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ABSTRACT

Utilisation of propellant waste in fabrication of bricks is not only used as efficient waste disposal method but
also to get better functional properties. In the present study, high energy propellant (HEP) waste additive mixed with
soil and fly ash in different proportions during manufacturing of bricks has been investigated experimentally. X-ray
diffraction (XRD) studies were carried out to confirm the brick formation and the effect of HEP waste. Ceramic
bricks were fabricated with HEP waste additive in proper proportions i.e. 0.5 wt %, 1.0 wt %, 1.5 wt %, 2.0 wt
%, 2.5 wt %, 3 wt %, 3.5 wt %, and 4 wt % and then evaluated for water absorption capability and compressive
strength. Compressive strength of 6.7 N/mm?, and Water absorption of 22 % have been observed from modified
fired bricks impregnated with HEM waste additive. Scanning electron microscopy (SEM) studies were carried out to
analyze the effect of HEP waste additive on pore formation and distribution in the bricks. Further, the heat resulting
from decomposition of propellants can cause a decrease in the energy required of baking process. The process of
manufacturing of bricks with HEP waste additive is first of its kind till date.
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1. INTRODUCTION

Clay bricks are one of the most important building
elements used for civil construction in large quantities. History
of fired clay bricks starts from hand making to the bull trenched
kilns, and batch to the continuous viable process of brick
manufacturing!. Even though, manufacturing of bricks with
commonly used materials like soil and fly ash is economical and
feasible, functional property enhancements possible through
waste additives, which will otherwise cause environmental
hazards in disposal activities must be exploited to the full
extent. Literature review shows that many researchers studied
the organic and inorganic additives like polymer materials,
wine waste, glass waste, rice husk, sugarcane bagasses, wheat
straw, corn cob, cotton husk, groundnut shell, coal waste, olive
mill waste, shea waste, foundry sand, ceramics and paper
waste>? were added as additives in the processing of bricks.
Effect of these additives on water absorption, mechanical and
thermal properties were also studied and discussed by many
researchers. However, the recent research areas are focused
on additives for reduction in energy consumption during the
processing of bricks and energy efficient buildings. Usually
additives used in the bricks burn out during firing process and
create porosity to regulate the moisture and water absorption
content®!.
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The materials which releases high pressure and
temperature on decomposition of high velocity gaseous
products in short time either by detonation or deflagration are
called as high energy materials. Numerous researchers across
the globe have been studying the waste disposal methods of
high energy materials*** with minimum energy and impact on
environment. High energy propellants (HEP) are one of the
categories of high energy materials. HEP wastes are generally
disposed in large quantities in open area and ignited from a
remote site. The current disposal method is not environmental
friendly and also hazardous for human health®*. Different
methods have been studied for disposal such as incineration,
molten salt and wet air oxidation, biodegradation and chemical
process®26, Disposal of HEP waste is a challenging task.
Some of the problems associated with disposal of high energy
materials waste include infertile land, safety hazards, air quality
degradation and toxic combustion products. Large quantity (in
tonnes) of HEP waste is created during the processing of large
rocket mortars, lot rejection and expiry of service life. The
processing waste can be efficiently used for productive purpose
rather than disposing it off resulting in severe environmental
issues, huge transportation and handling costs?’. The process
propellant waste generated is of around 150 to 200 tonnes at
different propellant processing centres of DRDO, ISRO and
industries. Though 0.5 % of HEP waste can be disposed in
the proposed process, considering the extensive requirement of
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bricks in country, substantial portion of waste propellant (few
tonnes) can be disposed off in the process of manufacturing of
bricks.

The key open burning method used currently for waste
disposal of propellant is not environmental friendly and safe.
There remains a huge demand for ease waste disposal of
propellant waste. Very limited work had been carried out in
waste disposal and life cycle management of propellant. The
waste propellant act as combustible ingredient by providing
required energy for firing of bricks and also act as pore cavity
forming agent in the bricks, which controls the density and
weight of the bricks. Use of HEP waste in manufacturing of
bricks can be one of the novel waste disposal techniques of
high energy materials. The addition of high energy combustible
material may lead to localized and uniform heating of bricks.
This may lead to reduction in weight of bricks, optimum water
absorption and improvement in mechanical properties. Current
study leads to eco-friendly disposal of combustible material on
one hand and enhancing the functional properties of the bricks
on the other hand.

Current study is concentrated on use of HEP waste as
partial substitute to soil and fly ash in manufacturing of bricks.
In addition, microstructure, water absorption and compressive
strength characteristics of the modified bricks with different
proportions of HEP waste additive. XRD and SEM techniques
were used to examine the phase formation microstructure of
the bricks and to optimize the quantity of HEP waste in order
to improve the functional performance of bricks.

2. MATERIALS AND METHODS
2.1 Materials and Sample Preparation

The HEP waste is standard composite propellant consists
of hydroxyl terminated poly butadiene, HTPB (10-15%),
ammonium percholrate, AP (60-70 %) and aluminium powder,
Al (15-20 %) obtained from process waste was used in dust
form. Propellant dust was generated during the machining
stage of the propellant grains and remote grinding of
propellant waste obtained through the process and rejection
lots (Fig. 1.). The source of HEP is from DRDO propellant
processing centre, located at Nasik. The characteristics of
composite propellant are (i) calorific value: 1000-1200
cal/g; (ii) Density: 1.7-1.8 g/cc; (iii) % Elongation: 40%,
(iv) Specific impulse: ~ 245 s. The particle size distribution

Figure 1. Propellant dust powder.

is measured using Mi scattering theory by laser diffraction
method using Horiba, LA 960 laser particle size analyzer.
The d, of the particle size is 145 pm and the particle size
distribution varies from 22 um to 320 um. The soil used in
the manufacturing of bricks was taken from brick kilns, Nasik,
India. The characterization of clay is given in this reference
under soils developed on interfluves under sub-humid zone in
Nasik?. The mix proportion of various materials in the bricks
is soil ~ 60 %, fly ash ~26%, HEP waste ~4 % and water ~10 %.
Soil quantity varies according to the addition of propellant.

Sigma blade mixer with single blade is used for
homogeneous mixing of the propellant, soil and fly ash. The
duration of mixing is 80 min and speed is 60 rpm. The mixing
process was carried out initially with soil, fly ash and water for
20 min and subsequently after weathering, HEP waste added
and mixing was carried out for 60 min. The soil dough with
fly ash was blended with propellant dust (0 to 4 wt %) and
distilled water (20 to 25 %) to obtain desired level of plasticity.
Homogeneity of mix is ensured with the milling cycle to avoid
localization of propellant dust powder. The achieved level of
water plasticity obtained in this soil dough is in the range of
22 to 24 and the same is obtained through Atterberg plastic
limit. The HEP waste content added in the samples was 0 to
4% in steps of 0.5% by wt. designates as 0B, 0.5B, 1B, 1.5B,
2B, 2.5B, 3B, 3.5B and 4B, respectively (Fig. 2). Batch of 10
samples were processed at each propellant composition. The
bricks were then moulded in test brick moulds of approximate
size 52x25x20 mm (Fig. 3). The brick samples were oven dried
for 48 h at 100 °C to remove excess moisture and avoid cracks
during firing. The propellant composition decomposes at
around 350 °C to 400 °C. The dried samples were then heated
slowly in electric furnace at 1100-1150 °C and dwelled for 6 h
and cooled down to ambient temperature.

Figure 3. Moulds and green bricks.
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2.2 Analysis

The structural phases in the bricks were investigated using
XRD (Model, Bruker D8 Advance) with copper k_, radiation for
samples fired with and without propellant additives. Samples
were scanned at an angle from 20° to 70° at a scanning step of
0.05°. The porosity was calculated from apparent density values
measured by Archimedes method. Water absorption test was
carried out to obtain the durability of bricks during weathering
conditions. The bricks were heated at 110 °C in oven to remove
the moisture content, cooled down to room temperature and
then its weight (m,) was measured. Subsequently, the samples
were immersed in clean water at room temperature for 24 h.
The samples were then removed from water and traces of
water in the samples were wiped off using dry cloth and then
its weight (m,) was measured. The water absorption of samples
was calculated as:

Water absorption (W %) = L—lml)
m

x 100 1)

The compressive strength of the brick samples was
calculated by dividing the maximum load at failure (N) to
average area of the brick samples (mm?). In the current studies,
the porosity is measured by using the formula:

Porosity (P) = a=p) x100 (%) 2)
Po

p, isbulk density of the brick and p is the density of propellant
modified porous brick®. Also the amount of porosity is verified
by image analysis of scanning electron microscopy images. The
pore sizes are measured directly from scanning electron images
using image analysis software by linear intercept method. This
method is normally used for grain size measurement and the
same is used for pore size measurement. For every percentage
of HEP waste, 4 samples are tested for SEM studies and pore
size measurements. The densification, microstructure, pore
size and porosity of the samples were investigated by scanning
electron microscope (Zeiss, Merlin).

3. RESULTS AND DISCUSSION

XRD patterns of brick samples with 4 % HEP waste
and without HEP waste fired at 1100 °C are shown in Fig. 4.
The XRD patterns reveal that both the fired bricks are almost
similar in the structure except some extra peaks of alumina
observed in bricks with HEP waste. The alumina peaks may
be due to presence of aluminum particles in HEP waste, which
may get oxidized at higher temperature to form alumina. It is
also confirmed that addition of HEM waste not resulted in any
of the additional phases. It is observed that Quartz, hematite,
feldspar and mullite minerals are present in the fired bricks and
their corresponding patterns are indentified. The red color of
the fired bricks may be due to the presence of hematite mineral.
The presence of other minerals confirms that occurrence of
vitrification process during firing which is responsible for
densification of the bricks*.

SEM images of fired samples with variation of HEP
waste (OB,0.5B,1B,1.5B,2B,2.5B,3B,3.5Band 4 B)
are shown in Fig. 5. The surface morphology of the fractured
surface of the fired bricks is studied in detail. It is very evident
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Figure 4. XRD patterns of fired bricks (a) with 4 % HEP waste
and (b) without HEP waste (blank).

that addition of HEP waste additives acted as pore forming
agents and created porosity in the samples. Increase in HEM
waste additives increases the porosity in the fabricated fired
bricks. Higher amount of porosity is observed in the 3.5B
and 4B samples, due to addition of larger quantity of HEP
waste additives. It is also important to note that the dense
microstructure of bricks in the area other than porosity. The
pores are uniformly dispersed indicating the homogeneity of
the mixing and wide particle size distribution of HEP waste.
The pore size is observed to be varying from 1 to 50 pm in
the modified fired bricks. The presence of low porosity in the
bricks, due to small amount (< 2%) of HEM waste additives as
seen in Figs. 5 (a) - 5(¢) contributed to increased compressive
strength. On the other hand, the presence of high porosity due
to higher amount of waste additives (>3%) as seen in Figs.
5(g) - 5(i) resulted in increase in amount of water absorption.
However, with the presence of higher porosity, the modified
fired bricks are light weight, sturdy and ease to handle. The
SEM images may also be used as a quantitative tool to observe
the porosity distribution.

The brick is proportionate mixture of clay, sand and high
energy propellant waste. With sufficient quantity of water, the
brick is moulded and dried with low shrinkage, cracks and
warping. During firing, it enables silica to fuse and to bond
the solid particles by neck formation. The firing temperature
plays vital role in determining compressive strength and water
absorption efficiency, because it controls porosity in the bricks.
The heat evolution from the propellant will enhance the firing
process of bricks by uniform heating.

The test results of water absorption of bricks with HEP
waste additives are presented in Fig. 6. Initially with addition of
0.5 % HEP waste, the rate of water absorption of bricks decreases
drastically. This could be attributed to increase in densification
due to in-situ thermal energy generated and addition of HEP
waste. However the porosity generated is low and no formation
of interconnecting pore channels for capillary action of water.
Increase in the addition of HEP waste additives leaves increased
pores during firing, causing increased porosity and allows the
formation of pore interconnecting channels for capillary action
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Figure 5. SEM images of fired brick samples: (a) 0 B, (b) 0.5 B, (c) 1 B, (d) 1.5 B, (¢) 2 B, (f) 2.5 B, (g) 3 B, (h) 3.5 B and (i) 4 B.

25 which in turn increases the rate of water absorption of bricks. It
1 is well known that the porosity dominates over the densification
2‘: behaviour of the bricks. Further increase in HEP waste additive
23- dominates the densification behaviour which in turn reduces
g 22_' R the rate of water absorption. With above 3 % usage of HEP,
1 the densification dominates the porosity behaviour because
%_ 214 the pores generated interior is not connected by capillarity
§ 20: with surface pores. Hence the water connecting channels are
— S disengaged and that leads to decrease in water absorption. The
8 194 rate of water absorption significantly depends on (i) nature of
i 184 additive, (ii) interaction of additives with sand particles, (iii)
1 thermal properties of the additives and (iv) affinity to moisture
17: absorption. However the present study reveal that lower HEP
16 d——— waste additive up to 1 %, is more beneficial due to reduced
00 05 10 15 20 25 30 35 40 water absorption capacity and classified under moderate

% of Propellant weather resistant bricks!.

The test results of compressive strength of the bricks with

Fi 6. Effect of HEP te additi t b ti . » LT .
teure e o waste addifives on water absorption varying HEP waste additives are shown in Fig. 7. Compressive

of bricks.
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Figure 7. Effect of HEP waste additives on compressive strength
of bricks.

strength usually depends on porosity, pore size, pore distribution
and secondary phases in the material. Initially compressive
strength increases with addition of 0.5% HEP waste, and
then it decreases with further addition of HEP waste. The
increase may be due to alumina dispersion strengthening of
bricks, which is present in the HEP waste modified bricks after
firing. The dispersed alumina in the bricks seizes micro crack
formation and prevents the crack to propagate till failure. The
water absorbing efficiency of bricks is not directly related to
compressive strength; however its pore structure and porosity
may play a vital role. Wagh®, et al. proposed a model to study
the dependency of modulus with porosity. It is assumed in the
model, ceramics are continuous network of solid cylinders
with porous channels between them.

E=E,(1-P)" 3)
where E is Young’s modulus of bricks, and E is Young’s
modulus of free pore matrix, P is porosity and m is the function
of characteristics of cylinder.

It is clearly depicted from the above Eqn. (3), lower the
porosity in the bricks, higher the compressive strength and
reduction in efficiency of water absorption.

Similarly, lower the addition of propellant in the
bricks (0.5 wt %) results in lower porosity, and increase in
compressive strength due to packing efficiency of the particles.
Higher the propellant content, the packing efficiency will get
disturbed because during the process of heating the bricks, the
gases present in the interior of the initially open pores widen
and generate large voluminous gaseous products. The packing
nature of cylindrical particles is basically different from spheres
because the former exhibit orientation freedom, and contains
flat, curved surfaces and corners.

However, with further increase in HEP waste, the porosity
dominates the behaviour of the bricks. The presence of porosity
also affects the cohesion and dispersion strengthening effect of
alumina which in turn lowers the resistance of brick material to
failure. It can be attributed to the stress concentration arising at
open pores, which may lead to loss of structural integrity and
affects compressive strength. It may be noted that compressive
strength values are exactly varying opposite to rate of water
absorption in HEP waste modified bricks.
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4. CONCLUSIONS
HEP waste as additive in manufacturing of bricks has

been experimentally investigated for the first time and results

in terms of functional properties were discussed in detail.

The results presented in this article have been verified for

compliance of all test standards and are industry scale by brick

industry. From the present study, the following conclusions
may be drawn;

e Utilization of HEP waste as additives in manufacturing
of bricks can be considered as one of the waste disposal
methods and subsequently used as ecological structure in
the buildings for creation of wealth out of waste.

¢ XRD studies revealed the presence of various minerals
and alumina peaks in the bricks modified by HEP waste.
This will validate that no secondary phases were present,
which can cause damage to the bricks.

e The microscopic study revealed the formation and uniform
dispersion of pores in the modified bricks with HEP waste
additive.

e Water absorption test indicated that, the rate of absorption
decreased drastically with small amount of HEP waste
additive, and further increase in additives increased
porosity that in-turn increased the rate of water absorption.
The optimum quantity of HEP waste will result in lower
density bricks.

*  From the compressive test results, it is observed that, small
amount of HEP waste additive improves the compressive
strength due to alumina dispersion strengthening in the
bricks.

e The bricks sintered with HEP in small amount of weight
percentage make lighter bricks with improved compressive
strength. The reduction in weight of bricks without
sacrificing compressive strength will have cascading effect
in bringing down the cost of civil engineering structures
using this bricks as basic building blocks.

BIS specification of average compressive strength of
bricks of “class 5’ to be minimum 5 N/mm? and water absorption
not to exceed 20 %. The final properties of HEP (0.5 %) added
bricks are meeting the BIS specifications for ‘Class 5’ bricks.
Total energy generated by HEP is of nearly 100 kJ per brick
whereas energy consumed in firing of a blank brick is of 2MJ
per brick. The process is energy intensive and addition of HEP
will trim down the quantity of fuel nearly 5 %. Though the
HEP % is small but the volume of total number of bricks baked
in very large quantity hence the entire process will be more
energy efficient and correspondingly cost effective. HEP being
process waste will be available with bare minimum cost and it
will contribute towards the total energy required for firing the
bricks. Based on the above observations, it may be concluded
that less than 1% of HEP waste additives is beneficial to obtain
favourable physical and mechanical properties of bricks. And
also process is considered as one of the favourable waste
disposal method of HEP waste.

REFERENCES

1. Kazmi, SM.S.; Abbas, S.; Munir, M.J. & Khitab, A.
Exploratory study on the effect of waste rice husk and
sugarcane baggage ashes in burnt clay bricks. J. Build.



10.

11.

12.

13.

MEHTA, et al.: STUDY ON HIGH ENERGY PROPELLANT WASTE IN THE PROCESSING OF FIRED CLAY BRICKS

Eng., 2016, 7, 372-378.

doi: 10.1016/j.jobe.2016.08.001

Munoz, P.; Morales, M.P.; Mendivil, M.A.; Juarez, M.C.
& Munoz. L. Using of waste pomace from winery industry
to improve thermal insulation of fired clay bricks: Eco-
friendly way of building construction. Constr. Build. Mat.,
2014, 71, 181-187.

doi: 10.1016/j.conbuildmat.2014.08.027

Shamsollahi, Z. & Partovinia, A. Recent advances on
pollutants removal by rice husk as a bi-based adsorbent: A
critical review. J. Environ. Manag., 2019, 246, 314-323.
doi: 10.1016/j.jenvman.2019.05.145

NjeumenNkayem, D.E.; Mbey, J.A.; KenneDiffo, B.B.
& Njopwouo, D. Preliminary study on the use of corn cob
as pore forming agent in lightweight clay bricks: Physical
and mechanical features. J. Build. Eng., 2016, 5, 254-
259.

doi: 10.1016/j.jobe.2016.01.006

Pinto, J.; Cruz, D.; Paiva, A.; Pereira, S.; Tavares, P.;
Fernandes, L. & Varum, H. Characterization of corn cob
as a possible raw building material. Constr. Build. Mat.,
2012, 34, 28-33.

doi: 10.1016/j.conbuildmat.2012.02.014

Ashish, D.K. Feasibility of waste marble powder in
concrete as partial substitution of cement and sand
amalgam for sustainable growth. J. Build. Eng., 2018, 15,
236-242.

doi: 10.1016/j.jobe.2017.11.024

Saiah, R.; Perrin, B. and Rigal, L. Improvement of thermal
properties of fired clays by introduction of vegetable
matter. J. Build. Phys., 2010, 34, 124-142.

doi: 10.1177/1744259109360059

Limami, H.; Manssouri, I.; Cherkaoui, K. & Khaldoun,
A. Study of the suitability of unfired clay bricks with
polymeric HDPE & PET waste additives as a construction
material. J. Build. Eng.,, 2020, 27, 100956.

doi: 10.1016/j.jobe.2019.100956

Gurumoorthy, N. & Arunachalam, K. Durability studies
on concrete containing treated used foundry stand. Constr.
Build. Mat., 2019, 201, 651-661.

doi: 10.1016/j.conbuildmat.2019.01.014

Gonzalez, A.D. Energy and carbon embodied in straw
and clay wall blocks produced locally in the Andean
Patagonia. Energy Build., 2014, 70, 15-22.

doi: 10.1016/j.enbuild.2013.11.003

Pacheco-Torgala, F. & Jalali, S. Reusing ceramic wastes
in concrete, Constr. Build. Mater., 2010, 24, 832-838.
doi: 10.1016/j.conbuildmat.2009.10.023

Licurgo, J.S.C.; Vieira, C.M.F.; Candido, S.V. & Monerio,
S. Improvement of clay ceramic properties by glass
polishing sludge incorporation. Material Science Forum,
2015, 820, 432-437.

doi: 10.4028/www.scientific.net/MSF.820.432

Taha, Y.; Benzaazoua, M.; Mansori, M. & Hakkou,
R. Recycling feasibility of glass waste and calamine
processing tailings in fired bricks making. Waste Biomass
Valorization, 2017, 8, 1479-1489.

doi: 10.1007/s12649-016-9657-3

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Jin, R.; Li, B.; Elamin, A.; Wang, S.; Tsioulou, O. &
Wanatowski, D. Experimental investigation of properties
of concrete containing recycled construction wastes. Int.
J. Civil Eng., 2018, 16, 1621-1633.

doi: 10.1007/s40999-018-0301-4

Tajdini, M.; Bonab, M.H. & Golmohamadi, S. An
experimental investigation on effect of adding natural and
synthetic fibres on mechanical and behavioural parameters
of soil-cement materials. Int. J. Civil Eng.. 2018, 16, 353-
370.

doi: 10.1007/s40999-016-0118-y

Degirmenci, F.N. Utilisation of natural and waste
pozzolans as an alternative resource of geopolymer
mortar. Int. J. Civil Eng., 2018, 16, 179-188.

doi: 10.1007/s40999-016-0115-1

Asutkar, P.; Shinde, S.B. & Patel, R. Study on the
behaviour of rubber aggregates concrete beam using
analytical approach. Eng. Sci. Tech. Int. J., 2017, 20, 151-
159.

doi: 10.1016/j.jestch.2016.07.007

Yaras, A. Combined effects of paper mill sludge and
carbonation sludge on characteristics of fired clay bricks.
Constr. Build. Mater., 2020, 249, 118722.

doi: 10.1016/j.conbuildmat.2020.118722

Cultrone, G., Aurrekoetxea, 1., Casado, C. & Arizzi, A.
Sawdust recycling in the production of lightweight bricks:
How the amount of additive and the firing temperature
influence the physical properties of the bricks. Constr.
Build. Mater., 2020, 235, 117436.

doi: 10.1016/j.conbuildmat.2019.117436

Borries, C.; Vedrenne, E.; Massol, A.P.; Vilarem, G. &
Sablayrolles, C. Development of porous clay bricks with
bio-based additives: Study of the environmental aspects
by life cycle assessment. Constr. Build. Mater., 2026,
125, 1142-1151.

doi: 10.1016/j.conbuildmat.2016.08.042.

Preneron, A.L.; Magniont, C. & Aubert, J.E. Hygrothermal
properties of unfired earth bricks: effect of barley straw,
hemp shiv and corn cob addition. Energy & Build., 2018,
178, 265-278.

doi: 10.1016/j.enbuild.2018.08.021.

Taji, I.; Ghorbani, S.; Broto, J.D.; Tam, V.W.Y.; Sharifi,
S.; Davoodi, A. & Tavakkolizadeh, M. Application of
statistical analysis to evaluate the corrosion resistance of
steel rebars embedded in concrete with marble and granite
waste dust. J. Cleaner Production, 2019, 210, 837-846.
doi: 10.1016/j.jclepro.2018.11.091.

Manash A. & Kumar, P. Comparison of burn rate and
thermal decomposition of AP as oxidiser and PVC and
HTPB as fuel binder based composite solid propellants.
Defence Technology, 2019, 15, 227-232.

doi: 10.1016/j.dt.2018.08.010.

Singh, S.; Nagar, R. & Agarwal V. Performance of granite
cutting waste concrete under adverse exposure conditions.
J. Cleaner Production, 2016, 127, 172-182.

doi: 10.1016/j.jclepro.2016.04.034.

Schmieder H. & Abeln, J. Supercritical water oxidation:
State of the Art. Chemical Engineering & Technology,

601



DEF. SCI. J., VOL. 70, NO. 6, NOVEMBER 2020

1999, 22 (11), 903-908.
doi: 10.1002/(SICI)1521-4125(199911)22:11<903::AID-
CEAT903>3.0.CO;2-E

26. Luck, F. Wet air oxidation: Past, present and future.
Catalysis Today, 1999, 53, 81-91.
doi: 10.1016/50920-5861(99)00112-1.

27. AnuAbirami, S.; Dhabbe, K.I.; Kulkarni, P.S. & Mehilal,
Studies on conversion of waste nitramine and fuel-rich
based propellants into liquid fertilizer. J. Environ. Tech.,
2019, 40, 1035-1042.
doi: 10.1080/09593330.2017.1417487.

28. Prasad, J.; Satyavathi, P.L.A., Srivastava, R. & Nair,
K.M. Characterisation and classification of soils of Nasik
District, Maharashtra. Agropedology, 1995, 5, 25-28.

29. Praveen Kumar, B.; Kumar, H.H. & Kharat, D.K. Effect
of porosity on dielectric properties and microstructure of
porous PZT ceramics. Mater. Sci. Engg. B, 2006, 127,
130-133.
doi:10.1016/j.mseb.2005.10.003

30. Wagh, A.S.; Singh, J.P. & Poeppel, R.B. Dependende of
ceramic fracture properties on porosity. J. Mat. Sci., 1993,
28, 3589-3593.
doi: 10.1007/BF01159841

CONTRIBUTORS

Mr Pravin Kumar Mehta received his BE (Civil Engg.)
from NIT Nagpur and a trained Structural Engineer from IIT
Delhi. Currently serving as Distinguished Scientist and Director
General (Armament & Combat Engineering), DRDO. His area
of specialization is structural design, development, realization,
delivery and deployment of multi-disciplinary large complex
systems leading to indigenization. He is recipient of several
awards which includes DRDO scientist of the year, DRDO
Path breaking Research and DRDO special award for strategic
contributions.

602

In this paper, he planned and studied the effects of high energy
propellant additives in processing of bricks.

Prof. A. Kumarasamy is currently working as Professor,
Department of Mechanical Engineering, Defence Institute of
Advanced technology, Pune. His areas of interest are Solid
mechanics, Stress analysis, Tribology, High strain rate flow
behaviour and Finite element analysis. He has published
nearly 65 research papers and book chapters in peer reviewed
journals.

In the present work he has helped in formatting the manuscript
and guided the author.

Dr V.K. Saraswat, is presently Member NITI Aayog and
shouldering many Honorary positions in Government and
Academic Institutions. Earlier worked as Scientific Adviser to
Defence Minister, Director General DRDO and Secretary to Dept
of Defence R&D. He has been credited with development of
liquid propulsion rocket engines and missiles namely Prithvi,
Dhanush, Prahaar indigenously. He is the principal architect of
the Ballistic Missile Defence programme which included major
technology breakthroughs. He is recipient of many prestigious
national and international awards including Padmabhusan and
Padmashri.

In the present work, he has guided the team and reviewed
the manuscript.

Dr Praveen Kumar B., received his BE from NIT Trichy
and PhD from IIT Madras, in the field of Sensor materials
and devices. He is currently working as Scientist in DRDO-
ARDE Pune. His current research interests are Processing
and characterization of advance functional materials, porous
ceramics, pulse power generators and sensor devices. He has
published about 58 research papers in journals and conference
proceedings. He is recipient of DRDO Young Scientist Award,
DRDO Technology Group Award and Distinguished Young
Alumni Achiever Award- NIT Trichy.

In the present work he has carried out characterization of the
bricks and formatted the manuscript.



