………….(3)
2Mg(g)+O2(g)=2MgO(s)…………………...(4)
Different researchers have studied the oxidation
behavior of antioxidants. The Al, Si and Mg powders
are mostly used antioxidants due to their low cost
and effective protection and highly stable oxide former.
One of the aims of this study was to examine and
compare the effects of different antioxidants on the
oxidation resistance of magnesia–carbon refractory
bricks.
The primary constituents of these refractory materials
are magnesia and graphite. Other important
constituents present are carbon black and sulphur in
their composition. This necessitates the addition of
an external binder to agglomerate all the solid
constituents. Resin (e.g., phenolic resin)
and coal-tar pitch are the most commonly used binders
for this application. However, these types of binder
have the disadvantage that they emit pollutants during
the preparation of the magnesia–carbon material.
These emissions consist mainly of phenol, in the case
of the resin, and polycyclic aromatic hydrocarbons
(PAH), in the case of the coal-tar pitch. It has been
proved that some of the PAH are carcinogenic (e.g.,
benzo[a]pyrene). Much effort has been made in
recent years to reduce the emission of these
compounds. In response to this problem, new carboresins containing very low amount of toxic compounds
were specifically developed for refractory industry.
However, these resins have the limitation of their high
cost in comparison with pitches. In the field of the
pitches, new petroleum pitches with a lower pollutant
impact but a similar binder capacity to standard coaltar pitches have been developed. So from the above
discussion we come to know that there are multiple
sources of carbon in these refractory materials. One
of the main factors as already discussed, that
determine the life span of magnesia–carbon materials
is their oxidation behaviour. These materials are
prepared to operate at temperatures above 1000 0C.
However, at these temperatures the air reactivity of
8

the carbon sources is extremely high, which makes it
difficult to detect the possible mechanisms at work or
to establish the differences between the different
carbon sources that make up the materials. A study
of the oxidation behavior at low temperature
magnesia–carbon materials prepared by petroleum
pitch and a standard coal-tar pitch as binder has been
compared. Thus the reactivities of the different carbon
sources were assessed.
2. ROLE OF ANTIOXIDANTS
The various samples of magnesia carbon bricks with
0, 1 and 3% antioxidants as additives were
compared. The rate of losses of the weight percentage
of the bricks due to carbon oxidation was used as a
measure of oxidation resistance. The exact expression
for the above parameter is:
Carbon loss (weight%)=(m1-m2)/(m3*%g)*100
Where m1=weight of heat treated specimen(gm)
m2=weight of oxidised specimen
m3=weight of specimen without heat
treatment
g=weight percentage of graphite
The % carbon loss of the specimen was determined
as a function of temperature (13000C and 15000C)
and time (2 hrs, 4 hrs, and 6hrs). The microstructural
and phase modifications of the oxidized areas of the
bricks were observed through XRD, SEM and EDS.
The oxidation resistance provided by the antioxidants
was due to the formation of secondary phases[1].
These phases slowed down the oxygen ingress by
filling up the open pores and creating impermeable
dense layers on the brick surface. The oxidation
resistance at 15000C was found to be better than that
at 13000 C because of the formation of more
secondary phases at 15000C.
B4C was found to be the most effective antioxidant.
The secondary phase formed here was Mg3B2O6 .
Addition of B4C of about 3% to MgO-C at 13000C
revealed the presence of B2O3 and Mg3B2O6 in the
oxidized areas. SEM images of the 3% B4C added
MgO-C at 15000C showed a very thin oxidized layer
on the surface. XRD analysis of the thin oxidised layer
showed many peaks of Mg3B2O6. No other Boron
based compounds or impurities were found to exist.
IIC Bulletin Vol.22, No. 1, 2013

Mecahnism of formation of Mg3B2O6 layer on the
surface is as follows:
B4C(s)+6CO(g)=2B2O3(l)+7C(s) …………… (5)
B2O3(l)+3MgO(s)=Mg3B2O6(s) …….………(6)
Melting point of Mg3B2O6 is 13600 C. Mg3B2O6 is a
very good oxygen barrier above its melting point. The
liquid Mg3B2O6 fills up the open pores and forms a
thin film layer on the brick surface at 15000 C, so that
oxygen cannot diffuse into the refractory.
The second most effective antioxidant was Aluminium,
the secondary phase formed in this case was MgAl2O4
which is a spinel phase. Addition of 3% Al to MgOC specimens at 13000C and 15000C showed spinel
phases (MgAl2O4) in the oxidised areas. Smaller
amount of spinel was observed at 13000C than at
15000C. Graphite from MgO-C was also present.
SEM image of 3% Al added MgO-C specimens at
15000C revealed the presence of large fused MgO
grains, flake graphite and spinel phase. The mechanism
of spinel formation is as follows:
Al oxidises rapidly after fabrication to form a thin layer
of Al2O3. The melting temperature of Al being 6600C,
the thin layer contains liquid Al2O3 for a while until it
breaks and releases molten Al. The released Al reacts
with C to form Al4C3. C is oxidised by the air diffused
into the bricks to form CO. The Al4C3 reacts with
CO to form Al2O3, which in turn reacts with MgO to
form MgAl2O4. The different chemical equations are
as follows:
4Al(s)+3O2(g)=2Al2O3(s) ……………….…(7)
4Al(l)+3C(s)=Al4C3(s) ……………………(8)
Al4C3(s)+6CO(g)=2Al2O3(s)+9C(s) ………… (9)
Al2O3(s)+MgO(s)=MgAl2O4(s) ………….(10)
The oxidation resistance due to Si as well as SiC
addition was the result of formation of Forsterite phase
(Mg2SiO4). The forsterite was found in the oxidised
areas of the specimen treated at both 13000C and
15000C. Relatively fewer forsterite peaks were
observed for SiC than Si at both the temperatures.
Metallic Si is less stable than SiC. So the latter had
negligible effect on the oxidation resistance of MgOC refractories at either temperature. In fact among all
the four antioxidants mentioned in this study, SiC was
proved to be the least effective, its contribution being
marginally better than only the specimens without any
9

antioxidant. More forsterite formation was observed
at 15000C than at 13000C (for both Si and SiC) due
to the formation of more CO gas at 15000C which is
favorable for SiO2 formation. The mechanism of
forsterite formation is as follows:
Si(s)+C(s)=SiC(s) ……………………. (11)
SiC(s)+2CO(g)=SiO2(s)+3C(s) ….………(12)
SiO2(s)+2MgO(s)=Mg2SiO4(s) …………..(13)

This was followed by microstructural characterization
of the C sources. EBSD was used for graphite and
carbon black whereas pitch coke (both coal-tar and
petroleum) were characterized using an optical
microscope. Let us take the help of the following
figures to understand and analyze the results.

3. OXIDATION BEHAVIOUR OF DIFFERENT
CARBON SOURCES

The reactivity of the different carbon sources in air of
magnesia carbon refractory were compared not only
in isolated form i.e simply as carbon, but also after
being introduced into MgO-C materials. The different
sources of carbon in magnesia carbon refractory are
graphite, carbon black and the requisite binder
material. Here two different binder materials viz.
conventional coal-tar pitch and petroleum pitch were
used and apart from comparing the reactivity of the
different carbon sources in air another fruit of this
investigation was on the choice of a suitable binder
material. The specimens used for testing were
prepared by using the following raw materials:
Four different granulometric fractions ( coarse,
2 medium and fine grained) of electrofused type
magnesia
Natural graphite in the form of flakes of particle
size 160µm
Thermal carbon black of paticle size 4.5µm
Rhombohedric sulphur (S8) for polymerization
and hardening of the binder in the coke
Two pitches as binders viz. coal-tar pitch and
petroleum pitch converted to their respective
coke forms by carbonization at 50C/min upto
9000C in N2 atmosphere so as to be able to study
the oxidation behavior of single carbon sources.

Fig1. Typical TG oxidation curves of the carbon sources in
a non-isothermic regime. (Ref-2)

Fig2. Typical DTG oxidation curves of the carbon sources
in a non-isothermic regime. (Ref-2)

3.1 The reactivity of the carbon sources in air

The carbon samples were ground/sieved to particle
size <0.1mm to mitigate the effect of porosity on the
reactivity of the samples in air. The reactivity of the
carbon sources in air was monitored by TGA method
under both isothermal and non-isothermal conditions.
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Fig3. Oxidation profiles (700 æ%C) of the cokes obtained
from the coal-tar pitch and petroleum pitch. (Ref-2)
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Fig4. Oxidation profiles (600 æ%C) of the cokes obtained
from the coal-tar pitch and petroleum pitch. (Ref-2)

Fig5. SEM images of the (a and b) carbon black and
(c and d) graphite. (Ref-2)

The reason for the difference in behavior is related to
the microcrystalline order of the samples.
Carbon black is an amorphous material. It is made
up of small spheres <1µm which tend to agglomerate
to form aggregates of about 20-50µm. Due to the
presence of both discrete particles and aggregates
and also due to the diffusion of oxygen observed in
this type of material we get two peaks in DTG. On
the other hand graphite has a well-ordered structure
which explains its behavior. The coke from coal tar
and petroleum pitch are optically anisotropic. The
difference in behavior arises (Coal tar pitch and
Petroleum pitch) from the fact that the former (Coal
tar pitch) consists mainly of anisotropic microstructures
of smaller size due to the presence of primary
Quinoline Insoluble (QI) particles. These particles
originate during formation of tar from which the coal
tar was formed. These are thermally stable and
become a part of the coke. During pitch carbonization
they tend to surround the mesophase spheres, making
it difficult for the mesophase to coalesce and the
spheres to grow. This is why coke from coal tar is of
anisotropic microstructures of small size. On the
contrary petroleum pitch coke has no QI particles.
So the mesophase growth is not restricted. Now
microstructures of small size, i.e mosaic type are more
easily consumed than microstructures of a large size,
i.e domain type.
Moreover QI particles are the first coke materials to
be consumed on oxidation. Due to these reasons the
oxidation resistance of coal tar pitch coke is lower
than that of petroleum pitch coke.
It was also found that the oxidation behaviours of the
two pitch cokes are markedly different in the
temperature range 600-7000C. Therefore in order to
establish the difference in oxidation behaviour of
MgO-C materials experiments must be carried out in
this range.
3.2 The reactivity of the MgO-C materials in air

Fig6. Optical microscopy images of the cokes obtained from
the (a) coal-tar pitch and (b) petroleum pitch. (Ref-2)
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The MgO-C materials were prepared following the
different stages viz. blending, moulding and thermal
treatments at temperatures of 3000C followed by one
at 10000C. Samples with similar properties (density,
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porosity, mechanical properties, etc.) were selected
to minimize the textural effects (e.g porosity). After
necessary pre-oxidation characterization the samples
to be used for oxidation studies were heated at 2.50C/
min upto 6000C for periods of 120, 240 and 360
mins. Air flow rate was 333ml/min. The representative
photographs of the external appearance of the samples
were taken with camera.

Low percentage of binder (5 wt %) is used in this
type of materials. So it is difficult to appreciate
differences in weight loss except over large periods
of residence time. After 120 and 240 mins of oxidation
(residence time) the weight loss suffered by both the
samples were 17% and 21% respectively. It is only
above these residence times that the oxidation profiles
begin to diverge[2].
4. OXIDATION KINETICS

Fig7. Images of the magnesia–carbon materials obtained
from the coal-tar pitch (a and b) before oxidation and
(c and d) after oxidation at 600 æ%C for 6 h. (Ref-2)

The macroscopic visual appearance leads to the
following differences. Before loss of carbon (i.e
oxidation) the material had a black colour, a compact
and dense appearance which highlights the good
distributio n and co hesion o f particles
(homogeneous cross section with no apparent effects
of disintegration). After carbon loss the materials lose
their blackness and acquire a grayish appearance. The
material also have a brittle appearance.

As already mentioned, the major limitation of MgOC refractories is the susceptibility of graphite to
oxidation which leads to the degradation of brick
properties in service. The oxidation of carbon is of
two types; direct oxidation (gas phase oxidation)
which refers to the consumption of carbon by gaseous
oxygen, and indirect( solid phase oxidation ) which
involves the reaction of carbon with solid oxygen in
MgO. The first one is dominant for temperatures
below 14000C and is mostly used for comparison of
oxidation resistance of refractories. A study was
conducted regarding the kinetics/ rate of oxidation/
disappearance of graphite (1000 to 12000C) by
gaseous oxygen of air, i.e direct oxidation. A
mathematical model was used to explain the extent of
oxidation with time. The factors affecting the rate of
direct oxidation were partial pressure of O 2,
accessibility of O2 to the graphite flake edges, open
porosity, shape and orientation of the products, flow
characteristics of the gaseous species around the
products, reactivity of the flakes[4]. The entire process
of oxidation was divided into five steps each of which
was assumed to occur at the same rate. From
equations of mass transfer related to these a relation
was obtained involving the radius of the unoxidised
area, oxidation time, physical and kinematic
parameters.

Fig8. Oxidation profiles (600æ%C) for the magnesia–carbon
materials bound with coal-tar pitch and petroleum
pitch.(Ref-2)
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5. REDUCTION OF TOTAL CARBON CONTENT:
ROLE OF NANO CARBON

To take care of the limitations of carbon in MgO-C
refractories and to prduce more eco-friendly
refractories an attempt was made to reduce the total
carbon content to less than half of the amount present
in conventional refractories by introducing nano
carbon, without sacrificing on the beneficial effects of
carbon. Different percentages of nano carbon are
used in combination with graphite as carbon source.
The compositions were processed as per the
conventional manufacturing techniques and the
properties were evaluated and compared against the
conventional refractory prepared under exactly similar
conditions. Also elemental mapping of carbon was
done to study the distribution of the nano carbon in
the matrix.(Ref-3)

Fig9. Variation of oxidation time with radius of
unoxidized area.(Ref-4)

Batch composition
Raw materials/batch

1

2

3

4

5

6

7

MgO (0–6 mm)

96

95.7

95.4

95.1

94.8

94.5

89

Flake graphite

3

3

3

3

3

3

10

Nano carbon

0

0.3

0.6

0.9

1.2

1.5

0

Al metal powder

0.5

0.5

0.5

0.5

0.5

0.5

0.5

B4C powder

0.5

0.5

0.5

0.5

0.5

0.5

0.5

Liquid resin

2.75

2.75

2.75

2.75

2.75

2.75

2.75

Pitch powder

1

1

1

1

1

1

1

In terms of the ascertained properties batch 4 was found to have the optimum properties. Therefore its
properties were compared with those of the conventional batch 7 (without any nano carbon addition).Property
comparison of batch 4 and conventional MgO-C refractory (batch 7)
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Property Batch
Apparent porosity (%)
Bulk density (g/cm3)
Cold crushing strength (MPa)
HMOR (MPa)
Oxidation loss (%)
Slag penetration depth (mm)
Thermal shock resistance
(cycle)

Batch 4

Batch 7

4.3

3.8

3.12

3.05

51

37.5

4.5

3.9

21.82
2.01
12

36.95
1.98
12

Addition of nano carbon has resulted more evenly
disperse of the matrix phase, thereby filling in a better
way among the tiny spaces between coarse, medium
and fine particles of starting materials and filling of
interior pores and gaps. This reduces porosity,
increases densification, strength, corrosion resistance,
etc. Again nano carbon also absorbs and relieves the
stress due to thermal expansion and shrinkage of the
refractory particles, thereby reduces the detrimental
effect of thermal stress in the interior portion of
refractories and improves thermal shock resistance.
Thus MgO-C (with nano carbon) refractory with
much reduced carbon content but superior properties
compared to conventional MgO-C refractories is
obtained [3].
CONCLUSION

In this paper the various important aspects of magnesia
carbon refractories were highlighted. From the study
on the effect of various antioxidants it was found that
B4C was the most effective followed by Al, Si and
SiC respectively. The oxidation resistance improved
at higher temperatures for each of these cases due to
the formation of greater amount of secondary phases
which were responsible for the prevention of oxygen
ingress. The various sources of carbon in the above
refractory material were compared in terms of their
oxidation resistance. Graphite was found to be the
least reactive followed by petroleum pitch, coal tar
IIC Bulletin Vol.22, No. 1, 2013

pitch and carbon black respectively. In the light of
this result petroleum pitch has been suggested as an
alternative binder material instead of coal tar pitch as
the former is less prone to oxidation. The susceptibility
of graphite to oxidation leading to deterioration of
brick properties in service has been addressed as one
major problem in these materials. The prospects of
incorporation of nano carbon into the material in an
attempt to reduce the total carbon content was seems
to be feasible. The various properties of a sample
containing an optimum amount of nano carbon and
an amount of total carbon less than half of what is
present in conventional refractories were found to be
either better or same as that of the conventional MgOC refractories.
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Introduction
Ceramics basically are compounds of metallic and non-metallic elements,characterized by properties like,
high temperature stability, high hardness, brittleness, high mechanical strength, low elongation under application
of stress, low thermal and electrical conductivities etc.Classification of ceramics can be done in different ways
due to their divergence in composition, properties and applications. Application wise ceramics are classified
in categories, like, glasses, clay products, refractories, abrasives, cements and advanced ceramics for special
applications. Based on their composition, ceramics are classified as, oxides, carbides, nitrides, sulphides,
fluorides, etc. From the point of engineering applications, ceramics are classified basically into two groups;
traditional and engineering ceramics. Traditional ceramics are mostly made up of clay, silica and feldspar.
Engineering ceramics are consisted of highly purified aluminium oxide (Al2O3),silicon carbide (SiC) and silicon
nitiride (Si3N4). All types of ceramics as mentioned above are processed by following certain techniques. At
this paper these different techniques for the processing of ceramics have been discussed in brief.
Traditional Processing of Ceramics:
The most important property of ceramics is its high
temperature stability which makes the conventional
fabrication routes unsuitable for ceramic processing.
Ceramic powder processing route includes synthesis
of powder, followed by fabrication of green product.
The green product is consolidated to develop the final
product.
These forming techniques are well known for
developing engineering components with dimensional
stability, surface quality, near theoretical density and
microstructural uniformity. As the usages and diversity
of specialty forms of ceramics are increasing, the
diversity of process technologies are also increasing.
Synthesis of precursor powder for making traditional
ceramics involves crushing, grinding, separating
impurities and blending of different powders
depending on the compositional requirement.Size
reduction by crushing and grinding is also known as
milling or comminution. Milling of the raw materials is
IIC Bulletin Vol.22, No. 1, 2013

followed by batching of the milled materials in definite
proportions. Batching is followed by mixing to ensure
homogeneity and mixing is followed by forming to give
shape to the mass. The shaped mass is subjected to
drying which is followed by firing and the fired mass
is assembled. Let us discuss these stages one after
another.
Milling involves breaking up of cemented material
where the individual particles retain their shape. It is
also associated with pulverization where the particles
are ground themselves to a smaller size. In general
milling is done by mechanical means mostly. The
different forces in milling includes (a) attritionor
particle-to-particle collision resulting in agglomerate
break up or particle shearing (b) compression where
forces are applied for fracturing, and (c)impactwhere
a milling medium is used or the particles themselves
are used to cause fracturing.. Mills for primary size
reduction or crushing include the jaw crusher, roller
crusher and cone crusher. Mills for secondary size
reduction or grinding are generally based on the impact
16

action and most popular in this category is the ball mil
or tube mill. In ball mill the materials are fractured by
tumbling action with impact from metallic or ceramic
balls.Shaft impactors cause particle-to particle attrition
and compression. Attrition milling equipment includes
the wet scrubber. These are also known as planetary
mill or wet attrition mill. It contains paddles in water
to create vortexes in which the material collides and
break up
Powders for advanced ceramic materials are
synthesized by chemical routes like, co-precipitation,
sol-gel and by spray drying technique. Coprecipitation is a relatively cheaper and easier process
for the generation of powders with unique powder
properties obtained like, small size and homogeneity.
It consists of preparing solution containing metal
ionsthatcontrol chemical reaction by monitoring pH.
In sol-gel process stable sol of precursor metal ions
are formed which is then converted to gel under
controlled condition. Very small sized particle with
narrow size distribution of can be prepared by solgel process. Here a stable sol of the precursor is made
first either from inorganic or organic salts under
controlled condition and the sol is destabilized to form
the gel. But it is relatively slow and expensive process.
Spray pyrolysis process is ideal for production of
ceramic powder with precise quality standards like,
particle size distribution, residual moisture content,
bulk density and particle morphology. Here a salt
solution or slurry of the precursor materials is sprayed
in a stream of hot gas for the generation of granules.
In batching the starting materials are weighed
according to recipes, and they are made ready for
mixing and drying.Mixing is performed with various
machines like, muller mixers and pug mills. Wet mixing
generally also involves the same equipment.
Forming is making the mixed material into shapes,
ranging from sanitary ware to spark plug insulators.
Forming can involve: (1) Uniaxial pressing which is
suitable for mass production of simple ceramics parts.
It is also referred to as Die Pressing. Powder is
pressed in closed dies to form the green compact.
The processes involve: filling of the die followed by
compaction of powder and finally ejection of the
ceramic part. (2) Extrusion, such as wire cut brick
IIC Bulletin Vol.22, No. 1, 2013

block making. Compression of clay through a die
orifice to produce long sections of uniform cross
section, which are then cut to required piece length
(3) Slip casting for making sanitary wares, statues
etc.In slip casting, water is removed from the powder
suspension by the water suction of the plaster mould
and a consolidated layer consisting of packed particles
builds up. When a desirable thickness has been
reached the excess slip is removed (drain casting), or
the casting proceeds until the casting fronts approach
each other anda solid body has been obtained (solid
casting).
Forming produces a workable “green” part, ready
for drying. Dryingis associated with the removal of
water or binder from the formed material. Spray drying
is widely used to prepare powder for pressing
operations. Other dryers for drying pressed/extruded
or slip cast products are tunnel dryers and periodic
dryers. Controlled heat is applied to remove the water.
This step needs careful control, as rapid heating causes
development of cracks and surface defects. As water
is removed from the wet mass, inter-particle spacing
is also decreased causing shrinkage in the mast. The
dried part is smaller than the green part and requires
careful handling, since a small impact will cause
crumbling and breaking.
Firing of the dried parts pass through a controlled
heating process is carried out to develop strength in
the product. The oxides are chemically changed to
cause sintering and bonding. The fired part will be
smaller than the dried part.

Advanced Forming methods
Such methods are required for producing advanced,
high-temperature structural parts such as heat engine
components and turbines. Materials other than
ceramics which are used in these processes may
include: wood, metal, water, plaster and epoxy—most
of which will be eliminated upon firing.
Advanced ceramic forming techniques generally
include tape casting, injection molding, dry pressing,
isostatic pressing, hot isostatic pressing (HIP) and
others. In tape casting, thin sheets of green ceramic
are cast as flexible tape which is used for integrated
circuits and capacitors. A slip of suspended ceramic
particles in organic liquid
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(containing binders, plasticizers) is used for the casting
purpose. In injection molding Ceramic particles are
mixed with a thermoplastic polymer, then heated and
injected into a mold cavity. The polymer acts as a
carrier and provides flow characteristics for molding.
Upon cooling which hardens the polymer, the mold is
opened and the part is removed. Iso-static pressing
uses hydrostatic pressure to compact the ceramic
powders from all directions. It avoids the problem of
non-uniform density in the final product that is often
observed in conventional uniaxial pressing. Hot
isostatic pressing is similar to dry pressing except it is
carried out at elevated temperatures so sintering of
the product is accomplished simultaneously with
pressing. This eliminates the need for a separate firing
step. Higher densities and finer grain size are obtained
by hot pressing, but die life is reduced by the hot
abrasive particles against the die surfaces
The reinforcing fibers and filaments in ceramic
composites are mainly made by sol-gel or CVD
processes besides common melting and drawing
process. Tape casting is mostly done for electronic
substrates and packages of layered structure.
Photolithography is another technique for precise
patterning of conductors and other components in
electronic packaging. Tape casting is also of increasing
interest for other applications like fuel cells, ceramic
composites etc.
The other major layer structure for advance application
is coating, where melt spraying is very important. But
chemical and physical vapor deposition and chemical
(e.g., sol-gel and polymer pyrolysis) coating methods
are also increasing. Using advanced forming methods
open structures such as honeycomb catalyst supports
from formed tape and extruded structuresare done.
Using advanced forming methods, highly porous
structures, including various foams, like, reticulated
foam, are also of increasing use.
Densification of consolidated powder bodies is
achieved predominantly by pressure-less sintering.
However, for non-oxides and parts of simple shapes
where microstructural homogeneity is needed the use
of pressure sintering by hot pressing is increasing.
The sintering process
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Firing of ceramic articles is done at a temperature
below its melting point.The gren body, after drying is
subjected to firing in a furnace at elevated temperature
where atomic and molecular diffusion processes give
rise to significant changes in the primary
microstructural features. It includes (always)
strengthening of the micro-structure by neck growth
and / or particle gluing by a glass phase, densification
by elimination of porosity accompanied by shrinkage
and coarsening of the microstructure by grain growth
and possibly pore growth.Thus, as the sintering
progresses the pores in the object close up, resulting
in a denser product of significant thermo-mechanical
properties.
Another major change in the body during the firing or
sintering process takes place in the form of the
development of polycrystalline nature of the solid. This
change introduces a definite pattern of grain size
distribution, which exhibits a significant impact on the
ultimate physical properties of the material. The grain
sizes remains associated with either the initial particle
size, or possibly the sizes of aggregates or particle
clusters develops during the initial stages of processing.
Solid state sintering takes place below the melting point
of ceramics and it is a diffusion controlled process.
Material transport in solid state sintering depends
inversely on particle diameter and temperature and
excessive diffusion causes rapid grain growth with
pore entrapment.
In liquid phase sintering presence of liquid phase
causes enhanced sintering resulting more uniform
densification. The role of liquid is to introduce capillary
pressure to assist particle rearrangement for efficient
packing.
The ultimate microstructure(and thus the physical
properties) of the final product will be limited by and
subject to the form of the structural template or
precursor which is created in the initial stages of
chemical synthesis and physical forming. Hence the
importance of chemical powder and polymer
processing as it pertains to the synthesis of industrial
ceramics, glasses and glass-ceramics.
There are numerous possible refinements of the
sintering process. Some of the most common involve
pressing the green body to give the densification a
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head start and reduce the sintering time needed.
Sometimes organic binders such as polyvinyl alcohol
are added to hold the green body together; these burn
out during the firing (at 200–350 °C). Sometimes
organic lubricants are added during pressing to
increase densification. It is common to combine these,
and add binders and lubricants to a powder, then press.
(The formulation of these organic chemical additives
is an art in itself. This is particularly important in the
manufacture of high performance ceramics such as
those used by the billions for electronics, in capacitors,
inductors, sensors, etc.)
Parts made of new ceramics sometimes require
finishing for 1) increased dimensional accuracy 2)
improved surface finish and 3) making minor changes
in part geometry. Finishing usually involves abrasive
processes and diamond abrasives are used to cut the
hardened ceramic materials
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Specific Applications, InTech, 2011.
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Properties, Processing, and Use in Design,
M.Deker, 1992.
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Summary:
Ceramic products for traditional applications are
fabricated following certain processes, like crushing
of the raw materials, grinding of the crushed products
to fine powders, compaction of the powders, drying
of the compacted powders, sintering of the dried mass
and post treatment of the sintered mass using different
machineries. Ceramic products for advanced
applications are synthesized by different chemical
routes like co-precipitaion, sol-gel, spray pyrolysis
etc. All these techniques have been discussed in brief
in this paper.
References:
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Introduction:
Composite materials can be classified into three
groups according to the size of the form of the
reinforcement use in it. Reinforcement are classified
into three groups,
1. Particles : Aspect ratio is less than 1
2. Fibrous : Aspect ratio is greater than 10
3. Plate: reinforcement has length, width.
According to this classification, there are three kinds
of composite materials,
a) Particulate composite: Reinforcements are in
particle form ( diameter 1o to100 nm).
b) Fibrous composite: Reinforcements are in
fibrous form (epoxy-glass fiber composite).
c) Laminated composite: Reinforcements are in
plate form (ply wood).
A special group of dispersion strengthened materials
containing particles 10nm to 250 nm in diameter called
as particulate composite. Particulate composites are
much less efficient in the way the filler contributes to
the strength. There is a small gain in stiffness, and
sometimes in strength and toughness, but it is far less
than in a fibrous composite. Their attraction lies more
in their low cost and in the good wear resistance that
hard filler can give. Road surfaces are a good example:
they are either macadam (a particulate composite of
gravel in bitumen, a polymer) or concrete.
 Criteria for a good particulate composite:
 During processing of composite, the
reinforcement should retain its shape and the
type (structure, nature).

 The reinforcement should not react with matrix
and the matrix should not react with
reinforcement.
 The interphases (phases between matrix and
reinforcement) should be chemically and
physically compatible with the phases present
in matrix components. These interphases are
also gradually changes in composition and in
nature as going to close to reinforcement from
matrix. Consequently the properties are also
changing in this grading. Both interphase and
interface of constituents are responsible for
reinforcement matrix bonding (RIM).
 Reinforcement sizes are responsible for the
creep resistance of the composite from
micro level to nano level.
 The properties of reinforcement should be
better than matrix.
 There must be appropriate temperature
stability so as to suit processing temperature.
 There should no thermal and chemical
reactivity between reinforcement and matrix.
 There should not very strong bonding
between matrix and reinforcement ,
otherwise it becomes brittle.
Rule of mixture:
Certain properties of a particulate composite depend
only on the relative amounts and properties of the
individual constituents. The rule of mixtures can
accurately predict these properties. The density of a
particulate composite, for example,
=

Where

=

+

+

+…+

is the density of the composite

,

, …,

are the densities of each constituent in the
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composite, and , , …., are the volume fractions
of each constituent. From rule of mixture we can
predict the upper bound limit and the lower bound
limit of elastic modulus of particulate composite.
(u)=
(l)=

.
.

+
/(

.
.

……… for upper boundary
+

.)…… for lower boundary

In these above equation E & V denote elastic modulus
and volume fraction respectively, whereas the
subscript c, m, p represents composite , matrix and
particulate phases.(1)(2)
Dispersion –strengthened composites:
It is not as pronounced as with precipitation
hardening; however the strengthening is retained at
elevated temperatures and for extended time periods
because the dispersed particles are chosen to be
unreactive with the matrix phase. In aluminum-

aluminum oxide system, a very thin oxide and adherent
alumina coating is caused to from on the surface of
extremely small flakes of aluminum, which are
dispersed within an aluminum metal matrix; this
material is termed sintered aluminum powder. (2)
Methods of fabrication of particulate
composite:
Fabrication method of composite material depends
on the types of both matrix and reinforces materials.
Particulate composites are made by blending silica
flour, glass beads, even sand into a polymer during
processing
Here mainly two methods are discussed in brief.
I. Powder metallurgical process:
This method is used to fabricate mainly electrical
composite material (e.g. silver tungsten composite
material).

I. Compo-casting:
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An unusual technique for producing particulate
reinforced castings is based on the thixotropic
behaviour of partly liquid partly solid melts. A liquid
alloy allowed to cool until about 40% solid have
formed; during solidification , the solid-liquid mixture
is vigorously stirred to break up the dendritic
structure, A particulate material is introduced during
stirring. The resulting solid-liquid slurry displays
thixotropic behavior-the slurry behaves as a solid
when no stress is applied, but flows like a liquid when
pressure is exerted. Consequently, the thixotropic
slurry can be injected into a die under a pressure, a
process called compocasting. A variety of ceramic
particles and glass beads have been in corporate in
to aluminium and magnesium alloys by this technique.
Aluminium casting dispersed SiC particles for
automotive applications, including pistons and
connecting rods, represent and important commercial
application for particulate composites. With special
processing, the SiC particles can be wet by the liquid,
helping to keep the ceramic particles from sinking
during freezing.

or polymer matrix. Diamond abrasives are typically
bonded with a metal matrix. As the hard particles wear,
they fracture or pull out of the matrix, exposing new
cutting surfaces.
Cemented carbides or cermets:
Cermets contain hard ceramic particles dispersed in
metallic matrix. Tungsten carbide inserts used for
cutting tools in machining operations are typical of
this group. WC is a hard, stiff high melting temperature
ceramic. Unfortunately, tools conducted from tungsten
carbide are extremely brittle.
To improve toughness, tungsten carbide particles are
combined with cobalt powder and pressed into
powder compacts. The compacts are heated above
the melting temperature of the cobalt. The liquid cobalt
surrounds each of the solid WC particles. After
solidification, the cobalt serves as the binder for
tungsten carbide and provides good impact resistance.
Other castables, such as TaC, TiC, may also be
included in the cermet.

Abrasives:
Grinding and cutting wheels are formed from alumina,
silicon carbide and cubic boron nitride. To provide
toughness, the abrasive particles are bonded by glass
IIC Bulletin Vol.22, No. 1, 2013
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Optimum Air Fuel is one of the very important parameters for obtaining improved fuel economy and better
fuel efficiency. Quantum of Excess Air is measured indirectly from analysis of flue gases. Some of the equations
to calculate excess air are extremely complex. A simple method for calculating excess air has been discussed
in this paper.
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Introduction
Ever rising energy prices, limited resources and
concerns about global warming, all have lead to
emphasis on fuel efficiency. . Fuel requires oxygen to
burn. Fuel gets oxygen from Air. Carbon and
Hydrogen atoms in fuel need oxygen to burn. They
produce carbon dioxide and water respectively. Both
reactions are exothermic reactions and hence energy
is produced. Certain specific amount of air is required
to burn the fuel. This can be calculated by chemical
equation and putting atomic
Weights and molecular weights in place. The quantity
of air requirement calculated in this manner is called
stoichiometric air. This calculation assumes that all
oxygen molecules in air and all atoms of carbon and
hydrogen in fuel participate in reaction. But actually
some molecules of oxygen are not able to combine
with either carbon or hydrogen atoms. Corresponding
amount of fuel shall remain un-burnt if stoichiometic
air is supplied to the fuel. Unburnt fuel would result in
loss of energy and poor fuel efficiency. To enable fuel
to burn completely, some extra air is supplied in
addition to the stoichiometric air. This extra air which
is supplied over and above the stoichiometric air is
called Excess Air. Excess Air is measured as a fraction
or percentage of stoichiometric air requirement.
Optimisation of excess air in furnaces and boilers is a
key measure towards achieving higher fuel efficiency
(1).
Certain amount of Excess air in combustion is
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necessary to facilitate complete combustion or near
complete combustion of fuel (2) . But excess of excess
air affects fuel efficiency adversely because excess
air also requires energy to heat it up to flue gas
temperature. Hot Excess Air exits along with Flue Gas
thru chimney. Large amount of excess air also requires
higher size of air and flue gas handling equipment(3).
These in turn require more space, more capital cost
and more maintenance cost.
Excess Air Calculations
Excess Air is not measured directly. It is indirectly
calculated from carbon dioxide or oxygen component
in flue gas which are obtained from flue gas analysis
(4)
. Various formulae are used for Excess Air
percentage calculation. Some of them are extremely
complex and some others are quite simple. (5). Most
popular formulae used for calculation of excess air
are:
Excess Air Fraction =Oxygen %age in flue gas / (21
– Oxygen %age in flue gas)
EA = O2 / (21 – O2) (6)
(1)
Other formula used is more like a thumb rule i.e. EA
% = 5* oxygen % in flue gas (7).
To arrive at the inherent assumptions in these
formulae, first we need to work out how these formulae
have been arrived at. The theory behind first formula
i.e. O2 / (21-O2) is worked out below  Oxygen percentage is measured in flue gas
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 Excess air is calculated by the formula
O2 / (21-O2)
 Excess Air Formula is derived as given below:
 Let stoichiometric air required be = 100 moles
 Let excess air quantity be = x moles
 Air has 21% oxygen and 79% nitrogen by volume
 Flue gas formed 100 + x moles
 Oxygen in flue gas = 0.21x moles (2)
 Oxygen fraction in flue gas = 0.21x/(100 + x) (3)
 Oxygen percentage in flue gas= 0.21x *100/(100 + x)
= 21 x / (100 + x) (4)
21x = (100 +x) * oxygen percentage in FG (O2)
21x – x * O2 -= 100 * O2
x = 100*O2 / (21- O2) (5)
Excess air fraction = O2 / (21- O2) (6)
Most of the users are unaware of the presumptions in
this formula. The derivation has presumed that x moles
of excess air plus 100 moles of required stoichiometric
air form 100 + x moles of flue gas. There lies an
inherent assumption that 100 moles of stoichiometric
air also forms 100 moles of Flue Gas. For fuel
containing mostly carbon, it would be true but for
liquid petroleum fuels, which consist of a very large
quantum of hydrogen atoms bonding with carbon
atoms, we need to examine in more details. Here
oxygen reacts with carbon and hydrogen in fuel,
resulting in change in moles. Relevant reactions are
as under:
C + O2 = CO2
2H2 + O2= 2H2 O

facts unravels the implication of the assumption. If fuel
contains only the carbon or almost completely the
carbon and nil or almost nil hydrogen as fuel, the
assumption made that is 100 mole of air give 100
moles of flue gas would be correct. Nitrogen in air
does not participate in reaction for producing energy.
Negligible quantity of nitrogen oxides that are formed
can be ignored for this analysis without any tangible
effect on accuracy. Oxygen also reacts with sulphur
in the same way as with carbon. This reaction does
not result in change in moles. Therefore, presence of
sulphur in fuel tends to maintain applicability of the
assumption and so the applicability of the formula.
Therefore for fuels like coal or pet coke, the formula
is perfectly applicable.
Ash content in coal does not react with air to form
flue gas. (9) Therefore Ash content does not affect
either the assumption or the applicability of formula.
This understanding is important because in Indian
scenario, coal is the largest source of energy. Other
major source of energy is petroleum Oil, i.e. fuel Oil
or other liquid petroleum fuels. Most part of these
fuels contains molecules which are long chains of
carbon and hydrogen atoms (10). These are mostly of
nomenclature CnH2n+2 with n being in the range of 15
to 30. With n being so large, ratio of carbon and
hydrogen atoms can be taken as nearly 1: 2. Now
when we come back to our equations:
C + O2= CO2

(7)
(8)

Or

Sulphur (which is present in small quantities) in fuel
reacts as S + O2= SO2 (8).

2C + 2 O2 = 2 CO2

It is correct to assume that x moles of Excess Air
forms x moles of flue gas, because it does not
participate in chemical reaction. Equation (7) shows
that one molecule or one mole of oxygen reacts with
carbon to form one molecule or one mole of carbon
dioxide. So moles in Excess Air remain unchanged
when air changes into flue gas after reacting with
carbon. Equation (8) shows that one mole of oxygen
reacts with hydrogen in fuel to form two moles of
water vapour or steam. Thus moles in Flue Gas will
be more than moles in air. Understanding of these

2H2 + O2= 2H2O
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and
2 carbon atoms would carry 4 hydrogen atoms as
per the ratio of 1:2 as discussed above. 2 carbon
atoms combine with 2 oxygen molecules to form 2
molecules of carbon dioxide. 4 Hydrogen atoms
combine 2 atoms or one molecule of oxygen to form
2 water molecules.
2C + 4 H + 3 O2 = 2 CO2 + 2 H2O
Thus 3 Oxygen molecules in air combine with 2
carbon atoms and 4 hydrogen atoms to form 4
25

molecules of Flue gas (2 CO2 + 2H2O). Hence 3
moles of oxygen in stoichiometric air give 4 moles of
flue gas. So moles in Flue Gas increase in comparison
to moles of oxygen in stoichiometric air. Increase is
to the extent of 33% of moles in oxygen. Now the
question arises that with such large change, how far is
the formula EA=O2 / (21-O2) valid which assumes
that moles remain unchanged. It is seen that inaccuracy
is creeping in because of oxygen reaction with
hydrogen present in fuel. We examine in more details
as given below  Air contains 79% Nitrogen by volume. Since
nitrogen does not participate in reaction, moles of
N2 remain unchanged. Those moles of O2 that react
with sulphur also remain unchanged. Since
petroleum fuels mostly contain carbon and
hydrogen, we consider the following :
 79 Moles of N2 in air = 79 moles of N2 in FG
 21 moles O2 in air = 28moles in FG (14 moles of
CO2 &14 moles of H2O)
Thus 100 moles of stoichiometric air give 107 moles
of Flue gas. So this leaves inaccuracy to the extent of
7% and not 33%. On further analysis, we find  For 100 moles of stoichiometric air, there are also
x moles of excess air present. Excess Air does
not participate in reaction and therefore moles in
Excess Air remain unchanged.
Thus 100 + x moles of air form 107 + x mole
of flue gas.
 Excess air requirement depends on the nature and
condition of fuel being used (11). Solid fuels require
much more excess air than liquid and gaseous fuels.
Also viscous fluids require more excess air.
Requirement of excess air also depends on how
well Excess Air quantity is monitored and
maintained by operating personnel.
Oxygen has been found to be present in Flue Gas
from 1% to 2% in well managed plants using gaseous
and liquid fuel like large Ceramic industries or
petroleum oil refineries (12). On the other end it is also
found to be to 12 % to 15% in plants which use solid
fuels and which are not so well operated and
maintained. Let us see what it means in terms of
Excess Air :
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a) 1% O2 results in 1/ (21-1) = 1/(20) = 5% EA
b) 2% O2 results in 2/(21-2) = 2 /(19) = 10.5 % EA
c) 8% O2 results in = 8/(21-8) = 8/(13) = 1.5% EA
d) 12% O2 results in = 12 / (21-12) = 12 / (9)
= 133% EA
Above results are as given in Table-I :
Oxygen % in Flue Gas
1
2
8
12

Excess Air %
5
10
61.5
133

We have tried to examine the effect of 5% EA, 10%
EA, 50% EA and 120% EA on assumption made in
this formula and their effect on accuracy of formula
are as given below
a) 5% EA would mean,
105 moles in air give 112moles of FG. A
deviation of 6.7%.
b) 10% EA would mean,
110moles in air give 117moles of FG, A
deviation of 6.3%
c) 50% EA would mean
150 moles of air give 157moles of Fg, A
deviation of 4.5%
d) 120% EA would mean
220 moles of air give 227moles of FG. A
deviation of 3.1%
These results can be summarised as under for liquid
petroleum fuels:
Table : 2
Excess Air %
5
10
50
120
Fuel

% deviation calculation by
formula
6.7
6.3
4.5
3.1
Liquid Petroleum
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Actual deviation in fact is even less. Reasons are that
these fuels contain some little %age of sulphur. They
also contain some complex chains of CarbonHydrogen molecules (13). Sulphur combines with 1 mole
in Oxygen in air to form 1 mole of SO2 in Flue Gas.
Thus moles in air that combine with sulphur remain
same when converted to Flue Gas. This has a
sobering effect on deviation. Similarly complex chains
of carbon hydrogen molecules contain higher
percentage of carbon than the %age of carbon in linear
chains. Since 1 mole of oxygen combines with carbon
to give 1 mole of carbon dioxide in Flue Gas, such
higher percentage of carbon also has additional
sobering effect on deviation. So deviation in calculation
of EA is between 3% and 6% for liquid petroleum
fuels. . Let us take it as 5% for our further discussions.
Methane as Fuel
For Methane CH4 the calculations shall work out as
under C + 4H + 2O2 = CO2 + 2 H2O
Here 2 molecules of oxygen combine with 1 carbon
atom and 4 hydrogen atoms to form 3 molecules in
Flue Gas. If Methane is used as fuel, increase in moles
in fuel gas is to the extent of 50% of moles in oxygen.In
this case:
 79 moles of nitrogen = 79 moles in Flue Gas
 21 moles of oxygen = 31.5 moles in Flue Gas
 100 moles of Stoichiometric Air will give 110.5
moles of Flue Gas.
When we analyse its effect on 5% Excess Air, 10%
Excess Air, 50% Excess Air and 120% Excess Air as
in the case of liquid petroleum fuels, we find :
 5% Excess Air would mean
105 moles of air give 115.5 moles of Flue Gas; a
deviation of 10%
 10% Excess Air would mean
110 moles of air give 120.5 moles of Flue Gas; a
deviation of 9.5%
 50% Excess Air would mean
150 moles of air give 160.5 moles of Flue Gas; a
deviation of 7%
 120% Excess Air would mean
220 moles of air give 230.5 moles of Flue Gas; a
deviation of 4.8%
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These results are summarised in Table for Methane
Fuel –
Table : 3
Excess Air %
5
10
50
120
Fuel

% deviation calculation by
formula
10
9.5
7
4.8
Methane

Now, Deviation in loss of energy can be calculated
as under  Loss of energy in flue gas depends upon Excess
Air percentage and temperature of flue gas. If we
assume 8% O2 in FG, EA works out to be
8 / (21-8) = 8 / (13) = 61.5% (14)
Specific heat of Flue Gas is 0.24 kcal/kg 0 C (14)
1kg of fuel requires 14.1 kg of stoichiometric air
to burn completely (15)
Thus Air required to burn 1 kg of fuel is (1 + 0.615)
* 14.1 = 22.8 kg.
So flue gas generated from 1 kg of fuel =
(22.8 +1) = 23.8 kg
In tunnel kilns in industrial clusters for small Ceramic
industries, Excess Air percentage is high but Flue Gas
temperatures are not that high (16). Taking average flue
gas temperature as 250 0C and ambient temperature
as 30 deg. C, Heat loss works out to be
 23.8 * 0.24* (250-30)
= 1250.66 kcal/ kg of fuel
Considering calorific value of fuel to be 10600 kcal/
kg; this loss in flue gases works out to be about
12%.We had earlier worked out that deviation in
calculation of Excess Air is about 5% for liquid
petroleum fuels. Coupled with this typical case
wherein flue gas losses are calculated to be 12%,
deviation in fuel consumption shall work out to be
5% of 12% i.e. 0.6% for liquid petroleum fuels.
Thus it can be seen that usage of formula EA = O2 / (21-02)
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for calculating excess air fraction gives accuracy with
deviation of about 0.6% in fuel consumption.
Direction of Deviation:
We have seen that Flue Gas contains more moles of
gases than number of moles in air. But formula
assumes that Flue Gas contains same number of
moles as in Air. Therefore, Oxygen % obtained by
Flue Gas measuring instruments is slightly less than
what it would have been, if the number of moles in
Flue Gas had been equal to number of moles in Air
as assumed in the formula. Thus deviation in
calculation of Excess Air is on negative side. As a
result deviation in calculation of losses in Flue Gas is
also on the lower side.
General Thumb rule in practice in Ceramic
Industries:
Now let us look at the thumb rule. This is extensively
used by engineers and managers in large industries.
The thumb rule used is
E A% = 5 * Oxygen % in Flue gas.
Oxygen % in Flue Gas
1
2
5
10
12

Excess Air % as calculated by
thumb rule
5
10
25
50
60

Well managed large organisations, employ
professionals and qualified engineers in large numbers.
In such industries, using liquid and gaseous petroleum
fuels, O2 % age in Flue Gas is watched constantly
and very critically. Corrective measures are taken as
soon as deviations are noticed. Management is very
alert to O2 % age variation in Flue Gas. Let us examine
various scenarios in which O2 % is 1%, 2%, 5%,
10% and 12% in flue gas
 When O2 = 1%, Thumb rule gives EA %= 5% as
per formula
EA = 1/ (21-1) = 1(20) = 5%
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 When oxygen is 2% in FG : thumb rule give
EA % = 10%,
Formula gives
EA = 2 / (21-2) = 2 / (19) = 10.5%
 When oxygen is 5% in Flue Gas, thumb rule give
EA= 25%.
Formula gives
EA = 5 / (21-5) = 31.25%
 When O2 is 10%, thumb rule give Excess
Air = 50%.
Formula gives
EA = 10/ (21-10) = 10 / (11) = 90.9%
 When O2 is 12%, thumb rule give Excess Air
= 60%.
Formula gives
EA = 12 / (21-12) = 12 / (9) = 133%
These results are summarised in a table.

Excess Air as calculated
by formula
5
10.5
31.25
90.9
133

Thus it is seen that when O2 % in flue gas is low say
1%, thumb rule gives perfect results. Even with 2%
oxygen in flue gas, it gives almost accurate results.
However as O2 % increases, this thumb rule gives
lower estimation of Excess Air than it actually is. It is
seen that with 5% O2, thumb rule show 25% Excess
Air, but actually it is 31.25%. Similarly for 10% O2,
thumb rule indicates 50% Excess Air but actually it is
90.9%. That is 40.9% more than 50% or actual
Excess Air. It is 81.8% more (40.9 *100)/50 than
what is indicated by thumb rule. Therefore thumb rule
can be safely used in large well managed organisations
which are using liquid or gaseous petroleum fuels.
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However, it would not be appropriate to use it in
industries which use solid petroleum or agricultural
fuel where O2 % is higher than 5% in Flue Gas.
Conclusions:
(i) The formula for calculating Excess Air i.e. Excess
Air = O2 / (21 – O2) is applicable perfectly for
the fuels containing carbon alone. Presence of
sulphur also does not affect accuracy of formula.
(ii) Presence of Hydrogen results in certain
inaccuracy in calculation of Excess Air. For liquid
petroleum fuels containing carbon and hydrogen;
inaccuracy in results is between 3% and 6%.
(iii) Results obtained from this formula show a little
lower excess air than the actual.
(iv) Thumb rule for calculating Excess Air i.e. Excess
Air % = 5 * oxygen % in Flue gas can be used
when oxygen percentage is about 1% to 2% in
Flue Gas. For more than 5% oxygen, the thumb
rule will give large deviations. These deviations
also show a lower excess air than the actual.
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