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Abstract

In this chapter, the history of construction and the synthesis, spectroscopic char-
acteristics, thermal and mechanical behavior of construction materials, such as
their compressive strength, and the durability of industrial waste are presented.
Because of their potential application in construction sectors, the mechanical and
corrosion properties of the materials are studied in detail. In addition to ancient
construction materials, di erent industrial waste, such as y ash, pond ash, bot-
tom ash, various slags, and geopolymers are also discussed.

Keywords: Ancient construction materials, thermal power plant wastes, non-
ferrous and ferrous industry waste geopolymer, physico-mechanical properties,
geopolymer synthesis, geopolymer properties-mechanical and corrosion

1.1 Introduction

e history of construction is connected with many other elds of struc-
tural engineering. An investigation into how builders lived and their
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Neolithic architecture ranges from the tent to the megalith, i.e., arrange-
ment of large stones. Temples, tombs, and dwellings were rock-cut archi-
tecture. e most remarkable Neolithic structure, i.e., iconic megalith, in
Western Europe is Stonehenge.

1.2.2 Copper Age and Bronze Age

Copper started being used prior to 5,000 BC, and bronze around 3,100 BC.
Copper and bronze were used to make tools such as axes and chisels, and
were also used in the cutting edge tools of the time [1]. Figure 1.2 shows a
bronze saw developed during this period that was found at the archaeolog-
ical site of Akrotiri that can be seen in the Museum of Prehistoric  erain
Santorini, Greece.

In the Bronze Age, the corbelled arch came into use (beehive tombs).
Prior to the wheel, heavy loads were moved on boats, sledges (a primitive
sled) or on rollers.

e Egyptians began building stone temples using the post and lintel
construction method. e Greeks and Romans used similar techniques [1].

1.2.3 Iron Age and Steel Age

e Iron Age is a cultural period from about 1200 BC to 50 BC. During
this period, iron was widely used to make tools and weapons. A er 300 BC,
steel was produced by mixing carbon and iron, ushering in the Steel Age.

Figure 1.2 A bronze saw from the archaeological site of Akrotiri on display at the
Museum of Prehistoric  era in Santorini, Greece.
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Figure 1.18 Global y ash market revenue with potential applications [40].

1.3.8 Fly Ash Generation

During thermal power production (Figure 1.19), ashes are produced a er
coal combustion (Figure 1.20). Typically, coal is fed into the combustion
chamber. In the chamber, coal rapidly touches 0 and generates a warm
liquid mineral. e produced liquid mineral solidi es to form slag over
di erent stages, i.e., evaporation and cooling the pipe gas. Coarse parti-
cles are called cinder or slag. Lighter ne particles are called y slag. Fly

ery debris is displaced by electrostatic precipitators or channel fabric
baghouses.

Initially, y ash is released into the atmosphere directly. In recent years,
pollution control devices are mandated. e pollution control system cap-
tures y ash before it is released and dumped. Dumped y ash is a serious
environmental issue. Huge acres of land have already been used for the
disposal of y ash and many more acres will be required to accommodate
it in the future.

1.3.9 Nature and Composition of ermal Power Plant Ashes

Fly ash is the ne powder recovered from the gases of coal- red plants
during the production of electricity by electrostatic precipitators. e
micron-sized elements of silica, alumina and iron are present in greater
amounts; whereas sodium, potassium, titanium, etc., are present in trace
amounts.  ere isasubstantial amount of noncombustible impurities pres-
ent in coal in the form of limestone, shale, dolomite, feldspar and quartz.









Mage 656KX DTS So0M . 1 Sap 2014
WO fmm  GeVewmesTeO0si  Tee 133410

Optical micrograph of Pond Ash [46] SEM image of Pond Ash [46]
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Optical micrograph of Bottom Ash [47] SEM image of Bottom Ash [48]

Figure 1.21 Types of thermal power plant ashes (with corresponding SEM images).

mixed with water to form cementitious compounds. Particularly, addition
of alkaline activator (i.e., sodium silicate) to Class F y ash can produce
geopolymer.

In Class C y ash generation, lignite or subbituminous coal (younger) is
used to produce thermal power. It has pozzolanic as well as self-cementing
properties. If Class C 'y ash comes in contact with water, it becomes hard-
ened and stronger over time. In Class C y ash [44], lime content is more
than 20%. Because of its self-cementing behavior, Class C y ash does not
need an activator. In addition, the percentage of alkali and sulfate is higher
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Figure 1.21. e main di erence between pond ash and vy ash is particle
size. Pond ash is coarser and has less of a pozzolanic e ect.

e process of generating pond ash, such as facility, variation in collec-
tion, disposal and storage methods, temperature of coal burning, and peak
load demand in thermal stations, etc., depends on the type and source of
coal used during the production of thermal power. Engineering proper-
ties of pond ash control its use in the area of construction. To evaluate
engineering performance, the physical, chemical, mineralogical and mor-
phological properties of pond ash play an important role in assessing its
suitability for applications. e chemical composition of pond ash is pre-
sented in Table 1.3. Also, the chemical and physical characteristics of pond
ash are indicated in Table 1.4.

1.3.11 Various Uses of Pulverized Fuel Ash

Pulverized fuel ash is utilized in diverse sectors. Pozzolanic behavior of y
ash makes it a resource material for preparing cement and other vy ash-
based products. Also, bottom ash, pond ash and coarse y ash allow its use
in construction of embankments, structural 1ls, reinforced lls, low-lying
area development, etc., because of its geotechnical properties. e physi-
cochemical properties of pond ash are similar to soil. Pond ash contains P,
K, Ca, Mg, Cu, Zn, Mo, and Fe, etc., which are essential nutrients for plant
growth.  erefore, it is used as a soil amender and source of micronutri-
ents in agriculture/soil amendment.

Major application areas of pond y ash (PFA) or pond ash are as follows:

1) Manufacture of Portland Pozzolana cement and perfor-
mance improver in Ordinary Portland Cement (OPC);

2) Partial replacement of OPC in cement concrete;

3) High-volume y ash concrete;

4) Roller-compacted concrete used for dam and pavement
construction;

5) Manufacture of ash bricks and other building products;

6) Construction of road embankments, structural Ils, low-
lying area development;

7) Asasoil amender in agriculture and wasteland development.

Particularly, pond ash and residue of an integrated steel plant are mixed
for manufacture of bricks, making dry lean concrete as base course in four/
six lane highways.
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plant sites, etc. Hence, studies on chemical composition,
morphology, pH, total soluble solids, etc., are essential [61].
Chemical composition suggests possible applications of
coal ash. All the Indian coal ashes need to satisfy chemical
requirements before their use [61].

Mineralogical phases are primarily identi ed by X-ray dif-
fraction studies. Coal ashes predominantly contain quartz
and feldspar minerals [70] and show crystalline as well as
amorphous phases. Fly ash has a particularly amorphous
ferro-aluminosilicate mineral composition. Amorphous
iron aluminum oxides and manganese oxides present on y
ash surface act as a sink. Trace element is available for leach-
ing. Degree of solubility of these oxide sinks determines the
elements released into the aqueous medium.

e pH [71] of the aqueous medium a ects solubil-
ity of these oxides, i.e., physicochemical characteristics.
Furthermore, mobilization of trace elements in aqueous
medium is regulated by solubility of hydroxide and carbon-
ate salts. It also depends on the pH of aqueous media. Fly
ash has higher pH value compared to pond ash and bottom
ash. is is due to the presence of higher amounts of free
lime and alkaline oxides. Since all types of coal ash are nearly
alkaline it is used in reinforced cement concrete to protect
against corrosion.

Solubility of solids greatly in uences engineering proper-
ties. Also, solubility of nutrient elements such as calcium,
magnesium, iron, sulfur, phosphorus, potassium and man-
ganese a ects crop yield to a great extent. Solubility of solids
is found to be 400 17600 ppm for yash, 800 3600 ppm for
pond ash, and 1400 4100 ppm for bottom ash.

Strength of y ash improves with time due to pozzolanic
reactions [72]. Reactive silica and free lime contents are nec-
essary for pozzolanic reactions to take place. Lime reactiv-
ity is a property which depends on the proportion of silica
reactive in coal ash. e pozzolanice ectishigherin yash
but not bottom ash and pond ash. e higher percentage of
free lime in coal ash plays an important role in the reactivity.
Compaction behavior [73] of coal ash is an important param-
eter to control the strength, compressibility and permeabil-
ity properties. Densi cation of ash improves the engineering
properties. Compaction of material greatly a ects the energy
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characteristics are highly variable, and even within a given
land Il site, leachate quality varies over time and space [76].

1.5 Coal Ash Utilization

Coal ash uses include (in approximate decreasing order of importance)
[77]:

Concrete production, as a substitute material for Portland
cement and sand

Embankments and other structural lls (usually for road
construction)

Groutand owable Il production

Waste stabilization and solidi cation

Cement clinkers production (as a substitute material for
clay)

Mine reclamation

Stabilization of so  soils

Road sub-base construction

As aggregate substitute material (e.g., for brick production)

Mineral ller in asphaltic concrete

Agricultural uses in soil amendment, fertilizer, cattle feeders,
soil stabilization in stock feed yards, and agricultural stakes
Loose application on rivers to melt ice

Loose application on roads and parking lots for ice control

Other applications include cosmetics, toothpaste, kitchen countertops,
oor and ceiling tiles, bowling balls, otation devices, stucco, utensils, tool
handles, picture frames, auto bodies and boat hulls, cellular concrete, geo-
polymers, roo ngtiles, roo ng granules, decking, replace mantles, cinder
block, PVC pipe, structural insulated panels, house siding and trim, run-
ning tracks, blasting grit, recycled plastic lumber, utility poles and cross
arms, railway sleepers, highway sound barriers, marine pilings, doors, win-
dow frames, sca olding, sign posts, crypts, columns, railroad ties, vinyl
ooring, paving stones, shower stalls, garage doors, park benches, land-
scape timbers, planters, pallet blocks, molding, mail boxes, arti cial reef,
binding agent, paints and under coatings, metal castings, and ller in wood
and plastic products.
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Khudhair et al. [150] aimed to valorize a mineral and natural resources,
such as limestone llers (F-Lime) and natural pozzolan (PN), by intro-
ducing them into the formulation of cement and/or concrete matrix. e
purpose of taking up F-Lime and PN is to minimize CO, emissions, energy
consumption, and raw materials.

Vafaei and Allahverdi [151] synthesized geopolymer by alkaline activa-
tion using waste-glass powder. ey used alkaline solution, which is a mix-
ture of aqueous solutions of sodium hydroxide and sodium silicate, with
di erent Na,O contents.  ree types of calcium aluminate cements were
also incorporated into the dry binder at levels up to 24% by weight in order
to modify the chemical composition of the geopolymer source materials.

Bouchikhi et al. [152] prepared waste glass-based geopolymers using
crushed residual waste glass (RWG) and activating solution, which is an
eco-friendly inorganic binder. RWG was used as source of free silicon and
metakaolin (MK) as source of aluminosilicates.

Roviello et al. [153] prepared and characterized geopolymer-based
hybrid composites using commercial epoxy-based organic resins (up to
25% in weight of resin) and a metakaolin (up to 75% in weight of resin).

Nguyen Ngoc Lam [154] developed super-sulfated cement (SSC)
obtained from phosphogypsum (PG) and ground granulated blast furnace
slag (GFS), with a small amount of cement, which is unburnt cementitious
material and environmentally friendly.

Gijbels et al. [155] prepared hardened binder using portlandite and
ettringite intermixed with the nardite and minor amounts of secondary
gypsum and merwinite.

Dhavamani Doss et al. [156] prepared high-strength alkaline-activated
concrete structures using low-calcium vy ash, Ground granulated blast
furnace slag (GGBS), metakaolin, and manufacturing sand (mix ratio of
1:1.31:2.22) and used to build massive structures such as sky scrapers,
bridges, tunnels, nuclear plants, underground structures. Water to cement
ratio (for high-strength cement concrete) and alkaline solution to binder
ratio (for alkaline-activated concrete) is 0.35.

Phair et al. [157] established aluminosilicate hydrogels as a model sys-
tem for processing and developing commercial geopolymer binders.

Gong et al. [158] manufactured y ash belite cement (FABC) composed
of OL-C2S and C12A7. e FABC is manufactured using low-grade

y ashes through hydrothermal process followed by low-temperature
calcination.

Kalinkin et al. [159] synthesized geopolymers at ambient temperature.
Blends of y ash and natural calcite were mechanically activated for 0 400 s
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Abstract

A detailed review of the preparation of geopolymer-based materials is presented
in this chapter. A literature survey is also presented to determine the prog-
ress made in geopolymer production from waste materials such as clays, silica
fumes, both low-carbon and high-carbon 'y ash, red mud, both high-carbon and
low-carbon blast furnace slag, rice husk ash, zeolites, argon oxygen decarburiza-
tion (AOD) slag, bottom ash, pond ash, etc. Di erent methods adopted to prepare
geopolymer-based materials are given, including curing, sol-gel, deep mixing,
hydrothermal synthesis and low-temperature calcination methods, mechanical
activation (MA), blended mineral admixtures, an alkaline solution of thermally
activated silica-alumina-bearing mineral with additives such as calcium carbonate;
and an innovative in-situ co-reticulation process, an innovative method to reclaim
the waste molding sands containing water glass with dry or wet activation of
inorganic binder in waste molding sand mixtures physically hardened by micro-
wave radiation, and sintering. e chapter also looks at the large amount of data
available on the e ect of variables on geopolymer production. Moreover, the for-
mation of geopolymer structure is discussed along with the molecular structures
of geopolymer materials. Finally, how the polymerization process used in conden-
sation polymerization is similar to the process of Polycondensation polymer.
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Abstract

e focus of this chapter is the use of pond ash as raw material in geopolymer
cements. e process parameters of the study were de ned a er review of the lit-
erature. e chemicals needed for geopolymerization were collected; and the pond
ash was procured from Damanjodi, Odisha (M/S NALCO). e pond ash materi-
als were dried in the open air (1 day) followed by drying in an oven at 120 C for
12 h. ey were classi ed by sieve analysis and mixed in certain proportions, as
descried in the study. ey were subsequently mixed manually as well as mechan-
ically, and were then dried in an oven for a certain length of time and tempera-
ture. e results showed that optimum conditions were obtained by single factor
experiments, i.e., 240 meshes, 70 C, 24 h, 12 g sodium silicate (SS), 3 g sodium
hydroxide (SH), 1 2 ml Sika (water-soluble plasticizer). e maximum strength
properties achieved was 19 MPa.  us, these materials were equivalent to 20 M
grade of cement and can reduce the issues associated with Portland cement (PC).
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All the above work has not considered the change in the physical prop-
erties of pond ashes a er storage under wet conditions for a long time.
A er prolonged storage under water, soluble components of ashes are
dissolved, making the material more porous and less dense. Upon treat-
ment of this material with alkali for production of geopolymers, pond ash
absorbed large amounts of liquid phase, increasing the liquid to solid ratio
of the mixture.  is weakens the mechanical property of geopolymers.

e BET (Brunauer, Emmett and Teller) surface areas of pond ashes
are up to 25 times higher, and therefore pore volumes are 10 times greater
than those of y ashes from the same power plant [28 31].  erefore, it is
suggested that ashes submerged in ponds have undergone chemical and/or
physical changes by leaching out of soluble phases and hydroxylation. Such
chemical and physical changes will also depend on how long ashes have
been stored under water.  us, the physical and chemical changes of the
pond ash are expected to depend on the duration of storage under water.

Reactivity of pond ash to alkali is in uenced by particle size. Grinding
can help successfully reduce further particle sizes by grinding operation.
Finer particle size enables increased reactivity, which is helpful in produc-
ing geopolymer with activated alkali materials [32 34]. Mechanical acti-
vation of the pond ash may pave an e ective way to utilize pond ashes
kept in ash ponds for various duration. However, a drawback to the use
of Mongolian pond ash as a viable raw material for the production of geo-
polymers for construction purposes is the presence of signi cant amounts
of the heavy metals As, Pb and Cr. But it is also known that hazardous
elements such as lead can be immobilized in y ash-based geopolymers by
their incorporation into the geopolymer matrix [35 38].

Saxena et al. [21] developed innovative strategies to create green con-
crete with improved strength properties and durability. ey prepared geo-
polymer cement by activating pond ash with alkaline solution (14 M NaOH
and sodium silicate solutions). Natural ennore sand was used to prepare
geopolymer mortar; and alcco ne powder was added during the geopoly-
merization process, which helped to increase compressive strength of the
mortar. Silica fume was also used to prepare geopolymer mortar. Curing
atdi erent temperatures was done either in an electric oven or microwave
oven. It was observed that microwave-oven curing enabled better com-
pressive strength with shorter curing time. Powder X-ray di raction, heat
evolution pro le, TG studies, compression strength, and SEM were used to
characterize the geopolymer materials. A durability test in sulfuric acid is
considered essential. Durability results showed better stability with micro-
wave-cured material in comparison to other methods of curing.
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Kim et al. [39] used pond ash to prepare geopolymers. ey did so either
without adopting any puri cation process or only with a minimal puri ca-
tion process. Synthetic basalt was used as foaming agent in the preparation
of geopolymer. ey observed the highest compressive strength (26 MPa)
of geopolymers a er 7-day curing at ambient temperature. e compres-
sive strength (80 MPa) was thus enhanced considerably by the puri cation
and dry sieving of pond ash. Saxena et al. [40] used pond ash containing
higher amounts of heavy metals to prepare geopolymer cement. ey uti-
lized pond ash fruitfully to prepare geopolymer cement by treating it with
alkaline solution followed by thermal curing. Experimental studies were
done to assess the activating in uences of alkali combinations, i.e., alkali
hydroxide and silicate (NaOH/Na,SiO,, NaOH/Li,SiO,, KOH/Na,SiO, and
KOHY/Li,SiO,) on the mechanical properties of mortars.

Lee et al. [9] characterized pores in geopolymer with the help of X-ray
tomography, mercury porosimetry, and gas adsorption method. ey
observed irregular geometry of pores and approximate equivalent perime-
ter diameter ranging between 20 60 nm equivalents. Within the volume of
0.00748 m3, porosity was determined to be 7.15%. Use of electron tomog-
raphy was considered to be an important method for measuring the poros-
ity and pore connectivity in geopolymers. Knowledge of porosity helps to
correlate structure with properties and predict the durability and properties.

Khodr et al. [41] conducted comprehensive studies on geopolymer and
geopolymer mortar using brown coal y ash obtained from two separate
locations of an Australian power plant. ey obtained good compressive
strength with their prepared material.

e above reviews only focused on the recent work that was done in order
to present new information on geopolymer production using pond ash. In
the following work, the e ects of pond ash size, curing time, and curing tem-
perature on the geopolymerization process are studied. e materials are
characterized with di erent characterization techniques and morphologi-
cal transformations of raw materials to geopolymer are discussed. Di erent
characterization technigues, such as SEM, XRD, TGA, DSC, etc., are used.

3.2 Experimental Details

3.2.1 Materials
3.2.1.1 Pond Ash

Pond ash is a waste product produced by the burning of coal in boilers
(Figure 3.1). It is mainly obtained from wet disposal of 'y ash, which when









P A (PA)B G C M 97

Sodium Hydroxide

Sodium hydroxide is also known as lye or caustic soda, which is an inor-
ganic compound with the formula NaOH [44]. It is a white solid ionic
compound consisting of sodium cations Na+ and hydroxide anions OH .
Sodium hydroxide is a highly caustic base and alkali that decomposes pro-
teins at ordinary ambient temperatures and may cause severe chemical
burns. It is highly soluble in water, and readily absorbs moisture and diox-
ide from the air. It forms a series of hydrates NaOHn.H20O. https://en.wiki-
pedia.org/wiki/Sodium_hydroxide - cite_note-siem-10. e monohydrate
NaOH+H,O crystallizes from water solutions between 12.3and61.8 C. e
commercially available sodium hydroxide iso en this monohydrate, and
published data may refer to it instead of the anhydrous compound. As one
of the simplest hydroxides, it is frequently utilized alongside neutral water
and acidic hydrochloric acid to demonstrate the pH scale to chemistry
students. Sodium hydroxide is used by many industries to manufacture
pulp and paper, textiles, drinking water, soaps and detergents, and as a
drain cleaner. Figure 3.3 shows a photograph sodium hydroxide pellets.

Sika® (Water-Soluble Plasticizer)

Sika is a highly concentrated air-entraining liquid plasticizing admix-
ture which is added to strengthen products. It forms stable air bubbles in
mortar mixes. is improves the workability of mortar, giving a buttery
consistency, and helps to prevent shrinkage, cracking, crazing, and mild
frost damage during the curing process as well as providing long-term
resistance to freeze/thaw cycles. It also replaces lime in the mix, and hence

Figure 3.3 Sodium hydroxide pellets.
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Abstract
Concrete is the worlds most versatile, durable and reliable building material in
the construction industry. One of the major ingredients of concrete is ordinary
Portland cement (OPC). It is the second major generator of carbon dioxide, caus-
ing pollution in the atmosphere. e process is energy-intensive. Hence, it was
inevitable that an alternative material would be considered for cost-e ective and
reliable construction applications. Geopolymer concrete is an innovative con-
struction material which can be produced by chemical activation of inorganic
molecules such as silica and alumina bearing phases which are found in raw mate-
rials ( y ash or pond ash) used for making geopolymers. In this chapter, quanti-
cation of variables has been made relating to strength properties of geopolymer.
For quanti cation, a statistical design of an experiment is planned, a regression
equation developed, and the regression equation has been statistically veri ed to
nd the accuracy of the equation. Prediction of geopolymer strength properties in
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4.2.3 Characterization of Prepared Samples

Spectroscopic studies were conducted using a eld emission scanning
electron microscope (FESEM) with an energy-dispersive X-ray spectrom-
eter (JEOL). Before examination, gold coating was done using the sputter
technique.

Compression testing of as-prepared geopolymer samples was performed
in an automatic compression testing machine (AIMIL COMPTEST 2000,
India), followed by ASTM standard procedure.

Analysis of XRD samples were done using a Phillips PW-1710 advance
wide angle X-ray di ractometer, Phillips PW-1729 X-ray generator and Cu
K radiation (wavelength, =0.154 nm).

e FTIR spectra were recorded ona  ermo Nicolet Nexus 870 spec-
trometer in the range of 400-4000 cm 1.

ermal stability was determined by TGA; and the water of crystalliza-
tion was calculated using DSC (Perkin Elmer Pyris Diamond calorimeter)
at a heating rate of 10 C/min in nitrogen environment.

For optimization purpose, judicious selection of input variables at
base level is required. Activator solution and three variables, such as
curing time, curing temperature and mesh sizes, are selected to eval-
uate the accuracy of the ACI 211.1 practice to predict the compressive
strength of PA-based geopolymer. Two design variables are included
to analyze the results at three di erent levels of compressive strength.
Also, ve factors (control parameters) are kept constant throughout the
experimental plan.

A design of experiments for the activator solution control variables for
each combination of the two variables is created using Minitab so ware,
which provided the experiments required and randomized order of test-
ing. It also provided the analysis of variance of the results and the devia-
tion from the expected outcome, providing data that was fed into the mix
design and proportionating so ware.

4.3 Results and Discussion

ere is a lack of information regarding the quantitative e ect of vari-
ables on strength properties of geopolymer. e numbers of processing
variables which a ect strength properties are many, and consequently
complex interactions result due to these variables interacting with each
other. To reach an optimum level of variables for maximum properties,
one has to perform a large number of experiments, and even then, the
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10pm  Mag=300KX EHT=500KV  SignalA=SE2 Date: 21 Apr2015 10pm  Mag=300KX EHT=500KV  Signal A=SE2 Date: 21 Apr2015
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Figure 4.5 FESEM images of (a) As-received pond ash and (b) PA-based GP cured at
70 C for 24 h with 240 meshes.
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Full Scale 359 cts Cursor: 0.000 keV  Full Scale 842 cts Cursor: 0.000 keVv

Figure 4.6 EDX images of elements in (le ) As-received pond ash and (right) PA-based
GP cured at 70 C for 24 h.

the temperature range of 50 250 C. In the thermogram, the as-prepared
geopolymer shows exothermic peaks. A similar observation was made by
Chindaprasirt and Rattanasak [11]. e DSC curve in Figure 4.7a indicates
that the pond ash is smooth and there is no sign of geopolymeric reaction.
However, the curve (b) of pond ash-based geopolymeric product demon-
strates the occurrence of an exothermic peak at a temperature ~ 110 C,
which indicates that the geopolymeric reaction happened [12].

Figure 4.8 shows the weight loss of GP cured samples due to heating
from 50 800 C. Experiments were carried out under inert environment
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Figure 4.7 DSC isotherm curves of (a) as-received PA and (b) optimized GP product.
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Figure 4.8 TGA plot of optimized GP product.

(N,). Itis observed that there is a sharp drop in the curve between 50 C to
170 C. isweightloss (3%) is due to removal of adsorbed moisture/water
molecules [13]. A signi cant observation is the loss in water beginning
around 150 C till 450 C temperature (humps in the thermogram), indi-
cating loss of water which is present in the cage (formed between the poly-
mer chains), since polymerization is completed during curing [14 17].
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